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ABSTRACT 

Technology is becoming increasingly important as digital channels between organisations and 

consumers are increasingly relied upon. Availability is, therefore, a vital element to consider 

when deploying and maintaining IT systems. Although its importance is not contested, 

availability is often considered separately for the data centre and IT infrastructure, which is a 

problem. This research explores the relationship between IT infrastructure and data centres 

in the context of service availability.  

The aim of this research project is to explore this relationship and produce a tool for industry 

decision makers to help weigh their IT infrastructure placement decisions. To this end this 

thesis takes a design science approach and presents a series of models and recommendations 

for the deployment of highly available IT systems. Taking a mixed method approach, models 

are created with their corresponding equations allowing for a structured series of scenarios 

to be explored. These models were validated and extended through a series of semi-

structured interviews with industry experts and decision makers; followed by a thematic 

analysis. Other elements, such as the cost of downtime, are also taken into account to add an 

additional dimension to the results.  

The mix of qualitative and quantitative results provides a rich context for the results and 

allowed for a series of recommendations to industry, which are supported by 2,412 scenarios 

and interviews results. Of particular interest is the finding that a 68-times improvement in 

availability can be made to a systems availability, by increasing the number of IT nodes from 

two to four and evenly distributing those between two data centres. Another key finding 

relates to high performing scenarios, which used low tier data centres. This has the potential 

to alter how organisation approach IT deployments and their data centre investments. The 

cost of downtime was also found to be a critical consideration. The most cost-effective 

scenarios were significantly different once this was considered.  

As such, this project has generated a tool which provides organisations with a mechanism to 

make more informed decisions based on what is more important to them; cost or service 
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availability. The models presented provide a simple tool for decision makers to compare 

different approaches and find optimal deployment configurations, within the constraints of 

their environment by inputting their own values into the equations provided. The tool is novel 

in its design as it enables the organisations to work with the infrastructure they already have 

in place, as opposed to enforcing a rigid structure which may require completely new 

investments. Therefore, organisations are provided with information required to inform 

where the most effective investments should be made to achieve the availability goals of the 

organisation.   
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1 INTRODUCTION 

1.1 BACKGROUND 

The foundation of this research project is based on the observation that, despite the obvious 

high degree of relationship, there are varying degrees by which information technology (IT) 

and data centres consider each other during design and deployment. It will be shown that IT 

systems are often designed to provide high availability without taking into consideration the 

data centre facilities that these systems are hosted within. Likewise, the design and 

management of data centres often does not consider the IT systems within. The original 

observation came when I had the opportunity to lead a team designing, building and 

commissioning a new data centre. After more than a decade working in IT, where I was often 

focused on designing resilient and robust IT systems, it was amazing to see the degree by 

which the data centre industry focused on the same goals, but in isolation from their IT 

colleagues. This raised several questions and challenged many assumptions made during my 

time exposed purely to IT system design, deployment and operation.  

Following some research into this issue, a strong common thread between IT systems and 

data centres was selected for further study; availability. The IT industry is heavily focused on 

availability by virtue of an increasing demand on technology and an expectation from 

consumers for 24/7 services (opsview, 2019; Rossi, 2014). The data centre industry, likewise, 

has availability at its core with highly engineered standards for data centres globally (Balodis 

& Opmane, 2012), resulting in well-understood availabilities. This commonality led to the 

questions such as, “What is the point of a highly available data centre, if the IT within, is not 

available?” and  “What is the point of a highly available IT system, if the data centre in which 

it is hosted, ceases to function?”. 

Responding to these points resulted in several key observations which created a foundation 

for the research questions that will be discussed later in this chapter. Firstly, the availability of 

data centres is particularly important and is often used as both a selling point and the anchor 

for design decisions ("Computerworld Data Centre Directory 2009," 2009; "Data centre 
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tiering," 2017). However, the availability of the IT within is not considered. Secondly, the 

design and placement of IT systems to ensure high availability is also a key decision-making 

factor. However, data centres are often not taken into account. In the context of IT, data 

centres are considered primarily from the perspective of its power consumption (IT load) and 

the heat generated by that IT load (Fukumoto, Tamura, & Ishibashi, 2010). Given this, there is 

a question as to how well-designed IT system designs can be, without taking data centres into 

account? Additionally, how effective are data centres when they do not consider the IT hosted 

within?  

The world is increasingly addicted to technology. This addiction places an ever-increasing 

demand on the IT services that are consumed (Ulrik Franke, 2012). These services rely on a 

complex collection of infrastructure such as servers, storage and networking equipment 

(hardware), combined with software, databases, people and procedures (Butterfield & 

Ngondi, 2016a). These systems are designed and implemented to supply a digital service for a 

specific purpose. Data centres are the housing for these IT systems, providing power, cooling, 

physical security, fire detection and suppression, and more (Balodis & Opmane, 2012). 

Regardless, if organisations own and manage their own data centres, rent space in large 

commercial data centres or consume cloud services, the data centre plays a critical role in the 

delivery of almost all IT services (GeSI, 2012).  

It is unclear how many data centres there are globally, in 2011 Emerson estimated there were 

500,000 data centres worldwide (Emerson, 2011). In 2014 the International Data Corporation 

(IDC) were estimating 8.6 million data centres by 2017 (Smolaks, 2014) and according to 

Statista (2019) the estimate in 2017 was close, at 8.4 million, with a prediction that the 

number of data centres is dropping in spite of the capacity and power consumption rising 

(Smolaks, 2014; Statista, 2019). These IT services comprise of any website, email or video, 

ready and available for 24/7 access. The internet is the glue that connects the myriad of IT 

systems and data centres together and enables a range of emerging technologies and trends 

such as the internet of things (IoT) (Walker, 2018).  
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This research seeks to explore the intersection between IT systems and data centres from an 

availability perspective. Looking to better understand the relationship and impact of the 

availability of the IT systems and data centres on each other and the services they are 

supporting. Furthermore, with a better understanding of the impact of different components 

that make up, and underpin, the IT system, better decisions can be made in terms of 

identifying points of interest for investment and efficiency, that will allow for 

recommendations for industry decision makers.  

This intersection is important for a number of reasons and will intersect with a number of 

parallel research areas. These include the impact of the IT and data centre industries on the 

environment, as well as a better understanding of how to efficiently achieve target 

availabilities resulting in potential cost savings for businesses. In 2013, the IT industry, 

constituted 10% of the world's power consumption per year; including IT systems and data 

centres. This is equivalent to the combined power generated by Germany and Japan in one 

year (Mills, 2013). At that time it was estimated that IT consumption is doubling every 5 years 

(Mills, 2013). Andrae and Edler (2015) predicted that data centres could consume as much as 

51% of the global electricity supply by 2030 (Andrae & Edler, 2015). 

Much of the power consumed by a data centre is through the redundancies engineered into 

them to ensure extremely high availability – for example a data centre facility often supplies 

200% of the power actually required by IT in a standard dual cord server configuration 

(Meulenbroeks, 2014). Lower tier data centres are not necessarily ‘bad’, in that they utilise 

old technology, but are simply engineered with less redundancies. Therefore, they require 

scheduled outages for maintenance and have fewer protections in place when something fails. 

Consequently, if data centres with less redundancies and a lower need for power can be used 

to achieve equal or superior IT system availability, through re-distribution of IT system 

infrastructure, there are potentially significant cost and environmental benefits. The 

commonly cited measure of power efficiency for a data centre is the Power Usage 

Effectiveness (PUE) (Avelar, Azevedo, & French, 2012). 
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As mentioned, availability is a strong common thread between IT systems and data centres. 

In a 2008 paper by Immonen and Niemelä (2008), this was recognised in their statement;  

Future software systems are service oriented and the availability of services is a critical 

quality factor for systems end-users. Therefore, availability is an issue that requires 

specific consideration, extensive research, and development of the appropriate analysis 

methods, techniques, and tools. (Immonen & Niemelä, 2008)  

However, as Ulrik Franke (2012) has identified, there are a number of ways in which 

availability can be defined, sometimes with vague and confusing definitions that fail to make 

a distinction against reliability (Ulrik Franke, 2012). A discussion on how availability is defined 

in the context of this research project will be discussed in Chapter 2.  

1.2 DATA CENTRE AVAILABILITY 

Data centres worldwide have adopted a set of standards and best practices guiding the 

industry to design, build and manage them in a consistent way, in line with common 

expectations. The Uptime Institute and Telecommunications Industry Association (TIA) are 

widely accepted authorities on data centre design and operation. The Uptime Institute 

(UptimeInstitute.com, 2018) and the TIA (ADC, 2006), both publish tier ratings detailing similar 

standards and guidelines for data centres. TIA-942, which is a TIA standard, defines four 

distinct tiers for data centre design as well as associated management concepts and practices. 

These tier ratings are set on achieving certain levels of availability for the facility (Turner IV, 

PE, Seader, & Brill, 2006). 

While many data centres are not certified an increasing number are, especially commercial or 

cloud data centres. This demonstrates increased demand for certification worldwide. In 2013, 

there were 251 certified data centres worldwide, spread across forty-one countries. In 2018 

there were over 1,250 Uptime certified data centres across 85 countries 

(UptimeInstitute.com). It is estimated that the total number of data centres worldwide will 

begin to decline, from 8.4 million in 2017 down to reach 7.2 million by 2021 (Statista, 2019; 

Sverdlik, 2014). This decrease in the number of data centres is due to an expected migration 

from smaller on-premises data centres run by organisations to ‘mega data centres’ offering 

rentable space or cloud services (Smolaks, 2014).  
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Based on the numbers mentioned above, approximately 0.01% of data centres worldwide are 

certified. Although the majority of data centres are not seeking or achieving formal 

certification, the tier ratings and standards still form the foundation for many data centre 

designs, including target availability of the facilities. The framework developed by the Uptime 

Institute has provided a common language and foundation for an accepted understanding 

(Goiri, Le, Guitart, Torres, & Bianchini, 2011; Liu, Zhao, Liu, & He, 2009; Turner IV et al., 2006). 

The four tiers of data centres have entered the common vernacular in the data centre industry 

as a mechanism to measure the principles of data centre resilience and redundancy which are 

put into practice (Balodis & Opmane, 2012). 

Broadly, the difference between each tier rating, ranges from the number of duplicate 

components, redundant paths, the degree by which areas in the facility are protected and the 

operations of the facility (ADC, 2006; UptimeInstitute.com, 2018). See Table 1.1 for an 

overview of the tiers.  

Tier I is a basic configuration offering little more than a traditional office space. Tier I facilities 

have an expected 24 hours of scheduled downtime spread between several maintenance 

windows and average 1.2 equipment failures per year. The total of this downtime results in 

an average of 28.8 hours per year, or 99.671% availability.  

A Tier II data centre is an upgrade from a Tier I and includes many redundant components. 

Normally referred to as N+1, this tier rating has one ‘spare’ for each major system. A Tier II 

facility has fewer scheduled maintenance windows and a reduced average downtime due to 

component failure. The combined average downtime of a Tier II facility is 22 hours per year, 

or 99.741% availability. 

Tier III and IV data centres are significantly more expensive and resilient to failure (Avelar, 

2007). A Tier III facility is known as ‘concurrently maintainable’ and suffers no downtime due 

to scheduled maintenance. Tier III has enough redundancy built in to allow maintenance to 

occur without causing downtime for IT systems hosted within. The average annual outage due 

to unforeseen events is only 1.6 hours per year or 99.982% availability.  
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A Tier IV data centre is termed ‘fault tolerant’ (Turner IV et al., 2006); Tier IV facilities can 

withstand a range of unplanned events without an outage for the IT systems within. This type 

of facility utilises duplicate sets of N+1 components. There are no maintenance shutdowns 

and only one 4-hour outage every 5 years, on average. This equates to an average of 26 

minutes per year or 99.995% availability.  

Table 1.1: Data centre tier availability comparison 

Tier I Tier II Tier III Tier IV 

Basic Redundant Components 
Concurrently 

Maintainable 
Fault Tolerant 

28.8 hours of downtime 

per year 

22 hours of downtime 

per year 

1.6 hours of downtime 

per year 

48 mins of downtime per 

year 

99.671% availability 99.741% availability 99.982% availability 99.995% availability 

Note. This table shows the four tiers of data centres as defined by the Uptime Institute. 

Adapted from UptimeInstitute.com (2018). 

Kenneth Brill, one of the founders of the Uptime Institute, advocates the ‘right sizing’ of data 

centres to the needs of the organisation using them (Brill, 2009). Higher tier ratings are not 

necessarily better. In a 2009 article for Forbes, Kenneth Brill argues that “Different 

applications need to run in different data centres, which have different CapEx, OpEx, 

reliability, maintainability and energy consumption characteristics. And not all application 

need to run in mission-critical data centres” (Brill, 2009). With this in mind, it is worth 

exploring the use of all types of data centres and understanding the relationship between 

them and the IT systems they house.  

An extensive review of the available literature found there have been no studies that directly 

relate to the placement of IT systems within multiple data centres in terms of availability 

explored through a design science approach. There is however, related research, papers and 

standards relating to a range of parallel topics including resilient storage designs (Bohossian 

et al., 2001; Therrien, 2004), distributed computing and applications (Marcus & Stern, 2003; 

Rodosek & Kaiser, 1997), virtualisation (Abeni & Cucinotta, 2011; Siddhisena, Warusawithana, 

& Mendis, 2011), data centre design (ADC, 2006; UptimeInstitute.com, 2018) and the 

environmental impact of data centres (Dou & Qi, 2015; Whitehead, Andrews, Shah, & 

Maidment, 2014) . These parallel research areas will be discussed in more detail during 

Chapter 3.  
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1.3 IT SYSTEM AVAILABILITY 

Highly Available (HA) IT systems work on the same basic premise as redundancy in the data 

centre. Generally speaking, there are two approaches to configuring a dual-node resilient IT 

system (W. H. Highleyman, 2006b). Firstly, an active-passive configuration, or dynamic 

resource management, with a mechanism in place to switch between these duplicates when 

required. The second approach is referred to as active-active, which includes multiple nodes 

simultaneously performing the same role, so if one fails, the other node continues to perform, 

perhaps with reduced capacity (Marcus & Stern, 2003). Today, cloud platforms and 

virtualisation offers mechanisms to drastically reduce the cost and effort of implementing HA, 

IT systems, for example cloud based load balancing (Google, 2019).  

Unlike the data centre industry, there is not a central and generally agreed approach to 

designing IT systems. There are numerous industry best practice guides and referenced 

architectures for designing IT systems (Microsoft, 2019; RedHat, 2019). The bulk of this work 

is technology or product specific, which does not lend itself to generalisation. Gartner, as one 

of the IT industries premier research bodies, produces more general recommendations and 

advice on HA systems (Malik & Scott, 2010). In addition, the RAIN (reliable array of 

independent nodes) project, which is a collaboration between Caltech and NASA-JPL, are 

exploring novel ways to make systems extremely resilient through an adaption of RAID 

(redundant array of independent disks) technology (Bohossian et al., 2001). 

According to Gartner, for an IT system to be considered HA, it requires a minimum availability 

of 99.3%. This equates to just over 61 hours per year of downtime for unplanned outages 

(Malik & Scott, 2010). They define a best-of-class (BoC) HA system needing 12 hours of 

planned downtime a year. In terms of outages resulting from unplanned downtime, Gartner 

considers a ‘best-in-class’ availability to be 99.95%; or approximately 4 hours and 20 mins of 

downtime per year. The combined availability in terms of both planned and unplanned 

outages is 99.81% (Malik & Scott, 2010). 
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1.4 DESIGN SCIENCE 

The original observation, as well as most of the background described above, is based on an 

industry perspective and therefore, it is critical for this research project to utilise a 

methodology capable of bridging academia and industry. Design science has been selected as 

the methodology for this thesis work, as it is connects business problems with theories, 

frameworks and methods (Hevner, March, Park, & Ram, 2004). It also enables a clear 

contribution to knowledge while remaining focused on solving business needs (Hevner et al., 

2004). Design science is discussed in depth in Chapter 3; however, a brief overview is 

important to frame this research project. There are several methodologies associated with 

design science.  

The design science research methodology (DSRM) selected for this research is proposed by 

Peffers, Tuunanen, Rothenberger, and Chatterjee (2007) with a six step iterative process. The 

first step is the ‘identification of the problem and motivation’. The second step involves 

‘defining objectives and a solution’. These are established within this chapter and throughout 

Chapter 2. The design and development of the artefact (proposed model) is the third step in 

this process. Specifically, the design of a set of models that can be used to determine 

availability of a complete ecosystem1 including IT, data centres and networking - as described 

in Chapter 3. The fourth step in the DSRM process is to demonstrate the artefact. This is done 

in Chapter 4 and involves an initial data analysis, resulting in exploration of the proposed 

models. This step shows that the resulting data is capable of providing insight into the 

intersection between IT and data centre availability. The fifth step is evaluation, where the 

proposed models are presented to a series of industry experts and decision makers, who 

provide critiques and suggestions through semi-structured interviews. The sixth and final step 

involves feedback from the interviews to iterate the artefact before reworking the results and 

moving into the discussion.  

 
1 Note that throughout this thesis the term ecosystem will be used to describe the combined elements of a given 
model, including data centres, networking and IT components. 
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1.5 RESEARCH QUESTIONS  

This research study’s primary methodology takes a design science approach to explore the 

intersection of IT systems and data centre availability. This will be achieved through the 

examination of the following research questions: 

• How is the availability of a service impacted by the design and placement of the IT Systems 

and data centre? 

• At what point are organisations over-investing in certain aspects of their IT systems? 

• How should an organisation balance the investment in IT and data centres? 

The hypothesis of this study is that the placement of IT between data centres will improve 

service availability and reduce associated cost. As such, the focus will be on the availability of 

a service which both, the IT infrastructure and the data centre can support. Through the 

examination of the above questions, this thesis aims to contribute to a better understanding 

of how to balance IT and data centre investments. This is pertinent, as IT and data centre 

investment are normally considered separately. A better understanding of how IT systems and 

data centres interact can provide important context considering an ever-changing array of 

options for decision makers. Considering them together provides a unique perspective to both 

IT and data centre decision makers. Through a better balance between IT and data centres, 

organisations could plan for the desired availability of each service whilst furthering 

understanding of how each aspect is being utilised. Right sizing the redundancy engineered 

into their IT systems can also contribute to reducing waste, both in terms of energy 

consumption and economic investment.  

There are also a number of aspects that will not be explicitly explored in this study and will be 

discussed in the future work section. For example, exploring the impact different types of IT 

system on the data centre, such as batch-processing or real-time oriented systems, or the 

impact of building data centres specialised for a particular workload.  
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1.6 RESEARCH OBJECTIVES 

The research questions above provide a foundation for defining the objectives of the research 

output. These objectives expand on the research questions and are: 

Objective 1: Design a series validated availability models describing common IT system 

deployment approaches, taking into account the IT, data centre and links to the internet.  

The models need to accept knowable inputs from industry decision makers. Regarding the 

data centre model inputs, regardless of the ownership model or use of cloud, the availability 

(or uptime) of the data centres used will be either reported by the provider or able to be 

calculated/estimated by owner operators with a modest amount of historical data. In terms 

of the availability inputs of the IT component, this will be able to be measured, with accuracy 

increasing with the duration of monitoring or historical data available. In the event of new 

systems, decision makers will also be able to use published ‘best practice’ availability figures 

for different IT architectures, or use other systems in their environment, that approximate the 

likely availability of the planned system. Finally, with respect to the networking availability, IT 

and data centres, availability will either be reportable by the relevant commercial provider 

where a managed service is used or able to be measured with access to historical data. Inputs 

will be discussed in more detail in Chapter 3.  

Objective 2: Take an inclusive view of data centre and IT design focused on the net theoretical 

resilience of different models, to highlight points of over or under investment in the data 

centre and IT industries.  

With respect to competing models, it will be important for the inputs to each model to be 

comparable, or the same, with any differences clearly represented for clarity of use. 

Additionally, consistency with the inputs for each model will be important to be able to 

equitably compare the results from the competing models, where all other considerations are 

equal. The modelling approach taken addresses these considerations and accepts consistent 

inputs, see Section 3.3 Model design later in this chapter. 
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Additionally, within each individual model, simple modulation of the inputs needs to be 

possible to allow for the identification and reporting of points of diminishing returns. For 

example, if increasing the theoretical availability of a single element provides a significant 

impact on the overall availability, after which time the benefits diminish or plateau, then 

additional investment in increasing the availability of that component may not be warranted.  

Objective 3: Provide recommendations of best performing and common approaches to IT 

system deployments.  

As mentioned above, the models will allow for different scenarios to be run, providing a 

foundation for recommendations. Additionally, given the objective also aims to ensure 

consistent inputs between the models wherever possible, the models will also be able to be 

directly compared. It is through these two mechanisms that recommendations relevant to 

industry decision makers will be achieved. Along with a mechanism, through use of the 

models, to determine ideal availability inputs for their own environments, and providing the 

ability to compare different approaches.  

1.7 CONTRIBUTIONS 

Every thesis aims to make a tangible contribution to knowledge through its results and 

discussions. Through answering the questions stated above and achieving the objectives 

described, this thesis aims to contribute to knowledge in four main ways:  

• Present validated models to calculate the availability of common IT service deployment 

approaches, taking into account the IT, data centre and networking.  

• Supply recommendations for achieving high levels of availability for IT service 

deployments. 

• Articulate an industry view and present a current state of IT systems deployments. 

Including views relating to the use of data centres and the cloud.  

• The application of design science to a new problem area with the mix of methods used, 

also making a contribution. 
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The first research contribution will be achieved through the development and presentation of 

validated models. In the context of design science, this will constitute the artefact. These 

models and associated methods that can be used by industry to be better informed when 

making IT and data centre decisions. The models will show the distribution of IT within 

multiple data centres, in a way that will allow decision makers to optimise their investments 

and avoid poor performing configurations. The models will be accompanied by a series of 

recommendations, based on the results from both the modelling and interviews.  

The second contribution of this research is to provide a model that allows decision makers to 

minimise the financial cost of building new data centres while maintaining the required 

availability based on their needs. This will be achieved through the combination of the models 

and recommendations will provide decision makers, with additional insight which will lead to 

positive outcomes in terms of a reduction in the financial cost of building new data centres, 

as well as a reduction in the redundancy required when designing new facilities. Additionally, 

a reduction in the power needed for less redundant systems will result in a lower running 

costs, and more importantly, a lower environmental impact. The goal is to reap these benefits 

while maintaining the current availability levels of services, or ‘right sizing’ the availability 

levels, which can dramatically improve an organisations ability to recover from an outage. 

The third research contribution will be focused on exploring the relationship between data 

centres and the IT systems, from the perspective of industry. Through the interviews, they will 

share their insights in the context of IT and data centre availability. The value of this 

contribution is two-fold. Firstly, it provides some insight and visibility for industry, on how 

others approach common problems. These opinions and themes will add weight to the mixed 

method approach taken throughout this project. The mixed methods will be achieved through 

the themes and statements supported by the simulation results and application of hundreds 

of scenarios to the models being discussed. Secondly, and in the same way that the themes 

that emerged from the interviews have weight added from the modelling, the models will 

draw validation and refinement through the discussion, supplying important real-world 

context to the models and the results.  
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Finally, a contribution will be made through applying design science to this problem area. This 

will contribute by clearly articulating the steps taken, following a well-considered research 

methodology and by describing a novel mix of methods including semi-structured interview, 

thematic analysis, and mathematical modelling, to explore this topic. It will also provide a 

foundation for future work, in the following ways;  

• firstly, through direct extension of the work undertaken here;  

• secondly, by exploring this topic using a new method, contrasting the results with those 

from this study; and  

• thirdly, through the application of the same design science approach and the blend of 

methodologies to similar problem areas. 

1.8 THESIS STRUCTURE 

This thesis is organised into eight chapters. This section will provide an overview of each of 

the chapters. The chapter structure is summarised in Figure 1.1.  

Chapter 1:

Chapter 2:

Chapter 3:

Chapter 4:

Chapter 5:

Chapter 6:

Chapter 7:

Chapter 8:

Introduction

 Literature review

Methods

Results from the initial models

Interview results

Model refinement

Final model results

Discussion
 

Figure 1.1: Thesis structure 
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Chapter 1 aims to provide a clear context and background for the selected research topic, 

introduce the reader to the main themes and discuss the research questions. This chapter also 

describes how each chapter relates to the others.  

Chapter 2 provides a review of literature, focusing on data centres and IT, as well as their role 

in industry. The literature review will provide an overview of availability and the concepts 

relevant to this research project. It will then incorporate industry standards and the impact of 

data centres globally. Several areas of parallel research, such as the environmental impact of 

data centres, will also be explored. A review of design and availability elements as well as 

standards will be looked at, while incorporating an exploration of the cost of downtime to 

businesses. Additionally, other IT research related to availability, such as networking, will be 

addressed. 

Chapter 3 is the methodology chapter. It has a dual purpose. Firstly, it details how design 

science will be used throughout the thesis, suppling a number of perspectives on what makes 

a good design science research (DSR) project. Secondly, it discusses the other methodologies 

utilised, including the interview method, the analysis and the approach taken to modelling.  

Chapter 4 demonstrates that the initial models and their corresponding equations can 

generate the data required to examine the research questions, achieving the aims of this 

research project. To this end the two models created are subjected to a series of scenarios. 

The scenarios are explored using a mix of inputs from industry sources and a range of abstract 

inputs, designed to explore how each model performs in different scenarios.  

Chapter 5 focuses on the opinions from industry to help validate the models and add context 

to the discussion. A range of experts from a variety of industries and positions were 

interviewed using a semi-structured interview style. The interview transcription and the 

application of the thematic analysis leads to identification of the key themes across all those 

interviewed. Chapter 5 has two key outcomes. Firstly, it supplies a description of the themes 

that emerged from the conversations. The second outcome of the interviews is a critique of 

the proposed models and the description of alternatives used by the industry decision-makers 

who were interviewed. Through this process, 12 additional models are described, with all 14 

models ranked by the participants providing data to determine the popularity of each model 

and to what degree they were in use. 
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Chapter 6 refines the original models and categorises the alternative models provided by the 

industry experts in Chapter 5, with a view to identify a sub-selection of models that will be 

taken forward and explored further. This chapter will also describe the model refinements for 

Model 1 and 2 and describes the development of two new models.  

Chapter 7 presents an extended set of results, building on Chapter 4’s results. This includes 

the addition of additional cost formulas to address the cost of IT systems and the cost of 

downtime. This chapter then introduces the results from the two new models, discussing their 

scenarios and results individually, as well as comparing the results across all four models.  

Chapter 8 pulls together the results from the interviews and all four models, discussing them 

in the context of the research questions, and the literature review. This provides a single 

coherent discussion, as opposed to discussing each component in-depth through the 

individual chapters. Chapter 8 will also supply a series of recommendations based on the 

results and discussion.  

1.9 CHAPTER SUMMARY 

This chapter describes the original motivation behind this research project and introduces the 

major themes. At its core, this research study is about optimisation. It aims to capture the 

current practice in the form of models. This research study has subjected the models to a 

series of scenarios with a view of informing which configurations are more effective than 

others. This thesis will supply recommendations to help industry avoid less efficient 

configurations. This chapter also introduces design science and articulates the research 

questions, the aims of the project and summarises the project’s contribution to knowledge. 

An overview of the thesis structure in the form of a brief description of each chapter is also 

provided.  
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2 LITERATURE REVIEW 

2.1 INTRODUCTION 

This literature review chapter discusses the major themes relevant to the thesis, exploring 

availability, data centres and IT systems. Each theme is discussed in general terms whilst 

exploring its interrelationships and providing an overview of contemporary research in each 

area. This chapter will also expand on the overview provided in Chapter 1, by exploring some 

parallel topics, with a view to locating this study within the general body of research. Finally, 

Chapter 2 will identify the gap this research project will address and link it back to the research 

questions introduced in Chapter 1.  

2.2 WHAT IS AVAILABILITY? 

Availability is a key consideration in terms of both data centres and IT infrastructure. The Oxford 

Dictionary of Computer Science defines availability as “The probability that a system will be 

capable of functioning according to specification at any point in time throughout a stated period 

of time.” (Butterfield & Ngondi, 2016b). Nabi, Toeroe, and Khendek (2016) provide a similar 

definition of availability as “a non-functional requirement, specified in terms of the percentage 

of time a system or a service is accessible. This percentage determines the allowed outage time 

for a given period.” (Nabi et al., 2016) 

It is important to avoid confusion between terms of reliability and availability. While they are 

similar, they have subtly different meanings. “Reliability is defined as the probability that a 

system component produces correct outputs up to some given time” (J. Wang, Zhang, Yoon, & 

Yu, 2019b). In contrast, availability “is a measure of the probability that a system/component is 

operational at a given time” (J. Wang et al., 2019b). Rohani and Roosta (2014) provide an 

example to illustrate the difference: 

If you consider a reservation system with 98.3% availability, we expect that it will be 

operating successfully for 59 minutes in each hour (statistically speaking). But reliability 

of such a system can be as bad as 10 minutes, which means that it will be considered “not 
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working”, 10 seconds after each 10 minutes of working. Although the system availability 

is rather high, if a customer needs 15 minutes to book a ticket, she/he will never find the 

chance! (Rohani & Roosta, 2014) 

In the context of data centres and IT systems, high availability (HA) is an important topic to 

explore and is particularly relevant to IT managers. In their publication, Franke, Johnson, and 

König (2014) concisely articulate the value of availability to a business. 

High availability is important to IT managers in a particular sense. A manager faced with 

poor availability has two intertwined needs: (1) prediction with adequate precision of 

future availability and (2) action guidance. She wants to be able to predict the future 

availability of her services, so that the enterprise can make proper decisions about 

business strategy, risk management, insurance, etc. But she also wants the prediction to 

be action guiding, in the sense that it helps her to systematically improve the future 

availability, beginning with the actions that give the best return on investment. (Franke et 

al., 2014) (emphasis in original) 

Availability can be calculated as shown in Equation 2.1 (Marcus & Stern, 2003; Rohani & Roosta, 

2014). 

𝐴 =
MTBF

MTBF + MTTR
2.1 

Where A is the availability expressed as a percentage, MTBF is the mean time between failures, 

and MTTR is the mean time to repair. This mathematical description of availability is consistently 

used in the literature (Franke et al., 2014; B. Highleyman, Holenstein, & Holenstein, 2003; Nabi 

et al., 2016; Rohani & Roosta, 2014).  

Availability is sometimes calculated using an alternative equation, despite having a compatible 

definition. For example, availability is sometimes described “as the probability that a system is 

reachable and working properly” (Schoenfisch, Meilicke, Stülpnagel, Ortmann, & 

Stuckenschmidt, 2018). Equation 2.2 and Equation 2.3 show calculations of availability and 

unavailability as defined by (Schoenfisch et al., 2018). 

Availability =
Uptime

Uptime + Downtime
2.2 
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“Unavailability is the inverse of availability” (Schoenfisch et al., 2018) 

Unavailability = 1 − Availability 2.3 

The availability equation proposed by Marcus and Stern (2003) is the most commonly 

referenced approach throughout the literature (Ulrik Franke, 2012; Franke & Ciccozzi, 2018; 

Nabi et al., 2016; Rohani & Roosta, 2014) and will be used throughout this thesis, refer back to 

Equation 2.1.  

2.2.1 Nines and high availability 

Availability is often referred to in terms of ‘nines’, this has been used for some time to help 

simplify discussions around the availability of complex systems, “When we calculate availability 

for today’s systems, we will get numbers like 0.99999. Saying this gets cumbersome and can 

lose the meaning. So we talk about availability in terms of the number of 9s” (B. Highleyman et 

al., 2003).  

In the early 1990s, Gray and Siewiorek (1991) defined the availability of systems into classes 

using the number of nines as the delimiter, see Table 2.1.  

Table 2.1: Availability of system classes  

System type 
Unavailability 

(minutes/year) 
Availability 

Availability Class 
(Number of nines) 

Unmanaged 50,000 90% 1 

Managed 5,000 99% 2 

Well-managed 500 99.9% 3 

Fault-tolerant 50 99.99% 4 

High availability 5 99.999% 5 

Very-high availability 0.5 99.9999% 6 

Ultra-availability 0.05 99.99999% 7 

Note. Adapted from Gray and Siewiorek (1991), this table shows the unavailability of each 

availability in minutes per year and the associated ‘number of nines’. 

High Availability (HA) is a term often used when discussing IT systems that are designed to be 

resilient and remain available to users when a failure occurs. While it is common to see 

availability figures referred to in terms of ‘nines’, this is normally done for four or five nines only 

(Nabi et al., 2016; Nguyen, Kim, & Park, 2016; Turner IV et al., 2006). Sometimes the term HA is 

used differently. For example, according to Gartner, for an IT system to be considered HA, it 

requires a minimum availability of 99.3% (Malik & Scott, 2010). 
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2.2.2 Downtime 

Downtime is the amount of time a system is not available in a given period. “A computer system 

is provided to its users for one purpose: to allow them to complete their work in an efficient 

and timely way. When circumstances prevent a user from doing this work, regardless of the 

reason, the system is down” (Marcus & Stern, 2003). 

Marcus and Stern (2003) also argue that it is difficult to determine the causes of downtime, with 

various surveys conducted by industry organisations such as Gartner and CNT, often disagreeing 

on the degree by which different factors cause downtime, such as human error (Marcus & Stern, 

2003).  

Downtime is often discussed in the context of the cost of downtime (Franke, Johnson, König, & 

Marcks von Würtemberg, 2012; Jaggers & Gregory, 2019; ponemon.org, 2016). In their 2012 

paper, Franke et al. (2012) established a Bayesian framework designed to help IT managers with 

decisions relating to the availability of IT systems, and used the widely cited work by Marcus 

and Stern (2003), as their starting point. 

“A general and widely cited description of IT systems availability is found in Marcus and 

Stern (2003), where the authors present an “availability index” describing the relationship 

between various availability-increasing measures and their costs. The presented 

availability index gives guidance on improving systems availability, but it is not empirically 

validated in a structured way. The present contribution partially aims to address this by 

taking Marcus and Stern as the basis for the survey questions, as discussed in Sect. 4.2.” 

(Franke et al., 2012) 

The availability index referenced by Franke et al. (2012) provides a progressive description of 

increasing investment and the resulting availability, from a range of good practices, see Figure 

2.1.  
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Figure 2.1: The Availability Index 

Note. Recreated from Marcus and Stern (2003), p.51. 

 
It is difficult to provide these costs and be relevant to a wide range of organisations (Marcus & 

Stern, 2003). Gartner makes a similar point that average cost values are not a good measure for 

all businesses. “There is a large degree of variance, based on the characteristics of your business 

and environment (i.e., your vertical, risk tolerance etc). For example, one study indicates the 

range is between $140K to $540K p/hour” (Lerner, 2014).  

In contrast to this cost focused approach, it has been argued that “business owners don’t care 

about the cost of downtime” (Jaggers & Gregory, 2019) but rather about other impacts more 

closely aligned with the individual organisation’s focus. In a recent Gartner research paper, 

Jaggers and Gregory (2019) argue that the cost of downtime isn’t a good measure of the impact 

of downtime, and as an alternative measure, business leaders are encouraged to focus on the 

impact in line with their key business metrics (Jaggers & Gregory, 2019). They also introduce the 

concept of ‘five myths of average cost of downtime’, urging business leaders to consider, time 

frames, seasonality, how measurements are made, durations and soft costs such as, 

reputational damage. This view isn’t at odds with the underlying assumptions made by the likes 

of Marcus and Stern (2003) or Fazlollahi and Franke (2018) but acts as a reminder that the cost 

in dollar terms is only one metric to consider. 
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2.2.3 Resilient systems 

The discussion around the cost of downtime relates directly to a need for more resilient 

systems. Bill Highleyman has published a series of books focused on survivable systems for 

enterprise computing (B. Highleyman et al., 2003) and runs ‘The Availability Digest’, an online 

site focused on high availability, continuous availability and related topics ("The Availability 

Digest," 2010). B. Highleyman et al. (2003) state that resilient systems are based on the key 

concept of redundancy, and non-redundancy (dependency), and is grounded in probability 

theory. A simple, non-redundant system can be described as two subsystems, both of which 

need to be operational for the system to function. As such, they present the following rule for 

non-redundant systems. “If all subsystems must be operational, then the availability of the 

system is the product of the availabilities of the subsystems” (B. Highleyman et al., 2003). 

By contrast to the non-redundant system, a simple redundant system comprises of “two 

identical subsystems, but in this case the system is operational if either subsystem 1 is 

operational or if subsystem 2 is operational” (B. Highleyman et al., 2003) (emphasis in original). 

Redundant systems can be set up in a number of ways. For example, you can have a dual node 

with a single spare configuration, while other configurations could include ‘multiple nodes with 

a single spare’, or ‘multiple nodes with multiple spares’ (W. H. Highleyman, 2006a). The 

equations relating to redundant and non-redundant systems and how they are used in this 

research will be described later in Chapter 3.  

Nabi et al. (2016) published a comprehensive literature review on availability in the context of 

the cloud. One key element to their literature review was to look at the varied definitions and 

uses of the term availability in relation to the cloud. Nabi et al. (2016) present a taxonomy for 

discussing the availability in the cloud; broadly breaking the topic into ‘failures protected 

against’, ‘HA mechanisms’, and ‘metrics for availability’ (Nabi et al., 2016). Some of the key 

elements covered by Nabi et al. (2016) include metrics such as, MTBF, MTTR (discussed earlier) 

as well as causes of failures and HA mechanisms, such as redundancy models, fault tolerance 

and the concept of warm or hot standbys.  

As outlined in Chapter 1, there are varied ways to configure a two-node redundant system. The 

most common way to describe redundancy systems is in terms of active-passive, or active-active 

failover (W. H. Highleyman, 2006b; Marcus & Stern, 2003). “In an active-passive configuration, 

one node is active and does all the cluster’s critical work, while its partner node is a dedicated 
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standby, ready to take over should the first node fail” (Marcus & Stern, 2003). At face value, 

both the active-passive and active-active appear to be quite similar, “the real difference 

between active-active and active-passive is that in active-active, both hosts are running critical 

applications at the same time. Each host acts as the standby for its partner in the cluster, while 

still delivering its own critical services” (Marcus & Stern, 2003).  

There are, however, many ways to configure redundant systems. The Availability Management 

Framework (AMF) presents a range different approaches to the configuration of redundant 

systems (Toeroe & Tam, 2012). The AMF has been used as a foundation for academic research 

with a focus on software development. For example, Salehi (2012), proposes a framework for 

model-based configuration management based on the AMF. Nabi et al. (2016) summarises 

these different approaches as shown in Table 2.2. 

Table 2.2: AMF redundancy models 

Redundancy model Assignments 

2N 1-active and 1-standby (active-passive) 

N+M 1-active and distributed-standby 

N-way 1-active and X-standby 

N-way-Active X-active (active-active) 

NoRedundancy 1-active 

Note. Adapted from Nabi et al. (2016) with indications of approximate overlap with active-

passive and active-active approaches described by Marcus and Stern (2003). 

2.2.4 Availability Summary 

Several definitions of availability, and how to differentiate it from reliability, were discussed. 

The foundational formula, used to calculate availability of IT systems and data centres, was also 

presented. This was extended towards the common language used to describe availability, such 

as four or five nines (B. Highleyman et al., 2003). 

Downtime, as mentioned, is an important element when discussing availability. It is often used 

to help estimate or predict the cost to business when a failure occurs; ‘the cost of downtime’ 

(Marcus & Stern, 2003).  

Finally, how systems can be configured to be resilient was considered, adding redundancies in 

different configurations to help improve the availability of the services being provided by the IT 

systems. The difference between active-active and active-passive system configurations, was 

also covered.  
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Current research relating to availability, both in the context of data centres and IT systems will 

be discussed throughout this chapter. 

2.3 AN INTRODUCTION TO DATA CENTRES 

Today, much of the focus in and around IT, is on data, artificial intelligence, cloud services, IoT 

and other emerging technologies (Walker, 2018). In each case, data centres are a common and 

critical foundation to the vast majority of the services and technologies we use (Lohmeyer, 

2018). “Often hidden in plain sight, data centers are the backbone of our internet. They store, 

communicate, and transport the information we produce every single day. The more data we 

create, the more vital our data centers become” ("The Future Of Data Centers," 2019). 

As stated in Chapter 1, data centres are facilities, either entirely as dedicated buildings or 

specialised sections of a larger building, designed to house IT systems. They provide power, 

cooling, physical security, fire detection, fire suppression, and more (Balodis & Opmane, 2012). 

It is unclear exactly how many data centres there are in the world, with one industry report 

from Emerson placing the count at 500,000 in 2011 (Emerson, 2011; Miller, 2011a) while in 

2013, the global market intelligence provider, International Data Corporation (IDC) estimated a 

number of data centre to be at 8.4 million (Smolaks, 2014). Datacentremap.com (2019), a site 

dedicated to mapping commercial data centres, had 4,455 co-location data centres across 122 

countries in their database (Datacentremap.com, 2019). 

In recent years, most of the academic focus on data centres has been around sustainability and 

efficiency, with some emphasis on data centre architecture including, novel approaches to 

optimisation at the network, infrastructure or VM layers (Avgerinou, Bertoldi, & Castellazzi, 

2017; Duan & Yang, 2016; Schwabe, 2018). As a starting point, looking at the sustainability 

aspect helps to illustrate the sheer scale of the data centre industry. The environmental focus 

is driven by the increasing impact of technology in general (J. Wang, Zhang, Yoon, & Yu, 2019a) 

and through the adoption of cloud hosted services (Tran, 2012).  

In 2010, ‘IT’ used an estimated 10% of the world's power consumption which is equivalent to 

the combined power generated by Germany and Japan each year (Mills, 2013). In 2009, in 

Australia alone, IT was responsible for 2.7% of our total carbon emissions (Philipson, 2010). The 

world’s use and dependence on technology, seems to be ever increasing; so is the global impact 

of widespread technology adoption. In a report from the Global e-Sustainability Initiative in 
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2012, it is shown that while there is a sharp increase in IT use expected by 2020, especially in 

terms of data centres, the expected growth will diminish in its power requirements and be 

crucial in offsetting environmental impact in other industries (GeSI, 2012). The impact of IT on 

the environment has been a point of discussion for some time (Forge, 2007), and as the world 

becomes more focused on environmental issues, the awareness and importance of ITs 

contribution will become increasingly important.  

Elaborating on this point, trends to date show an increase in the global power consumption. 

Between 2005 and 2010, the electricity consumed by data centres worldwide increased by 56%, 

accounting for between 1.1% to 1.5% of power consumption worldwide, with higher rates in 

countries such as the US (Koomey, 2011). In 2015, Andrae and Edler (2015) published a detailed 

set of modelling, predicting global electricity use between 2019 and 2030. They predicted that 

data centres could consume as much as 51% of the 2030 global electricity supply, in a worst-

case scenario. In that case, IT could contribute to up to 23% of global greenhouse gas emissions; 

of this 13% data centres (Andrae & Edler, 2015). 

There are many examinations of the energy efficiency of data centres. These studies have a 

broad range of perspectives from intelligent workload and application assignment (Mahdhi & 

Mezni, 2018; Vasudevan, Tian, Tang, & Kozan, 2017), disaggregation of server components (IO, 

CPU and Memory) (Mohammad Ali, El - Gorashi, Lawey, & Elmirghani, 2017), efficacy of 

shutdown techniques to save on power consumption (Raïs, Orgerie, Quinson, & Lefèvre, 2018) 

and network optimisation through software defined networks (SDN) (Li, Shang, & Chen, 2014). 

Additionally, research ranges from focusing on both traditional small to medium sized data 

centres (Vasudevan et al., 2017), large scale commercial data centres and specialised data 

centres designed specifically for the use of cloud computing (Beloglazov, Abawajy, & Buyya, 

2012; Buyya, Beloglazov, & Abawajy, 2010). Before continuing further with the exploration of 

contemporary data centres, their use and related research, it is important to briefly look at how 

data centres emerged.  

2.3.1 A brief history of data centres 

The concept of the data centre first appeared in the late 1950’s (Balodis & Opmane, 2012), by 

virtue of the first large commercial scale computer systems. Their design and construction have 

changed dramatically over the past 60 years. Balodis and Opmane (2012) published a history of 
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data centre development (Balodis & Opmane, 2012). They outlined the progression of the 

defining elements of a data centre and provided a timeline for their approximate emergence. 

They also look at the emergence of standards and related organisations that play an important 

role in the data centre industry (Balodis & Opmane, 2012). Balodis and Opmane (2012) 

summarised the nature of data centres as; 

Ensuring computer operation we are using data centres – appropriately equipped 

environment. Hardware that is deposited in data centres needs wires for power supply 

and communications, appropriate HVAC (heating, ventilation, and air conditioning) 

climate conditions as well as fire safety, physical and logical security must be ensured. For 

all this, technological solutions were developed. (Balodis & Opmane, 2012)  

Some of the key organisations referenced by Balodis and Opmane (2012) include, ASHAE 

(American Society of Heating and Air-Conditioning Engineers) and ASRE (American Society of 

Refrigerating Engineers). These organisations set standards for the data centre industry such as 

ANSI/ASHRAE Standard 90.4-2016 which focuses on the energy standard for data centres and 

“establishes the minimum energy efficiency requirements of data centres for design and 

construction, for creation of a plan for operation and maintenance and for utilisation of on-site 

or off-site renewable energy resources” (ASHRAE, 2016). 

There are also a range of data centre focused user groups and associations, focused on 

communities of practice and education (Balodis & Opmane, 2012) such as, Association for 

Computer Operations Management (AFCOM) formed in 1980 (AFCOM, 2019) and the European 

Data Centre Association (EUDCA), formed in 2011 (EUDCA, 2019). In the context of this research, 

the most important data centre standards are produced by the Uptime Institute 

(UptimeInstitute.com), established in 1993 and TIA (TIA-942, 2019), who published their first 

data centre standard (TIA-942) in 2005 (ADC, 2006). These standards were introduced in 

Chapter 1 and will be looked at in more detail later in this chapter.  

Data centre development can be framed in terms of the Uptime Institute’s data centre tier 

ratings, according to Balodis and Opmane (2012) these consist of four stages of development;  

• Tier I data centres appeared in the early 1960s,  

• Tier II in the 1970s,  

• Tier III in the late 1980s early 1990s, and  
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• Tier IV data centres in the mid-1990s.  

Data centres are the foundation of the modern IT services, with an ongoing challenge for the 

data centre industry to keep pace with changes in IT (Kumar, 2014). Data centres will be in 

demand for the foreseeable future, however, it is difficult to predict exactly what the data 

centre’s next major evolution may be (Bigelow, 2013).  

2.3.2 Data centre architectures  

Large scale data centres have begun to take on design elements only possible at a large scale, 

such as Yahoo’s chicken coop design, unveiled in 2010, which has no powered cooling system 

(Fehrenbacher, 2010; LaMonica, 2010). Many of these large data centres have locations 

strategically selected around the world with ideal environments and geographic advantages for 

data centre operations (Google.com, 2014). Smaller data centres owned by medium enterprises 

tend to be housed within the organisation itself, or where co-location data centres are used, a 

local provider will choose a location where convenient management is possible. The distance 

between the user and data centres are becoming increasingly un-important (Carden, 2014; 

Rickard, 2012). Any data centre, no matter how large or small, specialised or generic, is normally 

measured in two common ways, efficiency and design. Efficiency is commonly measured by a 

metric called power usage efficiency (PUE) (Avelar et al., 2012). Design of data centres is 

normally discussed in terms of tiers.  

The Tier rating system was originally published in April 2005, by the Uptime Institute. The 

Uptime Institute was established in 1993, as a third-party data centre research and education 

organisation (Balodis & Opmane, 2012). The Uptime Institute defined four tiers of data centres, 

each with a detailed list of design and operation features, and most importantly in the context 

of this research, an availability level expected by each tier. Later ANSI/TIA released the 

Telecommunication Infrastructure Standard for data centres (TIA-942), which built on tier rating 

(ADC, 2006). TIA-942 has since become a widely accepted, yet unofficial, standard worldwide. 

The four tier levels are; Tier I ‘Basic’, Tier II ‘Redundant Components’, Tier III ‘Concurrently 

Maintainable’, Tier IV ‘Fault Tolerant’. 

It is important to note that the tier rating system is more than just a set of design principles but 

also a set of guidelines for data centre operation. While every data centre is going to be 

somewhat different and designed for different needs (Brill, 2009), they are still nominally 
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described in terms of the tier rating system. Table 2.3 summarises some of the key availability 

features of each tier rating taken from the Uptime Institute publications (Turner IV et al., 2006; 

UptimeInstitute.com, 2018). 

Table 2.3: Data centre Tier ratings 

Tier rating Key features Availability 

Tier I 
Basic 

• Two separate 12-hour, full shutdown per year for maintenance 

• Average of 1.2 equipment failures per year 

• Average unplanned + planned outages are 28.8 hrs per year 
 

99.67% 

Tier II 
 Redundant 

Components 
 

• separate maintenance windows every 2 years 

• An average of 1 unplanned outage each year 

• The average joint impact of planned and unplanned outages is 22 
hrs per year 
 

99.75% 

Tier III 
Concurrently 
Maintainable 

 

• No annual maintenance shutdowns 

• Average annual outage (based on a 4-hour outage every 2.5 
years) is 1.6hours per year 

99.98% 

Tier IV 
Fault Tolerant 

 

• No annual maintenance outages 

• Only one 4 hr outage ever 5 years, 0.8 hours per year (48 mins) 99.99% 

Note. Derived from Turner IV et al. (2006) and UptimeInstitute.com (2018). 

 
PUE is the industry preferred metric for measuring data centre efficiency (Avelar et al., 2012). 

PUE was developed by a consortium of industry leaders called the “The Green Grid” and was 

first published in 2007 (Starr, 2011). PUE is essentially the inverse of the other popular metric, 

DCIE (Data Centre Infrastructure Efficiency) and is calculated by dividing the power consumed 

by the entire data centre and IT and the power consumed by just the IT (Belady, Rawson, 

Pflueger, & Cader, 2008), see Equation 2.2.  

PUE =
Total Facility Power

IT Equipment Power
(2.2) 

Since its widespread adoption, a second version of the PUE metric was released in 2011 through 

a task force made up of The Green Grid, Uptime Institute, ASHRAE, Energy Star and a number 

of other industry organisations (Miller, 2011b). PUE version 2 builds on PUE with 

recommendations on the improved methods for measuring and publishing of PUE values 

(TheGreenGrid.org, 2011). 

Running a data centre efficiently must take much more into account than just the data centre 

itself, but also the IT strategy, IT hardware utilisation and the energy efficiency of the IT 
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hardware (Buyya et al., 2010; Stanley, 2007). This is often not the case, with many organisations 

running their equipment at 100% even when not required (Glanz, 2012). By extension, factors 

such as the IT strategy and the IT hardware must also be taken into account when considering 

the availability of the services being presented by that IT, as well as the data centre(s) they are 

housed within. 

2.3.3 Data centres are increasingly relevant in the age of cloud 

Recently, the cloud has been identified as probably the most significant disruptor in terms of 

the potential demise of small to medium size data centres (Deloitte, 2013). This may be a result 

of small operators no longer needing to manage facilities and hardware. Therefore, it is 

important to discuss how the cloud can influence the data centre industry and confirm the 

ongoing relevance of the data centre.  

The term cloud has several meanings (Armbrust et al., 2009). However, at its core cloud exhibits 

a number of key attributes: ‘Service-Based’, ‘Scalable and Elastic’, ‘Shared’, ‘Metered by Use’ 

and ‘Uses Internet Technologies’ (Stamford, 2009). As cloud first began to gain traction, it was 

thought that it might spell the end for small-medium in-house data centres (Thibodeau, 2013). 

However, the trend appears to be quite different than originally thought. While many 

organisations are sending easy to migrate systems to the cloud (Matteson, 2013), many 

organisations are using cloud to extend or augment their existing capabilities, rather than make 

wholesale replacements (Clark, 2014).  

Regardless if an organisation actively uses cloud or not, IT systems are still housed within data 

centres and the data centres’ design need to cater for the planned IT workloads within. In both, 

the data centre and IT industries, there is a significant inconsistency in the use of the term cloud. 

Organisations need to be cautious of ‘cloudwashing’ (Ziegler, 2012). For example, the new IT 

concept of Software Defined Data Centres (SDDC), focuses on the alignment of IT infrastructure 

within a data centre, with its business requirements (Butler, 2014). This is an excellent goal to 

aim for, however it fails to take the data centre itself into account (Cherian, 2013). Instead, the 

term data centre is used as a generic reference to the equipment housed inside.  

The concept of ‘always on, always connected’ or ‘anytime, anywhere’ is not new to IT (Tso, 

Gillespie, & Romrell, 1996). Increasingly, services are being consumed directly from the internet 

by end users. Furthermore, the act of downloading an mp3 or buying a CD may soon be 
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forgotten in the face of cloud hosted music streaming services (Luckerson, 2014). As this trend 

continues (Cisco, 2020), it puts an ever increasing importance on data centres and their ability 

to support the IT services they host (Kleyman, 2013b). Despite the trend towards cloud, data 

centres are not only becoming increasingly critical but also, an increasingly important and 

hidden part of IT service delivery.  

The future of small to medium data centres may be shifting in response to the ever-changing 

needs, rather than disappearing in the wake of cloud. As a result, small-medium owner operated 

data centres may need to accommodate a condensed and more agile workload to move with 

the shifting services the cloud offers (Rodrigues, 2013). Therefore, data centres will continue to 

be used in the foreseeable future, whether it is for hosting cloud services or hosting the 

remaining infrastructure for organisations to interface with their service providers. The 

challenge is still for data centre design to cater for these changing needs.  

2.3.4 Current research into data centres 

There are broad areas of research involving data centres. For example De Angelis and Grasselli 

(2015), examined the performance of alternatives to the Uptime Institute’s standard data 

centre facility designs. While others, such as Ritchie and Brouwer (2018), proposed alternative 

design elements such as fuel cells, to replace the traditional redundancy built into data centres. 

As shown below, there are numerous data centre related articles focused on networking (Isoe, 

Wassin, Leitch, & Gibbon, 2018; Schwabe, 2018), sustainability (Avgerinou et al., 2017; Dou & 

Qi, 2015), virtualisation (Duan & Yang, 2016), cloud (Nagamani, Prasad, & Chatrapati, 2016) and 

disaster recovery (DR) (Caraman, Moraru, Dan, & Grama, 2012; Nguyen et al., 2016).  

From an academic perspective, data centre facilities are often examined separately from the IT 

systems within, with many of the ‘data centre research papers’ focusing on applications, 

software, networking and server hardware. To illustrate, in 2016, a paper on data centre 

network architectures examined how the existing data centre network architectures failed to 

take into account scalability, flexibility and performance but rather focused on just one or two 

aspects within the data centre (Yu & Qian, 2016). However, the lack of holistic views is not 

surprising as it is difficult to evaluate the efficacy of complex systems, particularly cloud systems, 

where the size and shape of the service is in constant flux (Bruneo, 2014). As such, research into 

‘data centre architectures’ often do not consider the data centre facilities themselves but stay 
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focused on the systems typically hosted within; software, hardware or networking. Other 

examples include a recent paper on data centre architecture focused on component based 

design between software, virtual machines and physical hardware (Nagamani et al., 2016) with 

others focusing on load balancing and networks (Duan & Yang, 2016; Ting Wang, Zhiyang Su, Yu 

Xia, & Hamdi, 2014).  

This is not always the case. However, one paper looked at the automated consolidation and 

transformation of IT infrastructure between data centres and focused on the cost elements 

involved (Singh, Shenoy, Ramakrishnan, Kelkar, & Vin, 2012). This study, titled eTransform, 

presented an algorithm that can be used to optimise the data centre and IT components with a 

view to reducing costs by up-to 25% while retaining the DR capability of the infrastructure (Singh 

et al., 2012). 

To further explore the point that data centre research rarely looks at the facility and IT systems 

in conjunction, Table 2.4 summarises papers across the different areas of data centre research 

presented. It supplies a summary of the key aspects of the publication and if the IT or data 

centre facility components were considered together or in isolation. The papers were selected 

as a random sample from the larger pool of papers found during the literature search with a 

preference for newer papers where available. The literature search was conducted primarily via 

the consolidated search engine provided by the University and by iterating key words such as 

‘green’ or ‘cloud’ in conjunction with the core terms of ‘data centre’, ‘information systems’ and 

‘availability’. The majority of papers were from academic online databases such as IEEE and 

Elsevier. These examples are representative of the literature cited throughout this chapter. 

A significant area of research that references data centres relates to energy efficiency and is 

often presented in the context of their environmental impact. Much of the research is focused 

on individual technologies. In their 2017 research paper looking at profile-based application 

assignment in the context of energy efficient data centres, Vasudevan et al. (2017) use a 2012 

research report as an anchor to illustrate the size of data centres environmental impact. 

“According to a report by the Natural Resources Defence Council (NRDC), data centers 

consumed 91 billion kWh of electrical energy in 2013. This statistic is projected to increase by 

53% by year 2020.” (Vasudevan et al., 2017) Although the referenced SMARTer2020 report 

(GeSI, 2012) is reasonably old it supports the assertion that data centres consume a large, and 

growing, percentage of the worlds power consumption.  
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Table 2.4: Summary of data centre related publications 

Publication Summary of focus and crossover 

Data centre facility focused papers 

A Data Center performance comparison 

analysis between Tier III architecture and a 

CCHP alternative solutions  

(De Angelis & Grasselli, 2015) 

Facility focused: explored energy and cooling solutions within 

the data centre facility, IT systems are considered from a heat 

generation and power consumption perspective only. 

Design of fuel cell powered data centers for 

sufficient reliability and availability  

(Ritchie & Brouwer, 2018) 

Facility focused: explored the design of a fuel cell system to 

replace traditional backup power solutions in the facilities, no 

reference to IT systems. 

Data centre network focused papers 

60 Gbps 4-PAM VCSEL-based Raman assisted 

hyper-scale data centre: In context of spectral 

efficiency and reach extension 

(Isoe et al., 2018) 

Network focused: looked at low cost energy efficient 

technique for maximising efficiency and range of fibre optics. 

No reference to data centre facilities or IT systems.  

Data-centre traffic optimisation using 

software-defined networks. 

(Schwabe, 2018) 

Network focused: explored optimisation of SDN, looking at 

networking hardware, software design and architectures. Data 

centre facilities discussed briefly during background.  

Data centre environmental impact focused papers 

Trends in Data Centre Energy Consumption 

under the European Code of Conduct for Data 

Centre Energy Efficiency 

(Avgerinou et al., 2017) 

Energy efficiency focused: reviewed trends affecting data 

centre energy efficiency of data centres compared to EU code 

of conduct. Considers facility with an ICT breakdown from an 

energy perspective. 

AI-Powered Green Cloud and Data Centre 

(Yang et al., 2019) 

Energy efficiency focused: utilises AI to predict cloud 

workloads and optimise the scheduling with the expressed 

goal of reducing power consumption and refrigeration 

requires. Introduces data centres and integrates components 

of the facilities into their modelling, focused on energy 

optimisation. Overlaps with virtualisation and cloud category. 

Data centre virtualisation and cloud focused papers 

A data center virtualization framework 

towards load balancing and multi-tenancy 

(Duan & Yang, 2016) 

Virtualisation focused: proposed a framework for the 

placement of VMs that consider multi-tenancy. Modelling 

considers application, OS, virtual switches, hypervisor and 

physical servers.  

A novel framework for optimal component 

based data center architecture 

(Nagamani et al., 2016) 

Cloud focused: optimisation project that proposed a toolkit to 

architect cloud data centres. Does consider facilities and IT 

systems within its focus area. 

Data centre disaster recovery focused papers 

Continuous Disaster Tolerance in the IaaS 

clouds 

(Caraman et al., 2012) 

Disaster tolerance focused: presented a solution for disaster 

tolerant IaaS solution in the form of an API. Focused on cloud 

and IT systems, inferred facilities through reference to 

extended distance for clusters. 

Availability modeling and analysis of a data 

center for disaster tolerance 

(Nguyen et al., 2016) 

Disaster tolerance focused: presented a model and analysis for 

a disaster tolerant data centre. Considered both the data 

centre facility and IT systems as a part of a holistic model.  

Note. This table highlights the inclusion of data centre facility and IT systems discussion in 

addition to their chosen topic/focus. 
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The SMARTer2020 report from GeSI (2012) has also been referenced numerous times since its 

publication in 2012. For example, the 2015 article by Andrae and Edler (2015) exploring global 

electricity trends looking towards 2030 across a range of communications technologies, used 

the SMATer2020 report as its foundation. Additionally, Whitehead et al. (2014) used this report 

as a key source for illustrating the impact of Information & Communication Technology (ICT) 

and data centres on climate change (Whitehead et al., 2014). And while an updated, 

SMARTer2030 report was released in 2015 (GeSI, 2015), which provides a more up-to-date high 

level forecasts, it does not look at data centres in detail as the SMARTer2020 report did. This 

makes the SMARTer2030 report an excellent reference for updates to the high-level figures but 

the SMARTer2020 reports remains more relevant when looking specifically at data centres.  

The SMARTer2020 report estimated that data centres global contribution to greenhouse 

emission was at around 17% of the total ICT emissions, with a steep 7.1 percent growth 

predicted, leading up to 2020 (GeSI, 2012). In the newer SMARTer2030 report, data centres are 

now estimated to constitute 28.8% of the total ICT emissions (GeSI, 2015). However, while the 

percentage of data centre is rising within the total ICT emissions, the total ICT emissions are 

decreasing due to improvements in technology. Moreover, the global impact that ICT is having 

on the emissions from other industries is rising sharply. With an estimated 9.7x fold reduction 

in other industries through the implementation of ICT solutions, i.e. smart buildings, smart 

agriculture, smart manufacturing (GeSI, 2015). 

The increasing portion of ICT emissions that data centres constitute, combined with the positive 

impact ICT can have on other industries, provides a solid foundation for further research into 

data centres and efficiency. This point is explored in a detail by Whitehead et al. (2014) who 

looked at the environmental impact of data centres, the metrics currently used to measure 

efficiency, and provided suggestions for future work building on reports such as the 

SMARTer2020 report (Whitehead et al., 2014). 

Some research projects aim to improve the efficiency of data centres and their components. 

Most of this research is focused on specific aspects, components or elements of the design. For 

example, Deymi-Dashtebayaz and Valipour-Namanlo (2019) looked at how data centres waste 

heat can be recovered and used, leading to a reduction in energy consumption and energy cost 

as well as pollutant emissions (Deymi-Dashtebayaz & Valipour-Namanlo, 2019).  



 

34 
 

Another example of recent research into the energy and sustainability aspects of data centres 

is by a team of researchers who published in the Building and Environment journal. J. Wang et 

al. (2019a) looked at models that control cooling systems in data centres and the impact on 

energy savings, (J. Wang et al., 2019a). The same team has also recently published reliability 

and availability analysis on the same hybrid cooling system, showing that the reliability 

increased compared to traditional data centre cooling methods (J. Wang et al., 2019b). 

As mentioned earlier, much of the research into ‘data centres’ has little to no focus on data 

centres, but rather the IT equipment within. For example, Gilesh, Madhu Kumar, Jacob, and 

Bellur (2017) published a paper on the topic of virtual data centres, and focused entirely on 

virtual machines (VMs) and virtual networks with a view of improving the efficiency of a virtual 

data centre (VDC) which spans across multiple physical locations. While highly relevant to the 

efficiency of the underlying facilities, this exclusion of the physical data centres is a common 

trend. One especially popular area of data centre research relates to data centre networks and 

often shows this trend as well. Hassen and Mhamdi (2019) presented a design, implementation 

and evaluation of a class of packet-switching fabric architectures for data centre networks 

(Hassen & Mhamdi, 2019). Similarly, Huang, Ye, Wang, and Hu (2018) explored contention-

resolution in data centre networks. Again, the focus was on the application of different 

architectures within the data centre (Huang et al., 2018).  

SDN are often also looked at in relation to data centre network research. For example, Touihri, 

Alwan, Dandoush, Aitsaadi, and Veillon (2019) look at network optimisation with SDN on data 

centre networks and are focused on design improvements with a particular data centre 

architecture (CamCube), “cloud infrastructure researchers and industrial are focused on the 

design improvement and the deployment of extended and high performed data centers” 

(Touihri et al., 2019). 

In another recent data centre networking related study, Schwabe (2018) explored an 

optimisation of network traffic within data centres by introducing traffic engineering into the 

data centre using SDN (Schwabe, 2018). As noted earlier in Table 2.4, Schwabe (2018) discussed 

the data centre in terms of the facility, focusing on how IT and networking equipment is housed 

within and as mentioned above, as a boundary for the networking focus (Schwabe, 2018).  
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Evidence was presented, earlier in this chapter, to indicate that the relevance of data centres is 

likely to rise in line with the use of the cloud (Lohmeyer, 2018). This is due to the cloud ‘living’ 

in a global array of data centres. It is clear that data centres are just as relevant, if not more, to 

modern ICT trends, as reinforced by the SMARTer2020 (GeSI, 2012) and SMARTer2030 (GeSI, 

2015) reports. While early predictions were that small to medium data centres would diminish, 

that also hasn’t been the case (Rodrigues, 2013). This is because organisations are more inclined 

to supplement their investment with the cloud rather than make a wholesale migration. Large 

data centres, often designed specifically for large scale cloud services are often referred to as 

hyper-scale (Rouse, 2018).  

Hyper-scale data centres are also an area of current data centre research, often with a focus 

from industry invested in improving their hyper-scale facilities. A paper by Fang et al. (2015), 

authored by a team of researchers from Microsoft, Cisco Systems and Juniper Networks, was 

presented at the ACM SIGCOMM Symposium on SDN research. This paper looked at hierarchical 

SDN in the context of hyper-scale data centre and interconnectivity (Fang et al., 2015). While 

this paper stayed focused on the data centre network topic, it also considered the physical data 

centres and infrastructure, unlike many of the papers referenced earlier.  

Other examples of research into data centres are again focused on networks, and this time, it is 

in the context of the cloud. Pingping, Jun, and Hongyu (2012) explored SDN as a focus area and 

looked at the virtualisation within cloud platforms (Pingping et al., 2012). Another more recent 

paper by Isoe et al. (2018) looked at the efficiency of different light spectrums in data centre 

fibre optics. Isoe et al. (2018) made emphasis in their opening paragraph that the current focus 

on large scale data centre networks in their area of interest, “Cost effective large-scale 

installation of hyper-scale data centres has attracted extensive research recently, due to the 

exponential bandwidth demand over extended reach” (Isoe et al., 2018). 

The immense scale that cloud data centres operate on attracts many researchers consistently 

over the past decade. In 2009, Liu et al. (2009) published on the topic of elastic power 

management in internet data centres (Liu et al., 2009). Other research teams looked at efficient 

cloud orchestration (Frantz, Corchuelo, & Arjona, 2011) and cloud architecture (Tianfield, 2011). 

More recently research papers continued the investigation of cloud architectures. For example, 

Jamshidi, Pahl, and Mendonça (2017) looked at pattern-based multi cloud architecture 



 

36 
 

migration while Filelis-Papadopoulos, Gravvanis, and Kyziropoulos (2018) proposed a 

framework for simulating large scale cloud infrastructures (Filelis-Papadopoulos et al., 2018).  

Another area of research relevant to both the cloud, data centres and IT systems, is DR. DR as a 

topic has a strong connection with the reliability and availability of the subject being researched. 

In terms of the data centres and the cloud, there are numerous papers focused on DR over an 

extended period of time. Frølund & Pedone (2003) paper, ‘Dealing efficiently with data centre 

disasters’, again focused on the networking aspect of IT and looked at methods of detecting 

failures where systems are geographically separated between data centres (Frølund & Pedone, 

2003). Other papers examined this area from the perspective of the cloud such as, ‘continuous 

disaster tolerance in the IaaS clouds’ by Caraman et al. (2012). 

When looking at data centres it is easy to become focused on large scale cloud data centres. 

However, even with emerging trends and imminent changes to the nature of the cloud and data 

centres, such as quantum computing (Castelvecchi, 2017), there are still reasons to continue 

research on traditional small to medium data centres. Linking this back to the sustainability 

trends previously discussed, Vasudevan et al. (2017) reinforced the importance of researching 

small to medium size data centres rather than focusing on the newer, larger hyper-scale cloud 

facilities.  

There is a distinct gap in energy-efficient initiatives when comparing well-managed hyper-

scale large data centers and the numerous less-efficient small- to medium-scale data 

centers. The hyper-scale large data centers only share 5% of the global data center energy 

usage, while the remaining 95% is made up of small to medium-scale data centers [3]. 

Therefore, energy management for small- to medium-scale data centers with relatively 

consistent workload is globally more significant than that for hyper-scale large data 

centers with very dynamic workload. This paper targets the widely deployed small- to 

medium-scale data centers. (Vasudevan et al., 2017) 

While still comparing large cloud data centres, with small to medium size data centres, it is 

worth noting that availability performance is not necessarily that different. In a 2013 paper 

relating to the availability of cloud-based services, the outage data from Amazon, Google, 

Rackspace, Salesforce and Microsoft as well as their outage frequency and duration were 

compared to advertised availability figures (Naldi, 2013). They found that cloud “outages are 



 

37 
 

neither infrequent nor short-lived as the promised availability figures would make us think” 

(Naldi, 2013).  

In terms of data centre availability, there are far fewer academic papers, when compared to the 

environmental and networking areas of research. DR is a more closely related area but focuses 

more on what to do in case of a failure (Nguyen et al., 2016).  

Availability is also looked at in terms of the actual data centre facility and its components. For 

example, a paper which looked at the internal working of traditional data centre designs from 

an engineering perspective, proposed an alternative design and compared it against a Tier III 

data centre, as defined by the Uptime Institute (De Angelis & Grasselli, 2015). Another more 

recent paper again looked at data centres from an energy efficiency perspective but also 

considered the availability aspect (Matko & Brezovec, 2018). This study focused on event 

management for alerting and response, to the maintenance of the facilities physical 

infrastructure (Matko & Brezovec, 2018). Another availability focused paper by X. Wang, Sun, 

Deng, and Huai (2015) explored the availability trade-offs for geographically distributed storage 

solutions. As with much of the data centre related research referenced above, this paper also 

has a focus on the data centre network. 

Many of the papers referenced above do use availability to help frame their research and 

convey the importance of their optimisation or architectural contributions. “The average data 

center consumes as much energy as 25,000 households [20]. As energy costs are increasing 

while availability dwindles, there is a need to shift focus from optimising data center resource 

management for pure performance to optimising for energy efficiency, while maintaining high 

service level performance.” (Beloglazov et al., 2012). In other papers, availability is used as a key 

concept in related research areas such as cloud performance (Bruneo, 2014), orchestration 

(Bousselmi, Brahmi, & Gammoudi, 2014) and as mentioned, DR (Nguyen et al., 2016). In their 

paper, Ritchie and Brouwer (2018) link availability, data centres and the environmental impact 

very well, “It is challenging to design a sufficiently reliable fuel cell electrical system for use in 

data centers, which require 99.999% uptime. Such a system could lower emissions and increase 

data center efficiency, but the reliability and availability of such a system must be analyzed and 

understood” (Ritchie & Brouwer, 2018). 
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2.3.5 Data centre summary 

In summary, much of the literature around data centres primarily focuses on their 

environmental impact, global emissions (Andrae & Edler, 2015) and the capacity of ICT in 

general to make a tremendous positive impact (GeSI, 2015). A number of environmentally 

focused research papers examined very specific elements of data centres such as, waste heat 

(Deymi-Dashtebayaz & Valipour-Namanlo, 2019) or event monitoring and alerting (Matko & 

Brezovec, 2018). Another significant area of research related to data centres is on data centre 

networks. These papers have a broad range of topics such as SDN (Schwabe, 2018), fibre optic 

light spectrums (Isoe et al., 2018) or load balancing (Duan & Yang, 2016). Networking was, by 

far, the most common area of research found when searching for published academic work 

relating to data centres.  

As discussed, DR looks at availability of data centres and other IT, as well as non-technology 

components, which are important to a business. However, DR is primarily focused is on the 

recovery actions required after a failure (Nguyen et al., 2016). The cloud was also discussed, 

from a data centre perspective, which covers a broad range of research from virtualisation and 

VM migration between cloud data centres (Gilesh et al., 2017) to hyper-scale data centre 

networks (Fang et al., 2015). The difference between cloud data centres and more traditional 

small to medium sizes data centres was also covered, reinforcing the continued relevance of 

more traditional small to medium size data centres (Vasudevan et al., 2017). 

Finally, literature relating to availability and data centres was discussed. There are numerous 

examples where availability is used as an element within data centre related fields such energy-

aware resource allocation (Beloglazov et al., 2012), data centre performance and Quality of 

Service (QoS) for Infrastructure as a Service (IaaS) (Bruneo, 2014). However, as demonstrated, 

there are few literature examples available on the topic where availability and data centres are 

the primary focus. 
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2.4 AN INTRODUCTION TO IT SYSTEMS 

Information systems (IS) are often defined as the combination of people, process and 

technology used to collect, create and distribute useful data in a business context (Bourgeois, 

2014). Zwass (2017) defines the components of an information system as follows; “the main 

components of information systems are computer hardware and software, 

telecommunications, databases and data warehouses, human resources, and procedures. The 

hardware, software, and telecommunications constitute information technology (IT), which is 

now ingrained in the operations and management of organizations” (Zwass, 2017).  

This definition provides a useful view of an information system, which is used across a range of 

topics. For examples Soja and Soja (2017) use a people, process and technology framework to 

help categorise qualitative results in a study on technology adoption. While Dhenesh (2012) use 

the people, process and technology framework as a cornerstone for their exploration of 

collaboration tool support in small team meetings.  

An information system can be described through people, process and technology. The 

technology component can comprise of a range of potential hardware elements, including 

smartphones and tablets, through to desktops, laptops and servers (Zwass, 2017). The software 

components include operating systems and applications, as well as a range of software 

elements, either produced and supported by software vendors through to open-source options 

(Zwass, 2017). In addition, telecommunications refer to data centre networks through to 

personal networks (Zwass, 2017). The final technology component being the databases, and the 

data itself (Zwass, 2017). Finally, the human resources and processes complete this perspective 

of an information system. The Oxford Dictionary of Computer Science supplies a compatible 

definition of a ‘system’;  

Anything we choose to regard (a) as a whole and (b) as comprising a set of related 

components. More formally a system S = (C, R), where C is the set of its components and 

R is the set of relationships (or interfaces) that combine them into a coherent whole. In 

computing the word is freely used to refer to all kinds of combinations of hardware, 

software, data and other information, procedures, and human activities. An airline 

reservation system, for instance, comprises all those things, distributed and connected 
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worldwide. At the other end of the spectrum, an operating system just comprises 

software components. (Butterfield & Ngondi, 2016a). 

As this research focuses on the IT components of a traditional information system, these 

components will collectively be referred to as ‘IT systems’ from this point on. The next section 

will look at best practices and enterprise architecture as they relate directly to how 

organisations address the challenges of determining how to deploy IT systems within their 

organisations.  

2.4.1 Enterprise architecture 

Enterprise architecture (EA) is an extensively covered topic in the IT industry (Rouhani, Mahrin, 

Nikpay, Ahmad, & Nikfard, 2015). In the context of specific design advice, unlike the data centre 

industry, there is not a small group of institutes or engineering bodies that are widely used. 

Instead, each software and hardware vendor provide recommended architectures specific to 

their technology solutions. For example, Microsoft have ‘infrastructure planning and design 

guides’ (Microsoft, 2014) and most IT vendors publish series of technology specific ‘best 

practice’ guides and ‘reference architectures’ (Hewlett-Packard, 2020). In terms of 

recommendations on infrastructure, not focused on a specific technology, industry research 

organisations such as Gartner, weigh in on a wide range of topics, including enterprise 

architecture (Burton & Allega, 2014; Gartner.com). Also, Burke and Brand (2019) provided 

recommendations on developing a business-outcome-driven enterprise architecture (Burke & 

Brand, 2019) while, Weiss and Dawson (2014) proposed the use of ‘software-defined anything 

(SDx)’ to explore the convergence of different infrastructure such as storage, servers and 

networks (Weiss & Dawson, 2014).  

Looking at specific elements such as IT security techniques, there are relevant international 

organisations such as the International Organization for Standardization (ISO), who publish 

standards on a range of topics including the management of quality, risk and information 

security ("ISO Popular standards," 2019). For example, ISO/IEC 27001, developed in conjunction 

with the International Electrotechnical Commission (IEC) publish a detailed standard for 

information technology - information security management which covers leadership, planning, 

support, operation, performance evaluation and ongoing improvement (ISO/IEC, 2013). There 

are also a number of related Australian standards such as ‘Business Continuity – managing 
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disruption-related risk’ ("AS/NZS 5050," 2010), or ‘Risk management – Principals and guidelines’ 

("AS/NZA ISO 31000," 2009). These standards focus on understanding the exposure to events 

such as an IT or data centre failure to the organisation.  

Stitching together the specific designs for an organisation’s IT systems is often the role of an 

enterprise architect or enterprise architecture team (Florentine, 2017). EA has one primary goal: 

“aligning the IT-related activities with the goals of the enterprise”(Perroud & Inversini, 2013). 

EA focus’ on design and IT governance to achieve alignment and is often seen as critical to ‘avoid 

implementing short-sighted architectures that may limit growth’ (Getter, 2007). One of the 

most prominent enterprise architecture methodologies and standards is ‘The Open Group 

Architecture Framework’ (TOGAF) (Josey, 2011), published by the Open Group, which is a global 

consortium for IT standards (OpenGroup.org). There are three other dominant methodologies 

(Sessions, 2007). These are the Zachman Framework for Enterprise Architectures (Zachman, 

2008), the Federal Enterprise Architecture (whitehouse.gov, 2012) and the Gartner 

Methodology (Burton & Allega, 2014; Gartner.com). While EA focuses on the macro alignment 

between the IT activities and the enterprise, solution or technical architects take a more 

detailed approach, often designing exactly how a system is designed, configured and deployed 

(Kravchenko, 2018).  

Different architectural approaches have been used to compare IT infrastructure and designs to 

related concepts, such as business needs alignment. For example, ‘Project GRAAL’ (Pascal van 

Eck, 2004) presented a framework for the alignment of IT architecture between approaches for 

software architectures with an emphasis on the artefact being developed in order to focus on 

business needs. Another paper compared IT infrastructure with risk management and the idea 

of confidentiality (Morali, Zambon, Etalle, & Overbeek, 2008).  

2.4.2 Current areas of IT systems research 

There is a wide range of IT related research across a wide range of fields and disciplines, such as 

IS, business management and engineering (Hirschheim & Klein, 2012). This has been the case 

for some time, with a wide range of topics related to IT systems being explored such as, 

virtualisation (Abeni & Cucinotta, 2011), software development (Pascal van Eck, 2004), project 

management (Karlheinz, Thomas Heide, & Andreas, 2014; Thorogood & Yetton, 2004), user 

acceptance (Alalwan, 2019; Dillon & Morris, 1996), enterprise architecture (Perroud & Inversini, 
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2013) and human-computer interaction (Urquiza-Fuentes & Paredes-Velasco, 2017), to name a 

few. Specifically with regard to IS; “the IS field … studies a wide range of issues surrounding 

technology within an organisational context” (Hirschheim & Klein, 2012) 

In their 2012 publication on the history of the IS, Hirschheim and Klein (2012) break the IS field 

into four broad eras. Each era is loosely defined based on key technological advancement of 

that period.  

The first era (mid-1960s to mid-1970s) coincides with mainframe computing with research 

themes ranging from decision support systems to human computer interaction (Hirschheim & 

Klein, 2012).  

Their second era (mid-1970s to mid-1980s) runs parallel with minicomputers, mid-range 

computers and PCs. New frameworks emerged during this time, such as participative design as 

well as the first, concise, definitions of IS as a field (Hirschheim & Klein, 2012).  

The third era (mid-1980s to mid/late 1990s) coincides with the rise of internetworking and the 

emergence of the internet. From a research perspective this saw emergence of new themes 

such as IT performance, IT value, technology acceptance, outsourcing and strategic IT alignment 

(Hirschheim & Klein, 2012).  

The fourth era (late 1990s to their ‘today’ 2012) related to the internet age, ubiquitous 

computing, networks and mobile devices. It is during this era that Hirschheim and Klein (2012) 

first discuss the use of design science research within the IS field, along with a range of other 

research themes that emerged in that period such as, globalisation and knowledge 

management (Hirschheim & Klein, 2012).  

Bourgeois (2014) proposed a similar set of eras with the final ‘current’ era termed ‘post-pc’, 

with a focus on mobile and web centric applications. Others refer to our current phase 

differently, with Boratto, Carta, Kaltenbrunner, and Manca (2018) describing the social web and 

the big data era, while others, refer to our current phase as the information era (Binbin & 

Xiaoyan, 2017). 
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As indicated by Hirschheim and Klein (2012), design science research is a relative new comer as 

a research discipline (Papalambros, 2015). However, it does have long established foundations 

within the IS field (Gregor & Hevner, 2013; Hevner, vom Brocke, & Maedche, 2019; Peffers et 

al., 2007). Design science research methodologies and a justification for its use in this project as 

well as the literature review is described in Chapter 3. 

There are many papers, articles and books exploring the merits of different technology trends 

in both academia and within industry organisations. Some of the key technologies relevant to 

this research project include virtualisation (Abeni & Cucinotta, 2011; Luo, 2011), cloud 

(Armbrust et al., 2009; Stamford, 2009), converged infrastructure (Weiss & Dawson, 2014) and 

SDN (Butler, 2014; Cherian, 2013; Li et al., 2014). These topics also overlap with the research 

discussed in section 2.3.4.  

Virtualisation normally refers to virtual server infrastructure, where a hypervisor is used to 

logically segment a physical server into many (Townsend, 2010). Server virtualisation is the key 

to flexibility of server workloads and provides the ability to quickly and easily move ‘servers’ 

between hosts or sites. While virtualisation has been around for a long time (Cohen, 2010), it 

did not gain widespread use till the early 2000s (Wire, 2013). In many ways cloud is a natural 

extension of virtualisation (Siddhisena et al., 2011). 

It was previously established that the cloud is commonly discussed in terms of IT systems, 

infrastructure or services. ‘X as a Service’ is an increasingly common way of describing services, 

especially in the context of the cloud (Kleyman, 2013a). The most common service models, in 

the context of cloud, are ‘Infrastructure’, ‘Platform’ and ‘Software’ as a Service (IaaS, PaaS and 

SaaS). The most authoritative definitions for service models are provided by the National 

Institute of Standards and Technology (NIST) (Mell & Grance, 2010).  

Each service model is described by a different approach. IaaS focuses on providing virtual 

infrastructure in the cloud for anyone to build their own systems on. This is the most similar to 

traditional hosting and allows a customer to run arbitrary software without managing the 

underlying physical infrastructure (Mell & Grance, 2010). PaaS provides some form of pre-

deployed systems, ready to be configured by the customer. The tools are supported by the 

provider but the service is still supported by the customer, as they do not manage the underlying 

infrastructure, operating system, storage, networks and so on (Mell & Grance, 2010). An 
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example of PaaS is a database PaaS service is where a customer can deploy a database and 

configure it using the tools supplied, however, they are not able manage the platform. Finally, 

SaaS offers fully configured systems that are managed by the provider. The customer will 

normally only be able to access the application via a web browser or program interface. An 

example of SaaS is a web-based email system (Mell & Grance, 2010). As mentioned earlier, the 

trend is the augmentation of ‘on premises’ infrastructure by also using the cloud. This is called 

‘Hybrid Cloud’ (Scarfe & Deacon, 2010; Symantec.com, 2011).  

The concept of hybrid cloud suggests that it should be possible to seamlessly migrate workloads 

from in-house infrastructure, likely housed in both, a self-run facility and a cloud provider 

(Babcock, 2009). By extension, this could also facilitate workloads being migrated between 

cloud providers. This concept in conjunction with automation, is called orchestration (Bousselmi 

et al., 2014). Hybrid cloud will become one of the most important tools to the migration of 

services between data centres, regardless if the customer has their own data centre or 

consumes only cloud services (Deloitte, 2014). In the data centre research section (2.3.4), cloud 

orchestration was outlined and some of the recent research in this area was discussed (Jamshidi 

et al., 2017). This topic is particularly relevant in the context of this thesis research, as there are 

real challenges to efficiently migrate virtual infrastructure between a mix of cloud providers and 

traditional data centre infrastructure (Filelis-Papadopoulos et al., 2018).  

Papers on IT infrastructure, their design and the merits of different methods of implementations 

or proposed architectures are common. Some older, but relevant, projects include Project RAIN 

(Bohossian et al., 2001) which looks at utilising RAID style technology for disk redundancy at the 

server level. RAID has been used for some time, to extend storage arrays well past traditional 

constraints (Therrien, 2004). Other projects such as Project GRAAL (Pascal van Eck, 2004) focus 

on the alignment of IT architecture in order to address business needs.  

During the data centre research section, a lack of primary research that focused on availability 

and data centres was identified. When it comes to IT systems there are a larger number of 

research papers which have looked at the availability of IT systems, often from a DR or fault 

tolerance perspective. For example, there is a long history of analysing the root causes of 

failures in IT systems. Gray (1990) published a census of redundant IT systems between 1985 

and 1990, and found that software caused 62% of failures, followed by 15% of operating 

systems faults (Gray, 1990). These figures are quite different to those presented by Marcus and 
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Stern (2003) more than a decade later, who demonstrated alternative views of the causes of 

downtime. They made the point of illustrating the importance of good documentation and an 

understanding of how systems are configured, as a human factor may often be involved (Marcus 

& Stern, 2003). Also, Blum et al. (1994) modelled and provided an analysis of system 

dependability using their proposed system availability estimator software. This has continued 

with papers looking at the components of disaster tolerant computing (Lawler, Harper, & 

Thornton, 2007) and resilient virtual infrastructure between data centres (Hongfang, Gang, 

Chunming, & Jianping, 2013). One recent paper by Schoenfisch et al. (2018) proposed a new 

approach to calculating the root cause of failures through the use of Markov Logic Networks 

(Schoenfisch et al., 2018). 

One of the more prolific authors on the topic of IT system availability is Ulrik Franke, who has 

published a series of papers on the availability of IT enterprise systems. These papers often 

include the economics and enterprise architecture elements. For example, U. Franke (2012) 

published a paper on HA enterprise IT systems, looking at a range of factors required to maintain 

high availability including the cost of downtime and service level agreement (SLA) management. 

He also showed that there is a complex interplay between increasing the time between failures 

or decreasing the time to recovery (U. Franke, 2012). Another paper by Franke et al. (2012) also 

looked at the availability of enterprise IT systems, proposing a Bayesian decision support model 

to help decision makers. This model was developed with the data from a survey of 50 IT experts 

(Franke et al., 2012). 

Building on this previous work, Franke et al. (2014) proposed an architecture framework for 

analysing enterprise IT service availability. In this paper, a range of impacting factors were taken 

into account in the creation of their model, before illustrating its use in nine case studies (Franke 

et al., 2014). Similarly, Närman, Franke, König, Buschle, and Ekstedt (2014) published a paper 

exploring the EA aspect of enterprise IT system availability, using fault trees and stakeholder 

interviews. This was achieved by extending an existing EA framework called ArchiMate to 

accommodate availability (Närman et al., 2014). 
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The discussion of availability for IT services raises some interesting questions such as, is it better 

to have shorter outages or fewer? U. Franke (2012) explores this exact question in some detail, 

finding that where the cost of the failure is linear or the cost was compounded, it is more 

effective to decrease the MTTR. In contrast, where there is a fixed cost of recovery it is 

preferable to increase the MTTR and examining availability in terms of cost; finding outage costs 

to be a crucial factor (U. Franke, 2012). In addition, Gartner estimates that the total cost of 

ownership for a highly available IT system is more than 8 times the cost of a standalone system 

(Malik & Scott, 2010). Further to this, Gartner define a ‘best-in-class’ HA system available to be 

a 99.95% which equates to less than 4.5 hours of downtime per year (Malik & Scott, 2010). To 

place this in context, a survey of 67 data centres showed that the cost of an unplanned outage 

can cost an average of $5,617 per minute (ponemon.org, 2013), though this takes into account 

all systems within the surveyed data centres, not just a single service. 

The availability of IT systems is not viewed consistently across the IT industry. A recent Gartner 

paper discussed the failure of availability measures to capture the user experience (Zaffos, 

2018). In this paper, Zaffos argued that the standard mean time between failures (MTBF) offers 

a “metric based on probability and does not measure actual experience” (Zaffos, 2018). Instead, 

they suggest that IT leaders should measure usable performance or connectivity to help ensure 

SLAs are in line with the intended use. Another perspective raised by Jaggers, Rinnen, Huisman, 

and Winser (2018), is the risk introduced by the added complexity, when systems are made 

more resilient (Jaggers et al., 2018).  

Decision making is an important aspect to consider when looking at the availability of systems. 

In a more recent paper, Franke and Ciccozzi (2018) use some of these same concepts to look at 

the availability of enterprise IT systems, and explore trade-off preferences for information 

systems (Franke & Ciccozzi, 2018). This paper takes an alternative view of the same question of 

shorter or fewer outages U. Franke (2012) raised in his earlier paper.  

Other aspects have also been explored when researching the availability of IT systems, for 

example, Tijdink and Nieuwland (2007) explored a range of methods to measure the business 

value of availability from a security cost perspective (Tijdink & Nieuwland, 2007). Others such 

as Barabadi and Ayele (2018) focus on infrastructure recovery, looking at regression models for 

predicting recovery times after significant outages (Barabadi & Ayele, 2018).  
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2.4.3 IT Systems Summary 

In summary, the relevant research relating to IT systems has been more focused than the data 

centre research. This is due to a wider choice of research available, relating directly to 

availability and IT systems. In contrast, the data centre related literature review had to cover a 

broader range of parallel topics to help ground this research project in literature. The definition 

of a computer based information systems is grounded in both, IS (Zwass, 2017) and computer 

science (Butterfield & Ngondi, 2016a). An IT system is defined as the technology component of 

a traditional people, process and technology view of information systems (Bourgeois, 2014).  

Enterprise architecture and related best practices from across the IT industry have helped guide 

architects and IT leaders in their decisions relating to business alignment and technology 

(Perroud & Inversini, 2013). There are both, formal international standards (ISO/IEC, 2013), 

industry best practice and guides (Microsoft, 2014) supporting and being developed in parallel 

to EA. EA also has a range of disciplines and approaches to help guide practitioners, such as 

TOGAF (Josey, 2011). 

A brief overview of IS history was provided, discussing a progressive change in research focus 

and its evolution in line with technological advancements (Binbin & Xiaoyan, 2017; Bourgeois, 

2014; Hirschheim & Klein, 2012). This brief history of IS also highlighted the emergence of design 

science research in the IS field (Hirschheim & Klein, 2012). 

The topic of cloud was re-visited, as it relates to IT systems, taking a look at the common service 

models presented by NIST (Mell & Grance, 2010). Also a brief overview of some of the relevant 

research relating to the availability of IT systems was provided, showing progression from some 

older research (Gray, 1990) to more recent comparable papers (Schoenfisch et al., 2018). 

Particular focus was placed on the one researcher, Ulrik Franke, who has published a number 

of relevant papers, drawing together enterprise IT systems, availability, cost and SLA 

management through a range of methods such as mathematical models, case studies, fault 

trees, interviews, and surveys (U. Franke, 2012; Franke & Ciccozzi, 2018; Franke et al., 2014; 

Franke et al., 2012; Närman et al., 2014).  
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2.5 THE GAP 

Throughout the literature review, research involving both data centres and IT systems, was 

considered in relation to the availability focus. Industry has some examples acknowledging the 

importance of the ‘IT’ and ‘data centre’ industries being able to work together (D. J. Cappuccio, 

2014), however, very few academic research articles discuss the interaction between the data 

centres and IT directly. This issue of under-representation of this research area is true for both, 

academic and industry publications. Much of the research focuses on data centres and their 

components separately from the IT systems. Also, from an IT systems perspective, data centres 

are rarely referenced. If they are mentioned, it is done in the context of geographic separation 

of services or similar. There are many papers referencing data centres that focus on sub-

elements such as, data centre networks, rather than the facilities themselves. In these cases, 

they refer to the data centre as a ‘boundary’ and discuss networking problems found within 

their data centres (Nagamani et al., 2016). 

Earlier in the chapter, it was shown that availability is important to businesses, as a key 

component to both data centre and IT systems. For data centres, this can be demonstrated by 

the central focus of availability in the tier ratings (UptimeInstitute.com, 2018). And as shown, 

there is a strong focus on availability in IT systems literature and through a number of related 

disciplines (B. Highleyman et al., 2003; Marcus & Stern, 2003). 

The main focus of this research is availability, the central goal being to identify more efficient 

ways to achieve the same availability for a service, while using less redundancies, cost and 

negative impact. Less redundancy equals fewer pieces of equipment running, which results in 

less power consumed and therefore, a lower environmental impact. Due to the enormity of the 

global impact IT and data centres have, even a modest reduction in power consumption can 

make a significant difference (GeSI, 2015). 

The chosen focus of this thesis research is the availability of the services whilst taking a holistic 

view and including both, the IT and data centres. There is clearly a gap in both industry and 

academia in terms of exploring this relationship and exploring different configurations. So, while 

it was established that availability is an important concept in both contexts, there is little 

research looking at both in the context of availability. This leads directly to our first research 
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question: How is the availability of a service impacted by the design and placement of the IT 

Systems and data centre? 

The previously cited eTransform project, published by Singh et al. (2012) presented an algorithm 

to reduce data centre cost while keeping DR capabilities. While the project had a cost focus, it 

did take into account both, data centres and IT systems. It also related the availability in the 

context of DR. This project utilised data from real businesses to help demonstrate their 

algorithm (Singh et al., 2012). Note that despite of its age, Singh et al. (2012) paper also 

identified a similar gap: 

To the best of our knowledge, our work is the first in literature aimed at transforming and 

consolidating IT infrastructure of large enterprises. A lot of research effort has been 

concentrated on the problem of server consolidation that deals with consolidating 

multiple virtual machines present inside a data center onto lesser physical machines. 

(Singh et al., 2012) 

Cost is an important aspect. As covered earlier in this chapter, is often taken into account when 

exploring availability and the cost of downtime (Marcus & Stern, 2003). A number of research 

papers were discussed, especially in the IT systems field, which combined a focus on availability 

and cost (Franke et al., 2012; Nguyen et al., 2016; Wennerhult, 2015). This link helps to anchor 

the research in a way that is practical to industry and as such, has informed the second research 

question: At what point are organisations over-investing in certain aspects of their IT systems?  

A point made earlier, relates to the ongoing relevance of traditional small to medium data 

centres, in spite of the trend towards cloud adoption (Vasudevan et al., 2017). Similar to 

Vasudevan et al. (2017) this research project focused on data centres that are either owned and 

operated by the organisations in question, or are larger co-location data centres where they 

rent space. While throughout this thesis the models will look at cloud-based options, the intent 

of this research is to look at the less frequently studied, but still significant, data centre segment 

of small to medium data centres. 

Most organisations do not approach their IT and data centres in the same way as Google, 

Facebook and other large IT companies ("The Future Of Data Centers," 2019). While many of 

the research papers present advice, new ways to architect or design systems or propose 

alternatives, not many present a view informed by industry experts (Franke et al., 2012; Närman 
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et al., 2014). The industry perspective often comes from commissioned research papers 

(ponemon.org, 2013) or are conducted and published by industry organisations such as the 

Uptime Institute. This gap forms the foundation for the third and final research: How should an 

organisation balance the investment in IT and data centres?  

The relevance of this topic is further reinforced by a recent Uptime Institute industry survey 

(UptimeInstitute.com, 2017) that presents the importance of data centres and how they are 

viewed within industry. Its results build on the previous assertion from Vasudevan et al. (2017) 

that enterprise-owned data centers are still the primary venue for compute functions 

(UptimeInstitute.com, 2017). Linking to the point relating to cost, the survey also identified that 

“Compared to 2016, nearly 75 percent of companies’ data center budgets have increased or 

stayed consistent this year” (UptimeInstitute.com, 2017), indicating their continued importance 

within businesses. One final finding from the Uptime Institute survey found that “The majority 

of companies (68%) rely on IT-based resiliency. Using an IT architecture with multiple, 

geographically distributed data centers, they rely on live application failover in the event of an 

outage” (UptimeInstitute.com, 2017). This reinforces the value of practical research in this area 

and its relevance to many businesses.  

2.6 CHAPTER SUMMARY 

This chapter has provided an overview of relevant literature across data centres and IT systems 

with a focus on availability. Availability and its components were explored, looking at the 

methods used to calculate it (Marcus & Stern, 2003) and the language used to describe it (B. 

Highleyman et al., 2003). Other key concepts such as the cost of downtime (Franke et al., 2012) 

and the concept of resilient systems (B. Highleyman et al., 2003) were also introduced.  

This chapter focused more on data centres rather than the other components due to a lack of 

availability focused research, when looking at data centres. The data centre research covered a 

wide range of related topics, including research into the environmental impact of data centres 

(Avgerinou et al., 2017), the efficiency of their components (De Angelis & Grasselli, 2015), data 

centre networks (Isoe et al., 2018), DR (Nguyen et al., 2016) and cloud architectures (Nagamani 

et al., 2016). In terms of the data centre facilities themselves, a brief history of these facilities 

(Balodis & Opmane, 2012) was presented, including their ongoing relevance in the face of cloud 

trends as they provide the foundation for all internet and cloud services (Lohmeyer, 2018). The 
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commonly referenced tier ratings used to describe several types of data centres and published 

by the Uptime Institute, were also assessed (UptimeInstitute.com, 2018).  

IT systems were also discussed. IT systems were defined as the technology component of a 

traditional people, process and technology view (Zwass, 2017) of information systems. 

Enterprise architecture (Perroud & Inversini, 2013) and related standard (ISO/IEC, 2013) were 

covered both from an industry and academic perspective, before looking at the current research 

into IT systems as they relate to availability.  

A number of papers exploring similar topics were highlighted (U. Franke, 2012; Franke et al., 

2014; Singh et al., 2012) which helped to articulate and reinforce the gap identified that focuses 

on the interplay between data centres and IT systems, in the context of availability. The research 

gap was discussed, both in terms of the relevant research highlighted in this chapter, as well as 

how it all links to the research questions.  
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3 METHODS 

3.1 INTRODUCTION 

This chapter will outline the methods chosen for this research project, a justification for those 

methods, and a detailed account of how each method was applied throughout this research. 

The first section is dedicated to the primary research method chosen, design science. It provides 

an approach to how to develop, refine and iterate models used within this study.  This chapter 

will also describe in detail research framework, how the initial models were developed and the 

remaining sub-methodologies. The interview methodology and related thematic analysis will 

also be described in detail.  

Design science is a widely used research paradigm in the field of IS. Design science in IS is 

focused on the intersection between IT and business (Baskerville, Baiyere, Gergor, Hevner, & 

Rossi, 2018). It stems from mixed scientific research paradigms being applied to information 

technology as an ‘artificial’ subject of study. “There are two kinds of scientific interest in IT, 

descriptive and prescriptive. Descriptive research aims at understanding the nature of IT. 

Prescriptive research aims at improving IT performance. It is a knowledge-using activity 

corresponding to design science” (March & Smith, 1995).  

This research project aims to contribute to knowledge through the development of design 

artefacts in the form of a series of models, developed using this design science approach. The 

models were validated and built upon through the qualitative analysis of a series of interviews 

of domain experts. The validated models and alternatives that emerged, are tested through 

simulation to demonstrate the efficacy of each competing model. This validation of the models 

developed, and an exploration of the decision making that goes into this, within industry, was 

carried out using a semi-structured interview method, followed up by a qualitative thematic 

analysis. These methods will be described in terms of the general approach, but also the specific 

application in the context of this study. Additionally, as the resulting models, and the approach 

to testing the models through simulation are a key part of the contribution to knowledge, a 

description of the approach taken during model design will be described.  
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3.2 DESIGN SCIENCE RESEARCH METHODOLOGY 

Design science research is an established approach in the field of information systems (Hevner 

et al., 2019). It provides a bridge between cross disciplinary theories and techniques and a real-

world business need, represented by people, organisations and technology. Design science is 

essentially a problem-solving paradigm (Baskerville et al., 2018; Hevner et al., 2004), where the 

relevance of the project is defined through business needs. The rigor for the project lends from 

an academic knowledge base and meets through the research project, that conducts its work 

through a cycle of development and evaluation. This relationship, illustrated in Figure 3.1, shows 

the design science information systems framework from Hevner et al. (2004) 

 

Figure 3.1: Information Systems research framework from Hevner et al. (2004) 

 
Design science research has its roots in ‘the sciences of the artificial’ by Herbert Simon (Hevner 

et al., 2004). Simon explores how the natural sciences describe and research objects and 

phenomena. Simon argues that much of the same approach can also be taken with artificial 

systems, providing a foundation for tackling research into complex artificial systems, IT or 

otherwise. Simon also looks at the validity of abstracting complex systems and modelling these 

‘simplified’ versions through the interactions with their environment. This will be explored 

further later in this chapter, when discussing the model design.  
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Building on the IS research framework proposed by Hevner et al. (2004), Hevner (2007) goes on 

to propose a three cycle approach to design science research. These cycles are the relevance 

cycle, design cycle and rigor cycle. The process links a practical environment with a foundational 

knowledge base through the design cycle, see Figure 3.2.  

 

Figure 3.2: A three cycle view of design science research from Hevner (2007) 

 
The three cycles of design science research are described as follows.  

The relevance cycle “bridges the contextual environment of the research project with the 

design science activities” (Hevner, 2007). There are several elements within this project that fit 

within the relevance cycle. Firstly, the initial observation that triggered the original industry 

focused question. It also relates to identifying the ‘gap’ between IT and data centres. 

Additionally, the interviews conducted of industry experts help gauge and articulate the 

influences on the choices made when deploying IT systems and to help refine and challenge the 

initial models.  

The rigor cycle “connects the design science activities with the knowledge base of scientific 

foundations, experience and expertise that informs the research project” (Hevner, 2007). For 

this research project, this relates to following a sound approach to the modelling and other 

methods undertaken. This also critically adds to the body of knowledge in the chosen research 

area, in the form of the models and their relevance to current industry practices. 

The design cycle “iterates between the core activities of building and evaluating the design 

artefacts and processes of the research” (Hevner, 2007). This chapter outlines the iterative 
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approach taken throughout the research project to create the initial models, validate those 

models through the interview process and finally the approach taken to refine and pose 

alternatives to the original models. In this way the proposed models and their relevance has 

been tested through the relevance cycle with industry. 

Building on the work of Hevner and others, Peffers et al. (2007) provide a DSRM which provides 

six activities to carrying out DSR. These are; identifying the problem, defining objectives, 

designing an artefact, demonstration of that artefact, evaluation and revision, and 

communication. These are illustrated in Figure 3.3. 

 

Figure 3.3: DSRM Process Model from Peffers et al. (2007) 

 
Finally, in addition to the framework, the proposed cycles and the process model, Hevner et al. 

(2004) also propose a set of seven guidelines for conducting quality design science research. 

These guidelines are designed to provide quality measures for a researcher to apply, and were 

used, as a touchstone throughout the research project, see Table 3.1.  

Table 3.1: Guidelines for Design science research  

Guideline Description 

Guideline 1: Design as an Artefact Design-science research must produce a viable artefact in the form 
of a construct, a model, a method, or an instantiation. 

Guideline 2: Problem Relevance The objective of design-science research is to develop technology-
based solutions to important and relevant business problems. 

Guideline 3: Design Evaluation The utility, quality, and efficacy of a design artefact must be 
rigorously demonstrated via well-executed evaluation methods. 

Guideline 4: Research Contributions Effective design-science research must provide clear and verifiable 
contributions in the areas of the design artefact, design 
foundations, and/or design methodologies. 
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Guideline 5: Research Rigour Design-science research relies upon the application of rigorous 
methods in both the construction and evaluation of the design 
artefact.  

Guideline 6: Design as a Search Process The search for an effective artefact requires utilising available 
means to reach desired ends while satisfying laws in the problem 
environment.  

Guideline 7: Communication of Research Design-science research must be presented effectively both to 
technology-oriented as well as management-oriented audiences.  

Note. Adopted from Hevner et al. (2004). 

3.2.1 Design science justification 

Design science research generally and the DSRM are well suited to IS topics. To reiterate the 

research framework in Figure 3.1, design science research provides a foundation to take a real-

world problem taken from the ‘environment’ (organisational, people and technology). Design 

science research draws from a knowledge base of theories and established methodology work, 

to design a practical output that contributes to both practical application and provide an 

academic contribution to knowledge. “In design science, product and system design is 

addressed by combining analysis and synthesis, and drawing from many scientific disciplines.” 

(Papalambros, 2015)  

In the context of this research, an initial organisational observation led to a question as to the 

best way to arrange IT infrastructure between data centres in the context of IT system 

availability. A hypothesis on an efficient way to deploy IT systems was developed but needed 

an approach to explore it further, as this closely aligns. “DSR aims to add to knowledge of how 

things can and should be constructed or arranged (i.e., designed), usually by human agency, to 

achieve a desired set of goals” (Hevner et al., 2019).  

The Peffers et al. DSRM process model (Peffers et al., 2007), shown in Figure 3.3 was selected 

as it is a popular method for approaching design science research and provides clear structure. 

Early on in the application of design science within IS research there was a criticism relating to 

the lack of consistent research methodology, Peffers et al. “address[ed] this issue by presenting 

a design science research methodology (DSRM) consisting of a nominal sequence of six 

activities” (Geerts, 2011). As discussed in the next section, the use of DSRM within IS has 

continued to be adopted since its publication in 2008 – Table 3.2 provides a summary. This 

methodology provided a clear path forward to design an artefact to demonstrate the hypothesis 

and to draw from appropriate methods in a structured way.  
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Another reason design science was selected relates to how areas of focus can be abstracted. As 

discussed previously, design science provides an approach to abstracting very complex systems 

(Simon, 1996). In the context of this research, where the focus is availability, complex hardware, 

software, networks and facilities can all be abstracted, where the availability of each component 

can be known; measured or estimated to the satisfaction of those using the model. For example, 

a server may have any number of redundancies, brands, varying component quality and 

configurations. On top of that, the software can also be complex and infinitely varied with 

different operating systems, versions, databases, internal configurations and bugs. However, in 

the context of the modelling that takes place as a part of this research, the average availability 

of a system, with all these complexities can be measured and then inputted into the model, the 

underlying complexity is not relevant.  

Design science is used in a variety of ways, across a range of disciplines. The following section 

looks at a range of other studies in IS that use or contribute to design science research in IS. 

3.2.2 Design science research in IS  

Design science is now an established research paradigm with “growing acceptance of DSR as a 

keystone IS research Paradigm”(Baskerville et al., 2018). This section will provide an outline and 

highlight some examples of how design is used and demonstrate the use of the chosen design 

science research methodology (DSRM) proposed by Peffers (Peffers et al., 2007) and the 

application of the quality guidelines proposed by Hevner et al. (2004). 

A recent paper by Amrollahi and McBride (Amrollahi & McBride, 2019), explores how to break 

down ‘filter bubbles’ in the use of social media within a context of participating in political or 

social discussions that challenge their own social media tastes. This study uses both the DSRM 

proposed by Peffers et al. (2007) and referenced Hevner et al. (2004). In addition this study also 

uses the proposed specification for information systems design theory (ISDT) proposed by 

Gregor and Jones (Gregor & Jones, 2007). 

Another study relating to social media by John, Lian Goh, Chua, and Wickramasinghe (2016) 

utilised design science to develop a graph-based cluster analysis approach to identifying similar 

questions posed on social media. This study used the seven guidelines proposed by Hevner et 

al. (2004), in addressing and describing their approach to their artefact creation.  
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The use of design science research is also common in research involving software development. 

Barafort, Shrestha, Cortina, and Renault (2018), use a well-articulated approach with the 

creation of a SaaS tool, to support a standards framework. They focused heavily on the research 

cycles (relevance, design and rigour) proposed by Hevner et al. (2004) and used the Peffers et 

al. (2007) DRSM process model for additional guidance. Similarly the DSRM model was also 

utilised by Shrestha, Cater-Steel, Toleman, and Rout (2018) in the development of a tool to help 

assess processes in the field of IT service management. In this instance the paper used the 

Peffers et al. (2007) process model, using a problem-centred initiation. 

