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CHAPTER 1
INTEODUCTICY

Deterpiration of a new nmanufacturing plant location is
an importan:t managerial decision.. The problem <“ypically
involves multiple criteria ané ougkt to be nodeled as such.
The prokler has the‘following aspects: multirle attributes,
incommensuratble units, cenflict among attributes,
intengibility, and selection problen. The 1literature on
locational decisions is huge, but there are few papers which
kave dealt with more than one criterion simultaneously. In
the past two decades, many auvthors have studied the location
problem involving a quantitative attribute to wnminimize zhe
trensportation Ccosts. In a practical application, ﬁe need
to consider several criteria simultaneounsly. Qualitative,
as well as quantitati%e, factors should be considered in
solving manufacturing plant location problems. However, an
explici+* cornsideration of both gualitative and guantitative
‘attrihutes in developing the "optipum" solution is a
difficult wundertaking. Qualitative attributes are noz
easily neasured on aL interval or ratio scale,
Conseguently, it is difficult to combine gqualitative and

guantitative attributes ir a quartitative approach suchk thet

Fe

atisfactory evaluation of alternative solution is

o
Lif)
M

ob+tained.

Mul+iple Attribute Decision Mal'ing (MADM), a relatively



-
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rew field of study, incorporates thke viewpoints of both

gquantitative ané qualitative inforratiorn, aud weighting
schenes into the analysis. So, MADH methods are heipful in

explicitly consid-ering several criteria simultaneously.
The objective o0f this thesis is +to apply a nunrber of
nultiple attributes decision making methods to obtain the

mos* reasonable solutions *o manufacturing plant location

prohlems.
Ir chapter two, attributes- for plant location
evaluation/selection are analyzed. The influence of

econonic impacts on the plant location is examrined first.
Section two follows with an investigation of +the influence
of some functicnal impacts on the plant location. The third
sectior of this <chapter 4iucludes <he consideration of
coknunity &attitudes. Final section evaluates the human
value (7uality of 1l1ife) on the influence of the ‘plant
location.

Chapter three introduces seven MADH methods ( Domimance
nethod, Conjunctive method, Consensus FPanking mnethod,
T0PSIS, ELECTRE, 2nalytical Hierarchy Process, and Oréinal
Intersection nethod ) which are enploved in the
evaluation/selection of the manufacturing plant location
probienms.

Chapter four presents five manuiacturicg plant location
problens whkich are chosen to illustrate *he applications of

the proposed MADpM methods.
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CHAPIZP 2
LOCATIOW FACTORS

This chapter reviews the major factors required inr the
determinatior of a plant location. For convenience, <“hese
are considered under the general headings of econonmic
impacts, functional impacts, commurity attitudes, ard
quality of life. The detailed classification will Dbe

introduced in each section.

2.1 Economic impacts
1. Capital/development cost

The initial investment in any manufacturing plant must
be sufficient +o enable it to compete effectively;
fu£ghermore, additional <capital must be forthcoming as
seasonally or cyclically needed. If a plarnt can not obtain
required operating funéds, it is forced +to convert fixed
assets into current assets. This causes an uneconomic plant
‘structure and eventually leads to a dissolution. Obtaining
capital is «cenerally no problem for +tte large dndustrial
corporation, whose activities are financed internally from
retained earings and depreciation reserves, and externally
in the national money market. Small firms have difficulty
in securing capitali. These firms obtain a large part oI

their funds outside the organrized mnoney market. The credit



&
nade availabkle by banks #nd other financial insti*utions is
short term and costly. Under these conéditions the capital
factor would bhe a secondary determinant for <he large

corporations but remains of major force for small firms.

There are some major items conmnprising capital cost, as
follows:

Land_acguisition: The need for land goes far beyond
simply reguiring ground on whick to put the factory. The

land occupied by the physical plant is of course very
important, but the plant itself often occupies a relatively
snall part of the land area that the firm owns. Land is
also needed for such purposes as thke storage of materials
and finished products, the parking of cars and %trucks, and
interrel vehicle.circulation. Firms with large regquirements
for land will find it mnore easily 3inr some places thar in
others. I+ will be particularly difficult to £ind in and
arouné big cities vwhere undeveloped lané is scarce arnd
compe*ition fror other users is stromng. The cost of land
varies considerably from place -to place, and the
geograrhical pa*itern that is adopted is often guite complex.

Site preparation, _foundation, _and construction: The

cost may vary from place <o place, and this can Lave an
importart tearing on the locational choice of a plant where
cornstruction costs form a significant element in total cost
or in the iritial investment. There is somre evidence o

show +that the cost of factory constructiorn can vary
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geographically in a fairly regular fashion. Lowest costs
are found in *he southern states of Alabanmna, Norih Carolina,
ard Virgiria, while highest figures are in tlhe major

manufacturing helt (26).

Facilities: The othker major item considered is

ot

he
cost of the pachirery and other egquipments placed in tlLe
factory in order to perforr the manufacturing processes.
The cost and technical complexity of facilities will vary
‘greatly Dbetveen industries ancé betveer firms. Iin sone
places, machkinery mray be easier to obtairn, repair, arné
replace than in others, since cities concentrating on a
particular activity often have specialized rachine makers to

serve it.

2. Operating costs

Ir sore location problems, capital cost varies so
iittlie among <he different sites +that operating costs are
the most influential cost factors to determine a better
site. Gperating costs may include +the following itenms:
labor, transportation, taxes, utilities, and raw materials.

- The influence of labor or location 1is

Ls}

Llabo

deternined principally by five conditions: the wage level,
productivi+y, turnover and attitudes of the workers, 1labor
supply, ané labor lawvs. Regarding the wage level, Kor*lL-
South comparisons support the view that wages and skills are

lower in the South +than in *he North (17). Thus, the



-
industries which +raditionally pay low wages and reguire
many unshilled workers are nost readily attracted to tle
South. dnother importanrt index wkich hLelps to explain roz
only regional wage rate differences but also wage rate
differences within the same region for identical Jobs, is
the size £ the city in which +the manu%acturing plant is
located. 2 manufacturing plant located in a small <owr or
rural area would pay lower wage rates for identical -Hobs
than one located in a large city within the same region.

Transportation: Transportation is a vital determinant
of plant location when freighkt cost is large relative to
total cost and when it varies widely at alternative sites.
This factor generally has a dispersing influence on
industry, particularly when freight cost is hLigh ané tte
plant serves an extensive market area. There are two kinds
o consideration Gue to the ffeight rate.

1. Market oriented industry - 2 locationr at or near tlre
market indicates maximum gains wken (a) the final product is
moTre expensive to transport than the rav ma+terial, (b). the
finished gooé is perishable, {c) tlLe consumer demand is
capricious and volatile, so that a location close to buyers
will allov holding inventories *o a minipum.

2y ¥aterials oriented ipdustries - This kind of
industries generally follow a common pattern: {a)
transportation costs vary more wicdely +han otker costs at

alternative sites. (b) the rav mnaterial loses weight in its



conversion into the finished product.

Different transportation services have different ratios
of termiral +o line-haul costs. For example, *truck service
has lower *erminal cost relative to lirne-kaul cost than does
rail service. Lov terminal cos% makes the truck service the
lovest cost carrier over the short distance, and higk
terminal cost makes water service the lowest cost over the
long distance. Rail service is the most economical form of
transportatiorn for intermediate Gistance. The actuzal
distance at which one medium kas a cost advantage over
another differs according to thke goods being shipped, as
well as other factors.

mhe highk cost of freight on many items has forced itke
relocation of plant in some instances, and establishment of
branck plants in other caséé. kew, light-weight containers
have been designed. Packaging engireers are contipually
working out new and improved methods of reducing costs of
cortainers, and lowvering the freight costs because of tlLe
reduced size or increased capacity of the containers thus
developed.

Taxation: Wherever a plant locates, it is generally
Jiable to some fora of taxation on its operating cost.
Because taXxes have become a part of industry's operating
cos*, this item should e closely checked for the
possibility of state or local taxes whichk micht be inposed

on all industry 4in ar area, or on certain tyvypes of
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irdus+ries. Some comnurities provide landé and/or buildings
+ax free to prospective industries for ceritaiu periods, in
an effort %o attract new sources of employment.

Power _and Fuels: There are very few modern indusiries

that do not use some form of powerel machinery, although the
amount and type of energy needed will of course vary from
industry to industry according to the nature of the activity
conducted ard +the kirnd of +technology applied. Those
industries wkose processes reguire urnusually large amounts
of fuel and/or power, suchk as certain metallurgical arnd
chemical industries like aluminum and copper processing and
the production of fertilizers, are especially sensitive to
the cost of pover, and areas that cah produce electricity
very cheaply kave atiracted these <types of manufacturing
plants. The development of aluminum production in +the
Pacific Northwest ard in the Tenneésee Valley are exanmnples.
Bovever, there are always likely to bhe some areas tha* have
a particular attraction for some irdustries in virtve of
local circumstances which allow powver to be produced
relatively cheaply.

Few raterials: 211 manufacturing activities require

material, =since an industrial process is the conversion of
something into a good. Some industries, like metal smelting
or cotton spimning, use a very small number of pmaterials,
vhereas others, like the manufacture of motor cars, may

recuire components from hundreds of separate suppliers. The
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expenditure incurred in acquiring material involves both tre
cost of extraction and production and the cost of
transporting them to the factory. The cost of extracting a
mineral or manufacturing a component will affect the
locational decision only i1f +here are significant variations
of price at different locatiomns. It appears to be
increasingly the case for such variations to be reduced or
elimina*ed, sonetimes by agreements within the supplying
industry, and +there is also a tendency for +the large
corpora+ion to extend its ownership to include major sources
of material so that the price and supply are fully within
its control. Thus, the cost of materials can be ignored as
an influerce on plart location. Because the <cost of
material mainly depends on transportation charges, some
industries are forced to locate near the source of the
materials <0 +take advantage of lower transportatioﬁ costs.
The s=teel indus+ry which is located near the coal it uses in
suchk great quantities, the 0il refineries near the o0il
fields, the furniture industries located rear wood-producing

areas are examples.
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2+ 2 Functional iwpacis
1. laboz

Availabilitv: ¥without a supply of competent workers no
plant carn rur efficiently ard competitively. For thkis
reason proof of the availability of a gualified labor force
that can be emploved at a reasonable cost is oftern required
by a nasufacturirng plant. An area's overall unemploynment
rate 1s frequently vieved as tlhe key index ir evalvating the
labor pmactket. Partly because 0of past experience, many
industries intuitively believe that where unenmployvuent 1is
high, many people are ir the Job market and they will have
little difficulty in attracting workers. If a substantial
nunber of +he unermployed are skilieéd and married full-tinme
workers between twernty and IZifty-four yvears old, the chance
are excellent +that a qualified labor force is available.

Turnover rate: The rete of labor turnover is a good

index of the relationship between nmanagement and labor. A
Lhigh turnover rate shows up in a hich lahor cost, and i+ is
directly related to productivity. However, *the emploved are
unmarried, part-time, female, teenage workers that tend *o
change Jobs because these workers have higk turnover rates
in addi*ion to high rates of absenteeisn,. Industries that
eilploy many persons from this segment of the labor force
need a larger nunber of availarle workers.

Srill level: Iocal corcentration of an industry
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fosters the developmert of & labor Zforce particularly
productive in that indusiry. 2 rubkber marufacturing center
like Akron or a clothing manufacturing center like ¥ew York
City comes <o have an advantage over rival locations in tte
form of srilled and experienced labor. There 1is a double
incentive *o concentration in a few centers where cdemands on
workmanship are most exacting and the product most
individualized; such advantages reside in the superior skill
of *he individual workman and can be carried by him to a new
location if he sees inducenments to move. But the character
of the local labor force as a group might be evern nmore
important. 2 shoe mrarufacturer in one of the big centers
like Chicago can rormally get additional or substitute help
with adequate.experience at a few hour's notice, whereas an
isolated shoe manufacturesr in a small +town cannot. In
o+*her cases such as the confectionery industry, vhere
previous +raining is not essential for most of the johs,_#he
overall size of +tlke local labor supply is the dinportant
factor.

