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ABSTRACT

For any organization, the most important decision is purchasing goods and services selection is one of the most
critical activities of purchase management in supply chain. Significant suppliers play an important role in the
competitive market. Better suppliers perform the better organization. The supplier selection of a leading
automabile organization is analyzed in this study. Analytic Network Process (ANP) is employed for the supplier
selection. Authors make step wise pros and cons and list shortcuts under the guidance of an expert from the
organization. Each supplier is evaluated and weights/rank of each supplier is determined. Highest rank supplier is
shortlisted among the selectors.
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INTRODUCTION

From the past two decades with emerging competiéind trends in market, more and more impressioonis
governing the supply chain. Supply Chain Managem{&&M) is the formation of conceptual and technical
methods. For customer satisfaction, each and gty directly or indirectly is practicing in formg the supply
chain. This supply contains the mixture of buydransporters, retailers and customers too. Theigoov of
services at low cost and at regular intervals mtis the key to success. Give and take is thengakknk for an
organization in growing the supply chain. Supptjeality directly affects the organization performarat cheaper
rate with proportionate quantity in limited timen@®of the most necessary functions to reduce raateost is the
supplier selection [1]. The fail in the supplietes#ion is caused by distortion in the entire ficiahpart of supply
chain [2]. Selecting a desired supplier among agl suppliers is a critical matter for the tophauities. Large
scale industries with increasing production of maaterials and components equalize 70% product toshese
circumstances, the purchasing department can plagjar role in the reduction of cost and one of tinest vital
functions of purchasing management [3]. So, usm@propriate method for this purpose is the serioatter and
supplier selection has been becoming a Multiplee@a Decision Making (MCDM) problem [4]. In the mply
chain, the coordination between a manufacturersapgliers is a typical and vital link in the chahokdistribution.
Being the manageable and established supplierisubply chain, this relationship will accomplistasting effect
on the ability of the entire supply chain [5].

The organization of the paper is as follows: thetfpart gives the introduction and literature syron supplier
selection criteria and related methods are discudsser the theory of ANP and step by step procedor ANP
implementation is discussed. Finally the result$ @nclusions are explained.

A supply chain which provides the required quantityhe end product at right place and at righetisiconsidered
to be a capable and successful supply chain [6].0Fte of the basic strategies for enhancing thétgad output of
any organization is the selection of appropriatppiars and company’s reputation is also influengath this
strategy [7]. These days, supply chain managemaes to achieve the long term participation with reno
trustworthy suppliers [8]. Therefore, choosing rieeg suppliers is a difficult task as comparedust jooking at the
list of suppliers’ suggested prices and selectibeuppliers depends upon many factors which arditgtiee and
guantitative[9]. There are various supplier setecttiechniques available in the literature SuppBetection
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techniques are the different ways for conductirgy gblection process. There has been the develomheatious
famous selection methods over the years which ifflerehtiated by many scholars [10] such as: Analifierarchy
Process (AHP), Analytical Network Process (ANP)tiffsial Neural Networks (ANN), Case-Based Reasgnin
(CBR), Data Envelopment Analysis (DEA), Genetic é&ighm (GA), Fuzzy Set Theory, Mathematical
Programming (MP) etc.

Jiann et al [11] suggested a unified MCDM approfwhsolving trader selection problem. Authors made of
triangular perplexed number to express the subggireference of evaluators as related to the wbdetriteria.
Banar et al [12] used ANP, one of the MCDM toolsofmt one o the four selective landfill sites foe thity of
Eskisehir, Turkey. Cevriye et al [13] used Analgtibletwork Process (ANP) for choosing supplierarirelectronic
industry. Supplier's selection is the first movetbé activities in the product realization procedsch has been
starting from the purchasing of basic crude maditdiilathe end of delivering the products, is ewvaled as an
important factor for the companies which are havthg desire to be acknowledged in today’'s competiti
condition. Hsu Shih et al [14] used an extensioM©PSIS (Technique for Order Performance by Sirityldo Ideal
Solution), a multi attribute decision making (MADNMBchnique, to a group decision environment. TORSI&
constructive approach for ranking and selectioraofiumber of externally determined choices througttadt
measures. Filip et al [15] proposed an activitydoasosting approach for supplier selection anduatain.

