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.ABSTRACT i .

" . . ' . ' . . .~ , .
T his-thes is is ccnceraed wltbthe solution of a. Facilities Leyout-Prcblern

using matbe matica i programmin g tech niques, heuristics , :applied" sta tis tics, ~nd

speetellaed algoti£hms peculiar to 'operations research an d comp uter eelenee. The

j:

." ,,"--",

, . ' .
core cten expert system baS been developed that can generate sub-optimal solu-

tions (or ~h.erLP uaing a micro ~mini-computer. A knowledge base consi~tiilg

( . of 8. .construction algorithm, an Improvement nl~r!tbm, a mtnlmex .algorithm,

equipment· selection aod material haad llng opti mization algorithms , s i ~ple ~Dd' .

mult iple line b~ladcin g. algorit hms etc.:" bas,been developed. Heairist lc rul~·h a.ve.": -," .' ",' " . ',' " .. - '. -- -- - ~>~-::.; ". "):
been used' for ~evelopment, of aU. the above ment ioned algorithms excep·t~ ,thct .. . , " .. ;':'

minim~ ~nd m.t'~:Ib~nd~~g ~pti';';"tion ,o~tin",.•1'b. M;~im~ ~!j;dthm '~
was based on .the so lution : ;of ·~ .generalizea .Stei~er-Weber problem and the . "

. material · handling oPti~iza~oIi 'w~ acbi~ved ~'8i1ig a . ~eDeraii~ed ·D.d i~ens i6h.s. i'
kiui.p sac~ 'prob lemamodel. .

-'--~~--'-~~'~--'~

~- decisj~n' ~upport system that quantifies the parameters of 's. production ~. ,. , ' .. '.' . . ."

layout a~d deci~es whethe r ~ lar out h"as to be changed at a,'given tirhe period has -',

" bee~ developed US~Dg th e ' principles of ~tat is'iieal quali~y 'control 'theory: an'd deci­

sion flilaJfsis. .The algorithm ~tf1jzes dat a from th~ e therprograms mentioned '.

. above and ror .a given tim e spa.n of opeiat ions and the relevant costs, gives 'the
. ' ' ... .' .... . .

alternatives to the decision maker or. calculat~s whether the layout .ebe nge is a
. .-" ," , • • . . . ".; . ' . '. . ' -I: .' , "" '..

profitable, one. Th.~ ea.n be considered to .be the inference en,p oe, or th e expert

.system .•A set ,ot unllti es tha~ caie.ulat e tl1e,vari~us par~met~rs. have: also been



. ......... I ,,' _

• d~v;elop~d , They in-clude a stepwise ana multi~le regressionalgorithm, time series'

ana'rs~, lineer ~rogrammiDg. using simplex met.b.Qd '\l,nd ·a random access Q~ta

base, r' " .

The' whole system hiLs hee.n. develop: d tC:/betightly integrated in tb.e sense

t hat data 'f~om tm: output of ~ne algorithm can be us.e~ in ~he resi . 'For 'tb~ pur-,

pose, INuPS {ln tegreted Layout Pla~Ding ~yst~m',h~ a modular ~ t r.~.cture- with '

six ehelle, naniely. LAYOvr~ MATERlAt, BALMiCE, .DECISION, UTILITIEs
~ ; .' , .

ari4~LP .for ': [adli~ies layout.; n:a~~~rili.l ·ha,n1:l'ling 'oPtimizatio~ , , line: b~lan~~~g ,

the d'ec~ions,ip~ort' ~yst~ni , v'~ti~'~s ' u ti~i t,i~ ari'd ,hel~, ~esp~~iivel;', Each,or:these ' ­

-. r: " "- s li ells ., have '~'~ri~~s ,modufes 'that carry out "their ~esp~ct i~'e iunciions :---~I the pro­

'grams are menu-drivenwith a detailed help' facility,
' '' '. ," ..... " '"

:1

--------.-~--

•
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GLOSSAR Y

. ' .

J't'
t

The- following abbreviations end symbols.b~,!,e been used as (Iobal variables' . ~ \ ;.

ia ' v~rtou~,' m~dules...rd shells', p, q, r, ~, ' I .and ' t . d enote -i ntege~· v~lu~fJluc ras

number af equipjnent , number ~f departmental g;ves, types'of equip~ ty'pes

of depa rtmental moves, production periods, moduie nU~beu and [Iumttr 'of v~ri.

'ous c,ogts ~o~sil:l. er ed , ' i .and j .repre;ent tb~ ~uipmen~ types and 'interdepari .·

mental moves, or .tbe material'~'W 'and facility dat a in various rl\od~les , 1he I '· :
L , ,' ( .. , (

. algorithms call lor a number ~f um;ny arHys tOt-mat rix m~ni~ulations , :c'om:
• • • •. • ' 4 _ " . . ' ~ : '. . .. ...

par lsona ete., and the>: are denoted by pz, qz~ n . ete., whea. z .denoees an

integer 1~ ~ . 3, ". n: Variab le names rJ: ,{z,y), ,-o{(z:y), pot(z,y), q'uo(z,y).: , t'tJ j;, ~) ,"

and~i"(z,y) ar~ global l?~cai variab l~ ' that d~nete the.~~ulh , taJ" at veeioue

modules during . ditrerenJ processing stages . - T~y are explained in deta il in
"

Ch'apter 5 and the particu lar valul!t deneted by tbese variables can be found' QU,t
" i . ' - It '

from the f low eberte. _ . '.1

t'~nz," pointz, e.ountz, ' t' o~ tz, gtt z, idt'nz~nd ' P".:.'~h~ ar~ " ~'co'unte
where z range:j from 'l to n . C~t ,tuD~ti;n9 and;objective rU1J'c~ ion , are~

represented ~y 'Cz and Zz respectively . lorld, lor/6, ,orle etc denote th e ,

sorted arrays e nd matr ices·of the 'global varia bles mentionea: above. Some of th e .
, " .
.i J;Ilore importan t abbrevia t ions/v ariable:!! are explained below, A eoq,plete' d~crjp.