Cnionization: The extent to whick the area's workers
are involved in union activity should be analyzedéd carefully
in plant =site selectiomn. However, labor unions are not
peculiar *o any part of the country. They tend to be more

ereral in larce cities than in the small towns, but are noz
g ’

e

]
e

rited to arny size group of cities. TVorkers in small towns

tave fever possibilities for otler employment, sheunld union
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activity result in the loss of their joks. In large cities,
with numerous job opportunities, this is less 1likely to Le
true, Yearly 530 percent of all manufacturing workers are
mekbers of unions in the United States (18). However, +the
degree of union involvement should not be measured simply Ly
the proportion of the manufacturing labor force that bhelongs
to unions; the site's history of labor negotiations and
contract agreements is more importart. Marufacturing ir tlhe
South is Cdominated by numerous labor-intensive ronurnion
small scale plants that tend to loca*te in small towns and
rural areas. Urban services are rot important for these
kinds of 1ircdustries, so they are attracted to small
. settlements that provide lower cost lané and labor. In the
manufacturing belt of the Northeast, manufacturing is Lkighly
éiversified, highly unionized, and a metropolitan area
phenomenon. These situaﬁions can ke explained by tke nature
of industries in the VYNortheast - capital in*ensive, and
requir;ng.specialized labor, business, <financial, leqgal,
repair, +*ransportation, conmmunication, public and other
services that are rot easily offered in small towns.

laws: State and local lavws should be investigated by a
manufacturer when considering various locations. labor
lavs, vorkmen's compensation insurance ‘laws, and
unemployment regulations vary widely from one location to
arnother. Although much of the current labor legistration is

regioral in scope, some laws are purely local or state-wide
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ir nature. Some of the aspects of industrial operations
requlated by law are hours of work, minimum ages, mirimum
wages, workmen's compernsation, and working conditions for
vomen enployees. Yor example, the state of New Jersey has
stringent restrictions on the employment of women after

Ay
midnightii17L3 Erployment Practice Acts should be stucied
along wigﬁ the rulings of the Interstate Comnerce
Comnmission, whkich nay penalize certain types of industries
in some areas.

The overall influence of labor force factor on plant
location is thus difficulit +to evaluate. Increasing
mechanization, automation, and the substitution of capital
for labor may reduce the importance of iabor in the modern
indus*rial nations. But significent region advantages with
respect to labor cost, c¢uantity, and quality still exist.
The increasing sophistication of industrial processes
reduces the need for unskilled labor ir many industries, but
tke workers with special technique skills can give sone
sites big labor advantages., On the world level, there are
still many areas where the 1low cost of labor is the rain
competi<ive indus*trial advantaqge, particularly in the

developing countries of Africa and Asia.
2. Fuel and power

There are very few nederr 1industries that do not use

some forn of povered machtinery, although the amount ard type
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of enercy needed will vary frorn industry to industry and
from plant to plant accordirg *0o the nature of the
aciivities conducted and the kind of tectnology applied.

Availability: Practically every industry requires fuel
and power. The first consideration is the adequacy of the
fuel and/or power supply for all possible reguirements. For
those industiries which require larce amounts of fuel and/or
povwer, the decision makers would prefer plant locations near
the sources of fuel and power. ¢criginally water power was
the source of the pover for many processes, and plants were
located where running water was conveniently available.
Later, water power gave away to eleciricity pover, and
plants moved near to sources of electricity.

Heliability: The second consideration for fﬁel and
power is the reliability of the service. Interruptions of
profduction due %o féilure of power or fuel service are
costly and should be guarded against. A manufacturing plant
can get the best insurance of the reliable service if‘the
plant can obtain the fuel apd/or power from more +than one

source and from more than one route.
3. Transportation

The movement of mnaterials car consume a very high
percentage of the operating cost. There are many ways iz
vhich goods and materials can be moveé from one place o

anocther. In order +to select +the proper transportation
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service, t+he shipper should consider the following:
{1) The relative cost for thke various service
{2) The urgerncy of the shiprent
(3) Tte demand for special services, e.g. refrigeratior

ck: The extensive construction of improved highways

-
o
A

I3

throughout the country and the progress in the desigr of the
motor carriers Lave made tke truck an important factor in
transpota*tion. The truck is at a substantial advantage in
that less careful packing of goods is required. In additiorn
+o this are convenience of loading apnd discharge, tine
ecconony, and flexibility arising from the fact +that plart
owned trucks may be started on their way at any hour of the
day or night. Whenever a product is separated into
semifinished components which are made at different plants,
truck service is considered as a possible econonye.

Fater: Oldest among the modern transportation services
is the water shipping. It is slow relative to rail service,
but it is cheap and canr hanéle nuch more merchandise. For
exanmple, cars manufactured ir Deitroit can be landed at
Buffalo or Cleveland by boat at very low rates via the Great
Lakes. %Water +transportation is well standardized in its
operations and limited ir its accessibility to markets and
sources of materials.

Rgil: Ton-rile efficiency has risern notably, as well
as the speed 0f service and the faclility of handling at

terminals. Package-car service has beer introcduced,
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regulting in immeasurabie Lenefit to tke concern nraking
frequent shipments in smail gquantities. Thke improved
cervice, including the establishment of joint rail and water
service, truck and rail service over a videned area, vwill be
more beneficial to manufacturing. For exanple, at a nunmber
of sea and lezke ports, +he combination of rail service with
steamship wharves is equipped to handle a variety of goods
and materials with tre utmost speed and economy.

Air: iir service is designed to handle merchandise

vi+h speed, for instance, perishable goods.
2.3 Cormunity attitude

The attitude of a community *oward the establishment of
a new manufacturing plant is highly important. Burdensone
regulations and high taxes on industrial property are
indicative of an unfavorable community attitude. Tax
exenption, cash bonuses, free land or rent and the existeance
of industrial foundations or factory funds are sonetinmes
inéicative of a favorable attitude. In many cases, special
local favors have contributed materislly to success. of
course, the reliability of such gestures should be checked
before any agreement is made to locate the plarnt in a
particular_community. The first thing a site selection ifean
nust do is to evaluate the disadvanptage and advantage of the
community a5 the location of a plant. The tTeamr's tasi

includes firnding ont +he community's atitractive features and



also recognizing +the unattractive features.

Most cities and towrs, regardless of size, have eitlLer
a2 Crabnker of Commerce, a board of trade, an industrial
kureau, or at least ar industrial comnittee. Trhey are the
show winfows; +*he attitude expressed is not always the true
astitude of the conpmunity. This is one of the reasons why
more and more manufacturing concerns are making their
location investigations secretly.

For many vears cities and towns, particularly those of
small and medium size, have offered special inducerents to
atiract industries suck as the cash bhonus, tax exermptiorn,
free land or the free use of vacant buildings, subscriptiorn
to stock or bond issues, ard general financial assistance
+hrouch +the industrial foundation.

Por vyears the cash bonus was the most commorn way
ﬁroviéed by a community to attract industry. The community
would furnish +he money if +Lhe manufacturer would build a
plant.

Tax exemnption is ore of the inducerments frequently
provideé to industries. Exemptior nearly always applied *o
local taxes only, or to local and county taxes at most:; but
these generally constitute the major turden on property, for
some plant location cases, this concession may be of
considerable importance.

The oIfer 0f free 1land or +he free use of vacant

builéings has bhecome guite common for communities or sone



other <civic organization seeking o a**tract indusiry.
Freguerntly, a land owner will get benefit from *he sale of
Louse iots or store sites nearby because a factory means a
denand for homes of plant emplovees.,

It is becoming more and more commonr for communities to
offer subscrip*ions to preferred stock or bond issues at par
as inducements +to a manufacturer. The manufacturer issues
preferred stock against Lis assets, agreeing to pay interest
on tkem at a certain rate. This kiné of assistance to the
manufacturer seems mnore businesslike than the 0ld <ype of
bonus giving.

Although +the dinducements mentioned above are quite
commor, most manufacturers often prefer to pay their own way
ané make a reasonakble profit. The Chamber of Copmerce or a
similar group may be sounded out regarding the general

attitude of the community towardé a new industrvy.
2.4 Quality of life.

When a nev manufacturing blant fails +o achieve
projected profit and production level, the reason can
frecuently te found not in the investment éecisions, butr in
managenentts failures to give proper consideration to
cuality of life factors in site selection. With appropriate
attention to botk economic and human values, ar effective
plant can be located in a cornunity which provides

opporturities for a satisfying life style for +he assigned
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maragenent team as well as for +the plant employee recruited
locally. There are four essential gquality of life factors
{socioculture, health, education, and residential) which

nmust be considered in plant location problems.
1. Socioculure

This factor is particularly crucial when the plant in a
emall community or & rural area and tke management tean is
transferred from one or more metropolitan plants. No wife
or child can be expected to want to alter dramatically their
tastes and preferrences just because the husktand and father
is moved to a new positior with a different hone
environnent. If tke new ernvirocnment canr provide the basic
satisfaction *o every member of the family, the Lew
conmunity offers sociocultural function and avoids a
dramatic chaﬁée\in living habits. However, the following
items contribute to the basic satisfaction of sociocultural
elements:

1. Good restaurants are important.

2. There should be theaters showing movies of interest
20 all members of family.

= Major television network should be availlable
(ircluéing educational and public service broadcasting).

4. Shoppirg for Lasic necessities should not be a
problen ({stouid have rational chaipn supermarkets where the

prices are reasonalble and selection is not limited).
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5. The conmrunlty should have a library with busiress
reference materials as well as general reading materials.

6. There should Lave orgauized recreation programs and

7. one should not need@ to d&rive too Ffar to watch
college or professional sports; go to ; Luseum, sSee & plavV.s
watct a hallet, hear & symphony, visit a zoo, or Fjust walk
t+hrough a public garden.

B. Transpeortation is important, especially
accessibility to ar airport. If one must drive two or three
bours *o a small regional airport where connections to ma-jor
ci+ies are few, 1in such communities, it may take almost an

ertire day Just to meet relatives and friends who wish to

visit +he family.
2. Health care

L good community should have physicians who provide
anbulant anéd c¢linic care, -and also have a pediatrician.
Small communities need not have a hospital where surgery is
perforned. 2 hospital should be located =no more than a
thirty minute drive from the community. For an erergency
surgical care, a thirty minute wait is usually acceptable.
2 hospital also needs registered nurses, licensed practical
nurses arnd rurse's aids as well ac physicians to provide
healtl care. Skillel technicians must also be availalble to

provide radiology ané pathology services. In addition,
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anesthesiologists are also zTeguired to perforn a
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¥

he ages of +he loczl ptysicians is another important
factoza The future of community health care is in jeoparcy
if all *he physicians in the community are ir their sixties.
Small cormunities have great dJdifficulty atiracting young
physicians, andé t+he maldistributior of the medical
professionals is a growing =national problem. The services
and facilities of any hospital can te deternined £fronm
hospvital magazines. The local medical directory is a public
docurer+* and lists the training, residency, ©Loard special:ty

certification and age of all local physicians.

3. Education

The educational sys*tem of any community considered as a
plant locaiion skould be studied carefully. For example, in
one southern plant cormunity, both +*he elementary arnd
secondary schools are badly overcroweded and half of tthe
elenentary classes are held in makeshift metal trailers with
little or no ventilation. Tre childrer ofien complain of
urhearable heat and classes are cancelled. The education of
children is of importance to men and women, and it is a
najor concern for the American management family. If a
chilé attended a school where the quality of education is
considered outstanding, +tke new school expected will be

Gifferert From the expectations of a family whose child
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wransfers from a schoel that 1s corsidered average. -4
school system can be evaluated by considering the following
factors:

1. Per capita expense for education

2. Student to teachler ratio

3. Sperding per student

4. Students per rocn

5. Teacher pay scale

6. The library budget for both new and replacemen:
books

Ts Special programs such as music and ar%, intramural

athletic program, and the condition of the facilities.
4, Housing

Buying or building a hore is one of the most important
actions when a family is moviné into a new compunity.
Fesidential patterns mnayv create some problems. Often +the
company will buy a tract of attractive residential land and
encourage the managers to build +their homes side by sije.
Because so much of a manager's time and interest is occupied
by his work, each manager needs a private 1life with
different concerns, different values, and different personal
ties ané friendships. Very often, residential arrangenments
in spall *owns make social ouvtreach difficul+, so, the
cornpany must recognize the problems in buying residential

land for its personnel, and managers should receive counsel



regarding *hke impact wlkich residential patterns can have on
their social relationshkips.

Many of +he human problems in plant locatior <can be
avoided through attention to the following guidelines:

1e The executive manager should recognice the
importance of guality of life factors in plant location, angd
senior executives should be involved in <*he location
decision as vell as in the investment decision.

2. ¥ personnel specialist should be on the site

selection committee. This specialist skould make an in-

o]

eptkh study of each prospective site cormmunity and nmnake
Cetailed reports on the four guality of life factors.

