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INTRODUCTION

One of the most important activities of the industrial
engineer is facilities layout and design. It has been de-
fined by Zoller and Adendorff (1972) as "The task of assign-
ing relative locations to a set of facilities such that a
given level of transaction between these may be carried out
with maximum overall efficiency " (p. 116), Facilities lay-
out has been closely related to manufacturing, where the
determination of how the manufacturing site, structures, ma-
chines and equipment to support production, is of prime con-
sideration in achieving the exterprise's objectives economi-
cally and safely.

Though facilities layout has been carried out for many
centuries, it was only in the recent decades that a few
techniques like template juggling, mathematical models,
graphical techniques, computer aided layout, and interactive
computer aided layout were developed.

In template juggling, as the name indicates, templates
are used to represent departments, machines or activities.
The size of templates depends on the scale used to represent
the actual size of the departments. The layout planner
moves the templates around to get an optimum layout. It is
a subjective process and as the complexity of the problem
increases the chance of getting a good layout decreases.

Mathematical models are based on minimiz ing material

handling costs. These models predict the location of



facilities to reduce transportation costs, ofteﬁ based on
very 1imi£ing assumptions. Because of their unrealistic
built-in assumptions and tedious calculations, these models
are rarely used in industry.

Graphical techniques such as spiral, straight line,
simplified layout planning and travel charting are a combi-
nation of template juggling and mathematical models. They
are cumbersome to use, when the number of departments in a
facility exceed 15. Hence these techniques are generally
used to produce layouts for simple problems (less than 15
departments).

Computer aided layouts are a combination of mathemati-
cal models and templates. The computer performs the tedious
calculations, moves the departments around and produces
graphical layouts. Layouts for large sized problems can be
produced by this method (45 departments or more depending
on the program). There are a large number of layout pro-
grams, used for a variety of problems.

Interactive computer aided layout is the combination of
computer aided plant layout programs with interactive com-
puter graphics techniques. The lﬁyout planner can easily
modify or improve the layouts in a fraction of the time it
takes to do it manually. This latest technique of the inter-
action of the layout plammer and computer has advantages
beyond any other technique because of the computer's ability

to store, change the scale of drawings, overlays



(like walls,electrical systems etc.) and its precision in
drawing. This technique is relatively new and is gaining
popularity in industry. Both interactive or other computer aid-
ed layouts as they are used today in industry have one
major drawback, and that is, the computer does not under-
stand facilities layout criteria. Hence it serves only
an aid and can not be used to develop finalized layouts.
Computerized facilities layout first appeared in the
1960's. It was based on objective analysis, arithmetic
calculations and used to work with significantly large and
complex layout problems. These have been classified as
1. Construction programs - which lay out from scratch.

2. Improvement programs - which improve an existing layout.

The most commonly used construction layout programs are:

1. CORELAP
2. PLANET
3. ALDEP

Improvement layout programs aret
1. CRAFT
2. COFAD
The next section gives brief details of the data re-

quirements for these programs and of the programs themselves.

Input Data

The input data required to layout a facility may include:
1. Departmental areas

2., From-to chart



5.

Relationship chart
Move cost chart

Initial layout

The departmental areas include space for individual work
stations and additional area to allow for movement among
work station based on machine or element size and flow
volume.

A from-to chart is a square matrix whose elements repre-
sent the volume of flowbetween departments. The volume
may be recorded in any units of movement per unit of time
%o represent the movement of materials. For example,
Figure la, gives the number of trips per week via a fork
1ift truck.

A relationship chart is a triangular matrix whose elements
represent the qualitative relationship among the depart-
ments Figure 1b. Letter codes are used to indicate desir-
able or undesirable levels of closeness between departments
and numbers show the reason why each level of closeness

is chosen.

A move cost chart is a square matrix whose elements repre-
sent the cost of moving one unit of load of material per
unit distance between departments. The units are in dol-
lars and it is similar to a from-to chart.

An initial layout is the existing layout which indicates
the spatial requirements of the departments to be included

within the facility to some scale.
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A Receiving

B Milling

C Press

D Assembly

E Shipping

Figure ta. From-to chart in trips per week. Chart

indicates 15 trips per week from press
department to milling department.




Receiving

Milling

Press

Assembly

Shipping

Value Closeness

A(6) Absolutely necessary
E(5) Especially important
I(4) Important

0(3) Ordinary closeness
U(2) Unimportant

X(1) Not desirable

Figure 1b. Relationship chart. The chart should be

interpreted as "U" relationship between

receiving department and the milling, press

and assembly departments, And an "E"

relationship with the shipping department.



Layout Programs

Construction type layout programs require less input
data than the improvement type and can be used to generate
layouts for new facilities, Since they can be used for
new facilities they do not require an initial layout to be
inputted. These programs also have the provision for rating
the layouts for the evaluation of the layout planner. One
of the drawbacks of these programs is that the layouts pro-
duced by them are not ready to be utilized; they have to be
"magsaged" before implementing them. There are more than
25 different construction programs, but only three of the
most popular and readily available programs have been examined
in this report.

COmputerized RElationship LAyout Pl ing (CORELAP).
CORELAP was developed by Lee in 1967. The objective of the
layout is to place departments close to each other based on
their total closeness relationship rating. This is obtained
by adding the closeness relationship values (&, B, I. 0, 0
of each department to those of every other department in turn.
In addition to developing a layout, it produces an evaluation
score by which the effectiveness of the layout can be judged.
The score generated is the sum of products found by multi-
plying the shortest distance between pairs of departments
times a preset value for the closeness desired relationship

between those pairs of departments.



The input data required by CORELAP are:
1. Department area requirements
2. Relationship chart
3. Weights for ratings
Ex: A=729, E=243, I=81, 0=27, U=9, X=1
., Preassignment of any departments to particular
plant locations (optional)

The layout process begins by placing the most critical
department, that is, the department having the highest sum
of the closeness ratings in the center of the layout. The
second department entering the layout will be the one having
the highest original relationship (A, E, etc) with the depart-
ment already selected. In case of a tie, it uses the total
closeness rating to break the tie. CORELAP grows like a
crystal out from the center to develop the layout. After
the layout has been prepared CORELAP next calculates distance
tables for each pair of departments. The criterion used is
shortest path between departments, which is based on the
premise that each department will have a dispatch and re-
ceiving area on that side of its layout nearest its neighbor.
Also no pair of X rated departments are close to each other.
Some important characteristics of CORELAP are:

1. Layouts obtained are irregular in shape.
2. The program requires the least detailed inputs
compared to other programs.

3. CORELAP evaluates the solution by calculating



distance tables. The shortest path between
departments are used as the criteria in the dis-
tance calculations.

4, It is limited to 45 departments.

5. It generates only one final layout.

The assumptions underlying CORELAP are:

1. The building shape has not been specified as in
a new building type. Its shape is primarily
dependent upon the layout arrangement.

2. Layout desired is independent of the material
handling equipment to be used.

3. Human judgment used in developing the relationship
chart is sufficient for layout planning purposes.

L, For the purpose of scoring the layouts, the flow
is assumed to follow the shortest route between

originating and receiving departments.

Plant Layout ANalysis and Evaluation Technigue (PLANET).
PLANET was developed by Deisenroth and Apple in 1972. The

objectives of PLANET are to reduce material handling costs,
generate alternate layouts and score these layouts. The
lower the score the better the layout. The total score is
the sum of the products of "flow between cost" and the rec-
tilinear distance between centers of the departments. Flow
between cost is the cost of moving the materials between

departments without considering the direction of flow.
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The input data required by PLANET are:
1. Departmental areas
2. From-to chart
3. Placement priority, that is, the order in which
the departments are to be placed in the layout.
The range is from one to nine.
Thre e different selection methods are used by PLANET to

generate the layout.