Design science has also been used to evaluate issues related to the use of data, Kao et al. (Kao 

et al., 2016) take a DSRM approach to the design and evaluation of a business intelligence 

system for use in hospitals. This research paper is clearly structured around the six DSRM 

activities proposed by Peffers et al. (2007).  

Published in MIS Quarterly, a research article by Reinecke and Bernstein (2013) follows the 

Peffers et al. (2007) DSRM to develop a method of personalisation of online interfaces with a 

view to being culturally adaptive. This paper clearly articulates a series of artefacts designed 

and evaluated by following this DSRM. Similarly, Cassidy and Hamilton (2016) take a design 

science approach to create an artefact that facilitates the evaluation of a website’s performance 

against benchmarks. This paper again follows the DSRM proposed by Peffers et al. (2007).  

Another field of research using design science research is project management. Published in the 

international journal of project management in 2014, Pournader, Tabassi, and Baloh (2015) use 

the three cycles of design science as a foundation to develop a human resources planning 

framework for construction projects.  

DSRM has been well cited in a range of IS areas of research. Geerts (2011) use the DSRM 

proposed by Peffers et al. (2007), as a foundation to review a range of accounting information 

systems research papers that used DSRM. Geerts (2011) undertook a retroactive analysis of six 

research papers across 2004 and 2006 with a view to better introduce design science and DSRM 

to the accounting information system literature. Along a similar vein, Arnott and Pervan (2012) 

analysed 362 articles in the IS field of decision support systems against the seven guidelines for 

design science research proposed by Hevner et al. (2004), they propose a design-science 

scorecard relevant to their field of study (Arnott & Pervan, 2012). 
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Table 3.2 below provides a summary of the papers mentioned above and the methodology 

approach in each case. The papers below were collected by using the University’s consolidated 

search engine with a focus on the keywords ‘IS’ / ‘information systems’, ‘design science’, ‘DSRM’ 

additionally searching for references to central design science researchers such as Gregor, 

Hevner and Peffers. The bulk of papers found were from academic online databases such as MIS 

Quarterly and the Journal of the Association for Information Systems (JAIS). 

Table 3.2: A list of recent design science research in IS 

Paper DSRM 

How to burst the bubble in social network? presented at the 24th UK 

Academy for Information Systems International Conference 2019. 

(Amrollahi & McBride, 2019) 

Problem-centred initiation within 

Peffers DSRM and followed the 

ISDT guidelines proposed by 

Gregor and Jones (2007). 

Graph-based Cluster Analysis to Identify Similar Questions: A Design 

Science Approach, published in the Association for Information Systems, 

2016. (John et al., 2016) 

Followed the design science 

approach and guidelines from 

Hevner et al. (2004). 

A software artefact to support standard-based process assessment: 

Evolution of the TIPA® framework in a design science research project. 

Published in Computer Standards & Interfaces, 2018. (Barafort et al., 

2018) 

Followed Hevner’s three cycle 

view of design science research 

supported by the DRSM process 

model Peffers et al. (2007). 

Benefits and relevance of International Standards in a design science 

research project for process assessments. Published in the journal of 

Computer Standards & Interfaces, 2018. (Shrestha et al., 2018) 

Followed the DSRM guidelines 

and process model proposed by 

Peffers et al. (2007). 

Design and evaluation of hospital-based business intelligence system 

(HBIS): A foundation for design science research methodology, published 

in the journal of Computers in Human Behavior, 2016. (Kao et al., 2016) 

Followed the DRSM process 

model proposed by Peffers et al. 

(2007). 

Knowing what a user likes: a design science appropach to interfaces that 

automatically adapt to cutlure. Published in MIS quarterly, 2013. 

(Reinecke & Bernstein, 2013) 

Followed the DRSM process 

model proposed by Peffers et al. 

(2007). 

A three-step design science approach to develop a novel human 

resource-planning framework in projects: the cases of constuction 

projects in USA, Europe, and Iran. Published in the international journal of 

project management, 2014. (Pournader et al., 2015) 

Followed the three cycle view of 

design science research proposed 

by Hevner et al. (2004). 

A design science research approach to website benchmarking. Published 

in benchmarking: an international journal, 2016. (Cassidy & Hamilton, 

2016) 

Followed the DRSM process 

model proposed by Peffers et al. 

(2007). 

A design science research methodology and its application to accounting 

information systems research. Published in the International Journal of 

Accounting Information Systems, 2011. (Geerts, 2011) 

Uses Peffers DRSM process 

model to conducat an analysis of 

six design science research 

papers. 

Design Science in Decision Support Systems Research: An Assessment 

using the Gevner, March, Park, and Ram Guidelines. Published in the 

Journal of the Association for Information Systems (JAIS), 2012. (Arnott & 

Pervan, 2012) 

Uses the Hevner et al. (2004) 

guidelines in an analysis of 362 

papers.  
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As demonstrated by the breadth and variety of recent publications described above, DSRM and 

specifically the approach and guidelines proposed by Peffers et al. (2007) and Hevner (2007) are 

well established in the field of IS.  

3.2.3 Applying DSRM  

This section will describe how the DSRM process model and guidelines have been applied within 

this projects research framework. The subsequent methodologies, such as the model design, 

interview and analysis methodologies will be briefly described in the context of the overarching 

design science methodology – providing context to the subsequent sections describing these 

additional methods. 

Figure 3.4 illustrates the research framework, presenting how the DSRM is applied in the 

context of this research. It also shows the iteration used between the first evaluation activity 

and the revision of models.  

Identify problem & 
motivate

Define objectives of 
a solution

Design & 
Development

Demonstration

Evaluation

Communication Feedback to participants and publication

Interviews and analysis Discussion

Revised simulation

Revised model design

Simulation

Initial model design

Develop a tool that would allow decision makers to determine 
the best way to deploy their IT services to a target availability

Observed lack of industry clarity regarding a holistic view of IT 
service deployment across multiple data centres.

 

Figure 3.4: Research Framework 

 

3.2.3.1 Identify problem & motivate 

As stated, the seed for this research topic relates to an initial observation relating to a perceived 

‘gap’ in the decision making and awareness, of the impacts of system availability between those 
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responsible for IT infrastructure and those responsible for data centres; both in data centre 

design and operation. This led to a series of initial research questions that are described in 

Chapter 1. The research questions are: 

• How is the availability of a service impacted by the design and placement of the IT Systems 

and data centre? 

• At what point are organisations over-investing in certain aspects of their IT systems? 

• How should an organisation balance the investment in IT and data centres? 

To better understand these aspects, taking into account both their IT and data centre 

components, the creation of the models was conceived. The models would help by providing a 

practical tool to IT and data centre professionals, allowing them to test different inputs into 

their chosen approach to IT system deployment. It is this combination of modelling and the 

related formulas, that enable scenarios to have their overall availability to be calculated that 

would become the central findings of this research.  

Design science asserts that an industry focused tool is not sufficient output for a design science 

research project - there must also be an academic contribution to knowledge. This is satisfied 

through the method taken to create, refine and test the models. Additionally, the perspectives 

and analysis of the interview subjects will also be put forward representing the view of industry 

experts regarding IT systems, placement between data centres and the factors impacting their 

decisions.  

The key motivation is twofold. Firstly, to provide a tool to inform IT and data centre decision 

makers with the ability to better understand their IT systems. The goal being to enable efficient 

deployment of IT systems that achieve the desired availability (uptime) while minimising waste. 

As discussed at length in Chapters 1 and 2, there are potentially significant environmental and 

cost benefits, especially given the enormous scale and cost of the IT and data centre industries 

– a modest improvement can add up. Secondly, this research is motivated to offer 

recommended configurations based on the refined models describing common configurations 

as identified by the interviewed experts. By taking the common configurations, modelling and 

running scenarios, a ranking of the best performing approaches can be identified. 
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3.2.3.2 Define the objectives of a solution 

The research questions provide a foundation for defining the objectives of the research output. 

These objectives expand on the research questions and were discussed in Chapter 1. The main 

objectives are: 

Objective 1: Design a series validated availability models describing common IT system 

deployment approaches, taking into account the IT, data centre and links to the internet.  

Objective 2: Take an inclusive view of data centre and IT design focused on the net theoretical 

resilience of different models, to highlight points of over or under investment in the data centre 

and IT industries.  

Objective 3: Provide recommendations of best performing and common approaches to IT 

system deployments.  

3.2.3.3 Design & development 

This activity within the DSRM relates to the creation of the artefacts. In the case of this research 

the artefacts are a series of models. The models represent different configurations of IT systems, 

data centres and networking components with the intent to represent a holistic view of IT 

systems. As discussed above, the inputs and output of each model relates to the availability of 

the ecosystem being explored. As illustrated in Figure 3.4, this design and development activity 

was iterated twice; firstly, with the initial model design and then with the revised model design. 

The original models were created to represent the two most common approaches to IT 

deployment at a single organisation. Once the first round of design, development, 

demonstration and evaluation was complete, the additional models were created based on the 

analysis of interview data. These revised set of models represent the common approaches taken 

across a segment of the IT industry.  

3.2.3.4 Demonstration 

The demonstration of the model is achieved through the simulations, in the form of scenarios, 

using the completed models. As with the design and development phase, this was cycled 

through in two main iterations; firstly, at a reasonably small scale against the initial models, and 

secondly, in more detail with the revised sets of models. The mathematics used to test the 

models is described in the following section of this chapter. The initial model simulation results 

were conducted specifically with the view to ensuing that the results were able to provide the 
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data required to address the research questions and aims. Chapter 4 describes the initial 

analysis and results that preceded the evaluation processes. 

3.2.3.5 Evaluation 

Once the initial models were completed and analysed, there was confidence that the modelling 

approach would be able to provide the data required to satisfy the research goals and aims. The 

attention then turned to collecting a range of expert opinions and experience to validate the 

initial models and provide alternatives. This was achieved through conducting semi-structured 

interviews and conducting a qualitative analysis. The interview and analysis methods are 

described in the last half of this chapter.  

Another important element of the evaluation process is the idea of optimisation through 

simulation. As mentioned previously, the data will be used to provide recommendations as to 

ideal target availabilities for the components within the model. During the evaluation phase, a 

series of scenarios applied to the models and from the resulting output, forms the foundation 

of an optimisation exercise. 

3.2.3.6 Communication 

As design science research is focused both on generating value to business and contributing to 

academic knowledge the goal is to publish, academically and to present the findings to business 

in a range of forums. At the time of writing the initial findings have already been presented at a 

number of industry conferences and published in industry magazines with a view to socialise 

the ideas involved and begin thought and discussion. Additionally, results will be summarised 

and shared with each of the interview participants. Finally, the academic contribution will be 

made through the completion and publication of this thesis and through peer-reviewed journal 

publications. 

3.2.3.7 Research Framework approach 

This section discussed how each of the DSRM activities have been addressed and, in conjunction 

with Figure 3.4, the description of how each of the design science cycles has been considered, 

providing a complete view of the methods utilised. The key elements are summarised here: 

• DSRM initiation point: Problem-centred  

• Problem relevance: Observed and validated through interviews 
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• Artefact: Models 

• Design evaluation: Interviews and analysis 

• Research Contribution: Model design method, qualitative interview results, 

recommendation to business 

• Communication: Journal publication, this thesis and industry conferences 

The remainder of this chapter will focus on the model design approach, the interview 

methodology and the thematic analysis methodology.  

3.2.4 Ethics approval 

Human research ethics approval was sought for the interview component of this research. The 

application was made to the University of Canberra in 2017, the Human Research Ethics 

Committee identified this research as being of low risk and granted approval from the 6th of 

April 2017 till 31st of December 2018. The approval number was HREC – 17-42. 

3.3 MODEL DESIGN 

Before proceeding with the interview methodology and exploring the related thematic analysis, 

this section will focus on the development of the original models. As described above, the 

original model design was completed as a part of a design science research approach as a 

‘prototype artefact’. The original models were created to represent the two dominant methods 

of deploying IT systems at a single organisation, the University of Canberra (UC).  

UC has a central IT department with approximately 200 IT systems hosted between two primary 

data centres and cloud locations. At the time of the initial model design, these were the two 

most common approaches to IT system deployment and represented the bulk of the 

environment. The first (which would become Model 1) was predominantly a legacy approach 

that was no longer a preference, but still common. The second (which became Model 2) was, at 

the time, the preferred approach to deploying IT systems. The initial models aimed to achieve 

the following: 

• Compare the expected availability of two ecosystem configurations, 

• Takes into account the IT System placement and either a single standalone or dual 

redundant data centre. 
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The first stage of the design process was to conceptualise the models. At the highest level, if a 

user would like to access an IT system, such as email or a website, there are several discreet 

systems (or groupings) that need to be working for access to occur. A user must have network 

and/or internet connectivity (depending on the context), that connectivity must get them to a 

data centre that hosts the IT system (equipment and software). The IT system in turn presents 

the system that the user is attempting to access. Note that in the common configurations being 

represented the IT systems deployed at UC were configured in a highly available configuration, 

meaning there were redundant systems hosted within a single data centre. This describes the 

first and simplest ecosystem, see below in Figure 3.5. 

IT System

Internet/
Network

User

Datacentre

IT Service 
i.e. Email or 

Website

 

Figure 3.5: Model 1 initial concept 

 
This first ecosystem became the foundation for Model 1. Model 2 was a slightly more complex 

ecosystem that divides the IT system into nodes and divides them between two data centres. 

In the initial concept for Model 2 the user accesses the IT system via the same network 

connection that connects the user to the IT system. This same network also connects to both 

data centres and the user can access the system via either. In technical terms, this can be 

achieved by hardware or software load balancing. This type of ecosystem is common 

throughout the IT industry for highly available systems. See Figure 3.6.  
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IT System
(Node 2)

IT System
(Node 1)

Internet/
Network

User

Datacentre 1

IT Service 
i.e. Email or Website

Datacentre 2
 

Figure 3.6: Model 2 initial concept 

 
As discussed earlier it is an important design objective that the inputs for the models are 

equivalent to enable fair comparison. In the UC example the approach to creating high 

availability at the server/software layer was no different between the two models, with the 

exception of the placement of the equipment between different data centres. Therefore, the 

initial model was altered to represent the two IT nodes in the same way that they are 

represented in Model 2, see Figure 3.7.  

IT System
(Node 1)

Internet/
Network

User

Datacentre

IT System
(Node 2)

IT Service 
i.e. Email or Website

 

Figure 3.7: Model 1 initial concept - revised 

 
By comparing these two ecosystems, these initial models provide a basis to explore the 

differences between these approaches. Viewing the models through the lens of IT system 

availability, it is then important for each interaction to be defined as either being dependant on, 

or redundant to, the other components. For example, Model 1 requires one of its two nodes 

need to be available, but not both, making the relationship between the IT nodes redundant. 
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However, in this case, they are both dependant on the data centre in that, if the data centre 

fails, the IT system will be unavailable.  

3.3.1 Key Concepts  

There are several key concepts and components that need to be defined. Firstly, the availability 

of components within the ecosystem is important. Secondly, how these availabilities are 

combined within the model, as either redundant or dependant, is also a key concept. Finally, it 

is important to explore the rationale behind the level of depth and detail chosen for the models. 

From a mathematical perspective, the key elements used within the design of this model are 

based on the work by B. Highleyman et al. (2003), whose textbook and numerous articles (W. 

H. Highleyman, 2006a, 2006b) have provided the mathematical foundation for the formulas 

used. The use of availability formulas and the assumptions made in the model are straight 

forward, providing easy adaption in later iterations of the models. 

3.3.1.1 Availability 

Availability is the probability that the item in question being able to be used for the function for 

which it is designed. In the context of this topic, it relates more specifically to the availability of 

a particular IT node, data centre or network. In computer science, availability is closely related 

to the concepts of reliability and uptime. Each has similar and self-reinforcing definitions.  

Availability is defined as the “probability that a system will be capable of functioning according 

to specification at any point in time throughout a stated period of time” (Butterfield & Ngondi, 

2016b).  

Reliability is “the ability of a computer system to perform its required functions for a given 

period of time. It is often quoted in terms of percentage of uptime, but may be more usefully 

expressed as MTBF (mean time between failures).”(Butterfield & Ngondi, 2016c)  

Uptime is “the time or percentage of time during which a computer system is actually operating 

correctly.” (Butterfield & Ngondi, 2016d)  

Throughout the discussions the term availability will predominantly be used, however in some 

quotes and circumstances where it is appropriate, availability, uptime and reliability will be used 

interchangeably.  
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In the context of this model, each of the inputs are availabilities. Therefore, to use the model to 

calculate the availability of a real-world example, the availability of each component must be 

known – or calculated. As mentioned, for commercial data centres or managed services for 

components such as networks, availability will likely be a reportable metric. As discussed in the 

introduction chapter, availabilities for best practice IT configurations are published by vendors 

and industry research organisations. Mathematically availability (A) is described by Equation 3.1 

(Marcus & Stern, 2003).  

𝐴 =
MTBF

(MTBF + MTTR)
(3.1) 

Where 
MTBF is the mean time between failure 
MTTR is the maximum time to recovery 

 
While MTBF is sometimes referred to as mean time to failure, MTTF is the average time between 

failures. MTTR is the average time taken to recover the system. As described in Chapter 2, the 

inverse of availability, or uptime, is downtime. Downtime is the amount of time a system is not 

available in a given period.  

3.3.1.2 Dependency 

Rohani and Roosta (2014) define dependency between two components by describing the 

relationship, “A depends on B when the (un)availability of A will be completely affected by B 

being (un)available. In other words, if B is unavailable, then A is unavailable.” (Rohani & Roosta, 

2014)  

Dependency is a key concept for the design of this model. It describes the relationship between 

components of the model, where one is wholly dependent on another, meaning if one is 

experiencing downtime the other component is also down. In the context of this research this 

is applied to interactions between different components within one of two ecosystems. For 

example, where an IT system is hosted within a data centre, the data centre must be functioning 

for the IT system to be active; making the IT system dependant on the data centre. 
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With respect to the calculations required in subsequent sections, the downtime of multiple 

dependant systems will be combined. When combining two availabilities together the 

mathematics are a simple multiplication as shown in Equation 3.2 (B. Highleyman et al., 2003; 

Rohani & Roosta, 2014). 

𝐴 = 𝑎1 × 𝑎2 (3.2) 

Where 
A = the combined availability of two dependent items 

a1 = availability of the first system in the pair, and  
a2 = availability of the second system in the pair 

For example, if an IT system has an availability of 95.641% (15 days 22 hours 6 minutes 

downtime yearly) and the data centre it is hosted within has an availability of 99.671% (1 days 

4 hours 50 minutes downtime yearly), then the combined availability of that pair is 95.326% or 

17 days 1 hour 42 minutes of downtime yearly.  

3.3.1.3 Redundancy 

Redundancy is the third key concept used for the design of this model. B. Highleyman et al. 

(2003) describes a redundant system through an example of two identical subsystems, “in order 

for the system to be down, both subsystem 1 and subsystem 2 must be down”(B. Highleyman 

et al., 2003). Redundant components within any architecture mean that if one component fails, 

another component can pick-up the load, thus the system remains available. In the context of 

this model, this applies to redundancies between either the key components, such as redundant 

IT nodes, data centres or network links.  

With respect to the calculations required, the formula comes from the Availability Digest (W. H. 

Highleyman, 2006a) and calculates the probability that one of two independent nodes in a dual 

node system is available. Therefore, (1 - a) represents the probability of failure for a single node 

and (1 - a)2 represents the combined probability of failure between the two nodes where both 

nodes have an equal availability.  

𝐴 = 1 − (1 − 𝑎)2 (3.3) 

Where 
A is the combined availability between two systems with the same individual 
availability 

a is equal to the availability of each equivalent node 
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In the event where the two redundant systems have different availabilities, the calculation can 

be made with the following variation of the formula. 

𝐴 = 1 − ((1 − 𝑎1) × (1 − 𝑎2)) (3.4) 

Where  
A is equal to the combined availability of one of the two nodes being available 

a1 = availability of the first data centre in the pair 
a2 = availability of the second data centre in the pair 

Alternatively, this formula can be simplified, given that this initial model only caters for two 

nodes that are redundant to each other. The simplified version is: 

𝐴 = 𝑎1 + 𝑎2 − (𝑎1 × 𝑎2) (3.5) 

Where 
A is the combined availability between two systems with the same individual 
availability and, 

a1 = availability of the first data centre in the pair 
a2 = availability of the second data centre in the pair 

According to the Uptime Institute (UptimeInstitute.com, 2018), the availability of a Tier I data 

centre is 99.671%, or on average approximately 28.8 hours per year of downtime. Therefore, 

two Tier I data centres, each with the availability of 99.671%, would have a combined availability 

of 99.9989%. This translates to 5 minutes and 41 seconds a year worth of downtime.  

Given the three methods above for calculating the new availability of these two redundant 

systems, the calculations below demonstrate the equivalent results - given that both inputs are 

the same in this instance. For example: 

𝐴 = 1 − (1 − 99.671%)2 = 99.9989% (3.6) 

Alternatively, where the data centres are different tiers, such as a Tier I with an availability of 

99.671% and a Tier II with an availability of 99.741%, the combined availability calculation varies 

slightly, resulting in a 99.9991% availability. In this instance, there is a 4 minutes and 29 seconds 

worth of downtime per year.  

𝐴 = 99.671% + 99.741% − (99.671% × 99.741%) = 99.9991% (3.7) 
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Note; that while the variation between these tiers of data centres and their resulting 

availabilities does not seem significant, once they are combined later with the comparatively 

low availabilities of IT systems, they begin to make a bigger impact. These methods, in 

combination with the calculations for dependant systems, are the foundation of the model 

which will be described in detail later in this section. 

3.3.1.4 Model detail and abstraction 

Before moving on and discussing the components of the models that will be used, the level of 

abstraction chosen should be explained. IT systems can be complex, and it is likely that most IT 

systems will be constructed in diverse ways, adopting different technologies, software (or 

different versions of the same software), firmware versions, brands of hardware or simply 

differing configuration decisions made by administrators. Likewise, data centres have a great 

deal of depth with different software and hardware components, varying technologies, design 

elements and variation in daily operational practices. Finally, the network layer has similar 

complexity, various hardware, protocols, configurations and topologies. However, from an 

availability perspective, each can be measured, providing a consistent ‘output’ in the form of an 

availability percentage. Regardless of the variety in each underlying IT node, data centre or the 

network component, there is no variation in the nature of the availability figure. In simple terms 

the component is either on and doing its job, or it is not.  

Simon argues this in the seminal design science text, ‘the sciences of the artificial’ (Simon, 1996) 

“An artifact can be thought of as a meeting point—an ‘interface’ in today’s terms—between an 

‘inner’ environment, the substance and organization of the artifact itself, and an ‘outer’ 

environment, the surroundings in which it operates. If the inner environment is appropriate to 

the outer environment, or vice versa, the artifact will serve its intended purpose” (Simon, 1996). 

It was this idea that was central in the selection of the depth chosen regarding the data centre, 

IT node and network elements of the model.  
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As touched on earlier, the IT nodes for the highly available IT systems were separated into two 

halves even in the model using only one data centre. This was done to allow for consistent inputs 

at the IT node components between the various models. Note that conversely the 

representation of two nodes could be two physical servers, virtual servers or a combination. 

The nodes could also be comprised of multiple servers, appliances or components; the key 

element being that each ‘half’ of the environment can operate independently of the other, 

providing the intended service without its counterpart. In this respect there is little point in 

providing more detail in the modelling, this would not change the output of the ecosystem, but 

rather just require more detailed recording and inputs for when the model is used.  

From a data centre and networking perspective, the general argument is the same. With a high 

degree of possible variability within each, regardless of the different makeup of each 

component, they will have a consistent and measurable availability. It is important however, to 

maintain separation between the IT components, the data centres and the network. As one of 

the central ideas is to explore the impact of placing highly available IT in different hosting 

arrangements, this separation is essential. In terms of the network separation, this has been 

separated for a few practical reasons. Firstly, a few clarifications. It is assumed that the internal 

network within the data centre is included as a part of the data centre’s availability. The network 

in this context is either the intranet or internet (or combination) that exists between the data 

centres and the user. From a practical perspective, a building or campus network designed for 

users (made up of wired and/or wireless infrastructure) is normally measured and reported 

separately and therefore will likely have separate availability figures. In the event of commercial 

data centres, the network connectivity normally varies and can be provided by different 

providers, again the result being separately reportable inputs for the model.  
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3.3.1.5 Summary of Key Concepts 

Table 3.3 summarises the key concepts of availability, dependency and redundancy and re-

iterates the relevance to this research project. The following section looks at the components 

of each model and how they are defined and outlines any assumptions made. 

Table 3.3: Summary of key concepts 

Concept Definition Relevance to this research 

Availability The availability of a non-

redundant system is represented 

with the following formula: 

MTBF/(MTBF+MTTR), where 

MTBF is the mean time to failure 

and MTTR is the mean time to 

repair. (Gray & Siewiorek, 1991) 

While not used directly in the calculation of this model, the 

basic availability formula is the basis for each input within 

the model. For example, for the single data centre 

ecosystem. The availability of each component can be 

calculated with MTTF/(MTTF+MTTR), in most enterprises 

the time between failures and time to system repair is 

recorded and can be calculated for input into such a model. 

Dependant Dependant component of any 

architecture means that if one 

component is unavailable the 

entire system is therefore 

unavailable. 

In the context of this research this is applied to interactions 

between different components within the ecosystem 

model. For example, where an IT system is hosted within a 

data centre, the data centre must be functioning for the IT 

system to be active; making the IT system dependant on 

the data centre.  

Redundant Redundant component of any 

architecture means that if one 

component fails another 

component can pick-up the load. 

In the context of this model, this applies to redundancies 

between the key components, such as redundant IT nodes, 

data centres or network links.  

3.3.2 Model components 

There are six key components within this model; firstly the user attempting to access the service 

being presented, IT components which support that system, the IT Nodes that the IT system is 

comprised of, the data centre, the internet/network connectivity and in the context of the dual 

data centre ecosystem, the ‘stacks’ of IT and Data centres that can then be treated as redundant 

to each other for the purposes of the calculation. This section will describe each component.  

3.3.2.1 User 

A user is a “generic term for someone who uses any form of interactive software”(Chandler & 

Munday, 2016) Any individual user may need to access any number of systems at any time, and 

users will potentially differ widely in terms of where they are accessing the systems from.  
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The assumption in this model regarding users, are as follows: 

• The availability of the user’s personal devices (phone, laptop, tablet etc.) are not taken 

into account.  

• It is also assumed that the user is authorised and able to ‘normally’ connect to the system 

at any given time. 

• There is a one-to-one relationship between a single user and a single system – even 

through the user may also be consuming other systems.  

Given these assumptions, the user does not need to be modelled when calculating the 

availability of the system being presented. 

3.3.2.2 Systems and services 

System is a universally used term; “in computing the word is freely used to refer to all kinds of 

combinations of hardware, software, data and other information, procedures and human 

activities. An airline reservation system, for instance, comprises all those things, distributed and 

connected worldwide” (Butterfield & Ngondi, 2016a). An IT system refers to a particular service 

provided by the components making up the system, accessed by the user via a network or other 

devices. For example, an email system may comprise of multiple systems such as 

authentication, spam-filtering, mailboxes, backups etc, all working together to provide the 

‘email system’. 

Multiple systems can potentially be hosted on a single server; a system can comprise of multiple 

sub-systems working together. As described above, the focus of this model looks at a one-to-

one relationship between a single user and a single system. The assumptions relating to systems 

in this initial model are: 

• This model considers the IT components in the context of the single system and the service 

that system provides – although they may support multiple systems. 

• The required system comprises of two IT nodes that are redundant to teach other and 

capable of operating in the same data centre or in geographically separated data centres. 
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Both the concepts of IT systems, and the following IT nodes, are relatable to both traditional IT 

systems managed directly by an organisation, hosted/managed services which are outsourced 

and the consumption of cloud services. At the end of this section, cloud relevance will be 

discussed generally across each of the key components. 

3.3.2.3 IT Nodes 

To restate the above point, while an IT system is often a complex collection of infrastructure 

such as servers and storage equipment (hardware) combined with software, databases and 

people and procedures (Butterfield & Ngondi, 2016a), an IT node will be used as a description 

of a redundant sub-system. These systems are designed to present services and can often 

comprise multiple sub-systems with many physical and software components.  

When describing redundant systems, the concept of nodes can be used to describe smaller 

systems that work together to perform the same task but can operate independently in the 

event of a failure. For example, for a system comprising of two nodes that are redundant to 

each other, one of the two nodes can fail, and the system will continue to function. Multi-node 

configurations are usually referred to as highly available systems; therefore, an IT node can be 

defined as a sub-component of an IT system that is designed for high availability. Each node can 

maintain the system if other nodes fail. 

There are countless configurations of IT nodes and components, which vary depending on the 

nature of, and the expectations placed on, the service being provided. In the context of this 

research the following assumptions and decisions were made to limit the complexity and scope 

of the model. 

• The IT system is setup in an active/active configuration. This means that both nodes of the 

system are actively servicing users. In case of a node failure the user load will be serviced 

by the remaining load until the failed node is recovered. Once recovered the users load 

will be redistributed between both nodes.  

• For ease of comparison the IT system in both the single and dual data centre ecosystem 

will be the same two nodes active/active configuration. 

• It is assumed that the availability of the internal data centre network is included in the 

availability of the IT System/Nodes. 
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3.3.2.4 Data centre 

Data centres provide housing for IT systems, supplying power, cooling, physical security, fire 

detection and suppression, and more (Balodis & Opmane, 2012). A data centre is a facility – not 

the IT within it. In some common/marketing vernacular, data centres are sometimes used to 

refer to the IT within. This is not the case for this model. When the term ‘data centre’ is used, it 

is in reference to the facility, not the IT hosted within. The availability of each data centre across 

the two configurations can be iterated to explore the impact of varying data centre uptime on 

the overall ecosystem. 

The assumptions made regarding the data centre are: 

• The data centre refers to a facility; not the IT equipment within. 

• When shifting between the single standalone data centre and dual redundant data centre 

sections of the model, the size of the data centre is not relevant - only the availability. 

- However, for comparison with the initial results, the size becomes relevant when 

comparing the data centre costs. For this purpose, it is assumed that the dual data 

centres are half the size and capacity as the standalone data centres. This means 

the same capacity is considered for in both scenarios.  

Note that in the event of cloud hosted services, this model may still be relevant; with a slightly 

different take on the division between the facility and the IT system and an associated change 

to how the calculations are made for the input availabilities. For example, for an IaaS hosted IT 

system, the IaaS cloud service and the data centre hosted within can be considered as a single 

component and used for the data centre availability input. This may include the operating 

system and various other software components, all running on the IaaS cloud platform. This can 

be considered as an IT node with the same definition and assumptions made above. 

3.3.2.5 Internet/Network (Link) 

Network uplinks provide connectivity between the user and the data centre, either via an 

intranet or the internet (or a combination of both). Without a connection to the network, users 

of the system are unable to access it, making it unavailable. The network uplink is a simplified 

representation of a network, either with a private network and internet connection – the nature 

of which in each circumstance may vary; but will be able to be measured. Within these models, 
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the link represents the user’s ability to access the system through the data centres and access 

the IT Systems/nodes in question.  

The assumptions that relate to the internet/network connectivity are: 

• There are two links connecting the data centres to an internet/network. 

• The connection to the internet/network from the user’s device is not considered. 

• This does not include the availability of the internal data centre network.  

• Each link to the internet/network also provides connectivity to the other data centre (in 

the case where there are multiple data centres). 

3.3.2.6 Stacks 

This is not an IT or data centre industry term but rather a representation of the combination 

and dependency between the IT system and the data centre for the purposes of modelling. The 

IT is ‘stacked’ on the data centre in this model to represent its dependency on the data centre 

and to show the data centre is not dependant on the IT within it. The use of this term within 

this research and discussion is an attempt to simplify some of the discussion relating to model 

design and acts as a placeholder when building up the formulas that describe the models.  

3.3.2.7 Relevance for cloud 

In the modern cloud context, many IT Systems are often grouped together as services, 

effectively obscuring the complexity of the IT systems from the organisations purchasing the 

service. For example, a Software as a Service (SaaS) cloud solution that provides any service still 

comprises of a complex array of servers, operating systems, databases, networks and 

application components. The key difference for IT organisations between a SaaS or in-house 

supported systems is that this complexity is managed by the SaaS provider, rather than by 

themselves directly. In many cases SaaS providers will commit to availability (uptime) 

guarantees in the form of contractual SLAs or similar for their SaaS solution. In the context of 

the proposed model, the committed availability of the SaaS solution is comparable to the IT 

System, while the cloud hosting location relates to the data centre availability. In this way the 

model is relevant for both in-house hosted and cloud hosted services.  
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3.3.2.8 Summary of Key Components 

Table 3.4 summarises the components that make up the two models. A summary of the 

definitions outlined above and how they relate to the research project. 

Table 3.4: Summary of IT and data centre model components 

Component Definition Relevance to this research 

User A user is a person who interacts with the 

system to extract some benefit. 

(Chandler & Munday, 2016) 

Any individual user may need to access any number of 

systems at a time, and users will potentially differ widely 

in terms of where they are access the systems from.  

IT System IT systems are often a complex collection 

of infrastructure such as servers and 

storage equipment (hardware) combined 

with software, databases and people and 

procedures (Butterfield & Ngondi, 

2016a). 

There are countless configurations of IT systems, which 

vary depending on the nature of and expectations 

placed on the service being provided. In the context of 

this research the combined availability of any given 

system can be viewed in the context of the wider 

ecosystem. 

IT Node A sub-component of an IT System that is 

designed for high availability. Each node 

can maintain the system if other node(s) 

fail. 

For the purposes of this simple ecosystem it will be 

assumed that there are two duplicate IT nodes, both 

capable of maintaining the system and capable of being 

in different physical locations. Individual availability 

figures can be applied to each node to explore the effect 

of one node being more resilient than another. 

Data centre Data centres are the housing for IT 

systems, providing power, cooling, 

physical security, fire detection and 

suppression, and more (Balodis & 

Opmane, 2012). 

In the context of this model the data centres are either 

a single stand-alone data centre with both halves of a 

two node IT system or two duplicate data centres each 

storing half of the two node IT system. The availability 

of each data centre across the two configurations can 

be iterated to explore the impact of varying data centre 

uptimes on the overall ecosystem.  

Network 

(Link) 

Network uplinks provide connectivity 

between the system and users of that 

system. Without a connection to an 

appropriate network, an otherwise 

functioning system cannot be accessed.  

The network is either an intranet or internet connection 

that is required to connect the system to its users. The 

role of which in this model represents the data centres 

(and through it the IT System). Connecting to those 

consuming the IT system. By varying the availability of 

these links, the availability impact of network and 

internet connectivity on the ecosystem can be explored. 

Stack This is not an IT or Data centre industry 

term, rather a representation of the 

combination and dependency between 

the IT system and the data centre that it 

is within.  

The IT node is ‘stacked’ on the data centre to represent 

its dependency on the data centre and to show the data 

centre is not dependant on the IT within it.  
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3.3.3 Model descriptions 

The below sections outline how the above components and concepts are combined into the 

two configurations within this model. This includes the application of the basic formulas to the 

interactions and the combination of these into the complete formulas that describe each 

configuration. There are two combinations; a standalone data centre ecosystem, Model 1, and 

a dual data centre ecosystem, Model 2. 

3.3.3.1 Model 1: Stand-alone data centre ecosystem 

The key features, of Model 1’s ecosystem, are: 

• A highly available (HA) IT system designed to provide an ‘active-active’ architecture, with 

automatic and almost instant recovery of the system in question in the event of a node 

failure. 

- Note that while in most cases, a data centre would host a considerable number of 

systems, each providing different services, in the context of a single system. This is 

regarded essentially as a one to one relationship. 

• Both halves of the IT system are hosted within the same data centre. Making the entirety 

of the IT system fully dependant on the data centre being available. 

• Redundant links from the data centre to the internet is desirable so that if either of the 

links fail connectivity to and from the data centre, and IT system, it is maintained with little 

or no interruption. 

• For the system to be available, the data centre and at least one of the IT nodes plus one 

link (network connection) needs to be online. 

The logic of this ecosystem is shown below in Figure 3.8.  

The mathematical formula that describes the above model relies on the key building blocks 

discussed earlier in this section. Firstly, the calculation of the combined availability of dependant 

systems, and secondly calculating the availabilities of multi-node (redundant) systems. There 

are several redundant and dependant interactions between the different components. These 

relationships for the ‘stand-alone data centre ecosystem model’ are described below and a base 

formula for each relationship can be found in Table 3.5. 
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Figure 3.8: Model 1 - Stand-alone data centre ecosystem  

 
Table 3.5: Summary of Model 1 relationships and formulas 

Interaction Description Base formula 

IT Node Redundancy  

 

(n) 

HA systems constitute two or more redundant 

nodes, each capable of providing the system to 

end users in its entirety (potentially with 

depreciated performance).  

 

n = N1a + N2a - (N1a x N2a) 

Where N is the node and a is the 

expected availability of that 

node.  

IT System to Data centre 

Dependency  

 

(y) 

IT systems are hosted within a data centre; the 

data centre must be functioning for the IT 

system to be active. This makes the IT system 

dependant on the data centre. Multiplication of 

two availability figures calculates the 

availability of mutually dependent components. 

 

y = DCa x n  

Where DCa is the availability of 

the standalone data centre and 

n is the IT System.  

Network/Internet (Link) 

Redundancy  

 

(b) 

In this configuration there are two redundant 

network/internet links from the data centre. It 

is via either of these links that the IT system can 

be accessed; thus, making it available. If one 

link is down the other can provide a full system 

and vice versa, making them redundant.  

 

b = L1a + L2a - (L1a x L2a) 

Where L is one 

network/internet connection 

and a is the expected availability 

of that link 

IT System & Data centre 

(y) to Network (b) 

Dependency  

 

(e1) 

In the same way that the IT nodes are 

dependent on the data centre, the combined 

availability of the IT system and data centre (y) 

are also dependant on the combined 

availability of the links (b). This is the final 

calculation for the single data centre 

configuration.  

 

e1 = b x y 

where 1 denotes the ecosystem 

availability for the first - single 

data centre configuration. 
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The final equation to calculate the availability of the standalone data centre configuration within 

this model is b x y. See Equation 3.8 for the expanded formula.  

L12 × (DCa × N12) (3.8) 

Where 
L12: L1a + L2a – (L1a × L2a) 
N12: N1a + N2a – (N1a × N2a) 

 b is the availability of the network/internet connectivity 
  L1a is the availability of the first link 
  L2a is the availability of the second link 

y is availability of the IT system and data centre combined 
 DCa is the availability of the standalone data centre 
 N1a is the availability of the first IT system node 

  N2a is the availability of the second IT system node 

The above model has five key availability inputs, the availability of the IT Nodes, the data centre 

availability, and the availabilities for the two links. Each of these inputs can be incremented and 

combined in different combinations for comparison with the results from the dual data centre 

ecosystem model. 

3.3.3.2 Model 2: Dual data centre ecosystem 

The logic of the ecosystem represented by Model 2 is slightly more complex than Model 1. It 

can be described by the following key features: 

• A HA IT system designed to be resilient to the loss of either of the two IT nodes. 

• Both halves of the IT system are hosted in separate and geographically diverse data centres. 

This results in only one half of the IT system being dependant on a single data centre; this 

changes the calculation as there are now two ‘stacks’ of IT Node and data centre that are 

redundant to each other. 

• Redundant links from the data centre to the internet/network. If either link fails, 

connectivity to and from the data centre and IT system is maintained with little or no 

interruption. In this model, the assumption is that each link is also used as a cross connect 

between the data centres. The same underlying principal remains; each data centre has two 

connections, and either connection needs to be available for that ‘stack’ to be available.  

• For the system to be available, the following need to be available; at least one dependant IT 

node, one data centre ‘stack’ and one network link. 
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The logic of this ecosystem and formula to calculate the availability is shown below; where the 

availability of each internet link, the availability of each data centre and the availability of each 

IT node, are all taken into account as in Figure 3.9. The formulas for each interaction are 

described in Table 3.6. 
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Figure 3.9: Model 2 - Dual data centre ecosystem  

 
Table 3.6: Summary of Model 2 relationships and formulas 

Interaction Description Base formula 

IT Node 

Redundancy 

The IT nodes in this configuration are still redundant. 

The IT redundancy is captured in the stack (d). 

N/A 

IT Node to data 

centre 

Dependency 

(stack)  

 

(sx) 

IT systems are hosted within a data centre; the data 

centre must be functioning for the IT system to be 

active. This makes the IT system dependant on the 

data centre. However, in this instance only half of the 

IT system is hosted within each given data centre. 

Therefore, an IT node is dependent on its paired data 

centre.  

sx = Nxa x DCxa  

Where x relates to the availability of 

the stack and its components. e.g. s1 

= N1a x DC1a where stack 1 (s1) 

comprises of the availability of the 

first IT node (N1a) and the first data 

centre (DC1a) 

Network/Internet 

(Link) 

Redundancy  

 

(b) 

In this configuration there are two redundant 

network/internet links. Again, if either of these links 

is available then the system is available, making them 

redundant.  

b = L1a + L2a - (L1a x L2a) 

Where L is one network/internet 

connection and a is the expected 

availability of that link 

Stack to Stack 

Redundancy  

 

(d) 

Once the availability of the stacked IT node and data 

centre is calculated, each stack is then redundant to 

each other. Meaning that if one pair is available then 

the IT system is also available.  

d = s1a + s2a - (s1a x s2a) 

Where s1 and s2 are the availabilities 

of each ‘stack’ resulting from the sx 

calculation above. 

Combined Stack 

(d) to Link (b) 

Dependency 

 

(e2) 

As with the first configuration in this model the last 

step is to combine the availability of the IT System 

and Data centres (d) with their dependant 

network/internet link (b). This is the final calculation 

for the dual data centre configuration. 

e2 = d x b 

Where 2 denotes the ecosystem 

availability for the second - dual data 

centre – configuration. 
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The final equation to calculate the availability of the dual data centre configuration within this 

model is d x b. See Equation 3.9 for the expanded formula.  

(N1a × DC1a) + (N2a × DC2a) - ((N1a × DC1a)× (N2a × DC2a)) × L12 (3.9) 

Where 
L12: L1a + L2a - (L1a × L2a) 
d is the availability of the stacks combined (including nodes and data centres) 
 DC1a is the availability of the first data centre 
 DC2a is the availability of the second data centre 
 N1a is the availability of the IT node within DC1 
 N2a is the availability of the IT node within DC2 
b is the availability of the network/internet connectivity 

  L1a is the availability of the first link 
  L2a is the availability of the second link 
 
The above model has six key availability inputs, the availability of the IT Nodes, the two data 

centre availabilities, and the availabilities for the two links. In the generation of a complete 

dataset, each of these inputs can be incremented in different combinations for comparison with 

the results from the dual data centre ecosystem model. 

3.3.4 Approach to scenarios 

The approach taken for the scenarios involves the deliberate selection of inputs for each model 

in a structured and logical way. Each model will have a selection of inputs applied based on 

industry publications. In the case of data centres, this is the Uptime Institute’s availability figures 

relating to the different tier ratings (UptimeInstitute.com, 2018). For the IT inputs the 

availability are derived from reported figures from Gartner (Malik & Scott, 2010). In addition to 

these, industry derived inputs, a series of set variable inputs, will be assigned and cycled through 

each input of the models in a consistent way across each of the models to generate an extended 

data set. This deliberate structured approach to scenario selection was taken over and above a 

random selection of inputs. The key reason for this approach relates to the intention of design 

science research to produce practical and relevant results for industry. This approach will create 

a logical structure to the results where decision makers can clearly identify points of interest in 

the data set and see a progression of results.  

Using scenarios to test models is common. Arnott and Pervan (2012) assessed 362 design 

science papers against the design evaluation guidelines from Hevner et al. (2004). Of those, 57 
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used scenarios as an evaluation method of their design science research artefact; this was the 

second most common method identified (Arnott & Pervan, 2012).  

For example, looking at the optimal availability of IT services, U. Franke (2012) uses the 

approach of running simulations generating 1,000 scenarios. In this study, a method called 

‘Monte Carlo’ was used to select the inputs for each scenario (U. Franke, 2012). Another paper 

by Jamshidi et al. (2017) presented a method for cloud migration designed to take variability 

into account. The models presented in this paper were evaluated using inputs derived from real-

world migration projects (Jamshidi et al., 2017). Dou and Qi (2015) use mathematical modelling 

to explore the optimisation of workloads within a data centre, from a budget perspective. 

Similar to the use of industry availability figures in this thesis, Dou and Qi (2015) used real world 

electricity prices within their models as a part of their analysis. Singh et al. (2012) in their paper 

focused on automated consolidation of IT between data centres, and also used input data from 

real-world companies for input into their proposed algorithms.  

In Chapter 4, the scenario inputs and related logic will be detailed for Model 1 and Model 2. 

Likewise, Chapter 7 provides the scenario inputs and logic for each scenario for Model 4 and 

Model 11.  

3.3.5 Summary of Model design and further iterations 

This section has described the detailed make up of both initial models and has provided the 

formulas and inputs required to calculate the availability of each ecosystem during analysis. This 

section has also provided a description of the components and their relationships that build up 

each model and the corresponding formula. As discussed during the design science method, the 

original models were based on the common approaches of a single organisation to be used in 

the relevance cycle phase of the DSR. The next section of this chapter outlines the interview 

methodology and qualitative analysis of the resulting transcripts. These interviews provided 

feedback on the models and also sets a foundation for the development of alternatives. Later 

in Chapter 6, the alternative models proposed by the interview participants will be described.  
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3.4 INTERVIEW METHODOLOGY 

As discussed during the DSRM section, the goal of the interviews was twofold. Firstly, to validate 

the original models that have been designed to describe two common configurations of IT and 

data centres, as well as provide expert advice for alternative models. The second goal is to gain 

insight into what factors are taken into account when decision making occurs; with a focus 

primarily on situating the importance of system availability in that decision-making process.  

The first goal will be achieved by presenting the initial models, developed in Section 3.3 above, 

and asking participants to critique and offer alternatives. To do this, target participants needed 

to be experienced decision makers regarding the IT architecture and placement of IT 

infrastructure across a range of organisations. This was also critical to gaining insight into the 

second goal of the interviews. As Model 2 involves multiple data centres, each industry expert 

was also required to have experience in organisations large enough to have either multiple data 

centres or multiple cloud locations to choose from.  

A semi-structured interview method was selected to allow for free flow of conversation and to 

provide opportunities to uncover unexpected themes and motivations relating to the subject. 

Semi-structured interviews are defined as a “research technique of questioning individuals in 

which, while there is a broad thrust to the direction of the questions, issues that arise from 

responses may give rise to new questions and directions of inquiry” (Duignan, 2016). This 

approach is ideal for the stated purpose as it provides enough structure to ensure reliable 

collection of key questions and data points, while providing scope for diversions. The ability to 

explore unplanned lines of discussion assists in uncovering alternative approaches and 

clarifications. Additionally, information can be collected to provide nuance to the discussion, 

specifically in how IT is deployed in a range of organisations and with varied pressures on 

decision making.  

The specific methodology selected for this research project follows the semi-structured 

interview style described by Myers and Newman (2007). The interviews were conducted in a 

comfortable setting chosen by the participants and the discussions were all recorded with 

consent. The goal and purpose of each question was described, before exploring the 

participants experiences in choosing IT hardware locations, data centres and the impact of 

system availability on their decision making. At the conclusion of the main set of questioning, 
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the proposed models were presented, and the participant was be invited to comment, criticise 

and offer alternatives. Their opinions and stories were used to refine the two models or 

generate alternative approaches, that were built into a mathematical model for further 

simulations. 

Myers and Newman provide a set of guidelines for qualitative interviews in IS research (Myers 

& Newman, 2007). Table 3.7 is adapted from their research and was used as a guide for the 

interview method used in this research.  

Table 3.7: Interview Guidelines 

Guideline Description 

Guideline 1:  

Situating the researcher 

The goal of this guideline is to discuss the relationship between the research 

and the subject. This is important from two perspectives. Firstly, providing the 

context and ensuring that it is clear to the participants who the researcher is, 

their experience and motivation. Secondly to provide context in the write-up 

of the research so that the reader can assess the validity of the findings.  

Guideline 2:  

Minimise social dissonance 

This guideline relates to minimising anything that may lead to the participant 

feeling uncomfortable. This involves the use of appropriate language/jargon, 

dressing appropriately etc. “This is generally thought of as a way to improve 

the quality of disclosure.”  

Guideline 3:  

Represent various “voices” 

This guideline asks the researcher to address and describe the perspectives of 

the subjects to represent varied views of the topic. “Not all participants are 

the same (e.g. some are guides, some are stars, others are gatekeepers)” 

Guideline 4:  

Everyone is an interpreter 

“This guideline recognises that subjects are creative interpreters of their 

worlds as we are of theirs. Interviewing is usually an artificial/rare event for 

most subjects.” The goal of this guideline is to “sensitise the researchers to the 

interpretive world of the subjects” during both the interview process and 

qualitative analysis.  

Guideline 5:  

Use mirroring in questions 

and answers 

“Mirroring is taking the words and phrases the subjects use in constructing a 

subsequent question or comment”. This good practice allows the researcher 

to focus on the subject’s perspective, rather than interviewers.  

Guideline 6:  

Flexibility 

“Semi-structured … interviewing uses an incomplete script and so requires 

flexibility, improvisation, and openness.” This is essential to exploring new 

lines of discussion and makes it possible to “look for surprises”. 

Guideline 7: Confidentiality of 

disclosures 

“It is important for researchers to keep transcripts/records/and the 

technology confidential and secure.” 

Note. Adapted from Myers and Newman (Myers & Newman, 2007). 

Before looking at how the method was applied during this research and addressing the above 

guidelines, a justification for the selection of the semi-structured interview style and a brief 

discussion of the alternatives considered is as follows. 



 

88 
 

3.4.1 Semi-structured interview justification 

As discussed previously, two initial models were developed to describe the common 

configurations of IT and data centres. However, any analysis done against these models cannot 

be considered relevant unless there is a confirmation that the models developed are 

representative of the IT industry. It is also important to understand the significance of system 

availability (the chosen focus of this research) in the business decision making process, in 

addition to other factors such as cost or strategic direction. Several methods were considered 

including, surveys, structured interviews and the Delphi Technique; which will be discussed 

below. 

There are a range of survey methods, from mobile-based, online-based and email surveys 

(Alam, Khusro, Rauf, & Zaman, 2014). Surveys can capture large samples and a broad cross 

section of the target response group (Mühlböck, Steiber, & Kittel, 2017). However, as they are 

self-administered and pre-defined, there is limited space for the researcher to explore new 

angles (Mühlböck et al., 2017). Similarly, with a structured interview method where the 

complete script is set in advance, there is little scope for exploring new ideas as they arise. 

Nevertheless, there are a few advantages of a structured interview method. For example, they 

allow for clear comparisons and collection of larger samples; as the interviews can be conducted 

by multiple interviewers (Myers & Newman, 2007). In this research project, structured interview 

and survey styles were discounted primarily as they would not have easily provided an 

opportunity for participants to effectively criticise the proposed models and provide effective 

alternatives.  

In addition, the Delphi Technique (Yousuf, 2007) was considered for this research project. The 

Delphi technique allows a researcher to measure expert opinion over time. The technique 

requires an initial quantitative survey to be used to form the first of four questionnaires. Hsu 

and Sandford (Hsu & Sandford, 2007) describe the process of performing the Delphi Technique, 

where three to four rounds are normally needed to achieve consensus on the topic being 

explored.  

The first round is either an open-ended questionnaire, or where the topic is well understood, a 

more structured questionnaire can be issued. The second round involves a summary of the first-

round results, and a questionnaire using a 4-point Likert-type scale. This round begins by 
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highlighting areas of consensus and contention between the Delphi panel members. The results 

of the second round are then used to create the questionnaire for the third round.  

The third questionnaire presents the topics and consensus back to the panel members with the 

same Likert-type scale. This time the participants are asked to re-evaluate their opinion, where 

they do not agree with the emerging consensus, they are asked to justify/explain their position. 

At the end of third round, each topic is then evaluated for consensus on each point. Consensus 

is reached when 70% of participants respond with 3 or higher on a 4-point Likert-type scale and 

where the median score is ‘3.75’ or higher. If consensus is reached, this will be the final round; 

otherwise, a fourth round is conducted in the same way as the third.  

The sample size for the Delphi panel needs to be between 15-20 and each participant is required 

to have appropriate expertise and experience in this field. The key issue with the Delphi 

Technique for this project and the reason it was not adopted, is that it provides limited scope 

for participants to offer alternative models or convey detailed nuances that may be impacting 

those decisions. Also, the Delphi Technique enables the researcher to track the change in the 

participants’ opinion over time, which was outside of scope for this research project. 

Therefore, the semi-structured interview style was chosen, as its key strength lies in providing 

the participant scope to elaborate and tell stories relating to the topics being discussed. These 

can then be used to refine the proposed models or trigger the design of new models.  

There are several considerations to be taken into account when conducting successful semi-

structured interviews. The next section will discuss the approaches and decisions made in 

selecting and approaching interview participants. After that, the guidelines proposed by Myers 

and Newman will be used as a foundation to illustrate how the semi-structured interview 

method was applied. How participants were identified will also be outlined, including the 

number of participants selected, the interview questions, checklist and the models presented 

at each interview. 

3.4.2 Participants  

As stated, the target participants for this study had to be from organisations large enough to 

have multiple data centre locations to choose from when deploying their IT infrastructure. This 

is somewhat subjective in the context of Infrastructure as a Service (IaaS) cloud services, as it is 

cheap and easy for organisations, of any size, to consume resources in large commercial data 
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centres. It was explained to potential participants, that regardless of the size of their 

organisation, they had to have had experience making decisions about the placement of IT 

systems that required high availability. Also, irrespective of their utilisation of the cloud, they 

had to have multiple data centres and/or cloud locations in use across multiple systems.  

The initial group of potential participants were targeted via AFCOM, an international 

professional user group for data centres. The researcher was formerly a member of AFCOM and 

was a board member and president of the Canberra chapter for several years. This provided 

numerous contacts to use as a starting point. From there potential participants were 

approached based on referrals and the professional network, LinkedIn. Individuals in IT 

management and/or data centre management positions were targeted, specifically directors, 

deputies, architects and senior managers.  

First contact was made using a previously prepared email template (see below). If the first 

contact happened to be a conversation, the email template was slightly modified to include 

phrases such as “Thanks for your time on Friday”.  

 

Hi XXXXXXXX, 

 

As you may already be aware, I am currently working on my PhD looking at IT service availability 

in the context of IT architecture and data centre design. I’m looking for people who are involved 

in the decision-making process of how to design IT systems and where to host that 

infrastructure. Alternatively, I’m also looking for those who have experience with the selection 

and/or design of data centres for your organisation. 

 

If you’re interested in participating, I’ll need approximately one hour of your time, and am happy 

to meet you wherever you’re comfortable to meet. I plan to record the interview so I can focus 

on our discussion rather than taking notes, so I’d prefer I we meet somewhere reasonably quiet 

so the recording will be usable. I will not record any personal, or information that will identify 

your specific employer as it is not relevant to the validity of the research, however I will ask you 

to recount an overview of your experience so I can establish you as an expert in the area. 

If you have any questions at all before agreeing, please let me know.  

 

Thank you. 

 

Figure 3.10: First contact email template 
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The resulting conversations usually involved an overview on each individual’s experience, and a 

discussion as to what degree they are making decisions in this respect. This was especially 

important, for those in advisory or architectural positions who were concerned that their 

experience in either designing the IT systems, or overseeing the environment, but not having 

an ‘exclusive’ final decision might preclude them from the research. In these cases, they were 

still included in the study. The critical knowledge and experience required to answer the 

questions relates to an understanding of the components and pressures within the organisation 

as to how their IT systems are deployed. In that context, an architect’s experience is just as 

relevant, if not more so, than the CIO making the final decision. Additionally, the potential 

participants were asked to ensure they were comfortable with the information being provided 

and the time commitment. As discussed, in some cases potential participants offered a referral 

to others they felt were in a better position to participate, often IT and DC managers or relevant 

directors.  

As noted above, the researcher was a board member and president of one of the AFCOM 

chapters, which was used as the initial point of contact for potential participants. It must also 

be noted, that the organisation is a volunteer professional user group, and at no point did the 

researcher, or the potential participants, stand to gain an advantage, or be disadvantaged, if 

they choose to participate, or not. At the time the interviews were conducted the researcher 

was no longer acting in the capacity as either board member or president of AFCOM.  

3.4.2.1 Number of participants; sample size 

Initially, 10-20 participants were targeted. As there are few individuals in an organisation that 

are involved in the decision-making process, it was a challenge to identify, and contact, this 

number of participants. The range of 10-20 was derived through the review of Information 

Systems research papers (Myers & Newman, 2007) and through discussion with the supervisory 

panel. Although many more ‘initial contacts’ were shared, the minimum number of 10 was met, 

within the agreed timeframe defined in the ethics approval. As discussed, the individual’s 

targeted were all responsible for IT and/or data centres decisions within their organisation. 

Generally, the titles of the participants ranged from, IT Operations Managers, Data centre 

Managers, Deputy Directors and similar.  
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Given the relatively small sample size, it was important to ensure a variety of ‘voices’ were taken 

into account. This was primarily achieved by filtering the type of organisation the potential 

participant was from. For example, once a participant from a ‘local government’ sector agreed 

to participate, other individuals within local government were not actively targeted. If a referral 

or previously approached individual did respond and was from a similar organisation or sector, 

then an effort was made to understand the delineation between roles. For example, there are 

two participants from the ‘higher education’ sector however, one was in an architectural role 

and the other in a senior management position at different organisations servicing different 

regions and demographics.  

There was also an aim to balance between individuals, and their background and their overall 

experience. The expectation is that they will broadly fit into three categories. Firstly, those that 

have predominantly IT operations and infrastructure experience. Secondly, those with mostly 

data centre experience. Finally, those with relevant experience or oversight, over both IT and 

data centre areas, in a decision-making capacity; for example, CIO’s or IT Directors.  

3.4.2.2 Participant comfort  

To ensure participants were able to speak freely, each were asked to nominate a comfortable 

location to meet. In some cases, this involved the researcher meeting them in their workplace 

where they had booked a meeting room. In other instances, the location was a quiet neutral 

location away from work. As a few of the participants were international and located around 

the world, it was not always practical to meet in person. In these instances, Skype was used, 

with times scheduled that best suited the participant’s schedule. Where video conferencing was 

used, the video was enabled to allow the researcher and participant to see each other during 

the interview.  

It was also made clear in the initial contact that both the organisation and personal details for 

the participants would be kept anonymous, and therefore would not be recorded or published 

as a part of this research. The organisation’s general size, the sector, the role and experience of 

the participant is the only, potentially identifiable, information recorded. Nevertheless, there is 

potentially scope for a participant to be identified through the data, when combined with prior 

knowledge. For example, if a participant talks about a large organisation that has some unique 

features, these detailed in conjunction with people holding key roles could potentially be used 
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to identify the participant. Therefore, during the data analysis, an attempt was made to omit 

information of this type, unless it is relevant to the research findings. As the nature of the 

interviews are not personal, commercial-in-confidence or controversial, it is not envisioned that 

any issues or discomfort would be caused by the nature or topics covered during each interview. 

At an interpersonal level, all participants are professional peers of the researcher. There were 

no perceived issues with the jargon, language, style or dress code requirements, helping to 

make each individual feel comfortable. When discussing outages of customer facing systems or 

architectures using poor practice, there was a potential risk that an organisation may have 

perceived this as an embarrassment. However, as mentioned previously, the decision was made 

to keep the organisations anonymous to help offset this issue. In the event the organisation 

name (or specifically identified information) was captured during the interviews, it will be 

omitted during data analysis and therefore not be included in publication. This was made clear 

in the consent form and during communications with participants. 

3.4.2.3 Data collection and privacy  

The duration of the study was over a one-year period between April 2017 to March 2018. Each 

interview was recorded and later transcribed for analysis. The face-to-face interviews were 

recorded with a mobile phone recording application. The video conference interviews were 

conducted using Skype and recorded using the call recording feature within the application. The 

recordings were stored on a secure cloud storage, where only the primary researcher had access 

with a copy made to the University’s storage location. This approach followed the agreed 

process approved in the university’s human ethics application. As described earlier, the 

interviews conducted via video conferencing were recorded with video to allow the researcher 

and participant to see each other during the discussion. However, once the recordings were 

made the resulting files were converted to an audio only file format (MP3), in advance of the 

transcription process. 

Before each interview the participants were asked to complete and return a signed consent 

form. The form included contact details for the researcher, supervisory panel and the university 

research office. The research goals were restated, with an overview of the data collection 

methods, data storage, anonymity and ethics approval process. Finally, participants were also 
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asked to indicate if they would like to receive a summary of the research results. A copy of the 

consent form can be found in Appendix G – Consent form.  

3.4.3 Interview structure  

The semi-structured interview was designed with a fixed pre-amble, to set the scene. Five open 

ended questions were used. These aimed to look at different perspectives of the research topic 

and to learn about the participant, their organisation, and their IT and data centre landscape. 

The final question related to the validation of the initial models. Additionally, a checklist was 

used by the researcher to double check at the end of the interview for any clarifying 

information, or if some common topics or information was not covered throughout the 

conversation. After two test interviews, the interview duration target was one hour.  

The next section will outline the researcher notes and intended outcomes of each section.  

3.4.3.1 Opening and introduction 

There were five points/reminders for the researcher to cover before asking the formal 

questions. The intent of the opening is simply to set the scene for the interview, help to make 

the participant comfortable and to re-iterate the research goals and context. The points covered 

and pre-amble are listed below. 

• Introduce myself (PhD student | Deputy Director of an IT department | former 

IT infrastructure and data centre manager.) 

• Thank them for participating. 

• Ensure they do not have any final questions or concerns. 

• Ask permission to record the interview.  

• Proceed with the introduction / overview: 

The aim of this research is to investigate the relationship between IT infrastructure 

and data centres in terms of availability of services that rely on both their IT 

architecture but also the uptime of the data centres they are hosted within – owner 

occupied, hosted or cloud.  
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The information gained from the research will be used to explore the relationship 

between IT and Data centres from a decision-making perspective and to validate and 

refine a model designed to calculate the availability of an IT system taking into 

account the underlying hosting arrangements. The ultimate goal being to provide 

advice on the target availabilities of different components of their environment to 

achieve the desired uptime, while minimising waste. 

I’d like to give you a general outline of the project. The project will explore the 

relationship between the IT and data centre industries in the context of an individual 

service that is being provided. Each IT service relies on both the IT infrastructure that 

hosts the applications and databases and the resilience built into that system. That 

infrastructure is then, in turn, reliant on the data centre in which it resides. It also has 

availability at the centre of its design. However, the data centres availability is rarely 

taken into account when decisions regarding the placement of IT infrastructure are 

made, likewise the nature of the IT services to be hosted within a data centre are 

rarely taken into account when data centres are designed.  

This research aims to validate the premise described above and propose a target 

availability for IT ecosystem components for IT and Data centre managers in different 

circumstances to promote better informed decision making in industry.  

Throughout our conversation I’d like you to situate the organisation’s size and relative 

data centre(s) in use. Throughout I may ask you to clarify the number or DC’s or the 

approx. size of the organisation the story relates to. At the end of the questions I’ll 

share the models that I have created and ask you to comment on them, suggest 

improvements or offer alternatives based on your experience.  

Are you happy to get started? 
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3.4.3.2 Checklist and reminders 

As discussed, the researcher had a checklist and series of reminders present for each interview. 

The primary goal was to ensure consistency in both the experience for each participant and the 

common anchors for the data from each interview during the analysis. The checklist was as 

follows: 

• Organisation size 

• Organisation Sector 

• Role and responsibility (at the time of each example/story) 

• Approximate number of IT systems 

• Approximate number of data centres available 

• The approximate/general size of each data centre (S, M, L) 

• Ownership model for the data centres (cloud/owned/co-lo) 

• Tier rating for each data centre 

• Number of network uplinks and/or network topology 

The checklist was accompanied with a series of reminders for the researcher. Again, the goal 

being to help ensure a comfortable and relaxed experience for the participant and to help 

ground the researcher while providing reminders for things to do (or avoid) during the 

interview. The reminders were as follows: 

• The intent of the semi-structured interview style is to be flexible; to be open to new 

discoveries.  

• Every question should be open. Remember to stay open to new perspectives; even when 

they conflict with my models or professional opinions. 

• Remember to encourage the participant to elaborate on examples/stories related to their 

current and past organisations.  

• For each story ask for the 'key attributes' of the relevant environment, the things that made 

them good or bad.  

• Where appropriate, ask the participant to tell stories from the perspective of a single service 

to help avoid over generalisations.  
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• Throughout the interview determine if the participant preferences a discussion about 

availability or uptime and select the chosen language appropriately throughout the 

interview. (and for all other terminology)  

• Do not take notes, stay present and engaged in the conversation, rely on the recording. 

3.4.3.3 Interview Questions  

There were five open ended questions before the discussion of the proposed models. Each 

question is listed below with a brief description of the intent for each.  

Question 1: Tell me about your current role and experience relating to data centres and IT. 

This opening question was intended to learn a little bit about the participant, establishing them 

as an experienced decision maker in their field and aiming to understand their perspective. For 

example, are they hands on technical, or in an architectural or advisory role, or managerial? 

Question 2: In your opinion, how is the availability/uptime of an IT system impacted by the tier 

rating of the data centre?  

The second question asks the participant to explore the idea of how the IT is impacted by the 

data centre they are hosted within, in the context of uptime. This is in part to learn about the 

thinking already in place, regarding the relationship between the IT and data centre. 

Question 3: In your experience, has IT equipment been strategically placed in different locations; 

and what role if any, did availability/uptime have to do with that decision?  

The third question asks about the strategic placement of IT equipment between data centres, 

as well as how the availability and/or uptime of that equipment was factored into the decision. 

It is important to establish to what degree the placement of IT between data centres, or for 

highly available systems placed within a single data centre, was intentional or simply 

organic/opportunistic.  

Question 4: What emphasis does your organisation place on availability/uptime and how is that 

focus linked to investment in data centre resilience (or placement decisions) or IT system 

resilience (HA and DR systems; processes etc)? 

The fourth question builds on Question 3, seeking clarification on the emphasis placed on the 

uptime of systems and asking the participant to elaborate how that focus (or lack of focus) 
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impacts on placement decisions, DR or other processes. In some cases, depending on the 

participant, Question 4 was largely answered in response to Question 3 but asked, nonetheless.  

Question 5: How should an organisation balance the investment in IT and data centres? 

The fifth question was more open ended and intended as a catch-all to wrap-up the line of 

thinking of the interview. The participant was asked how they thought IT and data centre 

investments ‘should’ happen, providing an opening for them to double down on things that they 

had described above and reinforcing them as good practice, or to challenge their own practice 

and provide a critique.  

The final question introduced the two initial models designed as a part of this study and asked 

the participant to comment, critique and propose alternatives. Below is the question with the 

follow-up questions if required. Note that one of the follow-up questions which relates to 

estimating the percentage of their IT environment that broadly fits into either the proposed 

models, or one of the alternatives/variations they proposed, was a direct result of the 

conversation during the first interview. This was subsequently added and asked during the 

remainder of the interviews. This addition provides an excellent data point to gauge the 

‘popularity’ of each model and variation.  

Question 6: Finally, please take a look at these two models that describe the redundancies and 

dependencies of two common IT System and data centre configurations. 

• In your opinion, how accurate are these models? 

• If not, what would you change?  

• Should there, in your view be a third model? (If so, describe it) 

• What percentage of your environment, approximately, fits into each of the models 

(across the proposed and your variations)? 

The two model images shown below were provided to the participant when Question 6 was 

reached. For face-to-face interviews this was in a hard copy (colour printout), for the video 

conference-based interviews using Skype, the images were shared via the instant messaging 

‘chat’ feature within Skype or via email depending on the participant’s preference.  
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Figure 3.11: Model 1 and Model 2 images provided during interview 

 
A conscious decision was made to not take notes by the researcher, and instead to rely on the 

recordings. Therefore, the alternative/modified models were reconstructed from the recorded 

conversations during the data analysis stage.  

3.4.3.4 Interview Close 

At the end of each interview, four points were covered.  

• Firstly, the researcher asked for permission for additional follow-ups, in the event there was 

a problem with the recording or if any additional information was required.  

• Secondly, a request for any referrals; if they knew somebody in a similar decision-making 

role in another organisation, preferably another sector. These requests presented a 

reasonable number of opportunities however, very few were converted into interviews.  

• As described in the consent form a commitment was made to share the resulting papers 

and/or a summary of the finding with the participants if they were interested. This was re-

iterated during the interview close.  

• Finally, the participant was thanked for their time before stopping the recording.  
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3.4.4 Transcription 

Each interview was recorded either using a smart phone during face-to-face interviews, or built-

in functionality within Skype for the video conference interviews. Each recording was saved (or 

converted) to an MP3 file format and loaded into NVivo 11 for transcription and analysis. The 

researcher manually transcribed four of the ten interviews before receiving approval to engage 

a professional transcription service (rev.com) to complete the remaining transcriptions which 

were again loaded into NVivo 11 with their audio files and validated for accuracy. 

3.4.5 Addressing quality measures for semi-structured interviews 

At the beginning of this interview methodology section, the seven guidelines proposed by Myers 

and Newman (Myers & Newman, 2007) were introduced. Following these guidelines is intended 

to ensure a quality approach to this qualitative interview method. Additionally, addressing these 

guidelines explicitly, allows the reader may make their own assessment as to the quality of the 

research and subsequent findings. Below is a list of the guidelines outlined in Table 3.7 and a 

summary of the elements that address each of the guidelines.  

Guideline 1: Situating the researcher. Care was taken to describe to each participant the 

researcher’s experience, motivation and interest in the research topic. This discussion of the 

relationship between the researcher and the subject is important from a transparency 

perspective. It also supports Guideline 2, by helping the participant feel relaxed and 

comfortable. This guideline ensured that the researcher was viewed as a professional peer by 

each of the participants. 

Guideline 2: Minimise social dissonance. Once Guideline 1 was established, the researcher was 

viewed as a peer, which led to reduction in social dissonance. Additionally, industry jargon was 

able to be used throughout the interviews. This means that if the participant used industry 

acronyms, the flow of the interview remained intact, and their explanation was not required. 

Furthermore, care was taken to match the dress and demeanour of each participant. For 

example, where the participant was not in a suit the researcher would lose their tie and jacket. 

Language was important, relaxed and conversational where appropriate, and more professional 

precise language for other moments, mirroring the participants’ style. Finally, the researcher 

made the conscious decision not to take notes, to ensure full focus on the conversation and 

attentiveness to the participant. 
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Guideline 3: Represent various ‘voices’. The attempt made to ensure a wide range of sectors 

was quite successful, with nine sectors represented across the 10 interviews. It is noted that 

some participants provided examples from previous roles across more than one sector, adding 

to the diversity in perspectives. Furthermore, a range of IT managers, data centre managers, 

architects and directors were represented, each with a varied number of years’ experience in 

decision making roles; ranging from 8 to 34 years. There was also a mix of perspectives in terms 

of cloud hosting, leased space in large commercial data centres and organisations that owned 

and operated their own data centre facilities. For a breakdown of the sectors, and an analysis 

of the participant’s experience, see the interview analysis in Chapter 5. 

Guideline 4: Everyone is an interpreter. To ensure that Guideline 4 was followed, the 

researcher put in place a reminder for himself, before and during each interview, to stay open 

and engaged with the participant’s perspective. This required a conscious effort to explore the 

participant’s line of thinking without influencing the conversation with the researcher’s views 

and opinions. It is important for this reminder to be applied consistently and repeatedly, as it 

can be easy for the researcher to slip into a habit of professional debate. The use of mirroring 

outlined in Guideline 5 also assists with providing a feedback loop for the participant.  

Guideline 5: Use mirroring in questions and answers. The researcher made a point of practicing 

mirroring during the interviews. This involved stating back anything that was unclear in the 

discussion either verbatim, or by paraphrasing. This allows clarification of any statements that 

were either unexpected or not immediately understood, allowing the participant to confirm or 

restate what they meant. As mentioned in the guideline summary, this practice allows the 

researcher to focus on the subject’s perspective, rather than researchers.  

Guideline 6: Flexibility. The nature of the semi-structured interview style demands flexibility. 

The approach taken throughout each interview was to follow each conversation to its natural 

conclusion. The researcher then queried anything of interest and explored it with the 

participant before moving onto the next question. This sometimes resulted in questions being 

answered before they were formally asked or triggering a new line of questioning.  

Guideline 7: Confidentiality of disclosures. As described above, the data resulting from the 

interviews has been ‘de-identified’ where necessary and stored in the manner agreed and 
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approved by the University Ethics Committee. Each participant completed and returned a 

signed consent form and the original transcripts are only accessible to the researcher.  

3.4.6 Summary of interview approach 

In summary, the data collection for this study utilised a semi-structured interview approach. 

This process was designed to collect the views from experts in industry to validate, refine and 

provide alternatives to the proposed models. These interviews conducted for had the following 

attributes: 

• Number of interviews: 10 

• Period of interviews: 1 year (between April 2017 and March 2018) 

• Interview model: followed Myers and Newman 

• Type of interview: Semi-structured 

• Interview setting: Mix of face-to-face and video conference 

• Recording technique: Recorded and transcribed 

• Privacy: Anonymous 

3.5 THEMATIC ANALYSIS  

Thematic analysis is a common research method for qualitative research projects (Braun & 

Clarke, 2006; Scharp & Sanders, 2018). In their review of design science research in IS relating 

to design support systems, Arnott and Pervan (2012) highlight thematic analysis as a part of the 

general approach often taken in the method and design phases of design science research 

projects (Arnott & Pervan, 2012). 

As discussed during Section 3.4, the interviews were transcribed and loaded into NVivo Pro 11 

for thematic analysis. Thematic analysis is a foundational method of analysing qualitative data 

(Braun & Clarke, 2006) and involves an iterative process of ‘coding’ statements within the data 

set to themes. There are multiple styles of thematic analysis including; 

An inductive approach (bottom-up) draws the themes from the data directly. The themes 

identified using this method may bare little semblance to the questions asked. Inductive 

thematic analysis is similar to the popular grounded theory approach.  
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A deductive approach (top-down) or ‘theoretical’ thematic analysis starts with a pre-defined 

‘expected’ set of themes. It “tends to provide less a rich description of the data overall, and 

more a detailed analysis of some aspect of the data”. (Braun & Clarke, 2006)  

The thematic analysis used for this research follows a deductive research approach to analyse 

the interview transcripts. In this case the initial hypothesis surrounding the placement of IT 

between data centres and the availability benefits of geographical separation along with 

exploring what influences decision makers in this area, became the foundation for the initial 

codes. Through the iterative process of refinement, the final themes were quite different, 

however it successfully provided data on the decision maker’s view of availability in this context 

and provided validation and alternatives for the proposed models to be used in the modelling 

and scenario component of the research.  

Braun and Clarke (2006) propose a detailed description of the phases of thematic analysis. These 

were used as a foundation guideline for this section of the research. The remainder of this 

section provides an overview of the method outlined and the interpretation and actions taken 

during the thematic analysis for the interview transcripts. The following table outlines the six 

phases of thematic analysis. 

Table 3.8: Phases of thematic analysis 

Phase Description of the process 

1. Familiarising yourself 
with your data: 

Transcribing data (if necessary), reading and re-reading the data, noting down 
initial ideas. 

2. Generating initial 
codes: 

Coding interesting features of the data in a systematic fashion across the entire 
data set, collating data relevant to each code.  

3. Searching for themes: Collating codes into potential themes, gathering all data relevant to each 
potential theme. 

4. Reviewing themes: Checking if the themes work in relation to the coded extracts (Level 1) and the 
entire data set (Level 2), generating a thematic ‘map’ of the analysis. 

5. Defining and naming 
themes: 

Ongoing analysis to refine the specifics of each theme, and the overall story the 
analysis tells, generating clear definitions and names for each theme. 

6. Producing the report: The final opportunity for analysis. Selection of vivid, compelling extract 
examples, final analysis of selected extracts, relating back to the analysis to the 
research question and literature, producing a scholarly report of the analysis.  

Note. Adopted from Braun and Clarke (Braun & Clarke, 2006). 

3.5.1 Familiarity with the data 

As described as a part of the interview methodology, each interview was recorded and saved as 

an audio file. Each file was then loaded into NVivo for the transcription process. The first four 

interviews were manually transcribed by the researcher. In the interest of time, the remaining 
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recordings were professionally transcribed using the transcription service rev.com. In terms of 

ensuring familiarity with the data set, note that each of the interviews was conducted by the 

primary researcher. The manual transcription of the first four interviews also assisted in the first 

round of refinement for the initial codes. For the professionally transcribed transcripts, each 

was checked and corrected by working through each in real time against the original recordings 

and ‘chunking’ each transcript into appropriate time slices in NVivo against the audio. This 

allowed for re-verification and for the researcher to listen back to the original audio if any 

clarification was required.  

3.5.2 Generating initial codes 

The pre-created codes were derived from the research to date, for the most part mimicked the 

checklist of data to be collected. They were structured with a view to confirm, or challenge, the 

assumptions and approaches taken in the development of the two models. In addition to the 

themes relating to the models, there were also themes designed to capture the different 

elements of the decision making involved for each participant. The initial codes were grouped 

into general themes with the intention of adjustment through the data analysis process. The 

initial codes were as follows: 

• Availability 

- Factors into decision making 

• Data centre 

- Tier 

- Single data centre 

- Dual data centres 

- More than two data centres 

- Cloud in active use 

- Size 

• Decision Making (Key Factors) 

- Availability 

- Convenience 

- Cost 

- Proximity 

- Strategic placement 

• Participant Experience 

- Decision maker 

- IT Expert 

- Data centre expert 
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- Years of experience 

• Organisation 

- Sector 

- Size 

• IT Systems 

- Approx. number 

• Models 

- Model 1 

o Variation 

- Model 2 

o Variation 

- Alternate models 

3.5.3 Searching for themes 

In the initial data analysis cycle, the first two interview transcripts were ‘chunked’ into sentences 

and paragraphs. Each chunk (depending on context) was coded to either an existing code, or 

where an appropriate code was not available the following process was followed. In the event 

a new code was obviously a part of an existing grouping, or potential theme, a new code was 

added to that group for rationalisation in later iterations. Where the statement was clearly 

related to a grouping, but no code existed, or it was not clear if it would become a new theme, 

then it was ‘loosely coded’ to the rollup top level code grouping. Each time this occurred the 

statement was compared with other similar ‘loosely coded’ statements, when similarity began 

to emerge, a new code was created. Additionally, during the creation of new codes each existing 

code was reviewed to avoid duplication. This was done by reviewing the code titles and 

performing keyword/phase searches within the body of the codes.  

This approach was taken for the first two transcripts before stopping and reviewing the resulting 

codes. By the end of this initial round of coding, every statement within the first two transcripts 

were coded to one or more codes. The above process created many additional codes and largely 

invalidated the initial code groups. Once the first round of code refinement was completed, the 

remainder of the transcripts were coded. Again, using the same process, each statement was 

coded to at least one theme, where the idea was new, or did not neatly fit into an existing 

theme, a new code would be created. If it was unclear to the researcher where to code the 

statement, it would be coded directly to an appropriate high-level theme for coding later in the 

process. 



 

106 
 

3.5.4 Reviewing themes 

Once the initial coding was complete for all transcripts, a more detailed review of the themes 

was undertaken. Firstly, with a search for duplicate codes, which involved re-reading and re-

grouping each theme. Secondly, re-reading each of the coded statements to ensure they were 

correctly coded, paying additional attention to statements that were coded to multiple codes 

and ensuring it was appropriately coded. With cross-over often indicating a relationship 

between themes. 

Throughout this step, the process of re-grouping, renaming and re-checking, continued until 

clear themes had emerged. Note that the approach taken with statements that were unique 

and standalone but were still related to one of the high-level grouping were still created as a 

code with a single statement. As detailed earlier, some statements were coded directly to the 

high-level groupings, each of these were then coded properly, as described here. Only one code 

was unable to be grouped by the end of the process, including a small number of outlying codes 

with a small number of coded statements.  

By the end of this process, several new rounds of coding were also completed, to allow for cross-

referencing during analysis. For example, a ‘facts and figures’ theme was created to group the 

more quantitative type of information being extracted. Another change to the codes and groups 

involved the participant statements which were coded separately to the researcher’s 

statements. The final notable change to the codes involved the addition of a ‘questions’ set of 

codes that capture the responses, regardless of the line of conversation, to each of the 

questions asked. This provides additional context during the write-up discussion and analysis, 

allowing the researcher to quickly see what question preceded each comment. 

3.5.5 Defining and naming themes 

The final step of this process, before write-up, was to name and define each of the themes and 

sub-themes. This involved a final pass to double check that the statements within each code are 

all supportive of the same idea and that the tentative naming also represented the ideas being 

discussed. A final re-organisation of groupings was also conducted at this point. There are only 

two to three levels of hierarchy. Additional sub-codes were sometimes created where the 

statements were all supportive but looked at the issue from competing angles. All the 

statements were divided into these sub themes.  
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At the end of this phase, a clear narrative can be inferred through the codes and hierarchy. For 

example, within the ‘decision making’ theme (Level 1), one of the contributing factors was 

‘distance and latency’ (Level 2). For example, two participants discussed this as a key factor to 

their decision-making process, however one was happy with their ability to place things at 

greater distances, without impact due to improvements in the technology (but still within 

limits). The other participant used it as a factor, in conjunction with the demand for the system 

in question, this was still a decision-making factor. These differences were represented with two 

different codes within the ‘distance and latency’ theme as a Level 3 sub-theme. The narrative 

here can be described as ‘while only two decision makers took distance and latency into account 

when making IT system placement decisions, they both agreed that it matters less than it once 

did, however one attributes the change to technological advancements reducing its impact and 

the other participant no longer considers latency, except for high demand systems.  

3.5.6 Addressing quality measures for the thematic analysis 

As with the description of the overarching design science and the interview methods, criteria 

for conducting quality thematic analysis was sought. Braun and Clarke (2006) propose a “15-

point checklist of criteria for good thematic analysis” which is shown below in Table 3.9.  

Table 3.9: A 15 point checklist of criteria for good thematic analysis 

Process No. Criteria 

Transcription 1 The data have been transcribed to an appropriate level of detail, and the transcripts have been 
checked against the tapes for ‘accuracy’. 

Coding 2 Each data item has been given equal attention in the coding process. 

3 Themes have not been generated from a few vivid examples (an anecdotal approach), but 
instead the coding process has been through, inclusive and comprehensive. 

4 All relevant extracts for all each theme have been collated.  

5 Themes have been checked against each other and back to the original data set. 

6 Themes are internally coherent, consistent, and distinctive. 

Analysis 7 Data have been analysed – interpreted, made sense of – rather than just paraphrased or 
described. 

8 Analysis and data match each other – the extracts illustrate the analytic claims. 

9 Analysis tells a convincing and well-organised story about the data and topic. 

10 A good balance between analytic narrative and illustrative extracts is provided. 

Overall 11 Enough time has been allocated to complete all phases of the analysis adequately, without 
rushing a phase or giving it a once-over-lightly. 

Written 
report 

12 The assumptions about, and specific approach to, thematic analysis are clearly explicated. 

13 There is a good fit between what you claim you do, and what you show you have done – i.e., 
described method and reported analysis are consistent.  

14 The language and concepts used in the report are consistent with the epistemological position 
of the analysis.  

15 The researcher is positioned as active in the research process; themes do not just ‘emerge’. 

Note. Adopted from Braun and Clarke (2006). 
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The following points describe how each of the points in Table 3.9 have been addressed in the 

context of this research. 

3.5.6.1 Transcription 

The first quality check relates to ensuring the accuracy of the transcripts being analysed. The 

approach to creating the transcriptions was outlined earlier in this section. Each transcript was 

checked against the recoding for accuracy which includes checking that inflections and 

emphasis is accurately represented by the grammar within the transcriptions. Additionally, the 

transcripts have been chunked and loaded into the analysis software, NVivo 11, against each 

paragraph providing easy reference of the original audio during analysis.  

3.5.6.2 Coding 

There are five quality checks (2-6) relating to ensuring quality during the coding process. Point 

2 relates to ensuing equal attention is paid to the different elements of the data. As discussed 

throughout the process, each statement within the transcripts, even if a relevant theme was 

not initially evident, was coded and through an iterative approach, was checked, cross 

referenced and coded into an appropriate theme. This approach ensured that statements were 

not ‘lost’ in the transcripts and thereby failing to be taken into account. This process also 

addresses point 3 which asks the researcher to ensure that themes have been developed 

thoroughly and are not just representative of a few “vivid examples”. Point 4 asks the researcher 

to check that all statements relevant to that theme have been extracted. As mentioned earlier, 

coded statements were sometimes coded to multiple themes where relevant, this also helped 

to highlight relationships between themes during analysis.  

Point 5 relates to cross-referencing themes, with each other, and with the original data. As 

detailed, the original audio was available to assist with checks where the intent or emphasis was 

not clear for any statement. Furthermore, during the review of themes a few similar themes 

were collapsed into single themes, sometimes with slightly broader descriptions or rolled-up 

into a theme describing a common thread. Then, if required, sub-themes were created to 

capture nuance. Through this process, the themes were cross-referenced and re-worked several 

times. This also helped to ensure each theme was distinct from each other, coherent and 

consistent, which was the goal of the final checklist item, point 6, relating to the coding process.  
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3.5.6.3 Analysis 

There are four quality checks relating to the analysis phase (7-10). The first asks the researcher 

to ensure that the data has been interpreted and made sense of, not just “paraphrased or 

described”. This is particularly important in the context of the refinement of the proposed 

models and the development of alternatives. For example, where a participant describes a point 

of difference between their approach and one of the proposed models, that change needs to 

be understood in the context of the other information given and interpreted into a coherent 

alternative model. This point also relates to the previously discussed check, ensuring there is a 

clear narrative to the coding that has occurred. From that point analysis occurs to build on these 

themes in the context of the rest of the data and the research project more broadly.  

Point 8 relates to cross referencing the analysis resulting from research, with the original data, 

ensuring that the “extracts illustrate the analytic claims”. This point is reinforced by the final 

checks relating to the analysis which are to work towards a ‘well-organised story about the data 

and topic’ (point 9) and balancing between the analytic narrative and examples provided (point 

10). As these points regarding the quality of the analysis are subjective, the goal of the 

researcher is to provide adequate quotes and context for each claim, narrative arc and finding. 

The final coding structure can be found in Appendix H – Coding Structure. 

3.5.6.4 Overall 

The criteria related to the overall thematic analysis is simply to ensure adequate time has been 

given to the data analysis, avoiding ‘rushing or giving it a once-over-lightly’. The transcribing and 

analysis of the data occurred over several months between August 2018 and April 2019. The 

approach taken was to alternate between periods of intense work and un-related work, the 

weeks of intense work providing depth and the ability to cross-reference and adjust codes in a 

timely manner, while returning from the breaks provided a fresh perspective and the benefit of 

reflection on the work already complete. Furthermore, the iterative approaches described 

above further illustrate the time taken to properly understand and interpret the data. 

3.5.6.5 Written report 

Points 12 and 13 are related. They prompt the researcher to ensure the approach taken during 

the thematic analysis is clearly explained and that there is a ‘good fit’ between what the 

researcher has claimed and the analysis. This section addresses this need. As per the interview 
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methodology section, time has been taken to explain in detail not only the method used, but 

the quality measures that have been used and how they have been addressed. 

The final points, (14 and 15) relate to the consistency of language and ensuring that the 

researcher is positioned as ‘active’ during the research process. These again are somewhat 

subjective, as discussed in the interview method, care was taken to match the participants 

language, using mirroring to restate their opinions to verify intent and an effort was also made 

to ensure the transcriptions were an accurate representation of the interviews, without 

mistakes relating to inflection or emphasis or similar. Likewise, regarding positioning the 

researcher, and as with the interview approach, the researchers view, and experience have 

been declared. 

3.5.7 Summary of thematic analysis approach 

The thematic approach taken was deductive, or top down following the recommended steps as 

proposed by Braun and Clarke (2006). This is a common approach in IS (Arnott & Pervan, 2012). 

To begin with, a set of expected themes and codes relating to the questions were shaped by the 

initial research and professional experience. Throughout an iterative process, the themes 

evolved, shaped by the statements within the interview process and due to the open and 

explorative approach taken during the semi-structured interviews some new questions were 

added. The tool used to complete the analysis was NVivo 11.  

Throughout this process three broad groupings of information emerged: 

• Firstly, a simple data set relating to the raw numbers or data relayed during the interviews 

such as the number of data centres, number of IT systems, organisation sector and the 

breakdown of the environments they look after, to name a few.  

• Secondly a detailed discussion on the views and decisions made by the participants, 

exploring what impacts the approaches taken when designing or deploying IT systems and 

including points of frustration and views on the way forward.  

• Finally, a description of their approaches to IT deployment represented in the context of the 

proposed models. This resulted in a series of alternatives and suggestions.  
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3.6 CHAPTER SUMMARY 

This methods chapter has covered each of the methodologies utilised throughout this research. 

As this project follows a design science approach, the overarching research framework was 

described in detail. The key output of this research project relates to the artefact design. The 

artefact takes the form of a series of models that will provide a practical tool for industry 

decision makers in this area. The development of the models, the key findings and the analysis 

of the industry expert interviews will constitute to the academic contribution to knowledge. 

There are three sub-methodologies that have been described.  

Firstly, the method taken to design and develop the initial models was described in detail. This 

also provided the building blocks for alternative models and the formulas used during the 

demonstration of the artefacts which described in subsequent chapters. A carefully chosen level 

of abstraction for the components within the models were described, the detail represented 

provides enough detail to allow for data and insight to be relevant to the topic being explored. 

At the same time, unnecessary detail was avoided to keep the model simple enough for easy 

use.  

Secondly, the method used to conduct the interviews and then the method taken to complete 

the qualitative analysis was also described. A semi-structured interview approach was taken, 

targeting industry experts with IT and data centre experience. Specifically, each interview 

participant had considerable experience in selecting from multiple data centres and/or cloud 

locations when making the decision about how to deploy their IT systems. These interviews 

provided a mechanism to evaluate the originally proposed models, suggest alternatives and to 

provide an exploration of the decision-making process and influences industry take into 

account. A total of ten interviews were completed as a part of the project.  

Finally, the interviews were recorded, then transcribed and analysed using a thematic analysis 

method using a deductive (top-down) approach.  
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4 RESULTS FROM THE INITIAL MODEL  

4.1 INTRODUCTION 

This chapter will explore the initial models whose design was described in Chapter 3, with a 

focus on describing the initial results. These models will be subjected to a series of scenarios, 

followed by data analysis. The goal of these models was to determine if the output from the 

scenarios would generate enough useful information to address the questions by this research 

project. Additionally, it is important to determine if the results will be valid for industry decision 

makers. 

This chapter will begin with a recap of the methodology used to design the models and position 

it within the broader design science research project. The scenarios applied to the models will 

then be described, including a discussion relating to the selection of the input variables and the 

logic behind the scenario selection. To add additional context and clarity, a data centre cost 

calculation is introduced, to help examine and assess the efficacy of each scenario. Finally, an 

analysis of the results, and to what extent they have been able to provide valuable information, 

will be discussed. This will be done in both the context of this research project and its potential 

value to business.  

4.2 LOCATION WITHIN RESEARCH METHODOLOGY 

In Chapter 3, the research framework was introduced and described in terms of this project. 

This chapter will examine the first iteration of the primary artefact created by this design science 

research project, and subject them to an initial round of simulations in the form of scenarios. 

Figure 4.1 highlights this phase in research framework.  
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Figure 4.1: Research Framework – simulation 

 
The key purpose of this chapter is to ensure the models and resulting data could produce 

appropriate data sets to help answer the research questions. To recap, the questions are as 

follows: 

• How is the availability of a service impacted by the design and placement of the IT Systems 

and data centre? 

• At what point are organisations over-investing in certain aspects of their IT systems? 

• How should an organisation balance the investment in IT and data centres? 

The first research question explores the impact of the placement of IT components within or 

between multiple data centres in the context of availability. It will be demonstrated that the 

data produced here effectively addresses this question. The second question pertains to under 

or over investment, in either the data centre or IT systems. To achieve this, a data centre cost 

calculation will add an additional data point to the results and will assist in answering this set of 

questions. Finally, the third question looks at industry norms and aims to identify which 

configurations are represented by the models commonly in use. It is not expected that this initial 

data analysis from the scenarios will provide enough information on their own to help answer 

this, but rather this will provide a foundation for the final model results in Chapter 7 and be 

further proven by the interview results discussed in Chapter 5. This first round of simulation 
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through a series of scenarios will demonstrate that the initial findings are able to address the 

research questions, primarily the first two.  

4.2.1 Overview of initial model design 

The models created in the previous chapter comprise of three primary components, an IT node 

which makes up half of the highly available (HA) IT system, a data centre and network 

connectivity. The critical makeup of the models revolves around the arrangement and 

relationships between these components. Each of the components either has a dependant or 

redundant relationship with each other. Each of these relationships is described by a simple 

formula used to combine the inputted availability figures.  

Model 1 describes a HA IT system, hosted in a single data centre with redundant network 

connectivity. For detail on Model 1’s creation and the equation that describes it, refer back to 

Figure 3.8 and Equation 3.8. A summary of each model can also be found in Appendix B - Models 

and equations. 

Model 2 is shown in Figure 3.9, and describes a slightly more complex ecosystem, with the same 

two halves of the IT system split between two separate data centres. As with Model 1, the data 

centres in Model 2 also have redundant network connections. However, in this case the network 

connectivity also represents cross connectivity between the data centres. The equation used to 

calculate the availability of the dual data centre ecosystem demonstrated can be found below, 

Equation 3.9. 

There are five inputs for Model 1, and six inputs for Model 2. The following section describes 

how the inputs were selected and how they were combined into the scenarios used to test the 

models above.  

4.3 SCENARIOS 

A total of 28 initial scenarios were selected through the logical combination and iteration of 

industry derived inputs. These had varying data centre inputs based on published availability 

targets for different tiers. Four variations for Model 1 and ten for Model 2 were calculated as a 

starting point. For these scenarios the availability figures for two different classes of HA IT 

systems were used. In addition to these primary scenarios, an additional 1100 scenarios, across 

the two models were calculated using a structured series of combinations with 10 inputs ranging 
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from 50% to 100%. Finally, a data centre cost dimension was added to help differentiate the 

scenarios, providing an indicator of value, over and above the availability dimension, to provide 

a filter for grouping the results. The inputs for each scenario are detailed below, including a 

description of each scenario. This section will look at the inputs, the approach and combinations 

that form the scenario inputs into each model. 

4.3.1 Scenario inputs 

Two sets of published availability figures were used throughout the scenarios. Table 4.1 shows 

the input availability figures from the Uptime Institute for data centres by tier 

(UptimeInstitute.com, 2018). At first glance, the data centre availability figures appear to have 

little variance. To demonstrate the difference, the average hours and minutes of downtime per 

year are also provided to highlight the differences. Tier IV is the top tier and provides a total of 

26 minutes of downtime per year. This is significantly better compared to the downtime 

experienced by a Tier I data centre, which experiences almost 29 hours of expected downtime 

per year. The difference between Tier I and Tier IV downtime is equivalent to an almost 58-fold 

increase in downtime.  

Table 4.1: Data centre availability by tier - source data 

Tier rating Availability Downtime / year (HH:MM:SS) 

Tier I 99.671% 28:49:13 

Tier II 99.741% 22:41:18 

Tier III 99.982% 1:34:36 

Tier IV 99.995% 0:26:17 

 
Table 4.2 shows the availability figures derived from Gartner (Malik & Scott, 2010). They 

separately calculate the planned and unplanned maintenance for a HA IT system. 99.3% 

availability is defined as the minimum required availability before a system can be considered 

HA. This is opposed to a BoC HA system, which is expected to achieve an availability through 

unplanned failures of 99.95%. When each of these availability figures are combined with the 

average downtime for maintenance of a HA system, the availability for either, a minimum or 

BoC HA system is calculated in Table 4.2. As with Table 4.1, the expected yearly downtime has 

been provided. 

Table 4.2: HA IT system availability - source data 

System Description Availability Downtime / year (HH:MM:SS) 

HA Availability: Minimum 99.26% 64:49:26 

HA Availability: BoC 99.81% 16:38:38 
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The inputs for the networking availabilities is a rounded estimate based on the organisation 

used to create the initial models. As highlighted in Chapter 2, networking has a strong body of 

research behind it. The inclusion of the networking components in these models, while 

important, are not the focus of the study. As such a value of 99.5% availability was selected to 

ensure that the value of using redundant networks was reflected during the calculations. An 

availability of 99.5% will be used as the baseline for each of the scenarios, except for those 

scenarios that specifically vary set inputs into the network components. A 99.5% availability 

translates to an expected 43 hours and 48 minutes of average downtime per year. In 

combination with a second network, also with a 99.5% availability, the expected average 

downtime drops to 13 minutes and 8 seconds (99.998% availability).  

4.3.2 Scenario selection 

The initial combinations were selected on the back of the published figures from the Uptime 

Institute and Gartner to explore combinations of non-contentious industry norms. There are 

numerous combinations of data centre tiers, sizes, capacities, IT system availabilities and costs. 

Table 4.3 shows the 28 initial scenarios, eight for Model 1 and twenty for Model 2. Note that as 

Model 1 has fewer inputs, compared to Model 2, five compared to six, there are a larger number 

of combinations generated. There are two sets of scenarios for Model 1, firstly using the 

availability figures for a BoC HA IT system and cycling through each of the official availability 

figures associated with each data centre tier rating. Secondly, the same four data centre 

availability figures were inputted against the minimum HA IT inputs. The same approach was 

then taken with Model 2, with a total of 10 combinations between the four data centre tiers; 

for example, a two Tier I data centres, then a Tier I plus a Tier II and so on. These were then 

cycled against both, the BoC HA IT and minimum HA IT figures, resulting in 20 scenarios.  

Table 4.3: Initial scenario descriptions 

Model# Scenario group description Count 

1 redundant networks, BoC HA IT, cycled DC figures (x4) 4 

1 redundant networks, minimum HA IT, cycled DC figures (x4) 4 

2 redundant networks, BoC HA IT, cycled DC combinations (x10) 10 

2 redundant networks, Minimum HA IT, cycled DC combinations (x10) 10 

 
The advantage of using well known inputs in terms of those from the Uptime Institute and 

Gartner, is that they will be able to be described to industry in clear and well understood terms. 
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To address the goals of the project however, additional scenarios are required. Specifically, to 

look for points of diminishing returns and for interesting data points during analysis, more 

scenarios were required. A series of ten additional inputs ranging from 50% to 100% were 

selected with a view of cycling through each of the inputs for both models to create a larger 

data set to explore. Note that, in terms of availability, an availability of 50% would mean that 

the component in question would be ‘down’ half of the time and an availability of 100% is 

arguably not possible, but serves to remove that component from the scenario, offering an 

interesting perspective during analysis. The inputs selected were, 50%, 60%, 70%, 80%, 85%, 

90%, 92.5%, 95%, 97.5% and 100%. A description for each set of scenarios, which model they 

relate to and the count of resulting scenarios, is shown in Table 4.4, with the colours providing 

differentiation between the industry derived and extended scenarios.  

Table 4.4: Extended scenario descriptions 

Model Scenario group description Count 

1 redundant networks, BoC HA IT, cycled DC figures (x4) 4 

1 redundant networks, minimum HA IT, cycled DC figures (x4) 4 

1 redundant networks, BoC HA IT, varied DC inputs (x10) 10 

1 
redundant networks, cycled DC figures (x4), 1 BoC HA IT node and 1 node with varied inputs 
(x10) 

40 

1 redundant networks, cycled DC figures (x4), both IT nodes with matching varied inputs (x10) 40 

1 network with 1 varied input (x10), BoC HA IT, cycled DC combinations (x4) 40 

1 both network links with varied inputs (x10), BoC HA IT, cycling DC combinations (x4) 40 

1 redundant networks, minimum HA IT, cycled DC combinations (x10) 10 

1 
redundant networks, cycled DC combinations (x4), 1 minimum HA IT node and 1 node with 
varied inputs (x10) 

40 

1 network with 1 varied input (x10), minimum HA IT, cycled DC combinations (x4) 40 

1 both network links with varied inputs (x10), minimum HA IT, cycling DC combinations (x4) 40 
2 redundant networks, BoC HA IT, cycled DC combinations (x10) 10 

2 redundant networks, Minimum HA IT, cycled DC combinations (x10) 10 

2 redundant networks, BoC HA IT, 1x DC with cycling DC tiers (x4), 1x DC with varied inputs (x10) 40 

2 redundant networks, BoC HA IT, 2x DCs with matching varied inputs (x10) 10 

2 
redundant networks, cycled DC combinations (x10), 1x BoC HA IT node and 1 node with varied 
inputs (x10) 

100 

2 
redundant networks, cycled DC combinations (x10), both IT nodes with matching varied inputs 
(x10) 

100 

2 network with 1 varied inputs (x10), cycling DC combinations (x10), BoC HA IT 100 

2 both network links with varied inputs (x10), cycling DC combinations (x10), BoC HA IT 100 

2 
redundant networks, minimum HA IT, 1x DC with cycling DC tiers (x4), 1x DC with varied inputs 
(x10) 

40 

2 redundant networks, minimum HA IT, 2x DCs with matching varied inputs (x10) 10 

2 
redundant networks, cycled DC combinations (x10), 1x minimum HA IT Node and 1 with varied 
inputs (x10) 

100 

2 network with 1 varied inputs (x10), cycling DC combinations (x10), minimum HA IT 100 

2 both network links with varied inputs (x10), cycling DC combinations (x10), minimum HA IT 100 
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4.3.3 Data centre cost 

Without an additional dimension, such as cost, there is no added context for the differences 

between each scenario, other than the input values themselves. A cost dimension provides 

context for determining which model provides better value. This is important for industry, as it 

provides information as to which approaches are affordable or those that are cost prohibitive.  

The use of cost is not intended to provide an accurate budget for decision makers. As such, 

accuracy of the cost model is not critical. Consistency and the ability for comparison, is however 

important. Additionally, it would not be practical for this research to provide accurate costs, as 

the data is dependent on a range of factors, including location, fluctuations in currencies and 

the ever-changing cost of doing business. Instead, the use of a reasonably simple data centre 

cost model will be used to provide a point of comparison between the model outputs. The 

decision was taken to use the data centre cost in the first instance, as the comparison point, 

rather than the IT or network cost. The logic behind it is that the IT and network investment can 

be wildly different and can change quickly, however data centres are not only high compared 

to IT and networks, they are also long-term assets that are hard to change (Bernard, 2018). This 

will be discussed further at the end of the chapter. 

The Uptime Institute offers a cost model for the construction of each data centre tier, taking 

two key aspects into account (Turner & Seader, 2006). The kilowatt (kW) component shows the 

cost of the facility per usable kW, depending on the various tier ratings. The ‘computer room’ 

component takes into account the cost per metre squared (m2) of the building.  

Several years have passed since this comparison was published. However, for the reasons 

outlined above, it will still offer a useful comparison for the different data centre combinations 

explored later in this thesis.2 The formula from the Uptime institute requires further inputs 

relating to size (m2), power capacity (kW) and baseline costs. See Equation 4.3. 

DC Cost = (m2 × 2400) + (kW × CostbyTier) (4.3) 

The size of the data centre in m2, relates to the size of the floor space that can accommodate 

racks for IT equipment, sometimes called the ‘data hall’. This excludes the space required for 

 
2 Note: This cost model has a number of assumptions, conditions and constraints from Turner and Seader (2006), 
including± 30% accuracy and is based on 2006 US figures. See the full article for details. This model has been chosen 
simply to offer a consistent cost comparison between the tier ratings. 
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mechanical plant, loading docks or similar areas. Regarding kW, this relates to the design 

capacity of the facility, how many kW’s are available to power the IT load. Finally, the chosen 

cost by tier is provided within the Uptime Institute’s white paper providing the data centre cost 

equation (Turner & Seader, 2006). The varied costs for each data centre tier represent the 

capital cost of the additional redundancy engineering into the data centre tiers that provide the 

additional resilience.  

Table 4.5: Cost per kW by tier rating 

Tier rating kW Cost by Tier 

Tier I $10,000.00 

Tier II $11,000.00 

Tier III $20,000.00 

Tier IV $22,000.00 

Note. From Turner and Seader (2006). 

When applying the data centre cost model to the scenarios, the relative size of the data centres 

was taken into consideration to enable a fair comparison of results from Model 1 and Model 2. 

If the same size was assumed, then the dual data centre scenarios would always be twice as 

expensive as the single data centre scenarios. Conversely, if a hypothetical organisation had the 

requirement for 5000m2 of data centre space and were weighing the pros and cons between 

one or two facilities, they would not compare one 5000m2 facility with a pair of facilities totalling 

10,000m2. Therefore, to keep the results from Model 1 and Model 2 comparable, for the dual 

data centre configurations, a 2,500m2 will be used, while for the standalone data centre 

scenarios, a 5,000m2 floor space data centre will be used. Each with a corresponding 2,500kW 

and 5,000kW design load respectively. These assumptions result in the base costs figures shown 

in Table 4.6.  

Table 4.6: Data centre cost estimates 

Tier Rating Size (m2) Kilowatt (kW) Total 

Tier I 2500 2500 $31,000,000.00 

Tier II 2500 2500 $33,500,000.00 

Tier III 2500 2500 $56,000,000.00 

Tier IV 2500 2500 $61,000,000.00 

Tier I 5000 5000 $62,000,000.00 

Tier II 5000 5000 $67,000,000.00 

Tier III 5000 5000 $112,000,000.00 

Tier IV 5000 5000 $122,000,000.00 
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Due to the approach taken to calculate the costs of the Model 2 data centres as a pair of 2500m2 

and 2500kW, as opposed to a 5000m2 and 5000kW single data centre represented in Model 1, 

the cost will appear the same for the purpose of this comparison. This approach fails to take 

into account any extra operational overhead of maintaining or infrastructure differences two 

data centre facilities. However, this will not be explored further as the goal of this costing is to 

provide a point of comparison rather than budgetary guidelines.  

4.4 RESULTS AND ANALYSIS 

This section will look at the initial results from Model 1 and Model 2 in isolation, then combine 

the results and look at a summary of the extended scenarios. A general analysis of the results 

will then occur with a focus on the original scenarios. The results will then be looked at in the 

context of their ability to explore or answer the research questions for this study. 

4.4.1 Model 1 – results overview 

The following results were generated for Model 1’s first eight scenarios. As discussed, the input 

availabilities used are from the Uptime Institute and Gartner with a generic network availability. 

The results, shown in Table 4.7, illustrate the downtime per year and the availability of the 

service in the context of the ecosystem modelled. This shows the difference in expected 

downtime for the stand-alone data centre model, varying the availability figures of the data 

centre based on the four tier ratings and figures from the Uptime Institute.  

Table 4.7: Model 1 results – scenarios M1/S01-M1/S08 

Model / 
Scenario 

Scenario Description Output 
Downtime / year 

(HH:MM:SS) 

M1/S01 Tier I DC w/ BoC HA IT 99.4791% 45:37:39 

M1/S02 Tier II DC w/ BoC HA IT 99.5490% 39:30:26 

M1/S03 Tier III DC w/ BoC HA IT 99.7895% 18:26:11 

M1/S04 Tier IV DC w/ BoC HA IT 99.8025% 17:17:59 

M1/S05 Tier I DC w/ min HA IT 98.9310% 93:38:52 

M1/S06 Tier II DC w/ min HA IT 99.0004% 87:33:41 

M1/S07 Tier III DC w/ min HA IT 99.2397% 66:36:23 

M1/S08 Tier IV DC w/ min HA IT 99.2526% 65:28:34 

4.4.2 Model 2 – results overview 

Model 2 had twenty initial scenarios applied to it, see Table 4.8. As noted previously, these 

comprised of cycling through ten combinations of data centre availabilities, again based on 
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Uptime Institute figures (UptimeInstitute.com, 2018). In addition, each combination was 

calculated using both the BoC and the minimum HA IT systems figures to result in twenty 

scenarios. As with Model 1, each scenario used consistent network availability figures of 99.5% 

(or a combined availability of 99.998%). 

