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Abstract:Facilitylayoutselectionisamulti-criteriadecisionmaking(MCDM)problem,sinceithasastrategicim-
pactontheefficiencyofmanufacturingsystem.Inviewoftheinterdependencyamongselectioncriteria,analytic
networkprocess(ANP)isproposedtoanalyzethestructureofthefacilitylayoutselectionproblemanddetermine
theweightsforeachcriterion.Anetworkstructureisconstructedthatshowsallelementsandclustersandtheirin-
teractions.Limitprioritiesarealsocalculatedwhichhelpdecisionmakerevaluatetherelativeimportanceamong
criterioninthealternativeselectionprocess.Moreover,ahybridMCDMapproachthatemploysANPandtech-
niquefororderpreferencebysimilaritytoanidealsolution(TOPSIS)methodtoranktheoptimalfacilitylayoutal-
ternatives.Finally,anapplicationofanewaeronauticcomponentassemblyworkshopfacilitylayoutselectionis
conducted.Tofurtherillustratetheadvantageoftheproposedapproach,thedifferencebetweenANP-TOPSISand
AHP-TOPSISmethodsarecomparedanddiscussed.Resultshavedemonstratedtheeffectivenessandfeasibilityof
theproposedmethod.
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0 Introduction

Facilitylayoutproblem (FLP)involvesin
theoptimalarrangementsofagivennumberof
non-overlappingfacilitiessuchasworkstations,

machines,utilities,etal.[1,2].Thefacilitylayout
selectionshouldbeconsideredfromastrategic
andcomprehensiveperspectiveasitstremendous
impactupontheefficiencyofmanufacturingsys-
tem[3].Areasonablefacilitylayoutmaydecrease
10%—30%operationalcost[4].Moreover,possi-
bleconsequencesarecausedbypoorfacilitylay-
out,suchasheaviermanufacturingcosts,longer
leadtime,moreinventorybacklogetc.There-
fore,selectionofanoptimalfacilitylayoutalter-
nativeiscriticalimportantformanufacturingsys-
tem.

Facilitylayoutselectioninvolvesbothquali-

tativeandquantitativecriteriawithdifferentunits
andconflictingfeatures[5].In mostliteratures
many multi-criteriadecision making (MCDM)

methodologieshavebeenappliedintheselection
procedurethatgenerallyincludeestablishingal-
ternativelayouts,determiningselectioncriteria,

andevaluatingalternatives[6,7].Inmanyofthese
methodologies,eachevaluationcriterionwasas-
sumedtobeindependent.Forinstance,analytic
hierarchyprocess(AHP)methodwasusedtoas-
signtheweightofqualitativelayoutevaluation
criteria[8],whichalsointegratedwithotherMC-
DM methodstoevaluatefacilitylayoutalterna-
tives such as data envelopment analysis
(DEA)[9],preferencerankingorganizationmeth-
odsfor enrichment evaluation (PROMETH-
EE)[5], Vlsekriterijumska Optimizacija Kom-
promisnoResenje(VIKOR)[10],etal.Thelatent



assumptioninAHPisthateachcriterionisas-
sumedtobeindependent.Thecriteriacanbees-
tablishedinahierarchywaysoastohelpdeci-
sion-makerunderstandtheproblemclearly.

Inrealapplication,manydecision making
problemscannotbeestablishedinahierarchy
structureduetointeractionsanddependenciesbe-
tweencriteria.Theabovementionedassumption
isimpreciseinsuchcaseandmayresultinunrea-
sonable decisions[3].So the MCDM problem
shouldbeestablishedinanetworkstructure.An-
alyticnetworkprocess (ANP)isanimproved
versionofAHPandgoodatsolvingdecisionmak-
ingproblemswithcomplicatedsystem andde-
pendenceinfeedbacksystematically.ANPmeth-
odcanprovidemoreaccurateweightofcriteria,

sinceitenablesconsiderationoftheinteractions
anddependenciesbetweencriterion.Therefore,

