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SUMMARY 

This thesis deals with an extended approach to the 

problems of rearranging the layout of workcentres within 

an existing job shop to suit a change in manufacturing 

conditions, 

Initially these problems are identified as: 

1. 

4 

The need to utilise an adequate 

representation of facilities and 

layout area. 

The need to consider subjective and 

quantitative factors at a detailed 

level. 

The influence of the overall manu- 

facturing system on the arrangement 

of workcentres,. 

Whether in reality the benefits 

claimed of a layout arrangement 

are in practice obtained during 

the life span of the layout. 

To investigate these problems a two stage approach is 

suggested dealing firstly with the creation of static lay- 

out designs and secondly with the dynamic simulation of 

layout changeovers. 

The static layout model utilises materials movement as



a quantitative criterion in an interactive designer-heuristic 

approach which firstly locates pregrouped sets of workcentres 

and secondly locates individual workcentres within the areas 

allocated to each set. 

Having created an initial and a final layout arrangement 

an interactive simulation model is proposed for evaluating 

the changeover from initial to final layout under varying 

conditions, Features of the simulation model include: 

1. A more complex but realistic evalu- 

ation of materials movement cost, 

2. The use of both workcentre relocation 

and materials movement costs. 

3. The use of a parallel present value 

financial analysis to account for 

the influence of time on costs, 

4. An inbuilt automatic changeover heu- 

ristic. 

A computerised suite of programs is then introduced to 

include these models, giving consideration to the best poss- 

ible combination of equipment and program for the design 

process. 

Finally a number of the new parameters introduced are 

examined using an industrial test case and conclusions 

drawn on their behaviour, with test results presented to 

support these conclusions,
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1. INTRODUCTION 

The increasing rate of technological innovation and 

product obsolescence, combined with the rising cost of 

financing industrial investment has contributed to the 

need to examine more closely present quantitative facility 

layout techniques and to consider whether the benefits of 

the layout designs produced are in practice obtained 

during the life of the layout arrangement. 

The majority of present quantitative methods are 

concerned with obtaining an arrangement of facilities that 

will give an “optimal" value for a selected criterion, the 

most common criterion being materials movement. In practice 

the benefits of this “optimal” or "sub-optimal" solution 

must be related to a number of other factors, 

particularly: 

1. The capital cost involved in introducing 

the new layout design 

2. The manner in which the new layout design 

is introduced 

3. The relationship between layout design 

and manufacturing system design, where 

plant layout is not an independent problem 

but a contributor to a larger design task. 

This work is concerned with the development of an 

extended layout philosophy to relate the static layout design



problem to the subsequent introduction of the new layout 

for one particular type of industrial production, with 

the objective of assessing the financial contribution of 

the layout changeover to the overall manufacturing system. 

Traditionally production has been organised into three 

layout types, product layout, process layout and fixed 

position layout, depending upon the influence of product 

quantity and variety. With the introduction of group 

technology, originating from the work of Mitrofanov (43), 

a new set of layout types were added to the more traditional 

plant designs, namely the group technology cell, the group 

technology flow line and the group technology machine centre. 

The interaction between product, production system and type 

of layout is illustrated in Figure 1. 

' Extensive design procedures have been developed for 

use in continuous. and mass/flow manufacturing systems, for 

example assembly line balancing techniques. Requiring 

extensive capital outlay, the sequence of manufacture 

dictates much of the layout procedure and restricts the 

number of potentially available solutions. Jobbing 

production alternatively is the least predictable form of 

production since by definition each product is on a one-off 

basis and the life span of a layout may be equal only to 

the duration of product manufacture. Under these circum- 

stances plant layout may be either fixed position for small 

products or highly mobile as in the case of shipbuilding.
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It is within the middle ground between mass and 

jobbing production systems that the greatest scope for 

potential improvement of quantitative facility techniques 

lies and it is this area of manufacture, accounting for 

an estimated two-thirds of industrial production, that 

is examined in this thesis. 

Referred to as the job shop or batch production 

situation and consisting of the processing of intermit- 

tent work batches, a number of factors influence the choice 

of layout solution approach and the overall effectiveness 

of a layout design. These considerations fall within 

four groupings: 

1. The extent of layout change 

2, Manufacturing system considerations 

3. Dynamic parameters 

4. Subjective layout considerations. 

Moore (45) and Muther (47) described four potential 

levels of layout change, each of which may apply in the 

job shop situation, as: 

a. Building a completely new production area 

b. Moving into an existing building 

c. Rearrangement of an existing layout design 

d. Minor changes in plant layout. 

Leaving aside minor changes, which are associated 

more with machine-tool replacement than with accommodating



changes in production program, there remains three problem 

levels. Within these three problems the designer is requ- 

eed to consider different degrees of physical restriction. 

In building a new plant area only the facility shapes init- 

ially form the physical restrictions whereas in the rearr- 

angement of an existing layout both building and workcentre 

restrictions will affect the problem. 

Considering physical restrictions as a set of limit- 

ations determined by each individual problem a further 

difference between the three types of layout is the relatio- 

nship between capital investment and layout cost, expressed 

in terms of materials movement and illustrated in Figure 2, 

Taking only those costs associated with creating the job 

shop under the three conditions and assuming that all three 

final layouts are the same, thus having the same materials 

movement cost, it can be seen that the importance of achiev- 

ing an “optimal" layout based upon materials movement be- 

comes less significant as capital expenditure increases. 

If the objective of job shop manufacture is a corporate 

one of obtaining the best possible financial return from an 

efficient layout then the true contribution of plant layout 

is a function of both the materials movement cost of a lay- 

out design and the capital expenditure required to install 

the layout. 

Within the context of this work the third case, i.e. 

the rearrangement of an existing job shop, has been chosen
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for examination for two reasons. Firstly this problem 

has the lowest ratio between capital cost and layout 

cost and therefore the effects of a layout design are 

more relevant. Secondly the two alternative problem 

formulations may be accommodated with only a minor change 

to capital cost calculations. 

The concept of a corporate strategy applied to job 

shop layout is not confined to financial considerations. 

Plant layout is an integral part of the design of a 

manufacturing system and has a two-directional relation- 

ship with other aspects of this manufacturing system. 

Clearly a poor layout will be detrimental to production 

control, materials movement, production scheduling and 

a number of other factors. Of more importance to job 

shop layout is the influence that these areas of manu- 

facturing system design have on layout techniques. The 

majority of present layout techniques are concerned 

with minimising materials movement, expressed as the 

product of distance and quantity. Ina job shop situa- 

tion this criterion used singularly and in a direct 

manner may lead to disorganised production units, Whilst 

materials movement is an important factor in layout eval- 

uation a modification in its use applicable to job shop 

layout will be introduced at a later stage. 

As discussed earlier the true contribution of plant 

layout is a function of both the layout cost and the 

capital cost of introducing the layout. In practice



both of these quantities are affected by the dynamic 

nature of manufacturing production. Two forms of dynamic 

variation are relevant to the problem examined: 

1. Production variation 

2. Layout variation. 

The normal practice in formulating the layout problem 

is to average the total production and to utilise the mean 

values, a practice which is continued within this work, 

Where variation is excessive enough to influence layout 

efficiency then the use of specific simulation models 

presents a better solution approach, 

Layout variation is concerned with the manner in 

which layout changes occur, Where a change in production 

program is required a number of alternative layout 

decisions are possible, The first alternative is to 

make no layout change. Assuming this results in ineffi- 

cient production, and this may not be the case, the dis- 

advantages incurred may be less than either the disrup- 

tion to an existing layout caused by a change or alter- 

natively the cost of constructing a new job shop. 

Where a new layout is to be created this may be 

achieved by the introduction of the new design in one 

time period. This allows the maximum benefit to be 

obtained from the new design and minimises the potential 

disruption period. Where an existing layout is involved



this form of introduction would require the halting of 

production and consequently there would be an added loss. 

Alternatively the new layout design can be introduced over 

a period of time, allowing continuity of production in any 

existing layout. A gradual changeover of layouts enables 

the capital expenditure involved to be spread over a period 

of time and although the changeover takes longer a gradual 

change allows the manufacturing system better opportunity 

to adapt to the changes. Clearly a major influence on the 

way in which a layout change is to be introduced will be the 

expected life span of the layout. The longer the life span 

the greater the period over which capital outlay may be re- 

turned and the longer the time available for introducing 

layout changes. 

The effect of life span and other dynamic parameters 

on the expected benefits of a layout design will be examined 

as part of the extended layout philosophy. 

The factors so far discussed have been concerned with 

the quantitative evaluation of layout projects. A realistic 

job shop situation however is a combination of subjective 

and quantitative factors, both of which are essential in de- 

signing an efficient layout. The close proximity of facili- 

ties in the job shop amplifies the effect of subjective con- 

siderations and compounds the ill-structured nature of the 

problem. An example of this is closeness desirability (47), 

used as the main alternative to materials movement as a 

quantitative layout criterion,



The basis of closeness desirability is a chart of graded 

ratings expressing how desirable it is to locate two 

facilities as neighbours, In a job shop situation the 

effect of facilities on one another extends further than 

immediate neighbours and can be altered by the use of 

partitioning, thus becoming too complex to use on a quan- 

titative basis. 

The detailed discussion of the many subjective in- 

fluences is beyond the scope of this work, differing for 

each individual problem, It is however necessary to allow 

within any design philosophy the ability to take into 

account subjective considerations, particularly in the 

close proximity of a job shop situation, The point in the 

design procedure at which this subjective consideration is 

given will be discussed further at a later stage. 

Within this introduction a number of influences have 

been identified that affect the design of job shop manu- 

facturing areas and the evaluation of the contribution 

to the overall project of the layout design. In the gen- 

eralised job shop situation two problems can be identified 

for investigation: 

1. Static layout design 

2. Dynamic layout changeover. 

Initially one special formulation of each of the two 

problems are examined with regard to the rearrangement of 

10



an existing layout to meet the requirements of a new 

production program and at a later stage the possibility 

of adapting the approach to other related problems is 

discussed. 

i



2. REVIEW OF EXISTING LAYOUT METHODS 

To undertake a review of all the published work 

concerned with plant layout problems does in itself cons- 

titute a major task and has already resulted in a number 

of literature surveys and technique reviews, most notably 

those of E1-Rayah and Hollier (18),Moore (45),Lee (31), 

Stewart, Teicholz and Lee (60) and Francis and White (21). 

A number of these methods are not directly applicable 

to job shop layout i.e. a problem concerned with locating 

physically independent facilities in a continuous layout 

space and therefore have not been included. In particular 

assignment problems related to the placing of facilities 

in fixed locations have been omitted from the review. How- 

ever for completeness a number of references to assignment 

téchniques have been included in the bibliography. 

Within the context of this review four approaches to 

plant layout will be examined with regard to job shop 

manufacturing: 

1. Qualitative and systematic layout planning 

2. Mathematical and schematic methods 

3. Computerised layout programs 

4. Dynamic plant layout 

The first three of these approaches reflect the stages 

through which plant layout theory has evolved Since the 

appearance of the first text books on the subject and are 

12



consistent with the introduction of two powerful tools 

in systems analysis i.e. operations research techniques 

and the digital computer. 

2.1. Qualitative and Systematic Layout Planning 
  

Qualitative plant layout 

The initial approach to plant layout theory consisted 

of a detailed discussion of the many qualitative factors 

influencing a layout design, Mallick and Gaudreau (39) 

in defining plant layout give an indication of the all- 

embracing nature of this approach: 

"Plant layout is the master plan that 

integrates the factory grounds, build- 

ings, floors, departments, machine-tools, 

E processing equipment, manufacturing methods, 

materials handling equipment, service 

facilities, flow of production, utilisation 

of labour and shipment of finished products 

into a united machine of which management 

itself is the operator". 

Covering the complete range of layout problems in 

detail, qualitative layout utilises the flow of material 

as a basis for arrangement. Providing a series of refer- 

ence examples for layout engineers qualitative layout 

lacks both a systematic method and quantitative analysis. 

1S)



This detailed treatment however has proved useful in pre- 

senting a breakdown of the numerous subjective considerat- 

ions and their interaction which affects job shop layout, 

an essential part of an efficient layout solution technique. 

The complex nature of the flow, or materials movement, in a 

job shop however does not produce a dominant product, thus 

limiting the usefulness of flow planning. 

Systematic layout planning 

Muther (47) (48) reorganised the early qualitative ap- 

proach into a systematic solution procedure based upon a 

combination of flow considerations and qualitative factors, 

Systematic layout planning improved upon qualitative 

approaches by the use of a variety of empirical charts 

for evaluating layout decisions and introduced closeness 

desirability as a layout criterion. 

Qualitative and systematic layout planning were both 

concerned with the examination of the total problem and the- 

refore did not easily accommodate rigid solution procedures 

or evaluation by a single quantitative criterion. Muther, 

whilst stressing that flow was not the only consideration 

in plant layout, used flow of materials as the basis of sys- 

tematic planning. 

Materials movement, as the one criterion that can be 

directly related to the positioning of facilities, provides 

a means of quantitatively evaluating layout designs and 

14



this relationship between movement value and layout pat- 

tern has provided the basis for the majority of quanti- 

tative layout techniques. 

2,2. Mathematical and Schematic Methods 

With the introduction of mathematical and schematic 

techniques, ranging from semi-systematic spiral analysis 

to precise mathematical formulations of the plant layout 

problem a fundamental change in approach occurred. 

Qualitative and systematic layout planning were 

concerned with the total problem but lacked a quantita- 

tive basis. To overcome this the problem definition is 

considerably reduced to one single criterion, in the maj- 

ority of cases a form of materials movement, on the basis 

that after the solution is obtained then the layout can 

be modified to suit practical requirements. The methods 

examined in this grouping are: 

Spiral analysis 

Sequence analysis 

Straight line analysis 

Straight line sequence demand 

Travel charting 

Single facility layout techniques 

Multiple facility layout techniques. 

Sequence analysis, introduced by Buffa (10) and spi- 

ral analysis (53) are two similar semi-systematic techni- 

ques. Using an analysis of production sequence for the 

a>)



dominant products a two dimensional diagram is determined 

with facilities represented by circles, from which is 

evolved a block plan. Both spiral analysis, based on per- 

centage volume and sequence analysis using numbers of 

loads become unemployable for all but a small number of 

facilities and, combined with the inherent variation in 

possible solutions, these techniques are unsuitable for 

use in a job shop situation. 

Straight line analysis has the objective of arrang- 

ing facilities in a straight line to reduce materials 

movement, using parallel product lines arranged in per- 

centage volume order to minimise backtracking. Bannester 

(8) introduced a further modification to straight line 

analysis, formulating a problem with a single straight 

line along which equally spaced facilities have to be ar- 

ranged in order, Ina PAnelaranecane reco Noy (50) the aver- 

age position of each facility along the line is determined 

and facilities are placed in this order. This problem was 

modified by Singleton (59) to allow for uneven production 

sequences, and Hollier (26) later discounted optimality 

claims by Singleton,producing a series of solution methods 

for various movement criteria. The nature of job shop 

production with diverse production sequences and two di- 

mensional layout limits the usefulness of straight line 

techniques. 

Travel charting is potentially of greater use as a 

16



means of displaying movement data than as a layout tech- 

nique. Introduced by Levy (35) utilising an "X" to indi- 

cate inter-facility movement the chart was modified by 

Cameron (13) to include batch quantities and Llewelyn 

(36) to include the product of batch quantities and dis- 

tance, The use of travel charts as a layout technique is 

based upon inspection of elements in relation to minimis- 

ing total movement and backtracking. For straight line 

production excessive movement is indicated by the dist- 

ance away from the main diagonal. For a two dimensional 

problem inspection of the largest numerical value may 

yield a possible improvement although this is not guaran- 

teed due to the changing distance values involved. 

In general schematic techniques can only be applied 

to limited size problems and whilst some physical repre- 

sentation is achieved these techniques have only limited 

potential for use in job shop layout. 

Considering materials movement, expressed as the pro- 

duct of distance and quantity, as the sole criterion and 

. reducing physical representation of facilities to a set of 

points then it is possible to formulate a number of mathe- 

matical and semi-mathematical solutions to facility lay- 

out. These solutions fall into two groups, single facility 

location where optimal solutions can be easily found, and 

multiple facility location where considerable limitations 

exist. 

17



Single facility layout, analogous to warehouse or 

plant location, can be defined as the location of one 

new facility with respect to an existing set of facil- 

ities. Initial solution approaches, examining the 

straight line distance case, utilised semi-mathematical 

electrical or mechanical analogues, some of which were 

capable of including a limited amount of non-linear 

movement. Bindschedler and Moore (9) extended mathemat- 

ically the analogue concept to produce iso-cost or level 

curves representing levels of cost in a similar manner 

to height levels on a contour map. Developing the con- 

cept for both straight line and Euclidean distances Moore 

and Mariner (46) computerised the technique to enable cal- 

culation of values for weighted distance cases, Although 

not directly a mathematical placement method, iso-cost 

diagrams enable easy selection of low cost sites and are 

particularly useful where the minimal position is not 

feasable. The mathematical determination of the optimal 

position using Euclidean distances was formulated by 

Francis (19) who extended the proof to the two facility 

case and the determination of the slope of the level 

curve at a given point. 

The location of more than one facility with respect 

to existing facilities has led to a number of mathemati- 

cal formulations, in particular those of Francis (20), 

Cabot, Francis and Stary (12), Wesolowsky and Love (62), 

Love and Kraemer (38), and Seppala (57). Two cases of 

18



multi-facility layout problem exist. Where there is no 

relationship between new facilities then the problem takes 

on a linear appearance and may be solved optimally. In 

the case of relationships existing between new facilities 

the problem takes on a quadratic appearance where solution 

is more difficult as shown in the following example. 

Wesolowsky and Love, discussing their optimal method 

determined the number of restraints required as: 

n(2mtn-1) 

and the number of linear variables to be: 

4mn-+2n2 

where m = number of existing machines 

n number of new machines, i 

For a problem involving thirty existing and ten new 

machines mathematical solutions by this technique would in- 

volve consideration of 690 restraints and 1400 equations, a 

task that is too time consuming for even a computer. 

Clearly whilst the optimal location of one single 

facility is possible by mathematical techniques the compu- 

tation involved grows exponentially with increasing numbers 

of facilities having a quadratic relationship, ruling out 

their use for realistic size problems. In addition the re- 

presentation of facilities by a set of points will require 

considerable adjustment of layouts to suit the practical 

requirements of workcentres or departments. Wesolowsky and 

Love indicated that new facilities were frequently located 
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on top of existing machines using the solution method des- 

cribed. 

In general both schematic and mathematical techniques 

have proved to be limited to problems with small numbers 

of facilities, mathematical techniques by virtue of the 

high computational cost and schematic techniques, as dis- 

cussed by El-Rayah and Hollier (18), because of the trial 

and error procedure adopted. 

2.3. Computerised Layout Programs 

Because of the need to manipulate considerable amounts 

of layout information and the extensive number of calcula- 

tions necessary for the quantitative evaluation of layout 

designs increasing interest has been shown in the use of 

computers for plant layout. This interest, as shown by 

Moore (45) has come from a variety of disciplines, each 

examining facility layout problems from alternative pers- 

pectives. 

Within the confines of examining those programs of pos- 

sible use for the layout of a job shop area on a quantita- 

tive basis, an important question has to be answered: 

“Are present quantitative programs 

of use for practical problems, and 

if not how might they be improved 

20



by experience gained from alter- 

native layout perspectives?" 

Moore's review concluded that much work remains 

in improving the computers ability to evaluate solutions 

with an eye towards the practical problems. This useful- 

ness is affected by four areas of program construction: 

1. The representation of facilities 

and layout area 

2. The ability to take into account 

subjective factors 

3. The evaluation criteria 

4, The heuristic technique employed 

in the program. 

An examination of a number of quantitative programs, 

listed in Table 1, will show the influence of these four 

areas. 

The representation of facilities and layout area 
  

The physical requirements of facilities, in the form 

-of shape and size, and layout areas are the major non- 

linear influence on the facility layout problem and affect 

the extent of modification required to change computer de- 

signs into practical layout plans. The type of physical 

representation adopted by a program will determine the 

level of problem that can be examined, the number of cal- 

culations required to locate and check facilities, the 
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PROGRAM INTRODUCTION | MAXIMUM REFERENCE 
DATE FACILITIES 

CRAFT 1961 40 Goon? e612) 

WHITEHEAD AND 1964 S57 Ae) 52) 5 (63) 
IELDARS * + 

ALDEP 1966 63 (56) 

CORELAP ++ 1966 45 (33) (44) 

HINTZMAN * 1967 ali? (22) 

RMA COMP1 1970 50 (49) 

SPLAF(LSP) 1970 50 (64) (65) 

PLANET 1972 99 (4) (5) 

MUSTLAP 1972 122° (41) (42) (55) 

PLANT 1972 40 (40) 

PREP 1973 99 (3) 

+ Revised 1970 * Authors name 

++ Revised 1971 e Largest known example 

TABLE 1 QUANTITATIVE LAYOUT PROGRAMS 

22



type of computer hardware peripherals required and con- 

struction of software programs. 

Table 2. and Figure 3. illustrate the three forms of 

representation in use with the majority of quantitative 

programs. Point representation has been utilised by Hintz- 

man (22) to locate facilities within feasible areas. The 

use of point representation neglects the physical shape 

and size of facilities completely and therefore potentially 

requires the greatest subsequent modification. Unit area 

representation in a similar manner ignores practical facil- 

ity requirements and is utilised on the basis that each 

facility can be placed in each unit area. Using unit areas 

reduces the problem to one similar to an allocation problem, 

where facilities have to be allocated to known locations. 

Unit areas potentially are wasteful in shape, requiring 

hlock units equal in size to the largest facility. PLANT 

partially overcame this limitation by using very high rela- 

tionship values to attract together groups of unit blocks 

to form proportional block areas, the most frequently used 

type of representation. 

This combination of a matrix representing the layout 

area and proportional blocks of matrix locations has been 

used in the initial program CRAFT through to the program 

PREP with a number of modifications depending upon the 

problem formulation, Programs designed for layout without 

building restrictions utilise a large matrix, for example 
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PROGRAM AREA FACILITY 
REPRESENTATION REPRESENTATION 

CRAFT MATRIX PBA 

WHITEHEAD AND MATRIX PBA 
ELDARS 

ALDEP MATRIX PBA 

CORELAP MATRIX PBA 

HINTZMAN CO-ORDINATE POINT 

RMA COMP1 MATRIX SQUARE PBA 

SPLAF(LSP) MATRIX PBA 

PLANET MATRIX PBA 

MUSTLAP MATRIX RECTANGULAR PBA 

PLANT MATRIX UNIT AREA 

PREP MATRIX PBA         

PBA Proportional block area 

TABLE 2 PROGRAM AREA AND FACILITY REPRESENTATION 
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PLANET has a matrix large enough not to interfere with 

the possible boundaries of each layout problem. A rect- 

angular building can be introduced by limiting the matrix 

dimensions as in CRAFT and further modification to the 

outline can be achieved by the use of dummy fixed facili- 

ties as used in SPLAF or ALDEP, 

Within these areas has to be arranged the total number 

of facility blocks, CRAFT, which starts with an initial 

layout and exchanges pairs of facilities showed a clear 

tendency for block areas to change shape on exchange and 

in some cases to assume impractical outlines. SPLAF and 

PLANET both used special techniques to limit unreasonable 

shapes, SPLAF utilised an oscillating method and PLANET 

made use of a spiral technique. Whilst the shape of faci- 

lities obtained from PLANET were reasonable, due to the 

unrestricted perimeter area available SPLAF facilities 

still leave room for improvement. 

At this stage an important distinction becomes clear 

regarding the usefulness of the majority of layout prog- 

rams using matrix representation. Whilst these programs 

are useful for the layout of departments within a factory, 

their inability to maintain a fixed shape and the restrict- 

ion of orthogonal placing raises a serious doubt as to their 

usefulness for the layout of workcentres within a depart- 

ment. 

The set of programs based upon MUSTLAP have potentially 
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the most advanced matrix system. Facilities are repres- 

ented by proportional rectangular blocks where the shape 

is fixed. In addition the layout area, although still a 

matrix system, can include non-production areas and a 

traffic system with directional flow. 

Eastman (17) however casts a doubt on the usefulness 

of a representation based upon a simple array: 

"The limitations of the array 

are self evident. Its dimen- 

sional accuracy is determined 

by the size of the domain. 

Greater accuracy requires more 

domains in the representation 

and thus increases memory re- 

quirements. As operations must 

act on one domain at a time any 

inerease in accuracy requires a 

large increase in computing 

time. Also all domains must be 

of square or rectangular shape. 

Thus irregular forms can only 

be approximated." 

To a certain extent the use of matrix representation 

is related to the historical development of computer 

systems. Early computers utilised line printers as the 

main output device on which matrix diagrams could be easily 
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reproduced, The introduction of graph plotters required 

time consuming off-line operation, reducing the speed with 

which results could be obtained, Only two computer prog- 

rams, CDULP (28) and ALDEP have made direct use of graph 

plotting devices and the appropriate drawing programs have 

been written for data presentation only. 

Contrast the use of block diagrams with recent advan- 

ces in architectural design. Whilst architectural programs 

are concerned more with aesthetic factors than with quanti- 

tative analysis a quick responding, highly accurate repres- 

entation has been achieved by the use of visual display 

units linked to the computer, Amongst computer graphic 

techniques are IMAGE (29), SOME (2), the COMPROPLAN (32) 

set of programs and programs developed at the Computer 

Aided Design Centre, Cambridge (34). 

The use of visual display devices, an example of which 

is illustrated in Figure 4. is now a well tried and tested 

technique, with commercially maintained programs available 

from leading computer companies. A potential area for ad- 

vancing quantitative layout programs lies in the use of 

these devices to replace present limited block diagrams. 

Apart from the necessary changes regarding equipment this 

would allow the use of an accurate contour representation, 

necessary for the layout of workcentres in a job shop situ- 

ation, and for the inclusion of columns, traffic routes, 

offices and workcentres at any orientation. If the inten- 

tion is to propose the eventual development of such a 
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system, as is the case within this research, then the use 

of a contour or outline representation should be adopted. 

The effect of a more complex but accurate representation 

on layout heuristics and computation levels will be dis- 

cussed at a later stage. 

Subjective factors 

The ill-structured nature of the job shop layout 

problem, with the need to consider both subjective factors 

and quantitative analysis, places an important emphasis on 

the relationship between designer and computer program. 

No present computer program is capable of producing final 

layout designs without this relationship, which is achie- 

ved in one of two ways: 

1. Manipulating input data and examining 

program outputs 

2, Interactively during the design process, 

The first of these two approaches, of which CRAFT and 

ALDEP are examples, is based upon a "black box" principle 

with problem information entered at one end and layout 

solutions resulting at the other. Subjective considera- 

tion is given by adjusting the input information and re- 

running the program or by directly modifying a solution, 

Using this approach however has a number of limitations, 

Firstly, in a complex problem it is necessary for the 

designer not only to obtain a solution layout, but also to 

understand how the solution is obtained in order that the 
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problem be fully understood. Because of the variation in 

potential problems, using such a rigid solution technique 

may not yield the best possible layout answer, Secondly 

where a change has to be made in say the location of a 

facility this change should be made at the time of alloca- 

ting the facility in question, rather than at the beginn- 

ing or end of a solution run on the computer, 

In order to obtain a better control over the program 

technique a number of interactive layout programs have 

been developed, including PREP, PLANT and a modified ver- 

sion of CORELAP (CORELAP 8). Interactive programs have a 

greater potential use to layout engineers than more rigid 

programs. With the designer able to make changes at the 

time they are required,the amount of eventual layout modi- 

fication must be reduced and the final layout design will 

have been produced under the constant supervision of the 

design team, an advantage in making computer layout pro- 

grams acceptable to management. Moore (45) summarises the 

usefulness of an interactive program by saying: 

“This capability permits the user 

to interrupt during execution of 

the program to assist the heuristic 

with counsel and advice. It is 

these interactive programs which 

permit the complementary talents 

of man and the computer to assist 

one another." 
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Evaluation criteria 

With any problem it is necessary to define the cri- 

teria by which alternative solutions can be comparatively 

evaluated, In manufacturing layout problems the most 

common criteria are materials movement and closeness des- 

irability. 

Materials movement is defined as the sum of the we- 

ighted movement distances i.e. 

n n 

z z Dew 
i=l jel te 

Where n number of facilities i 

Doe 
13 

Wj 

" distance from facility i to facility j 

weighted movement from facility i to 

facility 3. 

In an industrial problem the movement will relate to 

the production program but in a more general formulation 

of the problem this movement could relate to the process- 

ing of paperwork or the activity of staff, as used in the 

design of hospital suites, Weighting in its simplest 

form may be the number of batches to be moved, as used for 

example in CRAFT, or may be translated by multiplying by 

relevant constants into a financial cost per unit distance, 

The distance used is defined as either the straight line 

distance from facility centroid to facility centroid or 

the equivalent Cartesian distance on the basis that 
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Cartesian distances approximated movement along aisles or 

traffic systems. 

A number of points concerning materials movement as 

a criterion are however open to discussion. This discus- 

sion is related to both the concept of materials movement 

as a criterion and to the technical details of the weighted 

models used, Firstly the examination of any layout problem 

is in practice a prediction of future or revised events and 

consequently in the eventual real situation when the layout 

becomes operational materials movement is susceptible to 

possible deviation. In the job shop case particularly, 

with the complex movement patterns involved, product move- 

ment may not move as predicted and in addition the correct 

materials movement equipment may not be used. In using 

materials movement as a criterion it is therefore necessary 

to be confident that the eventual layout will behave as 

predicted. 

Technical criticisms of present movement models relate 

to determining the actual distance and to the directly 

_ proportional weighting factors, In a realistic situation 

the cost of moving a production batch consists of a fixed 

cost for raising and lowering a load and a variable cost 

proportional to distance, with a gradient related to the 

type of movement equipment, Over a long distance this 

added non-linearity may be insignificant but in the case 

of a job shop, where distances are relatively shorter, 
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neglecting this fixed cost may introduce significant errors, 

The assumption that either straight line distances or 

Cartesian distances represent actual distances is largely 

applicable for the layout of departments. At the job shop 

level movements encounter a large number of obstructions 

and routing problems} potential sources of error. A balance 

however has to be achieved between accuracy and computational 

cost for evaluating layouts involves a large number of cal- 

culations, a relationship that is examined further for the 

evaluation model used in this research, 

Whilst however these criticisims of a strictly linear 

weighted distance criterion exist one important factor 

makes materials movement the most useful of the criteria 

so far developed. Using an evaluation criterion that is 

proportional to distance enables layout changes to be re- 

flected in the value of materials movement. In any problem 

the more non-linear the relationship between decisions and 

resulting values the more difficult it becomes to propose 

better solutions. 

The alternative approach to materials movement is 

closeness desirability. Developed originally by Muther (47), 

closeness desirability is a subjective expression of how 

close one facility is required to another. These ratings 

which range from absolutely necessary to undesirable have 

been used in some form in ALDEP, CORELAP, RMA COMP1 and the 

early program of Whitehead and Eldars. The normal process 
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for using closeness desirability consisted of searching 

each perimeter for immediate neighbours and where two were 

found the closeness rating was added to the total score. 

The difficulty of using this technique in a job shop situ- 

ation where immediate neighbours may not be in close contact, 

and where in a realistic problem closeness desirability in- 

fluences which spread over more than close neighbours can be 

altered by inexpensive barriers has already been discussed. 

Further to this the use of closeness desirability suffers 

from two drawbacks. Firstly even with the use of numerical 

values instead of alphabetical characters the criterion is 

still essentially qualitative and is concerned more with the 

subjective requirements of a layout than with quantitative 

analysis. Secondly, in an industrial environment where cost 

is important closeness desirability suffers from the limita- 

tion that it is not possible to convert ratings to financial 

terms. For these reasons charts based on closeness desira- 

bility are potentially more useful as a means of storing 

subjective decisions than as a basis for layout evaluation, 

Heuristic technique 

The basic component of each layout program is the tech- 

nique on which layout designs are produced. Because of the 

complex nature of plant layout problems these techniques are 

heuristic in nature and fall into two groups, improvement 

programs and construction programs. Improvement programs 

interchange facilities in an existing layout to improve 

eriteria values, whilst construction programs which are 

generally for new layout designs place facilities on the 
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layout area in a selected order, 

Heuristics for improvement programs generally involve 

evaluating the best possible exchange according to a defi- 

nite rule. For example CRAFT considers all pairs of neigh- 

bouring facilities and selects the exchange which will give 

the highest saving. A number of modifications including 

exchanging any pair of facilities and exchanging sets of 

three or more facilities has been examined on a simplified 

fixed location problem and a useful modification to the 

original CRAFT procedure has been introduced by Hitchings 

(24) (25). Called Terminal Sampling Procedure (TSP) this 

modification proved computationally more efficient than the 

original CRAFT system by the use of bias sampling to detect 

dominant relationships. 

Construction program heuristics have developed along 

two lines, one group concerned with placing facilities one 

at a time in a manner similar to the growth of a crystal, 

and a second group which constructs the entire plan in one 

attempt and the resulting arrangement is then moulded to 

suit practical requirements, PLANET is an example of the 

first group where facilities are selected in order of any 

of three heuristics and placed at the minimal position on 

the outline. A useful heuristic in this connection is the 

biased sampling approach, used by ALDEP, SPLAF (LSP) and 

Terminal Sampling Procedure. 

The second group is illustrated by RMA COMP1 where 
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firstly a small matrix of facility centres are developed, 

then expanded to allow proportional block areas which are 

later moulded to the layout problem. An interesting deve- 

lopment in this field is the use of graph theory to design 

layouts. Seppanen and Moore (58) illustrated the approach 

where facilities are represented by nodes and relationships 

by branches, developing a heuristic based upon the spanning 

tree and using closeness desirability as a criterion. At 

present graph theory techniques become complex to handle 

with larger numbers of relationships in a similar manner to 

early schematic methods and are subject to a degree of vari- 

ation at the point where graphs are converted to drawings. 

Carrie (14) using a graph theory approach utilised proport- 

ional area circles to represent a machine tools shape and 

area requirement to reduce this variability in the graph to 

drawing stage. In computer program form an extensive use of 

graph theory has been made by Krejcirik (30), where in a 

slightly restricted problem formulation with the objective 

of finding the optimal arrangement of facilities along a 

communication corridor graph theory is used under a number 

of layout conditions. 

Examining the merits of individual layout heuristics 

is made difficult by their dependence upon varying physical 

representations and individual progam constructions, In 

addition test cases may be affected by the question of flow 

dominance within the product data. Vollman (61) maintained 

that in the case of highly dominant flow involving small 

problems common sense results could be as good as those 
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obtained by CRAFT. The effect of dominance on layout cost 

and layout improvement has yet to be examined in greater 

detail. 

The review so far has dealt with the development of 

layout techniques for solving an essentially "static" 

formulation of the problem, Before discussing the dynamic 

aspects of layout projects a number of important conclusions 

can be drawn from present approaches: 

1. Solving practical layout problems requires 

consideration of both quantitative and 

subjective factors, 

The usefulness of schematic techniques and 

mathematical optimisation approaches are 

limited by the size of problem they can 

handle, 

The use of computerised heuristics presents 

the best basis for solving layout problems, 

combining the computational abilities of 

computers with the reduced extent of search 

inherent in heuristic methods, 

Present computer programs for quantitative 

examination of the layout of facilities are 

restricted by poor physical representation, 

Advances in the use of computer graphics, 

most noticeable in architectural design 

programs, present an area for improvement 

particularly with regard to the more rigid 

requirements in the layout of workcentres 
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in a job shop. 

5. The use of a single criterion for layout of 

facilities by present quantitative programs 

does not adequately reflect the requirements 

of the manufacturing system as a whole. The 

minimisation of materials movement for exam- 

ple may increase production control costs 

by a greater amount than any movement savings. 

In a job shop situation this is particularly 

true and may therefore require modification 

of present criteria. 

2.4. Dynamic Plant Layout 

Within the wide range of possible facility layout 

problems the dynamic examination of plant layout designs 

has received relatively little attention. The predominant 

formulation of facility layout problems on a "static" basis 

requires the acceptance of a number of assumptions that in 

reality may not be true. In particular assumptions re- 

garding the benefits to be obtained from individual layout 

designs require further investigation. 

A number of aspects of the operation of manufacturing 

systems have been examined on a dynamic basis either by 

detailed simulation of individual industrial cases or by the 

more general simulation of particular system functions, for 

example scheduling rules in job shop manufacture. Whilst 

however simulation methods are now well established few 

applications of these techniques for examining the actual 
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implementation of layout changes and the consequent effect 

of this change on layout criteria exist. 

Discussing dynamic layout changes from a point of view 

of determining when layout arrangements become redundant, 

Hitchings (23) stated that layout changes occur in three 

distinct ways: 

1. Complete replacement of a layout in one 

attempt 

2, The partial relayout of a section of the 

manufacturing area at a time, 

3. A completely phased relayout, removing 

individual items to minimise disruption. 

In an industrial test case the difference between 

these three types of change may be difficult to detect and 

may in practice change from one type to another in any one 

project. The three types are an expression of the rate at 

which a layout change is implemented, a rate which is sub- 

ject not only to variation but also may in any one case be 

suspended for a number of periods throughout a project 

life span. As a result of this wide variety of possible 

layout changes a simulation model approach for examining 

the dynamic layout changeover would help evaluate layout 

decisions. 

A problem exists however in determining and quanti- 

fying the cost involved in making layout changes. The 
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mathematical model developed by Hitchings involved five 

costs determined on a daily rate basis; overhead charges, 

hire charges, lost productive labour charges, the cost of 

effecting changes and the cost of lost production, As a 

result of the generally limited state of industrial infor- 

mation however determining costs on a daily basis may not be 

possible with any degree of accuracy, a problem generally 

encountered with detailed models of manufacturing situa- 

tions. 

The objective of Hitchings model was to provide a 

means of assessing on a continuous basis the efficiency of 

a layout design. Where the problem is defined as determining 

the financial return on a projected layout change for a 

given life span, then daily costs can be replaced where 

required by more accurate lump sum values allowing the re- 

lationship between layout design benefits and layout change- 

over costs to be examined under a variety of conditions. 

Clearly whilst static problem formulations have re- 

ceived considerable attention, examining dynamic change- 

over has not, and there exists the need to develop a phil- 

osophy linking the two. Moore (45) discussing this rela- 

tionship states: 

“Relatively little work has been 

done on the relayout of an existing 

facility. It would be extremely 

useful to have computer aids to 

examine the inefficiencies of 
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existing layouts. Such a program 

would need to examine the cost of 

moving and installation, recommend 

what machines should be moved, and 

where machines should be. moved, and 

what machines should not be moved. 

This would be an extremely useful 

program. To the best of this 

writers knowledge, no such program 

exists.” 

Within this thesis one such philosophy is developed 

with regard to a job shop situation and subsequently tested 

on an illustrative example, 
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3. THE JOB SHOP LAYOUT PROBLEM 

  

- A TWO STAGE PHILOSOPHY 

The approach adopted for the examination of job shop 

layout problems has been developed from a number of impor- 

tant observations discussed in the review of techniques 

and summarised in the following points: 

1. The large variation in individual job shop 

problems and the combined influence of 

quantitative and qualitative factors suggest 

that an interactive technique, designed to 

assist the layout designer on a quantitative 

basis is potentially more useful than a rigid 

solution procedure, 

The actual layout arrangement of workcentres 

is influenced by the requirements of the man- 

ufacturing system, in particular with regard 

to production control and work scheduling. In 

consequence the use of one single objective 

alone, for example materials movement, may 

result in an overall loss of efficiency rather 

than an improvement, 

The benefits obtained from a layout design 

are related to the dynamic life span of the 

project and the static layout arrangement. 

Benefits obtained from an improved arrange- 

ment may be reduced or lost by the manner in 

which the changeover occurs. 

The large quantity of data and calculations 
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involved in assessing plant layout problems 

necessitate the use of computers, Recent 

advances in computer equipment and software 

programs have yet to be fully utilised by 

industrial engineers examining quantitative 

layout problems. 

In order to present a useful extension into job shop 

design encompassing these points an interactive-heuristic 

approach has been developed to examine three independent 

but related problems: 

1. Static layout design 

2. Dynamic layout changeover 

3. The development of a computer system 

for the above models. 

The static layout design stage and the subsequent 

modelling of various layout changeovers form a natural con- 

tinuation of investigation which can utilise the same basic 

information structure on a progressive basis from one stage 

to the next. This logical extension of static layout design 

using a computerised approach firstly creates a new layout 

arrangement and then examines how this design may be intro- 

duced and the effect of the introduction procedure on the 

results claimed for the design, 

Investigating the rearrangement of an existing job 

shop employing a discrete materials movement policy i.e. 

movement in batches by the use of hand or powered trucks 
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which is the most common form of movement in a job shop, 

the relocation problem involves three major variables, the 

existing layout area termed job shop, the facilities which 

have to be reorganised within this area and which are 

termed workcentres and the production program which indica~ 

tes the dynamic manufacturing output that will take place 

within the layout area. 

