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Abstract:
The world is becoming international marketplace #radinternational environment is pushing industtie take
practically everything into attention. In recentiy® supplier selection and order distribution agvgyortant part
of supply chain management are facing extraordichgllenges and difficulties. High customizatiord gast
changing market stresses on modern supply chainageament. Growing flexibility is needed to remain
competitive and respond to quick changing markethia state supplier selection represents one efntlbst
significant function to be done by the purchasingsibn. Supplier selection is the process by Whindustries
classify, calculate, and deal with suppliers. ldesrto select the finest supplier it is necessarynake a
compromise between these tangible and intangiliierier. The supplier selection method deploys m&edous
amount of a firm’s financial resources. In retufiims expect significant benefits from contractimgth
suppliers presenting high value. This researchstigates and examines supplier selection critenid the
impact of supplier selection to the industry parfance. Interpretive structural modeling (ISM) aedhinique of
order preference by similarity to ideal solutiorOFFSIS) methods are used by the researcher fortisgldéinest
supplier. ISM help to find the important criteriaed by the firm and topsis give the rank to thepep The
results show that the planned method is capabimmfoving the shape of manufacturing systems arigede
pictured information for decision manufacturers.
Keywords: - Supply Chain Management, Supplier Selection, ISMPSIS Method

INTRODUCTION: - A supply chain is a arrangement of societiedlips, events, information, and incomes
involved in moving a goods or facility from supplieo consumer. Supply chain activities renovateunasdt
resources, raw materials, and components into ampherchandise that is transported to the endmest
Supply chain management (SCM) is the managemeaheahovement of things. It contains the flow aratage
of raw materials, work-in-process inventory, andnpteted goods from point of foundation to depletion
Interrelated systems, stations and knot constmostiare involved in the running of products and lides
required by end customers in a supply chain. Sugplgin management has been defined as the "design,
planning, execution, control, and watching of sypphain events with the objective of creating netue,
constructing a modest organization, leveraging ensial logistics, matching supply with demand an@suneng
performance worldwide. The term "supply chain mamgnt" was first created by Keith Oliver in 1982.
Nevertheless, the thought of a supply chain in rgameent was of great reputation long before, inetudy 20th
century, especially with the making of the assdémmtline. A supplier is an external unit that suegl
comparatively common, off the projection, or qualiroduct or facilities. A supplier, in a supplyaih is an
originality that donates goods or services in gouphain. A supply chain supplier productions int@y items
and wholesales them to the next bond in the cl@&ippliers may or may not function as distributdrg@ods.
They may be a function as manufacturers of prodfistippliers are also constructors, they may wamkoth to
build a stock or build to order. Supplier is of@rrommon term, used for suppliers of organizatromfretail
sales to manufacturers to city organizations. Sapphostly applies only to the industries thatesvarded for
the goods, rather than to the new manufactureheiirtdustries performing the service. There argelaro of
suppliers in the global market for a same prod@Qciglity, Price, etc. due to this reason a problerseiect most
efficient supplier for industries in created. Tdveothe selection of most efficient supplier outnaf of supplier,
researcher develops a method for selecting beglisujin two stages. First is to select most eftectriteria in
the supplier selection procedure by using Inteipeebtructural Modeling. Second on the basis of¢heriteria’s
develop a Technique for Order of Preference by I&iity to Ideal Solution (TOPSIS).

INTERPRETIVE STRUCTURAL MODELING: - Interpretive rstctural modeling is a computer assisted
learning process was developed in 1973 by John &tfig¥d at Battele Memorial Institute. Warfield pased
ISM as an effective method for understanding compl®blems and finding solution of complex probld&M
creates a road map of complex problems where thgranany option to consider. It is often used toviate
fundamental understanding of complex situation &l as to put together a course of action for smva
problem. ISM uses a pair-wise comparison of ideasansform a complex issue involving a lot of isléato a
structural model that is easier to understand. rEsellting model is used to formulating ideas angegithe
solution of complex problems manually. ISM dealsttract the group’s knowledge of experts by foegsin
only one pair of issues instant. The processingooistruction of ISM model creates transparency mntlal
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understanding for the group’s almost great deahmdlysis and communication takes place during an IS
session. The various steps involved in the ISMnggpke are as follows:
a) ldentifying elements which are relevant to the peobor issues-this could be done by survey;
b) Establishing a contextual relationship between el@mwith respect to which pairs of elements would
be examined,;
c) Developing a structural self-interaction matrix (8% of elements which indicates pair-wise
relationship between elements of the system;
d) Developing a reachability matrix from the SSIM, aftbcking the matrix for transitivity — transitiyit
of the contextual relation is a basic assumptiols which states that if element A is related teuil
B is related to C, then A is related to C;
e) Partitioning of the reachability matrix into diftamt levels;
f) Based on the relationships given above in the @dzlity matrix, drawing a directed graph (digraph),
and removing the transitive links;
g) Converting the resultant digraph into an ISM-baseddel by replacing element nodes with the
statements; and
h) Reviewing the model to check for conceptual incstesicy and making the necessary modifications.