3. After the plant site is selecteéd, the company should
sponsor a visit to the community and a detailed repor* for
the people who have being considered for assignment to the

new plarnt.
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CHAPTEER 3

BASIC CONCEPTS AND METHODOLOGIES OF MADM PROBLEM

-

3.1 Basic concepts

- An application of multiple attribute decision making
(MADY) methods to the plant location problenm is to select a
manufacturing plant site from a set of candaidates based on a
set of attributes (factors). The problem can be quantified

by a €fecision matrix D:

XI Xz L BB B BB B B B B Xn

A1 111 X‘z " &Y RSB R B S anw

D = Az Xz‘ Xzz s sesemsenvee in

- - - -

Am ijxmz...-.-..... XMI’I‘

let p be the number of alternpatives ( &;, i=1},2,.c0..,n ),
which are evaluated according to 1 attributes ( Xi .
3= 1420 caassh o A decision matrix is a (m X 1n) matrix

wvkose elements Xi]indicate the evaluation of A; on attribute

X] - The plant location problem has the following
characteristics:
Multiple attributes: L decision maker must genera<te

relevarnt atiributs for the problem setting. In the plant
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location case, transportation cost, labor and vwvages,
utilities, laws and taxation, ... etc. are the multiple
attributes to be considered in choosing a preferable site.
Incommensurable ~ units: Ve are dealing with
incommensurable quantites in a manufacturing plant location
problen. Some of attributes relzted to location probler are
guantitative. The unit of one attribute may be doliars
(e.g., operating cost) and +those of anotker may be
percentage, points, ...etc.; while many other attributes
(e.0., hicher productivity, better community relations) are
mainly gualitative.

Conflict _among attributes: The multiple attributes

usually conflict with each other. The decision makers want
t0 optimize each attribute, but it is rarely possible to
find a plant location which does so. For 1instance, the
location chosen mnay bhe an urban area whick will make %the
land acguisition c¢ost higher, but increase the lakbor
availability and the function of transportatior systen.

Intengibility: = Some attributes night -reflect
psychological aspects such as the esthetic corsiderations of
t+he environmenrnt cordition of a plant 1location. The
evaluation of such attributes involves delicate problems of
psychological scaling. To ignore such at+ributes migkt
seriously éistort am analysis.

FTor the gualitative and 4intangihiliiy a+tributes, <he

hipolar scale is commonly used +to convert a ogualitative
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ttribute into an interval scale. It should be noted that a

numerical assignment value is rather subjective. The
bipolar scale is shown on Fig (3.1).

selection_problem: The nature of the M2DM problem is

that there is a finite nunmrber of predetermined alternatives
which have associated with them a level of the achievement
of the attributes. The final decision is based on selecting

tke best one among finite alternatives.
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issignment of values on an interval scale

perfect

ideal
excellent

very good

good

fair

average

poor
unsatisfactory

unacceptable

28
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3.2 Domirance method

The Dominance method (b)) does not need +he declsiorn
maker's {(DM's) preference irformation nor ary assumption or
any +*ransformation of attributes. An alternative is
dominated if there is another alternative which excels it in
one or more attributes and egqual it in tke remairger.

We say that alternative A;= (XXji2 s coceeer Xin )

dominates M= (Eiqe ZygroneerXyp) whenever
(@) Xy 2 Xkj » for all j
{L) X” > xki + for some j

The number of alternatives can be reduced by
eliminating the dominated ones. X set of nondominated
solution 1is ‘ obtained <*hrougk the following dominance
procecdures

(1) compare the first iwo alternatives and if one is
dominated by the other, discard the dominated one.

(2) compare the unidiscardéed alternatives witlL the third
alternative and eliminate any dominated alternative. Then
introduce iLe fourth alternative and so on.

It is helpful to use the Dominance method to eliminate
+he domina+ted alternatives when tke number of at+ributes is

small anéd the number of alterratives is larqge.



2.3 Conijurctive method (10) or (Satisficing method) {(25)

The Conjunciive method needs a statement of +the level
which vill be considered an accepiable achievement score for
each attribute. Any attribute value of an alternative less
+han the predetermined score vill te eliminated. We define

4, as an acceptable alternative only if

0
Xi] > Xi ' j=1'2'--.-'n

where X: is +he minimum level of attribute x,. Usually, *he
conjunc*ive method is not used for selection of the best
al*ernative but rather for separating them into acceptable
arnd not acceptable categories. Consider a set of n egually
weightéd attributes. Let

r = the proportion of alternatives whick are rejected

P, = +he probability that a randomly chosen alternative

scorcs aktove the conjunctive cutting level.

=3

hen

118
p,= ( 1-r )" (3. 1)

For exanmple, suppose *hat a decision maker evaluates plant

locatiorns o each of four attributes - economic impac:s,
functional irpacts, community attitudes, and guality of
life. Lssune theat the decision maker wants +to eliminate

five-sixths of *hese alternatives. Yow we have

n=4, r=5/¢
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1
p.= ( 1-5/¢ 4= Q.&4

Hence, +*he decision maker must set a mirimum value for each
attribute suchk that €4% of plant locations will place above

these scores.

2.4 Consensus Ranking Method (8)

In multiple attribute decision making, the aralyst nust
obtain information concerning the importance of each of the
ttribu*es from the decision maker. There are tvwo types of

nforma*ion which may be supplied - cardinal and ordinal.

I_Jc

Cardinal ranking arises 1in those situations where an
individual is able not only to express a preference of one
attribute over another, but the deqree of preference as
vell, For dinstance, the decision maker may state that
attribute Y is +Lthree times as important as attribute 2.
Ccrdinal rankings do not express a degree of preference.
Crdinal information pertaining to the attributes is nuch

less precisce. For example, the decision maker may state

las
e

at atiribute 1 is more important than attribute 2, but no
information regarding the relative degrees of importance
would be supplied. It was assumed that each of the decision
makers could specify a priority vector denoting the ordinal
preferability of a set of attributes. I+ was assuned that
each decision maker's ranking is considered equal in

inportance to the rankings of any other member. The proltlen
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is *p determine a consensus ranking *hat best agrees with
all the decision makers' rankings. Cook and Seiford (8)
represent a ranking set of m alternatives by a vector & =
{a1 s82 ,++e..,8m) where a;is the rank of priority of the
alternative (or the average in the case of ties). Thue if
alternative 2 1is ranked £first, alternative 1 second,

alternative 4 third, and alternative 3 last, then
A= (2,1,4,3) ,

whereas
B= ( 1,8,2.5,2.5 )

would represent the ranking in which alternative 1 is first,
alternative 2 fourth, and alternative 3 and 4 are tied. The
probiem consists of determirning the best consensus ranking

for 3 situation in whick n attributes have given ordinal

n

rapking (A'h_, of m plarnt location alternatives, where

i i j
A'= (aj,a;,.ncu'a*)

Ccok ané Seiford shov that the consensus ranking C

vhich mininizes +he total absolute distance matrix

i m n j
a@ ,0 =YYl a - gl (3.2)

=1 i=1j=1

n
D =
i
vhere Dis a m x n (mn = pnumber of alternatives) nonnegative
square matrix, and

.

i . . . .
a; : rark given to alternative 1 by attribute j
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c; : possible rank (i = 1,2,.c..,n)

The following axioms are satisfied by *he matrix D. Let
C (A,B) represent the distance between the ranking 2 and B.

Axiom 1 : d4{A,B) 2 0 with eguality if arnd ornly if A = B

Axiom 2 : &(A,R) = & (B,4)

Axiom 3 : d(A,E) ¢ d(A,B) + d(B,E) with eguality if and
only ranking B is between A and E

Axiom 4 : IFf A' results from A by a permutation of the
attribu*es and B' results from B by the same permutation,
then

d{a',B'Y = d(a,B)

Axiom 5 : If 2 and B are two rankings of n attributes
and A* ,B¥ are the rankings whiclk result from A aré B Ly
listing the same (n+1)st attribute last then

d{r*,B*) = d(4,B)
Furthermore, the unique d wkich satisfies these axioms is

given by

a(a,8) =) | a;- b;| 13.3)
i

The distance function puresented akove can now be used o
determine & consensus ranking. The most expeditious manner
of obtaining consensus ranking 1is to solve the following

assicnment probler:



s Ffor all k

n
[ ]
ct
[ ]
fad b
= x
I n
- -

, for all i

bt
=
A\

0 for all i,k

here
n -
dix ‘=z:l aj- k |
j=1

and the decision variables X are defired such that

i 1, if ¢ =k

o, otrervise

If we consider atributes with differernt weights, the
poGified distance measurement can be expressed as
. i
Qe =D W1 aj= k1, k=1,2,...,m
i=1

=

—
#kere W; is the weight assigned +to the jth atiribute. The
Cifficulty ir the +tilied ranking can be treated easily by
using the weights (¥;, J=1,2, 64,0} For example, three
aitecnatives, A,,3,,and Rjare tied iz the jth attributewise

ranking as
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rank X’(ﬁj)

1st A s Ay, 0y
2nd

3rd

4th A,

- — T I A S S R Y- T A -

It can be equalized by creating two more attributes with 1/3

of the original weight value such as

. G - — T . T U T T —— . ——— — o — - — ———

T . S G W SN N T N R SN e N NS S S S e e o —— T A

Ist A, A, &,
2nd 3, R, 3,
3rd 3-'!;3 Az By

4th A, B, A,

——— ————— A T —— - ————— T — T —————— — ——— " ——— i . " i
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3.5 T¢PSIS method

"he Technigue for Order Preference by Similarity +o
Tdeal Solution (TOPSIS) was developed by Hwang and Yoor
(18) . Tris method is based on the concep* that the chosen
alternative should have the =shortest distance from the
ideal solution and +the farthest from the negative-ideal
solution. “he method ¥ill be presented in +the following

steps:

tep_i.__Construct the rormalized decision matrix: The

A e . i i S . " S i M S S B S o o S . .

vector normaiization procedure is employed 1n tkis method to
transform the differernt attribute dimensions into a
comparable scale, whkick means a dimensionliess unit. This
procedure Gefipes that éach attribute vector of the decision
matrix is divided by its norm, so that each normzlized valiue

Ty of +he normalized decision matrix R can be calculated as

LSy .
Tif (3.4)
X'ij
i=
Step_2._ ___Construct the weighted rnormalized _decision
matrix: This matrix can bLe obtainred by multiplving <he

duzl elenent T ty its associated weight Wj . The

'_I.I
o)
(& 1]
[
<
b

matrix V is egqual to



37

Y=%kE% (3.%)

where W is a diacgonal ma*rix of order n, and

=]
iy
]

-

Step_3. Determine ideal and nedgative-ideal soclutiops:

lLet the ideal alternative A% and the negative-ideal

alternative A— be definel as:

A;? = [[ maiix Vig 1| dJ€Jd ¥, ( m:'i.n Vij i j€d') i=!,2,...,m}
= (V3 gV3 geaeaslnm )
a= = [(min Vi1 J€J ), ( max ¥, | jed') i=1,2,0.. 5]
= ( VisV2senee,Vm )
wkere

J is 1j=1,2,_..,n | i associated with benefit attribute}
Jtis [j=1,2,...,n | J associated with cost attribute l

S+ep__ 4. Calculate _the _separation _measure: The

ceparation of each alternative from the 1ideal alternative
can be measured by the n-dimensional FEuclidean distance.

Then +tre separation from the ideal alternative is given by



m
Six = 21 (% = V% ¥ r 1=1,2,...,m (3.6)
1=

Similarly, +he separation from tke negative-ideal is c¢ivern
by

Sim= [ 35 (V- VT , i=1,2,0..,m (3.7)

Step_5. Calculate the relative closeness _*to_the ideal

solution: The relative closeness of A; with respect to A*
is defined as
C

= Sj=7 { Six* Sj=) « 0 < Cix< | , i=1,2,..,0 (3.8)

It is clear that arn alternative A; is closer to 2* as Cig
approaches to 1.