Job shop, workcentres and production program 
  

Figure 5. illustrates a representative job shop area. 

Each job shop is defined as a combination of three factors, 

the job shop outline, non-participation areas and the traf- 

fic system. 

The outline forms the boundary of the problem within 

which all workcentres have to be located. This outline is 

not necessarily of a fixed geometric shape and will consist 

of a series of boundary lines determined by a combination 

of building constraints and area requirements. The contin- 

uous area formed by this boundary must be sufficient to en- 

able the rearrangement of workcentres., The ratio of total 

workcentre area to the nett layout area available is an 

early indicator of the potential complexity of a problem. 

A high ratio indicates that more difficulty will be encount- 

ered with placing workcentres in the restricted area and the 

subsequent relocation of facilities will require considera- 

tion of the availability of final locations. In practice, 

whilst there is no theoretical limitation on the job shop 

outline, the boundary of the layout area will conform to the 
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practical requirements of a manufacturing environment. 

Non-participation areas represent the main internal 

obstructions found within job shop areas and include col- 

umns, lift shafts, offices and space allocated to workcent- 

res unrelated to the project under consideration. The in- 

fluence of non-participation areas is two fold. Firstly 

the nett layout area available for workcentre layout is re- 

duced and secondly the amount of calculation involved in 

placing workcentres is increased. The fixed nature of the 

shape and size of a workcentre combined with the variety of 

possible non-participation shapes requires extensive calcu- 

lation to detect interference, 

The relationship between outline and non-participation 

areas has to be carefully examined in each test case for it 

is possible to isolate a section of the job shop by the use 

of non-participation areas. To avoid the possibility of 

this occurring those non-participation areas close to the 

outline are merged with the perimeter to present a modified 

problem outline. In a similar manner non-participation 

areas in close proximity to each other are merged. 

Traffic systems exist in all organised manufacturing 

areas where the discrete movement of product batches takes 

place. The most common form is a series of connected aisles 

laid aside for movement of personnel and products without 

restriction on route or direction. The design of a traffic 

system however is partially a function of the location of the 
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workcentres the system serves and therefore a prefixed 

traffic system may to some extent prejudge a layout solu- 

tion. To allow for this the design procedure proposed al- 

lows for either a predesigned traffic network or the gradual 

introduction of aisles by repetetive design attempts. Where 

a traffic system is included however the effect is to re- 

duce the nett area available and to increase the number of 

positional checks for new workcentre locations as with non- 

participation areas, 

Each individual job shop layout problem therefore is 

considered to be the layout of workcentres in an area deter- 

mined by a potentially irregular outline and inside of which 

there may be both a traffic system and a set of non-partici- 

pation areas, 

This job shop specification is an attempt to reflect 

more realistically the type of area that would be encount- 

ered in a practical problem. In common with other repres- 

entations used in quantitative layout techniques this rep- 

resentation considers the actual space available to be uni- 

form in nature, The assumption is made that workcentres can 

be placed in any available location, and that the influence 

of height restrictions, service facilities, foundations and 

other factors remain equal throughout the area. With the 

use of an interactive design procedure there remains how- 

ever the option to overrule impractical decisions, 

Within the layout area has to be placed the workcentres, 
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a term used to describe those facilities specified in the 

movement. sequences of each product listed in the production 

program. Two types of workcentre are used within this defi- 

nition, one type based upon the conventional machine tool 

and a second “dummy" type used to represent unusual points 

in the product movement sequence, 

The conventional workcentre, illustrated in Figure 6. 

includes a machine tool, work in progress and space for op- 

erator and maintenance, Whilst there exists a small degree 

of flexibility within the resulting shape the convention has 

been adopted that shapes are rigid and that no other facil- 

ity or obstruction can be accommodated within the shape. 

Dummy workcentres are used to represent points in the 

production sequence that are not actual production machine 

tools, for example the points of interchange with the rem- 

ainder of the factory i.e. the positions at which products 

enter or leave the job shop area. Alternatively dummy wo- 

rkcentres can be used to represent the entry point to int- 

ernal storage areas, Where dummy workcentres are required 

-in a project a small radius circle is placed at the appro- 

priate point. 

Finally the production program is the third major vari- 

able within the job shop layout situation. The production 

represents the expected dynamic manufacturing activity that 

will occur during each time period on an averaged basis, as 

discussed in earlier chapters. This program is based upon 
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forecasts derived from present or projected output and job 

allocations determined to meet the requirement of production 

efficiency. 

The role of plant layout as part of the overall manu- 

facturing system is a point worthy of emphasis. Layout area, 

workcentres and production program have to be determined 

before the layout project begins as part of the manufacturing 

system design and will therefore influence layout problems. 

At the job shop level further restrictions exist on the 

number of possible workcentre arrangements, restrictions 

resulting from the need to organise production in an effic- 

ient manner. The result of manufacturing system consider- 

ations therefore is to raise questions about the suitability 

of using one single criterion in isolation to determine 

layout arrangements. 

Continuing from this point the two design stages of 

static layout arrangement and dynamic layout changeover 

along with the design of a computer system to encompass 

these models are examined in the light of practical job shop 

requirements. Using a combination of materials movement and 

workcentre relocation costs as quantitative criteria two 

interactive, heuristic procedures will be proposed and in- 

vestigated. 
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4. STATIC LAYOUT DESIGN 

The initial stage in the reorganisation of a manufact- 

uring job shop and the subsequent examination of the effects 

of this reorganisation is to create a new layout design to 

suit the requirements of the production program using a quant- 

itative layout criterion. 

The most useful criterion available for determining the 

relative arrangement of facilities is materials movement 

cost because of the relationship between facility positions 

and materials movement distances. For this reason the mini- 

misation of materials movement has been adopted as the objec- 

tive in the static design stage with one important modifi- 

cation, necessary in practical layout situations at the job 

shop level. 

This modification is concerned with the need to main- 

tain organised control over the complex manufacturing nature 

of the job shop during its life span, achieved by the pre- 

grouping of workcentres. The reasons for pregrouping work- 

centres can be illustrated by examing the three fundamental 

types of layout design - group technology layout, process 

layout and product layout as shown in Figure 7. 

The strongest case for pregrouping workcentres is de- 

rived from group technology concepts and is related to pro- 

duction scheduling and organisation. Based upon an analysis 

of the manufacturing program by the use of a classification 
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system (51) or production flow analysis (11) to detect 

component or manufacturing similarities, a set of cells, 

each cell containing a number of workcentres some of which 

may be the same and together capable of producing a family 

or range of components,is derived. The result is normally 

an improvement in work in progress levels, machine setting 

times, machine efficiency, labour utilisation and throughput 

time. With the clearly defined independent production groups 

an effective control over manufacture is obtained as a result 

of the self disciplinary nature of group technology cells and 

the reduced amount of progressive work movement required. 

Pregrouping also exists in process layouts, where groups 

are selected on a basis of workcentre function. Within a 

process layout products are organised to move through the 

production area according to manufacturing requirements with 

effective production control being based upon the groups of 

similar workcentres. The major drawback with process layout 

is the inherent time consuming routing problem of each pro- 

duct. Ina similar manner product layout simplifies the or- 

ganisation of manufacture by subdividing the total number of 

workcentres into groups associated with individual product 

ranges and uses these groups for production control. 

Consider therefore the difference between the layout of 

departments within a factory, the problem level examined by 

the majority of present quantitative programs, and the lay- 

out of workcentres within a department resulting from organ- 

isational and administration requirements. In departmental 
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arrangement the relative interaction between departments is 

more clearly defined by both physical and management bar- 

riers, With workcentre arrangement this interaction is more 

difficult to distinguish and without some form of pregroup- 

ing restriction to enable effective production control and 

organisation, the relative location of facilities merely to 

minimise a materials movement criterion will result in a 

considerable decline in production efficiency. 

To give adequate consideration to the organisational 

requirements of job shop manufacture the objective of the 

static layout design problem has been defined as follows: 

"To determine an efficient layout of 

workcentres in an existing area, using 

materials movement cost as an initial 

quantitative criterion, subject to the 

restrictions imposed by both subjective 

considerations and the desire to main- 

tain, as far as is practical, the close 

proximity of workcentre groups deter- 

mined by the new producticn program." 

The advantages in terms of production efficiency are 

sufficient to make the formation of the new workcentre cells 

more important than simply improving upon the materials 

movement cost of the initial layout. It is not necessarily 

the case that projects will yield a positive project return 

in terms of the evaluation model, for although the most 
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efficient materials movement arrangement will be sought the 

cell grouping condition may result in the final layout hav- 

ing a greater materials movement cost than the initial lay- 

out, in the event of which the loss in terms of the layout 

evaluation will have to be considered against the overall 

project costs. Within the relocation of workcentres the 

following conditions apply to facilities: 

1, Each workcentre must be located within 

the defined layout area and should not 

violate non-participation areas, traf- 

fic routes or workcentres already placed. 

2. Each workcentre must belong to one pre- 

determined group of facilities, referred 

to as workcentre cells. The term cell, 

adopted from group technology practice, 

is used to describe any general set of 

workcentres and is not restricted to 

group technology applications only. 

3. Workcentres may be either fixed or mov- 

able in nature and there must exist at 

least one fixed workcentre in the lay- 

out. Dummy workcentres, related to 

specific input and output points of the 

job shop, facilities too expensive to 

move and facilities restricted by the 

designer, normally will provide at least 

one fixed workcentre,. 
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4.1. A Model for Job Shop Rearrangement 
  

The static layout design model presented at this point 

has been designed to utilise the existence of workcentre 

cells in a two part heuristic procedure. Initially each 

cell is located within the layout area using proportional 

circular areas to represent cells and on completion the cell 

diagram is then used as a basis for positioning individual 

workcentres. The solution procedure is not a rigid technique 

producing specific layout arrangements but is designed to 

work on an interactive-heuristic basis. The large number 

of possible solutions, the complex effect of physical shapes 

and the restrictions caused by fixed workcentres has led to 

the selection of a heuristic approach.in common with the 

majority of present programs, whilst interactive capability 

will account for subjective considerations and reduce the 

amount of computation at a detailed level. The model pro- 

ceeds through the following steps: 

Cell layout 

1. For each cell the total workcentre area, 

the number of fixed workcentres and the 

total number of workcentres is determined. 

2. Using the production program a matrix of 

cell movement costs is compiled. The mat- 

rix values are the sum of the product qua- 

ntity (batches) X variable movement cost 

(cost per unit distance). 

3. Each cell is allocated a placement priority 

determined by descending values of total 
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external movement cost. Although not 

yet multiplied by the appropriate dis- 

tances these cost figures represent 

the extent of cell interaction. 

4. All cells containing workcentres that 

are all fixed in nature are eliminated 

from the placement list and the cell 

centre is taken as the averaged Carte- 

sian co-ordinate of the workcentres, 

with the cell represented by a circle 
su 

of radius VGELL AREA 72. This opera- 

tion will normally place single work- 

centre cells representing input and 

output points. 

5. Select the highest priority unplaced 

cell that contains at least one fixed 

workcentre and determine the average 

X and Y co-ordinate value of the fix- 

ed workcentres. Represent this ce 

by a circle of radius CELL AREA 72.’ * 

Where no more cells containing fixed 

workcentres remain go to step 10. 

6. Check that the cell centre is inside 

the layout area and outside any tra- 

ffic route or non-participation area. 

In addition check if the cell circle 

being placed overlaps any of the pre- 

viously located cells. Proceed to 

step 8 if one of these tests fails. 

%* Selected to allow workcentre adjustment in cell areas 58



7. %If the cell location passes each test 

the designer is asked to approve the 

location. Where approval is given the 

cell circle is placed and the procedure 

returns to step 5 or 10 appropriately. 

8. Where the location is not suitable then 

the designer is given the opportunity 

to change locations, the procedure giv- 

ing a movement guide of cost values for 

each direction. For a new location cha- 

nge, the cell centre co-ordinates are 

updated and the procedure returns to 

step 6. 

9. Where the designer decides not to move, 

each location radiating at Raya ticle 
wy 

intervals and forty five degree spacing 

is tested up to ten metres radius in 

minimum cost order. Each location that 

passes the positional tests of step 6 is 

put forward for approval by the designer 

and if approved the cell is placed and 

the procedure returns to step 5 or 10 

appropriately. Should the designer not 

approve a location then the process con- 

tinues through the forty possible locat- 

ions. When these are exhausted the pro- 

cedure returns to step 8, indicating that 

a move is essential. 

* Arbitrarily selected to limit the number of locations 

examined in the immediate neighbourhood area. 
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10. Selecting the highest priority cell con- 

taining no fixed workcentres and starting 

from a position outside the layout outl- 

ine determine the minimal materials move- 

ment cost position between the candidate 

cell and those cells already placed. The 

case of adding one additional facility to 

an existing layout can be solved to give 

the minimal value by the use of a search 

technique. This position is then adopted 

as the cell centre and the procedure goes 

through steps 6 to 9 before returning. 

When all the cells containing no fixed 

workcentres have been located the quanti- 

tative cell location stage is complete. 

Workcentre layout 

11. 

This manual procedure has been adopted for the second 

layout stage for a number of reasons at this point in the 

philosophy development. 

workcentres within a cell area will have a less significant 

effect on materials movement cost because of the reduction 

in the number of possible workcentre locations achieved by 

the cell layout stage. 

ting individual workcentres will save considerable calcula- 

On completion of the cell layout stage 
f 

the next operation in the design approach 

is to manually place each workcentre with- 

in the cell areas as far as is practical. 
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tion requirements if the designer performs the task of chec- 

king the suitability of a particular position, especially at 

this detailed level. The question of which tasks can be 

best performed by the designer and which tasks can be best 

performed by heuristic procedures is discussed in greater 

detail in the development of a computer based system. 

There is also the question of whether the small move- 

ment distances involved inside cells actually contribute to 

the materials movement cost. Within a job shop, particular- 

ly one producing small size components, movement over short 

distances may be undertaken by production operatives and 

will not involve materials movement personnel or equipment. 

The limiting distance between local movement undertaken by 

operatives and departmental movement undertaken by materials 

movement personnel is examined as a parameter in the dynamic 

changeover simulation. 

During the static layout design stage either the stra- 

ight line distance, used where no traffic system exists, or 

the Cartesian distance, where a traffic network has been in- 

eluded, is employed as an approximation to actual distances, 

4.2. A Theoretical Example 

To illustrate the static layout model consider the the- 

oretical example shown in Figure 8. and Table 3, The prob- 

lem starts with the initial layout and the new production 

program consisting of twelve products with a variable mat- 
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erials movement of .002 units per batch-metre each. In ad- 

dition each workcentre is preassigned to a workcentre cell 

for efficient machine utilisation and manufacturing product- 

ion, with the cells indicated on the initial layout Figure 8. 

This pregrouping of workcentres is an indication of the 

two directional relationship between facility layout and ma- 

nufacturing system design. The forms of pregrouping have be- 

en discussed earlier in this chapter and in practice before 

starting a layout project manufacturing system design will 

have selected the workcentres on which each product is to be 

manufactured (product workcentre sequence) and then will 

have grouped these workcentres to enable more efficient pro- 

duction control, 

The first stage, corresponding to step 2, is to calcu- 

late the cell movement matrix (Table 4) and to order each 

cell using decreasing external movement cost as the priority 

rule. To assist the cell layout heuristic the cell area, 

number of fixed workcentres and total number of workcentres 

in each cell is also calculated (Table 5), 

Scanning the list of cells, cells 1 to 3 contain all 

fixed workcentres and therefore all these facilities will 

occupy the same position in the final layout as in the ini- 

tial layout. Consequently these cells are placed in the di- 

agram and the candidate table ammended (Figure 9 and Table 

6). This stage corresponds to step 4 and provides the first 

located cells with which to calculate materials movement 
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cost. 

The next group of cells to be located are those conta- 

ining at least one fixed workcentre but not in the group of 

completely fixed cells. Within the example cell 5 falls in 

this category. The cell contains one fixed workcentre and 

therefore the possible number of cell locations is restric- 

ted if workcentres are to be maintained in close proximity, 

this being the reason that cells containing a partial degree 

of fixed workcentres are given priority over free cells. 

The location for cell 5, coinciding with co-ordinates of the 

one fixed workcentre, does not fail any of the positional 

tests and therefore is placed at the fixed workcentre co- 

ordinates, allowing the remaining workcentres to be grouped 

around the fixed facility. This completes the partially 

fixed cells, corresponding to step 5 and the resultant lay- 

out is shown in Figure 10. 

The remaining cells (cells 4,6,7 and 8) have no restri- 

ctions and are termed free cells. Considering each cell in 

order of priority (6,4,8 then 7) the first requirement is 

to find and examine the minimal cost position. A number of 

techniques for finding this minimum exist, the one utilised 

in the computer programs later developed is based upon a 

hill-climbing procedure. For cell 6, the first free cell 

to be located, the minimal position is at X=14.7 and Y=9,2 

with a materials movement value of 22.8, With the position 

being acceptable the cell is located and the next cell, cell 

4, is examined. In this case the minimal position at X=21.0 
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and Y=19,5, giving a movement value of 7.8, is on top of 

cell 3 and will therefore fail the position tests, moving 

on to step 8 of the layout model, Considering the most ef- 

fective direction to move to be towards cell 1, the locat- 

ion of cell 4 is moved to X=14.7 and Y=19.5, where with a 

movement value of 8.9 the result is an increase of 14% for 

the cell. In a similar manner the two remaining cells are 

initially located at 1.3, 20.9 and 19.0, 1.0 respectively 

and after failing positional tests were relocated at 7.0, 

22.0 and 15.0, 2.0 respectively, resulting in movement ale 

ue increases of 3% and 2.6%, The final cell diagram is 

shown in Figure 11. 

Using the cell diagram as a basis for layout individual 

workcentres are located around cell positions to give the 

final layout diagram illustrated in Figure 12. 

Experience at this stage of the process indicated that 

the ratio: 

Total workcentre area 
Ee ee 

Nett available layout area 

influences the ease with which workcentres can be placed, 

In the illustrating example the ratio is relatively low at 

0.08, at which level a heuristic procedure for placing work- 

centres in their final position might work, As the ratio 

rises to a level more commonly found in practical problems 

(approximately 0.5) the placing of workcentres becomes extr- 

emely difficult for automatic procedures and would still re- 

quire manual adjustment by the designer. 
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The layout model presented to examine the static design 

stage therefore is not in itself a complete process produc- 

ing final layouts. The procedure in practice combines the 

skill and judgement of a layout designer with a quantitative 

heuristic, placing cells of pregrouped workcentres in order 

of locational difficulty and movement interaction in an ini- 

tial stage and then manually inserting workcentres, an appr- 

oach which allows all the advantages of interactive design 

to be obtained during the actual design process. 

At the beginning of the static layout design stage the- 

re is in existence an original layout and a new production 

program. At the end of the layout design stage there should 

exist an original layout and a new layout to meet the requi- 

rements of the production program. 

Considering the overall philosophy proposed in Chapter 

3, with the two layout arrangements in existence the next 

stage is to examine the dynamic change from initial to fin- 

al layout. 

70



5. DYNAMIC LAYOUT CHANGEOVER 

The changeover from an initial design to a new arrange- 

ment may be performed in a variety of alternative approaches 

ranging from the complete relocation of facilities in one 

move to the gradual change of single facilities throughout 

the expected life span of the layout design. 

To examine this transition period in a job shop envir- 

onment the second stage of the layout approach presents a 

simulation model which determines the financial contribution 

of a particular changeover to the cost of the overall manuf- 

acturing system. The model is developed by first examining 

the nature of materials movement cost in a job shop and then 

secondly to include this cost in a two part evaluation cri- 

terion, relating the change in materials movement cost thro- 

ughout the lifetime of the project to the cost of relocating 

workcentres at the various stages. 

5.1. Materials Movement Cost 

Materials movement cost consists of a combination of 

two factors, the distance over which the material is requir- 

ed to move and the function which converts this distance in- 

to a cost incurred by the layout. 

During the static layout design stage an approximation 

in the form of straight line or Cartesian co-ordinate dista- 

nce dependent upon the existence of a traffic system is used 

to estimate movement distance. Whilst this is acceptable 

at



during the static design stage where the problem involves a 

degree of approximation, when it is necessary to obtain the 

actual movement cost the use of this approximation, particu- 

larly in a job shop must be examined further. 

This examination involves analysing movement distances 

for the two possible job shop cases, firstly where no traf- 

fic system exists and secondly where a traffic system is in 

use. Using random generation techniques sixteen workcentre 

locations were selected for each of five job shop areas ta- 

ken from industrial situations, the locations and layout di- 

agrams are shown in Appendix A. The nett result of using 

sixteen workcentre locations is to generate one hundred and 

twenty movement combinations in each of the five diagrams. 

No traffic system case 

= The object of examining a number of techniques is to 

obtain a distance measuring procedure which balances accur- 

acy against computational requirement. At one extreme cer- 

tain techniques may be easy to calculate but the accuracy 

may be too low whilst at the other extreme highly accurate 

techniques may require too much calculation to be of use, 

Four methods of distance measurement in the no traffic sys- 

tem case, illustrated in Figure 13, are put forward for exa- 

mination: 

NL Straight line distance 

N2 Cartesian co-ordinate distance 

N3 Modified periphery method 

N4 Total combinations method. 
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The first two methods are straight forward distance cal- 

culations ignoring obstructions. The third technique (N3) 

includes obstructions by calculating the smallest distance 

around the obstruction and deducting the wasted distance tra- 

velled through the obstruction. The fourth technique sets 

up a network of points linking the start and finish of a jo- 

urney and including all obstruction points. For example wh- 

ere the straight line is interrupted by a rectangular obstr- 

uction the number of network points grows to six. In turn 

the resulting fifteen ( n x (n-1)/2 ) links are also checked 

for obstructions and the list of points increased until no 

more obstructions are found. Eliminating those straight line 

links that are blocked the shortest straight line path from 

the initial to the final destination point is determined, 

This fourth technique determines the actual shortest distan- 

ce from one point to another in the job shop and therefore 

has been adopted as the true distance, 

The number of calculations required by each technique 

is influenced by the method used to detect obstructions and 

also by the actual number of obstructions encountered in the 

exercise, The first two techniques, Nl and N2, which ignore 

obstructions require one calculation for each distance exam- 

ined. Technique N3 required ten calculations approximately 

to check each straight line against each obstruction line 

and an additional twenty calculations for each interference 

found. The final technique N4 is proportionately larger 

with ten calculations required to check each obstruction 

line against each of the movement path lines. The relation- 
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ship between accuracy and and the number of calculations 

necessary is shown in Figure 14, 

Examining Figure 14 it can be seen that whilst method 

N4 produced the most accurate results the number of calcul- 

ations required excludes the use of this method for job shop 

problems. From the graph the best combination of accuracy 

and computational efficiency is method Nl, the straight line 

distance method, where the average error from actual dista- 

nce over six hundred measurements was 4.6%. 

Therefore in layout projects involving no organised 

traffic system materials movement will be assumed to move in 

a straight line, an assumption giving the best combination 

of reasonable accuracy and relative computational efficiency. 

Traffic route case 

The majority of organised job shops have an arranged 

traffic system capable of accommodating all the materials 

movement equipment in use and allowing transport in any di- 

rection. In a similar manner to the no traffic route case 

-four methods of distance measurement are put forward for ex- 

amination: 

ae Straight line distance 

eZ Cartesian co-ordinate distance 

T3 Traffic route method without obstruction 

check 

T4 Traffic route method with obstruction 

check, 
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Methods Tl and T2 again represent the straight line and 

rectangular co-ordinate distances from workcentre location 

to workcentre location. Methods T3 and T4 use a modification 

of the shortest traffic system distance. This modification 

is related to reducing the number of calculations required 

to determine movement distances. As a result of the large 

number of movement calculations that will occur in a layout 

project, savings can be achieved by calculating in advance 

certain distances related to the traffic system, distances 

that will only have to be calculated once. 

Considering each traffic system as continuous and num- 

bering each traffic aisle junction, the minimum distance from 

any one junction to another is determined and recorded for 

repeated use. Figure 15. illustrates this calculation saving 

first step for methods T3 and T4, 

Having determined the matrix of junction distances the 

next stage is to determine for each workcentre location the 

nearest traffic aisle, the distance to the traffic aisle and 

the distance to each end of the traffic aisle from the point 

‘of contact as illustrated in Figure 16. Using the two sets 

of information the distance from any one facility to another 

is the minimum of the four possible routes and can be calcu- 

lated in a relatively short time. Where both facilities are 

on the same aisle the distance from workcentre A to work- 

centre Bi is? 

D= Cy + Cc, + Absolute (Ay - A,) 
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using the convention adopted on the diagram. For facilities 

on two different aisles the distance from workcentre to 

workcentre is the minimum sum of distances using routes in- 

cluding the junctions at each end of the two aisles nearest 

workcentres. In Figure 16 for example the minimum distance 

from workcentre 1 to workcentre 4 is: 

1 a; 4 

which is equal to 30,0 metres, 

crs C, BtoB 

The difference between techniques T3 and T4 lies in de- 

termining the distance C to each traffic aisle. Method T3 

uses the uncorrected straight line distance to the nearest 

aisle ignoring obstructions. Method T4 incorporates a check 

for obstructions in the two lines from workcentres to traf- 

fic aisles and calculates the actual distance in a similar 

manner to technique N4 where an obstruction is found. The 

relationship between accuracy and the number of calculations 

necessary is shown in Figure 17 for the four traffic route 

techniques. 

Examining Figure 17 both the straight line and rectang- 

cular co-ordinate distances registered high error values 

against method T4, taken as the actual distance, indicating 

a limitation on their use in a job shop model. A major con- 

tributor to the high error values, particularly in the case 

of the rectangular co-ordinate method T2, is the relatively 

short distance materials travel in a job shop. With a lim- 

ited movement distance each error becomes more significant 

than at an inter-departmental level and within the test 
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movements these errors mainly originated in the need to 

backtrack along aisles, Method T2 therefore, although used 

in a number of computerised techniques to approximate aisle 

movement, has not been selected because of inaccuracy at the 

job shop level. 

Alternatively the highly accurate technique T4 again 

required considerable calculation, estimated at approxima- 

tely one hundred times the number for methods Tl and T2. 

From the four methods T3 achieved the best balance between 

accuracy and computational requirements, needing only ten 

times the number of Tl and T2 calculations with the greatest 

error at 6% and an average error over the five test cases of 

1.6%. In addition, because of the inclusion of the non- 

repeating traffic junction calculations the ratio of ten to 

one between methods T3 and T2 will decrease as the number of 

distance calculations increases. An explanation of the ac- 

curacy of T3 is the relatively small distances moved outside 

of a traffic aisle and the resulting reduction in the risk 

of encountering an obstruction, 

Therefore in layout projects involving an organised 

traffic system materials movement will be assumed to move in 

a manner similar to method T3 giving the best combination of 

reasonable accuracy and relative computational efficiency. 

Within the simulation model it has been necessary to 

examine in some detail the determination of actual distances 

moved rather than accepting a simplified approximation be- 

82



cause of the importance placed upon materials movement cost. 

From this point onwards movement distances will be discussed 

in general terms but within the simulation model the distance 

will be calculated using the following procedure: 

ae Using the straight line distance 

where no traffic system exists. 

be In the case of a continuous traffic 

system by - 

1 Calculating a matrix of minimal distances 

from traffic junction to traffic junction. 

2 For each workcentre determining the near- 

est aislé, the straight line distance to 

that aisle and the distance from the con- 

tact point to each end of the aisle, 

3 For workcentres on the same aisle take 

the sum of distances to the aisle and the 

difference from one end. 

4 For workcentres on differing aisles take 

the sum of distances to the aisle and the 

shortest of the four possible connecting 

routes. The number of routes may be less 

than four if either aisle has an unconn- 

ected end. 

Having examined the distances involved in materials 

movement in a job shop there remains to examine the function 

relating distance to cost and in particular the influence on 

this function of two parameters: 

1. Fixed movement costs 
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2. Movement undertaken by machine operatives. 

Fixed movement costs 

The most common expression of movement cost in use as 

a quantitative criterion can be stated as: 

n 

fom 8d 8d 

where n = number of facilities 

D. . = distance from facility i to 

facility Jj 

Wie = weighted cost value between 

facility i and facility j. 

The function Wi 

per unit distance and the number of loads per time period, a 

is expressed as the product of cost 

relationship used by both Armour (6) and Deisenroth (5) in 

computerised layout programs. The actual cost of moving a 

load however is a function of both a fixed cost, required to 

find and raise a load at the beginning of a journey and to 

lower and place the load at the end of a journey, and a var- 

liable cost proportional to the distance moved. The influen- 

ce of the fixed cost factor is dependent on the distance in- 

volved in moving a particular batch of work. Huffman Cn 

examining materials movement in a job shop area concluded 

that 20% or more of the time required for any one trip is 

taken up by constant portions of the task and that the exact 

percentage depends upon the distance travelled and may be as 

high as 80%. A more recent example from Reed (54)t gives a 
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movement time of .0024 hours for a 15.2 metre (50 ft) run 

and a fixed lifting time of .0075 hours, giving an approxim- 

ate ratio of three to one between fixed and variable move- 

ment cost. 

To allow for the inclusion of this fixed movement cost 

factor in the job shop situation, where distances are smaller 

than at an inter-departmental level and consequently the fi- 

xed cost will be more important, the following materials 

movement cost model is used: 

Le For each product the cost of moving 

one batch is determined as a fixed 

cost per batch (PF) and a distance 

variable cost per batch (PV). 

Using the workcentre sequence for 

each product the cost of internal 

movement for the total number of 

batches through workcentres (PQ) is- 

PQ, X CPF, + (D,, X Pv, )) 

where k = product under consideration 

oy = distance from workcentre i 

to workcentre j in the pro- 

duct sequence. 

Summing for all workcentres in a par- 

ticular product workcentre sequence 

the movement cost becomes i 
n- 

PQ). X (nX PRY + (PV, xX 5D. gel 5,5? 

where n = number of workcentres in 

85



the production sequence of product k, 

4. Summing for all products, the materials 

movement cost becomes - 

n-1 Pp 
DP, XX PH, + (PY, X g De PS Si 
where p = number of products, 

A product based evaluation of materials movement cost 

has been adopted because of the difficulty of generating a 

flow matrix representing inter-facility movement where pot- 

entially large numbers of workcentres may be involved. In 

addition using a product basis also enables the fixed and 

variable costs to be selected to suit the physical require- 

ments of individual products, 

Movement undertaken by machine operatives 

= The cost function so far developed is a two part dis- 

tance based equation developed from accepted materials move- 

ment theory. In addition one further modification is in- 

cluded derived from the observation of actual materials mo- 

vement within a job shop. 

When facilities are in close proximity as in the case 

of job shop workcentres, and the physical size of product 

batches is not excessive then a percentage of materials mo- 

vement will be undertaken by machine operatives and will 

therefore not incur a cost against materials movement equip- 

ment. This results in a saving of movement cost for those 

product movements involving small distances. 
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To give adequate consideration to the possibility of 

local movement undertaken by workcentre operatives a bound- 

ary distance (E) is introduced to differentiate between the 

two forms of movement. Where the straight line distance be- 

tween two facilities is less than or equal to E the materi- 

als movement incurred between the two facilities is not co- 

unted in the total cost, Where the distance exceeds E the 

cost is included. The consequent effect on materials move- 

ment cost is shown in Figure 18, where the cost function has 

clearly progressed from a directly proportional cost to a 

non-linear relationship presenting an area: for investigat- 

ion with regard to the possible effect on project return, 

Adopting this modified function for use in the simul- 

ation model it is still possible to revert to a directly 

proportional equation or a fixed and variable cost equation 

by returning either the boundary distance (E) or the fixed 

costs (PF) to zero. Using a combination of the distance me- 

asuring technique and the modified cost function introduced 

in this section the total materials movement cost at any 

stage in the dynamic changeover of layout designs can be ca- 

lculated. Having developed this cost procedure for materi- 

als movement, a major important variable in the simulation 

study, it is now possible to examine the changeover simula- 

tion model. 

5.2. An Evaluation Model for Simulating Layout Changes 
  

The heuristic technique developed for assessing the 
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materials movement cost of a layout at any period in time 

can be combined with the cost of relocating individual work- 

centres to form the basis of an evaluation model for examin- 

ing layout changes. This two part evaluation relates the 

running cost of a layout, expressed as materials movement 

cost, to the basic capital outlay required to change the la- 

yout, expressed as workcentre relocation cost. The diffic- 

ulty of including additional costs other than on a lump sum 

basis has been discussed in the review of dynamic plant lay- 

out methods, the main problem being the determination of co- 

st values with a degree of reliability from available indus- 

trial information. 

In consequence at this stage the model is restricted to 

the two cost combination and is used to examine layout chan- 

geovers under the following conditions, with the possibility 

of enlarging the model discussed in the chapter on future 

work, 

1. Workcentres are relocated in the interval 

between production periods and consequen- 

tly no loss of production is assumed to 

occur, 

2. During each changeover interval a maximum 

limit is set upon the number of workcen- 

tres that can be relocated (LN). Once 

this limit has been reached further chan- 

ges in layout will have to wait for the 

next available time period. 

3. During the changeover process the situation 
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may arise where a selected workcentre 

cannot be relocated because the new 

location is still occupied by other 

workcentres. To give reasonable acc- 

ount of this additional complication 

when a workcentre is selected for re- 

location all workcentres infringing 

the new position must also be reloca- 

ted in the same interval. This may 

result in a "snowballing" situation 

where to relocate one workcentre it 

is necessary to relocate a much grea- 

ter number at the same time, If this 

number is greater than the number that 

can be moved in a time period the cha- 

ngeover will halt. 

4, No provision has been made for tempor- 

ary workcentre locations during the 

changeover, 

Consider the following formulation of the evaluation 

model, illustrated in Figure 19. 

Let TP life span of the new production program " 
I Mo materials movement cost per time period 

of the new production program in the in- 

itial layout. 

Then the cost of materials movement if no change 

occurs is: 

Chia My X TP 
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Accounting for the changeover from initial to final 

layout: 

Let i = total relocation cost of moving the 

required workcentres at the beginning 

of time period j. 

Me = materials movement cost for the new 

production program with the layout 

arrangement resulting from change Ry 

Then the cost of the new layout can be expressed as: 
TP 

C =o (MN, + Re) 
REL 5-1 j j 

Therefore the contribution towards the reorganisation 

of the manufacturing system of the layout change is: 

PRN = Co - Cort 

TP 
Spy X TP ca ooh Erne 

es 2) 
  

Within the evaluation model an assessment of certain 

cash flows throughout the layout life span are used ina 

financial approach to determine the contribution of a layout 

changeover to the overall manufacturing system. Where pro- 

jects extend over a period of time then the influence of 

changes in the value of money must also be taken into acc- 

ount. There are in existence a number of accountancy meth- 

ods for this form of project evaluation, including: 

Discounted yield method 

Payback period technique 

Average annual return technique 

Nett present value method. 
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Of the two major methods, discounted yield and nett 

present value the latter has been selected to present an 

additional parallel analysis within the evaluation model 

showing the effect of an expected rate of return on cash 

flows. The reasons for selecting nett present value are 

two-fold, firstly the evaluation model is actually concerned 

with determining a nett contribution to the overall manufac- 

turing system and secondly a major area of interest will be 

the pattern of actual cash flows throughout the project 

life span. 

Two general examples illustrate present value concepts, 

In the first example assume that the relocation has been co- 

mpleted in a relatively short period of time and for the re- 

mainder of the project life span a certain return per period 

is expected. Using direct cost values the nett result may 

be a positive return but allowing for the reduced value of 

returns when projected back through time the actual nett re- 

turn may be negative, requiring a decision on which figures 

are the most important. In the second example the question 

of capital outlay is examined. Assuming that the ob jective 

is to introduce the new layout with a restricted initial ca- 

pital outlay then by postponing the rearrangement of facili- 

ties the eventual relocation cost when projected back to the 

present may be reduced from an excessive to an acceptable 

level, allowing the project to be implemented at the cost of 

a possible loss in materials movement improvement. 

The parallel present value analysis is formulated in 
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the following manner: 

Let R = expected rate of return per time period 

TP = life span of new production program 

Mo = materials movement cost per time period 

of the new production program in the 

initial layout. 

Accepting the convention of present value analysis that cap- 

ital transfers occur at the beginning of each period and 

that continuous costs are taken at the end of a period, the 

cost of materials movement if no change occurs is: 

( y 
PvC, =M, X (+R sb 0. of Sp 

R X (1 + R) 

Considering the changeover from initial to final layout 

Let Re = relocation cost of moving workcentres 

at the beginning of time period j. 

My = materials movement cost for the new 

production program with the layout 

arrangement resulting from change Ry 

a cost which is taken to occur at the 

end of period j. 

Then the cost of relocation for period j is: 

ves = Re fo 

(+ 8) 

Summing over the project life span the present value 

total relocation cost is: 

TP R. 
cay 
j=l (1 + R) 
  

The cost of materials movement for period j is: 
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amar 
(1 + R) 

Summing over the project life span the present value 

total movement cost is: 

‘LP. M, 
E as 
j=l (1 + R) 

Therefore 

TP M. R. 
= = J 4 J 

j=l | @s Bo Ge ast 

Giving a present value project return of: 

TP TP M. R. 
PVRIN = My) X (1+R) -2 - = — +4, | 

TP j=l[(2 + R)I (2 +R) 
RX (G+ R) 

Using this evaluation model the formulation is adapta- 

ble enough to cover the entire spectrum of layout changes as 

discussed earlier and which includes instant layout change- 

overs, changeovers incomplete at the end of the project life- 

span due to a low number of allowable relocations or a short 

number of time periods and thirdly the range of partial or 

suspended changeovers found between these two polar cases, 

The completion of the evaluation model presents a means 

of assessing financially any sequence of workcentre reloca- 

tions, a sequence not necessarily derived to suit financial 

objectives but also any alternative criteria desired by the 

layout designer. There remains one task to be included in 

the dynamic changeover simulation and that is to propose a 

procedure for relocating workcentres under the model restri- 
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ctions for use where the designer has no specific sequence 

of changes. 

5.3. Heuristic Procedure for the Relocation of Workcentres 
  

The heuristic proposed for the changeover from the in- 

itial to the final layout has two objectives: 

1. To assign workcentres in the most 

financially beneficial manner. 

2. To complete cell reorganisation in 

the minimum time whenever possible, 

These two objectiyes may in practice act in a contrad- 

ictory manner and illustrate the possible conflict between 

financial and engineering considerations, a point discussed 

further in the chapter on future work, In this initial for- 

mulation the financial objective has been selected as the 

main objective and the heuristic procedure selected for se- 

quencing workcentre relocations proceeds through the follow- 

ing steps: 

1. A priority rating is given to each cell 

expressing the order of potential gain 

which may be obtained by the cell relo- 

cation. This potential gain is derived 

from the function - 

40.5 X CE, .)- 10s qa ‘ (Clg 5 0,3 (CI, ;+0 5 X CE gtOR,) 
f, 

where Clo Bt internal materials movement 
, 

cost of cell j in the initial 

layout arrangement. 
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4 

CE, " external materials movement 
0,3 

cost of cell j in the initial 

layout arrangement. 

Cre = internal materials movement 

cost of cell j in the final 

layout, 

CE 5 = external materials movement 

cost of cell j in the final 

layout. 

cS = the sum of relocation costs 

for all workcentres in cell 

j requiring repositioning. 

Each workcentre is given the priorty rating 

attributed to its cell. This will result 

in the introduction of individual cells in 

a shorter period, reducing disruption. 

Scanning the list of candidate workcentres 

the next workcentre with the minimum priority 

number is selected for relocating. 

For this workcentre the total number of wor- 

kcentre moves necessary for relocating the 

candidate facility is calculated and if co- 

mbined with the number of relocations already 

allocated for the time period the limiting 

number of moves has not been exceeded then 

all the workcentres associated with the can- 

didate facility are relocated and eliminated 

from the move list. Where the number of re- 

quired moves exceeds the limiting number the 
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heuristic returns to step 3, 

5. When the limiting number has been reached 

or no more workcentres can be relocated 

without exceeding this number the reloca- 

tion is complete for the time period, 

6. When all workcentres are relocated or no 

more may be relocated due to a small limi- 

ting number the procedure is complete, 

A guide to the relocation heuristic is provided in the 

following example. The problem involves relocating twelve 

workcentres that are grouped in six cells and have materials 

Movement costs and relocation costs as shown in Table 7, 

The potential gain values and consequential cell priorities 

are shown and the problem has a move limit of 4 workcentres 

per period. 

