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ABSTRACT: As the market becomes more global, logistics is now seen as an important area where industries
can cut costs and improve their customer service quality. The latest trend is to outsource logistics activities to
the outside company (known as third party logistics or 3PL) to allow the outsourcing company to concentrate
on the core competence, improve the service and many more. A framework is proposed to select the 3PL
service provider using fuzzy Delphi method to shortlist the most important criteria and most probable service
providers and fuzzy TOPSIS (technique for order performance by similarity to idea solution) to choose the best
service provider by finding the closeness to the Positive Ideal Solution (PIS). A case study is conducted in an
automobile company in north India to select the best suitable 3PL service provides.
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1 INTRODUCTION: As the market becomes more global, logistics is now seen as an important area where
industries can cut costs and improve their customer service quality (Yan et al., 2003). A 3PL provider (or
service provider) are the companies to perform logistics functions which have been conventionally operational
within an organization. The main benefits of logistics alliances are to allow the outsourcing company to
concentrate on the core competence, increase the efficiency, improve the service, reduce the transportation cost,
restructure the supply chains, and establish the marketplace legitimacy (Hertz & Alfredsson, 2003; Skjoett-
Larsen, 2000). Hence, the selection of 3PL provider is crucial for the growth and competence of an enterprise.
Recently, numerous researches have extensively discussed the relevant topics of 3PL in different perspectives
(Hertz & Alfredsson, 2003; Jharkharia & Shankar, 2007; Van Laarhoven, Berglund, & Peters, 2000; Wilding &
Juriado, 2004).

So far, different types of methods have already been designed and developed to address the supplier evaluation
or provider selection problems.

These methods include data envelopment analysis (Liu, Ding, & Lall, 2000), analytic hierarchy process
(Barbarosoglu & Yazgac, 1997), case-based reasoning (Yan et al., 2003), fuzzy TOPSIS approach (Chen and
G.H. Tzeng, 2004), analytic network process (Jharkharia & Shankar, 2007), etc.



In the present paper, we propose an integrated fuzzy decision analysis method for provider selection that suits
the different logistic needs of the outsourcing company. The proposed method integrates

1. Fuzzy logic to assign weights to the decision makers

2. Fuzzy Delphi, (for short listing the criteria)

3. Brainstorming session (for short listing the service providers)

4. Fuzzy TOPSIS (for final selection of the service providers)

5. Evaluation (of the selected service providers)
The rest of the paper is organized as follows. Section 2 describes the concepts and the research steps of the
proposed fuzzy decision analysis approach for the provider selection problem. Section 3 uses a real industrial
case to illustrate the research steps of the proposed method. The final section 4 concludes the research paper.
2 PROPOSED FUZZY APPROACH:
The proposed fuzzy approach is aimed to explain a systematic provider selection process which consists of five
main phases. The detailed steps of each phase are discussed as follows:
2.1 Fuzzy logic to assign weights to the decision makers:
STEP:1 As the DMs have different experience, designation and qualification, there opinion enjoys different
weights in the decision making, so the weights have been assigned to the analysts on this basis. By merging the
opinions of almost everybody in the senior management, it is established that the opinion of the decision maker
with more experience, higher designation and bigger qualification is more reliable. The linguistic variables for
the experience, designation and qualification can be quantified using triangular fuzzy numbers as per table no:
1.

Table no: 1
experience FTN Designation Qualification
0-<10 Low (0.0,0.2,0.4) Up to manager Under graduate
10-<20 Average (0.2,0.4,0.6) Manager to SM Graduate
20-<30 High (0.4,0.6,0.8) SM to GM Specialized graduation
30- above Very high (0.6,0.8,1.0) Sr GM and above Post graduate

SM: Senior Manager, GM : General Manager
These linguistic variables can be expressed in positive triangular fuzzy numbers, as in fig:1.
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Fig.1. Linguistic variables

2.2 Fuzzy Delphi, (short listing the criteria):

To shortlist the important criteria for the selection of 3PL service providers, fuzzy Delphi approach is used. In
this method, the unimportant criteria can be identified and eliminated from further consideration. The detailed
steps of this preliminary screening phase are described below:

STEP:2 The team of experts from industry (Decision Makers) and academics should determine all possible

evaluation criteria specific to the industry prior to provider selection which may vary dramatically from

company to company.