.: ti0D;and .listin'g of ~ariables in each module ?r sub-module .can be rO~d 'at tb~ '

appropriate sect ion in C~apter 5.

' ~



tlt'IIt') = the average speed at which the equipment performs,

cul f) = the ('!)try ing ('apa~ity of equipment type i

tlot (.;y. = the availab le operating time for equipment i

. ~l ' .

~"d .
..• . ',' j
.," ..-;r

' .,- ,

ttu Ii ) = ~he capital cost of one unit of equip me~t trp~ i

ac e (i )' = tbe operat ing CO!!t incurred by using eqllip~ent i".

/ dl(j ) = ~he flow between ~epartment pair i

rddI j) = th~e r ':etilin~ar ~istance between department pair i, .
t.Ot (i ,j ) = tbe t~al operat ing cost of perforTjn~ move j with e~Il~~ment i • ) '

npe{i }. ~ the Dumb~r 01pi~~ o' ,~e leCted equip~ent type i .: '
, ". " . \ .,

~o.de(i) ,=:= nU~ber ot.~;~~en~9 con~dere4 , for' IOCa! mexime

rt J(i ,j' )' .=:= relat io~~bi~"b et~een<lldj ~n~ nodes" .' 1 "

mtll(l ' ,j) := ~t~1 tildse'nessrating ina~rix. c r>. ..

n~mtl.zU. ;'j) . J equipmen~ Da~ in Eqpselect module. ,;."_

..tu~9A! (r,J ) . ,:",, 'Weights' ~9~Kned ee ~cru ipm~t ~ . : - _,

I'ndez(l',j ) :: indices assigned to each ~qllipm~nt with) espect to.:a~~ ·pJt~ular ..~ " .~ :~
operation. ' .~' " -", '. / ' - ' . \ ·....· ~l'1 '..· . -~-

ch tl r~l, j ) = product ion period c;Dsidered while g electi~g equipment,

t1pt~ :(i ,j ,k ) = operatio~ value Cor"each ~a~hine type per product ion period for :

, 68/ (i) j ) := ¥.iLlues from bel; conveyor short ·Corm ta ble

_ ." -rr8(i ,jr~= velues rto~ live roller 'short'Co~~ table ,

."



- xii-

" mel(i) '::!:::: m·aKim.u~ cycle.time tor each task'

nump (i) == number ol'r,etl¥lb tor ea"Cb:t~,

foWL, = tbtai ~~g~ ls as~ign~d to each array (, 'x 1 . , . •

.W~(lJ ill :' ":=( eighte d mean-t"

coe} I ='ooe!ficients ol',regression equations-

; ~; ;

-,

, / . '

widlh e [ f ] = width between Ieame members in a conveyor

t rite (i) = frietioJ;1ractors in conveyor design

Iene (i) = length or conveyor ' ,design values

po.were (i) = 'horsepower required tor the conveyor '

npl = number of trials needed fo~ the Ocmsoalelg ontbm

n;t. ' = number of tasks-to beperformed "

I
Tz,·(i ) = time r~,qu~r~ to ~~omplete eac~ task ' . .\

li~~one (i) = preeedsee e listing of the. various} asks

cod = ,coefficlept,01determi~atj9n

.' . ,,' ".
...." = s~m of ~uare. erro...~ " .

:,. ~ ae. ' .~ st a~da!d ,d~~.i~t ion. <?~ es~m~r: .:
, ..wU .:. .wei"ghts :assigned lor ~ar1abies in\statisiical analysis'module{ _ '_

"

errco] = standard error of coefficients

matz (i , j ) =: matri ces lor. sum 01 squares and cross 'products

rwtm == residu~l su~s. or.equares end.~fim products

eor:( i) = correlation coefficients • .

p",,,U) = ' pa,ti.1 ' .'r.la;;onoJ.llid.nts' ; ' : . ' ~ '
ma!intlz(i ,j ), "= inverses of tbemetrlees desthed above,- etrom 1 to n -

. : .

i ,
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;,t,rtm, (i ,; .l. = transformations or variables to logariihms or· polynomiab. . ·

select ed by the appropriate pointer. .......
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Chap ter 1.
J.

"
INTRODUCTION

. .
partjt ular to a b cility ereignored due.to the .ASsumptions in the algoritb~. The .

", r 'be SO!U:ion of a rae~iti~ Layout pro~l~m ( F~PI is an .im~;tant r~:lor for

increased produCtivity and more economical ope~ati~n in a Manufact ur ing atgan- •

iu.tion:Statistieians , E~giDeers and Mathesnat ieia'ns have tr ied to solve tbb prob­

~in in a ~ariet)' ~ r waYS ' us in~dratk Programming, Branch and Bound Algo-'

rltb me, Modular Allocat ion Techniques, Sub-Op timal beu rlerics and Gropp

T.~oret~c ~eeb niques . ' AlgorThhms that have' been developed are complex, mak ing '

. use of co~binatorial mathemat ic! as well as beur i!,tic. t ~cbn iq~, and give sub- ' :

. opt imal solut ions at c~nsider'ab~e exp\ns~. Q':li te~·orten . qU~litative consideratio ns \.

. . ~ .

objective of thi.!st udy.~ to· develop an integrated ·approach .to solve the facilities

,allocati?o·probli"!' effi~iently :~n~ ~xp~re ways t? .im pfO"~ the' s t:~ of ·th ~ .~r~. ' . ,
"., .

