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SUMMARY OF THESIS 

Logistics is defined in the Concise Oxford 

Dictionary as "the art of moving and quartering troops, 

and supplying and maintaining a fleet 11
• While this 

definition is rather narrow, it nevertheless gives a 

general guide to the broad military support field known 

as logistics. This thesis is concerned with one of the 

more complex military logistics problems - namely the 

allocation of men, equipment and materiel to the engineer 

tasks associated with the movement, maintenance and 

support of military forces in a theatre of operations. 

The major factors are: 

a. tasks to be carried out by engineers; 

b. the number and type of available 

engineer construction units. 

c. stores and transport constraints imposed 

by other agencies in the Defence logistics 

system; 

d. deadlines imposed by the Commander and his 

staff; 

e. efficiency and proficiency of engineer 

constructions units in carrying out 

particular tasks; 

f. risk, including 

(1) possible enemy action (both directly 

against units, or indirectly against 

other elements in the logistics· system) 

(2) adverse weather (both direct a::h-d i ndirect) 

■ 
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Current milit_ary procedures for solving this 

type of problem are based on practices developed during 

World War II, and rely heavily on support from external 

sources {this was the case throughout the conflicts in 

Korea, Malaya and Vietnam). The recent change in Govern

ment defence policy requiring greater reliance on our own 

resources has meant that new solutions have had to be 

found to old problems. The aim of this thesis is therefore 

three-fold: 

a. to analyse the problem in terms of 

its various components; 

b. to develop a method whereby the problem 

can be solved manually in an efficient 

manner (but still considering all the 

relevant factors); and 

c. to develop a method whereby the solution 

to the problem can be optimiz ed, using 

computers where necessary. 

Mathematical equations are developed for all factors in 

the engineer logistics planning problem, and a graphical 

technique is developed which enables a solution to the 

problem to be found quickly using manual methods . 
. 

The approach to the development of the graphical technique 

is based on some ideas presented by V.V. Kolbin in his 

book 11 Stochastic Programming". 
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The concept of risk is discussed in tenns of a 

hazard factor and overrun probability, based on a •• risk 

potential factor" concept which I developed during research 

for a previous degree at Sydney Univeristy. A method of 

optimizing the solution is described, based on combini.-ng 

the graphical techniques referred to above and either the 

"best utilization of manhours" or "least risk". Production 

of the optimized solution requires the use of computer 

based analysis. 

A computer program being developed to carry out 

this analysis is described, and the potential benefits of 

the technique are discussed. 

The general format of the thesis is as follows: 

a. Chapter 1 - a general description of 

the problem; 

b. Chapter 2 - development of a mathematical 

model of the problem~ 

c. Chapter 3 - descruption of a method which 

uses the mathematical model to 

find firstly feasible solutions 

to the problem and secondly to 

select the 11 best11 of the feasible 

solutions; 

d. Chapter 4 - outline description of a computer 

program being developed to solve 

the problem based on the method 

describe d in Chapter 3; 

I 
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e. Chapter 5 - solution of a typical engineer 

logistics planning problem 

using manual methods; and 

f. Chapter 6 - conclusions. 
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CHAPTER l 

THE ENGINEER LOGISTICS PLANNING PROBLEM 

Introduction 

1. ln"'iheplanning of military operations, one of the 

most difficult tasks is the development of workable 

logistics plans to support the operations. The 

engineer logistics plan, in particular, is one of the 

most difficult plans to prepare - due mainly to the 

wide variety of engineer tasks, the very large 

tonnages of stores involved and the many differing 

types of specialist engineer units. 

2. As an indication of the scope of the problem, the 

following planning figures were used in New Guinea 

during \✓arid Wa.r 1I. for the engineer resources 

necessary to support the deployment of a Division and 

its associated support troops (approximately 25000 men 

total), (Reference 1): 

a. Projects to be completed.,nihe first 18 weeks: 

(1) Accommodation for 32_ major units and 78 

minor units 

{2) 2 x 1200 bed hospitals and l x 600 bed 

hospital 

( 3) 68 8 00 sq m of covered accommodation 
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(4) Wharfage for one liberty ship and one 

small ship 

( 5) Bulk oil storage for 4- Boo ooo h.he!:. 

(6) G4- k.n of road. 

Total tonnage of stores= 44,800 ton 

b. Engineer units required to complete work: 

(1) 6 major control units 

(2) 3 Field Companies 

{3) 2 Army Troops Companies 

(4) l Port Construction Company 

(5) 1.3 Mechanical and Electrical Companies 

(6) 1 Welding Platoon 

(7) 700 labourers 

Total number of engineer troops= 3000 

3. At the present time, planning is done using 11 rule 

of thumb" methods. 

manpower intensive 

Planning using these methods is very 
. lln\::i, 

,and!"l.aims at producing a workable 

solution to fit in the restrictions of the log~stics 

plan. (See chapter 3). A more detailed description of 

an actual problem is given in chapter 5. 
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Aim of Thesis 

4. The aim of this thesis is to produce a solution 

to the engineer logistics planning problem within the 

context of a given military operational plan which: 

a. ensurs§ that all projects are completed within 

their assigned deadlines; 

b. meets constraints of stores and transport 

availability; and 

c. minimi~eSthe loss of engineer unit productive 

output 

Factors To Be Considered 

5. Engineer logistics planning studies involve both 

deterministic and stochastic factors, some of which 

are exogenous and others endogenous. The deterministic 

factors present few problems in the formulation of a 

suitable mathematical model, as in most cases they 

represent well defined boundary parameters. The 

stochastic factors, however, present more problems and 

necessitate the development of separate procedures to 

analyse the risks · involved in 51,ch projects. 

6. The Exog enous Factors 

a. The exogenous factors determine the boundary 

parameters wi thi n which the problem must be 

solved. 

• 
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b. Deterministic Factors. The major determin

istic exogenous factors are: 

(1) Schedule of engineer tasks to be 

completed in support of the military 

operation - this schedule also includes 

details of priorities and deadlines for 

each task, and is derived from the 

military operation plan (See Annex A); 

(2) Planning details for each task - these 

inclµde plans, specifications, CPM 

networks and detailed resource 

requirements which are pre-planned for 

a large range of standard engineer 

structures ("Engineer Planning Brick" -

see Annex B) or prepared using standard 

computer-aided-design packages for 

"one-off" facilities such as roads and 

airfields; 

( 3) The topo~3rt.p~ of the operational area 

and location of tasks; 

(4) The engineer order-of-battle (ORBAT) -

this is a list of engineer construction 

uni ts . available for d'-\~\o~me.,"lt to 

support the operational plan; 
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{5) The availability of engineer 

construction stores - these are 

generally constrained by the availability 

of 11 shipping 11 space, with availability 

being a time related .i but a.ssv,ned l<Mv,U\1 +vr1c1io11 j 

and 

{6) The availability of specialist transport 

units necessary to move the engineer 

construction plant (eg low-loaders) or 

to support 11horizontal 11 construction 

projects such as road or airfield 

construction (eg tippers). 

Stochastic Factors. The major stochastic 

exogenous factors are: 

(1) Enemy action - which can result in 

stores not arriving;completed 

or partly completed work being damaged 

or destroyed: task schedules being 

repeatedly amended; or work having to 

be carried out under cover of darkness: 

and 

(2) Weather - which can have a serious 

effect on all aspects of engineer 

construction Q_n~ r.e."'c.e.. r--la.M1•~. 
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The Endog enous Factors 

a. The endogenous factors relate largely to the 

performance of the engineer construction 

units assigned t o tasks. 

b. Deterministic Factors. The. major deterministic 

endogenous £actors are: 

c. 

(1) The "establishment" f~r each engineer 

unit - this details the number of men 

by trade in the unit, together with the 

unit~holding of construction plant 

(see Annex C) . Thi s all ows each 

unit's theoretical daily work output 

to be determined; 

(2} The unit "Standard Operating Procedu res" 

(SOPs } - these include details of the 

unit deployment drills and from these 

can be derived ~he time necessary for 

the unit to pack up, move to a new . 

location and become operational again. 

Stochastic Factors. The major stochastic 

endogenous tactor is: 

(1} The unit level of training, morale and 

prof icie ncy - these effect the d~gree 

to which the unit can achieve the 
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theoretical daily work output 

referred to above. 

Additional Factors. In addition to the above, 

there are a number of military factors which must be 

taken into account. Whilst these factors could be 

included under the various headings above, for clarity 

it is easier to consider them as a separate group -

mainly because they place restrictions on the model and 

its environment (Reference 2). 

a. Tasks are generally done in priority order; 

b. Units which start a task should finish the 

task; 

vn~t 
c. Normally only one~is assigned to a particular 

task; 

d. Deadlines are critical, however tasks should 

be finished as soon as possible (not on th~ 

deadline); and 

e. Normally projects do not start until all 

stores are available on site. 

The . Eng ineer Log istics Planning Process 

9. The engineer logistics planning process is shown 

diagrammatically in Annex A. Obviously the same process 

can be applied t o derive a variety of results, and any 
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mathematical model of the process must allow for this. 

Possible iesults include: 

•. 

a. Derivation of an engineer ORBAT to meet a 

particular operational requirement; 

b. Determination of transport requirements and 

stores delivery schedules to meet a 

particular engineer logistics plan; 

c. Determination of an engineer logistics plan 

to meet a particular operational plan given 

constraints on ORBAT, transport and stores 

delivery schedules; and 

d. Determination of engineer unit establishments 

to best suit a variety of contingency plans. 

ANNEXES 

A. The engineer logistics planning process 

B. Engineer planning brick 

c. Engineer unit establishment 



ANNEX A 
TO CHAPTER 1 

, THE ENGINEER LOGISTICS PLANNING PROCESS 

-- - ---
~eetal engineer 

I tasl< resu lt1 ng fro■ 
I operational plan 

I 
I 
I 
l 
I 

Hf l ltary lnfrustr11cturir: 
Directory 

(schedule of existing 
fact l Hf es • afrf1e 1 ds, 
roads, hospitals, etc 

Transportat1 on 
I nfrastructur, 

Transport 
.i.....;:._,_;__..;...__ ___ I aval 1 abt 11 ty 

~ Engineer ORBAT 

Engineer untt 
-Htab 11 shaents 

Unit efft cl ency, 
proficiency, 1orale 

OPERATIONAL PLAN 

Requl r•ent for 
engineer tasks 
(1entlt1e■ent•) 

- - ------~---:;-i 
General Order of 

Batt 1 e ( ORBA T) I 
,------,' 

Scales and standards / 
of acco■■odatlon for 
each unit on ORBAT I '-i__ ____ __, 

List of tasks to be 
carr1ed out by 
er19tneers, by priority...,._ _ ___, 
and by deadl I ne 

A11ocatlon of 
engineer unlts to 
tasks to 11eet 
prtorl tt es and 
deadll nes 

Staff priorities for 
tasks (Including 
deadl! nes) 

Engineer Planning 
Bricks and coaputer 
aided design packages 

Stores requirements 

Stores di l hery 
schtGA1e 

Weather 

Ene■y action 



10 ANNEX B 

TO CHAPTER 1 

ENGINEER PLANNING BRICK 

No.01.007.1.5.000 

PERSONNEL ACCOMMODATION 

(CONSTRUCTION) 

900 .MAN CAMP STANDARDS 2-4 

ISSUEP UNDER THE DIRECTION 

OF THE CHIEF OF THE GENERAL STAFF 
t 

Note: The following pages are an 

extract only from an Engineer 

p,lannirig Brick. 

The complete brick includes 

a. Drawings 

b. Material schedules 

c. Critical Path Network 

d. Shipping information for 

material 
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INSTALLATION DESCRIPTION 

900 MAN CAMP 

1. A collection of buildings and structures designed 

to house a major independent unit or a group of sub 

units or detachments where the total number of persons 

does not exceed 900 and the rank structure is 

approximately: 

48 Officers 

108 WO/Sgts 

744 Rank and File 

2. Facilities are provided in accordance with 

"Scales and Standards for Accommodation in Operational 

Areas", for unit administration, messing,sleeping, 

recreation and storage of non technical and some 

technical stores, personal equipment and items used in 

the maintenance of the unit and its personnel. 

3. All facilities are under tentage during the 

initial stages of development with the erection of 

buildings dependent on the final standard of 

construction to be achieved. 

4. Electrical power, lighting and water supply 

are dealt with separately and are contained in the 

following Bricks: 
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07-007-5-5-0000 Power Supply - Electricity -

Electrical Reticulation LT 900 Man Camp. 

08-007-5-5-0000 Water Supply - Water-Reticulation-

900 Man Camp Standards 3-4 

5. A further description of the construction system 

employed is contained in JSP {AS) 402 - CONSTRUCTION 
. 

IN OPERATIONAL AREAS - PERSONNEL ACCOMMODATION which 

should read in conjunction with this Brick. 
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ASSUMPTIONS 

1. The data in this Brick relating to construction 

times, plant effort and material is based on the 

following assumptions: 

a. that tropical climatic conditions exist; 

b. that the camp site will be level, well 

drained, free from marshy outcrops or sand 

dunes and is covered by small trees and 

undergrowth; 

c. that personnel will normally work six full 

days per week , each day to be ten full 

working hours not including travelling and 

meal times; 

d. dry conditions prevail. Factors to be 

consiqered for wet seasons will have to be 

determined separately according to climate 

conditions in the area; 

e. materials are available on siter 

f. construction times are based on the work 

potential of a Construction Squadron RAE 

(Est 2006-XX-O) not necessarily working 

withi n its troop structure but reorganized 

where necessary t o provide the best spread 

of skills according to the squad-ran workload; 
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g. where unskilled tasks such as drainage, 

site clearance, etc, are required, the work 

force may be local unit personnel or 

indigenous labour supervised by RAE trades-

men; 

h. that power and reticulated water are not 

provided. These facilities are contained 

in separate Bricks. For the purpose of 

work programming they are included as non

critical items in Section 7; 

i. that construction is not interfered with 

by operational requirements or enemy action: 

j. that the facilities may be added to a camp 

already constructed which is now required 

to accommodate more personnel than the 

numberfar"' which it was designed; or 

k. that the facilities may be added during the 

planning stage to provide camps which more 

closely meet the entitlements of units whose 

all rank establishments do not approximate 

the normal establishments on which the 

standardised camps are based. 



Facility 

Kitchen 

Washup Bench 

Shower and slabs 

Ablution Benches 

Latrine Shelter 

Latrine Deep Pit 

Urinals Funnel 
Grease Traps (2 per Kitchen, 

1 per shower· 
shelter) 

Incinerators 12 cu ft 

' 

FACILITIES LIST - 900 MAN CAMP 
STANDARD 2 

Officers WO/Sgts 

1 1 

2 2 

1 X 8 1 X 6 
1 X 8 

4 7 
1 X 8 1 X 6 

1 X 8 
1 X 8 1 X 6 

1 X 8 

5 11 

3 4 

Rank and File 

6 
12 

12- x·- 8 --

25 

6 X 10 

6 X 10 

75 
' 

24 

Total 

8 

16 

118 pts 

36 
82 pts 

82 pts 

91 

31 

I-' 
0, 



Fac:1-lity 

Mess/Dining 60 1 X 20 1 

Mess Hut 70' X 20 1 

QM Store 30' X 20' 

QM Store 70' X 20 1 

Administration Hut 30' X 20 1 

Administration Hut 60 1 X 20' 

·canteen · 50 1 X 20 1 

Canteen Latrine Shelter 2 pt 

Canteen Latrine Deep Pit 2. pt 

RAP (Type B) 40 1 X 20 1 

RAP Latr•ine 2 pt 

Meat House 30' X 20 1 

Ration Store 401 X 20' 

FACILITJES LIST - 900 MAN CAMP 

S'l'ANDARD 3 

Officers WO/Sgts Rank and File 

1 

2 6 

6 

6 

1 

Total 

1 

8 

6 
1 

6 

1 

6 

6 

6 

1 

1 

1 

1 

I-' 
~ 



Facility 

Sleep,ing Hut 20 1 X 20 1 

Sleeping Hut 60 1 X 20 1 

Sleeping Hut 70 1 X 20' 

Recreation Hut so• X 20 1 

Drying Hut 30 1 X 20 1 

Guard House 70 1 X 20 1 

Guard House Latrine Shelter 2 pt 

Guard House Latrine Deep Pit 2 pt 

FACILITIES LISr - 900 MAN CAMP 

STANDARD 4 

Officers WO/Sgts Rank and File 

1 

1 6 30 

2 1 6 

6 

Total 

1 

37 

9 

6 

3 

1 

1 

1 

I-' 
(X) 



Stock NlllTber 

0904-0904-04000 
04003 
04004 
04007 
04008 
04009 
04010 
04013 
040llJ 
04015 
04019 
04020 
04021 
04022 
04023 
04027 

Facility Title 

Kitchen 50 ' x 20' 
Grease Trap 
Bench Washup . 
Shelter Shower 1 x 6 

1 X 8 
Bench Ablut:ton 
Shelter Latrine 1 x 2 

1 X 6 
1 X 8 

FACILITY DATA 
900 MEN CAMP 

Latrine Deept Pi.t Standard 1 x 2 
1 X 6 
1 X 8 
1 X 10 

Funnel Urina+ 
Incinerator .Standard 12 cu ft 
Meat House 30 1 x 20 1 

' 

Drawing No Material Schedule 
Number 

40204000 04000 
40204002 04002 
IW204003 04003 
40204005 O!J005 
40204005 04005 
40204006 04006 
1102011007 04007 
40204007 04007 
40204007 04007 
1:020400CJ 04v09 
40204009 04009 
40204009 04009 
40204009 04009 
40204010 04010 
40204011 04011 
40204013 04013 

Qty in 
Brick 

8 
31 
16 

1 
14 
36 
8 
1 
2 
8 
1 
2 
6 

91 
5 
1 

I-' 
ID 



Stock Number 

0904-0904-05000 
05001 
05003 
050014 
05005 
05007 
05011 
05013 
05019 
05023 
06051 
06052 
06054 
04001 
011002 

' 04028 

FACILITY DATA 
900 MEN CAMP 

Facility Title 

Hut Stand 20' x 20 ' 
30 1 X 20 1 

50' X 20 1 

60 1 X 20 1 

70 1 X 20 1 

Hut Qt,1 Store 30' x 20 1 

70' X 20 1 

Hut Drying 30 1 X 20 ' 
Hut RAP & Dental 40 1 x 2011 

Guard House 70' x 20' 
Bar Counter 10 ft 
Bar Store 
Fittings Internal Canteen 
Shelves Standard 6 ft long 

9 ft long 
Ration Store 40 1 x 20' 

Drawing No. Material Schedule 

40205000 05000 
40205000 05000 
40205000 05001 
40205000 05001 
40205000 05001 
40205001 05002 
40205001 05003 
40205001 050011 
40205002 05006 
1,0205003 05008 
40206050 06050 
40206050 06050 
40206051 06051 
40204001 04001 
40204001 04001 
40204013 04014 

Qty in 
Brick 

1 
6 

12 
39 
17 

6 
1 
,., 
.) 

1 
1 
2 
2 
6 

51 
1 
1 

N 
0 
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ANNEX C 
TO CHAPTER l 

ESTABLISHMENT - CONSTRUCTION SQUADRON 

SECTION 1 - GENERAL 

Construction 
Troop 

l Officer 

Headquarters 

Resources 
Troop 

1 Officer 

5 Officers 
4 5 Other Ran.1.cs 

Plant 
Troop 

2 Officers 
41 Other Ranks 27 Other Ranks 52 Other Ranks 

Total 11 Officers 

247 Other Ranks 
Role 

To carry out general construction tasks in the 

combat·zone and communications zone. 
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SECTION 2 - PERSONNEL 

(extract only) 

Construction Troop 

Troop commander 1 

Supervisor Construction 1 

Bricklayer 4 

Carpenter and Joiner 12 

Driver 6 

Electrical fitter/Mechanic 3 

Field engineer 7 

Plumber and pipefitter 5 

Painter and decorator 1 

Storeman 1 

Clerk 1 

Total 42 

Pl-:1.nt Troop 

Troop commander 1 

Troop officer 1 

Supervisor plant 2 

Supervis6~ transport l 

Driver 13 

Operator plant 29 

Operator specialist vehicle 5 

Clerk l 

Storernan 1 

Total 54 
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SECTION 3 - SIGNIFICANT EQUIPMENT 

(extract only) 

Construction Troop 

Mixer concrete '3001 

Compressor rotary 

Mixer concrete 100 1 

Truck utility 

Truck cargo 

Truck dump 

Plant Troop 

' Crane wheeled rough terra..1.n 

Excavator full track heavy 

Grader 

Tractor, full track heavy 

Tractor, full track medium 

Scraper, self propelled,medium 

Tractor, wheeled, multi purpose bucket 

Semi trailer, low bed 

Truck dump 

Truck cargo 

Truck utility 

Truck water 

Truck bitumen distributer 

1 

1 

1 

2 

1 

4 

l 

2 

4 

4 

4 

4 

4 

5 

8 

2 

3 

4 

1 

etc 

etc 
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CHAPTER 2 

A MATHEMATICAL MODEL OF THE ENGINEER LOGISTICS 

PLANNING PROBLEM: 

Introduction 

1. For every construction task to be undertaken 

in an Operational Theatre there is an associated 

deadline, construction time and stores requirement. 

The construction time for a particular task will vary 

depending on the weather, time of day/night,experience/ 

expertise of the construction unit, enemy activity, etc. 

2. The transportation network is represented by 

movement times between task locations, 

construction units require assistance in the form Of 

low-bed transporters to move their heavy plant) hcw~v2, tl-..ere 

may be a limited number of these in the area, thereby 

restricting the number of units which can move on any 

given day. 

3. Each task has an associated construction 

material schedule. This schedule specifies the 

quantities of stores required on a daily/weekly/ 

monthly basis. The daily accumulated total of 

construct-ion materials required for all tasks cannot 

exceed the total quantity of construction·materials 

brought into the area. (No te: in practice, a 
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percentage of reserve stores is included in each 

shipment to allow for losses due to enemy action, 

misadventure, etc. therefore the maximum allowable 

accumulated total will be less than the total brought 

into the area). 

The Basic Model 

4. The key to the development of the mathematical 

model is the time taken by unit i to complete task j. 