ANPmethodhasreceivedmoreandmoreatten-
tionfromresearchersinthefieldsofmarketing,

resourceassignment,industry,etal.Forexam-
ple,an ANPnetwork modelwasproposedto
evaluatesuitablewatertreatmenttechnology[11].
Moreover,itwascompareswithAHPhierarchy
modeltodiscusstheirdifference.Also,AHPand
ANPmethodswereproposedtoselectamanufac-
turingsysteminwaferfabricatingindustry[12].
Unfortunately,AHP/ANPmethodrequiresman-
ypairwisecomparisonsamongthenumberoffac-
torsandpossiblealternatives.Theshortcoming
ofAHP/ANPmethodcanovercomedviatheuse
oftechniquefororderpreferencebysimilarityto
anidealsolution (TOPSIS)method[13].There-
fore,thispaperproposesanovelhybridanalytic
approachbasedonAHP/ANPandTOPSIStoas-
sistinfacilitylayoutdecision.

1 LiteratureReview

Thefacilitylayoutselectioncanbesolvedby
avarietyofMCDM methods.Inthefollowing
section,literaturesreviewonAHP,ANP,TOP-
SIS,respectively.

AHPmethodgenerallycontainsseverallev-
els:Toplevelrepresentsmainobjective,inter-
mediatelevelrepresentscriteriaanditscorre-

spondingsub-criteria,andbottomlevelusually
representsseveralalternatives.Basedonthea-
bovecriteria,theoptimalalternativewasselected
withrespecttomainobjective[14].YangandKuo
integratedAHPandDEAmethodforsolvingfa-
cility layout design problem[9]. AHP and
PROMETHEEwereusedtosolvefacilitylayout
problem[5].AHPandVIKORmethodswerepro-
posedtosolvethefacilitylayoutproblem[10].
However,thecentralpremiseofAHPmethodis
thatthecriterionintheabovemethodologiesis
independent.Thus,thehierarchystructurecan-
notbeappliedinsuchacasethattheinteractions
withinorbetweendifferentlevelsexist.
Inpracticalapplication,a MCDM problem

cannotalwaysbesolvedbyahierarchystructure
becauseoftheexistenceofinterdependenciesbe-
tweencriteria.Forexample,thealternativesmay
affecttheimportanceofthecriteriareversely,

eventhesecriteriamaybeusedtoevaluatetheal-
ternatives[15].Insteadofahierarchicalstructure
asinAHP,theANPmethodisanetworkstruc-
turewithpotentialinteractions,feedbackandin-
terdependence.Duetoitsadvantageinsolving
theMCDMproblemwithitsinterrelationshipsa-
mongthedecisionlevelsandelements,ANP
methodhasbeenappliedinmanyfields.Forex-
ample,anANPnetworkmodelwasformedtose-
lectthebestsupplierinICpackaging[16].ANP
methodalongwithcostanalysiswereusedinthe
selectionofR&Dproject[17].ANP methodwas
proposedtoselectthefacilitylocation[3].Howev-
er,itneedsmanypairwisecomparisonsamong
the number of criteria. Therefore, TOPSIS
methodisintroducedtoavoidalargenumberof
pairwisecomparisons.

TOPSISmethodhasbeenwidelyusedinfa-
cilitylayoutselectionbecauseofeasyimplementa-
tionandrationallogic.Itshouldbenotedthatthe
TOPSISmethodrequiresaneffectivetooltoat-
taintheweightofcriteria.Therefore,itisalways
combinedwithotherMCDM methodsinfacility
layoutselection.Forexample,AHPwascom-
binedwithTOPSIStorankthealternatives[18].
TOPSISwasintegratedwithDEAtoselectthe
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optimalflexiblebaystructurelayout[14].TOPSIS
wasalsointegratedwithsimulatedannealingal-
gorithmandDEAforevaluationdynamicfacility
layoutalternatives[19].However,alltheevalua-
tioncriterialackfeedbackandinteractionsbe-
tweencriteriastillexist.Inthispaper,ANPis
integratedwithTOPSISforselectingoptimalfa-
cilitylayoutalternatives.