Step__¢€. Rank _*he preference _order: A se* of

preference oréer can be obtained according to the descending

order of . Ciy »
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3.6 ZELECTRE method

The FLECTEE method (Elimiration et Choice Translating
Eealityy was originally developed in France Dby Benayoun et
al. (2};} This method was subsequently applied in various
types\tgf research. The ELECTRE method is based or a
pairwise comparison of alternatives to examine both the
degree of concordance among weigkts and the discordarce
differences among weight project outconmes. The concept of

an outranking relaitionship of Rp -+ 2q says that even though

+hese two alternatives do not dominate eack other, +the DM

accepts the risk of regarding 1p as almost surly better
than 24 . The first and second steps of ELECTRE are the
samne as those of TOPSIS. The remaining steps are presented

as follows:

Step 2. Determine__the_ _concordance and_ _discordance

sets: The concordance set cpq 0f BAp anrd Aq is composed of

all attributes for whick Ap is preferred to aq , or Ap is

egual *o bq . This set is defined as:

Cpq = { 31 Zpj 2 Zqj ) (3.2)

The complenmentary seit 1s called the discordance set D and

can he represented as:

Gpg = (3} Xpj < Xgqj ) {3.10)
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Step 4. Caiculate the concordance mairix: It is
okvious <*hat cCpq will cortain more elenents when Zp
dominates hq Witk respect to more atiributes. The relative

value of *he concordance set is measured by means of the
concordarce index. mhis index is equal <o the sum of
weights for *those at+tributes which fall into the concordance
set, divicded by the sum of all weights. Therefore, the

concordarce indeX cpq between A, and 3y 1is defired as:

n
Gy =: W /:ZWJ 3.11)
JE Cpq =1
Step 5. ___Calculate the discordance matrix: The

discordance index neasures the relative discrepancy hetween
the weighted outcomes of two alternatives. The discordance

index may be defined as:

"max ! V” - qu l
JE dy
Gpg = mmmmrmmmmmm e (3. 12)
max | Vg = V.1 .
ieJ
Step_Ff. Determine_the concordance__domirance matrix:

By defining a *threshold value for +he concordance irdices
(ir gereral, +the average value of all concordance indices},

one may state +that BAp will only have a chance of being

preferred to Ay if the associated index ¢, exceeds the
tkresholl velue T; that is to say, if



£

W
(91]

In <kis case, € can be defined as:

m m
z =2:: 2::cpq / & (m=1) (3.13)

P=1 4=1
PEG Qg p

Yezt, a boolean matrix F can lLe constructed. The elenments

fpq0f matrix F can be defined as
{3.14)

Katrix F is called the concordance dominance matrix: each

element 1 indicates a dominance of one alternative by

another in the concordance relationship.

Step_7._ Determine_the discordance_dominance matrix: &

is more worthwhile +thar Aq if the discordance index dy is
lower. By defiring a threshold value 4, 2, can be assuned

to receive a higher priority than A, if

mhe +hreshold value & can be calculated as
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& =) ) 4/ (n-1) (2. 15)

P=1 9=
Pq fxp

The elements ¢ 0f “he discordance matrix C are determined
Pq

Gy = 1, Aif dpg &
(3.16)
dpg = 0 LI &> &

The irnterpretation of G is analogous to that of T.

Step_ 8. Determine the aggregate dompinance pairix: Tthe

agaregate doninance matrix ©E can be directly calculated as
+Le intersection of the concordance dominance ma*rix F and
tte discordance matrix G.

The elenments e, of E satisfy the following conditions:

egg = 1, 1f = 1 and g = 1
{3.17)
epg = 0. otherwise
Step 8. pRank the preference order: 1If e, = 1, then i

is preferred to Aq for both the concordance and discordance
criteria. The outranking relationship can be illustra*ted by
graphical representatior and gives the partial-preference

ordering of t+the alternatives.
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3.7 LAkrnaly+tical Hierarchy Process (RHP) (21) (22)

i hierarcky 1is an abstractior of +*he structure of a
sSystemn %o study +the functional interac*tions of its
components and their impacts on the whole systen. This
structure could have several related levels, all of which
essentlally descend from an overall objective down +to sub-
objectives, down further to factors whick affect these sub-
obtjectives. The Rnalytical Hierarchy Process approach wiil

be describeé as the following procedure:

Step_1l._ _Decompose_a_conplex system into_a_hierarchy

Step_2. Measurement_and_judgment _process: Let € ,.C,

re<ssCpbe the set of activities. The guanrtified judgments
on pairs of activities C;,Cj are represented by an (r X )

matrix

A= (2g; ) « ( i,3=1424eee,n )
(W /¥ W /W) eeeeacaaas W /Wy

= Wz/W1 Wz/wz " " s e ee 000 Wz/wn

Hn/h'1 Hn/wz ® 900 08 s s Wu/wn
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The elenents a are defined by the foliowing rules.
Rule 1. If a; = k , then g = 1k , ¥ = @

rule 2. If C; 1is judged to ble of egual relative

1, a;; = 1; in particular, g; =

importauce with C;, then a,; i

P =
1 Zor all 1i.

For determining +he priority scale (a;;) » Satty (22)
gives an intensity scale of imporance for activities shown
in Table (3.1).

For example, if attribute 1 1is absoclutely more

important than attribute 2, insert 9 on the alzposition.

Step_3._ _Calculate the eigenvalues: Eigenvector method
Since aj;; = 1/a; , the matrix 2 is reciprocal ard has
all positive elements a;; with the property

aij = ay / 2y (3.18)

T
Multiplying 2 by U = { W1 ,%4ee..,%n ) , we obtain

PE=n10¥
or
(A -nI)E=0 (3. 15)

2ue to +he consistency proper-ty of eguation (3. 18), £k

()]
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systen of homogeneous likear ecuations, eg (3.19) Lkas oniy
trivial solutions. Ec (3.19) expresses the fact that ¥ is
an eigenvecior of 2 with eigenvalue r. Ir a practical
prorler, the a;; are not based on exact pmeasurements, but or
subhjective judgements. Thus, the a;; will deviate from the
real ratios w;/w; , and therefore eq (3.19) will no lornger
hold. %“e find that if 2 is consistent, and the diagonal of
a matrix A consists of ones (a;; = 1}, then small variations
of the a;; ieep the largest eigemvalue, Q\m“ , Ciose to n, arnd
the remaining eigernvalues clcse to zero. If we define A' as
+he decision maker's estimate of A, and ¥' is corresponds to

A', then

A' B = Am“wt {(3.20)

The priority vector W' car be obtained by solving

simultaneously the linear egquation (3.20), and the condition

n
EW' = 1
i=1

Step 4. Bierarchical composition: The priority of an

element in a level is the sum of its priorities in each of
the subsets +to which it belongs. let B be +the priority
matTix of +*he %Xth level, (k=1,2,...,h). Trhen thke composite

priority vector is given by



o
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If; = Bh Bh_ionoo B' (3.21)

IZ lsvel 1 has a single element, then as usual, B, 1is just a

scaler: if more, a vector.



Table 3.1 The scale an

Internsity of

Definition
importance
1 Egual importance
3 Feal importance
of one over another
5 strong importance
7 Demonstrated
importance
9 Absolute importance
2,4,€,8 Intermidiate values

hetween the two

adjacent judgements

- ————— o —— v ——— T " ol o S i o W . S s i
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d its description

Two criteria contribute
equally to the objective
Experience and judgement
slightly favor one
criterion over another
Experience and judgement
strongly favor one
criterion over another

X criterion is strongly
favored and its dominance
is demonstrated in
practice

The evidence favoring one
criterion over another is
of the highest possible
order of affirmation

When compromnise is needed

A ————— - —————— . ———— N —— -
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3.8 oOrdinal Intersection Methkod (8)

Tte method dJdeveloped by Cook and Seiford is used *o
ckoose a setr of sites. Once attributewise rankings for each
attribute Lave been provided and the kudget B is known, the
fundable and non-fundable subsets are determined. Suppose

that for attribute 1 the ranking of eight sites is

Ey = ( 1,4,2,€,8,7,5,3)

If *he budget is only large enough to permit the funding of

“te first five sites, then the fundable set f; is

f‘ = ( 1,“,2'6'8 )

The ron-“undable set fy is
1

+hi

] = (7t513)

The ordiral intersection method would proceed as follows:

Step_l.__Take the intersection_of all n_fundable sets:

n

N £

, (3.22)
i=1

Call tkis set g,, it is the subset of sites (which may be an

enpty set) which is contaired in all fundable sets £;. If q,

contains enougl sites to absorb the entire budget, wvwe stop.

If no%t, we go to
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Ster 2. Select some_ser of n=1 of the £ { say, £.%;.,
evssfpnmy) and take their intersection
n—1
N <
|

Call this rew subset g, . If the set g = gy g, absorbs the
hudget, then stop. Otherwise, select another subset of n~1
of +he £, (say £y sy secesfn=z +E0 ) and +ake their
intersection (g;). If the set g = g,y g, U 03 absorbs the
budget, stop; othewise proceed in the <fashion described
above,

Basically, +his process attempts Yo select those sites
which received high priority on as many aziributes as
possitle. If tke attributes are ranked ordina;lv only, the
mininum sun of ranks could be used as a selection criterion.
For exanmple, conslder the cases of four attributes, where
tke orcdiral ranking of the four attributes is { 2,4,3,1 ).
If sets of 1ihree attributes are to be selected, the first
choice would be attributes ( X,,%; ,%; ) whose sum of ranks
is 1+ 2+3=¢t. The next choice would be ( X ,X,,Xs ) vwhose stum
of ranke is 7. If g from all sets of n-1 attridbutes does
not aksorb the budget, +hen n-2 attributes will Dbe
examnined, The process will continue until the budget is
exhausted. If +he decision wmaker has assignéd cardinal
veights ¥; to the attributes, then in determining 9, »

subset of £, should be chosen for which the corresponding
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sur of weights is maxinmun. When there are more than one

et

decision makers, let &; , i=1,2,¢...,m to be a set of
rankings for the various sites by the ith decision maker,
associated with weights which are based on Lkis working
experience withk the plant location projects. Dealing with
this kird of problem, the decision maker can use the
consensus ratking method to solve it with respect to tte
decisior matrix of each decision maker.

n sets of ranking order of a site selection problem can
be obtained after finishing the process bove. Finally, the

ordinal intersection method is employed to exhaust the total

budget.



CHAPTER &
APELICATIORS OF HMADM METHODS 70 PLANRT LOCATIOR TROBLEMS
4.1 Proklem 1.- Manchester Candies Company {5)
1. Introductiop (paraphrased from (5))

A British-based company, Manchester Candies, decides *o
tuilé a plant for the manufacture of candies. Most of the
required new rtaterials are gemerally available in the United
States, except for the chocolate, which i= %to be made fronm
cocoa heans, milk, andt other ingredients, according to
BManchestert's special process. The site <characteristics
analysis 1s conducted by a site selectior tean of three
irdividuels: a production specialist, a personnel
representative, and a plant planning engineer. The team
vish to avoid embarrassing conflicts with either labor uniorn
or environment protection «groups. The wmajor location
factors that the team mainly concerns are the following:

(NH Labor force - No history of labor confrontation:
workers wiliing to do routine jobs.

(2) Transportation - Good highway network, but rail
and barge connections unnecessary.

(3) Kaw materials - Ready access +o dairy farnms,
sufficient water supply, proximity to harbor for urnloadirng
cocoa heans.

(4) Climate - Onimportant except for impact on raw
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material deliveries.

{5) Compunity - Small cormurity preferred wvwhere the
plant would becomne a major contribution 4o +the 1local
€CONORY .

(6) Pollution - Unpolluted source of water desired:
lack of local concern over pollution produced by plant.

{7y Energy - Stable supply of npatural gas.

(8) Government - Sympathetic to tusiness.

{9) Capital and operating costs - Impportant, but not
the major consideration.

The site selection team feels that raw material is the
most imporzant factor, and the transportation factor is also
a very Iimportant factor for a 1likely plant site. After
searching +hrough east coast area, the team selects eight
sites t¢ make further analysis. A4 comparisorn table for each

of the alterratives was provided by this team (Table 4. 1).