Table 4.8: Model 2 Results – scenarios M2/S01-M2/S20 

Model / 
Scenario 

Scenario Description Output 
Downtime / year 

(HH:MM:SS) 

M2/S01 2x Tier I DCs w/ BoC HA IT 99.7791% 19:21:08 

M2/S02 Tier I DC & Tier II DC w/ BoC HA IT 99.7822% 19:04:41 

M2/S03 Tier I DC & Tier III DC w/ BoC HA IT 99.7930% 18:08:04 

M2/S04 Tier I DC & Tier IV DC w/ BoC HA IT 99.7936% 18:05:01 

M2/S05 2x Tier II DCs w/ BoC HA IT 99.7853% 18:48:29 

M2/S06 Tier II DC & Tier III DC w/ BoC HA IT 99.7959% 17:52:40 

M2/S07 Tier II DC & Tier IV DC w/ BoC HA IT 99.7965% 17:49:40 

M2/S08 2x Tier III DCs w/ BoC HA IT 99.8060% 16:59:40 

M2/S09 Tier III DC & Tier IV DC w/ BoC HA IT 99.8065% 16:56:48 

M2/S10 2x Tier IV DCs w/ BoC HA IT 99.8071% 16:53:57 

M2/S11 2x Tier I DCs w/ min HA IT 99.2049% 69:39:09 

M2/S12 Tier I DC & Tier II DC w/ min HA IT 99.2106% 69:09:12 

M2/S13 Tier I DC & Tier III DC w/ min HA IT 99.2302% 67:26:08 

M2/S14 Tier I DC & Tier IV DC w/ min HA IT 99.2312% 67:20:34 

M2/S15 2x Tier II DCs w/ min HA IT 99.2162% 68:39:29 

M2/S16 Tier II DC & Tier III DC w/ min HA IT 99.2357% 66:57:09 

M2/S17 Tier II DC & Tier IV DC w/ min HA IT 99.2368% 66:51:38 

M2/S18 2x Tier III DCs w/ min HA IT 99.2547% 65:17:22 

M2/S19 Tier III DC & Tier IV DC w/ min HA IT 99.2557% 65:11:59 

M2/S20 2x Tier IV DCs w/ min HA IT 99.2567% 65:06:37 

4.4.3 Extending the results 

1,100 additional scenarios across the two models were calculated, with 300 against Model 1 

and 800 for Model 2. Both data sets were created using the same approach of iterating through 

a series of variable inputs for each model. Due to the variable inputs selected for the extended 

results, some of the scenarios are somewhat impractical from a business perspective. For a full 

set of results from Models 1 and 2, see Appendix C – Model 1 scenarios and Appendix D – Model 

2 scenarios. 
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Figure 4.2: Results scatter chart, scenarios with > 95% availability (881 of 1128 scenarios)  

 
Figure 4.2 shows a high-level representation of the extended scenarios, in the form of a scatter 

chart. This chart shows all scenario output that achieved better than a 95% availability which is 

then grouped by data centre cost. Note that this scatter chart excludes results for the scenarios 

where a data centre cost could not be estimated resulting in 881 of 1,128 data points shown. 

Minimal detail can be shown when an entire data set is represented. However, the scatter chart 

clearly shows that there are high and low achieving scenarios for all data centre costs. This 

highlights the importance of the decision that goes into where and how IT systems are deployed. 

Poor results can be achieved at a great cost (top left) and at the same time, good results can be 

achieved at a low cost (bottom right). 

Table 4.9 and Table 4.10 provide the inputs, outputs and expected downtime per year for the 

top 10 performing scenarios. The scenarios that comprise input values of 100% have been 

excluded for the purposes of this overview. 
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Table 4.9: Model 1 – Top 10 

Scenario # 
Network 

link 1 
(L1a) 

Network 
link 2 
(L2a) 

IT Node 1  
(N1a) 

IT Node 2  
(N2a) 

Data 
centre  
 (DCa) 

Output 
Downtime / 

year 
(HH:MM:SS) 

M1/S90 99.5% 99.5% 97.5% 97.5% 99.9950% 99.9300% 6:07:54 

M1/S80 99.5% 99.5% 97.5% 97.5% 99.9820% 99.9170% 7:16:11 

M1/S50 99.5% 99.5% 97.5% 95.6411% 99.9950% 99.8835% 10:12:08 

M1/S40 99.5% 99.5% 97.5% 95.6411% 99.9820% 99.8706% 11:20:23 

M1/S04 99.5% 99.5% 95.6411% 95.6411% 99.9950% 99.8025% 17:17:59 

M1/S130 97.5% 99.5% 95.6411% 95.6411% 99.9950% 99.7925% 18:10:27 

M1/S03 99.5% 99.5% 95.6411% 95.6411% 99.9820% 99.7895% 18:26:11 

M1/S131 95.0% 99.5% 95.6411% 95.6411% 99.9950% 99.7801% 19:16:01 

M1/S120 97.5% 99.5% 95.6411% 95.6411% 99.9820% 99.7796% 19:18:38 

M1/S220 99.5% 99.5% 97.5% 91.3977% 99.9950% 99.7775% 19:29:41 

Note. Top 10 results, excluding scenarios utilising 100% inputs. 

Two of the top 10 performing scenarios in Model 1 are from the original scenarios, M1/S04 and 

M1/S03. There is a sharp increase in the expected downtime between 6 and 19.5 hours, just in 

this small subset. This is due to the large impact made by the 97.5% availability for IT nodes 

(which is significantly better than the Gartner BoC HA IT node figures). Model 2’s results have 

however, many more data points due to the additional input value. Therefore, the top ten 

values are dominated by the high IT node input scenarios. With expected downtime per year 

being extremely low, between 5 hours 42 minutes and 7 hours 11 minutes, this is in stark 

contrast to the best performing scenario from the original set of results, with 16 hours and 54 

minutes of expected downtime. This highlights the impact the IT node availability has on the 

ecosystem.  

Table 4.10: Model 2 – Top 10 

Scenario 
# 

Network 
Link 1 
(L1a) 

Network 
link 2 
(L2a) 

Data 
centre 1 
(DC1a) 

Data 
centre 2 
(DC2a) 

IT Node 
1 (N1a) 

IT Node 
2 (N2a) 

Output 
Downtime / 

year 
(HH:MM:SS) 

M2/S202 99.5% 99.5% 99.9950% 99.9950% 97.5% 97.5% 99.9348% 5:42:55 

M2/S262 99.5% 99.5% 99.9820% 99.9950% 97.5% 97.5% 99.9344% 5:44:35 

M2/S192 99.5% 99.5% 99.9820% 99.9820% 97.5% 97.5% 99.9341% 5:46:16 

M2/S252 99.5% 99.5% 99.7410% 99.9950% 97.5% 97.5% 99.9286% 6:15:31 

M2/S242 99.5% 99.5% 99.7410% 99.9820% 97.5% 97.5% 99.9282% 6:17:21 

M2/S232 99.5% 99.5% 99.6710% 99.9950% 97.5% 97.5% 99.9268% 6:24:30 

M2/S222 99.5% 99.5% 99.6710% 99.9820% 97.5% 97.5% 99.9265% 6:26:23 

M2/S182 99.5% 99.5% 99.7410% 99.7410% 97.5% 97.5% 99.9217% 6:51:21 

M2/S212 99.5% 99.5% 99.6710% 99.7410% 97.5% 97.5% 99.9199% 7:01:13 

M2/S172 99.5% 99.5% 99.6710% 99.6710% 97.5% 97.5% 99.9179% 7:11:20 

Note. Top ten results. Excluding 100% inputs. 
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For a full listing of the results from both Model 1 and Model 2, including inputs, calculated data 

centre costs and expected downtime per year refer to Appendix C – Model 1 scenarios and 

Appendix D – Model 2 scenarios. 

4.4.4 Model 1 analysis 

This section will take the results from Model 1 to be explored further; assessing the impact of 

the various data centre tiers and looking at the broader data set from several perspectives. 

Table 4.11 shows the initial results, sorted from the best to worst performing scenario, showing 

the data centre cost.  

From a cost perspective, there is little nuance here, (this will be a valuable comparison for later 

analysis). Note that as the data centre in the first four scenarios is the same as the final four. 

The only difference in these scenarios is the IT nodes, hence the mirrored data centre costs.  

Table 4.11: Model 1 - original results plus data centre cost figures 

Model / 
Scenario 

Scenario Description Output 
Downtime / year 

(HH:MM:SS) 
Data centre cost 

(in millions) 

M1/S04 Tier IV DC w/ BoC HA IT 99.8025% 17:17:59 $122 

M1/S03 Tier III DC w/ BoC HA IT 99.7895% 18:26:11 $112 
M1/S02 Tier II DC w/ BoC HA IT 99.5490% 39:30:26 $67 

M1/S01 Tier I DC w/ BoC HA IT 99.4791% 45:37:39 $62 

M1/S08 Tier IV DC w/ min HA IT 99.2526% 65:28:34 $122 

M1/S07 Tier III DC w/ min HA IT 99.2397% 66:36:23 $112 

M1/S06 Tier II DC w/ min HA IT 99.0004% 87:33:41 $67 

M1/S05 Tier I DC w/ min HA IT 98.9310% 93:38:52 $62 

 
These preliminary results serve to highlight the difference in the expected availability for an IT 

service, when taking a more holistic view rather, than just looking at the data centre 

availabilities alone. For example, a Tier I data centre expects an availability of 99.671%, whereas 

a Tier IV has an availability of 99.995%. Table 4.12 shows a comparison of downtime per year 

for Model 1 versus the ‘advertised’ availability figures for each data centre without taking IT and 

internet connectivity into account. Note that the scenarios M1/S04 which have the BoC HA IT 

were used for the comparison. 
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Table 4.12: Comparison of ecosystem availabilities vs data centre availabilities 

DC Type 
Ecosystem 
Availability 

Downtime / year 
HH:MM:SS 

Data centre 
Availability 

Downtime / year 
HH:MM:SS 

Tier1 99.4791% 45:37:39 99.671% 28:49:13 

Tier2 99.5490% 39:30:26 99.741% 22:41:18 

Tier3 99.7895% 18:26:11 99.982% 01:34:36 

Tier4 99.8025% 17:17:59 99.995% 00:26:17 

 
This illustrates the importance of looking at availability in the context of the entire ecosystem. 

It is demonstrated here, that despite the availability of the data centre tier in question, when 

taking the IT and network availability into account, the results are dramatically different. Across 

each of the four comparisons shown in Table 4.12 there is approximately 16 hours and 50 

minutes difference.  

The following graph shows the results from fifty selected scenarios using ten variable inputs 

creating five comparable data sets. These data sets all used the Model 1 Scenario 3 (M1/S03) as 

a baseline. This scenario has a Tier III data centre and BoC HA IT. Each grouping chose a single 

aspect of the model, with all other inputs in line with M1/S03, inputting each of the chosen 

inputs in sequence to create the different scenario results. These sets were then compared 

against each other to explore the impact, each of the elements Model 1 has on the ecosystem’s 

availability. Figure 4.3 shows the results from each scenario and a graphical representation of 

each grouping.  

As Model 1 has two redundant components, in both the network and the IT system, it is not 

surprising that the ecosystem performs well when a single input is varied. However, it is 

surprising how well they perform when one of the redundant components is set to a very low 

value. As shown above, if one of the network links is set to 50% availability, the ecosystem still 

achieved a 99.543% availability or 40 hours of expected down time per year. This is compared 

to around 18 hours 26 minutes of down time per year, if both halves of the network are working 

optimally. Therefore, one of the two network links would literally be unavailable or broken half 

of the time. However, if there were only one network connection, with the same 99.5% 

availability, the expected downtime, scenario would jump to almost 62 hours per year (99.293% 

availability). 



 

127 
 

 

Figure 4.3: Model 1 - impact on ecosystem availability by cycling inputs 

 
This same trend is more pronounced when it comes to the IT nodes. As illustrated, if one of the 

two IT nodes is only available 50% of the time, the ecosystem availability maintains a 97.8% 

availability with almost 193 hours of expected yearly downtime (around 8 days). This is 

markedly better than the similar scenario with a single IT node without the redundancy, which 

results in a 99.622% availability (with almost 16 days of expected downtime). If both IT nodes 

were running at 50% availability, there would be 2,191 hours of expected downtime a year 

(more than 91 days). While, 91 days per year would be an unacceptable downtime for most 

businesses, it is much better than 182.5 days per year which was the expected downtime if 

there was a single IT node performing at 50% availability. These examples demonstrate the 

value of redundancy.  
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The points discussed here can be seen in Figure 4.3 as the two peaks at the 50% mark. Looking 

at the same data from a different perspective provides curves for the resulting availabilities, see 

Figure 4.4. The cut-off point of 98% was selected as it demonstrated visible variations, especially 

between ‘both links’ and ‘both nodes’, which visually appear to overlap when the Y axis shows 

a higher range. 

 

Figure 4.4: Model 1 - impact on ecosystem availability curves 

 
Using Model 1’s ‘both links’ curve as an example, there was an 8.981% delta between the 50% 

and 60% results, meaning that by increasing the availability of each network link from 50% to 

60% on each link provided an 8.981% increase to the overall ecosystems availability. However, 

increasing the availability of each network link from 90% to 100% would result in an increase of 

only 0.249% for the ecosystems availability.  

Figure 4.3 and Figure 4.4 show the degree by which each input impacts the ecosystem. To re-

iterate the example given earlier, varying one of the two network links has a relatively minor 

impact on the ecosystem. However, if both links vary, the ecosystem availability is highly 

impacted. Note, that as the variation in the inputs is not at regular intervals, the lines have a 

pronounced curve towards the right of the graph. The single iterations of nodes, network links 

and the data centre all demonstrate reasonably linear progression. As the data centre within 

Model 1 is standalone, a poor input availability has an understandably high impact.  
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4.4.5 Model 2 analysis 

Model 2 has some variation in the relationship between the expected availability of the 

ecosystem and the data centre cost. Like Model 1, the difference between the scenarios, using 

the BoC HA IT and those using the minimum HA IT, creates a significant gap allowing us to look 

at the data as two distinct sets. From a data centre cost perspective, the initial results from 

Model 1, scenarios 1-10 and 11-20 have mirrored data centre cost figures, see Table 4.13. 

Looking at scenarios 1-10 (M2/S01-M2/S10), it is interesting to note that scenario M2/S06 

outperforms M2/S04 and has a $2.5 million lower data centre cost. These differences will be 

looked at in more detail when the combined results are discussed. Table 4.13 shows the initial 

20 scenarios for Model 2, sorted by their ecosystem availability (output) and shows total data 

centre cost figures for each scenario. 

Table 4.13: Model 2 - original results plus data centre cost figures 

Model / 
Scenario 

Scenario Description Output 
Downtime / 

year 
(HH:MM:SS) 

Data centre 
cost 

 (in millions) 

M2/S10 2x Tier IV DCs w/ BoC HA IT 99.8071% 16:53:57 $122 

M2/S09 Tier III DC & Tier IV DC w/ BoC HA IT 99.8065% 16:56:48 $117  

M2/S08 2x Tier III DCs w/ BoC HA IT 99.8060% 16:59:40 $112  

M2/S07 Tier II DC & Tier IV DC w/ BoC HA IT 99.7965% 17:49:40 $94.5  

M2/S06 Tier II DC & Tier III DC w/ BoC HA IT 99.7959% 17:52:40 $89.5  

M2/S04 Tier I DC & Tier IV DC w/ BoC HA IT 99.7936% 18:05:01 $92  

M2/S03 Tier I DC & Tier III DC w/ BoC HA IT 99.7930% 18:08:04 $87  

M2/S05 2x Tier II DCs w/ BoC HA IT 99.7853% 18:48:29 $67  

M2/S02 Tier I DC & Tier II DC w/ BoC HA IT 99.7822% 19:04:41 $64.5  

M2/S01 2x Tier I DCs w/ BoC HA IT 99.7791% 19:21:08 $62  

M2/S20 2x Tier IV DCs w/ min HA IT 99.2567% 65:06:37 $122  

M2/S19 Tier III DC & Tier IV DC w/ min HA IT 99.2557% 65:11:59 $117  

M2/S18 2x Tier III DCs w/ min HA IT 99.2547% 65:17:22 $112  

M2/S17 Tier II DC & Tier IV DC w/ min HA IT 99.2368% 66:51:38 $94.5  

M2/S16 Tier II DC & Tier III DC w/ min HA IT 99.2357% 66:57:09 $89.5  

M2/S14 Tier I DC & Tier IV DC w/ min HA IT 99.2312% 67:20:34 $92  

M2/S13 Tier I DC & Tier III DC w/ min HA IT 99.2302% 67:26:08 $87  

M2/S15 2x Tier II DCs w/ min HA IT 99.2162% 68:39:29 $67  

M2/S12 Tier I DC & Tier II DC w/ min HA IT 99.2106% 69:09:12 $64.5  

M2/S11 2x Tier I DCs w/ min HA IT 99.2049% 69:39:09 $62  

 
Looking at either block of scenarios in Table 4.13, where the same IT availabilities are used 

M2/S01-10 or M2/S11-20, these results illustrate an important phenomenon. Regardless of the 

combination of data centres in the dual data centre model, the ecosystems availability shows 

only minor differences between the 10 combinations considered. There is only 2 hours 27 

minutes between the best and worst performing combination of data centres in scenarios 1-10. 
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By contrast, scenarios 11-20, which are identical except for the IT component availability, have 

a variation of 4 hours 32 minutes. This is interesting in two ways. Firstly, it provides an indication 

of the diminishing returns, while increasing the availability of the IT components. Secondly, the 

dual data centre scenarios perform well when compared to the results from Model 1, which had 

a variation of almost 28 hours and 20 minutes between the best and worst performing 

scenarios.  

As with the analysis of the Model 1 results, a selection of the Model 2 data was arranged into 

six series of data created by cycling through 10 variable inputs (50%, 60%, 70%, 80%, 85%, 90%, 

92.5%, 95%, 97.5%, 100%) through each Model 2 input. As with Model 1, a baseline scenario 

was selected to provide consistent inputs into the model; the selected scenario was M2/S08 

which has a redundant network with the baseline figure of 99.5% availably for each network 

link, a pair of Tier III data centres and uses BoC HA IT inputs.  

 

Figure 4.5: Model 2 - impact on ecosystem availability by cycling inputs 
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Figure 4.5 shows the impact of cycling each of the model inputs through the above variable 

inputs, showing the results for each series in the associated data table. The key difference 

between these results for Model 1 and Model 2, is the added resilience brought through the 

second data centre. There is an obvious dip when both data centres have a 50% availability input 

and as such, in Model 2, this results in a 72.771% overall availability, compared to the equivalent 

data point in Model 1 with a 49.904% overall availability. Each of the corresponding outputs are 

marginally better than the Model 1 results for the same reason.  

Looking at the data again from an alternative perspective, Figure 4.6 shows the degree by which 

each input improves the ecosystem availability as their own input increases. These trends are 

again, like Model 1, with a single network link availability input which has the least impact on 

the overall ecosystem while the data centres have the highest impact. For a comparison, refer 

back to Figure 4.4 above. As with Model 1 the results where both links were varied, there was 

a non-linear improvement in the overall availability when increasing the availability of the dual 

inputs. For example, increasing the availability of both IT nodes from 50% to 60% resulted in a 

9% increase of availability. At the other end of the same set of results, an increase from 90% to 

100% for the same nodes provides only a 1.003% increase for the ecosystem.  

 

Figure 4.6: Model 2 - impact on ecosystem availability curves 
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It is interesting to note that the variation of a single IT node provides a linear progression, with 

the increase of a single node from 50% to 60% providing an increase of 0.438% to the 

ecosystem. Once the same node reaches the 90% to 100% point, the increase to the ecosystem 

is still 0.438%. 

4.4.6 Model comparison 

From the first batch of results, and despite each of the ecosystems producing an availability 

better than 99%, there is a significant variation in the results, as illustrated by the expected 

downtime. The best performing ecosystem was from Model 2 Scenario 10 (M2/S10) with an 

expected downtime of almost 16 hours 54 minutes. This scenario is unsurprisingly the best and 

is described by a pair of Tier IV data centres with the BoC HA IT. By contrast, the same 

configuration with an IT system with a minimum level of availability (M2/S20) resulted in more 

than 65 hours of expected downtime per year. The best performing scenario from Model 1 was 

scenario 4 (M1/S04) with almost 17 hours and 18 minutes of expected downtime. This stacks 

up well against the bulk of Model 2’s results.  

To add additional context to the results above, the data centre cost calculations have been 

combined for Models 1 and 2. The results in Table 4.14 have been sorted by the output, from 

best to worst performing scenario – for ease of comparison, results from Model 1 are in green.  

Table 4.14: Combined results for scenarios M1/S01-S08 and M2/S01-S20 

Model / 
Scenario 

Scenario Description Output 
Downtime / 

year 
(HH:MM:SS) 

Data centre cost  
(in millions) 

M2/S10 2x Tier IV DCs w/ BoC HA IT 99.8071% 16:53:57 $122 

M2/S09 Tier III DC & Tier IV DC w/ BoC HA IT 99.8065% 16:56:48 $117 

M2/S08 2x Tier III DCs w/ BoC HA IT 99.8060% 16:59:40 $112 

M1/S04 Tier IV DC w/ BoC HA IT 99.8025% 17:17:59 $122 

M2/S07 Tier II DC & Tier IV DC w/ BoC HA IT 99.7965% 17:49:40 $94.5 

M2/S06 Tier II DC & Tier III DC w/ BoC HA IT 99.7959% 17:52:40 $89.5 

M2/S04 Tier I DC & Tier IV DC w/ BoC HA IT 99.7936% 18:05:01 $92 

M2/S03 Tier I DC & Tier III DC w/ BoC HA IT 99.7930% 18:08:04 $87 

M1/S03 Tier III DC w/ BoC HA IT 99.7895% 18:26:11 $112 

M2/S05 2x Tier II DCs w/ BoC HA IT 99.7853% 18:48:29 $67  

M2/S02 Tier I DC & Tier II DC w/ BoC HA IT 99.7822% 19:04:41 $64.5  

M2/S01 2x Tier I DCs w/ BoC HA IT 99.7791% 19:21:08 $62  
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M1/S02 Tier II DC w/ BoC HA IT 99.5490% 39:30:26 $67  

M1/S01 Tier I DC w/ BoC HA IT 99.4791% 45:37:39 $62  

M2/S20 2x Tier IV DCs w/ min HA IT 99.2567% 65:06:37 $122  

M2/S19 Tier III DC & Tier IV DC w/ min HA IT 99.2557% 65:11:59 $117  

M2/S18 2x Tier III DCs w/ min HA IT 99.2547% 65:17:22 $112  

M1/S08 Tier IV DC w/ min HA IT 99.2526% 65:28:34 $122  

M1/S07 Tier III DC w/ min HA IT 99.2397% 66:36:23 $112  

M2/S17 Tier II DC & Tier IV DC w/ min HA IT 99.2368% 66:51:38 $94.5  

M2/S16 Tier II DC & Tier III DC w/ min HA IT 99.2357% 66:57:09 $89.5  

M2/S14 Tier I DC & Tier IV DC w/ min HA IT 99.2312% 67:20:34 $92  

M2/S13 Tier I DC & Tier III DC w/ min HA IT 99.2302% 67:26:08 $87  

M2/S15 2x Tier II DCs w/ min HA IT 99.2162% 68:39:29 $67  

M2/S12 Tier I DC & Tier II DC w/ min HA IT 99.2106% 69:09:12 $64.5  

M2/S11 2x Tier I DCs w/ min HA IT 99.2049% 69:39:09 $62  

M1/S06 Tier II DC w/ min HA IT 99.0004% 87:33:41 $67  

M1/S05 Tier I DC w/ min HA IT 98.9310% 93:38:52 $62  

Note. Including data centre cost. Sorted by expected downtime per year. 

The results in Table 4.14 show a large gap between the equivalent BoC and the minimum HA IT 

scenarios. The best performing scenario, using the minimum HA IT, resulted in just over 65 hours 

of expected downtime per year. This is almost 19 hours 29 minutes more downtime than the 

worst performing scenario, using BoC HA IT. Additionally, the non-linear progression in the data 

centre cost column, demonstrates that some approaches are more cost effective than others.  

As highlighted above, the combined results from Models 1 and 2 had a clear difference between 

those using the BoC HA IT and the minimum HA IT input figures. So much so, that the best 

performing scenario with the minimum input was almost 19 hours 30 minutes worse than the 

poorest performer using the BoC HA IT. In addition to the data provided in previous tables, the 

delta from the M2/S06 output value has been calculated; this value represents the amount of 

time between each scenario and M2/S06.  

There are several interesting aspects to this data subset. Firstly, M2/S06, with an expected 

downtime of 17 hours 53 minutes per year, has a notably lower cost than both M2/S04 and 

M1/S03; $2.5 million and $22.5 million respectively. M2/03 is the only scenario in this sample 

that produces an inferior result while costing less than M2/S06, with a saving of $2.5 million for 

15 minutes of additional downtime, refer to Table 4.15. 
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Table 4.15: Scenario comparison - M1/S01-04, M2/S01-10 

Model / 
Scenario 

Scenario Description Output 
Downtime / 

year 
(HH:MM:SS) 

Data centre 
cost  

(in millions) 

delta from 
M2/S06 

(HH:MM:SS) 

M2/S10 2x Tier IV DCs w/ BoC HA IT 99.8071% 16:53:57 $122  0:58:44 

M2/S09 Tier III DC & Tier IV DC w/ BoC HA IT 99.8065% 16:56:48 $117  0:55:52 

M2/S08 2x Tier III DCs w/ BoC HA IT 99.8060% 16:59:40 $112  0:53:01 

M1/S04 Tier IV DC w/ BoC HA IT 99.8025% 17:17:59 $122  0:34:41 

M2/S07 Tier II DC & Tier IV DC w/ BoC HA IT 99.7965% 17:49:40 $94.5  0:03:01 

M2/S06 Tier II DC & Tier III DC w/ BoC HA IT 99.7959% 17:52:40 $89.5  0:00:00 

M2/S04 Tier I DC & Tier IV DC w/ BoC HA IT 99.7936% 18:05:01 $92  0:12:21 

M2/S03 Tier I DC & Tier III DC w/ BoC HA IT 99.7930% 18:08:04 $87  0:15:24 

M1/S03 Tier III DC w/ BoC HA IT 99.7895% 18:26:11 $112  0:33:30 

M2/S05 2x Tier II DCs w/ BoC HA IT 99.7853% 18:48:29 $67  0:55:48 

M2/S02 Tier I DC & Tier II DC w/ BoC HA IT 99.7822% 19:04:41 $64.5  1:12:01 

M2/S01 2x Tier I DCs w/ BoC HA IT 99.7791% 19:21:08 $62  1:28:28 

M1/S02 Tier II DC w/ BoC HA IT 99.5490% 39:30:26 $67  21:37:46 

M1/S01 Tier I DC w/ BoC HA IT 99.4791% 45:37:39 $62  27:44:59 

Note. Values are highlighted to enable comparison in line with the discussion, M2/S06 = yellow, 

then compared to M2/S06, better results = green, worse results = peach. 

 

Additionally, there is a high cost variance associated with either increasing or decreasing the 

downtime. For example, looking at M2/S10, which is the best performing scenario in this group, 

at a cost of $122 million, improves the expected downtime by less than an hour, at a cost of 

$32.5 million. However, at the other end of the scale, sacrificing an additional hour of downtime 

(M2/S05) saves $22.5 million. Figure 4.7 visualises this relationship between the rising data 

centre cost and the falling expected yearly downtime. The scenarios are sorted by cost from left 

to right. M1/S01 and M1/S02 have remarkably high expected downtimes compared to the other 

results, due to the previously discussed sensitivity of Model 1 to the data centre downtime 

figure. As such, the scale on the axis representing downtime, has been set to highlight the 

variation in the results, excluding these data points.  
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Figure 4.7: Data centre cost and expected yearly downtime (M1/S01-04, M2/S01-10) 

Note. Data points not shown for expected downtime/year are: M1/S01 = 45:37:39 and M1/S02 

= 39:30:26. 

Looking at the data in this way, there is a top-left cluster of low-cost configurations, M2/S01, 

M2/S02 and M2/S05, with expected downtimes ranging between 18 hours 49 minutes and 19 

hours 21 minutes. In the centre, a cluster of moderate cost configurations, M2/S03, M2/S06, 

M2/S04, M2/S07, have centred around 18 hours downtime; with M2/S06 being the lowest cost 

scenario providing less than 18 hours of downtime. M2/S03 is the second lowest, exchanging a 

small amount of downtime for a real cost saving. Finally, a cluster of highest cost options, 

providing the lowest downtime, are M2/S08, M2/S09 and M2/S10.  

Using the previous example M2/S06 as an anchor point, a comparison of scenarios can be made, 

looking at the variability of inputs that can achieve equivalent or comparable results. Figure 4.8 

takes M2/S06 and shows the makeup of the input values for it as well as three results either 

side of its output. With a variation across these seven scenarios of around 21 minutes of yearly 

expected downtime, the output values range from 99.7925% (M1/S130) to 99.7966% 

(M2/S362). This demonstrates that varied inputs can be used to achieve similar ecosystem 

availability. To illustrate this further, M2/S292 has only a 33 second per year difference when 

compared to M2/S06. However, their input values are reasonably different, with M2/S06 

making up one Tier II plus one Tier III data centre versus two Tier III data centres with improved 
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network availability on one network link. In this example, there is also $22.5 million difference 

in favour of M2/S06. 

 

Figure 4.8: M2/S06 and the 6 closest resulting scenarios 

 
The final observation regarding this output is the degree by which an input with a lower value 

needs to improve, to offset a small reduction in the availability for some of the higher value 

inputs. Looking at the same comparison between M2/S06 and M2/S292, the network link 1 had 

to improve by 2% (from 97.5% to 99.5%), to offset the loss of overall availability caused by one 

data centre being changed from Tier III to Tier II; a 0.241% drop from 99.982% to 99.741%. Table 

4.16 shows the input data and outputs for the scenarios referenced in Figure 4.8, with M2/S06 

and M2/S292 highlighted. 

Table 4.16: Input and output, compared to M2/S06 

Model / 
Scenario  

Network 
link 1 

Network 
link 2 

IT  
node 1  

IT  
node 2 

Data 
centre 1 

Data 
centre 2 

Output 
Downtime / 

year 
(HH:MM:SS) 

M1/S130 97.5% 99.5% 95.6411% 95.6411% 99.9950% N/A 99.7925% 18:10:27 

M2/S03 99.5% 99.5% 95.6411% 95.6411% 99.6710% 99.9820% 99.7930% 18:08:04 

M2/S04 99.5% 99.5% 95.6411% 95.6411% 99.6710% 99.9950% 99.7936% 18:05:01 

M2/S06 99.5% 99.5% 95.6411% 95.6411% 99.7410% 99.9820% 99.7959% 17:52:40 

M2/S292 97.5% 99.5% 95.6411% 95.6411% 99.9820% 99.9820% 99.7960% 17:52:07 

M2/S07 99.5% 99.5% 95.6411% 95.6411% 99.7410% 99.9950% 99.7965% 17:49:40 

M2/S362 97.5% 99.5% 95.6411% 95.6411% 99.9820% 99.9950% 99.7966% 17:49:16 

 

$50,000,000

$60,000,000

$70,000,000

$80,000,000

$90,000,000

$100,000,000

$110,000,000

$120,000,000

93.0%

94.0%

95.0%

96.0%

97.0%

98.0%

99.0%

100.0%

M1/S130 M2/S03 M2/S04 M2/S06 M2/S292 M2/S07 M2/S362

D
A

TA
 C

EN
TR

E 
C

O
ST

A
V

A
IL

A
B

IL
IT

Y

MODEL / SCENARIO

Network link 1 Network link 2 IT Node 1

IT Node 2 Data centre 1 Data centre 2 (model 2 only)

Output Data centre cost



 

137 
 

These results, and the analysis section have reviewed aspects of the data, including, Model 1 

and Model 2 results, both in isolation and in comparison.  

4.5 RELEVANCE TO RESEARCH QUESTIONS 

The first research question is “how is the availability of an IT system impacted by the design and 

placement of the IT components and data centre?” This modelling and the approach taken for 

each scenario provides sufficient data to measure the impact on the IT system being supplied 

by each model. Furthermore, it has been shown that a wide range of varied inputs can result in 

a comparable availability, meaning there are many potential paths to a desired outcome. In a 

business context, this provides some scope to ‘work with what you have’ and still achieve high 

availabilities for the ecosystem.  

The second research question asks, “at what point are organisations over-investing in certain 

aspects of their IT systems?” There are two observations in the data from the initial models that 

will help business decision makers to identify these points within their organisations. Firstly, the 

observed curve in Figure 4.4 and Figure 4.6 demonstrate a non-linear increase in the ecosystem 

availability, as the input values increased. These graphs showed, that some inputs have a 

diminishing impact as the ecosystem output availability approaches 100%, as the inputs 

increase. This was also seen in the later example illustrated by Figure 4.8, which shows that a 

proportionately significant increase in the network link availability is required to offset a 

relatively small decrease in data centre availability.  

These observations are not enough to address the investment question. As such, later chapters 

will introduce a cost element. A data centre cost formula was used to add this element to the 

scenarios, utilising standard data centre, tier availability figures. This provided a mechanism to 

compare the data centre cost with ecosystem availability. The Figure 4.2 scatter chart showed 

that it was possible to achieve a wide range of ecosystem availabilities, regardless of the data 

centre investment. The relationship between the output and the data centre investment was 

then explored further in Figure 4.7, where the results from a set of 14 scenarios compared 

expected downtime to data centre cost. This demonstrates the relationship between 

investment and the desired results. It is worth reiterating that the cost values used are indicative 

and not intended to be prescriptive. The suggested intention, for use by decision makers, would 

be to use realistic figures relevant to their organisation, using the formulas provided. While this 
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chapter looks at the data centre cost and has demonstrated that the model results can be used 

to explore this question; indicative cost calculations for the cost of downtime and the cost of 

the IT components will be required when the later analysis is undertaken in Chapter 7.  

The final research question asks, “how should an organisation balance the investment in IT and 

data centres?” The exploration of this question relates more directly to the interview data and 

the analysis, which will look at the opinions and pressures of industry experts. The data 

discussed in relation to the two previous research questions, will be able to support the 

discussion related to this question. Specifically, in relation to the performance of the ‘popular’ 

models described, through the interviews and identification of specific configurations within 

those models.  

While the results and analysis of the initial two models has been enough to demonstrate their 

ability to explore these questions., there are two elements that will be added or modified in the 

analysis of the full set of models resulting from the interviews of industry experts. These are the 

addition of an IT cost estimate and an equation that will provide data to compare the 

investment in the IT component to the ecosystem availability and the impact of different 

elements – in the same way that the data centre costs were used in this chapter. Secondly, the 

cost of downtime will be used to compare the investment vs cost, to allow better visualisation 

of the data generated by the models.  

4.6 CHAPTER SUMMARY 

Throughout this chapter, the scenarios and the results of the initial models have been explored. 

The goal of these original models and the initial data analysis was to see to what degree this 

approach can answer the research questions. While some gaps have been identified, specifically 

relating to the cost of model components, the approach to modelling and the scenarios has 

provided enough data to explore the questions posed.  
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5 INTERVIEW RESULTS  

5.1 INTRODUCTION 

The key purpose of this chapter is to explore how industry experts approach the deployment of 

their IT systems, taking into account multiple data centres and cloud locations. It will also 

provide validation for, or challenging, the assumptions within the model design. Additionally, 

the context provided through the interviews will help frame the findings during the final 

discussion. 

This chapter presents the results from the ten interviews that were conducted with a range of 

industry experts and decision makers. As demonstrated in Chapter 4, the output from the 

models created produced data appropriate for exploring the research questions. The interviews 

will provide direct industry context of how decision makers view data centre and IT placement 

decisions and present a critique against the initial models, contributing to validation, refinement 

and providing alternatives.  

The chapter will be broadly divided into two parts;  

• a qualitative analysis of the interview discussions and  

• a description of the alternative models that represent the IT environments described by the 

industry experts.  

5.2 LOCATION WITHIN RESEARCH METHODOLOGY 

Chapter 3 detailed the research framework for this project which builds on the model proposed 

by Peffers et al (Peffers et al., 2007). This chapter evaluates the validity of the models and the 

resulting data by interviewing a range of industry experts. As discussed, our participants are 

decision makers in their organisations with relation to the placement and design of IT systems 

and have multiple data centres at their disposal. This evaluation of the original models will 

inform the iteration of the model design and lead into the revised simulation. The interviews 

aimed to validate the two models, while keeping an open mind to novel approaches that could 
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also be modelled. Figure 5.1 illustrates this chapter’s location, the first ‘evaluation’ step of the 

research framework.  

Identify problem & 
motivate

Define objectives of 
a solution

Design & 
Development

Demonstration

Evaluation

Communication Feedback to participants and publication

Interviews and analysis Discussion

Revised simulation

Revised model design

Simulation

Initial model design

Develop a tool that would allow decision makers to determine 
the best way to deploy their IT services to a target availability

Observed lack of industry clarity regarding a holistic view of IT 
service deployment across multiple data centres.

 

Figure 5.1: Research Framework - evaluation through interview 

5.3 INTERVIEW METHOD RECAP 

A semi-structured interview style has been chosen, as its key strength lies in providing the 

participant scope to elaborate on the topic and relate their stories that can then be used to 

refine the proposed models (Myers & Newman, 2007). 

The semi-structured interview method was discussed in Chapter 3. They were conducted in a 

comfortable setting chosen by the participant. Each interview was recorded, with the consent 

of the participant. The goal and purpose of the interview were described, and a series of semi-

structured questions were asked. Typically, the questions explored each industry experts’ 

experiences with choosing IT hardware locations, data centres and the impact of service 

availability on their decision making. After the open-ended questions were completed, the 

proposed models were shared and the participant was asked to comment, critique or offer 

alternatives. In addition to a general discussion, the participants were asked to broadly group 

the environments they oversaw into a specific model or to provide alternatives. The main goal 

was to understand the ‘popularity’ of different approaches.  
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In terms of analysis, once the interviews were completed, each was transcribed and loaded into 

NVivo Pro 11 for Windows for coding. A thematic analysis was undertaken, breaking each 

transcript into contextualised statements that were coded to an evolving set of themes and sub-

themes using a deductive (top-down) approach to iterate through the information from each 

interview. 

5.4 PARTICIPANTS 

Chapter 3 described how the interview participants were selected, and what steps were taken 

to make them feel comfortable and how the interviews were conducted. In summary, each 

participant had to be experienced in the placement of IT between data centres or cloud 

locations, and currently in a decision-making position. Some of the interviews were conducted 

face-to-face in a quiet location, or via Skype, at a time and place that best suited the participant. 

All interviews were conducted by the primary researcher and recorded for later transcription. 

This section of Chapter 5 looks at the participants and how they described their experience, 

their organisations, roles and responsibilities.  

From the pool of participants, the experience ranged from final decision makers, such as IT 

Directors, to supporting team members such as solution architects. For example, Participant 3 

is the Director of their organisations’ IT department, with a hands-on role in placement 

decisions across several data centres. “I head up the IT Department here. … In my current role, 

I've got IT operations under me, business transformation, and application and architecture. IT 

operations is where most of the data centre stuff happens.” (Interview 3).  

A few participants that were in advisory roles, such as solutions architects, stated that they are 

responsible for how systems are designed and deployed, but do not have involvement in a final 

decision from a budgetary perspective. For example, Participant 4 described their position in 

this way; “I'm an Infrastructure Solution Architect … and I’ve been involved in building 3-4 data 

centres over the years and architecting the infrastructure that goes in there - both at a software 

and hardware level.”, “I make a recommendation to a delegate; but the delegate really takes a 

sort of financial and business risk approach to it” (Interview 4). 

Other participants described their role in decision making, in terms of their role within in large 

processes. Participant 5 spoke about their role in tenders, “I have evaluated and selected 3, 4, 

5 data centres that we currently use around the country. Within that, we go out to tender, we 
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do the whole site selection, power consumption, water cooling, the whole lot.” (Interview 5) 

However, they also spoke about being responsible from an operational perspective, “I’m 

responsible for the data centres, the facilities, the infrastructure, the networks, the voice all that 

kind of stuff has all been bundled into a single team”, (Interview 5).  

There is a total of 182 years of experience across the 10 participants related to the placement 

of IT infrastructure between data centres; with individual years of experience ranging from 8 to 

34 years. For the purposes of the analysis the range in the years of experience across each 

participant has not been factored into the analysis. The assumption being that each opinion 

captured is equally valid. Table 5.1 provides a summary and includes their roles.  

Table 5.1: Participant years of experience 

Participant Years of Experience Participant role 

Participant 1 15 Architecture and Planning 

Participant 2 18 Vendor and Infrastructure Manager 

Participant 3 10 IT Department Director 

Participant 4 15 Solutions Architecture 

Participant 5 8 Network and Facility Manager 

Participant 6 8 Technology Lead 

Participant 7 30 Services Manager 

Participant 8 20 Chief Technology Officer (CTO) 

Participant 9 24 Director 

Participant 10 34 CIO advisory consultant (former CIO) 

 
In addition, participants represented a broad range of industries. A total of 9 separate industries 

were represented, with Participant 10 giving detailed examples from two separate 

organisations. The industries represented by the participants were; Higher Education (x2), 

Financial Services (Health Insurance), Federal Government (x2), Digital Marketing (SaaS 

provider), Banking, Telecommunications, Mining (Project Control), an Energy Utility provider 

and Local Government.  

5.5 THEMES 

As described in the methods chapter, the deductive thematic analysis is a top-down approach 

that allows the researcher to pre-define a series of themes that they expect the results to 

broadly fit into (Braun & Clarke, 2006). This is opposed to an inductive, or grounded theory, 

approach where the data is analysed without pre-defined themes (Braun & Clarke, 2006). 

Thematic analysis is an iterative approach where the themes change and evolve. This research 
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project used the 15-point checklist for good thematic analysis proposed by Braun and Clarke 

(Braun & Clarke, 2006) to help ensure a high quality analysis. Table 5.2 describes the pre-defined 

themes, before analysis began. In hindsight, there were some obvious duplication in the original 

themes, however this will be described when looking at how the themes were modified.  

Table 5.2: Pre-defined themes 

Pre-defined theme Description 
AVAILABILITY 

• Factors in decision making? 

The intent of this ‘availability’ theme is intended as a catch-all for 
understanding if availability factors fit into the broader decision making 
of IT placement.  
 

DATA CENTRE 

• Tier 

• Single Data centre 

• Dual Data centres 

• More than two Data centres 

• Cloud in active use 

• Size 
 

The ‘data centre’ theme is intended to break-up the information into key 
attributes. This provides a way of determining the size, tier and number 
of data centres, or the use of cloud.  

DECISION MAKING 

• Availability 

• Convenience 

• Cost 

• Proximity 

• Strategic placement 
 

The intent of the ‘decision making’ theme is to capture the key factors 
impacting each participants decision making. The aim being to see to 
what degree each decision maker felt that availability was a principal 
factor when designing and deploying IT systems. This would also create a 
hierarchy of key factors into that decision-making process with an 
indication of where availability sits.  

INTERVIEW EXPERIENCE 

• Decision Maker 

• IT Expert 

• Data centre Expert 

• Years of Experience 
 

The ‘participant experience’ theme was simply to capture how the 
participants described themselves and their experience. It was expected 
that participants would identify with either IT, or data centres, in the 
context of their expertise.  

ORGANISATION 

• Sector 

• Size 
 

The ‘organisation’ theme aimed to collect information about the 
organisation, their sector and size.  

IT SYSTEMS 

• Approx. Number 

The ‘IT Systems’ theme is intended to capture the number of systems that 
each organisation and the nature of the applications being presented by 
those systems. These range from the differentiation between internal 
versus customer facing, to other relevant points raised during discussion.  

MODELS 

• Model 1 
o Variation 

• Model 2 
o Variation 

• Alternate Models 
 

The ‘models’ theme is intended to capture all commentary relevant to 
the initial models and to the creations of alternatives. These include 
comments on the initial models and then statements that would indicate 
a variation. Finally, this theme would also capture any suggestions that 
would become alternatives to the initial models.  
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These themes changed significantly throughout the coding process. The coding process resulted 

in a total of nine main theme groupings, comprising numerous sub-themes. There are six 

themes related to the views and opinions of the participants. Three themes that are largely 

administrative and relate to data collection such as year of experience, or number of IT systems, 

and a theme capturing the comments made against each question, providing the ability to 

quickly cross reference. See Table 5.3 for a full list of the themes, examples of their sub-themes, 

descriptions and a count of the number of comments coded to each theme grouping. 

Table 5.3: Final Themes 

Themes and examples Description 
Number of 
Comments 

QUESTIONS 
 

This is a largely administrative group for codes. It includes all the 
discussions resulting from each question, regardless of the direction 
that the conversation took. This is used to cross reference and 
provided context during analysis.  

243 

DECISION MAKING 
- Factors when choosing 

hosting location 
- The design of DC and IT 

don’t consider each other 
- A holistic view is important 
- Etc. 
 

This significant theme group had the highest number of references 
and included a large variety of themes that describe how they 
impact the decision making. Some themes also had additional levels 
of sub-themes, providing additional context to the narrative. For 
example, the ‘holistic view is important’ theme has three sub-codes, 
one with straight forward comments supporting the importance of 
a holistic view, one specifically talking about problems that can 
arise. IT and data centres are considered separately and a final code 
relating to the potential cost when data centres are not properly 
understood by decision makers.  
Note that the pre-defined ‘availability’ theme was merged into this 
theme.  

125 

DATA CENTRE AND CLOUD 
- Tier 
- Cloud – concerns and 

challenges 
- Cloud – supportive and 

positive 
- Etc. 

The ‘data centre and cloud’ group includes a range of perspectives 
and views on the use of cloud, data centres and co-location hosting 
(Co-Lo). Some examples include groups within the ‘tier’ theme 
relating to the formal data centre tier rating not being understood, 
relevant or considered trustworthy.  

67 

FACT AND FIGURES 
- DC and environment size 
- Org – sector 
- Environment – Cloud in use 

(IaaS or PaaS) 
- Etc. 
 

This group captures most of the more quantitative data points used 
throughout the analysis. This grouping is a merging of several of the 
original themes and themes taking all the codes that were simply 
counting or capturing a specific feature discussed throughout the 
interviews. For example, the number of organisations using cloud 
services such as Infrastructure as a Service (IaaS) or Platform as a 
Service (PaaS). 

67 
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MODELS 
- Model 2 – Dual DC 
o Variation – Cloud 

instead of DC and Links 
o Etc. 

- Model 1 – Single DC 
- Internet not required, 

internal network only 
- Etc. 

The ‘models’ theme is largely unchanged from the original pre-
defined themes. A new theme relating to how networks were 
described was captured. It was originally intended for alternative 
models that were quite different to the original two models to have 
their own themes. However, much of the conversation in this regard 
stemmed from looking at the two model images as such, even when 
the environment described by the participant bore little 
resemblance to the previously presented model, it provided useful 
context to ensure accurate interpretation of the suggestions.  

52 

PARTICIPANT EXPERIENCE 
- Years of experience 
- IT expert 
- Decision maker 
- Data centre expert 

The ‘interview experience’ code group collected the data on the 
participant’s experience, both in terms of the nature of their role, 
the years of experience and confirmation that they are in a decision-
making position.  

26 

NETWORK LINKS 
- Internet vs. private network 

connectivity 
- Specialised network links 

for security 
- Etc. 

The ‘network links’ theme captures the discussion around the 
network element of their environment. For example, a few 
participants spoke about the importance of private networks over 
and above internet connectivity and how their networks were 
distributed.  

20 

OUTAGES 
- Hard to restart everything 

when there is a real outage 
- Has experienced outages 

with Co-Lo 
- Keeps people out of DC 
- Etc. 

A small number of references were made to outages and under 
what circumstances they were experienced. Many of these 
comments are also coded to other themes but are called out for 
separate analysis. For example, a participant commented on the 
funding boost received after an outage. This comment is also coded 
to the relevant decision-making sub-theme. 

15 

IT SYSTEMS 
- IT tiers used 
- Preference for owned and 

operated IT  
- Service 
- Etc. 

The ‘IT systems’ theme provides a grouping for all the commentary 
from participants relating to their IT systems. The bulk of the 
discussion relating to IT systems was captured as a part of the 
‘decision making’ or ‘model’ discussions, making this theme quite 
small. Primarily a catch all for opinions on the IT systems that did 
not neatly fit within one of the other themes. For example, one 
participant had an in-house tier system for their IT systems, like the 
data centre tier categories.  

7 

Changing customer 
expectations 

This ‘theme’ will not be discussed and is being treated as an outlier.  
1 

Note. Sorted by the aggregate number of participant comments. 

The five key theme groups are: ‘Decision Making’, ‘Data Centre & Cloud’, ‘Network Links’, ‘IT 

Systems’ and ‘Outages’. The ‘Models’ theme will be discussed separately and used as a basis for 

the model alternatives section later in this chapter. The ‘Facts and Figures’, ‘Participant 

Experience’, and ‘Questions’ will not be discussed separately but were used to contextualise 

comments in the analysis of the key themes.  
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5.6 INTERVIEW RESULTS 

5.6.1 Decision making 

The ‘Decision Making’ theme incorporated 124 references from all ten participants. It is broken 

into numerous components, some related to each other and some to other themes. This section 

will discuss the major themes that emerged in relation to decision making. There are four main 

sub-themes, and some other comments of note, that make-up the ‘Decision Making’ theme, 

these are: 

1. Choosing a hosting location 

2. Taking a holistic view 

3. The importance of availability 

4. Strategic placement of IT 

5.6.1.1 Choosing a hosting location 

The largest number of references within this group is related to factors taken into account when 

choosing hosting locations, with 55 references across all 10 participants. The list of factors 

supplies an approximate hierarchy to its given importance. Table 5.4 shows the list of sub-

themes, the number of participants who made a comment, and the number of comments made 

by the participants. 

Table 5.4: Factors when choosing hosting location 

Sub-themes 
Number of 
participants 

Number of 
comments 

Distance and latency 7 12 

Business or client expectation 7 9 

Cost vs risk 3 5 

IT Strategy 3 4 

Cost 3 4 

Service dependant 3 4 

IT security 2 4 

Accessibility 1 1 

Privacy 1 1 

Access and or remote hands 1 1 

Avoid reputational or financial impact 1 1 
Convenience 1 1 

Integration considerations 1 1 

Risk appetite 1 1 

Uptime is a key factor when selecting a DC 1 1 

Equipment age 1 1 

Physical security 1 2 

DR more important than availability 1 2 
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Distance and latency were raised as a decision-making factor 12 times by 7 participants. This 

theme relates to the need for some IT systems to be based in some proximity to whoever uses 

them, due to latency concerns. Participant 8 spoke about this, saying “certain applications 

where latency [is an issue] … distance between data centres … actually plays a part. For given 

application, if it requires, based on the uptime we want to deliver, three different diverse 

locations, and if that application can only allow those to be three different ones within a capital 

city, then that's a driver as well” (Interview 8).  

Not all comments related to latency as a key factor. Participant 3 felt that the importance of 

latency was diminishing due to improvements in technology and the dropping cost of network 

infrastructure: “You will probably find these days that network latency is not as big of an issue 

that it used to be. Going back 10 or 15 years ago - yeah network was expensive - but these days 

you know a 1GB fibre pipe between here and Sydney is not that expensive, so you know it’s not 

as bad as it used to be.” (Interview 3) 

Furthermore, this theme included discussion about distance and proximity, without discussing 

latency specifically. In these cases, the location was taken as a key decision-making factor, but 

not because of latency, but due to physical proximity to the users of the IT system. Participant 

2 described this as, “some of the decision making comes down to the proximity to the users to 

give them the best experience, even having said that there is a fibre link between the two data 

centres so you could probably argue that the user experience wouldn't be impacted anyway”. 

(Interview 2) 

Some of these considerations have a strong cross over. For example, Participant 6 spoke about 

performing demographic scans of their customer traffic and then selecting cloud hosting 

locations closest to the bulk of the users. “We do perform a demographic scan on the customers 

of our customers and look at the traffic and to see where the traffic is coming in and we primarily 

try to locate the nearby data centre” (Interview 6). Some other factors, related to physical 

proximity, were captured. For example, three participants preferred locations that already 

housed related or dependant services. Participant 2 discussed preferring locations physically 

close to users and staff. Similarly, access to reliable ‘remote hands’ was also a factor for 

Participant 8. 



 

148 
 

Business or client expectation was the next most discussed factor, with 7 out of the 10 

participants calling it a critical factor in their decision-making process. This theme is primarily 

linked to availability, as a flow on effect, driven by business expectation. Participant 3 had 

specific uptime targets set by the company Board through their Business Continuity Plan, “ when 

we updated our business continuity plan. The board were very clear around the RTOs and RPOs. 

… they set their expected RTO and RPO. To me, my lowest constraint there is 4 hours.” (Interview 

3) Recovery Time Objective (RTO) and Recovery Point Objective (RPO) both refer to a common 

way of approaching uptime and downtime for IT systems, focusing on how long it takes to return 

a system to a working state after an outage (Nabi et al., 2016).  

For others, the same demands on their systems were set directly by clients, rather than by their 

own organisation. Participant 7, who hosts their software on the cloud, spoke about how they 

designed each IT system to the needs of the client. “Depends on the industry we are working. 

There are certain industries where the uptime is not really critical because there are certain 

services which need to run on certain time frames; and for them it’s not really important. … even 

if you say 99.99% its 22 mins downtime per month, so certain clients don't approve that.” 

(Interview 7).  

Cost versus risk, was raised by three participants with five comments. This theme relates to 

business or customer expectations. The underlying premise is similar; however, these 

comments are more about tempering what is possible through cost restrictions, rather than 

setting a target based on expectations. This point is articulated during interview 3. “We all know 

as IT nerds; we can build a system that fails once a year for five minutes if that. But the cost of 

doing that, most businesses won’t want to spend the money on that type of redundancy and 

that type of geographical separation and that type of stuff. So, it always comes down to cost 

and risk.” (Interview 3) This was also re-iterated in terms of risk appetite by one comment. 

Additionally, investment in more redundancy is also seen to minimise risk, as it links closely to 

the business or client expectation and demonstrates a clear connection between the thinking 

behind each strategy.  

IT Strategy was the next most commented factor with four references between three 

participants. In part, comments here related to a push for IT infrastructure to move to the cloud. 

One participant pointing out that the push was not always merit based, but rather, driven by 

copying other big organisations. Participant 10 stated that “the marketing process from the big 
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end of town basically got into the heads of the executive and said in 2011 or 12, we are moving 

everything to the cloud, we don't want anything on premise” (Interview 10). Participant 1 also 

pointed out that other factors, such as the age of equipment and business direction, played a 

part in shaping their IT strategy.  

The Cost sub-theme is related to the ‘cost versus risk’ theme, however, it was more of a 

commentary on affordability in their organisation’s context. “I think one of the issues that is 

going to be important in understanding the cost drivers is making sure that business understands 

the total cost of ownership” (Interview 10).  

The final sub-themes of note weave through several related topics including security, both 

logical and physical as well as privacy. These sub-themes were only mentioned by three of the 

participants, and mainly in passing. For example, participant 8 states, “a number of our 

customers have been more insistent around security certifications. This is different to uptime. 

That we're potentially moving towards more commercial or certified data centres in order to tick 

those boxes from a customer's perspective for the higher-level applications.” (Interview 8).  

Only one participant called out data centre uptime as a key factor in the context of choosing a 

hosting location; with the exception of the comments already discussed above that relate more 

directly to risk or customer expectations.  

In summary, this theme related to choosing the hosting location for IT systems and can be 

summarised through the dominant themes that emerged. One of the main themes related to 

matching the resilience of a system to the business or client expectations. This was extended by 

the conversations surrounding balancing cost and risk. Other key factors relate to the physical 

location, either in the context of avoiding latency for users or simply a logical decision to place 

IT systems close to their primary users to avoid a range of potential risks. This can broadly be 

characterised as ‘performance considerations’ rather than availability related.  

Cost also played a key role in decision making process. This was either in the context of risk, or 

simply relating to affordability. A consistent thread across all discussions was in relation to 

looking individually at each IT service rather than applying a one size fits all approach. When 

asked specifically about the uptime of different classes of system, Participant 8 sums up this 

sentiment succinctly, “It's considered on a service by service basis. So different services, whether 
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they be customer-facing or internal, they'll have a specific uptime requirement. We tend to treat 

each of them, for the most part, on a case by case or a service by service basis.” (Interview 8) 

Based on the discussions and analysis, the top five priorities when choosing a host location for 

IT systems are: 

1. Physical proximity and latency considerations  

2. Business or Client requirement determine the target availability  

3. Balancing cost and risk 

4. Cost 

5. Security and privacy 

5.6.1.2 Taking a holistic view 

Several themes were based on the idea of taking a holistic view of both IT and data centre 

considerations. This collection of sub-themes ranged from factual statements that it did not 

happen, emphasising how important it is, or lamenting the difficulties of doing so. A total of 39 

comments from four participants related broadly to this theme. The sub-themes are outlined in 

Table 5.5. 

Table 5.5: Taking a holistic view 

Sub-themes 
Number of 

participants 
Number of comments 

The design of DCs and IT don’t consider each other 3 16 

A holistic view is important 2 12 

Decision makers don’t understand technical constraints 2 5 

Copy the cloud giants’ approach 2 2 

Bad decisions within DCs 1 2 

Network and data centre operations merged 1 1 

Redundancies within the DC often ignored 1 1 

 
The most significant part of the ‘Holistic View’ theme, were the discussions relating to perceived 

issues between the IT components and data centres. The crucial point being, that data centre 

and IT decision makers (when separate) do not interact or consider each other in their decision-

making process. Participant 4 states, “the decisions made about how we architect that [IT 

systems] is made by different people in isolation from the decision at this layer [data centres] 

and vice versa” (Interview 4). This is a nuanced theme, with one statement pointing out that the 

data centre tiers are not considered during the design of IT systems, but there are 
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considerations for networking. One participant raised several times the view that IT 

professionals did not understand the data centre side of the equation. “I think it is a macro level 

decision, because a lot of ... I'll call them IT people, as from data centre people, so that's the 

terminology I'll use, which is architects, database administrators, application administrators, 

service desks, they don't really understand what data centre certification means. They will sign 

up for a tier three data centre, because it only has on average, whatever it is, eight minutes 

outage per year.” (Interview 10). 

Another element to this conversation, was the idea that data centres do not tailor their needs 

to the IT equipment within. This idea is based on commercial data centre providers offering 

options from a technical data centre perspective but are not related to the nature of the 

services; from Participant 8, “data centre providers are able to offer interesting things like 

hot/cold aisles and so on, which are great for servers. I haven't observed ... data centres trying 

to tailor their offerings for the type of the service that we're going to be running on those 

servers.” (Interview 8). Later in that interview Participant 8 also stated they would be interested 

in understanding more deeply the approaches taken by the likes of Google, which includes in 

part, blending the design of data centres to match their highly specialised yet generic IT 

infrastructure. “They've been famous for this, I suppose ... in terms of moving towards 

commodity, inexpensive, just lots of redundancy, on the assumption that 10% of their hard drives 

are going to fail, but it can't impact the service. So, if you scale it up to a large number of 

inexpensive data centres or paths, then it kind of gets you a same result.” (Interview 8) 

There were 11 comments made emphasising the importance of taking a holistic view. 

Participant 10 gave a cautionary tale relating to an organisation that made an attempt to 

simplify their environment through a move to cloud and commercial data centres. Their 

example described a lack of understanding, resulting in poor tender requirements, and then 

compounded by other poorly informed decision making. The result was an increase from two 

to nine hosting locations plus cloud elements. “They read the blurb, less than eight minutes, or 

I think it's eight minutes downtime in a year, and they're active-active, so they're sharing the 

workload. They thought, ‘We will never have an outage.’ Right, IT people, we will never have an 

outage. What ended up happening, after probably three years of remediation of major failings 

in their IT service, they ended up with nine hosting locations”, “it cost them millions.” (Interview 

10). 
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A few final elements from this theme include an organisation that had their data centre and 

components of IT operations merged. Another organisation had their data centre manager 

reporting directly to their CIO, highlighting the importance that organisation saw in the data 

centre component. Finally, there were comments around poor decision making within data 

centres, creating hot spots and reducing the efficiency of the facilities. Participant 4 argued that 

while grouping equipment together might appear “ordered and it looks neat in the data centre, 

but it’s not smart.” (Interview 4)  

The key takeaway from this theme is the importance of taking a holistic view when making 

decisions is of critical importance, whilst avoiding expensive issues or mistakes.  

5.6.1.3 The importance of availability 

In total, there were nine comments during six of the interviews, that spoke separately about 

the importance of availability. The importance of availability in decision making, surrounding 

the design and placement of IT systems, began to come through the theme relating to the 

factors when choosing a host location, in the form of catering for business or client needs. Six 

of the participants also commented on availability as a separate concept. One example, 

reinforced in the previous theme, commented that 24/7 customer facing services drive a focus 

on availability. Participant 3 provided an excellent example from the insurance industry, “we 

have customers around the whole country… If the system goes down, you’re at the dentist and 

you swipe your health insurance card and it says ‘funds not available’ and you just paid $5000 

dollars for the crown you just got, you're going to be pretty pissed off if you can't claim on the 

spot. So, you know, it is one of those systems that we know customers use it 24/7. The other flip 

side to think about with us as an insurer is that hospitals check. When you go to a private 

hospital, they check your health insurance is valid before they let you in.” (Interview 3) 

More generally, the six participants talked about availability or uptime, factoring in through the 

functional requirements during the IT system design process. The focus on availability, 

highlighted through outages, can also result in a boost in funding, focused on improving 

availability of the data centres or on the system in question. Participant 2 puts it like this, “we've 

had major outages… [and] we were given a boost to funds to setup a satellite data centre for 

redundancy purposes, [availability] is taken very seriously. It goes into the decision making for a 

particular product or how to architect it.” (Interview 2) 
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5.6.1.4 Strategic placement of IT 

The final significant sub-theme within the decision-making group is the strategic placement of 

IT equipment. Seven participants commented on how they chose the locations for their IT. One 

participant cited strategic placement for business critical or ‘core’ systems that they want the 

best experience for. While others talked about distributed systems that support the focus of 

what they do, “when it comes to telecommunication services, the actual location and the fibre 

access becomes important. That's because the uptime of a network is dependent, to a certain 

extent, on the geography of that network, and the geography of where our customers are 

connected to that network.” (Interview 8). This links to, and reinforces, the comments relating 

to customer needs discussed earlier as a part of this theme.  

5.6.1.5 Additional comments of interest 

There were several other comments worth mentioning. There were three statements related 

to the internally managed services, which hide the full cost of IT systems, making it difficult for 

decision makers to compare their current systems with hosted or cloud alternatives. For 

example: Participant 10 noted, that in his view and observation, CIOs were moving towards 

modelling their IT costs more holistically, “I'm seeing more and more CIO's now doing budgets 

around service cost, not infrastructure piece cost” (Interview 10).  

Two participants felt that internally facing systems did not get the same rigor applied to them, 

when compared to more important systems. “I’d say broadly speaking these systems fall into 

two categories. If it's an internal system, we look into what we can afford. If it’s an external 

system, there is significant investment.” (Interview 4). 

5.6.2 Data centre and cloud 

The ‘Data Centre and Cloud’ theme grouping captures comments from all ten interviews and 

includes 69 comments. These broadly capture discussions about data centre tiers, the concerns, 

challenges and benefits as well as some additional statements that help to round up the 

discussion. There are two main sub-themes that are discussed below, tier ratings and cloud. 

5.6.2.1 Tier ratings  

The largest theme in this grouping encapsulates the commentary on the data centre tier rating; 

often used as a selling point for commercial data centres and a design guideline for owned and 
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operated data centres. This theme had 22 statements made by 9 participants. The sub-themes 

are listed in Table 5.6, sorted by the number of comments. 

The key idea that arose from this theme related to a poor understanding of the data centre 

tiers. Six out of the ten participants either did not know the tier rating of their data centres or 

did not understand the formal tier rating system for data centres. This was somewhat surprising 

given each of the participants have years of experience making decisions about data centres 

and their use. During interview 2, when asked if they knew the tier rating of their data centres 

they answered ‘no’. Participant 1 knew what the tier ratings were, but not how their data 

centres stacked up, “I don't know that it's ever been rated, but it would probably be Tier II, I 

guess.” (Interview 1) Participant 5 didn’t use the uptime institute or TIA definitions of data 

centre tiers, but instead used the same terminology with their own internal definitions, “so, our 

Tier I's are full 24/7, you know, 365, full self-contained” (Interview 5). This general lack of 

knowledge about how data centres are rated, is described by Participant 4, as follows, “I’ll also 

add it’s actually not an easy question to answer because most of the time when you walk into a 

data centre and ask them what tier they are they'll all say, 'we're Tier III' and in fact that's often 

not the case” (Interview 4).  

Table 5.6: Tier ratings 

Sub-themes 
Number of 

participants 
Number of 
comments 

Don’t know their tier rating 4 4 

Tier rating isn’t understood 3 3 

Sceptical of the value of tier ratings 2 3 

Tier III is our sweet spot 1 2 

Co-Lo – tier doesn’t matter, just a backdrop to their SLA 2 2 

Experience and reputation more important than certification 1 2 

Cost of certification is high 1 2 

Certification isn’t strict 1 1 

Tier rating doesn’t factor in 1 1 

 

There was also scepticism of the value of tier ratings. Participant 4 went on to tell a story about 

an unrated data centre that was created with physical security in mind, not availability or formal 

design guidelines, but performs unexpectedly well, in their view. “You can look at availability of 

data centres and when you sort of normalise that across a very large sample you probably can 

make a strong argument that Tier I data centres are less reliable than Tier III, but actually 
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sometimes... Well we have 4, one of them is simply in the basement in the building that we're in 

and I don't even think it would constitute a Tier I data centre. … It's running on office air 

conditioning, building power plus rack mount UPS'. But for what's in there the concern isn't 

actually availability its security. …  in our case, has proven to be the most reliable!” (Interview 

4). Participant 4 went on to explain, that the building was quite new and had power generation 

capabilities, as well as other redundancies common to data centres.  

Only one participant targeted a particular tier level of data centre, Participant 7, who said, “for 

us, a sweet point is tier three, because it has the right level of availability, resilience, and that 

sort of thing, without making it overly hard for humans to operate.” (Interview 7) However, in 

their qualification of this decision, they also made the point that the tier ratings were not a firm 

guideline, “Tier ratings are an engineering term and their relevance to how well those systems 

are maintained, or the failures of the systems are different. Experience as a service is somewhat 

divorced sometimes from their actual tier rating, but there's no doubt that the higher tier rating, 

the more resilient the system will be.” (Interview 7) This idea is supported by Participant 3 and 

Participant 9 who felt that the tier ratings were largely irrelevant. The important thing for them, 

was that the SLA offered by the data centre provider was the critical point to consider. 

Participant 3 put it this way, “I have a contract with that data centre, hosting provider that gives 

me my four 9's, and if they don't meet those four nines I get a scaled penalty back in the form of 

rebates.” (Interview 3) Again, extending this idea further, Participant 8 felt that experience and 

reputation was more important than tier ratings or certifications, “[it’s] not so much around 

uptime, I suppose. For the most part, we've tended to be pragmatic and go with data centres 

who, we believe, based on either the capabilities that they offer or our prior experience with 

them, can offer the relevant uptime and sort of tended to preference lower cost on that front.” 

(Interview 8) 

The final few comments within this theme, relate to the high cost of certification and a view 

that certification is not particularly strict. Note the certification levels defined by The Uptime 

Institute have multiple levels of formal certification for data centres, the most common being 

‘certified design documents’, then ‘constructed facility certification’ (UptimeInstitute.com). 

There is also an ‘operational sustainability certification’ that needs to be maintained, involving 

regular audits of the data centre, while in use, to maintain certification (UptimeInstitute.com). 
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The discussion surrounding tier ratings can be summarised generally, in that the tier rating is 

either not well understood, or not considered. The experience of decision makers, or SLAs, with 

service providers is seemingly more important. 

5.6.2.2 Cloud 

The discussion around the use of the cloud in relation to data centres was discussed with 28 

comments across 4 of the interview participants. Four participants discussed concerns and 

challenges, with three participants providing a series of supportive and positive statements. 

Table 5.7 provides an overview of the ‘concerns and challenges’ sub-themes sorted by the 

number of comments.  

Table 5.7: Cloud – concerns and challenges 

Sub-themes 
Number of 
participants 

Number of 
comments 

Cloud creates a disconnect between IT and DC 3 11 

Cloud requires a change to how you design application and services 2 2 

Cloud hides data centres 1 1 

People assume cloud never breaks 1 1 

 
There were several other discussions centred around the idea that the use of the cloud creates 

a disconnect between IT and data centres. One perspective was that the data centre providers 

obscure similar considerations through cloud marketing. Participant 3 explains it like this, “I 

think there is still this disconnection outside the industry where they think cloud is just there and 

it doesn't sit anywhere, just floats around. It's our fault really, because the way we've marketed 

it to the consumer - or the business users - has skewed that thought process” (Interview 3). The 

story referenced earlier from Participant 10, during the discussion, on the importance of a 

holistic view links to this as well. In that story, the organisation in question let experienced data 

centre staff go because they were moving to the cloud, and then did not have the experience 

required to properly access the options available to them. “They abandoned their facilities 

managers, because they said, ‘Well we're getting out of facilities, so I don't need data centre 

managers.’ Right, they're gone. IT then went and engaged, through a tender process, basically 

a cloud provider, who they bought from them some Co-Lo deals, some managed service, some 

Smart Hands.” (Interview 10) 

Of the 10 participants, two worked in organisations that were either 100%, or predominantly, 

cloud hosted. Participants 6 and 9 spoke about how the use of cloud has changed their approach 
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to how they design and deploy IT systems. Participant 6 spoke primarily about their use of 

Amazon and Microsoft cloud services and explained that the way their systems is architected is 

quite different (Note, CDN refers to Content Delivery Networks).  

Your application should be able to take on all the sessions, take care of the parallel 

processing… a little bit of pre-planning is needed in terms of creating that architecture 

properly, and now we have quite powerful CDNs… basically if you have millions of images, 

rather than just delivering it from your own web service you can actually deliver it from 

either the S3 backup of Amazon on top of the cloud CDN or you can use the Azure blob 

objects so you are actually not loading your web server, rather you are loading the already 

existing hybrid Amazon or Azure cloud facilities. Architecture wise there is a little bit of 

difference creating the traditional IT system as well as the new cloud deployment in itself. 

(Interview 6) 

One stand-alone comment focused, on the issue around people assuming that the cloud never 

breaks, “They just buy a cloud service and presume that it’s always going to work, and it's never 

going to go down.” (Interview 3) This is interesting, as it was presented as a challenge however 

others mirrored the sentiment in a positive light. Two heavy cloud users, had particularly good 

things to say about the reliability of the cloud providers, “I’ve been hosting in Amazon for almost 

5-6 years and touch wood they didn't fail me yet” (Interview 6) and “Cloud systems have been 

matured over the years, and then they have dependable stability” (Interview 9). 

Table 5.8: Cloud – supportive and positive 

Sub-themes 
Number of 
participants 

Number of 
comments 

Cloud good for commodity IT 2 3 

Cloud simplifies backup and DR 1 3 

Cloud helps to simplify overheads – once there is comfort 2 3 

Cloud is reliable 2 2 

Cloud is much better than hosting yourself 1 1 

Cloud cost is justified 1 1 

 
Table 5.8 lists the sub-themes that relate to ‘supportive and positive’ statements made in 

relation to the use of the cloud. The main point here, is that the cloud is excellent for commodity 

IT services. One of the experts whose company provides service from the cloud puts it like this, 

“Now for the customer, cloud makes perfect sense because to start using these services and 
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products, they have no investment. They could just start with the monthly subscription, and then 

they could use these services as long as they wanted, probably during the project's lifetime and 

when the project was finished, they can just wind it up.” (Interview 9).  

The general sentiment of this set of sub-themes, is that the cloud provides a reliable platform 

that simplifies elements, such as backups, DR, overheads and is much better than hosting 

yourself. In their interview, Participant 6 described their journey moving from hosting in their 

own data centre, to managing their own equipment in a Co-Lo data centre, to eventually moving 

to the cloud.  

We started from hosting own, to data centres then completely moved to cloud. Hosting 

our self was a real disaster … because it’s quite difficult with a small team and maintaining 

a good SLA with the clients. We decided to go into data centres when we've grown a little 

bit, but even at certain times the data centres failed us. It was like one day to two-day 

delay on our e-commerce sites… Those delays are quite unacceptable for sites like e-

commerce… We have sites like loyalty programs we have microsites that can suffer, but e-

commerce sites with bare minimum traffic, even though the loss of money is fine, but the 

loss of reputation is not at all fine. (Interview 9) 

Participant 6 had a similar overarching story to tell while talking about the cost of cloud, “I think 

the cost is actually justified. Even though it appears to be a little bit higher… it's very easy to up-

scale or down scale. It's like previously I used to take one month to get a new server, patch it 

and deploy it. When I moved to data centres it was at least one week to two weeks. Amazon I’m 

getting it in 5 minutes” (Interview 6). 

5.6.2.3 Data centre and cloud summary 

Table 5.9 provides an overview of the number of data centres described during each interview, 

the approximate size of the organisation’s footprint. Note, that as the interview process follows 

the natural flow of discussion, some of the responses were difficult to compare in this way. 

Therefore, when something was unclear, several assumptions and interpretations were made, 

which are provided in the footnotes. 
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Table 5.9: Overview of data centres, data centre size and cloud use 

Interview # 
# of traditional 

data centres Number of Racks (relative size) Cloud? 
PaaS or 

IaaS? 

1 2 Approx.30 racks Yes Yes 

2 2 Estimated 30 racks3 Yes Yes 

3 3 Not clear4 Yes Yes 

4 4 Approx. 90 racks Yes Yes 

5 13 446 plus approx. 70 in satellite sites No No 

6 0 N/A 100% cloud Yes Yes 

7 2+ 2500+ racks plus legacy ‘comms’ rooms Yes No 

8 25 Approx. 124 racks Yes Yes 

9 1 1 (vast majority in the cloud) Yes Yes 

10.1 2 Approx. 150 racks Yes Yes 

10.25 2 Approx. 50 racks Yes No 

Note. Racks are a common measure of data centre size and refer to a specialised cage where 

server, network and storage hardware is housed.  

 
It is interesting to note the, broad range of organisation sizes and the degree by which they are 

centralised or distributed. The organisation described by Participant 7, while primarily using 

only two data centres is huge compared to the next largest organisation, with more than 2500 

compared to just over 500 racks. The ‘size’ for the two users of cloud infrastructure is not clear, 

both discussed services being run out of numerous countries; Participant 6 estimated they 

maintained between 60-70 separate cloud environments on Amazon, with more on Azure. 

Only one organisation did not use any cloud, when asked about it, Participant 5 responded with, 

“No, but that's just the nature of the business.” (Interview 5) All others made at least passing 

reference to the use of cloud with four of the ten participants including it in their descriptions 

of their actively managed IT systems. This will be discussed when looking at the proposed 

alternatives later in this chapter.  

There was an equivalent number of comments made about the challenges and concerns 

regarding the use of cloud, when compared to the supportive statements. The concerns focused 

 
3 Note that participant 1 didn’t give the number of racks used, rather a number of systems/services which was 
similar to that described in interview 2, therefore a similar size has been assumed. 
4 Note that participant 3 spoke in terms of 15 customer facing systems spread between three data centres across 
Australia and did not clarify the size of the environment in terms of racks. 
5 The second organisation discussed during interview 10 wasn’t detailed to the same degree as the first, the 
participant confirmed the 100% of their environment was similar to the original model 2, the assumption therefore 
is that while cloud is likely in use in some form, not for actively managed infrastructure such as IaaS or PaaS. 
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on the disconnect created between IT decision makers, and the somewhat obscured cloud data 

centres they rely on. While the key positives, from those using the cloud, was that it simplified 

some aspects of deployment, support and maintenance, it provides flexibility and a well 

understood cost. The bulk of the conversation surrounding the cloud came from Participants 6 

and 9 who were using cloud heavily in their own businesses. While the sample here is too small 

to draw a conclusion, it is interesting to note, that the heavy cloud users are strong believers in 

the benefits of the cloud. However, the other participants did not discuss it as a major factor, in 

spite of many of them using the cloud in some capacity.  

5.6.3 Network links 

Network connectivity was mentioned in eight out of the ten interviews. As discussed earlier, 

there were two interviews with participants working predominately with the cloud; these 

participants did not discuss networking in isolation from the cloud services. Of the eight 

remaining interviews there were 21 comments relating to networking, these are split into four 

sub-themes as shown in Table 5.10. 

Table 5.10: Network links 

Sub-themes Number of participants Number of comments 

Internet vs. private network connectivity 3 5 

Specialised network links for security 1 2 

Very distributed local network 1 1 

Make the most of what we have 1 1 

 
The main sub-theme relates to the use of the internet versus a private network for connecting 

users to IT systems and data centres to each other. “Over the last couple of years (and this is a 

progressive thing) typically, the connections between the data centres are moving towards 

private connectivity. This is for security reasons, for the most part, as well as performance” 

(Interview 8). In the context of the model refinement, this results in a subtle change in how the 

models are described, ensuring that in the refined models, a network (either intranet or 

internet) is referred to as ‘network’ rather than ‘www’; which was the case in the original 

version of the models. This clarification is also important when selecting and articulating the 

assumptions for the selection of the network inputs and cost modelling later, with the refined 

modelling and results. 
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During these discussions it was pointed out that there is little to no control over the reliability 

of the internet at large. “If you have dark fibre links to your office that you can control the quality 

of that… If you’re over the internet and need to traverse that, that's obviously a lot of unknowns 

around quality and uptime because you can't control the internet.” (Interview 3) Note that the 

term ‘dark fibre’ refers to an owned or leased fibre connection that you have absolute control 

over and do not share with other users/organisations (outside of your control). This is also 

related to the above point made about the lack of control or the reliability of the internet.  

Participant 8 spoke about their very distributed network. In their case, they had several small 

satellite sites that had their own infrastructure for some local services and only a single network 

link back to the main network, “…some sites we've got have some voice gateways so if they lose 

connectivity to our network (because we use VIOP internally) they can still dial out” (Interview 

8). Even these small sites had some measure of redundancy, including multiple network links or 

internet connectivity for each data centre, “dual path links, multiple routers, multiple switches” 

(Interview 8). This included the organisation described in interview 8, where the satellite sites 

described were in addition to their primary data centres and network. 

The connectivity described by each of the participants (excluding the cloud focused 

organisations) is summarised in Table 5.11. Note that the term ‘diverse’ used during interviews 

4 and 8, refers to not only the presence of multiple network connections, but that they take 

physically separate paths in the ground and into the buildings, “diverse paths and in almost all 

cases, actual diverse lead-ins, so arriving in different parts of the physical building.” (Interview 

8) 

Table 5.11: Network summary 

Interview # Brief description of network 

1 Dual primary internet links + 1 slower link for additional redundancy 

2 Link from each data centre (2) with cross connectivity 

3 Link from each data centre (2) with cross connectivity 

4 Fully redundant and diverse network 

5 4 redundant internet connections plus 240 private network links 

7 Fully redundant and secure internal network with five internet connections 

8 Minimum of two redundant and diverse internet connections per site 

10 Dual and diverse connectivity to the internet for both organisations described 
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The last point worth noting, is regarding the organisation described by Participant 7 where they 

had a network architecture specifically built with security in mind. While a few of the other 

participants discussed IT and physical security, this is the only example of security dictating 

network design. “We can have a standalone service that connects to the internet, but we 

wouldn't allow a business internet connection without going through our security zones” 

(Interview 7).  

The key outcome for the summary, shown in Table 5.11, is that almost without exception, the 

organisations represented in this study all had at least two network connections, even for non-

critical sites such as the satellite sites described in Interview 8.  

5.6.4 Outages 

The final significant theme relates to the cause of outages. Despite the small number of 

comments, there are a few interesting points provided that help define the context to the 

broader conversation. There were 15 comments from seven participants regarding this theme 

and its sub-themes. Table 5.12 summarises the sub-themes. 

Table 5.12: Outage comment summary 

Sub-theme 
Number of 

participants 
Number of 
comments 

Hard to restart everything 2 4 

Has experienced outages with Co-Lo 2 2 

Software most likely to cause an outage 2 2 

Keeps people out of DCs 1 2 

No outages 1 1 

Outages drive funding decisions 1 1 

Distrust of automatic failover 1 1 

Self-healing is important 1 1 

 
Participant 7 and 10 spoke specifically about how difficult it was to recover all the IT systems 

and network elements after a data centre outage. “from a data centre manager's perspective, 

a data centre outage could be a minute, but from the IT service perspective, when they go 

through data recovery, bringing systems back up and validating they're all back on-line, that can 

be a 12-hour outage.” (Interview 10) “To restart an organization of our size as IT, we haven't 

had to do it for a number of years, but the last time was six hours to get online services, 10 hours 

to get critical backends online, to restart batch and less critical, probably 14 hours to totally 

restart a data centre.” (Interview 7) 
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During interviews 4 and 6, there were references to outages in large, high tier commercial data 

centres. Participant 2 also referred to a significant in-house outage that triggered a funding 

injection. In fact, only Participant 6 claimed to have never experienced an outage in their current 

organisation, “I’ve been hosting in Amazon for almost 5-6 years and touch wood they didn't fail 

me yet, not at this point in time.” (Interview 6) 

Participants 3 and Participant 7 both felt, that when it came to outages, software was most 

likely to be the cause. Pointing out that some software simply isn’t designed to be resilient, 

“some applications are really bad at replication or they’re not designed to be replicated properly 

or you're forcing it to replicate using VMware or other types of tools” (Interview 3). Participant 

7, who has the largest environment by far (refer back to Table 5.9), was able to rank the common 

causes of failure in their experience.  

When we talk about a service, in our organization, the most common failure is still 

software. The second most common failure is hardware failure, and the third … Server 

hardware. Network hardware may take out a service as well, that sort of thing. And then 

there's data centre failure is way down in the smallest of percentages. Of those, my 

experience probably equates that two thirds of them would be related to change 

management or human activity, so that's generally what we analyse the threat level as. 

(Interview 7) 

Similarly, Participant 4 told a story of a significant outage, caused specifically by automatic 

failover, “I can remember coming into work - with a large government agency of 16,000 

employees - and looking at a failover. Looking at the logs, and overnight it had failed backwards 

and forwards between the two data centres 260 times.” (Interview 4) This contrasted with 

Participant 8 who puts high value on technology that is capable of self-healing, “if there's an 

issue, we're not depending on people to fix things. We want to depend on the technology to be 

able to self-heal.” (Interview 8). 

The key outcome for this theme relates to the complexities surrounding outages. There is a 

strong relationship here, with some of the elements discussed as a part of the decision-making 

theme. There is also an anecdotal hierarchy to components most likely to cause an outage, as 

raised by Participant 7. They placed the software as the most likely culprit, followed by server 

hardware, data centre and networking components. This supports how the input figures for the 
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scenarios described in Chapter 4, which use relatively high availability figures for the data centre 

and networks when compared to the IT nodes. 

5.6.5 IT systems 

Discussion on IT systems, in isolation of both the model commentary and refinements, was 

limited. Three of the ten participants commented, generating a total of 7 comments. There was 

little in terms of overriding themes, but there were several interesting points that support other 

themes and provide a potential for future work. Table 5.13 lists a summary of each statement. 

Table 5.13: IT System comments 

Sub-themes Number of participants 
Number of 
comments 

IT tiers used 1 2 

Development is all in house on premises 1 1 

Likes the security of having it on premises 1 1 

Preference for owned and operated IT 1 1 

Server-less architecture means many DCs 1 1 

Historically planned for warm spares 1 1 

 

One comment touched on the use of warm spares. This is a common term used to describe an 

inactive copy of the system, which can take over if needed, but is otherwise inactive. They also 

mentioned preferring equipment being on their own premises, from the perspective of physical 

security. Regarding security, there is an interesting relationship here with Participant 5 and 

Participant 9. Participant 5 described the organisation that did not use any cloud, it is “just the 

nature of the business” (Interview 5); inferring that it is at least in part, a security related 

concern. Participant 9 described a situation where they purposefully retained physical control 

over their one-rack footprint for the security of their IP, but also discussed later the value that 

the cloud brings for their customers, where they retain separate cloud instances of their 

software, to keep things separate.  

Because my need does not fluctuate, my need does not vary exponentially. So, I can afford 

to maintain and manage my local data centre for my product engineering. The second 

aspect is security. I've got complete control on my intellectual property, such as the 

software source code, as well as the design. So those are the two aspects that keeps me 

holding my local data centre for the product engineering, while my customers have got 

the complete freedom, and since it liberates them from all sorts of investment, capital 
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investments, for consuming my product services. So, two different models. For my 

customer, cloud is the best model. For me, as of now, my private data centre gives me the 

kind of mileage. (Interview 9) 

This contrast, both in terms of the varied approach within the same organisation to security and 

the organisation described by Participant 5, completely abstaining from the use of cloud, raises 

a point for future study. To what degree do attitudes towards cloud impact the objective 

weighting of other elements within the decision-making process? 

Participant 7 spoke about the tier ratings their organisation had implemented for their IT 

systems. They also spoke about the impact the emerging server-less architecture trend will have 

on the visibility of data centres, to decision makers. 

5.7 MODEL VALIDATION AND ALTERNATIVES 

This section will focus on the validation of the original models, and the identification of 

alternative models. It will provide an overview of all the models, identified during the 

interviews, with an analysis relating to the popularity of each model across all the environments 

described. This will be followed by a description of each alternative model including a graphical 

representation.  

As described at the beginning of the chapter, there are two separate sets of data to come from 

the interviews.  

• Firstly, an analysis of the general discussions and themes surrounding the topic of data 

centres, decision making and the deployment of IT systems.  

• Secondly, validation of the original models and the description of alternatives, that will 

become additional models.  

In addition to the two original models, twelve alternatives were identified. These range from 

minor variations of the original models, through to significantly different approaches. These 

include cloud models, a hybrid model and several different approaches to distributing IT nodes 

including the use of warm spares, rather than utilising active/active configurations. As described 

in section 3.3.1.4, in order for the models to be practical and relevant to a broad cross section 

of decision makers a high degree of abstraction is required. As such, during the development of 
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the alternative model below has used the same assumptions when used when developing 

models 1 and 2. The models identified are described in Table 5.14. 

Table 5.14: Original and alternative model descriptions 

Model # Model Description 

Model 1 single data centre with redundant IT nodes (Original) 

Model 2 dual data centre with distributed redundant IT nodes (Original) 

Model 3 single cloud location with redundant IT nodes 

Model 4 single cloud location and IT without redundancy 

Model 5 single data centre with stand-alone IT 

Model 6 single data centre, IT and link (no redundancy) 

Model 7 dual cloud locations with distributed redundant IT 

Model 8 dual data centre with distributed database but stand-alone app layer 

Model 9 dual data centre with redundant IT nodes in a single data centre with a warm spare in a second 
data centre 

Model 10 dual data centre with a warm spare only in the second data centre 

Model 11 dual data centre with redundant IT nodes in each data centre 

Model 12 three cloud locations with data sync only 

Model 13 three data centres each with a redundant IT node 

Model 14 single data centre and single cloud location 

 
The most commonly used model in terms of the number of organisations currently using that 

configuration was Model 2, with six organisations actively using it at the time of interview. 

Model 1 and Model 5 were both in use across 5 organisations each.  

It is worth noting, that those who used Model 1, either considered it to be a legacy configuration 

or used it for systems of low importance. Participant 3 stated that “at the moment we are 

probably about 40% legacy systems and that really just been - you know - is this the way it’s 

been through some previous platform” (Interview 3). Similarly, Participant 8 used it for systems 

with low uptime requirements, “We do use that, but only for services which have a relatively 

low uptime or maybe no uptime guarantee.” (Interview 8). Model 5, which used a single data 

centre without redundancy for their IT, was in use in five of eleven organisations. However, the 

number of organisations using a particular model, does not necessarily represent popularity. 

For example, Model 5 was in use across five organisations, but represents only a small 

percentage of each environment. 

Table 5.15 summarises the approximation given during each interview of the proportion of their 

environment which is described by each model. These results show the distribution of each 

model across the 11 organisations. Note that the model numbering is based simply in the order 

they emerged during the analysis of the interviews. 
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Table 5.15: Reported use of each model, by organisation 

Model org1 org2 org3 org4 org5 org6 org7 org8 org9 org10 org116 

Model 1 25%  40%  20%  20% 10%    
Model 2 15%  50%  50%  50% 70%   100% 

Model 3*         10%   
Model 4*      80%   70%   
Model 5 15% 5%  20% 10%     20%  
Model 6     20%       

Model 7*      20%      
Model 8 20%           
Model 9          80%  

Model 10  95%  80%        
Model 11       30%     

Model 12*         15%   
Model 13        20%    
Model 14#         5%   
Pure SaaS7 25%  10%         

Note. * = cloud; # = Hybrid. 

By comparing the total representation of each model across all organisations, popularity can be 

determined. The most popular model was Model 2. Model 2 represented 30.5% of the 

combined environments and as mentioned above it was also the most prevalent in terms of the 

number of organisations that used this approach. Table 5.16 ranks each of the models by their 

popularity and includes the number of organisations that reported using the model described. 

Model 10 was the second most popular with 15.9%, followed by Model 4 with 13.6%. Model 4 

was also the most popular cloud-based model proposed by participants. Model 1 is the fourth 

most popular with 10.9%. From there, Model 9 constituted 7.3%, Model 5 is 6.4% and Model 11 

is 2.7%. Note that Model 5, which was the equal second most common model, was far less 

popular, constituting only 6.4% of the combined environments. Model 1, which was equal 

second most common was the fourth most popular. Looking at the data in this way provides 

better context for further analysis. Finally, the remaining models had only one organisation each 

and constituted relatively small proportions of their environment. 

 
6 One of the participants provided a detailed account of two organisations, one that they were currently working 
for and a recent organisation. As such there are 11 organisations referenced over the 10 participants. 
7 Note that 2 of the 10 participants considered pure SaaS offerings as a proportion of the environment that they 
actively managed. While some of the remaining 8 participants did confirm the use of SaaS, they did not consider it 
relevant to the conversation as they had no visibility or control over the deployment options utilised by the cloud 
providers. 
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Table 5.16: Popularity of models 

Model Number of organisations % of combined environments 

Model 2 6 30.5% 

Model 10 2 15.9% 

Model 4* 2 13.6% 

Model 1 5 10.5% 

Model 9 1 7.3% 

Model 5 5 6.4% 

Model 11 2 2.7% 

Model 6 1 1.8% 

Model 7* 1 1.8% 

Model 8 1 1.8% 

Model 13 1 1.8% 

Model 12* 1 1.4% 

Model 3* 1 0.9% 

Model 14# 1 0.5% 

Note. * = cloud; # = Hybrid. 

Conversely, this approach fails to take into account the relative size of the organisations and the 

number of systems they use. Looking at the model’s popularity with these criteria, the data will 

be drastically in favour of the organisations described in Interview 7 and then interview 5 and 

so on. Taking the size of the organisation into account, the most popular models would be 

Model 2 and Model 11, respectively.  

Four of the fourteen models exclusively use cloud hosting rather than owner operated data 

centres or commercial co-location data centres. Model 14 spread the IT load between cloud and 

a traditional data centre. The remaining 9 models (including the original two models) use 

traditional hosting methods. In relation to the representation of each of the three hosting 

methods, cloud, hybrid and traditional across each of the organisations, 78.6% still used 

traditional hosting methods, 20.9% were cloud hosted and only 0.5% were hybrid.  

5.7.1 Model descriptions 

When taking a relatively high-level view of IT system distribution and hosting arrangements, 

many of the models are related and/or are variations on a theme. For example, Model 10 is a 

similar approach to Model 2, with the key differences being automatic vs. manual failover. As 

such, in the description of each model, they will first be grouped by hosting approach into cloud 

and traditional, and then by similarity and popularity.  
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5.7.1.1 Traditional hosting method models 

Out of fourteen revised models, nine rely on traditional hosting methods, such as owner 

operated, or space rented/leased in large commercial Co-Lo data centre. Approximately, 78.6% 

of the total environments are still using this method. They largely fall into two groupings. A 

single data centre model, or variation, and the dual data centre model, or variation. The original 

Model 2 was the most popular with 30.5% of services across seven of eleven of the 

organisations. Models 9, 10 and 11 are all variations of Model 2. Together, these models 

constitute 56.4% of services and were in use across 9 of the 11 organisations described. The 

nine models that fall into this category, sorted by popularity, are shown in Table 5.17. 

Table 5.17: Models using traditional hosting methods 

Model # Model Description % 

Model 2 dual data centre with distributed redundant IT nodes (Original) 30.5% 

Model 10 dual data centre with a warm spare only in the second data centre 15.9% 

Model 1 single data centre with redundant IT nodes (Original) 10.5% 

Model 9 dual data centre with redundant IT nodes in a single data centre with a warm spare 
in a second data centre 

7.3% 

Model 5 single data centre with stand-alone IT 6.4% 

Model 11 dual data centre with redundant IT nodes in each data centre 2.7% 

Model 6 single data centre, IT and link (no redundancy) 1.8% 

Model 8 dual data centre with distributed database but stand-alone app layer 1.8% 

Model 13 three data centres each with a redundant IT node 1.8% 

Note. ranked by popularity. % = the percentage of the total combined environments described 

across the same of organisations. 

5.7.1.1.1 Model 2 | dual data centre with distributed redundant IT nodes (original) 

During the interviews there were 16 comments from six participants identifying a portion of 

their environment as Model 2. As described above, most of the environments described using 

similar deployment approaches, as such this represents the largest proportion of the combined 

landscape captured by this study. The only refinement to this model, was to replace the 

previous ‘www’ indicator with a ‘network or internet’ label to better represent those who raised 

the use of private networks. See Figure 5.2.  
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Figure 5.2: Model 2 - refined 

  
Participant 1 spoke of this model being prevalent throughout the life of their current data 

centre, as the previous data centre investment off-sets the cost of the cloud, “we are going to 

have physical data centres for some time, and they are certainly a bit cheaper at the moment” 

(Interview 1). However, their desired environment aligned with Model 7, which involves two 

cloud locations that are redundant to each other. Model 7 will be described in more detail later 

in this chapter.  

Another element of the theme discussed in this model was around the confirmation that the 

cross-connect style of networking between data centres was common. During interview 3, the 

confirmation that this model matched their approach was described as follows.  

I’ve got my two data centres there is a 10gbit cross-connect between the two. Then I 

basically have my links (the tails), so I have an MPLS as my core which gives me the SC 

WAN capability. Then I have two tails running into data centre 1 and data centre 2. Pretty 

similar to what you've got there really. The theory is if one DC goes down I can either route 

through the cross connect to the other one, or if one link goes down, I can fail over to site 

B. The two nodes, node 1 and node 2 do failover to each other as well. (Interview 3) 

Even for those organisations that have more than two data centres at their disposal, they 

tended to divide their systems between two geographical locations, not more. For example, 

Participant 5 described their organisation as having upwards of 13 data centres available to 



 

171 
 

them; however, when specifically asked how many sites they divide each individual IT system, 

“just between two” (Interview 5). 

By way of clarification, the descriptions grouped into this model include a mix of systems 

deploying either an active/active or active/passive approach, using automatic failover. The key 

point being that the systems in this configuration are self-healing, so no human intervention is 

required for the service to remain available. This is opposed to active/passive with a manual 

failover, which requires human intervention to activate the previously passive node. As 

mentioned, this configuration is commonly referred to as a ‘warm spare’, which is used in 

Models 9 and 10. 

In summary, Model 2 was the most popular and most common approach in the experience of 

the experts interviewed. The clarifications are a confirmation of the cross-connects between 

data centres being used as an alternative path for network or internet connectivity. Additionally, 

there is a pragmatic mix between active/active HA confirmations for the IT nodes and 

active/passive using an automatic failover mechanism. 

5.7.1.1.2 Model 10 | dual data centre with a warm spare only in the second data centre 

Although Model 10 was only utilised by two out of the eleven organisations described, it 

represented large proportions of those organisations’ environments. There were four 

statements describing this variation of Model 2. Figure 5.3 describes Model 10. 
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Figure 5.3: Model 10 
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In both cases, the participants agreed that the model correctly represented their environments 

with the key difference being that the ‘warm spare’ requires human intervention to activate; 

the system was not self-healing. “So, the way it works at the moment is say if the data centre 

goes down, we would then action bringing up the replicas. That's for the majority of the 

workloads.” (Interview 2). All other aspects of this model remain the same as Model 2.  

5.7.1.1.3 Model 1 | single data centre with redundant IT nodes (original) 

There were ten references across six of the participants, confirming the use and structure of 

Model 1. As described in the previous section, Model 1 was the third most popular model 

behind Model 4, but the second most common. It was used in six out of the eleven organisations 

described. As with Model 2, the ‘www’ representing access to the internet has been replaced 

by a ‘network or internet’ label to confirm access to users on either a private network or across 

the internet (or both), depending on the system being presented by the ecosystem. Figure 5.4 

shows the refined graphical representation of Model 1. 
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Figure 5.4: Model 1 - refined 

 
When Model 1 was originally proposed, it was with the assumption that represents a legacy 

approach, with diminishing use. This was confirmed through the discussions with both 

Participant 6 and Participant 10 confirming they had used this approach in the past and no 

longer had it in use. Participant 10 put it like this, “we don't see as much of Model 1 now… if the 

data centre is lost… it can only be an outage of seconds or a minute. The recovery time for both 



 

173 
 

those nodes can go out to hours, depending on the configuration of the application” (Interview 

10). Participant 3 referred to this as their ‘legacy’ environment, “that's exactly how my legacy 

system in Adelaide is structured” (Interview 3) and later spoke about phasing out their legacy 

systems.  

Furthermore, this approach was used for systems of low importance, as described by Participant 

8, “We do use that, but only for services which have a relatively low uptime or maybe no uptime 

guarantee. An example might be, we have an ordering portal which we're in the process of 

developing, which is just used not very much. I wouldn't say it's nice to have.” (Interview 8) 

In summary, Model 1 represents a legacy approach to providing a highly available IT system. It 

is still common with 6 of the 11 organisations using this approach, however its use is 

diminishing.  

5.7.1.1.4 Model 9 | dual data centre with redundant IT nodes in a single data centre with a warm 

spare in a second data centre 

Model 9 was described only by one participant and is represented by a merging of Models 1 and 

10. As illustrated in Figure 5.5, the same dual data centre approach has been taken with an 

equivalent redundancy in the network cross connects between each. These links also provide 

redundancy to the network or internet. Its variance, when compared to Model 2 is two-fold. 

Firstly, in data centre 1, there is a redundant pair of IT nodes. In this scenario, either node can 

fail, and the service will remain active. Secondly, the replica in data centre 2 is a ‘warm spare’ 

and if data centre 1 goes down or loses connectivity, the warm spare requires manual 

intervention by an administrator to enable. Additionally, any active users for the service would 

only be connected to the nodes in data centre 1 - the warm spare in data centre 2 is effectively 

offline from the perspective of users. 

This model is used only by one of the organisations. However, it represented a substantial 

portion of their environment (80%). In total, this represented 7.3% of the total services 

described. This variation was described by Participant 10 as a response to some systems being 

unable to run in an active/active configuration between their available data centres.  
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Figure 5.5: Model 9 

 
Some of the services would not run active-active across two data centres even though 

there were both integrated. They swapped too, like model one in the primary data centre, 

and then a passive copy [where] the data was being replicated, but not the workload, in 

data centre two (Interview 10).  

The other point made was that the prevalence of this approach was driven not by the 

technologies’ inability to perform in an active/active fashion, but rather it was restricted by 

historical decisions made that affected the connectivity between data centres.  

Because their architecture was flawed with the data centre model they ended up with, so 

they had to start patching it. It was really like model two, but data centre one had several 

iterations, depending on the application and the service they needed to run. (Interview 10) 

5.7.1.1.5 Model 5 | single data centre with stand-alone IT 

As described earlier, Model 5 was quite common with five organisations describing it as being 

in use. This model, however, did have reasonably low usage percentage of 6.4% across the 

combined sample environments. This model is described by a single stand-alone IT system, 

without high availability, housed within a single data centre with the standard redundancy for 

the network connectivity. Figure 5.6 illustrates Model 5. 
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Figure 5.6: Model 5 

 
There were several clarifications made when describing this approach. Firstly, that the non-

redundant IT system was backed up, “one IT node and a backup.” (Interview 10). The ability to 

recover elsewhere, was also highlighted, “no redundancy, but backups and the ability to spin 

them up elsewhere.” (Interview 1). Also, the point was made, that the systems set up like these 

were not customer facing, or had few constraints, “it was really quite application specific. Some 

of these applications, it was very difficult to actually have the replication going across at a data 

level, they were cold start sites, they were very application specific.” (Interview 10) “Systems like 

backup infrastructure [that is] not client facing” (Interview 2), “they tend to be point solution 

type of things” (Interview 4).  

In summary, this was used for systems where redundancy was difficult, or the time it would 

take to recover the service from backup was acceptable, due to the systems in question not 

being particularly important. There was no indication made by the interview participants that 

this model was aspired to, instead it was just a reality of their environments. 

5.7.1.1.6 Model 11 | dual data centre with redundant IT nodes in each data centre 

Model 11 was in use at a single organisation, representing approximately 30% of their 

environment (in terms of the services they present). The point was made that the additional 

redundancy of this configuration meant that, a higher portion of the hardware footprint was 

dedicated to this configuration. This model was described by Participant 7, “if you overlaid the 

first model you spoke of, with higher availability locally, and then dropped it into each of the 

sites here, then that would be a category A.” (Interview 7). Model 11 can be described as having 
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a HA pair of IT nodes in the first data centre, and a second HA pair of IT nodes in a second data 

centre. Both pairs of IT nodes are a part of a larger cluster and are load balanced - meaning that 

the loss of any one node reduces the capacity of the system but not the availability. The 

networking component works the same way as Model 2, with both data centres being cross 

connected and providing redundancy for each other in terms of network access to the users of 

the IT system. See Figure 5.7. 
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Figure 5.7: Model 11 

 
Previously, Participant 7 described their organisation’s categorisations as applied to the IT 

systems. This model described their ‘Category A’ systems, while Model 2 and Model 1 

represented ‘Category B and C’ respectively. The ‘Category A’ systems were also load balanced, 

meaning everything is ‘hot’ and simultaneously taking on an equal share of the workload.  

5.7.1.1.7 Model 6 | single data centre, IT and link (no redundancy) 

Model 6 was only used by a single organisation and is described as having a single IT system, 

without any redundancy or high availability. This stand-alone system is hosted within a single 

data centre and relies on a single network connection to its users. There is no redundancy. This 

configuration was used by the organisation described in interview 5. This organisation had a 

widely distributed network, with a number of services replicated locally across their satellite 

sites primarily for convenience, “they are the non-critical sites, they are non-essential, they are 

only there because of convenience if that makes sense” (Interview 5). This model made up 

around 20% of their environment resulting in less than 1.8% of the total systems described. See 

Figure 5.8. 
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Figure 5.8: Model 6 

 

5.7.1.1.8 Model 8 | Dual data centre with distributed database but stand-alone app layer 

Model 8 was described by Participant 1 but was not described during any of the other 

interviews. This model represented approximately 20% of the environment for this 

organisation, as such only represented 1.8% of the total set of environments described. 

Participant 1 explained that “depending on the system we might create the redundancy for a 

database but not the services.” (Interview 1). They went on to discuss back-up and recovery, 

clarifying that the app servers had no quick recovery option and they would recover from tape, 

but this approach was dictated by the SLA they had for the system in question. See Figure 5.9 

for a graphical representation of this approach. 
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Figure 5.9: Model 8 
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This model is similar to Model 2, with the added complexity of only half the IT system being 

redundant (the database) and the application presentation layer (app server) being stand-alone. 

As such, the database nodes are redundant to each other and the app server is dependent on 

both the database cluster and data centre 1. In this example, if data base node 1 were to fail, 

the app server would use database node 2 and the service would remain available. However, if 

data centre 1 fails, both database node 1 and the app server would be offline, resulting in the 

service being down. 

5.7.1.1.9 Model 13 | three data centres, each with a redundant IT node 

This model was described by Participant 8 and constitutes around 20% of their environment. In 

addition to the previously described Models 5 and 6, and due to the single organisation using 

this approach with the relatively low percentage of their environment, this model is 

representative of only 1.8% of the combined environments. Participant 8 described their 

approach as follows, “there are a number of services that we run where we actually spread it 

across three locations. We, for instance, run a cloud storage service. Call it Dropbox-like, if you 

like. That's located in three different locations […] They have quorums. If two out of three say, 

‘The state is X’, then the three of them could decide, ‘This really is X.’ You don't end up with a 

split brain between two competing data centres.” (Interview 8). Participant 8 also noted, that 

they were able to use this approach in part due to their ability to leverage their position as a 

telecommunications provider, “we have the advantage as a telecommunications provider, of 

course, of having direct access to the network, direct control over the network, rather than 

purchasing network services.” (Interview 8). 

As described, the three redundant pillars (shown in Figure 5.10) are clustered, maintaining a 

quorum to avoid ‘split brain’ issues. ‘Split brain’ is an IT term that refers to connectivity between 

two clustered nodes being lost, resulting in both halves of the cluster believing it is in charge. 

This can lead to potential data corruption, and other issues, when connectivity is restored. In 

simple terms, a quorum protects against this, by the nodes (three or more) polling each other 

and if one cannot contact the majority of other nodes, it stands down, avoiding data corruption. 
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Figure 5.10: Model 13 

 

5.7.1.1.10 Comparing models using traditional hosting methods 

As shown in Table 5.17, nine of the thirteen models resulting from the interviews were 

underpinned by traditional data centres. Models 8 and 13 both represented small portions of 

single environments described. Both were also relatively complex, compared to the originally 

proposed models and many of the other models. They were also created for a clear purpose, 

with Model 8 investing in protection of the data rather than the availability of the services being 

presented, while Model 13 takes advantage of their unique network access and locations to 

present services to their customers. Similarly, Model 11 was also quite complex, in a sense 

combining Models 1 and 2, to create highly available systems, within multiple data centres.  

Models 5 and 6 were remarkably similar, representing 6.4% and 1.8% of the total environments 

described, respectively. Model 5 represents an IT system without redundancy, in a single data 
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centre with redundant network connectivity. Model 6 was the same except for the lack of 

redundancy at the network layer. Both are described in terms of systems with low importance 

or convenience to the organisations.  

Models 1 and 9 are also similar, representing 10.5% and 7.3% of the sample environments 

respectively. Model 9 extended Model 1 by adding a ‘warm’ spare in another data centre, 

providing the ability to recovery quickly, in the event the primary data centre is lost. However, 

human intervention is required to restore services. Finally, Models 2 and 10 are almost the 

same; with the key difference being automatic recovery or manual recovery, again with a ‘warm 

spare’ approach. Models 2 and 10 are also the most popular approaches with 30.5% and 15.9%, 

respectively. These four models (2, 10, 1 and 9) represent the vast majority of the traditional 

hosting models and the bulk across all the described environments, including the cloud hosting 

methods. Almost 65% of the total environments are described by these four models. 

5.7.1.2 Cloud and hybrid hosting method models 

Cloud hosting was described in five of the 14 models. These represent models where the 

participant has control over where the components are deployed, and how. Note that this does 

not include SaaS offerings used by the organisations. As mentioned, two participants included 

SaaS when estimating the percentages of their environment, represented by different models, 

while the rest excluded SaaS. The reason SaaS was excluded is that there is little to no control 

over how the services are setup from the perspective of the customer. By its nature, there is 

often no visibility of where and how it is hosted.  

Table 5.18 lists the models using cloud, sorted by popularity. Model 4 is the only cloud model 

to represent a significant percentage of the combined environments, with 13.6%. In total, the 

cloud models represent 17.7% and the one hybrid model utilising both a cloud location and 

traditional data centre location represented only 0.5%.  

Table 5.18: Models using cloud hosting methods ranked by popularity 

Model Model Description % 

Model 4 single cloud location and IT without redundancy 13.6% 

Model 7 dual cloud locations with distributed redundant IT 1.8% 

Model 12 three cloud locations with data sync only 1.4% 

Model 3 single cloud location with redundant IT nodes 0.9% 

Model 14 single data centre and single cloud location 0.5% 

Note. % = the percentage of the total combined environments described across the same 

organisations. 
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This section will describe Models 4, 7, 12, 3 and 14, before briefly comparing the different 

approaches and looking for the parallels within the traditional hosting models.  