For time period 1 the list of candidates and their pri- 

orities will be: 

Time period 1 

Workeentre= |= 2 345.5 °6 7 8 910 11 22 

Priority Ae oe? ergo) Ue Tees 5 a5 6 ero 

Following the relocation heuristic and using Table 8, 

the table of obstructing workcentres i.e. those workcentres 

occupying the final location of each workcentre, the result 

LS3 

Selection 1 = workcentre 6 

Additional moves required = workcentre 7 

Total = 2 
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CELL | INITIAL LAYOUT | FINAL LAYOUT | RELOCATION | POTENTIAL | PRIORITY | WORKCENTRES 

INT EXT INT EXT COST GAIN IN CELL 
MATL MVMT COST |MATL MVMT COST 

1 100.0 300.0 20.0 240.0 50.0 60.0 4 1 

2 200.0 220.0 80.0 180.0 50.0 90.0 3 2 

3 260.0 160.0 20.0 150.0 150.0 95.0 2 2024) eS 

4 240.0 180.0 15.0 90.0 150.0 120.0 1 Come es 

5 120.0) 170.0 40.0 120.0 100.0 5.0 5 9 10 

6 150,0 250.0 100.0 180.0 100.0 -15.0 6 1 12 
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WORKCENTRE |WORKCENTRES OBSTRUCTING 

FINAL POSITION 

1 iD 

2 4 5 

3 

4 2 5 

D 2 4 

6 a 

iw 

8 4 

2 

LOD 2, 

11 

12   
  
  
“TABLE 8, INTER-WORKCENTRE OBSTRUCTIONS 
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Number of moves available = 4 

Relocate workcentres 6 and 7 

Selection 2 = workcentre 8 

Additional moves required = workcentres 2,4 and 5 

Total = 4 

I Number of moves available 2 

Proceed to next selection 

Selection 3 = workcentre 3 

Additional moves required = none 

lotal= =) 1 

Number of moves available = 2 

Relocate workcentre 3 

Selection 4 = workcentre 4 

Additional moves required = workcentres 2 and 5 

Total = 3 

ik i Number of moves available 

Proceed to next selection 

In a similar manner selection 5 (workcentre 5), selection 6 

(workcentre 2) and selection 7 (workcentre 1) will fail, le- 

aving: 

Selection 8 = workcentre 9 

Additional moves required = none 

Total = 1 

I Number of moves available 

Relocate workcentre 9 

The available relocations for time period 1 are now complete 

and the project proceeds to the next time period, 

Time period 2 
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Workcentre 1 2 4 5 §8 10 11 12 

Priority at, 2 ele 5 6a" 6 

Selection 1 = workcentre 8 

Additional moves required = 2,4 and 5 

Total = 4 

" Number of moves available 4 

Relocate workcentres 2,4, 5 and 8 

The available relocations for time period 2 are now complete 

and the project proceeds to the next time period, 

Time period 3 

Workcentre 1 10 11 12 

Priority AD 6 6 

Selection 1 = workcentre 1 

Additional moves required = workcentre 11 

Total = 2 

Number of moves available 4 " 

Relocate workcentres 1 and 11 

Selection 2 = workcentre 10 

Additional moves required = workcentre 12 

Total = 2 

Number of moves available = 2 

Relocate workcentres 10 and 12 

This completes the relocation of all workcentres in the 

exercise, This illustrating example shows clearly the infl- 

uence of obstructing workcentres on the sequencing of reloc- 

ation moves, an influence which will change the most desir- 

able order of moves, require a number of cells to undergo 

changes at the same time with a resultant increase in disru- 

ption time and may even stop a project before completion. 
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An example of the project being stopped before completion 

can be seen in relocating workcentres 2, 4 and 5 of the pro- 

ject. The three workcentres form a closed subset each of 

which must move at the same time, if the limiting number of 

moves is set at 2 then the relocation project could not be 

completed, 

The extent of final position obstruction is related to 

the ratio - 

Total workcentre area 

Nett layout area 

This ratio, discussed previously in connection with the sta- 

tic layout procedure, indicates the degree of crowding with- 

in the layout area where a high ratio indicates the possibi- 

lity of a high number of obstructions and a low ratio will 

allow adjustment to reduce obstructions, Where no obstruc- 

tions exist the sequencing of relocations is simplified and 

workcentres will be relocated in strict order of priority 

and in a minimum time interval. 

Concluding the dynamic simulation chapter, the relati- 

onship between the evaluation model, relocation heuristic 

and the overall two stage philosophy can be restated. 

The philosophy has been proposed that the layout of 

workcentres in a job shop situation goes through two stages, 

firstly an alternative static arrangement of workcentres is 

determined to suit the requirements of a new production pro- 

gram. Secondly a dynamic analysis of the changeover from 
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the original to the new layout design will enable an assess- 

ment to be made of whether the benefits of the new static 

design can be obtained under varying conditions, The dynamic 

model presented formulates a more accurate evaluation of mat- 

erials movement cost and combines this cost with workcentre 

relocation costs in a financial model used to examine project 

return and cash flows for a number of changeover alternati - 

ves, including a relocation heuristic for automatic change- 

over in the absence of a designer selected sequence, 
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6. A COMPUTERISED LAYOUT DESIGN SYSTEM 

To examine job shop problems of a practical size using 

the progressive two stage approach presented in the static 

layout design and dynamic simulation models will require 

considerable amounts of calculation and data manipulation 

the level of which would be beyond hand calculation, 

The use of a digital computer for this work has two par- 

ticular advantages, speed and capacity. The ability to per- 

form large numbers of calculations rapidly combined with the 

ability to store and manipulate quantitative data presents 

the computer as a useful aid to plant layout designers and 

has resulted in an increasing number of computerised techni- 

ques, discussed in the review of existing layout methods, 

From the review it has been shown that the design and 

construction of each program influences the practical use- 

fulness of the proposed algorithm or heuristic and amongst 

the possible limitations, particularly with regard to the 

layout of workcentres in a job shop situation, are firstly 

the representations used for facilities and layout area, 

secondly oversimplified materials movement evaluation which 

generally uses approximated distances and handling costs 

directly proportional to distance, and finally the operating 

nature of each program. Early computer programs used rigid 

operating procedures (CRAFT 1961) which severely restricts 

the influence of the designer during the program execution 

stage, a limitation partially relieved by later programs 
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(CORELAP8 1971) and (PREP 1973) by the use of interactive 

terminals. 

With the increasing sophistication of computer equip- 

ment and software programming techniques the role of comp- 

uters has progressed past that of simple calculators and 

there is now a need to examine how best computer systems can 

be arranged to aid the design procedure. Two aspects of the 

use of computers for workcentre layout are examined in this 

chapter: 

1. The selection of computer equipment to 

enhance the interactive layout models. 

2. The design and specification of a set 

of computer programs based upon the 

two part philosophy proposed within this 

research. 

6.1. Computer Equipment for Facility Layout Programs 

The approach adopted within the two problem stages is 

based upon the desire to achieve the best possible balance 

between the designer and the quantitative models. To achi- 

eve this balance a number of objectives can be set for the 

computer equipment: 

1. To enable rapid quantitative evaluation. 

2. To allow adequate consideration of sub- 

jective factors during the actual design 

exercises. 
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3. To enable a sufficient display of inform- 

ation for reasonable problem comprehension, 

4. To limit the amount of information that has 

to be input by the designer, 

5. To produce permanent copies of information 

on the results of each layout exercise for 

record and study purposes, 

The main computer or central processor will perform 

the necessary rapid quantitative evaluations leaving the 

main area of examination as that of the selection of perip- 

heral equipment for transmitting the various channels of in- 

formation to and from the central processor in the most ef- 

ficient manner, Consider the peripheral system shown in 

Figure 20. Within the system exists the designer, a visual 

display terminal, a normal on-line terminal and the central 

processor containing the computer programs. The system op- 

erates through two channels, one relaying quantitative dec- 

isions and the other displaying a visual image of the state 

of the project, enabling the designer to monitor decisions 

during the design exercise, 

Within the computer system the visual display equipment 

clearly performs several important functions and although 

the initial set of programs developed at this stage does not 

include visual display images a number of observations re- 

garding the usefulness of this equipment can be made: 

1. Commercial software programs and equip- 

ment are now readily available and can 
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be linked into major computers with relative 

ease, 

2. The equipment is increasingly used in archi- 

tectural applications and has been shown to 

be capable of complex two and three-dimen- 

sional representations. 

3. The use of a visual display terminal would 

in one direction greatly increase the design- 

ers ability to comprehend each problem and 

in the other direction would enable the rapid 

transmission of layout changes back to the 

central processor, 

Of those quantitative programs designed for the layout 

of manufacturing areas none to date has explored the use of 

this equipment to the same extent as in the field of archit- 

ectural design. 

A complete range of equipment for an interactive facil- 

ity layout system is illustrated in Figure 21, In addition 

to the terminal and visual display screen a conventional 

card reader is included for inputting the bulky quantitative 

data, a graph plotter for the direct production of layout 

drawings and a hard copier, linked to the visual display ter- 

minal, for the quick reproduction of displays. The standard 

cassette recorder, which can be linked to the visual display 

terminal by the use of an optional interface is capable of 

recording screen images throughout a layout exercise enabl- 

ing the problem to be re-run off-line thus providing a use- 

109



  

  OT
L 

  

LZ) 
HARD 

COPIER 
      

  

  

  

VISUAL 

DISPLAY 

      

    

LEE 
  

RECORDER 
      

  

  

  

  

  

    

  GRAPH PLOTTER   
  

aaa 

  

TERMINAL 

  

FIG 21 

  

  
  

  

      

CARD 

  READER 
              

  
CENTRAL 

PROCESSOR 

  

A COMPUTER HARDWARE SYSTEM FOR INTERACTIVE JOB SHOP LAYOUT 

  

  
 



ful facility for revising decisions and training plant lay- 

out personnel. 

Whilst this chapter is primarily concerned with the de- 

velopment of a set of computer programs for the two part 

layout philosophy the brief discussion on computer hardware 

equipment demonstrates that in addition to considering the 

importance of the design model the actual design process, 

which relates the functions of model, designer and equipment, 

can improve or decrease the possibility of obtaining a good 

design layout. 

6.2. A Program Suite for Job Shop Layout 
  

When examining computer programs for facility layout 

two separate areas present themselves for investigations: 

1. The technical construction of programs. 

2. The manner in which the programs satisfy 

the design system, 

The major portion of the detailed technical construct- 

ion of the program suite developed in this research for the 

examination of job shop rearrangement has been extracted 

from the main thesis and included in two appendices, Append- 

ix B containing the main program listings and general flow 

charts and Appendix C containing a comprehensive user's 

guide. 

Written in the Fortran language for use on an ICL com- 
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puter an initial set of three programs UAl, UA2 and UA3 have 

been developed on a modular basis to implement the progress- 

ive two stage heuristic philosophy presented as part of this 

work. In addition two further programs UA4 and UA5 have 

been added to the system by Choi (16) to enable the automatic 

preparation of layout diagrams at any stage in the simula- 

tion changeover. The overall arrangement of modular progr- 

ams and intermediate files are shown in Figure 22, which al- 

so contains an indication of the points at which information 

is input and output form the program suite, 

Whilst detailed discussion of programs is inappropriate 

at this stage two important observations can be made regard- 

ing the modular nature of the programs. The models presen- 

ted for job shop layout and examination are necessarily de- 

tailed and involve certain assumptions and restrictions, 

With a view to developing the models into further problem 

formulations or alternative criteria the modular nature of 

the programs will allow easier changes in program construc- 

tion. 

The second observation concerns the important question 

of computing time. The development of any program for the 

general facility layout class of problem requires a constant 

balancing of accuracy and computation time, a point given 

consideration in the development of the two stage model. By 

arranging the programs on a modular basis further savings 

were possible without compromising the original models. The 

approach of developing separate programs and linking by mag- 
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netic file stores is both clear and efficient. The tasks 

of the three programs are: 

UAL Data checking 

UA2 Static layout design 

UA3 Dynamic changeover simulation, 

In splitting up each section of the design process an 

additional cost in computation time is incurred writing to 

files and re-reading files into the next program. This how- 

ever is more than compensated for by the savings made from 

unnecessary calculation repetitions, An average test case, 

discounting errors, will require program UAl once, program 

UA2 two to four times whilst UA3 could be used to simulate 

more than a dozen varying changeover conditions of life 

span, boundary distance, rate of return or other parameters, 

By segregating on a modular basis the different levels of 

use substantial computation savings are possible, 

Discussing computer programs in a more general sense 

an important part of their function is to satisfy and en- 

hance the design process in a similar manner to that discus- 

sed earlier in the case of computer equipment. Apple and 

Deisenroth (4) and Muther and McPhereson (49), referring to 

a design seminar held on computer aided plant layout, put 

forward a list of desirable criteria for computer layout 

programs which is shown reproduced in Table9. and which can 

be used to examine the usefulness of programs UA1 to UA3. 

Five of the sixteen points -(5,6,7,13 and 16) are con- 
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cerned with realistically representing facilities and layout 

area. In the initial program suite this representation of 

facilities and layout area has been developed using an out- 

line co-ordinate system, capable of maintaining shape and 

area, The limited usefulness of popular block diagram rep- 

resentation has been discussed in the review of existing te- 

chniques and as a result has been discarded in favour of the 

co-ordinate system which at a future point will enable an 

easier modification to include visual display programs. 

Using co-ordinate representation affects the computer 

program in two respects, core size requirements and computer 

run time. With the use of the co-ordinate representation of 

shapes the program core image requirement is not related to 

the unit size of each matrix segment and therefore can be 

standardised for a range of problems, 

However with the use of co-ordinate representation there 

is also an increase in computer time requirements, The de- 

sign of computer programs to embody a layout philosophy re- 

quires a constant balancing of accuracy against computation 

time. The more accurate the representation or the more ac- 

curate the determination of movement the greater the computa- 

tional cost. In developing the techniques for determining 

movement distance used in the dynamic simulation model a re- 

lationship between the estimated number of required calcula- 

tions and the number of possible obstruction lines was noted. 

Illustrated in Figure 23. for the three techniques that che- 

cked movement against obstructions the diagram shows that 
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there is a proportional increase in computation costs as the 

number of outlines increases. Clearly the more realistic 

and detailed a layout representation used the greater will 

be the computer time requirement. 

One aspect of realistic representation is not covered 

in the present set of programs and that is the question of 

multi-storey layout (Point 8). With the current trend to- 

wards lower cost single-storey manufacturing buildings and 

the problem being one of arranging workcentres in a depart- 

ment rather than arranging departments within a building the 

number of occasions on which a department will extend over 

more than one floor level is relatively few in comparison, 

The interactive approach developed as part of the pro- 

grams satisfies three of the criteria (Points 3,12 and 15), 

allowing the designer to give account to subjective factors 

in what is essentially a quantitative model. However the 

interactive approach appears to be contrary to two further 

points, firstly the elimination of human evaluation of sol- 

utions and secondly the elimination of manual adjustment of 

graphical output. The need to use designer judgement has 

been discussed in the development of the static layout de- 

sign model and is considered essential at the detailed job 

shop level. Whilst it is desirable to use the computer 

whenever possible the complex nature of realistic problems 

will almost certainly require the designer to examine lay- 

out arrangements at some stage in the design process, 
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Two further criteria in Table 8 stand out in importance, 

the need for realistic data and providing a more realistic 

cost evaluation, Within this work a number of major modi- 

fications to the quantitative materials movement criteria 

have been included in the changeover simulation model to pro- 

vide a more practical evaluation of layout designs. 

Obtaining realistic data is a problem encountered by 

all layout designers and is particlarly applicable at the 

job shop level. Within any one job shop determining the 

product data is the most difficult task. Not only are pro- 

duct batch sizes subject to variation but in practice with 

the large number of products involved workcentre sequences 

may have to be partially estimated and representative pro- 

duct lines selected. Under these circumstances it is nece- 

ssary to assume that the problem data represents how the job 

shop should operate and to view the results obtained in the 

light of the estimated data accuracy. 

Before concluding the section on the computerised lay- 

out system one further aspect is worthy of mention. The 

approach adopted is an interactive one between designer and 

computer which leads to the question of assigning tasks in 

the design process between the two. In an interactive rela- 

tionship it is not the most efficient way to assign all the 

tasks possible to the computer, an example of this is the 

question of interpreting visual images. A designer is cap- 

able of telling at a glance the overlapping of facilities 

when presented in visual form whereas a computer would need 
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to undertake an extensive set of comparison calculations 

where a co-ordinate system is in use, The inability to com- 

‘prehend pictures is one of the major limitations of present 

computers, Alternatively data checking and quantitative 

calculations are achieved more efficiently by computers. 

As a general guide within programs UAl to UA3 subjective and 

visual decisions where assigned to the designer and quanti- 

tative calculations, data checking and data manipulation 

were assigned to the computer. 

Within this chapter the selection of computer equipment 

and the design of computer programs for workcentre layout 

problems have been examined. The technical description of 

the programs written to embody the static layout design 

model and the dynamic changeover model have been introduced 

and reference made to detailed listings and instructions co- 

ntained in Appendices B and C. At the same time a more gen- 

eral examination of the overall concepts of a computer sys- 

tem has been discussed with a view to defining those obj- 

ectives that would enhance the possibility of obtaining 

improved layout arrangements. 
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7. EXAMINATION OF PARAMETERS 

The extended layout approach adopted for examining 

the layout of workcentres in a job shop situation has bro- 

ught forward a number of parameters that can affect the in- 

troduction of layout changeover and the financial return to 

be obtained from the project. These parameters can be iden- 

tified as: 

PF The fixed cost values associated with 

moving each batch of products, 

E Boundary distance between local move- 

ment (excluded from cost model) and 

departmental movement (included in cost 

model). 

Associated with the evaluation of materials movement. 

WR Relocation cost associated with moving 

workcentres. 

R_ Rate of return on cash flows throughout 

the project. 

TP The number of time periods in the project. 

Associated with the financial evaluation model. 

LN Limiting number of workcentre relocations 

per time period. 

Associated with the dynamic changeover simulation. 

The highly individualistic nature of layout problems 

will prohibit the formulation of specific relationships be- 

tween project return and each parameter, however an indica- 

tion of their influence on layout projects can be obtained 

be:



by the examination of an industrial test case, 

7.1, Selection of Test Cases 

The test case selected is based upon the manufacturing 

program of a company engaged in the production of high speed 

eylindrical knitting machines and involves the relocation of 

34 main workcentres and 5 dummy workcentres in the area 

shown in Figure 24 to suit the introduction of group techno- 

logy cells. In designing the tests five permutations of the 

basic problem are examined to allow for the possible influ- 

ence of flow dominance in the production data. The support- 

ing information for each problem and test result has been 

included in Appendix D. 

The five problem variations, designated Al to A5, have 

been derived in the following manner: 

Al Using the original problem data (A5) each 

workcentre relocation cost and fixed cost 

of moving product batches is reduced to 

zero. This leaves only the distance var- 

liable materials movement cost for inclus- 

ion in the financial model. The resultant 

problem therefore is in the most “sensitive” 

form where costs will be related in the 

most direct way to workcentre positions, 

A2-A4 These three test cases contain the varia- 

tion in batch quantities used to reduce the 

influence of dominance in materials movement. 
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The coefficient of variation”, used ori- 

ginally by Vollman (61) as a means of 

indicating dominance independent of pro- 

duction quantities, has been adopted as 

a measure of variance. The variation in 

product batches ranged from 81% (case Al) 

to 397% (case A4). The variance of inter- 

workcentre movement cost, a better indi- 

cator of real variance, ranged from 80% 

(case Al) to 156% (case A4). 

A5 This is the original problem with all cost 

values returned and is used to examine in 

detail the effect of the number of relo- 

cation moves per period (LN). 

7.2. Static Layout Design using Test Cases 
  

The first stage in the examination of parameters is to 

develop the final layout arrangement for each test case. 

Two of the five test cases, test case Al and test case A5 

contain the same product batch quantities and variable move- 

ment costs and therefore will produce the same cell diagr- 

ams, leaving four arrangements to develop. 

The initial placement order for the fourteen cells in 

each of the five test cases is shown in Table 10, 

The first six cells, cells 1 to 5 and 14 all fall in the 

* The coefficient of variation equals the 

standard deviation divided by the mean 

and expressed as a percentage, 124
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completely prefixed group and therefore were given priority 

location, as in practice each workcentre in these cells al- 

ready occupies its final position, With the absence of 

partially fixed cells the remaining free cells were placed 

in order of their potential external movement. The result- 

ant cell centres (Table D3) and cell diagrams (Figures Dl to 

D4) are included in Appendix D. 

The shape of the layout area for the five test cases 

produced an illustration of both the problem of working at a 

more detailed level and the concept behind adopting an in- 

teractive designer-heuristic approach. With the fixed cells 

transferred there resulted a concentration of cells within 

the restricted north-eastern corner of the layout area, 

Cell 4 (workcentre 204), cell 5 (workcentre 205) the two 

starting and finishing cells for product sequences, along 

with cell 3 (workcentre 203) and cell 14 (workcentre 30 and 

31) are all concentrated within the north-eastern corner, In 

consequence the minimum cost position for each of the free 

cells, next allocated for placement, will be in an unaccept- 

able position within this area. Inspecting the diagram the 

designer can choose between searching for a possible locat- 

ion around the minimum point or to move using the guide. In 

each test case cells were relocated to the nearest avail- 

able area using the movement guide, with the result that as 

more cells were located so the minimum cost positions varied. 

In the review of present techniques a number of general 

schematic techniques were criticised for the large number of 
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interpretations that can be given to schematic diagrams. At 

this point it is worth noting the distinction between the 

variability just described and the variability inherent in 

an interactive design process. Decisions made by the desi- 

gner in the interactive process are firstly made during the 

exercise at the correct time and secondly specific quantita- 

tive information is provided on which to base decisions, 

whereas earlier schematic methods were a question of inter- 

preting loosely constructed arrangement diagrams. 

The next stage after designing the cell diagram is to 

position workcentres within cell areas, a function at pres- 

ent achieved manually by the designer. The workcentre arra- 

ngements for the test cases resulting from this stage (Fig- 

ures D5 to D9) and the workcentre co-ordinates (Table D4) 

are included in Appendix D, 

In defining the objectives of the static layout stage 

two points are of major importance: 

1. To create a satisfactory arrangement of 

workcentres to suit the new production 

program using materials movement cost as 

the layout criteria. 

2. To maintain within any new arrangement 

the close proximity of workcentres in the 

same cell as far as is possible. 

In the static layout model workcentre cells are repres- 

ented by proportional area circles which during the final 
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transition from cell diagram to workcentre layout will in 

practice assume a variety of shapes not necessarily circular, 

An indication of the variation in final cell shape for the 

four test cases is given in Table 11. 

Spread ratio expresses the mean displacement of work- 

centres from the cell centre as a function of cell size, for 

with large cells physical size will require workcentres to 

be spread out further. The maximum cell length, taken as 

the maximum possible straight line distance between the two 

extreme workcentres in each cell also indicates distortion 

and in the four test cases the maximum cell length was 13.0 

metres in a cell circle of radius 6.7 metres. This cell will 

have assumed a distorted ellipse shape within the layout. 

Two difficult types of layout situation exist with re- 

gard to: the workcentre placing stage, firstly one cell may 

contain two fixed workcentres that have to be placed apart 

thus making a compact cell impossible, and secondly a number 

of cell centres may have been placed in close proximity, 

cramping the workcentres in one particular cell. As neither 

of these two cases were experienced in the static layout de- 

sign stage the workcentre arrangements for test cases Al to 

A5 were both continuous and compact. 

From the static layout exercise the following general 

observation was formed: 

“The adoptien of a two stage approach of 

firstly placing cells and then individual 
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workcentres has resulted in the formation 

of compact facility groups satisfying the 

major layout objective of close proximity 

of workcentres in each cell. In addition 

the use of a manual method for locating 

workcentres within cells saves considera- 

ble computational effort for what would 

be an exhausting and highly complex task, 

a task beyond present programs and one in 

which there is no guarantee at all that 

comparable results can be achieved by com- 

puter for practical numbers of facilities." 

Having discussed the more physical aspects of static 

layout for the four test cases there remains the question of 

examining the effect of the initial list of parameters on 

the financial evaluation model and dynamic changeover. 

7.3. PF - Fixed Cost per Batch 

Within the dynamic changeover model a modified version 

of materials movement cost has been developed introducing 

two additional parameters, a fixed cost per batch and a bou- 

ndary distance between local and departmental movement, An 

indication of the potential influence of increasing fixed 

costs is shown in Figure 25, Fixed movement cost per batch, 

in common with a number of other parameters examined, intro- 

duces a cost influence not dependent on the position of wo- 

rkcentres and which consequently increases the general level 
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of costs and reduces the ratio between project return and 

layout cost as illustrated in Figure 25, 

In the test cases the fixed cost of moving each batch 

was increased from 0.0 to 0.4 units per batch with the res- 

ult that the ratio of return over original cost declined fr- 

om 0.35 to 0.035, The viability of an actual industrial pro- 

ject might be affected if a changeover only produces a 3.5% 

change in materials movement cost to offset capital outlay. 

Whilst in practice fixed movement cost varies for each pro- 

duct according to the handling equipment used, the test fur- 

ther indicates the influence of fixed cost in a job shop sit- 

uation where movement distances are comparatively shorter 

than in inter-departmental movement. Using metric distances 

the ratio between fixed and variable cost was in the range 

1/40 to 1/80 for the full test case (A5). Applying this ra- 

tio to the test layout area 27 metres long by 27 metres wide, 

and assuming an average movement distance of 20 metres the 

fixed cost parameter could contribute between 25% to 50% of 

total materials movement cost. 

7.4. E - Boundary Distance 

The second modification to the materials movement cost 

criterion is the use of a boundary distance to differentiate 

between local and departmental movement, In a job shop en- 

vironment where the product range is physically small enough 

to enable movement by hand machine operators will generally 

undertake movement between neighbouring workcentres without 
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requiring the use of handling equipment, Whilst this local 

movement is achieved by an unofficial arrangement within the 

job shop movement of this type does in practice occur, move- 

ment within group technology cells will be largely local in 

nature, 

To examine the effect of introducing a local movement 

factor the value of E, measured as the straight line distan- 

ce between workcentres, was varied from 0.0 metres to 20.0 

metres, with regard to final layout cost and project return, 

The result of increasing boundary distance on the mat- 

erials movement cost of a layout is shown in Figure 26. for 

the four final layouts of test cases Al to A4, Initially 

no change occurs until E reaches the minimum movement dis- 

tance of approximately 2.0 metres, after which layout costs 

decline steadily as would be expected with increasing E val- 

ues. 

The effect of this increasing E value on project re- 

turn is shown in Figure 27, Assuming that each of the four 

final layouts are less expensive in materials movement cost 

than the initial layout then this would be the result of a 

lower distribution of movement distances, as illustrated in 

Figure 28, Examining this distribution, as E increases in- 

itially more final layout distances will drop out of the 

cost calculation resulting in an increase in project return, 

Eventually a greater number of initial layout distances will 

drop out than final distances and combined with the overall 
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decrease in layout movement costs there will be a resultant 

decline in project return, 

Considering the influence of local movement in a simi- 

lar manner to fixed movement cost on materials movement as a 

criterion the effect of using an average 5.0 metre boundary 

distance would be to decrease the cost of final layout by 

14% to 30% in total, The average length of workcentre cells 

within these examples was 7.9 metres showing that if produc- 

ts were suitable for local movement a boundary distance of 

5.0 metres would not be unreasonable, giving a resulting in- 

crease in project return as indicated, 

The fixed movement cost per product batch and boundary 

distance for differentiating between local and departmental 

movement, along with a more accurate distance measuring heu- 

ristic, have been introduced to model more realistically the 

behaviour of materials movement in a practical job shop sit- 

uation. On investigating the two parameters fixed movement 

costs have been found to influence overall materials movem- 

ent costs as a result of the relatively short distances mo- 

ved within a job shop and for the same reason boundary dis- 

tances in the range 4.0 to 8.0 metres have also affected re- 

sults. 

1.5 R - Expected Rate of Return 

Te _- Number of Time Periods 

Taking an overall view of relocation projects three 
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parameters i.e. rate of return, project life span and re- 

location costs can affect the viability of a project. 

These three parameters are important factors related 

to discounted cash flow theory, a widely accepted technique 

for capital investment appraisal and whilst essentially an 

industrial engineering problem, a financial model has been 

chosen to assess the contribution of layout decisions to the 

overall manufacturing system. 

Within the dynamic simulation of layout changeovers 

there exists all the important factors of capital evaluation 

theory, with cash flows in the form of changing materials 

movement costs, capital outlay in the form of workcentre re- 

location costs and pay back period in the form of projected 

life span. Under these conditions it is important to consi- 

der both the direct costs involved in layout decisions and 

the parallel effect of declining or appreciating value pla- 

ced on money. For this reason the evaluation model, as part 

of the dynamic simulation stage included in program UA3, 

outputs both sets of costs for consideration by the designer. 

Before proceeding to examine the full range of dynamic 

changeover situations an indication of the effect.of these 

parameters can be obtained by discussing the case of the im- 

mediate changeover of layout arrangements at the beginning 

of the project i.e. all workcentres relocated in one atte- 

mpt. 
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Using test case Al the influence on project return of 

time periods and rate of return is shown in Figures 29 and 

30 respectively. The effect of rate of return is to reduce 

the relative importance of cash flows in the later stages of 

a project and therefore where a rate of return is expected 

changeover decisions are affected in two ways: 

1. The eventual real contribution to the 

overall project may not be sufficient 

to justify proceeding with a particular 

changeover sequence, 

2. The declining value of cash flows could 

be used to reduce the maximum capital 

outlay required throughout a project, 

7.6, WR - Workcentre Relocation Costs 

¢ In the two part philosophy materials movement is used 

in the static layout stage as a basis for layout of cells 

and in the dynamic simulation stage materials movement is 

used in the evaluation model. To a certain extent this has 

pre judged the relative importance of materials movement as 

a layout criterion, selected because of the relationship 

to actual workcentre positions. 

Consider the relative scales of materials movement and 

relocation costs as illustrated in Figure 31, Region A 

could be associated for example with short life span pro- 

jects where relocation costs would be proportionately higher 

than the materials movement cost incurred throughout the 
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project life span. This presents the need to develop alter- 

native layout models using a more appropriate evaluation cr- 

iterion. Regions B and C contain a more proportionate rela- 

tionship between the two costs in which the expected con- 

tribution to the overall project can be dependent upon any 

of the parameters discussed so far. Test case A5 for exam- 

ple contains total relocation costs of 2080 units, comparing 

this to a life span of 32 time periods the result of relo- 

cating on direct costs would produce a project return of 

3450, reducing life span to 10 time periods would result 

however in a negative project return of -352 units. 

Within individual layout projects therefore it is nec- 

essary to consider the relative influence of workcentre re- 

location costs with respect to the overall contribution to 

the manufacturing system. 

  

7.7. LN - Limiting Number of Workcentre Relocations 

Per Period 

The examination of parameters up to this point has in- 

dicated the possible influence on evaluation results of a 

number of parameters, namely fixed cost of moving product 

batches (PF) and boundary distance (E), associated with mat- 

erials movement cost, and the rate of return (R), life span 

(TP) and workcentre relocation costs (WR), associated with 

the financial appraisal of the changeover contribution to 

the overall project. 
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With the examination of the final variable, the limit- 

ing number of moves per period, an indication of the dynamic 

interaction of parameters can be obtained using test case 

A5 which contains the full range of costs, One modification 

to the problem has been included to enable small values of 

LN to be examined, In the development of the dynamic simu- 

lation model the problem of a high workcentre area to lay- 

out area ratio was introduced with the possible effect of 

workcentre relocations forming interdependent chains, This 

occurs with problem A5 where a ratio of 0.54 resulted ina 

minimum number of moves set at 18. Being concerned more 

with illustration of the effect of parameters rather than 

detailed examination of problems, temporary adjustment of 

positions was allowed to enable the minimum number of moves 

to be reduced, 

The resulting effect of the limiting number of moves on 

test case A5 for direct costs and a 10% rate of return per 

period are shown in Figures 32 and 33 respectively. 

The resultant variation in project return demonstrates 

the reasoning behind adopting a modelling approach rather 

than an immediate attempt to find an optimisation solution, 

Each of the figures can be interpreted with at least three 

objectives in view. Firstly there is the examination of 

capital outlay in the project. In a particular test there 

may be a restriction of the amount of finance available at 

the beginning of a project. Considering direct costs this 

restriction may be overcome by the gradual relocation of 
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facilities where the capital expenditure is reduced and 

where partial layout benefits can be recovered to assist fin- 

ancing. For test case A5 the maximum capital expenditure 

declined from 2080 units to 228 units and the changeover was 

phased out over a greater time span. In the present value 

case capital outlay can be further reduced by considering the 

use of the changing value of money, Although high in value 

the 10% rate of return per period further declined the maxi- 

mum required capital outlay to 213.5 money units with LN=1, 

The decreasing value of LN however has the opposite ef- 

fect upon final project return. The direct cost case shows 

the gradual decline in project return from 3450 units to 

2281.6 units as a result of the more gradual introduction of 

new cells and their benefits, The result of using present 

value factors is clearly illustrated in Figure 33 where the 

profitability of the number of relocation moves has reversed 

completely, with the slowest relocation showing the greatest 

profit. Examining this reversal further there exists the 

possibility that for any individual problem there is a rate 

of return for which variation in the number of relocations 

per time period will still yield approximately the same pro- 

ject return, For test case A5 this rate of return is around 

4%, illustrated in Figure 34. 

The third objective suggests a possible alternative to 

financially motivated evaluation of layouts. This is the 

desire to minimise production disruption to introduce cells 

within the minimum possible time, Although not examined in 
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detail the inclusion of inter-workcentre obstructions will 

disrupt the sequencing of the layout changeover and affect 

the benefits to be obtained from other manufacturing areas. 

Where these benefits are important the financial heuristic 

in the dynamic simulation could be replaced with a heuristic 

concerned with engineering objectives, for example the intr- 

oduction of cells in the minimum time interval. 

The examination of parameters in this chapter has ind- 

icated the influence of a number of variables associated 

with the two stage philosophy. What is intended in this ch- 

apter is to show that the layout of workcentres in a job 

shop situation brings into conflict four areas of interest, 

the requirements of the overall manufacturing system, the 

physical requirements of arranging shapes and areas, engin- 

eering objectives within the job shop and finally financial 

objectives, 

Two final observations remain regarding the examination 

of the test results. Firstly there is the question of the 

influence of flow dominance in the movement of product batc- 

hes. At no stage could a relationship be found between the 

level of project return and the level of dominance for the 

test cases, possibly resulting from the highly non-linear 

appearance of the evaluation model after the introduction of 

the new parameters, However Carter and Whitehead (15), on 

examining various flow dominances by the use of class inter- 

vals, also came to a similar conclusion: 

"A decrease in the coefficient of 
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variation of the data however, does not 

lead to a corresponding proportional in- 

crease in layout cost", 

Secondly there is the question of the overall objective 

of layout changes. Within the philosophy the overall objec- 

tive is to assess the contribution of the layout changeover 

to the manufacturing system. In order to obtain the best 

total contribution it may be necessary to introduce a layout 

design that will contribute a loss in terms of the evaluat- 

ion model. In the event of a negative project return then 

the attendant reversal of parameter influences should not be 

neglected. 

150



8. FUTURE WORK 

In a project concerned with the relocation of workcent- 

res in the complex job shop manufacturing situation, partic- 

ularly with the introduction of a new line of investigation, 

there must exist a number of areas for future work. These 

extensions of the initial formulation can be grouped for 

discussion under two headings: 

1. Modifications to the present approach. 

2. Alternative problem formulations. 

8.1. Modifications to the Present Approach, 
  

Within the two stage approach two heuristic techniques 

were developed for the static layout design section and for 

the automatic scheduling of workcentre relocations from the 

initial to the final layout. The static layout design proc- 

edure is not exact in nature, working in an interactive mode 

and containing at present a manual section for the placing 

of workcentres within cell areas. This manual placing was 

considered to save extensive computational effort at this 

detailed level at the cost of only minor increases in mater- 

ials movement cost although the actual procedure gives no 

indication of which workcentres within each cell are more 

important from either a production or layout point of view. 

A potential area for further investigation is the study of 

the nature of activity within cells, examining work sequenc- 

ing patterns and work loading to determine priority ratings 

for facilities. Lopez (37), examining a matrix grid form- 
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ulation of the layout problem, located workcentres within 

cells by the use of a pivot workcentre selected on a reloc- 

ation cost basis. Questions worthy of investigation regard- 

ing the internal layout of cells therefore include: 

1. Can a dominant materials movement pattern 

be detected for internal cell activities 

and thus be used for arranging workcentres, 

2. Could the existence of key production 

machines be used as a layout basis. 

3. Could the existing locations of these 

key workcentres suggest actual cell loc- 

ations for the new production program 

thus reducing relocation costs, 

The second heuristic, concerned with the changeover of 

locations, has been developed to utilise cell priorities as 

a relocation basis, a priority normally based on potential 

project return. This problem formulation resembles a seque- 

ncing problem and constitutes on its own a major area of 

future investigation including examination of the following 

points: 

1. How will varying LN during the project 

lifespan affect results, 

2. How can the problem of inter-workcentre 

location obstructions, which complicates 

the changeover process, be reduced. 

3. Could intermediate layout stages produce 

inefficient transitional arrangements 

due to the spread out of part completed 
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workcentre cells, 

Both of the heuristics performed efficiently on the 

test cases examined. However their use was with regard to 

examining the nature of a number of new parameters and there 

is therefore a need to test the models on further industrial 

examples with a view to their practical usefulness and to 

compare results against possible alternative solution proc- 

edures. 

Finally there are a few suggested modifications to the 

present suite of programs resulting from experience of their 

use. Most notable is the introduction of visual display eq- 

uipment as discussed in Chapter 6 with regard to the best 

possible combination of designer and computer tasks. With 

the high standard of commercial equipment and software prog- 

rams available this introduction of on-line images would en- 

hance the practical usefulness of programs UAl to UA3. Sec- 

ondly, with the basic programs now complete, it should now 

be possible to construct an overall control program macro to 

simplify the number of instructions required from the desig- 

ner, the intention being not to simplify the models but to 

simplify their use, 

8.2, Alternative Problem Formulations 

Throughout the development of the layout techniques and 

the subsequent testing of parameters observations regarding 

alternative approaches were noted with respect to parts of 
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the existing models. Although beyond the scope of the pres- 

ent work these alternative problem formulations may help to 

extend the practical usefulness of the current approach. 

Temporary locations for workcentres 

At present workcentres may only occupy their initial or 

final locations throughout the changeover, a restriction th- 

at in practice leads to problems of inter-workcentre obstru- 

ctions, A useful modification to this limitation would be 

to introduce temporary locations for difficult workcentres 

either in a predetermined area on the layout or in a minimum 

Cost position that is vacant. This may increase marginally 

the materials movement cost associated with the workcentres 

involved and in addition a double relocation cost will have 

to be paid but in return certain key cells may be completed 

at a more advanced stage of the project. 

Addition or subtraction of workcentres 

The present model also assumes that the same workcentr- 

es will be required for the new production program. In prac- 

tice there may occur an increase in the number of workcent- 

‘res to meet an increase in production, a decrease in the nu- 

mber of workcentres to suit a decrease in production or a 

change in workcentres to suit a change in production methods. 

Under these circumstances the existing model may be too lim- 

ited to use for the project return is derived from comparing 

original and new layout costs for the same workcentres. The 

extension of the present model to cover workcentre variation 

therefore would present a positive improvement but will req- 
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uire a re-examination of the basic principle of the financ- 

ial evaluation procedure. 

Inclusion of lost production 

One of the model conditions is the requirement that 

workcentre relocations take place between production periods, 

a requirement which affects the selection of the value of LN, 

the limiting number of moves per period. The resultant mod- 

el, a straight comparison between materials movement cost 

and workcentre relocation cost, can be extended to include 

the ability to examine trading loss of production against 

early completion of the layout changeover. The increasing of 

LN achieved by stopping production would be balanced against 

the addition of a capital outlay to represent losses result- 

ing from the reduced production time. 

Alternative engineering criteria 

In the simulation of layout changeover the heuristic 

for selecting workcentres and the evaluation model are both 

financially orientated. This may not in practice be the be- 

st criterion in terms of the overall manufacturing system 

where engineering considerations, expressed in the formation 

of workcentre cells, have already been shown to influence wo- 

rkcentre layout. Where the benefits to be obtained from the 

overall project are greater than materials movement gains 

then more important criteria might include: 

1. Minimise changeover time. 

2. Minimise number of relocation moves 

or cost. 
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3. Minimise changeover time for 

individual cells. 