Many particular approaches are used supplier sefect has been seen that lone approaches aretlglignore
popular than mixed approaches [3]. Integrated aguirds extensively used for assigning weights ¢éodtiteria and
for ranking the suppliers. Hence in consideratibthis, it is suggested to apply ANP for selectafrsupplier in an
automotive manufacturing industry. The Analytic Netk Process (ANP) is used to rank the suppligssbénefits
over the other techniques is that, it permits anie¢lude all the factors and principles, real oraal, which can put
influence on the decision making process. It carsidhterdependencies among the criteria and sigcarchy need
not be followed.
ANALYTIC NETWORK PROCESS (ANP)

The Analytic Network Process (ANP) developed by mhs Saaty [16], in his work on multi criteria démis
making. It is an addition of his Analytic Hierarc®rocess (AHP) for decision making which involvesdking
down a problem into its decision elements, arragighiem in a hierarchical structure, making judgreem the
relative importance of pairs of elements and sysittieg the results. ANP is combination of two parts

» Network of criteria and sub criteria that contiod interactions.

» The network of influences of elements and clusters.
Relationship among the levels is not representedibgarchies in AHP. This shortcoming is removedANP
feedback approach. For example, in AHP, importaragriteria determines the importance of alterregibut does
not represent importance of alternatives which imaye impact on importance of criteria. Therefonedir structure
of top to bottom is not applicable for a complestsyn. The advantage of ANP is the capability ofisgl the
problems in which alternatives and criteria havehsimteractions that cannot be shown in a hierarbtigen the
decision-maker decides to model a problem as aankifvit is not necessary to specify levels [17].nAtwork
contains clusters (components, nodes or critend) elements (sub criteria) in these clusters [I8k difference
between a hierarchy and a network is shown in Fig.9]. The node elements may bring influence fune or all
the elements of any other node. Relationshipsriatavork are symbolized by arcs, and the directafrercs signify
dependence. Interdependency between two nodegdesuter dependence, is represented by a two-waw,aand
inner dependencies among elements in a node ateofiyed by a looped arc.

Linear Hierarchy MNetwork
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Fig.1 Structural Difference between a Hierar chy and a Network
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ANP APPROACH FOR SUPPLIER SELECTION

The research has been executed in an automobilestizd Supplier selection is done for automobilduistry
manufacturing two types of products on two manufiacg plants. All the components/raw materials eessified
using ABC Classification as per practice of indysifhe utilization rates of the components/raw malke have
been taken from the Bill of Material (BOM) for bothe products. 74 suppliers have been approvedwdatisfies
the company norms of quality standards and otlwmieal requirements.

Keeping in view the volume and similarity of workNP approach in this research has been applied model
section consisting of three suppliers. The saménoaetiogy can be extended to rest of suppliersHeir tselection.
Selection of a supplier by ANP approach requiresystematic methodology. The various steps involaesl
illustrated below:

Step- 1 M odel Development and Problem Formulation

Based on the literature review many parametergr@ithave been identified for selecting a capaliepker.
Dickson [20] first proposed the benchmark/foundatfor supplier evaluation and selection, who esthbd 23
different criteria, including quality, on-time dediry, price, performance history, warranty polidgchnical
capability and financial stability, and so on. Webe al [21] surveyed the frequency of Dickson’s@Reria and
found that price, delivery, quality, and productoapability were mostly applied to measure supgliperformance.
The Quality is regarded the most decisive critefamsupplier selection.

A team is formed of experts from all functional @sewithin the organization such as sales, marketing
manufacturing, finance, logistics and expertisesupply chain management for identification of diecismaking
criteria. After brain storming five decision crit@ifor supplier selection has been identified. Bhase cost, quality,
performance history, long term relationship andiome delivery. Out of these three criteria namadgtc quality and
long term relationship has been used in this rebear

Supplier Selection

|

[ Overall Weighted Index (OW1) I

DETERMINANTS ( Cost > < Quality > ang Term Hefun’unsﬁfD

DIMENSIONS CFI’nnnn’uf PEIj‘nl'muan') Q‘PEl'ﬂfo"ﬂfpEITDI'MH"fD C Reputation )

1. FINANCIAL CONDITION [FC) 5. PRODUCT QUALITY LEVEL [PQL) 9. REXBIUTY IN BILLING &
PAYMENT [FBP)
2. MARKET SHARE (M5} 6. PRODUCTION CAPACITY [PC)
@ 10. OonN TIME DELIVERY
3. COMPETITIVE PRICIMG [CP} 7. TECHMICAL CAPABILITY [TC) PERFORMAMNCE [OTDP)
4. COST OF GOODS 50LD (CG5) 8. CUSTOMER REJECTION [CR) 11. EASE OF COMMUNICATION (EC)