Selection method A: The first pair of departments has the
highest placement priority and has the
highest flow between cost. The next
department has the highest priority of
those not yet selected and the highest
flow between cost with one of the depart-
ments already selected. This procedure
continues until all the departments have
been selected.

Selection method B: The first pair of departments are se-
lected as in method A but the next depart-
ment selected is different. It has the
highest priority of the unselected depart-
ments, and also the highest sum of flow
between costs with all unselected depart-
ments. This process repeats until all
the departments have been selected.

Selection method C: Only one department enters the layout
initially. It is the department with



the highest priority and highest sum of
flow between cost with all other depart-
ments. The next department to enter

the layout has the highest priority
among those yet to be selected and also
has the highest sum of flow between costs
with all other departments. The process
repeats until all the departments have

been selected.

Some important characteristics of PLANET are:

1.

PLANET does not restrict layout to a building shape,
so layouts often have unusual shapes.

It is useful to generate initial layouts.

It generates three alternate layouts.,

It allows flexible input data, that is, the input
data can be in the form of from-to chart or an ex-
tended part 1list or a penalty chart - Tompkins

and Moore (1978).

The assumptions underlying PLANET are:

1.

All flows among departments originate and terminate
at the centroid of the departments.
The direction of flow between departments is not

important.

Automated Layout DEsign Program (ALDEP). ALDEP was

developed by Seehof and Evans in 1967. The objective of

ALDEP is to produce a large number of alternative layouts
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based on closeness relationships among departments. It
also scores the layouts. The higher the score the better
the laycut. In ALDEP scoring,a value is assigned for
closeness to each pair of adjacent departments (A=64, E=16,
I=4, O0=1, U=0, X=-1024). The computer then determines
which departments are adjacent and assigns values to each
adjacent pair according to the original relationship chart.
The program honors more relationships if the layout has
higher score. Therefore a higher score indicates a better
layout.
The input data required by ALDEP are:
1. Departmental areas
2. Relationship chart
3. Degree of closeness (the lowest relationship to
be searched for placement in the layout, such as,
A, E, etc)
Sweep width (width of a department in squares)
Facility width (depth of the layout in squares)

Ly,

5.

6. Number of layouts to be generated

7. The number of floors utilized (one, two or three)
8.

The variable formats required to print the layout

The process by which ALDEP works is that it selects the
first department to enter the layout randomly. The relation-
ship chart is then scanned to determine all departiments that
have a relationship equal tc or more important than the ini-

tially specified degree of closeness (A, E, ete). If more
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than one exists, one of them is randomly selected to enter
the layout. If no departments have a relationship equal to
or more important than the specified degree of closeness,
the second department to enter the layout is selected, the
selection procedure is begun again between the second depart-
ment selected and all unselected departments. Once this
department is selected, the next department to enter the lay-
out is determined by the selection procedure between the last
department selected and all unselected departments. This
process continues until all the departments have been selected.
ALDEP places the first department in the upper 1left hand
corner of the layout. It is made as wide as the initially
input "sweep width". As more departments are added it moves
down the left hand column until it reaches the facility width,
which is the depth of the layout in squares. When the fa-
cility width is reached, the computer starts a second column
to the right of the first, under the constraint of the sweep
width. It generates altermate layouts in the similar way

and scores the layouts for evaluation.

Some important characteristics of ALDEP are:
1. It can handle up to three floors.
2. It gives rectangular or square shaped layouts.
3. Locations of departments can be fixed.
4, It has provisions for generating up to 20 alternate
layouts.

5., It honors most interrelationships between departments.
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The assumptions underlying ALDEP are:
1. The layout is independent of the type of material
handling equipment used.
2. Mandatory departmental shapes are not taken into
account.

3. It is limited to 53 departments.

The second type of layout programs are known as improve-
ment layouts. These programs are used to improve existing
layouts. They use more detailed input data compared to con-
struction type layout programs. Typical input data required
for these programs are initial layout, from-to chart, move cost
chart. Like the construction layouts, even these layouts
are not final and they may have to be modified by the layout
plammer before they are implemented. There are more than
10 different improvement layouts currently in use but two of
the most widely utilized and readily avallable programs have
been considered in this report. The next section gives a
brief description of each program.

Computerized Relative Allocation of Facilities Technigue
(CRAFT). CRAFT was developed by Armour and Buffa in 1963.
The objective of CRAFT is to develop a layout which will ap-
proach a minimal transportation cost. At end of each itera-
tion CRAFT will print the actual dollars in savings.

The input data required by CRAFT are:
1, From-to chart

2. Move-cost chart
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3. An initial layout indicating the area requirements
of the departments to be laid out
i, Dummy departments, to make the initial layout a

rectangle or square

The CRAFT procedure begins by determining the centroids
of the department in the initial layout. Then it calculates
the rectilinear distance between department centroids and
stores them in the distance chart. The transportation cost
for the initial layout is determined by calculating the prod-
uct of initially inputted from-to, move-cost and distance
charts, where the distance chart consists of a matrix con-
taining the rectilinear distances among department centroids.
CRAFT next considers departmental interchanges for departments
with equal area or having a common border ,in order to reduce
transportation costs. The interchanges considered depending
on the input statement are:

1. Pairwise interchanges
2. Three way interchanges
3. Pairwise followed by three way interchanges
4, Three way followed by pairwise interchanges

5. The best pairwise or three way interchanges.

The transportation cost is approximated for each proposed
interchange by internally exchanging the centroids of the
interchanged departments. The interchange offering the
greatest cost reduction is made, and the actual departmental

centroids of the improved layout are calculated. A new
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distance chart is determined based on these new centroids

and transportation cost is obtained for this improved lay-

out. CRAFT continues by a) Considering other deparimental

interchanges in order to reduce the transportation costs.

b) Approximating the transportation costs of the interchanges.

c¢) The above process repeats by selecting the interchange

which offers greatest cost reduction.

This process continues until no interchanges in the

layout can be found which reduce the transportation cost.

Then the model terminates.

Some important characteristic of CRAFT are:

1.
2.

3-
L.

5.

6.

Permits fixing specific locations,

Input shapes can vary.

Costs and savings are printed out.

It can check previous iterations.

It can evaluate the layouts generated by other lay-

out programs.

In the initial layout,dummy departments are fixed

to a specific area, with zero flow volumes to other

departments. They are used in the initial layout to:

a) Fill building irregularities (to get rectangular
buildings).

b) Represent fixed areas like stairways, elevators,
toilets and aisles.

The program does not consider all possible inter-

changes and a suboptimum layout is reached.
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The assumptions underlying CRAFT are:
1. Move costs are costs per unit distance;require
the acceptance of the following:
a) Material handling equipment is selected before
the facility is laid out.
b) Move costs are known before hand.
¢) Move costs are independent of equipment utiliza-
tion.
d) Move costs are a linear function of the distance.
2. All flows are rectangular.
3. All flows among departments originate and terminate
at department centroids.
4, There are no negative relationships, that is, no

departments which should be kept apart.