The evaluation criteria used for the provider selection problems have been widely discussed by many
researches (Jharkharia & Shankar, 2007; Lynch, 2002; Razzaque & Sheng, 1998; Van Hoek, 2000). After

carefully examining the relevant criteria, we select the criteria for the subsequent evaluation process as shown

in Table 2.
Table 2. list of the criteria shortlisted for the selection of the service provider
1 | Accessibility 16 | Value-added services
2 Reliability 17 | Professionalism of salesperson
3 | Security 18 | Asset specificity
4 Financial strength 19 | Cultural fit
5 Management stability 20 | General reputation/ carrier prestige
6 | Strategic alliances 21 | Loss and profit sharing clause
7 Price 22 | Facility and technology
8 | Experience in the similar industry 23 | Responsiveness to customer needs
9 | Geographic location and spread of services 24 | Accessibility of contact persons in urgency
10 | Growth forecasts 25 | Quality of relationship with vendor
11 | Optimization capabilities 26 | Safety and insurance
12 | Logistics information system 27 | Environmental consideration
13 | Quality of services 28 | Flexibility of equipment and staff
14 | Capability to handle specific business | 29 | KPI  (key  performance  indicator)




requirements measurement and reporting

15 | Continuous improvement 30 | Customized services

STEP 3: Each DM is asked through a questionnaire to specify the importance of the each evaluation criteria.
As human judgments are often vague and cannot estimate his preference with an exact numerical number, each
analyst must select the appropriate linguistic terms. Its goal is to integrate the opinions of all the DMs to
eliminate the unimportant criteria. The seven linguistic terms which can be employed in the questionnaire are as

follows: very low, low, medium low, medium, medium high, high, and very high as shown in fig:2.

VL LOW (L) ML MEDIUM (M) MH HIGH(H) VH

0.0 0.1 0.3 0.5 0.7 0.9 1.0
Fig:2 Linguistic scale for relative importance

The outcome of the questionnaire is the decision matrix as follows:
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where C; : the i evaluation criterion, i = 1,2,. . . ,m. D;: the j" analyst, j =1,2,...,n. X, : weight of the j"

analyst, Eij : the linguistic evaluation of criterion i by the analyst j. Each element I:ij in the decision matrix is

represented as a triangular fuzzy number (1%, 1% ,1%).

STEP 4: By using the appropriate fuzzy operators, weighted average of each criteria is calculated as follows

Z X; OL;
Wi — j:]- ...................... (2)
n
where VVi = weighted average of the " criteriaand i =1,2,... ,m. This value is defuzzified using average

method by the equation given as:

STEP 5: Eliminate unimportant criteria.
The large the number of criteria for the selection process, the more cumbersome and time consuming will be
the selection process so only the important criteria are considered for the subsequent evaluation, while the

unimportant criteria are eliminated. By integrating the opinions of the all the analysts, we define a minimum

acceptable weight ﬁé for all of the criteria which is calculated as:

Zn; X ®R;
_=5 " where R;: the minimum acceptable weight for the criteria to be included for evaluation of the
n

Rs

service provider defined by j™ analyst. This value is defuzzified using average method by the equation given as:
R, +R,+R,
=——3 -

A defuzzified value of “W;’ is compared with the value of ‘R’. The criterion C; with ‘W’ less than the value of

R .(4)

‘R’ will be eliminated. The remaining criterion will be used in the final selection phase. This way Delphi assists
the analysts to identify the important evaluation criteria and to obtain the weights of the criteria for the provider

selection.



2.3 Brainstorming session (for short listing the service providers): In the initial screening phase, most
companies usually consider six to eight potential providers (Vaidyanathan, 2003). To save time and to make it
cost efficient, we proposed a brainstorming session of the DM’s in efficiently eliminating the unsuitable
providers.

