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. © " ABSTRACT™

g, A8 ) . # . w0, b*. o
This thesis is concemed with' the snlutmn o! 2 Fncllmes Layout Problem '

using jcal P 3 i i heuristics, applied statistics, A’md
specialized algoTithms peculiar to ‘operations research and computer science. The

[N ‘ core.of an expert syétem has been devélnpnd that can generate sdﬁ-optimal solu-

tions for the FLP veing a micro oW ini A knowledge base

of a construction algorithm, an 1mprovement nlgomhm, a mmlmax algomhm i

equlpment'selecuon and mnterml handlmg optimization nlgonthms, slmpln nnd. »

mulnple line balarkmg algonthms ete., ., has been déveloped. Heunstw rules hnve Y

been used for development of all the above meu!loned Algonthms excepl the

minimax nnd muterm] handlmg optimization routma The Mlnlm X al ‘santhm

5
was based on the solution,: of -3 generahzed Stemer-Weber problem and the

material- handling optumzatmn—was uchxeved using a'genersl\;ed n-dxmenslonpl

khnipsack'pmblem‘model.

e -

o A declslon support system that il ¢ the’ *of 'a pro 4

layout and decldes whether £ layout has to be chnnged at a'given tnme penod has -+

" beed de P uslng the rincipl cl' tisti quahty contml theory.and deci-

sion ﬂl‘l&lysls The algorithm utﬂnzes data from the other programs ‘mentioned . ’
. above and for a given time span ol operntmns and the ulevnnt costs, gwes ‘the

alternatives to the decision maker or._ calcilates whethgr the layou(. chnnge ls a

praﬁtahle one. This can be considered to be the m!erence enpue af the experb

L ' '_ N “system. A set of utilities that caleulate the various parameters have also been

e C = . ik
PR e .
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B developed They mclude a stepwue and mulnple regraswn algqnthm, time senw
) nnnl,ysls, linear programmmg using simplex methqd and a random access data
" base. . . ) . g )

T The whole system has been, developed to be tlghﬂy integrated in the sense

that dnta rrnm ﬂre output of one slgonthm can he llsed in the rest. For ‘this pur-

pose, INLA.PS (lnlegrned Lsyont P]annmg System) has a modular structure with~
six shells, nnmely LAYOUT, MATERIAL BALANCE DECISION, UT]]..IT[ES

: nnd HELP for (ncllmu layout mntenal lmndlmg opumlznuon, line bnlanc\ng,

the deuslon support syslem, various utlhtles aud help, mpeetwely Ench of these -

shells hn\'e vnnous modules thnt czmy out then- rupectwe functions. All the pro-

‘grams are menu-dnven thh a detmled help facllny

o
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o i = \ © ' GLOSSARY . ) -~
2 " The-following abbrevmuons and symbols have been used as glohal variables”
L in various modulesznd shells. p, g, 1, 8t and z denote-mxeger value§ guclrna

number sf equipment, mlmber ol‘ departmental moves, types:of eqmplrof, typu
of departmental moves, production periods, module nuinbers and numbgr of vari-

o ous costs ccnsidere'd “i.and j

p vth'e i 4 types and’int
¥ -

mental moves, or . .the matennl (:w and lacxhty data i in various n‘xodules The

v | algorithms call Yor a number ul ummy ar‘h;ys fu: mnmx manmuluhunx, cam- -

P parisons etc and they are denoted by pz, qz, rz etc., whea. £ dénotes an

i @ integer I, 2, 3, ... n. Variable names am{z,y), aal(z,y/), pnl(:,y), qua(z,y),‘ u’a{z,y}

\ ©* " and ‘binfzy) are global logical variables that denste the,truth statss at various
N . . s o T . . :
modules during- différent processing stages.- They are explained in detail in

s Ch’npter 5 and the particular valueg denoted by these variables can be found out
% & e ¥

“from thme ﬁow charts.