5.7.1.2.1 Model 4 | single cloud location without IT redundancy 

Model 4 was described by only two of the ten participants. However, it constituted sizable 

portions of their environments, with Participants 6 and 9 describing this as 80% and 70% of their 

environments. Model 4 has a total representation of 13.6%. It is worth noting that these two 

organisations that were the heaviest users of cloud hosting; with the organisation described in 

Interview 6 being 100% cloud and Interview 9 describing an environment of 95% cloud and 5% 

hybrid. “the theory is when that single machine goes down, your services come to a standstill, 

but my experience for the last half-a-decade is, it does not happen. Cloud systems have been 

matured over the years, and then they have dependable stability.” (Interview 9)  

Some of the driving forces behind choosing this model relate to complexity in terms of 

maintenance, cost and as described earlier, in the interview results driven by customer 

requirements. It is clear from the discussions, that there is a high degree of trust and reliance 

on Amazon and Azure cloud services in these instances,  

… smaller system that have only single server with website and database hosted in one 

single instance. We take a backup on a regular basis. […] They [can] offer high availability, 

automatic patching, automatic backup, realtime backup everything. [A]gain it's a matter 

of cost. (Interview 6).  
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Figure 5.11: Model 4 
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Figure 5.11 shows this simple cloud model. This is described as a single IT system hosted on 

cloud IaaS provider, such as Amazon or Azure. In terms of networking, cloud services are 

exclusively accessible via the internet, both for administration and user access. As the internet 

connection at the user end is largely out of the control of the organisation, the networking has 

been rolled up into the cloud component and has not been shown separately. For example, the 

Amazon compute SLA (Amazon, 2019) describes a monthly uptime percentage of 99.99% before 

customers are eligible for a refund (in service credits). This scales as the outage time increases. 

5.7.1.2.2 Model 7 | dual cloud locations with distributed redundant IT 

Model 7 was described by Participant 3 and was focused on the cloud provider’s ability to offer 

multi zone availability. They described this in the following way;  

I put the minimum number of nodes that serve the same website at two. The two servers 

that are created, one is on [the first of] two data centres here for Amazon. So, the two, the 

service is automatically created in two different data centres. It’s still in the single region, 

but its physically separate, two separate places. (Interview 6)  

This model only represents a small portion of their environment (20%), with only 1.8% of the 

total sample environments. See Figure 5.12. 
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Figure 5.12: Model 7 
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5.7.1.2.3 Model 12 | three cloud locations with data sync only 

Model 12 was described during interview 9 and represented 15% of their environment, 

constituting only 1.4% of the total sample. This configuration was described as three duplicate 

instances of the same application. However, there was no load balancing, but rather there was 

data synchronisation; and if one instance was unavailable, users would need to know to connect 

to one of the other instances. “It was expected to work as three independent locations, 

synchronized between all the three, but the users in one location are completely unaware of the 

other.” (Interview 9). 

IT Node1

Dependent

Cloud
IaaS 1

IT Node2

Dependent

Cloud 
IaaS 2

IT Node3

Dependent

Cloud 
IaaS 3

Redundant (partial)  

Figure 5.13: Model 12 

 
This approach is shown in Figure 5.13, and while the configuration obviously suited the 

customer of Participant 9’s organisation, it is not strictly a highly available system, instead a 

series of parallel systems, “it was not expected to work on behalf of the other” (Interview 9).  

5.7.1.2.4 Model 3 | single cloud location with redundant IT nodes 

This model was described by Participant 9 and represented 10% of their environment, resulting 

in 0.9% of the total sample. This was described as a part of their description of Model 4, together 

making up 80% of their environment using only a single cloud location. This model is described 

as having redundant IT nodes both hosted in the same cloud location. “There's only a small 

percentage. Must be less than 10%, who’s got a traffic controller and two virtual machines. The 

rest of them are single VM.” (Interview 9). Figure 5.14 illustrates Model 3.  
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Figure 5.14: Model 3 

 

5.7.1.2.5 Model 14 | single data centre and single cloud location 

Model 14 represents the final model described by Participant 9. It represents a small portion of 

their environment at 5% which results in 0.5% of the sample. This model describes a hybrid 

between cloud and a traditional data centre, configured to sync data in a comparable way to 

Model 12. “Their main operations are within their engineering team, which is served by their 

native data centre, available on their engineering network. For customers and consultants, they 

have created a cloud-based application/deployment, so that the one on premises and the one 

on cloud are synchronized” (Interview 9). As captured in this quote, the other unique feature of 

note is that the physical data centre referenced belongs to their customer. See Figure 5.15. 
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Figure 5.15: Model 14 
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5.7.1.2.6 Comparing cloud hosting models 

As described in the introduction for this section, cloud models made up quite a small percentage 

of the combined environments (17.7%). The bulk of that percentage is attributed to Model 4, 

with the final hybrid approach making up an additional 0.5%. Figure 5.16 shows the popularity 

of the four cloud models plus the one hybrid model.  

 

Figure 5.16: Cloud and hybrid models as a percentage of the total sample 

 
In general, these models have synergies with many of the traditional hosting approaches 

described earlier. These similarities will be discussed in Chapter 6.  

5.8 CHAPTER SUMMARY 

Through this interview process and subsequent analysis, interesting context and priorities have 

been provided by the IT and data centre experts, particularly on their decision making and how 

their environments are configured. This provides a snapshot of common practice, norms and 

influences on the relevant decisions being made.  

As stated in Chapters 3 and 4, the key intent of the interview process was to validate the 

proposed models by confirming their use, refining them and proposing alternatives. This 

process has been successful in this regard, confirming that the original models were indeed an 

accurate representation of common approaches to IT deployment; with six of eleven 
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organisations described using Model 2, and five of eleven organisations used Model 1. There 

were no other models presented by the participants that were more common or more popular.  

The popularity of each model was determined by asking each participant to estimate the 

percentage of their environment that was represented by either the presented models or by 

the alternatives they raised. Model 1 represented 10.5% of the total sample size while Model 2 

represented 30.5%. There were also several alternatives presented with twelve additional 

models described. Many of these were either iterations of the original models, or presented 

approaches aimed at achieving either less or more resilience.  

Chapter 4 presented initial findings for the first two models, to demonstrate that this approach 

to modelling could generate appropriate data sets to explore the research questions and 

provide some practical insight for industry. Chapter 6 will take the results from Models 1 and 2 

and extend the scenarios into a selection of new alternatives. 

The thematic analysis that resulted in the alternative models and validation was also successful 

in producing useful data to contribute to our understanding of decision-making. The 

overarching decision-making theme provided several interesting points. Firstly, the top 

priorities for decision makers, when designing and deploying IT systems. Practical concerns such 

as distance and latency were just as important as the need to cater for the business or client 

needs. These were both more broadly discussed than risk vs cost considerations, cost alone or 

security concerns.  

There was also significant discussion of the idea of taking a holistic view of IT systems that 

include the data centre environment (including commercial co-location and cloud). The 

importance of availability was also discussed as a stand-alone topic but was closely tied to the 

concept of letting the availability of a system be set by the customer’s expectations. Finally, the 

strategic placement of IT was practiced and discussed by 70% of the participants. This was linked 

to practical considerations such as the limitations of technology or placing equipment close to 

the users.  

The second most prevalent theme captured during the interview related to data centres and 

the cloud. The data centre discussion primarily revolved around tier ratings, with most 

participants having a poor understanding of the tier ratings and what they represented. Tier 

ratings were perceived as less important than reputation and trust in the provider. This is 
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interesting and warrants further study. Regarding the cloud, there were mixed and conflicting 

opinions. Interestingly, some of the perceived challenges and concerns with cloud was voiced 

by those not using cloud to a large degree, while it was perceived as a strength by those heavily 

using cloud. The positive and supportive statements were around convenience, reliability and 

its ability to simplify some aspects of managing their environment. The challenges and concerns 

raised were around obscuring the data centres, an assertion that people feel that cloud never 

breaks and an acknowledgement that change is required, to how IT systems are designed if 

moving to cloud. These results also provided an overview of each of the organisations in terms 

of the number of data centres, their use of cloud and an estimation of their size (refer back to 

Table 5.9).  

A theme emerged relating to networking and how organisations connected their data centres 

to their users. The key point made, was that all organisations had redundancy for the 

network/internet links. This was also the case in one geographically dispersed organisation 

where satellite sites contained systems of convenience, or little importance. The other point 

made relates to a change to the proposed models, with several organisations relying on a 

private network or ‘dark fibre’ to connect data centres and their users.  

The conversations around outages provided an anecdotal hierarchy to the common causes of 

outages, that broadly matched the availability inputs used during the scenarios in Chapter 4. 

This ranked IT software as the most likely to fail, with IT hardware second, then networking and 

data centres. Another point made, relates to the difficulties when recovering from a failure. The 

discussion on IT system was minimal with most of the IT system discussion wrapped up in the 

larger decision-making theme.  
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6 REVISED MODEL DESIGN 

6.1 CHAPTER INTRODUCTION 

Chapter 5 provided validation of the originally proposed models and a description of the 12 

alternative approaches. Some of which were simple iterations on the proposed models, while 

others were quite different. This chapter will compare and group the models described. Then 

take the most popular models and building them up, using the same method described for 

Models 1 and 2. Models 4 and 11 will also be compared to Models 1 and 2. 

6.2 LOCATION WITHIN RESEARCH METHODOLOGY  

Chapter 3 introduced the research framework for this project. Figure 6.1 highlights the 

‘revised model design’ step in the research framework. The key purpose of this chapter is to 

provide an extension to the model design methodology described in the first design and 

development phase. This will be achieved by applying the same approach to the chosen 

methods identified in Chapter 5 
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Figure 6.1: Research Framework - revised model design  
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6.3 MODELS COMPARISONS 

Chapter 5 provided a description, supporting quotes and a graphical representation of each 

of the 12 additional models described by the participating industry experts. Refer to Table 

5.14 for a brief description of each model. Figure 6.2 illustrates the popularity of each model.  

 

Figure 6.2: Models within the total sample 

 
It is clear from Figure 6.2 that there is one standout model, Model 2 with 30.5% of the total 

sample. This is significantly more than the next best, Model 10, which interestingly is a simple 

iteration of Model 2. From there Models 1 and 4 both represent a reasonable portion of the 

sample environments with 10.5% and 13.6% respectively. It is also clear, that the bulk of the 

models represent approaches which prefer traditional data centres over and above the cloud.  

The models will now be grouped by looking at the levels of redundancy offered, before a brief 

comparison of the grouping and the selection of the model within each group to be taken 

further into the final simulation phase. The groups discussed will be: 

• Minimum redundancy 

• IT redundancy only  

• Redundant IT and data centres 

• Additional redundancy 
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6.3.1 Minimum redundancy  

The most prevalent cloud model, Model 4, describes a simple system without any redundancy 

at the IT level. It relies largely on the availability of the cloud data centre. This is similar to 

models 5 and 6, which both had non-redundant IT in a single data centre. By combining these 

into a minimal redundancy grouping these three models represent 21.8% of the total 

environment. Each of these models have a single IT system hosted in an individual location. 

The differences between the three models is the use of a cloud data centre (IaaS) for Model 

4 versus a traditional data centre in Models 5 and 6. The networking component is also 

different, with a redundant network for Model 5 and a single network link for Model 6. See 

Figure 6.3 for a side by side comparison of the three models.  
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Figure 6.3: Minimum redundancy models 

 

6.3.2 IT redundancy only 

The second logical grouping is around IT redundancy without data centre redundancy. This 

group is made up of Model 1 and Model 3, which utilises the cloud. These models make up 

11.4% of the total sample. Both models are described by having redundant IT nodes that are 

hosted in a single location; Model 1 in a traditional data centre and Model 3 in a cloud 

location. Note that Model 3 only represented 0.9% of the sample environments. The 

difference is represented by the networking component, explicitly represented in Model 1 
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and implicit within the cloud providers service in Model 3. See Figure 6.4 below for a side by 

side comparison of Models 1 and 3.  
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Figure 6.4: Models with IT redundancy hosted in a single data centre 

 

6.3.3 Redundant IT and data centres 

The next group includes models that have redundancy at both the IT and data centre layers. 

Starting with the original Model 2 and incorporating Models 10, 9, 7, 8 and 14, this group 

represents 57.7% of the sampled environments. Models 8 and 9 vary somewhat from Model 

2, with Model 8 having redundancy for the database, but not the application, as dictated by 

the needs of the application. Model 9 has three IT nodes, but only two are active, with the 

third being ‘warm spare’ in a separate data centre. Figure 6.5 shows these five models 

together for easy comparison.  
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Figure 6.5: Redundant IT and data centre models 
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6.3.4 Additional redundancy 

The final grouping is a catch-all for the remaining models, all of which add some additional 

redundancy over and above the earlier models described. Models 11, 12 and 13 only 

represent 5.9% of the sampled environments, making them rarer approaches, compared to 

the other models. Models 12 and 13 are similar, one in traditional data centres and the other, 

in the cloud. Model 11 provides additional redundancy at the IT level, providing 4 nodes 

spread between two data centres.  
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Figure 6.6: Models offering additional redundancy 
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6.3.5 Group comparisons 

Pulling together the groupings and their corresponding percentages, we can see that 21.8% 

of the sample environment described had minimal redundancy. They rely largely on whatever 

resilience exists in the cloud platform, data centre or server hardware. Group 2 described 

configurations where IT was duplicated, but a single hosting location was used. This 

represented 11.4% of the sampled environments. The bulk of the sample environment was 

described as having multiple IT nodes and multiple data centres, with 57.8% of the total 

sampled environment configured in this way, both with cloud, traditional and hybrid 

approaches described. Finally, a small percentage, 5.9%, where additional redundancy was 

described, either with three data centres or pairs of redundant IT nodes that were also 

redundant to each other. Figure 6.7 provides a visual summary of the above data. Table 6.1 

presents each model within its group. Highlighting the most popular models that will be taken 

forward for further analysis.  

 

Figure 6.7: Breakdown of model groupings 

Note that the most common and most popular models for Groups 2 and 3 were Models 1 and 

2, respectively. Model 2 was the most prevalent across all the environments described. Model 

4 is described by a single IT system being hosted in a single cloud location, relying on the 

inherent redundancy within the cloud providers. Model 4 was also the most popular cloud 

model. As mentioned in Chapter 5, while Model 11 only represents a small percentage, it was 
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described by the largest organisation. As such, if organisation size was taken into account this 

would have been the second most popular model. 

Table 6.1: Summary and grouping of model popularity  

 
Model # 

Number of 
organisations 

% of combined 
environments  

Group 1: Minimum redundancy Model 4* 2 13.6% 

Model 5 5 6.4% 

Model 6 1 1.8% 

Group 2: IT redundancy only Model 1 5 10.5% 

Model 3* 1 0.9% 

Group 3: Redundant IT and data centres Model 2 6 30.5% 

Model 10 2 15.9% 

Model 9 1 7.3% 

Model 7* 1 1.8% 

Model 8 1 1.8% 

Model 14# 1 0.5% 

Group 4: Additional redundancy Model 11 1 2.7% 

Model 13 1 1.8% 

Model 12* 1 1.4% 

Note. * = cloud, # = hybrid, green highlight indicates the models selected for further study in 

Chapter 7. 

6.4 ADDITIONAL MODELS 

This section will describe Models 4 and 11. Model 4 is particularly simple, resulting in a basic 

formula with only two inputs. Model 11 however, is quite complex and requires 8 inputs. The 

description of each model will start with a statement describing the model and assumptions, 

the formulas used to construct the larger equations.  

6.4.1 Updated Components 

Chapter 3 described the components that made up each model, providing a definition, 

assumptions and some additional context relevant to the research project. To complete the 

design of Models 4 and 11, these component definitions will be updated. Firstly, by describing 

the new cloud location IaaS model component and then by providing an updated summary of 

all the components used during the modelling process.  

6.4.1.1 Cloud location IaaS 

Throughout the interviews conducted for this study, the participants that described cloud 

services primarily referenced two cloud providers, Amazon AWS and Microsoft Azure. For 

both service providers, the availability for a single virtual machine on IaaS has ranges that can 
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be inferred through their SLAs. In the case of Amazon, their Amazon compute SLA (Amazon, 

2019) describes a monthly uptime percentage of 99.99% before customers are eligible for a 

scaling refund (in service credits) ranging from 10% between 99.99% and 99.0% and 100% at 

95%. For Azure, their SLA for Virtual Machines (Microsoft, 2018) provide a similar service 

credits structure, with the same thresholds. Note that the condition placed on these SLA 

guarantees vary, and often require that customers use redundant instances to achieve the 

expected availabilities. For example, the following qualifications are from the Azure SLA for 

virtual machines (Microsoft, 2018):  

For all Virtual Machines that have two or more instances deployed across two or more 

Availability Zones in the same Azure region, we guarantee you will have Virtual Machine 

Connectivity to at least one instance at least 99.99% of the time.  

For all Virtual Machines that have two or more instances deployed in the same 

Availability Set, we guarantee you will have Virtual Machine Connectivity to at least one 

instance at least 99.95% of the time.  

For any Single Instance Virtual Machine using premium storage for all Operating System 

Disks and Data Disks, we guarantee you will have Virtual Machine Connectivity of at 

least 99.9%. (Microsoft, 2018) 

Azure guarantees 99.9% availability for stand-alone virtual machines using their premium 

storage solution, where Amazon guarantees a stand-alone VM or ‘single ec2 instance’ to have 

at least a 90% hourly uptime percentage. These guarantees are a little difficult to compare as 

Amazon’s 90% hourly approach provides scope for up-to 6 minutes of downtime per hour (or 

approximately 73 hours per month in total, but only in 6-minute blocks). This is compared to 

the Azure guarantee of 99.9% per month, which equates to only 43.8 minutes of downtime 

per month. However, this could all be in one outage. Both services make it clear that they are 

designed for customers to deploy redundant virtual machines. These varied approaches will 

form the foundation of the value inputs for Model 4, which will be covered in Chapter 7.  

It is worth noting there is a large degree of variability when it comes to the wide range of 

cloud services and reported availability figures. In their recent paper, Nabi et al. (2016) 

examined a wide range of cloud providers and reported on providers’ availability guarantees 

as well as a range of factors representing availability (Nabi et al., 2016). Nabi et al. (2016) also 
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stated that no current cloud provider is currently able to provide the highly desirable HA 

target of “five nines” (99.999%).  

6.4.1.2 Summary of key components – updated 

Table 6.2 provides an updated summary of the key components that make up each model. 

Note that the updated networking component is highlighted in blue and the newly added 

cloud component is highlighted in green. 

Table 6.2: Summary of IT and data centre model components – updated to include cloud 

Component Definition Relevance to this research 

User A user is a person who interacts with 
the system to extract some benefit 
(Chandler & Munday, 2016). 

Any individual user may need to access any number 
of systems at a time, and users will potentially 
differ widely in terms of where they access the 
systems from. However, in the context of this 
research there is a focus on a one-to-one 
relationship between a user and a system. 

IT System IT systems are often a complex 
collection of infrastructure such as 
servers and storage equipment 
(hardware) combined with software, 
databases and people and procedures 
(Butterfield & Ngondi, 2016a). 

There are countless configurations of IT systems, 
which vary depending on the nature of and 
expectations placed on the service being provided. 
In the context of this research, the combined 
availability of any given system can be viewed in 
the context of the wider ecosystem. 

IT Node A sub-component of an IT System that 
is designed for high availability. Each 
node can maintain the system if other 
node(s) fail. 

For the purposes of this simple ecosystem, it will be 
assumed that there are two duplicate IT nodes, 
both capable of maintaining the system and 
capable of being in different physical locations. 
Individual availability figures can be applied to each 
node to explore the effect of one node being more 
resilient than another. 

Data centre Data centres are the housing for 
these IT systems, providing power, 
cooling, physical security, fire 
detection and suppression, and more 
(Balodis & Opmane, 2012). 

In the context of this model the data centres are 
either a single stand-alone data centre with both 
halves of a two node IT system or two duplicate 
data centres each storing half of the two node IT 
system. The availability of each data centre across 
the two configurations can be iterated to explore 
the impact of varying data centre uptime on the 
overall ecosystem.  

Cloud IaaS The cloud is a term often used to 
describe the Internet as a massive 
computer that can hold large 
amounts of data. (Ince, 2013) Of the 
three common types of cloud, 
Infrastructure as a Service, Platform 
as a Service and Software as a Service. 
IaaS is the style that was described by 
the interview participants, and as 
such IaaS will be the variant assumed 
when referencing the cloud 
throughout. 

In the context of this research, the cloud replaces 
both the data centre component and network. As 
there is a wide range of cloud providers and 
differences in how they calculate, report and 
provide SLAs against their services, this study will 
focus on Amazon and Azure as they were the two 
platform providers referenced during the interview 
analysis.  
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Networking 
(Link) 

Network uplinks provide connectivity 
between the system and users of that 
system. Without a connection to an 
appropriate network an otherwise 
functioning system cannot be 
accessed.  
 
Note that this may refer to 
connectivity to a private network or 
the internet, wherever the users of 
that system are.  

The network uplink is a simplification of the data 
centre network and either intranet or internet 
connection that is required to connect the system 
to its users. The role of which in this model 
represents the data centres (and through it the IT 
System) connectivity to those consuming the IT 
system in question. By varying the availability of 
these links, the availability impact of network & 
internet connectivity on the ecosystem can be 
explored. 

Stack This is not an IT or data centre 
industry term, rather a representation 
of the combination and dependency 
between the IT system and the data 
centre that it is within.  

The IT node is ‘stacked’ on the data centre to 
represent its dependency on the data centre and to 
show the data centre is not dependant on the IT 
within it. When combining the availability of 
‘stacks’ they are redundant to each other – 
therefore improving the availability of the system. 

Note. Blue highlight is the reference that has been updated. Green highlight is the new cloud 

entry when compared to Table 3.4. 

6.4.2 Model 4 | Single cloud location and IT without redundancy  

Model 4 is by far the simplest of the models. It is represented by a single relationship between 

a cloud provider and a single non-redundant IT server hosted on IaaS. The key features of 

Model 4’s ecosystem include the following points and assumptions: 

• The IT system is fully dependant on a single cloud location. 

• There is no redundancy in this model over and above that built into the cloud service or 

software. 

• In this scenario, an organisation establishes a virtual machine on a cloud IaaS service and 

is then responsible for all the software components from that point, including operating 

system, any data base, middleware, security, web server or application services. 

• Unlike the other models, networking is not extrapolated for this and other cloud models. 

The assumption is that the networking availability for the cloud data centre is rolled into 

the experience IaaS users are going to receive. 

• Recovery options are not represented here and were described in terms of backups. 

Figure 6.8 shows Model 4 as described through the interviews analysed in Chapter 5.  
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Figure 6.8: Model 4 - Single IaaS cloud location with a non-redundant IT system 

 
Given the simplicity of this model, the formula that describes it is simple. The single 

interaction and formula are described in Table 6.3. 

Table 6.3: Summary of Model 4 relationship and formula 

Interaction Description formula 

IT System to Cloud IaaS 
Dependency  
 
(output) 

IT systems are hosted on an IaaS cloud service; 
the cloud location must be functioning and 
available for the IT system to be active. This 
makes the IT system dependant on the data 
centre. Multiplication of two availability figures 
calculates the availability of mutually dependent 
components. 

output = Ca x n  

Where Ca is the 
availability of the single 
cloud location and n is 
the IT System 
availability. 

 
Therefore, the equation to calculate the availability of a single non-redundant IT hosted in a 

single cloud location is the same as the formula shown in Table 6.3.  

𝐶𝑎  × 𝑛 (6.1) 

Where 
 Ca is the availability of the Cloud IaaS service 
 n is the availability of the IT system 

Model 4 has two input availabilities. The first is the availability of the IT system (n) and the 

secondly the availability of the cloud IaaS service (Ca). For the cloud availability figures, a 

range of inputs will be derived from cloud provider SLAs and the interview results from 

Chapter 5. In both cases, see Chapter 7 for more detail, where the input selection and 

scenarios will be described. 
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6.4.3 Model 11 | dual data centre with redundant IT nodes in each data centre 

Model 11 is significantly more complex than Model 4 and in a way merges Models 1 and 2. 

Taking the entire environment from Model 1 and duplicating it, providing four IT nodes in a 

single cluster, split evenly across two geographically disperse data centres. As such, this model 

uses the same components as the original models described above in Table 6.4. Model 11 can 

be described through the following points and assumptions: 

• A HA IT system designed to provide an active/active architecture. It is assumed that a 

manual cutover or ‘warm spare’ approach would not be taken in this approach given the 

description from the interview participants. 

• Node 1 and node 2 are both hosted within a single data centre, making them redundant 

to each other but dependant on data centre 1. While Nodes 3 and 4 are also redundant 

to each other but dependant on data centre 2.  

• All four nodes are active participants in providing the IT service and only one node is 

required from either data centre for the service to be available. 

- As is the case with HA clusters, a reduced number of active nodes would increase 

the load on those nodes still active, potentially affecting performance for users.  

• Redundant links from each data centre to the internet/network. If either link fails, 

connectivity to and from the data centre as well as IT system is maintained with little or 

no interruption. In this model, the assumption is that each link is also used as a cross 

connect between the data centres. The same underlying principal remains, each data 

centre has two connections, and either connection needs to be available for that ‘stack’ 

to be available.  

• For the system to be available, one data centre with at least one of the IT nodes plus one 

network link needs to be online. 

Figure 6.9 shows the graphical representation of Model 11. Table 6.4 provides the base 

formulas used to describe each of the relationships.  
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Figure 6.9: Model 11 - dual data centres with four redundant IT nodes evenly distributed 

 
Table 6.4: Summary of Model 11 relationships and formulas 

Interaction Description Base formula 

IT Node Redundancy  
 
(np1a and np2a) 

HA systems constitute two or more redundant 
nodes, each capable of providing the system to 
end users in its entirety (potentially with 
depreciated performance).  
 
In this model, there are two pairs of IT nodes, 
represented by node pair 1 (np1a) and node 
pair 2 (np2a). 

np1a = N1a + N2a - (N1a x N2a) 
np2a = N3a + N4a - (N3a x N4a) 
Where N is the node and a is the 
expected availability of that 
node. 

IT Node to Data 
centre Dependency 
(stack)  
 
(sx) 

Each pair of IT nodes that make up the 
complete system are split between separate 
data centres; each data centre must be 
functioning for the associated pair of IT nodes 
to be active. However, in this instance only half 
of the IT system is hosted within each given 
data centre. Therefore, any one of the four IT 
nodes is dependent on its paired data centre.  

sx = npx x DCxa  

Where x relates to the 
availability of the stack and its 
components. e.g. s1 = np1a x 
DC1a where stack 1 (s1) 
comprises of the availability of 
the first IT node pair (np1a) and 
the first data centre (DC1a) 

Network/Internet 
(Link) Redundancy  
 
(b) 

In this configuration, there are two redundant 
network/internet links for both data centres - 
combined. Again, if either of these links is 
available then the system is available, making 
them redundant.  

b = L1a + L2a - (L1a x L2a) 
Where L is one network/internet 
connection and a is the expected 
availability of that link 

Stack to Stack 
Redundancy  
 
(d) 

Once the availability of the stacked IT node and 
data centre is calculated, each stack is then 
redundant to each other. Meaning that if one 
pair is available then the IT system is also 
available.  

d = s1a + s2a - (s1a x s2a) 
Where s1 and s2 are the 
availabilities of each ‘stack’ 
resulting from the sx calculation 
above. 

Combined Stack (d) 
to Link (b) 
Dependency 
 
(output) 

As with the first configuration in this model the 
last step is to combine the availability of the IT 
System and Data centres (d) with their 
dependant network/internet link (b). This is the 
final calculation for the dual data centre 
configuration. 

output = d x b 
where 1 denotes the ecosystem 
availability for the second - dual 
data centre – configuration. 
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The final equation to calculate the availability for the dual data centre with redundant IT 

nodes in each data centre is shown below in Equation 6.2. 

((N12 × DC1𝑎) + (N34 × DC2𝑎) − ((N12 × DC1𝑎) × (N34 × DC2𝑎)) × L12 (6.2) 

Where 
N12: N1a + N2a – (N1a × N2a) 
N34: N3a + N4a – (N3a × N4a) 
L12: L1a + L2a – (L1a × L2a) 
d is availability of the stacks combined (including the node and data centre 
availabilities) 
 DC1a is the availability of the first data centre 
 DC2a is the availability of the second data centre 
 N1a is the availability of the first IT node within DC1 
 N2a is the availability of the second IT node within DC1 

N3a is the availability of the first IT node within DC2 
 N4a is the availability of the second IT node within DC2 
b is the availability of the network/internet connectivity 

  L1a is the availability of the first link 
  L2a is the availability of the second link 

This model has eight key availability inputs, the two data centres, the four IT nodes and the 

dual network links. As with the other models, any number of scenarios can now be applied by 

testing different combinations of inputs.  

6.5 CHAPTER SUMMARY 

This chapter has taken a closer look at the models proposed by the interview participants, 

grouping them by the degree of redundancy they provide at the various layers. The models 

chosen to apply scenarios each represent the most popular model from each of the groups. 

These are;  

• Model 4 (single cloud location without IT redundancy) from the minimal redundancy 

group, 

• Model 1 (single data centre with redundant IT) from the IT redundancy only group,  

• Model 2 (dual data centre with distributed IT), from redundant IT and data centres group, 

and 

• Model 11 (dual data centre with redundant IT in each) from the additional redundancy 

model.  
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This selection also captures the most popular cloud model, Model 4, and the most popular 

traditional model, Model 2. The only model with a significant representation not captured by 

this selection is Model 10 which is almost identical to Model 2. The difference between Model 

2 and 10 is the use of a ‘warm spare’ that uses a manual fail-over, as opposed to an automatic 

recovery. From an availability perspective, the difference between these models relates to 

automatic processes versus a person following a series of steps which will vary greatly 

depending a range of factors. As a result, subjecting Model 10 to the scenarios will not provide 

comparable results, nor recommendations that will not be highly subjective for industry. 

Therefore, it has been decided not to subject Model 10 to the series of scenarios for 

comparison.  

Models 1 and 2 both remained unchanged in terms of the relationships described and 

therefore the equations that describe each model remain unchanged. Models 4 and 11 have 

been described in a similar approach than Models 1 and 2, with both having a formula ready 

to be subjected to a range of scenarios.  
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7 FINAL MODEL RESULTS 

7.1 CHAPTER INTRODUCTION 

This chapter brings together the initial models and the alternative models, Model 4 and Model 

11. Chapter 7 builds on the initial results presented in Chapter 4 and expands on the originally 

proposed models by extending those results, introducing the scenarios for the two new models 

and comparing their results.  

This chapter will be broken into several sections, starting with an overview of how this chapter 

fits within the research methodology. Next, the need for the more detailed cost calculations, 

raised in Chapter 4, will be addressed. The final set of scenarios will then be described, including 

a summary of the scenarios used for Models 1 and 2, and followed by the introduction of the 

results from Models 4 and 11. Finally, the results will be detailed and analysed before the 

discussion in Chapter 8.  

7.2 LOCATION WITHIN RESEARCH METHODOLOGY 

Chapter 3 introduced the research framework for this research project and discussed how the 

remaining thesis chapters would address each of the stages identified. This chapter takes the 

revised model design generated in Chapter 6 and conducts the second wave of simulations, 

designed to demonstrate the efficacy of the proposed model. Figure 7.1 highlights this chapters’ 

position in the research framework.  
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Figure 7.1: Research Framework - revised simulations 

7.2.1 Models design overview 

The four models were selected for the final round of scenarios each represent a distinct 

approach to deploying IT systems. The first group includes no additional redundancy and relies 

on the inherent redundancies built into the data centre, network and software components. 

This approach is represented by Model 4 which was the most popular model to take this 

approach and also the most popular cloud model. Model 4 is also, due to the lack of redundancy, 

the simplest model. See Appendix B - Models and equations for an overview of Model 4 and 

Chapter 6 for details on how it was designed. 

The second group was characterised by providing redundancy for the IT systems, however, 

relying on a single data centre (or cloud location). The second group of scenarios is represented 

by the original Model 1 which was the most common and most popular model of this style. See 

Appendix B - Models and equations for an overview of Model 1 and Chapter 3 for details on 

how it was designed; minor refinements that were also made as a result of the interviews are 

discussed in Chapter 5.  

The third group is characterised by redundancy at all levels: IT, data centre and network. Model 

2 was the most common and popular model in this category, with the second most popular, 

being Model 10, which is closely aligned with Model 2. Model 2 was developed in Chapter 3 and 
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was refined in Chapter 5, as a result of the interviews. See Appendix B - Models and equations 

for an overview.  

The final group was charactered by having additional redundancy over and above group 3. The 

most popular model here was Model 11, which has two pairs of redundant IT nodes split 

between two data centres. See Appendix B - Models and equations for an overview of Model 

11 and Chapter 6 for details on how it was designed.  

7.3 COST CALCULATIONS 

As discussed in chapter 4, the use of a cost dimension allows for a comparison between 

scenarios. This is useful in identifying which approaches provide superior availability at 

equivalent, or better, cost to businesses. In chapter 4, data centre cost was used as a single cost 

dimension. This was selected due to the fact that the data centre is the largest cost. However, 

it resulted in many scenarios that used quite different approaches, appearing to cost the same. 

As a result, the cost of IT systems and the cost of downtime will be added to help differentiate 

between models and scenarios.  

7.3.1 Cost of cloud 

Comparing the cost of the cloud and data centres is a hotly debated topic (Babcock, 2009; 

Bernard, 2018; Gillis, 2015; Greenberg, Hamilton, Maltz, & Patel, 2008). Comparing ‘apples-

with-apples’ requires a lot of nuanced costs to be captured that are likely to be very subjective 

from business to business (Gillis, 2015). As such, it will be difficult to provide a robust 

comparison. As the base goal of this research is focused on availability and not cost, the cloud 

model and scenario results will be compared using the IT system cost calculations compared to 

the IT systems cost from the other models, excluding their data centre cost. This will provide 

useful comparison of the cloud versus data centre debate at this time and will be discussed in 

the areas of further study section in Chapter 8.  

7.3.2 IT system cost 

Gartner is a long standing global research firm providing advice to a broad range of industry 

segments ("Gartner.com," 2017). As such, they have a long-standing series of research looking 

at many aspects of the IT industry. In 2010, Gartner published a paper that provided cost 

multipliers which can be applied to the cost of IT when looking at highly available systems, 
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continuously available systems and the cost of multi-site continuously available IT services 

(Malik & Scott, 2010). This paper discussed each of the cost points in terms of ‘X’ cost of a 

standard non-redundant IT service. This means that the calculation can be easily applied by any 

organisation and used to estimate or calculate their IT service cost (including or excluding any 

elements that make sense in their context).  

The costs of a standard, non-highly-available IT service is assumed to be at "X" (and could 

be built with virtual, as well as physical, components). To make this IT service highly 

available locally requires complete duplication of components and, thus, would double 

the cost of the hardware and infrastructure software. On top of this, there is assumed a 

15% cost increment (called a "complexity tax") for the additional infrastructure required 

to enable failover/failback processing (generally for software, scripting and policy 

maintenance) and to manage the holistic availability of the IT service. (Malik & Scott, 

2010). 

This Gartner paper goes on to discuss the cost of release management, plus the additional 

complexity cost for multi-site environments and duplicate infrastructure. The cost for each of 

the models above, using the guidelines laid out by Gartner, are described in Table 7.1. Note that 

as release management was not addressed in the conversations during the interviews, this 

element and related costs will not be included. The rule of thumb used is a duplication of cost 

plus 15% for each additional layer of complexity.  

Table 7.1: Cost of IT multipliers 

Model # Description Equation 

Model 4 This model provides no redundancy and therefore will use simply the base cost 

of a standard IT system, X.  

 Base IT cost 

(𝑪)  

Model 1 Model 1 describes a single highly available IT system in a single data centre at 

a cost of 215% higher than a standard IT system. 

2.15 × 𝑪 

Model 2 Model 2 has the same number of IT nodes than Model 1 however with the 

added complexity of site diversity. This will be calculated as 230% of a standard 

IT system.  

2.30 × 𝑪 

Model 11 Model 11 has four nodes as well as the complexity of multi-site and high 

availability resulting in 445% higher cost. 

4.45 × 𝑪 

Note. These figure are for use in Models 4, 1, 2 and 11 and are derived from Gartner (Malik & 

Scott, 2010).  

Industry leaders trying to work out the cost to their organisation can use the above multipliers 

and apply them to base figures that are relevant to their organisation and context. In a 2017 
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case study looking at cost optimisation, Gartner showed a range of cost for the “cost per 

operating system instance”, for a Windows operating system across their surveyed customer. 

This paper breaks their results into quartiles and provides an average and median cost. The 

highest third quartile cost will be used for scenarios described by a best-in-class HA IT system 

base at $5,601 (McGittigan, Potter, & Lozada, 2017). The minimum HA IT figures will use the 

median cost of $4,227 (McGittigan et al., 2017). As described later on in this chapter, the non-

redundant IT node will use a modified availability derived from the minimum and BoC 

availabilities. Therefore, the models using a non-redundant IT will use the same base IT costs, 

noting that the complexity and duplication for the more complex systems is taken into account 

with the cost of IT multipliers. These figures are summarised in Table 7.2. 

Table 7.2: Base costs for IT cost calculation 

IT infrastructure type Base Cost 

Minimum IT base cost $4,227.00 

BoC IT base cost $5,601.00 

Note. Derived from McGittigan et al. (2017).  

Combining the multipliers from Table 7.1 and the base costs in Table 7.2, Table 7.3 provides the 

resulting IT system cost for a single system represented within the environments described by 

each model.  

Table 7.3: Cost of IT systems for models 4, 1, 2 and 11 

Model # Minimum IT Best-of-class IT 

Model 4  $4,227.00   $5,601.00  

Model 1  $9,088.05   $12,042.15  

Model 2  $9,722.10   $12,882.30  

Model 11  $18,810.15   $24,924.45  

7.3.3 Cost of downtime 

By assigning a value to the cost of downtime, the cost to business can be compared across each 

scenario. In 2013, Gartner estimated one minute of downtime, to an average enterprise, of 

$5,600 for every minute of unplanned downtime (D. Cappuccio, 2013). Gartner made the point 

that this is an average value and not a good measure for all businesses.  

There is a large degree of variance, based on the characteristics of your business and 

environment (i.e., your vertical, risk tolerance etc). For example, this Avaya study indicates 

the range is from $140K to $540K /p/hour. (Lerner, 2014)  
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The average cost of downtime of $5,600/min will be used as a useful cost comparison when 

looking at the potential effectiveness of model and scenario. However, the dollar figures should 

not be considered accurate to a business decision maker. The calculation is shown by Equation 

7.1 below as the downtime in minutes multiplied by $5,600/min. 

(𝑑𝑜𝑤𝑛𝑡𝑖𝑚𝑒𝑚𝑖𝑛𝑢𝑡𝑒𝑠) × $5,600 (7.1) 

The exact calculation for the Equation 7.2 is based on the inverse of the availability output from 

the scenario, followed by a multiplication with the number of minutes in a year (525,600) and 

again by multiplication with our downtime per minute figure.  

((1 −  𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑢𝑡𝑝𝑢𝑡) × 525600) × $5,600 (7.2) 

There are several ways to look at the cost of downtime and these are dependent on the 

assumptions made. In this case the assumption is that there is a consistent cost of downtime 

and that it does not change over the duration of the outage. This approach is similar to that 

discussed by U. Franke (2012) who compares a ‘linear loss function’ where the cost is not 

affected by the outage length against a ‘snowball effect’, where the cost of downtime increases 

over time (U. Franke, 2012). 

7.3.4 Comparing the cost of data centres, IT systems and the cost of downtime 

As discussed above, the cost of downtime is based on dollars per minute. This will be combined 

with yearly average expected downtime for each scenario, resulting in a dollar figure for each 

year. Taking a yearly cost of one IT system and using the multiplier to account for the cost of 

additional redundancy and complexity will also result in a dollar figure per year.  

However, the data centre cost takes into account the construction, and construction only, of a 

facility designed to operate over many years. As such, any comparison of the cost of the IT 

system, plus the data centre cost, compared to the cost of downtime, must be taken with a 

grain of salt and considered as it is intended – as a tool for comparison, not for budgetary 

purposes. As such, during the analysis to follow, the cost of downtime, IT costs and data centre 

cost will be represented separately, to allow for fair comparison between each scenario, rather 

than combining the cost into an aggregate.  
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7.3.5 Summary of costing approach 

In summary, the role of the cost comparisons will provide an additional dimension, over and 

above the primary focus of availability. Three cost dimensions will be calculated for each 

scenario.  

• Firstly, the original data centre cost calculation was adapted from an Uptime Institute white 

paper and discussed in detail in Chapter 4 (Turner & Seader, 2006).  

• Secondly, an IT system cost calculation derived through the combination of average IT 

system costs and high availability cost multipliers for different levels of redundancy was 

published by Gartner (D. Cappuccio, 2013; Malik & Scott, 2010).  

• Finally, a cost per minute for downtime, also published by Gartner (D. Cappuccio, 2013), will 

be used to provide a cost value to the downtime expected for each scenario.  

Each of these cost approaches will be calculated and provided individually, as a part of the 

results for each scenario. During analysis they may be combined to illustrate specific examples 

but will be dealt with as individual points of comparison, illustrating elements of each 

ecosystem, described by the models and scenarios, rather than used as an aggregate cost. 

7.4 SCENARIOS 

In Chapter 4, there were 1128 scenarios applied across Models 1 and 2. These scenarios in terms 

of the combinations applied to each input, were generated by cycling through each input using 

industry availability figures and combining these with hypothetical availabilities for each input. 

This same approach will be taken for Models 4 and 11. Due to the difference in the number of 

inputs for the two new models, the number of new scenarios generated varies greatly. Model 4 

has two inputs with the 64 resulting scenarios. In contrast, Model 11 has eight inputs, and using 

the same logic as the previous scenario selection, this has resulted in 1220 scenarios.  

7.4.1 Scenario inputs 

As with Models 1 and 2, the data centre availability figures are from the uptime institute’s 

published data centre tiers (UptimeInstitute.com, 2018). Each tier is engineered with 

redundancy designed, to result in the target availability for the facility. The expected yearly 

downtime ranges from 26 minutes per year, for a Tier IV data centre, to almost 29 hours for a 

Tier I. In contrast to the other models explored in this chapter, Model 4 represents a simple 
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cloud deployment using IaaS. Due to the nature of how the cloud is presented to customers and 

the blending of networking, IT infrastructure and data centre facilities, the data centre tier 

availability figures are not relevant. In Chapter 6 the cloud components and how it will be dealt 

with in this study were discussed.  

There will be four inputs used for the cloud model, similar to the four tier ratings for the data 

centre models. The first level will be ‘minimum’ at 95%. This is the point at which the major 

cloud providers, AWS and Azure (Amazon, 2019; Microsoft, 2018), will refund or provide 100% 

value in credit, back to the customer. The ‘target’ level 99.99%, commonly referred to as four 

nines, is the point where AWS and Azure begin to offer refunds/credits (Amazon, 2019; 

Microsoft, 2018); four nines higher customers pay full price. At four nines, 52 minutes and 34 

seconds of yearly downtime would be expected. The third cloud input is five nines, or 99.999%, 

this is often quoted as the aspirational goal for uptime (Nabi et al., 2016). Five nines would result 

in 5 minutes and 15 seconds of yearly downtime. Finally, as discussed in Chapter 5, one 

interview participant reported 100% uptime hosting on the cloud over a five to six-year 

duration, as such, 100% will be used as the final input. It is important to re-iterate with all the 

availability figures gathered. The expected yearly downtime may not occur each year, and there 

may be subsequent years without an outage before a single outage occurs. For example, a Tier 

III data centre may have no outages for two years and then have a single four-and-a-half-hour 

outage in the third year. These cloud inputs are shown in Table 7.4. 

Table 7.4: Data centre and cloud input availability 

 Tier rating Availability 
Downtime / year 

(HH:MM:SS) 

Data centre 

Tier I 99.671% 28:49:13 

Tier II 99.741% 22:41:18 

Tier III 99.982% 1:34:36 

Tier IV 99.995% 0:26:17 

Cloud 

Minimum 95% 438:00:00 

Target 99.99% 0:52:34 

Five nines 99.999% 0:05:15 

Reported 100% 0:00:00 

Note. This table expands on Table 4.1 by adding availability and expected downtime figures for 

Model 4 which uses the cloud.  

As Model 4 does not offer any HA, different inputs were used to calculate the IT availability 

figures. For example, HA availability figures derived from Malik and Scott (2010), were used to 
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calculate the availabilities for the non-redundant IT nodes so they can follow the same minimum 

and BoC approach. In the case of a minimum standard HA system, with an availability of 99.26%, 

each individual node would have an availability of 91.398%. Therefore, this figure can be used 

as a minimum availability input for a non-redundant IT system. A non-redundant IT system, with 

an availability of 91.398%, would have more than 31 days of expected downtime yearly. 

Likewise, in the case of the BoC IT system achieving a 99.81% availability, each node in the HA 

pair would have an availability of 95.641%. This can then be used for the higher quality non-

redundant BoC IT system. A non-redundant BoC IT system, with an availability of 95.641% would 

experience almost 16 days of yearly downtime. For a summary of the input availability for each 

of the four options and their corresponding expected downtime figures, see Table 7.5. 

Table 7.5: IT system input availabilities and expected downtime 

System Description Availability Downtime / year (HH:MM:SS) 

Non-redundant: minimum 91.398% 753:33:49 

Non-redundant: BoC 95.641% 381:50:23 

HA Availability: Minimum 99.260% 64:49:26 

HA Availability: BoC 99.810% 16:38:38 

 
As described during the model refinement section in Chapter 6, network inputs are not used for 

Model 4. The networking component for Model 11 will follow the same approach as Models 1 

and 2. The network input value for Models 1, 2 and 11 will be 99.5%, which when combined in 

the context of two redundant paths will result in a 99.998% availability. This is equal to 13 

minutes and 8 seconds of expected downtime yearly.  

7.4.2 Scenario selection 

Following the approach used, Models 1 and 2, for Models 4 and 11, an additional 1,284 

scenarios were calculated. Model 4 with two inputs has 64 scenarios and Model 11 with eight 

inputs resulted in 1220 scenarios being calculated. These scenarios are broken into groups, 

described by the inputs being cycled through each variable, starting with the industry-based 

availability figures taken from the Uptime Institute, AWS, Amazon and Gartner, as described in 

the previous section. These are then extended, by cycling ten abstract inputs through each 

variable. These variable inputs were 50%, 60%, 70%, 80%, 85%, 90%, 92.5%, 95%, 97.5% and 

100%.  



 

214 
 

For Model 4, the first two groups alternate the 4 cloud inputs chosen, against the minimum and 

BoC IT availabilities. The next two groups use the variable inputs selected, also against the 

minimum and BoC IT. Note that only eight variables were used in this instance as 95% and 100% 

were already included, as they represent two of the four selected cloud inputs (see scenario 

inputs above). Finally, each of the four cloud availabilities were calculated against each of the 

ten variable inputs. Table 7.6 lists each of the scenario groups and their description. 

Table 7.6: Model 4 - scenario descriptions 

Model# Scenario group description Count 

4 cloud location (x4), minimum IT 4 

4 cloud location (x4), BoC IT 4 

4 cloud location variable inputs (x8), minimum IT 8 

4 cloud location variable inputs (x8), BoC IT 8 

4 cloud location (x4), variable IT inputs (x10) 40 

 
The same logic was followed for Model 11, to generate the scenarios. These groups are almost 

the same as Model 2, as the data centre and network configuration between the two models, 

is the same. However, due to twice the number of IT nodes, a number of extra groups were 

created to cater for one, two, three or all of the IT nodes being cycled through. This resulted in 

1220 scenarios, a full list of scenario group descriptions and the count of how many scenarios is 

in each group can be found in Table 7.7.  

These scenarios, in combination with those from Model 1 and 2 have resulted in a total of 2,412 

scenarios across all four models. Each scenario includes the inputs, outputs, expected downtime 

and the cost of downtime and cost of IT systems have also been added. See Appendix E – Model 

4 scenarios and Appendix F – Model 11 scenarios for a detailed set of results which will be 

discussed in the following section. Also note that the additional cost has been included in 

Appendix C – Model 1 scenarios and Appendix D – Model 2 scenarios. 
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Table 7.7: Model 11 - scenario descriptions 

Model Scenario group description Count 

11 redundant networks, BoC HA IT, cycled DC combinations (x10) 10 

11 
redundant networks, BoC HA IT, 1x DC with cycling DC tiers (x4), 1x DC with varied inputs 
(x10) 

40 

11 redundant networks, BoC HA IT, 2x DCs with matching varied inputs (x10) 10 

11 
redundant networks, cycled DC combinations (x10), 3x BoC HA IT nodes and 1 node with 
varied inputs (x10) 

100 

11 
redundant networks, cycled DC combinations (x10), 2x BoC HA IT nodes and 2 nodes with 
varied inputs (x10) 

100 

11 
redundant networks, cycled DC combinations (x10), 1x BoC HA IT node and 3 nodes with 
varied inputs (x10) 

100 

11 
redundant networks, cycled DC combinations (x10), all 4 IT nodes with matching varied inputs 
(x10) 

100 

11 network with 1 varied inputs (x10), cycling DC combinations (x10), BoC HA IT 100 

11 both network links with varied inputs (x10), cycling DC combinations (x10), BoC HA IT 100 

11 redundant networks, minimum HA IT, cycled DC combinations (x10) 10 

11 
redundant networks, minimum HA IT, 1x DC with cycling DC tiers (x4), 1x DC with varied 
inputs (x10) 

40 

11 redundant networks, minimum HA IT, 2x DCs with matching varied inputs (x10) 10 

11 
redundant networks, cycled DC combinations (x10), 3x minimum HA IT Nodes and 1 with 
varied inputs (x10) 

100 

11 
redundant networks, cycled DC combinations (x10), 2x minimum HA IT nodes and 2 nodes 
with varied inputs (x10) 

100 

11 
redundant networks, cycled DC combinations (x10), 1x minimum HA IT node and 3 nodes with 
varied inputs (x10) 

100 

11 network with 1 varied inputs (x10), cycling DC combinations (x10), minimum HA IT 100 

11 both network links with varied inputs (x10), cycling DC combinations (x10), minimum HA IT 100 

7.5 RESULTS AND ANALYSIS 

This section will start with a summary of the scenarios and their results for Models 1 and 2. 

These will then be extended by adding the additional cost calculations described earlier before 

moving onto a detailed look at the results for Model 4 and Model 11.  

7.5.1 Extending models 1 and 2 results 

Chapter 4 looked at the data for Models 1 and 2, from a range of angles, with a view to directly 

address the research questions. Question 1 is “How is the availability of an IT system impacted 

by the design and placement of the IT components and data centre?” This was explored in part 

by looking at the entire data set across both models, using a scatter chart to look for trends. The 

result shows a broad range of ecosystem availabilities across every data centre combination. It 

also shows the importance of making good decisions, as it is possible achieve a poor outcome 

with the same expenditure and some of the highest performing configurations. Building on this 



 

216 
 

and incorporating the cost of downtime to the scatter chart, the impact on ecosystem 

availability is shown in Figure 7.2. 

 

Figure 7.2: Models 1 and 2 results scatter chart combined costs  

 
The desirable scenarios, those with a low cost and excellent availability, are those in the bottom-

most right section of Figure 7.2. It should be noted, that the cost of downtime is calculated 

based on a single years’ worth of expected downtime. Even with only a year of downtime costs 

included, the poor performing scenarios (left) have extremely high costs compared to even the 

most expensive high performing scenario (right). This demonstrates the importance of 

implementing HA IT systems from the perspective of cost avoidance.  

As previously shown in Figure 4.2, which details a comparable scatter chart without the cost of 

downtime, there were three clusters of results running horizontally in line with the reasonably 

consistent data centre costs. The conclusion drawn from the previous results (Figure 4.2), was 

that regardless of the data centre cost, it was possible to spend similar amounts of money 

(within the three bands shown) and achieve a wide spectrum of results ranging from very poor 

to outstanding in terms of availability. This highlighted the importance of taking care when 

configuring the ecosystem, and by extension, selecting a high tier data centre was not enough 

to ensure a good availability result. The addition of the cost of downtime to these results has 

shown that there is a potential for downtime costs to quickly outstrip data centre costs. This 
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further reinforces the conclusions previously made and indicates that the cost of downtime is a 

more important factor than data centre costs when designing critical business systems.  

Chapter 4 demonstrated that the improvement to availability began to slow as the availability 

inputs increased. However, without the additional cost dimension this was difficult to illustrate 

clearly. Using the first 4 results for Model 1 and the first 10 from Model 2, it was established 

there were three clusters of results.  

• Firstly, one that was cheap but resulted in a high degree of downtime.  

• Secondly, another that was moderately priced and achieved reasonable availability.  

• Finally, a cluster that was expensive but offered very high levels of availability.  

These results can now be extended using the cost of downtime calculation introduced earlier in 

this chapter. To illustrate the impact of the downtime costs and represent a reasonable duration 

within a data centre’s useful life, the cost of downtime calculation has been provided using the 

basic equation introduced earlier, in addition to a 10-year downtime cost figure. Table 7.8 takes 

the original scenarios examined plus the new results. The colour coding represents 

improvement, or a decrease compared to the Model 2 Scenario 6 which was used as a point of 

comparison.  

Table 7.8: Scenario cost comparison M1/S01-04, M2/S01-10 

Model / 
Scenario 

Output 
Data centre 

cost  
(in millions) 

Downtime/ 
year 

(HH:MM:SS) 

Cost of 
Downtime 

Cost of 
Downtime  
(10 years) 

Data centre + 10 
years of 

downtime costs 

M2/S10 99.8071% $122 16:53:57 $5,677,741 $56,777,414.40 $178,777,414.40 

M2/S09 99.8065% $117 16:56:48 $5,695,402 $56,954,016.00 $173,954,016.00 

M2/S08 99.8060% $112 16:59:40 $5,710,118 $57,101,184.00 $169,101,184.00 

M1/S04 99.8025% $122 17:17:59 $5,813,136 $58,131,360.00 $180,131,360.00 

M2/S07 99.7965% $94.5 17:49:40 $5,989,738 $59,897,376.00 $154,397,376.00 

M2/S06 99.7959% $89.5 17:52:40 $6,007,398 $60,073,977.60 $149,573,977.60 

M2/S04 99.7936% $92 18:05:01 $6,075,095 $60,750,950.40 $152,750,950.40 

M2/S03 99.7930% $87 18:08:04 $6,092,755 $60,927,552.00 $147,927,552.00 
M1/S03 99.7895% $112 18:26:11 $6,195,773 $61,957,728.00 $173,957,728.00 

M2/S05 99.7853% $67 18:48:29 $6,319,394 $63,193,939.20 $130,193,939.20 

M2/S02 99.7822% $64.5 19:04:41 $6,410,638 $64,106,380.80 $128,606,380.80 

M2/S01 99.7791% $62 19:21:08 $6,501,882 $65,018,822.40 $127,018,822.40 

M1/S02 99.5490% $67 39:30:26 $13,274,554 $132,745,536.00 $199,745,536.00 

M1/S01 99.4791% $62 45:37:39 $15,331,962 $153,319,622.40 $215,319,622.40 

Note. This builds on the earlier results described in Table 4.15. M2/S06 was the previously 

identified ideal mid-point among this sample, however as these updated results show, there are 

several results that perform better once downtime costs are considered. 
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Figure 7.3: Scenario cost comparison M1/S01-04, M2/S01-10 

Note. The red arrow shows the point where the cost of downtime over 10 years begins to 

overtake the data centre cost.  

It is important to note that the cost-effective point has ‘moved’ from Model 2 Scenario 7 

(M2/S07) or scenario 3 (M2/S03), to now Model 2 Scenario 1 (M2/S01) or scenario 2 (M2/S02) 

performing the best. Figure 7.3 illustrates this as the cost of downtime begins to overtake the 

data centres construction costs, as indicated by the red arrow. Model 2 Scenario 2 (M2/S02) 

was described by a pair of data centres, one Tier I and the other Tier II with a BoC IT system and 

redundant networks. This scenario achieves an ecosystem availability of 99.7822% and results 

in around 19 hours of expected yearly downtime. This, around 1 hour and 12 minutes more 

downtime than scenario 6 but after taking 10 years of downtime costs into account, would be 

around $21 million cheaper in terms of these two cost components. 

To further illustrate the impact of placing a cost to the downtime for each scenario. Figure 7.4 

builds on Figure 4.7 which showed the cost versus downtime clusters discussed earlier. Figure 

7.4 had 10 years of downtime costs added in the same order (left to right) and it is now clear 

that the Model 1, scenarios (M1/S02 & M1/S01) are very expensive over time. Also, despite the 

seemingly high downtime for the ‘cheap’ Model 2 scenarios, the downtime cost does not 

outweigh the data centre construction costs.  
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Figure 7.4: Scenario cost comparison 

Note. This figure builds on Figure 4.7 (M1/S01-04, M2/S01-10). Data points not shown for 

expected downtime/year are: M1/S01 = 45:37:39 and M1/S02 = 39:30:26. 

By extending this line of thinking, and using the same cost of downtime figures, it would take 

62 years for the total cost of Model 2 Scenario 2 (M2/S02) to overtake Model 2 Scenario 6 

(M2/S06) which originally appeared to be quite an attractive option – see Table 7.9. 

Table 7.9: Scenario cost comparison with 62 years of downtime costs  

Model / 
Scenario 

Output 
Downtime / 

year 
(HH:MM:SS) 

Cost of downtime (62 
years) 

Cost of downtime (62 
years) + original data 

centre costs 

M2/S10 99.8071% 16:53:57 $352,042,689.70 $474,042,689.70 

M2/S09 99.8065% 16:56:48 $353,032,758.17 $470,032,758.17 

M2/S08 99.8060% 16:59:40 $354,025,647.62 $466,025,647.62 

M1/S04 99.8025% 17:17:59 $360,388,367.80 $482,388,367.80 

M2/S07 99.7965% 17:49:40 $371,387,104.42 $465,887,104.42 

M2/S06 99.7959% 17:52:40 $372,432,290.50 $461,932,290.50 

M2/S04 99.7936% 18:05:01 $376,718,242.33 $468,718,242.33 

M2/S03 99.7930% 18:08:04 $377,778,618.31 $464,778,618.31 

M1/S03 99.7895% 18:26:11 $384,066,182.80 $496,066,182.80 

M2/S05 99.7853% 18:48:29 $391,808,432.51 $458,808,432.51 

M2/S02 99.7822% 19:04:41 $397,436,357.58 $461,936,357.58 

M2/S01 99.7791% 19:21:08 $403,146,074.38 $465,146,074.38 

M1/S02 99.5490% 39:30:26 $823,016,445.55 $890,016,445.55 

M1/S01 99.4791% 45:37:39 $950,512,372.49 $1,012,512,372.49 

Note. Includes M1/S01-04 and M2/S01-10. The highlights are for M2/S02 & M2/S06, showing 

the similar combined cost is only reached after 62 years of downtime cost. 

16:48:00

17:16:48

17:45:36

18:14:24

18:43:12

19:12:00

19:40:48

20:09:36

$50,000,000

$70,000,000

$90,000,000

$110,000,000

$130,000,000

$150,000,000

$170,000,000

$190,000,000

$210,000,000

$230,000,000

EX
P

EC
TE

D
 D

O
W

N
TI

M
E 

/ 
YE

A
R

MODEL / SCENARIO

C
O

ST

Data centre cost Cost of downtime (10 years) Expected downtime/year (HH:MM:SS)



 

220 
 

This extended analysis of the results from Models 1 and 2 further strengthens investment 

decision indicators for IT and data centre and will be discussed further in Chapter 8.  

The last point made during the initial analysis of Models 1 and 2 looked at a cluster of closely 

performing scenarios. This demonstrated the varying range of inputs that could result in similar 

overall availabilities. This point is still relevant and remains unchanged after introducing the cost 

of downtime and IT costs into the mix. This will be revisited for Models 4 and 11 later in this 

chapter.  

7.5.2 Model 4 - results overview 

Model 4 is difficult to compare to Models 1, 2 and 11 as it offers no redundancy and does not 

allow for a data centre cost comparison against other models. Additionally, there are only two 

input the variations available and therefore, the number of scenarios is limited. As discussed 

earlier, there were four inputs used for the cloud input based on SLA’s from AWS (Amazon, 

2019) and Azure (Microsoft, 2018) as well as the comments in the interview results discussed in 

Chapter 5, the IT inputs derived from Gartner (Malik & Scott, 2010). These six inputs generate 

the initial scenario results for Model 4 as shown in Table 7.10. 

Table 7.10: Model 4 - scenarios M4/S01-M4/S08 initial results 

Model / Scenario Scenario Description Output 
Downtime / year 

(HH:MM:SS) 

M4/S01 Min cloud w/ BoC IT 90.859% 800:44:52 

M4/S02 Target cloud w/ BoC IT 95.632% 382:40:39 

M4/S03 5 nines cloud w/ BoC IT 95.640% 381:55:24 

M4/S04 Perfect cloud w/ BoC IT 95.641% 381:50:23 

M4/S05 Min cloud w/ min IT 86.828% 1153:53:08 

M4/S06 Target cloud w/ min IT 91.389% 754:21:52 

M4/S07 5 nines cloud w/ min IT 91.397% 753:38:37 

M4/S08 Perfect cloud w/ min IT 91.398% 753:33:49 

 
These results are significantly different to the initial results from both Models 1 and 2. With the 

‘best’ scenario being Model 4, scenario 8 (M4/S08) resulting in an availability of 95.641% which 

is almost 16 days of yearly expected downtime. This scenario uses the 100% cloud input 

reported by the interview participants, which is an unrealistic expectation long term. The result 

such as this, which reflects the full downtime of the non-redundant BoC IT, without any layers 

of redundancy at the IT layer, cannot be enhanced upon without improving on the reliability of 

the stand-alone IT system. In contrast, the worst performing scenario from Model 1 Scenario 5, 

offers redundancy for the networking and IT components, and has a stand-alone data centre. 
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This still achieves an availability of 99.931%, translating to almost 4 days of annual downtime 

(93 hours, 38 minutes and 52 seconds) and provides a fourfold improvement compared to 

Model 4, scenario 4.  

Taking into account the extended scenarios using the variable inputs, there is a total of 64 

results. As a 100% input has been included in the foundational inputs for cloud, the ‘top 10’ list 

has been extended to 14, allowing the reader to see both the top 10 results excluding and 

including cloud values of 100%, see Table 7.11. 

Table 7.11: Model 4 - top 14 performing scenarios 

Scenario # Cloud location IT System Output 
Downtime / year 

(HH:MM:SS) 

M4/S63 100% 97.5% 97.500% 219:00:00 

M4/S53 99.999% 97.5% 97.499% 219:05:07 

M4/S43 99.99% 97.5% 97.490% 219:51:15 

M4/S08 100% 95.641% 95.641% 381:50:23 

M4/S07 99.999% 95.641% 95.640% 381:55:24 

M4/S06 99.99% 95.641% 95.632% 382:40:39 

M4/S62 100% 95% 95.000% 438:00:00 

M4/S52 99.999% 95% 94.999% 438:05:00 

M4/S42 99.99% 95% 94.991% 438:49:56 

M4/S24 97.5% 95.641% 93.250% 591:17:37 

M4/S33 95% 97.5% 92.625% 646:03:00 

M4/S61 100% 92.5% 92.500% 657:00:00 

M4/S51 99.999% 92.5% 92.499% 657:04:52 

M4/S41 99.99% 92.5% 92.491% 657:48:37 

Note. The four 100% cloud scenarios have been highlighted in yellow. 

As previously mentioned, a recent publication showed that cloud providers were not yet able 

to reliably provide five nines of availability (Nabi et al., 2016). This makes the four nines 

scenarios a more realistic baseline for decision makers. A single four nines cloud location can 

expect around 51 minutes of expected yearly downtime, adding the downtime generated by 

the BoC IT figures, scenarios 6 and 7 (M4/S06 & M4/S07), indicate a likely range for the 

availability for non-redundant IT hosted in the cloud. Model 4 scenario 6 and scenario 7 (M4/S06 

& M4/S07), both have a BoC non-redundant IT system availability of 95.641%, with scenario 7 

using five nines for the cloud location and scenario 6 using four nines. There is a 45-minute 

difference between these two models.  
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For Models 1 and 2, the results when each input was iterated through the ten inputs ranging 

from 50% to 100% was explored. For both models, some combinations provided surprising 

results where the ecosystem availability held up very well, even with some very low inputs, 

thanks to the duplication of the data centre, IT node or network elements (refer to Chapter 4, 

Figure 4.3 for Model 1 and Figure 4.5 for Model 2). The same observation cannot be made for 

Model 4, this is due to lack of redundancy. However, taking the same approach and using the 

four nines cloud input as the baseline against the IT inputs and the BoC non-redundant IT input 

for the variable cloud inputs, the 20 resulting inputs are graphed in Figure 7.5.  

 

Figure 7.5: Model 4 - impact on ecosystem availability by cycling inputs 

 
In the case of Model 4, there is a linear progression in the results, with the increase in the 

ecosystem availability occurring at a consistent rate throughout. For example, when iterating 

the cloud inputs, the difference between the 50% and 60% as well as the 90% and 100%, the 

same inputs of 9.564% is achieved. The same trend holds for the IT results.  

This section has presented the results from Model 4, while looking at the different scenarios, 

the impact of shifting between different cloud and IT availabilities as well as examining at the 

impact of variable inputs and identifying points of diminishing returns.  
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7.5.3 Model 11 - results overview 

While Model 4 results reflected the simplicity of the approach and lack of redundancy within 

this model, in contrast, Model 11 is complex, containing a total of 8 inputs, 2 data centres, 

redundant networks and four HA IT nodes. This section will introduce Model 11’s results before 

comparing the results from all four models.  

As with the other four models, the initial scenarios for Model 11 were generated by cycling 

through the combinations of Uptime Institute (UptimeInstitute.com, 2018) availability figures 

for each data centre tier and by applying either, the BoC or Minimum HA IT figures to each 

Model 11 scenario. Table 7.12 presents a list of the first 20 scenarios generated using this 

approach. The results are sorted by the output. The best performing Model 11 Scenario 10 

(M11/S10) has the downtime of 15 minutes and 8 seconds per year while Model 11 Scenario 11 

(M11/S11) has the worst performance amongst these scenarios of 1 hour, 12 minutes and 56 

seconds of expected downtime per year. 

Table 7.12: Model 11 M11/S01-S20 results 

Model / 
Scenario 

Scenario Description Output 
Downtime / year 

(HH:MM:SS) 

M11/S10 2x Tier IV DCs w/ BoC HA IT 99.99712% 0:15:08 

M11/S09 Tier III DC & Tier IV DC w/ BoC HA IT 99.99709% 0:15:16 

M11/S08 2x Tier III DCs w/ BoC HA IT 99.99707% 0:15:25 

M11/S07 Tier II DC & Tier IV DC w/ BoC HA IT 99.99663% 0:17:44 

M11/S06 Tier II DC & Tier III DC w/ BoC HA IT 99.99657% 0:18:03 

M11/S04 Tier I DC & Tier IV DC w/ BoC HA IT 99.99649% 0:18:27 

M11/S03 Tier I DC & Tier III DC w/ BoC HA IT 99.99642% 0:18:48 

M11/S05 2x Tier II DCs w/ BoC HA IT 99.99549% 0:23:43 

M11/S02 Tier I DC & Tier II DC w/ BoC HA IT 99.99518% 0:25:22 

M11/S01 2x Tier I DCs w/ BoC HA IT 99.99481% 0:27:16 

M11/S20 2x Tier IV DCs w/ min HA IT 99.99195% 0:42:19 

M11/S19 Tier III DC & Tier IV DC w/ min HA IT 99.99185% 0:42:49 

M11/S18 2x Tier III DCs w/ min HA IT 99.99176% 0:43:20 

M11/S17 Tier II DC & Tier IV DC w/ min HA IT 99.99007% 0:52:11 

M11/S16 Tier II DC & Tier III DC w/ min HA IT 99.98994% 0:52:51 

M11/S14 Tier I DC & Tier IV DC w/ min HA IT 99.98955% 0:54:54 

M11/S13 Tier I DC & Tier III DC w/ min HA IT 99.98942% 0:55:37 

M11/S15 2x Tier II DCs w/ min HA IT 99.98756% 1:05:24 

M11/S12 Tier I DC & Tier II DC w/ min HA IT 99.98687% 1:09:02 

M11/S11 2x Tier I DCs w/ min HA IT 99.98612% 1:12:56 

Note. Sorted by output. Scenarios using minimum HA IT are highlighted. 
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As Model 11 has the highest degree of redundancy compared to the other models, the bulk of 

its scenarios generally result in excellent availability, including the scenarios using the minimum 

HA IT nodes. The BoC scenarios had only a 12 minute and 8 second variance between the worst 

Model 11 scenario 1 (M11/S01), and the best, Model 11 scenario 10 (M11/S010). There was 

also a 15 minute and 3 second gap between M11/S01 and the best performing minimum HA IT 

scenario, with Model 11 Scenario 20. Finally, there was an additional 30 minutes and 37 second 

difference between this best performing minimum IT scenario and the worst performing, which 

was Model 11 Scenario 11.  

Taking a look at cost for these Model 11 scenarios, it is expected that the cost of downtime will 

be lower than seen when exploring Model 4’s results, due to the markedly lower downtime 

associated with this model. So, if a 10-year cost of downtime figure is applied to the first 20 

scenarios of Model 11, a better view of the total cost for each scenario can be seen; see Table 

7.13. Unlike the previous scenarios and models, which were examined using the cost of 

downtime figures, Model 11 scenarios did not provide a clear point at which the cost of 

downtime overtook the construction cost of data centres, at least over a 10-year period. Model 

11 Scenario 1 (M11/S01) was the most cost-effective scenario from this set, with 27 minutes of 

downtime a year resulting in $1.5 million over 10 years of downtime costs. This is significantly 

less compared to the $2.5 million increase in data centre costs between scenario 1 ($62 million) 

and the next cheapest, scenario 2 ($64.5 million). Including the cost of downtime for each 

scenario, there is a saving of only $106,597.90. This is a small ‘saving’ to make over 10 years 

considering the additional $2.5 million data centre cost required for the improved uptime.  
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Table 7.13: Model 11 M11/S01-S20 results with costs 

Model / 
Scenario 

Output 
Downtime / 

year 
(HH:MM:SS) 

Cost of Downtime 
(10 years) 

Data centre 
cost  

(in millions) 

Data centre + 10 
years downtime 

costs 

M11/S10 99.99712% 0:15:08 $847,747.67 $122 $122,847,747.67 

M11/S09 99.99709% 0:15:16 $855,194.36 $117 $117,855,194.36 

M11/S08 99.99707% 0:15:25 $863,136.58 $112 $112,863,136.58 

M11/S07 99.99663% 0:17:44 $993,244.64 $94.5 $95,493,244.64 

M11/S06 99.99657% 0:18:03 $1,010,373.17 $89.5 $90,510,373.17 

M11/S04 99.99649% 0:18:27 $1,033,342.23 $92 $93,033,342.23 

M11/S03 99.99642% 0:18:48 $1,053,138.98 $87 $88,053,138.98 

M11/S05 99.99549% 0:23:43 $1,327,909.78 $67 $68,327,909.78 

M11/S02 99.99518% 0:25:22 $1,420,140.34 $64.5 $65,920,140.34 

M11/S01 99.99481% 0:27:16 $1,526,738.24 $62 $63,526,738.24 

M11/S20 99.99195% 0:42:19 $2,369,275.08 $122 $124,369,275.08 

M11/S19 99.99185% 0:42:49 $2,397,568.46 $117 $119,397,568.46 

M11/S18 99.99176% 0:43:20 $2,426,351.92 $112 $114,426,351.92 

M11/S17 99.99007% 0:52:11 $2,922,084.19 $94.5 $97,422,084.19 

M11/S16 99.98994% 0:52:51 $2,959,953.00 $89.5 $92,459,953.00 

M11/S14 99.98955% 0:54:54 $3,074,433.16 $92 $95,074,433.16 

M11/S13 99.98942% 0:55:37 $3,114,940.86 $87 $90,114,940.86 

M11/S15 99.98756% 1:05:24 $3,661,982.41 $67 $70,661,982.41 

M11/S12 99.98687% 1:09:02 $3,865,891.36 $64.5 $68,365,891.36 

M11/S11 99.98612% 1:12:56 $4,084,009.77 $62 $66,084,009.77 

Note. This table includes the cost of downtime (10 years), data centre cost, and is sorted by 

output availability. 

Model 11 Scenario 1 (M11/S01) and 11 (M11/S11) are identical, except for the quality of the IT 

nodes, with both using a pair of Tier I data centres with redundant networks. Table 7.14 provides 

a side by side comparison of scenarios 1 (M11/S01) and 11 (M11/S11) and provide a progression 

of the total costs as the number of IT systems climb. Using the IT cost figures and adding them 

to the data centre plus 10 years of downtime costs, an organisation would need 419 IT systems 

configured in this way before M11/S11 became break even compared to M11/S01.  
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Table 7.14: Comparison of M11/S01 and M11/S11 with IT costs 

 Model 11 Scenario 1 Model 11 Scenario 11 

Scenario Description 2x Tier I DCs w/ BoC HA IT 2x Tier I DCs w/ min HA IT 

Output 99.99481% 99.98612% 

Downtime / year (HH:MM:SS) 0:27:16 1:12:56 

Cost of Downtime (yearly) $152,673.82 $408,400.98 

Cost of downtime (10 years) $1,526,738.24 $4,084,009.77 

Cost of Data centres (DC) $62,000,000.00 $62,000,000.00 

DC + 10 years downtime costs $63,526,738.24 $66,084,009.77 

Cost per IT system $24,924.45 $18,810.15 

DC + 10 years of downtime + 1 IT system $63,551,662.69 $66,102,819.92 

DC + 10 years of downtime + 100 IT Systems $66,019,183.24 $67,965,024.77 

DC + 10 years of downtime + 400 IT Systems $73,496,518.24 $73,608,069.77 

DC + 10 years of downtime + 418 IT Systems $73,945,158.34 $73,946,652.47 

DC + 10 years of downtime + 419 IT Systems $73,970,082.79 $73,965,462.62 

DC + 10 years of downtime + 500 IT Systems $75,988,963.24 $75,489,084.77 

DC + 10 years of downtime + 1000 IT Systems $88,451,188.24 $84,894,159.77 

Note. This table has a focus on a progression of IT Costs. Highlighting the point where the cost 

savings of using minimum HA IT nodes breaks even against BoC HA IT systems. 

As with each of the other models, a sample of scenario results were used to show how iterating 

through each of the variable inputs impacted the overall ecosystem. In each case an anchor 

scenario was chosen to provide consistency for the inputs not being iterated. In this instance 

Model 11, scenario 8 (M11/S08) was selected. Comprising of a pair of Tier III data centres, 

redundant networks and BoC HA IT, scenario 8 is not the best performing scenario for Model 

11, however the Tier III models have been used for these comparisons against Models 1 and 2, 

making this a good point of comparison.  

Figure 7.6 shows that the same significant impact exists when both halves of the redundant 

system receive only 50% for their input values. The IT components now fare much better, even 

when all four nodes have an availability of 50% each. Figure 7.6 also shows that when both links 

and both data centres are set at 50%, this results in an availability output of around 75% 

(74.9997% and 74.9030% respectively). However, in the case where there are four HA IT nodes, 

each with an individual availability of 50%, the output still achieves 93.7409% availability. 

Comparing this to the data point where both data centres are at 50%, the outcome is 23 days 

versus almost 92 days’ worth of expected annual downtime. This demonstrates that the 

redundancy presented in this model produces high levels of availability, even when the IT nodes 

are not up to industry standards. 
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Figure 7.6: Model 11 - Impact on ecosystem availability by cycling inputs 

 
As with Models 1 and 2, there are examples of both linear and non-linear progression, in terms 

of the increase in ecosystem availability and the increase made to the component in question. 

For example, with every 10% increase for one of the two network links, one of four IT nodes and 

one of two data centres, there is a linear increase in the ecosystem output (0.05%, 0.000915% 

and 0.02% respectively). However, for the remaining input combinations, there is a diminishing 

increase in overall availability for each 10% increase. For example, where three of four nodes 

are iterated from 50% to 60%, there is an improvement of 0.26748%. Moving from 60% to 70% 

however, this approach only yields an increase of 0.16256%. At the other end of the same set, 

the increase from 90% to 100% adds only 0.0001% towards availability; or 31 seconds to the 
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ecosystem’s availability output. Figure 7.7 illustrates these points. In this instance, the y axis has 

been set to show results from 99.9%-100% (rather than 98%-100%) as no trend is visible if the 

axis range is set to 98%-100%. 

 

Figure 7.7: Model 11 - impact on ecosystem availability curves 

 
This section has introduced the results from Model 11 and provided an overview of the best 

performing scenarios. Additionally, the costs were explored, including the scale required for the 

‘cheaper’ minimum HA IT nodes to save money over time.  

7.5.4 Comparison of results 

This section will compare the results from all four models chosen for further analysis, Models 1, 

2, 4 and 11. The results comparison will cover a subset of scenarios across all four models using 

just the inputs derived from industry sources. Then, all the scenarios will be compared across 

all models before digging into several aspects in more detail. A full set of inputs and results are 

available for cross reference in the appendices. 

7.5.4.1 Scenarios using industry derived inputs 

In order to provide a comparison of each scenario, a number of filters were applied to the full 

data set. Firstly, looking at the scenarios that used inputs derived from industry sources were 
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model in terms of availability output, eight scenarios are identified. Table 7.15 provides an 

overview of these scenarios including the cost of downtime over a 10-year period, the data 

centre cost (where applicable) and the aggregate cost for each.  

Table 7.15: Highest and lowest output summary of each model 

Model / 
Scenario 

Output 
Downtime / 

year 
(HH:MM:SS) 

Cost of downtime 
(10 Years) 

Data centre cost  
(in millions) 

Cost of DC + 10 
Years of downtime 

M11/S10 99.997120% 0:15:08 $847,747.67 $122  $122,847,747.67 

M11/S11 99.986125% 1:12:56 $4,084,009.77 $62  $66,084,009.77 

M2/S10 99.807088% 16:53:57 $56,781,078.98 $122  $178,781,078.98 

M1/S4 99.802514% 17:17:59 $58,127,156.10 $122  $180,127,156.10 

M2/S11 99.204882% 69:39:09 $234,031,978.77 $62  $296,031,978.77 

M1/S5 98.930961% 93:38:52 $314,656,571.88 $62  $376,656,571.88 

M4/S7 95.640144% 381:55:24 $1,283,262,696.59 N/A $1,283,262,696.59 

M4/S1 86.827791% 1153:53:08 $3,877,055,234.64 N/A $3,877,055,234.64 

Note. Sorted by output and colour coded by model. 

Table 7.15 shows that Model 11 Scenario 10 (M11/S10) and Scenario 11 (M11/S11), are the best 

performing. These performed better than any other scenarios, in terms of both availability and 

cost. The next best performing scenarios are from Model 2 (M2/S10) and Model 1 (M1/S4); each 

add proximately 16 hours of downtime per year when compared to Model 11. Model 2 Scenario 

10 (M2/S10) resulted in 16 hours and 54 minutes of expected downtime per year while Model 

1 Scenario 4 (M1/S04) achieved a downtime of 17 hours and 18 minutes per year. Both scenarios 

(M2/S10 and M1/S04) rely on Tier IV data centre and BoC HA IT, as does the top performing 

scenario from Model 11 (M11/S10).  

The gap in downtime figures is even more dramatic between the worst performing scenarios. 

The worst performing scenario from Model 2 Scenario 11 (M2/S11), resulted in almost 69 hours 

and 39 minutes of expected downtime per year while the Model 1 Scenario 5 (M1/S05) 

increased further to 93 hours and 39 minutes. The scenarios from Model 4 performed poorly 

against all other models and scenarios. The best performing scenario from Model 4, scenario 7 

(M4/S7), resulted in almost 16 days of downtime with the worst, Scenario 1, resulting in around 

48 days of downtime.  

For the purposes of fair comparison; the significant difference between Model 4 and the output 

from the other models is not a reflection of cloud, but rather a reflection of the lack of 

redundancy implemented. Taking Model 4, scenario 7 (M4/S07) for example. If all else remains 
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the same, except replacing the input for the cloud with the inputs for a Tier IV data centre, the 

outcome would be similar. This would result in an availability of 95.636% with a similar amount 

of expected downtime approaching 16 days per year. 

In terms of cost, Model 11 again outperforms all other models by a significant margin. Model 

11 Scenario 11 (M11/S11) outperforms Model 2 Scenario 10 (M2/S10) by almost 16-times by 

costing only 37% of the cost of Model 2 Scenario 10 (M2/S10); $66 million vs $179 million. As 

mentioned, the cost of downtime quickly increases the cost of the remaining scenarios. When 

it comes to Model 1, the worst performing scenario is double the cost of the best performing 

scenario, despite a far lower data centre cost.  

 
Figure 7.8: Costs for scenarios with industry derived inputs (54/2412 scenarios) 

 
Looking at the same sample of 54 scenarios across all four models, sorting them from lowest to 

highest combined cost, Figure 7.8 shows how the scenarios compare. This again shows that due 

to the low levels of downtime achieved by Model 11, the combined cost of the facilities and 

downtime are similar. The scenarios from Model 4 are clustered to the right despite the cloud 

cost being omitted. In this case, the cost of downtime rises quickly. As such, the y axis has been 

set to exclude results above $400 million, so more fine detail, where the majority of information 

sits, can be seen for the remainder of the results.  

Across these 54 scenarios, the median combined cost is $190.7 million. Using this value as a cut 

off, the top performing scenarios can be considered. There were 32 scenarios that fell above 
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the median. No scenarios from Model 4 performed better than the median cost. Figure 7.9 

provides a pie chart showing a breakdown of which model the top performing scenarios belong. 

 

Figure 7.9: Breakdown of the scenarios that performed better than average 

Note. A total of 32 scenarios were grouped by their corresponding model to show that 63% of 

top performing scenarios belonged to Model 11.  

7.5.4.2 Comparison of all scenarios 

As described earlier, in addition to the scenarios based on industry inputs, a range of variable 

inputs ranging from 50% to 100% were used to generate a larger sample of scenarios, 2,412 in 

total.  

Figure 7.10 supplies a high-level overview of all 2,412 results. This includes all scenarios, even 

those with un-realistic inputs. This graph is sorted by the ‘10-years of combined cost of 

downtime and data centres’ value, resulting in the cheapest to the left and most expensive to 

the right. While it is hard to see much detail due to the number of data points, there are two 

key points of interest. First, is the point where the combined costs begin to more than double 

the cost of the data centres (which remains reasonably static). This is indicated on Figure 7.10 

with a red arrow. This point is represented by Model 11 Scenario 1,022 (M11/S1022). This 

scenario has around 18 hours and 31 minutes of yearly downtime resulting in a combined cost 

of $124 million over 10 years compared to the $62 million data centre cost. The second point 
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of interest is that only 36% of scenarios (872) of the total sample perform better than Model 11 

scenario 1,022 (M11/S1022). 

 

Figure 7.10: Cost of downtime and cost of data centres for all scenarios 

Note. All 2412 data points are shown. The x axis shows only a sample of scenario titles. The y 

axis has been set not to show results above $1 billion but otherwise shows combined cost. 

Of the total 2,412 scenarios, there were 233 scenarios using 100% variables which can be 

excluded, due to the un-realistic inputs (with the exception of the reported 100% availability for 

the cloud input within Model 4), leaving us with 2,179 scenarios. This change removes many 

high performing scenarios, resulting in a shift in the previously stated divide. Where only 32% 

of the remaining scenarios (707) achieved both a lower overall cost and maintained a combined 

cost less than double the cost of the data centres over a 10-year period. 

Looking at the data from a slightly different perspective, including all scenarios that had a better 

than 2:1 ratio between their combined and data centre costs, there was a total of 926 scenarios 

(42%). Of these well performing scenarios, the vast majority 823 (85%) were based on Model 

11, 12% were from Model 2 and only 3% on Model 1. No scenarios from Model 4 were included 

in this calculation, as the data centre cost variable is not relevant in this case. See Figure 7.11. 
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Figure 7.11: Summary of scenarios that have better than a 2:1 ratio 

Note. The 2:1 ratio is between combined cost of data centre and downtime over 10 years 

compared to data centre cost. 

7.5.4.3 Overall model performance – statistical analysis 

To further examine the general performance of the models the full data set was divided into 

quartiles looking at the distribution of both the output availability and the combined cost of 

data centres and downtime. To determine the quartiles, the median value for both data sets 

was used to create the first hinge. The upper and lower halves were split again by calculating 

the median for each, creating the remaining two hinges. This allows us to see where each model 

sits across the four quartiles. For this analysis, the results were sorted from worst to best. 

Therefore, the first quartile represents the worst performing scenarios and the fourth quartile 

represents the best performing scenarios. As each model resulted in a different number of 

scenarios dictated by the number of input variables, the data has been presented using 100% 

stacked column graph to enable a fair comparison.  

Figure 7.12 shows where each of the four models fall across each of the quartiles. Model 1 has 

the majority of scenarios, 50% (153/308) in the second quartile with a reasonably high number, 

38% (117/308) falling into the first quartile. Very few scenarios for Model 1 fell in the third and 

fourth quartile, 10% (32/308) and 2% (6/308), respectively. Model 2 was quite similar in its 

distribution, with approximately 43% (352/820) of scenarios falling into the second quartile and 
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36% (295/820) of scenarios in the first quartile. Model 2 did better than Model 1 with 21% of 

its scenarios spread between the third and fourth quartile; 18% (148/820) in the third quartile 

and 3% (25/820) in the fourth quartile. 

 

Figure 7.12: Distribution of results based on availability 

Note. This 100% stacked column chart shows the quartile breakdown for each model across all 

2,412 results. 

Model 4 presents a vastly different distribution than models 1 and 2. A total of 95% (61/64) of 

Model 4’s scenarios fell in the first quartile. There were no scenarios in the second or third 

quartiles and 5% (3/64) in the fourth quartile. Model 11 presents a distribution with most of its 

scenarios falling in the third or fourth quartiles. Model 11 had 47% (423/1220) of its scenarios 

in the fourth quartile, and 35% (423/1220) in the third quartile. The second quartile had 8% 

(98/1220) of Model 11’s scenarios with 11% in the first quartile.  

Figure 7.12 clearly demonstrates that Model 11 had the most scenarios falling in the fourth (the 

best performing) quartile. This means that Model 11 has the most scenarios that provide the 

best availability output. However, as demonstrated earlier in this chapter, taking the data centre 

construction cost and cost of downtime into account, it can cause a shift in which scenarios 

appear to be superior. Figure 7.13 takes the approach described above and applies the process 

of breaking the results into quartiles as a function of the combined cost of data centres and 10 

years of downtime.  

Model 1 Model 2 Model 4 Model 11

4th quartile 6 25 3 569

3rd quartile 32 148 0 423

2nd quartile 153 352 0 98

1st quartile 117 295 61 130
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Figure 7.13: Distribution of results based on combined cost 

Note. This 100% stacked column chart shows the quartile breakdown for each model across all 

2,412 results.  

Interestingly, there are only very minor differences between Figure 7.12 and Figure 7.13. The 

distribution of each model is almost the same across each of the quartiles, with a minor shift 

for each model. For Model 1 there was a minor shift across first, second and third quartile. The 

most significant change for Model 1, is in that in Figure 7.13 there is only 1/308 scenarios 

remaining in the fourth quartile where in Figure 7.12 there were 6/308. For Model 2, 

distribution remained largely the same with some scenarios shifting from the first quartile into 

the second quartile. Model 4 remained unchanged while Model 11 had a minor shift with some 

higher-ranking scenarios falling into the second quartile.  

7.5.4.4 Clustered results model composition 

In Chapter 4 it was demonstrated that a range of different configurations and costs could 

generate very similar results (refer to Figure 4.8). This section will revisit this idea with the 

inclusion of scenarios from Models 4 and 11. 

Earlier in this chapter, Model 11 Scenario 1,022 was used to delineate between scenarios where 

the cost of downtime began to overtake the cost of data centres. This scenario resulted in an 

availability of 99.788647% which translated to 18 hours and 31 minutes of expected yearly 

downtime. When sorting all the results by their availability output (excluding those that the data 

centre cost could not be calculated for), the three scenarios on either side of Model 11 scenario 

Model 1 Model 2 Model 4 Model 11

4th quartile 1 34 3 565
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1,022 included results from Models 1, 2 and 11, which provided an excellent point of 

comparison. Figure 7.14 graphically represents the inputs for each scenario in a cluster column 

graph overlayed with the combined data centre cost and cost of downtime over 10 years.  

 

Figure 7.14: M11/S1022 and the 6 closest scenarios 

Note. This figure shows the component inputs and the combined cost of data centres and 

downtime over 10 years. 

The downtime values for the seven scenarios shown in Figure 7.14 have a close resulting 

availability despite the different approaches and costs. They range from 18 hours and 23 

minutes (Model 11 Scenario 1,062) and 18 hours and 42 minutes (Model 2, Scenario 352). There 

is a range of costs associated with each model, as each model has similar downtime costs. The 

variation stems from the data centre cost. The peak cost was for Model 1 Scenario 3 which used 

a Tier III data centre, Model 2 Scenario 352 using the combination of a Tier II and Tier IV data 

centre while the remaining Model 2 Scenarios 281 and 381, both used a pair of Tier II data 

centres. The three scenarios from Model 11 used a combination of Tier I and Tier II data centres, 

with our central point of scenario 1,022 using two Tier I data centres, scenario 1,032 used a Tier 

I and Tier II and finally scenario 1,062 comprised of two Tier II data centres. Five of the seven 

scenarios resulted in a similar cost ranging from $124.2 million and $129.4, these were across a 

range of scenarios from both Models 2 and 11. As was the case in Chapter 4, this demonstrates 
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a wide range of approaches that can achieve similar availabilities and, in some cases, similar 

costs. 

7.6 RELEVANCE TO RESEARCH QUESTIONS  

The first research question asks how the configuration and placement of IT components 

between data centres impacts the availability of the IT system. The results presented in this 

chapter demonstrate that there are several important decisions that can be made to greatly 

improve the availability of the IT system, without necessarily increasing the cost. This chapter 

doubled the number of models over Chapter 4 and showed that redundancy at the IT level was 

a critical component to providing a highly available IT system.  

Model 4, which offered no redundancy at either the hosting level (cloud location) or the IT, 

performed very poorly, even when very high availability figures were used. The only Model 4 

scenarios that performed well enough to make it into the fourth quartile were those using the 

abstract and unrealistic variables of 100% for one, or both inputs. All other scenarios were in 

the first quartile and most importantly, the Model 4 scenarios, using industry derived inputs, 

had extremely poor results (four times the downtime) when compared to the next worst result 

from other models. Refer to Table 7.15 for details. 

For the other three models, each of which had a varying degree of redundancy, there were some 

high performing and some poorly performing scenarios, depending on the inputs. Model 4 

demonstrates that a decent availability can be achieved with a single data centre when there is 

redundancy at the IT level. Model 2 shows a marked improvement over Model 1 when the same 

IT configuration is split between separate data centres. In addition, Model 11 shows that a 

dramatic improvement can be made by doubling the IT nodes but retaining the same data 

centre and networking configuration as Model 2. Furthermore, due to the dramatic decrease in 

the overall downtime for the bulk of Model 11 scenarios, the cost over time was also less than 

the other, seemingly cheaper, models.  

The poor performance of Model 4, the excellent performance of Model 11 and the progression 

demonstrated through Models 1 and 2, highlight the importance of making good decisions 

when selecting how the IT system components will be deployed, and whether they will be 

deployed over multiple data centres. Incredibly poor outcomes can be achieved in excellent 
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data centres, and excellent outcomes can be achieved in low tier data centres, all hinging on 

the approach taken when designing and deploying the IT components.  

When discussing this in Chapter 4, while the same trends were evident, the question of cost for 

the IT components and the impact cost of downtime would have made it less clear which models 

performed best. The cost of IT was negligible when compared to the cost of the data centres 

and downtime. Table 7.14 provides a side by side comparison of two Model 11 scenarios 

(M11/S10 and M11/S11). This shows that more than 418 major systems would be required in 

this highly redundant approach before the increased cost of BoC IT nodes would break even 

against the minimum IT nodes over a 10-year period.  

The cost of downtime made a dramatic impact. In terms of the original outcomes from Models 

1 and 2, it was shown that the scenarios using a lower tier data centre began to perform better 

from a cost perspective compared to the higher tier data centres that appeared to offer the best 

value in Chapter 4. Table 7.8 shows the shift in the cost, once downtime was taken into account. 

The reduced downtime achieved for Model 11 showed a clear separation between it and the 

other models. Models 1 and 2, which had a high degree of overlap, performed reasonably well, 

while Model 4 performed poorly, due to the lack of redundancy. The overall performance of 

each model is best demonstrated in Figure 7.13 which shows all 2,412 scenarios ranked by their 

combined cost of data centre and downtime and then summarised in a 100% stacked column 

graph showing the breakdown by quartiles.  

This additional exploration of cost provides an excellent tool for industry decision makers to 

better understand where to invest and identify points of diminishing returns. This is the focus 

of the second research question. From an IT perspective, it was clear that redundancy is more 

important than using BoC IT nodes, up to a point where the organisation has several hundred 

large scale systems, after which time the availability improvement reduces the cost downtime 

to the point of covering the additional IT cost. This is based on broad industry cost of downtime 

figures derived from Gartner (Malik & Scott, 2010). As discussed, when introducing the cost of 

downtime, this should be looked at for each organisation and in the context of what they value. 

It may not be measured in dollars, but rather reputational damage or any other dimension of 

business risk. Nonetheless, this provides a clear approach to calculating the cost of downtime 

against the cost of different models, providing a mechanism to enable better decision making.  
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We discussed the shift in the point of diminishing returns for data centres, after taking into 

account the cost of downtime. Lower tier data centres fair well, where there is a great deal of 

redundancy for the IT system (Model 11). Higher tier data centres are more effective where 

there is a low degree of IT redundancy, or where the cost of downtime is not taken into account. 

As previously described, introducing the cost of downtime demonstrates the cost effectiveness 

of the lower tier data centres over time with some of the best performing scenarios achieving 

very low levels of downtime while utilising Tier I and II data centres using Model 11. 

As with Chapter 4, the degree by which improvements in the scenarios results occurred when 

each input was increased by fixed increments showed that some components provided a linear 

improvement, while others diminished. For example, for Models 2 and 11, there was a 

consistent increase in the availability of the ecosystem when one of two data centres increased 

their input. However, if both data centres cycled through the same inputs, the improvement 

was non-linear. 

The final research question asks, how should an organisation balance the investment in IT and 

data centres? This question will be largely addressed in chapter 8 as a part of the discussion and 

supported by the interview results described in Chapter 5. However, looking at the results for 

Models 1 and 2, there is enough evidence to make recommendations when it comes to a focus 

on IT redundancy and redundant data centres, before looking at the tier ratings or quality of the 

individual components. This will go a long way to support or challenge the opinions raised by 

the interviewed industry experts.  

7.7 CHAPTER SUMMARY 

This chapter has updated the results from Models 1 and 2, going on to introduce the results 

from Models 4 and 11. The results for each model have been described, both in isolation, and 

compared to each other. Additionally, a brief recap of the relevance to teach research question 

was covered, updated to take the results from Models 4 and 11 into account.  
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8 DISCUSSION 

8.1 INTRODUCTION 

This research was founded upon an observation that the data centre industry and IT industry 

operate in isolation despite their obvious interdependencies. The literature review confirmed 

this observation, showing that although data centres and IT decision makers often work towards 

the same goal of providing highly available services, they do so without considering each other. 

This was demonstrated through an analysis of papers showing that ‘data centre papers’ rarely 

consider the data centre facilities (Duan & Yang, 2016; Schwabe, 2018), and those that do 

consider the facility rarely consider the IT aspect (Ritchie & Brouwer, 2018). As such, the focus 

of this research is on availability, which was identified as a common thread for both data centres 

and IT providers (B. Highleyman et al., 2003; UptimeInstitute.com, 2018). The gap identified in 

Chapter 2 highlighted the relevance of this topic, with the bulk of data centres and IT systems 

research involving availability, rarely taking a holistic view. 

Availability is important, as it describes the percentage of time that a system is effectively 

providing whatever service or function it is designed to do (Marcus & Stern, 2003; Rohani & 

Roosta, 2014). Throughout this research it has been clearly demonstrated that considering both 

data centres and IT systems together can make a difference.  

Another key aspect of this research is the method chosen. The use of design science when 

considering data centres and IT availability has resulted in novel findings. The mixed method 

approach was applied which allowed for qualitative and quantitative analysis to work hand-in-

hand within the research framework which has been clearly outlined throughout this thesis. 

Figure 8.1 highlights this discussion chapter as the final evaluation step before communication 

of the findings through publication and direct feedback to interview participants.  
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Figure 8.1: Research Framework – discussion 

 
This chapter will provide a discussion centred on answering the research questions. It will draw 

on the results from this thesis and highlight how the availability of an IT system is impacted by 

the design and placement of IT components as well as data centres. This will be achieved by 

drawing together the research questions, the interview results from Chapter 5, the modelling 

results from Chapters 4 and 7 and the literature presented in Chapter 2.  

Firstly, how the placement of IT infrastructure between data centres impacts the availability of 

the overall ecosystem is discussed. Secondly, there will be a discussion on the points of 

diminishing returns for both data centre and IT, in terms of target availabilities. Next, a closer 

look at the interview results in the context of the research questions will be discussed, including 

the snapshot of the organisations as described by the interview participants and correlations 

are explored with the model results. Finally, recommendations are provided on IT system 

deployment and use of the tools developed within this thesis as shown in Appendix A - Advice 

to industry.  

8.2 THE IMPACT OF DESIGN DECISIONS ON AVAILABILITY 

As the first research question of this thesis is focused on “How is the availability of a service 

impacted by the design and placement of the IT Systems and data centre?” it is important to 

revisit the definition of the availability. Butterfield and Ngondi (2016b) define availability as “the 
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probability that a system will be capable of functioning according to specification at any point 

in time throughout a stated period of time.” (Butterfield & Ngondi, 2016b). Nabi et al. (2016) 

also define availability as “a non-functional requirement, specified in terms of the percentage 

of time a system or a service is accessible. This percentage determines the allowed outage time 

for a given period.” (Nabi et al., 2016) With this in mind, to answer the first research question, 

a number of scenarios were run that looked at how high availability of the system is achieved 

and what parameters are required for it. 

8.2.1 Achieving high availability 

There are hard definitions for the percentage required for something to be highly available 

(Gray & Siewiorek, 1991; Nabi et al., 2016) however, the term is sometimes used to simply refer 

to systems that have a certain level of resilience engineered into the system (Nguyen et al., 

2016). Gray and Siewiorek (1991) define high availability as 99.999% which is commonly 

referred to as five nines. Lower availabilities have a different categorisations, such as four nines 

(99.99%), which is termed ‘fault-tolerant’ (Gray & Siewiorek, 1991). Table 2.1 showed a 

complete list of ‘nines’ classifications as defined by Gray and Siewiorek (1991). 

In spite of high availability and ‘five nines’ being aspired to by many organisations and providers, 

it seems rare that it is actually achieved. Nabi et al. (2016) who looked at the performance of 

cloud providers in the context of availability concluded that no current cloud provider is 

currently able to provide five nines (99.999%) availability (Nabi et al., 2016). This is supported 

by Naldi (2013) who attempted to determine an accurate availability for five popular cloud 

providers and determined that “outages are neither infrequent nor short-lived as the promised 

availability figures would make us think” (Naldi, 2013). Furthermore, literature examining IT or 

data centre availability focused on the availability of particular subsystems rather than a service 

being consumed by customer or end-users (Dou & Qi, 2015; Hongfang et al., 2013; Ritchie & 

Brouwer, 2018). It is generally agreed that achieving 99.999% availability is challenging, even 

with a narrow focus (Ritchie & Brouwer, 2018). 

In this thesis, a data analysis of 2,412 scenarios, which were run across the four models, revealed 

there were only 12 scenarios that achieved high availability in terms of five nines or better. This 

equates to less than 0.005% of all scenarios. These 12 are HA scenarios, and every single one 

required at least one 100% input. As no component will actually achieve 100% uptime in the 
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real world, these 12 scenarios are highly unrealistic. The results support literature findings that 

achieving high availability is difficult (Naldi, 2013). In addition, these results are in contradiction 

to the optimistic view shared by two of the interview participants who in many cases opted for 

low levels of redundancy when using cloud hosting in the belief that the cloud rarely, or never, 

experience outages.  

If the scenarios that use 100% inputs are excluded, there is not a single scenario that achieves 

the formal definition of high availability, 99.999% (Gray & Siewiorek, 1991). The scenario that 

comes the closest to achieving five nines (that does not use any 100% inputs) is Model 11 

Scenario 469 (M11/S469). This scenario still uses hypothetical, yet achievable input values, and 

is best described by two Tier IV data centres with all four IT nodes at 97.5% availability (better 

than the industry derived BoC IT node availability). M11/S469 results in an availability of 

99.997% with 13 minutes, 23 seconds expected downtime per year and a combined cost of 

$122,749,249.11 over a 10-year period. However, while this scenario is far more realistic than 

those that use 100% inputs, it is still not easily achievable. If the results are further restricted to 

exclude all hypothetical input values, and focus only on scenarios using industry derived inputs, 

there are still results that perform very well. From this group, the closest to five nines was Model 

11 Scenario 10 (M11/S10), with an availability of 99.997%. This scenario is similar to M11/S469 

except that the IT nodes used the BoC availability. M11/S10 resulted in 15 minutes and 8 

seconds of expected yearly downtime and a combined cost, including downtime costs, over 10 

years of $122,847,747.67. Of the scenarios using industry derived inputs, the most efficient 

scenario in terms of balancing the cost of data centres against the cost of downtime was Model 

11 Scenario 11 (M11/S11). This scenario used two Tier I data centres and BoC IT nodes to 

achieve an availability of 99.9948%; which is better than four nines and equates to 1 hour and 

13 minutes of average annual downtime. While the expected downtime was higher than 

M11/S10 it was close to half the overall cost, coming in at $63,526,738.24; this was due to the 

far lower data centre costs combined with a modest amount of expected downtime. 

These examples show that while it is unlikely to be able to achieve 5 nines worth of availability, 

it is very possible to get remarkably close, and at a wide range of price points. Of the scenarios 

using industry derived inputs, 85% (17/20) of scenarios from Model 11 resulted in less than 1 

hour per year of expected downtime.  
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In terms of the sentiment captured through the interview process, the importance of high 

availability was reinforced. However, quite a pragmatic sentiment was captured, reinforced by 

anecdotes linking the availability of key systems to customer expectations. This indicates that 

decision makers are more concerned with achieving a specific level of availability, which differs 

from system to system, rather than being concerned with achieving five nines. 

As mentioned earlier, the literature has a gap when looking at data centres and IT together with 

the bulk of research focusing on specific components of a broader ecosystem. The novelty of 

this research and its findings lies in the high-level view and added context provided through the 

interview process. Although the findings support the literature that achieving five nines is not 

only difficult but unlikely (Nabi et al., 2016), this indicates that there are realistic alternatives 

and that the decision makers interviewed were pragmatic on this point.  

8.2.2 Key decisions that impact availability 

Returning to the original research question of “How is the availability of a service impacted by 

the design and placement of the IT Systems and data centre?” The performance of the four 

models described in Chapter 7 clearly illustrates the importance of good decision making when 

it comes to IT placement. There are three key decisions that the data from this thesis can be 

used to inform decision makers.  

1. Stand-alone IT system versus HA IT? 

2. One data centre versus two? 

3. How many IT nodes? 

In their work on resilient systems, B. Highleyman et al. (2003) discussed the importance of 

distribution of redundant systems across identical subsystems (B. Highleyman et al., 2003). 

Using his work as the starting point, stand-alone IT with multiple IT nodes were compared. The 

results show that additional nodes achieve higher levels of availability and thanks to the 

validation and additional models, the degree by which these multiple nodes can impact 

ecosystems was shown.  

For example, Models 1 and 4 are similar, in that they both use a single hosting location. Model 

1 is in a single data centre while Model 4 is a single cloud location. The key difference is the 

redundancy built into the IT nodes in Model 1, compared to the stand-alone node in Model 4. 

In terms of the industry derived input scenarios that used the same availability for the two IT 
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nodes, the difference between the two models was striking. Looking just at the results using 

industry inputs, the worst performing scenario from Model 1 (M1/S05) was four times better 

than the best performing scenario from Model 4 (M4/S7). Also, M1/S05 resulted in 4 days of 

annual downtime while M4/S07 had close to 16 days of expected downtime. This four-fold 

improvement is largely due to the IT node redundancy. However, the input figures for the Model 

4 were slightly different as they were based on cloud SLAs, not data centre tier availabilities. 

Nevertheless, if M4/S07 has the cloud availability replaced with the Tier IV data centre 

availability, the availability change is subtle, moving from 95.640% to 95.636% and still resulting 

in an expected downtime approaching 16 days a year.  

The results clearly demonstrate that multiple IT nodes ensure higher availability over a stand-

alone IT node. This is further reinforced by the model comparison presented at the end of 

Chapter 7 (Overall model performance – statistical analysis). This analysis showed which 

scenarios fell into different quartiles in terms of performance. More than 95% of Model 4 

scenarios fell into the first quartile, alongside the worst performing scenarios. Model 1 however 

had only 38% of its scenarios fall into the first quartile. Nevertheless, both models performed 

poorly when compared to the other models. 

Now that it is established that it is far better to have redundant IT nodes, at what point the 

number of data centres will have on the system design also needs to be considered. Earlier in 

Chapter 2, it was established that the importance of data centres is likely to rise (Lohmeyer, 

2018). It is clear that data centres are just as relevant, if not more, to modern ICT trends, as 

reinforced by the SMARTer2020 (GeSI, 2012) and SMARTer2030 (GeSI, 2015) reports. So, to help 

us with the decision around how many data centres are needed when planning for high 

availability, the results from Models 1 and 2 provide useful insight. The IT components are the 

same except for their hosting location. In Model 1, both IT nodes are together in the same data 

centre, while in Model 2 the IT nodes are divided between two data centres. 

While the difference between the Models 1 and 2 is not as stark as the previous comparison 

regarding IT nodes, there is still a clear improvement in availability in favour of Model 2. Using 

the scenarios based on Tier III data centres and BoC IT nodes as the point of comparison, it was 

shown that Model 1 (M1/S03) achieved an availability of 99.7895%, resulting in 18 hours and 

26 minutes of annual expected downtime. The equivalent scenario for Model 2 (M2/S08) 

resulted in an availability of 99.8060% or 16 hours and 59 minutes of annual downtime. While 
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this difference may not seem significant, however, the difference of 27 minutes of downtime 

translates to $151,200/year of additional downtime costs. 

Depending on the number of systems and the actual cost of downtime individual organisations 

may have, this difference may not offset the cost of operating a second data centre. However, 

if multiple data centres are available then there is a measurable availability improvement gained 

by spreading IT between multiple data centres. It is fair to assume that many organisations do 

have multiple data centres at their disposal. Of the 11 organisations, 2 predominantly used 

cloud and had multiple cloud locations in use while for the remaining 9 organisations, everyone 

had multiple data centres, ranging between 2-25 established data centres at their disposal. 

Throughout the results, the scenarios from Model 2 consistently outperformed those from 

Model 1. However; the separation between them was not as great, compared to the significant 

improvement made when moving from a single to a dual IT node configuration.  

The final decision that impacts availability is around the number of IT nodes. The results and the 

comparison between Model 2 and Model 11, shed some light on this. The key difference 

between these two models is in the number of IT nodes. They both utilise identical data centre 

and networking configurations. Model 2 has a single IT node in each data centre while Model 

11 has a pair of nodes in each data centre for a total of four nodes.  

The worst performing scenario from Model 11 (M11/S11) outperforms the best performing 

scenario from Model 2 (M2/S10) by a 15-fold improvement in terms of downtime. M11/S11 

uses Tier I data centres and minimum availability IT nodes which results in the annual downtime 

of 1 hour and 12 minutes. This translates into a relatively low overall cost when combined with 

the low cost of the Tier I data centres. This means that combined costs over time are significantly 

cheaper than those of high performing scenarios. For example, M11/S11 (the worst performing 

scenario with industry inputs for Model 11) has a combined cost of $66 million versus almost 

$179 million for M2/S10 (the best performing scenario for Model 2).  