After literature review and expert opinion of thengey response from organization following 20 c¢idehas
been identified. These criteria’s are listed below.
1) Capacity
2) Communication system
3) Delivery
4) Employee education
5) Financial position
6) Flexibility
7) Geographical location
8) No. of employee
9) Attitude
10) Production facility
11) Price
12) Quality
13) Customer service
14) Reputation & position
15) Responsiveness
16) Reliability
17) Technology level
18) Warranties
19) R & D capability
20) Technical capability.

STRUCTURAL SELF-INTERACTION MATRIX (SSIM): - ISM mhodology suggests the use of expert
opinions based on management techniques such iassbmaming, nominal group technique, etc. in depeig
the contextual relationship among the enablers.ugrof experts, from industries and the academicee we
consulted in identifying the nature of contextualationships among the barriers. For analyzingbtagiers in
developing SSIM, the following four symbols haveebeaused to denote the direction of relationshipvbeh
barriers (i and j):

V - Barrier i will help to achieve barrier j;

A - Barrier j will help to achieve barrier i;

X - Barriers i and j will help to achieve each athend

O - Barriers i and j are unrelated.
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Table-1 Structural Self-Interaction Matrix

Cr|1|2|3| 4| 5| 6| 7| 8 9 10 11 1 13 14 15 (6 (17 |18 |19 |20
no

1 X[|O| X|O| X[ O| O] O] O] O] Al A X] V] V| O] O] O] Al A
2 O| X|A[X|A|JA|O|O|A|VIAIAJA|IXI|IX ]V IA]JA I|X|A

3 X[V X]|]V|V|[V]|[V]V|V]|O [ X [ X |V |A X |A |V |O [X [X

4 O XA X|X]|]A|O|X|A|IX|[A|IX|O]VI|IV]|IO|A|JO|A]A
5 X|IVIAIX|X[X]|A]JA|O [ X |A |A [ X X |0 |V |A |A [X [X

6 O[V|IA|VI|X[X|O|X|O|]V|A|A]J]A]O]|]O|]O| X|] O] O] O
7 Ol O|A|O|V|O| X|AlAlIA|[|V|A|A|O|JV]|]V|IA|J]O|]A]A
8 OO A| X|V[X|V|X|O|V]IA[X]|X]|A]|JV I|IX|A|[X |A |V

9 O|V|IA|V|O|O|V|O|X|X|AJIA|JA|X|]V]|]A|]O]J]O]J]A]|O
10 | OJ] A|O| X| X|A]JV|IA[X|[X]A]A A |IX|X |V IV I|IA A X
11 | VIV [ X|V]|VI[V|IA]|V |V ]V [ X [X |X [V |V |[O |A |O | X [X
12 | VIV IX|X|VI[V|VIX|V ]V [ X [X |V [V |V |V |O |0 |X [X
I3 | X|{V|A|O|X[V]V|X|V]V [ X]|]A | X ]|V ]V |V |[O|A ]|V |V
14 |A[X|VIAIX|[O|JO|V|X|[X]A|JAJA[X [V ]|IO]V |V ]V X
I5 | AIX|[X|A|O|[|O|A|IA|A|IX]|A]A]JA A |X|O|JV I|IA ]|A X
16 | O/l A] VIO|A|O| A X|VIA|O|A|A|O|J]O| X]|] AlO] O] X
17 | O V| A|V|VI[X|V|V|IO|IA|V|O|]O|A|A|VI|[X]|]O]|]O]|A
18 | O V| O] O] V| O] O] X| O] V| O] O] V| Al V| O] Of X| Al A
19 | VX[ XV [ X[O|V[V]VI]V X |[X]|]A A ]|V |[O]JO ]|V X |X
20 | V|V X|VI[X]|]O|JVIA|OIX | X | X |A XX [X |V ]V [ X |X