This is expressed as follows: 

A ( i, j) =t ( i , j ) /e ( i, j ) +m ( i, j) +L ( i, j) •••••.••• { 1) 

where A(i,j)is the time for unit i to complete 

task j. 

t(i,j) is the time a theoretically 100% 

efficient and proficient unit would take to 

complete the task under ideal conditions. 

e, (i,j) is a factor representing unit i•s: 

a. proficiency in undertaking task j (a function 

of technical ability)~ am:i 

b. efficiency in undertaking task j (a function 

of level of training, experience, time of 

day, climate,etc} 

m(i,y is the time for unit i to move to the site 

of task j .fr-o,-v1 the .;1te. c+ ft,e pr.,,~iou~ tc.~k (dlocated tc i.>~if i. 
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L(i,j) is the time lost by unit i in undertaking 

task j • · H.\tho'-,'jh the pr~n1u~j .zs-r~is o+ en<2'IYl_j o...:=t:()n (H'1C~ a.dv..ir-:.e 

w.e""-fuer c.re. Gl,:q;:ut'\~J tot ·,n o~et \l«f"tabks ( pt-;., C:,pc.\\j e.(£.,.))); -+he.

co~,s.z'{u.z,,iio.l e~ec1'"> ct- f.,c>s-e uch1o? rse o.c-ti.,ih~s (such as "h·Vlle io$t due 

-to +lood<1d ,-oo.~s) ho.s to be a.lloi..,N.d ~-:- i.i L( i,j ) • 
Note: Maximum number of tasks=N 

ie j=l, ..... N 

Maximum number of units=M 

ie i=l, .... M 

5. The actual completion date for task j being 

undertaken by unit i can therefore be calculated from: 

6. 

T(i,j)= A(i,j) + 2: A(i,f) ....•.••. (2} 

-£ € 1(i,j) 

where J(i,j) is a set of tasks done by unit 

i prior to task j 

T(i,j) is the time taken (in days} from 

day 1 ("D" day} for unit i to complete 

all assigned tasks up to and including task 

j 

Constraint. Every task j must be completed by 

the deadline D(j) set for the task by th~ Commander 

and his staff. This can be expressed 

Rij.T(i,j) <DQ)for all j .....•••••• (3) 

where Rij=l if unit i assigned to task j 

Rij=O if unit i not assigned to task j. 



p rovided that 

M 

2 Rij 
i-:.l 

M N 
2 2 

i~ l 1 ; 1 

27 

l ••• ( 4) 

Rij"=N ••• ( 5 ) 

These last two equations ensure that 

eaoh task is 

perf armed by only one unit cmc:l -thQ.t ~"erj 
-to:\"' k ·; s c.cm \'~e1"rad. . 

The Elevelopment of an Optimal Solution. 

7. · The prerequisite for an optimal solution is to ~~st 
&,t- *\\'' \:,le.) 

find a valid~solution. A valid solution is one which: 

a. Meets the deadline constraint for all tasks 

b. Meets the stores constraints, expressed as 

N d 'cl 

- ~ ~ s ( j, k) <, 2s s ( k) for ea.ch day 
:p:1 ksl lee l. 

where S(j,d)= stores required for task j on 

SS(k) = engineer construction stores 

delivered into area on day k. 

( d ) ... ( 6 ) 

day d 

Note:The military restriction that units normally 

do notcommence tasks until all stores are 
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available on site means that 2 2 S( j ,d) can 

j d 

be treated as though S(j,d) were zero other 

than on a specified day prior to the planned 

commencement date, when S(j,d) would be the 

total stores required for the task. The 

specified day (usually about 3 days prior 

to commencement date) can be considered as 

the last decision time for committing unit 

1. to task j. 

c. meets the transportation constraints, 

expressed as: 

1 V(i,d) (vv(d) for each day (d) ••••••.. (7) 

where V( i,d) is the transport requirement 

for unit ion day d 

VV(d} is the transport available on 

day d 

Definition of Optimal Solution 

a. Options. There are a number of 

possible options when considering 

optimization. These include: 

(1) Minimize the number of contruction 

.uni ts, 

(2) minimize the number of unit days 

expended in completing all tasks, 

and 

(3) minimize the time from start of 

first project to completion of last 

project. 
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b. Consideration. The following factors are 

relevant in considering which option to 

choose: 

(1) there are never enough engineer 

units; 

(2) new projects continually arise and 

CtJ"~ assigned priority, and existing 

projects are often cancelled or 

deferred; and 

(3) the real requirement is to minimize 

wasted time and effort as this gives 

maximum flexibility to meet changing 

demands. 

c. Net Required Result. The net required 

result is to get as many projects 

completed as soon as possible using 

all available resources - this provides 

the best II service to customer''. Conse

quently, the optimal solution is defined 

as that which allows all tasks to be 

completed using minimum resources, 

expressed in unit days. This solution 

would then allow the maximum uncommitted time 
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for units to be assigned to unforeseen jobs. The total 

time to complete all tasks can be calculated from 

equation (2). Therefore the optimal solution would 

be av.a.lid solution which satisfies: 

Minimiz.e 

Where 

M N. 

H = 2 2 Rij.A(i,j) •.••••....... (8) 

i" 1 3°1 

H=total number of unit days. 

Analysis Of Components Of The Optim&l Solution Equation 

9. The components of the objective function (equation 

(8)) are directly related to the factors listed in 

Chapter 1. As stated in cha.pter l I these factors conic:m 

b h h . . . . 'i~fl\Sh 
ot stoc ast1.c and determ1.nist1c A)t erefore the 

components of equation (8) must necessarily include 

such functions as risk factors and parameters which 

can only be properly considered in the context of a 

sensitivity analysis of a particular sol~tion. 

10. t(i,j) Construction time is defined as the 

time it would take unit i to complete task j under 

ideal conditions 

Total manhours req uired for task j 
Total daily manhours available from unit i 

•••••••• ( 9) 
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e ( i, j ) 

a. General. The efficiency factor, which ranges 

from Oto 1, comprises three basic components: 

(1) unit efficiency 

(2) unit proficiency 

{3) other factors (eg.c\1mci.TeJ'W€<1tiie,-,time of 

day etc) [Note: J11110.1~ re¼ts -to tc-01;cc..\, c..-ct1.:,~"tc.:, 

Whu1tc.~ \/JooThei- <e{~i-s io +in~, m",.,;'3, soo,,n11.5.1 ,etc] 

The combined effect of these components 

determine whether or not a unit can 

realistically undertak~ a particular task 

given the deadline constraint. The 

evaluation of the various components calls 

for a degree of subjective assessment and 

the results therefore can vary widely. 

Furthermore, to calculate the impact of the 

efficiency factor on the construction time 

component requires the use of some sort 

of heuristic technique ~6 allbw for the 

fact that some of the components (eg 

efficiency) are time dependent. 

b. Unit Efficiency 

(1) This component is an endogenous 

e fficiency factor, to allow f o r t h e 

f act that military units are a t 
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' differing levels of efficiency because 

of such factors ·as~ 

(a) the standard of training of 

individual members of the unit; 

(b) the standard of training and 

cohesiveness of the unit as a 

whole; 

(c) the pre~ious experience of the 

unit with the particular type of 

task; 

(d) the length of time the unit has 

been working in the area 

(acclimatization, battle 

efficiency, etc); and 

(e) general m~rale, health etc. as 

a result of enemy activity. 

(2} Mathematical Model o-f Unit Efficiency 

(a} Given the assumption that any 

unit, allowed sufficient time on 

a task, will increase its 

efficiency as its experience 

increases, it is possible to 

postulate that no matter what the 
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initial efficiency ·of a unit, there 

comes a time, barring such incidents 

as enemy activity resulting in 

extensive casualities and therefore 

an influx of new troops, when units 

can be considered as notionally 100% 

efficient. The term "notionally" is 

used to indicate that for planning 

purposes 100% efficiency is defined 

as being somewhat less than 100% 

effective, as allowance must be made 

for troops performing other military 

duties, on rest-and-recuperation, etc. 

For planning purposes, 100% efficiency 

implies that 80% of the unit 

"establishment" (authorised strength) 

is availal:le to perform at least 10 

hours per day at the minimum 

acceptable standard for the task in 

hand. 

(b~ The requirement, therefore, is to 

derive an expre s s ion for t h e effici ency 

component which is a time based 

function from day 1 to day d when the 

unit reaches 100% efficiency . It is 
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possible to define a number 

of· possible start situations, 

from which an appropriate 

expression may be derived. 

{i) Start Situation. l. This is 

an engineer unit which has 

been operating in the area 

for .a reasonable period of 

time, and for all intents 

and purposes is 100% 

efficient. 

{ii) 

{iii) 

Start Situation 2. This is 

an engineer unit which is 

new to the area, but which 

has trained and operated 

as a unit for some time 

before coming to the area. 

Start Situation 3 This is 

an engineer unit which has 

been newly formed (9r 

reformed after heavy enemy 

action) and has little 

or no experience of 

operating as a unit.(Many 

units raised in the event 
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event of mobilization will 

fall into this category). 

(c) For start situation l, tpe 

unit efficiency component of 

e(i,j) will be: 

e 1 ( i, j) =l .... ( 10) 

(d) For start situation 2, the 

unit efficiency ~omponent of 

e(i,j) will vary linearly from 

initial efficiency on day 1 to 

100% efficiency on day d, then 

will be as for start situation 1 

(see fig 2.1) 

In this case 
e

1
(i,j)= fn (initial efficiency, d) 

•••••••• ( 11) 

day-+ 

Fig 2.1. Start Situation 2 - Variation In Unit Efficiency 



c. 

(e) For start s~tuation 3, a number 

of potential solutions can be 

postulated. 

fi) a linear gain in efficiency 

similar to start situation 2 

(ii) a basically concave ,9w-n m 

efficiency 

(iii) a basically convex gain in 

efficiency. 

(iv) middle course between (ii) 

and (iii), giving the 

characteristics curve often 

found in statistical 

distributions. 

There is potential for application 

of learn·•".,5 curve theory in 

resolving the start situation 3 

condition, however this has not 

been pursued in the deve.lopment of 

this thesis. Again, the unit 

efficiency component will be a 

function of initial efficiency and 

time as shown in eqn (11) 

Unit Proficienc~ 

(1) A unit can be 100% efficient yet still 
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be unable to undertake a particular 

task effectively because the technical 

capabilities of the unit do not meet 

the technical requirements of the task. 

For example: the construction of a 

bulk petroleum depot involves a large 

number of welders and welding equipment 

on establishment for a unit to be able 

to effectively carry out this task. 

(2) A unit's technical ability to undertake 

a particular task can be determined by 

comparing the unit trade profile with 

the task trade profile which is developed 

during the design phase and is 

reflected in the resource levelled 

critical path network. In its most 

elementary form, the task trade profile 

can be expressed in ts.ems of vertical, 

horizontal.and general construction 

manhour requirements, (See Annex A to 

this chapter for a description of 

vertical, horizontal and general 

construction) however a better 

expression would identify specific 

trades (eg carpenters, bricklayers, 

plumbers, electricians, plant operators, 

labourers) and equipments {cranes, 

graders, dozers, backhoes, etc). 
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(3) Obviously, the optimization problem 

is made more complex as the number 

of variables increases, therefore for 

general planning purposes, it is 

probably better to do the initial 

calculations us~ng the simple 

manhour expression and to test the 

detailed trade analysis on a separate 

sensitivity analysis. 

(4) In Chapter 1, it was stated that it is 

normal_rnilitary practice that the unit 

allocated to a task is the unit which 

finishes the task. A further 

administrative consideration is that 

units are kept together wherever 

possible, however, where two or more 

units are working in the same area, 

then pooling of specialist tradesmen 

may be possible for specific projects. 

(5) Unit establishments have been drawn 

up on the "balanced trade" concept so 

that for the "normal" range of .military 

construction tasks, the unit has 

sufficient tradesmen of the right 

trades to undertake each task. On 

this basis it is possible to determine 

a measure of unit proficiency by 
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comparing unit capability with task 

requirement based on vertical 

construction, horizontal construction 

and general construction manhours 

requirements. 

man.hours ie (. 
· man.hours 

available) 
required· 

should be the same for 

vertical, horizontal and general 

manhours, allowing that surplus 

11 vertical 11 or 11horizontal 11 manhours can 

be applied to 11 general 11
• The actual 

factor to be applied is determined by 

first calculating the "ideal 11 

construction time {in days) as follows: 

L_ (Manhours Required for Task) 3 l 
Ideal 1 
Construction Time= -

3
---------- --------- - j 

f,(Manhours Available fro~ Uni~/day) 

where 1 = Vertical 

2 = Horizontal 

3 = General 

•••••• (12) 

Having calculated the ideal construction time, it is 

necessary to calculate the construction time for the 

two specialist categories - horizontal and vertical 

construction. This is given by: 

Horizontal 
Construction Time = ( Horiz manhours r equired ) 

Horiz mannours available 
••••••• ( 13) 
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(Similarly for Vertical Construction Time) 

The actual construction time is then determined from the 

maximum values of: 

Note: 

Ideal Construction Time 

Horizontal Construction Time 

Vertical Construction Time 

The ideal construction time actually represents 

the situation where vertical, horizontal and 

general construction are ideally balanced, or 

where general construction is the dominant 

activity. 

The unit proficiency factor then becomes 

d. 

= j.deal construction time ] 

MAXIMUM (ideal construction timer vertical 
construction timer horizontal construction 
time) 

••••••• ( 14) 

Other Factors Likely to F-ffect e(i,j) The 

two other important factors likely to ~ffect 

e(i,j) are weather and time of day (ie is 

work by day or by night?). The us army 

has conducted a number of tests into the 

¢ffects• of these factors and has determined 

valu.es to be allowed for variations in climate 

and time of day (reference 3) (e
3
(i,j}). 

Details of these are in Annex A to this 

chapter. 
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Resultant Mathematical Definition Of e ( i, j) . 

The resultant mathematical definition of 

e(i,j) is given by: 

Where F(d) is the time dependent expression 

for e 1(i,j) referred to in sub para 

b above. 

y is the actual time it will take 

unit i to complete task j (as 

distinct to t{i,j) which is the ideal 

time) 

Given that the most practical start situation for 
::'\ ,: 

planning purposes is start situation 2 {see figure 2.1), 

it is possible to df':velop a linear model for the 

calculation of the actual time it will take unit i to 

complete task j (allowing for the efficiency factors 

described above)~ Two cases must be allowed for: 

(1) where construction is completed before unit 

becomes 100% efficient ( ie y < d1. )-case 1 

efficiency 

1 

y time 

Fig 2.2 Efficiency v Time 
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e - e e ~J- F(d) 
- ·2· 3.· . y . 

a-,.o 

therefore 
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and 

e-= e
2
.e

3
.((e

0
(d1-l) + (l+d1))/2 + (y-d1 ))/y 

and 

y = ty/(e2.e3. ( (eo(d1-l)+(l+d1) )/2 + (y-dl))) 

thus 

••••••••• ( 16 ft) 

where y= actual construction time 

t=t(i, j) 

( 2} 

= ideal construction time for unit i doing 

task j. 

e
0
= unit efficiency at start of task j 

d = day when unit i becomes 100% efficient 
1 

e = unit proficiency factor 
2 

e = climate/time of day factor 
3 

Where construction is comp leted after unit 

becor1es 100% ( y > ct,) -Case 2 

In this. case 
'f 
L F(d.) = y .eo + y( y+l) ( l;...eo)/2.dl 

ci•O 

therefore 

e-= e 2 .e
3

• (e
0 

+ (y+l) (l-e0 )/2.d1 ) 

and . 

Y"'2.t/e 2 .e
3
.(e0 + (y+l)(l-e0 )/d1 ) 
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Whence 

-

0 0 l 
y = dl" ____ __, ____ j 

1. - e 
0 

t 

.......... ( 16 8) 

Examp le 

Suppose e2 == .9 

e3 = .9 

t = 10 ela~r· 

eo = • 2 

dl = 20 da.,:? 

Assume y<20 (ie case 1) 

y = 10 + .8 X 19 

9 X .9 2 

= 19.95 <20 

U Se y :e 20 
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Note: the average unit efficiency (e, (i,j)) for unit 

i undertaking task j can then be determined as 

follows: 

el= .4 + 21 X .8 
20 

2 

= 0.62 

12. m ( i, j) • 

a. Components of m( i,j). The time taken for 

unit i to move to task j, m(i,j) , 

comprises the following components: 

(1) time to dismantle camp at site of 

current task:-

(2) time to move to site of new task: and 

(3) time to set up camp at new site. 

b. Time To Dismantle Camp/ Set Up CaII!J2. These 

times are related to the natuie of the 

unit - in particular the quantity of major 

items of plant held and the size of any 

associated workshops. 

c. Time To Move To Site Of New Camp. The army 

has set convoy procedures which allow the 

travel time to be determined for movement 

by day or by night.(reference 4). 
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d. Mathematical Exp ression Of m(i, j ) 

m ( i, j) = CU ( i) + cs ( i) + NV 

CD.S 

+ NV 

1000 

+ Dist ( J,1-J2. ) 
s •• _:(17) 

where m(i,j)=time for unit i to move to site 

of task j ( in hours) --trom ~;t-a.. of ptav:ovl To.5K 

CU(i) = time for unit i to dismantle 

camp. 

CS(i) = time for unit i to set up 

camp. . _ _ 
C.D ,:. (.O,Wi:l•;j ckr\s1t':f (.,,d,,cle.s / kn1) 
NV - number of vehicles 

S = average speed (from table 

2B-l, Annex B to this chapter 

Dist (J1 -J2 
)=distance between two consecutive 

t.:1.sk$ , (JI and J 
2

) 

Note: Equation 17 and the related tables in 

Annex Bare rules of thumb which have 

been derived by military staff officers 

based on practical expe~ience with 

L ( i, j) · 

many convoy moves. There has been no 

attempt made in this thesis to either 

validate the equations or produce more 

rigorous illathematical expressions. 

a. This i tern hc.1s both deterministic . and 
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Cl.Sp«:t"s 
stochastic;,- deterministic in that known 

restrictions on stores availability or 

transport can be planned for in advance, 

however also stochastic in that factors 

such as enemy action in sinking a supply 

ship (for example) cannot be planned for 

(except via such activities as risk 

analysis of solutions). 

Stores Restrictions. Equation (6) gives 

the general stores constraint which must be 

met for a solution to be valid. Where the 

constraint cannot be met by rescheduling 

tasks, then units will have to stand down 

for a period. 

Transport Restrictions. Equation (7) gives 

the general transport constraint which must 

be met for a solution to be valid. Similar 

comments as for stores restrictions apply 

in this case. 

d. Other Restrictions. Three other factors 

must also pe allowed for: 

(1) Commander's Restrictions· To. M•~et 

Operational Requirements. The 

restrictions normally are expressed 

as 11 no move- into an· area before .... 11 



This can result in a unit having to 

be stood down for a period between 

tasks. Generally these restrictions 

will be known in advance and can be 

allowed for in the initial solution 

phase; 

(2) Route Blockag e. Enemy action can 

result in temporary route blockage -

particularly where bridges are 

destroyed. The effect of such a 

blockage is normally restricted to a 

one day delay. The factor is purely 

stochastic and can easily be allowed 

for in a sensitivity/risk analysis; 

and 

(3) Rest Req uirements. Engineer units 

must be given rest periods, or 

e ffici e ncy will drop and the risk of 

indus t rial accidents will increase 

dramatically. While one day in seven 

is desirable one day in ten is 

essential ov e r a long period. 

Allowing that where a job is r unning 

behind schedule , the first thing to 

g o will b e the r e st day , it is 
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probably best to plan on a six day 

week. 

The Mathematical Model 

14. From the foregoing discussion, it can be seen 

that the mathematical model of the engineer logistics 

planning system can be expressed as follows: 

Objective Function 

M 
Minimize H = ~ 

i=l 

N L RiJ.A(±;j) •••••••• (18) 
j=l 

Subject. to 

M 
~l Rij. T(i, j) < Dj for all j •.....•..... (19) 

N 

2:. 
j=l 

M 

d 

2-
k=l 

d 
S(j,k)<2_ 

k=l 

SS(k) for all d .. (20) 

~ V(i,d) < VV(d) for all d ...........•• (21) 
i::l 

M 

~ Rij = 1 
i=·l 

M 

~ 
i=l 

Rij 

~Ct all j ••••••• ( 2 2 ) 

N ••••••• ( 2 3) 
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where 

all symbols are as explained in Annex D to this 

chapter. 

Note. The real decision variables in this 

problem are of course the sequences 

of task~ assigned to each unit which will 

oll ( . , ) ( . ) deterrnine~the R i,J ,A i,J and 
' 

T( i, j) ""t"'~s discussed previously. 

15. The above formuiation has covered the following: 

a .. ~ask Oriented Factors 

( 1) the task its elf (what has to be 

done, labour requirements, time 

required to complete task) 

(2) the location of the task (particularly 

in relation to location of other tasks) 

b. Unit Oriented Factors 

(1) the unit proficiency 

(2) the unit efficiency 

c. Constraint Oriented Factors 

(1) stores constraints 

(2) transport constraints 

(3) deadlines for tasks. 



49 

16. The remainder of this chapter will describe the 

risk components of the model. In anticipation of the 

approach which is developed in chapter 3, what follows 

is a method for estimating the effect of risk components 

on a particular set of allocation of units to tasks. 

This is in contrast to approaches which might attempt 

to fully consider the interaction between the 

uncertainties and the decision variables which were 

considered to be impractical in this situation. 

Risk components 

17. General 

a. The two principal factors which need to be 

considered under the general heading of 

risk components are: 

(1) weather 

(2) enemy action {particularly regarding 

whether or not the enemy has air

parity or superiority, with the 

consequential requirement to work at 

night) 

b. Some allowance has alr~ady been made for 

these factors in the determination of the 

efficiency factor (see para 11), but this 
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allowance relates primarily to the 

deterministic characteristics of the factors, 

and not their stochastic characteristics. 

natu~ 
c. The stochastic "of weather and enemy action 

can produce a V<lIY wide variety of results, 

many of which may not be obvious at first 

sight. For example, ene~y action may 

result in all work having to be done at 

night, or work having to be redone as a 

result of enemy inflicted damage. It can 

also result in a change of deadlines for 

tasks as the Commander re-assesses his 

requirements in light of the enemy's 

capabilities. Some allowance can be made 

for weather in those areas with predictable 

weather patterns, however weather patterns 

far removed from the task can have serious 

consequences. For example, many river 

systems in Australia are liable to flood 

because of heavy rainfall in their head

waters and this flooding can either ~ffect 

a particular task (eg bridge construction) 

or can flood a r oad and prevent stores 

arriving on schedule.· Throughout military 

histor-y, the weather has been a major factor 

in the success or otherw.Lse of an operation. _ 
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Limitation of the Deterministic Model. 