The above comparison highlights the significant gap between the performance of Model 11 and 

Model 2, which is the next best performing model. These two models are not a great point of 

comparison, as they have quite different component availabilities. Instead, by looking at a pair 

of scenarios, each with equivalent data centre and networking component availabilities, it can 

be seen that the gap increases significantly. As mentioned, the best performing scenario from 
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Model 2 was M2/S10 which had BoC IT nodes and Tier IV data centres. M2/S10 resulted in an 

availability of 99.807% with expected downtime just shy of 17 hours. The comparable scenario 

from Model 11 is M11/S10 which also used BoC IT nodes and Tier IV data centres. M11/S10 had 

an impressive availability of 99.99712% which results in only 15 minutes annual expected 

downtime. This is a 68 times improvement over M10/S10.  

This impressive improvement in availability between Model 11 and the other models was 

consistent. This is illustrated clearly in Figure 7.13 which showed 47% of the scenarios from 

Model 11 fall into the best performing fourth quartile. In fact, 94% (569/603) of scenarios in the 

fourth quartile belonged to Model 11.  

8.2.3 Design decision recommendations 

The above discussion has highlighted the difficulty of achieving high availability. This was 

demonstrated by the model results and echoed by the literature findings (Ulrik Franke, 2012; 

Nabi et al., 2016). However, our results also showed that, in the instance of the Model 11, the 

availability of the holistic ecosystem is capable of getting very close to five nines. Through the 

discussion of the differences between the models and their resulting scenarios, a number of key 

decisions were identified. These include selecting between redundant or stand-alone IT, 

selecting a single or multiple data centres and finally, how many IT nodes should be used? 

While Model 11 is superior in terms of availability, the model is more complex and as every 

system will have a different target availability, it is important to understand the impact of each 

decision. Therefore, the recommendations stemming from the results, have a clear hierarchy. 

The first three recommendations for achieving highly available ecosystems are:  

Recommendation 1: Use redundant IT nodes. By shifting from a standalone IT system to a pair 

of redundant IT nodes, up to a 12-fold reduction in expected downtime can be achieved. 

Recommendation 2: Spread IT nodes between multiple data centres. A modest, yet 

measurable improvement in availability, can be achieved by spreading redundant IT nodes 

between sites. If multiple data centres or cloud locations are available, IT nodes should be 

spread between two sites. 
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Recommendation 3: Deploy four redundant nodes evenly split between two data centres. A 

significant improvement in availability can be achieved by using Model 11 compared to the 

other approaches. A 68 times improvement in annual downtime was achieved when equivalent 

scenarios from Model 11 and Model 2 were compared.  

More generally, the conclusion here can be drawn that by investing in redundancy at the IT 

system level, a significant impact can be made on availability. Many of the well performing 

models, from Model 11, used lower tier data centres demonstrating that the redundancy is 

more important than the tier rating.  

8.3 BALANCING INVESTMENT IN IT AND DATA CENTRES 

Balancing costs in an IT context is a long standing topic of interest (Marcus & Stern, 2003). As 

discussed in Chapter 2, there is a precedent for research looking at data centres and IT from a 

cost perspective (Singh et al., 2012). Cost is commonly used as an area of focus in IT papers with 

a number of examples where both cost and availability are explored (Franke et al., 2012; Nguyen 

et al., 2016; Wennerhult, 2015).  

The second research question of this thesis which is “At what point are organisations over-

investing in certain aspects of their IT systems?” is particularly important as these costs can be 

significant to organisations. Therefore, finding a balance between those costs and the required 

reliability of their systems is a challenge for decision makers (D. Cappuccio, 2013). This 

discussion will cover a number of key points relating to balancing costs and availability and 

provide additional recommendations stemming from the findings.  

8.3.1 The value of redundancy 

The fact that additional redundancy provides better results, from an availability perspective, is 

well established (B. Highleyman et al., 2003; Marcus & Stern, 2003). However, in a business 

context this topic is still being explored, both academically (Närman et al., 2014) and by industry 

(Jaggers & Gregory, 2019).  
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The results in Chapter 4 demonstrated the degree by which redundant components impacted 

the performance of the models. For example, Figure 4.3 illustrated the degree by which Model 

1 was impacted when each input was cycled through a range between 50% and 100% 

availability. While it was unsurprising that the scenarios that varied by just one of two redundant 

components performed quite well, it was surprising, by how much their performance was 

changed when one input was set as low as 50%. From the initial results generated for Model 1, 

it was shown that having either one of the two redundant elements (network links or IT nodes) 

set at an availability of 50%, it was possible to still maintain a surprisingly high ecosystem 

availability. For example, M2/S290, has one network link at 50%, the overall availability is 

99.538%, resulting in more than 40 hours of expected down time per year. In this case, the 

downtime figure is more than double when compared to same ecosystem set up where both 

network links are set at 99.5% availability, M2/S05. In that case the ecosystem downtime is 18 

hours 48 minutes of down time per year.  

Although the above example downtime figures look poor, it is still better than if there was no 

redundancy whatsoever. If there was no redundancy and there was only a single network 

connection with the same 99.5% availability, the expected downtime would jump to almost 62 

hour per year (99.293% availability). This is more than a three-fold increase in downtime when 

compared to the optimal ecosystem configuration as well as additional 22 hours of downtime 

when compared to the scenario with one of two network links running at 50%. These results 

demonstrate the importance of building redundancy into the ecosystem to ensure overall 

system availability. These results further support the literature to date and highlight the 

importance of redundancy and system availability (W. H. Highleyman, 2006b; Marcus & Stern, 

2003). 

In Chapter 7, initial results from Chapter 4 were extended and provided some additional 

context, primarily relating to the cost of downtime and results from the two additional models. 

These results revealed that Model 11 performed very well in almost all configurations. The 

additional redundancy provided by the four IT nodes separated between the two data centres, 

resulted in significantly higher availability than comparable configurations from the other 

models, even when all four of the IT nodes had an uptime of only 50%. In this case, despite of 

the four IT nodes having an extremely poor uptime, the ecosystem availability retained a 

93.7409% availability with downtime of almost 23 days per annum. However, when three of the 
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IT nodes were set at 50% and the remaining node at a BoC availability level, the overall 

availability jumped up to 99.448%. In this instance, the downtime equates to a little over 48 

hours per year, which is a 21-day improvement in downtime compared to all four nodes running 

at 50% uptime.  

Adding the cost of downtime calculation changed which scenarios and models appeared to offer 

the best value in terms of balancing cost and availability. This was illustrated in Chapter 7, Figure 

7.2, where the results from Model 1 and Model 2 were updated with the addition of the cost of 

downtime. In Table 4.15, it was shown that M2/S06 offered the best ‘value’, with an annual 

expected downtime of 17 hours 52 minutes and a data centre cost of $89.5 million. This was 

significantly cheaper than the best performing M2/S10 with an annual expected downtime of 

17 hours and a cost of $122 million. However, when the cost of downtime was introduced, 

M2/S01 became the best value for money, even over a 10-year period. The lower data centre 

costs were enough to offset additional downtime costs. M2/S1 is described by a pair of Tier I 

data centres and BoC redundant IT nodes. Incorporating the cost of downtime over 10 years for 

M2/S10 and M2/S1 the cost difference was $51.8 million in favour of M2/S01; $178.8 million 

for M2/S10 and $127 million for M2/S1. 

The cost of downtime, and at what point it outweighs construction and other related costs is 

highly subjective (ponemon.org, 2013). A service or system without a direct relationship with 

an organisation’s revenue would not be able to be assessed in this way. This was also confirmed 

by Jaggers and Gregory (2019) in their recent paper asserting that ‘business leaders don’t care 

about the cost of downtime’. They offer a more nuanced approach and present a range of other 

potential value metrics such as safety, customer experience and reputation, to name a few 

(Jaggers & Gregory, 2019).  

The idea of value versus benefit can also be extended to the cost of IT infrastructure. This topic 

was only briefly covered in this study due to the very low cost when compared to the data centre 

cost and the cost of downtime. Chapter 7 results demonstrate that the cost difference between 

entry level IT and BoC IT is not able to outweigh the cost of downtime within a reasonable 

timeframe. Table 7.14 provided a side-by-side comparison of M11/S01 and M11/S11 which are 

the same except for the ‘quality’ of the IT nodes. M11/S11 uses minimum HA IT, while M11/S01 

uses BoC HA IT nodes; otherwise, the scenarios are identical. It was shown that it would take 

419 IT systems configured in this way, over a 10-year period, to break even against the cheaper 
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outlay of the minimum HA IT costs. These results demonstrate that unless operating at a very 

large scale, it is not advisable to invest in lower quality IT infrastructure.  

It was surprising to see how well some scenarios performed even when using lower tier data 

centres. It was established in the previous discussion that Model 11 outperforms the other 

models. Building on this, it was shown how well Model 11 faired, even when components were 

running poorly. It was also shown that higher tier data centres are more effective where there 

is a low degree of IT redundancy or where the cost of downtime is not taken into account. 

Considering the cost of downtime changed our view of which models proposed a better value. 

Demonstrating that downtime costs can outweigh significant data centre construction costs. 

Note that these cost calculations, while designed to be a tool for comparison of models only, do 

not take into account other costs that may be incurred, such as support, software licencing and 

so forth. These should be considered by decision makers wherever appropriate or where 

variation is expected in terms of the design in question.  

8.3.2 Points of diminishing returns 

Chapter 2 established, during the gap section, the importance of cost for both IT and data 

centres. In the outset of this study, and when calculating the scenarios, there was an 

expectation that clear points of diminishing returns would be identified similar to those found 

in similar studies (Wennerhult, 2015). This however was not the case. As discussed above, there 

are some key decisions that have a varying degree of impact on the availability of an ecosystem. 

Additionally, when introducing the cost element, it was clear that some models and scenarios 

would be better value than others. This was primarily due to the degree of redundancy and 

approach represented by each model.  

In Chapters 4 and 7, points of diminishing return were identified for several scenarios when an 

increase of input figures did not directly result in a consistent increase in ecosystem availability. 

This was illustrated in Figure 4.4, Figure 4.6 and Figure 7.7, for Models 1, 2 and 11 respectively, 

demonstrating a shift in ecosystem availability when inputs are increased by set percentages. 

Taking Model 11 for example, an increase of 10% to the network, IT node or one of the data 

centres all provided consistent (if small) improvement in the overall availability. This was not 

true however for all the components. If Model 11 varied three of the four IT nodes from 50% to 

60%, there is an improvement of 0.26748%. Moving from 60% to 70% however, only increased 
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availability by 0.16256%. Finally, by increasing from 90% to 100% there was only 0.0001% 

towards availability.  

In conclusion, while some points of diminishing returns for individual inputs were identified, the 

results did not provide points of significant interest. Instead the recommendations provided a 

clear hierarchy that can aid decision making, while the models provide a tool for decision makers 

to explore options with inputs from their own organisation.  

8.3.3 Many ways to achieve the same goal 

In many cases decision makers are not working from a ‘green fields’ position but rather working 

to make the most of their current investments; especially as data centres are a significant and 

long term investment (Kaplan, Forrest, & Kindler, 2008). Furthermore, in the event that a new 

location is required, a space in co-lo data centre or cloud hosting are also valid options over and 

above the construction of a new data centre (Greenberg et al., 2008). From the interviews, 

decision making was one of the most prevalent themes, regarding the placement and location 

selection. There were only a few references to the construction of new data centres, and they 

were in the context of past experience, not a regular occurrence. Therefore, it can be assumed 

that decision makers are, more often than not, working with what they have, rather than being 

in a position to build everything required from scratch. This is validated through the interview 

process and is often inferred in investment decision papers (Kaplan et al., 2008; Turner & 

Seader, 2006). 

As such, a set of findings that recommend specific configurations or availabilities for each 

component is of limited usefulness in a real-world setting. In many cases, such as those 

described during the interviews, components such as the data centre(s) and/or networks are 

pre-existing. For example, where an organisation already has a number of hosting locations 

available to them each with different attributes that result in varied availabilities, these options 

can be cycled through the models to help identify the location that would achieve the desired 

availability.  

It was clearly demonstrated in chapters 4 and 7 that a number of different approaches could be 

taken to achieve similar availabilities. Figure 4.8 and Figure 7.14 show a cluster of seven 

scenarios, each that cluster around a particular availability and showed their respective 

configurations. In Figure 7.14 scenarios with results that were comparable to Model 11 Scenario 
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1,022 (M11/S1022) were compared. M11/S1022 has an availability of 99.788647% and a 

downtime of 18 hours and 31 minutes. The other scenarios with a comparable availability were 

M11/S1062, M1/S3, M11/S1032, M2/S281 and M2/S353. This broad range of models and 

different configurations clearly demonstrate that regardless of what an organisation has to work 

with, many options are available to them. This is particularly true in cases where the target 

availability is not particularly high. 

At higher availabilities Model 11 is much more capable than the other configurations at 

achieving low levels of downtime. Even so, Model 11 and Model 2 both share a common data 

centre and network configuration meaning that the ‘cheaper’ IT node components are able to 

be configured to help achieve the desired goal. One reason for the excellent performance of 

Model 11 relates to the input variables. Even a Tier I data centre has an availability of 99.671%, 

each network link has an availability of 99.5%. These are both a fair bit higher than the BoC IT 

nodes.  

It is possible to achieve a full range of availability outcomes across a wide range of cost. 

Performance ranged wildly, not necessary based on the traditionally expensive data centres, 

but simply based on the decisions made. This is demonstrated by the high-level scatter chart 

presented in Figure 4.2 which showed clearly the three bands around data centre cost. For each 

of the three ‘cost bands’, results fell across the full range of availabilities; demonstrating that it 

was possible to achieve highly available ecosystems, at a low, or high cost, and also possible to 

achieve poorly performing ecosystems, at a high or low cost. This highlights the importance of 

making good decisions. This point is further reinforced by the previously mentioned results from 

Chapter 7. Figure 7.12 and Figure 7.13 that show what percentage of each model’s scenarios 

fell into quartiles and while the best performing quartile was dominated by Model 11, there 

were also good results from all other Models, with quite an even mix between the models 

presenting in the second and third quartiles.  

The conclusion that excellent availability results for an ecosystem can be achieved using such a 

wide range of configurations, and at an equally wide range of cost points is a novel finding in 

this context. While high degrees of redundancy and a high tolerance to failure is normally an 

approach used by large scale cloud providers in providing hyper-scale infrastructure (Filelis-

Papadopoulos et al., 2018). The novelty here is demonstrating that a relatively small degree of 

redundancy can make a significant impact in terms of robust services without the same scale 
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seen in data centres used by large cloud providers ("The Future Of Data Centers," 2019; Rouse, 

2018).  

8.3.4 Investment recommendations 

This section has set out to address the second research question which asked, at what point are 

organisations over-investing in certain aspects of their IT systems? In order to answer this 

question, the value of redundancy was examined and discussed, including the cost of downtime, 

diminishing returns and the numerous ways similar outcomes can be achieved.  

In the discussion of the first research question a clear hierarchy for decisions, building up greater 

levels of availability, was established. In this section this idea is built on, showing that Model 11, 

in particular, was able to retain a high degree of availability even when some components were 

running with a very poor uptime. Once the cost of downtime was introduced it was clear that 

Model 11 could also produce reasonable results even when using low tier data centres, 

demonstrating that the IT redundancy was able to outweigh the lower data centre availability. 

This supports the sentiment shared by interview Participant 4, that their in-house was just as 

good as their space in large commercial data centres. This also support the pragmatic view of 

Kenneth Brill, one of the Uptime Institutes founders, who advocates for ‘right sizing’ when it 

comes to data centres (Brill, 2009). 

Points of diminishing returns were discussed briefly, and while some examples were identified 

this was not found to be a key point of interest. Furthermore, it was discussed how many 

possible subsystem configurations can achieve similar results, providing many options for 

decision makers, regardless of their pre-existing infrastructure and investments.  

Therefore, several key observations can be made on how to improve overall ecosystem 

availability from an investment perspective. The overall ecosystem availability can be improved 

by increasing the redundancy of the poorest performing component, in this case the IT nodes. 

Alternatively, by removing points of single failure (or ensuring they have a high availability). The 

following recommendations paraphrase the key points identified in this discussion.  

Recommendation 4: Take the time to understand your cost of downtime. Regardless of 

relevance of a monetary cost of downtime, taking the time to judge the cost of downtime can 

bring investment decisions into sharp focus.  
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Recommendation 5: Invest in high quality IT infrastructure. As the availability of an IT node is 

often lower than the network or data centre components, the best improvements are made by 

improving the IT components. Additionally, the cost savings for IT with a lower uptime was 

found to be insignificant compared to the data centre and cost of downtime costs.  

Recommendation 6: Work with what you have. It was demonstrated that excellent uptime 

results can be achieved, even with low tier data centres and other poorly performing 

components. Use the data set to filter out scenarios, excluding options that are either not 

possible or relevant to the current decision-making process and look for options clustered 

around the target uptime.  

8.4 INDUSTRY NORMS AND USE OF DATA CENTRES 

The gap identified between IT and data centres is still relevant to the third and final research 

question. However, while the previous two research questions are focused on quantitative 

results from the models and scenarios, the third and final research question is based on the 

context and the qualitative data generated from interviews and therefore, asks, “How should 

an organisation balance the investment in IT and data centres?”. This question expands on the 

recommendations provided during the earlier two research questions. In addition to the 

interview data, it is important to understand the current norms which can help add further 

context to the recommendations presented.  

This section will look at the themes relating to attitudes and preferences captured during the 

interview phase (Chapter 5) of this research project compared to the trends identified in the 

literature review (Chapter 2). Three key themes will be discussed. Firstly, the priorities for 

decision makers, the popular approaches currently in use and finally, a discussion regarding the 

cloud versus more traditional data centres.  

Exploring the norms and using them as a comparison point for the recommendation is 

particularly relevant from a business point of view. This is important given the increase of data 

centre budgets and the increased reliance on highly available IT systems (UptimeInstitute.com, 

2017). As such, the focus of this research has been on the data centre and the placement of IT 

nodes. It was noted at the beginning of the thesis that while the networking component is 

important to capture, in the models it is not a gap that this thesis seeks to address as there is 

high degree of research that already focus’ on data centre networks (as highlighted in Chapter 
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2). In line with this, the comments made during the interviews also did not focus on the network 

components. Most participants focused on hosting locations and IT redundancy. The only strong 

network related theme that emerged was around latency and this again was in relation to data 

centre locations rather than network configurations. It is interesting to note that the concern 

around distance and latency somewhat contradicts the sentiment uncovered in the literature, 

that the distance between the user and data centres are becoming increasingly un-important 

(Carden, 2014; Rickard, 2012). 

8.4.1 Priorities identified through interviews 

The most prevalent theme during interviews was around decision making and what factors were 

important to the participants. This theme covered a range of topics relating to the impact of 

their decisions, and what factors they prioritised over others. Of the 10 interview participants, 

7 specifically discussed the strategic placement of IT between sites, while the remaining 3 did 

not call it out specifically but still discussed the things that impacted on their decision making.  

There was a total of 18 competing priorities identified and the top 5 priorities were:  

1. Physical proximity and latency considerations  

2. Business or client requirements to determine the target availability  

3. Balancing the cost and risk 

4. Cost 

5. Security and privacy 

Availability was the second most important priority, behind physical proximity and latency 

considerations. Importantly, availability was primarily discussed in the context of the business 

requirement for the system or service they were discussing. In some instances, it related to 

internal requirements, and otherwise to client expectations. This is a key point to consider as it 

provides context for why availability is important. This aligns with the sentiment provided in a 

number of papers discussed in Chapter 2 which placed a focus on the requirements of who is 

using the system (Franke et al., 2014; Rohani & Roosta, 2014).  

The third and fourth priority related to costs. Firstly, in the context of balancing risk and 

secondly, in the context of fitting into budgetary constraints. This is an example of risk, 

presented as a dollar amount of lost revenue or a cost that can be easily compared to the 

investment already made or required. The second research question discussion and findings 
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have created a foundation for the priorities outlined by recommendations 4, 5 and 6 which are 

focused on investment decisions. 

The importance of availability was also discussed separately from the decision around IT 

placement. 90% of the participants commented separately on the importance of availability. 

Additional comments reinforced the importance of customer requirements and expectations 

and some spoke cynically about the impact of an outage on budgets.  

Other key themes that came through during the interviews related to the importance of taking 

a holistic view and the strategic placement of IT. Some excellent examples were provided to 

highlight circumstances that cost organisations a great deal of money where the big picture was 

not taken into account, or when the data centre element was excluded from large scale system 

designs. While the number of stories and the sample size of these interviews do not provide a 

significant trend, it does provide anecdotal evidence to support the gap identified in Chapter 2 

relating to a lack of overlap between data centres and IT for a rational design and decision 

making perspective.  

8.4.2 Popular approaches to data centre and IT deployment 

The central purpose of the interview process was to help validate, refine and provide 

alternatives to the proposed models. The validation was achieved with 55% of the organisations 

actively using Models 1 and 2. Only minor refinements for the two models were required.  

Popularity was determined by asking the interview participants what configurations were in use 

within their environments and then they were asked to estimate the percentage of their 

environment that is represented by that model. Of the 12 additional models, 8 were only in use 

at a single organisation, however they often described only minor iterations on more common 

approaches. As mentioned, Model 2 was the most common approach in use at 55% 

organisations and representing 30.5% of the combined environments. The second most popular 

approach was Model 10, which was almost the same as Model 2 but had a ‘warm spare’ 

requiring a manual fail-over. Grouping together these and the other similar models, Model 2 

and its variants represented 57.8% of the total environments described. 

The next most popular approach involved no redundancy for the IT or data centre and while 

only in use by two organisations, it represented a large portion of their environment. Model 4 

was the most common, with minor variations across Model 5 and Model 6. This group 
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represented 21.8% of the environments described during the interviews. Model 1, and the 

minor variation in Model 3, were both represented by a single hosting location with redundant 

IT. Together they represented 11.4% of the environments described and as mentioned earlier, 

Model 1 in particular, was considered a legacy approach that was being phased out.  

Finally, Model 11, which has been clearly established as the most effective model throughout 

this study, represented only 2.7% of the combined environments and was in use at a single 

organisation described. There were two other approaches that provided additional redundancy 

over and above Model 2. However, they were only in use at a single organisation each, and to 

an even smaller degree. It is important to note however that the organisation using Model 11 

used it for approximately 30% of their environment and they were by far the largest 

organisation described during the interview process, with more than 2500 racks worth of IT 

equipment. So, while Model 11 represents the most effective configuration explored, it was rare 

compared to Model 2 and its variants. This reinforces the importance of the recommendations 

provided by this research, in particular Recommendation 3 provided in section 8.2.3.  

8.4.3 Data centres vs. cloud 

Another important theme to discuss which emerged from the interviews was on the topic of 

traditional data centres versus the cloud (Lohmeyer, 2018). Now, while ‘the cloud’ lives in data 

centres the key difference can be characterised as those organisations having direct control, 

responsibility and access to the physical IT infrastructure (Ayers, 2017). For traditional data 

centres, the organisation places their IT equipment within, and is responsible for managing it. 

For cloud users that level of responsibility and control is abstracted and left to the cloud 

providers, with the customer free to consume the services which they then manage via their 

contractual arrangements and SLAs (Amazon, 2019; Microsoft, 2018). 

Going into the interviews, the expectation was that a high degree of cloud would be in use, but 

that traditional data centres would remain important. This expectation was informed by the 

literature where a number of sources reinforced the idea that small to medium size data centre 

would remain prevalent in the face of cloud (Vasudevan et al., 2017). The interview results 

revealed that 17.7% of the total environments used cloud as a hosting location (excluding SaaS). 

Only two organisations were predominantly cloud hosted, with the remaining nine 

organisations having the vast majority of their environment hosted in traditional data centres. 
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This supports those views, presented in the literature, that focused on the ongoing importance 

of traditional data centres (Rodrigues, 2013; UptimeInstitute.com, 2017) and somewhat 

contradicts the sentiment that the cloud has been a significant disruptor (Deloitte, 2013).  

In spite of cloud usage representing only a small percentage of the environments described 

during the interviews there was a broad range of configurations described. As such, the results 

showed that a full range of approaches, in terms of the degree of redundancy used, is possible. 

There was also one example of a system spread between traditional data centres and cloud 

locations.  

Finally, an interesting extension of this discussion is that the two organisations that were using 

cloud heavily were happy and enthusiastic proponents of the virtues of the cloud. On the other 

hand, only one participant described actively avoiding the use of the cloud with others 

describing it as an eventual location for many of their systems. It was also interesting to note 

that the same degree of separation and comparison was not present during the conversations 

involving privately owned data centres versus co-lo data centres.  

When looking at availability, the conversation between cloud and traditional data centres is less 

relevant than other considerations, such as costs (Gillis, 2015) or flexibility (Tianfield, 2011). This 

is reinforced by the sentiment shared during interviews that they would move to cloud 

eventually, but there was no rush. Also, that 91% of interview participants had some level of 

cloud hosting in place. The only additional relevant consideration to note was raised during 36% 

of the interviews and relates to concerns that the abstraction cloud provides between IT 

infrastructure and services can help to create disconnect between IT and data centre 

considerations. These concerns also extend to changes required when designing systems to run 

on the cloud. In conclusion, this discussion has reinforced that there is an ongoing role for both 

traditional data centres and the cloud (Vasudevan et al., 2017).  

8.4.4 Summary 

The third research question asked how should an organisation balance the investment in IT and 

data centres? This has been partially addressed by six recommendations provided as a result of 

the discussions and findings of the first two research questions. The third research question 

reaffirms these recommendations and provides additional discussions on the back of the 

interview results.  
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The importance of getting the balance right was also reinforced through the most prevalent 

theme identified as a result of the interviews; decision making. It was shown that availability 

was the second most important factor in decision making, but only in the context of meeting 

the business requirements and/or customer expectation. This highlights the importance of 

striking the right balance for each system designed, which was further reinforced by the 

balancing of cost and risk as the third most important decision-making factor.  

These research findings and the recommendations are supported by the interview results. 

These showed that based on the interview sample captured, Model 11 was rarely used, and the 

most common and popular approach was to use Model 2. It was also established that there 

were many variations of the main models to be explored fully and that the cloud was a valid 

option for exploring levels of redundancy. Finally, the points captured in the literature review, 

regarding the ongoing relevance of traditional data centres was reinforced (Vasudevan et al., 

2017). However, those interviewed tended to agree that increased cloud use was where they 

were heading. 

8.5 CONTRIBUTION TO KNOWLEDGE 

Chapter 1 stated the contribution to knowledge intended by this research. The first contribution 

was to present validated models to aid in the availability calculation of common IT deployment 

approaches. Second, to supply recommendations on how to achieve high performing IT and 

data centre deployments in the context of availability. The third was to articulate a view from 

industry with regard to decision making and common approaches to deployments. Finally, to 

clearly convey the design science research methodology and its application to this problem 

area.  

The first contribution to knowledge is represented by the four models and their corresponding 

equations for calculating the availability of each ecosystem. Each model has a description of key 

features, a visual representation and equation. The detail for each model can be found in 

Appendix B - Models and equations. 

The original models were validated through the interview process described in Chapter 5. The 

additional two models were directly derived from the descriptions given and by the industry 

experts interviewed. It is of note that the four models explored in detail, in Chapter 7, 

represented the most popular approach for each of the four categories identified in Chapter 6.  
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The second contribution to knowledge regarding the recommendations to industry for 

achieving high level of availability are outlined and argued earlier in this chapter. They are: 

• Recommendation 1: Use redundant IT nodes.  

• Recommendation 2: Spread IT nodes between multiple data centres.  

• Recommendation 3: Consider four redundant nodes evenly split between two data centres.  

• Recommendation 4: Take the time to understand your cost of downtime.  

• Recommendation 5: Invest in high quality IT infrastructure.  

• Recommendation 6: Work with what you have.  

Additionally, Appendix A - Advice to industry will provide a distilled document that can be 

shared with the interview participants and others in industry, summarising the 

recommendations, key findings and providing the tools to use the models and explore the 

options in their own organisations.  

The third contribution to knowledge relates to the views presented by the industry experts. The 

themes and views relevant to supporting the research questions have been discussed here in 

Chapter 8. However, a detailed description of each theme that emerged has been provided in 

Chapter 5, with the coding structure provided in Appendix H – Coding Structure.  

The final contribution to knowledge relates to the chosen research methodology. Design 

Science provided an ideal mechanism to explore this research problem and help answer the 

research questions. Through the creation of a practical artefact, in the form of the models and 

associated equations, and the iterative process involving validation through the interview 

process, provided context and weight to the results in a way that are both academically relevant 

and practical, for industry use. The approach to both the model design, the interview process 

and how each step fits into the research methodology, has been detailed in Chapter 3. This 

helped to anchor each chapter afterwards. The intent of the detail provided allows other 

researchers to build on either the subject of this research and/or the method.  

8.6 FUTURE WORK 

Throughout this thesis, a number of areas for further study were identified. Firstly, Chapter 2 

highlighted a high degree of environmentally and sustainability focused research related to data 

centres. The first potential area of further research would be to explore if the different models 
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presented here have the potential to make a positive environmental impact. A key aspect to 

explore being the difference in environmental impact of different tier data centres. Noting that 

a number of scenarios using low tier data centres, still maintained a high level of availability 

when compared to alternative configurations using higher tier, data centres. By extension, an 

interesting potential avenue of study is the impact of social responsibility on organisations 

either providing or consuming commercial data centres. Social responsibility could be an 

important factor in determining a balance between cost, investment and impact. 

Another area of further research would be to refine the costing comparisons used. In this study, 

cost was kept intentionally simple, in order to act as a point of comparison, maintaining focus 

on the availability element. There are a few potential areas that the costing could be explored 

further. Firstly, focusing on the complexity of the cost associated with keeping redundant 

systems, involving the IT and data centre elements, could be explored. The cost could also be 

considered from an effort perspective rather than simply financial cost; this would provide 

another key data point for decision makers. Another cost related element that could be 

explored further relates to the software cost both in terms of licensing and support. Although 

the cost of IT was small in comparison to data centres and the cost of downtime in this study. 

Incorporating some traditionally expensive software products in a range of case studies would 

help to determine if the findings here remain true when expensive software elements related 

to the creation of redundant systems is taken into account.  

Cloud bias is an interesting topic to look into. Both in terms of bias for and against the use of 

cloud. Examples in the interviews were given where decision makers trusted fully in their cloud, 

forgoing redundancy with the belief that it would not fail. While others would not consider cloud 

for use in their organisation due to security concerns. A related theme that emerged during the 

interviews was a generally poor understanding of data centre tier rating and for those that did 

understand the technical elements, a general scepticism of their value came through in a 

number of cases. This could also provide seeds for a new research question, focused on 

exploring the impact, value and adoption of formal standards in technology, in this case data 

centres.  

Additionally, more work could be done drilling into the impact of particular system types on the 

placement decisions and the impact on availability. For example, a batch-processing oriented 

system has a very different workload profile and availability requires when compared to a 
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system which needs to be operational all the time. By extension assessing the impact of 

specialising entire data centres for particular workloads would be interesting to explore and 

could be facilitated through case studies where organisations have chosen to specialise or have 

the scale to facilitate specialisation.  

The final area of possible future work is to extend the proposed models. This could be achieved 

in two ways. Firstly, the models and equations could be developed further in terms of creating 

a calculator (online or a program) to assist in the planning process. Secondly, by deepening the 

detail within the models proposed to incorporate factors other than availability or to better 

understand the impact of new factors on availability. For example, the number one 

consideration identified by decision makers when determining IT placement was network 

latency. The models could be extended to consider the impact distance and latency has on the 

performance of the system in question. Noting that availability relates to a system being able 

to perform the function that it was designed for. If a system is running poorly enough that it is 

unable to be usable, then it is unavailable. Alternatively, the impact of warm spares versus 

active/active configurations at the IT level could also be explored.  
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APPENDIX A - ADVICE TO INDUSTRY  

This research project resulted in the development of four models which can be used by 

decision makers to explore different deployment styles for their IT systems from the 

perspective of service availability. The recommendations stem from the analysis of 2,412 

scenarios calculated against the four models. It is important to note the extent by which some 

of these differences were able to impact the availability outcomes. 

RECOMMENDATIONS 

Recommendation 1: Use redundant IT nodes. By shifting from a standalone IT system to a 

pair of redundant IT nodes, up to a 12-fold reduction in expected downtime can be achieved. 

Recommendation 2: Spread IT nodes between multiple data centres. A modest yet 

measurable improvement in availability can be achieved by spreading redundant IT nodes 

between sites. If multiple data centres or cloud locations are available, IT nodes should be 

spread between two sites. 

Recommendation 3: Deploy four redundant nodes evenly split between two data centres 

for excellent results. A 68 times improvement in availability can be achieved when using four 

IT nodes compared to using only two geographically dispersed nodes.  

Recommendation 4 – Take the time to understand your cost of downtime. Regardless of 

relevance of a monetary cost of downtime, taking the time to judge the cost of downtime can 

bring investment decisions into sharp focus.  

Recommendation 5 – Invest in high quality IT infrastructure. Using IT nodes that have a lower 

availability can have a large impact on overall availability. When generic costs of IT 

infrastructure and cost of downtime was considered, the savings for lower cost IT 

infrastructure failed to outweigh the increased cost of downtime. 

Recommendation 6 – Work with what you have. It was demonstrated that excellent uptime 

results can be achieved, even with low tier data centres and some poorly performing 
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components. Using the results from this study and by filtering scenarios that match the given 

constraints, several options to achieve the desired uptime are provided.  

USING THE MODELS AS A DECISION-MAKING TOOL 

Furthermore, there were 14 models proposed by industry experts and decision makers in 

their descriptions of their organisations environments. Of these, the four most common and 

popular approaches were selected for further study. Each has a different degree of 

redundancy and inherent complexity, see below.  

IT System

IaaS

DC1

IT Node 1

DC2

IT Node 2

Redundant 
networkDC

Redundant 
network

IT Nodes 1 & 2

DC1

IT Nodes 1 & 2

DC2

IT Nodes 3 & 4

Redundant 
network

Model 1 Model 2

Model 4 Model 11

 

Figure A.1: Simple representation of the four models 

 
The research results, from an availability standpoint, showed that Model 11 outperformed 

the other models significantly, with a 68-times improvement over Model 2. Given the data 

centre configuration and network configurations are the same between Models 2 and 11. 

If an organisation is considering a configuration like these models, there are two ways in 

which these models can be used in the decision-making process. Firstly, the results found in 

Appendices C to F, can be used to compare general configurations being considered. 

Alternatively, the equations that correspond to each model can be found in Appendix B - 

Models and equations Appendix B - Models and equations and can be used to input the 

availabilities of the components relevant to the organisational constraints.  
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Additionally, cost calculations can be made by using the formulas provided in Chapter 7, 

enabling the organisation to get a more complete picture. Note that the cost figures provided 

in the research results are for comparison purposes only and not intended for budgetary 

purposes.  
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APPENDIX B - MODELS AND EQUATIONS 

MODEL 1 

The key features of Model 1’s ecosystem include the following: 

• A highly available (HA) IT system designed to provide an ‘active-active’ or ‘active-passive’ 

architecture, with both essentially offering the same net result; automatic and almost 

instant recovery of the system in question in the event of a node failure. 

- Note that while in most cases, a data centre would host a considerable number of 

systems, each providing different services, in the context of a single system. This 

is regarded as a one to one relationship. 

• Both halves of the IT system are hosted within the same data centre, making the entirety 

of the IT system fully dependant on the data centre being available. 

• Redundant links from the data centre to the internet is desirable so that if either of the 

links fail connectivity to and from the data centre, and IT system, it is maintained with 

little or no interruption. 

• For the system to be available, the data centre and at least one of the IT nodes plus one 

link (network connection) needs to be online. 

Data centre

IT Node 1 IT Node 2

Dependent

Lin
k A

Lin
k B

R
ed
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t

Redundant

Dependent

Network or 
Internet

 

Figure B.1: Model 1  

Note. This model describes HA IT system with two nodes hosted in a single data centre with 

redundant network links. Taken from Figure 5.4: Model 1 - refined. 
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Model 1 Equation: 

L12 × (DCa × N12)  

Where 
 L12: L1a + L2a – (L1a × L2a) 

N12: N1a + N2a – (N1a × N2a) 
b is the availability of the network/internet connectivity 

  L1a is the availability of the first link 
  L2a is the availability of the second link 

y is availability of the IT system and data centre combined 
 DCa is the availability of the standalone data centre 
 N1a is the availability of the first IT system node 

  N2a is the availability of the second IT system node 
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MODEL 2 

The logic of the ecosystem represented by Model 2 is slightly more complex than Model 1. It 

can be described by the following key features: 

• A highly available (HA) IT system designed to be resilient to the loss of either of the two 

IT nodes. 

• Both halves of the IT system are hosted in separate and geographically diverse data 

centres. This results in only one half of the IT system being dependant on a single data 

centre; this changes the calculation as there are now two ‘stacks’ of IT Node and data 

centre that are redundant to each other. 

• Redundant links from the data centre to the internet/network. If either link fails, 

connectivity to and from the data centre and IT system is maintained with little or no 

interruption. In this model, the assumption is that each link is also used as a cross connect 

between the data centres. The same underlying principal remains; each data centre has 

two connections, and either connection needs to be available for that ‘stack’ to be 

available.  

• For the system to be available, the following need to be available; at least one dependant 

IT node and data centre ‘stack’ and one link. 

Data centre 1 Data centre 2

IT Node 1 IT Node 2

Dependant Dependant

Lin
k A

Lin
k B

Dependant

Redundant

Redundant

Network 
or Internet

 

Figure B.2: Model 2  

Note. This model describes HA IT system with two nodes, each hosted in separate data centres 

with redundant network links. Taken from Figure 5.2: Model 2 - refined. 
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Model 2 Equation: 

(N1a × DC1a) + (N2a × DC2a) - ((N1a × DC1a)× (N2a × DC2a)) × L12  

Where 
L12: L1a + L2a - (L1a × L2a) 
d is the availability of the stacks combined (including nodes and data centres) 
 DC1a is the availability of the first data centre 
 DC2a is the availability of the second data centre 
 N1a is the availability of the IT node within DC1 
 N2a is the availability of the IT node within DC2 
b is the availability of the network/internet connectivity 

  L1a is the availability of the first link 
  L2a is the availability of the second link 
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MODEL 4 

The key features of model 4’s ecosystem include the following points and assumptions: 

• The IT system is fully dependant on a single cloud location. 

• There is no redundancy in this model over and above that built into the cloud service or 

software. 

• In this scenario, an organisation establishes a virtual machine on a cloud IaaS service and 

is then responsible for all the software components from that point, including operating 

system, any data base, middleware, security, web server or application services. 

• Unlike the other models networking is not extrapolated for this and other cloud models. 

The assumption is that the networking availability for the cloud data centre is rolled into 

the experience IaaS users are going to receive. 

• Recovery options are not represented here and were described in terms of backups. 

IT Node

Dependent

Cloud
IaaS

 

Figure B.3: Model 4  

Note. This model describes a non-redundant IT node hosted within a single IaaS cloud 

location. Originally from Figure 5.11: Model 4. 

Model 4 Equation: 

𝐶𝑎  × 𝑛  

Where 

 Ca is the availability of the Cloud IaaS service 
 n is the availability of the IT system 

  



 

286 
 

MODEL 11 

Model 11 can be described through the following points and assumptions: 

• A HA IT system designed to provide an active/active architecture. It is assumed that a 

manual cutover or ‘warm spare’ approach would not be taken in this approach given the 

description from the interview participants. 

• Node 1 and node 2 are both hosted within a single data centre, making them redundant 

to each other but dependant on data centre 1. While nodes 3 and 4 are also redundant to 

each other, they are dependent on data centre 2.  

• All four nodes are active participants in providing the IT service and only one node is 

required from either data centre for the service to be available. 

- As is the case with HA clusters, a reduced number of active nodes would 

increase the load on those nodes still active, potentially affecting performance 

for users.  

• Redundant links from each data centre to the internet/network. If either link fails, 

connectivity to and from the data centre as well as IT system is maintained with little or 

no interruption. In this model, the assumption is that each link is also used as a cross 

connect between the data centres. The same underlying principal remains, each data 

centre has two connections, and either connection needs to be available for that ‘stack’ 

to be available.  

• For the system to be available, one data centre with at least one of the IT nodes plus one 

network link needs to be online.  
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Figure B.4: Model 11  

Note. This model describes a cluster of four redundant HA IT nodes, evenly distributed 

between two data centres, each with redundant network links. Originally from Figure 5.7: 

Model 11. 
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Model 11 Equation: 

((N12 × DC1𝑎) + (N34 × DC2𝑎) − ((N12 × DC1𝑎) × (N34 × DC2𝑎)) × L12  

Where 
N12: N1a + N2a – (N1a × N2a) 
N34: N3a + N4a – (N3a × N4a) 
L12: L1a + L2a – (L1a × L2a) 
d is availability of the stacks combined (including the node and data centre 
availabilities) 
 DC1a is the availability of the first data centre 
 DC2a is the availability of the second data centre 
 N1a is the availability of the first IT node within DC1 
 N2a is the availability of the second IT node within DC1 

N3a is the availability of the first IT node within DC2 
 N4a is the availability of the second IT node within DC2 
b is the availability of the network/internet connectivity 

  L1a is the availability of the first link 
  L2a is the availability of the second link 



 

288 
 

  



 

289 
 

 

 

APPENDIX C – MODEL 1 SCENARIOS 

Results are sorted by output, highest to lowest. 

Note that the results have been colour coded to enable easier interpretation. The following 

table provides the inputs for each model and the corresponding colour.  

From Uptime Institute Expected downtime 
HH:MM:SS Source Figures 

Tier I 99.671% 28:49:13 

Tier II 99.741% 22:41:18 

Tier III 99.982% 1:34:36 

Tier IV 99.995% 0:26:17 

From Gartner  
Source Figures Split 

Minimum HA IT 99.26% 91.398% 64:49:26 

Best-of-Class (BoC) 99.81% 95.641% 16:38:38 

Networking  
Source Figures 

Individual network link 99.5% 43:48:00 

Variable Inputs 

 Source Figures 

50.0% 4380:00:00 

60.0% 3504:00:00 
70.0% 2628:00:00 

80.0% 1752:00:00 

85.0% 1314:00:00 

90.0% 876:00:00 

92.5% 657:00:00 

95.0% 438:00:00 

97.5% 219:00:00 

100.0% 0:00:00 
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This table provide a summary of the scenario groups that were described in Chapter 4. 

Scenario group description Count 

redundant networks, BoC HA IT, cycled DC figures (x4) 4 

redundant networks, minimum HA IT, cycled DC figures (x4) 4 

redundant networks, BoC HA IT, varied DC inputs (x10) 10 

redundant networks, cycled DC figures (x4), 1 BoC HA IT node and 1 node with varied inputs (x10) 40 

redundant networks, cycled DC figures (x4), both IT nodes with matching varied inputs (x10) 40 

network with 1 varied input (x10), BoC HA IT, cycled DC combinations (x4) 40 

both network links with varied inputs (x10), BoC HA IT, cycling DC combinations (x4) 40 

redundant networks, minimum HA IT, cycled DC combinations (x10) 10 

redundant networks, cycled DC combinations (x4), 1 minimum HA IT node and 1 node with varied 
inputs (x10) 40 

network with 1 varied input (x10), minimum HA IT, cycled DC combinations (x4) 40 

both network links with varied inputs (x10), minimum HA IT, cycling DC combinations (x4) 40 
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Scenario # 
Network  

link 1  
Network  

link 2 
IT Node 1 IT Node 2 Data centre  Output 

Downtime / year 
(HH:MM:SS) 

Cost of downtime Data centre cost 

M1/S219 99.5% 99.5% 100.0% 91.3977% 99.9950% 99.9925% 0:39:25 $220,748.32 $122,000,000.00 

M1/S49 99.5% 99.5% 100.0% 95.6411% 99.9950% 99.9925% 0:39:25 $220,748.32 $122,000,000.00 

M1/S89 99.5% 99.5% 100.0% 100.0% 99.9950% 99.9925% 0:39:25 $220,748.32 $122,000,000.00 

M1/S209 99.5% 99.5% 100.0% 91.3977% 99.9820% 99.9795% 1:47:45 $603,375.55 $112,000,000.00 

M1/S39 99.5% 99.5% 100.0% 95.6411% 99.9820% 99.9795% 1:47:45 $603,375.55 $112,000,000.00 

M1/S79 99.5% 99.5% 100.0% 100.0% 99.9820% 99.9795% 1:47:45 $603,375.55 $112,000,000.00 

M1/S90 99.5% 99.5% 97.5% 97.5% 99.9950% 99.9300% 6:07:54 $2,060,210.35 $122,000,000.00 

M1/S80 99.5% 99.5% 97.5% 97.5% 99.9820% 99.9170% 7:16:11 $2,442,598.45 $112,000,000.00 

M1/S50 99.5% 99.5% 97.5% 95.6411% 99.9950% 99.8835% 10:12:08 $3,427,960.74 $122,000,000.00 

M1/S40 99.5% 99.5% 97.5% 95.6411% 99.9820% 99.8706% 11:20:23 $3,810,171.02 $112,000,000.00 

M1/S18 99.5% 99.5% 95.6411% 95.6411% 100.0% 99.8075% 16:51:45 $5,665,830.90  

M1/S129 100.0% 99.5% 95.6411% 95.6411% 99.9950% 99.8050% 17:04:52 $5,739,275.09 $122,000,000.00 

M1/S169 100.0% 100.0% 95.6411% 95.6411% 99.9950% 99.8050% 17:04:52 $5,739,275.09 $122,000,000.00 

M1/S4 99.5% 99.5% 95.6411% 95.6411% 99.9950% 99.8025% 17:17:59 $5,812,715.61 $122,000,000.00 

M1/S130 97.5% 99.5% 95.6411% 95.6411% 99.9950% 99.7925% 18:10:27 $6,106,477.68 $122,000,000.00 

M1/S119 100.0% 99.5% 95.6411% 95.6411% 99.9820% 99.7920% 18:13:04 $6,121,184.88 $112,000,000.00 

M1/S159 100.0% 100.0% 95.6411% 95.6411% 99.9820% 99.7920% 18:13:04 $6,121,184.88 $112,000,000.00 

M1/S3 99.5% 99.5% 95.6411% 95.6411% 99.9820% 99.7895% 18:26:11 $6,194,615.85 $112,000,000.00 

M1/S131 95.0% 99.5% 95.6411% 95.6411% 99.9950% 99.7801% 19:16:01 $6,473,680.27 $122,000,000.00 

M1/S120 97.5% 99.5% 95.6411% 95.6411% 99.9820% 99.7796% 19:18:38 $6,488,339.73 $112,000,000.00 

M1/S220 99.5% 99.5% 97.5% 91.3977% 99.9950% 99.7775% 19:29:41 $6,550,208.41 $122,000,000.00 

M1/S51 99.5% 99.5% 95.0% 95.6411% 99.9950% 99.7746% 19:44:51 $6,635,173.16 $122,000,000.00 

M1/S132 92.5% 99.5% 95.6411% 95.6411% 99.9950% 99.7676% 20:21:35 $6,840,882.86 $122,000,000.00 

M1/S121 95.0% 99.5% 95.6411% 95.6411% 99.9820% 99.7671% 20:24:12 $6,855,494.59 $112,000,000.00 

M1/S210 99.5% 99.5% 97.5% 91.3977% 99.9820% 99.7645% 20:37:52 $6,932,012.77 $112,000,000.00 

M1/S41 99.5% 99.5% 95.0% 95.6411% 99.9820% 99.7616% 20:53:02 $7,016,966.48 $112,000,000.00 

M1/S133 90.0% 99.5% 95.6411% 95.6411% 99.9950% 99.7551% 21:27:09 $7,208,085.45 $122,000,000.00 

M1/S122 92.5% 99.5% 95.6411% 95.6411% 99.9820% 99.7546% 21:29:46 $7,222,649.44 $112,000,000.00 

M1/S170 97.5% 97.5% 95.6411% 95.6411% 99.9950% 99.7426% 22:32:44 $7,575,288.04 $122,000,000.00 

M1/S91 99.5% 99.5% 95.0% 95.0% 99.9950% 99.7425% 22:33:19 $7,578,596.45 $122,000,000.00 

M1/S123 90.0% 99.5% 95.6411% 95.6411% 99.9820% 99.7421% 22:35:19 $7,589,804.29 $112,000,000.00 

M1/S199 99.5% 99.5% 100.0% 91.3977% 99.7410% 99.7385% 22:54:25 $7,696,695.82 $67,000,000.00 

M1/S29 99.5% 99.5% 100.0% 95.6411% 99.7410% 99.7385% 22:54:25 $7,696,695.82 $67,000,000.00 

M1/S69 99.5% 99.5% 100.0% 100.0% 99.7410% 99.7385% 22:54:25 $7,696,695.82 $67,000,000.00 

M1/S134 85.0% 99.5% 95.6411% 95.6411% 99.9950% 99.7302% 23:38:18 $7,942,490.64 $122,000,000.00 

M1/S160 97.5% 97.5% 95.6411% 95.6411% 99.9820% 99.7297% 23:40:53 $7,956,959.14 $112,000,000.00 

M1/S81 99.5% 99.5% 95.0% 95.0% 99.9820% 99.7296% 23:41:29 $7,960,267.12 $112,000,000.00 

M1/S124 85.0% 99.5% 95.6411% 95.6411% 99.9820% 99.7172% 24:46:27 $8,324,113.99 $112,000,000.00 

M1/S135 80.0% 99.5% 95.6411% 95.6411% 99.9950% 99.7052% 25:49:27 $8,676,895.82 $122,000,000.00 

M1/S125 80.0% 99.5% 95.6411% 95.6411% 99.9820% 99.6922% 26:57:35 $9,058,423.70 $112,000,000.00 

M1/S70 99.5% 99.5% 97.5% 97.5% 99.7410% 99.6762% 28:22:03 $9,531,485.38 $67,000,000.00 

M1/S189 99.5% 99.5% 100.0% 91.3977% 99.6710% 99.6685% 29:02:19 $9,756,996.31 $62,000,000.00 

M1/S19 99.5% 99.5% 100.0% 95.6411% 99.6710% 99.6685% 29:02:19 $9,756,996.31 $62,000,000.00 

M1/S59 99.5% 99.5% 100.0% 100.0% 99.6710% 99.6685% 29:02:19 $9,756,996.31 $62,000,000.00 

M1/S52 99.5% 99.5% 92.5% 95.6411% 99.9950% 99.6656% 29:17:34 $9,842,385.58 $122,000,000.00 

M1/S136 70.0% 99.5% 95.6411% 95.6411% 99.9950% 99.6553% 30:11:44 $10,145,706.18 $122,000,000.00 

M1/S42 99.5% 99.5% 92.5% 95.6411% 99.9820% 99.6526% 30:25:40 $10,223,761.94 $112,000,000.00 

M1/S126 70.0% 99.5% 95.6411% 95.6411% 99.9820% 99.6423% 31:19:50 $10,527,043.10 $112,000,000.00 

M1/S30 99.5% 99.5% 97.5% 95.6411% 99.7410% 99.6298% 32:25:40 $10,895,761.51 $67,000,000.00 

M1/S60 99.5% 99.5% 97.5% 97.5% 99.6710% 99.6062% 34:29:44 $11,590,498.19 $62,000,000.00 

M1/S137 60.0% 99.5% 95.6411% 95.6411% 99.9950% 99.6054% 34:34:01 $11,614,516.54 $122,000,000.00 

M1/S127 60.0% 99.5% 95.6411% 95.6411% 99.9820% 99.5925% 35:42:05 $11,995,662.51 $112,000,000.00 

M1/S221 99.5% 99.5% 95.0% 91.3977% 99.9950% 99.5624% 38:19:56 $12,879,668.50 $122,000,000.00 

M1/S20 99.5% 99.5% 97.5% 95.6411% 99.6710% 99.5599% 38:33:11 $12,953,816.84 $62,000,000.00 

M1/S53 99.5% 99.5% 90.0% 95.6411% 99.9950% 99.5566% 38:50:17 $13,049,598.00 $122,000,000.00 

M1/S138 50.0% 99.5% 95.6411% 95.6411% 99.9950% 99.5555% 38:56:19 $13,083,326.90 $122,000,000.00 

M1/S171 95.0% 95.0% 95.6411% 95.6411% 99.9950% 99.5555% 38:56:19 $13,083,326.90 $122,000,000.00 

M1/S109 100.0% 99.5% 95.6411% 95.6411% 99.7410% 99.5515% 39:17:21 $13,201,204.83 $67,000,000.00 

M1/S149 100.0% 100.0% 95.6411% 95.6411% 99.7410% 99.5515% 39:17:21 $13,201,204.83 $67,000,000.00 

M1/S211 99.5% 99.5% 95.0% 91.3977% 99.9820% 99.5495% 39:27:58 $13,260,649.99 $112,000,000.00 

M1/S2 99.5% 99.5% 95.6411% 95.6411% 99.7410% 99.5490% 39:30:26 $13,274,458.80 $67,000,000.00 

M1/S43 99.5% 99.5% 90.0% 95.6411% 99.9820% 99.5437% 39:58:19 $13,430,557.41 $112,000,000.00 

M1/S128 50.0% 99.5% 95.6411% 95.6411% 99.9820% 99.5426% 40:04:20 $13,464,281.92 $112,000,000.00 

M1/S161 95.0% 95.0% 95.6411% 95.6411% 99.9820% 99.5426% 40:04:20 $13,464,281.92 $112,000,000.00 

M1/S110 97.5% 99.5% 95.6411% 95.6411% 99.7410% 99.5390% 40:22:46 $13,567,474.68 $67,000,000.00 

M1/S111 95.0% 99.5% 95.6411% 95.6411% 99.7410% 99.5266% 41:28:10 $13,933,744.53 $67,000,000.00 

M1/S200 99.5% 99.5% 97.5% 91.3977% 99.7410% 99.5240% 41:41:48 $14,010,078.28 $67,000,000.00 

M1/S31 99.5% 99.5% 95.0% 95.6411% 99.7410% 99.5211% 41:56:56 $14,094,827.21 $67,000,000.00 

M1/S112 92.5% 99.5% 95.6411% 95.6411% 99.7410% 99.5142% 42:33:34 $14,300,014.38 $67,000,000.00 

M1/S113 90.0% 99.5% 95.6411% 95.6411% 99.7410% 99.5017% 43:38:59 $14,666,284.23 $67,000,000.00 

M1/S150 97.5% 97.5% 95.6411% 95.6411% 99.7410% 99.4893% 44:44:23 $15,032,554.08 $67,000,000.00 

M1/S71 99.5% 99.5% 95.0% 95.0% 99.7410% 99.4892% 44:44:58 $15,035,854.08 $67,000,000.00 

M1/S139 100.0% 100.0% 95.6411% 95.6411% 99.6710% 99.4816% 45:24:35 $15,257,642.16 $62,000,000.00 

M1/S99 100.0% 99.5% 95.6411% 95.6411% 99.6710% 99.4816% 45:24:35 $15,257,642.16 $62,000,000.00 

M1/S1 99.5% 99.5% 95.6411% 95.6411% 99.6710% 99.4791% 45:37:39 $15,330,844.72 $62,000,000.00 

M1/S114 85.0% 99.5% 95.6411% 95.6411% 99.7410% 99.4768% 45:49:47 $15,398,823.93 $67,000,000.00 

M1/S100 97.5% 99.5% 95.6411% 95.6411% 99.6710% 99.4692% 46:29:56 $15,623,654.95 $62,000,000.00 

M1/S101 95.0% 99.5% 95.6411% 95.6411% 99.6710% 99.4568% 47:35:18 $15,989,667.75 $62,000,000.00 

M1/S190 99.5% 99.5% 97.5% 91.3977% 99.6710% 99.4542% 47:48:55 $16,065,947.92 $62,000,000.00 

M1/S115 80.0% 99.5% 95.6411% 95.6411% 99.7410% 99.4519% 48:00:36 $16,131,363.62 $67,000,000.00 

M1/S21 99.5% 99.5% 95.0% 95.6411% 99.6710% 99.4513% 48:04:03 $16,150,637.38 $62,000,000.00 

M1/S102 92.5% 99.5% 95.6411% 95.6411% 99.6710% 99.4443% 48:40:39 $16,355,680.54 $62,000,000.00 

M1/S103 90.0% 99.5% 95.6411% 95.6411% 99.6710% 99.4319% 49:46:01 $16,721,693.34 $62,000,000.00 

M1/S92 99.5% 99.5% 92.5% 92.5% 99.9950% 99.4300% 49:55:42 $16,775,906.61 $122,000,000.00 

M1/S140 97.5% 97.5% 95.6411% 95.6411% 99.6710% 99.4194% 50:51:23 $17,087,706.13 $62,000,000.00 

M1/S61 99.5% 99.5% 95.0% 95.0% 99.6710% 99.4193% 50:51:58 $17,091,003.82 $62,000,000.00 

M1/S82 99.5% 99.5% 92.5% 92.5% 99.9820% 99.4171% 51:03:38 $17,156,381.57 $112,000,000.00 

M1/S32 99.5% 99.5% 92.5% 95.6411% 99.7410% 99.4124% 51:28:12 $17,293,892.90 $67,000,000.00 

M1/S104 85.0% 99.5% 95.6411% 95.6411% 99.6710% 99.4070% 51:56:44 $17,453,718.93 $62,000,000.00 

M1/S116 70.0% 99.5% 95.6411% 95.6411% 99.7410% 99.4022% 52:22:13 $17,596,443.02 $67,000,000.00 
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M1/S105 80.0% 99.5% 95.6411% 95.6411% 99.6710% 99.3821% 54:07:27 $18,185,744.52 $62,000,000.00 

M1/S117 60.0% 99.5% 95.6411% 95.6411% 99.7410% 99.3524% 56:43:51 $19,061,522.42 $67,000,000.00 

M1/S222 99.5% 99.5% 92.5% 91.3977% 99.9950% 99.3474% 57:10:12 $19,209,128.59 $122,000,000.00 

M1/S22 99.5% 99.5% 92.5% 95.6411% 99.6710% 99.3427% 57:34:54 $19,347,457.91 $62,000,000.00 

M1/S54 99.5% 99.5% 85.0% 95.6411% 99.9950% 99.3387% 57:55:43 $19,464,022.85 $122,000,000.00 

M1/S212 99.5% 99.5% 92.5% 91.3977% 99.9820% 99.3345% 58:18:05 $19,589,287.21 $112,000,000.00 

M1/S106 70.0% 99.5% 95.6411% 95.6411% 99.6710% 99.3324% 58:28:54 $19,649,795.70 $62,000,000.00 

M1/S44 99.5% 99.5% 85.0% 95.6411% 99.9820% 99.3258% 59:03:36 $19,844,148.33 $112,000,000.00 

M1/S201 99.5% 99.5% 95.0% 91.3977% 99.7410% 99.3095% 60:29:11 $20,323,460.73 $67,000,000.00 

M1/S33 99.5% 99.5% 90.0% 95.6411% 99.7410% 99.3038% 60:59:27 $20,492,958.59 $67,000,000.00 

M1/S118 50.0% 99.5% 95.6411% 95.6411% 99.7410% 99.3026% 61:05:28 $20,526,601.82 $67,000,000.00 

M1/S151 95.0% 95.0% 95.6411% 95.6411% 99.7410% 99.3026% 61:05:28 $20,526,601.82 $67,000,000.00 

M1/S107 60.0% 99.5% 95.6411% 95.6411% 99.6710% 99.2827% 62:50:20 $21,113,846.87 $62,000,000.00 

M1/S188 99.5% 99.5% 91.3977% 91.3977% 100.0% 99.2575% 65:02:29 $21,853,902.13  

M1/S259 100.0% 99.5% 91.3977% 91.3977% 99.9950% 99.2550% 65:15:32 $21,926,941.60 $122,000,000.00 

M1/S299 100.0% 100.0% 91.3977% 91.3977% 99.9950% 99.2550% 65:15:32 $21,926,941.60 $122,000,000.00 

M1/S8 99.5% 99.5% 91.3977% 91.3977% 99.9950% 99.2526% 65:28:34 $21,999,977.43 $122,000,000.00 

M1/S172 92.5% 92.5% 95.6411% 95.6411% 99.9950% 99.2436% 66:15:36 $22,263,391.67 $122,000,000.00 

M1/S260 97.5% 99.5% 91.3977% 91.3977% 99.9950% 99.2426% 66:20:44 $22,292,120.74 $122,000,000.00 

M1/S249 100.0% 99.5% 91.3977% 91.3977% 99.9820% 99.2421% 66:23:21 $22,306,746.89 $112,000,000.00 

M1/S289 100.0% 100.0% 91.3977% 91.3977% 99.9820% 99.2421% 66:23:21 $22,306,746.89 $112,000,000.00 

M1/S191 99.5% 99.5% 95.0% 91.3977% 99.6710% 99.2398% 66:35:31 $22,374,899.54 $62,000,000.00 

M1/S7 99.5% 99.5% 91.3977% 91.3977% 99.9820% 99.2397% 66:36:23 $22,379,773.22 $112,000,000.00 

M1/S23 99.5% 99.5% 90.0% 95.6411% 99.6710% 99.2341% 67:05:46 $22,544,278.44 $62,000,000.00 

M1/S108 50.0% 99.5% 95.6411% 95.6411% 99.6710% 99.2329% 67:11:46 $22,577,898.05 $62,000,000.00 

M1/S141 95.0% 95.0% 95.6411% 95.6411% 99.6710% 99.2329% 67:11:46 $22,577,898.05 $62,000,000.00 

M1/S162 92.5% 92.5% 95.6411% 95.6411% 99.9820% 99.2307% 67:23:25 $22,643,153.22 $112,000,000.00 

M1/S261 95.0% 99.5% 91.3977% 91.3977% 99.9950% 99.2302% 67:25:57 $22,657,299.87 $122,000,000.00 

M1/S250 97.5% 99.5% 91.3977% 91.3977% 99.9820% 99.2297% 67:28:33 $22,671,878.55 $112,000,000.00 

M1/S262 92.5% 99.5% 91.3977% 91.3977% 99.9950% 99.2178% 68:31:09 $23,022,479.00 $122,000,000.00 

M1/S251 95.0% 99.5% 91.3977% 91.3977% 99.9820% 99.2173% 68:33:45 $23,037,010.21 $112,000,000.00 

M1/S263 90.0% 99.5% 91.3977% 91.3977% 99.9950% 99.2054% 69:36:22 $23,387,658.13 $122,000,000.00 

M1/S252 92.5% 99.5% 91.3977% 91.3977% 99.9820% 99.2049% 69:38:57 $23,402,141.86 $112,000,000.00 

M1/S300 97.5% 97.5% 91.3977% 91.3977% 99.9950% 99.1930% 70:41:35 $23,752,837.27 $122,000,000.00 

M1/S253 90.0% 99.5% 91.3977% 91.3977% 99.9820% 99.1925% 70:44:09 $23,767,273.52 $112,000,000.00 

M1/S264 85.0% 99.5% 91.3977% 91.3977% 99.9950% 99.1806% 71:46:47 $24,118,016.40 $122,000,000.00 

M1/S290 97.5% 97.5% 91.3977% 91.3977% 99.9820% 99.1801% 71:49:21 $24,132,405.18 $112,000,000.00 

M1/S72 99.5% 99.5% 92.5% 92.5% 99.7410% 99.1775% 72:03:11 $24,209,801.90 $67,000,000.00 

M1/S254 85.0% 99.5% 91.3977% 91.3977% 99.9820% 99.1677% 72:54:34 $24,497,536.83 $112,000,000.00 

M1/S265 80.0% 99.5% 91.3977% 91.3977% 99.9950% 99.1558% 73:57:13 $24,848,374.66 $122,000,000.00 

M1/S255 80.0% 99.5% 91.3977% 91.3977% 99.9820% 99.1429% 75:04:58 $25,227,800.15 $112,000,000.00 

M1/S223 99.5% 99.5% 90.0% 91.3977% 99.9950% 99.1323% 76:00:28 $25,538,588.68 $122,000,000.00 

M1/S55 99.5% 99.5% 80.0% 95.6411% 99.9950% 99.1208% 77:01:09 $25,878,447.69 $122,000,000.00 

M1/S213 99.5% 99.5% 90.0% 91.3977% 99.9820% 99.1194% 77:08:12 $25,917,924.43 $112,000,000.00 

M1/S45 99.5% 99.5% 80.0% 95.6411% 99.9820% 99.1079% 78:08:53 $26,257,739.26 $112,000,000.00 

M1/S62 99.5% 99.5% 92.5% 92.5% 99.6710% 99.1079% 78:09:01 $26,258,513.20 $62,000,000.00 

M1/S266 70.0% 99.5% 91.3977% 91.3977% 99.9950% 99.1062% 78:18:03 $26,309,091.19 $122,000,000.00 

M1/S202 99.5% 99.5% 92.5% 91.3977% 99.7410% 99.0950% 79:16:35 $26,636,843.19 $67,000,000.00 

M1/S256 70.0% 99.5% 91.3977% 91.3977% 99.9820% 99.0933% 79:25:46 $26,688,326.77 $112,000,000.00 

M1/S34 99.5% 99.5% 85.0% 95.6411% 99.7410% 99.0864% 80:01:59 $26,891,089.98 $67,000,000.00 

M1/S267 60.0% 99.5% 91.3977% 91.3977% 99.9950% 99.0565% 82:38:54 $27,769,807.72 $122,000,000.00 

M1/S257 60.0% 99.5% 91.3977% 91.3977% 99.9820% 99.0436% 83:46:35 $28,148,853.40 $112,000,000.00 

M1/S192 99.5% 99.5% 92.5% 91.3977% 99.6710% 99.0255% 85:22:07 $28,683,851.15 $62,000,000.00 

M1/S24 99.5% 99.5% 85.0% 95.6411% 99.6710% 99.0168% 86:07:29 $28,937,919.51 $62,000,000.00 

M1/S268 50.0% 99.5% 91.3977% 91.3977% 99.9950% 99.0069% 86:59:44 $29,230,524.25 $122,000,000.00 

M1/S301 95.0% 95.0% 91.3977% 91.3977% 99.9950% 99.0069% 86:59:44 $29,230,524.25 $122,000,000.00 

M1/S239 100.0% 99.5% 91.3977% 91.3977% 99.7410% 99.0029% 87:20:40 $29,347,752.61 $67,000,000.00 

M1/S279 100.0% 100.0% 91.3977% 91.3977% 99.7410% 99.0029% 87:20:40 $29,347,752.61 $67,000,000.00 

M1/S6 99.5% 99.5% 91.3977% 91.3977% 99.7410% 99.0004% 87:33:41 $29,420,602.92 $67,000,000.00 

M1/S258 50.0% 99.5% 91.3977% 91.3977% 99.9820% 98.9940% 88:07:23 $29,609,380.03 $112,000,000.00 

M1/S291 95.0% 95.0% 91.3977% 91.3977% 99.9820% 98.9940% 88:07:23 $29,609,380.03 $112,000,000.00 

M1/S93 99.5% 99.5% 90.0% 90.0% 99.9950% 98.9926% 88:15:02 $29,652,140.84 $122,000,000.00 

M1/S152 92.5% 92.5% 95.6411% 95.6411% 99.7410% 98.9915% 88:20:36 $29,683,348.05 $67,000,000.00 

M1/S240 97.5% 99.5% 91.3977% 91.3977% 99.7410% 98.9905% 88:25:43 $29,712,004.14 $67,000,000.00 

M1/S83 99.5% 99.5% 90.0% 90.0% 99.9820% 98.9797% 89:22:40 $30,030,941.80 $112,000,000.00 

M1/S241 95.0% 99.5% 91.3977% 91.3977% 99.7410% 98.9782% 89:30:46 $30,076,255.68 $67,000,000.00 

M1/S242 92.5% 99.5% 91.3977% 91.3977% 99.7410% 98.9658% 90:35:48 $30,440,507.21 $67,000,000.00 

M1/S243 90.0% 99.5% 91.3977% 91.3977% 99.7410% 98.9534% 91:40:51 $30,804,758.74 $67,000,000.00 

M1/S280 97.5% 97.5% 91.3977% 91.3977% 99.7410% 98.9410% 92:45:54 $31,169,010.27 $67,000,000.00 

M1/S229 100.0% 99.5% 91.3977% 91.3977% 99.6710% 98.9334% 93:25:52 $31,392,858.01 $62,000,000.00 

M1/S269 100.0% 100.0% 91.3977% 91.3977% 99.6710% 98.9334% 93:25:52 $31,392,858.01 $62,000,000.00 

M1/S5 99.5% 99.5% 91.3977% 91.3977% 99.6710% 98.9310% 93:38:52 $31,465,657.19 $62,000,000.00 

M1/S244 85.0% 99.5% 91.3977% 91.3977% 99.7410% 98.9287% 93:50:56 $31,533,261.80 $67,000,000.00 

M1/S142 92.5% 92.5% 95.6411% 95.6411% 99.6710% 98.9220% 94:25:45 $31,728,217.92 $62,000,000.00 

M1/S230 97.5% 99.5% 91.3977% 91.3977% 99.6710% 98.9211% 94:30:52 $31,756,853.90 $62,000,000.00 

M1/S231 95.0% 99.5% 91.3977% 91.3977% 99.6710% 98.9087% 95:35:52 $32,120,849.80 $62,000,000.00 

M1/S245 80.0% 99.5% 91.3977% 91.3977% 99.7410% 98.9039% 96:01:02 $32,261,764.86 $67,000,000.00 

M1/S232 92.5% 99.5% 91.3977% 91.3977% 99.6710% 98.8963% 96:40:52 $32,484,845.69 $62,000,000.00 

M1/S233 90.0% 99.5% 91.3977% 91.3977% 99.6710% 98.8840% 97:45:52 $32,848,841.58 $62,000,000.00 

M1/S203 99.5% 99.5% 90.0% 91.3977% 99.7410% 98.8805% 98:03:58 $32,950,225.65 $67,000,000.00 

M1/S270 97.5% 97.5% 91.3977% 91.3977% 99.6710% 98.8716% 98:50:52 $33,212,837.47 $62,000,000.00 

M1/S35 99.5% 99.5% 80.0% 95.6411% 99.7410% 98.8690% 99:04:30 $33,289,221.37 $67,000,000.00 

M1/S234 85.0% 99.5% 91.3977% 91.3977% 99.6710% 98.8592% 99:55:52 $33,576,833.37 $62,000,000.00 

M1/S246 70.0% 99.5% 91.3977% 91.3977% 99.7410% 98.8544% 100:21:13 $33,718,770.98 $67,000,000.00 

M1/S235 80.0% 99.5% 91.3977% 91.3977% 99.6710% 98.8345% 102:05:52 $34,304,825.15 $62,000,000.00 

M1/S193 99.5% 99.5% 90.0% 91.3977% 99.6710% 98.8111% 104:08:43 $34,992,802.77 $62,000,000.00 

M1/S173 90.0% 90.0% 95.6411% 95.6411% 99.9950% 98.8070% 104:30:37 $35,115,482.34 $122,000,000.00 

M1/S247 60.0% 99.5% 91.3977% 91.3977% 99.7410% 98.8049% 104:41:23 $35,175,777.11 $67,000,000.00 

M1/S25 99.5% 99.5% 80.0% 95.6411% 99.6710% 98.7996% 105:09:12 $35,331,560.57 $62,000,000.00 

M1/S163 90.0% 90.0% 95.6411% 95.6411% 99.9820% 98.7941% 105:38:08 $35,493,573.03 $112,000,000.00 

M1/S236 70.0% 99.5% 91.3977% 91.3977% 99.6710% 98.7850% 106:25:52 $35,760,808.72 $62,000,000.00 

M1/S248 50.0% 99.5% 91.3977% 91.3977% 99.7410% 98.7554% 109:01:34 $36,632,783.23 $67,000,000.00 
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M1/S281 95.0% 95.0% 91.3977% 91.3977% 99.7410% 98.7554% 109:01:34 $36,632,783.23 $67,000,000.00 

M1/S73 99.5% 99.5% 90.0% 90.0% 99.7410% 98.7411% 110:16:40 $37,053,328.86 $67,000,000.00 

M1/S237 60.0% 99.5% 91.3977% 91.3977% 99.6710% 98.7356% 110:45:51 $37,216,792.29 $62,000,000.00 

M1/S224 99.5% 99.5% 85.0% 91.3977% 99.9950% 98.7022% 113:40:59 $38,197,508.87 $122,000,000.00 

M1/S302 92.5% 92.5% 91.3977% 91.3977% 99.9950% 98.6967% 114:10:00 $38,360,002.56 $122,000,000.00 

M1/S214 99.5% 99.5% 85.0% 91.3977% 99.9820% 98.6894% 114:48:26 $38,575,198.87 $112,000,000.00 

M1/S238 50.0% 99.5% 91.3977% 91.3977% 99.6710% 98.6861% 115:05:51 $38,672,775.86 $62,000,000.00 

M1/S271 95.0% 95.0% 91.3977% 91.3977% 99.6710% 98.6861% 115:05:51 $38,672,775.86 $62,000,000.00 

M1/S56 99.5% 99.5% 70.0% 95.6411% 99.9950% 98.6849% 115:12:01 $38,707,297.37 $122,000,000.00 

M1/S292 92.5% 92.5% 91.3977% 91.3977% 99.9820% 98.6839% 115:17:26 $38,737,671.44 $112,000,000.00 

M1/S46 99.5% 99.5% 70.0% 95.6411% 99.9820% 98.6721% 116:19:27 $39,084,921.11 $112,000,000.00 

M1/S63 99.5% 99.5% 90.0% 90.0% 99.6710% 98.6718% 116:20:54 $39,093,026.35 $62,000,000.00 

M1/S153 90.0% 90.0% 95.6411% 95.6411% 99.7410% 98.5560% 126:29:47 $42,502,792.78 $67,000,000.00 

M1/S143 90.0% 90.0% 95.6411% 95.6411% 99.6710% 98.4868% 132:33:20 $44,538,665.74 $62,000,000.00 

M1/S204 99.5% 99.5% 85.0% 91.3977% 99.7410% 98.4515% 135:38:45 $45,576,990.57 $67,000,000.00 

M1/S282 92.5% 92.5% 91.3977% 91.3977% 99.7410% 98.4460% 136:07:41 $45,739,071.51 $67,000,000.00 

M1/S36 99.5% 99.5% 70.0% 95.6411% 99.7410% 98.4343% 137:09:33 $46,085,484.15 $67,000,000.00 

M1/S194 99.5% 99.5% 85.0% 91.3977% 99.6710% 98.3824% 141:41:55 $47,610,706.00 $62,000,000.00 

M1/S272 92.5% 92.5% 91.3977% 91.3977% 99.6710% 98.3769% 142:10:50 $47,772,673.18 $62,000,000.00 

M1/S26 99.5% 99.5% 70.0% 95.6411% 99.6710% 98.3652% 143:12:39 $48,118,842.71 $62,000,000.00 

M1/S225 99.5% 99.5% 80.0% 91.3977% 99.9950% 98.2722% 151:21:30 $50,856,429.05 $122,000,000.00 

M1/S303 90.0% 90.0% 91.3977% 91.3977% 99.9950% 98.2625% 152:12:22 $51,141,272.19 $122,000,000.00 

M1/S215 99.5% 99.5% 80.0% 91.3977% 99.9820% 98.2594% 152:28:39 $51,232,473.31 $112,000,000.00 

M1/S293 90.0% 90.0% 91.3977% 91.3977% 99.9820% 98.2497% 153:19:31 $51,517,279.42 $112,000,000.00 

M1/S57 99.5% 99.5% 60.0% 95.6411% 99.9950% 98.2491% 153:22:53 $51,536,147.06 $122,000,000.00 

M1/S47 99.5% 99.5% 60.0% 95.6411% 99.9820% 98.2363% 154:30:01 $51,912,102.96 $112,000,000.00 

M1/S205 99.5% 99.5% 80.0% 91.3977% 99.7410% 98.0225% 173:13:32 $58,203,755.48 $67,000,000.00 

M1/S283 90.0% 90.0% 91.3977% 91.3977% 99.7410% 98.0129% 174:04:16 $58,487,875.09 $67,000,000.00 

M1/S37 99.5% 99.5% 60.0% 95.6411% 99.7410% 97.9995% 175:14:36 $58,881,746.92 $67,000,000.00 

M1/S195 99.5% 99.5% 80.0% 91.3977% 99.6710% 97.9537% 179:15:07 $60,228,609.23 $62,000,000.00 

M1/S273 90.0% 90.0% 91.3977% 91.3977% 99.6710% 97.9441% 180:05:49 $60,512,529.43 $62,000,000.00 

M1/S27 99.5% 99.5% 60.0% 95.6411% 99.6710% 97.9307% 181:16:06 $60,906,124.84 $62,000,000.00 

M1/S58 99.5% 99.5% 50.0% 95.6411% 99.9950% 97.8132% 191:33:45 $64,364,996.74 $122,000,000.00 

M1/S48 99.5% 99.5% 50.0% 95.6411% 99.9820% 97.8005% 192:40:35 $64,739,284.81 $112,000,000.00 

M1/S94 99.5% 99.5% 85.0% 85.0% 99.9950% 97.7427% 197:44:32 $66,441,381.48 $122,000,000.00 

M1/S84 99.5% 99.5% 85.0% 85.0% 99.9820% 97.7300% 198:51:19 $66,815,399.60 $112,000,000.00 

M1/S38 99.5% 99.5% 50.0% 95.6411% 99.7410% 97.5648% 213:19:39 $71,678,009.70 $67,000,000.00 

M1/S174 85.0% 85.0% 95.6411% 95.6411% 99.9950% 97.5594% 213:47:49 $71,835,741.40 $122,000,000.00 

M1/S164 85.0% 85.0% 95.6411% 95.6411% 99.9820% 97.5467% 214:54:28 $72,209,058.22 $112,000,000.00 

M1/S28 99.5% 99.5% 50.0% 95.6411% 99.6710% 97.4963% 219:19:32 $73,693,406.97 $62,000,000.00 

M1/S74 99.5% 99.5% 85.0% 85.0% 99.7410% 97.4944% 219:29:29 $73,749,120.16 $67,000,000.00 

M1/S64 99.5% 99.5% 85.0% 85.0% 99.6710% 97.4260% 225:29:07 $75,763,063.89 $62,000,000.00 

M1/S226 99.5% 99.5% 70.0% 91.3977% 99.9950% 97.4120% 226:42:33 $76,174,269.41 $122,000,000.00 

M1/S216 99.5% 99.5% 70.0% 91.3977% 99.9820% 97.3993% 227:49:07 $76,547,022.19 $112,000,000.00 

M1/S17 99.5% 99.5% 95.6411% 95.6411% 97.5% 97.3123% 235:26:28 $79,108,185.13  

M1/S154 85.0% 85.0% 95.6411% 95.6411% 99.7410% 97.3116% 235:30:19 $79,129,777.72 $67,000,000.00 

M1/S144 85.0% 85.0% 95.6411% 95.6411% 99.6710% 97.2433% 241:29:17 $81,139,945.21 $62,000,000.00 

M1/S206 99.5% 99.5% 70.0% 91.3977% 99.7410% 97.1646% 248:23:05 $83,457,285.32 $67,000,000.00 

M1/S196 99.5% 99.5% 70.0% 91.3977% 99.6710% 97.0964% 254:21:30 $85,464,415.68 $62,000,000.00 

M1/S304 85.0% 85.0% 91.3977% 91.3977% 99.9950% 97.0218% 260:53:26 $87,659,185.42 $122,000,000.00 

M1/S294 85.0% 85.0% 91.3977% 91.3977% 99.9820% 97.0092% 261:59:43 $88,030,445.09 $112,000,000.00 

M1/S187 99.5% 99.5% 91.3977% 91.3977% 97.5% 96.7761% 282:24:55 $94,891,554.57  

M1/S284 85.0% 85.0% 91.3977% 91.3977% 99.7410% 96.7754% 282:28:45 $94,913,028.18 $67,000,000.00 

M1/S274 85.0% 85.0% 91.3977% 91.3977% 99.6710% 96.7074% 288:25:44 $96,912,118.70 $62,000,000.00 

M1/S227 99.5% 99.5% 60.0% 91.3977% 99.9950% 96.5518% 302:03:35 $101,492,109.77 $122,000,000.00 

M1/S217 99.5% 99.5% 60.0% 91.3977% 99.9820% 96.5393% 303:09:34 $101,861,571.07 $112,000,000.00 

M1/S207 99.5% 99.5% 60.0% 91.3977% 99.7410% 96.3066% 323:32:39 $108,710,815.15 $67,000,000.00 

M1/S197 99.5% 99.5% 60.0% 91.3977% 99.6710% 96.2390% 329:27:54 $110,700,222.14 $62,000,000.00 

M1/S95 99.5% 99.5% 80.0% 80.0% 99.9950% 95.9928% 351:01:51 $117,946,318.39 $122,000,000.00 

M1/S85 99.5% 99.5% 80.0% 80.0% 99.9820% 95.9803% 352:07:26 $118,313,640.53 $112,000,000.00 

M1/S175 80.0% 80.0% 95.6411% 95.6411% 99.9950% 95.8128% 366:47:53 $123,244,104.09 $122,000,000.00 

M1/S165 80.0% 80.0% 95.6411% 95.6411% 99.9820% 95.8004% 367:53:21 $123,610,737.49 $112,000,000.00 

M1/S75 99.5% 99.5% 80.0% 80.0% 99.7410% 95.7490% 372:23:26 $125,123,227.98 $67,000,000.00 

M1/S228 99.5% 99.5% 50.0% 91.3977% 99.9950% 95.6917% 377:24:38 $126,809,950.14 $122,000,000.00 

M1/S65 99.5% 99.5% 80.0% 80.0% 99.6710% 95.6818% 378:16:38 $127,101,116.46 $62,000,000.00 

M1/S218 99.5% 99.5% 50.0% 91.3977% 99.9820% 95.6792% 378:30:01 $127,176,119.95 $112,000,000.00 

M1/S155 80.0% 80.0% 95.6411% 95.6411% 99.7410% 95.5694% 388:07:04 $130,407,556.64 $67,000,000.00 

M1/S145 80.0% 80.0% 95.6411% 95.6411% 99.6710% 95.5024% 393:59:36 $132,381,736.47 $62,000,000.00 

M1/S208 99.5% 99.5% 50.0% 91.3977% 99.7410% 95.4486% 398:42:12 $133,964,344.98 $67,000,000.00 

M1/S198 99.5% 99.5% 50.0% 91.3977% 99.6710% 95.3816% 404:34:17 $135,936,028.60 $62,000,000.00 

M1/S305 80.0% 80.0% 91.3977% 91.3977% 99.9950% 95.2848% 413:02:54 $138,784,263.94 $122,000,000.00 

M1/S295 80.0% 80.0% 91.3977% 91.3977% 99.9820% 95.2724% 414:08:01 $139,148,877.02 $112,000,000.00 

M1/S285 80.0% 80.0% 91.3977% 91.3977% 99.7410% 95.0428% 434:15:03 $145,908,242.51 $67,000,000.00 

M1/S275 80.0% 80.0% 91.3977% 91.3977% 99.6710% 94.9761% 440:05:38 $147,871,543.69 $62,000,000.00 

M1/S16 99.5% 99.5% 95.6411% 95.6411% 95.0% 94.8171% 454:01:10 $152,550,539.36  

M1/S186 99.5% 99.5% 91.3977% 91.3977% 95.0% 94.2946% 499:47:22 $167,929,207.02  

M1/S15 99.5% 99.5% 95.6411% 95.6411% 92.5% 92.3219% 672:35:52 $225,992,893.58  

M1/S185 99.5% 99.5% 91.3977% 91.3977% 92.5% 91.8132% 717:09:48 $240,966,859.47  

M1/S96 99.5% 99.5% 70.0% 70.0% 99.9950% 90.9932% 788:59:52 $265,103,280.97 $122,000,000.00 

M1/S86 99.5% 99.5% 70.0% 70.0% 99.9820% 90.9813% 790:02:03 $265,451,471.75 $112,000,000.00 

M1/S176 70.0% 70.0% 95.6411% 95.6411% 99.9950% 90.8226% 803:56:38 $270,125,140.33 $122,000,000.00 

M1/S166 70.0% 70.0% 95.6411% 95.6411% 99.9820% 90.8108% 804:58:42 $270,472,678.24 $112,000,000.00 

M1/S76 99.5% 99.5% 70.0% 70.0% 99.7410% 90.7620% 809:14:43 $271,906,393.19 $67,000,000.00 

M1/S66 99.5% 99.5% 70.0% 70.0% 99.6710% 90.6983% 814:49:31 $273,781,266.64 $62,000,000.00 

M1/S156 70.0% 70.0% 95.6411% 95.6411% 99.7410% 90.5919% 824:09:12 $276,915,496.39 $67,000,000.00 

M1/S146 70.0% 70.0% 95.6411% 95.6411% 99.6710% 90.5283% 829:43:22 $278,786,854.36 $62,000,000.00 

M1/S306 70.0% 70.0% 91.3977% 91.3977% 99.9950% 90.3221% 847:47:08 $284,855,916.86 $122,000,000.00 

M1/S296 70.0% 70.0% 91.3977% 91.3977% 99.9820% 90.3103% 848:48:51 $285,201,539.67 $112,000,000.00 

M1/S286 70.0% 70.0% 91.3977% 91.3977% 99.7410% 90.0927% 867:53:01 $291,608,854.88 $67,000,000.00 

M1/S276 70.0% 70.0% 91.3977% 91.3977% 99.6710% 90.0294% 873:25:20 $293,469,900.79 $62,000,000.00 

M1/S14 99.5% 99.5% 95.6411% 95.6411% 90.0% 89.8268% 891:10:35 $299,435,247.81  

M1/S184 99.5% 99.5% 91.3977% 91.3977% 90.0% 89.3318% 934:32:14 $314,004,511.91  
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M1/S13 99.5% 99.5% 95.6411% 95.6411% 85.0% 84.8364% 1328:20:00 $446,319,956.27  

M1/S183 99.5% 99.5% 91.3977% 91.3977% 85.0% 84.3689% 1369:17:07 $460,079,816.81  

M1/S97 99.5% 99.5% 60.0% 60.0% 99.9950% 83.9937% 1402:09:07 $471,123,028.59 $122,000,000.00 

M1/S87 99.5% 99.5% 60.0% 60.0% 99.9820% 83.9828% 1403:06:30 $471,444,435.47 $112,000,000.00 

M1/S177 60.0% 60.0% 95.6411% 95.6411% 99.9950% 83.8362% 1415:56:53 $475,758,591.08 $122,000,000.00 

M1/S167 60.0% 60.0% 95.6411% 95.6411% 99.9820% 83.8253% 1416:54:11 $476,079,395.30 $112,000,000.00 

M1/S77 99.5% 99.5% 60.0% 60.0% 99.7410% 83.7803% 1420:50:30 $477,402,824.49 $67,000,000.00 

M1/S67 99.5% 99.5% 60.0% 60.0% 99.6710% 83.7215% 1425:59:33 $479,133,476.90 $62,000,000.00 

M1/S157 60.0% 60.0% 95.6411% 95.6411% 99.7410% 83.6233% 1434:36:11 $482,026,612.06 $67,000,000.00 

M1/S147 60.0% 60.0% 95.6411% 95.6411% 99.6710% 83.5646% 1439:44:39 $483,754,019.41 $62,000,000.00 

M1/S307 60.0% 60.0% 91.3977% 91.3977% 99.9950% 83.3742% 1456:25:02 $489,356,230.95 $122,000,000.00 

M1/S297 60.0% 60.0% 91.3977% 91.3977% 99.9820% 83.3634% 1457:22:01 $489,675,267.39 $112,000,000.00 

M1/S287 60.0% 60.0% 91.3977% 91.3977% 99.7410% 83.1624% 1474:58:10 $495,589,712.20 $67,000,000.00 

M1/S277 60.0% 60.0% 91.3977% 91.3977% 99.6710% 83.1041% 1480:04:56 $497,307,600.73 $62,000,000.00 

M1/S12 99.5% 99.5% 95.6411% 95.6411% 80.0% 79.8460% 1765:29:24 $593,204,664.72  

M1/S182 99.5% 99.5% 91.3977% 91.3977% 80.0% 79.4060% 1804:01:59 $606,155,121.70  

M1/S98 99.5% 99.5% 50.0% 50.0% 99.9950% 74.9944% 2190:29:34 $736,005,561.24 $122,000,000.00 

M1/S88 99.5% 99.5% 50.0% 50.0% 99.9820% 74.9846% 2191:20:49 $736,292,531.67 $112,000,000.00 

M1/S178 50.0% 50.0% 95.6411% 95.6411% 99.9950% 74.8538% 2202:48:39 $740,144,456.32 $122,000,000.00 

M1/S168 50.0% 50.0% 95.6411% 95.6411% 99.9820% 74.8440% 2203:39:48 $740,430,888.66 $112,000,000.00 

M1/S78 99.5% 99.5% 50.0% 50.0% 99.7410% 74.8039% 2207:10:48 $741,612,521.86 $67,000,000.00 

M1/S68 99.5% 99.5% 50.0% 50.0% 99.6710% 74.7514% 2211:46:44 $743,157,747.23 $62,000,000.00 

M1/S158 50.0% 50.0% 95.6411% 95.6411% 99.7410% 74.6636% 2219:28:01 $745,740,903.62 $67,000,000.00 

M1/S148 50.0% 50.0% 95.6411% 95.6411% 99.6710% 74.6112% 2224:03:26 $747,283,231.62 $62,000,000.00 

M1/S308 50.0% 50.0% 91.3977% 91.3977% 99.9950% 74.4413% 2238:56:39 $752,285,206.20 $122,000,000.00 

M1/S298 50.0% 50.0% 91.3977% 91.3977% 99.9820% 74.4316% 2239:47:31 $752,570,060.17 $112,000,000.00 

M1/S288 50.0% 50.0% 91.3977% 91.3977% 99.7410% 74.2522% 2255:30:30 $757,850,814.46 $67,000,000.00 

M1/S278 50.0% 50.0% 91.3977% 91.3977% 99.6710% 74.2001% 2260:04:24 $759,384,643.51 $62,000,000.00 

M1/S11 99.5% 99.5% 95.6411% 95.6411% 70.0% 69.8653% 2639:48:14 $886,974,081.63  

M1/S181 99.5% 99.5% 91.3977% 91.3977% 70.0% 69.4803% 2673:31:44 $898,305,731.49  

M1/S10 99.5% 99.5% 95.6411% 95.6411% 60.0% 59.8845% 3514:07:03 $1,180,743,498.54  

M1/S180 99.5% 99.5% 91.3977% 91.3977% 60.0% 59.5545% 3543:01:29 $1,190,456,341.28  

M1/S9 99.5% 99.5% 95.6411% 95.6411% 50.0% 49.9038% 4388:25:53 $1,474,512,915.45  

M1/S179 99.5% 99.5% 91.3977% 91.3977% 50.0% 49.6288% 4412:31:14 $1,482,606,951.06  
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APPENDIX D – MODEL 2 SCENARIOS 

Results are sorted by output, highest to lowest. 

Note that the results have been colour coded to enable easier interpretation. The following 

table provides the inputs for each model and the corresponding colour.  

From Uptime Institute Expected downtime 
HH:MM:SS Source Figures 

Tier I 99.671% 28:49:13 

Tier II 99.741% 22:41:18 

Tier III 99.982% 1:34:36 

Tier IV 99.995% 0:26:17 

From Gartner  
Source Figures Split 

Minimum HA IT 99.26% 91.398% 64:49:26 

Best-of-Class (BoC) 99.81% 95.641% 16:38:38 

Networking  
Source Figures 

Individual network link 99.5% 43:48:00 

Variable Inputs 

 Source Figures 

50.0% 4380:00:00 

60.0% 3504:00:00 
70.0% 2628:00:00 

80.0% 1752:00:00 

85.0% 1314:00:00 

90.0% 876:00:00 

92.5% 657:00:00 

95.0% 438:00:00 

97.5% 219:00:00 

100.0% 0:00:00 

 
This table provide a summary of the scenario groups that were described in Chapter 4. 
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Scenario group description Count 

redundant networks, BoC HA IT, cycled DC combinations (x10) 10 

redundant networks, Minimum HA IT, cycled DC combinations (x10) 10 

redundant networks, BoC HA IT, 1x DC with cycling DC tiers (x4), 1x DC with varied inputs 
(x10) 40 

redundant networks, BoC HA IT, 2x DCs with matching varied inputs (x10) 10 

redundant networks, cycled DC combinations (x10), 1x BoC HA IT node and 1 node with 
varied inputs (x10) 100 

redundant networks, cycled DC combinations (x10), both IT nodes with matching varied 
inputs (x10) 100 

network with 1 varied inputs (x10), cycling DC combinations (x10), BoC HA IT 100 

both network links with varied inputs (x10), cycling DC combinations (x10), BoC HA IT 100 

redundant networks, minimum HA IT, 1x DC with cycling DC tiers (x4), 1x DC with varied 
inputs (x10) 40 

redundant networks, minimum HA IT, 2x DCs with matching varied inputs (x10) 10 

redundant networks, cycled DC combinations (x10), 1x minimum HA IT Node and 1 with 
varied inputs (x10) 100 

network with 1 varied inputs (x10), cycling DC combinations (x10), minimum HA IT 100 

both network links with varied inputs (x10), cycling DC combinations (x10), minimum HA IT 100 
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Scenario # 
Network  

link 1 
Network  

link 2 
Data centre 

1 
Data centre 

2 
IT Node 1 IT Node 2 Output 

Downtime / 
year  

HH:MM:SS 
Cost of downtime Data centre cost 

M2/S201 99.5% 99.5% 99.9950% 99.9950% 100.0% 100.0% 99.9975% 0:13:08 $73,591.36 $122,000,000.00 

M2/S261 99.5% 99.5% 99.9820% 99.9950% 100.0% 100.0% 99.9975% 0:13:09 $73,610.49 $117,000,000.00 

M2/S191 99.5% 99.5% 99.9820% 99.9820% 100.0% 100.0% 99.9975% 0:13:09 $73,679.36 $112,000,000.00 

M2/S251 99.5% 99.5% 99.7410% 99.9950% 100.0% 100.0% 99.9975% 0:13:12 $73,965.16 $94,500,000.00 

M2/S231 99.5% 99.5% 99.6710% 99.9950% 100.0% 100.0% 99.9975% 0:13:14 $74,068.17 $92,000,000.00 

M2/S241 99.5% 99.5% 99.7410% 99.9820% 100.0% 100.0% 99.9975% 0:13:23 $74,956.16 $89,500,000.00 

M2/S221 99.5% 99.5% 99.6710% 99.9820% 100.0% 100.0% 99.9974% 0:13:27 $75,327.01 $87,000,000.00 

M2/S101 99.5% 99.5% 99.9950% 99.9950% 100.0% 95.6411% 99.9973% 0:14:17 $80,005.78 $122,000,000.00 

M2/S551 99.5% 99.5% 99.9950% 99.9950% 100.0% 91.3977% 99.9971% 0:15:24 $86,250.28 $122,000,000.00 

M2/S181 99.5% 99.5% 99.7410% 99.7410% 100.0% 100.0% 99.9968% 0:16:40 $93,327.86 $67,000,000.00 

M2/S161 99.5% 99.5% 99.9820% 99.9950% 100.0% 95.6411% 99.9967% 0:17:16 $96,702.42 $117,000,000.00 

M2/S91 99.5% 99.5% 99.9820% 99.9820% 100.0% 95.6411% 99.9967% 0:17:17 $96,768.29 $112,000,000.00 

M2/S211 99.5% 99.5% 99.6710% 99.7410% 100.0% 100.0% 99.9966% 0:17:37 $98,664.04 $64,500,000.00 

M2/S171 99.5% 99.5% 99.6710% 99.6710% 100.0% 100.0% 99.9964% 0:18:50 $105,442.43 $62,000,000.00 

M2/S611 99.5% 99.5% 99.9820% 99.9950% 100.0% 91.3977% 99.9960% 0:21:17 $119,182.60 $117,000,000.00 

M2/S541 99.5% 99.5% 99.9820% 99.9820% 100.0% 91.3977% 99.9959% 0:21:18 $119,245.55 $112,000,000.00 

M2/S151 99.5% 99.5% 99.7410% 99.9950% 100.0% 95.6411% 99.9862% 1:12:32 $406,232.36 $94,500,000.00 

M2/S141 99.5% 99.5% 99.7410% 99.9820% 100.0% 95.6411% 99.9862% 1:12:43 $407,180.17 $89,500,000.00 

M2/S81 99.5% 99.5% 99.7410% 99.7410% 100.0% 95.6411% 99.9856% 1:15:51 $424,751.07 $67,000,000.00 

M2/S131 99.5% 99.5% 99.6710% 99.9950% 100.0% 95.6411% 99.9831% 1:28:36 $496,137.33 $92,000,000.00 

M2/S121 99.5% 99.5% 99.6710% 99.9820% 100.0% 95.6411% 99.9831% 1:28:49 $497,341.30 $87,000,000.00 

M2/S111 99.5% 99.5% 99.6710% 99.7410% 100.0% 95.6411% 99.9823% 1:32:48 $519,661.08 $64,500,000.00 

M2/S71 99.5% 99.5% 99.6710% 99.6710% 100.0% 95.6411% 99.9821% 1:33:57 $526,144.01 $62,000,000.00 

M2/S601 99.5% 99.5% 99.7410% 99.9950% 100.0% 91.3977% 99.9752% 2:10:18 $729,697.22 $94,500,000.00 

M2/S591 99.5% 99.5% 99.7410% 99.9820% 100.0% 91.3977% 99.9752% 2:10:28 $730,602.98 $89,500,000.00 

M2/S531 99.5% 99.5% 99.7410% 99.7410% 100.0% 91.3977% 99.9746% 2:13:28 $747,394.28 $67,000,000.00 

M2/S581 99.5% 99.5% 99.6710% 99.9950% 100.0% 91.3977% 99.9692% 2:41:58 $907,025.12 $92,000,000.00 

M2/S571 99.5% 99.5% 99.6710% 99.9820% 100.0% 91.3977% 99.9691% 2:42:10 $908,175.67 $87,000,000.00 

M2/S561 99.5% 99.5% 99.6710% 99.7410% 100.0% 91.3977% 99.9684% 2:45:59 $929,505.17 $64,500,000.00 

M2/S521 99.5% 99.5% 99.6710% 99.6710% 100.0% 91.3977% 99.9682% 2:47:05 $935,700.46 $62,000,000.00 

M2/S202 99.5% 99.5% 99.9950% 99.9950% 97.5% 97.5% 99.9348% 5:42:55 $1,920,319.27 $122,000,000.00 

M2/S262 99.5% 99.5% 99.9820% 99.9950% 97.5% 97.5% 99.9344% 5:44:35 $1,929,663.99 $117,000,000.00 

M2/S192 99.5% 99.5% 99.9820% 99.9820% 97.5% 97.5% 99.9341% 5:46:16 $1,939,056.00 $112,000,000.00 

M2/S252 99.5% 99.5% 99.7410% 99.9950% 97.5% 97.5% 99.9286% 6:15:31 $2,102,900.83 $94,500,000.00 

M2/S242 99.5% 99.5% 99.7410% 99.9820% 97.5% 97.5% 99.9282% 6:17:21 $2,113,169.44 $89,500,000.00 

M2/S232 99.5% 99.5% 99.6710% 99.9950% 97.5% 97.5% 99.9268% 6:24:30 $2,153,218.58 $92,000,000.00 

M2/S222 99.5% 99.5% 99.6710% 99.9820% 97.5% 97.5% 99.9265% 6:26:23 $2,163,741.81 $87,000,000.00 

M2/S182 99.5% 99.5% 99.7410% 99.7410% 97.5% 97.5% 99.9217% 6:51:21 $2,303,533.72 $67,000,000.00 

M2/S212 99.5% 99.5% 99.6710% 99.7410% 97.5% 97.5% 99.9199% 7:01:13 $2,358,826.25 $64,500,000.00 

M2/S172 99.5% 99.5% 99.6710% 99.6710% 97.5% 97.5% 99.9179% 7:11:20 $2,415,489.78 $62,000,000.00 

M2/S102 99.5% 99.5% 99.9950% 99.9950% 97.5% 95.6411% 99.8882% 9:47:38 $3,290,736.77 $122,000,000.00 

M2/S162 99.5% 99.5% 99.9820% 99.9950% 97.5% 95.6411% 99.8876% 9:50:32 $3,307,015.99 $117,000,000.00 

M2/S92 99.5% 99.5% 99.9820% 99.9820% 97.5% 95.6411% 99.8873% 9:52:11 $3,316,228.93 $112,000,000.00 

M2/S152 99.5% 99.5% 99.7410% 99.9950% 97.5% 95.6411% 99.8774% 10:44:26 $3,608,807.68 $94,500,000.00 

M2/S142 99.5% 99.5% 99.7410% 99.9820% 97.5% 95.6411% 99.8770% 10:46:14 $3,618,880.52 $89,500,000.00 

M2/S132 99.5% 99.5% 99.6710% 99.9950% 97.5% 95.6411% 99.8744% 11:00:05 $3,696,465.02 $92,000,000.00 

M2/S122 99.5% 99.5% 99.6710% 99.9820% 97.5% 95.6411% 99.8741% 11:01:56 $3,706,787.62 $87,000,000.00 

M2/S82 99.5% 99.5% 99.7410% 99.7410% 97.5% 95.6411% 99.8707% 11:19:34 $3,805,615.38 $67,000,000.00 

M2/S112 99.5% 99.5% 99.6710% 99.7410% 97.5% 95.6411% 99.8676% 11:36:06 $3,898,152.65 $64,500,000.00 

M2/S72 99.5% 99.5% 99.6710% 99.6710% 97.5% 95.6411% 99.8657% 11:46:01 $3,953,735.85 $62,000,000.00 

M2/S301 100.0% 99.5% 99.9950% 99.9950% 95.6411% 95.6411% 99.8096% 16:40:50 $5,604,664.01 $122,000,000.00 

M2/S401 100.0% 100.0% 99.9950% 99.9950% 95.6411% 95.6411% 99.8096% 16:40:50 $5,604,664.01 $122,000,000.00 

M2/S361 100.0% 99.5% 99.9820% 99.9950% 95.6411% 95.6411% 99.8090% 16:43:41 $5,620,633.26 $117,000,000.00 

M2/S461 100.0% 100.0% 99.9820% 99.9950% 95.6411% 95.6411% 99.8090% 16:43:41 $5,620,633.26 $117,000,000.00 

M2/S291 100.0% 99.5% 99.9820% 99.9820% 95.6411% 95.6411% 99.8085% 16:46:33 $5,636,648.01 $112,000,000.00 

M2/S391 100.0% 100.0% 99.9820% 99.9820% 95.6411% 95.6411% 99.8085% 16:46:33 $5,636,648.01 $112,000,000.00 

M2/S61 99.5% 99.5% 100.0% 100.0% 95.6411% 95.6411% 99.8075% 16:51:45 $5,665,830.90  

M2/S51 99.5% 99.5% 100.0% 99.9950% 95.6411% 95.6411% 99.8073% 16:52:51 $5,671,966.03  

M2/S010 99.5% 99.5% 99.9950% 99.9950% 95.6411% 95.6411% 99.8071% 16:53:57 $5,678,107.90 $122,000,000.00 

M2/S41 99.5% 99.5% 100.0% 99.9820% 95.6411% 95.6411% 99.8068% 16:55:42 $5,687,917.38  

M2/S9 99.5% 99.5% 99.9820% 99.9950% 95.6411% 95.6411% 99.8065% 16:56:48 $5,694,076.74 $117,000,000.00 

M2/S8 99.5% 99.5% 99.9820% 99.9820% 95.6411% 95.6411% 99.8060% 16:59:40 $5,710,091.09 $112,000,000.00 

M2/S351 100.0% 99.5% 99.7410% 99.9950% 95.6411% 95.6411% 99.7990% 17:36:33 $5,916,678.50 $94,500,000.00 

M2/S451 100.0% 100.0% 99.7410% 99.9950% 95.6411% 95.6411% 99.7990% 17:36:33 $5,916,678.50 $94,500,000.00 

M2/S341 100.0% 99.5% 99.7410% 99.9820% 95.6411% 95.6411% 99.7984% 17:39:34 $5,933,536.77 $89,500,000.00 

M2/S441 100.0% 100.0% 99.7410% 99.9820% 95.6411% 95.6411% 99.7984% 17:39:34 $5,933,536.77 $89,500,000.00 

M2/S302 97.5% 99.5% 99.9950% 99.9950% 95.6411% 95.6411% 99.7971% 17:46:24 $5,971,883.43 $122,000,000.00 

M2/S31 99.5% 99.5% 100.0% 99.7410% 95.6411% 95.6411% 99.7967% 17:48:30 $5,983,630.80  

M2/S362 97.5% 99.5% 99.9820% 99.9950% 95.6411% 95.6411% 99.7966% 17:49:16 $5,987,850.68 $117,000,000.00 

M2/S7 99.5% 99.5% 99.7410% 99.9950% 95.6411% 95.6411% 99.7965% 17:49:40 $5,990,114.59 $94,500,000.00 

M2/S331 100.0% 99.5% 99.6710% 99.9950% 95.6411% 95.6411% 99.7961% 17:51:54 $6,002,666.75 $92,000,000.00 

M2/S431 100.0% 100.0% 99.6710% 99.9950% 95.6411% 95.6411% 99.7961% 17:51:54 $6,002,666.75 $92,000,000.00 

M2/S292 97.5% 99.5% 99.9820% 99.9820% 95.6411% 95.6411% 99.7960% 17:52:07 $6,003,863.43 $112,000,000.00 

M2/S006 99.5% 99.5% 99.7410% 99.9820% 95.6411% 95.6411% 99.7959% 17:52:40 $6,006,972.43 $89,500,000.00 

M2/S321 100.0% 99.5% 99.6710% 99.9820% 95.6411% 95.6411% 99.7955% 17:54:58 $6,019,770.02 $87,000,000.00 

M2/S421 100.0% 100.0% 99.6710% 99.9820% 95.6411% 95.6411% 99.7955% 17:54:58 $6,019,770.02 $87,000,000.00 

M2/S021 99.5% 99.5% 100.0% 99.6710% 95.6411% 95.6411% 99.7938% 18:03:51 $6,069,522.67  

M2/S4 99.5% 99.5% 99.6710% 99.9950% 95.6411% 95.6411% 99.7936% 18:05:01 $6,076,100.68 $92,000,000.00 

M2/S003 99.5% 99.5% 99.6710% 99.9820% 95.6411% 95.6411% 99.7930% 18:08:04 $6,093,203.52 $87,000,000.00 

M2/S281 100.0% 99.5% 99.7410% 99.7410% 95.6411% 95.6411% 99.7878% 18:35:22 $6,246,063.00 $67,000,000.00 

M2/S381 100.0% 100.0% 99.7410% 99.7410% 95.6411% 95.6411% 99.7878% 18:35:22 $6,246,063.00 $67,000,000.00 

M2/S352 97.5% 99.5% 99.7410% 99.9950% 95.6411% 95.6411% 99.7865% 18:42:07 $6,283,858.92 $94,500,000.00 

M2/S342 97.5% 99.5% 99.7410% 99.9820% 95.6411% 95.6411% 99.7859% 18:45:08 $6,300,715.07 $89,500,000.00 

M2/S5 99.5% 99.5% 99.7410% 99.7410% 95.6411% 95.6411% 99.7853% 18:48:29 $6,319,490.85 $67,000,000.00 

M2/S311 100.0% 99.5% 99.6710% 99.7410% 95.6411% 95.6411% 99.7847% 18:51:35 $6,336,838.25 $64,500,000.00 

M2/S411 100.0% 100.0% 99.6710% 99.7410% 95.6411% 95.6411% 99.7847% 18:51:35 $6,336,838.25 $64,500,000.00 

M2/S303 95.0% 99.5% 99.9950% 99.9950% 95.6411% 95.6411% 99.7846% 18:51:59 $6,339,102.85 $122,000,000.00 

M2/S363 95.0% 99.5% 99.9820% 99.9950% 95.6411% 95.6411% 99.7841% 18:54:50 $6,355,068.10 $117,000,000.00 

M2/S332 97.5% 99.5% 99.6710% 99.9950% 95.6411% 95.6411% 99.7836% 18:57:28 $6,369,836.42 $92,000,000.00 

M2/S293 95.0% 99.5% 99.9820% 99.9820% 95.6411% 95.6411% 99.7835% 18:57:42 $6,371,078.84 $112,000,000.00 
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M2/S322 97.5% 99.5% 99.6710% 99.9820% 95.6411% 95.6411% 99.7830% 19:00:31 $6,386,937.54 $87,000,000.00 