COmputerized FAcilities Design (COFAD). COFAD was de-

veloped by Tompkins and Reed in 1973. The objective of COFAD
is to develop a layout and material handling system which
approaches the minimal material handling system. COFAD also
has provision for comparing alternate material handling systems
and for conducting sensitivity analysis on the flow volumes

by varying the values of the from-to chart. It prints out

the savings in dollars at the end of every iteration for the

evaluation of the layout planner.

The input data required by COFAD are:
1. An initial layout indicating the area requirements

of the departments to be laid out.
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2, A from-to chart for each mobile material handling
equipment alternative indicating the volume of
flow between departments.

3. A description of which material handling alterna-
tives are feasible for each move, if alternatives
are to be evaluated based on straight line or
rectilinear distances and if any material handling
alternatives are to be fixed to particular moves.

L4, The percent change in the from-to chart for the
evaluation of solution sensitivity.

5, The data for calculating cost of performing various

moves via variocus material handling alternatives.

The process by which COFAD improves the layout is the
same as CRAFT. The next stage in the COFAD process is
determination of the best material handling systen. To do
this, the computer first calculates the costs to perform each
move with each of the equipment types based on the assumption
of full utilization of the equipment. It then assigns the
equipment that has least cost. The computer next calculates
the number of pieces of material handling equipment required
and apportions the costs for the un-utilized portion of each
equipment type to the moves that utilize that type of equip-
ment. It again tries to improve the material handling equip-
ment system by improving the utilization of the equipment
that is poorly utilized. If the preceeding process does

not result in a change in the layout or material handling



19

system, the program stops, or conducts sensitivity analysis

on the flow volumes. If there are changes in the layout

then the CRAFT-like procedure is run again until no further

improvements are obtained in the layout. Sensitivity

analysis is performed on this final layout.

Some important characteristics of COFAD are:

1.
2.

It permits fixing departments to specific locations.
It has the option of assigning or negating from
consideration the assignment of particular material
handling equipment types to certain moves.

It allows realistic determination of both a layout
and material handling system.

The steady state solution is obtained by rerunning
the model with 90% and 110% of the projected flow
volume and checking to see that the solution to
these two problems are similar to the original solu-
tion.

The sensitivity analysis is performed by rerunning
the model with variation ranging from 50% to 150%
of the projected flow volumes so as to protect
against the design of a facility which is inflexible
and not capable of meeting the day to day fluctua-
tions.

Dummy departments are used to fill building irregu-
larities, to represent fixed areas and to aid in

evaluating aisle locations.
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The assumptions underlying COFAD are:
1. All moves among departments originate and termi-
nate at the centroid of the departments and follow
a rectilinear path.
2. The sensitivity analysis considers only the varia-
tions in the total flow volume for a predefined
product mix and does not evaluate changes in prod-

uct mix.

A brief summary of comparison between the five layout

programs is given in Table 1.

Literature Review

Muther and McPherson (1970) discussed CRAFT, ALDEP, CORE-
LAP and RMACOMP 1 with respect to their input requirements and
output characteristics, They commented that these programs
were still in the experimental stage; they required manual
adjustment to arrive at a practical layout, and unless the loca-
tion of an activity is fixed none of the programs honors a
shape or configuration requirement for any given activity.
They concduded that the programs serve as useful tools to a lay-
out designer and aid in generating alternate layouts. However
their arguments were not substantiated by a concrete example.
Their work in comparing the layout programs tends to be sub-
jective and incomplete.

Denholm and Brooks (1970) compared CRAFT, CORELAP and
ALDEPF, They used these layout programs to generate a layout
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for a printed circuit board processing department within a

larger manufacturing building. The three programs were pro-
vided the same information. The criteria they used for
comparison was to minimize material handling cost. The

final outputs of CORELAP and ALDEP were later appraised by
CRAFT and they concluded that CRAFT generated the best lay-
out with minimum material handling cost.

The Denholm and Brooks study was erroneous on three
counts. First, they made no distinction between construction
layouts (CORELAP and ALDEP) and improvement layouts (CRAFT).
Second, they were improving the existing layout, and hence
both CORELAP and ALDEP were inappropriate. Finally, they
concluded that CRAFT produces a superior layout compared to
the other two,which was misleading. The objective of their
study was to minimize material handling cost. Both CORELAP
and ALDEP do not consider material handling costs, so compar-
ing them with CRAFT (whose objective is minimizing material
handling cost) is erroneous, hence their results are incon-
clusive.

Moore (1974, 1978) made two surveys and found that
computer aided layout was used by more than 57 percent of
the practicing engineers (industry and consultants). He
listed the most popular layout programs as CORELAF, PLANET,
ALDEP and CRAFT. He concluded that a majority of the lay-
out planners used them to:

1. Generate alternate layouts
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2. Evaluate the proposed layouts.

He also concluded that in some cases the layout programs
provided final optimal layouts which were implemented.

This report attempts to compare the layout programs
listed above in terms of the above goals, so as to guide the
layout plammer to pick the layout program that would give
the best solution to the problem.
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PROBLEM

The purpose of this study is to test each and compare
the five computerized layout programs viz. CORELAP, PLANET,
ALDEP, CRAFT and COFAD, in terms of their following objec-
tives.

1. Generate alternate layouts
2. Evaluate the proposed layouts

3. Minimize material handling cost

4, Variation of input quantities in the programs

Four problems have been chosen for this study.
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METHCD

The computer programs were obtained from the SHARE
program library, Raleigh, North Carolina. The detailed
description of the input format and blank input data forms

were adopted from Computer aided layout: A user's guide

by Tompkins and Moore (1978). The data was converted into
the input format required by the programs for the four prob-

lems.
Problems

The problems and their input requirements are given

as detailed below:

Figure Problem Source
2 a,b,c 1 Adopted from, Facilities

layout and design by
Francis and White Ch.3.,

Problem #1.

3 a,b,c 2 Example problem - Computer
aided layout: A user's
guide by Tompkins and Moore

4 a,b,c 3 Problem developed by
C. A. Bennett.

5 a,b,c L Same as problem 1., Ch. 3.,
Problem #11.,



sg ft "
Shipping 10 000
I
Warehouse 10 000
E
Receiving 10 000

Figure 2a. Problem 1 - Relationship chart
for the flow volumes.
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To

From

Legend
A - Shipping
B - Warehouse
C - Receiving

Figure 2b, Problem 1 - From-to chart indicating
number of trips per week via an

electric platfo truck.
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To
A B C
From
A 1 1
B 1 1
@ i 1
Figure 2c, Problem 1 - Flow cost chart in dollars

per unit moved between departments.
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sq ft

Receiving 12 000

Milling 8 000

Press 6 000

Screw Machine 12 000

Assembly 8 000

Plating 12 000

Shipping 12 000

Figure 3a. Problem 2 - Relationship chart for the

flow volumes.
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Tol B c D E F. G
From
] A Lg 15 25 10 5
B 30 25 15
c 5 10
D 20 35
E 65 35
g 5 25 65
G
Legend
A - Receiving
B - Milling
C - Press
D - Screw Machine
E - Assembly
F - Plating
G - Shipping
Figure 3b. Problem 2 - From-to chart indicating

number of trips per week via fork truck.
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8 A B c D E F G
|From

A 1 1 1 1 1 1
B 1 1 : by 1 1 1
C 1 1 1 1 1 1
D 1 1 1 1 1 1
E 1 1 1 : | 1 1
F 1 1 1 1 3 1
G A 1 1 1 % 1 1
Figure 3c. Problem 2 - Flow cost chart in dollars per

unit moved between departments.
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Restaurant 625