4 cbnz pointz, tounlz, ‘contz, getz, uienz“nd pnmlew nre l,lfccunte

where z ranges from 1 to n. Cost fur o and' bj

3 R ?
represented by Cz and Zz respective]y mrm, urtb sortc etc denote the,

.

sorted arrays .zmd matricés-of the global vumbles menhoned above Some of the,
.

< more xmportant abbr ['vnmbla are explail

d below. A complete dacr_lp-

appropriate section in Chapter 5. . : < -

__tion, and listing of variables in each module or sub-module can be found at the




1

-xi- .

tot(i,j) = the total operatjng time equipment, type i requires to\complete mdve -

Je

aea (i) = the average speed at which the equipment performs.

cce(f) = the carrying capacity of equipment type i
aot 4 - = the available operating time for equipment i '

tcu(i) = the capital cost of one unit of equlpment type i

" ace (i)' = the operatmg cost incurred by usmg eqmpmem | S

- fdi(j) = the flow between qepartment pair j

rdd(j) = the rectilinear distance bétween department pair

» .
toc(i,j) = the total ing cost of perfc H' move j with equi i

npe (1), = the number of pietes of seleited Squipment type i [

p ﬂodefr ) = number of, dep )’tmeuts cunmdered for-local maxima -
rél (i ,;) = relauonshlp between-adjncent noda 4 :
" mal (l g) = totnl ulosenas ratmg msmx s

§ P50 Corar
namesz (i ,/) Jequxpment nnr‘us in Eqpselect module. i

‘wught(u W5 _-welghts B‘mgned to equlpmegc

. v @ -
opemtmn - . % ¥

d while sélectipg

char(i,j) = production period

oyer‘(n‘ ,J,k) = operation value for each ‘machine type per production period for .

‘,eachprod\mthn Pl I

Lbof (§,§) = values frombeltconveyorshort Torm table

values ?rom five roller short'form table,

-
!




-

s,

.. v “
wse = sum of shuare errors

- xii -
widihe (7] ==-width bebwesh Trame members i & conveyor
Jrice(i) = frictim}”hctors in conveyor design
Tenc (i) = length of conveyor - design values
powerc (i) ='horsepower required for the conveyor
not = number of trials needed for the Comsoal A]goriti:m ’ * /

n;L' = number of tasks to Se.performed S
vmcl (i) = m’a«imm;\ cyele time for each muk‘ N
nump (f) = number of ’ratasks for eavh ta.sk

Tz (i) = tlme req\ured to cnmplete ench lask \

listone (i) = precedgnce luhng of the, various tuks

cod = coeﬁciem of determinntign

= standard devmzwn, of esnmﬂﬁed vnlues r

Jlll! = welghts assxg‘ned Ior vm’ ables

smtlshcnl analysis’ modules”

I_owla ‘= totpl welghis assigngd to ench array £

wmagns ' = (velghted meany . .- - . '
© coe, f / =‘coeﬂ’|clents of.regression equations
errcof = smhdard exror of coefficients e T

malz(: sF ) = matrices for sum of squares and cross products
resum resxdnal sums ol‘-squares and. cross products N

corr (i) = correlntlon coeﬂiclents .
. i

parcor (i) = partial correlation coeficients

matinyz (i ,j) "= inverses of the matrices dsqribbd sbove - zfrom1to n-




- Xiii - ¢ 8
-trans(i,j) = transformations of variables to k);mthms or polynomials_-+

selected by the appropriate pointer.

; . 8 ) .
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Chapter 1,

INTRODUCTION

B The solution of a Facilities Layout Problem (FLP) is an _important factor for

|zat|on Statistick Engi and Math icians have tried to solve this prob-
[em in a variety of ways using Qu:drau: Programming, Branch and Bound Algo-'
rithms, Modular Allocation Techniques, Sub-Optimal heuristics and Graph
Theoretic Téchniques. "Algorithms that have been developed are complex, making -
use of cnmbmntorlsl mathematics as well as heurm\c tethmq\\u, and glvu sub- '
E optimal solutions at conslderable exp;n!p Qune often, quull ative considerations
partigular to :{ulhty are ignored due to the nsumptlons in the nlgomhl_ns. The
objective of this study is to develop an integrated approach. to sblv; the Tacilities

allocauon ptoblem efficiently Ahd explore ways to improve the suu of the lrt
A"Year coneept of the layout as a system is “essential bel’are deﬁnmg Whll

exactly is the FLP.“The main features of l“lnyout -are elplunet_i‘ below.