18. In developing equations (18) - (23), the problem 

was treated as a deterministic one, and the model is thus 

a deterministic model. The results from such a model 

would reflect only one solution from a wide range of 

possible solutions (depending on the actual values of 

those variables which behave in a stochastic fashion), 

and would give no indication to the Commander of the 

degree of certainty he could attach to the results. 

The requirement in the military situation is for a 

solution which reflects the risks involved in 

accepting and implementing a particular plan. 

19. Requirement. The requirement is for the 

deterministic model described previously to hav~

associated with it a model which provides a measure 

of potential achievability for a particular plan. 

Obviously a Commander who always plans on the worst 

case is as vulnerable to an aggressive enemy as a 

Commander who plans on the best case. Successful 

Commanders are ·u,variably those_ who accept an element 

of risk, having assessed fi~stly the chances of success and 

the consequences if the worst case eventuates. In 

practice, this means that the model of p_otential 

achievability must make some quan~itative assessment 

of best and worst cases, sorne assessment of the most 



52 

likely result, and some measure of potential confidence 

in the most likely result being achieved. This is 

shown diagramatically in figure 2. 3, where er represents 

the standard deviation of potential results from most 

likely result (confidence estimate) 

t 
s.tart 

day 

Fig 2.3 

ideal most worst 
finish likely case 

date finish finish 
date date 

(deadline) 

Commanders Requirements, From Mode l Of 
Potential Achievability For A Particular 
Task. 
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Development of the Risk Component Model 

20. The stochastic factors with the greatest 

influence on military engineering logistics plans are 

enemy and adverse weather. Obviously other factors such 

as breakdown of a vehicle carrying specialist construction 

equipment can have a serious impact on a particular 

project, however experience has shown that the overall 

effect of such factors is of little consequence when 

compared to the impact on the total works programme of 

adverse weather conditions or enemy action. To any 

desired degree of accuracy, each of these factors can 

be represented by a number of states. In practice, and 

for this exposition, three states have been used although 

the method would allow a more accurate representation. 

The states used are as follows: 

21. 

(1) Enemy No action 

Light action 

Heavy action 

(2) Weather No rain 

Light rain 

Heavy rain 

Over the period of a particular military campaign, 

various combinations of the 6 states listed above will 

occur. The intelligence. organisations constantly monitor 

.enemy activities and make assessments of the enemy's 

intent ions - the.se assessments can be translated into the 
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states listed above. Similarly, the meteorological 

organisations provide long and short range weather 

predictions which can also be translated into the states 

listed above. In both cases, the estimates normally 

include a time element, a probability element and a 

consequential state element. 

22. An Examp le of A Typical Intelligence Assessment 

a. The Assessment. "There is little 

likelihood of enemy action before 

day 20, with the possible exception 

of isolated probing attacks by 

reconnaissance elements. After day 

20, it is anticipated that his 

forward elements will clo_se up, and 

general probing attacks along the 

whole front can be expected. It is 

unlikely, however, that he will commit 

a major portion of his force to any 

particular attack until he has 

finished his resupply operations -

not expected before.day 30. After 

day 30, one or more major attacks 

can be_expected. If repulsed, he will 

continue to probe for any weaknesses 

which may have developed in our defence, 

and if any weaknesses are found, he 

will probably mass his forces for 

_another ·major attack. It is our assess-. 

ment that if this second attack £ails, 
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he will have to withdraw and await 

replenishment of his supplies (not 

expected before day 45) 11
• 

b. The info:nnation contained in this 

assessment can be expressed as shown 

in figure 2.4: 

Likely enemy action - probability 
Period of occurrence 
(day) 

No action Light action Heavy action 

0-20 .90 .10 0 

20-30 .OS .85 .10 

30-45 .10 .40 .so 

Figure 2.4 Enemy States From Intelligence Assessment. 

c. It should be noted, however, that the 

intelligence assessment also included 

an assessment of what the enemy is 

likely to do once.he has moved into 

a particular state.(eg from d~y 21 to 

day 29 , the likely state af·ter light 

action is continued light action, whereas 

from day 30 to 45, there is a good chance 

that heavy action will follow light action 

(there is also a chance that logistics 

proble ms will fo r ce him to revert to a 

no action state)). This information can 

be expressed in a matrix format as shown 

1.n figure 2.5: 
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State of State of Action day k 
Action, day 
k + 1 No action Light action Heavy action 

No action .10 .05 .10 

Light action .85 .85 .80 

Heavy action .05 .10 .10 

Figure 2.5 Matrix Showing Enemy States From Intelligence 

Assessment, Expanded to Include Consequential 

State Information (For The Period Day 21-30). 

Notes: 1. The numbersin figure 2.5 need not be the 

same as those in 2.4 because figure 2.4 

is trying to show what the likelihood, 

overall, is of a particular state occu:rring 

during the period, whereas figure 2.5 is 

trying to show not only the likelihood of 

a state occuring but also how the state 

is likely to arise and/or develop. 

2. Row 1, Column 1 is the probability of a 

state of no action continuing once a 

state of no action develops. Row 2 

Column 1 is the probability of a state 

of light action developing from a state 

of no action. Similarly Row 2 column 3 

is the probability of returning to a state 

of light action from a state of high action. 
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d. Finally, some consideration must be 

given to the dynamic nature of the 

enemy activities. For example, over 

the period day 21 to day 29, the chance 

of enemy action is obviously increasing 

as the enemy builds up his forces. 

Obviously, one possibility is to say 

that any further mathematical subdivision 

of the intelligence assessment is of 

dubious benefit, given the speculative 

nature of the initial assessment, and 

therefore one should deal only in broad 

generalities. Therefore the information 

provided in figure 2.5 for the period 

Day 21 to Day 29 could be used as is. 

Alternatively there would be benefit 

in considering the intelligence assess

ment as applying generally to the period 

(say Day 21 to Day 29) but determining 

a .likely state matrix appropriate to the 

period for say (in this case) a period 

of 3 days. We would then have a period 

of 9 days, which can be c9nsidered as 3 

subperiods each of 3 days. We also have 

an intelligence assessment which has 

provided a likely state matrix for the 

first subperiod and which indicates that 

the following two subperiods are similar 

to subperiod 1. This can be postulated to 
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Day 24-26 

Day 27-29 
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be a Markovian situation, and thus 

a likely state matrix can be prepared 

for the second period which is the 

first matrix squared. Likewise, a 

likely state matrix can be prepared 

for the third period which is the cube 

of the first matrix. This is shown in 

figure 2.6. 

A 
i 

[10 .05 .10] 
.85 .85 .80 

.05 .10 .10 
B 

. 10r • 
] 

[.10 .05 [•OS7S .0575 .06 

.85 .85 .80 ::: .8475 .8450 .845 

.OS .010 .10 .095 .0975 .095 

3 C ... 

l10 .05 . 10] [OS76 .0578 .0578] 
.85 .85 .80 = .8453 .8451 .8453 

.OS .10 .10 .0971 .0971 .097 

I 
! 
i 
I 

J 

Figure 2.6 Likely State Matrices For Period Day 21 to 29. 

e. From figure 2.6, it is possible to 

derive one matrix for the period 

Day 21 to Day 29 which shows the 

likely probability for each enemy 

state for any given sub-period. 

This is shown in figure 2.6, and 

is.known as the Time Transition 

Probability Matrix (P(k, t), where k 

is the stochastic va riable - in this 

case enemy action ): 



ay 21-23 

24-26 

27-29 

No Action 

.10 

.0575 

.0576 
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Light Action Heavy Action 

.85 

.8475 

.8453 

.05 

.095 

.0971 

-A 

-B 

-c 

Figure 2.7 Generation Of the Time Transition Probability 

Matrix From the Likely State Matrices In 

Figure 2.6. (Letters A, B, C indicate the 

sources ot' figures in figure 2.6). 

23. A similar time transition probability matrix 

can be developed for adverse weather. By considering 

the two variables, weather and enemy, as independent 

of each other, the probability of any I?articular comb

ination of the states listed in paragraph 20 occurring 

is the product of the individual probabilities (ie the 

time transition probability matrix for each variable k). 

Consequently 

P(t) = P(l, t) • P('2, t) 

. whe re P(t) = probability of variable 

combination n occurring 

( 24) 

at time t. A typical variable 

combination could be Light 

Enemy Action and Light Rain. 
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P(l, t) = time transition probability 

matrix for enemy action (relevant 

value at time t) 

P(2, t) = time transition probability 

matrix for adverse weather 

(relevant value at time t). 

t = particular time when variable 

combination is being considered. 

Notes: 1. An example of how the probability matrices 

are derived together with the relevant 

variable combinations~included in 

24. 

Chapter 5 (pages 189-195}. 

2. From figure 2.7, the probability of light 

enemy action occurring on Day 25 is .8475~ 

Having developed the concept of variable 

combinations and associated probabilities of occurrence 

at particular times, it is now possible to consider the 

effect such variable combinations might have on con

struction times. The effect of a particular combination 

of the variable factors on the deterministic mode.l can 

be readily calculated, giving a new construction time 

expressed as: 

New construction time 

for task j = A(i,j) + dA(i,j) •••••• (25) 
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where d.A(i,j} = increased number of days for 

unit i to complete task j 

because of a particular com

bination of variable factors. 

From equation (18}, the total impact on the 

objective function therefore becomes: 

26. 

M 

H+dH= ~ 
i = 1 

N 

2 Rij . {A{ i I j) + dA ( i' j)) .• (2.6) 
j = 1 

where dH = total increase in unit days 

caused by a particular comb

ination of variable factors. 

The Hazard Factor. A Hazard factor can be 

postulated which allows a Commander to predict events 

and attach probabilities of occurrence to each event 

and then assess the impact on the result calculated using 

the deterministic model: 

HF= fn {dH, P(t)) •••••••••• ( 27) 

where HF = hazard factor 

dH = changei11uni t days resultdng 

from variable combinations 

occurring at time t. 

P(t) = probability of variable 

combinations occurring at 

time·t. 
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27. The aim of the hazard factor is to produce a 

single factor which will enable various solutions to be 

compared in a relatively staight forward manner. If we 

consider that for every combination of enemy/weather 

conditions, there will be a potential increase in 

construction time and an associated probability of that 

combination occurring, an obvious measure of hazard would 

be the sum of the products of the increases and the 

probabilities: ie 

M N 

HF= L 2 

where 

i = 1 J = 1 

HF= hazard factor 

Rij = 1 if unit i allocated to task 

j, otherwise== 0 

P(t) == Probability of variable n 

combination n occurring 

at time t. 

dA(i, j) == overrun for task j due to 
n 

variable combination n. 

n = variable combination number. 

(~:· As discussed in paragraph 

20, a total of 9 variable 

combinations for enemy action 

and adverse weather have been 

used) . 

t = appropriate time selected to 

obtain the probability figure 
~-ti~ 

fromAtransition probability 

matrix (see figure 2.7). 



28. 

where 
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An appropriate time could be the 

day corresponding to the midpoint 

of the construction time fo~ unit i 

doing task j. A more accurate value 

could be obtained using: 

1 [t:2 s P(t)n dt] 
t2 - tl 

•••••••• ( 29 ) 

tl = start date 

t2 ~ completion date. 

and then an iterative process used 

to obtain a more accurate assessment 

of the completion date. 

The Overrun Proability. The above formulation 

of the hazard factor, whilst useful in ranking projects, 

does not give any indication of the actual impact of the 

overruns on the total works programme. For example, it 

makes no allowance for the fact that increases in con

struction time for short duration tasks are probably more 

significant than simila.r increases for· long duration tasks. 

Consequently, an additional dimensionless factor -.the 

overrun probability - is. postulated. The overrun probability 

is based on an expected value of the average proportional 

change in construction time for all tasks and the variance 

associated with this expected value. using the variance, 

the probability of the total works programme ~xceeding a 

specified overrun (say 15% time overrun) can be calculated 
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for each set of feasible solutions, and the sets ranked 

in order of best chance of being completed on time. 

29. 

follows: 

The overrun probability is calculated as 

a. Average Probability ( P,J • The average 

pt) 

probability is calculated for each of 

the 9 variable combinations using 

equation (30). It should be noted 

that although it may appear that the 

result should be 
1/9 for each Pn, this 

will not be so because the probabilities 

associated with each variable combination 

are not uniformly distributed. The sum 

of the average probabilities will of 

course be 1.0. This is il-lustrated in 

the example in Chapter 5 (see page 201). 

M N 

L ~ Rij P(t)n 

= i -- 1 j = 1 • •· ...•... { 30) 

9 
[ M 

N 
Rij .P(t)nj 2 -~ ~ 

n = 1 i~ 1 j ~ 1 

where P
11 

= average probability of variable 

combination, n (~: the P(tj 0 

values are those determined at 

time t for each task calculated 

as per paragraph 2~ above). 
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b. Average Proportional Change Tn 

Construction Time. The average 

proportional change in co~struction 

time is calculated using equation {31). 

1 

N 

M 

~ 
i = 1 

N 

~ dA (i, j) 
ft 

j = 1 A (i, j) 

c. Expected Value and Variance of dA·~. 

The expected value and variance of 

dA~ are calculated using equations 

(33). 
9 

... (31) 

(32) and 

E { dAn) = ~ •••••••••• ( 3 2) 

where 

n = 1 

9 

= 2 
n = 1 

( dAt'.\ - E ( dA.,.Jf . P11 •• {33) 

E(dAri) = expected value of dAn 

V(dA~) = variance of the results 

d. Probability of Overrun. Having calculated 

the expected value and variance of dAn, it 

is then possible to calculate the prob

ability of say _ e,,. 15% time overrun {based 

on the determirnistic result) using 

equations (34) and (35). This assumes 

that the proprotional overruns on the 

individual tasks are a reasonable estimate 

of the proportional overrun of the total 

construction time. 

P(dAn ) < 
(0.15 - E(dA~) )) ~ •• (31\-) 

0.15) = P(Z 
lv(dA 0 ) 
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P(dAn ( 0.15) = 1 - P (dAn) 0.15) = P1!" •• (35) 

where P(dA~ ( 0.15) = probability of 15% time 

overrun on construction 

time calculated using 

deterministic model 

= overrun probability ( Pis ) 

(0.15 - E(dA~)) 
P ( Z < ----;======--- ) = area under the 

Jv ( dA.") 
standard normal 

curve from Oto Z 

(z in_ this case being 

adjusted to allow 

for the expected 

value of dA:n). 

Note: There are no equations (36) - (38) 



Use of the Risk Component Model 

a. The risk component model can be used in 

three ways: 

(1) to estimate the "most likely" 

completion date for a particular task; 

(2} as a measure of the degree of 

confidence associated with the estimate 

of most likely completion date for a 

particular task;· and 

(3) as a means of comparing alternative 

task programmes by ranking them in 

accordance with their associated 

Hazard Factor and/or Over~v~ 

Probability. 

b. Most likely Completion Date 

(1) The deterministic model produces a 

result which represents the 11ideal 11 

solution. Obviously once the 

stochastic factors are.taken into account, 

the completion dates derived from the 

deterministic model will geRerally be 

unachievable - the most likely completion 
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date for each task being that 

calculated using equation (39) below. 

The 11 safest 11 solution would be one 

which always assumes the worst case 

as illustrated in figure (2.2)-however 

this solution would be unnecessarily 

wasteful of scarce human resources. 

The Commander will have the final say 

as to which estimate he is prepared 

to accept, however for preliminary 

planning purposes, an estimate based 

on the 11most likely" finish date for 

deadline checking would appear to be 

a reasonable compromise. . . 
'1'\'\e. 11'\0~ i,bel_j c..omr.lllt1c,, <Aa.fe. is <A.\cv\o.ted b~ a.Jd,~ ro 
~t. sic.r't date. -tt\o?. r,one .fol" v'C\1t .i. to CD1l\t')lete. T<tr.k j 
( ;r,c:l.;d,~j mc;,.1,·"1j to s.~fe, ~1"c.) ~ QtMou.l't (c:ln(~;j) wh,ch ;s 

the weighted arithmetic mean of the 

increases in construction time and the 

probability of the increase occur,-ing 

ie: 

ll.1ost likely - Start Date+A(i, j) 
c_ompletion date 

d.A(i,j)= 

9 
~ 

n-1 

+dA(i, j) •••••• (39) 

••••• ( 40) 
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where 

dA(i,j)=arithmetic mean of the weighted 

results. 

Other terms are as defined previously. 

Degree of Confidence 

(1) The degree of confidence associated 

with the estimate for a particular 

task can be displayed graphically as 

shown in figure 2.3 or can be expressed 

mathematically in terms of cu, e~r:~a.ted 

standard deviation. 

ie 
9 

SD= ~ [ dA ( i, j) n -dA ( i, j) • P ( t )]
2 

n=l 

9 

••• (41) 

where 

P(t) = valu e of probability associated 

with dA(i,j) 

(interpolated from table of 

" 
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(2) Obviously, the smaller the value of 

SD, the more confident the Commander 

can be that he will achieve the most 

likely completion date determined in 

sub para (b) above. This degree of 

confidence, however, must be tempered 

by the fact that the figures of SD are 

and therefore 

suspect. 

of confidence in results, 

SD, in terms 

ccu'\ be used 

to compare solutions based on the same 

e,.$tiro~t.~_s ·method, bJ' not used as an 

absolute measure of confidence. 

Comparison of .f'os~• bie. !l;o\11t'tons 

(1) The aim in comparing pot~.-it~al soi"t,otlS '1 s To 

select 1hai solut,c" wl-\~c.h meets the 

constraints detailed in equations (19) 

to (23), minimizes the total 

construction time as shown in 

equation {18), and has the greatest 

chance of achieving the desired 

completion dates, allowing for the 

potential adverse affects of enemy 

action and bad weather. 

(2) In assessing the potential adverse 

affects of enemy action and bad weather, 

• 
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the left hand side of equation (19) 

can be modified by results from 

equation (39) to determine if 

the constraints in equation (19) 

can be achieved allowing for the 

most likely result from enemy a9tion 

and adverse weather. 

(3) Finally, those solutions which 

satisfy all the constraints can 

be sorted in Hazard Factor or 

Overcun Probability order, thereby 

identifying those solutions with 

the great~st chance of achieving 

the desired completion dates. 

(4) The selection of the best solution 

then becomes a matter of subjective 

assessment because the primary 

criteria can be any of the 

following: 

(a) the solution which uses the 

least number of unit days 

(b) the solut~on with the greatest 

chance of achieving the 

desired completion dates. 

(c) ~ combination of (a) and (b) 
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-ie a compromise looking 

for the.most acceptable 

balance . between the two 

objectives. 

Mathematical Expressions For Effects Of Changes In 

Enemy Action And Weather. 

31· General The deterministic model presentated 

in equations (18) to .(23) makes no allowance for the 

effects of changes in the two principal stochastic 

variables, enemy action and weather. In the previous 

section, the Hazard Factor concept was described, 

together with a brief discussion as to how the Hazard 

Factor (or its components) could be used to modify the 

deterministic model solution to take into account the 

likely effects of the stochastic variables. The 

primary requirement in determining the Hazard Factor 

is to be able to calculate the impact that a change 

in either or both of the stochastic variables will 

have on the result calculated using the deterministic 

model. In this section, mathematical expressions will 

be described that enable the impacts to be evaluated 

in terms of chang~s in construction time (the basis 

of the objective function given in equation (18)). 

It should be noted that many of the expressions are 

not mathematically precise-relying at times on 
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"rules of thumb 11
, heuristic techniques and sometimes 

"human intuition~ 

Mathematical Exp ression For Effects Of Chang e 

In Weather. 

a. A deterioration in weather will effect the 

efficiency of a unit and in the extreme 

case will stop all work on a particular 

task. It may also delay stores delivery 

schedules and restrict or stop road 

movement between task sites. 

b. Effect on efficiency 

(1) The main effect will be to reduce 

efficiency for a period equal to the 

ac ·:ual rainfall and for a period 

until the site is dry again. 

Assuming that adequate drainage has 

been constructed, the longer term 

effect of rainfall on the task will 

be directly related to the rainfall 

intensity and the period of ~ainfall. 

ie~ change in efficiency=fn(intensity, 

time) .•.. ( 42) 

(2) It is reasonable in engineer·planning 

to base any allowance for effect 
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of rainfall.on the number of wet 

days/month. On this basis, it can 

be assumed that the more wet days 

there are, the greater the effect on 

duration of reduced efficiency 

following the rain. Equation (42) 

can therefore be expressed as: ,, 

change in efficiency=fn (number of 

rain days/month) 

••• ( 43) 

(3) Annex C to this chapter shows the 

rainfall records for a typical area 

of the Northern Territory where 

army engineers units could be deployed 

in support of an Australian force. 

Based on these records, it can be posil,,)\<1tz.cl 

that the following allowance 

can be made for changes in efficiency 

due to climate in this particular 

area: 

CEF = 1 Dw 
1 l+. 02D 1•

70 
230 •••. ( 44) w 

where 
CEF = change in efficiency factor 

due to wet weather 

D..., = number of rain days /month 
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Equation (44) is illustrated in figure 2.8 which shows 

the relationships between the number of rain days and 

the multiplierto be applied to the construction time 

for a task effected by the wet weather. 

1 
CEF = 1 1 +. .02n·;0 

-

/ 

Rain 

4 6 8 10 12 

Dw 

230 

1 - CEF ____ l 
CEF 

l 

days/month 
111 ..... ...,. 16 18 20 22 24 

1 - CE:B\ 

CEF1 

26 28 30 

Fig 2.8 Relationship between number of rain days (Dw) 

and change_ in efficiency factor (CEF
1

) 

IO 

Q ., 

8 

7 

6 

5 

4 

3, 

2 

1 
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c. Other Effects It should be noted that where 

d. 

the number of wet days exceed 15, local 

flooding is likely to occur and all 

movement will be stopped. Analysis of flood 

records will indicate the average duration 

of floods. 

Mathematical Exp ression The effect ·of 

deterioration in weather on a particular 

unit(i) doing task (j), will be to increase 

construction time as follows: 

where 

t(i,j) 

e ( i , j ) . CEF l 

t(i, 1) 

t ( i, j ) +Li,(i,j) 

e{i,j) 

e ( i I j ) CEFl. 