Club-Rest 875

Bar-Lounge 875

Kitchen 600

Gen. Storage 100

Waiting Prep. 100

Rest Rooms 300

Cashier Office 80

Lobby 200

Stage 150

Dance Floor 225

Private Dinning 450

Workers Lounge 6l

Figure 4a. Problem 3 - Relationship chart for the
flow volumes.
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o)

F o A B 6. D E F G H I J K L M
A 18 |36 | 9 |72 | 18| 0 9 |72 | 18 |72 |18 | 18
B 0 36 0 721 0 0 36 9 {18 18 0
5 36| o0l 9|0 o| o 9|1 9| 36| 0
D 0 18] 36 0 0 0 9 18 0
E 18] 36 | 18 0 0 0 36 9
F 36 |18 18 0 0 9 18
G 18 18| 18 0 0 72
H 18|36 | 36| 36| 9
I 0 36| 9 9
J 0 9 18
K 0 18
L 18
M

4
Legend s
A-Restaurant F-Waiting preparation K-Dance floor
B-Club restaurant G-Rest rooms L-Private dinning
C-Bar-lounge H-Cashier office M-Workers lounge
D-Xitchen I-Lobby

E-General storage J-Stage

Figure 4b, Problem 3 - From-to chart indicating number of
trips per week.
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Fr:o A B c D E F G H L J K L i
A 1 1 1 1 1 1 1 1 1 1 1
B 1 1 " 1 1 1 1 1 1 1 1 i
c 1 1 1 1 1 1 1 1 1 1 1 L
D 1 p 1 1 1 1 1 1 1 1 1 1
E 1 1 1 1 1 1 1 1 1 1 1 1
F 1 31 1 1 1 1 1 1 1 1 1 1
G 1 1 1 1 1 1 1 1 1 4 1 1
H|1 1 1 1 1 1 $ 3 1 i § 1 - §
I 1 1 1 1 1 1 1 1 ) 1 1 34
J 1 1 1 1 | 1 1 1 1 1 1 1
K i | 1 1 . 1 1 1 1 0 1 2
L 1 1 1 1 1 1 1 1 1 1 i 1
M 1 0 1 i 1 1 1 1 1 1 1 1
Figure 4c. Problem 3- Flow cost chart in dollars per

unit distance moved.
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sq ft

Wood cutting

Receiving

Framing

Upholstery

Fabric storage

Fabric cutting

Sewing

Shipping

Offices

General storage

Figure 5a. Problem 4L - Relationship chart for the flow

volumes,
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Clalslc|o|le|lr|lae| ul|l1]ag
Fro
A 2 1 2
B é 6 2 2
c 1 2 L 2
D 1 1 b4 L 2 3 2 2
E 5 3 2
F 4 5 L 2
G 2 2 L 2
H 3 2
I 1 1 1 1 1 1 1 1 1
J 2 1 1 2
Legend
A - Woodcutting F - Fabric cutting
B - Receiving G - Sewing
C - Framing H - Shipping
D - Upholstery I - Offices
E - Fabric storage J - General storage

Figure 5b. Problem 4 - From-to chart indicating number
of trips per week via an fork truck,
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RA 5| c| ol |l 7| = 1| g
A 2| 2 1
B |3 2 | 2 2
c |1 1 5 1
D |1 1| 2 2| 2| 3 1] 1
E | 3 1
P 1] 3 2 1
o sl 2] 2 1
H 2 1
I |1 1 o] o1 o] 2| 1] 1
J 1 1] 2 1

Figure 5¢. Problem 4 - Flow cost chart in dollars
per unit moved between departments.
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Layouts

Each problem was run on the computer several times by

varying the following input quantities in the programs:

CORELAP,

1. The requested unit square side length or element
square. [The maximum layout area is 39 x 39.
Therefore the unit square side length squared,
divided into the total facility area must be less
than 1521. If it is not, or no unit square length
is input, CORELAP will calculate the unit square
area (optional)J

2, Maximum length to width ratio [which precludes the
layout becoming long and narrow (optional).]

3. Strict wanted length to width ratio [which specifies
the shape of the area available for the layout
(optional).]

L, Layout filling ratio [indicates the proportion of
the layout area reserved to be filled by actual
departments. It should be less than 1; 0.5 is

assumed if defaulted.]
PLANET ,

1. Number of square feet in a unit square or block size.

2. Department placement priority.

ALDEP .,
1. Cdd number used as a random number seed.

2. Column sweep width.
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3. Number of square feet in a unit square or unit
square.

4. Degree of closeness [64 is entered if an “A"
relationship is the lowest relationship to be
searched for 16 for an "E" relationship, 4 for

“I" and 1 for "0".]

CRAFT. The input for initial layouts were changed
each time by:
1. Final layout from CORELAP.
2. Final layout from PLANET,.
3. Final layout from ALDEP.

COFAD. Problem 2 was run on the computer and the

following quantities were incorporated in the input format:
1, Alternate materials handling equipment were utilized
a) fork 1lift truck

b) electric platform truck

2. Sensitivity analysis was performed using 90% and

110% of the flow volumes.

The layouts are given in the results section.
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RESULTS

The layout programs were run on the computer, using
the different input parameters for each of the four prob-
lems. A total of 41 layouts were obtained and the results

are classified according to the programs.
CORELAP

The CORELAP outputs show no variation, when the values
for fill ratio, maximum length tb width ratio and strict
wanted length to width ratio were changed. However, when
the values for element square were changed, there was some
variation in the layouts. CORELAP prints a total score for
the final layout, which is of no practical significance.
CORELAP assumes the values of element square, filling ratio,
maximum length to width ratio and strict wanted length to
width ratio, when they are not specified in the input format.
In the case of element square it assumes the area of the
smallest size department as the area of the element square
to calculate blocks. The complete CORELAP solution for
problem 3 is given in Figure 8A through Figure 8M.

Table 2 indicates the values of the variables changed

and the resulting layouts.



TABLE 2

CORELAP Summary of Results

Problem

EOEFEOF W W W N

Element Fill
square ratio
sq ft
100 0.5
100 0.9
6000 0.5
6000 0.9
6l 0.5
64 0.9
25 0.5
480 0.5
L8o 0.9
I

0.5

Maximum
Length to
width ratio

g

Strict
Length to
width ratio

2

~N N O O

8H

10
10
11

42

Figure



Legend

Problem 1 19 - Lobby
11 - Shipping 20 - Stage
12 - Warehouse 21 - Dance floor
13 - Receiving 22 - Private dinning

< & 23 - Workers lounge
Problem 2
24 or 25 etc - Dummies
11 - Receiving

12 = Pﬁilling Problem L

13 - Press 11 - Wood utting

14 - Screw machine 12 - Receiving

15 - Assembly 13 - Framing

16 - Plating 14 - Upholstery

17 - Shipping 15 - Fabric storage

16 - Fabric cutting

17 - Sewing
18 - Shipping

18 or 19 etc - Dummies

Protlem 3

11 - Restaurant
19 - Offices

12 - Club restaurant
20 - General storage

13 - Bar lounge
21 - Dummies
14 - Kitchen
15 - General storage
16 - Waiting preparation
17 - Rest rooms

18 - Cashier office
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PICTGRIAL LAYULUT NU 1 PROBLEM AC.1

OSSP SO0 PSP e as SO0 SESS I R FFTRNETERNENENENNENERJMNEERJ-SERERRSZEIREENRE]

-11.

«12.13.