- . 3 .

1.1 . THE LAYOUT :
A layout may be considered as a system comprising mary different, indivi-

.dunl, i ing facilities, or dep each facility or department. being a

subsystem within the whole. A layout can significantly affect the ability of the
prudnctioi unit @'function efficiently as a complele ;ystem Hence the efliciency
of a layout.should be consldered when designing a new lnyout as well as whcn

dendmg about. chmgmg the - exutmg llyont An qﬂ'ment hyoutﬁty be defined

produttivity and more ical op ina ing Ofgan- . *




(Muther, 1976) ‘as one that minimizes transportation costs pertinent to the lay-
out, coordinate with other factofs which coniribute to msking the layout an
" economical and viable propdsition: :rhe' otlier factors mentioned here may.include
flexibility, space utilization ete. as well as ergonomic, technologxe:l and psycho-
logical factors". A change in the system layout is lppmpnnle i e cost of
ell’ectin; the. change is less than the scvmga that would acerue due to nn
" increased efficiency resulting* from the chan‘g_q. ‘When change is advocated on ‘this

‘basis, the existing layout may be considered redundant. 53

Muther (1976) has postulated the following as basic principles for the layouy

of plant and equipment. - 3 . \ﬁw % 5 LI

a) INTEGRATION : That layout is best which integrated the men, materi-

- als, machinety, supporting activities 'm_d any other considerations in & way ~

N thn mmlts in the best compromlse N "“

* b) DISTANCE MOVED : Other things being equll that layouu best wh.a.

- perml'.s the material to move the minimum distance between operations.

" ) FLOW : Other things being equal, thatlayoit s best which urnngé the

< work area fnv each operation or pmcss in the same order of sequence that

E -
. forms, tren'.l or mcmhles the mnteruls =,

d), SPACE UTILIZAT!ON Economy is to be obtaired by nsmg eﬂ‘ecnvely

all available tpue both vemul and honzonnl

¢) SAFEYY ; Other things bcm; equal, the lsyout is best which makes work

snmfymg and ul’e for the workers.

I)‘FLE_DUBILITY : Other thinp being equal, that layout is best which can He
P s ) % 5




. : .
adjusted and at minimum cost and'i nience.,

. ) -
1.2 FORMULATION OF THE FLP :

The primary objective of Plant Layout (Apple, 1950) is t plan the arrange-

ment of facilities and 1 so that the ing process is carried out

as effectively as possible. To fully realize the importance of Plant Layout, in the
general context of manufacturing industry, the following ‘fundamental’ concepts

(Lewis & Block, 1979) havé to be examined. . -

1." ‘The major part of production work is not processing, as usually supposed,

but material hindling.

2. The spéed of ion in a plant ‘is d ined primarily by the adequacy

‘of its mate‘ul—handling facilities.

3. A good plant layout is designed to provide the proper.facilities for matérial
handling as well as processing. )
4. The factory. building is. altered or constructed around the prescribed plant

layout design.

5. The production efficiency of a plant is ined by the limitations of this

Tayout. -

From the above,list/ol ‘fundamental’ toncepts, we can conclude that the

major cost ibution during an beattri o erials han-

2

dling which is controlled. by the plant layout. The primary objective is to‘minim-

ize some cost (usually ‘materials handling cost) of the plant. This is achieved by

=




P

lant.

