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Abstract—Third-party logistics (3PL) selection is one of the
most important decisions for companies to outsource some part
of their activities and concentrate more on its own core
competencies. Because of the significant role of 3PL in total
performance of the supply chain, its selection is a critical act.
This is the most meaningful motivation to generate new
solutions to select the best 3PL using appropriate criteria. These
criteria and their weights are often full of ambiguities. This
makes fuzzy logic a more suitable approach to solve this
problem. In this paper, we aim to present a new evaluation
method using a combined MCDM approach. Fuzzy weighted
and credibility theories are utilized to determine the weights of
criteria, and the graph theory and ABC inventory classification
are used to priorities alternatives. To demonstrate applicability
of the proposed approach, a real case 3PL selection problem is
provided.

Index Terms—Third-party, fuzzy set theory, logistics, graph
theory.

I. INTRODUCTION

A third-party logistics provider (3PL) is a firm that provides
service to its customers of outsourced logistics services for part,
or all of their supply chain management functions. This facts
enhance accomplishing logistic functions in the markets. This
outsourcing approach is an important decision that will make
many benefits for the main company. It will allow to the
outsourcing company to focus on its core competencies and
increase its internal efficiency [1]. Fig. 1 represents the process
of 3PL, schemtically.
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Fig. 1. Scheme of third-party logistics process.

Consequently, an appropriate selected provider would
really have a positive impact on the total performance of the
company. [2] Such providers are known as third-party
logistics (3PL), playing the role of a bridge between the main
company and its environment. They may do various
functions such as transportation, warehousing, inventory
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management, and information systems.There is plenty of
research studying 3PL from different viewpoint, especially
about its selection [3], [4].

In this article, we follow to propose a new approach to
evaluate 3PL using Graph theory, Fuzzy logic, Credibility
theorem and ABC analysis. At first, the literature is reviewed
and then the new method is proposed. Furthermore the
proposed method is examined using a real case study. We
also applied Perron Frobenius theoremdeveloped firstly by
Perron [5] for a matrix with positive entries and then
extended by Frobenius [6] for a non-negative case. The
theorem measures eigenvectors and eigenvalues of a
non-negative entry matrix. It has numerous applications in
communication, Markov chains, pricing, etc. On the other
hand, calculating eigenvalues of a large matrix plays an
important role in several domains, for example fluid
dynamics, engineering, physics, chemistry and economics
[7]. In the actual world, matrixes are large and complex, and
this leads to some numerical problems and errors during
calculating their eigenvalues. Among various tools for
measuring eigenvalues, the Perron Frobenius theorem[5,6]
does not produce these errors. It is useful in producing some
eigenvalue features of non-negative entries' matrixes.

The rest of paper is as follows: Next section provides some
required definitions and concepts. Section 11 presnets proposed
integrated approach. Section IV provides some numerical
illustrations. At end, conclusions and future resaerhes are given.

Il. PRELIMINARIES AND DEFINITIONS

A. Directed Graph

A directed graph is used to represent the structure of the
multi-cretria decision making (MCDM) problem. The
attributes are nodes of the graph, and the links between them
are directed arcs. If the direction of an arc is from node A to
node B, then node A dominates B.Let M= (V,E) be a graph
consisting of a set of vertices V and a set of edges E In this
respect, two following definitation of graphs is requred to be
defined:

e Path count in directed graph:

There is a directed graph on n nodes with an adjacency
matrix M € R

M. = {1 ,there is an edge from node j to node i
u- 0, otherwise

A possible way to evaluate alternatives against a criterion
is to find a directed Hamilton route. With respect to the
position of alternatives in this route, they should be prioritized.
For instance, a directed Hamilton route such as (3, 1, 2, 4, 5, 6)
shows number 3 is the best alternative while number 6 has the
least priority. This approach has some difficulties, because in
general, there are several Hamilton routes.
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e Defining diameter of a directed graph:

In astrongly connected graph (M), the shortest directed
route between U and V is the distance between them. It is
called &M (U, V). Supposing M as a strongly connected graph
with V > 5 and A as its adjacency matrix, in A%*3 (with
positive entities) d is the directed diameter of M. The result of
solving this theorem is;Adjacency matrix M, is initial if and
only if V > 4 and M be a strongly connected graph.The ith
score vectors in tournament M is:

=AY o)

Wherein A is adjacency matrix M and J is a column vector
with entities equal to one. If matrix A is initial then based on
Perron Frobenius theorem [5], [6] the absolute highest
eigenvalue will be a positive number such as r and therefore
we have [8];

, A\t

lim; o (;) Jj=S
B. ABC Analysis
There are many methods for inventory management. One

)

the most popular methods is the ABC inventory classification.