THE REACHABILITY MATRIX: - SSIM is transformed inta binary matrix, called the initial reachability
matrix by substituting V, A, X, O relationships tyand 0 as per the case. The rules for the sutistitaf 1 and
0 are as follows:
1) If (i, j) entry in the SSIM is V, then (i, j) entry the reachability matrix becomes 1 and the) (gntry
becomes 0.
2) If (i, j) entry in the SSIM is A, then (i, j) entrin the reachability matrix becomes 0 and (j, ijrgn
becomes 1.
3) If (i, j) entry in the SSIM is X, then both (i, §nd (j, i) entries in the reachability matrix beaofin
4) If (i, j) entry in the SSIM is O, then both (i,gnd (j, i) entries in the reachability matrix beeth
Since, there is no transitivity in this case. Hemigal reachability matrix will be used for drivj power and
dependence power calculations. The driving powex loénefit is the total number of benefits, whicimay help
achieve including itself. The dependence of a bieisethe total number of benefits that may helgahieving it.
Table 2- Reachability Matrix

crno| 1| 2] 3] 4] 5/ d 77 g & 1p 11 j2 13 h4 [15 [16 [17 [1®] 20[ Dr.P.
1 1] o[1][ o] 1] o of of d d d 0 1 1 L p o Jo Jo Jo [
2 o[ 1]o] 2] ol of of] of @ 14 d ad¢ 0 1 K 1 Jo Jo J1 Jo T
3 1] a2 a] 2] 1 1 17 14 d 4 4 1 o L p [ o 1 J1 16
4 o[ 2]o] 2] 2]l o of 11 @ 14 d 14 0o 1 K Db Jo Jo Jo Jo g
5 1l afof 2] 1] 1 of of ¢ 4 d a4 1 1 p m o o 1 Jr
6 ol 2Jo] a] a[ 1 of 11 0@ 14 d ad¢ 0o ¢ p b 1 Jo Jo J1 g
7 ol oJofl o] 2] o 1] of @ d 4 ad 0 ¢ K 1 Jo Jo Jo Jo E
8 ol ofof a] af af 2] 2 o 14 g9 1 14 ¢ 1 1 o |1 Jo 1 173
9 ol 1]o] 2] o[l o 1] of 4 14 d d¢ 0 1 K P Jo Jo Jo Jo 7
10 {o[ ofof 2] 2] o 1 of 1 1 a4 o o o h @ [r Jo Jo [1 1o
11 [a[ a2l 2] a1 9 o 2 1 1 1 1 1 o h o Jo Jo J» [1 16
12 [a] a2l a] a4 1 2 1 14 14 1 1 o h 7 Jo Jo 2 [12 18
13 (2] 2] ol ol a[ o a1 2 1 1 4 o 1 o h @1 fo Jo J» [12 15
14 (o[ 2] 1] ol a2 o of 2 1 1 a o o b h o [ 1 |2 [12 1
15 o] 1] 1] o] o[ o o o o 4 d ¢ o b R o 1 Jo Jo [z 6
16 (o[ o[l 1] o]l o[l o o 1 1 d d ¢ o b p [ o Jo Jo [z 5
17 (o] 2] o] a] 1[4 1 1 0o d 1 ¢ o b b o 1 Jo Jo Jo )
18 [o] 1] o] o] 1] o o 1 0o 1 4 ¢ 1 b h p o J» Jo Jo T
19 [a[ 2] a] a] a[ o 1 2 14 o4 14 1 o b h o o [ J» 12 15
20 [a| a2l a[ 2] o 1 of 0o 4 4 1 ¢ & B 1 1 J1 1 [1 16
Dp.P| 8| 15| of 13 16 8 1p 12 9 45 [8 [7 [8 1 [16 |10 [7 | & | 13

LEVEL PARTITION: - From the final reachability ma&tr the reachability and antecedent set for eadRE3SS
are found (Warfield, 1974). The reachability sengists of the SSPE itself and the other SSPEs whictay
help achieve, whereas the antecedent set cons$isite GSPE itself and the other SSPEs which may imel
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achieving it. Thereafter, the intersection of thesés is derived for all the SSPEs. The SSPEs Ffamwthe
reachability and the intersection sets are sammjpycthe top level in the ISM hierarchy. After tidentification
of the top-level variables, these are discardenhftioe other remaining variables (Ravi and Shark@d5) and
again the process is repeated. These levels hélpilting the diagraph and the final model.
Table 3 Levels Of Supplier Selection Process Gaiter