The most general Pnd~ 11
o .

was gi(fn

as early as 1983 (Armour et al) and is quoted as below.

d

L

- i}

a

b

“‘ Given a physical area rep i loéntioni ilable for " by the
eliurtments in the plant, n is possible to deﬁne twntricé

SPATL\L RELATIONSHIP MATR[X D : This matnx coutams valuesr
‘% representing the distanee betw.een the Iocations availahle in the plant, usu-
nlly the distance is between the center pomt of the locauons

COST RELA_TI()NSHIP MATRIX; E : Tlns matrix contams' valua N
representmg some cost per unit. dlstance between the departmencs in & plant,
thls bemg an average over a smtable mtervnl of hme ' '

hssuming that 3 g
-
) Both the E and D matnees are symmetncal i e, there isno dlshnctmn

hetween going to and commg from a location or.a deputment

) -Any deparcmgnt can occupy any location in the plant,

E department is uniquel, d to a location. ,
c) very dep: G iquely uﬂg\ne o a local .mn

it is possible to define the total coe;, of the luyout Cy, as follows.” . .
- [ 1
’

z;;;e,,,,,-_ . s

iml =

'_This'equntion defines a qnadratic‘assignmgnet problem.

" Use of the above d hyoni PP Y L.req'uim the. of gross .
R o : 3 T : z

X assmﬂpt‘iops. Cost and Flow data are nsélimed to exist for conditions which are




~

e

with the model assumptions (Vollmann, 1966)

definitionally unknown. Materials handling costs are assumed to be linear, inere- &

mental and assignEle to specific activities. Flow data with stochastic properties

are assujed to be deterministic and the 'l;lluu:tian' of other system problems K
Y

with the layout problem is imn&. Approaches are frequently adopted or advo-

cated without adequate attention to the compniﬁilily of the problem situation

In addition, qualitative aspects of the problem are either ignored or given

very little importance.

1.3 OBJECTIVES : : . i .

Methods that have been proposed are cither too complicated, involving

exliei‘sive CPU time, or hi;llly subjective in nature. Also the comgiei l';llﬂlémlfk ¢

nl lamulalmn: ‘of the available alge ri make it i ible for a I
v — 3
- ing ensmeer to input qualitative considérations pertinent to his own layout. h

®dditioa all khe solutions generated are mntl\emnhully, sub-optimal even MH

they are called optimal solutions. An attempt has been made in this study fo

quantify some of the subjective aspects of the decision making regarding the

~

change of layout and to develop an algorithm that is economical and easy to use. Y

The'objectives are as follows :
i) To build n mathematical model for the laymn chinge decision nmly'sis.

- i) To m’o\ude an easy-to-use tool for manltormg the efficiency ofs layout

')

. and sumt lhe necumy of chnnge

iii) T develop alorithms that ensnre'ln oplimnl/-ulnopilm-.l solution for
5 - 1

' : ' =X .. R




the FLP. n .

iv) To ensure that these algorithms are easily codeable in an inexpensive,
2 & R

micro/mini computer environment.

.v) To develop a software package using the above algorithm.

Ina facturi rization, most of the ivity improy are

achieved in an existing set up_without l‘nodi!ying~ my of the system con?fnin(s

But aftempts are mcreasmgly being made to (Tompkms & Whme 1984) change or

modxry the ;ystem nselr 0 lhat ‘it becomes more eI‘icxem Flexible layouu and

modulnr nllucauon techniques .are some oI the. reanh.s of this ph)loaophy Even

though these tools are vailabl toa isi dstri eng'meer, it has been

found that there'are few aids that help dna rnumpl and smnnﬂc ‘decision mak-
{

ing process, _The s}nlutgcll decision ma.kmg'model as proposed'is one w-y of

- {

~ qusntifying a subjective decision. = - =

_Rather than partigipate in the decision making pFocess regarding the struc-

ture of s layout, facility planners nimost slways react to, the needs defined by,

others. Even, though this is und dable, ‘considering the ity -of the

+ in 8 layout. Hence |¢ was proposed that a smumeal decmon making tool be con-

pmblezn decision. wols are absolutely necssary to justify the need for a- chmge

“

suuc!ed which will i > the priniciples of engineeri dulgn

Il' an organization. contmuously \lpdntes its prudnctmn opernhons to be as

prodllctlve as possible, then theu must be contmuous relayout and rearrange-

“ ment n.clmty in progress. Only. in rare smuhons can a new process or a new

piece of equipment be introduced into a new system wnthout disrupting- ongoing
(] - *




| = . T
* activities. A single change may have a sigificant impact_on integrated technolog-
ical, management and personnel systems, resulting in sub-optimization problems.