A comparative study of alternative layout criterion may pro- 

duce an indication of the most beneficial model, 

Modification to the present value analysis 
  

The use of present value theory has been introduced to 

give a more realistic evaluation of cash flows. In the pr- 

esent environment of financial uncertainty two further modi- 

fications to R, the rate of return, are suggested. The first 

modification is the inclusion of taxation on cash flows, a 

fairly standard financial procedure, and secondly there is 

the possible consideration of inflation on the model, 

Non-uniform layout area 

The present definition of layout area assumes that the 

nett available area is the same throughout and that the rel- 

ocation cost for each workcentre includes the cost of conn- 

ecting up services to local mains. Within a modern manufac- 

turing plant adequate service mains are provided but in old- 

er areas this may not be the case, requiring either additio- 

nal relocation cost or a restriction on possible locations, 

At present special problems of this kind are accounted for 

by the interactive consideration of subjective factors, an 

approach which could be extended to include information on 

other layout area factors for example floor strengths, ceil- 

ing heights and services, 

Summarising on the question of future work, the present 
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research has been largely concerned with justifying the ext- 

ended approach to job shop layout, formulating a representa- 

tive set of models and examining the influence of certain 

new parameters with the aid of a suite of layout programs 

for the models. Extensions to this work will be concerned 

with either testing the present procedures on industrial te- 

st cases or with the development of alternative techniques 

to improve or replace present heuristic modules within the 

approach, 
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9. CONCLUSIONS 

The general problem 

1. Plant layout is part of a larger manufacturing design 

task where layout improvements should be considered as 

a contribution to the overall project. 

2. At the job shop level the manufacturing system places 

a restriction on possible layout designs in the form 

of pregrouping of workcentres to enable efficient con- 

trol of production. 

3. Solution approaches to practical layout problems at 

the job shop level must consider quantitative and sub- 

jective factors during the design process, indicating 

the use of an interactive technique. 

4. The need to consider restrictions, quantitative and 

subjective factors within one problem means that a 

single criterion used in isolation will not adequately 

reflect the problem requirements, 

The solution approach 

5. The rearrangement of an existing job shop to suit the 

requirements of a revised production program goes 

through two stages: 

I The creation of a new "static" layout 

design. 

II The dynamic introduction of the new 

layout. 

6. An interactive-heuristic approach to solving the prob- 

lems represented by the two layout stages is suggested. 
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7. The use of heuristics, as opposed to an optimisation 

approach, is supported by: 

a The size of practical problems 

b Complex objectives which are a 

combination of engineering and 

financial considerations 

ce The inherent inaccuracy of in- 

dustrial information. 

8. The use of interactive working is supported by: 

a The need to consider subjective 

factors during the design pro- 

cess 

b The need for the designer to un- 

derstand and verify quantitative 

decisions 

ce The desire to use the designer 

for those tasks he is most cap- 

able of performing. 

The use of computers 

9. The volume of calculations and information necessary 

for industrial size problems requires the use of a 

computer. 

10. Computer programs for the layout of workcentres must 

be sufficiently versatile to cover a wide variation in 

problems, particularly with regard to: 

I Representing facilities and lay- 

out areas accurately, including 

internal obstructions 
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11. 

a2. 

II Accounting for subjective factors 

III Making the best use of commercially 

available computer equipment and 

standard programs 

IV Achieving the best balance between 

realism and computational cost 

V_ Allowing evaluation of alternative 

solutions 

VI Enabling the best assignment of 

tasks between computer and designer, 

The use of a co-ordinate method for facilities and lay- 

out area will give a highly accurate and compact repre- 

sentation that can be used for the layout of workcentres, 

The use of a matrix based method by present computer 

layout programs restricts their use to the departmental 

layout level. 

The programs developed for examining the two layout 

stages made efficient use of the same information files 

and will eventually be adaptable to providing visual 

display images to assist the designer, 

Static layout design 

ve 

14, 

A two stage approach of firstly placing cells and then 

individual workcentres has resulted in the formation of 

compact workcentre cell sets, satisfying manufacturing 

system requirements, 

The design procedure was required to take into account 

the influence of fixed workcentres on both cell posit- 

ions and cell placement sequence. 
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15. 

16. 

The use of a manual method for locating workcentres 

within cell areas saves considerable computational 

effort for what would be an exhausting and complex 

task. This task is beyond present programs and there 

is no guarantee that comparable results can be achie- 

ved at this detailed level by computer for practical 

numbers of facilities. 

The ratio - 

Total workcentre area 
  

Nett available layout area 

gives an indication of the degree of difficulty which 

will be encountered in placing individual workcentres, 

A high ratio indicates that considerable adjustment in 

final positioning will be required, a process achieved 

more efficiently by eye than by exhaustive computer 

use, 

The inclusion of a traffic system within the layout 

area may be pre judging a design solution. Where there 

is a possibility of this occurring the traffic should 

initially be moved, 

Dynamic changeover simulation 

18. Examining the introduction of a new layout has re- 

ceived little investigation to date. The possible va- 

riation in the rate of changeover, including project 

suspension, and the possible variation in financial 

parameters indicate that an interactive simulation 

approach would be more useful initially than an at- 

tempt to formulate a restricted optimisation problem. 
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20. 

Pal 

22 

23. 

The benefits to be obtained from a new layout design 

are affected by the dynamic manner in which the layout 

is introduced and by the change in value of cash flows 

throughout the project life span, 

In evaluating the financial benefit of any particular 

changeover, changes in running cost must be examined 

against the capital outlay required to achieve the 

changeover, In the dynamic model proposed running 

costs are represented by materials movement costs and 

capital outlay by workcentre relocation costs, 

Determining materials movement cost within a job shop 

involves two factors: 

a The distance moved 

b The function converting distance to cost 

Where a traffic system is in existence commonly used 

approximations were found to be inaccurate. Balancing 

the calculations required against accuracy a method 

based on predetermining distances around the traffic 

system was found to be suitable for the traffic route 

case and straight line distance for the no traffic ro- 

ute case, 

The function converting distance to cost consists of 

both a fixed cost and a variable cost proportional to 

distance. With the short distances involved in job 

shop movement the fixed cost must be considered, con- 

tributing up to 50% of total movement cost in the test 

cases, 

The effect of introducing fixed costs is to increase 

the general level of costs and therefore reduce the 
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24. 

256 

26. 

27. 

28. 

29. 

percentage savings. 

In a job shop situation where products are physically 

suitable movement over short distances may be underta- 

ken by machine operatives, reducing materials movement 

costs. In a project giving a positive materials move- 

ment contribution the result of introducing local mov- 

ement over short distances would be to increase profit 

and reduce the overall cost. 

The dynamic nature of the layout changeover, extending 

over a number of periods, requires consideration of 

changes in cash flow values. A parallel cost evalua- 

tion using present value theory was found to give an 

accurate indication of changes in relocation and mate- 

rials movement costs for varying project life spans 

and rate of returns. 

The effect of introducing an expected rate of return 

is to reduce the influence of later cash flows. This 

declining value may be of use where there is a limit 

on the available relocation capital. 

The introduction of a limit on the number of relocat- 

ion moves per period will extend the changeover period. 

In addition, because of the slower changeover, the level 

of maximum capital outlay will be reduced, with the 

partial changeover profits obtained further reducing 

subsequent capital requirements. 

In the case of a positive project return decreasing 

the number of relocation moves reduced the project re- 

turn. 

For any one project there is a certain rate of return 
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30. 

31. 

for which any number of moves per period will yield 

approximately the same project return, 

The ratio - 

Total workcentre area 
  

Nett available layout area 

also affects the relocation of workcentres. With a 

high ratio a large number of final positions will be 

occupied by unmoved workcentres, creating obstructions, 

These obstructions between workcentres can form inter- 

dependent chains of moves capable of stopping a reloc- 

ation project where the minimum chain size is greater 

than the number of moves per period. 

The inclusion of positional obstructions considerably 

complicates the sequencing of relocations, disrupting 

the selected sequences and extending the time required 

to complete the reorganisation of individual cells. 

An overview 

32. 

33. 

34. 

Care must be taken in the case of a negative project 

return. In individual examples, in order to obtain 

other benefits from the manufacturing system, it may 

be necessary to accept a more expensive final layout 

design giving a negative project return. Under these 

circumstances the conclusions drawn regarding dynamic 

parameters might well be reversed. 

Within the complex model developed there was no detec- 

table relationship between flow dominance and project 

return, 

The changeover heuristic developed as part of the sim- 
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35 

ulation model is essentially a financial orientated 

procedure, Equally valid alternatives might include 

relocation costs only where they are proportionately 

higher, or engineering considerations for example min- 

imisation of introduction time. 

The extended philosophy proposed has introduced a more 

realistic appraisal of the requirements of the layout 

of workcentres in a job shop situation and has exami- 

ned the changeover of an existing layout area by the 

use of a simulation model. This initial formulation 

of the approach has produced a basis on which further 

industrial cases may be tested and by which.alternati- 

ve heuristic procedures may be examined, 
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APPENDIX A 

EXAMINATION OF MOVEMENT DISTANCE 

RANDOM GENERATED WORKCENTRE LOCATIONS 

TEST LAYOUTS A TO E 

RESULTS FOR NO TRAFFIC ROUTE CASE 

RESULTS FOR TRAFFIC SYSTEM CASE 
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LAYOUT A B Cc D E 
  

WORKCENTRE x Y x x x ie x yi x y. 
  

1 26.7 23.2| 45.9 11.9| 32.5 15.0]30.0 16.6|11.1 0.5 

2 29.3 16.7| 29.6 13.9| 33.3 32.4] 2-3 13.6|14.1 12.5 

3 19.8 14.5] 5.2 2.7] 28.7 30.5|22.0 4.7] 43.0 17.0 

4 11.9 2.314524 7.31 11.3 15.0]/30.8 6.0] 29.7 15.7 

5 51.4 19.21]12.8 12.0]33.1 27.0]10.4 4.0] 24.9 9.6 

6 17-5 (25.9 | 36-5 1.1] 43.8 30.0|352.6 13.1 ]60.3 11.4 

it M14 37.5] 31.9 4.21 23.6 20.0]41.6 17.0] 36.2 13.6 

8 6608 Bt7511|52-5. 08.6 | 1606) 3155 21-00 11.7. | 27-8 etd 

9 Tol 52.5 (39.2 17.2] 43-2 15.8 | 706 5.61 55.7) 8.7 

10 Slot wm OeONliddeg) tet | 2900 Ara lesen 7.0 |e t63) 2062 

"1 48.4 21.5] 22.7 11.8]12.6 9.9119.8 15.6|16.9 22.5 

12 69.5 6.1 ]12.4 7.4|23.5 16.5 |23.0 21.9|37.0 25.7 

13 16.2 8.4] 21.2 13.3]17.4 16.5 ]17.8 7.5] 34.4 20.7 

14 65.4 40.1] 9.4 10.7] 4.5 20.1 | 2.7 20.1] 5.3 2.9 

15 57.8 22.3 | 6.8 1.9]/31.6 2.6] 9.5 13.5|44.9 3.8 

16 Sel 2 te9 18.5 3.111922 25.14 | 4766) 3.8 | 45.6% 22.6                 

METRES 

TABLE Al RANDOM GENERATED WORKCENTRE LOCATIONS 

EXAMINATION OF MOVEMENT DISTANCE 
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METHOD | ™1 N2 N3 N4 

LAYOUT 

CORRELATION A 0.997 | 0.974 | 0.980 | 1.000 

B 1.000 | 0.979 | 1.000 | 1.000 

c 0.967 | 0.944 | 0.946 | 1.000 

D 1.000 | 0.974 | 1.000] 1.000 

E 0.844 | 0.831 | 0.909} 1.000 

PERCENTAGE A -2.65 | 20.67 9.38 | 0.00 

ERROR B 0.00 | 20.18 | 0.00] 0.00 

c -5.22 | 20.33 | 9.53 | 0.00 

D -0.25 | 23.82] 0.53] 0.00 

EB |-14.67 | 5.95 | 19.53 | 0.00 
NUMBER OF A 176 176 176 176 

OBSTRUCTION B 4 4 4 4 

LINES c 20 20 20 20 

D 64 64 64 64 

BE 43 43 43 43 

ESTIMATED A 120 120 | 213800 | 440000 

NUMBER OF B 120 120 | 4800] 4800 

REQUIRED e 120 120 | 24820 | 32200 

CALCULATIONS D 120 120 | 77480 | 98560 

E 120 120 | 52760 | 76540 

TABLE A2 . MOVEMENT DISTANCE TEST RESULTS 

NO TRAFFIC ROUTE CASE 
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METHOD | 11 12 73 74 

LAYOUT 

CORRELATION A 0.836 | 0.860 | 0.997] 1.000 

B 0.546 | 0.600 | 1.000] 1.000 

c 0.734 | 0.752 | 0.992] 1.000 

D 0.451 | 0.472 | 1.000] 1.000 

E 0.726 | 0.738 | 0.890] 1.000 

PERCENTAGE A -34.67 |-18.70 | 0.58 0.0 
ERROR B -47.76 |-36.87 | 0.00 0.0 

c -43.36 |-28.11 1.28 0.0 

D -53.05 |-41.71 0.00 0.0 

EB -40.00 |-25.47 | -6.00 0.0 

NUMBER OF A 4176 176 176 176 

OBSTRUCTION B 4 4 4 4 

LINES ¢ 20 20 20 20 

D 64 64 64 64 

E 43 43 43 43 

ESTIMATED A 120 120 1530 | 228500 

NUMBER OF B 120 120 1016 5800 

REQUIRED c 120 120 923 | 26700 

CALCULATIONS D 120 120 967 | 83500 

E 120 120 1114 | 52700 

TABLE A3 MOVEMENT DISTANCE TEST RESULTS 

TRAFFIC ROUTE CASE 
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APPENDIX B 

‘PROGRAMS UA1 UA2 AND UA3 

GLOSSARY OF MAJOR PROGRAM TERMS 

GENERAL 

UAI1 GENERAL FLOW CHART 

FLOW DIAGRAM FOR SUBROUTINE AREA1 

GENERAL FLOW DIAGRAM FOR SUBROUTINE CMIN 

GENERAL 

GENERAL 

GENERAL 

GENERAL 

GENERAL 

GENERAL 

GENERAL 

GENERAL 

GENERAL 

FLOW DIAGRAM FOR SUBROUTINE DAREA 

FLOW DIAGRAM FOR SUBROUTINE SQMIN 

PROGRAM UAL 

UA2 GENERAL FLOW CHART 

FLOW DIAGRAM FOR SUBROUTINE OVLP1 

FLOW DIAGRAM FOR SUBROUTINE OVLP2 

FLOW DIAGRAM FOR SUBROUTINE OVLP3 

PROGRAM UA2 

UA3 GENERAL FLOW CHART 

FLOW DIAGRAM FOR SUBROUTINE COST 

FLOW DIAGRAM FOR SUBROUTINE PLACE 

FLOW DIAGRAM FOR SUBROUTINE TDIST 

PROGRAM UA3 

DESCRIPTION OF CONNECTING FILES 
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GENERAL 

D2/D22 

FID 

IA 

Bis) 

14 

1 

aby 

18 

Br 

RLT 

GLOSSARY OF MAJOR PROGRAM TERMS 

The amount by which the outline is reduced 

and non-participation areas expanded to check 

for movement obstruction. 

Matrix containing all locations and dimensions 

of workcentres,. 

Matrix containing workcentre identification 

number, 

Matrix containing number of outline points 

in each non-participation area, 

Number of workcentres, 

Number of workcentre cells. 

Number of outline points. 

Number of non-participation areas, 

Number of traffic routes. 

Number of products. 

Matrix containing product identities. 

A three part matrix containing the number 

of batches per period, the fixed and variable 

cost per batch for each product, 

A matrix containing the sequence of 

workcentres for each product. 

A matrix containing the list of workcentres 

obstructing the final location of each 

workcentre,. 
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TA 

TB 

TC 

TR 

TT 

TITLE 

Wc 

WI 

WR 

wal 

AAL 

AA2 

AA3 

AR1 

ARATIO 

BRATIO 

A matrix containing the shortest distances 

from each traffic junction point to the next. 

A matrix containing the distance from each 

workcentre to the nearest traffic.aisle,. 

The matrix location of the nearest traffic 

aisle for each workcentre. 

The distance from the nearest point of 

contact to each end of the closest traffic 

aisle for each workcentre. 

A matrix containing the end co-ordinates 

for each traffic aisle. 

A matrix containing the traffic junction 

numbers for each end of each aisle. 

Test case title. 

Cell identity of each workcentre, 

Workcentre identity numbers, 

Workcentre relocation costs, 

Total layout area, 

Total area of non-participation areas, 

Total area of traffic routes. 

Area of complex workcentres, 

Ratio of total original workcentre area 

over nett available layout area, 

Ratio of total modified workcentre area 

over nett available layout area, 
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CA 

cD 

F7 

PB 

PF 

RMIN 

TNAA 

TNPA 

WA 

WB 

Wi -W4 

WF 

WO 

A two part matrix containing the total 

area and total relocation cost of 

workcentres in each cell. 

Two part matrix containing the total 

number of workcentres and the number of 

fixed workcentres in each cell. 

Width of traffic routes, 

Batch size of each product, 

Fixed cost of raising, lowering and 

locating each product load. 

Total quantity of each product per time 

period. 

Variable cost of moving each product load 

per unit distance. 

Ratio of original workcentre area over 

modified workcentre area. 

Radius of minimum enclosing circle. 

Total nett available layout area. 

Total non-participation and traffic route 

area. 

Radius of circular workcentre, base length 

of rectangular workcentre or co-ordinate of 

miscellaneous workcentre. 

Side lenth of rectangular workcentre or 

co-ordinate of miscellaneous workcentre,. 

Co-ordinates of miscellaneous workcentre, 

Fixed workcentre indicator. 

Workcentre orientation. 
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Wr 

WAA 

WAB 

WAC 

ATA 

AOA 

CA 

cc 

cI 

co,Co2 

CR 

CX 

cy 

DR 

Workcentre type. 

Workcentre X co-ordinate. 

Workcentre Y co-ordinate. 

Total original workcentre area. 

Total modified workcentre area. 

Total relocation costs. 

Matrix containing the co-ordinates of 

non-participation areas. 

Matrix containing outline co-ordinates, 

Total area and relocation cost of each 

cell, 

List of angles from 0° to 315° in 45° 

increments, 

Matrix of materials movement cost at 

various positions for a particular cell, 

Three part matrix containing cell identity 

number, total number of workcentres and 

the number of fixed workcentres in the 

cell. 

Matrix of cell priority order. 

Matrix of cell circle radii. 

Matrix of cell centre X co-ordinates, 

Matrix of cell centre Y co-ordinates. 

Direction of movement for repositioning 

cell centres. 

L79



FLWE 

ICNT 

IL4 

MP 

MIP 

A3 

CL 

co 

Matrix of cell internal and external 

movement factors (sum of quantity x 

variable cost). 

Matrix of cell external movement factors, 

Number of final workcentres determined. 

Matrix indicating final location of each 

workcentre determined. 

Number of locations tried by each cell. 

Total number of locations tried. 

Number of cells located. 

Distance of movement for repositioning 

coll centres. 

Distance from cell centre position of 

possible locations using automatic location 

routine, 

Matrix containing the internal and external 

local and departmental movement cost of the 

initial layout and the current layout for 

each cell. 

Three part cell matrix containing identity 

number, total number of fixed workcentres 

and total number of workcentres altogether 

in each cell. 

Matrix containing cell relocation order, 
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CR 

CV, CLE 

CSTA 

CSTD 

CSTF 

CSTG 

CSTL 

£99 

LN 

NZ 

NCTR 

N98 

PVIMC 

PVTML 

Matrix containing sum of relocation costs 

of workcentres for each cell at varying 

time intervals. 

Matrix of estimated materials movement 

return for each cell. 

Workcentre relocation cost for each time 

interval. 

Departmental movement cost for each time 

interval. 

Departmental movement cost of initial layout, 

Local movement cost of initial layout. 

Local movement cost for each time interval. 

Boundary distance between local and 

departmental movement cost. 

Layout drawing parameter. 

Limiting number of workcentre relocations 

per period. 

Number of workcentres requiring a change 

in position from initial to final layout. 

Workcentre to be relocated by operator 

choice. 

Parameter controlling the printing of 

cell data. 

Present value total departmental movement 

cost throughout layout changeover, 

Present value total local movement cost 

throughout layout changeover. 
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PVTIRC 

PVRIN 

PVIC1 

PVTL1 

TP 

TRC 

TCl 

TL1 

TPRIN 

Present value total relocation cost 

throughout layout changeover, 

Present value project return, 

Present value total departmental movement 

cost of initial layout throughout life 

span. 

Present value total local movement cost 

of initial layout throughout life span, 

Expected rate of return, 

Life span of production program in time 

periods, 

Total departmental movement cost. 

Total local movement cost, 

Total workcentre relocation cost. 

Departmental movement cost of initial 

layout throughout life span, 

Local movement cost of initial layout 

throughout life span, 

Total project return, 
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WRITE CELL DATA {READ TITLE AND D2] 

  

  

        
      

E 
SIGE WRITE WORKCENTRE 

SUMMARY 

— ¢   
      

   

WRITE ERROR     

   

      

READ 15,16,1 

WRITE ERROR 

  
  
  

   OUTLINE 
ORRECT, 

YES q 
WRITE ERRON 

y 
(CALCULATE OUTLINE 

= AREA,WRITE OUT 
READ TRAFFIC DATA AND DETERMINE] 
DATA, CALCULATE!) [CONTRACTED SHAPE 
AND WRITE OFF. 

- DO_L=1 ,16 

    
  

     

      

   
    

CONVERT TO NEAREST 
CIRCLE OR RECTANGLE 
ADD TO PARAMETERS 
AND WRITE OUT TO 
DISPLAY AND FILES 

  

  

    

  

   

            

   

  

              

  

ADD TYPES 7AND T 
TO APPROPRIATE PAR-' 
AMETERS AND WRITE 
OUT TO DISPLAY AND} ' 

    
  

      READ NON-PARTICIPATION 
              

  

      

    
     
   

  

   

  

   

  

FILES enae 
A 

[WRITE ERRORS] WRITE ERRORS) [ane TRatFic EN | 
YES | PTS CONTINUOUS, 

Kee ce & CO-ORDINATES} | 7 CORREC 
, CORRECT           

  

  yrs) (WRITE ERROR 

: CALCULATE AREA, WRITE 
YES NO (OUT DATA AND DETERMINE 

[EXPANDED SHAPE 

HERE ANY YES 
INTERFERENCE, 

              

  

  
  

    
   

  

WRITE TO FILE 
AND DISPLAY       

WRITE ERRORS 

STOP 
WRITE ERRORS END 
pan 

D 

FIG Bl UA1 GENERAL FLOW CHART 
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READ PRODUCT DATA 
AND CALCULATE BATCHES) 

    

  

        

  

      

  

     



  

  

    
AR2=0.0 

DETERMINE MAXIMUM 
AND MINIMUM X VALUES 

  

  

  

y 
SET UP LINE THROUGH 
THESE TWO POINTS 

  

  

  
y 

DETERMINE SEQUENCE 
OF POINTS ABOVE LINE 

| 
DETERMINE SEQUENCE 
OF POINTS BELOW LINE 

! 
DETERMINE AREA UNDER 
POSITIVE POINTS 

i 
AR2=POSITIVE AREA - 

NEGATIVE AREA 

{ 
RETURN 

END 

  

  

  

  

  

  

      
  

  

      

FIG B2 GENERAL FLOW DIAGRAM FOR SUBROUTINE AREAL 
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D 
RMAX 

XR 
YR     

  

  

  

DETERMINE MAXIMUM 
STRAIGHT LINE DISTANCE 
CONSIDERING ALL OUTLINE 
POINTS (=RMAX) TO XR,YR     

  po meet     

  
DETERMINE MAXIMUM 

STRAIGHT LINE DISTANCES 
TO EACH OF EIGHT PLACES 
RADIUS R AND DISPLACED 
AT 45° INCREMENTS FROM 
XR,YR,CONSIDERING ALL 
OUTLINE POINTS (E(1-8))     

  

  
R=R/10.0 

    

    
FIG B3 

  

     RMIN=1000.0 

DO K=1,8 
  

    
  

  

  

  

      

   

  

      

      
  
RMIN=E (K) 

    

RMIN 
THAN 

LESS 
RMA’ 

  

  

  

REPLACE XR,YR 
WITH POSITION 

It     

      

GENERAL FLOW DIAGRAM FOR SUBROUTINE CMIN 
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AR3 =0.0     

    
  

  

  

    
DO K=1,NO. OUTLINE PIS. 
  

  

  

  

DETERMINE TRIANGULAR 
AREA LOST BY REMOVING 
POINT 

AR3=AR3+AREA LOST 

    
  

  

      

    

REMOVE POINT 
I 

    
    
  

FIG B4 

  

  CALL AREA1 (AR2) 
    

  

    AR1=AR2-AR3 
      

RETURN 
END       

GENERAL FLOW DIAGRAM FOR SUBROUTINE DAREA 
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FIG B5 

  

AMIN=99999,0 
AREA=0,0     

  

  

  
DO K=1,NO,. POINTS 
  

y 
  

SELECT OUTLINE 
SIDE WITH POINT 
K_ AS START POINT       ! 
  

DETERMINE MINIMUM 
SIZE RECTANGLE WITH 
OUTLINE SIDE INCLUDED 
THAT ENCLOSES COMPLETE 
OUTLINE     

    NOTE RECTANGLE BASE 
LENGTH(AA) ,SIDE LENGTH 
(BB) ,ORIENTATION(CC) , 
DISTANCE TO X AXIS(EE), 
DISTANCE TO Y AXIS (DD) 
AND_AREA(AREA)     

  

  

AMIN=AREA 
ASQ=AA 
BSQ=BB 
osQ=cc 
XSQ=DD 
YSQ=EE       

Le 

  
  

  
RETURN 
END     

GENERAL FLOW DIAGRAM FOR SUBROUTINE SQMIN 
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0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 

0009 
0019 
0014 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 50 
0022 
0023 
0024 
0025 
0026 
oo27¢ 
0026¢ 
o029¢ 
0030¢ 
0031¢ 
0032¢ 
0033¢ 
0034c 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 
0059 
0060 51 

PROGRAM UA1 

LIS'(L?) 
PRP SKAM(PXXX ) 
INPUP 1=CH1 
GUrPUT 2=LP2 
PUIPUS 5aCPS 
purrur 4=cP4 
COMPRESS INTEGER AND LOGICAL 
CPiPACT 
END 
MASTER UA1 
INTEGER WI,W#,WC,WR,WT,F1,PL,PW,?T ,TB,CD 
DIMENSI£N X(50),Y(90) ,WITLE(5) ,P4(30),€A (50,2) ,CD(50,2),7R(30,4),T 

47 (30,2) ,A( 40) ,'t5( 30) ,17( 30, 30) ,XB(50) ,YE(50) ,XA(100, 15) ,YA(100,15) 
2,'K1(190) ,w¥1(150) ,WI(150),1A(100) 
COMMPN/SLAB1/X ,Y 
PYE=3.1416 
WRITE(2,830) 
DP 50 I=1,50 
Dp 50 J=1,2 
CA(I,5)=0.0 
cD(1,J)=0 
READ(1,800)(TITLE(I),I=1,5) 
WRITS (2,800)(TITLE(T),I=1,5) 
WRITS(3,800)(TITLE(I),I=1,5) 
READ(1,812)D2 
WRITE(3,812)D2 

    

SECTION ONE = INPUT $F WARKCENTRE DATA 

PESTS ; 1-NUMUER PF WORKCENTRES LESS THAN 150 

2-W@RKCENTRE TYPS IN RANGE 1 TO 3 AND CARRECT DATA 

Z-WAKKCENTRE PRIENTATION LESS THAN 90 DEGREES 

4-WORKCENTRE CELL IN RANGE 1 TQ 50 AND MIN 1 FXD CELL 

5-WORKCENTRE IN FIXED OR UNFIXED PSSITION 

  

Ia1 
READ(1,801)13 
WRITE(4,801)13,1 
IF(13.GT.150.0R.13.LT.1)GO TO 300 
WRITE(2,802) 
WAA ,WAB,WAS=0.0 
Dd 58 121,13 
WA,WB=0.0 
READ(1,803)¥I(I),%C,8T,WA,WB,W1,W2,W3,W4 WE WK, WY WOW 
IF(WP.CT.3.0R.WT.LT.1)GO TO 301 
IF(WF.GT.1)30 TO 302 

     IF(¥A.GE.90)GO TO 303 
IP(4C.GT.50.0R.WC.LT.1)GO TO 306 
IE(HT. LE.0.0)WkITE(2,625)     

  

IF(W?E.LT.3.AND LE.0.0)WRITE (2,625) 
Te (WP.EQ,1)WR=0.0 
NT20 
IF(#T.NE.3)GO TO 55 

A 

    

¥(3)=84 
1e=3 
IF(ABS(X(18)+¥(18)).LT.0.0001)ap TH 52 

188



0061 
0062 
0063, 
0064 
0065, 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
0073 
0074 

0076 
0077 
0078 
0079 
0080 
0081 
0082 
0083 
0084 
0085 
0086 
0087 
008s 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
0403 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113, 
0114 
0115 
0116 
0117 
0118 
0119 
0120 

52 

53 

54 

55 

56 

ST 

58 

59 

READ(1,804)((X(I1),¥(I1)),11=18+1,18+3) 
18=18+3 
IF(I8.NE.24)GO TA 51 
IF(ABS(X(18)+¥(I18)).GT.0.0001)co TP 53 
18=18-1 
Gh 76 52 
CALL CMIN(XR,YR,RMIN,I8) 
CALL ce ee 
CALL SQMIN(XSQ,YSQ,ASQ,BSQ,65Q,19) 
NT=3 
WAA=WAA+AR1 
IF((PYE*RMIN*RMIN) GT. (ASQ*BSQ) Gd TH 54 
ReAk1/(PYE*RMIN*RMIN) 
WX=WX+XR 

WYeWY+YR 
XSQ=XR 
YSQ=YR 
WAsRMIN 

Ch Ip 56 
R=AR1/(ASQ*BSQ) 
WKeWK+KSQ 
WY=WY+¥SQ 
Wh=ssQ 
WA=ASQ 
WB=38Q, 
WI=2 

IF(W?.NE.2)G6 TP 56 
WAB=WABSWAXUB 
T1=2 
IF(W¥.EQ. 1) 
Ca(WC,1)=CA(WC,1)+WA*WB 
IF(NT.EQ. 0)WAA=WAA+WA*WB 
Ch 19 57 
Ti=1 
IF(WF.EQ.1)11=3 

  

   

  

CA(WC,1)=CA(WC,1)+WA*WA*PYE 
WABSWA B}PYS* AWA 
WB ,W4=0.0 

  

IF(NT.£Q.0)WAA=WAA+PYE*NAMHA 
IF(WP.BQ. 1 )CD(WC,2)=CD(we,2)41 
ep(wc,1)scD(Wwo,1)+1 
CA(WC,2)=CA(WC,2)+WR*1.0 
WRITE(2 ,805)11,#1(I) WY WA, WB, WO, WR,WC 
WHITE (4,806)11,WI(I), WX, WY, WA, V3,8P,¥R,WC,XSQ,YSQ 
ae i 
wy1(Z): 
IF(NT.GT.0)WRITE(2,807)NT,R 
WAC=WAC+IR 
ReWAA/WAB 
D3=1.0 
WRITE(2,808)WAA ,WAB,R,13,WAC 
WRITS(2,809) 
14,153=0 
Dg 59 I=1,50 
IF(CD(I,1).cT.0)I4=14+1 
WHITE(3,801)14 
Dé 60 I=1,50 
IF(CD(I,1).£Q.0)cg TA 60 
WRITE(3,810)I,CD(I,1),CD(1,2),CA(I,1),CA(I,2) 
WRITE(2,810)1,CD(I,1),CD{I,2) ,CA(I,1) ,CA(I,2) 
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0121 
0122 
0123 
0124 
0125 
0126¢ 
0127¢ 
0128¢ 
0129¢ 
0130¢ 
0131¢ 
0132¢ 
0133¢ 
0134¢ 
0135¢ 
0136¢ 
0137¢ 
0138¢ 
0139¢ 
0140 
0141 
0142 
0143 
0144 
0145 
0146¢ 
0147 
0148 
0149 
0150 
0151 
0152 
0153 
0154 
0155 
0156 
0157 
0158 
0159 
0160 
0161 
0162 
0163, 
0164 
0165 
0166 

~ 0167 
0168 
0169 
0170 
0171 
0172 
0173, 
0174 
0175 
0176 
0177 
0178 
0179 

60 

100 

101 

IF(CD(I,1).GT.15)WRITE(2,822) 
IF(CD(1,2).GT.1)WRITE(2,823) 
IF(CD(1,2).GT.0)133=1 
CPpNTINUE 
IF(133.EQ.0)¥RITE(2,626) 

SECTION TWO = INPUT PF LAYOUT AREA DATA 
TESTS : 6- NULBER $F ZUTLINE PAINTS IN RANGE 3 TP 50 

7- NUMBER PF NON PARTICIPATIQN AREAS LESS THAN 50 
8- NUMBER $F THAYFIC RZUTES LESS THAN 30 
9- NP PUTLINE - NAN PARTICIPATIQN AREA VIPLATION 

10- NP VIPLATIAN PF NAN PARTICIPALTON AREAS. 
11- WARKCENTRES INSIDE N@DIFIED QUTLINS 
12- WARKCENTHES PUTSIDE NADIF ED NP. AREAS 
43- INITIAL AREA PAINT ON EXTREMS LEFT 
14- TRAFFIC SYSTEM CANPINUZUS AND SEQUENTIALLY NUMBERED 
45- EACH TRAFFIC PAINT HAS MINIMUM PF THY ROUTES 
16- CAPXDINATES ZF EACH TRAFFIC PSINT THE SAME 

    

     

  

READ(1,801)15,16,17 
IP(I5.LT.3.¢R.6T.50)cd TS 304 
IF(I6.6T.50)Gd TP 305 
IF(I7.G?.30)c¢ TP 306 
WRITE(3,801)15,16,17 
WRITE(2,811) 
READ IN,REDUCE AND CALCULATE AREA QF SUTLINE 
JCNT ,J30=1 
READ(1,812) (X(I) ,I=1,15) 
READ(1,812)(¥(I) ,I=1,15) 
WRITE (3,! Bee »1=1,15) 
WRITE(3,812)(Y(I),I=1,15) 
WRITE(2 1826 )((X(K8) Gay K8=1,15) 
DP 100 I=2,15 
Te(KCL) tex) eRe (2,612) 
DZ 107 I=1,15 
T1=1-1 
I2sI+1 
IF(I.EQ.1)11=15 
Is(I.5Q.15)12=1 
R1=X(11) 
R2=X(I) 
R3=X(12) 
R4=¥(11) 
R5=¥(1) 
n6=Y(I2) 
J14=0 
IF(R1.EQ.R2.AND.R2.E9.R3)GS TS 103 
IF(R1.EQ.R2)G9 TP 104 
IF(R1.EQ.R2)sS TA 104 
IF(R2.5Q.25)c9 TO 105 
R7=(R4-R5 )/(21-R2) 
R8=(R6-R5)/R3-R2) 

.R8)cg TS 103 
7*R1)-D2*D3/CPSS (ATA! 

  

      

  

   
    

(ATAN(RT7)) 
R8)) 

IF(R2.c7 (ara.i(R8)) 
R11=(810-89)/(i7-! Baie 
R12=R9+R7*H11 

0180 102 J1i4=1



0181 103 
0182 104 
0183 
0184 
0185 
0186 
0187 
0188 105 
0189 
0190 
0191 
0192 
0193, 
0194 106 
0195 
0196 
0197 
0198 107 
0199 
0200 
0201¢ 
0202 
0203 
0204 
0205 
0206 
0207 
0208 
0209 
0210 
0211 
o212 
0213, 
0214 108 
0215 
0216 
0217 
0218 
0219 
0220 
0221 
0222 109 
0223, 
0224 
0225 
0226 110 
0227 
0228 
0229 
0230 111 
0231 
0232 
0233 112 
0234c 
0235 
0236 
0237 
0238 
0239 
0240 

cd Th (106,109)I30 
R11=R14D2*D3 
IF(R4.GP .R5)R11=211-2.0*D2*D3 
R8=(RS-R5)/(R3-K2) 
R12=(R5+(R11-R2)*RS )+D2*D3/CP#S(ATAN(RB)) 
BS ah area R12-2.0*D2*D3/CfS(ATAN(R8) ) 
Gp TPZ 102 
R11=R3+D2*D3 
If (R5.GT.R6 )R11=R11-2.0*D2*D3 
R7=(R5-R4)/ (22-21) 
R12=(R4+(R11-R1 )*27)+D2*D3/ChS(ATAN(R7)) 
IF(R2.GT.R1)R12=R12-2.0*D2*D3/CAS(ATAN(R7) ) 

TP 102 
IF(J14.EQ.0)Gf 1 107 
XE(JCNT )=R11 
YE(JCNT )=R12 
ICHTAJCNT+1 
CANTINUS 
CALL DAREA(I5,AA1,19) 
I5=JCNT-1 
READ IN,EXPAND AND CALCULATE NON PARTICIPATION AREAS 
IF(16.EQ.0)cg TA 126 
WRITE(2,827) 
D3=-1.0 
AA2=0.0 
J30=2 
DS 111 L=1,16 
READ(1,813)IA(L),(X(J),J=1,10) 
READ(1,813)K8,(¥(J),J=1,IA(L)) 

oa 
WRITE(3,812)(¥(J),J=1,1A(L)) 
DP 108 J=1,IA(L) 
IF(X(J).LT.X(1) )WRITE(2,613) 
CONTINUE 
JCNT=1 
Dp 110 I=1,IA(L) * 
I1*I-1 
T2eI41 
IF(I.EQ.1)I1=1A(L) 
IF(I.EQ.IA(L))12=1 
Gg TP 101 
IF(J14,.EQ.0)cg TP 110 

I 
YA(L,JCNT )=R12 
JCNT=JCNT+1 
CANTINUS 
CALL DARSA(IA(L) ,AB1,19) 
AA2=AA2+AB1 
TA(L)=JON?—1 

    

Dg 412 K8-1, I6 
WRITS(2, 828 )IA(K8), ((X(KB,K9) ,¥(K8,K9)) ,K9=1 ,TA(KB)) 
CéNTINUE 
CHECK ON LdSS QF AREA AND QUTLINE VIPLATIPN 
J30,J16=1 
DP 122 I=1,16 
J15=0 
DP 121 Ja1,15 
JI=J+1 
IF(J.EQ.15)JJ=1 
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0241 
o242 
0243 
0244 
0245 
0246 
0247 
0248 
0249 
0250 
0251 
0252 
0253 
0254 
0255 
0256 
0257 
0258 
0259 
0260 
0261 
0262 
0263 
0264 
0265 
0266 
0267 
0268 
0269 
0270 
0271 
0272 
0273 
0274 
0275 
0276 

0277 
0278 
0279 
0280 
0281 
0282 
0283 
0284 
0285 
0286 
0287 
0288 
0289 
0290 
0291 
0292 
0293 
0294 
0295 
0296 
0297 
0298 

0299 
0300 

116 

417 
118 

121 

122 

S1=XE(J) 
S$2=XE(JJ) 
ey) 

S6=YE(JJ) 
$15=SQRT((S6-S5)**2+(S2-S1)**2) 
Dé 121 K=1,IA(I) 
KK=K+1 
IF(K.BQ.1A(I))KKe1 
J14=0 
S3=XA(I,K) 
S4=XA(1,KK) 
S7=YA(I,K) 
S8=YA(I,KK) 
$18=SORT ( (S4-S3)**2+(S8-S7)**2) 
IF (ABS (51-52) .LT.0.0001.AND.ABS(S3-S4) .LT.0.0001)G¢ TH 117 
IF(ABS(S1-S2).LT.0.0001)GO TO 119 
IF(ABS(S1-S2).LT.0.0001)30 TP 118 
$9=(S6-85)/(S2-S1) 
$10=(S8-S7)/(S4-S3) 
TF(ABS(S9-S10).LT.0.0001)Gd TO 117 
$11=( (S7-S5)+(S1*S9-S5*S10) )/(S9-S10) 
$12=85+(S11-S1)*S9 
$13=SORT ((S11-S1)**24(S12-S5)**2) 
S14 Pee eee east 
$16=SQRT ((S11-S3)**2+(S12-87)**2) 
S17=SQRT ((S11-S4 )**2+(S12-S8 )**2) 
JT1=0 
IF(S16.LT.S18.AND.S17.LT.S18)J77=1 

ee Se edie 
IF(S13.LT.S15.AND.S14.L?.S15)J14=J1441 
oS ND.S16 «LT .0.000001 )J32=332+1 
IF(J77.EQ.0.AND.S17.LT.0.000001 )J32=J32+1 
GA TS (120,123,127,130)J30 
$11=51 
$12=87+((S7-S8)/(S3-S4) )*(S1-S3) 
Gp TP 116 
$1123 
$12285+((S5-S6)/(S1-S2) )*(S3-S1) 
Gp Th 116 
13(J14.LT.2)Gp TP 121 
J16=2 
315251541 
IF(J15.GT.1)G¢ TA 121 
WRITS (2,614)I 
CpuTINUE 
IF(J19.LE.2)Gg TZ 122 
J16=2 
WRITS(2,615)I 
CPNTINUE 
J30=2 
IF(I6.5Q.1)Gf TP 126 
Dd 125 Le1,16-1 
DO 125 I=L+1,16 
J17=1 
DS 124 Ja1,IA(L) 
JI=I+1 
IF(J.EQ.IA(L))JJ=1 
S1=XA(L,J) 
S2=KA(L,JJ) 
S5«¥a(L,J) 