CEF
1

:: change in efficiency factor due 

to wet weather. 

L
1
(i,j)=time lost by unit i in undertaking 

task· (j) because of consequential 

effects of adverse weather (eg 

stores delayed because of flooding 

of access roads) 

(Note: the evaluation of LJi,j) can only be 

a subjective assessment based on historical 
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weather records and their effects in a 

particular locality - it may be possible 

to weight the values of CEF to allow 

for these effects) 

Other terms are as defined previously. 

~: From Annex A it can be seen that 

other climate factors can also 

be allowed for. In this case CE:Ej_ 

becomes CEF
1

_ *CEF 3 where CEF 3 is 

change in efficiency factor due to 

other climatic factors. 

33. Mathematical Expression For Effect Of Enemv

Action. 

a. Enemy action can have several effects on 

a units performance: 

(1) the unit may be forced to work at 

night under cover of darkness. 

(2) work in progress may be damaged, 

requiring remedial action. 

(3) work in progress may be destroyed, 

requiring project to h~lt pending 

receipt of additional stores and 

then start again. 
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b. Annex A to this chapter contains details 

of the effect on unit productivity when 

working at night. 

c. Mathematical exp ression. The effect of 

enemy action on a particular unit (i)doing 

task. (j) will be to increase construction 

time as follows: 

<L~(:t., j ): ,::: . ( l +WDF) • t ( i I j ) 

e ( i , j ) • CEF 
2 

- t ( i , j ) + LJ i, j ) 

e(i,j) 

dA(i,j)= 

where 

CEF 2=Change in efficiency factor 

resulting from enemy action. 

(Not e: there may be a consequential.· 

effect 1:n that work may have to 

peat night - see Annex A for 

effect) 

work damage factor (subjective 

assessment) 

L
2
(i,j)=time lost in redoing destroyed 

work. 

(subjective assessment) 
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Other terms as defined previously. 

(Note: L2 (i,j) can be allowed for in WDF by 

assigning arbitrary damage values for 

differing intensities of enemy action 

at different stages of a particular 

project. 

eg For building construction 

Stage of Construction 

Initial earthworks 

Main frame construction 

External cladding 

Enemy 

Action 

Light 

WDF 

.1 

Heavy . 2 

Light • 2 -

Heavy . 3 . 

Light 

Heavy 

.25 

• 35) 

3. The mathematical model of the engineer 

logistics planning problem presented in this chapter 

has been considered in two parts-' the deterministic 

part, for which a po"t;c.;la,. solution m~ be f9und , and 

the stochasfic f£irt. which modifies the deterministic 

solution to provide a solution which mor~ closely 

r e semble s the real-life situation. There is no v11Kv.:e

solution to the real-wor ld p r oblem, because o f the 
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stochastic influences which can cause situations to 

change rapidly. The model, however, can be used to 

investigate a range of situations and thereby give 

the Commander an indication of Likely outcomes -

using the Hazard Factor, or overrun probability as 

a basis for comparison of solutions. 

Relating The Mathematical Model To Tihe "Real World" 

35. In this ·chapter, many factors have been defined 

which give rrore-or-less precise mathematical definitions 

to what are generally imprecise:events. It may appear 

that the model is too constrained in some aspects, 

however this is necessary in the initial calculations 

to arrive at solutions deserving of further a~alysis. 

Having selected a particular solution using the 

"deterministic model", it then becomes necessary to 

re-analyse the problem, this time allowing for 

(amongst other things) 

a. the weather (number of rain days/month) 

• b. the climate (hot,cold etc) 

c. the time of day (day/night operations, 

depending on the enemy) 

d. The likely impact of enemy action on work in 

progre ss. 
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e. the likely impact of weather on such things 

as stor~s delivery schedules, movements plans, 

etc. 

f. the likely impact of enemy action on stores 

delivery schedules, movements plans,etc. 

36. Of course, no obvious allowance has been made 

for such factors as illness (malaria and dysentry 

produced far more casualties than the enemy did in 

World WarJI),shortages of reinforcements, training 

requirements, self defence activities, rest and 

recreation etc. These factors must be considered 

when determining the values to be applied to the 

included in the equations above-namely: 

a. 
efficiency/proficiency factors 

b. CE~,CEF2 , CEF3 ,CEF4 change in efficiency factors 

c. WDF work damage factor 

d. L1 (i,j),L2 (i,j) consequential time lost due 

to enemy action, adverse 

weather etc on other parts 

ot the military infra

structure. 

~7. In Chapter 5, an example is given of how these 

factors can be inte grated into the final analysis 
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of a solution. 

Annexes 

A. Effect of climate and time of day on work output. 

B. Determination of convoy timings. 

C. Rainfall records - Darwin N.T. 

D. List of symbols. 
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ANNEX A 
TO CHAPTER 2 

EFFECT OF CLIMATE AND TIME OF DAY 
ON WORK OUTPUT 

US Army Planning Figures {extract from 

reference 3) 

"2-6.Construction Effort. 

The construction effort in man-hours required to 

erect or construct each facility and installation has 

been estimated and is shown in TM 5-301 series. The 

construction estimates are based on using standard 

construction practices. The estimates do not include 

effort for c;tdminist:cation; mobilisation, plann.ing, nor 

effort lost because of weather delays. They are 

estimates of actual working time required for the 

task by skilled personnel in the temperate zone. If 

estimates are desired for other climatic zones, adjust 

the given estimates by the following multiplying factors: 

For climate Multiple temperate 

manhours by 

Tropical •................•... 2. 0 (CEFj = 0.5) 

Desert ...................... . 1.5 (CE~ = .o. 66) 

Frigid .. . .................... 3. O (CE~ :::::; o •. 33) 

(Note: CEF
3 

= changes in efficiency factor due to 

other climatic factors) 

Other adjustments are necessafy if the personnel are 

untrained. A unit's actual production capability, 
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based on operating experience, should be used when 

available. The construction estimates for facilities 

and installations are subdivided into vertical, 

horizontal and general construction labor. The skills 

that are included in the subdivisions are shown below: 

a. Vertical Labor: 

Carpenters 

Electricians 

Plumbers 

surveyors 

Bricklayers etc 

b. Horizontal labor: 

c. 

Tractor-dozer operators 

Concrete mixer operators 

Crane shovel operators 

Dump truck operators 

Grade operators 

Power roller operators etc 

General Construction Labor. General 

construction labor includes all unskilled 

effort used to assist horizontal or 

vertical labore rs or perform construction 

tasks requiring no prior training, skill, or 

use of electrical/ mechanical equipment. 
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Eng ineer Unit Capabilities. The productive 

capabilities of various engineer units in 

terms of man-hours per month were estimates 

by the Engineer Strategic Studies Group, 

Office of the Chief of Engineers, and appear 

in an unpublished study, entitled, 

11 Planning Data Development, 1969". The 

productive capabilities were derived by 

deducting administrative personnel, 

maintenance personnel, mess personnel, 

communication personnel, medical personnel, 

and operators of administrative vehicles; 

and by degradation for enemy actions and 

movement factors. The work period for all 

units is assumed to be 13 hours per day, 7 

days per week and 365 d~ys per year. 

e. Other Reductions in Productive 

Capabilities. The productive capabilities 

indicated in the preceding paragraphs do not 

consider acclimation, changes in altitude and 

processing equipment. Additional reductions 

in the productive capabilities of engineer 

units are necessary for acclimation of troops 

'because of a change in climate, significant 

changes in altitude, processing of equipment 
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following debarkation, area orientation and 

job organization. A 70 percent reduction 

in productivity should be made during the 

first 30 days when acclimation, processing 

of equipment, area orientation and job 

orientation are involved. When acclimation 

is not a factor, the productivity should be 

reduced 50 percent during the first 30 days." 

2. Australian Army Planning Fig ures for Night 

Op erations 

a. Moonlight 

b. No moon 

1.5 x Daylight hours figure 

(CEF4 =0.66) 

2 x Daylight hours figure 

{Note~ CEF4 = change in efficiency factor due to 

night work) 



ANNEX B 
80 TO CHAPTER 2 

DETERMINATION OF CONVOY TIMINGS 

Standard Planning Figures 

l. The following data is used by the Australian 

Army as a basis for planning road movement for 

engineer units. 

a. Speeds See table 2B - 1 

GOOD SURFACE BAD ROADS 

FLAT HILLS & 
BENDS 

TRACKS 

DAY NIGHT DAY NIGHT DAY NIGHT DAY NIGHT 

AVERAGE 
SPEED 24 16 16 8 16 8 16 

(km/hr) 

Table 2B-l Pl anning Speeds for Engineer Road Movements 

b. Halts 

c. 

(1) Routine short halts - 10 minutes after 

every 110 minutes running 

·( 2) Long halts - l hour after every 

6 hours running. 

Extra Time allowance - 1 minute per 

25 vehicles or part thereof . 

8 
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Formulae 

2. Time Past Point (TPP). The following rule-of-thumb 

formula has been developed by Army logisticians for 

calculation of the time it takes for a convoy to pass a 

point based on past convoy experiences: 

TPP = 60.NV +NV+ NV 
CD.S 25 50 

where 

3. 

TPP = time for convoy to pass a point (in minutes) 

NV= number of vehicles 

CD= convoy density (Vehicles/km) - usually 10 

S = average speed (km/hr) 

Running Time. The time taken by one vehicle to 

complete the journey without specified halts is given by: 

Time(hrs) = distance (krn)/average speed (km/hr) 

4 •. Time To Comp lete A Move. To find the overall time 

to complete a move, add the following 

a. Total TPP of unit. 

b. Time taken by one ve hicl.e to complete 

journey (wi t hout halts) 

c. Time spent in halts (if any). 
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TO CHAPTER 2 

RAINFALL RECORDS 

Location : Darwin 

Month Mean Monthly Mean No. Greatest 
Rainfall of Raindays Monthly 

(mm) Rainfall 
(mm) 

January 391 19 746 
I 

February ,330 18 815 

March 260 17 1014 

April 103 8 603 

May 14 l 356 

June 3 0 76 

July l 0 65 

August 2 0 84 

September 13 2 108 

October 50 5 339 

November 126 11 399 

December 243 16 665 

Source Australia Year Book, 1980 

Average rainfall / rainday - 13.8 mm 
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d 
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ANNEX D 
to Chap ter 2 

LIST OF SYMBOLS 

= time for unit i to complete task j 

= change in efficiency factor due to wet 

weather 

= change in efficiency factor resulting 

from enemy action 

= change in efficiency factor due to other 

climatic factors 

= change in efficiency factor due to Dight 

work . 
'S c..omrl.:.t1or\ ~Clte 

= convoy density 
:: timcz. fu)• vi,;'t :.. ·t., ,;et Uf' c.cunp 

= construction time adjusted for unit 

proficiency 
= ti'-,,~ fc:,,- ;,nit ,i tc d1SlT'IQnlle co.mp 
= confidence level 

= day 

= day when unit becomes 100% efficient 

(from start of task) 

dAn = average proportiona.l change in 

construction times 

dA(i,j) = change in time for unit i to complete 

task j 

dA(i,j) 

dt 

= arithmetic mean of weighted results of 

dA(i,j) 

= deadline for task j 

= no of raindays/month 

= general increment in time 
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e 
0 

e(i,j) 

e 1 (i,j) 

e 2(i,j) 

e
3
(i,j) 

F(d) 

H 

HF 

i 

j 

J(i,j) 

k 

L(i,j) 

M 

m(i,j) 

N 

n 
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= expected value of dA n 

= unit efficiency at start of task 

= efficiency/proficiency factor for uniti 

doing task j 

= e 1 (i,j) * e 2 (i,j) * e 3 (i,j) 

= unit efficiency factor 

= unit proficiency factor· 

= factor accounting for weather, time 

of day etc 

= CEF5, * CEF4 

= time dependent expression for e 1 (i,j) 

= total number of unit days:· .. expended in 

completing all tasks 

= hazard factor 

= unit number (Maximum number of units= 

M) 

= task number (Maximum number of tasks 

= N) 

= a set of tasks done by unit i prior 

tci task j 

= general variable 

= time lost by unit i doing task j due 

to unforseen factors such as weather 

( 1) and enemy action ( 2) J bui" not' i-e\C\te.l t"o e•t+",ciencj 

= Maximum number: of units 

= time for unit i to move to site of 

of task j 

= maximum number of tasks 

= general variable 



85 

NV = number of vehicles 

P = average probability n 

P15 = probability total time for a s-olution 

will overrun expected result by 15% 

P(t) = probability of variable combination 

. n occurring at time t 

P(k,t) probability matrix 

for variable k 

Rij = 1 if unit i assigned to task j, 

S{j,d) 

SD 

SS(d) 

s 

t 

t(i,j) 

T(i,j) 

TPP 

V(i,d) 

V{dA) n-

VV(d} 

WDF 

y 

otherwise= O 

= stores required for task j on day d 

= standard deviation 

= stores delivered into area on day d 

= average speed 

= general time variable 

= ideal construction time for unit i 

doing task j 

= actual completion date for task j 

being done by unit i. 

= time past point 

= transport requirement for unit i on 

day d 

= variance of dA results n 

= transport available on day d 

= work damage factor 

= actual time for unit i to complete task 

j (as distinct to t(i,j) which is 

ideal t ime) 



86 

CHAPTER 3 

AN APPROACH TO THE SOLUTION OF THE ENGINEER 

LOGISTICS PLANNING PROBLEM 

Introduction 

1. V.V. Kolbin, in his book "Stochastic l?rogramming" 

{reference 7) describes several problems which are akin 

to the engineer logistics planning problem. Examples 

quoted include: 

0 Long-tenn period planning of the 

development of economic systems, 

operational control over military 

actions, regulation of technological 

processes and other problems (which 

include random parameters and require 

for their description the usage of 

dynamic probabilistic models): 

2. Kol1in suggests that one approach to solving these 

problems is to consider each problem as a multi-stage 

dynamic problem. At each stage, the problem is treated 

as a deterministic problem and a s.olution ( s) derived. 

The effects of the chance constrained probabilities 

are thendeterrnined, and the divergencies resulting from 

the chance constrained probabilities both for the 

current stage and for any preceding stages are 

compensated for. 
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3. The effect of the Kolbin approach is to identify a 

solution which has a reasonable chance of being 

achieved. While there is a degree of optimization at 

each stage, there is no guarantee that the final solution 

is the global optimum. Given the nature of the problems 

to which the Kolbin approach is applied, just obtaining 

a workable solution is often a reasonable objective. 

4. Figure 3-1 shows the general Kolbin approach 

diagrammatically. 

Figure 3-1 The Kolbin ·Approach To Solving Chance 

Constrained Problems 
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5. Kolbin acknowledges that 11 the construction of 

dynamic probabilisf:Lc models and the working out of 

methods for their realization represent considerable 

difficulties". The model developed in chapter 2 is 

consistent with the Kolbin approach, however, other than 

the general principle of treating the problem in stages 

and compensating for divergencies there would appear to 

be little if any commonality in approach to solving any 

Qf the type of problems classified by Kolbin as suitable 

for multistage dynamic analysis. 

6. An important consideration in developing a 

method for the solution of the engineer logistics 

planning problem is the use-to which the model and its 

solutions are to be put. Paragraph 9 of Chapter l lists 

some of the required uses. These uses indicate that 

various items are required to be both input to and output 

from the model depending on the particular use. It is 

necessary, therefore, that the method used to solve the 

problem contain a reasonable degree of flexibility. 

7. A further consideration is the environment within 
combc.-t 

which the model is to operate. The,_environment itself 

is vgry dynamic, ranging from long periods of 

relative inactivity (stable conditions) to periods of 

very high, intense activity (highly unstable conditions). 

A study of military history shows that it is not possible 

to predict when and where highly unstable conditions will 
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develop (even in theatres of operation dominated by 

seasonal climatic influences such as the monsoons of 

South East Asia for example, the Tet Offensive in 

Vietnam in 1969 was a totally uncharacteristic period 

of very high activity as was the Yorn Kippar war in 1973). 

8. The mathematical model as expressed in equations 

(18)-(23) is the deterministic formulation and the 

Hazard Factor given in equation (31) can be seen to be 

equivalent to the "effect" calculations referred to by 

Kolbin for the determination of divergencies. 

Determination of Appropriate Stag es 

9. The Kolbin approach requires that the problem be 

considered in stages. The selection of the appropriate 

factor/item to form the basis for the staged calculations 

is critical to the successful realization of the 

mathematical model. 

10. There are 3 factors/items in the mathematical 

model which could form the basis for the stages 

calculations: 

(1) time 

(2) tasks 

(3) units 

11. Time. Time is a common basis for planning military 

operations. Staging could be either on a daily basis 

or at longer, r e gul ar intervals (eg 7 days). The main 

disadvantage of u s ing time a s the basis for staged 
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calculations is that tasks will start on different days, 

and unless the staging interval is one day, start dates 

will not coincide with stages. The one day interval 

on the other hand will generate a very large number of 

stages which in turn will generate a very large number 

of subsolutions to be tested - to the point where the 

generation of the solution will be beyond the capacity 

of the Army Engineer's computer. 

12. Tasks. Tasks are given in priority order, and 

therefore could be considered as a basis for staging. 

The priorities, however, are very flexible, and the 

dynamic nature of the priority order makes use of this 

item as the basis for staging rather difficult. 

13. Units. The engineer logistics problem is centered 

on military Units - the different results required from 

model manipulation referred to in para 6 above are 

generally cente~ed on Units. Equation 18 is centered on 

Units. 

The Unit As A Basis For Staged Calculations - The Task 

Sequence Concept 

14. If the unit is selected as the basis for staged 

calculations, then the principal variables and constraints 

to be considered are as follows: 

a. Unit proficiency at any given tas~~ 

b. Time available for the Unit to do any 

given task: 
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~- Time required by Unit to move to the site 

of any given task; 

d. Unit efficiency (as distinct from 

proficiency - see chap 2, para 12~b) 

e. Availability of stores for any given task 

in relation to the required start time 

for particular Unit (to meet deadline 

constraints); and 

t. Availability of transport at the time 

required by a particular Unit 

15. These variables are reflected in equations (19) 

to (23), however the solution of these equations for 

every task can result in an unwieldy number of 

calculations which generate ·•n~e.c.~,bl~ ( or non valid) 

results. For example, planning for engineering tasks 

is normally based on Troop sized units (see Annex C to 

chapter 1). For the example given in paragraph 2 of 

chapter l, this equates to approximately 80 Units doing 

in excess of 500 tasks. Clearly, as the sequencing of 

tasks must also be considered it is necessary in 

solving equation (19) to consider every possible 

combination of tasks in every possible sequence. Further

more, having carried out the calculations for one Unit, 

it is then necessary to repeat the cycle for every other 

Unit, and then to combine all the results to find · 

firstly a feasible solution, and secondly an optimal 

solution. Given 80 Units and 500 tasks in a fully 
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deterministic environment it would be possible to 

formulate the problem as an integer programming 

problem and determine an optimum solution. The 

stochastic variables, however, dominate this 

particular problem, and any result which assumed a 

deterministic environment would have to be treated 

with extreme scepticism. The stochastic environment 

adds additional dimensions to the problem, and forces 

us to develop a heuristic approach to solving the 

problem. 

The Heuristic Solution 

16. ~he solution of equations (19) to (23), if they 

are to be solved in stages with Units as the staging 

factor, depends on valid sequences being identified. 

A va·lid task sequence is defined as one which meets the 

requirements of equation (19). For example, a valid 

sequence could be identified as follows: 

Task No Task 
Day 

Start Finish 

U:hit ( l. ) l Clear scrub 1 3 

3 Construct Shower Block 4 14 

6 Construct Control 

Tower l5 30 

7 Construct 3 Culverts 35 40 

8 Construct Bridge 41 120 

etc 



93 
R .~ 

".l 
.This could be expressed in,..matrix form as follows: 

Unit No Task No 

2, 3 4 5 6 7 8 9 

l n. 0 l 0 0 1 l 1 0 

2 

3 

4 

Fig 3-2~A Valid Seqµence Shown in Matrix Format 

l-Each unit 'l'\'1o.:\ have many valid task sequences which l 
could be identified and represented in a similar way. 

17. A valid solution for equations (19), (22), and 

(:23) would be a combination of valid task sequences for 

all. units so that all tasks were do~e, result in a 

matrix as shown in figure 3-3 
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Unit No Task No 

l 2 3 4 5 6 7 8 9 Total 

l l 0 1 0 0 l l l 0 5 

2 0 l 0 0 0 0 0 0 0 l 

3 0 0 0 0 l 0 0 0 0 l 

4 0 0 0 1 0 0 0 0 l 2 

Total 1 l l l 1 1 1 1 1 9 

Fig 3-3 A Valid Solution For Equation (19), (22), 

(23) Showing Combination of Valid Sequences 

Resulting In All Tasks Completed By Respective 

Deadlines. 

[Again- there could be many such valid combinations 

depending on the Dl of each task. Some units may 

have only one, or in fact no valid task sequence. 

eg. Unit 3 may not necessarily be able to complete 

Task 5 by Ds 1 
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18. For any solution such as that in fig 3-3, to be 

valid, it must also meet the constraints stated 

in equation (20) and (21). These constraints can be 

illustrated in matrix format as shown in figures 

3-4 and 3-5. In both cases, valid solutions are 

illustrated. 

Pay 

1 

2 

3 

4 

5 

6 

7 

Stores Required (Tonnes) Total 
Required 

Task No 

1 2 3 4 5 6 7 8 9 

12 0 20 

14 14 

8 9 17 

12 8 20 
etc 

Fig 3-4 A Valid Solution For Stores 

Requirements (Equation (20). 

Stores 
Delivered 

40 

20 

30 

etc 
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Date Transport Platoons Required Total Total 

!Day 

l 

2 

3 

4 

-5 

6 

7 

8 

Task No Required 

1 2 3 4 5 6 7 8 9 

2 l 3 

l l 

l 2 "5 

2 1 2 5 

1 1 l 2 5 

l 2 3 

2 1 2 5 

I 2 
I 

2 

Fig 3-5 A Valid Solution For Transport 

Requirements (Equation (21)). 

Available 

6 

6 

6 

6 

6 

6 

6 

6 

19. Each potential solution could be checked for stores 

and transport feasibility, but even this will still 

leave a number of feasible solutions. Having 

established these fully valid solutions, it i~ then 

possible to evaluate two further equations: 

a .. Equation (18). This equation calculates the 

unit days expended by e~ch Unit in 

completing its assigned task sequence, 

b. 

and then calculates the total unit days· 

expended in completing all tasks. 