Figure 6. Problem 1 -CORELAP final outout.
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PICTORIAL LAYCUT B o 1 PROBLEY MhC.2

SO O SO OP A A0SO CEAD ST PO S PEDSOE WNE e SPEE SIS S S TSSO RSP EE ST

«14,11 .12,
e «lZ.1€ B

«17 <15,

o8 9" 99O

Fizure 7. Problem 2 - CORELAP fi output.



AEIGHING FACTGRS FCR THIS Rubv

WEIGHT

729
243
81
27

3

1
-729

Figure 8A , Problem 3 - CORELAP output, page 1,

R A
VALUE
7

6{=A)
5(=E)
4{=1i
2{=0)
2{=U)
1{=X}

T I N v

MEANING .
FGR PRE-ASS1uNING
ASSOLUTELY NECESSARY
ESPECIALLY IiPLRTANT
IMPORTANT

JRDINARY CLUSENESS
JNIMPURTANT
UNDESIRASLES

46



PRCBLEM NUMZER

PARA

hN= 1

ELEMENT SQUAKE SIDE=

METERS

3

g

MAXIMUM LENGTH TO WIDTH RATIC= O

STRICT WANTED LENGTH 7O #iLTH RATIO = 0.0

LAYOUT FILLING RATIG=.0
PLCT/PUNCH OPTIUN=1

DATA

DEPARTMENT DIREzCT ICH

NE

11
12
13
14
15
16
17
18
1s
2C
21
22
22

AREA

625
815
875
60Q
100
100
3a0¢C

80
200
150
225
450

&4

Figure 8B. Problem 3 - CORELAP output, page 2.

N a S

cCooCccoQLOOOOQO

cCcLoclocobooCod
cCc oo oo oQo
oo ocoobCocoogogocooo

E

PARTLIAL LAYCUT CPTICNIUICPT)=C

RELAT IGin CHARTS

U4lbliat44llis
4066145446634
loU3136444634
£63u661111113
1116041111113
4436401111130
6501110565364
4441113063245
449iliboUas6l
lewilis240vb4l
1351156464404
4445564211140

b7

FRCBLEM NGC.3



TOTAL AREA= 4644

NC
NT

NC

SHAPE PARAMETER oIVEN RKATIG=1 ASSUMED
FILLING RATIO SPECIFIcO.FILLRA=V.50 IS5 ASSUMEC

ELEMENT SQUARE SIDc SPcCIF IED

GIVEN ELEMENT SQUARE TUL SMALL

ELEMENT SQUARE= o4

TCTAL

40

COLUMNS AND 40 ROWS ARE KESERVED FOR LAYCUT

Figure 8C. Problem 3 - CORELAP output, page 3.

NUMBER CF ELZHENT SuUAkceS NcEDED FOR LAYCOLT IS 14%

48



CEPARTMENTAL UATA

NG NUMBER GF ©BLUCK palCk TCR
UNIT SQUARES wIDTH LENGTH

11 10 3 4 37
12 14 4 4 53
13 14 4 4 45
14 9 3 > 3¢
15 2 1 2 c2
16 2 1 2 35
17 5 2 3 45
18 1 1 i 37
16 3 i 3 42
20 é 1 < 35
21 4 2 < 2

22 7 3 3 40
3 i 1 L 38

Figure 8D. Problem 3 - CORELAP output, page 4.
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Figure 8E, Problem 3 - CORELAP output
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Figure 8F. Problem 3 - CORELAP output, page 6.
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LAYCUT U 1 PRGBLEM MI.3

20 oo eow veaw e ee ......'"--...l....-'..-..‘.....-....‘..‘.‘...C‘

«22

o e . «1l38.

L] .lg L

- .17 -
.21 - . L]
. T R « 11 -
«20 . e2le -

- .14 - -

.16 L ] -

.15 - -

rzj

jzure 8G. Problem 3 - CCORELAP final outvut, page 7,
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VICTOR WITH xEL Tu WINNER FLACING

12
13
21
14
20
17
11
16
15
19
22
23

13

1s

14
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re 8H. Problem 3 - CORELAP output, page 8.
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DISTANCE TABic

€ RATING { 1o PAIRS)

FRCM

11
11
12
12
12
12
13
13
14
14
17
18
15
20
17
16

T AISTANCE

17
14
13
L
14
20
17
21
16
15
19
10
22
21
22
23

O oL LLoC o

Figure 8I. Problem 3 - CORELAP output, page 2.
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CISTAMCE TEEBELE

4 RATING ( <l PAIRS}

FRCM TO D15TaNlcC

11 23 J
12 23 3
12 1s v
13 1e "]
15 16 J
17 23 ¢]
18 22 J
11 12 1
13 20 2
11 19 2
13 23 2
13 18 2
12 ¢ 3
11 1= 3
11 16 4
22 23 4
21 22 )
12 13 =
19 21 o
20 22 7
1 20 a

Figure 8J. Problem 3 - CORELAP? outrut, page 11,



CISTAMCE TASic

3 RATIMG { 1o PAIRS)

FFCM TC DISTARCC

13 z2 o]
14 22 1
17 18 1
12 22 3
13 14 5
17 21 4
13 16 4
17 20 5
i8 23 5
15 23 6
is 22 3
18 21 3
18 20 pie]
Figure 8%, Problem 3 - CORELAP output,

nage 12.




CISTANCF TABLE

1 PATING
FRCM TG
12 15
11 13
14 17
i6 20
19 23
15 20
16 21
11 22
14 20
20 23
11 15
15 21
11 21
13 15
11 20
14 139
14 21
21 23
16 17
14 22
14 18
13 17
1¢ 19
15 22
15 19
16 18
1 18

{ <7 PAIRS)

DISTAnCE

VOSSN~ UMM VBUV SR L WL NN -

TATAL SCORE FLUA This RUM IS £ET4

Pigure 8L. Problem 3 - CORELAP output, page 173,
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TICTERIAL LAYLUT hu e 1 PROBLEM MW 2

I FTERFEFEFEFFEFEFEERNFERNE NI I N BN S BN I B AR R N BN SRR ERENERS B BB NN NN X

.22 Ld

- -19 -
. . -18 .

«17 13 -

-21 - &
- .12 -
.2‘3 - &
Figure 9, Problem 3 -CORELAP i :
final output, with - . .
element S u re = oo-.-cc-o: :
2 S f‘tl 9 5 & 5289 e 9SS 9IS S -
.11 - -
L] .14 -
.23--.10 .lé : :

Ps s ees sssssssssense
a' &
. e



e & e 98 & 8 % o @ & & 8 6 & € 8 & & 3 5 & 6 &8 + & B @ % & 8 6 B+ & @ 0 & 9 3 0 3 @ 8 s 8 B s 2 s a8 e b & o

Pic
* e

59
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«19 .

28 & 5 968 908 S a8 e eSS een

18 «11 «12.

«20el4.15 «12. .
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® 6 0@ & s 0 0S80 S0ea

Figure 10. Problem 4 - CORELAP final output.
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PLANET

The outputs of FLANET indicate that the layout obtained
is dependent upon placement priority and block size. There
is considerable variation in the layouts obtained by changing
the values of these two quantities. PLANET calculates the
number of blocks required for each department based on the
input block size and rounds off the values to the nearest
integer. If the block size and department area are not
divisible exactly, then the layouts obtained may not conform
to the actual department areas. The scores are useful for
comparing the results of the three alternate layouts, but are
of no use when judging layouts obtained by varying either
placement priority or block size. The complete PLANET solu-
tion for Problem 2 is given in Figure 15A through Figure 15G,

Table 3 gives the values for placement priority and

block size for the problems and the resulting figures.