   

    
    

      

1Se



0301 
0302 
0303 
0304 
0305 
0306 123 
0307 
0308 
0309 
0310 
0311 
0312 124 
0313 
0314 
0315 125 
0316 
0317¢ 
0318 126 
0319 
0320 
0321 
0322 
0323 
0324 
0325 
0326 
0327 
0328 
0329 
0330 
0331 
0332 
0333 
0334 
0335 
0336 127 
0337 128 
0338 
0339 
0340 
0341 
0342 
0343 
0344 
0345 129 
0346 
0347 
0348 
0349 
0350 
0351 
0352 
0353 
0354 
0355 
0356 130 
0357 131 
0358 
0359 
0360 

S6=YA(L,JJ) P 
$15=SQRT ((S1-S2)**2+(S5-S6)**2) 
J15=0 
Dé 124 K=1,IA(I) 
Gp Th 113 
IF(J14.LT.2)G6 Th 124 
J16=2 
J15=51541 
IF(J17.GT.1)G¢ TA 124 
WRITE (2,616 )L,I 
J17=J1741 
CANPINUE 
IF(J15.LE.2)G¢ 7 125 
WRITE(2,617)L,1 
CONTINUE 
IF(J16.89.2)6¢ 1 500 
CHECK $N WORKCENTRE PASITIGN 
$1,S5=-10.0 
WRITE(3,812)((XB(I),YE(I)),I=1,15) 
J30=3 
DA 129 J=1,13 
S2-0X1(J 
s6=0¥1(T 
$15=SQRT ((S1-S2)**2+(S5-S6 )**2) 
315, 532-0 
Dp 128 K=1,15 
J14=0 
KK=K+1 
IF(K.EQ.15)KK=1 
ae 
S4=XE(KK) 
S7=YE(K) 
S8=YE(KK) 
$18=SoR? ((S3-S4)**2+(S7-S8)**2) 

TS 115 
IF(J14.EQ.2)J15=J15+1 
CONTINUE 
232=532/2 
J152515+I1NT (232) 
232=515/2 
J17=INT (232) 
IF(J15.NS.(J17*2) op TH 129 
WRITE(2,618)WI(J) 
J16=2 
CONTINUE 
IF(I6.BQ.0)G6 TA 135 
J30=4 
DP 133 J=1,13 
a 
s6=W¥1(J) 
$15=SGRT ((S1-S2)**2+(S5-S6 )**2) 
DP 132 L=1,16 
J15,J32=0 
DS 131 K=1,IA(L) 
Gd Th 113 
IP(J14.EQ.2)I15=515+1 
CANPINUE 
Z32=J32/2 
J1525154+1NT (232) 
Z32=515/2 

293



0361 
0362 
0363, 
0364 
0365 1352 
0366 133 
0367 
0368 
0369 
0370 134 
0371 135 
0372C 
0373 
0374 
0375 
0376 
0377 
0378 
0379 
0380 
0384 
0382 
0383, 
0384 
0385 
0386 
0387 
0388 
0389 136 
0390 
0391 
0392 
0393 137 
0394 

0395 138 
0396 
0397 139 
0398 
0399 
0400 
0401 
0402 140 
0403 
0404 
0405 141 
0406 
0407 
0408 
0409 
0410 
0411 
0412 
0413, 
0414 
0415 
0416 
0417 
0418 142 
0419 143 
0420 

J17=INT(Z32) 
IF(J15.£Q.(J17*2) ag TH 132 
WRITE(2,619)J,WI(L) 
J16=2 
CgNTINUE 
CANTINUE 
DP 134 I=1,16 
WRITS(3,801)IA(I) 
WRITE(3,812)((XA(I,J)),J=1,10 
WRITS(3,812)((YA(I,J)),J=1,10. 
IF(I7.£Q.0)G9 TP 154 
TRAFFIC ROUTES 
WRITE(2,814) 
DP 138 I=1,17 
Sates »J=1,4),F7,(TP(I,JA),JA=1,2) 
AAZ=AA3+F7* (SQRT((TR(I, 1)-2a(1, 3) )*24(IR(T, 2) -2R( 1,4))**2)) 
IF(TT(I,1).GT.0.OR.TE(T,2).GT.0)ALS=AA3-0.54F 74F7 
IF (aBS(TR(I,1)-TR(I,3)).LT.0.0001)cg TH 136 
F2=(TK(1,4)-Tx(1, 2) )/(UK(1,3)-PR(I,1)) 
X(1)=TR(I,1)+(F7/2.0)*(SIN(APAN(#2)) 

2)atR(I,1)-(F7/2.0)*(SIN(ATAN(F2) ) 
X(3)=TR(1,3)-(#7/2.0)*(SIN(aran(#2)) 

ee ae ea) 

) 
) 
) 

   

   

Y(1)=?R(I,2)-(F7/2.0)*(CPS(ATAN(F2) 
¥(2)=TR(I,2)+(F7/2.0)*(CAS(ATAN(F2) 
Y¥(3)=TR(1,4)+(F7/2.0)*(CdS(ATAN(F2) 
¥(4)=TR(1,4)-(F7/2.0)*(CAS(AvAN(F2) 
Gp TH 137 : 
X(1),X(3)=?R(I,1)-F7/2.0 
eee ees 

Yq Ae 
¥(2),¥(3)=TR(T,4) 
WRITE(3,812)(X(J),J=1,4) 
WRITE(3,812)(¥(J),J=1,4) 
WRITE(2,825)(TR(I,J),J=1,4),F7,TT(I,1) ,TE(I,2) 
Dg 139 I=1,17 
WRITE(3,815)(TR(1,J),J=1,4),F7,TT(I,1),TP(I,2) 
DP 145 LB=1,17-1 
L1=1 
Dé 140 LA=1,17 
mayo 
TB(LA)=0 
TA(LB)=0.0 
TB(LB)=1 
L220 
Dé 143 L=1,17 
IF(TB(L).NS eH TS 143 
Dp 142 LAet 17 
IPF(TT(LA,1).NE.L.AND.TT(LA,2).NE.L)GA TA 142 
IF(TT(LA,1).£Q.0.PR.TT(LA,2).BQ.0)G9 TP 142 
L3=1 
IF(TT(LA,1) -EQ.L)L3=2 
TE=SQRT((TR(LA,3)-TR(L: 
IF(TA(TT(LA,L3)).LE.TE 
L2=1 
TA(TT(LA,L3))=TE 
B(TT(LA,L3) )=L141 
CSNTINUE 
CANTINUE 
LlaL1+1 

) 
) 
) 
) 
) 
) 
\ 
) 

Rea ae TRA 4)-TR(LA,2))**2)+TA(L) 
Gp 19 142 
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0424 
0422 
0423 
0424 144 
0425 145 
0426¢ 
0427 
0428 
0429 
0430 
0431 
0432 
0433 146 
0434 147 
0435¢ 
0436 
0437 148 
0438 
0439 
0440 
0441 
0442 
0443 
0444 
0445 
0446 
0447 
0448 
0449 
0450 
0451 
0452 149 
0453 
0454 
0455 
0456 
0457 
0458 
0459 153 
0460 
0461 154 
0462 
0463 
0464 
0465 
0466 
0467 
0468¢ 
0469¢ 
0470¢ 
0471C 
0472 
0473¢ 
0474c 
0475 
0476 
0477 
0478 
0479 
0480 

IF(L2.EQ.1)66 1 141 
DS 144 LAsLB+1,17 
IF (ABS (TA(LA)-9001.0) «LT .0.0001)TA(LA)=0 
7(LB,LA),T(LA,LB)=TA(LA) 
C£NTINUE 
CONTINUITY CHECK 
DP 147 L=1,13-1 
LB=1 
Dp 146 LA=L+1,17 
IF(LB.EQ.1.AND.T(L,LA).GT.0.0)LB=2 
oes .1(L,LA).LT.0.0001)LB=3 

IF(LB.EQ.3.AND.T(L,LA).GT.0.0)LB=4 
OpaTINUS 
IF(LB.EQ.4)"RITE(2,620)L 
PRAFFIC PAINT CHECK 
Dg 148 L=1,17 
IF(TT(L, 1).8Q. PT (L,2))WRITE(2,621)T?(L,1) 
DS 153 LA=1,17 
JCNT=0 
DP 151 L=1.17 
oe ats 
X1=TR(L,1) 
Y1=THR(L,2) 
sr eee ek 
IF(TT(L,2).£Q.LA)Y¥1=TR(L,4) 
JCN?=1 
Dp 150 LB=L+1,17 
IF(TT(LB,1).NE.LA)GS TP 149 
IF((ABS(PR(LB,1)-X1)+ABS(aR(LB,2)-¥1)).GT.0.0001)WRITE(2,622)LA 
ICNT=ICNT+1 
of TP 150 
IF(TT(LB,2).NU.LA)G TS 150 
TR((ABS( "R(LB,3)-X1)+ABS(TR(LB,4)-¥1)).GT.0.0001 )WRITE(2,622)LA 

     

    

3.LA.AND.T?(L,2).NE.LA)GS TA 151 

   EQ.1)WRITE(2,623)LA 

writ9(3,012)((8(E, J),J=1,17),I=1,17) 
TNPA= 

  

IA1=16+17 
WRITE (2,817)16,AA2,17,AA3,1A1,TNPA,AA1,TNAA,BHATIO , ARATIZ 
IF(J16.5Q.2)cf TP 500 

CPIgN THREE = INFUT gF PRODUCT DATA 
TESTS 17-N DUCTS iv RANGE 1 aoe 100 

18-PEAD 
       

READ(1,801)18 
If(I8.GT.100)cg Th 309 
IF(I8.59.0)G9 1) 307 
WRITS (3,801)18 
WRITE (2,818) 
Dg 204 I=1,18 
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0481 

0482 

0483 
0484 
0485 

0486 
0487 

0488 
0489 200 

0490 
0491 
0492 

0493 
0494 
0495 201 
0496 202 

0497 
0498 203 

0499 
0500 
0501 
0502 204 

0503 
0504 300 

0505 
0506 301 
0507 

0508 302 

0509 

0510 303 

0522 309 
0523 
0524 310 
0525 
0526 311 
0527 600 
0528 601 

0529 602 
0530 603 
0531 604 
0532 605 
0533 605 
0534 607 
0535 603 
0536 609 
0537 610 
0538 611 

0539 612 
0540 613 

READ(1,829)PI,PQ,PB,PF,PV,(PN(J),J=1,10) 
IF(PQ.LE.0.0.fR.PB.LE.0.0)GP TH 310 

QTY 1=P9/PB 
Py 2=(INP(QUY1))*1.0 
IF(QLY1.NE.QTY2) QTY 2=QTY2+1.0 
WRITE(3,820)PI,Q?Y2,PF,PV,(PW(J),J=1,10) 
K1=10 
Dg 200 K=1,10 
BE easier 
IF(K1.NE.10)G9 Tp 202 
READ(1,801)(Pu(J) J=11,30) 
WRITE (5,801) (Pi(J),J=11, 30) 
K1=30 
DP 201 K=1,20 

IF (PN (10+K) .GP.O)K1=10+K 
Dp 203 J=1,K1 
IF(Fu(J).LE.0)Gh Th 311 
CONTINUE 
IF(K1.L?.2)WRITE(2,624) 
mee are ey 
WRITE(2,821)(Pa(J),J=1,K1) 
CPNTINUE 
Gd Th 500 
WRITE(2,600) 
GP TP 500 
WrITE(2,601) 
Gd TA 58 
WRITE(2,602) 
cp TH 58 
WRITE(2,603) 
Gd TP 58 
WRITE(2,604) 
Gp TP 500 
WRITE(2,605) 
cp TS 500 
WRITE (2,606) 
Gf TP 500 
WRITS(2,607) 
Gd TA 500 
WRITH(2,608) 
Gp Th 58 
WRITS(2,509) 
Gg TY 500 
WRITE (2,610) 
Gp Th 204 
WHITE(2,611) 

(SK, 37H       

    

    

      

   

  

   

TYPE) 
FIXED FACILITY NUMBER) 
ANGLE) 

LINE) 
7 PARTICIPATION AREAS) 

  

IN CELL NUMBER) 

@F PRODUCTS EXCEEDS 100) 

SIZS ZERP) 
NTI 

POINT EXCEEDED BY POINT ,14) 
FIRST PT CREATER THAN PI ,I4) 
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0541 
0542 
0543 
0544 
0545 
0546 
0547 
0548 
0549 
0550 
0551 
0552 
0553 
0554 
0555 
0556 
0557 
0558 
0559 
0560 
0561 
0562 
0563 
0564 
0565 
0566 
0567 
0568 
0569 
0570 
0571 
0572 
0573 
0574 
0575 
0576 
0577 
0578 
0579 
0580 
0581 
0582 
0583 
0584 
0585 
0586 
0587 
0588 
0589 
0590 
0591 
0592 
0593 
0594 
0595 
0596 
0597 
0598 
0599 
0600 

614 
615 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
626 
800 
801 
802 

803 
804 
805 
806 
807 
808 

809 

810 

814 

812 
813 
814 

815 
816 
817 

818 

819 
820 
821 
822 
823 
824 
825 
826 
827 
828 
829 
830 
500 

FOARMAT(5X,26H QUTLINE VIPLATIPN BY AREA,I4) 
FPRMAT(5X,22H PASSIBLE ARSA LASS BY,14) 
FORMAT(5X,32H GUTLINS VIPLATION BE" AREAS ,14,4H AND,14) 

     

    

  

       
   
    
   

  

    
   
   
   

   
(5X, 33H Be B AREA LESS BETWEEN AREAS,14,4H AND,14) 
(5X, 14% ,14,16H QUTSIDE ZUTLINE) 

vat (5K,11H WARKCENTRE,14,13H INSIDE AREA ,14) 

      
     

  

  {ISSING LINE 14) 
(5X, 15H POINT ,14,19H TWICE ZN SAME LINE) 

P (5K ,421 
1(5X,41H 9: 

ca LINK 

      
B AT TRAFFIC PAINT ,14) 

(5X, 38H LESS THAN Twp RES IN SEQUENCE) 
1(5X,36H RADIUS QR LER SIDE ZEKS DIMENSIGN) 
(5X, 33H AT LEAST ~NE FIXED CELL REQUIRED) 

JAT(5A8) 

    

iat (2014) 
FARIAT(////,29X,16H WORKCENTRE DATA,/,29X, 16H #exwnxanexnnnx, //// 

1,56H PFX w/C x Y A/R B ANGLE CST CELL,/) 
FORMAT (3K ,13,2(2X,12) 6(2X,F4.1),2X,11,2X,2(F5.1,2X) ,F4.1,2K,14) 

   
   

  

FORMAT (14X,6(2K,F4.1)) 
FOwtar(/ , 1X ,11, 3X,14,5(2X,F5.1),2X,14,2X,12) 
FORMAT (2K, 12,14, 5F6.1,14,12,275.1) 
FERMAT(17H ORIGINAL TYPES = ,12,3X,14H AREA RATIP = sF5.3) 

Foruan(///,20X,23H TETAL @RIGINAL AREA = ,F8.1,/,25X,18H TOTAL NEW 
1 AREA = ,F8.1,/,34X,9H RATIO = ,£8.4,/,16X,25H NUMBER $F WARKCENTR 
2ES = ,14,/,18X,25H TYTAL RELPCAPIGN CPST = ,FS.1) 

PORMAT(//,15X,10H CELL DATA,//,2X,52H CELL Ng.w/cs NO.FIXE 

1D AREA REL.CgsT,/) 
FORMAT (5X ,12,8X,13,10X,13,6X ,F6.1,4X,F7.1) 
ponnat(////,28X,17H LAYSUT AREA DATA,/,26X,17H *xeHxawxnweexnwex, // 
1,5X,24H ARSA QUTLINE X/Y VALUES) 

Mt ae 

  

   

   
FPRMAT(1K,14,15F5.1) 
¥oamat(//,5%,15H TRAFFIC RGUTES,//,47H = -X1 xt x2 Y2 

1) WIDTH 2MINATSR,/) 
FPARMAT(5°5.1,214) 
FpaMat(//,20X,22H *** SND pF PUTPUT ***) 
FeRMat(//// 1X5 31H PARTICIPATION ARSAS QTY= ,12,15H TPTAL AR 
1EA = ,F7.1,//,1X,31 SRNAL TRAPSIC ROUTES QTY¥= ,12,15H TPTAL 
QAREA = ,F7.1,//,30K,5H #***,12X,10H s#¥xeee+*,/,18X,9H SUBTOTAL, 4X 
3,13,15X,F8.1,//,10%,25H TATAL DEPARTMENT ARZA = ,78.1,//,12X,23H N 
QEPT DEPARTMENT AREA = ,F8.1,//,5X,30H WARKCENTRE/DEPT AREA RATIO = 
5 .F6.4,4H (,76.4,2H )) 
FORUAT(////,20X,20H PRADUCT INPPRMATIPN,/,28X, 20H #eteeHK KH H IE RH 
aeee,//,54H CADE QUANTITY 3/SZ FXD.CST VAR.CST) 

PARUAT(/ 4X13, 4X p98.0, 4K ,F5-0,4X,F9.6,4X,F9.7) 

   
   

    

   

  

     

   

  

   
FIXED 
Ox, 1014 

PARTICIPATIPN AREAS - X AND Y VALUSS,//) 

501) 9/4 3(3X4 (4K 6225.01) 5/)) 
2041X 2560, 1X 7905, 1X59 

-DATA PRACESSING PREGRAM,/) 
    

(2,816) 
STgP 
END 
SUSRGUTINE DAREA(I8,AR1,19) 
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0601 
0602 
0603 
0604¢ 
0605 
0606 
0607 
0608 
0609 
0610 
0611 
0612 
0613 
0614 
0615 
0616 
0617 
0618 
0619 
0620 
0621 
0622 
0623 
0624 
0625 
0626 
0627 
0628 
0629 
0630 
0631 
0632 
0633 
0634 
0635 
0636 
0637 
0638 
0639 
0640 
0641 
0642 
0643 
0644 
0645 
0646 
0647 
0648 
0649 
0650 
0651 
0652 
0653 
0654¢ 
0655 
0656 

0657 
0658 
0659 
0660 

40 

48 
49 

   SIGN X(50),¥(50),x4(50) ,xD(50) 
W/SLAB1/X,Y 

PYE=3.1416 
SUSRZULINE FPR DEPARTMENTAL AREAS 
19=18 
AR3=0.0 
DP 43 K=1,19 
KK=K-1 
IF(K.EQ.1)KK=19 
IF(ABS(X(K)-X(KK)).LT.0.0001)cg T¢ 4 
S Ga eG ETL -0001)Gd TA 4 
S1=(APAN((¥(K)-¥ (KK) )/ (XC KD ACK) $#360. 0/(2.0*PYE) 
IF(X(K) .LT.X (KK) )S1"S1-180.0 
IF(S1.LT.0)S1=S1+360.0 
Gh Tp 43 
$1=90.0 
IF(¥(K).L?.Y¥(KK))S1=270.0 
GP TP 43 
$1=0.0 
a ae) GE 10H) Jetete0-0 
X9(K)=S1 
DP 44 K=1,(19-1) 
XD(X)=Xp(K)-X0 (KK) 
x0(19)=! a) 
DP 45 K=1,19 
IF(XD(K). it. 0)XD(K)=XD(K)+360.0 
DS 46 K=1,19 
I#(XD(K) G1. 180.0)ag 1 47 
CONTINUE 
Gh TP 52 
J=K-1 
IF(K.EQ.1)J=I9 
JI=K+1 
IP(K.EQ.19)JJ=1 
IF(ABS(X(J)-X(JJ)).L7.0.0001)o9 14 Ae 
S1sATAN(AbS((Y(J)-¥ )/(K(S)-X (ST) 
$1=098(S1)*((¥(J)-¥(x))+ (san(SiysGC33-0(K)))) 

i a a a 
Gp TP 49 
AR3=AR3+0.5*(SORT((¥ (J) -¥ (JJ) )**2+(X(I)-X(JI))**2) )*aBS(X(K)-X(J)) 
IF(K.NE.19)Gp TP 50 
9219-1 
Gg TP 40 
Df 51 122=K,19-1 
X(122)=X(122+1) 
¥(122)=¥(122+1) 
19=19-1 
Gp TY 40 
CALL AxEA1(AR2,19) 
AR1=AR2-AR3 
RETURN 
END 

ee Cu a 

      

oS, 

  

    
RMAX=0.0 
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0661 
0662 
0663, 
0664 
0665 
0666 
0667 
0668 
0669 
0670 
0671 
0672 
0673 
0674 

0676 
0677 
0678 
0679 
0680 
0681 
0682 
0683 
0684 

0686 
0687 
0688 
0689 
0690 
0691 
0692 
0693 
0694 
0695 
0696 
0697 
0698 
0699 
0700 
0701 
0702 
0703 
0704 
0705 
0706 
0707 
0708 
0709 
0710 
o711 
0712 
0713 
0714 
0715 
0716 
0717 
0718 
0719 
0720 

50 
51 

52 

33 

54 

55 

40 

“1 

43 

44 

Dp 50 K=1,11 
ReSQRT((X(K)-XR)**2+(¥(K)-YR)**2) ) 
IF(R.GT.RMAX )RMAK=R 
CONTINUE 
Dp 52 K=1,8 
Sg auerasiay 
YS=YR+R*SIN(3.1410*(I-1)/4) 
RTMAX=0.0 
Dé 52 J=1,11 
R=SQni ((X(J)-XS)**2+(¥(J)-Ys)*#*2) ) 
IF(R.GT.RTMAX )RTMAX=R 
E(K)=RTMAX 
RMIN=1000.0 
DS 53 K=1,8 
IF(E(K).GE.RMIN)SP TP 53 
RMIN=E(K) 
II=K 
CONTINUE 
IF(RMIN.LE.RMAX)GS TS 54 
IF(D.LE.0.01)GS TP 55 
D=D/10.0 
Gp TZ 51 
Ee eee 
YR=YR+SIN(3.1416*(I-1)/4)*R 
Gg TO 51 
RMIN=RMAX 
RETURN 
END 
SUBRZUTINE AKEA1(AR2,19) 
DIVENSIPN X(50) ,¥(50) ,XP(50,2) ,XN(50,2) 
Chgn/SLAB1/X,Y 
XMIN=9000.0 
Dp 41 M=1,19 
IF(X(M).GP.XMIN)GA TS 41 
IF(ABS(X(M)-KMIN).LT.0.0001)G¢ TS 40 
XMIN=X(M) 
Mitel 
Go TP 41 
IF(Y(M).GT.Y(MM))G¢ TP 41 
Mian 
CONTINUE 
XMAXK=-5.0 
DP 43 M=1,19 

oan TS 43 
IF(ABS(X(M)-XMAX)..LT.0.0001)GS Th 42 
XMAX=X (2) 
MY=M 
Gp TS 43 
IF(¥(:).GP.Y(uY) )cp TA 43 
MY=M 
CgNTINUE 
Kast 
DS 44 Kann, My 
XP(KA,1)=K(K) 
Seer tE) 
KA=KA+1 
NA=KA-1 
KA=1 
Dd 45 K=My,19 
XN(KA,1)=X(K) 
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0721 

0722 45 
0723 
0724 

0725 
0726 

0727 
0728 46 

0729 
0730 

0731 47 
0732 48 

0733 
0734 
0735 
0736 49 
0737 
0738 50 
0739 
0740 
0741 
0742c 
0743 
0744 
0745 
0746 
0747 
0748 
0749 
0750 

0751 
0752 
0753 
0754 100 
0755 
0756 101 

0757 102 
0758 
0759 
0760 
0761 
0762 

0763 

0764 
0765 

0766 103 
0767 
0768 
0769 
0770 

0771 

0772 
0773 104 
0774 
O77 
O77 
0777 
0778 
0779 
0780 

XN(KA,2)=¥(K) 
KA=KA+1 
IF(MM.NE.1)GS TH 46 
XN(KA,1)=X(1) 
XN(KA,2)=¥(1) 
KA=KAH1 
Gg Td 48 
Dh 47 K=1,NM 
Alay 
XN(KA,2)=¥(1) 
KA=KA+1 
CANTINUE 
NBaKA-1 
AR2=0.0 
DP 49 M=1,(NA-1) 
AR2=AR2+((XP(M,2)+XP(M+1 , 2) )/2.0)*(ABS(XP(M,1)-XP(M+1,1))) 
Dg 50 M=1,(NB-1) 
AR2=AR2~-( (XN(M,2)+XN(M+1,2))/2.0)*(ABS(XN(M,1)-XN(M+1,1))) 
RETURN 
END 
SUBRAUTINE SQMIN(XSQ,YSQ,ASQ,BSQ,0SQ,NP) 
SUBRAUTINE FOR MINIMUM AREA RECTANGLE 
DIMENSIPN X(50),X(50) 

NGN/SLAB1/X ,Y 

  

AMIN=99999. 
AREA=0.0 
DP 108 K=1,NP 
B1,B2,B3,B4=0.0 
IF(K.EQ.NP)G TP 100 
IK 
I2=K+1 
Gg TP 101 
T1=NP 
I2=1 
IF(ABS(X(I1)-X(I2)).GT.0.0001)G¢ TP 104 
Bi=X(11) 
Boi) 
B3=¥(11) 
B4s¥ (12) 
DP 103 J=1,NP 
In(X(J).LT.B1)B1sX(J) 
IF et eee 
IF(Y(J).LT.33)B3=x(J 
IF(Y(J).CT.B4)B4=¥(J) 
CANTINUS 
AA=@ABS(B1-B2) 
BB=ABS(B3-84) 
CC=0.0 
DD=(B1+B2)/2 
EE=(B3+B4)/2 
Gd Th Dy 
IF(aBS(¥(11)-¥(12)).LT.0.0001)G¢ Tf 102 
eGR Oe: ) eS ay 
IF(S1.GT.0)CC=(ATAN(S1))*360/(2.0*PYE 
S3=¥(11)-(S1*X(11)) SOI ) 
B4=0,0 
B9=S3 
DY 105 Ja1,NP 
Bl=¥(J)-S1*x(J) 
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0781 
0782 
0783 
0784 
0785 
0786 105 
0787 
0788 
0789 
0790 
0791 
0792 
0793 
0794 
0795 
0796 
0797 
0798 
0799 106 
0800 
0801 
0802 
0803 
0804 
0805 107 
0806 
0807 
0808 
0809 
0810 
0811 

0812 
0813 108 
0814- 
0815 
0816C 
0817¢ 
0818C 
0819 
OB 20**** 

IF(B1.LT.B9)B9=31 
B2=ABS(S3-B1) 
IF(B2.LT.B4)Gh TP 105 
B4=B2 
JJ=I 
CONTINUE 
THETA=ABS(ATAN(S1)) 
IF(S1.GT.0)BB=B4*(CfS(THETA)) 
IF(S1.LT.0)AA=B4*(C@S(THETA)) 
$10=S1 
S1=TAN( (PYE/2.0)-(ATAN(ABS(S1)))) 
IF(S10.GT.0)S1=-S1 
B7=¥(JJ)-X(JJ)*51 
B5=B7 
DP 106 J=1,NP 
Bi=Y¥(J)-X(J)*S1 
ie ane 
IF(B1.GT.B5)B5=B1 
CANTINUB 
B2=B5-B7 
IF(S1.LT.0)AA=B2*(SIN(THETA)) 
IF(S1.GT.0)BB=B2*(SIN(THSTA)) 
EE=((B9+0.5*B4)/S10-( (37+85)/2)/S1)/(1/S10-1/S1) 
DD=(ES-(B9+0.5*B4) )/S10 
AREA=AA*BB 
IF(AREA.GT.AMIN)GS TP 108 
AMIN=AREA 
ASQ=AA 
BSQ=BB 
gsQ-ce 
XSQ=DD 
YSQ-EE 
CANTINUE 
RETURN 
END 

FINALISED 31 ACTQBER 1974 AUTHR J.DRISCOLL 

FINISH 
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READ IN Fn3 AND Fn4 
  

YES 
     

   
     Is 

FINAL 
  LAYOUT TO 

E INPU 

  

[PLACE ALL FIXED WORKCENTRES 
    

  

  
READ WORKCENTRE! 
AND COORDINATES     

YES 

    

1 
  

  

Is 
WORKCENTRE 
AND ALL WORK- 
CENTRES PLACED} 

0 

    

ARE 
ALL CELLSYY 

OCATED   

  

    

  

  

SET UP FLOW MATRIX 

    

FLW, FLWE FOR CELLS 
y 
  

ORDER CELLS IN 
DESCENDING EXTERNAL 
MOVEMENT ORDER       

    

    
WRITE ERROR|YES| 
  

  

  
SET UP OBSTRUCTING 
WORKCENRE MATRIX RLT     

  

    
  STOP 

END.       

  

DO M=1,14 
  

    

  

DO M=1 ,14}*——__, 
  

RE ALL 
WORKCENTRES 

IXED 

YES 
  

CALCULATE AVERAGE X 
AND Y COORDINATES AND 
RADIUS PLACE CELL 

Cc 
          

S 
FINAL 

LAYOUT TO 
E INPU 

YES 

NO 

ARE 
ALL CELLS 

OCATE 

  
  

FIND MINIMUM 

    

ORDER _CELL 

    FIND MINIMUM 
COST _POSTTION     

    

  
READ IN NEW 
POSTTION   
  

  1 e, 

  

       
  

  
USE 40 POSITION 

AUTOMAT   TC_ROUTINE 

t 
  

    
DO M=1,14 
  

  

  

DETERMINE AVERAGE POSN 
OF FIXED WORKCENTRES 
AND CELL RADIUS     

  

  

   

  

GO TO A OR B 

  

  

      

  

    

      
  

FIG B6 UA2 GENERAL FLOW CHART 202   
 



  

  

    

  

      
  
     
    
     

  

  

J4=0 
      

        

  

OUTLINES 
IDENTICAL, 

POINTS OR LINE 
MEDIANS OF FIRST 
OUTLINE INSIDE 
SECOND OUTLINE 

  

  

        
  

      

POINTS OR LINE 
MEDIANS OF SECOND 
OUTLINE INSIDE 
FIRST OUTLINE 

   

FIG B7 GENERAL FLOW DIAGRAM FOR SUBROUTINE OVLP1 
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J3=0 IL       

  

       
      

POINTS INSTDE 
OUILINE OR OUTLINE 
PERPENDICULARS TO   

  

       

  

I 
CIRCLE CENTRE 
NSIDE OUTLINE 

  

      

      

FIG B8 GENERAL FLOW CHART FOR SUBROUTINE OVLP2 

  

J4=0 
      

  

    
CREATE A NEW LINE BETWEEN 
A POINT OUTSIDE QUADRANT 

- . AND THE POINT BEING CHECKED         

  

  

  J15=0     

  4~_DO J=1,NUMBER OF OUTLINES f       

    

  

   

  

    
      
    

   

OUTLINE AND YES 
W LINE CROSS 

    
DOES 

NEW LINE CROSS 
IHROUGH OUTLINE 

CORNER 

     
  

  
FIG B9 GENERAL FLOW CHART FOR SUBROUTINE OVLP3 

    

    

   

      
  

RETURN| 
END       
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0000 
0001 
0002 
0003, 
0004 
0005 
0006 
0007 
0008 
0009 
0010 

0011 
0012 
0013, 
0014 
0015 
0016 

0017 
0018 
0019 
0020 
0021 
0022 

0023¢ 
0024C 
0025¢ 
0026 

0027 
0028 
0029 
0030 

0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 

0049 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 
0059C 

PROGRAM UA2 

LIST (LP) 
PROGRAM(FXXX) 
INPUT 1=CR1 
INFUT 3=CR3 
INPUT 4=CR4 
GUTPUT 2=LP2 
QUTPUT 7=CPT 
COMPRESS INTEGER AND LOGICAL 
coupact 
END 
MASTER UA2 
INTEER FID,WI,¥C,%R,CI,PI,PW,Cf,CS2,RLP 
DIMENSIPN PI(100), P'(100,3) , F(100, 30) ,WI(150) ,We(150) ,WR(150) ,F(4 
150,10) ,#1D(150) ,c1(50,3) ,C(50,2),AgA(50,2), ATA(80, 10,2) ,TITLE(5) ,D 
21(50,2),D2(50,2) ,RUT(150,6) ,CX(50),C¥ (50) ,cR(50) ,c4(50) ,cc(8) ,CA(8 
3) ,1A(150), 750,50) ,PL8(50) ,02(50) ,1L4(150) 
DATA IYES/3HYES/ 
PYE=3.1416 
MK1,'K=1 
MK4=4 
Dg 50 1=1,8 

50 CA(I)=45.0*(I-1) 
WHITE(2,827) 

INPUT QF DATA 

ee ee 
READ( 3,808 )D22 
READ(4,802)13 
READ(4,806)((#ID(I),WI(I), (F(L,JE),IB=1,5),WR(Z),WC(),F(I,9) F(Z, 
110)),I=1,13) 
READ(3,802)14 

READ(3,807)(((CI(I,ID),1D=1,3),(C(I,IE),TE=1,2)),I=1,14) 
READ(3,802)15,16,17 
Bee ie ee) 
RELD(3,608)(A¢A(I,2),1=1,15) 
IF(16.EQ.0)Gf TP 52 
Dg 51 I=1,16 
READ(3,823)IA(I),(AIA(I,ID,1),ID=1,10) 

51 READ(3,808)(AIA(I,ID,2),ID=1,10) 
52 Z=15*2/15 

I8=INT(Z) 
If((18*15).NB.(15*2) )18=18*1 
I6=18*16*3 
READ(5,804)(BLK,I=1,18) 

53 I(r 
DP 54 
RSAD(3,808)(AIA(I,ID,1),ID=1,4) 
READ(3,808)(AIA(I,ID,2),ID=1,4) 

54 Ta(I)=4 
2517*17/15 
110=1NT(Z) 
I8((110*15).NB.(I7*17))110=110+1 
110=110+17 
READ(3,804)(BLX,I=1,110) 

AD(3,802)18 
6 I=1,18 

   

      

Dp 
READ(3,810)(PI(T)),(Pu(I,ID),1D=1,3), 

  

    ,IE),IE=1,10) 
> Ie 11,30) 

  

W(I,10).GT.0)READ(5,802)(PW(I, IE), 
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0060c 
0061¢ 
0062 
0063 
0064 
0065 
0066c 
0067 
0068 
0069 
0070 
0071 
0072 
0073 57 
0074 
0075 
0076 
0077 
0078 
0079 58 
0080 59 
o08ic 
0082 
0083 
0084 
0085 
0086 
0087 
0088 60 
0089 61 
0090¢ 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 62 
0110 
0111 63 
0112 
0113 
0114 
0115 
0116 
0117 64 
0118 
0119 

    

   

END QF DATA INPUT 

WRITE (2,803) 
READ(1,804)IANS 
IP(IANS.EQ.IYES )cg TS 94 
WRITE (2,828) 
SETTING UP FLOW MATRIX FPR CELLS 
Dp 59 M=1,18 
Dé as Mh=2 2 

  

   
a1) 
iA) .BQ.WI (MB) )M1=WC (MB) 
fA-1) )«BQ.WI (208) )M2=WC (24) 

  

   

    

oe »LE.M2)¥1 =FLY (M1, 2)+PM(M, 1)*PM(M, 3) 
IF (M1 GT .M2)PLW (22, M1 )=PLW (12,111) +PM(M, 1)*PM(M, 3) 
IF(11.EQ. 9 TP 58 
FLWE (M1 )=FLVE(M1)+PM(M,1)*PM(M,3)/2 
FLYE(M2)=FLWE(M2)+PM(M, 1)*PM(M, 3)/2 
CONTINUE 
CANTINUE 
QRDERING CELLS 
Dé 64 M=1,14 
VALUE=-10.0 
DP 60 MA=1,14 
TP(CA(MA) CP. 0.QR.FLWE(MA).LT.VALUE)GS TS 60 
MB=MA 
VALUB=FLWE(MA) 
CANTINUS 
CO(uB) ,Ch2(sB)=M 
PLACING PREFIXED CELLS 
WRITE (2,800) 
MP=1 

MEP ,iT=0 

    

MEP+ MP 

MP=MI+1 
CAM) MVv=0 
Df 62 MA=1 
Pe 
CX(M)=CX(M)+F(MA,1) 
CY(iM)=CY (tM) +F(MA, 2) 
MV=MV+1 
IF(MV.NE.CI(m,3))G¢ TH 62 

(4)/CL (st, 3) 
f)=CY (x) /CI (3,3) 

WRITE(2,809)CI(M,1) ,CX(),CY(M),CR(M) MP, MIP 
CANPINUE 
IF (MT .EQ.14)G6 TA 90 
x 

    

    

  

Hon) Ba O.fR.CI(:th,3).89.0.68.0 (4A) or med TS 64 
MA o
a
 

S
e
a
 

.52)ag Th 83 
@RT(C(M,1)/2) 
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0120 
0121 
0122 
0123 
0124 
0125¢ 
0126 
0127 
0128 
0129 
0130 
0131 
0132 
0133 
0134 
0135 
0136 
0137 
0138 
0139 
0140 
0141 
0142 
0143 
0144 
0145 
0146 
0147 
0148 
0149 
0150 
0151 
0152 
0153 
0154 
0155 
0156 
0157 
0158 
0159 
0160 
0161 
0162 
0163, 
0164 
0165 
0166 
0167 
0168 
0169 
0170 
0171 
0172 
0173 
0174 
0175, 
0176 
0177 
0178 
0179 

65 

66 

67 

68 

69 

70 
1 

72 

B 
14 

DP 65 MA=1,13 
Ce TS 65 
CX(M)=CX(M)+FID(it4, 1) 
CY (M)=CY (21)+FID(MA, 2) 
CONTINUS 
CHECKING PASITIGN 
c =CX (1) /CI (it, 3) 
CY (i) =CY(M)/CI(M, 3) 
CST4=0.0 
Dg 67 N=1,14 
IF(CA(2) . or. 0)Gg Th 67 
IF(M.EQ.N)GS TA 67 
IF(I7.LE.0)DST4=SQuT ( (CX(N)-CX (M) )**2+ (Cy (N)-Cy (11) )**2) 
IF(I7.GT.0)DST4 aes CX (31) )+ABS (CY (N)-CY (m1) ) 
CST4=CST4+DST 4* (FLW (M,N)+FLW(N,M)) 
CONTINUE 

Oe +14 Ned nae 
IF(CA(N).GT.0)Gs TA 68 
XNeSQRT ( (CX (It) -! Ox (21) 2+ (CY (28) 0x (21))**2) 
IP(XN.LP.(CR(N)+CR(M)))G¢ TP 72 
CANTINUE 
CALL QVLP3(CX (2) ,CY (M),AGA,I5,J4) 
IF(J4.NS.2)69 1 72 
IF((16+17).EQ.0)cg TP 71 
Dg 70 N=1,(16+17) 
DA 69 NA=1,1A(N) 
D2(NA,1)=AIA(N,NA,1) 
Da(Na, eee A,2) 
CALL QVLP3( yes: D2,IA(N),J4) 
IR(J4 E.O}G 27 

    

   

      

IF OyRITE(2, 813)CI(M,1),CX(M),CY(M) ,CR(M),MP,MIP,CST4 
IF(CI(M,3).5Q.0)sRITE(2,811)CI(M,1), cx (3) CY Git) Jor (a) 32, MTP, CST4 
MCp=C6(M) 
MP=MT+1 
p(s) =0 
IANS=IYES 
IF(CI(M,2) NE. CLC, 3) )READ(1,804) IANS 
IF(IANS .BQ.1YES)GS TS (63, 83 )1K 
CP(M)=nCp 
ME=MI-1 
MPP=\TP-MP 
Gd TP (82,0) 
IF(MC.EQ.2)G9 TP 75 
DS 73 N=1,8 
XR=CX(a)+5.04085( 
YR=CY (1)+5.0*SIN( 
oe 0.0 
DP 73 NA=1,14 
Top (08) -GT.0)39 7) 73 
If(NA.EQ.)G9 TA 73 

Che ee oX(NA)-KR)+A3S (CY (NA)-YR) 
IF(I7.LE.0)DST4: (314) -XR )*#2+ (Cy (NA)-¥R)**2) 
CO(N)=CC(N)+DST4*(FLW(NA,M)+PLW(31,NA)) 
CpNTIWUE 
wRITE(2,817)CX (24) ,CY (i) ,CR(s£) ,CI(M,1),CST4,(CA(N),N=1,4),(CC(N) Ne 

11,4), (CA(N))¥=5 ,8), (CC(W) »%=5,8) 
READ(1, 804)IANS 
TF(IANS.BQ.1728)G¢ TS 82 

  

(u-1)/4) 
(-1)/4) 
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0180 
0181 
0182 
0183 
0184 
0185 
0186 
0187 
0188 
0189 
0190 

0191 
0192 
0193 
0194 
0195 
0196 
0197 
0198 
0199 
0200 
0201 
0202 
0203 
0204 
0205 
0206 
0207 
0208 
0209 
0210 
0211 
0212 
0213 
0214 
0215 
0216 
0217 
0218 

0219 
0220 
0221 
0222 
0223 
0224 
0225 

- 0226 
0227 
0228 
0229 
0230 
0231 
0232 

0233 
0234 
0235 
0236 
0237 
0238 

0239 

(p 

te 

80. 