Eq uation (31 ) . This equation calculates the 

Hazard Factor for the total solution. 
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20. Finally, a table which summarizes the valid 

solutions can be prepared as shown in figure 3-6. 

Solution No Total Unit Days Hazard Factor 

1 1400 206 

2 1520 · 19_2 

3 1350 189 

4 1380 193 

5 1420 200 

6 1560 ,209 

7 1500 ·208 

etc etc etc 

Fig 3-6 Summary of Valid Solutions. 

21. By ranking solutions by ascending order of total 

unit days and by ascending order of Hazard Factor, it 

is possible firstly to determine the solution of 

equation (18) (th~"best" solution) and secondly to 

relate the risk associated with that solution with the 

risks associated with other feasible solutioris. 

Determination Of Valid Task Seq uences 

22. Paragraphs 14-21 above give an overall view of the 

task sequence concept, however there still remains the 

problem of determining valid task sequences for each 

unit from the many possible sequences referred to in 

paragraph 15. The problem is made much simpler if 

invalid sequences can be easily identified and therefore 
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pot require any calculation time. To this end, it is 

possible to make use of the constraints listed 

in Chapter 1. 

23. Relevant Constraints. The relevant constraints 

for determination of valid task sequences are: 

a. ORBAT. The "Order of Battle" gives the 

engineer Units to be considered when 

establishing task sequences. Knowing the 

Unit type, and knowing its "establishment" 

(manning by trade, rank and number), it is 

possible to determine the Unit proficiency 

for each task in the schedule of tasks for 

which task sequences have to be developed. 

b. One Unit Per Task. 

c. ·Deadlines All tasks are assigned deadlin~s 

It is essential in military planning that 
•, 

deadlines are adhered to. Approval for 

variation of deadlines can only be g~ven by 

the senior Commander in the area, as other 

operations may depend on a particular task 

being completed by a particular date. 
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24. Effect Of Constraints On Task Sequences. By 

combining the three constraints listed above, for each 

Unit it is possible to determine latest start dates 

for each task based on unit proficiency and deadlines. 

This will achieve three results: 

a. it will identify those tasks for which 

particular Unit types- are: not 

suitable, and thus will eliminate those 

tasks from task sequence calculations for 

the particular Unit: 

b. it will identify tasks ':,hich require further 

sub division into sub tasks within the 

capacity of the Units listed on the ORBAT, 

or tasks which require specialist Units to 

be brought into the area. For example, this 

occurr44 in Vietnam when the decision was made 

to reticulate electricity throughout Vung Tau. 

On that occasion, a special unit was raised in 

Australia from specialists within the 

Citizens Military Forces and National 

Servicemen and flown to Vietnam for the 

particular task; and 

c. In evaluating equation (19), as a particular 

task is included in the solution and its 
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completion date calculated, all other tasks 

with a latest start date earlier than the 

completion date are eliminated from further 

consideration in that particular task 

sequence. 

25. Graphical Presentation of Latest Start Date Data 

a. Paragraph lie, Chapter 2, described the 

Unit proficiency concept. Given the 

manhours required by trade for a particular 

task, and making allowance for any time 

restrictions when particular specialist 

trades are required (eg specialist welders 

for a port construction task may only be 

required for weeks 2 and 3 of the task), the 

time for a particular Unit to complete a 

particular task can be calculated. This time 

makes no allowance for Unit efficiency, travel 

time etc~ as these items are functions of other 

variables (particularly time, and previous 

task in task sequence). 

b. Having calculated actual construction tim~., 

the latest st.art date can be assessed from the 

task deadline. Having determined the latest 

start date for ali tasks, these can be 

arranged in ascending order. Obviously tasks 

with a la test start date prior to day l canr1ot 

be undertaken by the particular Unit and will 
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not appear in any valid task sequence for that 

Unit. Those tasks, therefore, can be deleted 

from the graph. 

c. Where several tasks have the same latest 

start date, they are sorted within the 

group in task priority order (see para Ba, 

Chapter l). 

d. The latest start date and associated 

deadline are now plotted in the order 

calculated above - see figure 3-7. 



Time 
(days) 

10:2 

Tasks with c.ompletion 
dates in this area are invalid 

Construction 
time 

latest start 
date Taska with starting dates in 

this area. are i~nvalid 

Tasks with starting dates in 
this area may be valid, 

priority depending on Unit efficiency. 
order 

'rask number 

Fig 3-7 Graph of Latest Start Dates And Deadlines 

For Particular Unit 
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26. The graph in figure 3-7 does not allow for Unit 

efficiency, travel time or lost time ( see equation5 (?) i u,n). 

Travel time is given by equation (17), however 

repetitive calculations can be reduced by preparing a 

table as shown in fig 3-8, where the figures represent 

travel time in days between tasks (including dismantling 

and setting up camp). 

l 

2 

3 

4 

5 

6 

7 

8 

9 

Task No 

1 2 3 4 5 
,.. 
0 7 8 

0 2 0 5 l 2 0 1 

0 2 2 0 3 2 5 

0 3 2 5 l 2 

0 4 2 l 3 

0 3 2 l 

0 l 2 

0 4 

0 

Figure 3~8 Travel Time Between Tasks 

For Particular Unit. (Calculated 

using equation (17)). 

9 

3 

4 

l 

2 

4 

3 

2 

l 

0 

27. Unit efficiency must be applied to construction 

time in accordance with paragraph 11 Chapter 2, and 

equation (16A)or(l68) Construction time for each task for 

the particular Unit is recorded in figure 3-7 ., 

the refore all that is required is for the 

being the time 
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recorded in figure 3-7) to be inserted into the 

(ib A cw ,bi?>) 
appropriate equation~for the revised construction tim~, 

~, to be calculated {Note ct1 ~ time from start of 

task until unit becomes 100% efficient). It should 

be noted that Unit efficiency is a time dependent 

variable, starting when the Unit is first committed 

in an operational role. For planning purposes, it 

will normally be assumed that once a Unit has reached 

100% efficiency, then it will remain at the level 

throughout the campaign. In practice, Unit efficiency 

will fluctuate with time, being affected by enemy 

action, casualty rate and the standard of reinforce

ments. This can be allowed for during a campaign by 

adjusting efficiency as the situation warrants and 

adjusting task allocations as necessary. Figure 3-9 

shows a typical efficiency table.(Values for e 0 for 

-use in equations (15) and (16)). 

DAY EFFICIENCY 
FACTOR 

0 0.55 

2 o. 6 

4 0.65 

6 0.7 

8 0.75 

10 0. 8 

12 0 .85. 

14 o. 9 

16 0.95 

18 1. 0 

Fig 3-9 Typical Efficie ncy Table 
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28. Lost time is difficult to allow for in the 

initial calculations, as it is a function of several 

variables/ constraints which either affect the 

total solution (eg availability of stores and 

transport) or are of such a stochastic nature that 

allowance can only be made in sensitivity analys~s 

at appropriate stages in the generation of the 

solution (eg weather, enemy action- see paragraphs 

7-8 of this Chapter). 

29. Application of Graphically Presented Data To 

Determine Valid Task Seq uences. Figures 3-7, 3-8 

and 3-9 contain sufficient data to allow valid task 

sequences to be easily generated. Figure 3-10 

illustrates the generation of a valid task sequence 

using figures 3-7 to 3- 9. 



time: 
(days) 

9 

8 

7 

6 

5. 

4 

3 

2 

1 

1 3 5 7 

106 

deadline 

) 

no tore valid 
tasks in 
sequence 

_ task sequenca 1 __ l _ /~ 
I 

_ ta~k-~equ.ence 4-. __ _l 

latest· start date 

' ' ' 
9 - 11 13 15 16 17 19 

task number 

Fig 3-10(..,) Generat ion of Valid Task Sequences - Graphical 

Output 



Task No 

Task 
Sequence 

1 
1 
2 
4 

Travel Time 

0 
0 
0 

Construction 
Time 

4 
6 
7 

Efficiency 
Factor 

o.6 
0.625 
o.65 

Actual 
Construction 

7 
10 
11 

Valid 
(ie. can be 
completed 
before deadline} 

No 
No 
Yes 

Next possible task is taa<: 18, however travel time and efficiency factor will not. allow sufficient 
time for this particular unit to complete task 18, 19, 20 or 21 by their deadlines . Therefore .. 
sequence becomes: 4 ( only one task) . 

Task 6 0 5 0.61 9 
Sequence Tasks 15-18 all have 2 or more duys travel time, and are therefore invalido 2 

with task 6 and therefore has zero travel ttme. 

19 0 4 

The sequence becomes: 6, 19 ( two tasks) 

Fig 3-10· (b) Generation Of The First Two Valid Sequence -
Analysis Of Graph:i.bal Output. 

0.825 6 

Yes 

Task 19 is colooated 

·Yes 
etc 

I-' 
~ 
--.,) 
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30. Paragraphs 22-29 above have shown how to generate 

valid task sequence s with minimal mathematical 

calculations. While this is only the first step in 

finding a solution to the engineer logistics planning 

problem, it never-the-less is a technique in itself for 

man~lly generating a feasible solution to the problem. 

The methodology is more accurate than current rule of 

thumb techniques being used b y military planners, and 

having set up the graphs and tables, allows alternat~v~ 

solutions to be prepared and c onsidered. It is 01 

relatively simple matter now t o prepare two further 

output tables relating to stores and transport as shown 

in figures 3-4 and 3-5, and to generate Bar Charts 

showing the allocation o..f troops to tasks in_a format with 
. 

which military planners are more familiar. The tables 

shown in figures 3-4 and 3-5 can also be used as 

tables to eliminate solutions which don't meet the 

limitations of store s and transport availability. 

(Note: To solv e the p roblem manually of necessity means 

that the number of unit t yp e s must be r e stricted - see 

the followi ng Section for t he me ans by which multiple 

unit type s are handled). 

The Kolbin Appr oach Appli ed To The Task Sequence Concept 

31. The previous section has shown how it is possible to 

determine task sequences for each Unit. By considering 

each Unit as. a stage, the Kolbin approach requires that 

the stochastic factors (chance constrained probabilities) 

be evaluated for each valid task sequence. 
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32. The results from the evaluation of the effects of 

the stochastic factors, together with the total manhours 

expended in the task sequence, are essential components 

in the development of an optimal solution. In the 

previous section, the task sequence concept was described 

primarily in its application to a manual solution. This 

simplified approach was used to illustrate the concept 

In practice, however, the situation is generally far more 

complex and any attempt to optimize the heuristic solui:ion 

must take greater account of these complexities. It 

should be noted that the Kolbin approach allows for 

limited optimization within each stage, but does not 

necessarily generate a global optimum. 

33. Normally, one would expect to find a number of 

different Unit types, and within each type a range of 

efficiencies. This will give rise to a series of graphs 

as shown in figure 3-11. 
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34. Each group gives rise to a number of valid task 

sequences, and the problem now becomes one of selecting 

the best combination of valid sequences which meets the 

constraints of equations (19) to (23) and gives the 

"optimal" solution defined by equation (18). There is, 

of course, the further consideration that the potential 

adverse effects of the chance constrained probability 

factors should be minimized. 

35. The military requirement that tasks should be 

carried out in priority order can have a significant 

effect on the number of task sequence combinations to be 

considered. Even so, the number of possible valid 

combinations may be very large, depending on the number 

of Units. For example, referring to figure 3-11. assuming 

that there are 20 Type A Units, 15 Typ~ B Units and 5 

Type C Units (each with its own efficiency profile) 

there could be: 

a. 25 primary task sequences involving task l; 

b. 20 primary task sequences involving task 2; 

and 

c. 20 primary task sequences involving task 3. 

Although some of these task sequences are mutually 

exclusive, there could be up to 10000 combinations of 

task sequences to be considered when determining the 

optimal allocation of units just in ensuring that the 

three highest priority tasks are completed on schedule. 
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(see para 2b, Chapter 1 for range of Unit types 

employed in engineer construction activity during 

World War I.t. 

36. The Kolbin approach is to evaluate by stages and 

to make appropriate allowance/adjustment for the stochastic 

variables at each stage. This approach can be applied to 

reduce the number of calculations by eliminating 

calculations which will either result in non-optimal 

solutions, or which will lead to greater risk due to the 

stochastic variables. 

37. The Nature of The Stochastic Variables 

a. In the military environment, the degree of 

uncertainty for any activity increases 

rapidly with time (ie those activities 

planned for tomorrow are far more certain than 

those planned for a month's time). The main 

reason for this is the uncertainty associated 

with enemy activities, however it is also 

affected by our own plans being changed to 

meet a new·politica1 ·airective· or to exploit 

a discovered weakness in the enemy dispositions. 

b. The other major variable, weather, also 

increases in uncertainty with time. While 

short term forecasts (one~two weeks) can 

generally be relied upon, forecasts two 

three months ahead are usually little better 

than best guesses, based on historical data. 
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38. A further factor which must be taken into account 

is the tendency for task priorities and deadlines to be 

altered at very short notice to cope with a change in the 

tactical and/or strategic situation. Tasks may be 

cancelled whilst still in progress, and construction units 

diverted to newly identified, more pressing tasks. 

39. Consequently, when applying the Kolbin approach, 

it is essential that the emphasis be on top priority 

tasks, and that any allowance for stochastic variables 

be related to those tasks and not the tasks lower in 

priority. 

A Solution Methodology For The Total Problem 

40. The methodology relies on the military practice of 

allocating priorities to tasks so that any conflict of 

resources can be resolved (manpower, plant, stores). 

Highest priority tasks must be started as soon as all three 

resources are available. This establishes the starting 

point for the determination of the optimal solution and 

simplifies the selection of the initial valid task sequence. 

Fig 3-12 shows the selection- of an initial valid task 

sequence. It should be noted that the tasks have been 

arranged in order of latest start date, with the actual 

task number representing its allocated priority. Conse

quently the first task sequence starts at task number 1 

rather than task number 8, even though task number 8 has 

an earlier "latest start date". 



day 

114 

r-----------
1 

I 

1 construction time 
r.-.e--- + travel time for 
1 task No 11 
I 
I 
I 

r _ -•-m-w~-~=~,_,__~1 ___ -J 

c.ons tructi on time 
I~+ travel time for 
: task No 1 

I 
' ' 

8 5 10 1 11 
task number 

(Valid task sequence. is 1, 11, etc) 

Fig 3-12 Selection 9f Initia l Valid Task 

Sequence 



115 

41. Since the military requirements is for task 

number 1 (in priority list) to be started first, this 

fixes the starting point for the initial valid task 

sequence for this particular unit. Given that there are 

10 units whose latest start graph includes task number l, 

then a set of initial valid task sequences could be 

generated as shown in fig 3-13. 

Task No Hazard Time 
Unit 1 2 3 4 5 6 7 8 9 10 ll 12 13 etc Factor (Unit 

dav s ) 
1 1 l 
2 l 1 1 
3 l 1 1 
4 l l l 
5 1 1 1 

Figure 3-13 Set Of Initial Task Sequences 
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42. The completion of the two final columns will allow 

the task sequence to be ranked in order of unit days and 

degree of hazard. The primary aim is to minimize unit 

days expended, therefore the primary ranking is unit days, 

with hazard the secondary ranking. Having selected the 

initial valid task sequence, this provides the start 

point for selecting the next valid task sequence. See 

fig 3-14 (NOTE: Sequences including tasks in the initial 

valid task sequence are not included) 

Ta~k No HF Time 
· Unit 1 2 3 4 5 6 7 8 9 10 11 12 13 etc 

2 - - -
i 
4 

11 
13 

, 
.L 1. 1 - - -- - - - - - - - -- -·---- - - - -

1 1. l 
I 1 1 
l 1 1 , 

l .., 
.L .L 

Figure 3-14 Set Of Valid Task Sequences 
Consequential To Se.lecting 
Unit No 2 As The Initial 
Valid Sequence 

Al A2 - - - - - -
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43. The sort by manhours and hazard factor is applied 

only to the new task sequences. Having determined the 

most suitable sequence (say unit 11.), the first two lines 

of the valid solution can be completed. (see figure 

3-15) 

Task 
Unit 7. 2. 3,4,5:·6,7 8 

2 1 l 

11 1 1 

Figure 3-15 

No 
9 1() 11 1213 etc 

l 

1 

Completion Of The First 
Two Lines Of A Valid 
Solution 

HF Time 

Al A2 

Bl B2 
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Pre-Assignment of Tasks 

44. There is one obvious weakness inherent in this 

approach: namely that a valid sequence may not be 

found. For example, consider the situation where a 

number of tasks, because of their specialist trade 

requirements can only be undertaken by one or two 

units. If these units are selected for other tasks, 

then there may be no task sequence found to include 

the tasks with the specialist requirements. The 

solution would then fail to satisfy equation (22) and 

{ 23). 

45. Figure 3-16 illustrates the problem. 

No of units 
with task in 
latest s.tart 
date able 

(:; . 
s-:. 

'. 

I ~ '2. 

I\ II 

'• 

-. 
-

A A 

:z. 2. 

ll II 

, _ 
_.!..!,_ 

A 

7 .. 
2. "1. z. :z. z. ?. 
II I\ , ll I\ 11 11 

,_ 
?. -A A. A 

0:: 

,_ 
.....:.... 
I~ 

?. 3 4- ~ 6 7 8 "f /0 If I?. 13 llf- tr 16 

Task No. 

Figure 3-16 The. Specialist Task Problem 
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Note (1) After allocation of Unit 2 to initial task 

sequence, all tasks included in the unit 2 

latest start date table are reduced by one. 

(2) After allocation of unit 11 to 2nd task 

sequence, the same applies. 

(3) The critical task is obviously task 8, 

which only two units can perform within 

required time frame. Allocating Unit 2 

to the initial task sequence has reduced 

the number of available units for task 

8 to one. 

(4) The 11 A11 denotes task allocated 

46. Figure 3-16 is in fact a graphical representation 

of equation (23). 

47. The problem is not as drastic as it may first appear, 

beca1Jse jobs will fall into obvious categories for 

obvious unit types. For example, most earth moving tasks 

will fall within the capabilities of most Plant Troops . 

The exception would be some specialist .earth moving tasks 

whidl require a Heavy Plant Troop. Any job a Plant 

Troop can do, a Heavy Plant Troop can do as well, or better 

The potential exists· therefore, for a Heavy Plant Troop 

to be allocated to high priority jobs ahead of the Plant 

Troops, because it does them be-"tter, and then 

for no Heavy Plant Troop to be available when a task has 

to be allocated which requires such a specialist unit. 
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48. There are a number of different options available 

to overcome this problem. Probably the simplest approach 

is to preassign specia+ist units to tasks, much the same 

as specialist rooms are pre-assigned in building layout 

design algorithms (Reference 8). 

49. If a particular task can only be performed by a 

number of specialist units, and these units are generally 

not suited for a wide range of tasks, then it is probably 

not necessary to pre-assign tasks. on the other hand if 

a particular task can only be performed by a number of 

specialist units, and these units are capable of under

taking, a wide range of other tasks, then it is generally 

essential for these units to be pre-assigned to particular 

tasks. 

50. Selection of Units for Pre-Assignment To Tasks. 

The most obvious criterion for deciding which unit 

should be pre-assigned to a particular task, where there 

is a choice of more than one unit, is to assign the most 

proficient unit. Where there are a number cf tasks 1o ·be pre-, 

assigned and a number of units to choose from, cognizance 

may also have to be taken of the travel time associated 

with moving between tasks. 

51. Selection of Valid Task Seq uences for Units with 

Pre-Assigned Ta$ks. Figure 3-17 shows the selection 

of valid task sequences for a unit with a number of 

pre-assigned tasks. 
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Effect of Addina or Deleting Tasks 

52. When circumstances require that tasks be added or 

deleted to the overall schedule of tasks, the latest 

start date tables are amended accordingly and tasks re· 

allocated using the same approach as that used for the 

initial allocation, except that units will probably be 

already committed~ in which case the current task is 

treated as a pre-assigned task. Obviously tasks with 

latest start dates earlier than the current date may be 

deleted from the latest start date tables. Where a task 

in progress is cancelled, the unit is treated as being 

available for immediate re-deployment. Fig 3-18 

illustrates how task additions and deletions are treated: 

a. Unit is already committed to highest 

priority valid task, and must therefore 

be considered as pre-assigned. 

b. Task l is deleted from new graph (depicted 

by new axis) because its latest start date 

has passed. 

c. With deletion of a task, the graph will 

close to the left to fill the gap - for 

clarity sake, this is not shown. 

d. With insertion of a task, the graph will 

expand to the right as shown. 

e. The insertion and/or deletion of tasks 

alters task priority numbers). 
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Of Task And Insertion Of New Task At Day 2 
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Effect of Changes Of Priority For Tasks 

53. Changing task priorities can have two effects on 

the latest Start Date Chart and their application to 

determination of valid task sequences: 

a. Where several tasks have the same latest 

start date for a particular unit, the order 

of tasks on the chart may have to be 

adjusted (Tasks with same latest start date 

are arranged in priority order) 

b. The first task selected for a valid 

sequence is the unassigned task with the 

highest priority, consequently a change in 

priorities may have a direct effect on the 

selection of valid task·sequences. The 

higher the change in priority, the greater 

the likely effect. 

Effect of Stores And Transport Constraints 

54. Normal military planning procedures require 

that users bid for stores and transport requirements to 

support initial plans. Based on the bids and potential 

availability of stores/transport, users are then advised 

of what resources can be provided to match the bids. 

Where resources are less than bids (or distributed 

differently), the resources offered become the constraints 

for the development of the second plan. 
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CHAPTER 4 

A COMPUTERISED SOLUTION OF THE ENGINEER 

LOGISTICS PLANNING PROBLEM 

Introduction 

1. In this Chapter, a computerised solution is 

described based on the mathematical model described in 

chapter 2 and the approach to solution described -in 

chapter 3. 

Aim Of Computerisation 

2. The aim of computerising the solution of the 

engineer logistics planning problem ist 

a. to simplify the assembling of data in a format 

suitable for further analysis - including the 

automatic generation of secondary data which 

results from primary data being applied to 

standard tables or formulae. {e.g. 

accommodation requirements which are derived 

from the ORBAT ·""'. see Chapter l; paragraph 

6b (4) - and pre-established scales of 

entitlement - reference 9). 

b. To easily calculate alternative task, stores 

and transport schedules for the engineer 

construction plan7 
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c. to determine the task schedule which makes most 

effective use of the manpower resources; 

d. to allow staff to quickly assess the likelihood 

of achieving the tasks schedule developed for 

the engineer construction plan. together with 

the likely consequences resulting from such 

activities as enemy action and adverse weather 

conditions; and 

e. to provide a tool to assist staff in determining 

engineer ORBATS, establishments, trade 

structures, training requirements, equipment 

holdings etc. 