2 Methodologies
2.1 AHPmethod

Duetoitssimplicity,easeofimplement,and
greatflexibility,AHPisprovedtobeauseful
logicapproachforsolvingvarioustypeofMCDM
probleminmanyfieldsoftechnologyandscience.
ThemainadvantageofAHPisthatitiscapable
ofincorporatingtangiblefactorsaswellasnon-
tangiblefactors,especiallydecisionprocessinvol-
vingsubjectivejudgments[20,21].AHPmethodis
generallydividedintothreestepsasfollows:

Step1 Determinetheevaluationcriteriaof
thehierarchymodel.AHPinitiallydecomposesa
complex multi-criteria decision problem into
manysubproblems,includingcriteria,sub-crite-
ria,alternatives,etc.[22,23].Constructthecontrol
hierarchyanddefinetheevaluationcriteriaac-
cordingtoliteraturesearchandexpertsugges-
tions.

Step2 Constructthepairwisecomparisonof
thecriteria.Inordertodeterminetherelativeim-
portanceofthecriteriawithrespecttotheobjec-
tive,thecomparisonmatrixisformulatedonthe
basisofstandardizedcomparisonscales(1—9).
ThepairwisecomparisonmatrixAkforexpertkis
describedas
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whereaijdenotestherelativeimportanceofthe
componentiagainstthecomponentj,wherei=1,

2,…,mandj=1,2,…,n.

Step3 Checktheconsistencypropertyof
thecomparisonmatrix.

ThequalityofoutputoftheAHPprocessis
relatedtotheconsistencepropertyofthecompar-
isonmatrix.TheconsistencyindexCIandconsis-
tencyratioCRaredefinedas

CI=λmax-n
n-1

(2)

CR=CIRI
(3)

whereλmaxdenotesthelargesteigenvalueofthe
matrix,nthenumberofitemsbeingcomparedin
thematrix,andRItherandomindex.CRshould
belessthan0.1,andthecomparisonsareaccept-
able,otherwise,thecompassionmatrixneedto
berevised.

2.2 ANPmethod

Comparedwith AHP,ANP methodtakes
account of more complex interrelationships
amongdifferentdecisionlevels.TheANPmeth-
odisabletosolveinterdependenceamongele-
mentsbyobtainingtherelativeimportanceofdif-
ferentcriteria.Insteadofahierarchystructure,

ANPmethodformsanetworkstructure,which
notonlyincludestheclusterswithothers,butal-
socontainsclusters’internalconnection.Each
clustercontainsmanyelementswithresemblance
functions.Moreover,elementsmayaffectitscor-
respondingcriteria,evenothercriteria.There-
fore,theinteractionbetweenclustersorelements
formsthenetwork.TheANPmethodisgenerally
dividedintosixstepsasfollows:

Step1 Evaluatecriteriaandconstructanet-
workmodel.Thecomplexsystembreaksdown
intoarationalsystemasanetwork.Collectthe
evaluationcriteriaaccordingtoexpertsuggestions
andliteraturesearch.Analyzetheinterdependen-
ciesamongcriteriaandconstructanetworkstruc-
ture.

Step2 Constructpairwisecomparisonma-
tricesofinterdependencies.Similarto AHP,

pairwisecomparisonsoftheelementsineachlevel
andclustersareconductedwithrespecttotheir
relativeimportancetowarddifferentclusters.

Step3 Checktheconsistencypropertyof
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thecomparisonmatrix.SimilartoAHP,consis-
tencypropertyCIandCRofthecomparisonma-
trixhaveanimportantinfluenceontheeffective-
nessofevaluation.

Step4 Formanun-weightedsupermatrix.
Theun-weightedsuper matrixisapartitioned
matrix,whereeachsub-matrixconsistsofasetof
relationshipsbetweenclusters.Thederivedvec-
torsthatresultfromthepairwisecomparisonsare
composedofeachsub-matrix.However,anun-
weightedsupermatrixcontainsonlytheindirect
influenceanddoesnotcontainsintermediateele-
mentsthatcarrytheinfluencebetweenapairof
elements.Thisinfluencecanbeformedbynext
step.