12. ABILITY OF RESPONSE [AR]

[ SUPPLIER A 1 { SUPPLIER B | [ SUPPLIER C

Fig. 2 ANP Model for Supplier Selection

ANP model has been developed based on the critemified. The criteria have been classified iméwious levels
for instance determinants, dimensions, and enab@egerally the higher level criteria or the detielant play a
serious role in strategic decision making thusdtiteria of Cost, Quality and Long Term RelationsfiLTR) of a
supplier are grouped in highest level. In the nedeélel criteria are named as dimensions, these-mr@ncial
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Performance (FP), Operational Performance (OP)Requltation (REP). The third level criteria in thBIA model

are termed as enablers. The enablers support ttmendional criteria as well as other enablers. Hence
interdependencies exist among enablers as showmeifigure 1. The various supplier choices are qdaat the
bottom for the required decision making. Figure&@phically depicts the ANP model.

Step -2 Pair wise Comparison of Deter minants

A pair wise comparison is made between the detemmtinfor obtaining the relative weights in stedBe e—vector
is calculated after obtaining the relative weightbetween the determinants. For this, a questionlsl be asked to
make a decision. The question is like “what isridative impact on selection of supplier, when é¢estompared to
quality?” The answer on a scale of 1 — 9 (Refetys8aale in Table 1) in was 2 and this is placed ascond entry
of cost row. Similarly, for the remaining, the camnigons are made and the weighted priority (e—vedto

calculated as shown in Table 2. These e—vectorddwbe used for calculation of overall weighted ixdef

alternatives.
Table-1 Saaty Scale

Intensity of Importance Definition Explanation

1 Equal Importance Two activities contribute equsdl the objective

3 Moderate Importance Experience and judgmenttlifdavour one over another

5 Strong Importance Experience and judgment stydiaglour one over another

7 Very strong Importance An activity is stronglyéared and its dominance is demonstrated in pectjc
9 Absolute Importance The evidence favoring oniiagver another is of the highest possible order

2,4,6,8 Intermediate values Used to represent aamige between the priorities listed above
Reciprocal of above non-| If activity i has one of the above non-zero numtasmsigned to it when compared with activity j, tlaetivity j
zero numbers has the reciprocal value when compared with i

Table -2 Pair wise Comparison Matrix for Relative mportance of Deter minants

Cost Quality Long Term Relationship e-Vector
Cost 1 2 3 0.5389
Quality 0.5000 1 2 0.2973
Long Term Relationship 0.3333 0.5000 1 0.1638
1.8333 3.5000 6 1

Table -3 Pair wise Comparison Matrix for relativeimportance of Dimensions on Deter minant Cost

FP OoP REP e-Vector
FP 1 5 4 0.6214
OP 0.2000 1 6 0.2819
REP 0.2500 0.1667 1 0.0967
Total 1.4500 6.1667 11 1

Table-4 Pair wise Comparison Matrix for attribute enablersunder deter minant Cost and the dimension Financial Performance (FP)

FC MS CP CGS e-Vector
FC 1 4 4 0.3333 0.3274
MS 0.2500 1 0.5000 0.3333 0.0939
CP 0.2500 2 1 0.5000 0.1549
CGS 3 3 2 1 0.4238
TOTAL 4.5000 10 7.5000 2.1666 1

Step -3 Pair wise comparison of Dimensions

In this step, a pair wise comparison matrix is preg for determining the relative importance ofhea€ these
dimensions in the implementation of the supplierdeioclusters on the determinant. One such matnixttie
determinant Cost is shown in Table 3. There willtlse more matrices, one for each of the determm&nality
and Long Term Relationship.

Step -4 Pair wise comparison of Enablers

The pair wise comparison of enabler can be cawigdat various levels with respect to the uppeell@imension
and determinants. One such pair wise comparisomixrfar Financial Performance (FP) dimension un@ast
determinant is shown in Table 4. The number of quain wise comparison matrices depends on the nuwibe
determinants and the dimensions in the ANP modethis model, 9 such pair — wise comparison matrigee
formed.
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Step -5 Pairwise Comparison of Matricesfor Interdependencies

Pairwise comparison matrices for interdependenaiey be prepared for each enabler with referencéhé¢o

determinant and dimension. One such comparisonrudderminant Cost is illustrated in Table 5. Farcte

determinant, there will be 12 such matrices atléhigl of relationship. The e — vectors from thessrices are used
in the formation of super matrices. As there aredtdeterminants, 36 such matrices will be forrniéa e — vectors
from matrix in Table 5 have been used in makingugfer matrix in Table 6.