, , A ~ar con;ept· of the layout as.a system is 'essential belcre delio.ing what

exactly is tbe ·FLP .-rhe main features.of .\ 'Iayout '-are ~~plalD ec:t belowo

1.1 . THE LAYOUT I

-~ , .
. .. ~. :. i or
;.' .- ,

A layout ma{ be considered as a .eyetem comp"'~ing m~ri Y different, in~iv i- ,

. dual, i nteract~ng facilitics, or dep:rtmenta, e,ach' ~aci1itt or departm ent being II

subsystem withi n,the whole. A l ayont can signi6cantly alf~ct the a~i1itYOf ~he

production ~n it ~ "Iunctic u 'efficiently as a complete ~y~ tem . Hence ~ht err:teie~cy

of a layout .ehculd be considered when designing a Dew layo ut as well as when

dec ldmg' about 'cbanglng tbe ex~ting lay~ut An ~fficient la;~u~Jnay. be de6 ne~

~ o .:



~ .: . . . : .....

'f; '
. . I

~c ..(Mu t her, 1076 ) :u one t hat min iiniz~ t ranllpo rtatlon costll pertinent to the lay-

out , e~rdinate wit h ot her (a cto n Wh it ho' C,'On l'ribute to maki n g ·the I ~yout a~

. eecno mieel a nd ~iable pro~ition, T~~ ot~er (at ton me ntioned he re may ieelude .'

t1~l"ibili ty , spate utiliz at ion et c . .., well u eego ao mie, t fl:hn olo gieal and -psyt b o-. . .
·logieoJ ratt~rs' . ~ thans:e in tb'e-:sYlItem layo u l is .app ro priat e w hen t h e ecet o r

e1Jeetlc S: t he. t hoange- is less th in ' th e ,a vin'p that would a:eerue due ~ lLa

intre~ed effici eney reSul t ing' (r om the eban~E;: w bee ehalls:e is a dvocated. 0 11\bis

'bu ill, the existing layo u t m~y b e considered redulld i llt .

. - . '

. c

~uther (1976) b.a.s postulate~ th e Icllowing u hallie pri~eip les Ior t h e, l ~you1: .

01plant end equipmen t . \ . . \~ J'

a ) INTEGRATION~ That layout Is beet whleh' toter;rat~ th e men , mateet­

ab, maehiDe·rY . lu~Porting aeti vitfes "atl;d any. qt he r t~ns id~rations in a .~a; ·

• .~ ' ~b~t r~ult3 · ;n t~e b~i ·.~m!romise. .. ... \

' . b)-"!?IS~ANCE MO~D : O ther thins:iJ>e ing equai , ~hat .Iay o ut i5 ? est whiJh ,.

_0 ' per mits ~h fi mat~rial to mo ve the rni~imuin dista.~ee · betw~n operat io~.

e] FLOW: Othe r t hings b eing equal, t~at' layoU:; ill bnt w hich ~~raDg~ · the ~.

wort area for eaeh ~perat ioll or proc:~-iOn th e ....me order o f sequ euee tha.t •
. ' .. ~

..... .... .....
(,,"

.,
. 'i . ..

d) .S p'A~E tn'IUZAT IO N : EcOnomy 'is t o be o~~ainfd by ' us in~ ~frective ly .

all availab le)paee - bot h vertical .and horfzon t al.• .

e) ~AF~ ; O~he~ '~bi~~ ~('ing equ~l, th e ~~Y<lu t is b~; whi; h mak es wo~k .
. -. , ' . .. .' . ,

s at ierr in g -allq ,ar~ (or t he w.orkers .

'rr FLEXl~ILlTY : 'O th er t b i·ng, b eing equa l; tb"at la yout le b est ~hicb c~~ lJe ;:' :
, . \~ , ·f .

. \ . .

",:" : - .. '· · - 11. · . : '-.''".; •.. ;, . ~. , 'O':..



adjust~d and rearraaged at mini~u.m eoet and' inconvenience-;

. \

1.2 ~ORMULATION OF THE FLP I

Th e- prima ry nbject. ive of Plant Layou t (App le, 1950) is to plan the arrnnge­

meu t o f facilit ies and pers onnel 50 that th e manufacturing process is curr ied out

as eflect.ively as possible. T o fully realize the imp ort ance of P lant Layout, in th e
I •

general context of manu f~cturing industry , the following ·fun d.ll.ment nl' co ncep ts

(Lewis & Block , H170)have to be examine d.

1. ~he major part or pr od ucti on work is no..t processing , ~ usually s~pposed , " .:.. ..:

bu t m:nte ria l handling.
' " , . ; ... .

2. Th e speed of p~dul::lion in a plan t."is dete rmined prfrnerily by the' ad equacy

'of 'i ts "mat~fal-hau~'l i ~g faciliti es.

3~ A 'goai pla.ut ii yout is designed to ' provide th e 'p rop~rlne il i t i es fO'f ~Dterial, . .. JI . . . . . ,
bandlin~ ~ "well "as pro eesslti g.
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plant " .

. . . ' . ~. ,

between going to and coming from a location or .a depar tment.

. ; '

·: i\.s ~uming ~.hat ,
( , . , ., '

a) Both t~e E and D matrices are symmetrical, i. e., there lstno dist iriction

T~e ~n:'ost gener~1 ~nd. allwen'compassing. mathematiCal formulat'ion was g~n

as early as 1063 (Armour et all and isquoted as below.

\ ,Given a. physical area. representing locati.on!.eveneble ~or occupation by ~he

d~pll.rtmeDts in the plant, !~ is P~sS~b.le t1 ~efine t"'1'atr.ices.