General Approach To Comp uterisation 

3. The generally stochastic nature of military 

activities means that there is considerable scope for the 

unplamed or even unthinkable, to happen. Military 

history is full of examples of Dmmanders having 

unprecedented success through exploitation of 

unpredicatable events. The computer, however, can only 

process pre-assigned data, not having the humam ability 

to indulge in lateral thinking, whereby seemingly 

unrelated data can have a -major influence on decisions. 

For this reason, it is essential that computerised 

solutions to military problems include continuous 

interplay between man and machine. 
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4. This interplay means that it is generally not 

possible to formulate a computerised solution with the 

degree of academic finesse applicable in more finite 

applications such as structural analysis. Furthermore, 

a computer facility may not always be available in time 

of war, and engineer staff officers would have to resort 

to manual methods to solve the engineer logistics 

planning problem. For this reason, it is highly 

desirable that the computerised solution closely 

resemble the manual solution - allowing that the computer 

will be able to perform faster, generate more options 

and achieve a degree of optimisation not possible 

manually. The approach described in chapter 3 fulfils 

this criteria, and hence is the basis for the 

computerised solution described in this chapter. 

5. The human interplay is achieved by allowing human 

intervention at appropriate places throughout the 

computerised solution. Typical places for human 

intervention are: 

a.. checking of data (both primary and secondary) 

before analysis commences, and amending as 

necessary; 

b. checking of constraints, particularly stores 

and transport, and amending as necessary; 

• C • checking pre a s signed units/tasks and · 

amending as necessary: and 
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d. checking valid task . sequences of each stage 

particularly in relation to the hazard 

factor, and influencing selection of that 

solution as necessary. 

An Outline Of The Comp uterised Solution 

6. Fig 4-1 shows the general outline of the 

computerised solution. 
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Step 

1. Data input 

l 
2. Generate latest start 

date tables 

l 
3. Generate valid task ..,._ 

sequence 

1 
4. Select optimum sequence 

l 
5. Generate stores and 

transport requirements 

! ' 

6. Find tasks still to be 
-

allocated 

! . 

7. Calculate final result 

! 
8. Print out results i 

Fig 4-1 General Outline of Computerised Solution 



130 

7. Step 1, - Data Inp ut. Annex A to chapter l shows 

the general sources of data for step 1. Many of the 

data sources are being computerised with.in the Defence 

Department and it will eventually be possible to transfer 

this input data directly to the Engineer logistics 

planning computer system. In this thesis, the initial 

data input steps are assumed to have taken place, and 

the system is described from the point -where the list of 

tasks to be carried out by engineer ORBAT (the engineer 

uni ts available to underte11<.12. the tasks) has been deter
mined. 

8. Step 2 Generate Latest Start Date Tables. This 

module of the program is described in paragraph 25 of 

chapter 3 and in figure 3-6. The effect that adding 

or deleting tasks or changing priorities has on the 

latest start date tables is described in paragraphs 52 

and 53 of chapter 3 and in figures 3-17 and 3-18. Annex 

A to this chapter shows the detailed flow chart for the 

generation of the tables. 

9. Step 3 - Generate Valid Task Seq uences. This 

module of the program is described in paragraph 29 of 

chapter 3, and in figure 3-10. Annex B to·this chapter 

shows the detailed flow chart for the generation of 

valid task sequences. 

10. Step 4 - Select Op timum Sequence. This module of 

the program is described in paragraphs 40 to 51 of 

Chapter 3, and in figures 3-12 to 3-18. The hazard 

factor used in this selection process is described in 
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paragraphs 21 to 36 of chapter 2. Annex C to this 

chapter shows the detailed flow chart for the 

selection of the optimum sequence. 

11. Step 5 - Generate Stores/ Transport Req uirements. 

Paragraphs 18 and 54 of chapter 3 together with figures 

3-4 and 3-5 describe the method whereby stores and 

transport requirements are generated and checked (if 

necessary) against constraints on these factors. Annex 

D to this chapter shows the detailed flow chart for the 

generation of the stores and transport requirements. 

12. Step 6 - Find Tasks Still To Be Allocated. This 

step checks whether all tasks have been allocated to 

units, and i£ not, whether there are units still availal::Je 

for allocation to tasks. If there are no units 

available, the program checks whether there is any spare 

capacity in the units already allocated to tasks - if 

there is, the program checks whether further pre

assignment of units to tasks will allow this spare 

capacity to be.utilized for the tasks yet to be 

allocated. This process is described in paragraf'hS 44 

to 51 of chapter 3 and figures 3-16 and 3...:11. Annex E 

to this chapter shows ~he detailed flow chart for 

checking whether all tasks have been allocated to units 

13. Step 7 - Calculate Final Result~ The final result 

is determined by combining the selected valid task 

sequences as described in paragraphs 17 to 21 of chapter 

3, and figure 3-3. The final result and hazard factor 
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is determined as described in paragraph 19 to chapter 3. 

A sensitivity analysis can be carried out on the final 

result by varying the input data to the hazard factor. 

Annex F to this chapter shows the detailed flow chart 

for calculating the final result. 

14. Step 8 - Print Out Results. Annex G to this 

chapter shows the detailed flow chart for printing out 

the results of the computerised solution of the 

engineer logistics planning problem. 
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ANNEXES 

A. Generate latest start date tables 

B. Generate valid task sequences 

C. Select optimum sequence 

D. Generate stores and transport requirements 

E. Find tasks still to be allocated 

F. Calculate final result 

G. Print out results 
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AL\TNEX A 
TO CHAPIER 4 

GENERATE LATEST STARr DATE TABLES 

DATA INPUT 

1. Unit - manhour availability details 

2. Tasks - deadlines, priorities, manhour requirements. 

FIRST TASK 
L..-.--~-----

_\ 

CALCULATE MINIMUM CONSTRUCTION TIME 

Construction t:1.me = Maximum ( Y..h H ., Ideal construction time) v: 
V = vertical manhours required 

v = vertical manhours available 

H = horizontal manhours required 

h = horizontal manhours available 

Ideal construction t:1.me - equation 12 

CALCULATE LATEST STARr DATE 

Latest start date= Deadline - w.aximum 

construction 

time . 

l 
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l 
SAVE RESULTS, 

Save results in table 

Task Latest Start Deadline Priority 

Date 

l 

' 

ANY MORE TASKS? 

Calculate latest start date for next task 

CHAfJGES TO TABLES? 

Insert or delete tasks as appropriate. Change priorities, 

deadlines as appropriate and calculate latest start date. 

-

SORr RESULTS 

Sort table in order of latest start date and in priori ty 

order within latest start date. 

j 
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OUTPUT RESULTS 

Printout latest start date table . Pass results to program 

data base. 
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ANNEX B 
TO CHA.PIER 4 

GENERATE VALID TASK SEQUENCES 

DATA INPUT 

1. Priority list for Tasks (incl pre-allocated tasks). 

2. Latest start date tables. 

3. Movement matrix 

4. Unit efficiencies 

5 • Hazard factor data 

SELECT TASK 

Highest priority task in priority list is selected first task 

1n sequence. 

l 
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1 
SEI.ECT UNIT 

Valid unit is one with selected task included in its latest 

start date table. 

(NOrE: If task preallocated, select relevant unit). 

CHECK lWIT STARr DATE 

If Unit already committed to another task, or not yet in 

theatre, determine start date for task. 

u 

CALCULATE TRAVEL TIME 

Travel time is read off the movements matrix for the 

particular unit. 
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CALCULATE CONSTRUCTION TIME 

AND COMPLETION DATE 

Construction time is calculated using equation (16/\). 

Completion date= unit start date+ travel time+ construction 

time. 

If completion date )· day unit becomes 100% efficient, 

construction tirne is recalculated using equation (16 B), 

and the completion date recalculated. 

CHECK VALIDITY' OF COMPLETION DATE 

Is CDATE <Deadline? 

ACTION IF CDATE ~ DEADLINE 

1. If unit has tasks preallocated further down unit 1 s 

latest start date table and CDATE> SDATE for 

preallocated tasks,. aoro "Action if CDATE >Deadline". 

2. Calculate manhours and hazard factor, and 

include task in valid task sequence. 

3. Set start date for next task as· CDATE. 

4. GO TO "Select Next Task''. 
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ACTION IF CDATE> DEADLINE 

If task is first in sequence, select next unit as current 

unit does not have a valid sequence involving highest 

priority task: Garo "Select Next Task". 

' 

SELECT NEXT TASK 

1. If no more tasks, calculate total manhour:s and 

hazard factor.·and Gar6 "Output Results". 

2. Select next task in unit 1s Latest Start Date Table. 

3. If any tasks preallocated to unit further down unit 1s 

latest Start Date Table, check SDATE (Preallocated task) 

) (Deadline - Latest Start Date + CDATE (previous task) ) . 

If fail test, select next task in unit's Latest Start 

Date Table and re-check until task passes test, or 

preallocate task reached. 

4. GO TO ncalculate 'I'ravel Time". 

OUTPUT RESULTS 

Pass task sequence, manhours and hazard factor to 

"Select Opt:imum Sequence" (Annex C to Chapter 4) 
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ANNEX C 
TO CHAPI'ER 4 

SELECT OPI'IMUM SEQUENCE 

DATA INPUT 

1. Valid task sequences 

2. Priority list of tasks 

COMPARE VALID TASK SEQUENCE RESULTS 

Valid task sequences which include the highest priority 

unassigned task are sorted into ascending order of 

either: 

a. Total construction time (expressed in Unit Days) 

b. Achievability (as measured by the Hazard Factor) 

at users choice 

' 
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l 
STOJ;IBS AND TRANSI?ORI' REQUIREMENTS 

GO TO "Generate Stores, Transport Requirements" (Annex D to 

Chapter 4) 

Result back will confirm validity of solution in regards to 

both these limitations. 

If result not valid, test followLYJg sequences until valid 

solution found 

AMEND PRIORITY LIST 

Priority list amended to delete all tasks in optimum valid 

task sequence. 

OUTPUT RESULTS 

1. Priority list passed to latest start date tables and these 

tables amended to show only amended priority list tasks. 

2. Optimum task sequence passed to "Calculate Final Result" 

(Annex F to Chapter 4). 

3. GO TO 11Tasks Still to be Allocated" 

(Annex E to Chapter 4) . 
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ANNEX D 
TO CHAPI'ER 4 

GENERA'IE STORES AND TRANSPORT REQUIREMENTS 

DATA INPUT 

1. Stores and transport restrictions. 

2. Valid task sequence (Unit Y) 

3. Latest start date table for Unit Y 

4. Unit Y efficiency factor data 

5. Task data (stores, transport). 

CALCULA'IE TIME TABLE FOR VALID TASK SEQUENCE 

Calculate start date, travel time, construction time, and 

completion date for each task in sequence as per "Generate 

Valid task Sequences" (Annex B to Chapter 4). 
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l 
CALCULATE STORES REQUIREMENTS 

From task data and timetable, detennine stores delivery 

schedules for valid task sequence. 

Enter results in Stores Delivery Schedule Table and 

calculate progressive total for all valid task sequences. 

D 
Check~ Stores 

1 

CHECK STORES RESTRICTIONS 

(if applicable) 
D 

requirements ( ~ stores 
1 

available 

If not, then result is invalid - delete results from Stores 

Delivery Schedule Table and go to "Output Results" 

• 
CALCULATE TRANSPORr REQUIREMENTS 

From task data and timetables, determine daily transport 

requirements for valid task sequence. 

Enter results in transport requirements table and calculat e 

total daily requiren1ents for all valid task sequences. 



145 

CHECK TRANSPORI' RESTRICTIONS 

(if applicable) 

Check total daily requirement <transport available. If not, 

the result is invalid - delete results from transport require

ments table and go to "Output Results". 

OUTPUT RESULTS 

1. Conf:lnn validity (or non validity) of task sequence 

to "Select 0ptimt.m1. Sequence" (Annex C to Chapter 4), 

2. . Pass timetable details to "Calculate Final Result" 

(Annex F to Chapter 4). 

3. After final sequence tested, stores and transport tables 

passed to "Print Out Results". (Am1ex G to Chapter 4) . 



146 

ANNEXE 
TO CHAPI'ER 4 

FilID TASKS STILL TO BE ALLCCATED 

DATA INPUT 

·1. Priority list of tasks 

2. Units not yet assigned task sequence 

3. Late-st start date tables . 

CHECK TASK LIST 

If all tasks assigned to ·unit, GO TO "Output Results". 

CHECK UNIT· AVAILABILITY 

If units still available for tasks to be assigned to, 

GO TO "Generate Valid Task.Sequences" (Annex B to Chapter 4). 
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ADJUSTMENT FOR NO UNIT AVAILABLE 

If no unit available, calculate total available time from 

units already assigned a valid task sequence (time after last 

assigned task with highest priority). 

If time available ( construction time for task to be completed; 

* amend latest start date table; reset priority list to 

original; delete all valid task sequence results; and GO TO 

"Generate Valid Task Sequences" (Annex B to Chapter 4). 

If time available ) construction time, preassign task to unit 

with minimum construction t:une for task and regenerate valid 

sequences as for(*) above. 

OUTPUT RESULTS 

1. Pass list of un-assigned units to 11Print Out Results" 

(Annex G to Chapter 4). 

2. GO TO ''Calculate Final Results" (Annex F to Chapter 4). 
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ANNEX F 
TO CHAPI'ER 4 

CALCULATE FINAL RESULT 

DATA INP1JI' 
. 

1. Optimum task sequences 

2. Time table details for each unit 

3. Hazard factor data. 

CALCULATE FJNAL RESULT 

Opt1mum task sequences are combined in final result table, 

and unit days and hazard factors totalled. 

I UNIT I 1 

TASK NilliIBER 

12 I 3 I 4 l 5 
etc I UNIT DAYS 

I 
HAZARID FACTOR! 

. 
I r I I I I 

I I I TGr.ALS 
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l 
SENSITIVITY ANALYSIS 

A sensitivity analysis can be carried out on the final result 

as follows: 

a. Vary the probability factors to determine the 

variation in hazard factor. 

b. Allow for varying:periods of enerey activity 

necessitating night work, to detennine: 

(1) effect on construction time (unit days) 

(2) effect on deadlines. 

c . Allow for varying periods of adverse weather to 

detennine 

(1) effect on construction time (unit days) 

(2) effect on deadlines. 

OUTPUT RESULTS 

Pass results to 0 Print Out. Results!! (See Annex G to Chapter 4). 
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ANNEX G 
TO CHAPI'ER 4 

PRmr OUT RESULTS 

DATA INPUT 

1. Unit and Task details; 

2. Hazard factor data; 

3. List of unassigned units; 

4. Final result together W'ith stores and transport 

requirements; 

5. Sensitivity analysis results 

6. Timetable details. 

PRJNT OUT INT'T'IAL PLANNING DAI1A 

This data is printed to provide hard copy of input data to 

planning staffs for verification purposes. 

Details to be printed out include: 

a. Unit details; 

b • Task list details ; 

c. Hazard factor details; 

d. Stores/transport restrictions (if applicable) . 
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r---_ __ l _ _ _ .....____, 
PRThlT OUT FnJAL RESULT DETAU,S 

These details are provided in a number of different formats 

to meet varying staff requirements. Typical fonnats include: 

a. overall surmnary of tasks/units in matrix format; 

b. Bar charts showing task/unit allocations against 

t:l.me; 

c. Task listing by unit (for issue to unit corrmanders). 

d. Stores/transport details; 

(1) overall sumnaries for issue to stores/transport 

agencies and planning staf'fs. 

(2) unit details for unit commanders 

etc 

PIIDJT OUT SENSITIVITY A.NALYSIS DETAILS 

These details are printed out in tabular and graphical formats 

to show potential trends in the event of particular ewnts 

OCCLUring. 

END OF PLANNnJG PROBLEM 
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CHAPTER 5 

SOLUTION OF A TYPICAL ENGINEER LOGISTICS PLANNING 

PROBLEM 

Introduction 

l. In this chapter, a typical engineer logistics 

problems is described, together with 

a. a description as to how the problem was 

first solved manually (prior to the work 

done in this thesis)7 

b. a solution of the problem using the manual 

techniques described in chapter 3. 

c. a description of the possible variations to 

the solution developed above, using the 

computerised technique described in chapter 4. 

2. Work is continuing on the development of an 

integrated computer system for the solution of the 

engineer logistics planning problem. The result 

included in this chapter demonstrates the potential benefits 

once the system is completed. 

3. The problem involved the d eployment of a focce to 
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an overseas country. The area for a landing was 

largely underdeveloped, comprising two small fishing 

villages connected by a single lane dirt road with 

numerous fords and low strength bridges crossing 

streams subject to sudden flooding in the wet season. 

Port facilities were very limited in each village, with 

only one village having a large harbour. Ther~ was a 

grass landing strip adjacent to one village in a low 

state of repair. There were no significant storage 

facilities in either village (either warehouse or bulk 

petroleum storage), and water supply was from low 

yielding wells in the centre of each village. 

4. A force of approximately 5000 men was to be 

deployed in the area for a period ot approximately 

twelve months. Enemy action was currently limited to 

low scale guerilla activities, however intelligence 

sources indicated that there was a potential threat from 

neighbouring countries which could result in large scale 

enemy action. 

5. The - area was subject to normal monsoon 

a~tivities, and for this reason the time chosen for 

operations to commence would allow six months before 

the start of the monsoon season. In this particular 

area, however, the two month period before the start 

of the monsoons was notorious for sudden thunder 

storms which could cause rivers to rise very quickly 
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and not subside for 48 hours. All movement was 

inhibited during the monsoon period itself. 

6. The problemspresented to the engineer 

logisticians were as follows: 

a. determine tasks to be- carri-od o~t~ 

b. determine Engineer ORBAT necessary to carry 

out the tasks; 

c. determine the timetable for deployment of 

the engineers, and subsequent withdrawal 

of the engineers from the area~ and 

d. determine stores and transport requirements. 

7. Having provided initial answers to the questions, 

a number of constraints were applied - mainly in the 

areas of size of force, timings for force deployment, 

and stores delivery schedules. The problems then had 

to be solved again. This process continued on until 

a suitable result (compatible with the force operational 

plan) was arrived at. 

8. Fig 5-1 shows the topography of the area. Fig 

5-2 shows the Commanders plan for the deployment of 

the total force. 
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The Manual Solution Using Existing Techniques : 

9. The engineer planning team for this problem 

comprised a lieutenant colonel, a major, a warrant 

officer class 1 (construction) and a warrant officer 

class 2 (electrical). None of the team bad any 

experience in this type of planning activity, nor were 

there any guidelines other than a number of 

Worldwar~rnanuals. Consequently, it took approximately 

three weeks to prepare the first solution. 

10. Planning was done on the basis of firstly 

identifying the tasks to be done in each area. then 

grouping the tasks into construction unit size pro jects, 

trying to keep tasks within each project of , · ;· 

approximately the same priority. Estimates f o r each o f 

the project resource requirements {manpower , stores, 

transport )were based on World \"-far n: figures and 

USA planning figure s for similar p~ojects. 

11. The total number of construction units required 

was calculated by dividing the time available 

before the monsoons by the total construction time 

required to complete all the tasks. The number of 

construction units required exceeded the total number 

available in Australia, so it was then necessary to 

look to using other resources. These included the 

limited engineer effort available within each infantry 
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f.ieiol 
batallion, the (combat) engineers, and local• i".:.ti"~$. 

I\ 

Consideration was also given to using infantry soldiers 

as labour teams under the guidance of engineer non

commissioned officers. 

12. Using all these manpower resou=ces, it was 

possible to produce an engineer plan, however the other 

resource requirements (particularly stores) could not be 

met by the relevant organisations. Consequently it was 

necessary to defer some projects into or beyond the 

monsoon season. 

13. The solution finally arrived at could not be 

tested for the effect of storms in the two months prior 

to the monsoon,nor for the impact of any enemy action 

other than in very crude terms. Some assessment was 

called for, because the logisticians needed to plan the 

withdrawal of the engineer force. As this has to fit in 

with the timings of the resupply ships, the assessment 

of timings was an important factor in the plan. 

14. Lessons Learned During the Development of The 

Eng ineer Plan A number of important lessons were 

learned (or in some cases re-learned)during this period: 

a. a system needed to be developed, suitable 

for use in a computer, -which would 

automatically generate the accommodation 
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requirements for a force being deployed 

to an operational area. Joint Service 

Bublication No 601 - Scales and Standards 

of Construction for Operational Areas was 

prepared in response to this need (see 

Annex A to Chapter 1 for where the Scales 

and Standards fit into the -planning process and 

Annex A to this chapter for typical details 

from the publication): 

b. facilities needed to be pre-designed and all 

resource requirements identified as base 

data for the engineer logistics planning 

process. Furthermore, for those facilities 

which cannot be pre-designed (eg roads, 

airfields, foundations, drainage systems etc) 

a computer aided design system was needed whjch 

could simplify the preparation of desigra and 

which would automatically generate the 

. resource requirements.• The eng ineer portion 

of the Computerised Engineering and Logistics 

Planning System (CELPS) 1 developed by the 

author of this thesis for the Australian Army 

Engineers, addresses this requirement; and 

c. finally, a planning system needed to be 

developed which would allow the data 



160 

generated above, together with the myriad 

of other relevant data, to be manipulated 

in such a way that working (and preferably 

optimal) solutions to the engineer logistics 

planning problem could be easily generated 

and assessed. This thesis is the response 

to this need (the logistics portion of 

CELPS) . 

The Manual Solution Using Techniques Described in 

Chapter 3. 

15. Annex B to this c~apter lists t~e tasks to be 

carried out by the engineer force in the problem 

described in paragraphs 3 to· 6 above. It should be noted 

that this problem asked for the planning team to 

identify the requirements for the Engineer ORBAT. The 

mvre normal requirement is for the planner to be given 

the Engineer ORBAT - which in fact was what happened 

in the preparation of the second plan (the limitation 

on availability of Engineer Construction Units 

effectively prescribed an Engineer ORBAT). 