Step 6: Select the most probable service providers: At first, the analysts should identify all possible
providers for logistic outsourcing from the internet, industrial directories, conferences, journals, self experience,
personal rapport, by calling request for proposal or from any other source.

Step 7: Reject the unqualified providers: Once the list of all the probable service provider is prepared, the
service providers which are evaluated average or below in the linguistic scale by any of the DM on any of the
following six criteria (experience in the same field, cultural fit, quality of service, financial stability, reputation
and price) are rejected.

2.4 Fuzzy TOPSIS (for final selection of the service providers):

Based on the results of Steps 5 and 7, we obtain the important evaluation criteria and the qualified provider
candidates to form the MCDM problem. Now the ranking of the shortlisted service providers is to be done. In
this paper we propose to adopt the fuzzy TOPSIS approach to address the choice of the most suitable service
provider. The TOPSIS is a linear weighing technique which was first proposed in crisp version by Chen and
Hwang (1992), with reference to Hwang and Yoon (1981). One of the main contributions of this paper is to
present a general purpose framework for the selection of the most suitable partner for logistic outsourcing
provider using fuzzy TOPSIS. The concept of this approach is to develop an aggregated weight matrix of each
provider in different ranks.

Step 8: A structured “request for information” has been prepared based on the selection criteria illustrated in
table no 2.and sent to all the shortlisted service providers.

Step 9: The panel of experts is introduced the fundamental of approximate reasoning, fuzzy logic and TOPSIS
methodology to be adopted. All the criteria are monotonic except price which has also been converted in
benefit criteria (by low or lowest price quoted be taken as “high” or “very high”). DMs are asked to evaluate
the average performance of each criterion for all the service providers on linguistic scale as shown in fig:2. The

matrix we get will be as follows:
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Where Sy is the k™ service provider, k = 1 to p where p is the total number of service providers shortlisted for

evaluation. C~)ij is the linguistic evaluation of | DM for i" criteria for k™ service provider, C; is the weighted
average for i (i= 1 to m) criteria of all D; (J= 1 to n) DMs whose respective weightage is X;,
Z X; ®0;
Ci — =L e, (6)
n
Step 10: Normalization of the fuzzy decision matrix for shipper problem: The different criteria used to
select potential 3PL service providers are measured in different units hence they are required to be normalized.

If R denotes the normalized fuzzy decision matrix, then
R = [rik] where i= 1,2,....m and k=1,2,....p (p= total number of service providers)

Where

Fk{ﬂb—kc—k} for all i=1,2,....m. ...(7)
C, C. C kel2..p

¢, =maxc, , where c; is the maximum value for i" criteria out of all the service providers.
1

Step 11: Considering the different weight of each criterion, the weighted normalized decision matrix can be
computed by multiplying the importance weights of evaluation criteria and the values in the normalized fuzzy

decision matrix as follows. V = [V, ]
and Vv, =T, ®W, where w, are the importance weight of criterion C; obtained through equation. F, denotes the
normalized fuzzy decision matrix and v, is the weighted normalized decision matrix.

2.5 Final ranking of the service providers:
Step 12: Determination of the FPIRP and FNIRP: Because the positive triangular fuzzy numbers are
included in the interval [0, 1], the fuzzy positive ideal reference point (FPIRP, A+) and fuzzy negative ideal

reference point (FNIRP, A-) can be expressed as: A" = (\71*,\71*...\7m+ )and A=V, ,V,..V,)
where v." =(1,11)and v, = (0, 0, 0) i=1,2,....m

Step 13: Calculation for the distances of each 3PL service providers from FPIRP and FNIRP



The distance of each 3PL service provider from fuzzy positive ideal reference point (FPIRP) and fuzzy negative
ideal reference point (FNIRP) can be derived respectively as:

m

d; =>d(V,, 7" ) i=1,2,...mand k=1,2...p ....(8)

i=1
d, = id(vik,v;) i=1,2,...mand k=1,2...p ....(9)
i=1

where d(\7a,\7b) , denotes the distance measurement between two fuzzy numbers, d, represents the distance

of alternative Sy from FPIRP, and d, is the distance of alternative Sy from FNIRP.