.r: 5PATlAL RELATIO~Smp MA't:RIX,' D : This matrix contains values

\. -'. ' r e~~~senti~g the dlstanee betw.ee~ \he locetione ava~la~e in the plant, usu­

· .ally the distance is between th e center point of the locati?ns.

~: CqST R ELATi? NS.in P MA~RIX.' E : This, matrix contain,S' values ~

· represeefings ome cost per ,unit 'd, ista~ce bet.ween the,departments inaplant,

" , ..thh b~iDg. an average o,v.er tl.stii,table inte~~8.I ,o(time:

(1.1)0.. =,'t E ·.tj j 'd"j. ' ·
1'_ l j _1 .

, ' . '

.. . ' " 0\' •

.Thi.s · ~quat io~, . defi nes "a quad ratic .assignm~n; ~roble.m . I .

· ~se.of the' above Jormellaed l'Ioyoui:apprcaeb req~ ires ~he ac;cep~~ce ~r ~oss ~.

".. assumpt~o~s. Cost and Flow 'data ere as~umedtoe_xi:s t ' fo; conditio ns which' are '

, ', """ " . ' " "
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delinit io.,palll unknown. Materiah handling eosu are ee umed to be linear, 'i DC~ " .. '

mental ead mi gu1'6le to specificacU, ities..F\ow da ti with stllfhu tie ' , ropertie

are w~lJled to be det~rmiDi5 lie and the i~ttm'tioD ~ ot her syst em prob lems,
r

'- ' with the lal out problem is i~ored. Approache are frequently 'adop t l!dor ad Yo-

cated with~ut adequate ~Uentio1l to th~ compatibility or th e problem siluatioa

with tb.e model assumptions jVoUmann, lU66)

In add ition, qualitative aspects or the problem are eit.ber ignored or gi' I'D,

ve·ry Jittle importance. ·

1.3 OBJECTIVES I -.

.: \ Methods that hln been proposed aret.ither t~ eomplieete d , iovolv.in, .
. J . . ." . ,

. expensive .CPU time, ?! h ~gh ll sllbjecti.'l' in nat~re. AlsoIhe ~omplex mathem'li-

.cal rottDulat iou 'of ,tb: au ilable aJg~~ithmS make it i~poss i ble lor a . ~ Ill U ractlU. . ~' ';, ,. . " . . "- . ; , ; .
.- . inLcn~~r '~~ inpu t q~l.l itatile eo~side"ations p~rti~ent to his own !ayouL ~ Q : .. •

·'ad dit iOO all the sol~tioll! s ener.t ed an m~the~~l i ca1l11 111~op~ ..I.en a lhciup._ _ '_;.'

they are ~aUed opti~allolu t iolli. An att'empt h~ ~ll mad~ ~ tb~ studl io

quan,tify so~e or t he s·ubject in as~ls· ,or the decision ma'iill~ r~ard~ng the ....

change or layout a~d to develop an algorithm th. t is economical and easl to use. .

Th':Obi"ti"" re ". IOIIoW') " , . ' : " . .

'. ' i) To build a matbemat~cal m~dellor th e ~~yout ch~p~~, deelslon allalysis.

iil To provide aD easy· t~·use tool for monitori ng the efficiency of ', layout. ' .. , .

, ·and suggest tbe neces~ i ty o{eba nge,
. . "

iii) To deeelcp ii.liorithms that eeare 'aDoptimal/lub-o ptimal Solu.tion ·fo,r" _ . .. .. - ,

, '-" .
.:~ ,

..... ..



th e FLP.

0 , :"",

\
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6 ,

:. '

iv) TQ.ensure that these algorithrJ1..!. ar~ e35ily c~ea~ le in an in~~~nslve .

mic ro/ min i eon'tpu ter enviro nment .. .

_v ) To d,e:velop a soCt~are p~cka&:e ullin.&: the aboye algorithm . .

10 ~ ~anu raeiu r ing orCaniza tion, ~ost of t he prod u~ti~itr ' jmpro~ements a re
I.' • ~ ' • •

achieved. in a~ exi9ting set uP. without modi~Yin!.~~y or t~e srs~em ~n(rain\S .

But ai't empts ar e i~cre8.ll iogly be ing mad e to (:ompkins & White lUS4) challge o r

modify.' t~e -\ys tem itself so t~~~ 'jt beco mes mor e ~lfieient. Flexible I~youts and

modul~r allo~atiOn 't!!chniques -are som e of the . results of this pbilcsopb y. Even

. th~ugh t~'ese tOOi; ~re 'a~aiiabl~ to Q pr~eli~ing hldu !ltrial "eDginee~ , ·it· hasbe,en

found th at t here' lle few aids tb at help .in " ratIottal and ~cientifi;"dedsion mak:-'
, '" / ': ,, , ,', ',: , '" , ' .. ', " ,
iog proc ess,. .T he s~atist !c.1 decisio~ m aking lmodel' L'J proposed is ~>D e way of

, q..nti fying. , ubj" ,; ve deee lon . ' ' ! -:- '

._ ._..B-~ther . ; 'part~~ ipate i~ the dec ision m aking~~ regitdin~ t he '~truc:
jure o f • layo9-t, facili t , ' plannen aimost ~ Iw&y' react to, the need! defined by .

others . En ll 'th (lugh tb is is u~ dentandable, 'co llllidering the complexity ,ort he .

p;oblery-' decision. tools ~re abso lutely n ecessar y tojust ify Hie need lor a' chang~

i~ ·. 'Iat~u t. H~n e, i( waS)rop~sed ·th~t ·.a ~tistieal 'decisi~n ma king t901 be ,~n~~
s tru~ted. which wi!' inc? tporate' tbe princip les of engineer ing design . • ,

1fa:n .orga nization , cQntinu~:msly update~ itS prcductlc n opera~ions to be as ,

. r, prodhctive I.s possible, then th ere ·musi be conti ll~ ou:J, 'relayou t and rearrange-

, .' ~eDt acti~ i~1 ' in ,p~gJ'~. Only it' ra~e' sit llati~~ can "~ew p rotest o r a new

: .. . .