81 

82 

83 

84 

85 

MC,MD=2 

  

IF( 
MD=3 
RAD=RAD+2.0 
IF(RAD.GT.11,0)ag 1P 81 
CMAX=0.0 
Dg 77 N=1,8 
XR=CXM+RAD*CSS(PYE*(N-1)/4) 
YR=CYM+RAD*SIN(PYE*(N-1)/4) 
CC(N)=0.0 
DS 77 NA=1,14 
IF(CB(NA).GT.0)G¢ TA 77 
IF(17.62 

  

cc sVSCe a). (elu Cu WA) erwin) )>Seamn( Causa (qa) ) emer Ceneoy (aA) 
1*2) 
Go Th 

Ir(CC(N).GT .CHAX )CMAX=CC(N_ 
CHIN=CMAX+5.0 
NB=9 
DS 79 N=1,8 
IF(CC(N).LT.0.$R.CC(N).GT.CMIN)GS TP 79 
NB=N 
CMIN=CCc(N) 
CANTINUS 
IF(NB.NE.9)G¢ TZ 80 
wD=2 
Gg TS 75 
CC(NB)=-1.0 
MPsiP+1 
SE ees alee) 
CY (M)=CYM+RAD*SIN( (NB-1)*FYE/4) 
cg Th 66 
WRITE(2,812)CI(M,1),CXM,CYM, IP 
oe 
CY (M)=CYM 
MC=1 
READ(1,818)RR,DR 
DR=DR*PYE/180.0 

cae 
CY (i) =CY (M)+RR*SIN(Di ) 
MP=MP+1 
Gd Th 66 
IF(s.EQ.14)c¢ TS 90 
M,MV=52 
DS 84 MA=1,14 
IF(CA(4A).£Q.0.9R.CA(MA).GT.MV)Gg TA 84 
MVv=ch (MA) 

  

ant (C(,1)/2) 
XOTR,YCTR=-1.0 
CST1=9900000.0 
RAD=50.0 
Dd 87 N=1,8 
XM=XCTR+RAD*CGS ( (N-1)*FYE/4) 
YM=YCTR+RAD*SIN( (N-1)*PYE/4) 

  

G6(8) feu ut )on¥( aku (aca) )oBs(eR-64(H))) 
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0240 
0241 
0242 
0243 
0244 
0245 
0246 
0247 
0248 
0249 
0250 
0251 
0252 
0253 
0254 
0255 
0256 
0257 
0258 
0259 
0260 
0261 
0262 
0263 
0264 
0265 
0266 
0267 
0268 
0269 
0270 
0271 
0272 
0273 
0274 
0275 
0276 
0277 
0278 
0279 
0280 
0281 
0282 
0283 
0284 
0285¢ 
0286 
0287 
0288 
0289 
0290 
0291 
0292 
0293 
0294 
0295 
0296 
0297 
0298 
0299 

86 
87 

88 

89 

90 

Ci 

92 

93 

94 

95 
96 

CC(N)=0.0 
Dé 87 MA=1,14 
IF(CA(MA).GT.O)G¢ TA 87 
IF(I7.GT.0)GA TS 86 
CC(N)=Cc(N)+ (FLW (M, MA )+FLW(MA,M))*SQRT ( (XM-CX (MA) )*#*2+ (YM-CY (MA) )* 

eae 87 
CC(N)=CC(N)+(PLW(M, MA )+PLW(MA Mf) )* (ABS (XM-CX (3A) )+ABS (Yot-Cy (MA))) 
CPNTINUE 
NA=9 
Dp 88 N=1,8 
IF(CC(N).GE.CST1)Gg Td 88 
csT1=cc(N) 
NA=N 
CONTINUE 
IF(NA.LT.9)G TP 89 
RAD=RAD/4.0 
IF(RAD.GT.0.1)G¢ Tf 85 
oan 
CY(M)=YCTR 
MC,MP=1 
MK=2 
Gp Th 66 
OTe oes eer ate y 4) 
YCPR=YCTR+RAD*SIN(PYE*(NA-1)/4) 
Gg TP 85 
WRITE (2,820) 
DP 93 M=1,14 
DY 91 N=1,14 
IF(Cg2(N).BQ.M)ICELL=CI(N,1) 
MA=1 
Dp 92 Ke1,13 
Ir(WC(K).NS.ICELL)GS TS 92 
CO (NA)=wI(K) 
NA=NA+1 
CgNTINUE 
NA=NA-1 
NB=NA 
IF(NA.GT.10)NB=10 
WRITE (2,821 )CI(N,1),M, (CB(NC),NC=1,NB) 
IF(NA.GT.10 8 (2,822) (CB (NC) ,NC=11,NA) 
CgxTINUE 
WRITE(2,803) 
READ(1,804)IANS 
IF(IANS.NE.IYES)G@ TA 500 
FINAL LAYOUT INFUT 

   

   

  

WRITE (2,829) 
ICNT=0 
DG 95 Me1,13 
IF(PID(M).LT.3)GS TA 95 
Eibe ) 
P(M,7)=F(M,2) 

P(M,8)= (4,5) 
ICNT=ICNT+1 
CgNTINUE 
READ(1,819)I,X3,¥3,ANG 
IF(I.£Q.0.AND.ICNT .EQ.13)GS TP 103 
DP 100 M=1,13 
IF(WI(i).NE.1)Gf TA 100 

T.2)GS TH 101 
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0300 
0301 
0302 
0303 
0304 
0305 
0306 
0307 
0308 
0309 
0310 
0311 
0312 
0313 
0314 
0315 
0316 
0317 
0318 
0319 
0320 
0321 
0322 
0323C 
0324 
0325 
0326 
0327 
0328 
0329 
0330 
0331 
0332 
0333 

97 

98 
99 

101 

102 

103 

0334 . 
0335 
0336 
0337 
0338 

0339 
0340 
0541 
0342 
0343 
0344 
0345 
0346 

0347 
0348 
0349 
0350 

0351 
0352 

0353 
0354 
0355 
0356 

0357 
0358 

0359 

104 

105 

106 
107 

108 

109 

CALL PVLP3(X3,Y3,AfA,15,54) 
SOBs TS 102 
IF((16+17).22.0)36 T4 99 
Dé 98 N=1,(16+17) 
Dé 97 NA=1,2A(N) 
D1(NA, 1)=. =AIA(I, NA,1) 
D1(NA, 2)=AIA(N,NA,2) 
CALL GvLP3(X3, ¥3,D1,IA(N),J4) 
IF(J4.NE.0)GS TP 102 
CgNTINUE 
F(M,6)=X3 
Ene 
F(M,8)=ANG 
IF(IL4(M)..EQ.0)ICNT=ICNT+1 
IL4(M)=1 
cg Th 96 
CONTINUE 
WRITH(2,824)I 
Gf Th 96 
WRITE (2,825)1 
Gh TP 96 
WRITE(2,826) 
Gh TP 96 
CAMPLETIPN OF RLT MATRIX 
Dp 109 M=1,13 
Is(FID( 2)cg TH 109 
R1SSQHT (F (M, 3)**2+F (a, 4)**2)/2 
IF(FID(M).EQ.1)R1=7(M,3) 
MA=0 
1B=1 
Dé 108 N=1 3, 
Ir(FID(N).GT.2. 93 

   

  

  

   
EQ.N)GS TH 108 

      

    

  

R2=SQRT(F 1,3) #4243 N ee 
IP(FID(N).EQ.1)R2= P(N, 3) 
R3=SQRT(( ,6)-F(N, 1))#*2+(3(s,7)-F(N,2))**2) 
IF((R14R2) (R3+0.¢ 001) }og Te 108 
IF( (FID eee 2.68 TS 107 
IF ((FID(11)+F1D(N)).5Q.4)o4 TA 105 
Ir(FID(™).£Q.2)G6 TP 104 
CALL SETUD(N2 3 (3,3) 91,4) 97(%5) 2 (01) F(%2)) 
CALL gvupa(e(t, 3),2 (6) 4? G1) 2252453) 
Gh TP 106 
IF (MA.EQ.O)CALL SSTUP(D2,7(M,3),F(M.4) ,F(M,8),F(M,6) F(M,7)) 
Mast 
CALL Bitte see aa: 

Cut sh (2153) 2026 4) P08) F846), 2057 CALL SSTUR(D1 53 (34,3) 53 (26,4) 9F(268)# (56) 2 (8, 
A a rans\euna rues} 

1J3) 
IF(J3.EQ.0)39 TS 108 

57.6 )WRITE(2,815)WI (1) 
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0360 
0361 
0362 
0363 
0364 
0365 
0366 
0367 
0368 
0369 
0370 
0371 
0372 
0373 
0374 
0375 
0376 
0377 
0378 
0379 
0380 
0381 
0382 
0383 
0384 
0385 
0386 
0387 
0388 
0389 
0390 
0391 
0392 
0393 
0394 
0395 
0396 
0397 
0398 
0399 
0400 
0401 
0402 
0403 
0404 
0405 
0406 
0407 
0408 
0409 
0410 
0411 
0412 
0413 
0414 
0415 
0416 
0417 
0418 
0419 

800 

801 
802 
803 
804 
805 
806 

807 
808 
809 
810 

811 
812 

813 
814 
815 
816 
817 

818 
819 
820 
821 
822 
823, 
824 
825 
826 
827 
828 
829 
500 

50 

51 

Se 

ppnuan (181 ,// 52H CELL X-CENTRE Y-CENTRE RADIUS NO.PSNS TTL.P 
1SNS,6H cgsT,/) 

RMAT (5A8) 
‘aT (2014) 
HANA VR 36H WILL YOU PROVIDE THE FINAL LAYOUT 7,///) 

    

  

   

   

    

We 14,4X,F5.1,6X,F5.1,4X,14,4X,14,6X,14) 
(2X,12,14,5F6.1,14,12,27 .1) 

nex, 2, > 913, 10X,13,6X,F6.1,4X,F7~1) 
1(15#5.1) 
2(/, 14,44, 

  

  

      

   

eS rea series 11258282) 

014) 

  

  rs. la, KF 5. : ee 4X,F5.1,4X,14,5X,14,1X,F8.1) 
FORMAT(/,6H CHLL ,14,19H UNASSIGNED ATX = ,P5.1,5H Y= jF5.1,7H A 
4PTER ,12,5H TRYS,/,14H CHANGE CENTRE) 
PORT (/; 14,4X,F5.1,6X,F5.1,4X.F5-1,4X,14,5X,14, 1X,F8.1,6H FIXED) 
Fg ne 114, 4K ,P5.1,6X,P5.1,4X,14,4X,14,6%514, 9H NOT ASHD) 
vpiciwn (5X, 4H W/C,14,35H BAS MARE THAN SIX W/CS IN NEW PASH) 
Ff oes ERROR IN DATA) 
FORMAT(/,14H MOVE GUIDE X=,F5.1,3H Y=,F5.1,5H RAD=,F5.1,6H CELL=,I 
14,6H COST=,¥8.1,/,9H ANGLE ,4(F5.1,6X),/,5H CAST, 4(¥9.1,2X),/,9H 
2 ANGLE SAC o14 6X),/5H CAST,4(F9.1,2X),//,15H WILL YSU MAVE? ) 
FERMAT(3FO.0) 

PRMAT (IO, 370.0) 
FéRMAT(//,11H CELL CELL,17X,16HCELL WARKCENTRES,/,11H Nf $RDER) 
FORMAT (/,14,3X,13,2X,10(13,1X)) 
FARMAT (12K, 10(I3, 1X)) 
FQRMAT(1X,14,15F5.1) 
FORMAT (12H i i 

      

3 ,I4,12H NSNEXISTANT) 
NTRE ,14,6H FIXED) 

17H OpRDINATE ERROR) 
T(/,35H UA2 - STAVIC LAYOUT DESIGN PRAGRAM,/) 

MAT (/,24H LAYOUT OF CELLS SSCTIPN,/) 
FPRMAY(/,22H INPUT QF CELLS SECTIPN,/) 
ST¢P 
END 
SUBRZUTINE SVLP1(D1,D2,J1,J2,J3) 
DIMENSIPN D1(50,2) ,D2(50,2) 
J3=0 
IF(J1.NE.J2)3¢ TA 52 
DP 51 J=1,J1 
DP 50 JA=1,J2 
1-433 (D1(J, 1)-D2(Ja,1)) 
S2=ABS(D2(J,2)-D2(JA,2)) 
IF(S1.LT.0-0001 .AND.$2sLT 0.0001 )G¢ TS 51 
CANTINUE 
Gd Td 52 
CONTINUE 
Gd TP 60 
Dp 56 J=1,J1 
JAaJ+1 
IF(J.EQ.J1)JA=1 
$18=SQuT ((D1(J,1)-D1(JA,1))**2+(D1(J,2)-D1(JA,2))**2) 
Dp 56 JB=1,J2 
JC=JB+1 
IF(JB.EQ.J2)JC=1 
$15=SQRT( (D2(JB,1)-D2(JC,1))*#*2+(D2(JB,2)-D2(JC,2))**2) 
ee »1)-D1(JA,1)) 
$2-ABS(D2(J8,1)-D2(JC,1)) 
IF(S1.LT.0.0001.AND.S2.LT.0.0001)c@ TA 56 
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0420 IF(S1.LT.0.0001)G¢ Th 54 
0421 IF(S2.LT.0.0001)Gp 14 55 
0422 S9=(D1(J,2)-D1(JA,2) )/(D1(J,1)-D1(JA,1)) 
0423 $10=(D2(JB,2)-D2(JC,2))/(D2(5B,1)-D2(JC,1)) 
0424 IF(ABS(S9-S10) .LT.0.0001)Gg TP 56 
0425 $11=((D2(JB,2)-D1(JA,2) )+(D1(JA,1)*S9-D2(JB, 1)*S10) )/(S9-S10) 
0426 $12=D1(JA,2)+(S11-D1(JA,1))*S9 
0427 53 ST eas eee oe 
0428 Shale aa eee $12-D2(JC,2) )**2) 
0429 $16=SQRT((S11-D1(JA, 1) )**2+(S12-D1(JA,2))**2) 
0430 $17=SQRT((S11-D1(J,1))**2+(S12-D1(J,2) )**2) 
0431 IF(S13.LT.0.0001.9R.S14.LT.0.0001)G 1 56 
0432 IF(S17.LP.0.0001.9R.S16.LT.0.0001)G¢ Th 56 
0433, J14=0 
0434 IF(S13.LT.S15.AND.S14.LT.S15)J14=J14+1 
0435 IF(S16.LT.S18.AND.S17.LT.S18)J14=J14+1 
0436 IF(J14.£Q.2)Gh TA 60 
0437 Gh TP 56 
0438 54 $S11=D1(J,1) 
0439 $12=D2(JB,2)+(D2(JB,2)-D2(JC,2))/(D2(JB,1)-D2(JC,1))*(D1(J,1)-D2(s 
0440 1B,1)) 
0441 Gg TP 53 
0442 55 a) 
eae a J,2)+(D1(J,2)-D1(JA,2))/(D1(J,1)-D1(JA,1))*(D2(5B,1)-D1(J,1 
0444 1 
0445 Gp TS 53 
0446 56 CPNTINUE 

  

0447 J8=0 
0448 57 J5,J6,37=0 
0449 DP 58 M=1,J1 
0450 MA=M+1 
0451 IF(H.EQ.J1)14=1 
0452 CALL QVLP3(D1(M,1),D1(M,2) ,D2,J2,J4) 
0453 II4=54 
0454 ee ee 
0455 Y=(D1(M,2)4D1 (MA, 2) )/2 
0456 CALL PYLP3(X,Y,D2,J2,J4) 
0457 IF(JI4.5Q.0)J5=35+1 
0458 IF(J4.£Q.0)J5=J5+1 
0459 IF(JJ4.EQ.1)J6=J6+1 
0460 IF(J4.EQ.1)J6=J6+1 
0461 IF(JJ4.EQ.2)J7=J7+1 
0462 58 IF(J4.EQ.2)J7=J7+1 
0463 IF(J5.GT.0.AND.J7.GT.0)GP TP 60 
0464 ae TS 60 
0465 IF(J8.GT.0)G9 TP 61 
0466 J9=I1 
0467 IF(J2.GT.J1)J9=52 
0468 DP 59 J=1,J9 
0469 DP 59 JA=1,2 
0470 DX=D1(J,JA) 
0471 D1(J,JA)=D2(J,JA) 
0472 59 D2(J,JA)=Dx 
0473 J9,J8=51 
0474 Ji=J2 
0475 32259 
0476 Gp TS 57 
0477 60 J3=1 
0478 61 RETURN 

0479 END 

0480 SUERQZUTINE PVLP2(RD,D4,D5,D2,J2,J3) 
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0481 
0482 

0483 
0484 
0485 
0486 
0487 
0488 

0489 
0490 
0491 

0492 

0493 
0494 
0495 
0496 
0497 
0498 

_ 0499 
0500 

0501 

0502 
0503 
0504 
0505 

0506 

0507 

0508 

0509 

0510 

0511 
0512 

0513, 

0514 
0515 
0516 

0517 
0518 
0519 

0520 

0521 
0522 
0523 
0524 
0525 
0526 
0527 
0528 

0529 

0530 
0531 

0532 
0533 
0534 
0535 
0536 

0537 
0538 

0539 

50 

51 

oe 

53 
54 

50 

51 

DIMENSIGN D2(50,2) 
J3=0 
DP 52 Ja1,J2 
RE=SQRT ( (D4-D2(J,1))**2+(D5-D2(J,2) )**2) 
IF(RE.LT.(RD-0.0001))cd Td 53 
JJ=J5+1 
Teeter) 
IF(ABS(D2(JJ,1)-D2(J,1)).LT.0.0001)G¢ TP 51 
$3=(D2(JJ,2)-D2(J,2))/(D2(J,1)-D2(J,1)) 
S4=ABS((D5-D2(J, 2)+(D2(s, 1)-b4) #53) *¢g5(aTAN(S3))) 
IF(S4.CE.RD)Gp TH 52 
ee cl 
S7=SQRT ((D4-D2(JJ,1))**2+(D5-D2(JJ,2))**2), 
S8=! ee S7#*2-S4**2) 
S7=SQut ((D2(J,1)-D2(JJ, Ae 2)-D2(JJ,2))**2) 
AS S7.AND.S6.LT.S7)Gp TP 5 

cp TS 52 
S4=ABS(D4-D2(J,1)) 
IF(S4.GT.RD)GA TP 52 
S7=ABS(D2(J,2)-D2(JJ,2)) 
S6=ABS(D2(J,2)-D5) 
S8=ABS(D2(JJ,2)-D5) 
Gd TP 50 
CANTINUE 
Ti=4 
CALL QVLP3(D4,D5,D2,JM,J4) 
IF(J4.LP.2)cp Th 54 
J3=1 
RETURN 
END 
SUSRGUTINE PYLP3(X,Y,D3,JA,J4) 
DIMENSIQZN D3(50,2) 
J4=0 
X2,¥2=-20.0 
J15=0 
X2=X2+10.0 
$18=SQRT ( (X2-X)**2+(¥2-Y)**2) 
DP 54 J=1,JA 
JBeJ+1 
IF(J.EQ.JA)JB=1 
J14=0 
$1=ABS(D3(J,1)-D3(JB,1)) 
IF(ABS(X-X2).LT.0.0001.AND.S1.LT.0.0001)G¢ TA 54 
$15=SQRT ( (D3(J,1)-D3(JB,1))*#2+(D3(J,2)-D3(JB,2))**2) 
IF(ABS(X-X2).LT.0.0001)Gd TA 52 
IF(S1.LT.0.0001)Gf TA 53 
IF(ABS(D3(J,1)-D3(JB,1)).LT.0.0001)Gp TA 53 
S9=(¥-Y2)/(X-K2) 
$10=(D3(J,2)-D3(J3,2))/(23(J,1)-D3(JB,1)) 
IF(ABS(S9-S10).LT.0.0001)GA TS 54 
$11=((D3(JB,2)-¥2)+(X2*S9-D3(JB,1)*S10) )/(S9-S10) 
$12=¥2+($11-X2)*89 
$13=SQRT ((S11-D3(J,1))**2+(S12-D3(J,2) )**2) 
$14=SQuT((S11-D3(JB,1) )**2+(S12-D3(JB,2) )**2) 
$16=SQaT ((S11-X)**2+(S12-Y )**2) 
S17=SQRT((S11-X2)**2+(S12-¥2)##2) 
Fe Oe eae uneg oa tiee Th 55 
IF(S13.LT.0.0001.}2.814.LT.0.0001)Gf TS 50 
IF(S16.LT.S18.AND.S17.LT.S18)J14=314+1 

PANS}



0540 
0541 
0542 
0543 
0544 
0545 
0546 
0547 
0548 
0549 
0550 
0551 
0552 
0553 
0554 
0555 
0556 
0557 
0558 
0559 
0560 
0561 
0562 
0563 
0564 
0565 
0566 
0567 
0568 
0569 
0570 
0571 
0572 
0573 
0574C 
0575¢ 
0576 
0577 
0578 

52 

53 

54 

55 
56 

O579**#* 

IF(S13.LT.S15.AND.S14.LT.S15)J14=J14+1 

nes S11=, 

$12=D3(J,2)+(D3(J,2)-D3(JB,2))/(D3(J,1)-D3(JB,1))*(X2-D3(J,1)) 
Gh TP 51 
$11=D3(J,1) 
$12-Y¥2+(Y2-Y)/(X2-X)*(D3(J,1)-X2) 
cp Th 51 
IF(J14.EQ.2)J15=J1541 
2515/2 
J16=1NT(Z)*2 
IF(J15.NE.J16)J4=2 
Gh TP 56 
J4=t 
RETURN 
END 
SUBRGUTINE SETUP(D3,D4,D5,D6,D7,D8) 
DIMENSIPN D3(50,2) 
PYE=3.1416 
243-ATAN(D5/D4) 
Z41=Z43+D6*PYS/180.0 
Z40=PYE+2Z41-2.0*243 
IF(2Z41.GS. (2.0*PYE) )241=241-2.0*PYE 
IF(240.GE.(2.0*PYE) )240=240-2.0*PYE 
Z42=SQRT (D4**2+D5**2) 
D3(1,1)=D7-242*ChS (241) 
D3(2,1)=D7+242*C9S (240) 
D3(3,1)=D7+2Z42*C0S(241) 
D3(4,1)=D7-242*c9S(240) 
D3(1,2)=D8-242*SIN(241) 
D3(2,2)=D8+242*S1N( 240) 
D3(3,2)=D8+Z42*SIN(Z41) 
D3(4,2)=D8-242*S1N(240) 
RETURN 

FINALISED 30 JANUARY 1975 AUTHOR J.DRISCBLL 

END 
FINISH 
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WRITE INITIAL LAYOUT 
WRITE FINAL LAYOUT 
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| ey SELECT PROGRAM OR 
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CSTD,CSTL=0.0 
SET APPROPRIATE SECTION 
OF COST MATRIX C TO ZERO     

    
  DO K=1,18 

  

t 
        

  

  DO K1=2,30 
  

} 

  

  

  
SELECT WORKCENTRES PW(K,K1) 
AND PW(K,K1+1) , DETERMINING 
ALSO THEIR CELLS     

  

  

  

Y 

  

  
  

  

RETURN 
END       

  
  

DETERMINE STRAIGHT 
LINE DISTANCE BE- 
TWEEN WORKCENTRES     

  

USING DISTANCE 
CALCULATE MATL 
MOVEMENT COST 
AND ADD TO CSTL/   

USING DISTANCE 
CALCULATE MATL 
MOVEMENT COST 

    AND ADD TO CSTD 
    

ya 
  

  
ADD COST TO 
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COST MATRIX     
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WRITE WORKCENTRES FIND NEXT AVAILABLE 
AND PRIORITIES AND WORKCENTRE WITH LOWEST NUMBER OF MOVES PRIORITY NUMBER 

_. [READ NCTR 
ES 

s 
NCTR 

<V. Is 
{) CTR IN MO 
NO No List 
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WRITE YES DETERMINE TOTAL STEP UP ERROR NUMBER OF MOVES PRIORITY h REMOVE FOR THIS WORKCENTRE 
FROM LIST TO BE PLACED (N4) 

YES “1S 
r NCTR 

NO 
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TS IS N4 
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VALLABL EQUAL TO THE 
NUMBER OF MOVES 
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INITIAL    

  

  

  
  

          

  
  

  

  

  

        

    

  
  
                

LAYOUT, 

y 

DO L=1,13 DO L=1,13 + 

t 
DETERMINE NEAREST AISLE DETERMINE NEAREST AISLE 
TB AND STRAIGHT LINE TB AND STRAIGHT LINE 
DISTANCES TA,TC(L,1),TC DISTANCES TA,TC(L,1),IC 
@,2) G2) 

REPLACE EXISTING VALUES 

RETURN 
END       
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0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013, 
0014 
0015 
0016 
0017 
0018 
0019 
0020c 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
-0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 

0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 
0059 
0060 

50 

51 

52 

53 

PROGRAM UA3. 

LIST (LP) 
PRAGRAM( FXXX) 
INPUT 1=CR1 
INPUT 3=CR3 
INPUT 7=CR7 
QUTPUT 2=LP2 
GUTPUT 9=CP9 
CAMPRESS INTEGER AND LGICAL 
CAMPACT 
END 
MASTER UA3 
INTEGER FID,WI,WC,WR,CL,TT,PI,P¥,TP,Cf,TB,RLT 
DIMENSIPN TITLS(5),PI(100),PM(100,3) ,P(100, 30) ,WI(150) ,WC(150) WR 

4( 150), F(150, 10), ?1D(150) ,2(30, 30),7A(150),78(150),7C(150,2) ,PT(30, 
22) ,PR(50,4),CI(50,3) ,CR(50) ,CV(50) ,C9(50),C(50,8),RLT(150,6) ,CLE(3 

30) ,¥L1(150) 
CPwPN/SLAB1/E,13,15,16,17,18/SLAB2/F,FID/SLAB3/PI,PM,PW/SLAB4/C,C 
4I/SLAB5/WI, WC ,WR/SLAB6/T,TA,TB,TC/SLAB7/C ,RLT ,CR/SLABS/TR,TT 
DATA IYES/3HYES/ 
DATA INPUT SECTIPN 
WRITE(2,833) 
READ(1,800)TP,R,LN,E 
IF(TP.GT.O.AND.LN.GT.O.AND.R.GT.0)GB TP 51 
WRITE(2,825) 
Gg TS 50 
READ(3,808)(TITLE(I),I=1,5) 
WRITE(2,803)(TITLE(I),1=1,5),TP,R,LN,E 
R=R/100.0 
READ(3,807)D22 
READ(3,801)I4 
KEAD(3,805)(CI(I,1),I=1,14) 
READ(3,801)15,16,17 
Z=15/15 
I8=INT(Z) 
IF((18*15).NE.I5)I6=18+1 
Z=15*2/15 
I9=INT(2) 
IF((19*15).NB. (I5*2))I9=19+1 
I5=18*2+19+17*2+16*5 
READ(3,824) (BLK, I=1,15) 
eee -GT.0)ReaD(3, 314)(((PR(I, ID),1D=1,4),(TT(I,J),J=1,2)),I=1,17) 
IF(I7.GT.0)READ(3,807)((T(I,ID),ID=1,17) ,I=1,17) 
READ(3,801)18 
Dg 52 I=1,18 
READ(3,810)PI(I),(PM(I,ID),ID=1,3),(PW(I,IE),1B=1,10) 
IF(Pi(I,10).G?.0)READ(3,801)(FH(I,IE) ,15=11,30) 
READ(7,801)I3 
READ(7,807)((# 

  

tA), A= »10),¥=1,13)     

   

    

READ(7,601)(( () FWL(3)) 881,13) 
READ(7,801)((1 
Dd 53 I=1,13 
IF(FID(I).cT.2)c9 TA 53 
zE(AnS(e I,1)-2(I,6)).GT.0.0001)c¢ TP 53 

7)).ST.0.0001)Sf TP 53 
8) ).cT.0.0001)Gd TA 53 

CONTINUS 
NZ=0 
DP 55 I=1,13 
IF(FID(I).G?.2)o¢ TS 54 
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0061 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0069¢ 
0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 
0078 
0079 
0080 
0081 
0082 
0083 
0084 
0085 
0086 
0087 
008s 
0089 
0090 
0091 
0092 

0093 
9094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0114 
0112 
0113, 
0114 
0115 
0116 
0117 
0118 
0119 
0120 

54 
55 

56 

57 
58 

29 
60 

61 

62 
63 
64 

NZ=NZ+1 
op 19 55 
Piece eorectay ate 
CI(WC(I),2)=CI(WC(I),2)+1 
Dp 56 I=1,14 
Be eer er cooper ca 
CI(I,2)=CI(I,2)-C1(1,3) 
CI(I,3)=0 
MAIN INTSRACTIGN SECTIQN 
1,199,197,N98 ,N99=0 
WRITE(2,826) 
READ(1,82¢ )IANS. 
IF(IANS.EQ.1YSS)199=2 
IF(I99.NE.2)G$ Th 61 
WRITE(2,827) 
19821 
READ(1,824 )IANS 
IF(IANS EQ, IYES)WRITE(9,801)198,197,197,13 
READ(1,824)IANS 
IF(IANS.EQ.IYES)198=2 
IF(I98.NE.2)G¢ TP 58 
WRITE(9,801 )198,197,196,13 
DP 57 1=1,13 
WRITE(9, 807)F(I, 1),F(I,2),F(Z,5),F(1,3),F(1,4),F(1,9) F(1,10) 
WRITE(2,828) 
Prenton 
IF(IANS.EQ.1YES)198=4 
19720 
IF(I98.NE.4)Gd TA 60 
WRITE(9, Boe 197,TP,13 
DP 59 I=1,13 
WRITE (9,607)?(I,6),?(I,7) F(148) »F(1,3)»2(I44) »F(149) »F(Z410) 
READ(1,824)IANS 
IF(IANS.BQ-TY8S 19965 
WRITS(2,819) 
READ(1,824)IANS 
IF(IANS.EQ,1YES )N98=3 
WRITE(2,620) 
READ(1,624)IANS 
IF(IANS.EQ.IYES)N99=1 
I=0 
111-5 
11226 
IF(I7.GT.0)CALL TDIST(112) 
CALL CéST(I4,111,1,CSTF,CSTG) 
111,112=1 
IF(I7-EQ.0)Gd TS 62 
CALL TDIST(112) 
Ch TP 64 
DZ 63 IE=1,15 
FID(IE)=¥ID(IE)+4 
CALL CéST(I4,111,1,CSTF,CSTG) 
TRC, PVTRC=0.0 
TC1=CSTD*TP 
TL1=CSTL*TP 
FPYTC12CSTD*(((14R)**PP-1)/((14R)**TP#R) 
PYTL1=CSTL*(((1+R)**TP-1)/((14+R)**TP*R) 
WRITE(2,823)1 
WRITE(2,811) 
IF(N98.NE.3)cf TP 66 
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0121 DP 65 IE=1,14 
0122 65 WRITE(2,812)CI(IE,1),C(IE,4),C(IE,2),CR(IE) ,CV(IE),C#(IE),C(IE,3), 
0123 1C(IE,1) 
0124 66 IF(N98.NE.3)WRITE(2,830) 
0125 WRITE( 2,805 )TRC,PVPRC,TC1,PVTC1,TL1,PVTL1 
0126 Dp 67 I=1,13 
0127 166=0 
0128 IF ee eae yee ia} ono: 0008 )166=1 
0129 IF(ABS(F(1,2)-F(I,7)).GT.0.0001 )166=1 
0130 IF(ABS(F(1,5)-F(1,8)).GT.0.0001)166=1 
0131 IF(166.EQ.0)G¢ TP 67 
0132 GR(WC() )=CR(wC(I))+#R(I) 
0133 67 CONTINUE 
0134 Dp 68 I=1,14 
0135 68 TRC, PVTXC=TRC+CR(I) 
0136 DP 69 I=1,14 
0137 CV(I)=(C(1,4)+0.5*(C(I,2)-C(I,6))-C(I,8))*TP 
0138 69 IF((CV(I)-CR(I)).LT.CPRE )CPRE=CV(I)-(CR(I)+10.0) 
0139 WRITE(2,804) 
0140 READ(1,824) IANS 
0141 IF(IANS.EQ.1YES)G¢ TA 72 
0142 READ(1,801)(CA(IG),IG=1,14) 
0143 Dé 71 I=1,14 
0144 Dp 70 IG=1,14 
0145 IF(CA(IG).EQ.1)Gh TP 71 
0146 70 CPNTINUE 
0147 WRITE(2,831) 
0148 71 CANTINUE 

0149 cg Th 75 
0150 72 DP 74 1B=1,14 
0151 COR=CPRE 
0152 Dg 73 I=1,14 
0153, IF(CG(I).GT.0.9R. (CV(I)-CR(I)).LT.CAR)Gd TA 73 
0154 CéR=CV(I)-CR(I) 
0155 ID=1 
0156 73 CONTINUE 
0157 74 cg(ID)=i38 
0158 75 I=0 
0159¢ 
0160c CHANGEPVER IMPLEMENTATIPN 
0161¢ 
0162 TMC,TML,PVIMC,PVTML, TRC ,PVTRC=0.0 
0163 11125 
0164 IF(LN.GT.NZ)LN=NZ 
0165 Df e8 I=1,TP 
0166 IF(N99.EQ.2)cS-Th 90 
0167 JK3=900 
0168 Dg 62 JL1=1,13 
0169 IF(FID(JL1).GT.6)cg TP 62 
0170 Jki=1 
0171 Dg 76 JL2=1,13 
0172 76 NL1(JL2)=0 
0173 NLI(JL1)=1 
0174 77 DA 79 JL3=1,13 
0175 IF(NL1(JL3).LE.0)c¢ TP 79 
0176 Df 78 JL4=1,6 
0177 7&8 Ir(RLT(JL3,JL4).GT.0)NL1(RLT(JL3,JL4))=1 
0178 79 CPNTINUE 

0179 JK2=0 
0180 DS O JL3-1,13 
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0181 
0182 
0183 
0184 
0185 
0186 
0187 
0188 
0189 
0190 
0194 
0192 
0193 
0194 
0195 
0196 
0197 
0198 
0199 
0200 
0201 
0202 
0203 
0204 
0205 
0206 
0207 
0208 
0209 
0210 
0214 
0212 
0213 
0214 
0215 
0216 
0217 
0218 
0219 
0220 
0221 
0222 
0223 
0224 
0225 
0226 
0227 
0228 
0229 
0230 
0231 
0232 
0233 
0234 
0235 
0236 
0237 
0238 
0239 
0240 

80 

81 
82 

83 
84 

85 
86 

87 

88 

89 

90 

ee a meanest 
IF(JK2.LE.JK1)cp TP 81 
JKi=JK2 
op TS 77 
IF(JK3.CT.JK1)JK3=JK1 
CONTINUE 
IF(JK3.GT.LN)GS TZ 91 
ICc=0 

WRITE(2,823)I 
CALL PLACE(LN,14,NZ,N99,1,CSTA) 
IF(N99.EQ.3)ch TS 92 
IF(I7.GT.0)CALL TDIST(112) 
IF(I7.GT.0)Gp Th 84 
Dg 83 IE=1,13 
IF(FID(IE).LT.5)FID(IE)=FID(IE)+4 
CALL Cf#sT(14,111,1,CSTD,CSTL) 
TRC=TRC+CSTA 
PVPRC=PVTRC+CSTA/(14+R)**(I-1) 
TNC=TMC+CSTD 
PVIMC=PVTMC+CSTD/(14R)**(I) 
TML=TML+CSTL 
PVIML=PVIML+CSTL/(1+R)**(1) 
WRITE(2,811) 
DP 86 IB=1,14 
BaF ee ete Ob (Cte art T8 es Jake Og] Azer ST) 
CLE(IE)=( S)+C(IE,4)+0.5*(C(IE,2)-C(IE,6))-C(IE,8) )*(TP+1-1) 
IF(N98..NE 6 
ean -EQ.0)GA TA 85 

Hees Se megane ae) SRE CeCe) 
1C(IE,5 

TP 86 
WRITE(2,813)CI(15,1),C(IB,8),C(IB,6),CR(IE) CV(IB),C(IB,7) ,C(IE,5) 
CQNTINUE 
I#(N98.NE.3)WRITE(2,830) 
WRITE(2,832)THC,PYTRC, TMC, PVTNC,TML,PVTML 
TPRIN=TC1—(TNC+CSTD*(TP-I)+TRC) 
PVRTN=PVTC1-(PYTRC+PVTUC+CSTD* ((14R)**(TP-1)-1)/(R*(14R)**(TP))) 
WRITE(2,821)TPRTN, PVRIN 
IF(199.NE.5)GP TA 88 
WRITE(2,829) 
READ(1,824)IANS 
IF(IANS.NE.IYES)GS TS 88 
198=3 
197=0 
WRITS(9,801)198,197,1,13 
Dg 87 IB=1,13 
Meteor amt) enhess?) *(70,9) 802847) (EA) (a9) PCa} 

10 
CANTINUE 
WRITE(2,815) 
IC=0 
Dg 89 I=1,14 
IF(CA(1).LE.0)Gg TA 89 
WRITE(2,816)CI(I,1) 
Ic=2 
CgNTINUE 
IF(IC.EQ.0)WRITE(2,817) 
Gp TH 92 
II=I-1 
WRITE(2,818)I1I 
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0241 

0242 

0243 
0244 
0245 
0246 

0247 

0248 

0249 
0250 

0251 

0252 

0253 
0254 
0255 
0256 

0257 
0258 

0259 
0260 
0261 
0262 

0263 

0264 

0265 

0266 
0267 

0268 

0269 

0270 
0271 
0272 

0273 
0274 
0275 
0276 

0277 
0278 

0279 
0280 

0281 

0282 

0283, 

0284 
0285 

0286 

0287 
0288 

0289 

0290 

0291 

0292 

0293 
0294 
0295 
0296 

0297 
0298 

0299 
0300 

800 
801 
802 
803, 

804 
805 

806 
807 
803 
809 
810 

811 

812 
813 
814 
815 

816 
817 
818 

819 
820 

821 
822 
823, 

824 
825 
826 
827 

828 

829 
830 
831 
832 

833 
834 

1 
92 

TMC=aTMC+CSTD*(TP+1-1) 
TML=TML+CSTL*(TP+1-1) 
PVPML=PVIML+CSTL*((14R)**(TP4+1-1)-1 ya 14R)**#?P) 

PVIMC=PVTHMC+CSTD* ((14+R)**(TP+1-1)-1)/(R*(1+R)**TP) 
WRITE(2,805 )TRC,PYPRC TMC, PVIMC,TML, PVTML 
WRITE(2,822)TPRTN, PVRTN 
FORMAT(2X,14,2X,F4.1,2X,14,2X,F5.1) 
   

  

@RMAT(SH CELL,I4,9H COMPLETS) 
FgrwaT(1H1,///,548,//,9X,24H LIFE SPAN $F PROJECT = ,14,8H PERIPZDS 
1,//,6X,27H EXPECTED RATE QF RETURN = ,F4.1,8H PERCENT ,//,4X,29H NU 
2MBER ge ALIZWABLE MOVES = ,14,11H PER PERIZD,//,3X,30H BLUNDARY MB 
3VEMENT DISTANCE = ,F4.1,7H METRES) 

cat(/,5X,34H Df YOU HAVE YPUR QWN CELL PRDER 7)   

FPRMAT(/,27H TOTAL RELPCATIGN COST = ,F12.1,5X,F12.1,/,270 
ATAL DEPHE MVP COST = ,F12.1,5X,F12.1,/,27H TOTAL LOCAL MVT CPST 
2 = ,F12.1,5X,F12.1) 
FORMAT (5X ,12) 
PORMAT(15F5.1) 
FOE 

  

»F9.7,1014) 
PORUAT(/ , 55H CELL INTERNAL EXTERNAL ESTIMATE ESTIMATE CEL 
1L,/,55H Nd. MVE.CST. MVT.CST. REL.CST. MVT.RTN. @RDER) 
FORMAT(1X,14,4(#9 61, 2X) ,3X,125/ 5X 4P9o1 y 2X F901) 

MAT(1X,14,4(89.1,2X),5H  **,/,5X,F9.1,2X,F9.1) 
fAT(AP5.1,5X,214) 

RMAT(1H1,/,31H PROJECT TIME PERIPDS COMPLETED, /, 10X,21H SUTSTAND 
4ING CELLS : ) 

  

   

  

   
   
IRMAT(1H1,37H RELSCATIGN PROJECT COMPLETED PERIQD ,14) 
RAT (/,5X,24H Dd YSU WANT CELL DATA 7) 

an(/ 5X, 48H Dg YgU WANT T@ SPECIFY BACH INDIVIDUAL CHANGE 7,/, 
140X,36H NOTE - THIS WILL SUSPEND CELL PRDER) 
FARMAT(/,27H EXPECTED PROJECT RETURN = ,F12.1,5X,F12.1) 
FORUAT(/,27H  TATAL FROJROT RETURN = jF12.1,5X,F12.1) 
aesce »/,19X,15H TIMES PERIPD = ,13,/,19X, 18H HEE 

1 
FORMAT (A3) 
FPRMAT(5X,23H ERRPR IN LN QR TP PR R) 
FORMAT(/,5X,35H WILL YOU REQUIRE LAYZUT DRAWINGS 7) 
FOPRMAT(/,17H DZ YQU REQUIRE -,/,15H A BLANK PLAN ?,/,20H AN INITIA 

1L LAYSUT 2) 
FPRMAT(/,14H Dé YZU WANT -,/,17H A FINAL LaYguT 7,/,25H AN INTERME 
1DIATE LAYSUT 7) 

at (/,14H DS gu WANT -,/,25H AN INTERMEDIATE LAY#UT 7) 

  

   

  

    

    

   SENT RELGCATION | CPST = ,F12.1,5X,F12.1,/,27H PRES 
4ENT DEPME MVP CAST = ,F12.1,5X,F12.1,/,27H PRESENT LOCAL MVT CésT 
2 = ,F12.1,5X,F12.1) 

a? (//,34H UAZ-CHANGESVER SIMULATION PRAGRAM,/) 
av(/,15H “AVE LIMIT OP ,14,22H Td LoW - MIN REQD IS ,14) 

cp TS 92 
WRITE(2,834)LN, JL3 
IF(199.EQ.2)WRITE(9,801 )IXYZ 
STAP 
END 
SUBRGUTINS PLACE(LN,14,NZ,N99,1,CSTA) 
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0301 
0302 
0303 
0304 
0305 
0306 
0307 
0308 
0309 
0310 
0311 
0312 
0313 
03140 
0315 
0316 
0317 
0318 
0319 
0320 
0321 
0322 
0323 
0324C 
0325 
0326 
0327 
0328 
0329 
0330 
0331 

0332 
0333 
0334 
0335 
0336 
0337 
0338 
0339 
0340 
0341 
0342 
0343 
0344 
0345 
0346 
0347 
0348 
0349 
0350 
0351 
0352 
0353 
0354 
0355 
0356 
0357 
0358 
0359 
0360 

50 

51 

52 

53 
54 

55 

56 
5? 