TABLE 3

PLANET Summary of Results

Problem Block size
sq ft

F F F W W wmnmNDy N R

A lower score

A02 GO2 HO2 -

01 -

HO2 IO2

500
200
500
500

25
30
30
32
32
64

means a better layout.
Departments A, G and H have a placement

priority of 02 (others have 01).

Placement
priority

01
AQ2
AQ2
01
Go2

01
01
HO2
Ho2

GO2
G02

HO2 MO2

HO2 MO2

102
I02

Figure Lowest
score

12
13
14
15F
16
17
18
19
20
21

18
69
40
41
126
117
108
147
148
106

62

All departments have a placement priority

of 01.

Departments H and I have a placement

priority of 02 (others have 01).



Legend

Problem 1

A - Shipping

B - Warehouse

C - Receiving

Problem 2

A

B
C
D
E
P
G
H

oI,

Receiving
Milling
Press

Screw machine
Assembly
Plating
Shipping

J - Dummies

Problem 3

A

T o "4 = O a o

Restaurant

Club restaurant

Bar lounge

Kitchen

General storage
Naiting preparation
Rest rooms

Cashier office

I
J
K
L
M
N,

0,

63

Lobby

Stage

Dance floor
Private dinning
Workers lounge
P - Dummies

Problem 4

A

o Q84 o o Q o

I

Woodcutting
Receiving
Framing
Upholstary
Fabric storage
Fabric cutting
Sewing
Shipping
Offices

J - General storage

K,L,M - Dummies

BS - Block size

PP - Placement priority
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DLACEMENT Wa> A C B

Figure 12, Problem 1 - PLANET final output with,
BS= 500 sqg ft and PP=01 for all departments.
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Figure 13, Problem 2 - PLANET final output with BS=200
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or departments A
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Figure 14. Problem 2 - PLANET final output with,
BS=500 sq ft and PP=02 for departments

A and G.
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3 JUN 82 67

NUMREE OF DEPARTHENTS = 7

UNIT BLGCK SIZE = 5CUUU
INPLT DATA IS IN THE FURM GF A FRCM-TO CHART.

THE TYPE ©CF SELECTICN METHOD USED?

TYPE 1 A LAYGUT wIoLL BE PRINTED CNLY AFTER TRE LAST ITERATIL
b ]

TYPE 2 A LAYCUT wiiLa BE PRINTED CNLY AFTER TFE LAST ITER!TIF

TYPE 3 A LAYOUT hiILL BE PRINTED CNLY AFTER ThE LAST ITERAT.C
*N

Figure 15A. Problem 2 - PLANET output, page 1.
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INPUT CATA FCR ECEPARTMENT
BLOCK ALLGCATICNS

- e e e em e owmm mm wmm wme  wme e e e e e mm wmm e e mm e e e s e wm e em e e e

JEPARTMENT niwulRel NUMSER CF PRICRITY RENMARKS
SYMBuUL AREA ELOCKS
A 1£G00. 24 L
B 80C0. 1¢ 1
C 60U 0. 12 1
J 1200v. 24 1
E 8000. ié 1
F 1.0u0. 24 1
G 12000, 24 1

7 DEPARTHMENTS AVAILABLE FCOR ARRANGEMENT.

Figure 15B, Problem 2 - PLANET output, page 2.



NORMALIZED FRCM-TO CHART
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Je 0 Ve O
Jed VPRV
Je30769 Uel
Ua Oe U
Ja L7892 U0

Ued JeV

Oa46154 C.38462

0.0

Jd.0

U« 0

0.C7652
0.23077
C.C7692 0,153¢5
CeZ384¢ C.0
C.C 1.0903G0
0.3234€2 0.0
GaC Gei

Pigure 15C, Problem 2 - PLANET output, page 3.
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Figure 15D, Problem 2 - PLANET output. page L,
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CeC765 CllE33
05.5385 C.0
g.¢C 1.284%
1.284¢ (.0
0.53£5 1.C0CQ

CC3T CFART
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Figure 15E. Problem 2 - PLANET output age with

BS=500 sq ft PP=01 for all departments.
Al ternate layout #1
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LAYLUT CCET 41.
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Figure 15F. Problem 2 - PLANET output, page 6.
Alternate lavout #2,
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LAYOUT CCET
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Figure 15G, Problem 2 - PLANET outout, page 7
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Figure 16, Problem 3 - PLANET final output with,
BS= sq Tt PP=02 for department

G, H and M.
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LAYUUT CO=T 128.

PLACEMENT WAS

Figure 17,
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Prab - PLANET final output wit BS=
sqg ft and PP=02 for departments 3, H and M.

= [a] (] O o o

75

(2 S o T o T = TR S A o]

(@]

(@]



LAYOUT CCST 117.
¢ € € € ¢C H F
c ¢ € € ¢ H I 1

c ¢ ¢ € c ¢ 1 1 t
c ¢ € ¢ € C L L 1
J J J K K K K C L L 1
J J K K K K L L L
8 8 8B 3 8 09 0 [C C
B B 8 83 B ¢ D L €
B B B 3 B L o [ C
B B8 s 3 8 0 & € C
B B B8 B8 3 0 & C C
B B B 8 A A 82 A
A A A A
A A A A
A A A A
PLACEMENT WA 4 & C &8 o0 Ff E L I A M H &

Figure 18. Problem 3 - PLANET final output with BS=30
sq ft and PP=01 for all departments.
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LAYGUT CoST 147,
H H H H ¥ J J J
H H h H F J J J J
H H H H F J J Jd
H H H H F J J J J
H H H H F S 0D 0 0 D c
I 1 I 1 1 0D O D DGO TS C C C
i1 1 1 1 1 C¢cC o0& BGOGOGETCTCC
I I I I 1 CDODGODGOBDCTCC
1 1 I 1 1 0 DDDOD 2 C C ¢
1 1 I I I ¢ DD ODTETCLC € C
E E E E E E F F F F F £ C C C
E E E E E E F F F F F F 8 B B
E E E E E E F F F F F F B E E
E E E E E E F F F F F F B E @B
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PLACCMENT WAS E F 6 O 1 C ® A J H

Figure 19. Problem 4 - PLANET final output with BS=32
sq ft and PP=01 for all departments.
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LAYOUT CosT 148,

€c ¢ £ € € € C
c ¢ ¢ ¢ c ¢ ¢ I 1 1 1
¢ ¢ ¢ ¢ € ¢ € I 1 1 1
c ¢ ¢c ¢ € € €1 1 1 1
¢ ¢ € € € € I 1 1 1
£ ¢ € C ¢ € 1 1 1 1
J 4 4 D C E D O D L F F F F
4 44 D C TC D D DTL F F F F
J o 4 D LT C 0 B C L F F F F
J 4 3 D T D D B D T F F F F
4 4 4 D C O D D B O F F F F
A A 2 A A B B B B E E E
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A A A A A A B B B E E E
A A A A A A B E 88 E E E
A A A A A B B 3 E E E
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PLACEMENT WAS © F E B G C A J I H

Figure 20. Problem 4 - PLANET final output with,

BS=32 sq ft and PPF=02 for departments
H and I,
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LAYLUT CCsT 106.
€ € £ € C
A A C C C € C
A A A A C C € C C
A A A A C C C € C
A A A A C L C C C

PLACEMENT WAS E FF G D B C€C A J I H

Figure 21. Problem 4 - PLANET final output with,
BS=64 and PP=02 for departments H and I.