Step5 Constructaweightedsupermatrix.
Differentweightsareassignedtoblocksinthe
samecolumn,whichsumtounity.Accordingto
theweightcalculation,weightsofclusterscanbe
obtainedbyclustercomparison.Theweighted
supermatrixiscompletedaftermultiplyingallel-
ementsintheclustermatrixbythecorresponding
blocksintheun-weightedsupermatrix.

Step6 Calculatethelimitsupermatrix.In
ordertoachieveaconvergenceontheimportance
weightsandobtainasteady-stateoutcome,the
weightedsupermatrixiscalculatedwithlimiting
poweruntilitreachesstability.

2.3 TOPSISmethod

Aftertheweightofeachcriterionobtaining
byANPlimitmatrix,TOPSISmethodsisusedto
rankthealternatives.

Step1 Thenormalizedvaluerijcanbecalcu-
latedas

rij =fij ∑
n

j=1
f2ij

i=1,2,…,m;j=1,2,…,n (4)

  Step2 Buildweighteddecisionmatrix.In
viewofthedifferentimportanceofeachcriterion,

theweightednormalizedvaluevijcanbecalculated
as

vij =wijrij (5)

wherewijistheweightforthecriterionandcanbe
obtainedfromANPlimitsupermatrix.

Step3 Calculatethedistancefromgivenal-
ternativestopositiveandnegativeidealreference
pointsrespectively.Therangeofeachelementin
weighteddecisionmatrixbelongstointerval[0,

1].Thedetaildistancesaredescribedasfollows

d+
i =∑

n

j=1
d췍vij,췍v+( )j  i=1,2,…,m (6)

d-
i =∑

n

j=1
d췍vij,췍v-( )j  i=1,2,…,m (7)

where췍v+
j =(1,1,1)and췍v-

j =(0,0,0),d+
idenotes

thedistancebetweenthegivenalternativeiand
thepositiveidealpointandd-

i thedistancebe-
tweenthegivenalternativeiandthenegativeideal
point.

Step4 Calculatetherankindex.Therela-
tiveclosenesstotheidealsolutionforeachgiven
alternativeisdescribedasfollows

C*
i = d-

i

d-
i +d+

i
(8)

ThehigherrankindexC*
i meansthegivenalter-

nativesareclosertothepositiveidealsolutionand
fartherfromthenegativeidealsolution.There-
fore,therankingorderforallalternativesisde-
terminedandthebestsolutioncanbeobtained
amongasetoffeasiblealternatives.

3 CaseStudyandResultDiscussion

AfterpresentingthehybridMCDM method
forfacilitylayoutselection,thissectionemploys
acaseofanewaeronauticcomponentassembly
workshoptodemonstratetheproposedmethod.
Theproductionofaeronauticcomponentinvolves
variousbatchproduction,multipleprocessplan,
variouscomponentsandfrequentdeliveryetc.
Theproductionlineconsistsbyfiveassemblesta-
tions.Accordingtoproductionplanning,each
stationisassignedwithassemblingdifferentcom-
ponentsbutitshouldkeepthesameandadaptable
productioncycle,evenincaseofurgentdemand.
Therefore,theoptimalfacilitylayoutalternative
isdedicatedtostressonimprovematerialhan-
dlingflexibilityandmakestheworkshopmorere-
sponsivetoproductsanddemandsvariations.

3.1 Criteriaforfacilitylayoutselection

Criteriaselectioninitiallyinvolvesgathering
allfactorsthataffecttherationalityandeffective-
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nessofafacilitylayout.Anexpert’steaminclu-
dingthreesenioraeronauticindustryresearchers,
threeseniorengineersinplanning,logistic,and
manufacturingareformedtodeterminethecrite-
riaoffacilitylayoutselectionofanewaeronautic
componentassemblyworkshop.Accordingtoa
standardscales(1—9),expertsfillouttheques-
tionnaireonthebasisofexperience.Thedecision

goal,thesetofevaluationcriteriaandalternatives
havebeendetermined.Finally,Therearefour
feasiblealternatives(A1,A2,A3,A4),whichare
builtbyexpertsteamintheaeronauticindustry.
Andalsofivecriteria(AD,FF,RF,VV,FE)and
itstwelveelements(C1,C2,…,C12)forfacility
layoutselectionaredetermined,asshowninTa-
ble1.