60 
61 

62 

63 
64 

INTERGER FID ,WI,WC,WR,CS,RLT,CI 
DIMENSIZN FID(150) ,F(150,10) ,WI(150) ,WC( 150) ,WR(150) ,CA(50) ,RLT(15 
10,6) ,C(50,8) ,CI(50,3) ,NL1(150) ,NL2(150) ,NL3(150),NL4(150) ,CR(50) 
Cpagn/SLAB1/E,13,15,16,17/SLAB2/F ,FID/SLAB4/C,CI/SLAB5/WI ,WC,WR/S 
1LAB7/C$,RLT,CR 
CSTA=0.0 
NX, N6=0 
Meso. ay 

IF(N99.EQ.1)G¢ TP 75 
DS 50 Na1,13 
NL1(N)=0 
IF (FID(N).LT.7)NL1(N)=Cp(we(N)) 
WRITE(2,800) 
COMPUTER CHZICE 
N5=0 
N1=N5 
N1=N1+1 
IF(N1.GT.14)c¢g TA 69 
N2=0 
DG 61 N=1,13 
NL2(N),NL3(N)=0 
IF(NL1(N).NE.N1)GS TP 61 
N2,NF=1 
REQUIRED MAVES CALCULATION 
DP 54 NA=1,13 
NL4(Na)=0 
NL4(N) ,N3=1 
Dp 57 NA=1,13 
If(NL4(NA).EQ.0)G¢ 19 57 
DP 56 NB=1,6 
IF(RLT(NA,NB).GT.O)NL4(RLT(NA,NB))=1 
CANTINUS 
N4=0 
DP 58 NA=1,13 
IF(NL4(NA).GT.O)N4=N4+1 
IF(N4.LE.N3)Gp TP 59 
N3=N4 
Gp TP 55 
Gd TH (0,65,91)NF 
Dp 60 NAa1,13 
IF(NL4(NA).£Q.0)c¢ TS 60 
NL2(N)=NL2(N)+NL1(NA) 
NL3(N)=NL3(N)+1 
CANTINUS 
CANTINUS 
IF(N2.£Q.0)Gd TP 51 
NiM1N=200 
Dé 64 N=1,13 
IF(NL3(N).cT. MAIN. PR.NL3(N).EQ.0)Gh TH 64 
IF(NL3(N).5Q.NMIN)Gp TP 63 
NA=N 
NMIN=NL3(N) 
og Th 64 
IF(NL2(N).LT.NL2(NA) )Gp TH 62 
CONTINUE, 
NeNA 
IF(NL3(NA).GT.(LN-NX) Gg TA 51 
NX=NX+NL3 (NA) 
NP=2 
Gp TP 53 
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0361¢ 
0362 
0363 
0364 
0365 
0366 
0367 
0368 
0369 
0370 
0371 
0372 
0373 
0374 
0375 
0376 
0377 
0378 
0379 
0380 
0381 
0382 

0383 
0384 
0385 
0386 
0387 
0388 
0389 
0390 
0391 
0392 
0393 
0394C 
0395 
0396 
0397 
0398 
0399 
0400 
0401 
0402 
0403 
0404 
0405 
0406 
0407 
0408 
0409 
0410 
0411 
0412 
0413 
0414 
0415 
0416 
0417 
0418 
0419 
0420 

65 

66 
67 
68 

69 

n 

12 

to 

14 

1D 

76 

1 

18 

19 
80 

RELACATING SECTIAN 
DP 68 N=1,13 
IF(NL4(N).BQ.0)6¢ TP 68 
FID(N)=FID(N)-2 
F(N,1)=F(N,6) 
Ae 22)=F(N,7) 
F(N,5)=F(N,8) 
oR (WC(N) )=CR (we (at) ) WR) 
CSTA=CSTAHIR(N) 
NL1(N)=0 
N1,N6=N5+1 

WRITH(2,801)WI(N), Wo(M) ,WR(N) CSTA 
Dp 67 NA=1,13 
IF(FID(NA). ‘oP.6)ap 7S 67 
Dp 66 NB=1,6 
IF(RLT(NA,NB).EQ.N)RLT(NA,NB)=0 
CONTINUE 
CONTINUE 
IF(NX.EQ.LN)Gp TP 69 
GP TP (52,52,92)NF 
IF(N6.EQ.0)Gp TA 74 
DA 71 N=1,14 
CI(N,3)=0 
yy 72 N=1,13 
IP (FID(N).£Q.3.9R.FID(N).EQ.4)CI(wC(N),3)=CI(WC(N),3)+1 
os 73 N=1,14 
IF(CI(N, 2).8Q. CI(N,3)-AND.CI(N,3).GT.0)WRITE(2,807)CI(N,1) 
CI(N,2)=CI(N,2)-CI(N,3) 
NY=NY+0K 
IF(NY.EQ.NZ)N99=2 
ch Th 94 
N99=3 
Gh TPS 9. 
eee CHSICE 
NK=1 
DS 76 N=1,13 
Teenie 6)cp Th 76 
NL1(NK)=N 
NK=NK+1 
CONTINUE 
WRITE(2,802) 
NB=1 
NC=8 
IF((NK-1).LT.NC)NC=NK+1 
WRITE(2,803 )(WI(NL1(N)),N=NB,NC) 
WRITE(2,806)(CA(WC(NL1(N))),N=NB,NC) 
NB=NB+8 
NC=NC+8 
IF(¥K.GT.NB)G¢ 1 77 
NF=3 
NJ=1 
N7=LN 
IF((NK-1).LT.LN)N7=NK-1 
WRITE(2,80 
READ(1,803    NCTR 

IF(NCTR.EQ.0)GS TS 87 
0)c 

  

WRITE(2,804)NCTR 

225



0421 Gg TA 78 
0422 81 Df 82 Na1,NJ-1 
0423 682 IF(NL2(N).EQ.NCTR)GS TS 80 
0424 NL2(NJ)=NCTR 
0425 NJ=NJ+1 
0426 Gp TH 78 
0427 83 NCTR=IABS(NCTR) 
0428 NC=0 
0429 Dp 84 Na1,NJ-1 
0430 84 IF(NCTR.EQ.NL2(N))NC=N 
0431 IF(NC.EQ.0)G¢ TP 80 
0432 IF(NC.EQ.NJ)GS TP 86 
0433 Dg 85 NeNC,NJ-1 
0434 85 NL2(N)=NL2(N+1) 
0435 86 NJ=NJ-1 
0436 cg 1 78 
0437 87 WRITE(2,800) 
0438 88 N8=0 
0439 89 Dp 93 NH=1,NJ-1 
0440 IF(NL2(NH).EQ.0)G¢ TA 93 
0441 DP 90 N=1,13 
0442 90 ee 
0443 IF(FID(N).LT.5)G6 TP 93 
0444 GP TP 53 
0445 91 IF(N7.GE.N4)GS TA 65 
0446 Gd TH 93 
0447 92 N8=1 
0448 N7=NT-N4 
0449 NY=NY+N4 
0450 NL2(NH)=0 
0451 93 CANTINUE 
0452 IF(N8.GT.0)GA TP 88 
0453 1% 70 
0454 800 FPRMAT(/,34H WORKCENTRE CELL CST TPTAL CAsT) 
0455 801 FPRMAT(6X,13,4K,12,3X,14,3X,F8.0) 
0456 802 FPRMAT(/,22H WORKCENTRES AVAILABLE) 
0457 803 FPRMAT(I4) 
0458 804 FARMAT(11H WORKCENTRE,I4,14H NOT AVAILABLE) 

  

0459 805 MBER AVAILABLE = ,14) 
0460 806 PRIPRITY ,8( 2X ,14)) 
0461 807 fAT(6H CELL ,14,10d COMPLETED) 

  

0462 808 FORMAT(/,11H WORKCENTRE ,8(2X,14)) 
9463 94 Dd 95 N=1,14 
0464 95 IF(CI(N,2).5Q.0)CS(N)=0 

   
  

    

  

0465 DS 96 Ne1,14 
0466 IF(C(N).GT.0)GS TP 97 
0467 96 cgNrinuE 
0468 N99=2 
0469 97 RETURN 
0470 END 
0471 SUBRQGUTINE CZST(I4,11,1,CSTD,CSTL) 
0472 INTEGER CI,PI,P¥,W1,WC,4R, 73,77, FID 
0473 DIMENSIQN PI(100),P:(100,3),P7(100, 30) ,CI(50,3),C(50,8) ,WI(150) ,WC 
0474 1(150) ,¥(150) ,#( 150,10) ,#1D(150) ,1(30,30) ,74(150) ,1B(150),7C(150,2 
0475 2), 72(30,2),TR(30,4) 
0476 PN/SLAB3/PI,PM,Pu/SLA34/C ,CI/SLAB5/WI, WC ,WR/SLAB2/F ,FID/SLAB6/ 
0477 »TB,TC/SLA31/S,13,15,16,17,18/SLAB8/TR ,TT 

  

0478¢ DETERMINATION QF MPLS MVT CPST AT ANY PAINT IN TIME 
0479 CSTD, CSTL=0.0 
0480 Dp 50 Ke1,14 
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0481 
0482 
0483 
0484 
0485 
0486 
0487 
0488 
0489 
0490 
0491 
0492 
0493 
0494 
0495 
0496 
0497 
0498 
0499 
0500 
0501 
0502 
0503 
0504 
0505 
0506 
0507 
0508 
0509 
0510 
0511 
0512 
0513 
0514 
0515 
0516 
0517 
0518 
0519 
0520 
0521 
0522 
0523 
0524 
0525 
0526 
0527 
0528 
0529 
0530 
0531 
0532 
0533C 
0534 
0535 
0536 
0537 
0538 
0539 
0540 

50 

51 

52 

53 
54 

55 

56 

DP 50 K1=11,114+3 
C(K,K1)=0.0 
Dp 59 K=1,18 
DP 58 K1=2,30 
IF(PH(K,K1).EQ.0)G¢ T¢ 59 
IF(Pu(K,K1).GE.200.AND.Fi(K,(K1-1)).GE.200)c¢ Tf 58 
DP 51 K2=1,13 
IF(P¥(K,K1).EQ.WI(K2) )K6=K2 
IF(PW(K,(K1-1)).BQ.WI(K2) )K5=K2 
DB 52 K2e1,14 
Fe 
IF(CI(K2,1).EQ.WC(K6) )K4=K2 ' 
I2-11 
IF(I.GT.0)12=1 
IF(I2.EQ.1)D=SQRT( (F(K5,2)-F(K6,2) )**2+(F(K5,1)-F(K6,1))**2) 
IP(12.EQ.5)D=SaR? ( (F(K5,7)-F(K6,7))**2+(F(K5,6)-F(K6 6) )#*2) 
IF(I7.EQ.0.9R.D.LE.E)GS Th 54 
De=TA(K5)+TA(K6)+ABS(TC(K5,1)-TC(K6,1)) 
IF(T3(K5).EQ.1B(K6) og TP 54 
D=9001. 
DP 53 Ka=1,2 
DO 53 KB=1,2 

TF(P2(TB(KS) , KA).£Q.0.R.TT(TB(K6),KB).5Q.0)6f TO 5: 
DN=2 (20 (TB(KS), KA) ,TT(TB(K6),. Rene) GE eee KA)+TC(K6 ,KB 

IF(D.LT.DN)Gg Th 53 
D=DN 
CONTINUE 
IF(D.GT.E)GA TA 56 
CSTL=CSTL+Pil(K,1)*(PM(K,2)+D*PM(K,3)) 
IF (WiC (K5).EQ.WC(K6) GO TP 55 
Cie heels Mane eteate ah erge ates} 
C(K3,11)=C(K3,11)+P2x(X,1)*(Pu(X,2)+Pu(K,3)*D) 
Gg TH 58 
Sea a pace emus Eten 2) DEKE?) 
GP TH 58 
Sa 1)*(Pu(K,2)+D*PM(K,3)) 
IF (we(K6) S(K5))Gh TP 57 
C(K3, eas )+Pr ie 1)*(PM(K,2)+D*PM(K,3)) 
C(K4,1141)=C(K4,11+1)+Pu(X,1)*(PM(K,2)+D*PM(K,3)) 
GP TS 58 
C(K3,11+3)=C(K3,11+3)+PM(K,1)*(PM(K, 2)+D*PM(K,3)) 
CONTINUE 
CONTINUE 
RETURE 
END 
SUERSUTINE TDIST(I1) 
INTEGER TT,TB,FID 
DIMENSIPN TR(30,4) ,TT(30,2),7(30,30) ,7A(150) ,TB(150),7C(150,2),F(1 
150,10), PID(150) 
CPx2(gN/SLAB1/E,13,15,16,17,18/SLAB6/T ,TA,TB,TC/SLAB2/?,FID/SLABS/T 

41K, TT 
SUBRGUTINE Tf DETERMINE TRAFFIC RGUTE DATA 
PYE=3.1416 
Dd 56 L=1,13 
Le cee TS 56 
TA(L)=9001.0 
$11=0.0 
DS 56 LA=1,17 
$10=0.0 
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0541 
0542 
0543, 
0544 
0545 
0546 
0547 
0548 

0549 
0550 
0551 
0552 
0553 
0554 
0555 
0556 
0557 
0558 
0559 
0560 
0561 
0562 
0563, 
0564 
0565 
0566 
0567 
0568 

0569 
0570 
0571 
0572 
0573 
0574 
0575 
0576 
0577 
0578 

0579 
0580 
0581 
0582¢ 
0583C 
0584¢ 
0585 
0586 

51 

52 

53 

54 

55 

ee ).LT.0.0001)Gd TH 51 
IF(ABS(TR(LA,2)-TR(LA,4)).LT.0.0001)G$ TA 52 
S1=(TR(LA,4)-TR(LA,2))/(TR(LA,3)-TR(LA,1)) 
S2=ABS(((R(LA,2)-F(L,11+1))-S1*(TR(LA,1)-F(L,11)))*cgs(ATAN(S1))) 
S3=PYE/2. ee 
IF(S3.GE.(2 ae $3=S3-2.0*PYE 4 
S4=ABS(((TR(LA,2)-F(L,11+1))-TAN(S3)*(TR(LA,1)-F(L,11)))*CgS(S3 epin (Ce rPtLLT oy sRAMls3yoCERCEA, DICE CEGT 19) eopS(S3}> 
GP TS 53 
S2=ABS(F(L,11)-TR(LA,3)) 
S4=ABS(TR(LA,2)-F(L,(11+1))) 
S5=ABS(TR(LA,4)-F(L,(1141))) 
Gd TP 53 
S2=ABS(F(L, (11+1))-TR(LA,2)) 
S4eABS(TR(LA,1)-F(L, a 
S5=ABS(TR(LA,3)-F(L,11) 
S6=SQRT((TR(LA, 4)-TR(LA, nein 3)-TR(LA,1))**2) 
87284 
IF(S5.GT.S4)S7=S5 
IF(S7.LT.S6)Gf TA 55 
$10=S2 
IF(ABS(S7-S5) .LT.0.0001)G¢ TA 54 
S2=SQRT((TR(LA,4)-F(L, Ena 3)-F(L,I1))**2) 
$5=0.0 
84286 
Gp TP 55 
$2=SORT((TR(LA,2)-F(L, (1141) ))**2+(TR(LA,1)-F(L,11))**2) 
$420.0 
S$5=86 
IF(S2.GT.TA(L))cf TA 56 
IF(ABS(S2-TA(L)).LT.0.0001.AND.S10.LT.S11)Gf TP 56 
8112810 
ie 
L)=LA 

TC(L,1)=S4 
TC(L,2)=S5 
CPNTINUE 
IF(I1.5Q.6)cg o 58 
DP 57 L=1,13 
IF(PID(L).LT.5)FID(L)=FID(L)+4 
RETURN 

  

FINALISED 5 MARCH 1975 AUTHAR J. DRISCALL 

END 
FINISH 
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GENERAL DESCRIPTION OF CONNECTING FILES 

Re 

The main data input to the system Fnl contains workcentre, 

layout area and production program data. 

Fn 2 

This file contains details of Fnl0 and the permanent 

drawing features in a form convenient for the GHOST 

graph plotting subroutines. 

Fn 3 

This file will contain the permanent data on the layout 

area and production program that will not change through- 

out the project. 

Fn 4 

Workcentre information that will change throughout 

the exercise as facilities are relocated is initially 

stored in Fn4, 

Fn 7 . 

On completion of the static design stage information 

on traffic distances, workcentre relocation obstructions 

and initial and final workcentre co-ordinates are 

stored in Fn7. 

Fn 9 

As part of the simulation program UA3 layout drawings 

can be requested at any point in time. The actual 

co-ordinates of each workcentre at that interval and 

the type of drawing are stored in Fn9, 
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Fn 10 

This file is used to input general information for layout 

drawings. This information consists of drawing labels, 

drawing scales and drawing size. 
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APPENDIX C 

USERS GUIDE TO UA1, UA2 AND UA3. 

INTRODUCTION 

INPUTING INFORMATION TO Fnl 

RUNNING PROGRAM UA1 

RUNNING PROGRAM UA2 

RUNNING PROGRAM UA3 
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USERS GUIDE 

TO UA1, UA2 AND UA3. 

Introduction 

The programs UA1, UA2 and UA3 have been developed 

to examine the rearrangement of manufacturing facilities 

within a job shop to meet the requirements of a change in 

production program, 

The three programs work on a progressive basis using 

intermediate file stores to connect the programs and the 

function of each program can be briefly described as: 

UA1. Data checking and preparation 

UA2. The interactive design of a new static 

layout arrangement to suit the new 

production program 

UA3. The simulation of the dynamic changeover 

from the initial to final layout. 

The overall relationship between files, programs UA1, 

UA2, UA3 and two ancillary drawing programs UA4 and UA5 

is shown reproduced from chapter 6. 

The majority of information is input into Fn] using 

a metric rectangular co-ordinate system where the layout 

area is placed completely within the positive first quadrant, 

Alternative distance units can be accommodated with minor 

program changes. 
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Fnl 
INITIAL eee 

DATA 
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UAL 

DATA fo ed 
PROCESS ING 

\ 

Fn3 Fn4 
PRODUCTION WORKCENTRE 

14 /AREA DATA DATA 

Fn10 
DRAWING 

DATA UA2 
STATICHPAYOUL [= ——= 2 

DESIGN Oe 

DATA WORKCENTRE 
PREPARATION DATA 

t UA3 
Fn2 SIMULATION "13 

DRAWING PROGRAM Os 

INSTRUCTIONS) 

UA5 Fn9 
GRAPHPLOTTER DRAWING 

PROGRAM 1 NS TRUCTIONS| 

04 

FIG C.1. PROGRAM AND FILE ARRANGEMENT 
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The following general limitations currently apply to 

the suite of programs which operate on an ICL 1905 computer 

at the University of Aston in Birmingham, 

1. Number of workcentres 1*13<150 

2, Number of workcentre cells 0<14<50 

3. Number of workcentres in each cell O< <15 

4, Layout area outline points 2<15<50 

5. Non-participation areas 0<16<50 

Number of points in each area 2<) 410 

6. Traffic routes 0*17<30 

7. Number of products 1*18<150 

Inputing Information to Fnl 

Fnl is a card image file containing the extensive 

information on workcentres,layout area and production 

program relevant to each problem. This information, 

illustrated with appropriate UAl parameters, is input in 

the following manner: 

CARD 1 

TITLE 

FORMAT 5A8 

This card contains the test case title in columns 1 

to 40, 

CARD 2 

D2 

FORMAT F5,1 

This card contains the distance by which the area 

outline is to be contracted and the non-participation 

areas expanded to check for obstructions, 
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CARD 3 

a3; 

FORMAT 14 

This card contains the number of workcentres in the problem. 

NEXT 13 SETS OF CARDS 

WLI ,WC,WT ,WA,WB,W1 ,W2,W3,W4,WF,WX,WY ,WO,WR 

FORMAT (8X,13,2(2X,12),6(2X,F4.1) ,2X, 11,28, 2(F5).1, 2X), 

WI 

WC 

Wr 

WA 

WB 

Wl 

w2 

w3 

W4 

F4.1,2X,14 

Workcentre identity number in range 1-999. Each work- 

centre must have a unique number with normal workcentres 

in the range 1-199 and dummy workcentres at each entry 

and exit points in the range 200-999, This allows for 

movement outside the layout area to be discounted. 

Workcentre cell number in range 1-99, The total 

number of different cells must be less than 51 

and normal practice is to allocate one cell number 

to each entry and exit dummy workcentre, 

Workcentre type is an indicator of the shape of 

each workcentre and is in the range 1-3 where: 

1 = Circular shaped workcentre 

2 

3 

i Rectangular shaped workcentre 

W Miscellaneous shaped workcentre 

These six parameters are used to input the dimen- 

sions of each workcentre and are related to the 

workcentre type. 

Type 1 workcentres are circular in shape and 

the radius is stored under WA with all other 

parameters set at zero, 
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WF 

a
R
 

Type 2 workcentres are rectangular in shape 

and therefore use three of the six parameters. The 

base length is placed in WA, the vertical side length 

in WB and the orientation in WO, 

Type 3 workcentres are those miscellaneous shapes 

that do not fit into circular or rectangular outlines, 

Miscellaneous outlines are entered in the following 

way. A smaller grid is placed around the outline 

shape and the X and Y co-ordinates noted with respect 

to this grid. Three sets of X and Y co-ordinates are 

then input at a time using the six parameters. This 

requires an additional card for each three outline 

points, a card which contains no other data. The 

input of points is stopped at the limit of 8 cards 

(24 points) or by zeros under W3 and W4, To assist 

finding the workcentre area the initial point should 

be the point nearest the Y axis with the lowest X 

value. Each of these values must be less than 9979. 

This parameter indicates whether the workcentre 

is fixed in position throughout the project and can 

be in two states: 

0 Workcentre can be relocated 

1 Workcentre fixed in position 

These parameters contain the X and Y co-ordinates 

of each workcentre along with the orientation. For 

workcentres types 1 and 2 the X and Y co-ordinates 

are taken to the centre of the shape and for type 3 
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the X and Y co-ordinates locate the smaller grid. The 

limit on values is 999.9, The orientation which is 

limited to 89,9° normally will only apply to rectangular 

workcentres, circular and miscellaneous types being 

set to zero. 

WR Workcentre relocation costs represent the cost 

of relocating each workcentre and includes disconnection 

and reconnection charges along with the cost of moving, 

with a limit of 9999, 

This set of cards completes the workcentre data and 

an illustration of the three types of workcentre is given 

in Figure C.2. 

NEXT 1 CARD 

15,16, 07 

FORMAT 314 

This card contains the number of points in the layout 

area outline (15), the number of non-participation areas 

(16) and the number of traffic routes, the limitations 

on which has been stated earlier, 

NEXT MAXIMUM 4 CARDS 

X(1-15) 

FORMAT 15F5.1 

These cards contain the X co-ordinates of the layout 

area outline with up to 15 values on each card. To 

assist the subroutine for determinig area size the first 

point should be the point nearest the Y axis with the 

lowest X value and points are taken continuously around 

the outline, 
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FIG C.2. ILLUSTRATION OF WORKCENTRE DATA 
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NEXT MAXIMUM 4 CARDS 

Y(1-15) 

FORMAT 15F5.1 

These cards contain the corresponding Y co-ordinates 

to the previous outline X values with up to 15 values 

on each card. 

NEXT 16 SETS OF CARDS 

These cards contain the information on non-participation 

areas and consists of a number of two card sets shown below. 

In any one problem it is possible to have no non- 

participation areas in which case this section is omitted. 

TA,X(1-10) 

FORMAT 1X,14,10F5.1 

The first card contains the number of points in the non- 

participation area and the X co-ordinates of the outline, 

taken in a continuous manner with the first point being 

nearest the Y axis with the lowest X value, The maximum 

number of points for each non-participation area is 10. 

Y(1-10) 

FORMAT 5X,10F5.1 

The second card in each set contains the Y values corr- 

esponding to the previous X values.The limit on these 

co-ordinates is 999.9. 

NEXT I7 CARDS 

TR(1-4) ,F7,TT(1-2) 

FORMAT 5F5.1,214 

Each card contains information on the traffic system 
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for each problem. Where no traffic system exists this 

set of cards are omitted. Each section of traffic aisle 

is input on a separate card and is considered to be in a 

straight line with traffic junctions allowed only at each 

end. 

TR Under TR is input the X and Y co-ordinates of 

each end of the traffic aisle in the order X1,Y1,X2 

and Y2 with a limit of 999.9, 

F7 This parameter contains the width of each traffic 

aisle. 

det This parameter contains the traffic junction 

number of each end of the aisle. With a maximum 

value of 30,traffic junctions function in the following 

manner. Each point at which two or more traffic 

aisles meet is given a junction number in order 

from 1. The two values of TT then correspond to 

the junction numbers of the TR values and where one 

end is unconnected the TT value is 0. 

This completes the layout area imformation. 

NEXT 1 CARD 

18 

FORMAT 14 

This parameter contains the number of products in 

the production program. 

NEXT 18 SETS OF CARDS 

PI, PQ,PB,PF,PV,PW(1-10) 
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FORMAT 13,1X,F8.0,1X,F5.0,1X,F9.6,1X,F9.7,2X,1014 

This information represents the details of the production 

program to be manufactured during the project life span, 

where: 

ible This parameter contains the identification 

number of the product and is in the range 0-999, 

PQ This is the total quantity of the product 

to be produced each time period. Range 0-9999999, 

PB Product batch size is the number of products 

to be moved each time. Range 0-9999, 

PF This is the fixed cost of raising and lower- 

ing one batch of the product and is in the range 

0.0-99.999999, 

PV This is the variable cost of moving one batch 

of the product one unit distance, In the present 

program suite units of distance are metric and 

the range of values is 0,0-9.9999999, 

Pw This parameter contains the sequence of 

workcentres through which each product travels 

and can consist of up to 30 workcentres, The first 

ten workcentre numbers are placed on the first 

card and if more than 9 workcentres are in the 

sequence an additional card is included using 

FORMAT 2014 to input the remaining workcentres. 

An additional blank card has to be included for 

10 workcentres in the sequence, 

This completes the input of large data blocks into Fnl, 

the remaining information is input on an interactive basis, 
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Running program UAL 

The program UAl is loaded onto the ICL 1905 George 

system by using the following macro: 

UAFORTRAN LOAD BUA1,OWNPD,*CR1 Fnl,*CP3 Fn3,*CP4 Fn4,*LP2 

where: 

BUA1 This parameter is the binary version of 

program UA1 

*CR1 This is the input channel for Fnl 

*CP3 This is the output channel for Fn3 

*CP4 This is the output channel for Fn4 

*LP2 This prints all output at the interactive 

terminal. 

UA1 is not an interactive program but is used to 

prepare and check the large majority of data. In all 20 

data checks are carried out, a summary of which is shown 

in Table C.1. 

At the same time a listing is produced for the designers 

use throughout the test case, an example of which is shown 

in Figure C.3. From this output a number of useful guides 

can be obtained, four of which are illustrated in Figure 

C.3. and discussed below. 

1. Type 3 workcentres are replaced by the nearest 

circular or rectangular shape.- Where this 

occurs an indication of the increase in 

242



  

DATA CHECKS 
  

  

& 
ww
 

NH 
S
O
.
 

G
O
)
 

S
E
 

O
N
:
 

10 

EL 

a2 

13 

14 

15 

16 

17 

18 

Lo) 

20 

Number of workcentres less than 150 

Workcentre type in range 1 to 3 and correct data 

Workcentre orientation less than 90 degrees 

Workcentre cell in range 1 to 50 and minimum 1 

fixed cell 

Workcentre in fixed or unfixed position 

Number of outline points in range 3 to 50 

Number of non=participation areas less than 50 

Number of traffic routes less than 30 

No outline - non-participation area violation 

No violation of non-participation areas 

Workcentres inside modified outline 

Workcentres outside modified non-participation areas 

Initial area point on extreme left 

Traffic system continuous and sequentially numbered 

Each traffic point has minimum of two routes 

Co-ordinates of each traffic point the same 

Number of products in range 1 to 100 

Product quantity and batch size greater than zero 

At least two workcentres in workcentre sequence 

No zero workcentre entry 
  

TABLE C.1. DATA CHECKS BY PROGRAM UA1 
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UAI-DATA PRICESSING PRICKAM 

ILLUSTRATION FXAMPLE 
WIKKCENTKE DATA 

Seeeeeeee   

  

PRK wc x Y AsR B ANGLE COST CELL 

3 201 1960 160 Ie 0.0 ©6000 Cow 

1 202 26.0 940 1.0 0.0 «0.0 15 2 

4 3 50-0 6.0 260 «26000 O03 

2 4 S000 25.0 2.0 320 45.0 so 4 

4 5S 32-0 3160 4.0 2.0 060 ) 
QRIGINAL TYPE = 3 AREA RATIO = 0.750 

2 6 12.0 3140 40 2.0 0.0 go 4 
ORIGINAL TYPE = 3 AREA RATIO = 0-750 

2 7 80 5-0 320 220 60-0 as Ss 

2 BS 80 36-0 3.0 360 00 955 
TOTAL ORIGINAL AREA = 43.3 

TOTAL NEW AREA 4703 
RATIO +9154 

NUMBER OF VORKCENTRES = 8 
TOTAL RELOCATION COST = 335-0 

CELL DATA 

CELL NO-wscs NO. FIXED AREA REL-COST 

1 1 i Bet 0.0 
2 1 0 Bet 15-0 
3 2 20 12.0 0.0 

MORE THAN ONE FIXED 4/C 
4 e 0 14.0 17060 
= 2 0 15.0 150-0 

LAYOUT AREA DATA 
Seaae ee ee eeeeeee 

AREA OUTLINE X/Y VALUES 
0-0 O.0 0.0 40-0 40-0 40.0 40-0 3060 

60-0 30-0 60-0 0-0 

NON PARTICIPATION AKEAS - x AND Y VALUES 

4 20-0 10-0 20-0 15-0 25.0 15.0 25-0 10-0 

TRAFFIC RIUTES 

xt aT x2 Y2 WIDTH TERMINATOR 

1960 Se0 1960 1640 © 20 oe 
1960 35-0 1960 1640 0 St 
19-0 1660 5560 1640 ip 

NON PARTICIPATINN AREAS GTYs 1 TOTAL AREA = 2540 
INTERNAL TKAFFIC ROUTES GTYs 3 TOTAL AKEA = 12660 

eee 
SUBTOTAL a 15160 

  

TOTAL DEPARTMENT AREA = 2200-0 

NETT DEPARTMENT AREA = 2049.0 

WORKCENTKE/DEPT AKEA RATIO = 040231 (Q.0211 9 
PRIDUCT INF ioATION POA ee eee eeeesenence 

  

CIDE ovaNTITY us sz FxD.CST VAR. CST 
1 Se 2 

o eee O.oso000 a. ov20u00 

2 Se 0.950000 2002) 
he Geo 0.0020000 

eee END UF QUIPUT eee 

3. OUTPUT FIG C.3 UA1 PROGRAM U 244 

   



area is given to show how close a repres- 

entation is obtained. 

2. The summary of workcentre data provides an 

indication of how the sum of all the work- 

centre changes affects realistic represent- 

ation,allowing the problem to be re-examined 

when the ratio is low. 

3. Where two or more fixed workcentres exist 

in any one cell a warning is printed. With 

one of the objectives to maintain if poss- 

ible the close proximity of workcentres in 

each cell two fixed workcentres could cause 

problems,particularly if they are separated 

by an excessive distance. The warning there- 

fore gives an indication of a possible 

problem with the static layout program UA2. 

4, Included in the layout area summary along 

with the total and nett area available is 

the workcentre/area ratio. This ratio gives 

an indication of the extent of difficulty 

that will be encountered when arranging 

the layout of workcentres. A high ratio 

indicates that at a later stage the actual_ 

placing of individual workcentres may be 

too difficult. for any automatic heuristic, 

On completing a successful run UAl will have also written 

to file Fn3 permanent area and product data along with 
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workcentre data into Fn4, 

Running program UA2 

The program UA2 is loaded onto the ICL 1905 George 

system by using the following macro: 

UAFORTRAN LOAD BUA2,OWNPD,*CR3 Fn3,*CR4 Fn4,*CP7 Fn7,*CR1, 

*LP2 

where: 

BUA2 This parameter is the binary version of 

program UA2 

*CR1 This is the input channel for interactive 

decisions 

*CR3 This is the input channel for Fn3 

*CR4 This is the input channel for Fn4 

*CP7 This is the output channel for data to Fn7 

*LP2 This prints the output information at the 

interactive terminal. 

UA2 functions in two separate sections on an inter- 

active basis. The first section creates a new arrangement 

of workcentre cells using a heuristic procedure which 

works through three stages: 

1. Cells containing workcentres that are all 

fixed are automatically located first 

2. Cells containing at least one fixed work- 

centre are located next in an interactive 

procedure with the designer, 

3. Free cells with no fixed workcentres are 
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located next in order of external movement, 

An illustration of program UA2 using the example 

shown in Figure Ca. is given in Figure Grane the major 

parts of which have been indexed and are discussed further 

in the following section: 

1. The first interactive question decides 

which section of the program is to be 

used. The answer to interactive questions 

is normally “yes" or "no" using FORMAT A3, 

A “no" answer runs the cell layout section, 

The cells containing all fixed workcentres 

are located without reference to the designer. 

The first partially fixed cell is located 

at the average fixed workcentre co-ordinates 

and printed out for the designer's approval. 

This printout, which is given each time 

the designers approval is required, consists 

of the co-ordinates and identity number of 

the cell, a two part count of the number 

of positions tried and the estimate mater- 

ials movement cost. The illustration 

shows the result of rejecting a location. 

A move guide showing the potential increase 

in cost for various directions is printed 

to assist the designer. 

The designer has two choices with regard to 

moving, the suggested cell position. The 

first choice is to use the automatic 

routine for trying 40 locations around the 
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UA2 = STATIC LAYJUT LESIGN PROCRAM 

WILL YOU PRIVIDE THE FINAL LAYJUT 7 

    

- NO 

LAYOUT MF CELLS SECTION 

CELL X-CENTRE Y-CENTRE RADIUS Nd.PSNS TTLePSNS COST 

1 1960 160 12 1 1 FIXED 

3 4160 1965 aea 1 2 FIXED 

4 38-0 1060 206 1 3 362 
- NO 

MOVE GUIDE X= 36.0 Y= 1060 RADs 2.6€ CELL= 4 CIST= 3.2 
ANGLE 0-0 45-0 90-0 135-0 
cost 366 33 362 302 
ANGLE 18060 225.0 270-0 315-0 
cost 362 362 262 303 

WILL YOU MOVE? 
- NO 

4 3944 eS Qeé 2 a 362 
- YES 

MOVE GUIDE X= 39-4 Y= 1145 KAD= 2.7 CELL= 5 COstT= 0.0 
ANCLE 0-0 4500 9060 135-0 
cost dea O66 0.4 O66 
ANCLE 180-0 225-60 270-0 315.0 
cost O.a 066 O04 O6€ 

WILL YOU MOVE? 

- YES 

- SO 180-0 

MOVE GUIDE x= 3a. Y= 1165 RAD= 2.7 CELL= 5S COsT= Ona 
ANGLE 0-0 4560 90-0 135-0 
cost 0.0 Qe 0-8 160 
ANCLE 160-0 225-0 270-0 
cost 0-8 160 0-8 

WILL YOU MOVE? 

- YES 
- 360 270-0 

5 3404 “ees 267 3 3 O66 - YES 

MOVE GUIDE X= 34.6 Y= 8.6 RAD= 162 CELL= 2 cOsT= O67 
ANGLE 0.0 45-0 90-0 135-0 cost 069 1.0 069 163 

ANGLE 180-0 225-0 270-0 315-0 
cost ed eS 163 1-3 

WILL YOU MOVE? 
- NO 

2 3406 12.6 162 10 17 0.9 
= YES 

Cot CELL CELL WIRKCENTRES 
NO ORDER 

a i 4 6 

5 2 7 8 

3 3 Gao. 

2 4 202 

1 S 201 

WILL YOU PRIVIDE THE FINAL LAY JUT ? 

> Na 

FIG C.4, UA2 PROGRAM OUTPUT 248 
   



present position. In the illustrated 

example the first position tried at a 

radius of 2.0 metres was acceptable and 

therefore proposed to the designer. If 

rejected again the procedure will continue 

proposing locations until all 40 are 

exhausted and at that point will ask the 

designer to make a compulsory move, 

The second choice is to make a move to an 

alternative location using the move guide. 

This is achieved by firstly replying "yes" 

to the move question and then by inputting 

the distance to be moved (RR) and the 

direction in degrees (DR) using FORMAT 2F0.0. 

When each cell has been located using the 

interactive designer-heuristic procedure a 

brief listing of cells and their workcentres 

is printed. 

Finally should the designer wish to input 

the final layout at this point the initial 

question is repeated. 

The second section of UA2 is used to input the final 

locations of each workcentre and is entered by answering 

"Yes" to the first question. Discounting fixed workcentres 

which are automatically transferred from the initial to 

final layout data each final workcentre position is entered 

by using the following data input: 
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1,X3,Y3,ANG 

FORMAT 10,3F0.0 

Each workcentre is checked to ensure that it is in 

the available area and has a correct identity number. 

Where an error has occurred an appropriate message is 

printed. At any point in time the location of a workcentre 

can be changed simply by re-entering the new values. When 

all the free workcentres have been entered the input is 

terminated by the use of a zero workcentre: 

O00 7.0045 050 

At this stage the program completes the necessary 

calculations to create Fn7 and writes off this data to 

the appropriate file. This completes the use of program 

UA2. 

Running program UA3 

In a similar manner to UA2 this program works on an 

interactive basis and therefore can not be described in 

a defined sequence of events. Within this section of the 

guide instructions are included for loading the program 

and the various interactive stages are discussed. 

The program is loaded onto the ICL 1905 George 

system by using the following macro: 

UAFORTRAN LOAD BUA3,OWNPD,*CR1,*CR3 Fn3,*CR7 Fn7,*CP9 Fn9, 

*LP2 
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where: 

BUA3 This is the binary version of program UA3 

*CR1 This is the input channel for interactive 

decisions 

*CR3 This is the input channel for Fn3 

*CR7 This is the input channel for Fn7 

*CP9 This is the output channel for drawing 

instructions held in Fn9 

*LP2 This prints the output information at the 

interactive terminal. 

The use of UA3 can be divided into three sections: 

1. Drawing and data output 

2. Designer selected changeover 

3. Using the changeover heuristic 

s The first two parts are illustrated in Figure C.5.. 