Cr. | Reachability Antecedent Intersection Level
No

1 1,3,5,13,14,15 1,3,5,11,12,13,19,20 1,3,5,13 X
2 2,4,10,14,15,16,19 2,3,4,5,6,9,11,12,13,14,1583179,20 2,4,14,15,19 IX

3 1,2,3,4,5,6,7,8,9,11,12,13,15,17,19,20 1,3,114125,16,19,20 1,3,11,12,15,19,20 I
4 2,4,5,8,10,12,14,15, 1,2,3,4,5,6,8,9,10,11,129,20 2,4,5,8,10,12 VI

5 1,2,4,5,6,10,13,14,16,19,20 1,3,4,5,6,7,8,102113114,17,18,19,2 1,4,5,6,10,13,14,19,20 Vv
6 2,4,5,6,8,10,17,20 3,5,6,8,11,12,13,17 5,6,8,17 I\
7 5,7,11,15,16 3,7,8,9,10,12,13,17,19,20 7 I
8 4,5,6,7,8,10,12,13,15,16,18,20 3,4,6,8,11,124186117,18,19 4,6,8,12,13,16,18 1\
9 2,4,7,9,10,14,15 3,9,10,11,12,13,14,16,19 9,10,14 IX

10 4,5,7,9,10,14,15,16,17,20 2,4,5,6,8,9,10,113124115,18,19,20 4,5,9,10,14,15,20 V|
11 1,2,3,4,5,6,8,9,10,11,12,13,14,15,19,2 3,72413117,19,20 3,11,12,13,19,20 Il
12 | 1,2,3,45,6,7,8,9,10,11,12,13,14,15,16,19,20 ,834,12,19,20 33,4,8,11,12,19,20 I
13 1,2,5,6,7,8,9,10,11,13,14,15,16,19,20| 1,3,5,82113,18 1,5,8,11,13 I
14 2,3,5,8,9,10,14,15,17,18,19,20 1,2,4,5,9,102113114,20 2,5,9,10,14,20 \Y
15 2,3,10,15,17,20 1,2,3,4,7,8,9,10,11,12,13,1248159,20 2,3,10,15,20 X
16 3,8,9,16,20 2,5,7,8,10,12,13,16,17,20 8,16,20 X1
17 2,4,5,6,7,8,11,16,17 3,6,10,14,15,17,20 6,17 I
18 2,5,8,10,13,15,18 8,14,18,19,20 8,18 IX
19 1,2,3,4,5,7,8,9,10,11,12,15,18,19,20 2,3,5,113124,19,20 2,3,5,11,12,19,20 Ml
20 1,2,3,4,5,7,10,11,12,14,15,16,17,18,19,20 33,6,11,12,13,14,15,16,19,20 3,5,10,11,12,14,169180 1]

The benefits are classified into four clusters. Tingt cluster consists of the autonomous beneftigat have
weak driving power and weak dependence. These itereé relatively is connected from the systenthwi
which they have only few links, which may be stroSgcond cluster consists of the dependent bertbfits
have weak driving power but strong dependence beardienefits. These benefits primarily come atttipeof
the ISM model. Third cluster has the linkage basefiat have strong driving power and also stragygpddence.
These benefits are unstable because of the factathyaaction on these benefits will have an effattother
benefits and also a feedback on themselves. Falusier includes the independent benefits havingngt
driving power but weak dependence. These bendfitsapily lie at the bottom of the ISM model likease of
retrieval of information’ and multi locational alatility of information’
The benefits, which lie in the third cluster, nesgebcial attention and proactive attention fromnfeagement,
since these have high driving power but they ase dependent on other benefits.
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Fig: - 1 Cluster of criteria

From the fig. no. 2 researcher find the main daterthose are interdependent criteria having lighing power
and low dependence power. These criteria’s are @lapst important role in supplier selection in pamison to
other criteria. These main criteria are find oonfrthe above methodology are delivery, price, quatustomer
satisfaction and R&D capability. These criteria daifferent weights by different experts. A mantfaing

Industry gives these criteria high weightage fdeston of supplier’s. The weightage of the ciiés given by
experts are: -

Table: - 2 Weightage of criteria’s
Criteria Weightage (%)
Delivery 20
Price 18
Quality 30
Customer 8
Satisfaction
R&D 6
Capability

TOPSIS: - Topsis is a multi-criteria decision as&ymethod, which was originally developed by Hwamgl
Yoon in 1981. It is a method of compensatory agatieg that compares a set of alternatives by iégng
weights for each criterion, normalizing scoresdach criterion and calculating the geometric distalmetween
each alternative and the ideal alternative, whicthé best score in each criterion. The basic jplmés that the
chosen alternative should have the shortest distéoen the positive ideal solution and the farthdistance
from the negative ideal solution. The procedurg ©PSIS can be expressed in a series of steps:

1) Create an evaluation matrix consisting of m altBmea and n criteria, with the intersection of each

alternative and criteria given X5, we therefore have a matiiX;) m«n.
2) Normalize the decision matrix D by using the follog/formula:

n
T .
I — Xy Hi; Ky

3) Construct the weighted normalized decision matyixrultiplying the normalized decision matrix by its
associated weights. The weighted normalized veljuis calculated as:
Vij = Wi

4) Determine the positive ideal solution and negaitieal solution.
A* = {(max v, |_ jed), (min y; |_jeJ’)}
A- = {(min v; | jed), (max y | jeJ)}
J=1,2,3... n, Where J is associated with the fiiesréeria.
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J =1, 2,3...n, Where J' is associated with thst aoiteria.

5) Calculate the separation measure. The separatieactf alternative from the positive ideal one i&gi

by
B o
51* = "'IZ {T"'-l.j_"r]*}‘
& ,Wherei=1,2... m
Similarly, the separation of each alternative fribia negative ideal one is given by:
) o -
8= x.?;_l vy )
. Wherei=1,2...m

6) Calculate the relative closeness to the ideal molut
The relative closeness of Ai with respect to Atlefined as:
C =S/(S+S),0<C <1
Wherei=1,2... m
The larger value of;” gives the better the performance of the alternative

7) Rank the preference order.

Applying topsis method in data comes out after @pglISM in our problem.

w

Supplier-»| 1 | 2 41 51| 6
Criteria’s¢
Delivery
Price

Quality
Customer
Service
R&D

Capability

V
L

E
M

Smiz®
Z<|zm
Imlz|o
<<
To|Z|m

E

m
Bv)
®
m
<

Poor (P) =1, Good (G) =2, Very Good (V) =3, Excell(E) =4,
Low (L) =1, Medium (M) =2, High (H) =3

Step-1 Formation of Decision Matrix

Supplier—{ 1| 2| 3| 4| 5| 6
Criteria’s¢

Delivery
Price
Quality
Customer
Service
R&D 4
Capability

Nins NN
Niw|w|d
Winlp|P
Plw||w
WIN (N D
NN W

N
N
N
w
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Step-2 normalizing the decision matrix using therfola:-

i M'Z X;
Supplie» | 1 2 3 4 5 6
Criteria’i
Delivery 27| 54| 13 41 54 41
Price A2 63 42 21 42 21
Quality 48| .36| .48 .36 .24 .48
Customer | .36 | .36| .54 .18 .54 .3b
Service
R&D 51| .13| .25 .51 .38 .51
Capability T

Step-3 constructs the weightage normalized mafrixding formula:-

Vij = WiFij
Supplier»| 1 2 3 4 5 6
Criteria’
Delivery | .054| .108 .026 .08 .108 .082
Price .076] .113 .076 .038 .076 .0B8
Quality 144 108 .144 108 .072 .144
Customer | .029| .029| .043 .014 .043 .029
Service
R&D .031| .008| .015 .031 .023 .031
Capability

Step:-4 Determines the positive ideal solutions reeghtive ideal solutions.
V*=0.108, 0.113, 0.144, 0.043, 0.031
V" =0.026, 0.038, 0.072, 0.014, 0.008

Step:- 5 calculate the positive separation meg&ifand negative separation measure by using formula:

o
gE = o M
i JE= '[11_1"]}

Supplier S

0.067
0.045
0.091
0.092
0.081
0.081

o OB WIN|F

y a ,-'
;= 3, (54}

Supplier S

0.090
0.118
0.087
0.070
0.096
0.095

o O Al W[N] -
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Step:-6 Calculate the relative closeness to thal stdution by using formula:

G =§/(S'+S)

Supplier | Relative ClosenessRanks
Coefficient

1 0.573 Il

2 0.724 I

3 0.489 Vv

4 0.432 VI

5 0.542 1]

6 0.539 v

The above matrix shows the ranks of suppliers. Baipp is the best supplier because it has highelative
coefficient value among all the suppliers.

CONCLUSION: Supplier selection is the most important partrobaganization. Therefore organization wants
to be simplest form of method to solve such typeroblem. Researcher fined a way to solve suppbézction
problem by using interpretive structural modelimgl dopsis. ISM analyses 20 criteria for supplidest#on and
find out 5 most important criteria are quality,qa; delivery, customer service, R&D capability. Steriteria
are moved for further process in search of bespl@mp TOPSIS solve the above problem and find most
appropriate supplier 2 because it has highestivelabefficient value.
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