Table1 Criteriaforthemosteffectivealternativefacilitylayout

Criteria Elements Explanation Reference

Adjacency
distance
(AD)

·Distancebetweenfacilitiesin
differentapartments

·Distanceofmaterialhandling
transportation

Facilitiesadjacencyshouldbeconsidered

Materialtransportationrectilineardistancebetweenthe
centroidsoftwofacilities

[7]

Facilityfeatures
(FF)

·Shapefactors
·Accessibleareautilization

FacilitiesregularshapesandmaterialI/Oport
Includingvalueaddingareautilizationandnon-value
addingareautilization

[24]

Routing
flexibility
(RF)

·Averagenumberofalternate
routes
·Accessibilityofalternaterou-
tes

·Materialhandlingflexibility

Thenumberofoptionstoproduceorassemblecompo-
nents

Theeasetoreroutingprocessintermswith material
transportationormachinessetupchanges

Theabilityofa materialhandlingtransportationuse
multiplepathsbetweenfacilitieswithdifferenttype
ofparts

[3]

[25]

Volumevariation
(VV)

·Demandvolumevariation

·Variationinmaterialhandling
cost

Duetotherapidmarketchangeorfactorykeepprodu-
cinginprofitablemanner

Thevariationinmaterialhandlingcostswitharangeof
demandvolumeandtransportationfrequency

[3]

Facility
environment
(FE)

·Workersafety

·Easeoffacilitiesmaintenance

·Accessibilityworkspace

Thesafetydistanceforemployee,machines,material
storageetc

Accordingtotheeffortandtimeforfacilitiesmainte-
nance

Therequiredspacefor maintenanceengineerortool
movement

3.2 AssigningcriteriaweightsbyAHPandANP

3.2.1 AssigningcriteriaweightsbyAHP
Incontrast with ANP method,an AHP

modelisconstructedtoselecttheoptimalfacility
layoutalternatives.Afterdeterminingthecriteria
forthefacilitylayoutselection,theexpertpanel
isgatheredtoconstructtheAHPhierarchystruc-
ture,asshowninFig.1.Itisimportanttoem-
phasizethatnointerdependenciesexistwithinall
involvedcriteriainAHPhierarchystructure.The
pairwisecomparisonwithdifferentlevelsisper-
formedbysuperdecisionsoftware.Theexpert’s
opinionsneedtobeaskedtodescribetherelative
importancebetweendifferentlevelsthroughall

thepairwiseprocess.Accordingtothepairwise
resultsgatheringfromexperts,thepairwisema-
trixcanbeobtained.Forexample,thepairwise
comparisonmatrixofcriteriatowardsgoalbased
onthefirstexpertopinionisshowninTable2.
Throughthisstep,theconsistencyofquestion-
naireresultsneedstobetested.Intheabove
case,theconsistencyratioisCR=0.060.Since
thepairwisematrixisconsistent,otherwise,the

partofquestionnaireneedstobefilledoutagain.
Aftercompletingallthepairwisecomparisonwith
differentlevel,theoverallweightscanbecalcu-
latedbysuperdecisionsoftware.Table3shows
overallweightsinthiscase.

1301No.6 ZhaShanshan,etal.AHybridMCDMApproachBasedonANPandTOPSISfor…



Fig.1 Hierarchystructureforselectingthebestfacilitylayoutalternative

Table2 Pairwisecomparisonmatrixofcriteriatowardsgoal

Criteria AD FE FF RF VV
AD 1.000 5.000 3.000 3.000 3.000
FE 0.200 1.000 0.333 0.200 0.143
FF 0.333 3.000 1.000 0.333 0.333
RF 0.333 5.000 3.000 1.000 1.000
VV 0.333 7.000 3.000 1.000 1.000

Table3 Overallweightforfacilitylayoutalternativesselection(AHP)