M2/S002 99.5% 99.5% 99.6710% 99.7410% 95.6411% 95.6411% 99.7822% 19:04:41 $6,410,263.83 $64,500,000.00 

M2/S552 99.5% 99.5% 99.9950% 99.9950% 97.5% 91.3977% 99.7819% 19:06:16 $6,419,072.82 $122,000,000.00 

M2/S271 100.0% 99.5% 99.6710% 99.6710% 95.6411% 95.6411% 99.7816% 19:08:01 $6,428,932.76 $62,000,000.00 

M2/S371 100.0% 100.0% 99.6710% 99.6710% 95.6411% 95.6411% 99.7816% 19:08:01 $6,428,932.76 $62,000,000.00 

M2/S612 99.5% 99.5% 99.9820% 99.9950% 97.5% 91.3977% 99.7808% 19:12:00 $6,451,181.84 $117,000,000.00 

M2/S542 99.5% 99.5% 99.9820% 99.9820% 97.5% 91.3977% 99.7805% 19:13:34 $6,459,986.02 $112,000,000.00 

M2/S103 99.5% 99.5% 99.9950% 99.9950% 95.0% 95.6411% 99.7791% 19:20:59 $6,501,467.75 $122,000,000.00 

M2/S001 99.5% 99.5% 99.6710% 99.6710% 95.6411% 95.6411% 99.7791% 19:21:08 $6,502,356.04 $62,000,000.00 

M2/S163 99.5% 99.5% 99.9820% 99.9950% 95.0% 95.6411% 99.7786% 19:23:49 $6,517,329.56 $117,000,000.00 

M2/S93 99.5% 99.5% 99.9820% 99.9820% 95.0% 95.6411% 99.7780% 19:27:05 $6,535,689.58 $112,000,000.00 

M2/S282 97.5% 99.5% 99.7410% 99.7410% 95.6411% 95.6411% 99.7753% 19:40:56 $6,613,202.24 $67,000,000.00 

M2/S353 95.0% 99.5% 99.7410% 99.9950% 95.6411% 95.6411% 99.7740% 19:47:41 $6,651,039.33 $94,500,000.00 

M2/S343 95.0% 99.5% 99.7410% 99.9820% 95.6411% 95.6411% 99.7735% 19:50:42 $6,667,893.38 $89,500,000.00 

M2/S312 97.5% 99.5% 99.6710% 99.7410% 95.6411% 95.6411% 99.7722% 19:57:08 $6,703,966.15 $64,500,000.00 

M2/S304 92.5% 99.5% 99.9950% 99.9950% 95.6411% 95.6411% 99.7722% 19:57:33 $6,706,322.27 $122,000,000.00 

M2/S364 92.5% 99.5% 99.9820% 99.9950% 95.6411% 95.6411% 99.7716% 20:00:24 $6,722,285.52 $117,000,000.00 

M2/S333 95.0% 99.5% 99.6710% 99.9950% 95.6411% 95.6411% 99.7711% 20:03:02 $6,737,006.08 $92,000,000.00 

M2/S294 92.5% 99.5% 99.9820% 99.9820% 95.6411% 95.6411% 99.7711% 20:03:16 $6,738,294.26 $112,000,000.00 

M2/S323 95.0% 99.5% 99.6710% 99.9820% 95.6411% 95.6411% 99.7705% 20:06:05 $6,754,105.07 $87,000,000.00 

M2/S272 97.5% 99.5% 99.6710% 99.6710% 95.6411% 95.6411% 99.7691% 20:13:35 $6,796,049.15 $62,000,000.00 

M2/S153 99.5% 99.5% 99.7410% 99.9950% 95.0% 95.6411% 99.7686% 20:16:19 $6,811,383.00 $94,500,000.00 

M2/S143 99.5% 99.5% 99.7410% 99.9820% 95.0% 95.6411% 99.7679% 20:19:45 $6,830,580.86 $89,500,000.00 

M2/S133 99.5% 99.5% 99.6710% 99.9950% 95.0% 95.6411% 99.7657% 20:31:34 $6,896,792.72 $92,000,000.00 

M2/S123 99.5% 99.5% 99.6710% 99.9820% 95.0% 95.6411% 99.7650% 20:35:03 $6,916,233.94 $87,000,000.00 

M2/S283 95.0% 99.5% 99.7410% 99.7410% 95.6411% 95.6411% 99.7628% 20:46:29 $6,980,341.48 $67,000,000.00 

M2/S354 92.5% 99.5% 99.7410% 99.9950% 95.6411% 95.6411% 99.7616% 20:53:15 $7,018,219.75 $94,500,000.00 

M2/S344 92.5% 99.5% 99.7410% 99.9820% 95.6411% 95.6411% 99.7610% 20:56:16 $7,035,071.69 $89,500,000.00 

M2/S602 99.5% 99.5% 99.7410% 99.9950% 97.5% 91.3977% 99.7606% 20:58:18 $7,046,433.59 $94,500,000.00 

M2/S592 99.5% 99.5% 99.7410% 99.9820% 97.5% 91.3977% 99.7603% 21:00:01 $7,056,059.51 $89,500,000.00 

M2/S313 95.0% 99.5% 99.6710% 99.7410% 95.6411% 95.6411% 99.7598% 21:02:42 $7,071,094.04 $64,500,000.00 

M2/S305 90.0% 99.5% 99.9950% 99.9950% 95.6411% 95.6411% 99.7597% 21:03:08 $7,073,541.68 $122,000,000.00 

M2/S365 90.0% 99.5% 99.9820% 99.9950% 95.6411% 95.6411% 99.7591% 21:05:59 $7,089,502.94 $117,000,000.00 

M2/S334 92.5% 99.5% 99.6710% 99.9950% 95.6411% 95.6411% 99.7586% 21:08:36 $7,104,175.75 $92,000,000.00 

M2/S295 90.0% 99.5% 99.9820% 99.9820% 95.6411% 95.6411% 99.7586% 21:08:50 $7,105,509.68 $112,000,000.00 

M2/S324 92.5% 99.5% 99.6710% 99.9820% 95.6411% 95.6411% 99.7581% 21:11:39 $7,121,272.60 $87,000,000.00 

M2/S273 95.0% 99.5% 99.6710% 99.6710% 95.6411% 95.6411% 99.7566% 21:19:08 $7,163,165.53 $62,000,000.00 

M2/S83 99.5% 99.5% 99.7410% 99.7410% 95.0% 95.6411% 99.7558% 21:23:18 $7,186,479.69 $67,000,000.00 

M2/S582 99.5% 99.5% 99.6710% 99.9950% 97.5% 91.3977% 99.7547% 21:29:10 $7,219,328.29 $92,000,000.00 

M2/S572 99.5% 99.5% 99.6710% 99.9820% 97.5% 91.3977% 99.7544% 21:30:56 $7,229,192.89 $87,000,000.00 

M2/S532 99.5% 99.5% 99.7410% 99.7410% 97.5% 91.3977% 99.7542% 21:31:53 $7,234,509.28 $67,000,000.00 

M2/S113 99.5% 99.5% 99.6710% 99.7410% 95.0% 95.6411% 99.7528% 21:39:24 $7,276,644.21 $64,500,000.00 

M2/S284 92.5% 99.5% 99.7410% 99.7410% 95.6411% 95.6411% 99.7504% 21:52:03 $7,347,480.72 $67,000,000.00 

M2/S73 99.5% 99.5% 99.6710% 99.6710% 95.0% 95.6411% 99.7492% 21:58:06 $7,381,327.69 $62,000,000.00 

M2/S355 90.0% 99.5% 99.7410% 99.9950% 95.6411% 95.6411% 99.7491% 21:58:49 $7,385,400.17 $94,500,000.00 

M2/S345 90.0% 99.5% 99.7410% 99.9820% 95.6411% 95.6411% 99.7485% 22:01:50 $7,402,250.00 $89,500,000.00 

M2/S562 99.5% 99.5% 99.6710% 99.7410% 97.5% 91.3977% 99.7482% 22:03:35 $7,412,067.39 $64,500,000.00 

M2/S314 92.5% 99.5% 99.6710% 99.7410% 95.6411% 95.6411% 99.7473% 22:08:15 $7,438,221.94 $64,500,000.00 

M2/S402 97.5% 97.5% 99.9950% 99.9950% 95.6411% 95.6411% 99.7472% 22:08:42 $7,440,761.10 $122,000,000.00 

M2/S203 99.5% 99.5% 99.9950% 99.9950% 95.0% 95.0% 99.7470% 22:09:36 $7,445,787.29 $122,000,000.00 

M2/S462 97.5% 97.5% 99.9820% 99.9950% 95.6411% 95.6411% 99.7467% 22:11:33 $7,456,720.36 $117,000,000.00 

M2/S263 99.5% 99.5% 99.9820% 99.9950% 95.0% 95.0% 99.7464% 22:12:51 $7,463,979.35 $117,000,000.00 

M2/S522 99.5% 99.5% 99.6710% 99.6710% 97.5% 91.3977% 99.7464% 22:13:04 $7,465,184.47 $62,000,000.00 

M2/S335 90.0% 99.5% 99.6710% 99.9950% 95.6411% 95.6411% 99.7462% 22:14:10 $7,471,345.42 $92,000,000.00 

M2/S392 97.5% 97.5% 99.9820% 99.9820% 95.6411% 95.6411% 99.7461% 22:14:25 $7,472,725.10 $112,000,000.00 

M2/S193 99.5% 99.5% 99.9820% 99.9820% 95.0% 95.0% 99.7458% 22:16:07 $7,482,216.30 $112,000,000.00 

M2/S325 90.0% 99.5% 99.6710% 99.9820% 95.6411% 95.6411% 99.7456% 22:17:13 $7,488,440.13 $87,000,000.00 

M2/S274 92.5% 99.5% 99.6710% 99.6710% 95.6411% 95.6411% 99.7442% 22:24:42 $7,530,281.91 $62,000,000.00 

M2/S285 90.0% 99.5% 99.7410% 99.7410% 95.6411% 95.6411% 99.7379% 22:57:37 $7,714,619.97 $67,000,000.00 

M2/S452 97.5% 97.5% 99.7410% 99.9950% 95.6411% 95.6411% 99.7366% 23:04:23 $7,752,580.58 $94,500,000.00 

M2/S442 97.5% 97.5% 99.7410% 99.9820% 95.6411% 95.6411% 99.7360% 23:07:24 $7,769,428.31 $89,500,000.00 

M2/S253 99.5% 99.5% 99.7410% 99.9950% 95.0% 95.0% 99.7350% 23:13:05 $7,801,232.15 $94,500,000.00 

M2/S315 90.0% 99.5% 99.6710% 99.7410% 95.6411% 95.6411% 99.7348% 23:13:49 $7,805,349.83 $64,500,000.00 

M2/S306 85.0% 99.5% 99.9950% 99.9950% 95.6411% 95.6411% 99.7347% 23:14:17 $7,807,980.52 $122,000,000.00 

M2/S243 99.5% 99.5% 99.7410% 99.9820% 95.0% 95.0% 99.7343% 23:16:29 $7,820,301.32 $89,500,000.00 

M2/S366 85.0% 99.5% 99.9820% 99.9950% 95.6411% 95.6411% 99.7342% 23:17:08 $7,823,937.79 $117,000,000.00 

M2/S432 97.5% 97.5% 99.6710% 99.9950% 95.6411% 95.6411% 99.7337% 23:19:44 $7,838,515.08 $92,000,000.00 

M2/S296 85.0% 99.5% 99.9820% 99.9820% 95.6411% 95.6411% 99.7336% 23:19:59 $7,839,940.52 $112,000,000.00 

M2/S422 97.5% 97.5% 99.6710% 99.9820% 95.6411% 95.6411% 99.7331% 23:22:47 $7,855,607.66 $87,000,000.00 

M2/S275 90.0% 99.5% 99.6710% 99.6710% 95.6411% 95.6411% 99.7317% 23:30:15 $7,897,398.30 $62,000,000.00 

M2/S233 99.5% 99.5% 99.6710% 99.9950% 95.0% 95.0% 99.7316% 23:30:34 $7,899,189.39 $92,000,000.00 

M2/S223 99.5% 99.5% 99.6710% 99.9820% 95.0% 95.0% 99.7310% 23:34:01 $7,918,500.29 $87,000,000.00 

M2/S382 97.5% 97.5% 99.7410% 99.7410% 95.6411% 95.6411% 99.7254% 24:03:10 $8,081,759.21 $67,000,000.00 

M2/S356 85.0% 99.5% 99.7410% 99.9950% 95.6411% 95.6411% 99.7241% 24:09:57 $8,119,761.00 $94,500,000.00 

M2/S346 85.0% 99.5% 99.7410% 99.9820% 95.6411% 95.6411% 99.7236% 24:12:58 $8,136,606.61 $89,500,000.00 

M2/S412 97.5% 97.5% 99.6710% 99.7410% 95.6411% 95.6411% 99.7223% 24:19:22 $8,172,477.73 $64,500,000.00 

M2/S183 99.5% 99.5% 99.7410% 99.7410% 95.0% 95.0% 99.7223% 24:19:37 $8,173,814.50 $67,000,000.00 

M2/S336 85.0% 99.5% 99.6710% 99.9950% 95.6411% 95.6411% 99.7212% 24:25:18 $8,205,684.75 $92,000,000.00 

M2/S326 85.0% 99.5% 99.6710% 99.9820% 95.6411% 95.6411% 99.7206% 24:28:21 $8,222,775.19 $87,000,000.00 

M2/S372 97.5% 97.5% 99.6710% 99.6710% 95.6411% 95.6411% 99.7192% 24:35:48 $8,264,514.68 $62,000,000.00 

M2/S213 99.5% 99.5% 99.6710% 99.7410% 95.0% 95.0% 99.7188% 24:37:57 $8,276,494.67 $64,500,000.00 

M2/S173 99.5% 99.5% 99.6710% 99.6710% 95.0% 95.0% 99.7153% 24:56:31 $8,380,476.44 $62,000,000.00 

M2/S286 85.0% 99.5% 99.7410% 99.7410% 95.6411% 95.6411% 99.7130% 25:08:44 $8,448,898.45 $67,000,000.00 

M2/S316 85.0% 99.5% 99.6710% 99.7410% 95.6411% 95.6411% 99.7099% 25:24:56 $8,539,605.62 $64,500,000.00 

M2/S307 80.0% 99.5% 99.9950% 99.9950% 95.6411% 95.6411% 99.7098% 25:25:26 $8,542,419.35 $122,000,000.00 

M2/S367 80.0% 99.5% 99.9820% 99.9950% 95.6411% 95.6411% 99.7092% 25:28:17 $8,558,372.63 $117,000,000.00 

M2/S297 80.0% 99.5% 99.9820% 99.9820% 95.6411% 95.6411% 99.7087% 25:31:08 $8,574,371.36 $112,000,000.00 

M2/S276 85.0% 99.5% 99.6710% 99.6710% 95.6411% 95.6411% 99.7067% 25:41:22 $8,631,631.06 $62,000,000.00 

M2/S52 99.5% 99.5% 97.5% 99.9950% 95.6411% 95.6411% 99.7030% 26:01:14 $8,742,898.01  

M2/S42 99.5% 99.5% 97.5% 99.9820% 95.6411% 95.6411% 99.7021% 26:05:39 $8,767,599.30  

M2/S357 80.0% 99.5% 99.7410% 99.9950% 95.6411% 95.6411% 99.6992% 26:21:06 $8,854,121.83 $94,500,000.00 

M2/S347 80.0% 99.5% 99.7410% 99.9820% 95.6411% 95.6411% 99.6986% 26:24:06 $8,870,963.23 $89,500,000.00 
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M2/S337 80.0% 99.5% 99.6710% 99.9950% 95.6411% 95.6411% 99.6963% 26:36:26 $8,940,024.08 $92,000,000.00 

M2/S327 80.0% 99.5% 99.6710% 99.9820% 95.6411% 95.6411% 99.6957% 26:39:29 $8,957,110.25 $87,000,000.00 

M2/S287 80.0% 99.5% 99.7410% 99.7410% 95.6411% 95.6411% 99.6880% 27:19:51 $9,183,176.94 $67,000,000.00 

M2/S32 99.5% 99.5% 97.5% 99.7410% 95.6411% 95.6411% 99.6866% 27:27:25 $9,225,523.12  

M2/S317 80.0% 99.5% 99.6710% 99.7410% 95.6411% 95.6411% 99.6849% 27:36:03 $9,273,861.41 $64,500,000.00 

M2/S022 99.5% 99.5% 97.5% 99.6710% 95.6411% 95.6411% 99.6820% 27:51:10 $9,358,530.04  

M2/S277 80.0% 99.5% 99.6710% 99.6710% 95.6411% 95.6411% 99.6818% 27:52:29 $9,365,863.83 $62,000,000.00 

M2/S104 99.5% 99.5% 99.9950% 99.9950% 92.5% 95.6411% 99.6700% 28:54:19 $9,712,198.74 $122,000,000.00 

M2/S164 99.5% 99.5% 99.9820% 99.9950% 92.5% 95.6411% 99.6695% 28:57:05 $9,727,643.12 $117,000,000.00 

M2/S94 99.5% 99.5% 99.9820% 99.9820% 92.5% 95.6411% 99.6686% 29:01:59 $9,755,150.22 $112,000,000.00 

M2/S308 70.0% 99.5% 99.9950% 99.9950% 95.6411% 95.6411% 99.6599% 29:47:44 $10,011,297.02 $122,000,000.00 

M2/S154 99.5% 99.5% 99.7410% 99.9950% 92.5% 95.6411% 99.6598% 29:48:12 $10,013,958.32 $94,500,000.00 

M2/S368 70.0% 99.5% 99.9820% 99.9950% 95.6411% 95.6411% 99.6593% 29:50:35 $10,027,242.31 $117,000,000.00 

M2/S144 99.5% 99.5% 99.7410% 99.9820% 92.5% 95.6411% 99.6588% 29:53:16 $10,042,281.21 $89,500,000.00 

M2/S298 70.0% 99.5% 99.9820% 99.9820% 95.6411% 95.6411% 99.6588% 29:53:26 $10,043,233.03 $112,000,000.00 

M2/S134 99.5% 99.5% 99.6710% 99.9950% 92.5% 95.6411% 99.6570% 30:03:03 $10,097,120.41 $92,000,000.00 

M2/S124 99.5% 99.5% 99.6710% 99.9820% 92.5% 95.6411% 99.6560% 30:08:09 $10,125,680.25 $87,000,000.00 

M2/S358 70.0% 99.5% 99.7410% 99.9950% 95.6411% 95.6411% 99.6493% 30:43:22 $10,322,843.49 $94,500,000.00 

M2/S348 70.0% 99.5% 99.7410% 99.9820% 95.6411% 95.6411% 99.6487% 30:46:22 $10,339,676.46 $89,500,000.00 

M2/S338 70.0% 99.5% 99.6710% 99.9950% 95.6411% 95.6411% 99.6464% 30:58:42 $10,408,702.75 $92,000,000.00 

M2/S328 70.0% 99.5% 99.6710% 99.9820% 95.6411% 95.6411% 99.6458% 31:01:45 $10,425,780.36 $87,000,000.00 

M2/S84 99.5% 99.5% 99.7410% 99.7410% 92.5% 95.6411% 99.6410% 31:27:02 $10,567,344.00 $67,000,000.00 

M2/S288 70.0% 99.5% 99.7410% 99.7410% 95.6411% 95.6411% 99.6381% 31:42:06 $10,651,733.90 $67,000,000.00 

M2/S114 99.5% 99.5% 99.6710% 99.7410% 92.5% 95.6411% 99.6380% 31:42:42 $10,655,135.77 $64,500,000.00 

M2/S318 70.0% 99.5% 99.6710% 99.7410% 95.6411% 95.6411% 99.6350% 31:58:17 $10,742,373.00 $64,500,000.00 

M2/S74 99.5% 99.5% 99.6710% 99.6710% 92.5% 95.6411% 99.6328% 32:10:10 $10,808,919.53 $62,000,000.00 

M2/S278 70.0% 99.5% 99.6710% 99.6710% 95.6411% 95.6411% 99.6319% 32:14:42 $10,834,329.36 $62,000,000.00 

M2/S309 60.0% 99.5% 99.9950% 99.9950% 95.6411% 95.6411% 99.6100% 34:10:02 $11,480,174.69 $122,000,000.00 

M2/S369 60.0% 99.5% 99.9820% 99.9950% 95.6411% 95.6411% 99.6094% 34:12:53 $11,496,111.99 $117,000,000.00 

M2/S299 60.0% 99.5% 99.9820% 99.9820% 95.6411% 95.6411% 99.6089% 34:15:44 $11,512,094.71 $112,000,000.00 

M2/S359 60.0% 99.5% 99.7410% 99.9950% 95.6411% 95.6411% 99.5994% 35:05:38 $11,791,565.15 $94,500,000.00 

M2/S349 60.0% 99.5% 99.7410% 99.9820% 95.6411% 95.6411% 99.5988% 35:08:38 $11,808,389.69 $89,500,000.00 

M2/S53 99.5% 99.5% 95.0% 99.9950% 95.6411% 95.6411% 99.5986% 35:09:37 $11,813,829.99  

M2/S43 99.5% 99.5% 95.0% 99.9820% 95.6411% 95.6411% 99.5975% 35:15:35 $11,847,281.21  

M2/S339 60.0% 99.5% 99.6710% 99.9950% 95.6411% 95.6411% 99.5965% 35:20:58 $11,877,381.42 $92,000,000.00 

M2/S329 60.0% 99.5% 99.6710% 99.9820% 95.6411% 95.6411% 99.5959% 35:24:01 $11,894,450.48 $87,000,000.00 

M2/S289 60.0% 99.5% 99.7410% 99.7410% 95.6411% 95.6411% 99.5882% 36:04:20 $12,120,290.87 $67,000,000.00 

M2/S319 60.0% 99.5% 99.6710% 99.7410% 95.6411% 95.6411% 99.5851% 36:20:31 $12,210,884.58 $64,500,000.00 

M2/S279 60.0% 99.5% 99.6710% 99.6710% 95.6411% 95.6411% 99.5820% 36:36:56 $12,302,794.90 $62,000,000.00 

M2/S33 99.5% 99.5% 95.0% 99.7410% 95.6411% 95.6411% 99.5764% 37:06:19 $12,467,415.44  

M2/S023 99.5% 99.5% 95.0% 99.6710% 95.6411% 95.6411% 99.5703% 37:38:29 $12,647,537.42  

M2/S553 99.5% 99.5% 99.9950% 99.9950% 95.0% 91.3977% 99.5668% 37:57:07 $12,751,895.36 $122,000,000.00 

M2/S613 99.5% 99.5% 99.9820% 99.9950% 95.0% 91.3977% 99.5657% 38:02:43 $12,783,181.07 $117,000,000.00 

M2/S543 99.5% 99.5% 99.9820% 99.9820% 95.0% 91.3977% 99.5651% 38:05:51 $12,800,726.49 $112,000,000.00 

M2/S105 99.5% 99.5% 99.9950% 99.9950% 90.0% 95.6411% 99.5609% 38:27:40 $12,922,929.72 $122,000,000.00 

M2/S165 99.5% 99.5% 99.9820% 99.9950% 90.0% 95.6411% 99.5604% 38:30:21 $12,937,956.69 $117,000,000.00 

M2/S310 50.0% 99.5% 99.9950% 99.9950% 95.6411% 95.6411% 99.5601% 38:32:20 $12,949,052.35 $122,000,000.00 

M2/S403 95.0% 95.0% 99.9950% 99.9950% 95.6411% 95.6411% 99.5601% 38:32:20 $12,949,052.35 $122,000,000.00 

M2/S370 50.0% 99.5% 99.9820% 99.9950% 95.6411% 95.6411% 99.5595% 38:35:11 $12,964,981.68 $117,000,000.00 

M2/S463 95.0% 95.0% 99.9820% 99.9950% 95.6411% 95.6411% 99.5595% 38:35:11 $12,964,981.68 $117,000,000.00 

M2/S95 99.5% 99.5% 99.9820% 99.9820% 90.0% 95.6411% 99.5592% 38:36:54 $12,974,610.87 $112,000,000.00 

M2/S300 50.0% 99.5% 99.9820% 99.9820% 95.6411% 95.6411% 99.5590% 38:38:02 $12,980,956.39 $112,000,000.00 

M2/S393 95.0% 95.0% 99.9820% 99.9820% 95.6411% 95.6411% 99.5590% 38:38:02 $12,980,956.39 $112,000,000.00 

M2/S155 99.5% 99.5% 99.7410% 99.9950% 90.0% 95.6411% 99.5510% 39:20:06 $13,216,533.64 $94,500,000.00 

M2/S145 99.5% 99.5% 99.7410% 99.9820% 90.0% 95.6411% 99.5497% 39:26:47 $13,253,981.56 $89,500,000.00 

M2/S360 50.0% 99.5% 99.7410% 99.9950% 95.6411% 95.6411% 99.5495% 39:27:55 $13,260,286.81 $94,500,000.00 

M2/S453 95.0% 95.0% 99.7410% 99.9950% 95.6411% 95.6411% 99.5495% 39:27:55 $13,260,286.81 $94,500,000.00 

M2/S350 50.0% 99.5% 99.7410% 99.9820% 95.6411% 95.6411% 99.5489% 39:30:55 $13,277,102.92 $89,500,000.00 

M2/S443 95.0% 95.0% 99.7410% 99.9820% 95.6411% 95.6411% 99.5489% 39:30:55 $13,277,102.92 $89,500,000.00 

M2/S135 99.5% 99.5% 99.6710% 99.9950% 90.0% 95.6411% 99.5482% 39:34:33 $13,297,448.11 $92,000,000.00 

M2/S125 99.5% 99.5% 99.6710% 99.9820% 90.0% 95.6411% 99.5469% 39:41:16 $13,335,126.57 $87,000,000.00 

M2/S340 50.0% 99.5% 99.6710% 99.9950% 95.6411% 95.6411% 99.5466% 39:43:14 $13,346,060.08 $92,000,000.00 

M2/S433 95.0% 95.0% 99.6710% 99.9950% 95.6411% 95.6411% 99.5466% 39:43:14 $13,346,060.08 $92,000,000.00 

M2/S330 50.0% 99.5% 99.6710% 99.9820% 95.6411% 95.6411% 99.5460% 39:46:16 $13,363,120.59 $87,000,000.00 

M2/S423 95.0% 95.0% 99.6710% 99.9820% 95.6411% 95.6411% 99.5460% 39:46:16 $13,363,120.59 $87,000,000.00 

M2/S603 99.5% 99.5% 99.7410% 99.9950% 95.0% 91.3977% 99.5460% 39:46:17 $13,363,169.96 $94,500,000.00 

M2/S593 99.5% 99.5% 99.7410% 99.9820% 95.0% 91.3977% 99.5454% 39:49:33 $13,381,516.04 $89,500,000.00 

M2/S62 99.5% 99.5% 97.5% 97.5% 95.6411% 95.6411% 99.5419% 40:07:48 $13,483,644.66  

M2/S583 99.5% 99.5% 99.6710% 99.9950% 95.0% 91.3977% 99.5403% 40:16:22 $13,531,631.46 $92,000,000.00 

M2/S573 99.5% 99.5% 99.6710% 99.9820% 95.0% 91.3977% 99.5396% 40:19:41 $13,550,210.11 $87,000,000.00 

M2/S290 50.0% 99.5% 99.7410% 99.7410% 95.6411% 95.6411% 99.5383% 40:26:35 $13,588,847.84 $67,000,000.00 

M2/S383 95.0% 95.0% 99.7410% 99.7410% 95.6411% 95.6411% 99.5383% 40:26:35 $13,588,847.84 $67,000,000.00 

M2/S320 50.0% 99.5% 99.6710% 99.7410% 95.6411% 95.6411% 99.5352% 40:42:45 $13,679,396.16 $64,500,000.00 

M2/S413 95.0% 95.0% 99.6710% 99.7410% 95.6411% 95.6411% 99.5352% 40:42:45 $13,679,396.16 $64,500,000.00 

M2/S533 99.5% 99.5% 99.7410% 99.7410% 95.0% 91.3977% 99.5338% 40:50:17 $13,721,624.28 $67,000,000.00 

M2/S280 50.0% 99.5% 99.6710% 99.6710% 95.6411% 95.6411% 99.5321% 40:59:09 $13,771,260.43 $62,000,000.00 

M2/S373 95.0% 95.0% 99.6710% 99.6710% 95.6411% 95.6411% 99.5321% 40:59:09 $13,771,260.43 $62,000,000.00 

M2/S563 99.5% 99.5% 99.6710% 99.7410% 95.0% 91.3977% 99.5279% 41:21:11 $13,894,629.62 $64,500,000.00 

M2/S85 99.5% 99.5% 99.7410% 99.7410% 90.0% 95.6411% 99.5261% 41:30:45 $13,948,208.32 $67,000,000.00 

M2/S523 99.5% 99.5% 99.6710% 99.6710% 95.0% 91.3977% 99.5245% 41:39:03 $13,994,668.48 $62,000,000.00 

M2/S115 99.5% 99.5% 99.6710% 99.7410% 90.0% 95.6411% 99.5232% 41:46:00 $14,033,627.33 $64,500,000.00 

M2/S75 99.5% 99.5% 99.6710% 99.6710% 90.0% 95.6411% 99.5163% 42:22:14 $14,236,511.37 $62,000,000.00 

M2/S54 99.5% 99.5% 92.5% 99.9950% 95.6411% 95.6411% 99.4943% 44:18:00 $14,884,761.97  

M2/S44 99.5% 99.5% 92.5% 99.9820% 95.6411% 95.6411% 99.4929% 44:25:32 $14,926,963.13  

M2/S34 99.5% 99.5% 92.5% 99.7410% 95.6411% 95.6411% 99.4663% 46:45:14 $15,709,307.76  

M2/S024 99.5% 99.5% 92.5% 99.6710% 95.6411% 95.6411% 99.4586% 47:25:49 $15,936,544.79  

M2/S204 99.5% 99.5% 99.9950% 99.9950% 92.5% 92.5% 99.4343% 49:33:13 $16,649,995.44 $122,000,000.00 

M2/S264 99.5% 99.5% 99.9820% 99.9950% 92.5% 92.5% 99.4334% 49:37:57 $16,676,556.57 $117,000,000.00 

M2/S194 99.5% 99.5% 99.9820% 99.9820% 92.5% 92.5% 99.4325% 49:42:42 $16,703,160.26 $112,000,000.00 

M2/S254 99.5% 99.5% 99.7410% 99.9950% 92.5% 92.5% 99.4167% 51:05:53 $17,168,959.12 $94,500,000.00 

M2/S244 99.5% 99.5% 99.7410% 99.9820% 92.5% 92.5% 99.4158% 51:10:47 $17,196,351.82 $89,500,000.00 

M2/S234 99.5% 99.5% 99.6710% 99.9950% 92.5% 92.5% 99.4118% 51:31:26 $17,311,980.61 $92,000,000.00 



 

300 
 

M2/S224 99.5% 99.5% 99.6710% 99.9820% 92.5% 92.5% 99.4109% 51:36:21 $17,339,602.47 $87,000,000.00 

M2/S184 99.5% 99.5% 99.7410% 99.7410% 92.5% 92.5% 99.3985% 52:41:28 $17,704,170.19 $67,000,000.00 

M2/S214 99.5% 99.5% 99.6710% 99.7410% 92.5% 92.5% 99.3935% 53:07:48 $17,851,669.31 $64,500,000.00 

M2/S55 99.5% 99.5% 90.0% 99.9950% 95.6411% 95.6411% 99.3900% 53:26:22 $17,955,693.95  

M2/S174 99.5% 99.5% 99.6710% 99.6710% 92.5% 92.5% 99.3884% 53:34:21 $18,000,402.41 $62,000,000.00 

M2/S45 99.5% 99.5% 90.0% 99.9820% 95.6411% 95.6411% 99.3882% 53:35:28 $18,006,645.05  

M2/S35 99.5% 99.5% 90.0% 99.7410% 95.6411% 95.6411% 99.3561% 56:24:09 $18,951,200.08  

M2/S554 99.5% 99.5% 99.9950% 99.9950% 92.5% 91.3977% 99.3516% 56:47:59 $19,084,717.90 $122,000,000.00 

M2/S614 99.5% 99.5% 99.9820% 99.9950% 92.5% 91.3977% 99.3506% 56:53:26 $19,115,180.30 $117,000,000.00 

M2/S544 99.5% 99.5% 99.9820% 99.9820% 92.5% 91.3977% 99.3497% 56:58:07 $19,141,466.96 $112,000,000.00 

M2/S025 99.5% 99.5% 90.0% 99.6710% 95.6411% 95.6411% 99.3468% 57:13:08 $19,225,552.16  

M2/S106 99.5% 99.5% 99.9950% 99.9950% 85.0% 95.6411% 99.3428% 57:34:21 $19,344,391.69 $122,000,000.00 

M2/S166 99.5% 99.5% 99.9820% 99.9950% 85.0% 95.6411% 99.3423% 57:36:53 $19,358,583.83 $117,000,000.00 

M2/S96 99.5% 99.5% 99.9820% 99.9820% 85.0% 95.6411% 99.3404% 57:46:42 $19,413,532.16 $112,000,000.00 

M2/S156 99.5% 99.5% 99.7410% 99.9950% 85.0% 95.6411% 99.3334% 58:23:52 $19,621,684.28 $94,500,000.00 

M2/S146 99.5% 99.5% 99.7410% 99.9820% 85.0% 95.6411% 99.3315% 58:33:49 $19,677,382.25 $89,500,000.00 

M2/S604 99.5% 99.5% 99.7410% 99.9950% 92.5% 91.3977% 99.3314% 58:34:16 $19,679,906.33 $94,500,000.00 

M2/S136 99.5% 99.5% 99.6710% 99.9950% 85.0% 95.6411% 99.3308% 58:37:31 $19,698,103.50 $92,000,000.00 

M2/S594 99.5% 99.5% 99.7410% 99.9820% 92.5% 91.3977% 99.3305% 58:39:06 $19,706,972.58 $89,500,000.00 

M2/S126 99.5% 99.5% 99.6710% 99.9820% 85.0% 95.6411% 99.3289% 58:47:30 $19,754,019.21 $87,000,000.00 

M2/S584 99.5% 99.5% 99.6710% 99.9950% 92.5% 91.3977% 99.3258% 59:03:34 $19,843,934.63 $92,000,000.00 

M2/S574 99.5% 99.5% 99.6710% 99.9820% 92.5% 91.3977% 99.3249% 59:08:26 $19,871,227.32 $87,000,000.00 

M2/S534 99.5% 99.5% 99.7410% 99.7410% 92.5% 91.3977% 99.3134% 60:08:42 $20,208,739.27 $67,000,000.00 

M2/S564 99.5% 99.5% 99.6710% 99.7410% 92.5% 91.3977% 99.3077% 60:38:47 $20,377,191.84 $64,500,000.00 

M2/S524 99.5% 99.5% 99.6710% 99.6710% 92.5% 91.3977% 99.3027% 61:05:02 $20,524,152.49 $62,000,000.00 

M2/S86 99.5% 99.5% 99.7410% 99.7410% 85.0% 95.6411% 99.2964% 61:38:12 $20,709,936.94 $67,000,000.00 

M2/S116 99.5% 99.5% 99.6710% 99.7410% 85.0% 95.6411% 99.2936% 61:52:37 $20,790,610.46 $64,500,000.00 

M2/S76 99.5% 99.5% 99.6710% 99.6710% 85.0% 95.6411% 99.2834% 62:46:22 $21,091,695.05 $62,000,000.00 

M2/S651 100.0% 99.5% 99.9950% 99.9950% 91.3977% 91.3977% 99.2592% 64:53:34 $21,804,010.45 $122,000,000.00 

M2/S751 100.0% 100.0% 99.9950% 99.9950% 91.3977% 91.3977% 99.2592% 64:53:34 $21,804,010.45 $122,000,000.00 

M2/S711 100.0% 99.5% 99.9820% 99.9950% 91.3977% 91.3977% 99.2582% 64:58:57 $21,834,110.58 $117,000,000.00 

M2/S811 100.0% 100.0% 99.9820% 99.9950% 91.3977% 91.3977% 99.2582% 64:58:57 $21,834,110.58 $117,000,000.00 

M2/S511 99.5% 99.5% 100.0% 100.0% 91.3977% 91.3977% 99.2575% 65:02:29 $21,853,902.13  

M2/S641 100.0% 99.5% 99.9820% 99.9820% 91.3977% 91.3977% 99.2572% 65:04:20 $21,864,252.26 $112,000,000.00 

M2/S741 100.0% 100.0% 99.9820% 99.9820% 91.3977% 91.3977% 99.2572% 65:04:20 $21,864,252.26 $112,000,000.00 

M2/S501 99.5% 99.5% 100.0% 99.9950% 91.3977% 91.3977% 99.2571% 65:04:33 $21,865,472.66  

M2/S020 99.5% 99.5% 99.9950% 99.9950% 91.3977% 91.3977% 99.2567% 65:06:37 $21,877,049.35 $122,000,000.00 

M2/S491 99.5% 99.5% 100.0% 99.9820% 91.3977% 91.3977% 99.2561% 65:09:55 $21,895,556.06  

M2/S019 99.5% 99.5% 99.9820% 99.9950% 91.3977% 91.3977% 99.2557% 65:11:59 $21,907,148.73 $117,000,000.00 

M2/S018 99.5% 99.5% 99.9820% 99.9820% 91.3977% 91.3977% 99.2547% 65:17:22 $21,937,289.66 $112,000,000.00 

M2/S404 92.5% 92.5% 99.9950% 99.9950% 95.6411% 95.6411% 99.2482% 65:51:42 $22,129,537.78 $122,000,000.00 

M2/S464 92.5% 92.5% 99.9820% 99.9950% 95.6411% 95.6411% 99.2476% 65:54:32 $22,145,417.20 $117,000,000.00 

M2/S394 92.5% 92.5% 99.9820% 99.9820% 95.6411% 95.6411% 99.2471% 65:57:23 $22,161,341.86 $112,000,000.00 

M2/S652 97.5% 99.5% 99.9950% 99.9950% 91.3977% 91.3977% 99.2468% 65:58:47 $22,169,204.95 $122,000,000.00 

M2/S712 97.5% 99.5% 99.9820% 99.9950% 91.3977% 91.3977% 99.2458% 66:04:10 $22,199,301.31 $117,000,000.00 

M2/S642 97.5% 99.5% 99.9820% 99.9820% 91.3977% 91.3977% 99.2448% 66:09:33 $22,229,439.23 $112,000,000.00 

M2/S701 100.0% 99.5% 99.7410% 99.9950% 91.3977% 91.3977% 99.2392% 66:38:36 $22,392,120.70 $94,500,000.00 

M2/S801 100.0% 100.0% 99.7410% 99.9950% 91.3977% 91.3977% 99.2392% 66:38:36 $22,392,120.70 $94,500,000.00 

M2/S691 100.0% 99.5% 99.7410% 99.9820% 91.3977% 91.3977% 99.2382% 66:44:07 $22,423,032.70 $89,500,000.00 

M2/S791 100.0% 100.0% 99.7410% 99.9820% 91.3977% 91.3977% 99.2382% 66:44:07 $22,423,032.70 $89,500,000.00 

M2/S454 92.5% 92.5% 99.7410% 99.9950% 95.6411% 95.6411% 99.2376% 66:47:06 $22,439,797.19 $94,500,000.00 

M2/S481 99.5% 99.5% 100.0% 99.7410% 91.3977% 91.3977% 99.2372% 66:49:31 $22,453,255.96  

M2/S444 92.5% 92.5% 99.7410% 99.9820% 95.6411% 95.6411% 99.2370% 66:50:06 $22,456,560.62 $89,500,000.00 

M2/S017 99.5% 99.5% 99.7410% 99.9950% 91.3977% 91.3977% 99.2368% 66:51:38 $22,465,144.89 $94,500,000.00 

M2/S016 99.5% 99.5% 99.7410% 99.9820% 91.3977% 91.3977% 99.2357% 66:57:09 $22,496,056.13 $89,500,000.00 

M2/S434 92.5% 92.5% 99.6710% 99.9950% 95.6411% 95.6411% 99.2347% 67:02:23 $22,525,301.75 $92,000,000.00 

M2/S653 95.0% 99.5% 99.9950% 99.9950% 91.3977% 91.3977% 99.2344% 67:04:00 $22,534,399.45 $122,000,000.00 

M2/S424 92.5% 92.5% 99.6710% 99.9820% 95.6411% 95.6411% 99.2341% 67:05:25 $22,542,308.81 $87,000,000.00 

M2/S681 100.0% 99.5% 99.6710% 99.9950% 91.3977% 91.3977% 99.2337% 67:07:32 $22,554,198.32 $92,000,000.00 

M2/S781 100.0% 100.0% 99.6710% 99.9950% 91.3977% 91.3977% 99.2337% 67:07:32 $22,554,198.32 $92,000,000.00 

M2/S713 95.0% 99.5% 99.9820% 99.9950% 91.3977% 91.3977% 99.2334% 67:09:22 $22,564,492.05 $117,000,000.00 

M2/S671 100.0% 99.5% 99.6710% 99.9820% 91.3977% 91.3977% 99.2327% 67:13:06 $22,585,334.08 $87,000,000.00 

M2/S771 100.0% 100.0% 99.6710% 99.9820% 91.3977% 91.3977% 99.2327% 67:13:06 $22,585,334.08 $87,000,000.00 

M2/S643 95.0% 99.5% 99.9820% 99.9820% 91.3977% 91.3977% 99.2324% 67:14:45 $22,594,626.20 $112,000,000.00 

M2/S471 99.5% 99.5% 100.0% 99.6710% 91.3977% 91.3977% 99.2317% 67:18:26 $22,615,243.48  

M2/S014 99.5% 99.5% 99.6710% 99.9950% 91.3977% 91.3977% 99.2312% 67:20:34 $22,627,218.47 $92,000,000.00 

M2/S013 99.5% 99.5% 99.6710% 99.9820% 91.3977% 91.3977% 99.2302% 67:26:08 $22,658,353.44 $87,000,000.00 

M2/S702 97.5% 99.5% 99.7410% 99.9950% 91.3977% 91.3977% 99.2268% 67:43:48 $22,757,241.68 $94,500,000.00 

M2/S384 92.5% 92.5% 99.7410% 99.7410% 95.6411% 95.6411% 99.2265% 67:45:36 $22,767,328.89 $67,000,000.00 

M2/S692 97.5% 99.5% 99.7410% 99.9820% 91.3977% 91.3977% 99.2258% 67:49:19 $22,788,149.83 $89,500,000.00 

M2/S414 92.5% 92.5% 99.6710% 99.7410% 95.6411% 95.6411% 99.2234% 68:01:43 $22,857,593.54 $64,500,000.00 

M2/S654 92.5% 99.5% 99.9950% 99.9950% 91.3977% 91.3977% 99.2220% 68:09:13 $22,899,593.94 $122,000,000.00 

M2/S682 97.5% 99.5% 99.6710% 99.9950% 91.3977% 91.3977% 99.2213% 68:12:44 $22,919,299.05 $92,000,000.00 

M2/S714 92.5% 99.5% 99.9820% 99.9950% 91.3977% 91.3977% 99.2210% 68:14:35 $22,929,682.79 $117,000,000.00 

M2/S374 92.5% 92.5% 99.6710% 99.6710% 95.6411% 95.6411% 99.2203% 68:18:04 $22,949,170.01 $62,000,000.00 

M2/S672 97.5% 99.5% 99.6710% 99.9820% 91.3977% 91.3977% 99.2203% 68:18:17 $22,950,430.91 $87,000,000.00 

M2/S644 92.5% 99.5% 99.9820% 99.9820% 91.3977% 91.3977% 99.2199% 68:19:58 $22,959,813.17 $112,000,000.00 

M2/S631 100.0% 99.5% 99.7410% 99.7410% 91.3977% 91.3977% 99.2187% 68:26:27 $22,996,093.79 $67,000,000.00 

M2/S731 100.0% 100.0% 99.7410% 99.7410% 91.3977% 91.3977% 99.2187% 68:26:27 $22,996,093.79 $67,000,000.00 

M2/S015 99.5% 99.5% 99.7410% 99.7410% 91.3977% 91.3977% 99.2162% 68:39:29 $23,069,102.89 $67,000,000.00 

M2/S703 95.0% 99.5% 99.7410% 99.9950% 91.3977% 91.3977% 99.2144% 68:49:00 $23,122,362.67 $94,500,000.00 

M2/S693 95.0% 99.5% 99.7410% 99.9820% 91.3977% 91.3977% 99.2134% 68:54:31 $23,153,266.95 $89,500,000.00 

M2/S661 100.0% 99.5% 99.6710% 99.7410% 91.3977% 91.3977% 99.2131% 68:56:10 $23,162,543.07 $64,500,000.00 

M2/S761 100.0% 100.0% 99.6710% 99.7410% 91.3977% 91.3977% 99.2131% 68:56:10 $23,162,543.07 $64,500,000.00 

M2/S012 99.5% 99.5% 99.6710% 99.7410% 91.3977% 91.3977% 99.2106% 69:09:12 $23,235,548.00 $64,500,000.00 

M2/S655 90.0% 99.5% 99.9950% 99.9950% 91.3977% 91.3977% 99.2096% 69:14:26 $23,264,788.44 $122,000,000.00 

M2/S683 95.0% 99.5% 99.6710% 99.9950% 91.3977% 91.3977% 99.2089% 69:17:56 $23,284,399.77 $92,000,000.00 

M2/S715 90.0% 99.5% 99.9820% 99.9950% 91.3977% 91.3977% 99.2086% 69:19:48 $23,294,873.52 $117,000,000.00 

M2/S673 95.0% 99.5% 99.6710% 99.9820% 91.3977% 91.3977% 99.2079% 69:23:29 $23,315,527.74 $87,000,000.00 

M2/S645 90.0% 99.5% 99.9820% 99.9820% 91.3977% 91.3977% 99.2075% 69:25:11 $23,325,000.14 $112,000,000.00 

M2/S621 100.0% 99.5% 99.6710% 99.6710% 91.3977% 91.3977% 99.2074% 69:26:06 $23,330,197.13 $62,000,000.00 

M2/S721 100.0% 100.0% 99.6710% 99.6710% 91.3977% 91.3977% 99.2074% 69:26:06 $23,330,197.13 $62,000,000.00 
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M2/S632 97.5% 99.5% 99.7410% 99.7410% 91.3977% 91.3977% 99.2063% 69:31:38 $23,361,139.28 $67,000,000.00 

M2/S011 99.5% 99.5% 99.6710% 99.6710% 91.3977% 91.3977% 99.2049% 69:39:09 $23,403,197.88 $62,000,000.00 

M2/S704 92.5% 99.5% 99.7410% 99.9950% 91.3977% 91.3977% 99.2020% 69:54:12 $23,487,483.65 $94,500,000.00 

M2/S694 92.5% 99.5% 99.7410% 99.9820% 91.3977% 91.3977% 99.2010% 69:59:43 $23,518,384.07 $89,500,000.00 

M2/S662 97.5% 99.5% 99.6710% 99.7410% 91.3977% 91.3977% 99.2007% 70:01:21 $23,527,567.75 $64,500,000.00 

M2/S752 97.5% 97.5% 99.9950% 99.9950% 91.3977% 91.3977% 99.1972% 70:19:38 $23,629,982.94 $122,000,000.00 

M2/S684 92.5% 99.5% 99.6710% 99.9950% 91.3977% 91.3977% 99.1965% 70:23:08 $23,649,500.50 $92,000,000.00 

M2/S812 97.5% 97.5% 99.9820% 99.9950% 91.3977% 91.3977% 99.1962% 70:25:01 $23,660,064.26 $117,000,000.00 

M2/S674 92.5% 99.5% 99.6710% 99.9820% 91.3977% 91.3977% 99.1955% 70:28:41 $23,680,624.58 $87,000,000.00 

M2/S742 97.5% 97.5% 99.9820% 99.9820% 91.3977% 91.3977% 99.1951% 70:30:23 $23,690,187.10 $112,000,000.00 

M2/S622 97.5% 99.5% 99.6710% 99.6710% 91.3977% 91.3977% 99.1950% 70:31:17 $23,695,200.86 $62,000,000.00 

M2/S633 95.0% 99.5% 99.7410% 99.7410% 91.3977% 91.3977% 99.1939% 70:36:49 $23,726,184.77 $67,000,000.00 

M2/S705 90.0% 99.5% 99.7410% 99.9950% 91.3977% 91.3977% 99.1896% 70:59:24 $23,852,604.64 $94,500,000.00 

M2/S695 90.0% 99.5% 99.7410% 99.9820% 91.3977% 91.3977% 99.1886% 71:04:55 $23,883,501.19 $89,500,000.00 

M2/S663 95.0% 99.5% 99.6710% 99.7410% 91.3977% 91.3977% 99.1883% 71:06:32 $23,892,592.43 $64,500,000.00 

M2/S656 85.0% 99.5% 99.9950% 99.9950% 91.3977% 91.3977% 99.1848% 71:24:51 $23,995,177.44 $122,000,000.00 

M2/S685 90.0% 99.5% 99.6710% 99.9950% 91.3977% 91.3977% 99.1841% 71:28:19 $24,014,601.22 $92,000,000.00 

M2/S716 85.0% 99.5% 99.9820% 99.9950% 91.3977% 91.3977% 99.1837% 71:30:13 $24,025,255.00 $117,000,000.00 

M2/S675 90.0% 99.5% 99.6710% 99.9820% 91.3977% 91.3977% 99.1831% 71:33:53 $24,045,721.41 $87,000,000.00 

M2/S646 85.0% 99.5% 99.9820% 99.9820% 91.3977% 91.3977% 99.1827% 71:35:36 $24,055,374.07 $112,000,000.00 

M2/S623 95.0% 99.5% 99.6710% 99.6710% 91.3977% 91.3977% 99.1826% 71:36:28 $24,060,204.58 $62,000,000.00 

M2/S634 92.5% 99.5% 99.7410% 99.7410% 91.3977% 91.3977% 99.1815% 71:42:00 $24,091,230.25 $67,000,000.00 

M2/S56 99.5% 99.5% 85.0% 99.9950% 95.6411% 95.6411% 99.1813% 71:43:08 $24,097,557.90  

M2/S46 99.5% 99.5% 85.0% 99.9820% 95.6411% 95.6411% 99.1790% 71:55:22 $24,166,008.88  

M2/S802 97.5% 97.5% 99.7410% 99.9950% 91.3977% 91.3977% 99.1772% 72:04:36 $24,217,725.62 $94,500,000.00 

M2/S792 97.5% 97.5% 99.7410% 99.9820% 91.3977% 91.3977% 99.1762% 72:10:07 $24,248,618.31 $89,500,000.00 

M2/S664 92.5% 99.5% 99.6710% 99.7410% 91.3977% 91.3977% 99.1759% 72:11:43 $24,257,617.11 $64,500,000.00 

M2/S782 97.5% 97.5% 99.6710% 99.9950% 91.3977% 91.3977% 99.1717% 72:33:31 $24,379,701.95 $92,000,000.00 

M2/S772 97.5% 97.5% 99.6710% 99.9820% 91.3977% 91.3977% 99.1706% 72:39:04 $24,410,818.24 $87,000,000.00 

M2/S624 92.5% 99.5% 99.6710% 99.6710% 91.3977% 91.3977% 99.1702% 72:41:39 $24,425,208.31 $62,000,000.00 

M2/S635 90.0% 99.5% 99.7410% 99.7410% 91.3977% 91.3977% 99.1691% 72:47:12 $24,456,275.74 $67,000,000.00 

M2/S706 85.0% 99.5% 99.7410% 99.9950% 91.3977% 91.3977% 99.1648% 73:09:48 $24,582,846.61 $94,500,000.00 

M2/S696 85.0% 99.5% 99.7410% 99.9820% 91.3977% 91.3977% 99.1638% 73:15:19 $24,613,735.43 $89,500,000.00 

M2/S665 90.0% 99.5% 99.6710% 99.7410% 91.3977% 91.3977% 99.1635% 73:16:54 $24,622,641.80 $64,500,000.00 

M2/S63 99.5% 99.5% 95.0% 95.0% 95.6411% 95.6411% 99.1620% 73:24:47 $24,666,819.47  

M2/S657 80.0% 99.5% 99.9950% 99.9950% 91.3977% 91.3977% 99.1600% 73:35:17 $24,725,566.44 $122,000,000.00 

M2/S686 85.0% 99.5% 99.6710% 99.9950% 91.3977% 91.3977% 99.1593% 73:38:43 $24,744,802.67 $92,000,000.00 

M2/S717 80.0% 99.5% 99.9820% 99.9950% 91.3977% 91.3977% 99.1589% 73:40:39 $24,755,636.47 $117,000,000.00 

M2/S676 85.0% 99.5% 99.6710% 99.9820% 91.3977% 91.3977% 99.1582% 73:44:16 $24,775,915.08 $87,000,000.00 

M2/S647 80.0% 99.5% 99.9820% 99.9820% 91.3977% 91.3977% 99.1579% 73:46:02 $24,785,748.01 $112,000,000.00 

M2/S625 90.0% 99.5% 99.6710% 99.6710% 91.3977% 91.3977% 99.1578% 73:46:49 $24,790,212.03 $62,000,000.00 

M2/S732 97.5% 97.5% 99.7410% 99.7410% 91.3977% 91.3977% 99.1567% 73:52:23 $24,821,321.23 $67,000,000.00 

M2/S762 97.5% 97.5% 99.6710% 99.7410% 91.3977% 91.3977% 99.1510% 74:22:05 $24,987,666.48 $64,500,000.00 

M2/S722 97.5% 97.5% 99.6710% 99.6710% 91.3977% 91.3977% 99.1454% 74:52:00 $25,155,215.76 $62,000,000.00 

M2/S636 85.0% 99.5% 99.7410% 99.7410% 91.3977% 91.3977% 99.1443% 74:57:34 $25,186,366.72 $67,000,000.00 

M2/S707 80.0% 99.5% 99.7410% 99.9950% 91.3977% 91.3977% 99.1400% 75:20:12 $25,313,088.58 $94,500,000.00 

M2/S697 80.0% 99.5% 99.7410% 99.9820% 91.3977% 91.3977% 99.1389% 75:25:43 $25,343,969.67 $89,500,000.00 

M2/S666 85.0% 99.5% 99.6710% 99.7410% 91.3977% 91.3977% 99.1386% 75:27:16 $25,352,691.16 $64,500,000.00 

M2/S555 99.5% 99.5% 99.9950% 99.9950% 90.0% 91.3977% 99.1364% 75:38:51 $25,417,540.45 $122,000,000.00 

M2/S36 99.5% 99.5% 85.0% 99.7410% 95.6411% 95.6411% 99.1359% 75:41:58 $25,434,984.72  

M2/S615 99.5% 99.5% 99.9820% 99.9950% 90.0% 91.3977% 99.1354% 75:44:08 $25,447,179.54 $117,000,000.00 

M2/S687 80.0% 99.5% 99.6710% 99.9950% 91.3977% 91.3977% 99.1345% 75:49:06 $25,475,004.12 $92,000,000.00 

M2/S545 99.5% 99.5% 99.9820% 99.9820% 90.0% 91.3977% 99.1342% 75:50:24 $25,482,207.43 $112,000,000.00 

M2/S677 80.0% 99.5% 99.6710% 99.9820% 91.3977% 91.3977% 99.1334% 75:54:40 $25,506,108.74 $87,000,000.00 

M2/S626 85.0% 99.5% 99.6710% 99.6710% 91.3977% 91.3977% 99.1330% 75:57:11 $25,520,219.48 $62,000,000.00 

M2/S107 99.5% 99.5% 99.9950% 99.9950% 80.0% 95.6411% 99.1246% 76:41:03 $25,765,853.66 $122,000,000.00 

M2/S167 99.5% 99.5% 99.9820% 99.9950% 80.0% 95.6411% 99.1242% 76:43:26 $25,779,210.97 $117,000,000.00 

M2/S026 99.5% 99.5% 85.0% 99.6710% 95.6411% 95.6411% 99.1233% 76:47:47 $25,803,566.91  

M2/S97 99.5% 99.5% 99.9820% 99.9820% 80.0% 95.6411% 99.1217% 76:56:31 $25,852,453.44 $112,000,000.00 

M2/S637 80.0% 99.5% 99.7410% 99.7410% 91.3977% 91.3977% 99.1195% 77:07:56 $25,916,457.70 $67,000,000.00 

M2/S605 99.5% 99.5% 99.7410% 99.9950% 90.0% 91.3977% 99.1168% 77:22:15 $25,996,642.69 $94,500,000.00 

M2/S157 99.5% 99.5% 99.7410% 99.9950% 80.0% 95.6411% 99.1157% 77:27:39 $26,026,834.92 $94,500,000.00 

M2/S595 99.5% 99.5% 99.7410% 99.9820% 90.0% 91.3977% 99.1156% 77:28:39 $26,032,429.11 $89,500,000.00 

M2/S667 80.0% 99.5% 99.6710% 99.7410% 91.3977% 91.3977% 99.1138% 77:37:38 $26,082,740.53 $64,500,000.00 

M2/S137 99.5% 99.5% 99.6710% 99.9950% 80.0% 95.6411% 99.1133% 77:40:30 $26,098,758.89 $92,000,000.00 

M2/S147 99.5% 99.5% 99.7410% 99.9820% 80.0% 95.6411% 99.1132% 77:40:51 $26,100,782.95 $89,500,000.00 

M2/S585 99.5% 99.5% 99.6710% 99.9950% 90.0% 91.3977% 99.1113% 77:50:45 $26,156,237.80 $92,000,000.00 

M2/S127 99.5% 99.5% 99.6710% 99.9820% 80.0% 95.6411% 99.1108% 77:53:44 $26,172,911.85 $87,000,000.00 

M2/S658 70.0% 99.5% 99.9950% 99.9950% 91.3977% 91.3977% 99.1103% 77:56:08 $26,186,344.43 $122,000,000.00 

M2/S575 99.5% 99.5% 99.6710% 99.9820% 90.0% 91.3977% 99.1101% 77:57:11 $26,192,244.54 $87,000,000.00 

M2/S718 70.0% 99.5% 99.9820% 99.9950% 91.3977% 91.3977% 99.1093% 78:01:30 $26,216,399.41 $117,000,000.00 

M2/S648 70.0% 99.5% 99.9820% 99.9820% 91.3977% 91.3977% 99.1083% 78:06:52 $26,246,495.88 $112,000,000.00 

M2/S627 80.0% 99.5% 99.6710% 99.6710% 91.3977% 91.3977% 99.1082% 78:07:32 $26,250,226.93 $62,000,000.00 

M2/S535 99.5% 99.5% 99.7410% 99.7410% 90.0% 91.3977% 99.0930% 79:27:07 $26,695,854.27 $67,000,000.00 

M2/S708 70.0% 99.5% 99.7410% 99.9950% 91.3977% 91.3977% 99.0904% 79:41:00 $26,773,572.51 $94,500,000.00 

M2/S698 70.0% 99.5% 99.7410% 99.9820% 91.3977% 91.3977% 99.0893% 79:46:30 $26,804,438.16 $89,500,000.00 

M2/S565 99.5% 99.5% 99.6710% 99.7410% 90.0% 91.3977% 99.0874% 79:56:23 $26,859,754.07 $64,500,000.00 

M2/S688 70.0% 99.5% 99.6710% 99.9950% 91.3977% 91.3977% 99.0849% 80:09:54 $26,935,407.03 $92,000,000.00 

M2/S678 70.0% 99.5% 99.6710% 99.9820% 91.3977% 91.3977% 99.0838% 80:15:27 $26,966,496.08 $87,000,000.00 

M2/S525 99.5% 99.5% 99.6710% 99.6710% 90.0% 91.3977% 99.0809% 80:31:00 $27,053,636.50 $62,000,000.00 

M2/S638 70.0% 99.5% 99.7410% 99.7410% 91.3977% 91.3977% 99.0699% 81:28:41 $27,376,639.65 $67,000,000.00 

M2/S87 99.5% 99.5% 99.7410% 99.7410% 80.0% 95.6411% 99.0667% 81:45:39 $27,471,665.57 $67,000,000.00 

M2/S668 70.0% 99.5% 99.6710% 99.7410% 91.3977% 91.3977% 99.0642% 81:58:22 $27,542,839.25 $64,500,000.00 

M2/S117 99.5% 99.5% 99.6710% 99.7410% 80.0% 95.6411% 99.0641% 81:59:13 $27,547,593.58 $64,500,000.00 

M2/S659 60.0% 99.5% 99.9950% 99.9950% 91.3977% 91.3977% 99.0607% 82:16:59 $27,647,122.43 $122,000,000.00 

M2/S502 99.5% 99.5% 97.5% 99.9950% 91.3977% 91.3977% 99.0605% 82:18:11 $27,653,814.65  

M2/S719 60.0% 99.5% 99.9820% 99.9950% 91.3977% 91.3977% 99.0597% 82:22:21 $27,677,162.36 $117,000,000.00 

M2/S492 99.5% 99.5% 97.5% 99.9820% 91.3977% 91.3977% 99.0592% 82:24:59 $27,691,888.77  

M2/S649 60.0% 99.5% 99.9820% 99.9820% 91.3977% 91.3977% 99.0587% 82:27:43 $27,707,243.76 $112,000,000.00 

M2/S628 70.0% 99.5% 99.6710% 99.6710% 91.3977% 91.3977% 99.0586% 82:28:15 $27,710,241.84 $62,000,000.00 

M2/S77 99.5% 99.5% 99.6710% 99.6710% 80.0% 95.6411% 99.0505% 83:10:31 $27,946,878.73 $62,000,000.00 

M2/S709 60.0% 99.5% 99.7410% 99.9950% 91.3977% 91.3977% 99.0408% 84:01:48 $28,234,056.45 $94,500,000.00 
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M2/S699 60.0% 99.5% 99.7410% 99.9820% 91.3977% 91.3977% 99.0397% 84:07:18 $28,264,906.64 $89,500,000.00 

M2/S689 60.0% 99.5% 99.6710% 99.9950% 91.3977% 91.3977% 99.0353% 84:30:41 $28,395,809.93 $92,000,000.00 

M2/S482 99.5% 99.5% 97.5% 99.7410% 91.3977% 91.3977% 99.0352% 84:31:01 $28,397,724.41  

M2/S679 60.0% 99.5% 99.6710% 99.9820% 91.3977% 91.3977% 99.0342% 84:36:14 $28,426,883.41 $87,000,000.00 

M2/S472 99.5% 99.5% 97.5% 99.6710% 91.3977% 91.3977% 99.0282% 85:07:38 $28,602,738.91  

M2/S639 60.0% 99.5% 99.7410% 99.7410% 91.3977% 91.3977% 99.0203% 85:49:26 $28,836,821.60 $67,000,000.00 

M2/S669 60.0% 99.5% 99.6710% 99.7410% 91.3977% 91.3977% 99.0146% 86:19:06 $29,002,937.98 $64,500,000.00 

M2/S660 50.0% 99.5% 99.9950% 99.9950% 91.3977% 91.3977% 99.0111% 86:37:50 $29,107,900.42 $122,000,000.00 

M2/S753 95.0% 95.0% 99.9950% 99.9950% 91.3977% 91.3977% 99.0111% 86:37:50 $29,107,900.42 $122,000,000.00 

M2/S720 50.0% 99.5% 99.9820% 99.9950% 91.3977% 91.3977% 99.0100% 86:43:12 $29,137,925.30 $117,000,000.00 

M2/S813 95.0% 95.0% 99.9820% 99.9950% 91.3977% 91.3977% 99.0100% 86:43:12 $29,137,925.30 $117,000,000.00 

M2/S650 50.0% 99.5% 99.9820% 99.9820% 91.3977% 91.3977% 99.0090% 86:48:34 $29,167,991.63 $112,000,000.00 

M2/S743 95.0% 95.0% 99.9820% 99.9820% 91.3977% 91.3977% 99.0090% 86:48:34 $29,167,991.63 $112,000,000.00 

M2/S629 60.0% 99.5% 99.6710% 99.6710% 91.3977% 91.3977% 99.0089% 86:48:58 $29,170,256.74 $62,000,000.00 

M2/S205 99.5% 99.5% 99.9950% 99.9950% 90.0% 90.0% 98.9966% 87:53:44 $29,532,943.70 $122,000,000.00 

M2/S265 99.5% 99.5% 99.9820% 99.9950% 90.0% 90.0% 98.9955% 87:59:54 $29,567,395.65 $117,000,000.00 

M2/S195 99.5% 99.5% 99.9820% 99.9820% 90.0% 90.0% 98.9943% 88:06:03 $29,601,887.88 $112,000,000.00 

M2/S710 50.0% 99.5% 99.7410% 99.9950% 91.3977% 91.3977% 98.9911% 88:22:36 $29,694,540.39 $94,500,000.00 

M2/S803 95.0% 95.0% 99.7410% 99.9950% 91.3977% 91.3977% 98.9911% 88:22:36 $29,694,540.39 $94,500,000.00 

M2/S700 50.0% 99.5% 99.7410% 99.9820% 91.3977% 91.3977% 98.9901% 88:28:06 $29,725,375.12 $89,500,000.00 

M2/S793 95.0% 95.0% 99.7410% 99.9820% 91.3977% 91.3977% 98.9901% 88:28:06 $29,725,375.12 $89,500,000.00 

M2/S690 50.0% 99.5% 99.6710% 99.9950% 91.3977% 91.3977% 98.9856% 88:51:28 $29,856,212.83 $92,000,000.00 

M2/S783 95.0% 95.0% 99.6710% 99.9950% 91.3977% 91.3977% 98.9856% 88:51:28 $29,856,212.83 $92,000,000.00 

M2/S680 50.0% 99.5% 99.6710% 99.9820% 91.3977% 91.3977% 98.9846% 88:57:01 $29,887,270.74 $87,000,000.00 

M2/S773 95.0% 95.0% 99.6710% 99.9820% 91.3977% 91.3977% 98.9846% 88:57:01 $29,887,270.74 $87,000,000.00 

M2/S255 99.5% 99.5% 99.7410% 99.9950% 90.0% 90.0% 98.9738% 89:53:57 $30,206,081.75 $94,500,000.00 

M2/S57 99.5% 99.5% 80.0% 99.9950% 95.6411% 95.6411% 98.9726% 89:59:54 $30,239,421.86  

M2/S245 99.5% 99.5% 99.7410% 99.9820% 90.0% 90.0% 98.9726% 90:00:14 $30,241,320.91 $89,500,000.00 

M2/S640 50.0% 99.5% 99.7410% 99.7410% 91.3977% 91.3977% 98.9707% 90:10:11 $30,297,003.56 $67,000,000.00 

M2/S733 95.0% 95.0% 99.7410% 99.7410% 91.3977% 91.3977% 98.9707% 90:10:11 $30,297,003.56 $67,000,000.00 

M2/S47 99.5% 99.5% 80.0% 99.9820% 95.6411% 95.6411% 98.9697% 90:15:15 $30,325,372.72  

M2/S235 99.5% 99.5% 99.6710% 99.9950% 90.0% 90.0% 98.9675% 90:27:04 $30,391,592.23 $92,000,000.00 

M2/S225 99.5% 99.5% 99.6710% 99.9820% 90.0% 90.0% 98.9662% 90:33:24 $30,427,048.35 $87,000,000.00 

M2/S670 50.0% 99.5% 99.6710% 99.7410% 91.3977% 91.3977% 98.9650% 90:39:50 $30,463,036.71 $64,500,000.00 

M2/S763 95.0% 95.0% 99.6710% 99.7410% 91.3977% 91.3977% 98.9650% 90:39:50 $30,463,036.71 $64,500,000.00 

M2/S630 50.0% 99.5% 99.6710% 99.6710% 91.3977% 91.3977% 98.9593% 91:09:41 $30,630,271.64 $62,000,000.00 

M2/S723 95.0% 95.0% 99.6710% 99.6710% 91.3977% 91.3977% 98.9593% 91:09:41 $30,630,271.64 $62,000,000.00 

M2/S185 99.5% 99.5% 99.7410% 99.7410% 90.0% 90.0% 98.9504% 91:56:54 $30,894,600.81 $67,000,000.00 

M2/S215 99.5% 99.5% 99.6710% 99.7410% 90.0% 90.0% 98.9439% 92:30:47 $31,084,350.16 $64,500,000.00 

M2/S175 99.5% 99.5% 99.6710% 99.6710% 90.0% 90.0% 98.9374% 93:04:52 $31,275,267.70 $62,000,000.00 

M2/S37 99.5% 99.5% 80.0% 99.7410% 95.6411% 95.6411% 98.9156% 94:59:47 $31,918,769.36  

M2/S027 99.5% 99.5% 80.0% 99.6710% 95.6411% 95.6411% 98.8998% 96:22:26 $32,381,581.66  

M2/S503 99.5% 99.5% 95.0% 99.9950% 91.3977% 91.3977% 98.8638% 99:31:49 $33,442,156.63  

M2/S493 99.5% 99.5% 95.0% 99.9820% 91.3977% 91.3977% 98.8622% 99:40:02 $33,488,221.47  

M2/S483 99.5% 99.5% 95.0% 99.7410% 91.3977% 91.3977% 98.8332% 102:12:32 $34,342,192.87  

M2/S473 99.5% 99.5% 95.0% 99.6710% 91.3977% 91.3977% 98.8248% 102:56:50 $34,590,234.35  

M2/S512 99.5% 99.5% 97.5% 97.5% 91.3977% 91.3977% 98.8122% 104:03:03 $34,961,117.26  

M2/S405 90.0% 90.0% 99.9950% 99.9950% 95.6411% 95.6411% 98.8115% 104:06:49 $34,982,217.37 $122,000,000.00 

M2/S465 90.0% 90.0% 99.9820% 99.9950% 95.6411% 95.6411% 98.8109% 104:09:39 $34,998,026.93 $117,000,000.00 

M2/S395 90.0% 90.0% 99.9820% 99.9820% 95.6411% 95.6411% 98.8104% 104:12:29 $35,013,881.53 $112,000,000.00 

M2/S455 90.0% 90.0% 99.7410% 99.9950% 95.6411% 95.6411% 98.8010% 105:01:59 $35,291,111.72 $94,500,000.00 

M2/S445 90.0% 90.0% 99.7410% 99.9820% 95.6411% 95.6411% 98.8004% 105:04:58 $35,307,801.40 $89,500,000.00 

M2/S435 90.0% 90.0% 99.6710% 99.9950% 95.6411% 95.6411% 98.7981% 105:17:11 $35,376,240.08 $92,000,000.00 

M2/S425 90.0% 90.0% 99.6710% 99.9820% 95.6411% 95.6411% 98.7975% 105:20:13 $35,393,172.32 $87,000,000.00 

M2/S385 90.0% 90.0% 99.7410% 99.7410% 95.6411% 95.6411% 98.7899% 106:00:13 $35,617,202.37 $67,000,000.00 

M2/S415 90.0% 90.0% 99.6710% 99.7410% 95.6411% 95.6411% 98.7869% 106:16:16 $35,707,069.87 $64,500,000.00 

M2/S375 90.0% 90.0% 99.6710% 99.6710% 95.6411% 95.6411% 98.7838% 106:32:33 $35,798,243.43 $62,000,000.00 

M2/S556 99.5% 99.5% 99.9950% 99.9950% 85.0% 91.3977% 98.7061% 113:20:34 $38,083,185.53 $122,000,000.00 

M2/S616 99.5% 99.5% 99.9820% 99.9950% 85.0% 91.3977% 98.7052% 113:25:34 $38,111,178.00 $117,000,000.00 

M2/S546 99.5% 99.5% 99.9820% 99.9820% 85.0% 91.3977% 98.7034% 113:34:57 $38,163,688.37 $112,000,000.00 

M2/S754 92.5% 92.5% 99.9950% 99.9950% 91.3977% 91.3977% 98.7009% 113:48:10 $38,237,762.89 $122,000,000.00 

M2/S814 92.5% 92.5% 99.9820% 99.9950% 91.3977% 91.3977% 98.6999% 113:53:31 $38,267,693.71 $117,000,000.00 

M2/S744 92.5% 92.5% 99.9820% 99.9820% 91.3977% 91.3977% 98.6988% 113:58:52 $38,297,665.84 $112,000,000.00 

M2/S108 99.5% 99.5% 99.9950% 99.9950% 70.0% 95.6411% 98.6883% 114:54:25 $38,608,777.60 $122,000,000.00 

M2/S168 99.5% 99.5% 99.9820% 99.9950% 70.0% 95.6411% 98.6879% 114:56:31 $38,620,465.24 $117,000,000.00 

M2/S606 99.5% 99.5% 99.7410% 99.9950% 85.0% 91.3977% 98.6876% 114:58:14 $38,630,115.43 $94,500,000.00 

M2/S596 99.5% 99.5% 99.7410% 99.9820% 85.0% 91.3977% 98.6857% 115:07:44 $38,683,342.18 $89,500,000.00 

M2/S98 99.5% 99.5% 99.9820% 99.9820% 70.0% 95.6411% 98.6841% 115:16:07 $38,730,296.02 $112,000,000.00 

M2/S586 99.5% 99.5% 99.6710% 99.9950% 85.0% 91.3977% 98.6824% 115:25:09 $38,780,844.14 $92,000,000.00 

M2/S804 92.5% 92.5% 99.7410% 99.9950% 91.3977% 91.3977% 98.6810% 115:32:36 $38,822,565.02 $94,500,000.00 

M2/S576 99.5% 99.5% 99.6710% 99.9820% 85.0% 91.3977% 98.6806% 115:34:42 $38,834,278.97 $87,000,000.00 

M2/S158 99.5% 99.5% 99.7410% 99.9950% 70.0% 95.6411% 98.6805% 115:35:12 $38,837,136.20 $94,500,000.00 

M2/S794 92.5% 92.5% 99.7410% 99.9820% 91.3977% 91.3977% 98.6800% 115:38:05 $38,853,303.15 $89,500,000.00 

M2/S138 99.5% 99.5% 99.6710% 99.9950% 70.0% 95.6411% 98.6784% 115:46:26 $38,900,069.68 $92,000,000.00 

M2/S148 99.5% 99.5% 99.7410% 99.9820% 70.0% 95.6411% 98.6768% 115:54:56 $38,947,584.34 $89,500,000.00 

M2/S784 92.5% 92.5% 99.6710% 99.9950% 91.3977% 91.3977% 98.6755% 116:01:23 $38,983,730.96 $92,000,000.00 

M2/S128 99.5% 99.5% 99.6710% 99.9820% 70.0% 95.6411% 98.6746% 116:06:12 $39,010,697.13 $87,000,000.00 

M2/S774 92.5% 92.5% 99.6710% 99.9820% 91.3977% 91.3977% 98.6745% 116:06:55 $39,014,691.57 $87,000,000.00 

M2/S64 99.5% 99.5% 92.5% 92.5% 95.6411% 95.6411% 98.6677% 116:42:45 $39,215,355.33  

M2/S504 99.5% 99.5% 92.5% 99.9950% 91.3977% 91.3977% 98.6672% 116:45:27 $39,230,498.61  

M2/S494 99.5% 99.5% 92.5% 99.9820% 91.3977% 91.3977% 98.6653% 116:55:06 $39,284,554.18  

M2/S734 92.5% 92.5% 99.7410% 99.7410% 91.3977% 91.3977% 98.6606% 117:19:51 $39,423,140.76 $67,000,000.00 

M2/S764 92.5% 92.5% 99.6710% 99.7410% 91.3977% 91.3977% 98.6550% 117:49:24 $39,588,653.76 $64,500,000.00 

M2/S536 99.5% 99.5% 99.7410% 99.7410% 85.0% 91.3977% 98.6522% 118:03:57 $39,670,084.26 $67,000,000.00 

M2/S724 92.5% 92.5% 99.6710% 99.6710% 91.3977% 91.3977% 98.6493% 118:19:10 $39,755,364.77 $62,000,000.00 

M2/S566 99.5% 99.5% 99.6710% 99.7410% 85.0% 91.3977% 98.6470% 118:31:35 $39,824,878.52 $64,500,000.00 

M2/S526 99.5% 99.5% 99.6710% 99.6710% 85.0% 91.3977% 98.6372% 119:22:58 $40,112,604.52 $62,000,000.00 

M2/S484 99.5% 99.5% 92.5% 99.7410% 91.3977% 91.3977% 98.6313% 119:54:03 $40,286,661.32  

M2/S474 99.5% 99.5% 92.5% 99.6710% 91.3977% 91.3977% 98.6214% 120:46:01 $40,577,729.78  

M2/S88 99.5% 99.5% 99.7410% 99.7410% 70.0% 95.6411% 98.6072% 122:00:33 $40,995,122.82 $67,000,000.00 

M2/S118 99.5% 99.5% 99.6710% 99.7410% 70.0% 95.6411% 98.6049% 122:12:25 $41,061,559.83 $64,500,000.00 

M2/S78 99.5% 99.5% 99.6710% 99.6710% 70.0% 95.6411% 98.5847% 123:58:48 $41,657,246.10 $62,000,000.00 



 

303 
 

M2/S58 99.5% 99.5% 70.0% 99.9950% 95.6411% 95.6411% 98.5553% 126:33:25 $42,523,149.77  

M2/S48 99.5% 99.5% 70.0% 99.9820% 95.6411% 95.6411% 98.5512% 126:55:01 $42,644,100.38  

M2/S38 99.5% 99.5% 70.0% 99.7410% 95.6411% 95.6411% 98.4750% 133:35:25 $44,886,338.64  

M2/S505 99.5% 99.5% 90.0% 99.9950% 91.3977% 91.3977% 98.4705% 133:59:05 $45,018,840.59  

M2/S495 99.5% 99.5% 90.0% 99.9820% 91.3977% 91.3977% 98.4684% 134:10:10 $45,080,886.89  

M2/S28 99.5% 99.5% 70.0% 99.6710% 95.6411% 95.6411% 98.4529% 135:31:43 $45,537,611.16  

M2/S485 99.5% 99.5% 90.0% 99.7410% 91.3977% 91.3977% 98.4293% 137:35:34 $46,231,129.78  

M2/S475 99.5% 99.5% 90.0% 99.6710% 91.3977% 91.3977% 98.4180% 138:35:13 $46,565,225.22  

M2/S557 99.5% 99.5% 99.9950% 99.9950% 80.0% 91.3977% 98.2758% 151:02:17 $50,748,830.61 $122,000,000.00 

M2/S617 99.5% 99.5% 99.9820% 99.9950% 80.0% 91.3977% 98.2749% 151:07:00 $50,775,176.47 $117,000,000.00 

M2/S547 99.5% 99.5% 99.9820% 99.9820% 80.0% 91.3977% 98.2725% 151:19:30 $50,845,169.31 $112,000,000.00 

M2/S755 90.0% 90.0% 99.9950% 99.9950% 91.3977% 91.3977% 98.2666% 151:50:38 $51,019,570.34 $122,000,000.00 

M2/S815 90.0% 90.0% 99.9820% 99.9950% 91.3977% 91.3977% 98.2656% 151:55:58 $51,049,369.47 $117,000,000.00 

M2/S745 90.0% 90.0% 99.9820% 99.9820% 91.3977% 91.3977% 98.2646% 152:01:17 $51,079,209.74 $112,000,000.00 

M2/S513 99.5% 99.5% 95.0% 95.0% 91.3977% 91.3977% 98.2625% 152:12:27 $51,141,688.15  

M2/S607 99.5% 99.5% 99.7410% 99.9950% 80.0% 91.3977% 98.2583% 152:34:13 $51,263,588.17 $94,500,000.00 

M2/S597 99.5% 99.5% 99.7410% 99.9820% 80.0% 91.3977% 98.2559% 152:46:50 $51,334,255.25 $89,500,000.00 

M2/S587 99.5% 99.5% 99.6710% 99.9950% 80.0% 91.3977% 98.2535% 152:59:33 $51,405,450.49 $92,000,000.00 

M2/S109 99.5% 99.5% 99.9950% 99.9950% 60.0% 95.6411% 98.2519% 153:07:48 $51,451,701.53 $122,000,000.00 

M2/S169 99.5% 99.5% 99.9820% 99.9950% 60.0% 95.6411% 98.2516% 153:09:36 $51,461,719.52 $117,000,000.00 

M2/S577 99.5% 99.5% 99.6710% 99.9820% 80.0% 91.3977% 98.2511% 153:12:12 $51,476,313.41 $87,000,000.00 

M2/S805 90.0% 90.0% 99.7410% 99.9950% 91.3977% 91.3977% 98.2468% 153:34:36 $51,601,799.49 $94,500,000.00 

M2/S99 99.5% 99.5% 99.9820% 99.9820% 60.0% 95.6411% 98.2466% 153:35:44 $51,608,138.60 $112,000,000.00 

M2/S795 90.0% 90.0% 99.7410% 99.9820% 91.3977% 91.3977% 98.2458% 153:40:04 $51,632,402.38 $89,500,000.00 

M2/S159 99.5% 99.5% 99.7410% 99.9950% 60.0% 95.6411% 98.2453% 153:42:45 $51,647,437.48 $94,500,000.00 

M2/S139 99.5% 99.5% 99.6710% 99.9950% 60.0% 95.6411% 98.2435% 153:52:23 $51,701,380.46 $92,000,000.00 

M2/S785 90.0% 90.0% 99.6710% 99.9950% 91.3977% 91.3977% 98.2414% 154:03:16 $51,762,256.34 $92,000,000.00 

M2/S775 90.0% 90.0% 99.6710% 99.9820% 91.3977% 91.3977% 98.2403% 154:08:46 $51,793,080.74 $87,000,000.00 

M2/S149 99.5% 99.5% 99.7410% 99.9820% 60.0% 95.6411% 98.2403% 154:09:00 $51,794,385.73 $89,500,000.00 

M2/S129 99.5% 99.5% 99.6710% 99.9820% 60.0% 95.6411% 98.2385% 154:18:39 $51,848,482.40 $87,000,000.00 

M2/S735 90.0% 90.0% 99.7410% 99.7410% 91.3977% 91.3977% 98.2265% 155:21:23 $52,199,732.85 $67,000,000.00 

M2/S765 90.0% 90.0% 99.6710% 99.7410% 91.3977% 91.3977% 98.2209% 155:50:48 $52,364,517.64 $64,500,000.00 

M2/S725 90.0% 90.0% 99.6710% 99.6710% 91.3977% 91.3977% 98.2153% 156:20:27 $52,530,495.16 $62,000,000.00 

M2/S537 99.5% 99.5% 99.7410% 99.7410% 80.0% 91.3977% 98.2114% 156:40:46 $52,644,314.26 $67,000,000.00 

M2/S567 99.5% 99.5% 99.6710% 99.7410% 80.0% 91.3977% 98.2065% 157:06:47 $52,790,002.97 $64,500,000.00 

M2/S527 99.5% 99.5% 99.6710% 99.6710% 80.0% 91.3977% 98.1935% 158:14:55 $53,171,572.55 $62,000,000.00 

M2/S89 99.5% 99.5% 99.7410% 99.7410% 60.0% 95.6411% 98.1477% 162:15:28 $54,518,580.07 $67,000,000.00 

M2/S119 99.5% 99.5% 99.6710% 99.7410% 60.0% 95.6411% 98.1458% 162:25:38 $54,575,526.08 $64,500,000.00 

M2/S59 99.5% 99.5% 60.0% 99.9950% 95.6411% 95.6411% 98.1379% 163:06:57 $54,806,877.69  

M2/S49 99.5% 99.5% 60.0% 99.9820% 95.6411% 95.6411% 98.1327% 163:34:47 $54,962,828.05  

M2/S79 99.5% 99.5% 99.6710% 99.6710% 60.0% 95.6411% 98.1189% 164:47:04 $55,367,613.46 $62,000,000.00 

M2/S506 99.5% 99.5% 85.0% 99.9950% 91.3977% 91.3977% 98.0772% 168:26:21 $56,595,524.56  

M2/S496 99.5% 99.5% 85.0% 99.9820% 91.3977% 91.3977% 98.0745% 168:40:17 $56,673,552.30  

M2/S65 99.5% 99.5% 90.0% 90.0% 95.6411% 95.6411% 98.0590% 170:01:39 $57,129,252.24  

M2/S39 99.5% 99.5% 60.0% 99.7410% 95.6411% 95.6411% 98.0344% 172:11:03 $57,853,907.92  

M2/S486 99.5% 99.5% 85.0% 99.7410% 91.3977% 91.3977% 98.0254% 172:58:35 $58,120,066.68  

M2/S476 99.5% 99.5% 85.0% 99.6710% 91.3977% 91.3977% 98.0111% 174:13:37 $58,540,216.09  

M2/S029 99.5% 99.5% 60.0% 99.6710% 95.6411% 95.6411% 98.0059% 174:41:00 $58,693,640.66  

M2/S110 99.5% 99.5% 99.9950% 99.9950% 50.0% 95.6411% 97.8156% 191:21:11 $64,294,625.47 $122,000,000.00 

M2/S170 99.5% 99.5% 99.9820% 99.9950% 50.0% 95.6411% 97.8153% 191:22:40 $64,302,973.79 $117,000,000.00 

M2/S160 99.5% 99.5% 99.7410% 99.9950% 50.0% 95.6411% 97.8101% 191:50:19 $64,457,738.76 $94,500,000.00 

M2/S100 99.5% 99.5% 99.9820% 99.9820% 50.0% 95.6411% 97.8091% 191:55:21 $64,485,981.17 $112,000,000.00 

M2/S140 99.5% 99.5% 99.6710% 99.9950% 50.0% 95.6411% 97.8085% 191:58:20 $64,502,691.24 $92,000,000.00 

M2/S150 99.5% 99.5% 99.7410% 99.9820% 50.0% 95.6411% 97.8038% 192:23:04 $64,641,187.11 $89,500,000.00 

M2/S130 99.5% 99.5% 99.6710% 99.9820% 50.0% 95.6411% 97.8023% 192:31:07 $64,686,267.68 $87,000,000.00 

M2/S206 99.5% 99.5% 99.9950% 99.9950% 85.0% 85.0% 97.7463% 197:25:33 $66,335,060.58 $122,000,000.00 

M2/S266 99.5% 99.5% 99.9820% 99.9950% 85.0% 85.0% 97.7446% 197:34:16 $66,383,859.37 $117,000,000.00 

M2/S196 99.5% 99.5% 99.9820% 99.9820% 85.0% 85.0% 97.7430% 197:42:59 $66,432,694.11 $112,000,000.00 

M2/S60 99.5% 99.5% 50.0% 99.9950% 95.6411% 95.6411% 97.7206% 199:40:28 $67,090,605.60  

M2/S50 99.5% 99.5% 50.0% 99.9820% 95.6411% 95.6411% 97.7141% 200:14:34 $67,281,555.72  

M2/S256 99.5% 99.5% 99.7410% 99.9950% 85.0% 85.0% 97.7139% 200:15:48 $67,288,513.95 $94,500,000.00 

M2/S246 99.5% 99.5% 99.7410% 99.9820% 85.0% 85.0% 97.7122% 200:24:39 $67,338,014.93 $89,500,000.00 

M2/S236 99.5% 99.5% 99.6710% 99.9950% 85.0% 85.0% 97.7050% 201:02:44 $67,551,276.69 $92,000,000.00 

M2/S226 99.5% 99.5% 99.6710% 99.9820% 85.0% 85.0% 97.7033% 201:11:36 $67,600,971.18 $87,000,000.00 

M2/S90 99.5% 99.5% 99.7410% 99.7410% 50.0% 95.6411% 97.6883% 202:30:22 $68,042,037.32 $67,000,000.00 

M2/S120 99.5% 99.5% 99.6710% 99.7410% 50.0% 95.6411% 97.6867% 202:38:50 $68,089,492.33 $64,500,000.00 

M2/S507 99.5% 99.5% 80.0% 99.9950% 91.3977% 91.3977% 97.6839% 202:53:37 $68,172,208.52  

M2/S186 99.5% 99.5% 99.7410% 99.7410% 85.0% 85.0% 97.6810% 203:08:31 $68,255,686.81 $67,000,000.00 

M2/S497 99.5% 99.5% 80.0% 99.9820% 91.3977% 91.3977% 97.6807% 203:10:24 $68,266,217.72  

M2/S216 99.5% 99.5% 99.6710% 99.7410% 85.0% 85.0% 97.6720% 203:56:07 $68,522,230.51 $64,500,000.00 

M2/S176 99.5% 99.5% 99.6710% 99.6710% 85.0% 85.0% 97.6629% 204:43:54 $68,789,816.21 $62,000,000.00 

M2/S80 99.5% 99.5% 99.6710% 99.6710% 50.0% 95.6411% 97.6531% 205:35:21 $69,077,980.82 $62,000,000.00 

M2/S487 99.5% 99.5% 80.0% 99.7410% 91.3977% 91.3977% 97.6215% 208:21:36 $70,009,003.59  

M2/S514 99.5% 99.5% 92.5% 92.5% 91.3977% 91.3977% 97.6083% 209:30:39 $70,395,614.80  

M2/S477 99.5% 99.5% 80.0% 99.6710% 91.3977% 91.3977% 97.6043% 209:52:00 $70,515,206.96  

M2/S40 99.5% 99.5% 50.0% 99.7410% 95.6411% 95.6411% 97.5939% 210:46:42 $70,821,477.19  

M2/S406 85.0% 85.0% 99.9950% 99.9950% 95.6411% 95.6411% 97.5639% 213:24:19 $71,704,159.07 $122,000,000.00 

M2/S466 85.0% 85.0% 99.9820% 99.9950% 95.6411% 95.6411% 97.5633% 213:27:06 $71,719,769.01 $117,000,000.00 

M2/S396 85.0% 85.0% 99.9820% 99.9820% 95.6411% 95.6411% 97.5628% 213:29:54 $71,735,423.43 $112,000,000.00 

M2/S030 99.5% 99.5% 50.0% 99.6710% 95.6411% 95.6411% 97.5589% 213:50:18 $71,849,670.15  

M2/S456 85.0% 85.0% 99.7410% 99.9950% 95.6411% 95.6411% 97.5535% 214:18:47 $72,009,153.24 $94,500,000.00 

M2/S446 85.0% 85.0% 99.7410% 99.9820% 95.6411% 95.6411% 97.5529% 214:21:43 $72,025,632.19 $89,500,000.00 

M2/S436 85.0% 85.0% 99.6710% 99.9950% 95.6411% 95.6411% 97.5506% 214:33:47 $72,093,206.75 $92,000,000.00 

M2/S426 85.0% 85.0% 99.6710% 99.9820% 95.6411% 95.6411% 97.5501% 214:36:46 $72,109,925.19 $87,000,000.00 

M2/S386 85.0% 85.0% 99.7410% 99.7410% 95.6411% 95.6411% 97.5426% 215:16:16 $72,331,126.58 $67,000,000.00 

M2/S416 85.0% 85.0% 99.6710% 99.7410% 95.6411% 95.6411% 97.5396% 215:32:07 $72,419,859.39 $64,500,000.00 

M2/S376 85.0% 85.0% 99.6710% 99.6710% 95.6411% 95.6411% 97.5365% 215:48:12 $72,509,881.77 $62,000,000.00 

M2/S558 99.5% 99.5% 99.9950% 99.9950% 70.0% 91.3977% 97.4152% 226:25:44 $76,080,120.78 $122,000,000.00 

M2/S618 99.5% 99.5% 99.9820% 99.9950% 70.0% 91.3977% 97.4144% 226:29:51 $76,103,173.41 $117,000,000.00 

M2/S548 99.5% 99.5% 99.9820% 99.9820% 70.0% 91.3977% 97.4108% 226:48:36 $76,208,131.19 $112,000,000.00 

M2/S608 99.5% 99.5% 99.7410% 99.9950% 70.0% 91.3977% 97.3999% 227:46:10 $76,530,533.64 $94,500,000.00 

M2/S598 99.5% 99.5% 99.7410% 99.9820% 70.0% 91.3977% 97.3963% 228:05:01 $76,636,081.39 $89,500,000.00 
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M2/S588 99.5% 99.5% 99.6710% 99.9950% 70.0% 91.3977% 97.3957% 228:08:20 $76,654,663.17 $92,000,000.00 

M2/S578 99.5% 99.5% 99.6710% 99.9820% 70.0% 91.3977% 97.3921% 228:27:13 $76,760,382.28 $87,000,000.00 

M2/S538 99.5% 99.5% 99.7410% 99.7410% 70.0% 91.3977% 97.3298% 233:54:25 $78,592,774.24 $67,000,000.00 

M2/S568 99.5% 99.5% 99.6710% 99.7410% 70.0% 91.3977% 97.3255% 234:17:11 $78,720,251.86 $64,500,000.00 

M2/S528 99.5% 99.5% 99.6710% 99.6710% 70.0% 91.3977% 97.3062% 235:58:50 $79,289,508.59 $62,000,000.00 

M2/S756 85.0% 85.0% 99.9950% 99.9950% 91.3977% 91.3977% 97.0259% 260:31:58 $87,539,020.21 $122,000,000.00 

M2/S816 85.0% 85.0% 99.9820% 99.9950% 91.3977% 91.3977% 97.0249% 260:37:13 $87,568,443.09 $117,000,000.00 

M2/S746 85.0% 85.0% 99.9820% 99.9820% 91.3977% 91.3977% 97.0239% 260:42:29 $87,597,906.59 $112,000,000.00 

M2/S806 85.0% 85.0% 99.7410% 99.9950% 91.3977% 91.3977% 97.0063% 262:14:37 $88,113,897.98 $94,500,000.00 

M2/S796 85.0% 85.0% 99.7410% 99.9820% 91.3977% 91.3977% 97.0053% 262:20:01 $88,144,114.47 $89,500,000.00 

M2/S786 85.0% 85.0% 99.6710% 99.9950% 91.3977% 91.3977% 97.0010% 262:42:55 $88,272,328.86 $92,000,000.00 

M2/S776 85.0% 85.0% 99.6710% 99.9820% 91.3977% 91.3977% 96.9999% 262:48:21 $88,302,764.06 $87,000,000.00 

M2/S736 85.0% 85.0% 99.7410% 99.7410% 91.3977% 91.3977% 96.9863% 264:00:03 $88,704,281.68 $67,000,000.00 

M2/S766 85.0% 85.0% 99.6710% 99.7410% 91.3977% 91.3977% 96.9808% 264:29:06 $88,866,985.85 $64,500,000.00 

M2/S726 85.0% 85.0% 99.6710% 99.6710% 91.3977% 91.3977% 96.9752% 264:58:22 $89,030,867.70 $62,000,000.00 

M2/S508 99.5% 99.5% 70.0% 99.9950% 91.3977% 91.3977% 96.8972% 271:48:08 $91,325,576.45  

M2/S498 99.5% 99.5% 70.0% 99.9820% 91.3977% 91.3977% 96.8930% 272:10:38 $91,451,548.55  

M2/S515 99.5% 99.5% 90.0% 90.0% 91.3977% 91.3977% 96.8498% 275:57:40 $92,722,897.22  

M2/S488 99.5% 99.5% 70.0% 99.7410% 91.3977% 91.3977% 96.8136% 279:07:39 $93,786,877.41  

M2/S478 99.5% 99.5% 70.0% 99.6710% 91.3977% 91.3977% 96.7906% 281:08:47 $94,465,188.70  

M2/S559 99.5% 99.5% 99.9950% 99.9950% 60.0% 91.3977% 96.5546% 301:49:11 $101,411,410.95 $122,000,000.00 

M2/S619 99.5% 99.5% 99.9820% 99.9950% 60.0% 91.3977% 96.5539% 301:52:43 $101,431,170.34 $117,000,000.00 

M2/S549 99.5% 99.5% 99.9820% 99.9820% 60.0% 91.3977% 96.5491% 302:17:42 $101,571,093.07 $112,000,000.00 

M2/S609 99.5% 99.5% 99.7410% 99.9950% 60.0% 91.3977% 96.5415% 302:58:07 $101,797,479.11 $94,500,000.00 

M2/S589 99.5% 99.5% 99.6710% 99.9950% 60.0% 91.3977% 96.5378% 303:17:07 $101,903,875.85 $92,000,000.00 

M2/S599 99.5% 99.5% 99.7410% 99.9820% 60.0% 91.3977% 96.5367% 303:23:12 $101,937,907.53 $89,500,000.00 

M2/S579 99.5% 99.5% 99.6710% 99.9820% 60.0% 91.3977% 96.5331% 303:42:13 $102,044,451.14 $87,000,000.00 

M2/S66 99.5% 99.5% 85.0% 85.0% 95.6411% 95.6411% 96.4988% 306:42:21 $103,053,129.20  

M2/S539 99.5% 99.5% 99.7410% 99.7410% 60.0% 91.3977% 96.4482% 311:08:05 $104,541,234.23 $67,000,000.00 

M2/S569 99.5% 99.5% 99.6710% 99.7410% 60.0% 91.3977% 96.4445% 311:27:35 $104,650,500.76 $64,500,000.00 

M2/S529 99.5% 99.5% 99.6710% 99.6710% 60.0% 91.3977% 96.4188% 313:42:45 $105,407,444.63 $62,000,000.00 

M2/S509 99.5% 99.5% 60.0% 99.9950% 91.3977% 91.3977% 96.1106% 340:42:40 $114,478,944.38  

M2/S499 99.5% 99.5% 60.0% 99.9820% 91.3977% 91.3977% 96.1052% 341:10:52 $114,636,879.38  

M2/S489 99.5% 99.5% 60.0% 99.7410% 91.3977% 91.3977% 96.0058% 349:53:42 $117,564,751.23  

M2/S207 99.5% 99.5% 99.9950% 99.9950% 80.0% 80.0% 95.9960% 350:45:01 $117,852,137.93 $122,000,000.00 

M2/S267 99.5% 99.5% 99.9820% 99.9950% 80.0% 80.0% 95.9939% 350:55:58 $117,913,370.53 $117,000,000.00 

M2/S197 99.5% 99.5% 99.9820% 99.9820% 80.0% 80.0% 95.9918% 351:06:54 $117,974,634.97 $112,000,000.00 

M2/S479 99.5% 99.5% 60.0% 99.6710% 91.3977% 91.3977% 95.9769% 352:25:34 $118,415,170.44  

M2/S257 99.5% 99.5% 99.7410% 99.9950% 80.0% 80.0% 95.9554% 354:18:40 $119,048,528.76 $94,500,000.00 

M2/S247 99.5% 99.5% 99.7410% 99.9820% 80.0% 80.0% 95.9533% 354:29:43 $119,110,383.36 $89,500,000.00 

M2/S237 99.5% 99.5% 99.6710% 99.9950% 80.0% 80.0% 95.9442% 355:17:33 $119,378,242.77 $92,000,000.00 

M2/S227 99.5% 99.5% 99.6710% 99.9820% 80.0% 80.0% 95.9420% 355:28:37 $119,440,268.79 $87,000,000.00 

M2/S187 99.5% 99.5% 99.7410% 99.7410% 80.0% 80.0% 95.9143% 357:54:29 $120,257,072.49 $67,000,000.00 

M2/S217 99.5% 99.5% 99.6710% 99.7410% 80.0% 80.0% 95.9030% 358:53:57 $120,590,135.72 $64,500,000.00 

M2/S177 99.5% 99.5% 99.6710% 99.6710% 80.0% 80.0% 95.8916% 359:53:36 $120,924,121.97 $62,000,000.00 

M2/S407 80.0% 80.0% 99.9950% 99.9950% 95.6411% 95.6411% 95.8172% 366:24:48 $123,114,877.45 $122,000,000.00 

M2/S467 80.0% 80.0% 99.9820% 99.9950% 95.6411% 95.6411% 95.8167% 366:27:32 $123,130,207.93 $117,000,000.00 

M2/S397 80.0% 80.0% 99.9820% 99.9820% 95.6411% 95.6411% 95.8162% 366:30:17 $123,145,582.09 $112,000,000.00 

M2/S457 80.0% 80.0% 99.7410% 99.9950% 95.6411% 95.6411% 95.8070% 367:18:17 $123,414,411.36 $94,500,000.00 

M2/S447 80.0% 80.0% 99.7410% 99.9820% 95.6411% 95.6411% 95.8065% 367:21:11 $123,430,595.30 $89,500,000.00 

M2/S437 80.0% 80.0% 99.6710% 99.9950% 95.6411% 95.6411% 95.8042% 367:33:02 $123,496,960.08 $92,000,000.00 

M2/S427 80.0% 80.0% 99.6710% 99.9820% 95.6411% 95.6411% 95.8037% 367:35:58 $123,513,379.21 $87,000,000.00 

M2/S387 80.0% 80.0% 99.7410% 99.7410% 95.6411% 95.6411% 95.7963% 368:14:45 $123,730,620.48 $67,000,000.00 

M2/S417 80.0% 80.0% 99.6710% 99.7410% 95.6411% 95.6411% 95.7933% 368:30:19 $123,817,764.72 $64,500,000.00 

M2/S377 80.0% 80.0% 99.6710% 99.6710% 95.6411% 95.6411% 95.7903% 368:46:06 $123,906,175.45 $62,000,000.00 

M2/S560 99.5% 99.5% 99.9950% 99.9950% 50.0% 91.3977% 95.6939% 377:12:38 $126,742,701.12 $122,000,000.00 

M2/S620 99.5% 99.5% 99.9820% 99.9950% 50.0% 91.3977% 95.6934% 377:15:34 $126,759,167.28 $117,000,000.00 

M2/S550 99.5% 99.5% 99.9820% 99.9820% 50.0% 91.3977% 95.6874% 377:46:48 $126,934,054.95 $112,000,000.00 

M2/S610 99.5% 99.5% 99.7410% 99.9950% 50.0% 91.3977% 95.6830% 378:10:05 $127,064,424.59 $94,500,000.00 

M2/S590 99.5% 99.5% 99.6710% 99.9950% 50.0% 91.3977% 95.6800% 378:25:55 $127,153,088.54 $92,000,000.00 

M2/S600 99.5% 99.5% 99.7410% 99.9820% 50.0% 91.3977% 95.6771% 378:41:23 $127,239,733.66 $89,500,000.00 

M2/S580 99.5% 99.5% 99.6710% 99.9820% 50.0% 91.3977% 95.6740% 378:57:14 $127,328,520.01 $87,000,000.00 

M2/S540 99.5% 99.5% 99.7410% 99.7410% 50.0% 91.3977% 95.5666% 388:21:44 $130,489,694.22 $67,000,000.00 

M2/S570 99.5% 99.5% 99.6710% 99.7410% 50.0% 91.3977% 95.5635% 388:37:59 $130,580,749.66 $64,500,000.00 

M2/S530 99.5% 99.5% 99.6710% 99.6710% 50.0% 91.3977% 95.5315% 391:26:41 $131,525,380.68 $62,000,000.00 

M2/S510 99.5% 99.5% 50.0% 99.9950% 91.3977% 91.3977% 95.3240% 409:37:12 $137,632,312.31  

M2/S500 99.5% 99.5% 50.0% 99.9820% 91.3977% 91.3977% 95.3175% 410:11:07 $137,822,210.20  

M2/S757 80.0% 80.0% 99.9950% 99.9950% 91.3977% 91.3977% 95.2888% 412:41:50 $138,666,250.03 $122,000,000.00 

M2/S817 80.0% 80.0% 99.9820% 99.9950% 91.3977% 91.3977% 95.2879% 412:46:59 $138,695,146.16 $117,000,000.00 

M2/S747 80.0% 80.0% 99.9820% 99.9820% 91.3977% 91.3977% 95.2869% 412:52:09 $138,724,082.17 $112,000,000.00 

M2/S807 80.0% 80.0% 99.7410% 99.9950% 91.3977% 91.3977% 95.2697% 414:22:39 $139,230,835.87 $94,500,000.00 

M2/S797 80.0% 80.0% 99.7410% 99.9820% 91.3977% 91.3977% 95.2687% 414:27:57 $139,260,511.40 $89,500,000.00 

M2/S787 80.0% 80.0% 99.6710% 99.9950% 91.3977% 91.3977% 95.2644% 414:50:26 $139,386,430.39 $92,000,000.00 

M2/S777 80.0% 80.0% 99.6710% 99.9820% 91.3977% 91.3977% 95.2634% 414:55:46 $139,416,320.71 $87,000,000.00 

M2/S737 80.0% 80.0% 99.7410% 99.7410% 91.3977% 91.3977% 95.2500% 416:06:11 $139,810,650.04 $67,000,000.00 

M2/S767 80.0% 80.0% 99.6710% 99.7410% 91.3977% 91.3977% 95.2445% 416:34:43 $139,970,441.35 $64,500,000.00 

M2/S727 80.0% 80.0% 99.6710% 99.6710% 91.3977% 91.3977% 95.2391% 417:03:28 $140,131,389.25 $62,000,000.00 

M2/S490 99.5% 99.5% 50.0% 99.7410% 91.3977% 91.3977% 95.1979% 420:39:45 $141,342,625.05  

M2/S480 99.5% 99.5% 50.0% 99.6710% 91.3977% 91.3977% 95.1632% 423:42:21 $142,365,152.19  

M2/S516 99.5% 99.5% 85.0% 85.0% 91.3977% 91.3977% 95.0194% 436:18:08 $146,597,529.32  

M2/S67 99.5% 99.5% 80.0% 80.0% 95.6411% 95.6411% 94.4812% 483:26:52 $162,438,450.36  

M2/S517 99.5% 99.5% 80.0% 80.0% 91.3977% 91.3977% 92.7713% 633:13:51 $212,765,584.46  

M2/S208 99.5% 99.5% 99.9950% 99.9950% 70.0% 70.0% 90.9956% 788:47:00 $265,031,174.06 $122,000,000.00 

M2/S268 99.5% 99.5% 99.9820% 99.9950% 70.0% 70.0% 90.9929% 789:01:21 $265,111,535.15 $117,000,000.00 

M2/S198 99.5% 99.5% 99.9820% 99.9820% 70.0% 70.0% 90.9902% 789:15:42 $265,191,920.62 $112,000,000.00 

M2/S258 99.5% 99.5% 99.7410% 99.9950% 70.0% 70.0% 90.9423% 793:27:23 $266,601,306.20 $94,500,000.00 

M2/S248 99.5% 99.5% 99.7410% 99.9820% 70.0% 70.0% 90.9395% 793:41:49 $266,682,143.51 $89,500,000.00 

M2/S238 99.5% 99.5% 99.6710% 99.9950% 70.0% 70.0% 90.9276% 794:44:39 $267,034,019.78 $92,000,000.00 

M2/S228 99.5% 99.5% 99.6710% 99.9820% 70.0% 70.0% 90.9248% 794:59:06 $267,114,988.33 $87,000,000.00 

M2/S188 99.5% 99.5% 99.7410% 99.7410% 70.0% 70.0% 90.8886% 798:09:25 $268,180,742.89 $67,000,000.00 

M2/S218 99.5% 99.5% 99.6710% 99.7410% 70.0% 70.0% 90.8738% 799:27:09 $268,616,020.73 $64,500,000.00 

M2/S178 99.5% 99.5% 99.6710% 99.6710% 70.0% 70.0% 90.8590% 800:45:00 $269,052,005.24 $62,000,000.00 
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M2/S408 70.0% 70.0% 99.9950% 99.9950% 95.6411% 95.6411% 90.8267% 803:34:45 $270,002,644.25 $122,000,000.00 

M2/S468 70.0% 70.0% 99.9820% 99.9950% 95.6411% 95.6411% 90.8262% 803:37:21 $270,017,176.27 $117,000,000.00 

M2/S398 70.0% 70.0% 99.9820% 99.9820% 95.6411% 95.6411% 90.8257% 803:39:57 $270,031,749.69 $112,000,000.00 

M2/S458 70.0% 70.0% 99.7410% 99.9950% 95.6411% 95.6411% 90.8171% 804:25:28 $270,286,577.44 $94,500,000.00 

M2/S448 70.0% 70.0% 99.7410% 99.9820% 95.6411% 95.6411% 90.8166% 804:28:12 $270,301,918.46 $89,500,000.00 

M2/S438 70.0% 70.0% 99.6710% 99.9950% 95.6411% 95.6411% 90.8144% 804:39:26 $270,364,826.74 $92,000,000.00 

M2/S428 70.0% 70.0% 99.6710% 99.9820% 95.6411% 95.6411% 90.8139% 804:42:13 $270,380,390.71 $87,000,000.00 

M2/S388 70.0% 70.0% 99.7410% 99.7410% 95.6411% 95.6411% 90.8069% 805:18:59 $270,586,317.33 $67,000,000.00 

M2/S418 70.0% 70.0% 99.6710% 99.7410% 95.6411% 95.6411% 90.8041% 805:33:44 $270,668,922.81 $64,500,000.00 

M2/S378 70.0% 70.0% 99.6710% 99.6710% 95.6411% 95.6411% 90.8012% 805:48:42 $270,752,728.81 $62,000,000.00 

M2/S758 70.0% 70.0% 99.9950% 99.9950% 91.3977% 91.3977% 90.3259% 847:27:09 $284,744,049.51 $122,000,000.00 

M2/S818 70.0% 70.0% 99.9820% 99.9950% 91.3977% 91.3977% 90.3250% 847:32:03 $284,771,440.63 $117,000,000.00 

M2/S748 70.0% 70.0% 99.9820% 99.9820% 91.3977% 91.3977% 90.3240% 847:36:56 $284,798,869.56 $112,000,000.00 

M2/S808 70.0% 70.0% 99.7410% 99.9950% 91.3977% 91.3977% 90.3077% 849:02:43 $285,279,229.83 $94,500,000.00 

M2/S798 70.0% 70.0% 99.7410% 99.9820% 91.3977% 91.3977% 90.3067% 849:07:45 $285,307,359.76 $89,500,000.00 

M2/S788 70.0% 70.0% 99.6710% 99.9950% 91.3977% 91.3977% 90.3027% 849:29:03 $285,426,720.47 $92,000,000.00 

M2/S778 70.0% 70.0% 99.6710% 99.9820% 91.3977% 91.3977% 90.3017% 849:34:07 $285,455,054.01 $87,000,000.00 

M2/S738 70.0% 70.0% 99.7410% 99.7410% 91.3977% 91.3977% 90.2890% 850:40:52 $285,828,845.35 $67,000,000.00 

M2/S768 70.0% 70.0% 99.6710% 99.7410% 91.3977% 91.3977% 90.2839% 851:07:55 $285,980,314.19 $64,500,000.00 

M2/S728 70.0% 70.0% 99.6710% 99.6710% 91.3977% 91.3977% 90.2787% 851:35:09 $286,132,879.39 $62,000,000.00 

M2/S68 99.5% 99.5% 70.0% 70.0% 95.6411% 95.6411% 89.0739% 957:07:24 $321,593,425.29  

M2/S518 99.5% 99.5% 70.0% 70.0% 91.3977% 91.3977% 87.0222% 1136:51:04 $381,981,963.86  

M2/S209 99.5% 99.5% 99.9950% 99.9950% 60.0% 60.0% 83.9955% 1401:59:39 $471,070,052.08 $122,000,000.00 

M2/S269 99.5% 99.5% 99.9820% 99.9950% 60.0% 60.0% 83.9924% 1402:16:03 $471,161,889.51 $117,000,000.00 

M2/S199 99.5% 99.5% 99.9820% 99.9820% 60.0% 60.0% 83.9893% 1402:32:27 $471,253,744.84 $112,000,000.00 

M2/S259 99.5% 99.5% 99.7410% 99.9950% 60.0% 60.0% 83.9345% 1407:20:04 $472,864,414.05 $94,500,000.00 

M2/S249 99.5% 99.5% 99.7410% 99.9820% 60.0% 60.0% 83.9314% 1407:36:32 $472,956,601.35 $89,500,000.00 

M2/S239 99.5% 99.5% 99.6710% 99.9950% 60.0% 60.0% 83.9177% 1408:48:23 $473,358,923.25 $92,000,000.00 

M2/S229 99.5% 99.5% 99.6710% 99.9820% 60.0% 60.0% 83.9146% 1409:04:52 $473,451,206.97 $87,000,000.00 

M2/S189 99.5% 99.5% 99.7410% 99.7410% 60.0% 60.0% 83.8733% 1412:41:43 $474,665,612.02 $67,000,000.00 

M2/S219 99.5% 99.5% 99.6710% 99.7410% 60.0% 60.0% 83.8565% 1414:10:21 $475,162,005.16 $64,500,000.00 

M2/S409 60.0% 60.0% 99.9950% 99.9950% 95.6411% 95.6411% 83.8400% 1415:36:42 $475,645,517.77 $122,000,000.00 

M2/S179 99.5% 99.5% 99.6710% 99.6710% 60.0% 60.0% 83.8396% 1415:39:06 $475,658,917.50 $62,000,000.00 

M2/S469 60.0% 60.0% 99.9820% 99.9950% 95.6411% 95.6411% 83.8396% 1415:39:06 $475,658,931.94 $117,000,000.00 

M2/S399 60.0% 60.0% 99.9820% 99.9820% 95.6411% 95.6411% 83.8391% 1415:41:30 $475,672,384.33 $112,000,000.00 

M2/S459 60.0% 60.0% 99.7410% 99.9950% 95.6411% 95.6411% 83.8311% 1416:23:30 $475,907,609.94 $94,500,000.00 

M2/S449 60.0% 60.0% 99.7410% 99.9820% 95.6411% 95.6411% 83.8307% 1416:26:02 $475,921,770.88 $89,500,000.00 

M2/S439 60.0% 60.0% 99.6710% 99.9950% 95.6411% 95.6411% 83.8287% 1416:36:24 $475,979,840.07 $92,000,000.00 

M2/S429 60.0% 60.0% 99.6710% 99.9820% 95.6411% 95.6411% 83.8282% 1416:38:58 $475,994,206.81 $87,000,000.00 

M2/S389 60.0% 60.0% 99.7410% 99.7410% 95.6411% 95.6411% 83.8217% 1417:12:55 $476,184,292.92 $67,000,000.00 

M2/S419 60.0% 60.0% 99.6710% 99.7410% 95.6411% 95.6411% 83.8192% 1417:26:32 $476,260,544.13 $64,500,000.00 

M2/S379 60.0% 60.0% 99.6710% 99.6710% 95.6411% 95.6411% 83.8165% 1417:40:20 $476,337,903.52 $62,000,000.00 

M2/S759 60.0% 60.0% 99.9950% 99.9950% 91.3977% 91.3977% 83.3777% 1456:06:36 $489,252,968.78 $122,000,000.00 

M2/S819 60.0% 60.0% 99.9820% 99.9950% 91.3977% 91.3977% 83.3769% 1456:11:07 $489,278,252.89 $117,000,000.00 

M2/S749 60.0% 60.0% 99.9820% 99.9820% 91.3977% 91.3977% 83.3760% 1456:15:38 $489,303,571.90 $112,000,000.00 

M2/S809 60.0% 60.0% 99.7410% 99.9950% 91.3977% 91.3977% 83.3610% 1457:34:49 $489,746,981.38 $94,500,000.00 

M2/S799 60.0% 60.0% 99.7410% 99.9820% 91.3977% 91.3977% 83.3601% 1457:39:27 $489,772,947.47 $89,500,000.00 

M2/S789 60.0% 60.0% 99.6710% 99.9950% 91.3977% 91.3977% 83.3563% 1457:59:08 $489,883,126.59 $92,000,000.00 

M2/S779 60.0% 60.0% 99.6710% 99.9820% 91.3977% 91.3977% 83.3554% 1458:03:48 $489,909,280.63 $87,000,000.00 

M2/S739 60.0% 60.0% 99.7410% 99.7410% 91.3977% 91.3977% 83.3437% 1459:05:25 $490,254,318.78 $67,000,000.00 

M2/S769 60.0% 60.0% 99.6710% 99.7410% 91.3977% 91.3977% 83.3390% 1459:30:23 $490,394,136.18 $64,500,000.00 

M2/S729 60.0% 60.0% 99.6710% 99.6710% 91.3977% 91.3977% 83.3342% 1459:55:32 $490,534,965.59 $62,000,000.00 

M2/S69 99.5% 99.5% 60.0% 60.0% 95.6411% 95.6411% 81.8373% 1591:03:15 $534,594,177.01  

M2/S519 99.5% 99.5% 60.0% 60.0% 91.3977% 91.3977% 79.6025% 1786:49:18 $600,372,035.41  

M2/S210 99.5% 99.5% 99.9950% 99.9950% 50.0% 50.0% 74.9956% 2190:23:00 $735,968,772.00 $122,000,000.00 

M2/S270 99.5% 99.5% 99.9820% 99.9950% 50.0% 50.0% 74.9924% 2190:40:05 $736,064,433.59 $117,000,000.00 

M2/S200 99.5% 99.5% 99.9820% 99.9820% 50.0% 50.0% 74.9891% 2190:57:10 $736,160,107.62 $112,000,000.00 

M2/S260 99.5% 99.5% 99.7410% 99.9950% 50.0% 50.0% 74.9321% 2195:56:46 $737,837,852.32 $94,500,000.00 

M2/S250 99.5% 99.5% 99.7410% 99.9820% 50.0% 50.0% 74.9289% 2196:13:53 $737,933,756.88 $89,500,000.00 

M2/S240 99.5% 99.5% 99.6710% 99.9950% 50.0% 50.0% 74.9146% 2197:28:44 $738,352,953.20 $92,000,000.00 

M2/S230 99.5% 99.5% 99.6710% 99.9820% 50.0% 50.0% 74.9114% 2197:45:53 $738,448,924.72 $87,000,000.00 

M2/S190 99.5% 99.5% 99.7410% 99.7410% 50.0% 50.0% 74.8685% 2201:31:22 $739,711,679.87 $67,000,000.00 

M2/S410 50.0% 50.0% 99.9950% 99.9950% 95.6411% 95.6411% 74.8572% 2202:30:37 $740,043,498.01 $122,000,000.00 

M2/S470 50.0% 50.0% 99.9820% 99.9950% 95.6411% 95.6411% 74.8568% 2202:32:46 $740,055,474.95 $117,000,000.00 

M2/S400 50.0% 50.0% 99.9820% 99.9820% 95.6411% 95.6411% 74.8564% 2202:34:54 $740,067,486.01 $112,000,000.00 

M2/S220 99.5% 99.5% 99.6710% 99.7410% 50.0% 50.0% 74.8509% 2203:03:35 $740,228,089.04 $64,500,000.00 

M2/S460 50.0% 50.0% 99.7410% 99.9950% 95.6411% 95.6411% 74.8492% 2203:12:25 $740,277,508.88 $94,500,000.00 

M2/S450 50.0% 50.0% 99.7410% 99.9820% 95.6411% 95.6411% 74.8488% 2203:14:40 $740,290,152.57 $89,500,000.00 

M2/S440 50.0% 50.0% 99.6710% 99.9950% 95.6411% 95.6411% 74.8470% 2203:23:56 $740,342,000.06 $92,000,000.00 

M2/S430 50.0% 50.0% 99.6710% 99.9820% 95.6411% 95.6411% 74.8466% 2203:26:13 $740,354,827.51 $87,000,000.00 

M2/S390 50.0% 50.0% 99.7410% 99.7410% 95.6411% 95.6411% 74.8408% 2203:56:32 $740,524,547.25 $67,000,000.00 

M2/S420 50.0% 50.0% 99.6710% 99.7410% 95.6411% 95.6411% 74.8385% 2204:08:41 $740,592,628.69 $64,500,000.00 

M2/S380 50.0% 50.0% 99.6710% 99.6710% 95.6411% 95.6411% 74.8362% 2204:21:01 $740,661,699.57 $62,000,000.00 

M2/S180 99.5% 99.5% 99.6710% 99.6710% 50.0% 50.0% 74.8334% 2204:35:52 $740,744,858.76 $62,000,000.00 

M2/S760 50.0% 50.0% 99.9950% 99.9950% 91.3977% 91.3977% 74.4444% 2238:40:11 $752,193,007.84 $122,000,000.00 

M2/S820 50.0% 50.0% 99.9820% 99.9950% 91.3977% 91.3977% 74.4436% 2238:44:13 $752,215,582.93 $117,000,000.00 

M2/S750 50.0% 50.0% 99.9820% 99.9820% 91.3977% 91.3977% 74.4429% 2238:48:15 $752,238,189.20 $112,000,000.00 

M2/S810 50.0% 50.0% 99.7410% 99.9950% 91.3977% 91.3977% 74.4294% 2239:58:57 $752,634,090.52 $94,500,000.00 

M2/S800 50.0% 50.0% 99.7410% 99.9820% 91.3977% 91.3977% 74.4286% 2240:03:05 $752,657,274.53 $89,500,000.00 

M2/S790 50.0% 50.0% 99.6710% 99.9950% 91.3977% 91.3977% 74.4253% 2240:20:39 $752,755,648.74 $92,000,000.00 

M2/S780 50.0% 50.0% 99.6710% 99.9820% 91.3977% 91.3977% 74.4245% 2240:24:49 $752,779,000.56 $87,000,000.00 

M2/S740 50.0% 50.0% 99.7410% 99.7410% 91.3977% 91.3977% 74.4140% 2241:19:50 $753,087,070.34 $67,000,000.00 

M2/S770 50.0% 50.0% 99.6710% 99.7410% 91.3977% 91.3977% 74.4098% 2241:42:08 $753,211,907.30 $64,500,000.00 

M2/S730 50.0% 50.0% 99.6710% 99.6710% 91.3977% 91.3977% 74.4055% 2242:04:35 $753,337,647.85 $62,000,000.00 

M2/S70 99.5% 99.5% 50.0% 50.0% 95.6411% 95.6411% 72.7712% 2385:14:25 $801,440,705.52  

M2/S520 99.5% 99.5% 50.0% 50.0% 91.3977% 91.3977% 70.5121% 2583:08:32 $867,935,799.12  
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APPENDIX E – MODEL 4 SCENARIOS 

Results are sorted by output, highest to lowest. 