STEP 14: Process to obtain the closeness coefficient and rank the order of alternatives: Once the closeness

coefficient (CC) is determined, the ranking order of all alternatives can be obtained, allowing the decision-

makers to select the most feasible alternative. The closeness coefficient of each alternative is calculated using

d, —.....(10) where k=1,2,....p

equation as shown below: CC, = g
k T 0y

An alternative with index CC, approaching 1 indicates that the alternative is close to the fuzzy positive ideal

reference point and far from the fuzzy negative ideal reference point. A large value of closeness index indicates
a good performance of the alternative.

3 Application of the proposed methodology in the Case Company:

In order to demonstrate the applicability of the proposed fuzzy decision analysis approach, it was tested on a
tractor making company situated in the northern part of India and having near four decades of successful
operations. Its main strength lies in the fact that the tractors manufactured by this company are based on
indigenous technology. To maintain secrecy, we will address this company as ABC.

The company’s goal is to select the best provider which can satisfy the company’s various needs (ex. low price,
good customer service, high logistics experience, etc.). To facilitate the provider selection process, an Excel-
based fuzzy decision system was developed and analyzing the obtained information. In the following section,
we describe the detailed provider selection process for the case company.

STEP:1 As the DMs have different experience, designation and qualification, there opinion enjoys different
weights in the decision making. Three analysts who hold the right to make the final decision (one from

logistics, technical and corporate departments and further to be referred as DM1, DM2 and DM3 respectively)



from the related industry are chosen to form the decision team. Refer table 1, the weights assigned to DM1(X;)
=(0.08,0.24,0.48), DM2 (X;) = (0.08,0.24,0.48) and to DM3 (X3) = (0.36,0.48, 1.0).

STEP: 2 The decision team agreed to adopt the 30 criteria for selection of the logistic provider (as shown in
Table 2) as the initial evaluation criteria used for the fuzzy Delphi process.

STEP 3 & 4: Each DM is asked through a questionnaire to specify the importance of the each evaluation

criteria (table no. 3 shows the values for first two criteria).

Table:3 for weighted aggregate of each criteria
DM1 ‘ DM2 ‘ DM3 Weighted Aggregate
Sr. . — L Defuzzified | Selected
Criteria DM1 | DM2 | DM3 | Weightage of the decision makers of each criteria
No. ] value =|or
0.08.0.24.0.48 | 0.08.0.24.0.48 | 0.36,064,1.0 | 7 _ rx.ek (a+b+c)/3 | rejected
' n
1 | Accessibility | ML ML | 0.1,0.3,05 0.0,0.1,0.3 0.1,0.3,05 | 0.0147,0.0960,0.294 | 0.1351 R
2 | Reliability | MH [H H 0.5,0.7,0.9 0.7,0.9,1.0 0.7,09,1.0 | 0.116,0.3200,0.6373 | 0.3578

STEP 5: Eliminate unimportant criteria.
It was decided to select all the criteria whose weight are more than 0.32 and eliminate the rest. The selected

criteria are shown in table no 4.

Table 4 the selected criteria for further evaluation

Criteria Fuzzy weight of each criteria Criteria Fuzzy weight of each criteria
FS 0.0973,0.2933,0.6200 KPI 0.1160,0.3200,0.6373

R 0.1160,0.3200,0.6373 CF 0.1507,0.3653,0.6533

MS 0.1267,0.3440,0.6533 FLX 0.1267,0.3440,0.6533

P 0.1507,0.3653,0.6533 EC 0.1160,0.3200,0.6373

GL 0.0920,0.2773,0.6040 QOS 0.1507,0.3653,0.6533

VAS 0.1160,0.3200,0.6373 EXP 0.1453,0.3573,0.6533

GR 0.1320,0.3520,0.6533

Step 6 & 7: The analysts identified all possible providers for logistic outsourcing from the internet, industrial
directories, conferences, journals, self experience and by personal rapport. Finally six SPs are shortlisted
(further to be named as SP1 to SP6) for further evaluation.
Step 8: A structured “request for information” has been prepared based on the selection criteria illustrated in
table no 4 and sent to all the shortlisted service providers.
Step 9: All the three DMs are asked to evaluate the average performance of each thirteen criterion for all the

service providers using linguistic scale shown in fig:2. The results for SP1 are shown in table 5.