Takle 4.1 A comparison study of the major factor

—— e —— T — T ——— . T T S ————— — - —— -

A+tributes
X1 X2 X3
Sites
Transportation Raw material Operating cost
% good available 6.0 million
2 fair availakble 5.8 million
3 good limited 5.7 million
4 vervy good plentiful 5.6 million
5 excellent available 5.6 million
E faic limited €.0 million
7 fair available 5.7 million

8 very good available 5.4 million

T —— T W S A i i — T i ——— i — — -



2. An application of the Dominance me*thod

First, site 1 1is compared with site 2. Site 1 is
better tharn site 2 in attribute 1, egual *o site 2 in
attribute 2, but worse in attribute 3; so Lboth sites are
nonconinated with respect to each other. Fext, site 1 1is
comnpared *o site 3. Site 1 is equivalent +o site 3 in
atiribute 1, beitter than site 3 in attribute 2, but worse in
attribute 2 neitkter site dominates +the other. Then
introduce *Le next alternative and so on. If one site 7 is
dominated by site i, it can be expressed as Si=*»Sj . TlLe
final dominance diagram is given in Fig 4.1 through all tke
pairvise comparisons. Since Lo arro¥w goes irto Sy, S5, and Sg

, they are nondonminated sites which need further evalvpation.



for Table §4.1
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4.2 probhlem 2. - Kelly Springfield Tire Company (18)

1. Ictroduction (parapkrased from {(18))

The ¥Xelly Springfield Tire Compary, a wholly ovned
subsidiary of the Goodyear Tire Corporatiorn. At the

beginning of the site search Kelly Springfield had nine tire
distribution centers located throughout the United States.
The site selection tean anticipated that the new plant would
supply tires to the distribution centers in +the sane
proportion as the respective share that each center
contributed *he £firm's total sales. The VWest coast and
Central United States market demand, however, could be
economically supplied from the low-cost plant, Tyler, Texas,
leaving the demand in the eastern portions of the country to
be supplied by <the rev plants. The firm had three
produc+tion plants located in Freeport, Illinois: Cumberland,
Maryland; and Tyler, Texas. The Illinois and Haryland
plants produced 58 percent of the +total automobile “tires
manufactured by the firm, as compared toc its eastern United
States market Zemané of 72 percent. The 14 percent shortage
was nmade up Lty +he Texas plante. Giver the productiorn
capacity of the existing three plants and the projected
market demand, the new plant would have to supply 30 percent
of +he prodected demand. The Illirois and Marylané plants
could supply 41 percent of this demand, so tha* the three

-

together would supply 71 percent - almost matching the



eas*tern market éemand of 72 percent. Hence, the geographic
analysis of marktest denmnand and produciion capaclty
demonstrated that +the rew plant should be located in the
easternu part of the country.

The site selection tean agreed that the minimumn
population range necessary to provide reasonable living
conditions was an urban community of 285,000 persons having a
iabor supply area of 150,000 inhabitants withkin a radius of
thirty miles. The maximumr urban community should not be
more than 150,000 people, since experience showed that urban
areas larder than this were unlikely to provide the best
labor climate for a tire plant.

after community evaluation +*rips involved contacting
industrial .developers and local industrial Lanragers,
collecting available information and visiting potential
sites, of the sgixteen cities visited, thirteen vwere
eliminated by the +eam on the basis of one or +wo problerms
such as iiving conditiorns. fter examining the locational
factors: industrial climate, laﬁor climate, +*ransportation
faciiities, econonic costs, living condi*ions, +he

comnprehensive comparative analysis is shown in Table 4.2 .



Table 4.2 Conmprehensive Comparative Rnalysis

— i o - T e A T S T . T . i i T — T —— i Y i ——
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Industrial climate good googd good

Labor climate

Availability good good good
Population 231,000 378,000 29¢,000
Productivity fair good good
Unionization extensive little roderate
Transportation excellent excellent eXcellent

Economic costs ( 12,500 tires/day )

labor 3,310,000 3,310,000 3,625,000
Freight 1,982,000 2,243,000 2,019,000
Otilities €50,000 €77,000 51¢,000
Taxes 376,000 212,000 276,300

Living conditions

Urban population 51,000 €0,000 38,000
Housing Teasonable very good very good
Fducation fa;r good good
Hospital ' good good good
Recreation fair good good

Site conditions

Size ( acres ) 235 405 210
Topograpt excellent good very poor
Cost { $ per acre ) 1,000 1,500 1,000-2,000

Dption status in kand ir hané avialatle

- D T i " S o s il St S T T O P T S il S il v e vt S g T - - ——
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2. Attribute evalua<tion

(1) Industirial climate: 211 three comrunities could proviie
an atmosphere not conditioned to any single industry, type of
service, or category of employmert.

(2} Labor climate: Revealed an adequate level of labor
availability in each community, along with a substan+tial
population within a +thirty mile radius. Tbke Tayetteville area
had the largest potential labor supply with a population of
379,000. Kone of the communities possessed a sufficient supply
of skilled labor. Greenvillet's workers vere eXtensively
organized, whereas Fayetteville showed little unionization.
Johnson City's vworkers were noferately organrized. 3a federal
training program was Jjust getiting underway in Greenville. The

oldest of fifty state-operated technical institutes foar

ot

rial trainring was located in Fayetteville. In addition, a

fas
o

ndaus

$

—y

million expansion progran was underway at the institute. a
similar state-operated training program was located in Johnsown
Citys The overall evluation of each community's Alabor’climate
rated Tayetteville the highest, Johknson City second, anpd
Greenville +third, primarily because of its poorer worker
productivity and labor training progran.

(3) Transportation facilities: The ideal site should face a

good highvay providing easy access +o0 +the interstate highwavy

n

ystem to facilitate the travel of emplovees, custom-ers, and
szlesmern and the shipping of suplies, eguipment, and products.

The sites revealed that all hLad excellent thighway cornections.
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Fail service wi+thin each community presented no probler.

(4) Ecornomic costs: The economic analysis revealed that the
three comnnhukities were almost equally conpetitive, with
Greenville favored by a slight margin aud Fayetteville the least
attractive because of higher freight and utility costs.

{(5) Lliving conditions: TFayetteville with a population of
£0,000 provided better services - recertly built shopping centers
and a new downtown area, air terminal, and civic auditorium.
Hospital and recreation facilities were adequate in all three
communities, Each of the communities contained sufficiert
tousing, but Fayetteville had many more attractive subdivisions.
Therefore, Fayetteville was ranked ahead of Jochnson City on
living conditions, followed by Greenville.

(6) Site conditions: Three communities all met the minimum
size reguirement of t¥%o hundred acres. The Greenville ané
Fayetteville developmert organizations had specific site options
in hand, kFut the Johnson City option had not Leer completely
negotiated. The Greenville site possessed excellent topography,
and the terrain of the Fayetteville site was also good. But the
Johnson Ci*y site had miserable topography. Calculations based
on asrial photographs showed that nearly 2 million cubkic vards of
earth grading would hLave to be completed in preparatior for the
plant, whick would cause a sixty +to ninety day delay in the
construction schedule. Since production at the nev plant was to
start as gquickly as possible, this delay, as well as the lack of

a site optior inm hand ir the first place, gave Greenville ané
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Yevatteville an added advantage over Jokhnson City. The sumrary

of comparative rankings is preserted in Table 4.3.

2dttrihute weight: The attribute weights are corresponding to
+he priori*y of locational factors and given by the site

selection teanm (Fig. 4.2)



Table 4.3 Summary of comparative ERankings

— - ——— i ———— . 7 . i . i i ST o e S T ——— " ———

Greenville Payetteville Johnson City
Location factor
Miss (51) N. Ca (S52) Tenn (53)

. S G i A T > > W T T - T A P U . T D . s o o Y —— — - ——— S O W —

Industrial climate (X1) 1 1 1
Labor climate {(Xx2) 3 1 2
Transportation {x3) 1 1 1
Econonic costs {X4)
lakor {xut) 1 1 3
Fre ight (X42) 1 3 2
Otilities (Xu3) 2 3 1
Taxes {(X44) 3 1 2
Living conditions (X5) 3 1 2

Site conditioms {X€) 1 2 3

O S s T — T — N st — —— T ——— . . i wir il . T R W GAS G G A S



Fig.

%1 {.05)
.05
%2 (-15)
.15
X3 (.10)
.10
X41 (.52}
Y42 (. 30)
.15
X4 {.50)
I3 (. 10)
X4h (. 08)
. 04
X5 (.10)
.10
%€ (.10)
.10

4.2

Assessment of attribute weilghts
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4. The espplication of Concensus Ranking Method

{1} Fror the Table 4.3, three alternatives all obtein the
same rank scores on attributes X1 and X3. Excluéing X1 ard %3

attributes, a decision matrix is presented as follow:

X2 X411 X812 X442 X43 Xug X5 X6

Greenville 3 1 2 1 2 3 3 1
Fayeteville 1 2 1 3 3 1 1 2
Johnson Cit 2 3 3 2 1 2 2 3

(2) The distance matrix can be obtained by calculating the

following distance egqguation.

n "
[
=1

15t 2nd 3rd
51 0.7¢0 0.e70 0.940
s2 0.630 0.620 1.070

33 1. 1€0 0.410 0.540



{3) Using the linear assignment algorithnm

3 3
min.z::z:: Qi Xik

i=1 k=1
3
S.t =1, i=1,2,3
k=1
3
> X.s= t, k=1,2,3
i=1

w2 0 for all i,k
(4) The optimum matrix is

—— - —— - — - - A e e

1st 2nd 3rd
s1 0 1 0
52 1 0 0
sS3 0 0 1

—— . — T S S — -

Thus, the rankinc is (S2, S1, S3), where S2 (Fayetteville) is

b=

the bhest site.
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4.3 . Problern 3 -The location of an electrical appliance plant
(Ze

Z5
W

1. Introduction

This study is concerned with the locational decision of =
single manufacturing plant and is based entirely on real world
éata. The plant specifications are as follows. 2 site of 20 -
30 acres is reguired, to holé a building withk about 103,000
sguare feet of production space. 2 total of 450 production
workers will be emploved, and 10 office workers zre also
reguired. Fach month the plamt will wuse 1,200 kw and 232,000
kwh of electric power and 151,000 cublic feet of water. The
annuel production for which the plant is being constructed is
almost 100,000 nunits, with a total weight of approximately
144,000 cwt. The geogqraphical distribution of the marke+ is
illustrated in Fig 4.3. There are 81 destinations for the
product,‘ with the volume to be shipped varving from less than

50 cwt to more tham 15,000 cwt. The market is largely confined

o the eastern half of +he country. Six components are
reguired to manufacture the product. Their spurces are
indicated in Fig 4.4. The largest zrequirement in terms of

weight is for motors, wvwith almost 206,000 cwt to be shipped
annually from a =ingle source in the Great lakes area. Fext
comes calvanized steel, with 50,000 cwt and a choice of five
al*ternative sources, Third is pmetal tukes, witk 15,000 cwt and

source of supply in central Indiana and in De+*roit. The
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rewaining three comnponents are capaci*ors, panels, anéd another
part, which, with a comnbined weigh*t of only just over 5,000 cu:
to be shipped each vear, have very litle bearing or locatiocrn.
Seven sites are selected to make the final comparative analysis
which are showr in Table 4.4. Lansing {Mi) =~ 51, Birminghem
(Ala} - 52, Atlanta (Ga) - S3, Evansville (Ind) - S4, Lexington

(Ky) - 85, Columbia (S.C.) - S¢, Naskiville (Tenn) - S7.
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2. At+ributes evalua<ion

The major location attritutes +*ha* +he plant would like =o
consider are econonic impacts, functional impacts, comrmunicy
attitudes and guality of life, Bere we lis* them andé their

conponents, along with the urit of measurement for each.

A. Economic impacts (X1) ($1,000)

{(a}) Capital costs (¥11) - including the lard and building

cost.
{b) Annual costs (X12) - +ke post importarnt factor,
consists of labor, ransportation, utilities, +axes, and

interplant communication.

E. Functional impacts (X2)

{a) Availability of labor force (x21) (1,000)

(k) State man-days idle due *o work stoppages (X22) (1,000}

{c) Union membership as a percent of non—aqriculturai
empldﬁees (x23) (%)

(8) Transportation (X24) - railroad and truck services

C. Cormunity attitudes

(a) State tax incentive program (¥31} - There are fifteen
criteria to evaluate for this attribute.
(1) Corporate income tax exXemption

{2) Personal income tax exemption



(b)

iR

Zxcise tax eXemption

Tax exemption on land, capiial investmernts

Tax exenption on eguipments

Inventory tax eXemption on goods in transit

Tax exerption on manufacturers' inventories.,

Sales/use tax exenptiorn on nevw eguipments

Tax exemption on ravw materialis used in marnufacturing

Tax incentives for creation of jobs

Tax incentives for industrial investnent

Tax credits for use of specifiel state producis

Tax stabilization agreements for specified industries

max eXemption to encourage research and development

Acceleratel depreciation of industrial equipment

State

financing program (X32) - There are eleven

critera to be evaluated.