79

G

Ca

.



80

ALDEP

ALDEP output indicates +that it not only generates a
large number of alternate layouts but also produces variable
layouts by changing the input values of any of the four
quantities. The input quantities that can be changed are
unit square, sweep width, random number and degree of close-
ness. ALDEP prints a score and the highest score gives the
best layout. ALDEP calculates blocks for each department
based on unit square. If the departmental areas are not
exactly divisible by unit square, the final layout obtained
may have under-or oversized departments. Also when the
unit square is changed the input format statement has to be
changed. The complete ALDEP solution with five alternate
layouts for problem 2 is given in Figure 26A through Figure
26H,

Table 15 gives the values for the four quantities, scores

obtained and the resulting layouts for the four problems.
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TABLE 4
ALDEP Summary of Results

Problem Unit  sweep Random Degree of Highest Figure
square width number closeness score

sq ft
1 1000 1 0931 01 Lo 22
1 1000 2 0931 01 168 23
1 1000 1 0931 6l 160 24
1 1000 1 0397 01 136 25
2 Loo 2 0931 01 250 26E
2 %00 3 0931 01 258 27
2 400 2 0931 64 210 28
2 Loo 2 0397 01 250 26
3 25 3 0931 01 k30 29
3 25 4 0931 01 Loé 30
3 25 3 0931 64 326 31
2 25 3 0397 01 360 32
L 64 3 0931 01 536 33
4 64 L 0931 01 592 34
L 64 3 09931 6l 536 35
L 64 3 0397 01 528 36

* The higher score indicates a better layout.
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Legend
Problem 1 9 - Lobby
1 - Shipping 10 - Stage
2 - Warehouse 11 - Dance floor
3 - Receiving 12 - Private dinning
13 - Workers lounge
Problem 2

14 or 15 etc - Dummies
1 - Receiving

2 - Milling Problem 4
3 - Press 1 - woodcutting
L4 - Screw machine 2 - Receiving
5 - Assembly 3 - Framing
6 - Plating 4 - Upholstery
7 - Shipping 5 - Fabric storage
8 or 9 etc - Dummies 6 - Fabric cutting

7 - Sewing

Problem 3

8 - Shipping
1 - Restaurant

9 - Offices
2 - Club restaurant

10 - General storage
3 - Bar lounge
11 - Dummies

L - Kitchen
5 - General storage SW - Sweep Width
6 - Waiting preparation US - Unit Square
7 - Rest rooms RN - Random Number
8 - Cashier office DC - Degree of Closeness
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TEIAL LAYCUT 2 S5CORE = 4y
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TERRACZ LEVEL
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ill 15 NECESSARY RELATIONSHIPS.
112 111

Figure 22. Problem 1 - ALDEP final ocutput with
SW=1 US=1000 sq ft RN=0931 DC=01.
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UNDER THE RULEs FOR EVALUATICN, THIS LAYDUT SATISFIES ALL NECESSARY
ILATIONSHIPS.

Figure 23, Problem 1 - ALDEP final output with,
SiW=2 US=1000 sqft RN=0931 DC=01.
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Figure 24. Problem 1 - ALDEP final output with
SW=1 US=1000sq ft RN=0931 DC=06k .
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TRIAL LAYDUT 3 SCURE = 135¢
€ a
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Figure 25. Problem 1 - ALDEP final output with
SwW=1 US=1000 sq ft RN=0397 DC=01.




QEPARTNENT REJVIRES AREA HOe SQUARES

111 12000.30G 30
112 3003.000 20
113 600J e 00U 15
114 12009.009 3Q
115 £000.0090 20
115 12330.009 29
117 12G00.303 30
OEPTS AVAILABLE FUR RANDUM PLAUEMENT= ks

Figure 26A. Problem 2 - ALDEP output, page 1.
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Figure 26C, Problem 2 - ALDEP output, page 3.
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CRAFT

CRAFT outputs indicate that there are variations when
the initial layout is changed. CRAFT improved the final
layouts of all three layout programs viz. CORELAP, PLANET
and ALDEP, CRAFT prints out the amount of dollars saved
in material handling cost. The average percentage of cost

reduced for the problems 2, 3 and 4 are:

Initial layout Ave % reduction (2,3,& 4)
CORELAP final layout 18%
PLANET final layout 3.5%
ALDEP final layout 18, 5%

The complete CRAFT solution for problem 2 is given in

Figure 39A through Figure 39F.

CRAFT could not improve the final layouts of problem 1
obtained by other methods (Figure 37).
The results of the CRAFT solutions for the three prob-

lmes have been tabulated (Table 35).
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COFAD

COFAD produced the same layout as CRAFT, for problem 2.
The data inputed and program is similar to CRAFT (Figure 47),
and it can be considered an extension of CRAFT.

Among the two alternate material handling equipments,
fork 1ift truck and electric platform truck, the results
indicate that the fork 1ift truck is cheaper to operate.
$2732 per year for fork 1ift truck compared to $3821 per year
for electric platform truck. Sensitivity analysis indicated
that at 110% of flow volume, three fork lift trucks may be
needed or else only two are sufficient. At 100% of flow

volume, the percentage of utilization of fork 1ift truck

was 97%.
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DISCUSSION

Each problem has been evaluated as tc whether or not
the layout programs honor the input relationships, when other
input quantities are changed.

Two departments having either "A" (absolutely necessary)
or "E" (especially important) relationship inputtea ,are next
to each other, then it is termed "The layout program honors
the relationship ".

The results of the specific relationships that were
honored or not honored by the layout programs, are given in
Table 6, 7 and 8 for problems 2, 3 and 4 respectively. A ge-
tailed analysis of each problem is given in the next section.

In problem 1 both CORELAP and PLANET produced almost
identical layouts. The layouts generated by ALDEP were not
different, except that the departments were split. CRAFT
could not improve the final layouts of CORELAP, PLANET and
ALDEP. This problem is, of course, trivial.

In problem 2, all three layout programs gave different
outputs. But both CORELAP and PLANET generated layouts
that honored all the departmental input relationships (Table
§), All but one ALDEP layouts honored most of the relation-
ships (Table 6). ALDEP produced a suboptimal layout,
when the input value for degree of closeness was "64". CRAFT
improved the final layouts of CORELAP and PLANET. The percent-
age reduction in material handling costs was CORELAP (18.6%)

and PLANET (6%). It could not improve the final layout of
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ALDEP. The minimum material handling cost layout was obtained

using the final layout of CORELAP as the initial layout in CRAFT,

In problem 3, the layouik generated by CORELAP indicates
that when a value for element square was inputted, it pro-
duced a better layout. CORELAP does not honor all the rela-
tionships, when it assumed an element square. In Table 7
both CORELAP solutions show that they do not honor three rela-
tionships. But when the element sguare is not specified,
it does not honor a more important "A" relationship. It can
be infered that CORELAP produces better layouts when the ‘
element square value is used. The PLANET solutions show that
the best layout is one with block size 30 square feet and
a placement priority of "01" for all departments (Table 7).
When the block size and placement priority
are altered the program does not honor all the relationships,
resulting in sub-optimal layouts. ALDEF results indicate

that with an input sweep width value of “"4" and a degree of

closeness of "01", ALDEP produced a better layout( Table 7).
When a smaller sweep width "3" and a higher degree
of closeness "64" was inputed, the program does not

honor all the relationships. Changing the random number

had no effect on the solution.