Element C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12
Weight 0.128 0.114 0.082 0.042 0.051 0.067 0.041 0.103 0.129 0.107 0.094 0.042

3.2.2 AssigningcriteriaweightsbyANP
Afterdeterminingthecriteriaforthefacility

layoutselection,theexpertpanelisgatheredto
constructthe ANP model.Sincethepairwise
comparisonprocesscanbeimplementedbysuper
decisionsoftware,thedependenceandfeedback
betweeninvolvedcriterianeedtobeanalyzedby
expert’steam.Then,anANPnetworkstructure
isconstructedonthebasisofthepairwisecom-
parison,asshowninFig.2.Accordingtothe

pairwiseresultsgatheringfromexperts,thepair-
wisematrixcanbeobtained.Forexample,the

pairwisecomparison matrixofcriteriatowards
criterionADbasedonthefirstexpertopinionis
showninTable4.Throughthisstep,theconsis-
tencyofquestionnaireresultsneedstobetested.
Asmentionedmethod,theconsistencyratiocan
beobtainedasCR=0.00937.SinceCR<0.1,

thepairwisematrixisconsistent,otherwise,the

partofquestionnaireneedstobefilledoutagain.
Throughthisstep,ANPprocessrunsautomati-
callyinsuperdecisionsoftware,inwhichsuper
matrixcanbeobtained.Table5showstheweigh-

tedsupermatrixinthiscase.Thecumulativein-
fluencethatelementsinteractwitheachothercan
beobtained.Thentheweightedsupermatrixis
raisedtopowerstoobtainastableoutcomethat
thefinalweightsfromlimitsuper matrixare
showninTable6.Theseoverallweightsareused
intheTOPSISmethodlater.Itcanbeseenthat
thetopthreemostimportantcriteriaintheex-
pertsquestionnaireare“materialhandlingflexi-
bility(20.3%)”“accessibilityofalternateroute
(16.6%)”,and “averagenumberofalternate
route(14.3%)”.Theabovethreecriteriaoccupy
51.2%importanceofallcriteria.
Table4 PairwisecomparisonmatrixofcriteriatowardsAD

clusters

Criteria AD FE FF RF VV
AD 1.000 5.000 3.000 1.000 1.000
FE 0.200 1.000 1.000 0.200 0.333
FF 0.333 1.000 1.000 0.333 0.333
RF 1.000 5.000 3.000 1.000 1.000
VV 1.000 3.000 3.000 1.000 1.000

3.3EvaluationofthealternativesbyTOPSIS

Inthissection,normalizingthedecisionma-
trixbasedontheresponseofthesixexperts,the
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Fig.2 Networkstructureforselectingthebestfacilitylayoutalternative

Table5 Weightedsupermatrixoffacilitylayoutalternativesselection

Element C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12
C1 0.000 0.290 0.000 0.000 0.000 0.000 0.287 0.000 0.000 0.131 0.071 0.063
C2 0.290 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.131 0.071 0.188
C3 0.072 0.072 0.000 0.106 0.750 0.100 0.096 0.118 0.092 0.116 0.000 0.000
C4 0.000 0.000 0.000 0.000 0.250 0.000 0.000 0.000 0.044 0.000 0.000 0.000
C5 0.000 0.000 0.105 0.035 0.000 0.034 0.000 0.039 0.021 0.000 0.000 0.000
C6 0.044 0.044 0.000 0.000 0.000 0.000 0.394 0.067 0.134 0.099 0.000 0.000
C7 0.044 0.044 0.258 0.000 0.000 0.553 0.000 0.067 0.000 0.000 0.000 0.000
C8 0.058 0.174 0.212 0.172 0.000 0.000 0.000 0.000 0.532 0.261 0.000 0.000
C9 0.058 0.058 0.212 0.172 0.000 0.000 0.000 0.355 0.000 0.261 0.000 0.000
C10 0.174 0.058 0.212 0.515 0.000 0.313 0.223 0.355 0.177 0.000 0.429 0.750
C11 0.000 0.196 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C12 0.261 0.065 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.429 0.000