(n
(2)
(3)
()
{3}
(€)
(7
{8)
(9)
(10

Stazte

sponsored industrial development authoriiy

Privately sponsored development credit corporatiorn

State

S*tate

S+ate

S+tate

State

State

State

State

authority or agency revenue bond financing
agency ceneral obligation bond financing
loans for equipment, machinery

loans for building construction

loan guarantees for eguipnent and machinery
loar guarantees for building construction
financing aids for existing plant expansions

ratchking funds for city ard/or cournty industrial
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financing prograns
{11) State incentives for establishirg indusirial plants iun

areas 0of high unemnployment

(c) State special services for industrial develophent
(¥33) - eighteen criteria would be comnsidered in evaluating the
a2ttributes (%X33).

{1) State financed speculative building

{2) State provision of free land for industry

{3) tate-owned industrial park sites

{4y S+*ate funds for city and/or county development-related
public works projects

{5y state funds for city aand/or county master plans

{6) State funds for city and/or county recreation projects

{(7) State funds Ior private recreation projects

{8) &sState program to promote research and development

(9) S*ate program to increase export of products

{10) University R & D facilities available to industry

(11) State and/or university.conductea feasibility studies
to attract or assist nev industry

{12) State recruting, screening of industrial employees

{13) State retraining of industrial employees

(14) State supported training of industrial employees

(15) State sﬁpported training of "“hard-core" unemployed

{1€) tate incentives to industry to itrair “hard-core"

unempioyed
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{17) Sta*te help in bidding on federal procurement contrac:ts

{1€) S*tate science and/or technology advisory council

(@) State incentive for pollution control (X34) -
including ninre criteria to be considered.

{1Y ©Eeal property tax exemption

{(2) Personal property tax exemption

{3) Sales/use taXx eXemption on purchase of pollution
control facilities

(4 Sales/use tax exemption appliable to lease of
pollution control facilities

(5) Credit against corporate income tax

{¢) Maximum dollar limit of credit

{7) Accelerated depreciation of pollution control
equipment
{8}' Fxclusion of pollution control investment from

corporate franchise tax
(9) Zxemption appliable to cost of operating pollution

corntrol facilities

(e} City and county business investment incentives (X35) -
there are fifteen criteria to be considered.

(1) Tax exemption on land, capital investment

{(2) Tax exemption on equipment

{(2) Inventory *tax exemption orn goods in +ransit

(4) Tax exemption on manufacturers' inventories



(3)
(€)
{7)
(8)
(%)
(10}
industry
(1)
(12}
(13}
{14)
(15}

T4
Sales/use tax exenption on new equipment
kPevenuve bond financirng
General obligation bond financing
Loans for building construction
Bqguipments, machinery loans

Pubklicly firanced speculative buildings for private

Publicly owned industrial park sites

Publicly provided industrial land below cost
Publicly provided industrial access roads below cost
Publicly provided utilities expansion below cost

pPublicly provided services belovw cost

Do Quality of life (X4) - there are eight characteristics to Le
g

considered in determining thke standard of guality of life.

(a)

Climate and terrain (X41) - six criteria are used to

determine a score for mildness.

(n
(2)

(&)

Yery hot and very cold months
Seasonal temperature variation
Heating~ and cooling-degree days
Freezing days

Zero-degree days

90-degree days

Housing (X41) - three criteria are used to rank the

seven metro areas for Ydasic costs of owning a single family
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detached house over one vear.
(1) Annual average utility bill
(2) &Annual average property tax

(3) Annual averade mortgage paymen<

{c) Healtih care and environment (X4#3) - ten criteria are
used in arriving at a score for the quality of health care and
environmwent in a metro area.

{1) ¥Number of physicians per 100,000 residents

(2) Wunber of hospital beds per 100,000 residents

{3) Teaching hospitals

(4) Medical schools

(5) Health maintenance organizations

{(6) Cardéiac rehabilitation centers

{7) Acute stroke centers

(8) Comprehensivé cancer treatment centers

{9}y Tluoridatiorn of drinking water

{10) Zir polliution

(&) Crime (XL&) - in ranking the seven metro areas for
relative safety by two criteria.

{1) Vioier* crime rate

(2) Property crime rate divided by 10

The sun of these rates is the nmetro area's score. The

higher the score, the nore dangerous the metro area.
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{e) Public transportation (X45) - determining a score for
*ransportationr supply is Dbased on the metro area's ability to
accomnodate the transportation needs of its residernts, using the
following modes of travel as criteria.

{1y Air travel

(2) Passenger rail service .

{3) In*erstate highways

(4) TFreevay mileaqge

(5) Urkan mass-transit systens

(f) Education (¥46) - the guality of local elementary and
secondary school is usually the primary consideratiorn of
families who have to decide where they are going to live. The
following criteria are emnployed to score a metro area for its
apility to provide its residents with educational
opportunities.

{1) 5S+udent/teacher ratio in the K-12 systenms

(2) Z£ffort index imn K-12 systems

{3) Academic options in higher education

(g} Recreation (X47) - eleven criteria are used to
determine a score for the access to recreation in a metro area.

(1) Public golf courses

{2} Bowling allevs

(3) Per capita expenditures on public parks and recreatiorn

{4) Movie theaters



{3)
(6)
(7
(8
(%)
(10)

(1

(L)

77
Neighborhood bars
700S
Aquariums
Tamily theme parks
Gane seats per capita for professional sports events
Pari-mutual horse and dog racing

Adutomobile racing

Art (X48) = nine kinds of institutions or facilities

are e€valuated in arriving at a score for a netro area'ls

cultural facilities.

(M

Major universities
Symphony orchestras
Opera comparies
Dance companies
Theatres

Public television stations
Fine arts radio stations
Huseuns

Puklic libraries



%1 (. 45)

1

{.20)

X2 (.25)

X12

(.80)

X21

{(.30)

X22

{(.20)

X3 (.20)
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(-20)

X2y

{-30)

X31

(-23)

X32

(.30

X33

{-10)

4 (.10)

X34

(-0%)
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rig 4.5 Assessment of a*ttribute weights
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Table 4.4

Final comparative analysis (#)

(28)

7¢
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X11*
X12x

X21

X22%

X23%
24

X31
X32
X33
X34
X35

Xu1
Xu2*
X43
X4y
Xu5
X46
xu7
Xus

€y
2101

4298
1593
34.¢
fair

10

13

523
€244
857
745
5051
2784
1142
2472

179
1885

1€42

6€7
19.2
good

10

13

€02
6000
1239
1188
€325
2649
979
2085

233
1941

2€20
1547
29.+3
average

8
5
14
2
I

S5E
4815
828
853
2738
2773
1219
965

242
1875

1€20

729
22.4
good

€39
€568
1702
826
5282
2336
843
8955

189
1889

130¢
64
€.7

very good

9
3
11
€
0

o2t
6506
1055
1547
9917
2703

835
1421

243
1840

201&
S14
17.7
very good

* — Cost attritru+es
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2. An application of the TOPSIS method

Step 1. Calculate the normalized decision_matrix:

The ountcomes of each attribute are divided by the norm of

the total outcome vector of the a+triku*e at hand.

A e s S S ——— — T — T VD T T A vl S W il i VA W — —— T Y T — —— ———_——— .

. o e S S i s — U ———— .y S — A — ———— A S e . . . S A i -

X33 .3842 .3B42 .3251 .4137 .358¢& 3251 .4433
X34 «4961 .5582 .3101 .1240 .3101 .3721 .3101
X35 .2621 .€990 .3495 .34S5 .0874 0 .UL3e9

xu1 .3334 .3823 .4421 .3531 .4058 .3341 .3823
X42% .3€90 .3545 .4578 .2904 .3881 ,3884 .3818
X43 «2145 .3101 .5343 .2072 .42E9 .2640 .5275
Xug* L2463 .3927 .5197 .2820 .2731 .5114 .3154
Xu5 -2273 .2846 .6694 .1232 .2377 .4462 .3853
Xie .3898 .3709 .4098 .3882 .327% .3784 .37e3
X447 .3888 .3333 .5342 .4150 .2870 .3183 .3105
Lug « 4237 .3573 .£989 L1€54 ,1€37 .2435 .3015

i —— oy S i o — T — A T T — T T T sk i U o T ————
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Based on the weights given by decision maker, the weighted

normalized decision matrix is

X1 ,.0109 .,.030% .0320 .0397 .0412 .0322 .04ty
¥1z2*= . 1498 .1344 ,.1285 .1383 .1337 .134¢ L1311
i .0497 .0190 .0276 .0303 .0187 .0151 .0233
Xx22% ,0302 .012¢ .0089 ,0293 .0138 .0012 .0173
¥23% _029% .0163 .0115 .0249 .91%0 .0057 .0150
X124 .0215 .02¢3 ,0295 .0178 .,02¢3 .0307 .0307
i3 20211 20211 L0127 .D01€9 .D190 .0190 .0211
X32 .0326 .0140 ,0047 ,0233 .0373 .0140 ,.0140
X33 -.0077 .0077 .0065 .0083 .0071 .0065 .0089
X34 .0050 .005¢ .0031 .0012 .003% .0037 .0C31
X35 .0157 .0419 .0210 .02710 .0052 0 .0z262
1481 .0033 .0038 .0044 0035 .0041 .0033 .0038
X422«  .0074 .0071 .0092 .0058 .0078 .0077 .007E
X43 .0043 .00e2 .0107 .00u1 .0085 .0053 ,010¢
Y44 0049 .0079 .0104 .0056 .0055 .0102 .0063
X45 .0023 .0028 .00€¢7 .0012 .0024 .0045 ,003¢
Xue .0039 .0037 .0041 .0029 .,.0033 .0038 .0038
X47 .001¢ L0017 .0027 .0021 .,00%4 .001e ,0C1e
Xu8 .0021 .0018 .0035 .0008 .0008 .0012 .001%



Step 3. Dezermine ithe ideal and negative-ideal sociutions:

e e o e o

( .0105, .1295, .0497, .0012, .0057, .0395, .0211,

A% =
. 0373, .00£2, .005¢, .O41%, .0044, .0058, .0107,
0049, 0067, 0041, .0027, .0035)

- = ( .0414, .1498, .0151, .0302, .0294, .0178, .0127,

.0047, .00€5, .0012, o, .0033, .0092, .0041,
.0104, .0012, .0033, .0014, .0008 )

e o o i s S . o S S e A St . . . S A, S S S S S SR . S e S S i S

The seperation of each site from the ideal solution can be

obtained by

2

18
i IZ( Vii e V? } ¥ i=1'2'-o-¢'7

=1

wn
1]

S;e = -05387

Sye = -0UBED
Sge = 04873
Se, = -0€054
Sge = +0E1€8
Sge = <06434
S,y = -05355

Similarly, the separation of each site from the negative-

idezl one can be cbtained by



19 2 .
- [Z( 1;"i‘i - V] ) F) 1“:1,2’--0‘7

[ =
J=1

S, = .05738
5,0 = .053¢7
Ss = -04930
Se— = 03608
Sg- = .04354
Se- = -04507
S,. = .04336

Cix & Sm 7 { Sin® 8Bi=) & $=0:26044,7
Cie = -51578
Cas = .52479
Cas = .50291
Cew = .3EETB
Cga = -41380
Cou = 5194
Cre = -44743

Step €. Rank the preference order:

According to the descendéing order of C;,,, +the preference
order is (s2, s1, s3, s7, s5, Sé6, Su4). Birmingham (Ala.) would

be selected as a new plant site by the site selection *ean.
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4. Ln application of ELECTRE method

The first and second steps of ELECTRE are the same as

those of TOPSIS. The remaining steps are presented as follows:

Step_3. Determine the concordance_and_discordance sets:

Concordance setis

Ciz= ( 11, 21, 31, 32, 33, 44, 4¢&, 47, 48 )
Cy3= ( 11, 21, 31, 32, 33, 34, 42, 4y )

Cu= (11, 21, 24, 31, 32, 34, 43, 44, 45, 46, 48 )

Ci= (11, 21, 31, 33, 34, 35, 42, 44, €&, 47, 48 )

Ce= (11, 21, 31, 32, 33, 34, 35, 41, 42, 44, 4¢, 47, 48 )
Cy3= (11, 21, 31, 32, 34, 42, 44, 46, 47, L8 )

Cy = ( 12, 22, 23, 24, 31, 33, 34, 35 ,41, 42, 43, 45 )

Caa= ( 11, 31, 32, 33, 3u,'35, 42, 44 )

Ca= ( 11, 12, 22, 23, 24, 31, 34, 35, 41, 43, 45, 48 )

Cos= ( 11, 2%, 22, 24, 31, 33, 34, 35, 42, 45, 4€, 47, 4B8)
Cpg= (11, 12, 21, 31, 32, 33, 34, 35, 41, 42, 43, 44, 47, 48)