'" ". '" '. . ' " .
. . pleee of equipm ent b~ Intrcdae ed into a ne; ~y~te~ witbout d isru pting ongoing . " ~. ~'.

,.- ,'
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, activiti.es. A s iD~l e cha n ge ~lI.y have a si gnifican t impact, on. integrated t echnolog-

kat , manageme nt and p ersonnel systems, resulting in stl b-optimlsation p roblems .

T his ca n only be avoided or resolved t hrough t he applicat ion of fa{lilit ies design

concepts ...

Once th~ d~cision t; cbang#e a layo ut has been made, the plan ning engineer
, .

needs a n easy- to-use too l that w ill help him all ocate th e radtit ies to the proper
" ~ / . .

f location s. Algo' tithlM a nd sol ut~ons 'Lhave been proposed belore/ for sol~;\l1,g t his

problem but m ost of t h e Iormul atiode a re not .p racti ;iLl ror .regular use, T he rea­

SO~ Cor this iriclude ~u5;, of ~'pe~~ivelcPU-time, complicated ~n~" intr.i c;t·e nnlu~e •

or'm.i~.m"k'l pro".inm;,g; SUb+;~' espeete 01 tk. probl~m , end look or •

sy_st~ms i:once~~ in.th~l~~:Obt:fed by co.mp.u.te~ methods. , It . ~as t elt t~at

an algotithm to solv~ tb e FLP using [ miemputer would be o~ great J.1~! in Ii

..p ract ica.l ~,~v ironment. An iliterdisdplin~~appr~~cb w~ pro posed inv,olving•.
th eoret ical sup port from the sciencesl o f Mathematics, enginee ring, Statistics ,
. ' . ' I
Operations Resea rch and Producti on Ma nagement.

. I .

Al though th e teak of d;signi ng or 4etcrmhi'ing the :a r ran~em~nt ot equ~pmeo t '

and rela ted work areas Isonly one tacet of the. to ta l facility planni ng prOCellS, t be
. ' I . . .

. develop ment o f tpe best possib le tacUi.ty 4esigp .was 'considered centra l 00' tb e
. . " ~ " ., . ,

facility planning activity . Jt was decided to propore en-a lgorithm whichwould

integra te as Jar u p:Si~le, the ditr~ren : ~;;ic~i ~ciliii es desi~ Objec~;ves. ~o~e •

ot t~ese differe~t ?bje~tivC5, whic h may even be conftiet i~g are giv\ll b~low.

... a)"Suppo rt tbe ?b jectives. oithe o rganlaatloe througb impr oved 'm ateria ls '

haD.dlin~, m~~ei!als control, and goo d .housek eeping.
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b) Be flexible, eff~ctively use people , equipment,space, energy, investment

...

An organized approach to facilities 'pl anD i~g is pr~sen t ecl i.h~~ work ao.d _

etc and provid e easy mainte na,nce.

c) Pr ovide employee safety and job satis fact ion.

the 'gen eral approach to the problem is based o~ the familiar engineering design I
process which goes through tbe stages of defining ' the problem, analyzin g the f
piobl' ,!,• •~",ado. elterneuve d"'gn,, ,evoJ>:,dng the alt",ad~"" ,~e<t;n. and!.
carrying -out-{h~ design. - .

.The t e~t .is ~iVid~d i~to' six part~. Th~ first chapter int roduces ~~e pr oblem
" .

. Dod les~rib~ ' t he"o'bjeet ives, .chapter two "t races th e de~elopment orconcepts ~Dd . '

/ tecbniquee tha~_ ,are available' ,Co; the . ~Olu~ion ~r: tire p~bl~fI.l: ' \he, tblrd -ch~P~ ~- '~

c~t.i nu·es' with· : he s t.at~ :~~ th~ art . ; focuses more ~ist;nCtly on th~ sto chastic• ~:~,
. probebilistie processes and · ~p. e heuris ti ~ method s. Chap,ter four exptcreeweye of

i~ t1!grat i Dg the materials handling proeesaes M ~ell as qualita tive conside rau'ons.

in the geDe~~ioD of the layout pl an and d escribes the conceptual developm ent of
. • t . ~

the algorithm. C hapter five describes the proposed system and the mathematical

'"" ~oTmullttiOnS or' the individual modules. The sixthr-: ~ompar~ the ·comp.~ ta­

tiona}methode of the different algorithms '·available an~ concludes t~ e work with .
, . ,

a summary of Ii.n~iDgs and the sco~e fOr futu re res~arch" . '



Chapter 2

THEFLP AS AN ILL-STRUCn;RED PROBLEM

..Fadli ti~~ign , sometimt' t:llfd plant JayouL, jj ' ODe elwiul ~tI. in w~irh '
the iDdust~gilleer hu chosen to operate, Mad hu beee de:sign illll; the phy'si-

. eel facilitiesaround·himover all recorded history. Different people h&n"examilled

the F~P from their own pe"ped i~es. Researeli...'continues, ,i~ce an effident layout .

is or the ilt~t irnp'ortance in increu~ the p~ducti vitl or any mall ll ra~ turing ' ,

org:an i za tioll .' S~tjgti~~ show tbat more t ball8% or ,t b~ .GNP o( the&5,S. goes to:'

wards' t l).e construction or DewJa~ilit les. il enee a lot or r!!Search a- direc t ed to-
, ,

wards th e ~1~tioD ofthis -problem. P~pl~ working in divene u ,e.M.liktArch ilec:.