Table 5: Result of evaluation of SP1on each criteria by all DMs

Criteria | Weighatage given by | DM1 DM2 DM3

anxj ®OiJ




Gi the DMs (5”) Weightage of the decision makers X;
DML | DM2 | DM3 | 0.08.0.24.0.48 | 0.08,0.24,0.48 | 0.36,0.64,1.0

FS H MH | mH | 07091 0.5,0.7,0.9 050709 | 0.0920,0.2773,0.6040
R H MH | m | 07091 0.5,0.7,0.9 030507 | 0.06800.2347,0.5373
MS MH [MH [ M | 990709 16560700 | 030507 | 00627,02187,05213
p MH [MH [ M | 990709 1650700 | 030507 | 00627,02187,05213
GL MH | M M 0.5,0.7,0.9 0.3,0.5,0.7 0.3,050.7 | 0.0573,0.2027,0.4893
VAS | MH [M M | 9D0709 1430507 | 030507 | 0.057302027,04893
GR M M [ M 030807 630507 | 030507 | 0.05200.1867,04573
KPI M [M M [030807 630507 | 030507 | 0.05200.1867,04573
CF H | mMH | mH | 07091 050709 | 050709 | 0.0920,0.2773,0.6040
FLX | MH | M | m | 050709 0.3,0.50.7 030507 | 0.0573,0.2027,0.4893
EC H o | mMH | mH | 07091 050709 | 050709 | 0.0920,0.2773,0.6040
Qs |[MH |MH | MH | 950709 1456700 | 050709 | 00867,0.2613,0.5880
ExP M M | wm | 930507 130507 | 030507 | 0.05200.1867,04573




Step 10: Normalization of the fuzzy decision matrix for shipper problem: The above matrix is normalized by
dividing each fuzzy number in criteria row of all the SPs by the maximum element of that row. The normalized

fuzzy decision matrix for two criteria is shown in table 7.

Table 7: normalized fuzzy decision matrix
SP1 SP2 SP3 SP4 SP5 SP6

FS 0.141,0.424,0.924 | 0.194,0.527,1.000 | 0.149,0.449,0.949 | 0.202,0.539,1.000 | 0.080,0.286,0.700 | 0.239,0.571,1.000

R 0.104,0.359,0.822 | 0.186,0.514,1.000 | 0.186,0.514,1.000 | 0.141,0.424,0.924 | 0.186,0.514,1.000 | 0.186,0.514,1.000

Step 11: As each criterion has different weight. The weighted normalized decision matrix is computed by
multiplying the importance weights of evaluation criteria and the values in the normalized fuzzy decision

matrix. The weighted normalized fuzzy decision matrix for first two criteria is shown in table 8.

Table 8: The weighted normalized decision matrix

SP1 SP2 SP3 SP4 SP5 SP6

FS 0.0137,0.1245,0.5732 |0.0189,0.1544,0.6200 |0.0145,0.1317,0.5884 0.0197,0.1580,0.6200 0.0077,0.0838,0.4340 (0.0232,0.1676,0.6200

R 0.0121,0.1149,0.5242 |0.0215,0.1646,0.6373 |0.0215,0.1646,0.6373 |0.0163,0.1358,0.5892 0.0215,0.1646,0.6373 0.0215,0.1646,0.6373

Step 12: Determination of the FPIRP and FNIRP Step 13: Calculation for the distances of each 3PL
service providers from FPIRP and FNIRP: The distance of each SP from fuzzy positive ideal reference point