. & @
" This can only be avoided or resolved through the application of facilities design

concepts. ¢ \ s ¥

Once the decision to change a layout has been made, the planning engi’neer
% N 2 :

needs an easy-to-use tool that will ﬁelp him allocate the facilities to thv: proper

¢ i

locations. Algorin:mx and solutions have been proposed before’for solyiug this
problem but most of the fonpulatlods are not. pructlcnl for - regulnr use. The rea-
soq‘ for this chude use.of expenslve\CPU time, comphcated and mtncnte nnture

of i i l i upects of the problem, and lack of a

systéms concept in the ol\Qons obtag;led by computer methods Iz was felt that
an algomhm to solve the FLP u: using n[ mi@mpnter would be of grent use in a

h

- practical envi An i iscipli
L)

theoretical support from the sciences’ of Mathematics, Engi ing, S
Operations Research and Production Management.
3 ) i , )
Although the task of designing or d ining the : of

and related work areas is only one facel; of the total facility planning process, the
" development of the best possibl; facility Ae§fgn was. ‘cunsidefed cenlral to the
facility planning lctmty It was deuded to propose an algomhm whnch would
integrate as )nr as posslble, the different typlcal facllmes dmg‘n ob]ecuves Some

of these different objegtives, which may even be cm;ﬂicting are given below.

= a) Support the objecti _of‘]ile iation through improved ial

. handling, materials control, and good.housekeeping. < e

was proposed involving " -




pr'obler‘x;,

and flﬁériba'thé objectives, chapter twe traces the development of concepts and '

bj Be flexible, effectively use people, equipment, space, energy, investment
etc and provide easy niaintenance.

¢) Provide employee safety and job satisfaction.

An organized approach to facilities -planni;ag' is presented i‘h'zs work and
the general nppmncﬂ to the problem is based on the familiar engineering design

process which goes through the stages of defining the problem, analyzing the

/

carrying oniihg design. E

‘The text is divided into six parts. The first chapter introduces the problem

il techniquee thit are avnilable for zhe solut‘ion of the problem', the third~ chnpmk L

contlnues vmh the sme ol the art but focuses moré dlstmctly on the stochmhc_ ;

5 probablllslm pmcesxes and che heuristic methods Chnpter four explores ways of

the ials handling p ses ad well as

in the gener\tion of the layout plan and describes the ptual devel t of
5 . v . e
the algorithm. Chapter five degcribes the proposed system and the mathematical

formulations of 'the individual modules. The sixth 'cl;apter iompares the computa-

tionl }neqhods of the different algorithms "available and lud tiye work with

a summary of findings and the scope for future research. X

£

designs, evaluating the al ives, sdecting and /

N




Chapter 2 g

‘
[

THE FLP AS AN ILL-STRUCTURED PROBLEM

’
<.Fuiliti ign, sometimes called plant layout, is one classical area in which®

the indnstri}tjﬁi‘gineer has chosen to operate. Man has been designing the physi-

_ cal facilities.around-him over all recarded history. Diflerent people have examined

the FI,P from their own pmpecllvu Raemh‘contmnn since an efficient lnyont

I "

is of the fitmost imp in i the productivity of any
organization. -‘Stnttistié_s show that more than 8% of the GNP of the®S. goes to
wards' the construction of new.failities. - Hence a lot of research is.directed to-
wards the solution o this problemn. Peopls working in diverse areas like Archilec-
ture (Johnson 1970, Lee 1071, Mitchell 1670, Newman 1066, Stewart & Lee 1072),
Business Administration (Buﬂl & Vollmann 1963, Love 1069, Ritzman 1072,