16. The primary units to be considered in the initial 

solution are (see Chapter 3 for detailed definitions): 

a. Construction Troop: 

(1) 

( 2 ) 

Horizontal construction - NIL 

vertical construction - 130 manhours/day 
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(3) general construction-130 rnanhours/day 

vertical construction manhours can 

be applied to general construction. 

2. Manhours based on average 10 

hours/man/day for 6 days out of 

every 7). 

b. Plant Troop : 

(l) horizontal construction-210 manhours/day 

(2) vertical construction -NIL 

(3) general constructioq-NIL 

Note: Horizontal construction manhours can 

be applied to general construction). 

17. Figures 5-3 and 5-4 show the latest start date 

tables for the Construction and Plant Troops. Figure 

5-5 shows the latest start date table for the Infantry 

Assault ?ioneer Platoon (the engineer unit integral to 

Infantry Battalions) and figure 5-6 the latest start 

date table for the Engineer Field Troop (this unit is 

normally used in the combat engineer role such as 

laying ·mi"cfields, breaching obstacles etc, howeve r it 

also has a limited construction capacity). 

a. Infantry Assault Pioneer Platoon: 

( 1 ) h orizontal construction NIL 
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(2) vertical construction - NIL 

(3) general construction - 200 manhours/ 

day. 

Engineer Field Troop: 

(1) horizontal construction - 75 manhours/ 

day. 

{ 2) 

( 3) 

vertical construction 

day. 

general construction 

day 

- 25 manhours/ 

- 110 manhours/ 
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Figure 5-4 Latest Start Date Table-Plant Troop 
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.J,_8 . Figure 5- 7 shows the initial solution arrived , 

at using the latest start date tables detailed in 

figures 5-2 to 5-6, the travel time table shown in 

figure 5-8 and the task list shown in Annex B. Figures 

5-9 to 5-11 show . the results requested by the General 

Staff - namely ORBAT, the stores schedule and the 

transport schedule. 

UNIT 

Plant Tp 

Plant Tp 

Plant Tp 

Plant Tp 

Const Tp 

Const Tp 

Const Tp 

Const Tp 

Const Tp 

Const Tp 

TASK SEQUENCE 

1, 5, 37 

2, 43 

3, 25, 42 

13, 39, 41 

4, 33, 35 

6, 36 

7, 14, 19, 20, 24, 15, 34. 

8, 16, 17, 18, 26 

10, 27, 28, 29. 

21, 22*, 23*, 30, 31, 32 

Engr Fd Tp 9, 38, 40 

Asl t Pnr PJ 12 

AsltPnr Pl 11 

r TIME t 
(UNIT DAYS) 

168 

180 

149 

114 

160 

174 

147 

114 

123 

121 

120 

9 

7 

1586 

(Note: Deadlines .f o r * hav e to be extended, o therwise 

two a dditional units required) 

Figure 5-7 I nitia l Solu t ion Using Latest Start 
Date Tables. 
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Site No. 1 2 3 4 5 6 7 

l 2 3 2 l 1 1 

2 l 1 1 2 2 

3 1 1 2 2 

4 l l l 

5 l 1 

6 1 

7 

a. Construction Troop 

Site No. l 2 3 4 5 6 7 

l 3 4 3 2 2 2 

2 2 2 2 3 3 

3 2 2 3 3 

4 2 2 2 

5 2 2 

6 2 

7 

b. Plant Troop 

Site No. l 2 3 4 5 6 7 

1 2 3 2 l 1 1 

2 l l l 2 2 

3 1 1 2 2 

4 1 1 1 

5 1 l -
6 1 

7 

c. Engr Field Troop 

Figure 5-8 Travel Time Tables 
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UNIT ARRIVAL DATE COMPLETION DATE 
(Day) (Day) 

Plant Tp 1 180 

Plant Tp l 180 

Plant Tp 1 125 

Plant Tp 1 150 

Const Tp 1 125 

Const Tp 1 125 

Const Tp 1 125 

Const Tp 1 150 

Const Tp l 180 

Const Tp l 180 

Engr Fd Tp l 120 

Aslt Pnr Pl l 7 

Aslt Pnr Pl l 9 

Fdgure 5-9 Engineer ORBAT 

DAY STORES (TONNES) 

l 510 

5 405 

10 689 

20 1230 

30 565 

45 1000 

60 1320 

75 1600 

90 200 

105 230 

120 200 

Total 7949 

(Note: Dates coincide with expected ship 

arrivals) . 

Figur~ 5-10 Stores Schedule 

' 



DAY 

1 

2 

3 

4 

. 

. 

. 

. 

. 

. 
42 

43 

44 

45 

. 
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NUMBER OF SECTIONS REQUIRED 

TIPPER CARGO LOW LOADER 

8 3 2 

8 3 2 

8 3 2 

8 3 2 

-

10 3 3 

10 3 3 

10 3 3 

9 3 

Figure 5-11 Transport Schedule (Extract 
Only) 

19. Figures 5-12 to 5-14 show typical constraints 

on ORBAT, stores delivery schedules and transport 

availability laid down by General Staff after 

considering initial advice from the various staff 

and Directorates involved in the logistics planning 

process 
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UNIT ARRIVAL DATE DEPARTURE DATE 
( Day No.) (Day No) 

Plant Tp 1 Remain 

Plant Tp 1 180 

Plant Tp 30 180 

Plant Tp 30 180 

Const Tp 1 Remain 

Const Tp 1 Remain 

Const Tp 1 180 

Const Tp l 150 

Const Tp 30 150 

Const Tp 30 150 . 

Figure 5-12 Engineer ORBAT-Staff Direction 
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t 

DAY MAXIMUM 
STORES (TONNES) 

l 300 

5 200 

10 500 

20 600 

30 600 

45 1300 

60 1300 

.75 1500 

90 1000 

105 300 

120 300 

135 100 

Total 8000 

Figure 5--13 Delivery Schedule Available For 

Engineer stores 
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PERIOD MAX TRANSPORT AVAILABLE 

DAY TO DAY TIPPERS CARGO LOW LOADER 

l 30 10 5 3 

31 90 15 10 4 

91 150 12 8 i 3 

151 180 8 4 2 

' Figure 5-14 Transport Available fdr Support 

of Engineer Construction Tasks. 

20. Recalculation of the problem, this time using 

figures 5-12 to 5-14 as constraints, will produce the 

results shown in figures 5-15 to 5-17. It should 

be noted that a number of tasks cannot be completed 

within the deadlines initially set by the C-ommqv\det"" 

, and consequently new deadlines will have to be 

set. 
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UNIT ~ASK SEQUENCE TIME 

(UNIT DAYS) 
Plant Troop l, 5, 37 168 
Plant Troop 2, 43 180 
Plant Troop 13JI" i 38, 39*, 40*. 148 
(from day 30) 

Plant Troop 3, 41, 42* 148 
(from day 30) 

Const Troop 6, 19, 20, 24, 25, 33, 35 159 
Const Troop 12, 4, 15, 26*, 34* 184 
Const Troop 10, 9* I 21*, 22*, 23 I 36 180 
Const Troop 8, 7*, 111, 14*, 16, 17, 

18, 27* 144 
Const Troop 28, 29, 30* 114 
(from day 30) 

Const Troop 31, 32 76 
(from day 30) 

Total 1501 

{Note:l. *Deadlines have to be extended for these 

units for ORBAT restrictions to be met. 

2. While this solution has a lower unit day 

total than that- shown in Figure 5-7, this 

has only been achieved by making considerable 

changes to the time constraints for 15 

tasks - the validity of the solution depends 

on the Commander accepting the changes in 

timings. There is actually no valid 

solution to this problem given the time 

and resource constraints) 

Figure 5-15 Allocation of Units to Tasks 
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TASK ORIGINAL RECOMMENDED 
DEADLINE DEADLINE 

7 15 21 

9 10 11 

11 10 27 

13 100 102 

14 30 44 

21 10 16 

22 10 21 

23 10 26 

26 140 143 

27 140 144 

30 140 144 

34 180 184 

39 150 154 

40 150 178 

42 150 178 

Figure 5-16 Tasks Requiri ng Amendment To 

Deadline For the Solution In 

Figure 5-15 To Se Valid 
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DAY STORES ACCUMULATED ACCUMULATED 
REQUIRED REQUIREMENTS DELIVERIES 

l 226 226 300 

5 161 387 500 

10 40 427 1000 

20 1124 1551 1600 

30 533 2084 2200 

45 650 2734 3500 

60 1945 4679 4800 

75 1550 6229 6300 

90 320 6549 7300 

105 700 7319 7600 

120 200 7519 7900 

135 430 7949 8000 

Figure 5-17 Stores Delivery Requirements 
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21. It should be noted that in arriving at the 

solutions detailed above, no account has been taken of 

the possible effects of enemy action or adverse weather. 

Obviously the preparation of a conventional PERT or CPM 

diagram using the results listed above would show the 

scope within the solution to cope with delays occassio~d 

by enemy action or adverse weather, however it would 

be necessary to carry out calculations along the lines 

of those described in the previous chapters if one 

wished to determine the likelihood of projects being 

affected by such activities. Obviously in the past 

it has been the hallmark of the successful Commander 

that he {or his staff) has been able to predict such 

activities and make the necessary allowances. 

Solution Of 'rhe Problem Usin.g Com-outer Techniques 
22. General 

a. Using the techniques described in chapter 

4 it is possible to consider the engineer 

logistics planning problem within any defined 

environment. To understand the meaning of 

this, it is necessary to consider again the 

two solution methods described earlier in 

this ch~pter. 

b. In the first method, the solution depends on 

the exper ience of the planners- both as 

r egards the time and resources needed for a 

particular unit to do a particular task, and 
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also their experience with regards to the 

environment (both enemy and weather) within 

which the task is to be carried out. During 

, the quality of 

planning improved with time as planners 

gained experience - however the initial 

planning left much to be desired! 

c. The second method (the manual solution) 

makes little allowance for the environment, 

however it does provide a good method for 

determining time and resource requirements. 

d. Using computers, it is possible for the 

planner to take into account both the time 

and resource needs, and the environment. 

A typical situation is portrayed in figure 

5-18 

olr~ I 1i~l--t t"O.\V\ I h<?a.11~ roM I li1\..i f'O.IV'I I d~ 

idtre. a.ci;,/r~ I ltj~t a.et;viig j heav!i ~ciiv·,~ 

3 15 '27 

7iwie (d"~f) 180 

Figure 5-l8 Typical task sequence related to environment 

Effi ciency 
(%) 

100 

ES 

DE 

ES 
DE 

efficiency on Day 1 
day when IOO% efficient 

'ime 

Figure 5-19 Variation In Unit Efficiency Used For Computer 
Solution 
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e. Obviously task 3 exists in a particular 

environment which is quite different 

from tasks 15 and 27. Using the computer 

techniques described in Chapter 4, the 

deterministic solution determined using 

the second method can be placed in any 

environment and the potential impact of the 

environment on the solution assessed. 

f. In this section it is proposed to examine 

one task sequence in~etail to show how the 

environment can be allowed for, and what 

impact the environment can have on the 

selected task sequence. This example, which 

includes all the calculations necessary 

to take the environment into account, is 

intended to show the potential benefits of 

the computerised solution - it is not, 

however, a complete solution (See earlier 

chapters for further discussion of the 

application of computers to solution of 

the problem) 

23. Some Differences Between The Computerised Solution 

And The Manual Solution Described Above. 

a. ·The generation of the latest start date 

tables and the valid task sequences is 



24. 

180 

essentially the same. 

b. The major difference relates to the 

calculation of the Hazard Factor and 

Overrun Probability, and the scope 

for the more flexible use of unit 

efficiencies. The manual solution 

assumed all units 100% efficient, however 

the use of computers allows units to vary 

their efficiency with time (see figure 5-19). 

This obviously has a direct impact on the 

final result. Calculation of the Hazard . 

_Factor and Overrun Probability (the two 

measures relating to environment) means 

that optimization can take place on the 

basis of either "best utilization of 

manpower "or "least risk". 

Effect Of Variation In Efficiency On Task 

Sequence 

a. The.effect of variation in efficiency on a 

task sequence can be demonstrated by 

calculating the actual variation on a task 

sequence generated by the manual method. 

Figure 5-21 compares the results. The 

construction time for the varying efficiency 

case is calculated using equation 15 
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or equation 16 (as appropriate) and the 

values shown in figure 5-20 

Unit P::::'ofic- . Climate Time of 

Time iency Factor. Factor Day 

( t(i,j)) {e2) (CEF 
3

) (CEF 
4

) 

1 30 1 Assume Assume 

Constant constant 

5 48 1 for this for this 

example example 

37 87 1 (CEF 
3
= 1) (CEF 

4
=1) 

Note: e 3=CEF3 *CE~ 

eo (first task)= 0.5 dl =30 

Figure 5-20 Values Used In Equation 15/16 
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Task No Travel Time Start Date Completion 

Date 

No Change in efficiency 

1 - l 30 

5 3 33 81 
; 

37 - 81 168 

Variation in efficiency 
: 

1. - 1 38* 

5 3 41 89 

37 - 89 176 

(*Calculated as follows: y=30+(1-0.S)(30-l)/2=38) 

Figure 5-21 Effect Of Variation In Efficiency On 

Task Sequence 1-5-37 

b. By allowing for variation in unit 

efficiency, it can be seen that the task 

sequence 1..:.5_37 is no longer valid, for 

task l cannot be completed by its dead

line. Tasks 5 and 37, however, both meet 

deadline const~aints. 
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The Hazard Factor And Overrun Probability 

?· The Hazard Factor and the Overrun Probability 

can be used to select "sequences" or 

solutions with "least risk" or as the 

basis for a sensitivity analysis of a total 

solution. To demonstrate the potential 

benefits of using these two values solving 

the engineering logistics planning problem, 

. both the Hazard Factor and the Overrun 

Probability are calculated for one task 

sequence and the results analysed. 

b. Equations (31)-(37) will be used in the 

analysis, with dA(i,j) derived from 

equations (45)-(46) as follows. 

dA( i, j )n= t(~ ,~) f( l-CEF1 )+ ( 1-CEF 2\ l+WDF)] 
e (1.,J) [ CEF CEF 

1 2 

+Lt(i,j)+L2{i,j) ..........• (47) 

t(i, j ) 
( . . ) , however, represents the actual e i, J . , 

construction time i:o the deterministic 

model. Therefore equation 47 can be 

expressed: 

dA(i, j) =y. f (1-CEF1) + (1-CEF:2 ).(l+WDF)] 
n L CEF

1 
CEF

2 

•••••• ( 48) 

,,. 



where 

y - ~ 

184 

t(i,j) 
y = 

e
2
(i,j).e

3
(i,j) 

+ 

if y)d1 (see equation 15) 

if y<d1 (see equation 16) 

- ..L 
2. 

For clarity sake in this example assume 

•••••••• (49) 



185 

It should be noted that t(~, i ) is the construction time. 
e2(i,J) 

used in the latest start date tables and is therefore 

already evaluated. In addition 

e 3 (i,j)=CEF3 *CEF4 (see Annex A to Chapter 2) 

Therefore, assuming that y)d1 , equation 49 becomes: 

[ 

(l-CEF1.) + 

CEFJ. 

+ 

•••••••• ( 50) 
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Where CTIME=construction time adjusted for 

unit proficiency 

Equation(SO)will be used as the basis for the 

demonstration in this section. 

c. The principal variables to be allowed for 

are therefore: 

(1) CEF1 (change in efficiency factor due 

to wet weather). 

(2) CEF2 (change in efficiency factor 

resulting from enemy action). 

(3) CEF 3 (change in efficiency factor due 

to other climate factors). 

(4) CEF 4 (change in efficiency factor due· 

to night work) • 

(5) WDF (work damage fact:or resulting from 

enemy action) . 

(6) e 0 (unit efficiency at start of task j) 

(7) d1 (day when unit i becomes 100% 

efficient (from start of task)) 

Of these variables the following are time 

__ dependent-CEF 
3

, e
0

, d 1 

CEF3 relates to the climate which is 

a seasonal factor-the time when the task 

starts will determine the value of CEF
3

, 

assuming there is a significant variation 
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in seasons. If the climate is generally 

constant, this variable becomes a 

constant) 

CEF4 and WDF are both dependent on enemy 

action, and are therefore extensions of 

CEF2 and are subject to the same probability 

of occurrLnce. 

The nett result of the above is that the 

hazard factor and overrun probability are 

dependent on two factors and their 

probabilities of occurring - namely enemy 

action and adverse weather. These will 

be referred to as AFl (adverse factor 

No 1) for weather and AF2 for enemy action. 

d. For demonstration purposes, the following 

values have been assigned to these 

variables: 

(1) AFl - Effects of Adverse Weather 

(a) The 180 day period covered 

by the ,:,i-·oi.~\e\T\_ ho~ 

been divided into 3 x 2 month 

periods, each period 

approximating the normal 

change in weather pattern in 
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the area. For each period, the 

weather is considered under 

three types and the potential 

effect of each type on work 

progress is assessed. 

Weather Desc~ip tion CEF1 

.No rain days 

20% days wet 

40% days wet 

(from figure 2.4) 

1.0 

0.68 

0.37 

This is just one method of expressing 

weather- o~other acceptable method would be no 

rain, light rain, heavy rain - with similar 

CEF1 figures) 

(b) Within each 2 month period, the 

likelihood of weather changing 

is assessed every 10 days 

(giving a total of 6 potential 

changes per 2 month period). 

The potential changes within the 

2 month period are assumed to 

behave in a Markovian fashion. 

(2) AF2 - Effects of Enemy Action 

(a) The threat of enemy action is con-
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sidered to be generally uniform 

over the 180 day period, with 

potential changes every 30 days 

behaving in a Markovian fashion. 

{b) The potential effect of enemy 

action on work in progress is 

assessed as follows: 

Enemy Action CEF2 CEF4 

No action 1.0 1.0 

Light sporadic 0.8 1.0 
attacks 

Heavy attacks, air 0.6 0.66 
raids 

(3) 

etc. 

Pl-Probabilitv of Adverse Weather 

Occurring 

(a) There are three probability 

matrices for weather assessments

one for each two month period. 

The initial matrix in each period 

relates to the first 10 day 

period. The time transition 

probability matrix for the 

complete 2 month period is 

derived from the initial matrix 

for each period. 
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(b) The initial matrix contains 

9 values. Column 1 gives the 

probability of the weather 

conditions in the first 10 day 

period:viz 

No rain days 

20% days wet 

40% days wet 

80% 

15% 

5% 

(c) Column 2 gives the probability 

of weather changing if 

condition 2 in column l 

applies (ie. light rain).Viz: 

change to no rain days 80% 

stay as 20% days wet 12% 

change to 40% days wet 8% 

(d) Column 3 gives the probability 

of weather changing if _ 

condition 3 in column 1 applies 

(ie 40% days wet). Viz: 

change to no rain days 90% 

change to 20% days wet 8% 

stay as 40% days wet 2% 
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(e) The complete initial matrix 

for the first 2 month period 

is therefore: 

.so 

.15 

.05 

.80 

.12 

.08 

.90 

.08 

.02 

(f) The initial matrices for the 

other 2 month periods are: 

( i ) Period 2 

.70 

.20 

.10 

.60 

.25 

.15 

(ii) Period 3 

[

.30 

.40 

• 30 

.20 

• 30 

.so 

.65 

.25 

.10 

.40 

.40 

.20 

(g) The time transition probability 

matrix for each period therefore 

becomes ( see para 20, chapter 2 ):-
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( i) Period l 

.800 .150 .050 Day 1- 10 

.805 . .142 .053 Day 11- 20 

.805 .142 .053 Day 21- 30 

.805 .142 .053 Day 31- 40 

.805 .142 .053 Day 41- 50 

.805 .142 .053 Day 51- 60 

(ii) Period 2 

.700 .200 .100 Day 61- 70 

.675 .215 .110 Day 71- 80 

.673 .216 .111 Day 81- 90 

.673 .216 .111 Day 91- 100 

.673 .216 .111 Day 101-110 

.,673 .216 .111 Day 111-120 

(iii) Period 3 

.300 .400 .300 Day 121-130 

• 290 .3GO .350 Day 131-140 

.299 .364 .337 Day 141-150 

.297 .364 .339 Day 151-160 

.297 .364 .339 Day 161-170 

.297 .364 . 339 Day 171-180 



.500 .350 

.565 .283 

.559 .292 

.559 .291 

.559 .291 

.559 .291 

( 4) 
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P2-Probability of Enemv Action 

Occurring 

(a) There is one probability matrix 

for enemy action covering the 

180 day period. The time 

transition probability matrix 

for the period, allowing for 

re-assessment at 30 day 

intervals is derived from the 

initial matrix. 

(b) the initial matrix is derived 

in the same manner as for 

adverse weather. 

No action 

Light action 

Heavy action 

.50 

.35 

.15 

.60 

.20 

.20 

• 70 

.25 

.05 

( C) The time transition probability 

matrix then becomes: 

.150 Day 1-30 

.152 Day 31-60 

.149 Day 61-90 

.150 Day 91-120 

.150 Day 121-150 

.150 Day 151-180 
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e. Combination of effects and Probabilities 

9 

The 2 P{t) n n=l 
expression in equations 31-32 

is made up of the following combinations 

of AFl, AF2, Pl and P2: (See next page). 



Adverse Weather Enemy Activities Time transition probability 

n AFl AF2 Pl 

1 No rain days No action Column l 
2 No rain days Light action Column 1 
3 No rain days Heavy action Column 1 
4 20% days wet No action Column 2 

5 20% days wet Light action Column 2 

6 20% days wet 'Heavy action Column 2 

7 40% days wet No action Column 3 
8 40% days wet Light action Column 3 
9 40% days wet Heavy action Column 3 

Note: The particular row of th~ relevant time transition 

probability matrix depends on the actual start 

date for the particular task. 

P2 

Column l 

Column 2 

Column 3 

Column 1 

Column 2 

Column 3 

Column 1 

Column 2 

Column 3 
...... 
'-0 
Ul 
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f,. Examnle calculatirms 

CEF
1 

(a) 1.0 

(b) o.675 

(c) 0.37 

Task Seauence (from Figure 5-20):1,5,37 (see Annex B) 

Unit: Pla..~t Troo-o: -- ~ 

Timings (as per figure 5-21): 

Task 1-start day 1, finish day 38 

Task 2-start day 41,. finish day 89 

Task 3-start day 39, finish day 176 

Summarv of Variables 

CEF CEF CEF WDF 
2 3 4 Task 1 Task 5 

1.0 1 • 0 1 .o 0 0 

0.8 1.0 1-.0 0 0 

o.6 1 .o 0.66 0.1 0.1 

R-ow (a) reuresents values for f irst 

Task 37 

0 

0.3 

0.6 

condi t ion in tables of weather description and t :'pes 

of enemy action given in sub para d above. 