Note that the results have been colour coded to enable easier interpretation. The following 

table provides the inputs for each model and the corresponding colour.  

Cloud uptime figures Expected downtime 
HH:MM:SS Amazon/Azure SLA 

Minimum 95.000% 438:00:00 

Target 99.990% 0:52:34 

5 nines 99.999% 0:05:15 

Reported 100% 0:00:00 

From Gartner  
Source Figures Split 

Minimum HA IT 99.26% 91.398% 64:49:26 

Best-of-Class (BoC) 99.81% 95.641% 16:38:38 

Variable Inputs 

 Source Figures 

50.0% 4380:00:00 

60.0% 3504:00:00 

70.0% 2628:00:00 

80.0% 1752:00:00 

85.0% 1314:00:00 

90.0% 876:00:00 

92.5% 657:00:00 

95.0% 438:00:00 

97.5% 219:00:00 

100.0% 0:00:00 

 
This table provide a summary of the scenario groups that were described in Chapter 7 

Scenario group description Count 

Cloud location (x4), Minimum IT 4 

Cloud location (x4), BoC IT 4 

Cloud location variable inputs (x8), Minimum IT 8 

Cloud location variable inputs (x8), BoC IT 8 

Cloud location (x4), variable IT inputs (x10) 40 
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Scenario # Cloud location IT system Output 
Downtime / year 

(HH:MM:SS) 
Cost of downtime 

M4/S64 100% 100% 100.000% 0:00:00 $0.00 

M4/S54 99.999% 100% 99.999% 0:05:15 $29,433.60 

M4/S44 99.99% 100% 99.990% 0:52:34 $294,336.00 

M4/S63 100% 97.5% 97.500% 219:00:00 $73,584,000.00 

M4/S53 99.999% 97.5% 97.499% 219:05:07 $73,612,697.76 

M4/S43 99.99% 97.5% 97.490% 219:51:15 $73,870,977.60 

M4/S04 100% 95.641% 95.641% 381:50:23 $128,298,119.04 

M4/S03 99.999% 95.641% 95.640% 381:55:24 $128,326,269.66 

M4/S02 99.99% 95.641% 95.632% 382:40:39 $128,579,625.23 

M4/S34 95% 100% 95.000% 438:00:00 $147,168,000.00 

M4/S62 100% 95% 95.000% 438:00:00 $147,168,000.00 

M4/S52 99.999% 95% 94.999% 438:05:00 $147,195,961.92 

M4/S42 99.99% 95% 94.991% 438:49:56 $147,447,619.20 

M4/S16 97.5% 95.641% 93.250% 591:17:37 $198,674,666.06 

M4/S33 95% 97.5% 92.625% 646:03:00 $217,072,800.00 

M4/S61 100% 92.5% 92.500% 657:00:00 $220,752,000.00 

M4/S51 99.999% 92.5% 92.499% 657:04:52 $220,779,226.08 

M4/S41 99.99% 92.5% 92.491% 657:48:37 $221,024,260.80 

M4/S08 100% 91.398% 91.398% 753:33:49 $253,197,393.12 

M4/S07 99.999% 91.398% 91.397% 753:38:37 $253,224,294.75 

M4/S06 99.99% 91.398% 91.389% 754:21:52 $253,466,409.38 

M4/S01 95% 95.641% 90.859% 800:44:52 $269,051,213.09 

M4/S32 95% 95% 90.250% 854:06:00 $286,977,600.00 

M4/S60 100% 90% 90.000% 876:00:00 $294,336,000.00 

M4/S50 99.999% 90% 89.999% 876:04:44 $294,362,490.24 

M4/S40 99.99% 90% 89.991% 876:47:18 $294,600,902.40 

M4/S24 97.5% 91.398% 89.113% 953:43:28 $320,451,458.29 

M4/S15 92.5% 95.641% 88.468% 1010:12:06 $339,427,760.11 

M4/S31 95% 92.5% 87.875% 1062:09:00 $356,882,400.00 

M4/S05 95% 91.398% 86.828% 1153:53:08 $387,705,523.46 

M4/S14 90% 95.641% 86.077% 1219:39:20 $409,804,307.14 

M4/S30 95% 90% 85.500% 1270:12:00 $426,787,200.00 

M4/S59 100% 85% 85.000% 1314:00:00 $441,504,000.00 

M4/S49 99.999% 85% 84.999% 1314:04:28 $441,529,018.56 

M4/S39 99.99% 85% 84.992% 1314:44:41 $441,754,185.60 

M4/S23 92.5% 91.398% 84.543% 1354:02:47 $454,959,588.64 

M4/S22 90% 91.398% 82.258% 1554:12:26 $522,213,653.81 

M4/S13 85.0% 95.641% 81.295% 1638:33:49 $550,557,401.18 

M4/S29 95% 85% 80.750% 1686:18:00 $566,596,800.00 

M4/S58 100% 80% 80.000% 1752:00:00 $588,672,000.00 

M4/S48 99.999% 80% 79.999% 1752:04:12 $588,695,546.88 

M4/S38 99.99% 80% 79.992% 1752:42:03 $588,907,468.80 

M4/S21 85.0% 91.398% 77.688% 1954:31:45 $656,721,784.15 

M4/S12 80% 95.641% 76.513% 2057:28:18 $691,310,495.23 

M4/S28 95% 80% 76.000% 2102:24:00 $706,406,400.00 

M4/S20 80% 91.398% 73.118% 2354:51:03 $791,229,914.50 

M4/S57 100% 70% 70.000% 2628:00:00 $883,008,000.00 

M4/S47 99.999% 70% 69.999% 2628:03:41 $883,028,603.52 

M4/S37 99.99% 70% 69.993% 2628:36:48 $883,214,035.20 

M4/S11 70% 95.641% 66.949% 2895:17:16 $972,816,683.33 

M4/S27 95% 70% 66.500% 2934:36:00 $986,025,600.00 

M4/S19 70% 91.398% 63.978% 3155:29:40 $1,060,246,175.18 

M4/S56 100% 60% 60.000% 3504:00:00 $1,177,344,000.00 

M4/S46 99.999% 60% 59.999% 3504:03:09 $1,177,361,660.16 

M4/S36 99.99% 60% 59.994% 3504:31:32 $1,177,520,601.60 

M4/S10 60% 95.641% 57.385% 3733:06:14 $1,254,322,871.42 

M4/S26 95% 60% 57.000% 3766:48:00 $1,265,644,800.00 

M4/S18 60% 91.398% 54.839% 3956:08:18 $1,329,262,435.87 

M4/S55 100% 50% 50.000% 4380:00:00 $1,471,680,000.00 

M4/S45 99.999% 50% 50.000% 4380:02:38 $1,471,694,716.80 

M4/S35 99.99% 50% 49.995% 4380:26:17 $1,471,827,168.00 

M4/S09 50% 95.641% 47.821% 4570:55:11 $1,535,829,059.52 

M4/S25 95% 50% 47.500% 4599:00:00 $1,545,264,000.00 

M4/S17 50% 91.398% 45.699% 4756:46:55 $1,598,278,696.56 
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APPENDIX F – MODEL 11 SCENARIOS 

Results are sorted by output, highest to lowest. 

Note that the results have been colour coded to enable easier interpretation. The following 

table provides the inputs for each model and the corresponding colour.  

From Uptime Institute Expected downtime 
HH:MM:SS Source Figures 

Tier I 99.671% 28:49:13 

Tier II 99.741% 22:41:18 

Tier III 99.982% 1:34:36 

Tier IV 99.995% 0:26:17 

From Gartner  
Source Figures Split 

Minimum HA IT 99.26% 91.398% 64:49:26 

Best-of-Class (BoC) 99.81% 95.641% 16:38:38 

Networking  
Source Figures 

Individual network link 99.5% 43:48:00 

Variable Inputs 

 Source Figures 

50.0% 4380:00:00 

60.0% 3504:00:00 
70.0% 2628:00:00 

80.0% 1752:00:00 

85.0% 1314:00:00 

90.0% 876:00:00 

92.5% 657:00:00 

95.0% 438:00:00 

97.5% 219:00:00 

100.0% 0:00:00 
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This table provide a summary of the scenario groups that were described in Chapter 7. 

Scenario group description Count 

redundant networks, BoC HA IT, cycled DC combinations (x10) 10 

redundant networks, minimum HA IT, cycled DC combinations (x10) 10 

redundant networks, BoC HA IT, 1x DC with cycling DC tiers (x4), 1x DC with varied inputs 
(x10) 40 

redundant networks, BoC HA IT, 2x DCs with matching varied inputs (x10) 10 

redundant networks, cycled DC combinations (x10), 3x BoC HA IT nodes and 1 node with 
varied inputs (x10) 100 

redundant networks, cycled DC combinations (x10), 2x BoC HA IT nodes and 2 nodes with 
varied inputs (x10) 100 

redundant networks, cycled DC combinations (x10), 1x BoC HA IT node and 3 nodes with 
varied inputs (x10) 100 

redundant networks, cycled DC combinations (x10), all 4 IT nodes with matching varied 
inputs (x10) 100 

network with 1 varied inputs (x10), cycling DC combinations (x10), BoC HA IT 100 

both network links with varied inputs (x10), cycling DC combinations (x10), BoC HA IT 100 

redundant networks, minimum HA IT, 1x DC with cycling DC tiers (x4), 1x DC with varied 
inputs (x10) 40 

redundant networks, minimum HA IT, 2x DCs with matching varied inputs (x10) 10 

redundant networks, cycled DC combinations (x10), 3x minimum HA IT Nodes and 1 with 
varied inputs (x10) 100 

redundant networks, cycled DC combinations (x10), 2x minimum HA IT nodes and 2 nodes 
with varied inputs (x10) 100 

redundant networks, cycled DC combinations (x10), 1x minimum HA IT node and 3 nodes 
with varied inputs (x10) 100 

network with 1 varied inputs (x10), cycling DC combinations (x10), minimum HA IT 100 

both network links with varied inputs (x10), cycling DC combinations (x10), minimum HA IT 100 
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Scenario # 
Network 

link 1 
Network 

link 2 
Data 

centre 1 
Data 

centre 2 
IT node 1 IT node 2 IT node 3 IT node 4 Output 

Downtime / 
year 

(HH:MM:SS) 

Cost of 
downtime 

Data centre cost 

M11/S570 100% 99.5% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.999620% 0:02:00 $11,191.05 $122,000,000 

M11/S670 100% 100% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.999620% 0:02:00 $11,191.05 $122,000,000 

M11/S560 100% 99.5% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.999594% 0:02:08 $11,935.73 $117,000,000 

M11/S660 100% 100% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.999594% 0:02:08 $11,935.73 $117,000,000 

M11/S550 100% 99.5% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.999568% 0:02:16 $12,729.98 $112,000,000 

M11/S650 100% 100% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.999568% 0:02:16 $12,729.98 $112,000,000 

M11/S540 100% 99.5% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.999125% 0:04:36 $25,741.11 $94,500,000 

M11/S640 100% 100% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.999125% 0:04:36 $25,741.11 $94,500,000 

M11/S530 100% 99.5% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.999067% 0:04:54 $27,454.00 $89,500,000 

M11/S630 100% 100% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.999067% 0:04:54 $27,454.00 $89,500,000 

M11/S510 100% 99.5% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.998989% 0:05:19 $29,750.97 $92,000,000 

M11/S610 100% 100% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.998989% 0:05:19 $29,750.97 $92,000,000 

M11/S500 100% 99.5% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.998922% 0:05:40 $31,730.69 $87,000,000 

M11/S600 100% 100% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.998922% 0:05:40 $31,730.69 $87,000,000 

M11/S520 100% 99.5% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.997988% 0:10:34 $59,208.46 $67,000,000 

M11/S620 100% 100% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.997988% 0:10:34 $59,208.46 $67,000,000 

M11/S490 100% 99.5% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.997675% 0:12:13 $68,431.74 $64,500,000 

M11/S590 100% 100% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.997675% 0:12:13 $68,431.74 $64,500,000 

M11/S370 99.5% 99.5% 99.995% 99.995% 100% 100% 100% 95.641% 99.997500% 0:13:08 $73,591.36 $122,000,000 

M11/S470 99.5% 99.5% 99.995% 99.995% 100% 100% 100% 100% 99.997500% 0:13:08 $73,591.36 $122,000,000 

M11/S1020 99.5% 99.5% 99.995% 99.995% 100% 100% 100% 91.398% 99.997500% 0:13:08 $73,591.36 $122,000,000 

M11/S360 99.5% 99.5% 99.982% 99.995% 100% 100% 100% 95.641% 99.997499% 0:13:09 $73,610.49 $117,000,000 

M11/S460 99.5% 99.5% 99.982% 99.995% 100% 100% 100% 100% 99.997499% 0:13:09 $73,610.49 $117,000,000 

M11/S1010 99.5% 99.5% 99.982% 99.995% 100% 100% 100% 91.398% 99.997499% 0:13:09 $73,610.49 $117,000,000 

M11/S350 99.5% 99.5% 99.982% 99.982% 100% 100% 100% 95.641% 99.997497% 0:13:09 $73,679.36 $112,000,000 

M11/S450 99.5% 99.5% 99.982% 99.982% 100% 100% 100% 100% 99.997497% 0:13:09 $73,679.36 $112,000,000 

M11/S1000 99.5% 99.5% 99.982% 99.982% 100% 100% 100% 91.398% 99.997497% 0:13:09 $73,679.36 $112,000,000 

M11/S170 99.5% 99.5% 99.995% 99.995% 100% 95.641% 95.641% 95.641% 99.997490% 0:13:11 $73,870.96 $122,000,000 

M11/S270 99.5% 99.5% 99.995% 99.995% 100% 100% 95.641% 95.641% 99.997490% 0:13:11 $73,870.96 $122,000,000 

M11/S340 99.5% 99.5% 99.741% 99.995% 100% 100% 100% 95.641% 99.997487% 0:13:12 $73,965.16 $94,500,000 

M11/S440 99.5% 99.5% 99.741% 99.995% 100% 100% 100% 100% 99.997487% 0:13:12 $73,965.16 $94,500,000 

M11/S990 99.5% 99.5% 99.741% 99.995% 100% 100% 100% 91.398% 99.997487% 0:13:12 $73,965.16 $94,500,000 

M11/S310 99.5% 99.5% 99.671% 99.995% 100% 100% 100% 95.641% 99.997484% 0:13:14 $74,068.17 $92,000,000 

M11/S410 99.5% 99.5% 99.671% 99.995% 100% 100% 100% 100% 99.997484% 0:13:14 $74,068.17 $92,000,000 

M11/S960 99.5% 99.5% 99.671% 99.995% 100% 100% 100% 91.398% 99.997484% 0:13:14 $74,068.17 $92,000,000 

M11/S160 99.5% 99.5% 99.982% 99.995% 100% 95.641% 95.641% 95.641% 99.997465% 0:13:19 $74,617.04 $117,000,000 

M11/S260 99.5% 99.5% 99.982% 99.995% 100% 100% 95.641% 95.641% 99.997465% 0:13:19 $74,617.04 $117,000,000 

M11/S820 99.5% 99.5% 99.995% 99.995% 100% 91.398% 91.398% 91.398% 99.997463% 0:13:20 $74,680.32 $122,000,000 

M11/S920 99.5% 99.5% 99.995% 99.995% 100% 100% 91.398% 91.398% 99.997463% 0:13:20 $74,680.32 $122,000,000 

M11/S150 99.5% 99.5% 99.982% 99.982% 100% 95.641% 95.641% 95.641% 99.997463% 0:13:20 $74,685.79 $112,000,000 

M11/S250 99.5% 99.5% 99.982% 99.982% 100% 100% 95.641% 95.641% 99.997463% 0:13:20 $74,685.79 $112,000,000 

M11/S469 99.5% 99.5% 99.995% 99.995% 97.5% 97.5% 97.5% 97.5% 99.997454% 0:13:23 $74,924.91 $122,000,000 

M11/S330 99.5% 99.5% 99.741% 99.982% 100% 100% 100% 95.641% 99.997453% 0:13:23 $74,956.16 $89,500,000 

M11/S430 99.5% 99.5% 99.741% 99.982% 100% 100% 100% 100% 99.997453% 0:13:23 $74,956.16 $89,500,000 

M11/S980 99.5% 99.5% 99.741% 99.982% 100% 100% 100% 91.398% 99.997453% 0:13:23 $74,956.16 $89,500,000 

M11/S459 99.5% 99.5% 99.982% 99.995% 97.5% 97.5% 97.5% 97.5% 99.997446% 0:13:26 $75,183.01 $117,000,000 

M11/S300 99.5% 99.5% 99.671% 99.982% 100% 100% 100% 95.641% 99.997441% 0:13:27 $75,327.01 $87,000,000 

M11/S400 99.5% 99.5% 99.671% 99.982% 100% 100% 100% 100% 99.997441% 0:13:27 $75,327.01 $87,000,000 

M11/S950 99.5% 99.5% 99.671% 99.982% 100% 100% 100% 91.398% 99.997441% 0:13:27 $75,327.01 $87,000,000 

M11/S449 99.5% 99.5% 99.982% 99.982% 97.5% 97.5% 97.5% 97.5% 99.997435% 0:13:29 $75,490.79 $112,000,000 

M11/S369 99.5% 99.5% 99.995% 99.995% 97.5% 97.5% 97.5% 95.641% 99.997423% 0:13:33 $75,848.10 $122,000,000 

M11/S359 99.5% 99.5% 99.982% 99.995% 97.5% 97.5% 97.5% 95.641% 99.997408% 0:13:37 $76,283.90 $117,000,000 

M11/S349 99.5% 99.5% 99.982% 99.982% 97.5% 97.5% 97.5% 95.641% 99.997398% 0:13:41 $76,591.53 $112,000,000 

M11/S269 99.5% 99.5% 99.995% 99.995% 97.5% 97.5% 95.641% 95.641% 99.997368% 0:13:50 $77,457.73 $122,000,000 

M11/S810 99.5% 99.5% 99.982% 99.995% 100% 91.398% 91.398% 91.398% 99.997366% 0:13:51 $77,530.75 $117,000,000 

M11/S910 99.5% 99.5% 99.982% 99.995% 100% 100% 91.398% 91.398% 99.997366% 0:13:51 $77,530.75 $117,000,000 

M11/S800 99.5% 99.5% 99.982% 99.982% 100% 91.398% 91.398% 91.398% 99.997364% 0:13:51 $77,599.11 $112,000,000 

M11/S900 99.5% 99.5% 99.982% 99.982% 100% 100% 91.398% 91.398% 99.997364% 0:13:51 $77,599.11 $112,000,000 

M11/S1019 99.5% 99.5% 99.995% 99.995% 97.5% 97.5% 97.5% 91.398% 99.997351% 0:13:55 $77,955.52 $122,000,000 

M11/S259 99.5% 99.5% 99.982% 99.995% 97.5% 97.5% 95.641% 95.641% 99.997343% 0:13:58 $78,203.36 $117,000,000 

M11/S249 99.5% 99.5% 99.982% 99.982% 97.5% 97.5% 95.641% 95.641% 99.997333% 0:14:01 $78,510.74 $112,000,000 

M11/S1009 99.5% 99.5% 99.982% 99.995% 97.5% 97.5% 97.5% 91.398% 99.997323% 0:14:04 $78,796.95 $117,000,000 

M11/S480 100% 99.5% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.997313% 0:14:07 $79,091.80 $62,000,000 

M11/S580 100% 100% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.997313% 0:14:07 $79,091.80 $62,000,000 

M11/S999 99.5% 99.5% 99.982% 99.982% 97.5% 97.5% 97.5% 91.398% 99.997312% 0:14:08 $79,104.26 $112,000,000 

M11/S439 99.5% 99.5% 99.741% 99.995% 97.5% 97.5% 97.5% 97.5% 99.997283% 0:14:17 $79,967.79 $94,500,000 

M11/S169 99.5% 99.5% 99.995% 99.995% 97.5% 95.641% 95.641% 95.641% 99.997278% 0:14:18 $80,124.72 $122,000,000 

M11/S159 99.5% 99.5% 99.982% 99.995% 97.5% 95.641% 95.641% 95.641% 99.997252% 0:14:26 $80,869.99 $117,000,000 

M11/S429 99.5% 99.5% 99.741% 99.982% 97.5% 97.5% 97.5% 97.5% 99.997241% 0:14:30 $81,196.55 $89,500,000 

M11/S149 99.5% 99.5% 99.982% 99.982% 97.5% 95.641% 95.641% 95.641% 99.997236% 0:14:32 $81,354.83 $112,000,000 

M11/S409 99.5% 99.5% 99.671% 99.995% 97.5% 97.5% 97.5% 97.5% 99.997236% 0:14:32 $81,357.56 $92,000,000 

M11/S399 99.5% 99.5% 99.671% 99.982% 97.5% 97.5% 97.5% 97.5% 99.997185% 0:14:48 $82,853.82 $87,000,000 

M11/S70 99.5% 99.5% 100% 100% 95.641% 95.641% 95.641% 95.641% 99.997139% 0:15:02 $84,209.27  

M11/S339 99.5% 99.5% 99.741% 99.995% 97.5% 97.5% 97.5% 95.641% 99.997134% 0:15:04 $84,362.89 $94,500,000 

M11/S60 99.5% 99.5% 99.995% 100% 95.641% 95.641% 95.641% 95.641% 99.997130% 0:15:05 $84,488.36  

M11/S10 99.5% 99.5% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.997120% 0:15:08 $84,774.77 $122,000,000 

M11/S50 99.5% 99.5% 99.982% 100% 95.641% 95.641% 95.641% 95.641% 99.997105% 0:15:13 $85,213.97  

M11/S09 99.5% 99.5% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.997094% 0:15:16 $85,519.44 $117,000,000 

M11/S329 99.5% 99.5% 99.741% 99.982% 97.5% 97.5% 97.5% 95.641% 99.997092% 0:15:17 $85,591.08 $89,500,000 

M11/S08 99.5% 99.5% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.997068% 0:15:25 $86,313.66 $112,000,000 

M11/S168 99.5% 99.5% 99.995% 99.995% 95% 95.641% 95.641% 95.641% 99.997065% 0:15:25 $86,378.48 $122,000,000 

M11/S309 99.5% 99.5% 99.671% 99.995% 97.5% 97.5% 97.5% 95.641% 99.997054% 0:15:29 $86,709.49 $92,000,000 

M11/S158 99.5% 99.5% 99.982% 99.995% 95% 95.641% 95.641% 95.641% 99.997040% 0:15:33 $87,122.94 $117,000,000 

M11/S148 99.5% 99.5% 99.982% 99.982% 95% 95.641% 95.641% 95.641% 99.997009% 0:15:43 $88,023.87 $112,000,000 

M11/S299 99.5% 99.5% 99.671% 99.982% 97.5% 97.5% 97.5% 95.641% 99.997003% 0:15:45 $88,205.05 $87,000,000 

M11/S268 99.5% 99.5% 99.995% 99.995% 95% 95% 95.641% 95.641% 99.997003% 0:15:45 $88,218.07 $122,000,000 

M11/S919 99.5% 99.5% 99.995% 99.995% 97.5% 97.5% 91.398% 91.398% 99.996997% 0:15:47 $88,383.63 $122,000,000 

M11/S140 99.5% 99.5% 99.741% 99.995% 100% 95.641% 95.641% 95.641% 99.996995% 0:15:48 $88,448.35 $94,500,000 

M11/S240 99.5% 99.5% 99.741% 99.995% 100% 100% 95.641% 95.641% 99.996995% 0:15:48 $88,448.35 $94,500,000 

M11/S258 99.5% 99.5% 99.982% 99.995% 95% 95% 95.641% 95.641% 99.996978% 0:15:53 $88,962.29 $117,000,000 
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M11/S130 99.5% 99.5% 99.741% 99.982% 100% 95.641% 95.641% 95.641% 99.996961% 0:15:58 $89,437.47 $89,500,000 

M11/S230 99.5% 99.5% 99.741% 99.982% 100% 100% 95.641% 95.641% 99.996961% 0:15:58 $89,437.47 $89,500,000 

M11/S248 99.5% 99.5% 99.982% 99.982% 95% 95% 95.641% 95.641% 99.996943% 0:16:04 $89,985.61 $112,000,000 

M11/S368 99.5% 99.5% 99.995% 99.995% 95% 95% 95% 95.641% 99.996932% 0:16:08 $90,315.23 $122,000,000 

M11/S358 99.5% 99.5% 99.982% 99.995% 95% 95% 95% 95.641% 99.996903% 0:16:17 $91,166.11 $117,000,000 

M11/S909 99.5% 99.5% 99.982% 99.995% 97.5% 97.5% 91.398% 91.398% 99.996900% 0:16:17 $91,232.28 $117,000,000 

M11/S899 99.5% 99.5% 99.982% 99.982% 97.5% 97.5% 91.398% 91.398% 99.996890% 0:16:21 $91,537.97 $112,000,000 

M11/S239 99.5% 99.5% 99.741% 99.995% 97.5% 97.5% 95.641% 95.641% 99.996873% 0:16:26 $92,026.02 $94,500,000 

M11/S348 99.5% 99.5% 99.982% 99.982% 95% 95% 95% 95.641% 99.996868% 0:16:28 $92,189.14 $112,000,000 

M11/S110 99.5% 99.5% 99.671% 99.995% 100% 95.641% 95.641% 95.641% 99.996858% 0:16:31 $92,465.74 $92,000,000 

M11/S210 99.5% 99.5% 99.671% 99.995% 100% 100% 95.641% 95.641% 99.996858% 0:16:31 $92,465.74 $92,000,000 

M11/S167 99.5% 99.5% 99.995% 99.995% 92.5% 95.641% 95.641% 95.641% 99.996853% 0:16:32 $92,632.24 $122,000,000 

M11/S468 99.5% 99.5% 99.995% 99.995% 95% 95% 95% 95% 99.996850% 0:16:33 $92,720.84 $122,000,000 

M11/S229 99.5% 99.5% 99.741% 99.982% 97.5% 97.5% 95.641% 95.641% 99.996832% 0:16:39 $93,253.21 $89,500,000 

M11/S320 99.5% 99.5% 99.741% 99.741% 100% 100% 100% 95.641% 99.996829% 0:16:40 $93,327.86 $67,000,000 

M11/S420 99.5% 99.5% 99.741% 99.741% 100% 100% 100% 100% 99.996829% 0:16:40 $93,327.86 $67,000,000 

M11/S970 99.5% 99.5% 99.741% 99.741% 100% 100% 100% 91.398% 99.996829% 0:16:40 $93,327.86 $67,000,000 

M11/S157 99.5% 99.5% 99.982% 99.995% 92.5% 95.641% 95.641% 95.641% 99.996828% 0:16:40 $93,375.89 $117,000,000 

M11/S458 99.5% 99.5% 99.982% 99.995% 95% 95% 95% 95% 99.996817% 0:16:44 $93,694.06 $117,000,000 

M11/S100 99.5% 99.5% 99.671% 99.982% 100% 95.641% 95.641% 95.641% 99.996816% 0:16:44 $93,722.19 $87,000,000 

M11/S200 99.5% 99.5% 99.671% 99.982% 100% 100% 95.641% 95.641% 99.996816% 0:16:44 $93,722.19 $87,000,000 

M11/S989 99.5% 99.5% 99.741% 99.995% 97.5% 97.5% 97.5% 91.398% 99.996793% 0:16:51 $94,395.86 $94,500,000 

M11/S139 99.5% 99.5% 99.741% 99.995% 97.5% 95.641% 95.641% 95.641% 99.996783% 0:16:54 $94,686.23 $94,500,000 

M11/S147 99.5% 99.5% 99.982% 99.982% 92.5% 95.641% 95.641% 95.641% 99.996783% 0:16:55 $94,692.91 $112,000,000 

M11/S448 99.5% 99.5% 99.982% 99.982% 95% 95% 95% 95% 99.996782% 0:16:55 $94,716.76 $112,000,000 

M11/S979 99.5% 99.5% 99.741% 99.982% 97.5% 97.5% 97.5% 91.398% 99.996751% 0:17:05 $95,622.75 $89,500,000 

M11/S209 99.5% 99.5% 99.671% 99.995% 97.5% 97.5% 95.641% 95.641% 99.996737% 0:17:09 $96,040.90 $92,000,000 

M11/S129 99.5% 99.5% 99.741% 99.982% 97.5% 95.641% 95.641% 95.641% 99.996735% 0:17:10 $96,090.44 $89,500,000 

M11/S199 99.5% 99.5% 99.671% 99.982% 97.5% 97.5% 95.641% 95.641% 99.996686% 0:17:25 $97,535.25 $87,000,000 

M11/S290 99.5% 99.5% 99.671% 99.741% 100% 100% 100% 95.641% 99.996648% 0:17:37 $98,664.04 $64,500,000 

M11/S390 99.5% 99.5% 99.671% 99.741% 100% 100% 100% 100% 99.996648% 0:17:37 $98,664.04 $64,500,000 

M11/S940 99.5% 99.5% 99.671% 99.741% 100% 100% 100% 91.398% 99.996648% 0:17:37 $98,664.04 $64,500,000 

M11/S40 99.5% 99.5% 99.741% 100% 95.641% 95.641% 95.641% 95.641% 99.996648% 0:17:37 $98,665.67  

M11/S109 99.5% 99.5% 99.671% 99.995% 97.5% 95.641% 95.641% 95.641% 99.996647% 0:17:37 $98,699.24 $92,000,000 

M11/S166 99.5% 99.5% 99.995% 99.995% 90% 95.641% 95.641% 95.641% 99.996640% 0:17:39 $98,886.01 $122,000,000 

M11/S959 99.5% 99.5% 99.671% 99.995% 97.5% 97.5% 97.5% 91.398% 99.996639% 0:17:40 $98,926.67 $92,000,000 

M11/S07 99.5% 99.5% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.996625% 0:17:44 $99,324.46 $94,500,000 

M11/S156 99.5% 99.5% 99.982% 99.995% 90% 95.641% 95.641% 95.641% 99.996615% 0:17:47 $99,628.84 $117,000,000 

M11/S99 99.5% 99.5% 99.671% 99.982% 97.5% 95.641% 95.641% 95.641% 99.996590% 0:17:55 $100,370.49 $87,000,000 

M11/S949 99.5% 99.5% 99.671% 99.982% 97.5% 97.5% 97.5% 91.398% 99.996588% 0:17:56 $100,420.65 $87,000,000 

M11/S138 99.5% 99.5% 99.741% 99.995% 95% 95.641% 95.641% 95.641% 99.996571% 0:18:01 $100,924.11 $94,500,000 

M11/S06 99.5% 99.5% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.996567% 0:18:03 $101,037.32 $89,500,000 

M11/S146 99.5% 99.5% 99.982% 99.982% 90% 95.641% 95.641% 95.641% 99.996556% 0:18:06 $101,361.95 $112,000,000 

M11/S30 99.5% 99.5% 99.671% 100% 95.641% 95.641% 95.641% 95.641% 99.996515% 0:18:19 $102,572.81  

M11/S128 99.5% 99.5% 99.741% 99.982% 95% 95.641% 95.641% 95.641% 99.996509% 0:18:21 $102,743.40 $89,500,000 

M11/S238 99.5% 99.5% 99.741% 99.995% 95% 95% 95.641% 95.641% 99.996509% 0:18:21 $102,759.02 $94,500,000 

M11/S04 99.5% 99.5% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.996489% 0:18:27 $103,334.22 $92,000,000 

M11/S419 99.5% 99.5% 99.741% 99.741% 97.5% 97.5% 97.5% 97.5% 99.996467% 0:18:34 $103,975.84 $67,000,000 

M11/S228 99.5% 99.5% 99.741% 99.982% 95% 95% 95.641% 95.641% 99.996443% 0:18:42 $104,700.42 $89,500,000 

M11/S108 99.5% 99.5% 99.671% 99.995% 95% 95.641% 95.641% 95.641% 99.996435% 0:18:44 $104,932.74 $92,000,000 

M11/S03 99.5% 99.5% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.996422% 0:18:48 $105,313.90 $87,000,000 

M11/S280 99.5% 99.5% 99.671% 99.671% 100% 100% 100% 95.641% 99.996418% 0:18:50 $105,442.43 $62,000,000 

M11/S380 99.5% 99.5% 99.671% 99.671% 100% 100% 100% 100% 99.996418% 0:18:50 $105,442.43 $62,000,000 

M11/S930 99.5% 99.5% 99.671% 99.671% 100% 100% 100% 91.398% 99.996418% 0:18:50 $105,442.43 $62,000,000 

M11/S267 99.5% 99.5% 99.995% 99.995% 92.5% 92.5% 95.641% 95.641% 99.996394% 0:18:57 $106,151.96 $122,000,000 

M11/S1018 99.5% 99.5% 99.995% 99.995% 95% 95% 95% 91.398% 99.996391% 0:18:58 $106,237.91 $122,000,000 

M11/S208 99.5% 99.5% 99.671% 99.995% 95% 95% 95.641% 95.641% 99.996373% 0:19:04 $106,766.37 $92,000,000 

M11/S257 99.5% 99.5% 99.982% 99.995% 92.5% 92.5% 95.641% 95.641% 99.996368% 0:19:05 $106,893.85 $117,000,000 

M11/S338 99.5% 99.5% 99.741% 99.995% 95% 95% 95% 95.641% 99.996367% 0:19:06 $106,940.00 $94,500,000 

M11/S98 99.5% 99.5% 99.671% 99.982% 95% 95.641% 95.641% 95.641% 99.996364% 0:19:07 $107,018.79 $87,000,000 

M11/S137 99.5% 99.5% 99.741% 99.995% 92.5% 95.641% 95.641% 95.641% 99.996359% 0:19:08 $107,161.98 $94,500,000 

M11/S120 99.5% 99.5% 99.741% 99.741% 100% 95.641% 95.641% 95.641% 99.996338% 0:19:15 $107,774.27 $67,000,000 

M11/S220 99.5% 99.5% 99.741% 99.741% 100% 100% 95.641% 95.641% 99.996338% 0:19:15 $107,774.27 $67,000,000 

M11/S1008 99.5% 99.5% 99.982% 99.995% 95% 95% 95% 91.398% 99.996334% 0:19:16 $107,898.54 $117,000,000 

M11/S319 99.5% 99.5% 99.741% 99.741% 97.5% 97.5% 97.5% 95.641% 99.996319% 0:19:21 $108,359.78 $67,000,000 

M11/S328 99.5% 99.5% 99.741% 99.982% 95% 95% 95% 95.641% 99.996301% 0:19:27 $108,880.86 $89,500,000 

M11/S998 99.5% 99.5% 99.982% 99.982% 95% 95% 95% 91.398% 99.996299% 0:19:27 $108,919.40 $112,000,000 

M11/S198 99.5% 99.5% 99.671% 99.982% 95% 95% 95.641% 95.641% 99.996298% 0:19:28 $108,974.43 $87,000,000 

M11/S247 99.5% 99.5% 99.982% 99.982% 92.5% 92.5% 95.641% 95.641% 99.996293% 0:19:29 $109,110.39 $112,000,000 

M11/S127 99.5% 99.5% 99.741% 99.982% 92.5% 95.641% 95.641% 95.641% 99.996283% 0:19:32 $109,396.37 $89,500,000 

M11/S389 99.5% 99.5% 99.671% 99.741% 97.5% 97.5% 97.5% 97.5% 99.996243% 0:19:45 $110,592.24 $64,500,000 

M11/S107 99.5% 99.5% 99.671% 99.995% 92.5% 95.641% 95.641% 95.641% 99.996223% 0:19:51 $111,166.24 $92,000,000 

M11/S165 99.5% 99.5% 99.995% 99.995% 85% 95.641% 95.641% 95.641% 99.996215% 0:19:54 $111,393.53 $122,000,000 

M11/S308 99.5% 99.5% 99.671% 99.995% 95% 95% 95% 95.641% 99.996211% 0:19:55 $111,521.63 $92,000,000 

M11/S438 99.5% 99.5% 99.741% 99.995% 95% 95% 95% 95% 99.996204% 0:19:57 $111,735.92 $94,500,000 

M11/S155 99.5% 99.5% 99.982% 99.995% 85% 95.641% 95.641% 95.641% 99.996190% 0:20:01 $112,134.74 $117,000,000 

M11/S136 99.5% 99.5% 99.741% 99.995% 90% 95.641% 95.641% 95.641% 99.996147% 0:20:15 $113,399.86 $94,500,000 

M11/S97 99.5% 99.5% 99.671% 99.982% 92.5% 95.641% 95.641% 95.641% 99.996138% 0:20:18 $113,667.08 $87,000,000 

M11/S428 99.5% 99.5% 99.741% 99.982% 95% 95% 95% 95% 99.996138% 0:20:18 $113,676.15 $89,500,000 

M11/S298 99.5% 99.5% 99.671% 99.982% 95% 95% 95% 95.641% 99.996136% 0:20:19 $113,729.08 $87,000,000 

M11/S145 99.5% 99.5% 99.982% 99.982% 85% 95.641% 95.641% 95.641% 99.996103% 0:20:29 $114,700.03 $112,000,000 

M11/S289 99.5% 99.5% 99.671% 99.741% 97.5% 97.5% 97.5% 95.641% 99.996061% 0:20:42 $115,930.57 $64,500,000 

M11/S219 99.5% 99.5% 99.741% 99.741% 97.5% 97.5% 95.641% 95.641% 99.996059% 0:20:43 $116,003.44 $67,000,000 

M11/S126 99.5% 99.5% 99.741% 99.982% 90% 95.641% 95.641% 95.641% 99.996057% 0:20:43 $116,049.33 $89,500,000 

M11/S408 99.5% 99.5% 99.671% 99.995% 95% 95% 95% 95% 99.996026% 0:20:53 $116,976.29 $92,000,000 

M11/S90 99.5% 99.5% 99.671% 99.741% 100% 95.641% 95.641% 95.641% 99.996024% 0:20:54 $117,014.88 $64,500,000 

M11/S190 99.5% 99.5% 99.671% 99.741% 100% 100% 95.641% 95.641% 99.996024% 0:20:54 $117,014.88 $64,500,000 

M11/S106 99.5% 99.5% 99.671% 99.995% 90% 95.641% 95.641% 95.641% 99.996011% 0:20:58 $117,399.74 $92,000,000 

M11/S969 99.5% 99.5% 99.741% 99.741% 97.5% 97.5% 97.5% 91.398% 99.995978% 0:21:08 $118,367.27 $67,000,000 

M11/S379 99.5% 99.5% 99.671% 99.671% 97.5% 97.5% 97.5% 97.5% 99.995969% 0:21:11 $118,649.04 $62,000,000 

M11/S398 99.5% 99.5% 99.671% 99.982% 95% 95% 95% 95% 99.995951% 0:21:17 $119,183.03 $87,000,000 

M11/S96 99.5% 99.5% 99.671% 99.982% 90% 95.641% 95.641% 95.641% 99.995912% 0:21:29 $120,315.38 $87,000,000 
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M11/S237 99.5% 99.5% 99.741% 99.995% 92.5% 92.5% 95.641% 95.641% 99.995901% 0:21:33 $120,647.35 $94,500,000 

M11/S819 99.5% 99.5% 99.995% 99.995% 97.5% 91.398% 91.398% 91.398% 99.995861% 0:21:45 $121,832.45 $122,000,000 

M11/S119 99.5% 99.5% 99.741% 99.741% 97.5% 95.641% 95.641% 95.641% 99.995851% 0:21:48 $122,122.33 $67,000,000 

M11/S227 99.5% 99.5% 99.741% 99.982% 92.5% 92.5% 95.641% 95.641% 99.995795% 0:22:06 $123,779.10 $89,500,000 

M11/S80 99.5% 99.5% 99.671% 99.671% 100% 95.641% 95.641% 95.641% 99.995795% 0:22:06 $123,780.39 $62,000,000 

M11/S180 99.5% 99.5% 99.671% 99.671% 100% 100% 95.641% 95.641% 99.995795% 0:22:06 $123,780.39 $62,000,000 

M11/S164 99.5% 99.5% 99.995% 99.995% 80% 95.641% 95.641% 95.641% 99.995790% 0:22:08 $123,901.06 $122,000,000 

M11/S279 99.5% 99.5% 99.671% 99.671% 97.5% 97.5% 97.5% 95.641% 99.995788% 0:22:08 $123,983.63 $62,000,000 

M11/S154 99.5% 99.5% 99.982% 99.995% 80% 95.641% 95.641% 95.641% 99.995765% 0:22:15 $124,640.64 $117,000,000 

M11/S207 99.5% 99.5% 99.671% 99.995% 92.5% 92.5% 95.641% 95.641% 99.995765% 0:22:15 $124,642.15 $92,000,000 

M11/S809 99.5% 99.5% 99.982% 99.995% 97.5% 91.398% 91.398% 91.398% 99.995764% 0:22:16 $124,676.75 $117,000,000 

M11/S189 99.5% 99.5% 99.671% 99.741% 97.5% 97.5% 95.641% 95.641% 99.995745% 0:22:22 $125,238.28 $64,500,000 

M11/S799 99.5% 99.5% 99.982% 99.982% 97.5% 91.398% 91.398% 91.398% 99.995734% 0:22:25 $125,561.75 $112,000,000 

M11/S135 99.5% 99.5% 99.741% 99.995% 85% 95.641% 95.641% 95.641% 99.995723% 0:22:29 $125,875.61 $94,500,000 

M11/S144 99.5% 99.5% 99.982% 99.982% 80% 95.641% 95.641% 95.641% 99.995650% 0:22:52 $128,038.11 $112,000,000 

M11/S197 99.5% 99.5% 99.671% 99.982% 92.5% 92.5% 95.641% 95.641% 99.995650% 0:22:52 $128,039.72 $87,000,000 

M11/S939 99.5% 99.5% 99.671% 99.741% 97.5% 97.5% 97.5% 91.398% 99.995647% 0:22:53 $128,116.72 $64,500,000 

M11/S367 99.5% 99.5% 99.995% 99.995% 92.5% 92.5% 92.5% 95.641% 99.995617% 0:23:02 $129,019.20 $122,000,000 

M11/S125 99.5% 99.5% 99.741% 99.982% 85% 95.641% 95.641% 95.641% 99.995605% 0:23:06 $129,355.27 $89,500,000 

M11/S918 99.5% 99.5% 99.995% 99.995% 95% 95% 91.398% 91.398% 99.995600% 0:23:07 $129,493.56 $122,000,000 

M11/S105 99.5% 99.5% 99.671% 99.995% 85% 95.641% 95.641% 95.641% 99.995588% 0:23:11 $129,866.74 $92,000,000 

M11/S357 99.5% 99.5% 99.982% 99.995% 92.5% 92.5% 92.5% 95.641% 99.995574% 0:23:16 $130,282.00 $117,000,000 

M11/S790 99.5% 99.5% 99.741% 99.995% 100% 91.398% 91.398% 91.398% 99.995571% 0:23:17 $130,373.36 $94,500,000 

M11/S890 99.5% 99.5% 99.741% 99.995% 100% 100% 91.398% 91.398% 99.995571% 0:23:17 $130,373.36 $94,500,000 

M11/S266 99.5% 99.5% 99.995% 99.995% 90% 90% 95.641% 95.641% 99.995540% 0:23:26 $131,259.40 $122,000,000 

M11/S89 99.5% 99.5% 99.671% 99.741% 97.5% 95.641% 95.641% 95.641% 99.995537% 0:23:27 $131,352.87 $64,500,000 

M11/S780 99.5% 99.5% 99.741% 99.982% 100% 91.398% 91.398% 91.398% 99.995537% 0:23:27 $131,357.03 $89,500,000 

M11/S880 99.5% 99.5% 99.741% 99.982% 100% 100% 91.398% 91.398% 99.995537% 0:23:27 $131,357.03 $89,500,000 

M11/S256 99.5% 99.5% 99.982% 99.995% 90% 90% 95.641% 95.641% 99.995515% 0:23:34 $131,998.03 $117,000,000 

M11/S908 99.5% 99.5% 99.982% 99.995% 95% 95% 91.398% 91.398% 99.995504% 0:23:38 $132,336.87 $117,000,000 

M11/S347 99.5% 99.5% 99.982% 99.982% 92.5% 92.5% 92.5% 95.641% 99.995498% 0:23:40 $132,495.51 $112,000,000 

M11/S05 99.5% 99.5% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.995488% 0:23:43 $132,790.98 $67,000,000 

M11/S179 99.5% 99.5% 99.671% 99.671% 97.5% 97.5% 95.641% 95.641% 99.995472% 0:23:48 $133,284.80 $62,000,000 

M11/S898 99.5% 99.5% 99.982% 99.982% 95% 95% 91.398% 91.398% 99.995469% 0:23:49 $133,354.55 $112,000,000 

M11/S95 99.5% 99.5% 99.671% 99.982% 85% 95.641% 95.641% 95.641% 99.995461% 0:23:52 $133,611.97 $87,000,000 

M11/S246 99.5% 99.5% 99.982% 99.982% 90% 90% 95.641% 95.641% 99.995383% 0:24:16 $135,885.09 $112,000,000 

M11/S929 99.5% 99.5% 99.671% 99.671% 97.5% 97.5% 97.5% 91.398% 99.995374% 0:24:19 $136,161.22 $62,000,000 

M11/S118 99.5% 99.5% 99.741% 99.741% 95% 95.641% 95.641% 95.641% 99.995363% 0:24:22 $136,470.40 $67,000,000 

M11/S134 99.5% 99.5% 99.741% 99.995% 80% 95.641% 95.641% 95.641% 99.995300% 0:24:42 $138,351.37 $94,500,000 

M11/S988 99.5% 99.5% 99.741% 99.995% 95% 95% 95% 91.398% 99.995288% 0:24:46 $138,684.05 $94,500,000 

M11/S79 99.5% 99.5% 99.671% 99.671% 97.5% 95.641% 95.641% 95.641% 99.995232% 0:25:04 $140,351.91 $62,000,000 

M11/S978 99.5% 99.5% 99.741% 99.982% 95% 95% 95% 91.398% 99.995222% 0:25:07 $140,620.78 $89,500,000 

M11/S218 99.5% 99.5% 99.741% 99.741% 95% 95% 95.641% 95.641% 99.995220% 0:25:07 $140,690.98 $67,000,000 

M11/S02 99.5% 99.5% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.995175% 0:25:22 $142,014.03 $64,500,000 

M11/S104 99.5% 99.5% 99.671% 99.995% 80% 95.641% 95.641% 95.641% 99.995164% 0:25:25 $142,333.74 $92,000,000 

M11/S124 99.5% 99.5% 99.741% 99.982% 80% 95.641% 95.641% 95.641% 99.995153% 0:25:29 $142,661.20 $89,500,000 

M11/S889 99.5% 99.5% 99.741% 99.995% 97.5% 97.5% 91.398% 91.398% 99.995106% 0:25:43 $144,041.86 $94,500,000 

M11/S318 99.5% 99.5% 99.741% 99.741% 95% 95% 95% 95.641% 99.995078% 0:25:52 $144,861.34 $67,000,000 

M11/S879 99.5% 99.5% 99.741% 99.982% 97.5% 97.5% 91.398% 91.398% 99.995065% 0:25:56 $145,262.29 $89,500,000 

M11/S88 99.5% 99.5% 99.671% 99.741% 95% 95.641% 95.641% 95.641% 99.995050% 0:26:01 $145,690.87 $64,500,000 

M11/S236 99.5% 99.5% 99.741% 99.995% 90% 90% 95.641% 95.641% 99.995050% 0:26:01 $145,691.02 $94,500,000 

M11/S760 99.5% 99.5% 99.671% 99.995% 100% 91.398% 91.398% 91.398% 99.995049% 0:26:01 $145,721.83 $92,000,000 

M11/S860 99.5% 99.5% 99.671% 99.995% 100% 100% 91.398% 91.398% 99.995049% 0:26:01 $145,721.83 $92,000,000 

M11/S94 99.5% 99.5% 99.671% 99.982% 80% 95.641% 95.641% 95.641% 99.995009% 0:26:14 $146,908.57 $87,000,000 

M11/S750 99.5% 99.5% 99.671% 99.982% 100% 91.398% 91.398% 91.398% 99.995007% 0:26:15 $146,971.36 $87,000,000 

M11/S850 99.5% 99.5% 99.671% 99.982% 100% 100% 91.398% 91.398% 99.995007% 0:26:15 $146,971.36 $87,000,000 

M11/S958 99.5% 99.5% 99.671% 99.995% 95% 95% 95% 91.398% 99.994984% 0:26:22 $147,625.90 $92,000,000 

M11/S163 99.5% 99.5% 99.995% 99.995% 70% 95.641% 95.641% 95.641% 99.994941% 0:26:36 $148,916.11 $122,000,000 

M11/S770 99.5% 99.5% 99.741% 99.741% 100% 91.398% 91.398% 91.398% 99.994918% 0:26:43 $149,592.78 $67,000,000 

M11/S870 99.5% 99.5% 99.741% 99.741% 100% 100% 91.398% 91.398% 99.994918% 0:26:43 $149,592.78 $67,000,000 

M11/S418 99.5% 99.5% 99.741% 99.741% 95% 95% 95% 95% 99.994916% 0:26:43 $149,645.07 $67,000,000 

M11/S153 99.5% 99.5% 99.982% 99.995% 70% 95.641% 95.641% 95.641% 99.994916% 0:26:43 $149,652.44 $117,000,000 

M11/S206 99.5% 99.5% 99.671% 99.995% 90% 90% 95.641% 95.641% 99.994915% 0:26:44 $149,668.24 $92,000,000 

M11/S948 99.5% 99.5% 99.671% 99.982% 95% 95% 95% 91.398% 99.994910% 0:26:45 $149,828.65 $87,000,000 

M11/S188 99.5% 99.5% 99.671% 99.741% 95% 95% 95.641% 95.641% 99.994907% 0:26:46 $149,908.49 $64,500,000 

M11/S226 99.5% 99.5% 99.741% 99.982% 90% 90% 95.641% 95.641% 99.994887% 0:26:52 $150,489.26 $89,500,000 

M11/S117 99.5% 99.5% 99.741% 99.741% 92.5% 95.641% 95.641% 95.641% 99.994876% 0:26:56 $150,818.46 $67,000,000 

M11/S01 99.5% 99.5% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.994813% 0:27:16 $152,673.82 $62,000,000 

M11/S337 99.5% 99.5% 99.741% 99.995% 92.5% 92.5% 92.5% 95.641% 99.994778% 0:27:27 $153,692.39 $94,500,000 

M11/S288 99.5% 99.5% 99.671% 99.741% 95% 95% 95% 95.641% 99.994746% 0:27:37 $154,651.67 $64,500,000 

M11/S143 99.5% 99.5% 99.982% 99.982% 70% 95.641% 95.641% 95.641% 99.994744% 0:27:38 $154,714.28 $112,000,000 

M11/S196 99.5% 99.5% 99.671% 99.982% 90% 90% 95.641% 95.641% 99.994743% 0:27:38 $154,731.13 $87,000,000 

M11/S327 99.5% 99.5% 99.741% 99.982% 92.5% 92.5% 92.5% 95.641% 99.994672% 0:28:00 $156,819.84 $89,500,000 

M11/S78 99.5% 99.5% 99.671% 99.671% 95% 95.641% 95.641% 95.641% 99.994669% 0:28:01 $156,923.42 $62,000,000 

M11/S859 99.5% 99.5% 99.671% 99.995% 97.5% 97.5% 91.398% 91.398% 99.994585% 0:28:28 $159,380.74 $92,000,000 

M11/S87 99.5% 99.5% 99.671% 99.741% 92.5% 95.641% 95.641% 95.641% 99.994563% 0:28:35 $160,028.86 $64,500,000 

M11/S388 99.5% 99.5% 99.671% 99.741% 95% 95% 95% 95% 99.994561% 0:28:35 $160,092.48 $64,500,000 

M11/S307 99.5% 99.5% 99.671% 99.995% 92.5% 92.5% 92.5% 95.641% 99.994547% 0:28:40 $160,492.08 $92,000,000 

M11/S849 99.5% 99.5% 99.671% 99.982% 97.5% 97.5% 91.398% 91.398% 99.994535% 0:28:44 $160,866.86 $87,000,000 

M11/S178 99.5% 99.5% 99.671% 99.671% 95% 95% 95.641% 95.641% 99.994503% 0:28:54 $161,798.05 $62,000,000 

M11/S133 99.5% 99.5% 99.741% 99.995% 70% 95.641% 95.641% 95.641% 99.994452% 0:29:10 $163,302.88 $94,500,000 

M11/S1120 100% 99.5% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.994450% 0:29:10 $163,347.59 $122,000,000 

M11/S1220 100% 100% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.994450% 0:29:10 $163,347.59 $122,000,000 

M11/S297 99.5% 99.5% 99.671% 99.982% 92.5% 92.5% 92.5% 95.641% 99.994432% 0:29:16 $163,884.99 $87,000,000 

M11/S116 99.5% 99.5% 99.741% 99.741% 90% 95.641% 95.641% 95.641% 99.994389% 0:29:30 $165,166.53 $67,000,000 

M11/S1110 100% 99.5% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.994354% 0:29:40 $166,177.00 $117,000,000 

M11/S1210 100% 100% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.994354% 0:29:40 $166,177.00 $117,000,000 

M11/S278 99.5% 99.5% 99.671% 99.671% 95% 95% 95% 95.641% 99.994342% 0:29:44 $166,537.91 $62,000,000 

M11/S103 99.5% 99.5% 99.671% 99.995% 70% 95.641% 95.641% 95.641% 99.994317% 0:29:52 $167,267.73 $92,000,000 

M11/S869 99.5% 99.5% 99.741% 99.741% 97.5% 97.5% 91.398% 91.398% 99.994296% 0:29:59 $167,887.16 $67,000,000 

M11/S467 99.5% 99.5% 99.995% 99.995% 92.5% 92.5% 92.5% 92.5% 99.994280% 0:30:04 $168,364.98 $122,000,000 

M11/S818 99.5% 99.5% 99.995% 99.995% 95% 91.398% 91.398% 91.398% 99.994259% 0:30:11 $168,984.59 $122,000,000 
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M11/S1100 100% 99.5% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.994256% 0:30:11 $169,055.42 $112,000,000 

M11/S1200 100% 100% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.994256% 0:30:11 $169,055.42 $112,000,000 

M11/S123 99.5% 99.5% 99.741% 99.982% 70% 95.641% 95.641% 95.641% 99.994249% 0:30:14 $169,273.06 $89,500,000 

M11/S740 99.5% 99.5% 99.671% 99.741% 100% 91.398% 91.398% 91.398% 99.994220% 0:30:23 $170,135.69 $64,500,000 

M11/S840 99.5% 99.5% 99.671% 99.741% 100% 100% 91.398% 91.398% 99.994220% 0:30:23 $170,135.69 $64,500,000 

M11/S457 99.5% 99.5% 99.982% 99.995% 92.5% 92.5% 92.5% 92.5% 99.994206% 0:30:27 $170,524.07 $117,000,000 

M11/S808 99.5% 99.5% 99.982% 99.995% 95% 91.398% 91.398% 91.398% 99.994162% 0:30:41 $171,822.76 $117,000,000 

M11/S378 99.5% 99.5% 99.671% 99.671% 95% 95% 95% 95% 99.994157% 0:30:43 $171,974.89 $62,000,000 

M11/S447 99.5% 99.5% 99.982% 99.982% 92.5% 92.5% 92.5% 92.5% 99.994131% 0:30:51 $172,732.34 $112,000,000 

M11/S77 99.5% 99.5% 99.671% 99.671% 92.5% 95.641% 95.641% 95.641% 99.994106% 0:30:59 $173,494.94 $62,000,000 

M11/S93 99.5% 99.5% 99.671% 99.982% 70% 95.641% 95.641% 95.641% 99.994105% 0:30:59 $173,501.75 $87,000,000 

M11/S798 99.5% 99.5% 99.982% 99.982% 95% 91.398% 91.398% 91.398% 99.994105% 0:30:59 $173,524.39 $112,000,000 

M11/S162 99.5% 99.5% 99.995% 99.995% 60% 95.641% 95.641% 95.641% 99.994091% 0:31:04 $173,931.16 $122,000,000 

M11/S86 99.5% 99.5% 99.671% 99.741% 90% 95.641% 95.641% 95.641% 99.994076% 0:31:08 $174,366.86 $64,500,000 

M11/S152 99.5% 99.5% 99.982% 99.995% 60% 95.641% 95.641% 95.641% 99.994066% 0:31:11 $174,664.24 $117,000,000 

M11/S968 99.5% 99.5% 99.741% 99.741% 95% 95% 95% 91.398% 99.994003% 0:31:31 $176,524.75 $67,000,000 

M11/S730 99.5% 99.5% 99.671% 99.671% 100% 91.398% 91.398% 91.398% 99.993991% 0:31:35 $176,863.92 $62,000,000 

M11/S830 99.5% 99.5% 99.671% 99.671% 100% 100% 91.398% 91.398% 99.993991% 0:31:35 $176,863.92 $62,000,000 

M11/S789 99.5% 99.5% 99.741% 99.995% 97.5% 91.398% 91.398% 91.398% 99.993973% 0:31:41 $177,405.72 $94,500,000 

M11/S779 99.5% 99.5% 99.741% 99.982% 97.5% 91.398% 91.398% 91.398% 99.993912% 0:32:00 $179,204.06 $89,500,000 

M11/S142 99.5% 99.5% 99.982% 99.982% 60% 95.641% 95.641% 95.641% 99.993837% 0:32:23 $181,390.44 $112,000,000 

M11/S217 99.5% 99.5% 99.741% 99.741% 92.5% 92.5% 95.641% 95.641% 99.993822% 0:32:28 $181,836.87 $67,000,000 

M11/S1017 99.5% 99.5% 99.995% 99.995% 92.5% 92.5% 92.5% 91.398% 99.993811% 0:32:32 $182,172.83 $122,000,000 

M11/S1007 99.5% 99.5% 99.982% 99.995% 92.5% 92.5% 92.5% 91.398% 99.993727% 0:32:58 $184,646.46 $117,000,000 

M11/S888 99.5% 99.5% 99.741% 99.995% 95% 95% 91.398% 91.398% 99.993713% 0:33:03 $185,047.37 $94,500,000 

M11/S997 99.5% 99.5% 99.982% 99.982% 92.5% 92.5% 92.5% 91.398% 99.993652% 0:33:22 $186,852.90 $112,000,000 

M11/S878 99.5% 99.5% 99.741% 99.982% 95% 95% 91.398% 91.398% 99.993647% 0:33:23 $186,978.07 $89,500,000 

M11/S132 99.5% 99.5% 99.741% 99.995% 60% 95.641% 95.641% 95.641% 99.993604% 0:33:37 $188,254.39 $94,500,000 

M11/S839 99.5% 99.5% 99.671% 99.741% 97.5% 97.5% 91.398% 91.398% 99.993599% 0:33:39 $188,417.23 $64,500,000 

M11/S76 99.5% 99.5% 99.671% 99.671% 90% 95.641% 95.641% 95.641% 99.993543% 0:33:56 $190,066.46 $62,000,000 

M11/S938 99.5% 99.5% 99.671% 99.741% 95% 95% 95% 91.398% 99.993522% 0:34:03 $190,664.23 $64,500,000 

M11/S187 99.5% 99.5% 99.671% 99.741% 92.5% 92.5% 95.641% 95.641% 99.993510% 0:34:07 $191,025.50 $64,500,000 

M11/S102 99.5% 99.5% 99.671% 99.995% 60% 95.641% 95.641% 95.641% 99.993470% 0:34:19 $192,201.73 $92,000,000 

M11/S759 99.5% 99.5% 99.671% 99.995% 97.5% 91.398% 91.398% 91.398% 99.993452% 0:34:25 $192,721.19 $92,000,000 

M11/S115 99.5% 99.5% 99.741% 99.741% 85% 95.641% 95.641% 95.641% 99.993414% 0:34:37 $193,862.66 $67,000,000 

M11/S749 99.5% 99.5% 99.671% 99.982% 97.5% 91.398% 91.398% 91.398% 99.993382% 0:34:47 $194,784.81 $87,000,000 

M11/S122 99.5% 99.5% 99.741% 99.982% 60% 95.641% 95.641% 95.641% 99.993345% 0:34:59 $195,884.92 $89,500,000 

M11/S829 99.5% 99.5% 99.671% 99.671% 97.5% 97.5% 91.398% 91.398% 99.993327% 0:35:04 $196,419.42 $62,000,000 

M11/S917 99.5% 99.5% 99.995% 99.995% 92.5% 92.5% 91.398% 91.398% 99.993273% 0:35:22 $198,010.12 $122,000,000 

M11/S161 99.5% 99.5% 99.995% 99.995% 50% 95.641% 95.641% 95.641% 99.993241% 0:35:32 $198,946.21 $122,000,000 

M11/S151 99.5% 99.5% 99.982% 99.995% 50% 95.641% 95.641% 95.641% 99.993216% 0:35:39 $199,676.03 $117,000,000 

M11/S92 99.5% 99.5% 99.671% 99.982% 60% 95.641% 95.641% 95.641% 99.993202% 0:35:44 $200,094.94 $87,000,000 

M11/S858 99.5% 99.5% 99.671% 99.995% 95% 95% 91.398% 91.398% 99.993193% 0:35:47 $200,357.47 $92,000,000 

M11/S907 99.5% 99.5% 99.982% 99.995% 92.5% 92.5% 91.398% 91.398% 99.993176% 0:35:52 $200,844.51 $117,000,000 

M11/S928 99.5% 99.5% 99.671% 99.671% 95% 95% 95% 91.398% 99.993119% 0:36:10 $202,525.19 $62,000,000 

M11/S848 99.5% 99.5% 99.671% 99.982% 95% 95% 91.398% 91.398% 99.993118% 0:36:10 $202,553.37 $87,000,000 

M11/S265 99.5% 99.5% 99.995% 99.995% 85% 85% 95.641% 95.641% 99.993103% 0:36:15 $202,994.96 $122,000,000 

M11/S85 99.5% 99.5% 99.671% 99.741% 85% 95.641% 95.641% 95.641% 99.993102% 0:36:15 $203,042.85 $64,500,000 

M11/S897 99.5% 99.5% 99.982% 99.982% 92.5% 92.5% 91.398% 91.398% 99.993101% 0:36:16 $203,048.84 $112,000,000 

M11/S255 99.5% 99.5% 99.982% 99.995% 85% 85% 95.641% 95.641% 99.993079% 0:36:23 $203,724.26 $117,000,000 

M11/S366 99.5% 99.5% 99.995% 99.995% 90% 90% 90% 95.641% 99.993070% 0:36:26 $203,986.45 $122,000,000 

M11/S356 99.5% 99.5% 99.982% 99.995% 90% 90% 90% 95.641% 99.993013% 0:36:43 $205,656.47 $117,000,000 

M11/S141 99.5% 99.5% 99.982% 99.982% 50% 95.641% 95.641% 95.641% 99.992931% 0:37:09 $208,066.60 $112,000,000 

M11/S177 99.5% 99.5% 99.671% 99.671% 92.5% 92.5% 95.641% 95.641% 99.992888% 0:37:23 $209,320.12 $62,000,000 

M11/S346 99.5% 99.5% 99.982% 99.982% 90% 90% 90% 95.641% 99.992881% 0:37:25 $209,533.95 $112,000,000 

M11/S437 99.5% 99.5% 99.741% 99.995% 92.5% 92.5% 92.5% 92.5% 99.992847% 0:37:36 $210,550.25 $94,500,000 

M11/S245 99.5% 99.5% 99.982% 99.982% 85% 85% 95.641% 95.641% 99.992784% 0:37:56 $212,384.21 $112,000,000 

M11/S769 99.5% 99.5% 99.741% 99.741% 97.5% 91.398% 91.398% 91.398% 99.992779% 0:37:57 $212,542.46 $67,000,000 

M11/S131 99.5% 99.5% 99.741% 99.995% 50% 95.641% 95.641% 95.641% 99.992756% 0:38:04 $213,205.89 $94,500,000 

M11/S427 99.5% 99.5% 99.741% 99.982% 92.5% 92.5% 92.5% 92.5% 99.992741% 0:38:09 $213,670.31 $89,500,000 

M11/S317 99.5% 99.5% 99.741% 99.741% 92.5% 92.5% 92.5% 95.641% 99.992702% 0:38:21 $214,797.96 $67,000,000 

M11/S817 99.5% 99.5% 99.995% 99.995% 92.5% 91.398% 91.398% 91.398% 99.992657% 0:38:36 $216,136.72 $122,000,000 

M11/S101 99.5% 99.5% 99.671% 99.995% 50% 95.641% 95.641% 95.641% 99.992623% 0:38:46 $217,135.73 $92,000,000 

M11/S235 99.5% 99.5% 99.741% 99.995% 85% 85% 95.641% 95.641% 99.992619% 0:38:48 $217,244.36 $94,500,000 

M11/S1090 100% 99.5% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.992572% 0:39:02 $218,629.88 $94,500,000 

M11/S1190 100% 100% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.992572% 0:39:02 $218,629.88 $94,500,000 

M11/S807 99.5% 99.5% 99.982% 99.995% 92.5% 91.398% 91.398% 91.398% 99.992561% 0:39:06 $218,968.76 $117,000,000 

M11/S205 99.5% 99.5% 99.671% 99.995% 85% 85% 95.641% 95.641% 99.992486% 0:39:30 $221,171.36 $92,000,000 

M11/S797 99.5% 99.5% 99.982% 99.982% 92.5% 91.398% 91.398% 91.398% 99.992475% 0:39:33 $221,487.03 $112,000,000 

M11/S407 99.5% 99.5% 99.671% 99.995% 92.5% 92.5% 92.5% 92.5% 99.992452% 0:39:40 $222,176.11 $92,000,000 

M11/S1080 100% 99.5% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.992443% 0:39:43 $222,416.86 $89,500,000 

M11/S1180 100% 100% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.992443% 0:39:43 $222,416.86 $89,500,000 

M11/S121 99.5% 99.5% 99.741% 99.982% 50% 95.641% 95.641% 95.641% 99.992441% 0:39:44 $222,496.78 $89,500,000 

M11/S114 99.5% 99.5% 99.741% 99.741% 80% 95.641% 95.641% 95.641% 99.992439% 0:39:45 $222,558.79 $67,000,000 

M11/S868 99.5% 99.5% 99.741% 99.741% 95% 95% 91.398% 91.398% 99.992431% 0:39:47 $222,770.30 $67,000,000 

M11/S75 99.5% 99.5% 99.671% 99.671% 85% 95.641% 95.641% 95.641% 99.992417% 0:39:52 $223,209.50 $62,000,000 

M11/S788 99.5% 99.5% 99.741% 99.995% 95% 91.398% 91.398% 91.398% 99.992375% 0:40:05 $224,438.08 $94,500,000 

M11/S397 99.5% 99.5% 99.671% 99.982% 92.5% 92.5% 92.5% 92.5% 99.992337% 0:40:17 $225,561.00 $87,000,000 

M11/S91 99.5% 99.5% 99.671% 99.982% 50% 95.641% 95.641% 95.641% 99.992298% 0:40:29 $226,688.12 $87,000,000 

M11/S287 99.5% 99.5% 99.671% 99.741% 92.5% 92.5% 92.5% 95.641% 99.992295% 0:40:30 $226,784.37 $64,500,000 

M11/S225 99.5% 99.5% 99.741% 99.982% 85% 85% 95.641% 95.641% 99.992294% 0:40:30 $226,803.99 $89,500,000 

M11/S778 99.5% 99.5% 99.741% 99.982% 95% 91.398% 91.398% 91.398% 99.992286% 0:40:33 $227,051.08 $89,500,000 

M11/S59 99.5% 99.5% 99.995% 97.5% 95.641% 95.641% 95.641% 95.641% 99.992264% 0:40:40 $227,694.04  

M11/S987 99.5% 99.5% 99.741% 99.995% 92.5% 92.5% 92.5% 91.398% 99.992169% 0:41:10 $230,503.72 $94,500,000 

M11/S195 99.5% 99.5% 99.671% 99.982% 85% 85% 95.641% 95.641% 99.992152% 0:41:15 $230,992.30 $87,000,000 

M11/S84 99.5% 99.5% 99.671% 99.741% 80% 95.641% 95.641% 95.641% 99.992127% 0:41:23 $231,718.84 $64,500,000 

M11/S739 99.5% 99.5% 99.671% 99.741% 97.5% 91.398% 91.398% 91.398% 99.992082% 0:41:37 $233,041.20 $64,500,000 

M11/S977 99.5% 99.5% 99.741% 99.982% 92.5% 92.5% 92.5% 91.398% 99.992063% 0:41:43 $233,621.18 $89,500,000 

M11/S1060 100% 99.5% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.992054% 0:41:46 $233,865.16 $92,000,000 

M11/S1160 100% 100% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.992054% 0:41:46 $233,865.16 $92,000,000 

M11/S720 99.5% 99.5% 100% 100% 91.398% 91.398% 91.398% 91.398% 99.992024% 0:41:55 $234,758.34  

M11/S710 99.5% 99.5% 99.995% 100% 91.398% 91.398% 91.398% 91.398% 99.991987% 0:42:07 $235,839.30  
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M11/S336 99.5% 99.5% 99.741% 99.995% 90% 90% 90% 95.641% 99.991961% 0:42:15 $236,615.94 $94,500,000 

M11/S20 99.5% 99.5% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.991950% 0:42:19 $236,927.51 $122,000,000 

M11/S1050 100% 99.5% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.991917% 0:42:29 $237,916.03 $87,000,000 

M11/S1150 100% 100% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.991917% 0:42:29 $237,916.03 $87,000,000 

M11/S49 99.5% 99.5% 99.982% 97.5% 95.641% 95.641% 95.641% 95.641% 99.991916% 0:42:29 $237,949.01  

M11/S700 99.5% 99.5% 99.982% 100% 91.398% 91.398% 91.398% 91.398% 99.991892% 0:42:37 $238,649.79  

M11/S216 99.5% 99.5% 99.741% 99.741% 90% 90% 95.641% 95.641% 99.991865% 0:42:45 $239,441.11 $67,000,000 

M11/S758 99.5% 99.5% 99.671% 99.995% 95% 91.398% 91.398% 91.398% 99.991856% 0:42:48 $239,720.54 $92,000,000 

M11/S19 99.5% 99.5% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.991854% 0:42:49 $239,756.85 $117,000,000 

M11/S326 99.5% 99.5% 99.741% 99.982% 90% 90% 90% 95.641% 99.991798% 0:43:06 $241,402.35 $89,500,000 

M11/S748 99.5% 99.5% 99.671% 99.982% 95% 91.398% 91.398% 91.398% 99.991758% 0:43:19 $242,598.26 $87,000,000 

M11/S18 99.5% 99.5% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.991757% 0:43:20 $242,635.19 $112,000,000 

M11/S838 99.5% 99.5% 99.671% 99.741% 95% 95% 91.398% 91.398% 99.991735% 0:43:26 $243,261.86 $64,500,000 

M11/S957 99.5% 99.5% 99.671% 99.995% 92.5% 92.5% 92.5% 91.398% 99.991716% 0:43:32 $243,823.25 $92,000,000 

M11/S729 99.5% 99.5% 99.671% 99.671% 97.5% 91.398% 91.398% 91.398% 99.991705% 0:43:36 $244,153.01 $62,000,000 

M11/S277 99.5% 99.5% 99.671% 99.671% 92.5% 92.5% 92.5% 95.641% 99.991674% 0:43:46 $245,053.90 $62,000,000 

M11/S306 99.5% 99.5% 99.671% 99.995% 90% 90% 90% 95.641% 99.991656% 0:43:52 $245,608.32 $92,000,000 

M11/S947 99.5% 99.5% 99.671% 99.982% 92.5% 92.5% 92.5% 91.398% 99.991601% 0:44:09 $247,205.33 $87,000,000 

M11/S186 99.5% 99.5% 99.671% 99.741% 90% 90% 95.641% 95.641% 99.991554% 0:44:23 $248,589.32 $64,500,000 

M11/S296 99.5% 99.5% 99.671% 99.982% 90% 90% 90% 95.641% 99.991484% 0:44:46 $250,658.73 $87,000,000 

M11/S887 99.5% 99.5% 99.741% 99.995% 92.5% 92.5% 91.398% 91.398% 99.991391% 0:45:15 $253,389.88 $94,500,000 

M11/S828 99.5% 99.5% 99.671% 99.671% 95% 95% 91.398% 91.398% 99.991334% 0:45:33 $255,085.90 $62,000,000 

M11/S74 99.5% 99.5% 99.671% 99.671% 80% 95.641% 95.641% 95.641% 99.991290% 0:45:47 $256,352.53 $62,000,000 

M11/S877 99.5% 99.5% 99.741% 99.982% 92.5% 92.5% 91.398% 91.398% 99.991285% 0:45:48 $256,504.37 $89,500,000 

M11/S816 99.5% 99.5% 99.995% 99.995% 90% 91.398% 91.398% 91.398% 99.991055% 0:47:01 $263,288.85 $122,000,000 

M11/S806 99.5% 99.5% 99.982% 99.995% 90% 91.398% 91.398% 91.398% 99.990959% 0:47:31 $266,114.76 $117,000,000 

M11/S857 99.5% 99.5% 99.671% 99.995% 92.5% 92.5% 91.398% 91.398% 99.990873% 0:47:58 $268,652.02 $92,000,000 

M11/S796 99.5% 99.5% 99.982% 99.982% 90% 91.398% 91.398% 91.398% 99.990846% 0:48:07 $269,449.66 $112,000,000 

M11/S787 99.5% 99.5% 99.741% 99.995% 92.5% 91.398% 91.398% 91.398% 99.990777% 0:48:29 $271,470.44 $94,500,000 

M11/S417 99.5% 99.5% 99.741% 99.741% 92.5% 92.5% 92.5% 92.5% 99.990775% 0:48:29 $271,511.40 $67,000,000 

M11/S847 99.5% 99.5% 99.671% 99.982% 92.5% 92.5% 91.398% 91.398% 99.990758% 0:48:35 $272,030.87 $87,000,000 

M11/S777 99.5% 99.5% 99.741% 99.982% 92.5% 91.398% 91.398% 91.398% 99.990660% 0:49:05 $274,898.11 $89,500,000 

M11/S768 99.5% 99.5% 99.741% 99.741% 95% 91.398% 91.398% 91.398% 99.990640% 0:49:12 $275,492.15 $67,000,000 

M11/S176 99.5% 99.5% 99.671% 99.671% 90% 90% 95.641% 95.641% 99.990628% 0:49:16 $275,851.03 $62,000,000 

M11/S113 99.5% 99.5% 99.741% 99.741% 70% 95.641% 95.641% 95.641% 99.990489% 0:49:59 $279,951.05 $67,000,000 

M11/S757 99.5% 99.5% 99.671% 99.995% 92.5% 91.398% 91.398% 91.398% 99.990259% 0:51:12 $286,719.89 $92,000,000 

M11/S387 99.5% 99.5% 99.671% 99.741% 92.5% 92.5% 92.5% 92.5% 99.990205% 0:51:29 $288,311.71 $64,500,000 

M11/S83 99.5% 99.5% 99.671% 99.741% 70% 95.641% 95.641% 95.641% 99.990179% 0:51:37 $289,070.83 $64,500,000 

M11/S747 99.5% 99.5% 99.671% 99.982% 92.5% 91.398% 91.398% 91.398% 99.990133% 0:51:52 $290,411.70 $87,000,000 

M11/S690 99.5% 99.5% 99.741% 100% 91.398% 91.398% 91.398% 91.398% 99.990122% 0:51:55 $290,751.93  

M11/S967 99.5% 99.5% 99.741% 99.741% 92.5% 92.5% 92.5% 91.398% 99.990099% 0:52:02 $291,414.18 $67,000,000 

M11/S17 99.5% 99.5% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.990072% 0:52:11 $292,208.42 $94,500,000 

M11/S1070 100% 99.5% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.990058% 0:52:15 $292,621.56 $67,000,000 

M11/S1170 100% 100% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.990058% 0:52:15 $292,621.56 $67,000,000 

M11/S916 99.5% 99.5% 99.995% 99.995% 90% 90% 91.398% 91.398% 99.990014% 0:52:29 $293,933.29 $122,000,000 

M11/S738 99.5% 99.5% 99.671% 99.741% 95% 91.398% 91.398% 91.398% 99.989945% 0:52:51 $295,946.70 $64,500,000 

M11/S16 99.5% 99.5% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.989944% 0:52:51 $295,995.30 $89,500,000 

M11/S906 99.5% 99.5% 99.982% 99.995% 90% 90% 91.398% 91.398% 99.989918% 0:53:00 $296,755.22 $117,000,000 

M11/S896 99.5% 99.5% 99.982% 99.982% 90% 90% 91.398% 91.398% 99.989786% 0:53:41 $300,620.86 $112,000,000 

M11/S264 99.5% 99.5% 99.995% 99.995% 80% 80% 95.641% 95.641% 99.989691% 0:54:11 $303,424.74 $122,000,000 

M11/S254 99.5% 99.5% 99.982% 99.995% 80% 80% 95.641% 95.641% 99.989667% 0:54:19 $304,140.99 $117,000,000 

M11/S680 99.5% 99.5% 99.671% 100% 91.398% 91.398% 91.398% 91.398% 99.989608% 0:54:37 $305,885.33  

M11/S377 99.5% 99.5% 99.671% 99.671% 92.5% 92.5% 92.5% 92.5% 99.989585% 0:54:44 $306,538.06 $62,000,000 

M11/S14 99.5% 99.5% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.989555% 0:54:54 $307,443.32 $92,000,000 

M11/S937 99.5% 99.5% 99.671% 99.741% 92.5% 92.5% 92.5% 91.398% 99.989471% 0:55:20 $309,903.87 $64,500,000 

M11/S728 99.5% 99.5% 99.671% 99.671% 95% 91.398% 91.398% 91.398% 99.989419% 0:55:37 $311,442.11 $62,000,000 

M11/S13 99.5% 99.5% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.989417% 0:55:37 $311,494.09 $87,000,000 

M11/S1040 100% 99.5% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.989365% 0:55:54 $313,012.96 $64,500,000 

M11/S1140 100% 100% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.989365% 0:55:54 $313,012.96 $64,500,000 

M11/S867 99.5% 99.5% 99.741% 99.741% 92.5% 92.5% 91.398% 91.398% 99.989324% 0:56:07 $314,242.21 $67,000,000 

M11/S234 99.5% 99.5% 99.741% 99.995% 80% 80% 95.641% 95.641% 99.989216% 0:56:41 $317,419.04 $94,500,000 

M11/S786 99.5% 99.5% 99.741% 99.995% 90% 91.398% 91.398% 91.398% 99.989179% 0:56:53 $318,502.80 $94,500,000 

M11/S244 99.5% 99.5% 99.982% 99.982% 80% 80% 95.641% 95.641% 99.989146% 0:57:03 $319,482.99 $112,000,000 

M11/S204 99.5% 99.5% 99.671% 99.995% 80% 80% 95.641% 95.641% 99.989085% 0:57:22 $321,275.74 $92,000,000 

M11/S73 99.5% 99.5% 99.671% 99.671% 70% 95.641% 95.641% 95.641% 99.989038% 0:57:37 $322,638.61 $62,000,000 

M11/S776 99.5% 99.5% 99.741% 99.982% 90% 91.398% 91.398% 91.398% 99.989035% 0:57:38 $322,745.14 $89,500,000 

M11/S927 99.5% 99.5% 99.671% 99.671% 92.5% 92.5% 92.5% 91.398% 99.988852% 0:58:36 $328,115.06 $62,000,000 

M11/S1016 99.5% 99.5% 99.995% 99.995% 90% 90% 90% 91.398% 99.988805% 0:58:50 $329,494.56 $122,000,000 

M11/S316 99.5% 99.5% 99.741% 99.741% 90% 90% 90% 95.641% 99.988784% 0:58:57 $330,135.06 $67,000,000 

M11/S1006 99.5% 99.5% 99.982% 99.995% 90% 90% 90% 91.398% 99.988694% 0:59:25 $332,771.91 $117,000,000 

M11/S224 99.5% 99.5% 99.741% 99.982% 80% 80% 95.641% 95.641% 99.988664% 0:59:35 $333,644.61 $89,500,000 

M11/S756 99.5% 99.5% 99.671% 99.995% 90% 91.398% 91.398% 91.398% 99.988662% 0:59:36 $333,719.24 $92,000,000 

M11/S837 99.5% 99.5% 99.671% 99.741% 92.5% 92.5% 91.398% 91.398% 99.988630% 0:59:46 $334,669.57 $64,500,000 

M11/S1030 100% 99.5% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.988624% 0:59:47 $334,825.35 $62,000,000 

M11/S1130 100% 100% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.988624% 0:59:47 $334,825.35 $62,000,000 

M11/S996 99.5% 99.5% 99.982% 99.982% 90% 90% 90% 91.398% 99.988563% 1:00:07 $336,632.87 $112,000,000 

M11/S112 99.5% 99.5% 99.741% 99.741% 60% 95.641% 95.641% 95.641% 99.988539% 1:00:14 $337,343.31 $67,000,000 

M11/S194 99.5% 99.5% 99.671% 99.982% 80% 80% 95.641% 95.641% 99.988525% 1:00:19 $337,757.94 $87,000,000 

M11/S746 99.5% 99.5% 99.671% 99.982% 90% 91.398% 91.398% 91.398% 99.988509% 1:00:24 $338,225.15 $87,000,000 

M11/S767 99.5% 99.5% 99.741% 99.741% 92.5% 91.398% 91.398% 91.398% 99.988502% 1:00:26 $338,441.84 $67,000,000 

M11/S286 99.5% 99.5% 99.671% 99.741% 90% 90% 90% 95.641% 99.988303% 1:01:29 $344,285.69 $64,500,000 

M11/S82 99.5% 99.5% 99.671% 99.741% 60% 95.641% 95.641% 95.641% 99.988230% 1:01:52 $346,422.81 $64,500,000 

M11/S886 99.5% 99.5% 99.741% 99.995% 90% 90% 91.398% 91.398% 99.988140% 1:02:20 $349,069.40 $94,500,000 

M11/S827 99.5% 99.5% 99.671% 99.671% 92.5% 92.5% 91.398% 91.398% 99.988012% 1:03:01 $352,863.38 $62,000,000 

M11/S876 99.5% 99.5% 99.741% 99.982% 90% 90% 91.398% 91.398% 99.987978% 1:03:11 $353,841.19 $89,500,000 

M11/S815 99.5% 99.5% 99.995% 99.995% 85% 91.398% 91.398% 91.398% 99.987851% 1:03:51 $357,593.12 $122,000,000 

M11/S737 99.5% 99.5% 99.671% 99.741% 92.5% 91.398% 91.398% 91.398% 99.987808% 1:04:05 $358,852.21 $64,500,000 

M11/S805 99.5% 99.5% 99.982% 99.995% 85% 91.398% 91.398% 91.398% 99.987755% 1:04:22 $360,406.77 $117,000,000 

M11/S856 99.5% 99.5% 99.671% 99.995% 90% 90% 91.398% 91.398% 99.987624% 1:05:03 $364,264.39 $92,000,000 

M11/S795 99.5% 99.5% 99.982% 99.982% 85% 91.398% 91.398% 91.398% 99.987586% 1:05:15 $365,374.94 $112,000,000 

M11/S15 99.5% 99.5% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.987558% 1:05:24 $366,198.24 $67,000,000 

M11/S846 99.5% 99.5% 99.671% 99.982% 90% 90% 91.398% 91.398% 99.987453% 1:05:57 $369,299.38 $87,000,000 



 

316 
 

M11/S466 99.5% 99.5% 99.995% 99.995% 90% 90% 90% 90% 99.987401% 1:06:13 $370,833.71 $122,000,000 

M11/S58 99.5% 99.5% 99.995% 95% 95.641% 95.641% 95.641% 95.641% 99.987399% 1:06:14 $370,899.72  

M11/S276 99.5% 99.5% 99.671% 99.671% 90% 90% 90% 95.641% 99.987379% 1:06:20 $371,480.24 $62,000,000 

M11/S456 99.5% 99.5% 99.982% 99.995% 90% 90% 90% 90% 99.987272% 1:06:54 $374,640.47 $117,000,000 

M11/S446 99.5% 99.5% 99.982% 99.982% 90% 90% 90% 90% 99.987141% 1:07:35 $378,495.98 $112,000,000 

M11/S727 99.5% 99.5% 99.671% 99.671% 92.5% 91.398% 91.398% 91.398% 99.987133% 1:07:38 $378,731.20 $62,000,000 

M11/S569 97.5% 99.5% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.987120% 1:07:42 $379,109.65 $122,000,000 

M11/S559 97.5% 99.5% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.987095% 1:07:50 $379,854.24 $117,000,000 

M11/S549 97.5% 99.5% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.987068% 1:07:58 $380,648.39 $112,000,000 

M11/S12 99.5% 99.5% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.986866% 1:09:02 $386,589.14 $64,500,000 

M11/S72 99.5% 99.5% 99.671% 99.671% 60% 95.641% 95.641% 95.641% 99.986786% 1:09:27 $388,924.68 $62,000,000 

M11/S48 99.5% 99.5% 99.982% 95% 95.641% 95.641% 95.641% 95.641% 99.986727% 1:09:46 $390,684.06  

M11/S986 99.5% 99.5% 99.741% 99.995% 90% 90% 90% 91.398% 99.986630% 1:10:16 $393,528.87 $94,500,000 

M11/S539 97.5% 99.5% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.986626% 1:10:18 $393,657.89 $94,500,000 

M11/S111 99.5% 99.5% 99.741% 99.741% 50% 95.641% 95.641% 95.641% 99.986589% 1:10:29 $394,735.57 $67,000,000 

M11/S529 97.5% 99.5% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.986567% 1:10:36 $395,370.57 $89,500,000 

M11/S509 97.5% 99.5% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.986489% 1:11:01 $397,667.25 $92,000,000 

M11/S976 99.5% 99.5% 99.741% 99.982% 90% 90% 90% 91.398% 99.986468% 1:11:07 $398,294.88 $89,500,000 

M11/S499 97.5% 99.5% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.986422% 1:11:22 $399,646.73 $87,000,000 

M11/S766 99.5% 99.5% 99.741% 99.741% 90% 91.398% 91.398% 91.398% 99.986363% 1:11:41 $401,391.52 $67,000,000 

M11/S81 99.5% 99.5% 99.671% 99.741% 50% 95.641% 95.641% 95.641% 99.986282% 1:12:06 $403,774.79 $64,500,000 

M11/S215 99.5% 99.5% 99.741% 99.741% 85% 85% 95.641% 95.641% 99.986273% 1:12:09 $404,024.67 $67,000,000 

M11/S11 99.5% 99.5% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.986125% 1:12:56 $408,400.98 $62,000,000 

M11/S956 99.5% 99.5% 99.671% 99.995% 90% 90% 90% 91.398% 99.986030% 1:13:25 $411,176.11 $92,000,000 

M11/S785 99.5% 99.5% 99.741% 99.995% 85% 91.398% 91.398% 91.398% 99.985983% 1:13:40 $412,567.52 $94,500,000 

M11/S185 99.5% 99.5% 99.671% 99.741% 85% 85% 95.641% 95.641% 99.985966% 1:13:46 $413,057.37 $64,500,000 

M11/S946 99.5% 99.5% 99.671% 99.982% 90% 90% 90% 91.398% 99.985860% 1:14:19 $416,205.01 $87,000,000 

M11/S775 99.5% 99.5% 99.741% 99.982% 85% 91.398% 91.398% 91.398% 99.985784% 1:14:43 $418,439.19 $89,500,000 

M11/S736 99.5% 99.5% 99.671% 99.741% 90% 91.398% 91.398% 91.398% 99.985671% 1:15:19 $421,757.72 $64,500,000 

M11/S519 97.5% 99.5% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.985489% 1:16:16 $427,121.06 $67,000,000 

M11/S755 99.5% 99.5% 99.671% 99.995% 85% 91.398% 91.398% 91.398% 99.985468% 1:16:23 $427,717.95 $92,000,000 

M11/S39 99.5% 99.5% 99.741% 97.5% 95.641% 95.641% 95.641% 95.641% 99.985457% 1:16:26 $428,060.50  

M11/S745 99.5% 99.5% 99.671% 99.982% 85% 91.398% 91.398% 91.398% 99.985260% 1:17:28 $433,852.04 $87,000,000 

M11/S489 97.5% 99.5% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.985175% 1:17:55 $436,343.19 $64,500,000 

M11/S866 99.5% 99.5% 99.741% 99.741% 90% 90% 91.398% 91.398% 99.984973% 1:18:59 $442,302.88 $67,000,000 

M11/S436 99.5% 99.5% 99.741% 99.995% 90% 90% 90% 90% 99.984874% 1:19:30 $445,211.95 $94,500,000 

M11/S726 99.5% 99.5% 99.671% 99.671% 90% 91.398% 91.398% 91.398% 99.984847% 1:19:39 $446,020.29 $62,000,000 

M11/S479 97.5% 99.5% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.984813% 1:19:49 $447,001.91 $62,000,000 

M11/S426 99.5% 99.5% 99.741% 99.982% 90% 90% 90% 90% 99.984712% 1:20:21 $449,971.24 $89,500,000 

M11/S814 99.5% 99.5% 99.995% 99.995% 80% 91.398% 91.398% 91.398% 99.984647% 1:20:42 $451,897.38 $122,000,000 

M11/S804 99.5% 99.5% 99.982% 99.995% 80% 91.398% 91.398% 91.398% 99.984552% 1:21:12 $454,698.77 $117,000,000 

M11/S71 99.5% 99.5% 99.671% 99.671% 50% 95.641% 95.641% 95.641% 99.984534% 1:21:17 $455,210.75 $62,000,000 

M11/S794 99.5% 99.5% 99.982% 99.982% 80% 91.398% 91.398% 91.398% 99.984327% 1:22:23 $461,300.21 $112,000,000 

M11/S836 99.5% 99.5% 99.671% 99.741% 90% 90% 91.398% 91.398% 99.984282% 1:22:37 $462,640.36 $64,500,000 

M11/S406 99.5% 99.5% 99.671% 99.995% 90% 90% 90% 90% 99.984178% 1:23:10 $465,709.89 $92,000,000 

M11/S175 99.5% 99.5% 99.671% 99.671% 85% 85% 95.641% 95.641% 99.984170% 1:23:12 $465,939.34 $62,000,000 

M11/S396 99.5% 99.5% 99.671% 99.982% 90% 90% 90% 90% 99.984007% 1:24:04 $470,731.69 $87,000,000 

M11/S29 99.5% 99.5% 99.671% 97.5% 95.641% 95.641% 95.641% 95.641% 99.983581% 1:26:18 $483,279.61  

M11/S966 99.5% 99.5% 99.741% 99.741% 90% 90% 90% 91.398% 99.983466% 1:26:54 $486,649.41 $67,000,000 

M11/S826 99.5% 99.5% 99.671% 99.671% 90% 90% 91.398% 91.398% 99.983361% 1:27:27 $489,751.85 $62,000,000 

M11/S784 99.5% 99.5% 99.741% 99.995% 80% 91.398% 91.398% 91.398% 99.982787% 1:30:28 $506,632.24 $94,500,000 

M11/S936 99.5% 99.5% 99.671% 99.741% 90% 90% 90% 91.398% 99.982692% 1:30:58 $509,432.93 $64,500,000 

M11/S365 99.5% 99.5% 99.995% 99.995% 85% 85% 85% 95.641% 99.982645% 1:31:13 $510,816.58 $122,000,000 

M11/S355 99.5% 99.5% 99.982% 99.995% 85% 85% 85% 95.641% 99.982561% 1:31:39 $513,280.62 $117,000,000 

M11/S57 99.5% 99.5% 99.995% 92.5% 95.641% 95.641% 95.641% 95.641% 99.982533% 1:31:48 $514,105.40  

M11/S774 99.5% 99.5% 99.741% 99.982% 80% 91.398% 91.398% 91.398% 99.982532% 1:31:49 $514,133.24 $89,500,000 

M11/S754 99.5% 99.5% 99.671% 99.995% 80% 91.398% 91.398% 91.398% 99.982275% 1:33:10 $521,716.65 $92,000,000 

M11/S345 99.5% 99.5% 99.982% 99.982% 85% 85% 85% 95.641% 99.982269% 1:33:12 $521,900.33 $112,000,000 

M11/S765 99.5% 99.5% 99.741% 99.741% 85% 91.398% 91.398% 91.398% 99.982085% 1:34:10 $527,290.89 $67,000,000 

M11/S744 99.5% 99.5% 99.671% 99.982% 80% 91.398% 91.398% 91.398% 99.982011% 1:34:33 $529,478.94 $87,000,000 

M11/S1119 97.5% 99.5% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.981951% 1:34:52 $531,247.17 $122,000,000 

M11/S1109 97.5% 99.5% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.981855% 1:35:22 $534,076.23 $117,000,000 

M11/S926 99.5% 99.5% 99.671% 99.671% 90% 90% 90% 91.398% 99.981772% 1:35:48 $536,511.58 $62,000,000 

M11/S1099 97.5% 99.5% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.981757% 1:35:53 $536,954.29 $112,000,000 

M11/S416 99.5% 99.5% 99.741% 99.741% 90% 90% 90% 90% 99.981715% 1:36:06 $538,201.21 $67,000,000 

M11/S47 99.5% 99.5% 99.982% 92.5% 95.641% 95.641% 95.641% 95.641% 99.981537% 1:37:02 $543,419.11  

M11/S735 99.5% 99.5% 99.671% 99.741% 85% 91.398% 91.398% 91.398% 99.981396% 1:37:47 $547,568.73 $64,500,000 

M11/S335 99.5% 99.5% 99.741% 99.995% 85% 85% 85% 95.641% 99.981009% 1:39:49 $558,960.13 $94,500,000 

M11/S386 99.5% 99.5% 99.671% 99.741% 90% 90% 90% 90% 99.980844% 1:40:41 $563,828.18 $64,500,000 

M11/S915 99.5% 99.5% 99.995% 99.995% 85% 85% 91.398% 91.398% 99.980702% 1:41:26 $567,999.50 $122,000,000 

M11/S325 99.5% 99.5% 99.741% 99.982% 85% 85% 85% 95.641% 99.980686% 1:41:31 $568,475.33 $89,500,000 

M11/S905 99.5% 99.5% 99.982% 99.995% 85% 85% 91.398% 91.398% 99.980608% 1:41:56 $570,785.80 $117,000,000 

M11/S305 99.5% 99.5% 99.671% 99.995% 85% 85% 85% 95.641% 99.980559% 1:42:11 $572,228.04 $92,000,000 

M11/S895 99.5% 99.5% 99.982% 99.982% 85% 85% 91.398% 91.398% 99.980315% 1:43:28 $579,398.03 $112,000,000 

M11/S725 99.5% 99.5% 99.671% 99.671% 85% 91.398% 91.398% 91.398% 99.980274% 1:43:41 $580,598.47 $62,000,000 

M11/S295 99.5% 99.5% 99.671% 99.982% 85% 85% 85% 95.641% 99.980227% 1:43:56 $582,003.34 $87,000,000 

M11/S1089 97.5% 99.5% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.980073% 1:44:44 $586,522.56 $94,500,000 

M11/S1079 97.5% 99.5% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.979944% 1:45:25 $590,309.06 $89,500,000 