. Vollmann 1968), Building sﬂme (Krejcirik 169, Month 1067, Whitehead 1670,

21 NATURE OF THE PROBLEM :

Whitehead & Eldm 1984), Civil Engmemng (Splnnus 2 Wadhn[er 1970),
Computer Suence (Edwards et al 1gZ#rSeehof & Evaas lu‘l], Computer Graph-
i¢s (Banna & Spillers 1072, Teicholz 1068, 1072), Industrial Engineering,
Mathematics, Operftions Research and Statistics ]uv.e made contributions to-

wards the solution of the FLP from their own perspectives.

» ¢
It has been suggested (Bénli, 1371) that an FLP can be categorized as an ill-

b v
. structured problem. An ill-structured problem, as suggésted by Newell (1969) has

some or all of the following characteristics :

i) It cannot be described exclusively in n‘\lm‘rica.l variables.




s

: . T}

i) The goal to be attained canmot be }Cu—hd by » quantitative objective
function.

\

iii) Algorithms that permit the best solution to be found and stated -in numeri-
cal terms do not exist. Y — ™

The.rationale behind categorizing the FLP as an ill-structured problem comes

from two soures. A llci\ity un_"be considered to have five components (Muther

‘& Hales, 1979) namely : ' E

'
a) LAYOUT The arrangement of activities, features and spaces amund the &
relntlonshlps that exist between them. . 3

e
b). HANDL[NG The methods of moving producu nﬁtem.ls people nnd
.

eqmpment betwun various pomu in the fmhl.y

). COMMUN'[CATIONS :The means of tnnsmming information between

. various points in the facility. .

4], UTILITIES : The conduct ..Ed. istributors of subst mge water,
gas, waste, air and power.
e). BU]LDING‘: ‘The form, materials and the structure itself. ¢
These five have complex inter—mlatianships nd h;nee the FLP'formulnion
should he bised on all of them, which is nmhemsmn&y infeasible. Also the
analysn mclude! quanmatwe dsh as well as qualitative information (Muther
1979) Bke: . ' . % #
v a) PRODUCTS/PERSONNEL Pment and llkely ‘Tyture charactemtlcs of

products and materials - me. composmon, finish, welght l‘raglhl:y ete., per-




. C = e aet
. . u
sonnel requirements such ss skills, attitudes, working hours, privacy require-

ments, nnd physical needs. - ¢ -

b) QUANTITIES : Present and likely futun quuuhes for mh produet or
nnuml and for each posmo‘n

¢) ROUTINGS/PROCESS SEQUENCE Present and proposed routings or

/.

m;nulnc'.lmng pnmss for w:h product and mxteml

_ dy SUPPORTING SERVICES : Building support mcluéin; mechanical dnd

electrical systems, air cbnditiﬂning nnd ventilntion, waste disposal,: pollution,

/ contml lxghtmg, plumbing etc., and. Personnel aupport like rood services, ’
) bresk and recreatloml l‘aclllues, parking, rredlt union, first aid etc &

.__- 4 e)' TIMING/TIME:RELATED FACTORS :ARutrlcuons’Vxnd yossibilitiu_.

Tegarding oveftime, extra shilts, extraprking hours nnd‘npl.ivity | -3

the interurehlionsl.lips between them: o " ) ’ o
3 Because of these complexities, A'; can conc‘lude that the FLP is an ill-sl.n‘lclured i

problern. lstructured problems c-%- R R
(i a) TOTAL ENUmAﬂON : Total enumerstion is leasil'rlle when the prob-

lem.is s’mau and the constraints are not many. This is the brute force«

appmu.ch where the compu?fis used as a fast caleulitor and all l‘he possible

-

are evaluated. This échni cannot be used for the FLP as the,

number of physically feasible alternatives would run into billions even for a
+ small helllty 3 . YE

& e’ ”

"b) comruqmmn TECHNIQUES This involves solving the problem by ——*

S 3 . h ical means or by i it hniques. The engineer rglnm the




O AR L T and-assumptions are manelsiber careful ,
evalluation of the constraints.of the problem, Sensitivity analysis can be pei-.
formed to evaluate the extent of influence of each of the assumptions and a

&, o & .‘ru.;oni.hlz‘ solution arrived at. ) .