Step -6 Super matrix Formation and Analysis

The super matrix is a partitioned matrix where eswh—matrix is composed of a set of relationshigtsvben and
within the levels as represented by the decisiokem& model. The present model represents threersuptrices
for each of the three determinants of Cost, Qualitg Long Term Relationship, which need to be atallt One
such super matrix shown in Table 6, presents thateeof the relative importance measures for ediche enablers
for the determinant Cost. The values of the elemefithe super matrix have been imported from thie—ise
comparison matrices of interdependencies. The supétix is made to converge to obtain a long—tetable set of
weights in next stage. For convergence to occyrersmatrix needs to be ‘column stochastic’, i.e. skhm total of
each of the columns of the super matrix needs tor In this example, convergence is reached %t The
converged super matrix is shown in table 7.

Table-5 Pairwise Comparison Matrix for Attribute Enablersunder Determinant Cost and Dimension Financial Performance (FP)

FC MS CpP CGS e-Vector
MS 1 0.3333 4 0.2842
CP 3 1 5 0.6194
CGS 0.2500 0.2000 1 0.0964
Total 4.2500 1.5333 10 1
Table-6 Super Matrix for Cost before Convergence
COST FC MS CP CGS PQL PC TC CR FBH oTOP EC AR
FC 0 .3896 .1018 .3333 0 0 0 0 0 0 0 0
MS .2842 0 .5321 3127 0 0 0 0 0 0 0 0
CP .6194 .3104 0 .3540 0 0 0 0 0 0 0 0
CGS .0964 .3000 .3661 0 0 0 0 0 0 0 0 0
PQL 0 0 0 0 0 1199 .0952 .1561 0 0 0 0
PC 0 0 0 0 1279 0 .6505 .619¢ 0 0 0 0
TC 0 0 0 0 .3601 2721 0 .2243 0 0 0 0
CR 0 0 0 0 .5120 .6080 .2543 0 0 0 0 0
FBP 0 0 0 0 0 0 0 0 0 .0952 .1180 1279
OTDP 0 0 0 0 0 0 0 0 .3016 0 .2431 .5603
EC 0 0 0 0 0 0 0 0 .1587 .2543 0 .3118
AR 0 0 0 0 0 0 0 0 .5397 .6505 .6389 0
Table -7 Super Matrix for Cost after Convergence
LTR FC MS CP CGS PQL PC TC CR FBP OTDP EQ AR
FC .2063 .2063 .2063 .2063 0 0 0 0 0 0 0 0
MS .2345 .2345 .2345 .2345 0 0 0 0 0 0 0 0
CP .3001 .3001 .3001 .3001 0 0 0 0 0 0 0
CGS .2319 .2319 .2319 .2314 0 0 0 0 0 0 0
PQL 0 0 0 0 1131 1131 1131 1131 0 0 0 0
PC 0 0 0 0 .3102 .3102 .3107 .310p 0 0 0 0
TC 0 0 0 0 2121 2121 2121 2121 0 0 0 0
CR 0 0 0 0 .3218 .3218 .3218 3218 0 0 0 0
FBP 0 0 0 0 0 0 0 0 .1011 1011 1011 1011
OTDP 0 0 0 0 0 0 0 0 .3133] .3133 .3133 .3133
EC 0 0 0 0 0 0 0 0 .1878 .1878 .1878 .1878
AR 0 0 0 0 0 0 0 0 .3890 .3890 .3890 .3890
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Step -7 Evaluations of Alternatives

The final set of pair—-wise comparisons is madethar relative impact of each of the alternatives ffiep A,
Supplier B and Supplier C on the enablers in inftieg the determinants. The number of such paie-wis
comparison matrices is dependent on the numbenalflers that are included in each of the deternténdn our
present case, there are 12 enablers for each diteeminants, which lead to 36 such pair—wise icegr One such
pair—wise comparison matrix is shown in table 5®B8ere the impacts of three alternatives are eteduan the
enabler Financial Condition (FC) in influencing ttieterminant Cost. The e—vectors from this matrex @sed in
columns 6-8 of compatibility desirability indicestrix in Table 9.