M11/S263 99.5% 99.5% 99.995% 99.995% 70% 70% 95.641% 95.641% 99.979942% 1:45:25 $590,366.98 $122,000,000 

M11/S376 99.5% 99.5% 99.671% 99.671% 90% 90% 90% 90% 99.979925% 1:45:31 $590,868.65 $62,000,000 

M11/S253 99.5% 99.5% 99.982% 99.995% 70% 70% 95.641% 95.641% 99.979919% 1:45:33 $591,045.91 $117,000,000 

M11/S1059 97.5% 99.5% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.979555% 1:47:27 $601,755.93 $92,000,000 

M11/S233 99.5% 99.5% 99.741% 99.995% 70% 70% 95.641% 95.641% 99.979492% 1:47:47 $603,632.40 $94,500,000 

M11/S1049 97.5% 99.5% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.979418% 1:48:11 $605,806.29 $87,000,000 

M11/S203 99.5% 99.5% 99.671% 99.995% 70% 70% 95.641% 95.641% 99.979368% 1:48:27 $607,288.23 $92,000,000 

M11/S885 99.5% 99.5% 99.741% 99.995% 85% 85% 91.398% 91.398% 99.978853% 1:51:09 $622,439.45 $94,500,000 

M11/S243 99.5% 99.5% 99.982% 99.982% 70% 70% 95.641% 95.641% 99.978749% 1:51:42 $625,479.49 $112,000,000 

M11/S875 99.5% 99.5% 99.741% 99.982% 85% 85% 91.398% 91.398% 99.978530% 1:52:51 $631,946.39 $89,500,000 

M11/S214 99.5% 99.5% 99.741% 99.741% 80% 80% 95.641% 95.641% 99.978445% 1:53:18 $634,441.65 $67,000,000 

M11/S855 99.5% 99.5% 99.671% 99.995% 85% 85% 91.398% 91.398% 99.978343% 1:53:50 $637,442.59 $92,000,000 

M11/S223 99.5% 99.5% 99.741% 99.982% 70% 70% 95.641% 95.641% 99.978293% 1:54:05 $638,903.53 $89,500,000 

M11/S813 99.5% 99.5% 99.995% 99.995% 70% 91.398% 91.398% 91.398% 99.978239% 1:54:23 $640,505.91 $122,000,000 
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M11/S193 99.5% 99.5% 99.671% 99.982% 70% 70% 95.641% 95.641% 99.978161% 1:54:47 $642,802.62 $87,000,000 

M11/S803 99.5% 99.5% 99.982% 99.995% 70% 91.398% 91.398% 91.398% 99.978145% 1:54:52 $643,282.78 $117,000,000 

M11/S184 99.5% 99.5% 99.671% 99.741% 80% 80% 95.641% 95.641% 99.978144% 1:54:53 $643,312.63 $64,500,000 

M11/S845 99.5% 99.5% 99.671% 99.982% 85% 85% 91.398% 91.398% 99.978011% 1:55:34 $647,209.40 $87,000,000 

M11/S793 99.5% 99.5% 99.982% 99.982% 70% 91.398% 91.398% 91.398% 99.977809% 1:56:38 $653,150.76 $112,000,000 

M11/S764 99.5% 99.5% 99.741% 99.741% 80% 91.398% 91.398% 91.398% 99.977808% 1:56:38 $653,190.26 $67,000,000 

M11/S56 99.5% 99.5% 99.995% 90% 95.641% 95.641% 95.641% 95.641% 99.977668% 1:57:23 $657,311.08  

M11/S1069 97.5% 99.5% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.977559% 1:57:57 $660,504.98 $67,000,000 

M11/S734 99.5% 99.5% 99.671% 99.741% 80% 91.398% 91.398% 91.398% 99.977122% 2:00:15 $673,379.74 $64,500,000 

M11/S1039 97.5% 99.5% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.976867% 2:01:35 $680,893.83 $64,500,000 

M11/S783 99.5% 99.5% 99.741% 99.995% 70% 91.398% 91.398% 91.398% 99.976396% 2:04:04 $694,761.68 $94,500,000 

M11/S46 99.5% 99.5% 99.982% 90% 95.641% 95.641% 95.641% 95.641% 99.976348% 2:04:19 $696,154.15  

M11/S1029 97.5% 99.5% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.976126% 2:05:29 $702,703.49 $62,000,000 

M11/S773 99.5% 99.5% 99.741% 99.982% 70% 91.398% 91.398% 91.398% 99.976030% 2:05:59 $705,521.35 $89,500,000 

M11/S753 99.5% 99.5% 99.671% 99.995% 70% 91.398% 91.398% 91.398% 99.975888% 2:06:44 $709,714.06 $92,000,000 

M11/S724 99.5% 99.5% 99.671% 99.671% 80% 91.398% 91.398% 91.398% 99.975702% 2:07:43 $715,176.66 $62,000,000 

M11/S743 99.5% 99.5% 99.671% 99.982% 70% 91.398% 91.398% 91.398% 99.975513% 2:08:42 $720,732.72 $87,000,000 

M11/S174 99.5% 99.5% 99.671% 99.671% 80% 80% 95.641% 95.641% 99.975128% 2:10:44 $732,062.96 $62,000,000 

M11/S315 99.5% 99.5% 99.741% 99.741% 85% 85% 85% 95.641% 99.974693% 2:13:01 $744,872.43 $67,000,000 

M11/S568 95% 99.5% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.974620% 2:13:24 $747,028.25 $122,000,000 

M11/S558 95% 99.5% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.974595% 2:13:32 $747,772.75 $117,000,000 

M11/S548 95% 99.5% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.974568% 2:13:40 $748,566.79 $112,000,000 

M11/S38 99.5% 99.5% 99.741% 95% 95.641% 95.641% 95.641% 95.641% 99.974266% 2:15:16 $757,455.33  

M11/S538 95% 99.5% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.974126% 2:16:00 $761,574.67 $94,500,000 

M11/S285 99.5% 99.5% 99.671% 99.741% 85% 85% 85% 95.641% 99.974070% 2:16:17 $763,222.31 $64,500,000 

M11/S528 95% 99.5% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.974067% 2:16:18 $763,287.14 $89,500,000 

M11/S508 95% 99.5% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.973989% 2:16:43 $765,583.53 $92,000,000 

M11/S498 95% 99.5% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.973922% 2:17:04 $767,562.76 $87,000,000 

M11/S709 99.5% 99.5% 99.995% 97.5% 91.398% 91.398% 91.398% 91.398% 99.973502% 2:19:17 $779,942.75  

M11/S699 99.5% 99.5% 99.982% 97.5% 91.398% 91.398% 91.398% 91.398% 99.973086% 2:21:28 $792,177.88  

M11/S518 95% 99.5% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.972989% 2:21:58 $795,033.66 $67,000,000 

M11/S488 95% 99.5% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.972676% 2:23:37 $804,254.64 $64,500,000 

M11/S865 99.5% 99.5% 99.741% 99.741% 85% 85% 91.398% 91.398% 99.972542% 2:24:19 $808,190.51 $67,000,000 

M11/S478 95% 99.5% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.972314% 2:25:31 $814,912.03 $62,000,000 

M11/S275 99.5% 99.5% 99.671% 99.671% 85% 85% 85% 95.641% 99.972281% 2:25:41 $815,858.53 $62,000,000 

M11/S835 99.5% 99.5% 99.671% 99.741% 85% 85% 91.398% 91.398% 99.971860% 2:27:54 $828,271.20 $64,500,000 

M11/S812 99.5% 99.5% 99.995% 99.995% 60% 91.398% 91.398% 91.398% 99.971831% 2:28:03 $829,114.45 $122,000,000 

M11/S802 99.5% 99.5% 99.982% 99.995% 60% 91.398% 91.398% 91.398% 99.971738% 2:28:33 $831,866.80 $117,000,000 

M11/S792 99.5% 99.5% 99.982% 99.982% 60% 91.398% 91.398% 91.398% 99.971291% 2:30:54 $845,001.31 $112,000,000 

M11/S28 99.5% 99.5% 99.671% 95% 95.641% 95.641% 95.641% 95.641% 99.970646% 2:34:17 $863,986.40  

M11/S825 99.5% 99.5% 99.671% 99.671% 85% 85% 91.398% 91.398% 99.970073% 2:37:18 $880,861.77 $62,000,000 

M11/S782 99.5% 99.5% 99.741% 99.995% 60% 91.398% 91.398% 91.398% 99.970004% 2:37:40 $882,891.13 $94,500,000 

M11/S772 99.5% 99.5% 99.741% 99.982% 60% 91.398% 91.398% 91.398% 99.969528% 2:40:10 $896,909.46 $89,500,000 

M11/S752 99.5% 99.5% 99.671% 99.995% 60% 91.398% 91.398% 91.398% 99.969500% 2:40:18 $897,711.47 $92,000,000 

M11/S1118 95% 99.5% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.969452% 2:40:34 $899,146.76 $122,000,000 

M11/S1108 95% 99.5% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.969356% 2:41:04 $901,975.46 $117,000,000 

M11/S1098 95% 99.5% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.969258% 2:41:35 $904,853.15 $112,000,000 

M11/S763 99.5% 99.5% 99.741% 99.741% 70% 91.398% 91.398% 91.398% 99.969253% 2:41:36 $904,989.01 $67,000,000 

M11/S742 99.5% 99.5% 99.671% 99.982% 60% 91.398% 91.398% 91.398% 99.969015% 2:42:51 $911,986.51 $87,000,000 

M11/S733 99.5% 99.5% 99.671% 99.741% 70% 91.398% 91.398% 91.398% 99.968573% 2:45:11 $925,001.77 $64,500,000 

M11/S1015 99.5% 99.5% 99.995% 99.995% 85% 85% 85% 91.398% 99.968294% 2:46:39 $933,235.62 $122,000,000 

M11/S1005 99.5% 99.5% 99.982% 99.995% 85% 85% 85% 91.398% 99.968129% 2:47:31 $938,080.21 $117,000,000 

M11/S55 99.5% 99.5% 99.995% 85% 95.641% 95.641% 95.641% 95.641% 99.967937% 2:48:31 $943,722.44  

M11/S995 99.5% 99.5% 99.982% 99.982% 85% 85% 85% 91.398% 99.967838% 2:49:03 $946,644.69 $112,000,000 

M11/S914 99.5% 99.5% 99.995% 99.995% 80% 80% 91.398% 91.398% 99.967666% 2:49:57 $951,692.20 $122,000,000 

M11/S1088 95% 99.5% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.967574% 2:50:26 $954,415.23 $94,500,000 

M11/S904 99.5% 99.5% 99.982% 99.995% 80% 80% 91.398% 91.398% 99.967574% 2:50:26 $954,428.62 $117,000,000 

M11/S1078 95% 99.5% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.967445% 2:51:06 $958,201.26 $89,500,000 

M11/S1058 95% 99.5% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.967056% 2:53:09 $969,646.70 $92,000,000 

M11/S894 99.5% 99.5% 99.982% 99.982% 80% 80% 91.398% 91.398% 99.967055% 2:53:09 $969,686.08 $112,000,000 

M11/S1048 95% 99.5% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.966919% 2:53:52 $973,696.55 $87,000,000 

M11/S723 99.5% 99.5% 99.671% 99.671% 70% 91.398% 91.398% 91.398% 99.966558% 2:55:46 $984,333.03 $62,000,000 

M11/S262 99.5% 99.5% 99.995% 99.995% 60% 60% 95.641% 95.641% 99.966294% 2:57:09 $992,086.10 $122,000,000 

M11/S252 99.5% 99.5% 99.982% 99.995% 60% 60% 95.641% 95.641% 99.966273% 2:57:16 $992,712.81 $117,000,000 

M11/S45 99.5% 99.5% 99.982% 85% 95.641% 95.641% 95.641% 95.641% 99.965970% 2:58:52 $1,001,624.25  

M11/S232 99.5% 99.5% 99.741% 99.995% 60% 60% 95.641% 95.641% 99.965878% 2:59:21 $1,004,331.11 $94,500,000 

M11/S884 99.5% 99.5% 99.741% 99.995% 80% 80% 91.398% 91.398% 99.965850% 2:59:30 $1,005,157.52 $94,500,000 

M11/S202 99.5% 99.5% 99.671% 99.995% 60% 60% 95.641% 95.641% 99.965763% 2:59:57 $1,007,705.72 $92,000,000 

M11/S811 99.5% 99.5% 99.995% 99.995% 50% 91.398% 91.398% 91.398% 99.965423% 3:01:44 $1,017,722.98 $122,000,000 

M11/S689 99.5% 99.5% 99.741% 97.5% 91.398% 91.398% 91.398% 91.398% 99.965380% 3:01:58 $1,018,998.20  

M11/S854 99.5% 99.5% 99.671% 99.995% 80% 80% 91.398% 91.398% 99.965349% 3:02:07 $1,019,892.06 $92,000,000 

M11/S801 99.5% 99.5% 99.982% 99.995% 50% 91.398% 91.398% 91.398% 99.965330% 3:02:13 $1,020,450.81 $117,000,000 

M11/S874 99.5% 99.5% 99.741% 99.982% 80% 80% 91.398% 91.398% 99.965302% 3:02:22 $1,021,293.68 $89,500,000 

M11/S985 99.5% 99.5% 99.741% 99.995% 85% 85% 85% 91.398% 99.965078% 3:03:33 $1,027,891.60 $94,500,000 

M11/S1068 95% 99.5% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.965061% 3:03:38 $1,028,388.40 $67,000,000 

M11/S844 99.5% 99.5% 99.671% 99.982% 80% 80% 91.398% 91.398% 99.964793% 3:05:03 $1,036,283.44 $87,000,000 

M11/S791 99.5% 99.5% 99.982% 99.982% 50% 91.398% 91.398% 91.398% 99.964773% 3:05:09 $1,036,851.86 $112,000,000 

M11/S975 99.5% 99.5% 99.741% 99.982% 85% 85% 85% 91.398% 99.964756% 3:05:14 $1,037,345.84 $89,500,000 

M11/S1038 95% 99.5% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.964368% 3:07:17 $1,048,774.71 $64,500,000 

M11/S242 99.5% 99.5% 99.982% 99.982% 60% 60% 95.641% 95.641% 99.964195% 3:08:12 $1,053,874.60 $112,000,000 

M11/S955 99.5% 99.5% 99.671% 99.995% 85% 85% 85% 91.398% 99.964191% 3:08:13 $1,053,977.90 $92,000,000 

M11/S945 99.5% 99.5% 99.671% 99.982% 85% 85% 85% 91.398% 99.963861% 3:09:57 $1,063,690.57 $87,000,000 

M11/S222 99.5% 99.5% 99.741% 99.982% 60% 60% 95.641% 95.641% 99.963774% 3:10:24 $1,066,266.01 $89,500,000 

M11/S192 99.5% 99.5% 99.671% 99.982% 60% 60% 95.641% 95.641% 99.963652% 3:11:03 $1,069,865.18 $87,000,000 

M11/S1028 95% 99.5% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.963627% 3:11:11 $1,070,581.64 $62,000,000 

M11/S781 99.5% 99.5% 99.741% 99.995% 50% 91.398% 91.398% 91.398% 99.963612% 3:11:15 $1,071,020.57 $94,500,000 

M11/S679 99.5% 99.5% 99.671% 97.5% 91.398% 91.398% 91.398% 91.398% 99.963141% 3:13:44 $1,084,879.62  

M11/S751 99.5% 99.5% 99.671% 99.995% 50% 91.398% 91.398% 91.398% 99.963113% 3:13:53 $1,085,708.88 $92,000,000 

M11/S37 99.5% 99.5% 99.741% 92.5% 95.641% 95.641% 95.641% 95.641% 99.963075% 3:14:05 $1,086,850.16  

M11/S771 99.5% 99.5% 99.741% 99.982% 50% 91.398% 91.398% 91.398% 99.963025% 3:14:20 $1,088,297.56 $89,500,000 

M11/S741 99.5% 99.5% 99.671% 99.982% 50% 91.398% 91.398% 91.398% 99.962518% 3:17:00 $1,103,240.30 $87,000,000 

M11/S364 99.5% 99.5% 99.995% 99.995% 80% 80% 80% 95.641% 99.962389% 3:17:41 $1,107,017.18 $122,000,000 
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M11/S354 99.5% 99.5% 99.982% 99.995% 80% 80% 80% 95.641% 99.962280% 3:18:15 $1,110,237.63 $117,000,000 

M11/S567 92.5% 99.5% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.962120% 3:19:06 $1,114,946.85 $122,000,000 

M11/S557 92.5% 99.5% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.962095% 3:19:14 $1,115,691.26 $117,000,000 

M11/S547 92.5% 99.5% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.962068% 3:19:22 $1,116,485.20 $112,000,000 

M11/S344 99.5% 99.5% 99.982% 99.982% 80% 80% 80% 95.641% 99.961762% 3:20:59 $1,125,474.83 $112,000,000 

M11/S537 92.5% 99.5% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.961626% 3:21:42 $1,129,491.45 $94,500,000 

M11/S527 92.5% 99.5% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.961568% 3:22:00 $1,131,203.71 $89,500,000 

M11/S507 92.5% 99.5% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.961490% 3:22:25 $1,133,499.81 $92,000,000 

M11/S497 92.5% 99.5% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.961422% 3:22:46 $1,135,478.79 $87,000,000 

M11/S762 99.5% 99.5% 99.741% 99.741% 60% 91.398% 91.398% 91.398% 99.960698% 3:26:34 $1,156,787.75 $67,000,000 

M11/S517 92.5% 99.5% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.960489% 3:27:40 $1,162,946.26 $67,000,000 

M11/S334 99.5% 99.5% 99.741% 99.995% 80% 80% 80% 95.641% 99.960252% 3:28:55 $1,169,939.76 $94,500,000 

M11/S487 92.5% 99.5% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.960176% 3:29:19 $1,172,166.08 $64,500,000 

M11/S732 99.5% 99.5% 99.671% 99.741% 60% 91.398% 91.398% 91.398% 99.960024% 3:30:07 $1,176,623.79 $64,500,000 

M11/S477 92.5% 99.5% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.959814% 3:31:13 $1,182,822.14 $62,000,000 

M11/S324 99.5% 99.5% 99.741% 99.982% 80% 80% 80% 95.641% 99.959704% 3:31:48 $1,186,054.49 $89,500,000 

M11/S304 99.5% 99.5% 99.671% 99.995% 80% 80% 80% 95.641% 99.959662% 3:32:01 $1,187,280.63 $92,000,000 

M11/S294 99.5% 99.5% 99.671% 99.982% 80% 80% 80% 95.641% 99.959106% 3:34:56 $1,203,650.25 $87,000,000 

M11/S965 99.5% 99.5% 99.741% 99.741% 85% 85% 85% 91.398% 99.958802% 3:36:32 $1,212,612.76 $67,000,000 

M11/S54 99.5% 99.5% 99.995% 80% 95.641% 95.641% 95.641% 95.641% 99.958206% 3:39:40 $1,230,133.81  

M11/S935 99.5% 99.5% 99.671% 99.741% 85% 85% 85% 91.398% 99.957744% 3:42:06 $1,243,748.47 $64,500,000 

M11/S27 99.5% 99.5% 99.671% 92.5% 95.641% 95.641% 95.641% 95.641% 99.957712% 3:42:16 $1,244,693.20  

M11/S722 99.5% 99.5% 99.671% 99.671% 60% 91.398% 91.398% 91.398% 99.957413% 3:43:50 $1,253,489.39 $62,000,000 

M11/S1117 92.5% 99.5% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.956952% 3:46:15 $1,267,046.34 $122,000,000 

M11/S1107 92.5% 99.5% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.956856% 3:46:46 $1,269,874.68 $117,000,000 

M11/S1097 92.5% 99.5% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.956759% 3:47:17 $1,272,752.02 $112,000,000 

M11/S213 99.5% 99.5% 99.741% 99.741% 70% 70% 95.641% 95.641% 99.956078% 3:50:51 $1,292,775.87 $67,000,000 

M11/S925 99.5% 99.5% 99.671% 99.671% 85% 85% 85% 91.398% 99.955967% 3:51:26 $1,296,047.44 $62,000,000 

M11/S183 99.5% 99.5% 99.671% 99.741% 70% 70% 95.641% 95.641% 99.955793% 3:52:21 $1,301,184.83 $64,500,000 

M11/S44 99.5% 99.5% 99.982% 80% 95.641% 95.641% 95.641% 95.641% 99.955592% 3:53:25 $1,307,094.34  

M11/S864 99.5% 99.5% 99.741% 99.741% 80% 80% 91.398% 91.398% 99.955139% 3:55:47 $1,320,433.18 $67,000,000 

M11/S1087 92.5% 99.5% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.955075% 3:56:08 $1,322,307.90 $94,500,000 

M11/S708 99.5% 99.5% 99.995% 95% 91.398% 91.398% 91.398% 91.398% 99.955016% 3:56:26 $1,324,046.21  

M11/S1077 92.5% 99.5% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.954946% 3:56:48 $1,326,093.45 $89,500,000 

M11/S1057 92.5% 99.5% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.954557% 3:58:51 $1,337,537.46 $92,000,000 

M11/S834 99.5% 99.5% 99.671% 99.741% 80% 80% 91.398% 91.398% 99.954469% 3:59:19 $1,340,154.38 $64,500,000 

M11/S1047 92.5% 99.5% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.954420% 3:59:34 $1,341,586.82 $87,000,000 

M11/S698 99.5% 99.5% 99.982% 95% 91.398% 91.398% 91.398% 91.398% 99.954280% 4:00:18 $1,345,705.96  

M11/S1067 92.5% 99.5% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.952562% 4:09:20 $1,396,271.82 $67,000,000 

M11/S761 99.5% 99.5% 99.741% 99.741% 50% 91.398% 91.398% 91.398% 99.952144% 4:11:32 $1,408,586.49 $67,000,000 

M11/S36 99.5% 99.5% 99.741% 90% 95.641% 95.641% 95.641% 95.641% 99.951883% 4:12:54 $1,416,244.99  

M11/S1037 92.5% 99.5% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.951869% 4:12:58 $1,416,655.58 $64,500,000 

M11/S731 99.5% 99.5% 99.671% 99.741% 50% 91.398% 91.398% 91.398% 99.951476% 4:15:03 $1,428,245.82 $64,500,000 

M11/S824 99.5% 99.5% 99.671% 99.671% 80% 80% 91.398% 91.398% 99.951470% 4:15:04 $1,428,415.65 $62,000,000 

M11/S1027 92.5% 99.5% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.951129% 4:16:52 $1,438,459.79 $62,000,000 

M11/S566 90% 99.5% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.949620% 4:24:48 $1,482,865.45 $122,000,000 

M11/S556 90% 99.5% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.949595% 4:24:56 $1,483,609.77 $117,000,000 

M11/S546 90% 99.5% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.949568% 4:25:04 $1,484,403.61 $112,000,000 

M11/S314 99.5% 99.5% 99.741% 99.741% 80% 80% 80% 95.641% 99.949554% 4:25:09 $1,484,796.86 $67,000,000 

M11/S173 99.5% 99.5% 99.671% 99.671% 70% 70% 95.641% 95.641% 99.949295% 4:26:30 $1,492,416.18 $62,000,000 

M11/S536 90% 99.5% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.949126% 4:27:24 $1,497,408.24 $94,500,000 

M11/S526 90% 99.5% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.949068% 4:27:42 $1,499,120.28 $89,500,000 

M11/S506 90% 99.5% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.948990% 4:28:07 $1,501,416.09 $92,000,000 

M11/S496 90% 99.5% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.948922% 4:28:28 $1,503,394.83 $87,000,000 

M11/S284 99.5% 99.5% 99.671% 99.741% 80% 80% 80% 95.641% 99.948796% 4:29:08 $1,507,117.76 $64,500,000 

M11/S261 99.5% 99.5% 99.995% 99.995% 50% 50% 95.641% 95.641% 99.948746% 4:29:23 $1,508,582.12 $122,000,000 

M11/S251 99.5% 99.5% 99.982% 99.995% 50% 50% 95.641% 95.641% 99.948727% 4:29:29 $1,509,141.69 $117,000,000 

M11/S231 99.5% 99.5% 99.741% 99.995% 50% 50% 95.641% 95.641% 99.948375% 4:31:21 $1,519,515.17 $94,500,000 

M11/S201 99.5% 99.5% 99.671% 99.995% 50% 50% 95.641% 95.641% 99.948272% 4:31:53 $1,522,528.21 $92,000,000 

M11/S721 99.5% 99.5% 99.671% 99.671% 50% 91.398% 91.398% 91.398% 99.948268% 4:31:54 $1,522,645.76 $62,000,000 

M11/S516 90% 99.5% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.947989% 4:33:22 $1,530,858.85 $67,000,000 

M11/S486 90% 99.5% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.947676% 4:35:01 $1,540,077.53 $64,500,000 

M11/S476 90% 99.5% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.947314% 4:36:55 $1,550,732.26 $62,000,000 

M11/S465 99.5% 99.5% 99.995% 99.995% 85% 85% 85% 85% 99.946656% 4:40:23 $1,570,103.17 $122,000,000 

M11/S455 99.5% 99.5% 99.982% 99.995% 85% 85% 85% 85% 99.946370% 4:41:53 $1,578,536.86 $117,000,000 

M11/S445 99.5% 99.5% 99.982% 99.982% 85% 85% 85% 85% 99.946081% 4:43:24 $1,587,018.07 $112,000,000 

M11/S274 99.5% 99.5% 99.671% 99.671% 80% 80% 80% 95.641% 99.945801% 4:44:52 $1,595,261.86 $62,000,000 

M11/S241 99.5% 99.5% 99.982% 99.982% 50% 50% 95.641% 95.641% 99.945482% 4:46:33 $1,604,668.30 $112,000,000 

M11/S221 99.5% 99.5% 99.741% 99.982% 50% 50% 95.641% 95.641% 99.945106% 4:48:31 $1,615,732.07 $89,500,000 

M11/S191 99.5% 99.5% 99.671% 99.982% 50% 50% 95.641% 95.641% 99.944997% 4:49:06 $1,618,945.61 $87,000,000 

M11/S26 99.5% 99.5% 99.671% 90% 95.641% 95.641% 95.641% 95.641% 99.944777% 4:50:15 $1,625,400.00  

M11/S1116 90% 99.5% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.944453% 4:51:57 $1,634,945.92 $122,000,000 

M11/S1106 90% 99.5% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.944357% 4:52:28 $1,637,773.91 $117,000,000 

M11/S1096 90% 99.5% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.944259% 4:52:58 $1,640,650.89 $112,000,000 

M11/S1086 90% 99.5% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.942576% 5:01:49 $1,690,200.57 $94,500,000 

M11/S1076 90% 99.5% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.942447% 5:02:30 $1,693,985.65 $89,500,000 

M11/S1056 90% 99.5% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.942058% 5:04:32 $1,705,428.23 $92,000,000 

M11/S1046 90% 99.5% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.941921% 5:05:16 $1,709,477.08 $87,000,000 

M11/S435 99.5% 99.5% 99.741% 99.995% 85% 85% 85% 85% 99.941058% 5:09:48 $1,734,884.46 $94,500,000 

M11/S425 99.5% 99.5% 99.741% 99.982% 85% 85% 85% 85% 99.940740% 5:11:28 $1,744,246.77 $89,500,000 

M11/S688 99.5% 99.5% 99.741% 95% 91.398% 91.398% 91.398% 91.398% 99.940638% 5:12:00 $1,747,244.48  

M11/S1066 90% 99.5% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.940063% 5:15:02 $1,764,155.25 $67,000,000 

M11/S405 99.5% 99.5% 99.671% 99.995% 85% 85% 85% 85% 99.939515% 5:17:55 $1,780,296.62 $92,000,000 

M11/S1036 90% 99.5% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.939371% 5:18:40 $1,784,536.46 $64,500,000 

M11/S395 99.5% 99.5% 99.671% 99.982% 85% 85% 85% 85% 99.939188% 5:19:38 $1,789,914.86 $87,000,000 

M11/S53 99.5% 99.5% 99.995% 70% 95.641% 95.641% 95.641% 95.641% 99.938745% 5:21:57 $1,802,956.53  

M11/S1026 90% 99.5% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.938630% 5:22:34 $1,806,337.93 $62,000,000 

M11/S669 97.5% 97.5% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.937120% 5:30:30 $1,850,784.05 $122,000,000 

M11/S659 97.5% 97.5% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.937095% 5:30:38 $1,851,528.27 $117,000,000 

M11/S649 97.5% 97.5% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.937068% 5:30:46 $1,852,322.02 $112,000,000 

M11/S678 99.5% 99.5% 99.671% 95% 91.398% 91.398% 91.398% 91.398% 99.936675% 5:32:50 $1,863,873.92  

M11/S639 97.5% 97.5% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.936626% 5:33:06 $1,865,325.02 $94,500,000 
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M11/S629 97.5% 97.5% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.936568% 5:33:24 $1,867,036.84 $89,500,000 

M11/S707 99.5% 99.5% 99.995% 92.5% 91.398% 91.398% 91.398% 91.398% 99.936530% 5:33:36 $1,868,149.66  

M11/S609 97.5% 97.5% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.936490% 5:33:49 $1,869,332.37 $92,000,000 

M11/S599 97.5% 97.5% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.936423% 5:34:10 $1,871,310.86 $87,000,000 

M11/S619 97.5% 97.5% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.935490% 5:39:04 $1,898,771.45 $67,000,000 

M11/S697 99.5% 99.5% 99.982% 92.5% 91.398% 91.398% 91.398% 91.398% 99.935474% 5:39:09 $1,899,234.05  

M11/S589 97.5% 97.5% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.935176% 5:40:43 $1,907,988.97 $64,500,000 

M11/S415 99.5% 99.5% 99.741% 99.741% 85% 85% 85% 85% 99.934843% 5:42:28 $1,917,809.76 $67,000,000 

M11/S43 99.5% 99.5% 99.982% 70% 95.641% 95.641% 95.641% 95.641% 99.934835% 5:42:30 $1,918,034.53  

M11/S579 97.5% 97.5% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.934815% 5:42:37 $1,918,642.37 $62,000,000 

M11/S385 99.5% 99.5% 99.671% 99.741% 85% 85% 85% 85% 99.933130% 5:51:28 $1,968,222.25 $64,500,000 

M11/S1219 97.5% 97.5% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.931954% 5:57:39 $2,002,845.50 $122,000,000 

M11/S1209 97.5% 97.5% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.931858% 5:58:09 $2,005,673.14 $117,000,000 

M11/S1199 97.5% 97.5% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.931760% 5:58:40 $2,008,549.76 $112,000,000 

M11/S375 99.5% 99.5% 99.671% 99.671% 85% 85% 85% 85% 99.931371% 6:00:43 $2,020,012.77 $62,000,000 

M11/S913 99.5% 99.5% 99.995% 99.995% 70% 70% 91.398% 91.398% 99.930421% 6:05:42 $2,047,957.06 $122,000,000 

M11/S903 99.5% 99.5% 99.982% 99.995% 70% 70% 91.398% 91.398% 99.930333% 6:06:10 $2,050,550.95 $117,000,000 

M11/S1189 97.5% 97.5% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.930077% 6:07:31 $2,058,093.24 $94,500,000 

M11/S1179 97.5% 97.5% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.929948% 6:08:12 $2,061,877.85 $89,500,000 

M11/S1159 97.5% 97.5% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.929559% 6:10:14 $2,073,319.00 $92,000,000 

M11/S35 99.5% 99.5% 99.741% 85% 95.641% 95.641% 95.641% 95.641% 99.929501% 6:10:33 $2,075,034.64  

M11/S1149 97.5% 97.5% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.929422% 6:10:58 $2,077,367.34 $87,000,000 

M11/S893 99.5% 99.5% 99.982% 99.982% 70% 70% 91.398% 91.398% 99.929170% 6:12:17 $2,084,794.78 $112,000,000 

M11/S883 99.5% 99.5% 99.741% 99.995% 70% 70% 91.398% 91.398% 99.928699% 6:14:45 $2,098,637.73 $94,500,000 

M11/S1014 99.5% 99.5% 99.995% 99.995% 80% 80% 80% 91.398% 99.928404% 6:16:19 $2,107,335.38 $122,000,000 

M11/S853 99.5% 99.5% 99.671% 99.995% 70% 70% 91.398% 91.398% 99.928225% 6:17:15 $2,112,604.84 $92,000,000 

M11/S1004 99.5% 99.5% 99.982% 99.995% 80% 80% 80% 91.398% 99.928188% 6:17:26 $2,113,673.08 $117,000,000 

M11/S994 99.5% 99.5% 99.982% 99.982% 80% 80% 80% 91.398% 99.927675% 6:20:08 $2,128,779.83 $112,000,000 

M11/S1169 97.5% 97.5% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.927564% 6:20:43 $2,132,038.67 $67,000,000 

M11/S873 99.5% 99.5% 99.741% 99.982% 70% 70% 91.398% 91.398% 99.927508% 6:21:01 $2,133,714.49 $89,500,000 

M11/S843 99.5% 99.5% 99.671% 99.982% 70% 70% 91.398% 91.398% 99.927025% 6:23:33 $2,147,923.53 $87,000,000 

M11/S1139 97.5% 97.5% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.926872% 6:24:22 $2,152,417.33 $64,500,000 

M11/S1129 97.5% 97.5% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.926131% 6:28:15 $2,174,216.08 $62,000,000 

M11/S69 99.5% 99.5% 97.5% 97.5% 95.641% 95.641% 95.641% 95.641% 99.925396% 6:32:07 $2,195,860.70  

M11/S212 99.5% 99.5% 99.741% 99.741% 60% 60% 95.641% 95.641% 99.924765% 6:35:26 $2,214,443.79 $67,000,000 

M11/S565 85% 99.5% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.924620% 6:36:12 $2,218,702.65 $122,000,000 

M11/S555 85% 99.5% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.924595% 6:36:20 $2,219,446.78 $117,000,000 

M11/S545 85% 99.5% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.924568% 6:36:28 $2,220,240.43 $112,000,000 

M11/S182 99.5% 99.5% 99.671% 99.741% 60% 60% 95.641% 95.641% 99.924501% 6:36:49 $2,222,205.91 $64,500,000 

M11/S984 99.5% 99.5% 99.741% 99.995% 80% 80% 80% 91.398% 99.924197% 6:38:25 $2,231,164.27 $94,500,000 

M11/S535 85% 99.5% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.924126% 6:38:48 $2,233,241.80 $94,500,000 

M11/S525 85% 99.5% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.924068% 6:39:06 $2,234,953.41 $89,500,000 

M11/S505 85% 99.5% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.923990% 6:39:31 $2,237,248.65 $92,000,000 

M11/S495 85% 99.5% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.923923% 6:39:52 $2,239,226.89 $87,000,000 

M11/S974 99.5% 99.5% 99.741% 99.982% 80% 80% 80% 91.398% 99.923654% 6:41:17 $2,247,141.03 $89,500,000 

M11/S954 99.5% 99.5% 99.671% 99.995% 80% 80% 80% 91.398% 99.923037% 6:44:31 $2,265,290.34 $92,000,000 

M11/S515 85% 99.5% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.922990% 6:44:46 $2,266,684.05 $67,000,000 

M11/S485 85% 99.5% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.922677% 6:46:25 $2,275,900.42 $64,500,000 

M11/S944 99.5% 99.5% 99.671% 99.982% 80% 80% 80% 91.398% 99.922486% 6:47:25 $2,281,519.81 $87,000,000 

M11/S475 85% 99.5% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.922315% 6:48:19 $2,286,552.48 $62,000,000 

M11/S1115 85% 99.5% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.919454% 7:03:21 $2,370,745.08 $122,000,000 

M11/S1105 85% 99.5% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.919358% 7:03:51 $2,373,572.37 $117,000,000 

M11/S52 99.5% 99.5% 99.995% 60% 95.641% 95.641% 95.641% 95.641% 99.919283% 7:04:15 $2,375,779.26  

M11/S1095 85% 99.5% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.919261% 7:04:22 $2,376,448.63 $112,000,000 

M11/S25 99.5% 99.5% 99.671% 85% 95.641% 95.641% 95.641% 95.641% 99.918909% 7:06:13 $2,386,813.60  

M11/S706 99.5% 99.5% 99.995% 90% 91.398% 91.398% 91.398% 91.398% 99.918044% 7:10:46 $2,412,253.11  

M11/S1085 85% 99.5% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.917578% 7:13:13 $2,425,985.91 $94,500,000 

M11/S1075 85% 99.5% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.917449% 7:13:53 $2,429,770.05 $89,500,000 

M11/S1055 85% 99.5% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.917060% 7:15:56 $2,441,209.76 $92,000,000 

M11/S1045 85% 99.5% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.916923% 7:16:39 $2,445,257.60 $87,000,000 

M11/S696 99.5% 99.5% 99.982% 90% 91.398% 91.398% 91.398% 91.398% 99.916668% 7:18:00 $2,452,762.13  

M11/S687 99.5% 99.5% 99.741% 92.5% 91.398% 91.398% 91.398% 91.398% 99.915896% 7:22:03 $2,475,490.75  

M11/S1065 85% 99.5% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.915066% 7:26:25 $2,499,922.09 $67,000,000 

M11/S1035 85% 99.5% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.914373% 7:30:03 $2,520,298.20 $64,500,000 

M11/S42 99.5% 99.5% 99.982% 60% 95.641% 95.641% 95.641% 95.641% 99.914079% 7:31:36 $2,528,974.72  

M11/S1025 85% 99.5% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.913633% 7:33:57 $2,542,094.23 $62,000,000 

M11/S964 99.5% 99.5% 99.741% 99.741% 80% 80% 80% 91.398% 99.913591% 7:34:10 $2,543,325.72 $67,000,000 

M11/S172 99.5% 99.5% 99.671% 99.671% 60% 60% 95.641% 95.641% 99.913130% 7:36:35 $2,556,910.68 $62,000,000 

M11/S934 99.5% 99.5% 99.671% 99.741% 80% 80% 80% 91.398% 99.912264% 7:41:08 $2,582,389.19 $64,500,000 

M11/S677 99.5% 99.5% 99.671% 92.5% 91.398% 91.398% 91.398% 91.398% 99.910209% 7:51:56 $2,642,868.22  

M11/S924 99.5% 99.5% 99.671% 99.671% 80% 80% 80% 91.398% 99.909295% 7:56:45 $2,669,778.64 $62,000,000 

M11/S34 99.5% 99.5% 99.741% 80% 95.641% 95.641% 95.641% 95.641% 99.907119% 8:08:11 $2,733,824.30  

M11/S863 99.5% 99.5% 99.741% 99.741% 70% 70% 91.398% 91.398% 99.905415% 8:17:08 $2,783,983.69 $67,000,000 

M11/S833 99.5% 99.5% 99.671% 99.741% 70% 70% 91.398% 91.398% 99.904780% 8:20:29 $2,802,677.74 $64,500,000 

M11/S51 99.5% 99.5% 99.995% 50% 95.641% 95.641% 95.641% 95.641% 99.899822% 8:46:32 $2,948,601.98  

M11/S564 80% 99.5% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.899620% 8:47:36 $2,954,539.86 $122,000,000 

M11/S554 80% 99.5% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.899595% 8:47:44 $2,955,283.80 $117,000,000 

M11/S544 80% 99.5% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.899568% 8:47:52 $2,956,077.25 $112,000,000 

M11/S534 80% 99.5% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.899126% 8:50:12 $2,969,075.37 $94,500,000 

M11/S524 80% 99.5% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.899068% 8:50:30 $2,970,786.55 $89,500,000 

M11/S504 80% 99.5% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.898990% 8:50:54 $2,973,081.22 $92,000,000 

M11/S494 80% 99.5% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.898923% 8:51:16 $2,975,058.96 $87,000,000 

M11/S823 99.5% 99.5% 99.671% 99.671% 70% 70% 91.398% 91.398% 99.898318% 8:54:26 $2,992,855.31 $62,000,000 

M11/S514 80% 99.5% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.897990% 8:56:10 $3,002,509.25 $67,000,000 

M11/S484 80% 99.5% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.897677% 8:57:48 $3,011,723.31 $64,500,000 

M11/S474 80% 99.5% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.897316% 8:59:43 $3,022,372.71 $62,000,000 

M11/S1114 80% 99.5% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.894456% 9:14:44 $3,106,544.24 $122,000,000 

M11/S1104 80% 99.5% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.894360% 9:15:15 $3,109,370.82 $117,000,000 

M11/S1094 80% 99.5% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.894262% 9:15:45 $3,112,246.36 $112,000,000 

M11/S719 99.5% 99.5% 97.5% 97.5% 91.398% 91.398% 91.398% 91.398% 99.893722% 9:18:36 $3,128,144.88  

M11/S41 99.5% 99.5% 99.982% 50% 95.641% 95.641% 95.641% 95.641% 99.893322% 9:20:42 $3,139,914.91  

M11/S24 99.5% 99.5% 99.671% 80% 95.641% 95.641% 95.641% 95.641% 99.893040% 9:22:11 $3,148,227.19  
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M11/S1084 80% 99.5% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.892580% 9:24:36 $3,161,771.25 $94,500,000 

M11/S1074 80% 99.5% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.892451% 9:25:17 $3,165,554.44 $89,500,000 

M11/S1054 80% 99.5% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.892062% 9:27:19 $3,176,991.30 $92,000,000 

M11/S1044 80% 99.5% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.891925% 9:28:03 $3,181,038.12 $87,000,000 

M11/S686 99.5% 99.5% 99.741% 90% 91.398% 91.398% 91.398% 91.398% 99.891154% 9:32:06 $3,203,737.03  

M11/S1064 80% 99.5% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.890068% 9:37:48 $3,235,688.93 $67,000,000 

M11/S1034 80% 99.5% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.889376% 9:41:26 $3,256,059.95 $64,500,000 

M11/S1024 80% 99.5% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.888636% 9:45:20 $3,277,850.52 $62,000,000 

M11/S211 99.5% 99.5% 99.741% 99.741% 50% 50% 95.641% 95.641% 99.884505% 10:07:03 $3,399,445.40 $67,000,000 

M11/S181 99.5% 99.5% 99.671% 99.741% 50% 50% 95.641% 95.641% 99.884269% 10:08:17 $3,406,375.86 $64,500,000 

M11/S676 99.5% 99.5% 99.671% 90% 91.398% 91.398% 91.398% 91.398% 99.883743% 10:11:03 $3,421,862.51  

M11/S705 99.5% 99.5% 99.995% 85% 91.398% 91.398% 91.398% 91.398% 99.881073% 10:25:05 $3,500,460.02  

M11/S363 99.5% 99.5% 99.995% 99.995% 70% 70% 70% 95.641% 99.879309% 10:34:21 $3,552,376.04 $122,000,000 

M11/S353 99.5% 99.5% 99.982% 99.995% 70% 70% 70% 95.641% 99.879154% 10:35:10 $3,556,946.41 $117,000,000 

M11/S695 99.5% 99.5% 99.982% 85% 91.398% 91.398% 91.398% 91.398% 99.879056% 10:35:41 $3,559,818.31  

M11/S912 99.5% 99.5% 99.995% 99.995% 60% 60% 91.398% 91.398% 99.878278% 10:39:46 $3,582,727.86 $122,000,000 

M11/S902 99.5% 99.5% 99.982% 99.995% 60% 60% 91.398% 91.398% 99.878196% 10:40:12 $3,585,122.22 $117,000,000 

M11/S343 99.5% 99.5% 99.982% 99.982% 70% 70% 70% 95.641% 99.877997% 10:41:15 $3,590,994.40 $112,000,000 

M11/S882 99.5% 99.5% 99.741% 99.995% 60% 60% 91.398% 91.398% 99.876688% 10:48:08 $3,629,510.01 $94,500,000 

M11/S333 99.5% 99.5% 99.741% 99.995% 70% 70% 70% 95.641% 99.876275% 10:50:18 $3,641,674.00 $94,500,000 

M11/S852 99.5% 99.5% 99.671% 99.995% 60% 60% 91.398% 91.398% 99.876250% 10:50:26 $3,642,402.73 $92,000,000 

M11/S892 99.5% 99.5% 99.982% 99.982% 60% 60% 91.398% 91.398% 99.876130% 10:51:04 $3,645,946.97 $112,000,000 

M11/S303 99.5% 99.5% 99.671% 99.995% 70% 70% 70% 95.641% 99.875439% 10:54:42 $3,666,283.68 $92,000,000 

M11/S323 99.5% 99.5% 99.741% 99.982% 70% 70% 70% 95.641% 99.875090% 10:56:32 $3,676,550.16 $89,500,000 

M11/S872 99.5% 99.5% 99.741% 99.982% 60% 60% 91.398% 91.398% 99.874596% 10:59:08 $3,691,103.62 $89,500,000 

M11/S293 99.5% 99.5% 99.671% 99.982% 70% 70% 70% 95.641% 99.874246% 11:00:58 $3,701,400.38 $87,000,000 

M11/S842 99.5% 99.5% 99.671% 99.982% 60% 60% 91.398% 91.398% 99.874150% 11:01:28 $3,704,219.66 $87,000,000 

M11/S171 99.5% 99.5% 99.671% 99.671% 50% 50% 95.641% 95.641% 99.866630% 11:40:59 $3,925,546.47 $62,000,000 

M11/S33 99.5% 99.5% 99.741% 70% 95.641% 95.641% 95.641% 95.641% 99.862354% 12:03:28 $4,051,403.61  

M11/S313 99.5% 99.5% 99.741% 99.741% 70% 70% 70% 95.641% 99.853124% 12:51:59 $4,323,100.46 $67,000,000 

M11/S283 99.5% 99.5% 99.671% 99.741% 70% 70% 70% 95.641% 99.852128% 12:57:13 $4,352,410.04 $64,500,000 

M11/S563 70% 99.5% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.849620% 13:10:24 $4,426,214.26 $122,000,000 

M11/S553 70% 99.5% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.849595% 13:10:32 $4,426,957.83 $117,000,000 

M11/S543 70% 99.5% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.849568% 13:10:40 $4,427,750.88 $112,000,000 

M11/S533 70% 99.5% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.849127% 13:12:59 $4,440,742.50 $94,500,000 

M11/S523 70% 99.5% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.849069% 13:13:18 $4,442,452.82 $89,500,000 

M11/S503 70% 99.5% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.848991% 13:13:42 $4,444,746.34 $92,000,000 

M11/S493 70% 99.5% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.848924% 13:14:03 $4,446,723.10 $87,000,000 

M11/S513 70% 99.5% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.847991% 13:18:57 $4,474,159.65 $67,000,000 

M11/S483 70% 99.5% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.847679% 13:20:36 $4,483,369.10 $64,500,000 

M11/S473 70% 99.5% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.847317% 13:22:30 $4,494,013.16 $62,000,000 

M11/S273 99.5% 99.5% 99.671% 99.671% 70% 70% 70% 95.641% 99.845704% 13:30:59 $4,541,499.98 $62,000,000 

M11/S1113 70% 99.5% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.844459% 13:37:32 $4,578,142.57 $122,000,000 

M11/S1103 70% 99.5% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.844363% 13:38:02 $4,580,967.74 $117,000,000 

M11/S1093 70% 99.5% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.844265% 13:38:33 $4,583,841.84 $112,000,000 

M11/S704 99.5% 99.5% 99.995% 80% 91.398% 91.398% 91.398% 91.398% 99.844101% 13:39:24 $4,588,666.93  

M11/S1083 70% 99.5% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.842583% 13:47:23 $4,633,341.94 $94,500,000 

M11/S1073 70% 99.5% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.842455% 13:48:03 $4,637,123.23 $89,500,000 

M11/S1053 70% 99.5% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.842066% 13:50:06 $4,648,554.36 $92,000,000 

M11/S1043 70% 99.5% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.841929% 13:50:49 $4,652,599.16 $87,000,000 

M11/S685 99.5% 99.5% 99.741% 85% 91.398% 91.398% 91.398% 91.398% 99.841670% 13:52:11 $4,660,229.58  

M11/S694 99.5% 99.5% 99.982% 80% 91.398% 91.398% 91.398% 91.398% 99.841444% 13:53:22 $4,666,874.48  

M11/S23 99.5% 99.5% 99.671% 70% 95.641% 95.641% 95.641% 95.641% 99.841302% 13:54:07 $4,671,054.38  

M11/S1063 70% 99.5% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.840073% 14:00:35 $4,707,222.62 $67,000,000 

M11/S1033 70% 99.5% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.839381% 14:04:13 $4,727,583.44 $64,500,000 

M11/S1023 70% 99.5% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.838641% 14:08:06 $4,749,363.11 $62,000,000 

M11/S464 99.5% 99.5% 99.995% 99.995% 80% 80% 80% 80% 99.837120% 14:16:06 $4,794,151.27 $122,000,000 

M11/S454 99.5% 99.5% 99.982% 99.995% 80% 80% 80% 80% 99.836620% 14:18:44 $4,808,861.78 $117,000,000 

M11/S444 99.5% 99.5% 99.982% 99.982% 80% 80% 80% 80% 99.836119% 14:21:22 $4,823,618.14 $112,000,000 

M11/S862 99.5% 99.5% 99.741% 99.741% 60% 60% 91.398% 91.398% 99.835801% 14:23:02 $4,832,954.40 $67,000,000 

M11/S832 99.5% 99.5% 99.671% 99.741% 60% 60% 91.398% 91.398% 99.835215% 14:26:07 $4,850,210.45 $64,500,000 

M11/S675 99.5% 99.5% 99.671% 85% 91.398% 91.398% 91.398% 91.398% 99.830811% 14:49:16 $4,979,851.11  

M11/S434 99.5% 99.5% 99.741% 99.995% 80% 80% 80% 80% 99.827355% 15:07:25 $5,081,572.14 $94,500,000 

M11/S424 99.5% 99.5% 99.741% 99.982% 80% 80% 80% 80% 99.826825% 15:10:13 $5,097,178.34 $89,500,000 

M11/S404 99.5% 99.5% 99.671% 99.995% 80% 80% 80% 80% 99.824664% 15:21:34 $5,160,782.62 $92,000,000 

M11/S394 99.5% 99.5% 99.671% 99.982% 80% 80% 80% 80% 99.824125% 15:24:24 $5,176,635.66 $87,000,000 

M11/S822 99.5% 99.5% 99.671% 99.671% 60% 60% 91.398% 91.398% 99.823906% 15:25:33 $5,183,070.84 $62,000,000 

M11/S32 99.5% 99.5% 99.741% 60% 95.641% 95.641% 95.641% 95.641% 99.817590% 15:58:45 $5,368,982.92  

M11/S414 99.5% 99.5% 99.741% 99.741% 80% 80% 80% 80% 99.816995% 16:01:52 $5,386,493.19 $67,000,000 

M11/S384 99.5% 99.5% 99.671% 99.741% 80% 80% 80% 80% 99.814140% 16:16:53 $5,470,526.55 $64,500,000 

M11/S374 99.5% 99.5% 99.671% 99.671% 80% 80% 80% 80% 99.811240% 16:32:07 $5,555,889.06 $62,000,000 

M11/S911 99.5% 99.5% 99.995% 99.995% 50% 50% 91.398% 91.398% 99.811236% 16:32:09 $5,556,004.60 $122,000,000 

M11/S901 99.5% 99.5% 99.982% 99.995% 50% 50% 91.398% 91.398% 99.811163% 16:32:32 $5,558,142.42 $117,000,000 

M11/S881 99.5% 99.5% 99.741% 99.995% 50% 50% 91.398% 91.398% 99.809817% 16:39:36 $5,597,774.38 $94,500,000 

M11/S851 99.5% 99.5% 99.671% 99.995% 50% 50% 91.398% 91.398% 99.809426% 16:41:39 $5,609,285.73 $92,000,000 

M11/S891 99.5% 99.5% 99.982% 99.982% 50% 50% 91.398% 91.398% 99.807936% 16:49:29 $5,653,142.64 $112,000,000 

M11/S871 99.5% 99.5% 99.741% 99.982% 50% 50% 91.398% 91.398% 99.806566% 16:56:41 $5,693,461.08 $89,500,000 

M11/S841 99.5% 99.5% 99.671% 99.982% 50% 50% 91.398% 91.398% 99.806168% 16:58:47 $5,705,171.83 $87,000,000 

M11/S562 60% 99.5% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.799621% 17:33:12 $5,897,888.66 $122,000,000 

M11/S552 60% 99.5% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.799595% 17:33:20 $5,898,631.86 $117,000,000 

M11/S542 60% 99.5% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.799568% 17:33:28 $5,899,424.52 $112,000,000 

M11/S532 60% 99.5% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.799127% 17:35:47 $5,912,409.63 $94,500,000 

M11/S522 60% 99.5% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.799069% 17:36:06 $5,914,119.10 $89,500,000 

M11/S502 60% 99.5% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.798991% 17:36:30 $5,916,411.46 $92,000,000 

M11/S492 60% 99.5% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.798924% 17:36:51 $5,918,387.23 $87,000,000 

M11/S512 60% 99.5% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.797992% 17:41:45 $5,945,810.04 $67,000,000 

M11/S482 60% 99.5% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.797680% 17:43:24 $5,955,014.88 $64,500,000 

M11/S472 60% 99.5% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.797318% 17:45:18 $5,965,653.62 $62,000,000 

M11/S1112 60% 99.5% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.794461% 18:00:19 $6,049,740.90 $122,000,000 

M11/S1102 60% 99.5% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.794365% 18:00:49 $6,052,564.65 $117,000,000 

M11/S1092 60% 99.5% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.794268% 18:01:20 $6,055,437.31 $112,000,000 

M11/S1082 60% 99.5% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.792587% 18:10:10 $6,104,912.63 $94,500,000 
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M11/S1072 60% 99.5% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.792459% 18:10:50 $6,108,692.03 $89,500,000 

M11/S684 99.5% 99.5% 99.741% 80% 91.398% 91.398% 91.398% 91.398% 99.792186% 18:12:16 $6,116,722.13  

M11/S1052 60% 99.5% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.792070% 18:12:53 $6,120,117.43 $92,000,000 

M11/S1042 60% 99.5% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.791933% 18:13:36 $6,124,160.20 $87,000,000 

M11/S1062 60% 99.5% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.790078% 18:23:21 $6,178,756.31 $67,000,000 

M11/S22 99.5% 99.5% 99.671% 60% 95.641% 95.641% 95.641% 95.641% 99.789564% 18:26:03 $6,193,881.57  

M11/S1032 60% 99.5% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.789387% 18:26:59 $6,199,106.94 $64,500,000 

M11/S1022 60% 99.5% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.788647% 18:30:52 $6,220,875.70 $62,000,000 

M11/S674 99.5% 99.5% 99.671% 80% 91.398% 91.398% 91.398% 91.398% 99.777878% 19:27:28 $6,537,839.70  

M11/S31 99.5% 99.5% 99.741% 50% 95.641% 95.641% 95.641% 95.641% 99.772826% 19:54:02 $6,686,562.24  

M11/S703 99.5% 99.5% 99.995% 70% 91.398% 91.398% 91.398% 91.398% 99.770158% 20:08:03 $6,765,080.74  

M11/S693 99.5% 99.5% 99.982% 70% 91.398% 91.398% 91.398% 91.398% 99.766220% 20:28:45 $6,880,986.82  

M11/S1013 99.5% 99.5% 99.995% 99.995% 70% 70% 70% 91.398% 99.764687% 20:36:48 $6,926,108.27 $122,000,000 

M11/S1003 99.5% 99.5% 99.982% 99.995% 70% 70% 70% 91.398% 99.764381% 20:38:25 $6,935,110.98 $117,000,000 

M11/S993 99.5% 99.5% 99.982% 99.982% 70% 70% 70% 91.398% 99.763239% 20:44:25 $6,968,719.79 $112,000,000 

M11/S983 99.5% 99.5% 99.741% 99.995% 70% 70% 70% 91.398% 99.758711% 21:08:13 $7,102,007.39 $94,500,000 

M11/S973 99.5% 99.5% 99.741% 99.982% 70% 70% 70% 91.398% 99.757541% 21:14:22 $7,136,433.68 $89,500,000 

M11/S953 99.5% 99.5% 99.671% 99.995% 70% 70% 70% 91.398% 99.757064% 21:16:52 $7,150,483.53 $92,000,000 

M11/S943 99.5% 99.5% 99.671% 99.982% 70% 70% 70% 91.398% 99.755886% 21:23:04 $7,185,147.26 $87,000,000 

M11/S561 50% 99.5% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.749621% 21:56:00 $7,369,563.07 $122,000,000 

M11/S668 95% 95% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.749621% 21:56:00 $7,369,563.07 $122,000,000 

M11/S551 50% 99.5% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.749595% 21:56:08 $7,370,305.90 $117,000,000 

M11/S658 95% 95% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.749595% 21:56:08 $7,370,305.90 $117,000,000 

M11/S541 50% 99.5% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.749569% 21:56:16 $7,371,098.15 $112,000,000 

M11/S648 95% 95% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.749569% 21:56:16 $7,371,098.15 $112,000,000 

M11/S531 50% 99.5% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.749128% 21:58:35 $7,384,076.75 $94,500,000 

M11/S638 95% 95% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.749128% 21:58:35 $7,384,076.75 $94,500,000 

M11/S521 50% 99.5% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.749070% 21:58:53 $7,385,785.37 $89,500,000 

M11/S628 95% 95% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.749070% 21:58:53 $7,385,785.37 $89,500,000 

M11/S501 50% 99.5% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.748992% 21:59:18 $7,388,076.59 $92,000,000 

M11/S608 95% 95% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.748992% 21:59:18 $7,388,076.59 $92,000,000 

M11/S491 50% 99.5% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.748925% 21:59:39 $7,390,051.36 $87,000,000 

M11/S598 95% 95% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.748925% 21:59:39 $7,390,051.36 $87,000,000 

M11/S511 50% 99.5% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.747993% 22:04:33 $7,417,460.44 $67,000,000 

M11/S618 95% 95% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.747993% 22:04:33 $7,417,460.44 $67,000,000 

M11/S481 50% 99.5% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.747681% 22:06:11 $7,426,660.67 $64,500,000 

M11/S588 95% 95% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.747681% 22:06:11 $7,426,660.67 $64,500,000 

M11/S471 50% 99.5% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.747320% 22:08:05 $7,437,294.07 $62,000,000 

M11/S578 95% 95% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.747320% 22:08:05 $7,437,294.07 $62,000,000 

M11/S861 99.5% 99.5% 99.741% 99.741% 50% 50% 91.398% 91.398% 99.746299% 22:13:27 $7,467,345.31 $67,000,000 

M11/S831 99.5% 99.5% 99.671% 99.741% 50% 50% 91.398% 91.398% 99.745775% 22:16:12 $7,482,752.50 $64,500,000 

M11/S1111 50% 99.5% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.744464% 22:23:06 $7,521,339.22 $122,000,000 

M11/S1218 95% 95% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.744464% 22:23:06 $7,521,339.22 $122,000,000 

M11/S1101 50% 99.5% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.744368% 22:23:36 $7,524,161.56 $117,000,000 

M11/S1208 95% 95% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.744368% 22:23:36 $7,524,161.56 $117,000,000 

M11/S1091 50% 99.5% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.744271% 22:24:07 $7,527,032.78 $112,000,000 

M11/S1198 95% 95% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.744271% 22:24:07 $7,527,032.78 $112,000,000 

M11/S1081 50% 99.5% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.742591% 22:32:57 $7,576,483.31 $94,500,000 

M11/S1188 95% 95% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.742591% 22:32:57 $7,576,483.31 $94,500,000 

M11/S1071 50% 99.5% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.742462% 22:33:37 $7,580,260.82 $89,500,000 

M11/S1178 95% 95% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.742462% 22:33:37 $7,580,260.82 $89,500,000 

M11/S1051 50% 99.5% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.742074% 22:35:39 $7,591,680.50 $92,000,000 

M11/S1158 95% 95% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.742074% 22:35:39 $7,591,680.50 $92,000,000 

M11/S1041 50% 99.5% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.741937% 22:36:23 $7,595,721.24 $87,000,000 

M11/S1148 95% 95% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.741937% 22:36:23 $7,595,721.24 $87,000,000 

M11/S1061 50% 99.5% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.740083% 22:46:07 $7,650,290.00 $67,000,000 

M11/S1168 95% 95% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.740083% 22:46:07 $7,650,290.00 $67,000,000 

M11/S1031 50% 99.5% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.739392% 22:49:45 $7,670,630.43 $64,500,000 

M11/S1138 95% 95% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.739392% 22:49:45 $7,670,630.43 $64,500,000 

M11/S1021 50% 99.5% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.738653% 22:53:38 $7,692,388.28 $62,000,000 

M11/S1128 95% 95% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.738653% 22:53:38 $7,692,388.28 $62,000,000 

M11/S21 99.5% 99.5% 99.671% 50% 95.641% 95.641% 95.641% 95.641% 99.737827% 22:57:59 $7,716,708.76  

M11/S963 99.5% 99.5% 99.741% 99.741% 70% 70% 70% 91.398% 99.735858% 23:08:20 $7,774,644.16 $67,000,000 

M11/S933 99.5% 99.5% 99.671% 99.741% 70% 70% 70% 91.398% 99.734054% 23:17:49 $7,827,759.58 $64,500,000 

M11/S68 99.5% 99.5% 95% 95% 95.641% 95.641% 95.641% 95.641% 99.729131% 23:43:41 $7,972,652.81  

M11/S821 99.5% 99.5% 99.671% 99.671% 50% 50% 91.398% 91.398% 99.728234% 23:48:24 $7,999,062.24 $62,000,000 

M11/S923 99.5% 99.5% 99.671% 99.671% 70% 70% 70% 91.398% 99.727712% 23:51:09 $8,014,410.46 $62,000,000 

M11/S362 99.5% 99.5% 99.995% 99.995% 60% 60% 60% 95.641% 99.717678% 24:43:53 $8,309,755.52 $122,000,000 

M11/S352 99.5% 99.5% 99.982% 99.995% 60% 60% 60% 95.641% 99.717487% 24:44:53 $8,315,375.23 $117,000,000 

M11/S342 99.5% 99.5% 99.982% 99.982% 60% 60% 60% 95.641% 99.715441% 24:55:38 $8,375,585.02 $112,000,000 

M11/S332 99.5% 99.5% 99.741% 99.995% 60% 60% 60% 95.641% 99.713947% 25:03:30 $8,419,556.04 $94,500,000 

M11/S302 99.5% 99.5% 99.671% 99.995% 60% 60% 60% 95.641% 99.712919% 25:08:54 $8,449,816.03 $92,000,000 

M11/S322 99.5% 99.5% 99.741% 99.982% 60% 60% 60% 95.641% 99.711876% 25:14:23 $8,480,526.91 $89,500,000 

M11/S292 99.5% 99.5% 99.671% 99.982% 60% 60% 60% 95.641% 99.710840% 25:19:49 $8,511,007.96 $87,000,000 

M11/S702 99.5% 99.5% 99.995% 60% 91.398% 91.398% 91.398% 91.398% 99.696215% 26:36:42 $8,941,494.55  

M11/S683 99.5% 99.5% 99.741% 70% 91.398% 91.398% 91.398% 91.398% 99.693218% 26:52:27 $9,029,707.22  

M11/S692 99.5% 99.5% 99.982% 60% 91.398% 91.398% 91.398% 91.398% 99.690996% 27:04:07 $9,095,099.16  

M11/S312 99.5% 99.5% 99.741% 99.741% 60% 60% 60% 95.641% 99.673474% 28:36:13 $9,610,833.11 $67,000,000 

M11/S282 99.5% 99.5% 99.671% 99.741% 60% 60% 60% 95.641% 99.672299% 28:42:24 $9,645,412.31 $64,500,000 

M11/S718 99.5% 99.5% 95% 95% 91.398% 91.398% 91.398% 91.398% 99.672266% 28:42:34 $9,646,390.11  

M11/S673 99.5% 99.5% 99.671% 70% 91.398% 91.398% 91.398% 91.398% 99.672014% 28:43:54 $9,653,816.89  

M11/S272 99.5% 99.5% 99.671% 99.671% 60% 60% 60% 95.641% 99.661105% 29:41:14 $9,974,907.34 $62,000,000 

M11/S701 99.5% 99.5% 99.995% 50% 91.398% 91.398% 91.398% 91.398% 99.622272% 33:05:20 $11,117,908.37  

M11/S691 99.5% 99.5% 99.982% 50% 91.398% 91.398% 91.398% 91.398% 99.615772% 33:39:30 $11,309,211.51  

M11/S682 99.5% 99.5% 99.741% 60% 91.398% 91.398% 91.398% 91.398% 99.594250% 35:32:37 $11,942,692.32  

M11/S672 99.5% 99.5% 99.671% 60% 91.398% 91.398% 91.398% 91.398% 99.566149% 38:00:19 $12,769,794.07  

M11/S681 99.5% 99.5% 99.741% 50% 91.398% 91.398% 91.398% 91.398% 99.495282% 44:12:48 $14,855,677.42  

M11/S671 99.5% 99.5% 99.671% 50% 91.398% 91.398% 91.398% 91.398% 99.460284% 47:16:45 $15,885,771.26  

M11/S361 99.5% 99.5% 99.995% 99.995% 50% 50% 50% 95.641% 99.451346% 48:03:43 $16,148,848.11 $122,000,000 

M11/S351 99.5% 99.5% 99.982% 99.995% 50% 50% 50% 95.641% 99.451134% 48:04:51 $16,155,116.53 $117,000,000 

M11/S341 99.5% 99.5% 99.982% 99.982% 50% 50% 50% 95.641% 99.447953% 48:21:34 $16,248,739.07 $112,000,000 

M11/S331 99.5% 99.5% 99.741% 99.995% 50% 50% 50% 95.641% 99.447185% 48:25:36 $16,271,323.25 $94,500,000 
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M11/S1012 99.5% 99.5% 99.995% 99.995% 60% 60% 60% 91.398% 99.446048% 48:31:34 $16,304,807.70 $122,000,000 

M11/S301 99.5% 99.5% 99.671% 99.995% 50% 50% 50% 95.641% 99.446039% 48:31:37 $16,305,076.25 $92,000,000 

M11/S1002 99.5% 99.5% 99.982% 99.995% 60% 60% 60% 91.398% 99.445672% 48:33:33 $16,315,882.60 $117,000,000 

M11/S321 99.5% 99.5% 99.741% 99.982% 50% 50% 50% 95.641% 99.443982% 48:42:26 $16,365,622.33 $89,500,000 

M11/S992 99.5% 99.5% 99.982% 99.982% 60% 60% 60% 91.398% 99.443661% 48:44:07 $16,375,052.28 $112,000,000 

M11/S291 99.5% 99.5% 99.671% 99.982% 50% 50% 50% 95.641% 99.442828% 48:48:30 $16,399,571.82 $87,000,000 

M11/S982 99.5% 99.5% 99.741% 99.995% 60% 60% 60% 91.398% 99.438696% 49:10:13 $16,521,194.27 $94,500,000 

M11/S667 92.5% 92.5% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 99.437122% 49:18:29 $16,567,528.10 $122,000,000 

M11/S657 92.5% 92.5% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 99.437097% 49:18:37 $16,568,268.60 $117,000,000 

M11/S647 92.5% 92.5% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 99.437070% 49:18:46 $16,569,058.37 $112,000,000 

M11/S952 99.5% 99.5% 99.671% 99.995% 60% 60% 60% 91.398% 99.436670% 49:20:52 $16,580,828.36 $92,000,000 

M11/S972 99.5% 99.5% 99.741% 99.982% 60% 60% 60% 91.398% 99.436660% 49:20:55 $16,581,111.88 $89,500,000 

M11/S637 92.5% 92.5% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 99.436630% 49:21:04 $16,581,996.31 $94,500,000 

M11/S627 92.5% 92.5% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 99.436573% 49:21:22 $16,583,699.57 $89,500,000 

M11/S607 92.5% 92.5% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 99.436495% 49:21:47 $16,585,983.62 $92,000,000 

M11/S597 92.5% 92.5% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 99.436428% 49:22:08 $16,587,952.21 $87,000,000 

M11/S617 92.5% 92.5% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 99.435500% 49:27:01 $16,615,275.41 $67,000,000 

M11/S587 92.5% 92.5% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 99.435188% 49:28:39 $16,624,446.82 $64,500,000 

M11/S577 92.5% 92.5% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 99.434828% 49:30:33 $16,635,046.91 $62,000,000 

M11/S942 99.5% 99.5% 99.671% 99.982% 60% 60% 60% 91.398% 99.434627% 49:31:36 $16,640,963.21 $87,000,000 

M11/S1217 92.5% 92.5% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 99.431982% 49:45:30 $16,718,828.76 $122,000,000 

M11/S1207 92.5% 92.5% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 99.431886% 49:46:00 $16,721,642.25 $117,000,000 

M11/S1197 92.5% 92.5% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 99.431789% 49:46:31 $16,724,504.48 $112,000,000 

M11/S1187 92.5% 92.5% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 99.430114% 49:55:19 $16,773,800.09 $94,500,000 

M11/S1177 92.5% 92.5% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 99.429986% 49:56:00 $16,777,565.77 $89,500,000 

M11/S1157 92.5% 92.5% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 99.429599% 49:58:02 $16,788,949.67 $92,000,000 

M11/S1147 92.5% 92.5% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 99.429462% 49:58:45 $16,792,977.76 $87,000,000 

M11/S1167 92.5% 92.5% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 99.427614% 50:08:28 $16,847,375.56 $67,000,000 

M11/S1137 92.5% 92.5% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 99.426925% 50:12:05 $16,867,652.26 $64,500,000 

M11/S1127 92.5% 92.5% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 99.426188% 50:15:57 $16,889,341.95 $62,000,000 

M11/S67 99.5% 99.5% 92.5% 92.5% 95.641% 95.641% 95.641% 95.641% 99.408343% 51:49:45 $17,414,585.60  

M11/S962 99.5% 99.5% 99.741% 99.741% 60% 60% 60% 91.398% 99.398922% 52:39:16 $17,691,892.14 $67,000,000 

M11/S932 99.5% 99.5% 99.671% 99.741% 60% 60% 60% 91.398% 99.396752% 52:50:40 $17,755,770.84 $64,500,000 

M11/S922 99.5% 99.5% 99.671% 99.671% 60% 60% 60% 91.398% 99.385751% 53:48:30 $18,079,573.88 $62,000,000 

M11/S311 99.5% 99.5% 99.741% 99.741% 50% 50% 50% 95.641% 99.384588% 53:54:36 $18,113,782.02 $67,000,000 

M11/S281 99.5% 99.5% 99.671% 99.741% 50% 50% 50% 95.641% 99.383311% 54:01:19 $18,151,374.35 $64,500,000 

M11/S271 99.5% 99.5% 99.671% 99.671% 50% 50% 50% 95.641% 99.366024% 55:32:11 $18,660,196.66 $62,000,000 

M11/S717 99.5% 99.5% 92.5% 92.5% 91.398% 91.398% 91.398% 91.398% 99.327656% 58:53:50 $19,789,494.03  

M11/S463 99.5% 99.5% 99.995% 99.995% 70% 70% 70% 70% 99.186701% 71:14:42 $23,938,315.58 $122,000,000 

M11/S453 99.5% 99.5% 99.982% 99.995% 70% 70% 70% 70% 99.185636% 71:20:18 $23,969,668.59 $117,000,000 

M11/S443 99.5% 99.5% 99.982% 99.982% 70% 70% 70% 70% 99.184569% 71:25:54 $24,001,062.80 $112,000,000 

M11/S433 99.5% 99.5% 99.741% 99.995% 70% 70% 70% 70% 99.165888% 73:04:05 $24,550,905.22 $94,500,000 

M11/S423 99.5% 99.5% 99.741% 99.982% 70% 70% 70% 70% 99.164796% 73:09:50 $24,583,063.04 $89,500,000 

M11/S403 99.5% 99.5% 99.671% 99.995% 70% 70% 70% 70% 99.160153% 73:34:14 $24,719,729.14 $92,000,000 

M11/S393 99.5% 99.5% 99.671% 99.982% 70% 70% 70% 70% 99.159053% 73:40:01 $24,752,108.76 $87,000,000 

M11/S413 99.5% 99.5% 99.741% 99.741% 70% 70% 70% 70% 99.144542% 74:56:17 $25,179,219.58 $67,000,000 

M11/S383 99.5% 99.5% 99.671% 99.741% 70% 70% 70% 70% 99.138659% 75:27:13 $25,352,377.07 $64,500,000 

M11/S373 99.5% 99.5% 99.671% 99.671% 70% 70% 70% 70% 99.132735% 75:58:21 $25,526,728.87 $62,000,000 

M11/S666 90% 90% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 98.999624% 87:37:59 $29,444,679.14 $122,000,000 

M11/S656 90% 90% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 98.999599% 87:38:07 $29,445,416.38 $117,000,000 

M11/S646 90% 90% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 98.999572% 87:38:15 $29,446,202.68 $112,000,000 

M11/S636 90% 90% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 98.999134% 87:40:33 $29,459,083.70 $94,500,000 

M11/S626 90% 90% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 98.999077% 87:40:51 $29,460,779.46 $89,500,000 

M11/S606 90% 90% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 98.998999% 87:41:16 $29,463,053.46 $92,000,000 

M11/S596 90% 90% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 98.998933% 87:41:37 $29,465,013.38 $87,000,000 

M11/S616 90% 90% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 98.998009% 87:46:28 $29,492,216.37 $67,000,000 

M11/S586 90% 90% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 98.997698% 87:48:06 $29,501,347.43 $64,500,000 

M11/S576 90% 90% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 98.997340% 87:49:59 $29,511,900.88 $62,000,000 

M11/S1216 90% 90% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 98.994506% 88:04:53 $29,595,314.12 $122,000,000 

M11/S1206 90% 90% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 98.994411% 88:05:23 $29,598,115.23 $117,000,000 

M11/S1196 90% 90% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 98.994314% 88:05:53 $29,600,964.86 $112,000,000 

M11/S1186 90% 90% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 98.992646% 88:14:39 $29,650,043.59 $94,500,000 

M11/S1176 90% 90% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 98.992519% 88:15:19 $29,653,792.69 $89,500,000 

M11/S1156 90% 90% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 98.992134% 88:17:21 $29,665,126.51 $92,000,000 

M11/S1146 90% 90% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 98.991998% 88:18:04 $29,669,136.87 $87,000,000 

M11/S1166 90% 90% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 98.990158% 88:27:44 $29,723,295.34 $67,000,000 

M11/S1136 90% 90% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 98.989472% 88:31:20 $29,743,482.83 $64,500,000 

M11/S1126 90% 90% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 98.988738% 88:35:12 $29,765,077.09 $62,000,000 

M11/S66 99.5% 99.5% 90% 90% 95.641% 95.641% 95.641% 95.641% 98.963033% 90:50:18 $30,521,659.07  

M11/S1011 99.5% 99.5% 99.995% 99.995% 50% 50% 50% 91.398% 98.920879% 94:31:52 $31,762,428.15 $122,000,000 

M11/S1001 99.5% 99.5% 99.982% 99.995% 50% 50% 50% 91.398% 98.920459% 94:34:04 $31,774,784.94 $117,000,000 

M11/S991 99.5% 99.5% 99.982% 99.982% 50% 50% 50% 91.398% 98.917347% 94:50:25 $31,866,376.83 $112,000,000 

M11/S981 99.5% 99.5% 99.741% 99.995% 50% 50% 50% 91.398% 98.912676% 95:14:59 $32,003,860.93 $94,500,000 

M11/S951 99.5% 99.5% 99.671% 99.995% 50% 50% 50% 91.398% 98.910415% 95:26:51 $32,070,397.52 $92,000,000 

M11/S971 99.5% 99.5% 99.741% 99.982% 50% 50% 50% 91.398% 98.909542% 95:31:27 $32,096,114.66 $89,500,000 

M11/S941 99.5% 99.5% 99.671% 99.982% 50% 50% 50% 91.398% 98.907275% 95:43:22 $32,162,843.50 $87,000,000 

M11/S716 99.5% 99.5% 90% 90% 91.398% 91.398% 91.398% 91.398% 98.859893% 99:52:24 $33,557,456.64  

M11/S961 99.5% 99.5% 99.741% 99.741% 50% 50% 50% 91.398% 98.851437% 100:36:51 $33,806,357.05 $67,000,000 

M11/S931 99.5% 99.5% 99.671% 99.741% 50% 50% 50% 91.398% 98.849048% 100:49:24 $33,876,649.70 $64,500,000 

M11/S921 99.5% 99.5% 99.671% 99.671% 50% 50% 50% 91.398% 98.832136% 102:18:18 $34,374,435.73 $62,000,000 

M11/S665 85% 85% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 97.749628% 197:07:57 $66,236,539.25 $122,000,000 

M11/S655 85% 85% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 97.749604% 197:08:05 $66,237,267.18 $117,000,000 

M11/S645 85% 85% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 97.749577% 197:08:13 $66,238,043.55 $112,000,000 

M11/S635 85% 85% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 97.749145% 197:10:30 $66,250,761.93 $94,500,000 

M11/S625 85% 85% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 97.749088% 197:10:48 $66,252,436.29 $89,500,000 

M11/S605 85% 85% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 97.749012% 197:11:12 $66,254,681.57 $92,000,000 

M11/S595 85% 85% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 97.748946% 197:11:32 $66,256,616.75 $87,000,000 

M11/S615 85% 85% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 97.748034% 197:16:20 $66,283,476.27 $67,000,000 

M11/S585 85% 85% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 97.747727% 197:17:57 $66,292,492.03 $64,500,000 

M11/S575 85% 85% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 97.747373% 197:19:48 $66,302,912.24 $62,000,000 

M11/S1215 85% 85% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 97.744575% 197:34:31 $66,385,272.27 $122,000,000 

M11/S1205 85% 85% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 97.744481% 197:35:00 $66,388,038.02 $117,000,000 
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M11/S1195 85% 85% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 97.744386% 197:35:31 $66,390,851.67 $112,000,000 

M11/S1185 85% 85% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 97.742739% 197:44:10 $66,439,310.71 $94,500,000 

M11/S1175 85% 85% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 97.742613% 197:44:49 $66,443,012.48 $89,500,000 

M11/S1155 85% 85% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 97.742233% 197:46:49 $66,454,203.20 $92,000,000 

M11/S1145 85% 85% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 97.742099% 197:47:32 $66,458,162.92 $87,000,000 

M11/S1165 85% 85% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 97.740282% 197:57:05 $66,511,637.57 $67,000,000 

M11/S1135 85% 85% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 97.739605% 198:00:38 $66,531,570.17 $64,500,000 

M11/S1125 85% 85% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 97.738880% 198:04:27 $66,552,891.78 $62,000,000 

M11/S65 99.5% 99.5% 85% 85% 95.641% 95.641% 95.641% 95.641% 97.698847% 201:34:52 $67,731,228.08  

M11/S715 99.5% 99.5% 85% 85% 91.398% 91.398% 91.398% 91.398% 97.554905% 214:11:25 $71,967,957.95  

M11/S462 99.5% 99.5% 99.995% 99.995% 60% 60% 60% 60% 97.436220% 224:35:14 $75,461,279.21 $122,000,000 

M11/S452 99.5% 99.5% 99.982% 99.995% 60% 60% 60% 60% 97.434472% 224:44:25 $75,512,717.81 $117,000,000 

M11/S442 99.5% 99.5% 99.982% 99.982% 60% 60% 60% 60% 97.432723% 224:53:36 $75,564,191.51 $112,000,000 

M11/S432 99.5% 99.5% 99.741% 99.995% 60% 60% 60% 60% 97.402074% 227:34:42 $76,466,310.31 $94,500,000 

M11/S422 99.5% 99.5% 99.741% 99.982% 60% 60% 60% 60% 97.400303% 227:44:00 $76,518,434.66 $89,500,000 

M11/S402 99.5% 99.5% 99.671% 99.995% 60% 60% 60% 60% 97.392664% 228:24:10 $76,743,287.38 $92,000,000 

M11/S392 99.5% 99.5% 99.671% 99.982% 60% 60% 60% 60% 97.390887% 228:33:30 $76,795,600.72 $87,000,000 

M11/S412 99.5% 99.5% 99.741% 99.741% 60% 60% 60% 60% 97.367473% 230:36:34 $77,484,739.97 $67,000,000 

M11/S382 99.5% 99.5% 99.671% 99.741% 60% 60% 60% 60% 97.357938% 231:26:41 $77,765,409.57 $64,500,000 

M11/S372 99.5% 99.5% 99.671% 99.671% 60% 60% 60% 60% 97.348367% 232:16:59 $78,047,096.78 $62,000,000 

M11/S664 80% 80% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 95.999635% 350:25:55 $117,745,143.40 $122,000,000 

M11/S654 80% 80% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 95.999611% 350:26:03 $117,745,858.31 $117,000,000 

M11/S644 80% 80% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 95.999585% 350:26:11 $117,746,620.78 $112,000,000 

M11/S634 80% 80% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 95.999160% 350:28:25 $117,759,111.46 $94,500,000 

M11/S624 80% 80% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 95.999105% 350:28:42 $117,760,755.84 $89,500,000 

M11/S604 80% 80% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 95.999030% 350:29:06 $117,762,960.93 $92,000,000 

M11/S594 80% 80% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 95.998965% 350:29:26 $117,764,861.46 $87,000,000 

M11/S614 80% 80% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 95.998069% 350:34:09 $117,791,240.12 $67,000,000 

M11/S584 80% 80% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 95.997768% 350:35:44 $117,800,094.47 $64,500,000 

M11/S574 80% 80% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 95.997420% 350:37:34 $117,810,328.13 $62,000,000 

M11/S1214 80% 80% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 95.994672% 350:52:00 $117,891,213.69 $122,000,000 

M11/S1204 80% 80% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 95.994580% 350:52:29 $117,893,929.92 $117,000,000 

M11/S1194 80% 80% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 95.994486% 350:52:59 $117,896,693.20 $112,000,000 

M11/S1184 80% 80% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 95.992869% 351:01:29 $117,944,284.69 $94,500,000 

M11/S1174 80% 80% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 95.992746% 351:02:08 $117,947,920.19 $89,500,000 

M11/S1154 80% 80% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 95.992372% 351:04:05 $117,958,910.56 $92,000,000 

M11/S1144 80% 80% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 95.992240% 351:04:47 $117,962,799.39 $87,000,000 

M11/S1164 80% 80% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 95.990456% 351:14:10 $118,015,316.69 $67,000,000 

M11/S1134 80% 80% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 95.989791% 351:17:40 $118,034,892.44 $64,500,000 

M11/S1124 80% 80% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 95.989079% 351:21:24 $118,055,832.33 $62,000,000 

M11/S64 99.5% 99.5% 80% 80% 95.641% 95.641% 95.641% 95.641% 95.936570% 355:57:23 $119,601,359.82  

M11/S714 99.5% 99.5% 80% 80% 91.398% 91.398% 91.398% 91.398% 95.757301% 371:39:37 $124,877,894.02  

M11/S461 99.5% 99.5% 99.995% 99.995% 50% 50% 50% 50% 93.745781% 547:52:10 $184,084,175.76 $122,000,000 

M11/S451 99.5% 99.5% 99.982% 99.995% 50% 50% 50% 50% 93.743343% 548:04:59 $184,155,929.13 $117,000,000 

M11/S441 99.5% 99.5% 99.982% 99.982% 50% 50% 50% 50% 93.740905% 548:17:48 $184,227,710.47 $112,000,000 

M11/S431 99.5% 99.5% 99.741% 99.995% 50% 50% 50% 50% 93.698150% 552:02:31 $185,486,126.18 $94,500,000 

M11/S421 99.5% 99.5% 99.741% 99.982% 50% 50% 50% 50% 93.695694% 552:15:26 $185,558,426.22 $89,500,000 

M11/S401 99.5% 99.5% 99.671% 99.995% 50% 50% 50% 50% 93.685024% 553:11:31 $185,872,490.46 $92,000,000 

M11/S391 99.5% 99.5% 99.671% 99.982% 50% 50% 50% 50% 93.682562% 553:24:27 $185,944,941.17 $87,000,000 

M11/S411 99.5% 99.5% 99.741% 99.741% 50% 50% 50% 50% 93.650156% 556:14:47 $186,898,757.85 $67,000,000 

M11/S381 99.5% 99.5% 99.671% 99.741% 50% 50% 50% 50% 93.636930% 557:24:18 $187,288,065.79 $64,500,000 

M11/S371 99.5% 99.5% 99.671% 99.671% 50% 50% 50% 50% 93.623675% 558:33:58 $187,678,184.98 $62,000,000 

M11/S663 70% 70% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 90.999654% 788:25:49 $264,912,583.85 $122,000,000 

M11/S653 70% 70% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 90.999631% 788:25:56 $264,913,261.52 $117,000,000 

M11/S643 70% 70% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 90.999606% 788:26:04 $264,913,984.28 $112,000,000 

M11/S633 70% 70% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 90.999204% 788:28:11 $264,925,824.41 $94,500,000 

M11/S623 70% 70% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 90.999151% 788:28:28 $264,927,383.14 $89,500,000 

M11/S603 70% 70% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 90.999080% 788:28:50 $264,929,473.38 $92,000,000 

M11/S593 70% 70% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 90.999019% 788:29:09 $264,931,274.93 $87,000,000 

M11/S613 70% 70% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 90.998169% 788:33:37 $264,956,279.70 $67,000,000 

M11/S583 70% 70% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 90.997884% 788:35:07 $264,964,672.89 $64,500,000 

M11/S573 70% 70% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 90.997555% 788:36:51 $264,974,373.54 $62,000,000 

M11/S1213 70% 70% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 90.994950% 788:50:33 $265,051,046.31 $122,000,000 

M11/S1203 70% 70% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 90.994862% 788:51:00 $265,053,621.07 $117,000,000 

M11/S1193 70% 70% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 90.994773% 788:51:28 $265,056,240.43 $112,000,000 

M11/S1183 70% 70% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 90.993241% 788:59:32 $265,101,353.20 $94,500,000 

M11/S1173 70% 70% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 90.993124% 789:00:09 $265,104,799.34 $89,500,000 

M11/S1153 70% 70% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 90.992770% 789:02:00 $265,115,217.30 $92,000,000 

M11/S1143 70% 70% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 90.992644% 789:02:40 $265,118,903.59 $87,000,000 

M11/S1163 70% 70% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 90.990953% 789:11:33 $265,168,685.62 $67,000,000 

M11/S1133 70% 70% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 90.990323% 789:14:52 $265,187,241.80 $64,500,000 

M11/S1123 70% 70% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 90.989648% 789:18:25 $265,207,091.07 $62,000,000 

M11/S63 99.5% 99.5% 70% 70% 95.641% 95.641% 95.641% 95.641% 90.917750% 795:36:18 $267,323,311.52  

M11/S713 99.5% 99.5% 70% 70% 91.398% 91.398% 91.398% 91.398% 90.684250% 816:03:35 $274,196,070.48  

M11/S662 60% 60% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 83.999681% 1401:37:41 $470,947,000.48 $122,000,000 

M11/S652 60% 60% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 83.999659% 1401:37:47 $470,947,626.02 $117,000,000 

M11/S642 60% 60% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 83.999637% 1401:37:55 $470,948,293.18 $112,000,000 

M11/S632 60% 60% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 83.999265% 1401:39:52 $470,959,222.53 $94,500,000 

M11/S622 60% 60% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 83.999216% 1401:40:07 $470,960,661.36 $89,500,000 

M11/S602 60% 60% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 83.999151% 1401:40:28 $470,962,590.81 $92,000,000 

M11/S592 60% 60% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 83.999094% 1401:40:46 $470,964,253.78 $87,000,000 

M11/S612 60% 60% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 83.998310% 1401:44:53 $470,987,335.11 $67,000,000 

M11/S582 60% 60% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 83.998047% 1401:46:16 $470,995,082.67 $64,500,000 

M11/S572 60% 60% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 83.997743% 1401:47:52 $471,004,037.11 $62,000,000 

M11/S1212 60% 60% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 83.995338% 1402:00:30 $471,074,811.98 $122,000,000 

M11/S1202 60% 60% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 83.995258% 1402:00:56 $471,077,188.68 $117,000,000 

M11/S1192 60% 60% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 83.995175% 1402:01:21 $471,079,606.55 $112,000,000 

M11/S1182 60% 60% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 83.993761% 1402:08:48 $471,121,249.10 $94,500,000 

M11/S1172 60% 60% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 83.993652% 1402:09:22 $471,124,430.16 $89,500,000 

M11/S1152 60% 60% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 83.993326% 1402:11:05 $471,134,046.74 $92,000,000 

M11/S1142 60% 60% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 83.993210% 1402:11:41 $471,137,449.47 $87,000,000 

M11/S1162 60% 60% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 83.991649% 1402:19:54 $471,183,402.11 $67,000,000 
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M11/S1132 60% 60% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 83.991067% 1402:22:57 $471,200,530.89 $64,500,000 

M11/S1122 60% 60% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 83.990444% 1402:26:13 $471,218,853.29 $62,000,000 

M11/S62 99.5% 99.5% 60% 60% 95.641% 95.641% 95.641% 95.641% 83.906572% 1409:47:03 $473,687,514.17  

M11/S712 99.5% 99.5% 60% 60% 91.398% 91.398% 91.398% 91.398% 83.640738% 1433:04:17 $481,511,986.02  

M11/S661 50% 50% 99.995% 99.995% 95.641% 95.641% 95.641% 95.641% 74.999715% 2190:01:30 $735,848,393.28 $122,000,000 

M11/S651 50% 50% 99.982% 99.995% 95.641% 95.641% 95.641% 95.641% 74.999696% 2190:01:36 $735,848,951.80 $117,000,000 

M11/S641 50% 50% 99.982% 99.982% 95.641% 95.641% 95.641% 95.641% 74.999676% 2190:01:42 $735,849,547.48 $112,000,000 

M11/S631 50% 50% 99.741% 99.995% 95.641% 95.641% 95.641% 95.641% 74.999344% 2190:03:27 $735,859,305.83 $94,500,000 

M11/S621 50% 50% 99.741% 99.982% 95.641% 95.641% 95.641% 95.641% 74.999300% 2190:03:41 $735,860,590.50 $89,500,000 

M11/S601 50% 50% 99.671% 99.995% 95.641% 95.641% 95.641% 95.641% 74.999242% 2190:03:59 $735,862,313.23 $92,000,000 

M11/S591 50% 50% 99.671% 99.982% 95.641% 95.641% 95.641% 95.641% 74.999191% 2190:04:15 $735,863,798.02 $87,000,000 

M11/S611 50% 50% 99.741% 99.741% 95.641% 95.641% 95.641% 95.641% 74.998491% 2190:07:56 $735,884,406.34 $67,000,000 

M11/S581 50% 50% 99.671% 99.741% 95.641% 95.641% 95.641% 95.641% 74.998256% 2190:09:10 $735,891,323.81 $64,500,000 

M11/S571 50% 50% 99.671% 99.671% 95.641% 95.641% 95.641% 95.641% 74.997985% 2190:10:36 $735,899,318.85 $62,000,000 

M11/S1211 50% 50% 99.995% 99.995% 91.398% 91.398% 91.398% 91.398% 74.995838% 2190:21:53 $735,962,510.69 $122,000,000 

M11/S1201 50% 50% 99.982% 99.995% 91.398% 91.398% 91.398% 91.398% 74.995766% 2190:22:15 $735,964,632.75 $117,000,000 

M11/S1191 50% 50% 99.982% 99.982% 91.398% 91.398% 91.398% 91.398% 74.995692% 2190:22:38 $735,966,791.56 $112,000,000 

M11/S1181 50% 50% 99.741% 99.995% 91.398% 91.398% 91.398% 91.398% 74.994429% 2190:29:17 $736,003,972.41 $94,500,000 

M11/S1171 50% 50% 99.741% 99.982% 91.398% 91.398% 91.398% 91.398% 74.994333% 2190:29:47 $736,006,812.65 $89,500,000 

M11/S1151 50% 50% 99.671% 99.995% 91.398% 91.398% 91.398% 91.398% 74.994041% 2190:31:19 $736,015,398.87 $92,000,000 

M11/S1141 50% 50% 99.671% 99.982% 91.398% 91.398% 91.398% 91.398% 74.993938% 2190:31:52 $736,018,437.03 $87,000,000 

M11/S1161 50% 50% 99.741% 99.741% 91.398% 91.398% 91.398% 91.398% 74.992544% 2190:39:11 $736,059,466.17 $67,000,000 

M11/S1131 50% 50% 99.671% 99.741% 91.398% 91.398% 91.398% 91.398% 74.992024% 2190:41:55 $736,074,759.72 $64,500,000 

M11/S1121 50% 50% 99.671% 99.671% 91.398% 91.398% 91.398% 91.398% 74.991468% 2190:44:51 $736,091,119.01 $62,000,000 

M11/S61 99.5% 99.5% 50% 50% 95.641% 95.641% 95.641% 95.641% 74.903037% 2198:29:38 $738,693,967.77  

M11/S711 99.5% 99.5% 50% 50% 91.398% 91.398% 91.398% 91.398% 74.626765% 2222:41:43 $746,825,640.65  
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APPENDIX G – CONSENT FORM 

Project Title 

Analysing the gap between information technology infrastructure and datacentre design, 

and how they impact on service availability.  

 

Researcher 
Tom Townsend 
PhD Candidate 
Faculty of Business, Governance & Law 

 
t   
 
Supervisors  
Masoud Mohammadian 

 
 

 
And  

Blooma John 
(  

  
 
Project Aim 

The aim of this research is to investigate the relationship between IT infrastructure and 

datacentres in terms of availability of services that rely on both their IT architecture but also 

the uptime of the datacentres they are hosted within – owner occupied, hosted or cloud.  

Benefits of the Project 

The information gained from the research will be used to explore the relationship between IT 

and Datacentres from a decision-making perspective and to validate and refine a model 

designed calculate the availability of an IT systems taking into account the underlying hosting 

arrangements. The ultimate goal being to provide advice on the target availabilities of 

different components of their environment to achieve the desired uptime while minimising 

waste. 

General Outline of the Project 
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The project will explore the relationship between the IT and datacentre industries in the 

context of an individual service that is being provided. Each IT service relies on both the IT 

infrastructure that hosts the applications and databases and the resilience built into that 

system; that infrastructure is then, in turn, reliant on the datacentre in which it resides. It also 

has availability at the centre of its design however the datacentres availability is rarely taken 

into account when decisions regarding the placement of IT infrastructure are made, likewise 

the nature of the IT services to be hosted within a datacentre are rarely taken into account 

when datacentres are designed.  

This research aims to validate the premise described above and propose a target availability 

for IT ecosystem components for IT and Datacentre managers in different circumstances to 

promote better informed decision making in industry.  

Participant Involvement 

Participants who agree to participate in the research will be asked to: 

1. Participate in an approximately 1-hour interview, exploring this topic and sharing 

stories characterising their experiences with IT architecture, IT placement and 

Datacentre decision making.  

2. Be audio recorded during the conversation, the resulting recordings and notes will 

be treated as described below.  

Participation in the research is completely voluntary and participants may, without any 

penalty, decline to take part or withdraw at any time without providing an explanation or 

refuse to answer a question.  

Confidentiality 

Only the researcher/s will have access to the information provided by participants. Privacy 

and confidentiality will be assured at all times. The research outcomes may be presented at 

conferences and written up for publication. However, in all these publications, the privacy 

and confidentiality of individuals will be protected. 

Anonymity 

All reports and publications of the research will contain no information that can identify any 

individual and all information will be kept in the strictest confidence. 

Data Storage 

The information collected will be stored securely on a password protected computer 

throughout the project and then stored at the University of Canberra for the required five-

year period after which it will be destroyed according to university protocols.  
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Ethics Committee Clearance 

The project has been approved by the Human Research Ethics Committee of the University of 

Canberra (HREC – 17-42).  

Queries and Concerns 

Queries or concerns regarding the research can be directed to the researcher and/or 
supervisor. Their contact details are at the top of this form. You can also contact the 
University of Canberra’s Research Ethics & Integrity Unit. You can either contact Mr Hendryk 
Flaegel via phone , Ms Maryanne Simpson via phone  or email 
humanethicscommittee@canberra.edu.au. 
 
If you would like some guidance on the questions you could ask about your participation 
please refer to the Participants’ Guide located at 
http://www.canberra.edu.au/ucresearch/attachments/pdf/a-m/Agreeing-to-participate-in-
research.pdf  

http://www.canberra.edu.au/ucresearch/attachments/pdf/a-m/Agreeing-to-participate-in-research.pdf
http://www.canberra.edu.au/ucresearch/attachments/pdf/a-m/Agreeing-to-participate-in-research.pdf
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Consent Form  

Project Title 

Analysing the gap between information technology infrastructure and datacentre design, 

and how they impact on service availability.  

Consent Statement (please tick to indicate understanding and acceptance) 

 I have read and understood the information about the research. I am not aware of 

any condition that would prevent my participation, and I agree to participate in this 

project.  

 I have agreed to be audio recorded for the duration of the interview. 

 I have had the opportunity to ask questions about my participation in the research. 

All questions I have asked have been answered to my satisfaction. 

 

Name……………………………………………………………………………………………  

 

Signature……………………………………………………………………………………… 

 

Date ……………………………………… 

 

A summary of the research report can be forwarded to you when published. If you would like 

to receive a copy of the report, please include your mailing (or email) address below. 

 

Name…………………………………………………………………………………………… 

 

Address………………………………………………………………………………………… 
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APPENDIX H – CODING STRUCTURE  

Hierarchical Name Aggregate 

Code\\Changing customer expectations Yes 

Code\\Data centre & cloud Yes 

Code\\Data centre & cloud\Cloud - concerns and challenges Yes 
Code\\Data centre & cloud\Cloud - concerns and challenges\Cloud creates a disconnect between IT and DC No 

Code\\Data centre & cloud\Cloud - concerns and challenges\Cloud hides data centres No 

Code\\Data centre & cloud\Cloud - concerns and challenges\Cloud requires a change to how you design 
applications and services 

No 

Code\\Data centre & cloud\Cloud - concerns and challenges\People assume cloud never breaks No 

Code\\Data centre & cloud\Cloud - supportive and positive Yes 
Code\\Data centre & cloud\Cloud - supportive and positive\Cloud cost is justified No 

Code\\Data centre & cloud\Cloud - supportive and positive\Cloud good for commodity IT No 

Code\\Data centre & cloud\Cloud - supportive and positive\Cloud helps to simplify overheads - once there is 
comfort 

No 

Code\\Data centre & cloud\Cloud - supportive and positive\Cloud is much better than hosting yourself No 

Code\\Data centre & cloud\Cloud - supportive and positive\Cloud is reliable No 

Code\\Data centre & cloud\Cloud - supportive and positive\Cloud simplifies backup and DR No 
Code\\Data centre & cloud\CoLo - One size fits all Yes 

Code\\Data centre & cloud\CoLo - One size fits all\CoLo dedicated to one customer No 

Code\\Data centre & cloud\CoLo - One size fits all\CoLo provide more than required No 

Code\\Data centre & cloud\consumes some cloud services but doesn't manage anything in the cloud No 

Code\\Data centre & cloud\customers were opting for HA in the cloud until they were comfortable with it No 

Code\\Data centre & cloud\Data centre - Concerns and challenges Yes 

Code\\Data centre & cloud\Data centre - Concerns and challenges\data centre design still important when 
using CoLo and Cloud 

No 

Code\\Data centre & cloud\Data centre - Concerns and challenges\data centre power bill hidden by facilities No 

Code\\Data centre & cloud\Data centre - Concerns and challenges\owning DCs makes it hard to change quickly No 

Code\\Data centre & cloud\Data centre - Concerns and challenges\the data centre is not about the application, 
rather the building 

No 

Code\\Data centre & cloud\data centres are becoming increasingly important No 
Code\\Data centre & cloud\meshed services mean the DC resilience is less important No 

Code\\Data centre & cloud\micro data centres No 

Code\\Data centre & cloud\shifting the risk to cloud providers No 

Code\\Data centre & cloud\Tier ratings Yes 

Code\\Data centre & cloud\Tier ratings\Certification isn't strict No 

Code\\Data centre & cloud\Tier ratings\CoLo - tier doesn't matter, just a backdrop to their SLA No 

Code\\Data centre & cloud\Tier ratings\Cost of certification is high No 
Code\\Data centre & cloud\Tier ratings\Don't know tier rating No 

Code\\Data centre & cloud\Tier ratings\Experience and reputation more important than certification No 

Code\\Data centre & cloud\Tier ratings\Sceptical of the value of tier ratings No 

Code\\Data centre & cloud\Tier ratings\Tier 3 is our sweet spot No 

Code\\Data centre & cloud\Tier ratings\Tier rating doesn't factor in No 

Code\\Data centre & cloud\Tier ratings\Tier rating isn't understood No 

Code\\Data centre & cloud\using office space or comms rooms No 
Code\\Decision making Yes 

Code\\Decision making\Availability No 

Code\\Decision making\Availability\24-7 customer services drive focus on availability No 

Code\\Decision making\choosing a good DC depends on the equipment than the service No 

Code\\Decision making\CoLo and cloud results in loosing data centre knowledge No 

Code\\Decision making\Factors when choosing hosting location Yes 
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Code\\Decision making\Factors when choosing hosting location\Access and or remote hands No 

Code\\Decision making\Factors when choosing hosting location\Accessibility No 

Code\\Decision making\Factors when choosing hosting location\Avoid reputational or financial impact No 
Code\\Decision making\Factors when choosing hosting location\Business or client expectation No 

Code\\Decision making\Factors when choosing hosting location\Convenience No 

Code\\Decision making\Factors when choosing hosting location\Cost No 

Code\\Decision making\Factors when choosing hosting location\Cost vs risk No 

Code\\Decision making\Factors when choosing hosting location\Distance and Latency Yes 

Code\\Decision making\Factors when choosing hosting location\Distance and Latency\Latency between nodes 
is important for some services 

No 

Code\\Decision making\Factors when choosing hosting location\Distance and Latency\Latency no longer a 
reason to keep things close 

No 

Code\\Decision making\Factors when choosing hosting location\Distance and Latency\Location - proximity Yes 

Code\\Decision making\Factors when choosing hosting location\Distance and Latency\Location matters less for 
services that aren't high demand 

No 

Code\\Decision making\Factors when choosing hosting location\DR more important than availability No 
Code\\Decision making\Factors when choosing hosting location\Equipment age No 

Code\\Decision making\Factors when choosing hosting location\Integration considerations No 

Code\\Decision making\Factors when choosing hosting location\IT security No 

Code\\Decision making\Factors when choosing hosting location\IT Strategy Yes 

Code\\Decision making\Factors when choosing hosting location\IT Strategy\push to cloud not driven by IT No 

Code\\Decision making\Factors when choosing hosting location\Physical security No 

Code\\Decision making\Factors when choosing hosting location\Privacy No 
Code\\Decision making\Factors when choosing hosting location\Risk appetite No 

Code\\Decision making\Factors when choosing hosting location\Service dependant No 

Code\\Decision making\Factors when choosing hosting location\Uptime is a key factor when selecting a DC No 

Code\\Decision making\internal systems don't get the same rigor No 

Code\\Decision making\internal systems hide the real cost of doing business No 

Code\\Decision making\Strategically placed IT equipment No 

Code\\Decision making\Strategically placed IT equipment\key reason being business continuity No 
Code\\Decision making\Taking a holistic view Yes 

Code\\Decision making\Taking a holistic view\A holistic view is important Yes 

Code\\Decision making\Taking a holistic view\A holistic view is important\holistic view is important for the 
decision maker 

No 

Code\\Decision making\Taking a holistic view\A holistic view is important\it can cost a lot to not understand 
data centres 

No 

Code\\Decision making\Taking a holistic view\A holistic view is important\it doesn't work to consider IT and 
data centre separately 

No 

Code\\Decision making\Taking a holistic view\Bad decisions within DCs No 

Code\\Decision making\Taking a holistic view\Copy the cloud giants' approach No 

Code\\Decision making\Taking a holistic view\Data centres don't tailor to the needs of the equipment No 

Code\\Decision making\Taking a holistic view\Network and data centre operations merged No 
Code\\Decision making\Taking a holistic view\Redundancies within the DC often ignored No 

Code\\Decision making\Taking a holistic view\The design of DCs and IT don't consider each other Yes 

Code\\Decision making\Taking a holistic view\The design of DCs and IT don't consider each other\but they do 
consider network requirements 

No 

Code\\Decision making\Taking a holistic view\The design of DCs and IT don't consider each other\Data centre 
and IT decision makers don't interact 

No 

Code\\Decision making\Taking a holistic view\The design of DCs and IT don't consider each other\Datacentres 
cater for the highest requirement only 

No 

Code\\Decision making\Taking a holistic view\The design of DCs and IT don't consider each other\DC tier isn't 
considered during IT design 

No 

Code\\Decision making\Taking a holistic view\The design of DCs and IT don't consider each other\Decision 
makers don't understand technical constraints 

No 

Code\\Decision making\Taking a holistic view\The design of DCs and IT don't consider each other\IT don't 
understand DCs 

No 

Code\\Decision making\understanding single points of failure is more important than No 

Code\\Facts and figures Yes 

Code\\Facts and figures\DC and Environment Size No 

Code\\Facts and figures\Environment - Cloud in use  No 
Code\\Facts and figures\Environment - Cloud in use (SaaS only) No 
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Code\\Facts and figures\Environment - Cloud not in use No 

Code\\Facts and figures\Environment - Dual DC No 

Code\\Facts and figures\Environment - More than two DCs No 
Code\\Facts and figures\Environment - single DC + cloud No 

Code\\Facts and figures\IT Systems - Size No 

Code\\Facts and figures\Org - Sector No 

Code\\Facts and figures\Org - Size No 

Code\\Participant experience Yes 

Code\\Participant experience\Datacentre Expert No 

Code\\Participant experience\Decision Maker No 
Code\\Participant experience\IT Expert No 

Code\\Participant experience\Years of Experience No 

Code\\IT Systems Yes 

Code\\IT Systems\Development is all in house on premises No 

Code\\IT Systems\Historically planned for warm spares No 

Code\\IT Systems\IT tiers used No 

Code\\IT Systems\Likes the security of having it on prem No 
Code\\IT Systems\Preference for owned and operated IT No 

Code\\IT Systems\Server-less architecture means many DCs No 

Code\\Model Yes 

Code\\Model\internet not required, internal network only No 

Code\\Model\Model 1 - Single DC No 

Code\\Model\Model 1 - Single DC\model 1 suits smaller organisations No 

Code\\Model\Model 1 - Single DC\Model 3 - cloud No 
Code\\Model\Model 1 - Single DC\Model 4 - cloud without redundant IT No 

Code\\Model\Model 1 - Single DC\Model 5 - no redundant IT No 

Code\\Model\Model 1 - Single DC\no longer in use No 

Code\\Model\Model 1 - Single DC\Variation - No redundant IT or Links No 

Code\\Model\Model 2 - Dual DC Yes 

Code\\Model\Model 2 - Dual DC\Model 11 - dual IT nodes in each DC No 

Code\\Model\Model 2 - Dual DC\Model 12 - three cloud locations with data sync only No 

Code\\Model\Model 2 - Dual DC\Model 13 - three data centres No 
Code\\Model\Model 2 - Dual DC\Model 14 - one DC one Cloud No 

Code\\Model\Model 2 - Dual DC\Model 7 - Cloud instead of DC and Links No 

Code\\Model\Model 2 - Dual DC\Model 8 - Redundancy DB only No 

Code\\Model\Model 2 - Dual DC\Variation - HA in DC1, warm spare in DC2 No 

Code\\Model\Model 2 - Dual DC\Variation - Manual cut-over No 

Code\\Network links Yes 

Code\\Network links\internet vs private network connectivity No 
Code\\Network links\make the most of what we have No 

Code\\Network links\specialised network links for security No 

Code\\Network links\very distributed local network No 

Code\\Outages Yes 

Code\\Outages\Distrust of automatic failover No 

Code\\Outages\Hard to restart everything No 

Code\\Outages\Has experienced outages with CoLo No 
Code\\Outages\Keeps people out of DCs No 

Code\\Outages\No outages No 

Code\\Outages\Outages driven funding decisions No 

Code\\Outages\Self-healing is important No 

Code\\Outages\Software most likely to cause an outage Yes 

Code\\Questions Yes 

Code\\Questions\Question 1 - participant experience No 
Code\\Questions\Question 2 - IT uptime impacted by tier rating No 

Code\\Questions\Question 3 - strategic placement of IT No 

Code\\Questions\Question 4 - emphasis on uptime, link to investment No 

Code\\Questions\Question 5 - how should organisations invest No 

Code\\Questions\Question 6 - Model discussions No 

 