Likewise row (b) represents second condition and 

row ( c) the third condition. 

(2) For Work Dam.age Factor, task 1 (upgrade barge 

hard) is not. particul arly suscep~able to damage, 

likewise task 5 (cons:truct hardstanding), 

however task 37 (install sewera3e s·ystem) is more 

prone to damage from enemy att:;,.ck. 
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(5) Combinations of Variables for E9uation(50) 

n CEF1 

1 1.0 

2 1.0 

3 1.0 

4 o .. 675 

5 Oo675 

6 0.675 

7 0.37 

8 0.37 

9 0.37 

CEF CEF WDF 
2 

CEF
3 4 Task 1 Task 5 Task 37 

1.0 1.0 1 .o 0 0 

0.8 1.0 1 .o 0 0 

0.6 
I 

1.0 o.66 0.1 0.1 

1.0 1 • 0 1.0 0 0 

0.8 1.0 1 .o 0 0 

0.6 1 .o 0.66 0.1 0.1 

1.0 1.0 1.0 0 0 

0.8 1.0 1 .o 0 0 

0.6 1.0 o.66 0.1 0.1 

Figure 5-21 ComJ::,ination· of variables 

for equation (so). 

0 

0.3 

o.6 

0 

0.3 

0.,6 

0 

0.3 

0.6 



(6) 

n 

1 

2 

3 

4 

5 

6 

7 

8 

9 
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Calculation of d.A( i ,j )n 

For Task 1 e0 :::;().5 d1 = 30 CTil"'iE::::38 

2 e.,=1 .o a
1 

( 0 CTIHE=48 

57 e0 =1 .O d1 < 0 CTIME:::87 

Task 1 Task 5 Task 37 

0 0 0 

11.3 12 28.3 

47.5 53.4 140.6 

21.8 23, 1 41.8 

33, 1 35 70.5 

78.4 88 204.3 

77 81. 7 147.9 

88.2 93.6 176 6 

157.5 176 .. 7 365.2 

Figure 5-22 Values of d.A(i,.jJn {from equq.tion 

50) 
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Note: The potential overruns shown in figure 5-22 

clearly demonstrate the devasting ef+ect that 

adverse enemy and weather conditions can have on 

a project. Obviously neither of these factors 

could remain in their worst conditions for 365 

days, this being the largest figure in figure 5-22, 

however what we are assessing is potential trend 

and clearly such a condition would have a very 

small possibility of occurring (in fact the 

probability associated with this condition is of 

the order 0.05, compared with the probability for 

say n~s, task 37 which is of the order 0.12). 

(7) Calculation of dAn 

From equation (33), 

l 
M N d...~(i,j)n 

a.Ah .... 2:: ~ 
N i=l j=l A(i,j) 

1 11 • 3 12 28.3 
eg (Ll\.2 = - (- + -+ -) = 0.29 

3 38 48 87 

n dA n 
l 0 
2 0.29 
3 1.33 
4 0.51 
5 o.so 
6 2.08 
7 1.81 
8 2 .• 10 
9 4.01 

Figure 5-23 Va lues of dA~. 



n 

(a) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

' 

(a) 

l 
2 
3 
4 
5 
6 
7 
8 
9 

{ a) 

l 
2 
3 
4 
5 
6 
7 
8 
9 
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(8) Calculation of Hazard Factor 

( a) Task 1 

* Date for 
probability 
assessment Pl P2 dA( i, j) n (c)x(d)x(e) 

(b) ( C) ( d) ( e) ( f) 

19 .805 .500 0 0 
25 .805 .350 11.3 3.18 
43 .805 .152 47.5 5.81 
30 .142 .500 21.8 1.55 
36 .142 .283 33.1 1.33 
58 .142 .152 78.4 1.69 
57 .053 .565 77 2.31 
63 .100 .292 88. 2 · 2.58 
98 .111 .150 157.5 2.62 

~ 21.07 

(b) Task 5 

(b) (c) ( d) (e} ( f) 

65 .700 .559 0 0 
71 .675 .292 12 2.37 
92 .673 .150 53.4 5.39 
77 .215 .559 23.1 2.78 
83 .216 • 292 35 2.21 

109 .216 .150 88 2.85 
106 .111 .559 81. 7 5.07 
112 .111 .291 93.6 3.02 
153 .337 .150 176.7 8.93 

~ 32.62 

( C} Task 37 

( b) (c) (d) ( e} ( f) 

133 .290 .559 0 0 
147 .299 . 291 28.3 2.46 
203 .297 .150 140.6 6.26 
154 .364 .559 41.8 8.51 
168 .364 .291 70.5 7.47 
235 .364 .150 204. 3 11.15 
207 .339 .559 147.9 28.03 
221 .339 .291 176.6 17.42 
315 .339 .150 365.2 18.57 

'2:. 99.87 

Thus, Hazard Factor== 21.07 + 32.62 + 99.87 
= 153.56 

·-

(Note: * date is calculated from start date+½ (construction 

time+ d.A{i,jn}). 

Figure 5-24: Calculation of Hazard Factor (See equation (31}). 
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(9) Calculation o f Overrun Probability 

(a) Calculation of Pn 

n Pl.P2 L pl' p2 Pn 

Task l Task 5 Task 37 

l .403 .391 .162 .956 .316 
2 .246 .197 .087 .530 .175 
3 .122 .101 .045 .268 .089 
4 .071 .120 .203 .394 .130 
5 .040 .063 .106 .209 .069 
6 .022 .032 .055 .109 .036 
7 .030 .062 .190 .282 .093 
8 .029 .032 .099 .160 .053 
9 .017 .051 .051 .119 .039 

L .980 1.049 .998 3.027 1.000 

(b) Calculation of E(dAn) 

n dAn p 
n dA n . Pn 

1 0 .316 0 
2 0 . 29 .175 .051 
3 1.33 .089 .118 
4 0.51 .130 .066 
5 0.80 . 069 .055 
6 2.08 .036 .075 
7 1.81 .093 .168 
8 2.10 .053 .111 
9 4.01 .039 -· .156 

' 

E(dAn) - .800 

Figure 5 - 25 Calculation of P and E(dA) n n 

(See equations (32), (33), (34)). 



( C) 

~dA 
clA -E(dA ) 

( a) (b~ 

n - n 

(c) 

1 0 -0.8 
2 0.29 -0.51 
3 1.33 +0.53 
4 0.51 -0.29 
5 0.80 0 
6 2.08 +l.28 
7 1.81 +l.01 
8 2.10 +l. 30 
9 4.0l +3.21 
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Calculation of V (dA) n 

(dA -E(dA })2- J p 
n n n 

( d) (e} 
-- •·• 

.64 .316 

.26 .175 

.28 .089 

.08 .130 
0 .069 

1.64 .036 
1.01 .093 

I 
1.69 .053 

10.30 .039 

V(dA ) 
n 

(d)x(e) 

( f) 

.20 

.05 

.03 

.01 
0 
.06 
.09 
.09 
.40 

0. 93 

Figure 5 - 26 : Calculation of V(dAn) (See~quation (35)). 

(d) Calculation of Overrun Probability 

(Probability of 100% time overrun) 

Therefore 

1 .oo -0.8 
= P(Z ( - --;._--::....-_-) 

j • 93 

=- P(Z.< 0.21) 

=- 0.4168 

P (a.An< 1 • 00) = _ 0. 5 8 
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i.e. there is 42% probability that the task 

sequence will run 100% over the time 

calculated using the deterministic model 

when considered in the context of the 

probable environment. 

Note:As the expected value for the completion date 

indicates an 80% overrun, 100% time overrun 

was chosen for the example above·, rather than 

the 15% shown in equation (37). 

26. Comment on Results. 

a. Perhaps the most important point to note is 

the number of calculations required to 

determine the Hazard Factor and Overrun 

Probability for a relatively simple task 

sequence - it involved over 400 calculations. 

As these two factors have to be calculated 

many times in the logistics planning 

process, the method is clearly not 

suitable for manual solution. 

b. The expected value indicates that the most 

li~ely completion date for the task sequence 
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is day 316 (80% overrun). The main factor 

contributing to this large overrun is the 

combined effect of adverse weather and 

enemy action on task 37 (install sewerage 

system). This is indicated firstly by the 

Hazard Factor, which gives values of the 

order 20-30 for tasks 1 and 5, and 100 for 

task 37, and secondly by the calculations 

of dA(i,j)n - see figure 5-22. A study of 

figure 5-21, in conjunction with figure 

5-22 and the Hazard Factor calculations, 

indicates that the problem is probably one 

of timing - the project is too susceptible to 

interference by wet weather and enemy action 

and should therefore be undertaken in a 

period of dry weather with minimal potential 

enemy action. Alternatively, the facility 

requiring the sewerage installation could be 

re-located to a more suitable area,or 

cancelled altogether and a more suitable 

aJ. t.ei:na ti ve found • 

c. If the sewerage project must proceed in its 

projected location, it would be possible 

to repeat the above calculations for the 

particular t ask to determine which start time-
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gives the best potential solution and then 

pre-allocate this task for the particular 

start time. Step 1 in such an analysis 

would be to review the environmental data 

to ensure that the figures used are 

realistic. For example,i.n this case it would 

appear that the combined effect allowed for 

enemy action may be too severe - eg the 

combined effect of heavy enemy action is 

shown to be CEF4 =O. 66, CEF 
2 

=O. 6, and WDF=O. 6, 

giving a nett result of increasing construc

tion time by more than 60%. This would 

appear to be far too high, particularly whien 

read in conjunction with a probability of 

occurrence of around 6%. Fine tuning of the 

environmental values is obviously essential, 

and the planners experience is important 

in this step. 

27. In this chapter, a particular engineer logistics 

planning problem has been described, together with 

discussions as to how the problem has been• solved in 

the past and how it may be solved in the future. The 

techniques and models developed in the earlier chapters 

are applied to the problem to demonstrate their 
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application. The computerised solution is still being 

developed for the Army engineers, and.therefore is not 

available for analysis of this problem, however one 

set of calculations has been done manually to indicate 

how the computer solution will function. 
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ANNEXES 

A. JSP 601 - Scales And Standards Of Accommodation 

For Operational areas (extract). 

B. Construction tasks to be carried out by Engineer 

force. 

c. Stores and transport requirements for tasks to 

be carried out by Engineers. 
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ANNEX A 
TO CHAPTER 5 

JSP 601 - SCALES Al'ID STANDARDS OF 
ACCOMMODATION FOR OPERATIONAL 

AREAS ( EXTRACT) 

Type of Facility 

Vehicles 

Miscellaneous 
adrnin/storage for 
vehicle workshop 

Weapons and 
Electronics 

General 

Ammunition 

Aviation - fixed 
wing 

Aviation -
rotary wing, 
small fixed wing 

Small water craft 
(30 or less) -
each additional 
craft 

Notes: 

WORKSHOP 

Scale 

2.2 m2/ 
vehicle 
supported 

2.3 m2/ 
vehicle 
supported 

0.04 m
2/ 

pers 
supported 

0.8 m2i 
major item 
of equipment 
supported 

0 .14 rn2/ 
tonne hel d 

6 
2 . 

3 00 rn / sqn 
( 1) 

1 600 rn2 / 
sqn 

2 
18 m2/ craft 
12 m / craft 

Remarks 

Wheeled and 
tracked 

Normally only 
required for 
larger wksps with 
large spare parts 
holdings 

Includes all 
facilities except 
anuno and engr 
rnaint 

As for Serial 6 

1. This scale is for initial planning purposes only. 
The actual requirement will depend on typ e of 
aircraft and the support equipment to be installed. 
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2. For small independent units,' the area of 
workshop space to be provided may be calculated 
on the basis of the actual number and type of 
vehicle to be supported, and the estimated 
percentage of vehicles likely to be in the 
workshops at any one time {not to exceed 20%). 
Authorized vehicle repair bay sizes are: 

a. 

b. 

c. 

A Veh (MBT) 136 m2 

B Veh and light A veh 

C Veh 112 rn 2 
67.7 m2 



Priority 

(a) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
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ANNEX B 
TO CHAPTER 5 

CONSTRUCTION TASKS TO BE CARRIED OUT 
BY ENGINEER FORCE 

Task Vert Horiz General 
Man Man Man Hrs 
Hrs Hrs 

(b} (c) { d) ( e) 

Upgrade barge 3400 2900 
hard village A 

Upgrade airstrip 10000 2500 
to Hercules std 

Construct groin 7000 2000 
village B 

Construct new 10000 2000 
wharf village B 

Construct 10000 
hardstanding 
village B 

Improve fords on 5000 
road 

Upgrade bridge A 1000 1500 

Upgrade bridge B 1000 1800 

Provide water 1200 
point village A 

Provide 3 x 1500 
water points 
village B 

Construct 1400 
latrines/ 
showers 
village A 

Construct 1800 
latrines/ 
showers 
village B 

Upgrade road to 15000 
class 18 

Erect control 2000 
tower at 
airstrip 

Dead-
line 
(daj) 

( f) 

30 

60 

90 

90 

90 

20 

15 

15 

10 

10 

10 

10 

100 

30 
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(a) (b) (c) ( d) (e) (f) 

15 Construct Scale 1000 4500 120 
A camp -
1500 men 

16 Construct Scale 1000 4500 120 
A camp -
1500 men 

17 Construct Scale 900 4200 120 
A camp -
1000 men 

18 Construct Scale 900 4200 120 
A camp -
1000 men 

19 Construct Signal 1000 1300 60 
centre -
village A 

20 Construct Signal 1000 1300 60 
centre -
vi.llage B 

21 Construct Cornd 1200 10 
Post -
Village A 

22 Construct Comd 1200 10 
Post -
village B (Nth) 

23 Construct Comd 1200 10 
Post -
village B (West) 

24 Construct 150 3100 2200 80 
men POW camp 

25 Erect security 4400 80 
fencing 
village B 

26 Erect 50 x 20 m 5000 2500 140 
Warehouse 
village A 

27 Erect 50 x 20 m 5000 2500 140 
Warehouse 
village A 

28 Erect 50 x 20 m 5000 2500 140 
Warehouse 
village B 
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(a) (b) (c) ( d} ( e) ( f) 

29 Erect 50 x 20 m 5000 2500 140 
Warehouse 
village B 

30 Erect 50 x 20 m 5000 2500 140 
Warehouse 
village B 

31 Erect 50 x 20 m 5000 2500 140 
Warehouse 
village B 

32 Erect 50 x 20 m 5000 2500 140 
Warehouse 
village B 

33 Construct 5300 2400 130 
Officers Mess 
village B 

34 Construct 5300 2500 180 
Sergeants 
Mess 
village B 

35 Install 4350 6400 180 
powerhouse 
village B 

36 Construct 150 20000 18000 180 
bed hospital 
village B 

37 Install sewerage 12000 6200 180 
system 
village B 

38 Seal ac::cess 5000 1200 150 
roads 
village A 

39 Seal access 3000 1200 150 
roads 
village B 

40 seal access 3500 1200 150 
roads 
village B (Nth) 

41 Seal access 3000 1200 150 
roads 
village B (West) 
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(a) (b) (c) ( d) (e) ( f) 

42 Construct barge 11200 6200 150 
hards 
village B 

43 Bunkers at 20000 5000 180 
airstrip 

Totals : 92850 103100 123300 

Note : Total rnanhours = 314250 

Minimum number 
plant/construction 
troops to complete 
tasks in 180 days = 314250 

240 X 180 

= 8 

Total number aval 
in Australia = 8, however the 

minimum number 
calculation assumes 
100% efficiency , no 
travel time, no 
enemy and no 
adverse weather 

Need additional construction 
resources 



Task 
Number Description 

• 

{a) (b) 

1 Barge hard 

2 Airstrip 

3 Groin 

4 Wharf 

5 Hard.standing 

6 Fords 

7 Bridge 

8 Bridge 

9 water point 

10 Water point 

11 Latrines 

12 Latrines 

13 Road 

STORES AND TRANSPORT REQUIREMENTS 
FOR TASKS TO BE CARRIED OUT BY ENGINEERS 

Site No Stores Transport Reqts (Sections) 

(fig 5-2) (Tonnes) Tippers Cargo Low Loaders 

(c) (d) (e) (f) ( g) 

1 5 1 0 0 

3 200 3 0 1 
2 13 1 0 0 

2 160 0 1 0 

2 5 1 0 0 N 

6 5 l 
I-' 

0 0 .i:,. 

5 10 0 1 0 

4 10 0 1 0 

1 l 0 0 0 

2 1 0 0 0 

1 5 0 0 0 
·-

2 5 0 0 0 

6 80 2 0 1 

(j 

~ 0 

~ 
I'd 0 
1-j 
t,:j 

!:cl 
U1 



(a) ( b)· ( C) ( d) (e) (f} (g) 

14 Control Tower 2 24 0 0 0 

15 Camp 2 650 0 1 0 

16 Camp 1 650 0 1 0 

17 Camp 3 520 0 1 0 

18 Camp 4 520 0 1 0 

19 Signal centre 1 40 0 0 0 

20 Signal centre 2 40 0 0 0 

21 Command post 1 15 0 0 0 

22 Command post 3 15 0 0 0 

23 Command post 4 15 0 0 0 

24 POW Camp 2 55 0 1 0 
N 

25 Security fence 2 45 0 1 0 I-' 
lJl 

26 Warehouse 1 190 0 0 0 

27 Warehouse 1 190 0 0 0 

28 Warehouse 2 190 0 0 0 

29 warehouse 2 190 0 0 0 

30 Warehouse 2 190 0 0 0 

31 Warehouse 2 190 0 0 0 

32 Warehouse 2 190 0 0 0 



(a) (b) (c) 

33 Officers Mess 2 

34 Sergeants Mess 2 

35 Powerhouse 2 

36 Hospital 2 

37 Sewerage system 2 
38 Seal roads 1 

39 Seal roads 2 

40 Seal roads 3 

41 Seal roads 4 

42 Barge hard 2 

43 Bunkers 2 

( d) { e) 

180 0 

230 0 

200 0 

1000 1 

200 1 

200 2 

200 2 

200 2 

200 2 

120 1 

800 2 

( f) 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

1 

( g) 

0 

0 

0 

0 

0 

l 

1 

1 

1 

0 

0 

I-' 
(J) 
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CHAPTER 6 

CONCLUSIONS 

1. The aim of this thesis was to produce a solution 

method for the engineer logistics planning problem 

within the context of a given military operational 

plan which: 

a. ensures that all projects are completed 

within their assigned deadlines~ 

b. meets constraints .of stores and transport 

availability; and 

c. minimizes the loss of engineer unit productive 

output. 

Achievement Of The Aim 

2. The problem has been reduced to its primary 

components, and each component has been analysed to 

determine its proper function within the logistics 

planning problem. Mathematical equations have been 

developed for each component, and the equations have 

all been drawn together to produce a mathematical 

mode\ of the problem. 
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3. The numerical evaluation of the mathematical 

description has been shown to involve many 

calculations, to the extent that an exhaustive 

evaluation was impossible for all but the most trivial 

problem. The task sequence/latest start date concept 

was consequently developed to allow non-valid solutions 

to be readily identified and discarded. This method 

has been shown to permit valid, workable solutions 

to be generated manually. In fact, the application 

of the method to a problem, previously solved by what 

amounted to rule-of~thumb techniques showed a reduction 

in planning time of more than 50%. 

4. The method allows stores and transport details 

to be handled simply, both in the generation of initi<?-1 

bids for resources and in the imposition of restrictions 

in stores and transport ~vailability as a constraint 

on the derivation of a valid, workable solution. 

5. Finally, the method allows for optimization 

based on two considerations - namely utilization of 

manpower, and least risk. The former relates directly 

to the third part of the thesis aim - namely 

minimization of the loss of engineer unit product i ve 

output. 
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The Hazard Factor and Overrun Probability 

6. The concept of the Hazard Factor has bee~ deva..\oped 

to give a method whereby project risk can be 

quantified for comparison purposes. The Hazard Factor 

particularly addresses the potential effects of adverse 

weather and enemy action. The overrun probability is 

similar to the Hazard Factor, however project risk 

is expressed,in terms of probability of overrunning 

the planned completion date (or a nominated period 

after the planned completion date). 

Future Development/ Research Req uired In This Field 

7. The latest start date/job sequence concept has 

been shown to be a potentially powerful tool in the 

field of engineer logistics planning. In fact, the· 

concept has potential in any application which involves 

a scheduling concept. Its main strength lies in its 

quick elimination of invalid solutions, and in its 

minimization of the number of calculations needed to 

generate a valid solution. 

8. The potential exists for the latest start date 

concept to be incorporated in a dynamic programming 

formulation of the ,problem to produ~e a mathematically 

more rigorous optimization solution. To produce a 
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mathematically more exacting solution, however, 

requires that many of the stochastic variables be more 

specifically defined. ( ie. the "real" world has to be 

more "idealised"). The approach suggested by Kolbin 

(reference 7), upon which part of this thesis was 

based, would appear to have greater potential;though 

even this approach requires that the world be 

considered in relatively "idealised" segments, with 

the stochastic factors having their influence on the 

interface between the idealised segments. 

9. At this stage, the Army is still in the process 

of computerising its logistics systems. Until all the 

interfaces between the various subsystems are fully 

defined (particularly those between the engineer 

subsystem, the stores subsystems and the transport 

subsystemsr and between the logistics systems as a 

whole and the "command and control'' system), it is not 

possible to develop the full potential of the 

computerised solution proposed in. this th.es is. 

Conclusion 

10. A solution method for the engineer logistics 

planning problem has been developed which meets the 

requirements of paragraph 1 above. Although more 

work is required on p ortions of the proposed solution, 
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particularly in the area of the Hazard Factor, the 

methodology has immediate application in the logistics 

planning area. Potential benefits to be gained from 

using the methodology include: 

a. faster generation of valid solutions, 

b. automatic generation of stores and 

transport requirements (by date). 

c. development of engineer ORBATS and 

establishments which optimize the 

utilization of manpower and skills, and 

d. rapid comparison of alternative solutions 

to produce 11optimized 11 results {given 

the limitations imposed by how this term 

should be defined in the military 

environment). 
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