For each run of the program the first input is 

TP,R,LN,E 

FORMAT 2X,14,2X,F4,1,2X,14,2X,F5.1 

where: 

TP This is the life span of the project in time 

periods 

R ‘This is the expected rate of return 

LN This is the maximum number of workcentres that 

can be relocated each time period 

E This is the boundary distance between local 

and departmental movement. 
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From Figure C.5. the following program steps are 

then continued for designer selected changeover, 

Ais The fist interaction deals with the question 

of layout drawings. Interactive questions 

are answered by using "Yes" or "No" with 

FORMAT A3 unless otherwise indicated. Four 

types of drawing are available: 

A Blank layout 

B Initial layout 

C Final layout 

D Intermediate layouts 

Answering "No" to the initial question 

will eliminate the remaining layout questions. 

Answering "Yes" to the intermediate layout 

question will produce a repeat question 

during each time period. 

The next question deals with cell data. For 

each time interval a listing of the materials 

movement costs, relocation costs, estimate 

movement cost return and cell order is given, 

Where a problem involves a number of cells 

printing this data may consume excessive time 

and therefore the ability to suspend this data 

is included by answering "No" at this point, 

At this point the choice between using the 

program heuristic or selecting an altern- 

ative changeover sequence is also made, 

Before starting the changeover the initial 
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UA3-CHANGENVER SIMULATINN PKOCKAM 

- 10 Se0 2 Ost 

ILLUSTRATION EXAMPLE 

LIFE SPAN OF PROJECT = 10 PERIODS 

EXPECTED RATE OF RETURN = 5-0 PERCENT 

NUMBER OF ALLOWABLE MOVES = 3 PER PERIOD 

BOUNDARY MOVEMENT DISTANCE = +1 METRES 
CELL 1 COMPLETE 
CELL «3 CMPLETE 

WILL YOU REGUIRE LAYOUT DRAWINGS ? 
S 

DO YOU REQUIRE - 
A BLANK PLAN ? 
AN INITIAL LAYOUT ? 
- YES 
- YES 

DO YOU WANT - 
A FINAL LAYJUT ? 
AN INTERMEDIATE LAYOUT 2? 

DO YOU WANT CELL DATA ? 
- YES 

DO YOU WANT 10 SPECIFY EACH INDIVIDUAL CHANCE ? 
NOTE - THIS KILL SUSPEND CELL OKDEK 

- YES 

TIME PERIOD = 0 
Se eeeeeeceeeeeees 

CELL INTERNAL EXTERNAL ESTIMATE ESTIMATE CELL 
NOs MVT.CST. MVT+CST. REL«CST. MVT»RTNe ORDER 

1 o.0 966 o.0 060 a 
0.0 0-0 

2 0.0 8.2 0.0 0-0 0 
0-0 0-0 

3 0.0 1162 0.0 0-0 a 
0.0 0.0 

4 700 1763 O-0 o.0 0 
0.0 0.0 

s 602 1160 0.0 O00 0 
0-0 0.0 

TOTAL RELOCATION COST = O00 O60 
TOTAL DEPMT MVT COST = 41861 322.8 
TOTAL LOCAL MVT COST = 0.0 O.0 

DO YOU HAVE YOUR ON CELL ORDER ? 
- YES 
- toe 33 4° 5 

TIME PERIND= 1 
See RR KRONE EERO 

WORKCENTRES AVAILABLE 

WORKCENTRE © 202 4 6 7 8 
PRIORITY 2 4 4 5 5 

NUMBER AVAILABLE = 3 
- 202 
- 5 
WORKCENTRE 5 NOT AVAILABLE 
- =a 
WORKCENTRE 4 NOT AVAILABLE 
= 202 
WORKCENTRE 202 NOT AVAILABLE 
- 4 
- 6 
- 0 

WORKCENTRE CFLL CST TOTAL COST 
202 2 15 1S. 

4 a 60 956 
6 a 90 165. 

CHL 2 CMFLETED 
CELL 4 CIMPLETED 

FIG C.5. (A) UA3 PROGRAM OUTPUT 

Oo 
O0

0 
OO
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CeLL INTEKNAL EXTEKNAL ESTIMATE ESTIMATE CELL 

  

NOs MVTsCST. MVT+CST. REL«CST. MVT«RTN. ORDER 
1 0.0 8.0 0.0 166 ood 

0.0 0-0 
2 0.0 B67 0.0 “204 a 

0.0 0.0 
3 0.0 1160 0.0 160 + 

0.0 0-0 
4 362 1568 0.0 A506 = 

0.0 0-0 
Ss 62 1167 15060 73604 s 

0.0 O00 

PRESENT RELOCATION COST 185.0 185.0 PRESENT DEPMT MVT COST 37-0 3562 PRESENT LOCAL MVT COST = 0.0 0.0 
EXPECTED PROJECT RETURN = -136+6 -14766 

DO YOU WANT - 
AN INTERMEDIATE LAYOUT ? 
- YES ‘ 

TIME PERIOD = 2 
SeRS KR RheReeHE EEE 

WORKCENTRES AVAILABLE 

WORKCENTRE z 8 
PRIORITY 5 S 

NUMBER AVAILABLE = 2 
- 7 
- 8 
- 0 

WORKCENTRE CELL COST TOTAL cOST 
7 Ss 75 156 
8 & 15 150. 

caLL S COMPLETED 

CELL INTERNAL EXTERNAL ESTIMATE ESTIMATE CELL 
NOs MVT+CSTe MVT+CST. REL«CST. MVT+RTN. ORDER 

1 0.0 8.0 0.0 166 ™ 
o.0 "O60 

2 0.0 61 0.0 960 + 
0.0 0.0 

3 0.0 1160 0.0 1.0 * 
0.0 0-0 

4 362 1363 0.0 5608 + 
0.0 0.0 

5 306 6-7 0.0 Alo a 
0.0 0.0 

PRESENT RELOCATIIN COST = 935.0 327-9 
PRESENT DEPMT MVT COST = 6604 6109 PRESENT LOCAL MVT CUST = 0.0 060 

EXPECTED PROJECT RETURN = 721867 239.4 

Da you WANT - 
AN INTERMEDIATE LAYOUT ? 
= YES 

RELOCATION PROJECT COMPLETED PERIOD 2 

TOTAL RELOCATION CIST = 335.0 327-9 TOTAL DEPMT MVT COST = 30168 23404 
TOTAL LOCAL MVT CJST = 0.0 0.0 

TOTAL PRIJECT RETURN = - 21867 -239-4 

FIG C.5. (B) UA3 PROGRAM OUTPUT 
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layout is evaluated and the data summary 

printed. This summary is used throughout 

the exercise, 

During the changeover each workcentre is 

given a priority related to its cell. 

The cell priority can either be determined 

automatically as a function of the potential 

return from each cell or can be input 

separately by the designer, This is achieved 

by firstly answering "Yes" to the cell order 

question and then by inputting each cell's 

priority (CO) using FORMAT 2014, The prior- 

ities are input in order with up to 20 at 

a time. 

Having selected a designer based changeover 

for each time period a list of candidate 

workcentres is produced and printed at the 

terminal, including the number available 

for relocation. Three choices are then 

available, firstly a workcentre can be added 

to the relocation list by inputting the 

identity number, secondly a workcentre can 

be removed from the relocation list using 

the negative of the number and thirdly the 

relocation list can be completed by entering 

a zero value. Each of these values are input 

using FORMAT 14, After the list is closed 

each workcentre is relocated in order in- 
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cluding all dependant workcentres. If an 

error is made during the compilation of the 

relocation list an error message is printed. 

6. As indicated in the first point, where an 

intermediate layout drawing is required a 

"Yes" reply.at this stage will write off to 

Fn9 the appropriate data. 

7. On completion of the relocation of all 

workcentres a summary of project costs and 

financial return is printed, Alternatively 

the life span of the project may run out 

before the completion of workcentre relocation, 

for which an appropriate message will be 

printed. 

Figure C.6. illustrates an abbreviated listing along 

with the use of the automatic changeover heuristic. One 

further general point remains concerning the maximum 

‘number of workcentres that can be relocated each time 

period (LN). The relocation of each workcentre may involve 

the movement of other workcentres to vacate the final 

position. This may result in an accumulation of changes 

requiring a certain minimum number of relocation moves. 

Where LN is less than this minimum number the relocation 

project can not be completed and therefore a warning is 

printed before stopping. 

This completes the users guide to programs UA1,UA2 
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UAS-CHANGEVER SIMULATION PROGRAM 

- 10 5.0 30 (Get 

ILLUSTRATION EXAMPLE 

LIFE SPAN OF PROJECT = 10 PERIODS 

EXPECTED KATE OF RETURN = 5.0 PERCENT 

NUMBER OF ALLOKABLE MOVES = 3 PER PERIOD 

BOUNDARY MIIVEMENT DISPANCE = 0-1 METRES 
CHL 1 COMPLETE 
CELL «3 COMPLETE 

WILL YOU REQUIRE LAYOUT DRAWINGS ? 
- No 

DO YOU WANT CELL DATA ? 
=NO 

DO YOU WANT TO SPECIFY EACH INDIVIDUAL CHANGE ? 
NOTE - THIS WILL SUSPEND CELL ORDER 

=o 

TIME PERIOD = 0 
SeaeeR eee eeeeee 

CELL INTERNAL EXTERNAL ESTIMATE ESTIMATE CELL NOs MVTeCST. MVTeCSTe REL«CST. MVT+RTN. ORDER 

SUSPENDED 

TOTAL RELOCATION CosT = 0.0 0.0 TOTAL DEPMT MVT COST = 418.1 322.8 
TOTAL LOCAL MVT COST = 0.0 0.0 

00 YOU HAVE YOUR OWN CELL ORDER ? 
=o 

TIME PERIOD = 1 
Seeeeeceneeeeee 

WORKCENTRE CELL OJST TOTAL COST 
202 2 is 15. 

7 5 15 90. 
s 18 1656 

CELL = 2 COMPLETED 
CELL S COMPLETED 

CELL INTERNAL EXTERNAL ESTIMATE ESTIMATE CELL. NOs MVTeCST. MVT.CST. REL+CSTe MVTeRTN. ORDER 

SUSPENDED 

PRESENT RELOCATION COST = 16560 16500 
PRESENT DEPMT MVT COST = 3764 3506 PRESENT LOCAL MVT COST = 000 O60 

EXPECTED PROJECT RETURN = -120-8 713068 

TIME PERIID = 2 
Sasaeseeeseneeees 

WORKCENTRE CELL CST TOTAL COST 
4 a 80 80. 
6 90 1706 

CELL = 4 COMPLETED 

CELL INTERNAL EXTERNAL ESTIMATE ESTIMATE CELL NG» MVTeCSTe MVT»CST. REL«CSTe = MVT/RTNe (IKDER 

SUSPENDED 

PRESENT RELICATIAN COST = 335-0 326-9 
PRESENT DEPMT MVT CST = 6608 6203 
PRESENT LIICAL MYT C1ST = 0.0 0-0 

EXPECTED PROJECT RETURN = -21961 7238.9 

RELOCATION PRIJECT COMPLETED PEKIDD = 2 

TOTAL RELOCATIIN COST = 335-0 32609 
TOTAL DEPMT MVT CST = 302.2 234.8 
TOTAL LOCAL MVT GIST = 0.0 0.0 

TOTAL PROJECT RETURN = -21961 -238.9 

FIG C.6. ABBREVIATED UA3 PROGRAM OUTPUT 257 

   



and UA3, 

Before closing an insight into the Philosophy behind 

the program suite will set the guide in perspective. The 

layout of workcentres in a job shop situation is a complex 

problem requiring consideration of both subjective and 

quantitative factors. In order to realistically model 

materials movement and layout changes the programs there- 

fore involve a more than usual degree of detail. The 

approach adopted is one of an interactive, quantitative 

examination between designer and computer programs, an 

approach which will inevitably require the designer to 

have a working knowledge of each program and consequently 

the use of these detailed programs will not prove as 

difficult as first appears. 
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APPENDIX D 

EXAMINATION OF LAYOUT PARAMETERS 

UA1 OUTPUT TEST CASE Al 

VARIATION IN PRODUCT BATCHES FOR TEST CASES A1-A4 

VARIATION IN MATERIALS MOVEMENT FOR TEST CASES A1-A4 

UA1 OUTPUT TEST CASE A5 

CELL CENTRE CO-ORDINATES FOR TEST CASES A1-A4 

CELL DIAGRAMS FOR TEST CASES A1-A4 

WORKCENTRE CO-ORDINATES FOR TEST CASES A1-A4 

LAYOUT ARRANGEMENTS FOR TEST CASES A1-A5 

DISTANCES FROM WORKCENTRES TO CELL CENTRES 

PROJECT RETURN RATIO AGAINST FIXED COST PER BATCH 

TOTAL COST (FINAL LAYOUT) AGAINST BOUNDARY DISTANCE 

PROJECT RETURN AGAINST BOUNDARY DISTANCE 

PROJECT RETURN AGAINST RATE OF RETURN 

PROJECT RETURN AGAINST TIME PERIODS 

DYNAMIC PROJECT RETURN THROUGHOUT LIFE SPAN 

PRESENT VALUE PROJECT RETURN THROUGHOUT LIFE SPAN 

PROJECT RETURN AGAINST MOVES PER PERIOD AND RATE OF RETURN 
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UAI-DATA PRUCESSING PRUGKAM 

MACHINE SHUP TEST LAYOUT ONE. 

PRX w/c 

2 1 

2 2 

2 3 

2 4 

2 s 

2 6 

2 7 

2 8 

2 9 

2 10 

2 aw 

a 12 

2 13 

2 14 

2 15 

2 16 

2 17 

2 18 

2 19 

2 20 

2 a1 

2 22 

2 23 

2 2a 

2 25 

2 26 

2 27 

2 28 

2 29 

4 30 
ORIGINAL 

4 31 
ORIGINAL 

2 32 

2 33 

2 34 

3 20 

3 202 

3 203 

3 20a 

3 205 

166 

408 

8.0 

11-2 

14.4 

1766 

2168 

2460 

2643 

360 

6-0 

1065 

949 

16-68 

1668 

11-9 

1661 

14st 

963 

2367 
TYPE = 

2307 
TYPE = 

2367 

2367 

2367 

  

3 

a 

Y a/R 

168 

168 3.0 

1.8 360 

168 3.0 

18 360 

168 360 

260 1.8 

24 25 

200 168 

TA 3-3 

10.0 

1463 363 

16-9 363 

2063 303 

2269 363 

2568 Qe 

1062 368 

669 402 

669 402 

1005 eS 

ae Bel 

1569 "Bel 

1461 Qt 

1569 21 

25-7 Qe 

2567 

2567 21 

2567 304 

2160 24 

2061 6+3 
AREA RATIU 

1661 663 
AREA RATIO 

1062 5.9 

7.0 509 

48 5.9 

403 Dol 

066 Ook 

2302 Oat 

2367 Del 

Poe Oot 

TOTAL UnIGLNAL 
TTAL, 

Ni 

  

Hy uF 

WORKCENTRE DATA 
eR EER e RRM EEe 

        

carn 
TUTAL RELUCATIY 

  

ANGLE COST CFLL B 

360 000 

360 000 

360 000 

0-0 

300 0.0 

3.0 0.0 

264 060 

22 00d 

2A 000 

266 000 

266 0.0 

266 0.0 

266 0.0 

26 040 

266 0-0 

360 000 

264 000 

262 000 

22 000 

206 000 

168 060 

168 060 

168 0.0 

168 0-0 

269 0.0 

269 060 

269 O60 

262 4500 

360 0.0 

45 000 
= 06783 

465 060 
= 0-783 

260 0-0 

2.0 0-0 

Ped 00 

0.0 0-0 

0.0 0.0 

oe0 O28 

00 060 

0.0 eo 

AREA 
NEW ADEA 

wATIN 

  

Puen 
anne 
Head 
” 

.0 

UA1 OUTPUT 

TEST CASE Al (A) 
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CELL DATA 

CELL NO.wscs NoFIXED AREA - REL CUST 
a 1 1 060 0-0 2 1 1 0.0 0.0 3 i 1 0.0 00 4 1 i O60 0.0 . 1 1 0.0 0-0 6 3 0 14.1 0.0 7 1 0 Te? O60 8 5 0 3365 0.0 9 5 0 34.9 O40 10 . 0 39.5 060 Ma 5 0 4263 060 12 ss 0 ASe1 000 13 3 0 2668 O60 14 2 2 56-7 0-0 

MORE THAN ONE FIXED w/c 

LAYOUT ARFA DATA 
peeeete cee eres 

AREA OUTLINE X/Y¥ VALUES 
0-0 O60 0.0 2746 1846 2746 1866 24.3 

2706 2463 2766 060 

NON PARTICIPATIUN AREAS - X AND ¥ VALUES 

  

4 769 709 769 et Det Ot 961 769 
4 769 1604 169 1706 Del 1766 941 1604 
4 769 2009 769 2601 Dol 2601 961 2409 
4 1664 749 1664 9a 1766 901 1766 769 
a 1604 24.9 1624 2661 1766 2661 1766 24.9 
4 2409 769 2469 91 2661 et 2601 769 
4 2469 1644 2409 1766 2601 1766 ~ 2601 1624 
8 1067 1265 1047 179 1165 1749 1145 2269 1965 22.9 1965 16.9 1662 16.9 1265 

TRAFFIC ROUTES 

x1 YI x2 Y2  YIDTH TERMINATOR 
O10 403 Ge ee 0 1 68 43 BHP 10 1 oe 6-8 23-2 19.8 232 1.6 ou3 1968 8302 1968 403166 a 04 Gs8 | asa? See erate | hg om 1968 2362 8766 23.2 1.6 ano 1968 469 1966 00016 ar) UA1 OUTPUT 

TEST CASE Al (B) 
NON PARTICIPATION ARFAS QT¥= 4 TUTAL ARFA = 5501 
INTEKNAL THAFFIC WIUTES UT¥= 7 TUTAL AREA = 12344 

shee token 
SUPTITAL 1s WKea 

TOTAL DEPANTHENT ANEA = 73061 

NETT DEPALTMENT AREA = 55366   

yORACES 

  

FADERT ODEA EATIN = UeSaPS  Cneseae > 
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cunr 

1 

19 

20 

21 

23 

24 

2S 

26 

27 

28 

29 

30 

cunuTi TY 

pnonn. 
pon 16 23 

120006 
p04 3 16 

Ba00+ 
204 1 25 

270000+ 
204 6 10 

20000. 
204 4 14 

11100- 
p04 Pa 4 

40006 
204 31 29 

3300+ 
204 6 10 

9000+ 
204 25 11 

  

8100 
204 25 

6300+ 
204 20 15 

4000+ 
204 34 20 

5000+ 
904 16 23 

4000+ 
204 31 29 

1900+ 
204 31 29 

3300+ 
204 31 29 

2000+ 
204 30 29 

1500. 
204 30 29 

1000+ 
204 4 14 

10006 
204 4 17 

1000+ 
204 5 15 

800+ 
204 2 12 

800+ 
204 27 2 

800+ 
204 19 10 

B00. 
204 20 16 

600+ 
204 6 10 

6006 
aoa 3 13 

6006 
204) (1.11 

1600+ 
204 It 26 

4000+ 
Poa in PH 

PRUIDUCT INFUKKATE   

Aa eR ERR Ree eee neeee 

PASE FXD.CST 

3006 o.onnooo 
Signa fo ses 

P50 o.oonn00 
13 79 an AOA PHA PY 

1506 0.000000 
AN RK Leics 7) 8 

1500+ o.000000 
19 p9 205 

1006 o.0n0000 
24 33 17 a0 205 

50. 0.000000 
14 33 17 202 ene POs 

50. 0.000000 
10 205 

50. o-000000 
19 29 205 

1506 0.000000 
1 21 11 30 29 205, 

1506 0.00000 
26 11 21 30 29 205 

1006 0.c00n00 
16 34 «5 30 205 

1006 0.090000 
15 18 5 201 202 205 

50. 0-on0000 
ga 3 49:205 

50. 0.099000 
10 205 

50. 0.000000 
12 205 

30+ 0.000000 
1p 205 

306 0.000000 
15 205 

30+ 0.000000 
15 205 

306 0.000000 
17° 24 33 31 205 

30. 8.000000 
14 24 33 31 205 

306 0.000000 
18 34 20 205 

30+ 0.900000 
22 27 28 30 205 

25. 0.000000 
12 22 8 30 201 202 

25. o-000000 
6 29 205 

256 9.000000 
34 5 15 31 205 

25s 0.000000 
19 992 ene 29 205 

PS. 0.000000 
a3 32 16 7 6205 

25. 9+ 000000 
el 25 26 203 203 79 

P50. 0.000000 
@ 2? 22 9 # 9s 

2006 N.o0nn00 

eee END OF OUTPUT e+ 

Van. CST 

NeooiKseo 

f.oo1Kseo 
20s 

9.001850 
205 

0.0018500 

0-0018500 

o-0018son 

0.0024090 

0-0024000 

0-0n24000 

0.0018500 

Aeonisson 

0.o01ss00 

020018500 

O-o018500 

d-oneaon0 

Deonpacoo 

0.0024000 

9.0035230 

020038230 

0.0038230 

0.0038220 

0.0038230 

D.onsKe30 
29 205 

0.0034230 

940038230 

0.002K2.a0 

060038230 

0.0038230 
ens 

O-o0Raon0 

O.onpanng 

UAL OUTPUT 

TEST CASE Al (C) 
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PRODUCT TEST CASE 
. Al A2 A3 A4 

1 67 67 67 67 
a 48 100 48 48 
3 56 50 56 56 
4 180 18 180 180 
5 200 20 500 500 
6 222 22 222 222 
7 80 80 80 80 
8 67 100 67 67 
9 60 60 60 60 

10 54 54 54 54 
ph 63 63 | 5000} 10000 
12 40 40 40 40 
13 100 100 100 100 
14 80 80 80 80 
15 38 38 38 38 
16 110 11 110 110 
17 67 20 67 67 
18 50 50 50 50 
19 34 100 34 34 
20 34 100 34 34 
21 34 800 200 800 

22 2 oh 200 800 
25 32 32 32 32 
24 32 4 32 32 
25 SZ 32 32 32 
26 24 24 24 24 
27 24 24 24 24 
28 24 24 24 24 
29 7 7 7 a 
30 40 100 40 40 

COEFFICIENT OF VARIATION 

81.1 | 187.8] 360.9} 397.2           
  

BATCH QUANTITIES AND VARIATION - TEST 

TABLE Dl 

EXAMPLES Al-A4 
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WORKCENTRE TEST CASE 
Al A2 A3 A4 

i 0.87580 0.85630 8.78504 8.79504 

2 0.67671 0.96471 | 19.99472 | 65.87072 

3 0.97900 1.17140 9.79004 9.79004 

4 2.08133 1.68460 | 31.91328 | 31.91328 

5 0.88574 6.74257 | 204.21872 | 435.09472 

6 1.41098 0.76069 14.10976 14.10976 

7 0.390&0 0.36850 3.90704 3.90704 

8 0.42430 0.40210 4.24304 4.24304 

9 0.03360 0.03360 0.33600 0.33600 

10 2.09098 1.44069 20.90976 20.90976 

11 1.16650 1.14430 | 11.66504 | 11.66044 

12 1.38711 1.19991 | 27.09872 | 72.97472 

13 0.97900 1.17140 9.79004 9.79004 

14 2.08133 1.68460 | 31.91328 | 31.91328 

15 1.58964 7.22087 | 211.25772 | 442.13372 

16 0.97900 1.17140 9.79004 9.79004 

17 2.08133 1.68460 | 31.91328 | 31.91328 

18 0.88574 6.74257 | 204.21872 | 435.09472 

19 1.41098 0.76069 | 14.10976 | 14.10976 

20 0.88574 6.74257 |204.21872 | 435.09472 

21 0.87850 0.85630 8.78504 8.78504 

22 0.67651 0.96471 | 19.99472 | 65.87072 

23 0.97900 1.17140 9.79004 9.79004 

24 2.08133 1.68460 | 31.91328 | 31.91328 

25 0.87850 0.85630 8.78504 8.78504 

26 0.59050 0.56830 5.90504 5.90504 

27 0.67671 0.96471 | 19.99472 | 65.87072 

28 0.67671 0.96471 | 19.99472 | 65.87072 

29 5.24595 4.35306 | 52.45952 | 53.45952 

30 2.61591 1.72431 | 233.15572 | 464.03172 

31 2.15500 2.68907 21.55000 21.55000 

32 0.97900 1.17140 9.79004 9.79004 

33 2.08133 1.68460 | 31.91328 | 31.91328 

34 0.88574 6.74254 | 204.21872 | 435.09472 

201 0.39267 0.39267 3.92672 3.92672 

202 2.40248 0.92248 | 24.02480 | 24.02480 

203 0.72221 1.10701 7.22208 7.22208 

204 4.50328 6.78689 |154.87728 | 293. 25328 

205 4.93146 7.10802 }159.15904 | 297.53504 

COEFFICIENT OF VARIATION 

80.21 104.01 139.56 155.82           
  

WORKCENTRE MATERIALS MOVEMENT COST AND VARIATION 

(COST = BATCH QUANTITIES X COST PER UNIT DISTANCE) 

TABLE D2 
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UAL-LATA FRICESSING bhuGh Ae 

GACHINE SHUP TEST LAUT UNE 

WORKCENTRE DATA 
roveeerrrestrsy   

    

PRS wse OX x are fh PNGLE UST CFLL 

2 He AeA ich: Os8e8 G00 “(080 * iho on 

2 @ GB Yea) 3:0 320 060 HO 9 

iy 3° MeO eR = eM Se 10 

2 fA AYRE Pes) G08 9 eG-0 8-0 (1 RO) tT 

2 Stas) “48 «G00 420 HNP 

2 6 4%: des) SSO” 19.0 ef) he) 9 

2 7 ‘G18 G66 “teh 08) 006 a0) 14 

2 8B PON 26h PS PoP Med 150 6 

2 9) (9605 Peet nae 1 ee) Bee; an 6. 

10-300 To 33 Pe DDD 

2 1b 360 303 26 00 9B 

2 1p 30 3X 06 

2 13-900 1609 03 PHD 9D 

2 1a 950, 2063 | 2053 | Oss 8D 0 11 

2 15-300 209 eG D1 

2 16 600 25eh Ped 300 Me M10 

2 tz) iste lace weraea ye Teva nar e1e (ings 41 

2 18-969 609 eR BRD 1D 

2 19 1668 669 eR BD 

2 20 1648 1065 45 26 060 60 12 

Get Si9 4aed eet! ss ose ad 8 

2 22 969 1Sey Ped eB Dt 

2 23 1668 ast Bel te 0D 

2 24 168 1569 Pel eB 

2 25 967 8597 Be 00 5 8 

2 86 1159! 25-7) Get 2.9 et) SA 

2 27 1661 2567 Bel «= DS 

@ gs) Wasi 25.7) Seay ie-8) 45.0) 50° 9 

2 29 943 Bho = Be 0D ST 

4 30 P37 2061 603 eS 0 14 
ORIGINAL TYPE = 3 AREA RATIU = 04783 

4 91 23-7 1661 Ge eS ed 0 14 
URIGINAL TYPE = 3 ALFA RATIO = 0.743 UA1L OUTPUT 

2 32 2367 1062 «509 e070 10 

2 33 2367 760 509 Pe TEST CASE A5 (A) 

a 34 2367 Ach Se oT 

3 BOL 066 eet OD Ci 

3 POR Yeh Hed 0 8 

3 209" e7-0 Be Wel 6000 o oa 

A POA Ge eT ee oa 

3 205 196 Pnen Met a8 oe aeaees 

TATAL APTGINOL aiEA = totem 
TTA NPY AEA = Annes 

bait = Geant 
Muebee Uk a ACHITESS © 9 
Tuthle DELWCATIN Gist = P1Anee 265



CELL DATA 

CELL Nuewscs NO-FIXFD AREA KEL. CST 

1 1 1 0.0 0.0 
2 1 1 O60 040 
3 1 1 0.0 0.0 
4 1 1 0.0 O60 
5 1 1 060 00 
6 3 0 aed 21060 
4 1 0 162 500 
8 5 0 9365 P6560 
9 5 0 34.9 31060 

10 5 0 39-5 26060 
an 8 0 4263 360-0 
12 5 a 4501 3H060 
13 3 0 2668 P50eN 
14 2 2 9607 0-0 

NUKE THAN UNE FIXED W/C 

LAYUUT ARFA DATA 
SERRE ER ERO MORE 

AREA UUTLINE £/¥ VALUES 
0-0 0-0 060 2766 1466 2706 1866 2463 

2706 2463 2166 060 

NON PARTICIPATIUN AFFAS - < AND Y VALUFS 

    

4 769 709 769 Ot Del 9d 91 769 

4 769 1604 169 1706 Ded 1766 Del 1604 

4 769 Ped T+9 2601 9ot 2601 Dol B69 

4 1664 749 1644 ‘901 17-6 et 1766 709 

4 16+4 24 1624 P6e1 1766 601 1766 2409 

4 24.9 769 Pao Ie Pel Yel 2661 769 

4 2409 1664 2409 1766 261 1766 P6al 1h6a 

8 10-7 1245 1067 17-9 1165 1769 1168 97.9 
19.5 22.9 1965 16.9 1662 1649 16+2 1265 

TRAFFIC RUUTFS 

x1 v1 xe Y2 WIDTH TERMINATUR 

‘o-0 Ae3 668 403 166 ov 
463 Ge 30RD 1 2 

P32 19K 29R 10 gue 
PRe2 19K He NB 3 4 
BoB 1968 4 ae3 106 1 4 

23-2 2766 P32 106 3 0 
M3 196K 1 4 0 

UA1 OUTPUT 

NUN PARTICIPATIUN ARFAS GT¢= 8 TUTAL ARFA = — 5Se1 TEST CASE A5 (B) 

INTERNAL TEAFFIG FUUTFS CT¥= 7 TUTAL ALFA = 123-4 

eee teeeeneee 
SUPTITAL 15 174 on 

TUTAL DEPARTEFNT ARFA = 79261 

  

NETT DFRALTMENT ALFA = 55366 

UURACENTHE/DEET ALKA FATE = 045075  Chesnnp ? 
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cuDe 

1 

2 

20 

21 

22 

23 

2a 

25 

26 

eT 

eM 

ey 

30 

CUANTITY 

00006 
pa 16 Pa 

1000. 
ena 316 

4400+ 
p04 1 8S 

P700006 
pon 6 10 

20000+ 
pon 4 1A 

11100 
pom Pa 4 

  

4000+ 
204 31, 29 

9300+ 
204 6 10 

9000+ 
ena 25 11 

81006 
p04 25 1 

6200+ 
204 20 15 

ano0+ 
204 34 20 

5000+ 
204 16 23 

4000+ 
204 a1 Po 

1900+ 
204 aL Fo 

3300+ 
204 31 9 

2006 
pa 320 Po 

soo. 
204 30 Py 

1000+ 
p04 4 14 

1000+ 
204 4,17 

1000+ 
204 5 15 

006 
204 2 12 

00 
204 27 2 

  

B00. 
204 19 10 

RO0+ 
20a an 18 

6006 
ena 6 10 

eon. 
204 3 13 

6006 
aoa 4 it 

16006 
p04 1p PR 

“nan. 
goa ip 2s 

Pest, 

  

isan. 
wy 29 

1006 
pa 33 

SU. 
1433. 

50+ 
10 205 

50+ 
19 9 

iso 
1 21 

1506 
P61 

1006 
isa 

1006 
1s 16 

50. 
a2 3 

50. 
1n 205, 

50+ 
1p 205 

ane 
1p 205 

206 
15 205 

30+ 
15 205 

30+ 
17 24 

30+ 
14 24 

30. 
16 34 

20+ 
e227 

25+ 
1p 22 

PS. 

23 32 

PRIDUCT LR MAT EIN 

  

a1 

5 

33 

33 

20 

2% 

16 

26 

  

  

FAD.CST 

neaveony 
Po POS 

n.uysoon 
#03 Po 29 

0-074000 
Mm 7 

0.074000 

oeo7so00 
ao 205, 

O-07K000 
ene v0 Pns 

n.160000 

0+160000 

o.n78000 
a0 29 90S 

0.078000 
ao 99 705 

n.078000 
an 205 

907K 000 
201 202 pos 

n.o78n00 
205 

O+160000 

0+160000 

0.160000 

0+316000 

0+316000 

0.316000 
31 905 

0.316000 
a1 205 

0.316000 
205 

96216000 
30 205 

94316000 
an 201 202 

0.216000 

0-316000 
al ens 

dearanng 
py 205 

dea16000 
7 4 905 

Oearsonn 
203 P03 29 

  

netannon 
29 208 

eee END UF UUTPUT #46 

  + 

vanecst 

fevoaesun 

enoissan 
205 

o-o01Msnn 
0s 

osonrKsno 

o-norssoo 

f.o01K500 

0 yoo2anon 

o-o0ra000 

o.n0a000 

o.on1asn0 

o-0n18500 

80018500 

neonissno 

90018500 

o.o0ranon 

d-nnpanon 

neonranno 

0.003830 

n.o024230 

o-noaea0 

n.oosge30 

n.nosarao 

n.0034230 
29 205 

neonaoan 

o-ona4ea0 

neonaxnan 

neona4ean 

nennaaraa 
Pas 

ennt 

  

Heanpannn 

UA1 OUTPUT 

TEST CASE A5 (C) 
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TEST CASE 
CELL AL A2 3 AG 

gen Rt ay <a Gey: xe Ay 

i |) Ovepeaesmial0.6 %.3.|' 0.6 4.3.4\umore 4-3 

ou | 1968 0.6 | 19-8 0.6. | 19.8 -O.6n)|uag.8 0.6 

3 | 27.0 23.2 | 27.0 23.2 | 27.0 23.2 | 27.0 23.2 

4 | 19.8 23.7 | 19.8 23.7 | 19.8 23.7 | 19.8 23.7 

5 | 20.6 20.0 | 20.6 20.0 | 20.6 20.0 | 20.6 20.0 

Ge | oe 7s oy lnse2 9 6eael 3:7 10.68|9 357) 10.5 

Fille 24s5 eOe7E |e2s-5° 99.7] 24:5 9.7 \0 24.0 1.3 

g | 9.2 7.4 hgh ELA |p os Fees) | eee) ee 

Gulyof5 15-061 10.3 16.2) || 17.2 105) |n24.2 9 8.4 

1¢ | 029 23:6/| 10.4 7.1 | 7.8 16.6 7.8 16.6 

ii | 24s2 2.1 | 24.5 2.3 | 24,0. 2.9 | 14.6 10.0 

42-| 10.2 26.0) | 41.9 25.1) | 11.9) 25,0] 11.9 25.0 

Tsu eielcMmceyminis.6 O47 |912.0)) 1s2 eleis.0. 165 

dep |i 2se7 evesvello3.7 ieede || 23.7 lest | 23.7: 8.1 

TABLE D3 CELL CENTRE X AND Y CO-ORDINATES 
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FIG D2 CELL DIAGRAM - TEST EXAMPLE A2 270 
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CELL DIAGRAM - TEST EXAMPLE A3 
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CELL DIAGRAM - TEST EXAMPLE A4 FIG D4 272 
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FIXED COST PER BATCH 
TEST 
CASE 0,00 0.01 0.02 0.05 0.10 0.20 0.40 

Al 0.2838 0.2383 0.2054 0.1452 0.0976 0.0589 0,0329 

A2 0.3016 0.2522 0.2166 0.1523 0.1019 0.0613 0.0341 

A3 0.3510 0.2865 0.2421 0.1652 0.1080 0.0638 0,0351 

A4 0.3398 0,2781 0.2354 0.1611 0.1056 0.0623 0.0344 

  

TABLE D6 PROJECT RETURN RATIO AGAINST FIXED COST PER BATCH 

1
8
2
 

 



78
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BOUNDARY DISTANCE (METRES ) 

  

  

TEST 
CASE) Ost 1.0) «2.057930 94.0 (500° 6/0 850° 12050 12.0 116 0— 20/0 

Al | 4360 4360 4360 4061 3715 3534 3019 2711 2020 1708 1145 463 

A2 | 6320 6320 6320 6000 4641 4479 3701 3417 2891 2077 1624 1323 

A3 | 14563 14563 14563 14129 13643 10507 10217 8897 6830 6484 4302 3201 

A4 | 27770 27770 27770 26676 26119 19568 19065 17087 13083 12860 7530 5383   
  

TABLE D7 TOTAL COST (FINAL LAYOUT) AGAINST BOUNDARY DISTANCE 

 



€8
2 

  

BOUNDARY DISTANCE (METRES ) 

  

  

TEST 
CASES| 0st)” U0 2.0) 35057 4.0 . 5,0 §96.0 198.05 10.0) 1250 16.0% 2070 

Al 1727. 1727 1720 2000 2344 2455 2906 3082 3302 3082 1540 1361 

A2 2729 2729 2722 3021 4380 (4507 5005 95169 3737 3563: 2130 1746 

A3 7875 7875 7821 8234 8720 10710 10935 12667 12379 11858 8355 2650 

A4 | 14291 14291 14077 15150 15707 19912 20350 21945 22475 20974 16750 5813   
  

TABLE D8 PROJECT RETURN AGAINST BOUNDARY DISTANCE 

 



  

  

PERCENTAGE RATE PROJECT 
OF RETURN RETURN 

0.0 6910.9 

1.0 5672.9 

2.0 4726.3 

5.0 2964.6 

10.0 1689.6 

20.0 863.3 

40.0 431.9 

80.0 216.0         

VARIATION IN PROJECT RETURN AGAINST RATE OF RETURN 

TABLE D9 
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TIME PERIODS PROJECT RETURN 

R=0% R=2% 

ul 173 170 

2 346 336 

4 692 659 

10 1730 1554 

20 3460 2829 

40 6920 4732 

100 17300 7475     

VARIATION IN PROJECT RETURN AGAINST TIME PERIODS 

TABLE D10 
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PROJECT RETURN THROUGHOUT LIFE SPAN 

TABLE D11 

 



  

  

        

TIME NUMBER OF MOVES PER PERIOD 
PERIOD 32 16 8 4 2 1 

Q | -2060.0 -1145.0 -535.0 -290.0 -170.0 -80.0 
1 157.7 -700.1 -443.3 -156.8 -80.9 -93.0 
2 142.7 142.7 -309.9 -138.5 -63.8  -40.5 
3 129.8 129.8 +-145,1 -149.0 -16.6 ales 
4 118.0 118.0 118.0 -106.0 -32.6 1.8 
5 T0703 107.3 107.3 =26.3 1.9 -6.5 
6 Die. 91.2 97.5 -1.4 -16.1 -9.6 
q 88.7 88.7 88.7 -16.6 -16.9 48.5 
8 79.0 79.0 79.0 79.0 6.8 19,3 
9 13.3 73.3 1323 43.3 -2.2 14.9 

10 66.7 66.7 66.7 66.7 33.8 16.6 
ial 60.5 60.5 60.5 60.5 16.9 27.8 
12 bol Sey 55.1 55.1 16.7 16.5 
13) 50.1 50.1 50.1 50.1 34.3 16.9 
14 45.5 45.5 45.5 45.5 -0.6 12.4 
15 41.3 41.3 41.3 41.3 34.0 14.7 
16 D1 3157 37.7 Shel SVEN) 18.5 
17 34.2 34.2 34.2 34.2 34.2 14.7 
18 31.1 311 31.1 Slat 31.1 15.3 
19 28.8 28.8 28.8 28.8 28.8 13.3 
20 2501, 25.7 25.7 22/1 25.7 20.5 
21 2369 23.0 23.3 23.3 23.3 16.8 
22. 21.3 21.3 21.3 2153 21.3 15.8 
23 19.4 19.4 19.4 19.4 19.4 11.1 
24 17.6 17.6 17.6 17.6 17.6 9.4 
25 15.9 1539 15.9 15.9 15.9 12.6 
26 14.5 14.5 14.5 14.5 14.5 14.1 
27 ipsyei 13.1 13.1 13.1 13.1 9.6 
28 Tre) 11.9 io 11.9 1159 10,2 
29 10.9 10.9 10.9 10.9 10.9 1.5 
30 9.8 9.8 9.8 958. 9.8 8.1 
at 8.9 8.9 8.9 8.9 8.9 8.9 
32 8.1 8.1 8.1 8.1 8.1 8.1 

TABLE D12 

PRESENT VALUE PROJECT RETURN THROUGHOUT LIFE SPAN 
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RATE OF NUMBER OF MOVES PER PERIOD 
2 4 8 

  

    
  

RETURN iL 32 

0 3664.2 4310.8 4640.6 4782.3 4823.0 4850.9 

2 2090,2 2414.2 2588.8 2654.2 2656.8 2666.3 

4 1218.3 1345.2 1401.5 1400.6 1368.0 1359.6 

5) 934.5 993) 1001.5 97059 921.6 904.6 

10 23367, 120.1 -36.3 -188.1 -312,7 -370.4 

TABLE D13 

EFFECT ON PROJECT RETURN OF MOVES PER PERIOD AND RATE OF RETURN 
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