11, 22, 31, 32, 34, 35, 41, 47, 48 )

@]
~
-

n
~—

Cy = ( 12, 22, 23, 24, 35, 41, 43, 45, 4¢, 47, 48 )

Cyy= (12, 21, 22, 23, 24, 41, 43, 45, 46, 47, 48 )

Ca= ( 11, 12, 22, 23, 24, 34, 35, 41, 43, 45, 46, 47, 48 )
cys = ( 11, 12, 21, 22, 23, 24, 34, 35, 41, 43, u5, 46, 47, 48)
Casg= (11, 12, 21, 24, 33, 35, 41, 43, 45, 46, 47, 4B )

cyp= ( 11, 12, 2%, 22, 23, 24, 34, 81, 43, 45, ué, 47, 48)

Cer= (11, 22, 23, 33, 35, 41, 42, 17



Caa= { 21,
Ces= (11,
Cas= ( 21,
Car= (117,
Ca= { 12,
Csz= ( 12,
Csa = ( 31,
Csa= ( 12,
Ceg = (12,
Cop= (17,
Cer= { 12,
Ce2= ( 22,
Cea = { 22,
Cea= ( 11,
Ces = ( 11,
Cer= (11,
Cn = { 12,
Cn= (12,
Crn= ( 31,
Cq= {12,
Cis = (12,
Cy= (12,
Discordance

D1z = ( 12;

-

32,
31,
21,
32,
21,
22,
23,
32,
22,
21,
22,
22,
23,
23,
12,
22,
22,
22,
21,
324
22,
21,

21,

33,
32,
33,
33,
82,
23,
24,
33,
23,
31,
32,
23,
24,
31,
22,
23,
54,
23,
99,
33,
23,
23,
28,

sets:

e

23'

42,
33,
35,
35,
42,
24,
32,
34,
24,
32,
3s,
24,
32,
32,
23,
24,
24,
21,
24,
34,
24,
28,

31,

24,

3s,
u2,
41,
B,
32,
y1,
42,
31,
33,
1,
41,
45,
33,
24,
31,
32,

31,

31,

31,

31,

3",

g5

4, 47 )

42, 44

4e, 47, U8 )
42, L4, 4€, 47 )

46, 47 )

41, 43, 45 )

43, 44 )

44 )

32, 34, 41, 43, 44, 45, 48 )

35, 41, 43, 44 )

44 )

43, 45 )

46 )

34, 42, 44 )

31, 34, 43, 45, 48 )

34, 42, 45, 46, 47, 48 )

34, 45, 46, 47 )

33, 35, 41, 83, 45 )

32, 33, 41, 42, 43, 44, 45, 46 )
42, 44 )

34, 35, 41, 43, 45, 48 )

33, 34, 35, 42, 43, 45, 46, 47, 48)

33, 35, 41, 42, 43, 44, 4e, 47, 48)

35, 41, 42, 43, 435



D3 = {12, 22, 23, 24, 35, 41, 43, 45, 46, 47, 48 )
D = ( 12, 22, 23, 33, 35, 41, 42, 47 )

D = { 12, 22, 23, 24, 32, 41, 43, 45 )

D = ( 12, 22, 23, 24, 43, 45 )

oy = ( 12, 22, 23, 24, 33, 35, 41, 43, 45 )

Dy = ( 11, 21, 32, 44, 46, 47, 48 )

Dz = (12, 21, 22, 23, 24, 41, 43, 45, 46, 47, 48 )

D = ( 21, 22, 33, 42, 44, 4E, 47 )

Dys = ( 12, 23, 32, 41, 43, 44 )

Dyg = ( 22, 23, 24, 45, 46 )

Dy, = ( 12, 21, 23, 24, 33, 42, 43, 44, 45, 4e )

Dy = ( 11, 21, 31, 32, 33, 34, 42, u4 )

Dy = ( 11, 31, 32, 33, 24, 35, 42, 44 )

Daa= ( 21, 31, 32, 3, 42, 44 )

Dys= ( 31, 32, 33, 42, u4 )

Dss = ( 22, 23, 31, 32, 34, 42, b4 )

Dsz= ( 31, 32, 33, 35, 42, 44 )

Dy = ( 11, 21, 24, 31, 32, 34, 43, &4, 45, 46, 48 )
Daa= ( 11, 12, 22, 23, 24, 31, 34, 35, 41, 43, 45, 48 )
Dy = ( 11, 12, 22, 23, 24, 34, 41, 43, 45, 46, 47, 48 )
D= (12, 22, 23, 24, 31, 32, 34, 41, 43, 44, 45 )
Das = ( 11, 12, 22, 23, 284, 31, 34, 43, 45, 48 )

Do = ( 12, 22, 23, 24, 31, 33, 34, 35, 41, 43, 45, 48 )
Dgy = ( 11, 21, 31, 33, 34, 35, 42, 44, 46, 47, 48 )
Ds2= ( 11, 21, 22, 31, 33, 34, 35, 42, 45, 46, 47, 48 )

Dsaz ( 11' 12' 21' 23' 2”" 35' “1' u3' u‘s' 36, u?, ua )



Deg3

Des

n
—

4. B,
115 224
12, 21,
11, 21,
¥, T,
e 12,
21, 32,
12, 21,
12, 21,
¥y Fe
11, 22,
1, 12,
11, 21,
i1x 28,

11, 22,

33,
98
23,
31,
21,
21,
33,
iz,
31,
32,
34,
21,
32,
3z,
23,

3s,
24,
24,
32,
31,
24,
35,
33,
33,
34,
35,
od,
42,
41,
34,

42,
3s,
31,
33,
33,
35,
81,
35,
35,
42,
47,
23,

4y,

44 )
45 )

b2,
33,
34,
34,
41,
42,
41,
41,

48 )

24,

e,

57 )
45,
35,
3s,
s,
43,
uy,
43,
42,

ue,

41,

47

46, 47, 48 )

42, 43, 45, 46, 47, 48 )
42, b4, 4&, 47, 48 )

41, 42, 43, 44, 47, 48 )
45, 46, 47, 48 )

4e, 47 )

4y )

43, 44, 48 )

47, 48 )

43, 45, 46, 47, 48 )

Calculate the copncordance matrix:

elexent C

of the € matrix is obtained as

Cig = X W= Wy + Wy + Wy +Wgy + Wag + Way + Weg + Way + Uyg

i®Cy

0.335



Then the concordance matrix is:

. 735
. 655
= « 575
.- €35
» 575

. 705

5D 0.0
.620
210
- 585
«255
. 780

345 .425
.330 .790
=== 5155
+308 ~———
.180 .720
.280 .720
«280 .720

+3 19

-« 770

435
«805
740
.280
615

.810

Step 5. _Calculate the discordance matrixs:

-345
«330
- 770
« 280
«240

.3€0

An element 4d,,0f the D matrix is obtained as

max | Vy; = Vy; |

j& Dy,

max |
jeJ

max {.01

max {.01

54,
96,

VZJ l

88

.017¢, .0131, 0044, ,0006, .0262, .0005,

.0154, .0307, .0176,

.0003, .0019, .0005)

————— T U W e S i S T G S . Y L D S S ——— A ——— T . . - S ———— — -

, -0262, .0005,

.0002, .0002, .0003 )

. 0262

.0307

= 0.8534

.0003,

.0019,

0131,

.0030,

-—— e — ———— v ——

.0044, 0, .0186,

. 0005,



The discordance ma+rix is:

————— .8534 ,7¢34 .374€¢ .5280 .8382 .£131

1.0 -—===-  _6316 .5407 .634% .2721 .1803

1.0 1.0 e L8571 1.0 . 23€2  .989%4
D = 1.0 1.0 1.0  ~===- .5810 1.0 1.0
1.0 1.0 L4847 1.0 -—=-- .5708 .9013
1.0 1.0 1.0 ~7473 1.0 —-———-= 1.0
1.0 1.0 1.0 -7209 1.0 6145 ew--

Step 6. Deiermine +the concordance dominance matrix:

Tte average concordance index is

77
> D Ca 21.€6

- 1
= P={q=

S e me————— & 5157

T x € 42

The concordance matrix is

i 0 0 0 0 0 0

1 —-—— 0 1 0 1 0

1 1 i 1 1 1 1

F = 1 0 0 e 0 0 0
1 1 0 1 o 1 0

1 0 0 1 0 s 0



S0

Step 7. Determine the discordance domirance matrix:

i e e e e .

The average discordance index is

S 2 dpg 34,4345
P=1 Q=1
a o - B e e o S - a 8199
7 x € L2

— 0 1 1 1 0 1

0 —_— 1 1 1 1 1

0 0 - 0 0 1 0

G = 0 0 0 s 0 0 0
0 0 1 0 isos 1 0

0 0 0 1 0 e 0
0 0 0 1 0 1 i

Step 8. _Determine the aggrecate dominance matrix:

Combining matrices of F and G, the aggregate dominance

matrix is obtained as



— 0 0 0 0 0 0
0 -— 0 1 0 1 0
0 0 -— 0 0 1 0
R = 0 0 0 —_— 0 0 0
0 0 0 0 - 1 0
0 0 0 1 0 - 0
0 0 0 1 0 1 i

Step_9. Iliminate the less favorable alternatives:

S2—=58, S2-—=S€E, S3~—=SE, S5—= SE, S€ —= Si,

s1 52 83 855 87

S6

sS4

91



22

From tke graphical presentation, it is no help for selecting
the hest site among seven alternatives. Ir order +o choose the
best site, we need to make the further analysis by relaxing the

threshold value [ lower €; increase 4 )

If= .3, and d = .9 are taken instead of the average
concordance index of .5157 and discordance index of .8199, ther

the F, G, and E matrices are as follow:

1 —— 1 1 1 1 1
1 1 ki 1 1 1 1
F = 1 0 1 - 0 0 0
1 1 0 1 -—— 1 0






w
13

The dominance relationships becone

$1=»s7, §2-=sS3, 52-—»S4, S2—»355, S2—»36,
52—=57, S3-—=54, S3I—»S¢E,

St is left as the nondominated site. The final graphical

representation as follow:

S1

53 55 87

sS4

Fe car easily see that S1 is a nondominated site. But we

cannot tell the preference relation among S3, S5, and S7.



4,5 Problem 4 - Decision process

1. Introduction

After the site selection team chooses the best site among
+he fipite alternatives, the president of the company nust
decide on whether +to Dbuiléd oz not to build the rnew
ranufacturing plant.

The factors which affect the selection of a good site are
given in a hierarchy (Figq 4.6). The hierarchy consists of four
levels, +the first hierarchy level has a single objective; =&
good site (GSf. The second hierarchy level has four
objectives; 1less cost (LC), higher productivity (HP), better
conminity attitudes (BC), and better living (BL}. Their
priorities are derived from a matrix of pairwise comparisons
with respect to the objective of the first level. The third
hierarchy level objectives are the location factors; capital
cost (Cy, labor (L), transportation (T), facilities (),
utilities (U), tax incentive program (TI), financing program
(FP), specia; service for industrial development (5), education
(), recreation (RE), health care and environment (HE}), and
tousing (H). The fourth kierarchy level is the operational
level; +there are two actions: build a rew manufacturing plant

{B), and renovate the present facility (R).






57
2. An application of the Analytical Hierarchtical Process
The president?s judgement ir a matrix form is as follows:

level Z.

GS 1c HP BC BL

LC 1 2 L £
HP 172 1 2 b

BC 174 172 1 3

BL 176 1/4 1/3 1

This matrix indicates that less cost is 2 times stronger
than higher productivity, 4 times stronger than better
conmunity attitudes, and € times stronger than better living,

etc.

Level 3.

icC C L T U TX ¥

C 1 /76 1/3 172 172 1

1 | e 1t 3 5 & 7
T {3 143 1 3 5 ¢
v |2 15 13 1 12
rx | 2 176 /5 1 2

F 1 /7 /e 172 1,2 1



gp | 1 T ¥ U s
L 1 3 2 5 5
r i3 0t 1720 1 2
F 12 2 1 2 3
g |15 1 120 2
s |1/5 12 1/3 172 1
E [ tos 173 178 130 0
BC| Tx FP s

x| 1 2 y

FP | 1,2 1 2

s |1/ 172 1

BL| T E R HE H

- 1 2 2 1 172
E (172 1 1 12 172
R | 1/2 1 1 172 1/3
HE | 1 2 1

3 > 2 30 1




Level 4.