tu re (J~h~soll u no , Leej0 7J, Mitchell1010, Newmlll 1068, Stewart l Lee 19't2),

BusU;ess Administration (BulJa' &; Vol!mallll 1963, Love I061i1 , Ritz~aD - 1012,.. : , '

. , V()lImann 1968), Building~i.~lice (Klt'/ciri k 1116.0, Mo~cka ~.1l81, Wbitth~ad 11l10,

Whit~bead &: Eldm 19&4), Ch'U Eb!inemll~ (Spillllen &) \o'eidliDger- lWOI,

. <fmputer Seiecee (Ed....ards et al~~~or &; Em s 10811, Comput~r G~Jph·

its (Banna &: Sp!tfers' IV12, Tekh'ob IV68, 11l1Z), Industriai Engineerins,

Mltb~mMies, Operltrou Researeh and Sli Usties bav~ made .contribut ions to­

wardstbe solut ion or the FLP rr~m their own pe.rs perli,~ .

2.1 NATURE OFTlJE PROBLEM ; , ,' ,. , .
. It bas .b~~n suggested (Ben,li, 11r1) th at an FLP can, be eat ~l9ri z~d !-" an ilI­.

structured problem.,An Ill-structured prob lem, as ,suggested byNewe[]( 106~) has

som~ or all of tbe .following cbaraet~ris ties :

. .-:'

It cannot be described exdu5in11 in num~.rie al n riables.

J " /

;:. : .c- : :

.. ..
.,:.:.,.:.j



':.

, (

. j 10

ii) The go~ to be &ttain~ c,ann ot be ,,\C'1' dby I q uantitat ive o~jed ive ,
- - , .
funct ion . . .

iii) Algor it h nu th a t..permi t the bJt !OIu tio~ to b; found ,a nd state d 'i~ eum eri-

, eetterms d.O not exist . ~ • . .

The , ~.&tioltale beh ind cat egorizing th~ FLP as in ill-struct u red pro blem ro me '

. . . ~

(rom two sou ~es . A , faci\it J cao. be considere d to have h e compone nts (Mut h er..

's:Hal~, 19 70" narnely :

aJ : .~Y OUT ; Tb~ arran~~men t of act iv ities, fe a tures an d spaces around th e .-

r elat~on sb ips ~hat exist .between th em, _

, . '.b),~L1~: 'I;he met~1s ctmc vl eg produc~ , ntateriaJs, people a.~d

equipment bet we en va rious poin ts i~ tb ; facilit y •

..1:). CO MMUNlCATlONS-: The mea~s o f transm itting ip ronnation between

various points in tbe (a.c:: i,lity,

dl.-UT ILITIES : ne conductors a~d ~istrib~tb?....or fu bstances Ii~e water, .

p1:~aste, air an~ Power.

7 "

..

e). BUILDING, ;-The form, m~terials and tb e st ru eture itself.

'\'
These five haYe complex iater-relet iceehipe /lud beeee the FLP ' rormala t io o. ' , ' . .. . .
sho uld be b1se d OD all or tb~m , w hich is m athem atically infeasib le , Also t he

. ' .' .. . .
'a na lysis inc lud es q ua oti'ative dat a. as well B.S qua l!tative in rorm.atio n . (Mut her

, >

'070) like : ) '

a) PROPUCTS/PERSONNE~ : Presen t an6 li kelyl\lt u re eharacterlstica or . \'
, '

prcduet s and m ater ials ~ sise, eo mpcsu lon , &nisb., weigh t , fragility ere., p e r-

..,
::,: ,,,:.;,'. ,;: . : -: . .' '\ .:.
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son eel requirem ents such as ski ll's, attitud es, wark in.! houn , prIvac y req~ i re- :

menu , and physi ul need" .
. - ' . ' I

b) QUANTITIES : Presen t and hbly Cut u,,: qua ntities for each product o r

m aterial a nd to r' eat h pos itid'n'.

c) ROUTI NGS/ P.ROCESS SE~UEN9E : Present and p roposed routings or

m anu!acturing p rocess tor each product a nd m~terial.

d t SUPP ORTING SERVICES : Buiiding suppor t ineluding mechanteal nod

ele.drieal systems , air copditio~ing aD~ ~eDtilation ,,,w~ te di9po~a~ " P~tlution :

c~ntrol , Iighting , plul'!lb ing etc ., and . P~rson ll c l suppor t like. f?od eervtees ,

br eak ~nd ree ~eatioQ al fa cilities, parking, credit- un ion, first aid et~'1 •

• e). TIMING~IME ~ RELATED FACTOR S :. Restriet ions 'ilJnd ~sibili t i~ . •

h:ga'rding o'+'efti me, extr a shifts, extn~rkinr; bou n and _a~tiy i ty penks ~nd 'J. ,
the inter- relatio n"bip5be twee!, th em:,

Because or these «)m plnit iit5, we can eceetcd e that t be FLP is an ill-structu red ..

proklem , D1-structu~ed prOble~ ca? be handled ill a vant.t)' of w'ay,: '. . :

tpa)~T~ ~~ERATlON: T otl:! enu me F6tion is reasib;le ,when the prob ­

lemis sm aU an d the. constraints are not many . Tbis i, the brute force .

app~a~h ~here tb e CO rtlp~ i5 used as a. fa.1 t C~l~'u ~itor alii all t~e poed b le

a lte rllat ive s are evalu~ted.. This t:chllique eeeacr ,be u~,ed. for the FLP Il.'I Iob.e.

n umber o f phys ically feas ible alt ernatives would r un into billions even for a

'small facility. ' , • , ' . /

, b) COMPUlf.ER IZED 'tECHNIQUES : Th is levo lves rolvioJ the problem by. .....:....::.. :'
, mat~rmat ie~1 ~eallS or b~ , imulatiOD "techniques . The eegiaeer relates· the '

~ . . ' .