Table6 Limitsupermatrixoffacilitylayoutselectionforanewaeronauticworkshop

Element C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12
C1 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071
C2 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.053
C3 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103
C4 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012
C5 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024
C6 0.093 0.093 0.093 0.093 0.093 0.093 0.093 0.093 0.093 0.093 0.093 0.093
C7 0.095 0.095 0.095 0.095 0.095 0.095 0.095 0.095 0.095 0.095 0.095 0.095
C8 0.166 0.166 0.166 0.166 0.166 0.166 0.166 0.166 0.166 0.166 0.166 0.166
C9 0.143 0.143 0.143 0.143 0.143 0.143 0.143 0.143 0.143 0.143 0.143 0.143
C10 0.203 0.203 0.203 0.203 0.203 0.203 0.203 0.203 0.203 0.203 0.203 0.203
C11 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
C12 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027

initialvaluefromexpertsforgivenalternativesis

presentedinTable7.Thentheweightedmatrix
canbeconstructedonthebasisofoverallweights
obtainedfromAHPandANPmodels,respective-
ly.Thenextstepistocalculatethedistancefrom

givenalternativestothepositiveidealreference
pointandthenegativeidealreferencepoint,re-
spectively.Underthiscircumstance,thepositive
distanceandnegativedistanceofthefacilitylay-
outalternativesselectionareshownrespectively
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inTable8(ANP-TOPSIS),Table9(ANP-TOP-
SIS),Table10(AHP-TOPSIS),andTable11
(AHP-TOPSIS).

3.4 Resultsanddiscussion

Table12showsthefinalrankingindexfor
theoptimalfacilitylayoutalternativeobtained
fromAHP-TOPSISandANP-TOPSISmethods,

respectively.Therankingorderofthealterna-
tiveswithANP-TOPSISmethodsisA3 >A2 >
A4 > A1,whilein AHP-TOPSIS methodthe
rankingorderisA2>A3>A4>A1.Itcanbeob-
servedfromTable12thatinbothmethodsalter-
native1obtainstheworstresults,especiallythe
leastrankindexinAHP-TOPSISmethodwitha
scoreof0.169,whilealternative1inANP-TOP-
SISmethodwithascoreof0.175.

Itisshownthattheconsiderationofinter-de-
pendenciesintheANPmodelaffectsthefinalal-

ternativeselection.A2isthebestalternativein
AHPmethodwhileA3isthebestalternativein
ANPmethod.Inthiscase,AHPmethodcannot
suitefordecision makingproblems,whichin-
cludemultiplecriteriainteractingwitheachother
suchasvariationin materialhandlingcostand
distancebetweenfacilities,ADcriterionandFF
criterion,ADcriterionandRFcriterionetc.For
example,thelongerdistancebetweenfacilities,

themorecostofmaterialdelivery.However,

ANPmethodhasadvantageofconsideringinter-
actionwitheachcriteriaorelement.Therefore,it
canbeconcludedthattheANPmethodismore
closertorealitythanthe AHPinsuchcase,

whichcanprovideamorereasonablealternative
fordecisionmaker.Moreover,ANPandTOPSIS
methodsproposedforfacilitylayoutselection
havesignificantlyeasedtheprocedureburdenon
decision-makingprocess.

Table7 Theinitialvaluefromexpertsforgivenalternatives

Alternative C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12

A1 2.10 1.20 2.50 1.50 2.42 1.62 1.57 1.21 1.43 1.70 1.92 1.43
A2 3.08 0.83 0.91 1.20 1.73 2.02 2.01 1.45 1.90 1.82 2.42 2.20
A3 3.10 0.72 0.81 1.16 1.75 2.12 1.92 1.42 1.70 1.92 2.40 2.20
A4 2.62 2.90 1.96 1.70 2.72 1.28 1.20 1.76 2.92 1.56 1.42 2.28

Table8 Positivedistanceofthealternativeswithrespecteachcriterion(ANP)