’ . ) INTERACTIVE PROGRAMMING : Here the talents, of botb the m‘nn
and the m\:hlne are used in the sense that the problem solver handles cer-

tain subjective aspects of the problem while ‘the quantitstive snalysls s car-

ried out by the computer. The decision about the final solution is left to the

. *problem sover and the computer Jugt given mavaral siboptimsl solutions: /A

limited nnl)unt of work using .m.eracme.pmgmm}.mg applied to the FLP/

(Blnnn and Splllv;rs 1972, Moore 1971 wwmt and Lee 1972) has heen done. *

. . d) HEURISTIC PROGRAMMING : Thm mval‘vee ngomhm s Reveitlio- &
7Y - hncsctartitto of reliuelng ths smonnt of idereh ‘required v fid 4k ascipt-

able solution. A set of internal decision rules that can internally modify, the

“direction of search is built into the algorithm and this makes'heuristic pro-

icalfe to ill 4 . T

e) INTELLIGENT MACHINES : The T present day techm ues~are momy ¢
geared to the management of the system as in a CAD/CAM operation. The
- design Fiutricate and complu optimizing algorithms may lead t57an era T

where th: system would be cnp.lble ‘ot looking after melt

2.2- TFIE SOLUT[ONMETBODOLOG\”{ . o




can be studied as follows.
8) The traditional methods i =g
b) Mathematical ngrs!nming’meih;;ds
¢) Graph theory and list processors

d) Heuristic procedures

22. THE TRADITIONAL METHODS : | i .

Traditionsl * methods ‘classity ths' FLP: a8 ‘aufactiisiig o ‘nons
manufacturing, product-or procéss and initial or re-layout. problems. The ‘non-
manufacturing layout is not given much importance as it is considered analogous
to the manufacturing one. Usually .re‘com!r;endations were matle to. adapt the
tools of one to the other. Product liyout becomes a line-balancing problem here -
with-the assumption of standardized methad and, a re-layout is 'co'ngider;d con-,
ceptuall); thie same os an iniciLl layout but with 2ddeq constraints. This tradic .
" tional approach,leads (Buﬁu, 1967) to the selection of the initial, manufucturmg,
jobeshop Tayout as the-tost complex cide, with other types bt soiiewhit
unclllnry to it. ! :

Traditional plant layout tools included graphic and schematic models, two
and three-dimensional. templates, assembly charts, opetation process charts, pro- |
duct flow process charts, link annlysis, ete. These tools were used to minimize th’e‘
siiiterial oW by lositiag dipariaients 1 dueh Wiy that the volume of non-
adjacent departmental flow was minimized. The criterion !o‘r quantitative layout

;o . Lo
models was stated 2s the minimization of material handling cost, which was -
y : 2 2




assumed to be‘ ‘an incremental linear function of the distances belwee\n the com-
ponents of the system under study. These methods-are discussed in Immer (1950),
Mallik and Gaudreau (1951), Shubin and Madeheim (1951), Treson (1952), Muther
) (1955), Reed (1961), Moore (1962) and Apple (1963). o
2 »
- ! 5 " * The traditional methods werb intended for an analyst who used his own
knowledge and intuition of the system to input whatevér inspiration hé had. As
N they relied on the experience of the analyst they were highly subjective. Because -
of the changes in th; manufacturing processes and , methods the inter-

d licated

—__:elatmnshlps belween the various factors i above became o

and the need for more objective methodsarose.
bi trod

. The efforts by early practiti to he more objective led to the intrg ;

tion of travel charting, relationship charts, operations sequence analysis and a

" . host ofother methods described below. . : E .
i 0

By Travel charting was introduiced by Cameron (1952) and Smith (1953) and
== improved by Lundy.(1955), Llewellyn (1958) and Schueider (1960). Here flow pat- .
terns and volumes were established and a preliminary design made based h this.