~ -.
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" p ro~e~ .~~ ~ · aqal )'\ic~1 b~~ .and : &S!IumPtlons a re ma de "., e~~ru~ · .
eva luation o f the const rai ntS .or th.e problem; S'eD sj ~ivi t1 an a lysis ca n be per-..
tor med lo evaluate th e ext ent ~I influence or ~b o f th e ~umptioDS and a

. •re~D li. b le Ml ptio n arrived at.
o •

cl INTEIV.CTIVE PROGRAMMING : Her e the t~leot5, 0 1 bot h t he man.

and the'ml\ch ille a re u~ed in t he sense tha t th e pr obl em solve r band Ies cer­

t ain subj ec t ive asp~~.s or the problem .while t he qu a nt itat ive an alys is U.n r·

r ieq out by the compu t~r: The dee lsion a~ut th e fina l ~Iu t ion i9 le t! t~ th e

pro blem &Olver and t he,co m puter j ust gives se veral sub:o pt im al solut ions. A

limit ed a n/o uDt of work usin g i l1 t era;tiv e .p r?g ram~~g app lied to th ~ FLP '
. ' .

- . ~ B~Dna and Spill~t!l ~~2j ~oore 19:1,~wart;nd Lee lQ.72) has he~n" done. •

d) HEUR ISTI C P R OGRAMMING ": Th is' involve, 'a lgorithm s tha t h av e the

-. " character isti c: of reau~ing the am~unt.; sear~ 'req~ired to 'find a~ aee~pt-
. . . . ...

• ~hle -'Olu t.lon . A set of ,i n ~ernal dec:is ioD rul es t.h~~ ~an inte r na lly mod ,ify.t he .

~~i rec:tion '~ f surch bJ bUii.. in to the al gori thlp and th p m~kes ' beur~tic pro­
. . g~amming pa rti eul arl y. • ~plic:atJI. ~ to iI~'huctU.ted probl ems , • • "

• e) INT ELL!G ENT MACHINEs' : Th e -prete .Dt day t eeh.Di4 ues"'a re mostl~

ge'ared to tbe ma.Dagement. of the sy, tem u i.Da. CADf CAM ope ra tio n. Th e
~ ' , ,

';design or- j nh ieate aDd eo~plex; optimi'zi.Dg'a lgorit h ms may Ieed tOan era , _ .

where t~e ,y' te~ ~oUld b~ c:a~;ble "of .looki~ g ar~er it.3!llf.

2 .2 · T~E SOLUTIO~ M E T B O D OLOGY l . .

· T~e meth ods adop ted by ' var\o~~ scientists for: ~he. ~olu ti o'n ~r th.~ .p r?blem

... ;..:...... ." ' " ""'"
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can be st udied as follows.

a) Th e traditionai methods

b) Mathematical PrOgr4?iI!lin~,methods

c) Graph t heo ry and list processors

d) Heuristi c proced ures

2. ~2 .1 T HE TRAD~T10NAL M ET H ODS I

: .. . "

Tr~ditiona l ' met hods classify the FLP as man ufactu ring or non­

manu factu ring, product-or process' and initial u r re-layo ut problems. Th e ·0 .011­

manu fact~ ri~~laYOut is "not given much im'portonce ~.,it is considered on.n.log.o~s~

to the manutacturlng on t;o Usually re'com~endations were .rnatie to. adapt the

tools or one to th e oth er . P;oduct layout becomes a line-balnnein~ ~r~blem here, ' . , ~ .
wfth-tbe assumption 'or standardized methqd and. a r~iayout is ~on~ider~d 00'0- ,

, .cePt~~lIY ~fie eenre !IS ,~~ i_n iti~1 layout but with :a.d~e~ c~s.traints. ,T his t ro:di-

. tloael ap~roa:hJ~ads (Buffa.: .ID67) to the selection' of th e initial" manu fact u.ring,

[ob-ehop layout ' as the-most complex case, wi~h other l.ypes being somewhat

ancillary 'to it. :

. Traditiona.l plan! layout toob Included grap hic and ,schemat ic modele, t wo

and t bree-dimen slon ef.templates,' assembly cha rts, op~J\ation process char ts , pro- .

.duct f!tlW precess charts., link ana lysis, etc. These tools wer; used to minimize the

. material Dow' by locat ing 'C:il pari ments i~ eueh ' way t hat th e-· volume or no~-
.' .

adj acent departmental Bow wee mlnimhed. The crite rion for ,qu,ant itative layo ut
, . .'

mode ls was s.t at ed as the minimization of material handling cost; which ~u
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ass umed to be "an lncrementul linear Cuncti on of the distances bet wee.o"r be com-

pcnente ot the system under study. Th ese methcda-are discussed in Immer (J050),

Mallik and Gaudreau (105'1), Shubin and Ma deheim (IOSI),. Ireson (lUS2), Muth er

( l OSS), Re ed (1061), Moore (1062) and Apple IHI53). .
The tr~di tional metho~s were intended lor an analyst ' w~o used his own

knowledge and in~uit ioD or th e system ,to inp'ut whatev~r Inspir at ion be had. As

they relied on the experience of the analyst they were highly subjeebive,' Because '

oC the ' changes in the manufacturin g processes and , methods the in-ter­

.....,,__--IreiatioDsbips betw; en th e va rious factors men tioned above became complicated

and the need for mor e objectiVemethods' arose.