Alternative C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12

A1 0.071 0.083 0.083 0.083 0.083 0.100 0.112 0.201 0.246 0.276 0.276 0.277
A2 0.001 0.050 0.109 0.110 0.112 0.113 0.113 0.147 0.176 0.185 0.185 0.185
A3 0.000 0.053 0.116 0.116 0.119 0.119 0.119 0.157 0.196 0.196 0.196 0.196
A4 0.034 0.034 0.047 0.047 0.047 0.104 0.141 0.141 0.141 0.247 0.247 0.247

Table9 Negativedistanceofthealternativeswithrespecteachcriterion(ANP)

Alternative C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12

A1 0.000 0.012 0.103 0.104 0.105 0.112 0.120 0.120 0.120 0.143 0.143 0.143
A2 0.070 0.070 0.070 0.070 0.070 0.108 0.144 0.161 0.167 0.222 0.222 0.224
A3 0.071 0.071 0.071 0.071 0.071 0.117 0.144 0.158 0.160 0.258 0.258 0.259
A4 0.037 0.065 0.095 0.096 0.099 0.099 0.099 0.194 0.241 0.241 0.241 0.242

Table10 Positivedistanceofthealternativeswithrespecteachcriterion(AHP)

Alternative C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12

A1 0.128 0.156 0.156 0.159 0.161 0.166 0.169 0.197 0.236 0.244 0.249 0.252
A2 0.036 0.088 0.106 0.106 0.118 0.122 0.122 0.122 0.151 0.154 0.161 0.161
A3 0.000 0.114 0.140 0.147 0.154 0.154 0.156 0.181 0.209 0.209 0.209 0.209
A4 0.061 0.061 0.074 0.080 0.080 0.104 0.112 0.152 0.152 0.186 0.208 0.208
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Table11 Negativedistanceofthealternativeswithrespecttoeachcriterion(AHP)

Alternative C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12

A1 0.000 0.025 0.086 0.086 0.090 0.094 0.095 0.095 0.095 0.104 0.114 0.114
A2 0.092 0.098 0.101 0.109 0.109 0.114 0.121 0.159 0.164 0.181 0.188 0.191
A3 0.128 0.128 0.128 0.128 0.128 0.145 0.145 0.146 0.148 0.182 0.205 0.209
A4 0.067 0.132 0.138 0.139 0.148 0.148 0.148 0.148 0.196 0.196 0.196 0.201

Table12 Rankindexoffacilitylayoutalternative

Alternative
ANP-TOPSIS
Rankindex

AHP-TOPSIS
Rankindex

A1 0.175 0.169

A2 0.280 0.294

A3 0.291 0.271

A4 0.254 0.266

4 Conclusions

Ahybrid methodofintegrating ANPand

TOPSISmethodsisproposedtoevaluatefacility
layoutselection.TheANPmodelisconstructed

onthebasisofselectioncriteriacollectedfromthe

literaturesandindustry.Anewaeronauticcom-
ponentworkshopisselectedasanapplication

model,whichshowstheANPcaneasilysolvethe

complexmulti-criteriadecisionproblemsuchas

handlingindependenciesbetweencriteria.ANP

hasadvantageofcoveringfeedbackloopsandcy-
clesinitsnetworkstructure.Foracontrastpur-
pose,thispaperintroducedan AHPhierarchy
model,andalsocombinedwithTOPSISmethod

toevaluatefacilitylayoutselection withsame

evaluationcriteriabutignoringinterdependencies

betweencriteria.Theresultsshowthedifference

betweenabovetwohybridmethods.Itisworth

notingthattheexistenceofallcriteriaindepend-
enciesmayaffectfinalalternativeselectionand

futureimprovementfactors.The alternatives

withhigherrankindicesandfactorswithhigher

prioritiesandimpactsareconsideredtobemore

invested.ItisobservedthatANP-TOPSISmeth-
odisaflexible,preciseandconvenientranking
method.Inthefuturework,fuzzylogicwith

ANP,AHP,TOPSISaresupposedtobetaken

intoconsiderationaswell.Itwillhelpdecision

makerdealwithvaguenessandfuzzinesslinguistic

assessment.
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