(1,1,1) and fuzzy negative ideal reference point (0,0,0) is calculated as per equations (8) and (9). The values of

d, and d, is calculated for each SPs. The calculations for SP1 are as follows:

d;=\/%[(170.0137)2+(170.1245)Z+(170.5732)2]“/%[(170.0122)2+(170.1151) +(1-05213)]+ \/ [(1-0.0121) + (1-0.1149)° + (1- 0.5242)°]

+\/%[(170.0145)2+(170.1223) +(1-05219)]+ \/ [(1-0.0081)? + (1-0.0860) + (1 0.4524)* ] + \/ [(1-0.0102) + (1-0.0993)% + (1 0.4773)* ] +

_
w\b—'

[(2-0.0105)2 + (1-0.1006)? +(1—0.4573)2]+\/%[(1—0.0092) +(1-0.0914)? + (1-0.4461) |+ \/ [1-0.0212)? + (1-0.155)* + (1-0.6040)? ] +

i

(1-0.0111)° + (1-0.1006)° + (1-0.4893)° ]+ \/ [1-0.0163) + (1-0.1358)° + (1- 0.5892) | + \/ [(1-0.0200)? + (1-0.1461)* + (1- 0.5880)* ] +

wh—\

\/% [1-0.0116)% + 1 -0.1021)2 + (1—0.4573)2] ~ 105974

4 = \/é [(0-0.0137)2 + (0-0.1245)? + (0~ 0.5732)? ] + \/é [(0-0.0122)? + (0-0.1151) + (0 0.5213)2 ] + \/% [(0-0.0121)% + (0-0.1149)% + (0— 0.5242)2 ] +

L[(0-0.0145)% + (0-0.1223)% + (0-0.5213)%] + \/% [(0-0.0081)% + (0—0.0860)% + (0—0.4524)2 ] + \/é [(0-0.0102)? + (0-0.0993)? + (0-0.4773) ] +

Wk

(0-0.0105)” + (0—0.1006)° + (0-0.4573)2] + \/ [(0-0.0092)° + (0-0.0914)? + (0 0.4461)2 ] + \/ [(0-0.0212)? + (0-0.155)* + (0- 0.6040)* ] +

wh—\

i
i
i

(0-0.0111)? + (0-0.1006)? + (0 0.4893)° | + \/ [(0—0.0163)2+(0—0.1358)2+(0—0.5892)2]+\/%[(0—0.0200)2+(0—0.1461)2+(0—0A5880)2]+

w\ra



\/% [(0-0.0116) + (0-0.1021)* + (0-0.4573)] =3.9664

Step 14: The closeness coefficient (CC) for all the SPs are calculated using egn (10) and the values are shown
in table 9. An alternative with higher (CC) value indicates that the alternative is close to the fuzzy positive ideal
reference point and far from the fuzzy negative ideal reference point. A large value of closeness index indicates
a good performance of the alternative and is ranked top and subsequent ranking of the SPs is done.

@ @ @ /(d+d) | RANK
SP1 10.5974 | 3.9664 | 0.2723 6
SP2 10.0721 | 48394 | 0.3245 1
SP3 10.1228 | 4.7592 | 0.3197 3
SPa 10.0773 | 48198 | 0.3235 2
SP5 10.2464 | 45375 | 0.3069 5
SP6 10.1811 | 4.6453 | 0.3133 4

4 Conclusions: In this paper, a framework for ranking and selecting the most suitable service provider (SP) has
been presented. The proposed methodology is easy to implement and quite reliable for ranking the alternatives.
Applicability of the proposed approach has been shown in an automobile company for the selection of the third
party logistic provider. We have seen that even though the price quoted by SP3 was lesser than the price quoted
by SP2, the SP2 has been ranked top above SP4 and SP3. It is because SP2 has a favorable cultural fit with the
outsourcing organisation. This approach can easily be used for other applications as well e.g. selecting the
contractors for construction work, selection of the vendors to supply the components, selecting the partner for
any services which are to be outsourced by an organization.
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