. . '
". Tbeeffor~ .by early pra"ctitioDers .to ~e "rriore obj ectiv~· .led !O the introdu c-

tion or travel"char t ing, relationsbip' charts, ope~aii~,Ds .sequ e~ce ' analysis and a.

bes t of-other methods described below.

Travel cbartins: was intr oduced qy Cemeree- (lQS2) and ' Smith (1953) and. .
improved by Lundy, (1955). Llewellyn (1958) and Schneider (1960). Herjl Dow pat-

terns and "volumes were esta blished " ,~nd a preliminary design made based d'o this ~
. /

Sta t istics were tbeu compiled tor th e,preliminary layout .and interchanges made

tor a more effieie~t layout. Muther (1961) introduced ,the rel~tionship chllrt lIS

• p~rt or' his Systematic Layout Planning (SLP). Th~ metbod Systemat ically ':.l~ed

' tbe' e1Oll~ness ratings inJhe-cl!art to i ~enti"ry layouts~pbicaIlY. Here the-areas

and sbaRes .were cOD~idered and ·~ comparat i:vescore 'calculated, ~~e cpeeeetcce

sequence 'analysis (Buffa, 1955) assumed that .all tacilit ies occupied equal areas :'

and that locatio~s diagoo'a,l1y opposite "are a~jaceDt . A sequence of operat ion!



....

IS ·

were ,ideotified for the product ioo.of each item ~~d alloutiol1S10 loeatiol1S made

OD t be basi" of simplifyin( t ravel for .seqeenees or major itenu . R eil l.lld Anderson

(IQ611 1lSed their rela tin lmpcrtaaee rad on ~ obtain l ctu rate n timatM of the

dosene5s rat inp.

. Some matbematieaJ mcdela were also deYeloped' by trlLdit ional practit ionen . ' .

Wimmert ( IOS8) deyeloped a meth~d using linear al(e bra tbat was subsequently

round to be based on wroll( Msumptio~. Conway and Ma~w.e ll ( lOBI), proY~ 'an

alternative formulat ion th~t could not be implemented ror nOIHrivial problems
.. ,

, (Rit zman, 1972). Whitehead and Elda~ (HIM) described II. progr&mmab ' ~ algo-

r~hm by alloca.tin( r~ili.ties to locat ions in tbe ord.er of their import~nc e , ba.sed r

cetbe numb." of tr ips m'ade:to tbem: Facilit ies 'We~e dividM into several e1emc~ .

• tat units and ~rti6cially high jour:nel ,"clll Wl!~ dC~Ded be lw~n twl~b of tbe

same facility to :IlSur~ t~~ th~ ':eie adj.cen~ ill. tbe ifn i lal~u t. .-

Th e trad itional syStematic melbods mostly dep'end OIlan analysis of a rd a:
• I!l •

t~~hip chu t or similar t able. nie layout was thea eODS~ructed hu ed 0 11

minimulii mat erii.l haodlinr;. Unfortulla~IY I IfIO:5t or the methods described aboVe

. haYe the same (lll)elfide oC1as the sch~malic methods u they rely Oll the ana lyst

to keep all asped , of t h~ system in mind and then come up with an optimurn

'\olut ion.·T he basic reMPnS'are as rollowl :

. " ",

Au the graphicll.1 and 5Y5t ~m it.i ic; approaches deaerlbed. above ' depend o~ . th e

analys is oC..ll'Iaterial Bow. Data is ,accumUlated .and 9rgail.,ized using charts or .

.~at r~cd and :then anahzed so tba t the material 1I0w betw~D ~Don••dj.een;

depar tments ' is mi~ imired. Tb~ im"li es a subjeet i've e~aJu.tloD er-altern.t inll '> .

"';'::.-. I .'. ' ·,
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and because of a t.rial I\nd error pr~eW!res adopted in -the analysis, th ey fail

when th e number of faciliti es or ~epa;tmen~s is large, say te n or more.

2..2.2 ~TH~MAT]C~ P~GRAMMIN? METHOPS "

In general, all mathematical pr?gr~ming metho~s . for solving the F~P fall

under branch-and-bound n~~th~. Branehing-and~bounding is one of th e m~t ~

.genej-al approaches to any. constra ined optimizati~n problem and. involves an

inte lligently struct ured se~rch of the "pace o! all feasible solutio ns. T~e space of
. .

all repible solutions is par tit ioned into smaller subse~ repeat edly and a -lower

bound Cor the cost ~r:soh~tions in each s ~bset is calcj.llated (fer minimizat ion)",

Th e eubaets , wh~se bounds . exce~d the cost of a known feasibl.e solUtion' are

cxclud; d Crom fu ~t.ber parti tioning and part it iohing continue d until a feasible
. : ., . .. " "' : .

opt imum solution is found, The feAsible optimu m solution is defined such'that.itS .

-cost i~ 'rio,t greater than ih~ 'hound :or,any subset. B~anch-ali~:b'oU~d methods' een
. '.' . ' . '. . -

be applied to p~bJems in scheduling, ~ecision precesses, oombinatorics, integer

prograni~ing, tr aveliag-salesman problems, quadratic assi~ment problems etc.

The complete descript ion aC a branch-and-bound al~rithm needs-- .. . .
. specification oC th e r~ ~~that determi ne which of the currently act ive boun<!ing '

problems are to be b,ranc6,d and the method for deri~i~g .new bounding, prab­

l.ems, Bran ch-and-bound algorithm s are grouped unde.~

a)· ,S.olutlon for th e t raveling-salesmai'problem

b) : Solut ion for the qua~ rat ic asalgumeut problem :
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