$ . « . Statistics were thén compiled for the preliminary layout and i ges made

for a more efficient layout. Muther (1961) introduced the relationship chart as
' part ol" his Systematic Layout Planning (SLP). The method dystematically used

if - the closeness ratings in‘the_chmt.to identify layouts graphically. Here the- area§
§ <

and shapes were d and.‘n ive score “call d. The
T * sequence'analysis (Buffa, 1955) assumed that all facilities occupied ‘equal areas *

and that locations diagonally opposite ‘are adjacent. A sequence of operations




wue‘identiﬁn?d for the production of each item ,I.ld allocations to locations made
on the basis of simplifying travel for sequences of major items. Reis and Anderson
(1961) used their relative importaace factors to obtain aceurate estimatés of the.
closeness ratings. X .

" Some mathematical models were also developed by traditional practitioners. "
Wimmert (lﬂkﬂl developed a fmethod using linear slg.ebn that was subsequently
found to be based on wrong assumptions. E:oumy and Maxwell (1981), proved an
alternative formulation that could not be implemented for ‘unn:trivi'll problems

_ (Ritzman, 1972). Whitehead and Eldars (1984) deseribed a programmable algo-

rithm by allocating facilities to locations in the n‘rder of their importance, based .

. on the number of tnps m’mde to them Facilities were dmded into several elemen-
. ul usits sad artificially high )oumzy levels were defined bétween uaits of the

ame fclty to cnsurg that they wefe adjacent in the fnal layout. -

The traditional sy‘u.umnt'ic metkiods mostly depend on an nnlly:i; of.a rela-
l';nship chart or similar table. The layout was then constructed based on
minimum material handling. Unfortunately, most of the methods described above i
have the same (In}:ﬂ'nei:ncy as the v.'hemntic methods as they rely on the nnlyst
to keep lll aspects of the system in mind and then come up with an nphmum
e o, Nolution. The basic resspns-are os ollows: o

All the graphical and sylt.em;iic‘ approaches described .above’ depend o‘a‘ the
iy . analysis of material flow. Data is accumulated and lqryn'ized using charts or ) .
) iulri:d and ‘then analyzed so that the material flow between ,.noﬁ-ldjmn'I.

- departments’ is minimized. This implies a subjective evaluation of- alternatives ~




18

and because of a trial and error procedures adopted in -the analysis, they fail

when the number of facilities or depanments is large, say ten or more.

2.2.2 MATHEMATICA{. PE_hGR.AM'MING METHODS :’ .

+ In general, all mathemnucnl programming methods I'or solving the FLP fall

under branch-and-bound ‘i"‘ Branchi d: ding is one of f.he mosh

h

general to any ined optimization problem and involves an
intelligently structured search of the space of all fessible solutions. The space of ’
all fogaible solutions s partitioned fito smalier: subsste repentedly ‘and. a-lower
bound for the cost of solutions in each subset is caleulated (for minimization).
" The subseis whose bounds exceed the cost of a known feasible wlu‘ﬁon are
excluded from I‘urther partitioning and parhnohmg continued until a fea.uble

ophmum solution is foind. The. fedsible optimum solution is deﬁned such that.its -

cost is n\ql. greater than the bollnd oI any subset. anch-snd bnund methods can

be spphed to p in scheduli dec:slon e binatorics, integer
‘ traveling-salesms bl dratic assi Blewns b,
The 1 description of a branch-and-bound ith needs

.speclﬂcatlon of the mle&that determine which of the c\lrrently active boundmg
pmb]ems are to be brnnchgd and the method for denvmg new bounding prob-
lems. Branch-nnd bound slgcmhms are gronped under
a) Splution for the trnvelmg«snlaman problem -

b) , Solution for the quadratic assignment problem ,
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