L G N
G 1 1/8
N 8 1
F G N
G 1 1/2
b 2 1
FP G N
G 1 3
N 1/3 1

"R G N
G 1 3
H 1/3 1

C G !
G 1 £
bl 1/2 1
TX G N
G 1 3
N 1/3 1
S G N
G 1 2
N 1/2 1
HE G N
G 1 3

N 1/3

T G N
¢ | 1 6
|16 1
i) G h
G 1 :
N | 12 1
E ¢ N
G 1 1
N 1 1
H G N
G 1 4
N 1/4 1

°g



The eigenvector

HP
BC

BL

The eigenvector

HE

of the first matrix is given by

G5
-

- 51
27

.15

.07

for level 3 is giver by

< 4E
25
.05
.08

.09

(= = N = ]

« 40
13
«22

- 12

« O€

BC

. 57

‘29

. 14

0

0

EL

- 12
- 11
« 24
«31

100
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The eigenvectors for level 4 is given by

C L T T TX
B, = B{.67 .89 .86 .67 .75

E{.33 .11 .14 .32 .25

The £inal composite vector

obtained from the product B, -

GS
W = B . B0
R - 20

Thus, the overall priority

g Fp S z P HE B

«B67 «75 467 450 .75 75 .80
«33 .25 .33 .50 .25 .25 .20

of influences on a good site

By - B,is given by

of buildinoe a new manufacturing

plant is .80, and that of remnovating the present plant is .20.

The president finally decides to Lbuild a new manufacturing

plant.



4.5 Problem 5 - Multiplant location strateqgy
1. Introduction

An electronics manufacturing company wants to build as
many plants as possible in the United States. The case to be
studied is a comparison of costs at ten sites. The capital
costs consist of expencditures involved in the acquisition of
land, facilities, ard construction of plants.

The analysis of labor cost is confined to wage earrers,
since it is assumed that the salaries of managerial personnel
will be the same regardless of location.

Transportation costs can be subdivide@ into +the inbournd
and outbound components. Five materials (steel-strip({coils),
brass and copper strip, aluminum strip, plastic 1larinated
sheels, and screw machine parts) are involved in the inbound
freight bill. In calculating the outbound freiqkt costs, the
es*timate of the cos* was based on the shipments of the finished
goods.

The u+ilities bill incluaeslthe cost of power, water, and
fuel.

Local anéd state taxes could be estimated with +the
assistance of the local officials.

When all these factors Lave been evaluated, +the estimates
of total costs for the first year (X1) can be calculated for
each locatiocn,. Suppose that +the total budget of 28 million is

allocated over a set of ten prospective sites whose estima+ed



costs are

51 = § 7.0 pillion, S2 = $ 4.0 milliom, S3 = $ 5.0 million,
st =% 5.0 million, S5 = § 3.0 million, S6 = % 4.5 million,
s?7 =¢ 10.0 million, S8 = § 5.5 million, S9 = § €.0 million,

S1I0 = 8% €.0 million.
In order to make the final analysis, the attributes higkher
productivity (X2), better community rélationship (X3), and

better living (X4) also are evaluated.

2. Ap application of the Ordinal Intersection method
Le* the priority order for the selected attributes be X1,
¥2, ¥3, and ¥4. The attributewise rankings for the chosen four

attributes are as follow:

R1 =(5, 2, 6, 4, 8, 9, | 1, 3, 8, 10 )

R2 = (4, 8 3,5, 1 1,2, 10, 5, &, 7))

B3 (6;5' “(31 21|1l‘ 9' 10!’ 718]

RY {2, 8, 9, 5, 3, | 7, 6, 8, 1, 10)

The vertical line ( {| ) indicates the cut-off poirt, given
the available budget of 28 millions. For example, under
attribu*te 1, the first six sites - that is sites 5, 2, 6, 4, 5,

and 9, form the fundable set. Thus

£1

(5. 2, &, 4, 8 9)

£2 = (4, 8, 3, 5)

Fh
w
1

( E-' 5' u' 3, 2 )

th
=
hi

(2,4, 9 5, 3)
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Case 1. Assume that the four attributes hLave been ranked in +he
natural ordering with egual weights. That 1is, attribute 1 is

preferred +o attribute Z is preferred to attribute 3, etc.

Level 1 - four attributes
4
ﬁfi=(u,51, g= (4, 5)
i=1
The total hudget corsumed by these two plarts is S4 + S5 = 3 8

million. Since some budget remains, tke process <can be

proceeded to intersections of thiree attributes.
Level 2 - three attributes

£f1 N £2 N £5= (4, 5)
£, N £, N 5= (8, 5)
f,ﬂ:‘:‘anfg={2:4,5); g= (4, 5, 2)

If plant 2 is added, the total budget consumed to date is S2 +

S4 + 55 = $12 million. VNext,
22N %5 0 f,= (3, 4,5y, g= (4, 5, 2, 3)

If Plant 3 is added, tlLe total budget consumed to date is 52 +

53 + S4 + 55 = $ 21 million.
level 3 - two attributes
fln-fz:(ucsrs)r g={(4, 5, 2, 3, 8

If plant 8 is added, the total budget consumed is S2 + S3 + Su

+ S5 + 58 = % 26.5 million.
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Since the remaining $ 1.5 milliorn is not sufficient for
any of +the remaining sites, the process is finished. The bhest

set of sites is g = (4, 5, 2, 3, 8 Y.

Case 2 - with the weight on =zach attribute

Assume that the DM has assigrned the weights (0.45, 0.25,
0.15, 0.15) to attributes X1, X2, X3, and XA.
Level 1 - four attributes

A £ =(45) , g=(4 5)

i=1
The total budget consumed by these two plants is S4 + S5 = $ 8
million. Since the budget left is enough to locate some more
plants, the process goes on to the next subset of £ whose sunm
of weights is higkest among all remaining subsets. The list,
in descending order of sum-of-weights, of the intersections of

£ +taking 2 and 3 at a time is:

fi N 2N £5= (4, 5) , sum 0f weights = 0.85
fi N £ N £4= (4, 53) , sum of weights = 0.85
HN 5 N £ =(2, 8,5) , sum of weights = 0.75
T N %2 = (4, 5 8 , sum of weights = 0.70
2T N 5, = (2, 4, 5, 6 ) , sum of weights = 0.60
£, N £, = (2, 4, 5, 9 )y , sum of weights = 0.60
£, N £33, N £, = (3, 4, 5) ., sur of weights = 0.55
fa N %4 = (3, 4, 5) ., sum of weights = 0.40
£2 N I, = (3, 4, 5) , sum of weights = 0.40
£, f1 =, = (2, 3, 4, 5 ) , sum of weights = 0.30
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The highest sum-of-weights contributors are

f’I n fZ n fa = ( 4, 5 ¥
I, N £, N fg=(8,5) ,
f1 n fs n ful. = ( 2: u‘f 5 )

of which, +<he first two add nothing to the previous g, whereas
+he third one adds plant 2. Thus the new g is (4, 5, 2y ard
the total budget consumed <+o date is S2 + S4 + S5 = §% 12

million.
5 N £, = (4, 5,8 ,

Plant 8 is added. Thus the new g is (4, 5, 2, 8) and the total

budget consumed to date is S2 + SU4 + S5 + SB = & 17.5 mpillion.
fl‘nf3=(2040516)!

Plant 8 is added. Thus the new g is (4, 5, 2, 8, ¢) and the

total budget corsumed is S2 + S4 + S5 + S5€ + S8 = $ 22 million.
flnf4=(21u:5:9)r

Plant @ is added. Thus the new ¢ is (4, 5, 2, 8, €, 9) and the
total budget consumed to date is S2 + S4 + S5 + S€ + S8 + 59 =
$ 28 million.

Since the total budget consﬁmed is § 28 milliors, the
process is finished. The hest set of sites is given by

g = ( sS4, s5, s2, s8, S6, S9 ).
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CONCLUSION

There vere two primary objectives of this study: (1} *o
identify the factors which have important influence on
manufacturing investors in making site selections for their
plants, (2Y to propose some useful MADM techniques for the
site selection problens. The major factors considered in
the determination of a plant location are (1) less cosi, (2)
higher productivity, (3) better community attitudes, and (&)
better quality of life. These factors are conflicting with
each other very frequently. So, the MADM methods are very
helpful in evaluating and selecting one from the <finite
number s =) alternatives with the properties of
incormensurable units, conflict among attribu+es, intangible
and gualitative attributes.

Seven mnethods are chosen to solve the different
levels/versions of plant location problems. Screening,
solution, and decision levels make up the systematic process
diagram (Fig 5.1). 4 complete procesé carL be summarized as
follow:

{1) The plant location problem may begin with obtairing
a number of prospective sites from many states. The
Dominance method will be 1introluced *o reduce the set of
sites by eliminating the dominated sites.

{2) For +the purrose of selecting a2 balarcing
alternative, +tlke dJdecision maker needs +to put +the minimum

level of reguirement for each attribute and uses the
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Conjunctive method to divide the sites into acceptable arnd
unacceptable sites.

{(3) Some particular plant location problems may contain
mostly gqualitative attributes, while many other loca%ion
problens may consist of mostly gquantitative attributes.
When +the problem includes mostly gquantitative data, the
TOPSIS method andsor ELECTRE method are employed. When most
of the location factors have <+the difficulty to be expressed
guantitatively, the Consensus Rarnking method is suggested.

() In the final decision, the decision maker should
make +the decision on whether to locate a new manufacturing
plant to the best site recommended by a plant location
committee. Hence, the decision requires the decision
maker's Jjudgement. The &2Analytical Hierarchy Process
suggested by Satty would be helpful for dealing with the
final decision making process.

{5y Dealing with the multiplant strategy, each renmber
of site selection team can go througk the described process
above and obtain a ordered set, Then, aggregaiting all +*he
ordered sets, the company will obtain a fundable set of
prospective sites by applying the ordinal Intersection
rethod.

Most MADM methods require weigkt irformation <£from the
DM. Irn order to make reliable weight assessments, sone
nethods are suggested by Hwang and Yoon (14). Different

KADM mettods invoive various types of assupptions, weighting
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information requirements, and evaluation principles. Eack
nethod evaluates problems from a different point of view;
none of +thenm has been skown superior under all
circumstances. Sonmnetimes the results could be significantly
different just because of applying different MADM methods.
For example, there would be slightly different results
betvween using the TOPSIS and the ELECTRE methods on the
problem 3. TOPSIS mnmethod evaluates alternatives by the
relative closeness to the ideal solution, and ELECTRE method
provides concordance and discordance measures to Judge
alternatives. Obviously, the selection of an appropriate
method itself is a MADM problem. Hwang and Yoon first
proposed a unified approach *o problems by employing several
rmethods simultaneously instead of selecting the most
appropriate method. The idea came from that a combination

of methods is often more effective than a single method.
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Fig 5.1 Systematic process diagram for plant locatior
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ABSTRACT

A new wmanufacturing plant location problems *vpically
involves multiple criteria anéd ought +to be modeled as such.
So decision maker must consider all +these attributes in
making a location analysis. The location factors include
four major categories: economic impacts ( 1less cost 1},
functional impacts ( higher productivity ), community
attitudes { better relationship ), and guality of life ¢
better 1living ). Multiple Attributes Decision Making
rethods seem to be appropriate techniques for evaluating

and/or selecting a preferred one from the <Ffinite number of

alternatives, which are characterized by muitiple
attributes. This study has dealt with applications of MADK
methods to site selection problens. Methods used 4in this

thesis arTe Dominance method, Conjunctive method, the
Consensus Ranking method, TOPSIS method, the Analytical
Eierarchy Process, and the Ordinal Intersection method. A
complete process for single plant location problem is
conposed of three levels. They are: screening level,
solution level, and decision level.

Screening level: Dominance method and Condunctive
method are employed to eliminate the dominated alternatives.

Selution level: Consensus Ranking method, TOPSIS, andé
ELECTRE methods are applied to get the preference

order/solution.



Decision level: The Analytical Hierarchy Process is
suggested to nake the decision on whether %o build a new
plant.

The HADY methods are applied +to five versions of
manufacturing plant location problems (1) too many
prospective sites, (2) single plant with gualitative data,
{3) single plant with guantitetive data, (4) final decision
- relocate or not, and (5) multiple plants strategy. The
results show +that the preference orders obtained might be
slightly different by using the difference MADM nmethoés.
Therefore, the weighkting scheme and DM's -judgement, and the
methods employed are playing two most important roles in the

plant location problens.