Step -8 Selection of the potential Supplier

The selection of the potential supplier dependsthenvalues of various desirability indices. Thessichbility
indices indicate the relative importance of thematives in supporting a determinant. In the presase, for each
determinant, there are three desirability indices each for the three suppliers A, B, and C. Tdsirdbility index,
Dia, for the alternative i and the determinant a fngel as

J Ka
D=2 > P.AGASK.

i=1 k=1
WherePj, is the relative importance of dimensipon the determinant of a,
Aija1 is the relative importance of an enableof dimension j in the determinant of (D) relatiosh between
component levels,
A'kja is the stabilized importance weight of the enalkein the dimensionj and determinant a cluster for
interdependency (1) relationships. These valuesaken from the converged supermatrix.
Sia IS the relative impact of alternativen enablek of dimensiorj for determinant a.
Kia is the index set of enablers for dimensjai determinang, andJ is the index set for dimensign
Table 9 shows the desirability indices calculadthe determinant Long Term Relationship [DR). It is based
on using the relative weights obtained from thewaige comparison of alternatives, dimensions andyhis of
enablers from the converged super matrix. Thesght®iare used to calculate a score for the detamtsnof
Overall weighted index (OWI) for each of the alttines.

Step - 9 Calculation of Overall Weighted Index (OWI)

The overall weighted index (OWI) for an alternativis the summation of the products of the desilitghindices
(Dia) and the relative importance weights of theedminants for the selection of the suppliers. NP model is
capable of handling interdependencies and presmigidn model provides values in the form of wedghindex for
the three different suppliers in order to seleetfihal supplier. The Overall Weighted Index (OWglxhe product of
the desirability indices and the relative imporengeights of the determinants for supplier selectibable 10
indicates that for supplier selection of the mamtih component, the most significant supplier is pfiap A
followed by supplier B and Supplier C. Similarly RNapproach has been used for supplier selectiathef raw

materials/components.
Table-8 Pair wise Comparison Matrix for the Relative | mportance of Alternatives on Enablersfor Cost/Financial Performance
(FP)/Financial Condition (FC)

Supplier A Supplier B Supplier C e-Vector
Supplier A 1 4 3 0.5896
Supplier B 0.2500 1 4 0.2827
Supplier C 0.3333 .2500 1 0.1277
Total 1.5833 5.2500 8 1
Table -9 Compatibility Desirability Indicesfor Cost
Dimension Enablers Pja PRja Alkja S1 S2 S3 Supplier A Supplier B Supplier €
FC 0.6214 | 0.3274| 0.2063 0.5896  0.2827 0.1277 0.0247 0.0118 0.0054
P MS 0.6214 | 0.0939| 0.2345 0.607p  0.2722 0.1199 0.0083 0.0037 0.0016
CP 0.6214 0.1549 0.3001 0.6777 0.2418 0.1281 0.0195 0.0069 0.0036
CGS 0.6214| 0.4238 0.2319 0.6505 0.2543 0.0952 0.039 0.0155 0.0058
PQL 0.2819 | 0.0735 0.1131 0.6710  0.2438 0.08%2 6.001 0.0005 0.0002
opP PC 0.2819 0.4890 0.3102 0.6194 0.2842 0.0964 0.0265 0.0122 0.0041
TC 0.2819 0.3049 0.2121 0.59683 0.3191 0.0846 0.0108 0.0058 0.0015
CR 0.2819 | 0.1326] 0.3218§ 0.6389  0.2431 0.1180 0.0076 0.0029 0.0014
FBP 0.0967 0.0816 0.1011 0.6505 0.2543 0.09%2 6.000 0.00006 0.00007
REP OTDP 0.0967 0.2344 0.3133 0.6588 0.2246 0.1166 48.00 0.0016 0.0008
EC 0.0967 | 0.1744| 0.1878§ 0.6853  0.2213 0.0934 0.0022 0.0006 0.0003
AR 0.0967 | 0.5096| 0.3890 0.6651  0.2311 0.1038 0.012)7 0.0044 0.0019
Total 0.1587 0.0659 0.0267
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Table-10 Overall Weighted Index (OWI) for various Suppliers

Criteria
Alternatives Cost Quality Long Term Relationship owl
Weight 0.5389 0.2973 0.1638
Supplier A 0.1587 0.1531 0.1591 1571
Supplier B 0.0659 0.0768 0.0697 .0757
Supplier C 0.0267 0.0354 0.0326 .0302
CONCLUSION

It has been observed that Cost is the most impouddteria in the selection of supplier for an autibile

organization. This is followed by Quality and Lomgrm Relationship. In the selection of the supplértomobile
organization should take care of the Cost and shaido increase the Quality. Long term relationskigess
supported. Paper presented an ANP model for suppdikection of an automobile organization. It hasdme
highly necessary for organizations to select trst bepplier in the present scenario. Any wrongaiigle of supplier
will affect the company’s overall performance. Asatlissed in the literature review, comprehensigseaech is done
in attempt to arrive at systematic framework foppier evaluation and selection. This paper is adeavor to
utilize ANP for ranking the potential suppliers amdking the final selection.
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