CRAFT improved the final layouts of CCRELAF, PLANET
and ALDEP. The percentage reduction in material handling
costs wag CORELAP (18.6%), PLANET (6%) and ALDEP (20.9%).

The layout with minimum material handling cost layout was
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obtained using the final layout of CORELAP as initial lay-
out in CRAFT.

In problem 4, the layouts generated by CORELAP satis-
fied all the relationships that has been inputed. The solu-
tion obtained using an input value of "4" for element square
produced a better layout ( Table 8). The results are similar
to the one's obtained in problem 3. PLANET results indicate
that when the input values for placement priority are "01"
for all departments, superior layouts are obtained ( Table 8 ).
Changing block size has also resulted in a better layout ,
contrary to the results obtained in Problem 3. However
when placement priority values were changed, a sub-optimal layout
was produced, similar to the results of problem 3. The ALDEP
solution obtained by using "4" as input value for sweep width
and "01" for degree of closeness, was the best layout ( Table
8). When the input values for sweep width, random number
and degree of closeness are changed, the program does not
honor all the relationships resulting in sub-optimal layouts.

CRAFT improved the final layouts of CORELAP and ALDEP.
The percentage reduction in materials handling cost was CORE-
LAP (22%) and ALDEP (34,.8%). CRAFT could not improve the
final layout of PLANET. The minimum material handling cost
layout was obtained using the final layout of CORELAP as
initial layout in CRAFT

It can be concluded from this study that the scores

generated by layout programs are of no consequence when



130

*1 Jo £3taotad quewsdeTd peudrsse aaey °*s3dap TIV - 10

*g¢ £31aotad juswederd sey 1 °jdep pue gg A31aorad juswedeld seY y °3daQ - 20I 20H
¢ "adep pue [ ‘3dep usemieq dTYsuollBTAJL dYy - (d)2 (V)T

SS9UaS0TO JO 88Jadeq - g

Jaqunu wopuBy -QONN

aaenbs jquouweTy - <g

9ZT8 )OO0Tg - <g

mﬂ:mﬁprwﬂcp ayj3 Jouoy jou sS9og - X
u u -
TYsuoTjeIax ayj sao ow:m wm
X X / / / X X / (r)ot (H)8
/7 A T A SR
/4 /S /) X x / /  /  /  / awm (a)4
r: 7 [ z X X / /S /7 S/ (1)9 Amwm
x / / x x [/ / /4 [/ X / /[ (1) (a)e
/ X x [/ [/ L £ L X £ L / a (0)€ Eﬁ
A A A 1
/ /7 /4 /4 /4 /S S /S S L S/ v (g)2 (V)1

9 S -t SE 9€ HE €€ 12 02 61 IT O
‘91d ‘Frg 'Fra FTd 'Fra *Brd ‘914 *Frg ‘T4 F1g *FT4 ‘T4

201
i € 20H <201 H ST
w 1a op 90 &6L0 ne  Ms mm.mom|.ﬂmm
qnofer Terptur O d'ON°H :mm mmm . ss¥ oN dTysuoTjeTey SjuUsUW}IEdaq
' =g 2E=sd
TIva) TAATV IANVId  dv'Id900

sdtysuoTjeray Tejusujaedsag Jo uoljeniesy - 4 weTqoad

g8 dTAVL



131

comparing layouts obtained by varying input quantities
for the same problem Of all the construction programs PLANET
seem to produce better quality layouts and three alternate
solutions. In case of improvement layouts, where the objec-
tive is to minimize material handling cost, CRAFT produces
the best layouts. If a new layout has to be created from
scratch, with an objective of minimizing material handlingcosts,
then the combination of CORELAP and CRAFT produce the
best results.

CRAFT is suitable for evaluating the layouts obtained
by other layout programs. And if alternate solutiorsare
to be generated, PLANET produces up to three layouts.

A few general rules that would aid a layout planner
utilizing the layout programs can be stated.

In CORELAP the input value chosen for element square should
be the highest common dendminator ¢f all the departmental areas.
It does not produce an under or oversized layouts, when the
element square is inputted. In general, better layouts are
obtained if the element square is specified as above.

If the objective is minimizing material handling costs,
then the final layout of CORELAP can be inputted as initial
layout in CRAFT to obtain an optimum layout. The CORELAP and
CRAFT combination wusually produces the best layouts.

In PLANET, the input values for placement priority
should be "01" for all departments. The block size should
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be the highest common denominator of all the departmental areas.
If more than one exists then the program should be rerun

using different block sizes. The program is useful for
generating alternate layouts. Among the construction pro-
grams, PLANET is a better program than either CORELAP or

ALDEP. And if the objective is minimizing material handling
cost than the final layout of PLANET can be used as initial
layout in CRAFT to obtain an optimum layout.

In ALDEP, the degree of choseness should be "01",

Sweep width and random number should be varied and the program
should be rerun until no higher scores can be obtained. A
major drawback of ALDEP solutions is that it splits the depart-
ments. If the objective is to obtain a large number of
alternate layouts, then ALDEP produces upto 20 layouts.If
material handling costs have to be minimized the final layout
of ALDEP should be inputed as initial layout in CRAFT to obtain
an optimum layout.

CRAFT should be utilized to evaluate the construction
programs. And its the best layout program, if the objective
of the layout planner is to minimize the material handling
cost.

COFAD should be used only if the layout planner intends
to compare alternate material handling equipment and perform

sensitivity analysis.
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This report has been an experimental study and there
is scope for a more detailed study. The following factors
should be considered in future studies, involving the com-

parison of the layout programs.

1. A greater variety and a larger number of problems
including much more complex problems.

2. Evaluation of the layouts based on having someone
with through knowledge and experience of the
particular problem.

3. The effects of changing the input values for depart-
mental relationships on the layout solutions in an

iterative fashion after initial solutions,

Involvement of the layout planner and actual layout
problems in industry would provide a more meaningful basis
for a future study. As the complexity of the problem in-
creases (i.e. more departments), computer aided layout should
be easy to work with, to obtain crude layouts that could be
massaged by the layout planner before implementation.

With interactive computer aided layout, it should be
much easier to change layouts (or input quantities) to get
the desired final layouts. Due to the inherent advantages
of interactive computer aided layout there will be an increas-
ing use of these programs in future. A study aimed at the
easier selection of a program for a specific problem would

help reduce the layout planner's time in arriving at the op-
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timum solution. This could be a big step in enhancing

the productivity in industry.
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ABSTRACT

This study was an attempt to test and compare the five
plant layout programs viz. CORELAP, PLANET, ALDEP, CRAFT and
COFAD. The factors considered for comparison were:
generation of alternate layouts, minimum material handling
cost and variable input characteristics in the programs.

Four layout problems were sclved using these programs.
Each program was run on the computer several times by chang-
ing the input quantities for every problem. The layouts
obtained were evaluated, based on whether or not the layout
programs honored the departmental relationships.

The results indicate that PLANET generates better lay-
outs among the construction type layouts (CORELAP, PLANET
and ALDEP) both in terms of honored relationships and alter-
nate layouts. Also a combination of CORELAP and CRAFT (exist-
ing type) generates a minimum material handling cost layout.
Among the existing type layouts (CRAFT and COFAD), COFAD has
additional features like alternate material handling equip-
ment and sensitivity analysis, but both produce the same
kind of layouts. J

A few suggestion have been made regarding the input
characteristics of the programs, which would aid the layout
planner to utilize the programs more effectively. In most
cases the layouts produced by these programs are not final

layouts, they have to be "massaged” before implementing them.