The main concept behind it is the Pareto principle and
therefore it classifies items into three groups (A, B, and C)
based on annual dollar usage of each item. [9] Items in class
A are relatively few in numbers but large in annual usage
value. While items in class C, are high in numbers but low in
annual value. There is another class between these two
classes, which constitute class B. In this simple method,
control and monitoring policy for class A should be tight
[10].Although this classification is easy in use and the most
widely employed technique in organizations, it has some
limitations. Many companies have various items in their
inventory list, but ABC makes just three kinds of classes for
all of them. On the other hand hundreds of items used by
companies are not homogenous, while the ABC classification

is only successful when inventory is classified homogenously.

[11]

C. Credibility Theory

Fuzzy numbers are introduced to express linguistic
variables appropriately. In the following, some basic
definitions of the fuzzy sets theory will be reviewed briefly
from Kaufmann and Gupta [12], Raj and Kumar [13] and
Cheng and Lin [3].The fuzzy set theory introduced by Zadeh
[14] is suitable for dealing with uncertainty and imprecision
associated with information concerning various parameters.
Some notions of fuzzy sets and fuzzy numbers are reviewed
[2], [15].

In a universal set of discourse X, a fuzzy sub set A of X is
defined by a membership function f,(X), wherein
fa(X) v x € X , indicates the degree of X in A. The degree to
which an element belongs to a set is defined by a value
between 0 and 1. If X completely belongs to A, f,(X) =1
and if completely not f,(X) = 0 the higher f,(X) means the
greater grade of membership of Xin A.

Suppose ¢ is a fuzzy variable with membership function p.
Then for any set B of R, the credibility of &€ €B is defined
in(Lin and Liu, 2008) as:

207

Cr ({£ €BY) = (sup n(x)xep + 1}—{sup N(®)xesc} ) (3)

For any set B, the possibility measure of ¢ €B was defined
by Zadeh [14], that is,

Pos ({¢eB}) =sup w(x)yep (4)
And the necessity measure to be defined[16]:
Nec ({x eB}) =1—sup u(x)xepe ©®)

A triangular fuzzy variable & is one with the following
membership function

a<X<bh

X o
a8

u(x) = (6)

b<X<c

otherwise.

S
(=N

a

The defining feature of validity, credibility (& > X) and
credibility (§ < X) is as follows:
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Let & be fuzzy variables with membership functions,pi,
and let ui be real numbers, i=1,2,...,n
respectively.Suppose that f: R™ — Ris a function. Then
the credibility of the fuzzy event is characterized by
£(€1,£2,...,&n) = 0is: (Liu, 2004)
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Let & be a fuzzy variable. Then its expected value is
defined as:

Uyl €

=[yCcr{E = xDdr—[° cr(E <xPdr (9

Expected value is one of the most important concepts for
fuzzy variables, which gives the center of its distribution [17].
For example according to the definition Eqg. (1), the expected
value of the triangular fuzzy variable ¢ = (al,a2,a3) is
E[¢] = (al + 2a2 + a3)/4 and for trapezoidal fuzzy
variable ¢ = (al,a2,a3,a4) E[¢] = (a1l + a2 +
a3+ a4)/4.[13]

I1l. THE PROPOSED APPROACH

Our model is based on Perron Frobenius [5], [6] and the
ABC Inventory classification and includes four steps:
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Step 1: Introduction of Criteria and Attributes

To evaluate 3PLs we need some criteria and attributes
based on the context and special situation of each company
with ncretria (Cy, C,, ..., C,,) and m attributes (44, 45, ..., A,,,).

Step 2: Calculation of the weights for each criterion

In this step, the fuzzy weight of each criterion is calculated
based on Buckley[14]as follow:

r= [Cillcizici3’ci4] vi=12,...n
Wi :%
where r; is a trapezoidal fuzzy number and \/\7i is the weight

of ith criteria. Then based on the formula (10) the amount of
credibility for each criterion is calculated;

E[g] =

If credibility of some criteria is equal in this step, then
evaluation will be done by adjusting weight (wj}). Indeed,
weights resulting from subjective judgment of managers and
weight approximation with fuzzy weight finding will be
combined and modified. In other words, formula (11) is used:

(8]

ai+az+ a3+ a4

: (10)

W= WMA it =1,2,...n

> 4w,
i=1

(11)
To calculate final weight of each criterion (W!), we use a

combining approach of Buckley's formula (vVi) and the

subjective judgment of managers () [18]. Using these final
weights (w;) with respect to the amount of credibility, E[€],

there is a possibility of weights equality. Therefore, we select
C,, criteria based on the amount of credibility.

Step 3: Calculating the matrix of eigenvalues In this step,
we calculate the highest eigenvalues (S4, S5, ..., S;,) based on
the Perron- Frobenius theorem[5,6] as below:

L

lim .o, (A—I“V’) J=Sy ;N=1,..n (12)

Similarly, adjacency matrixes ( My, M,,...,M,, ) are
calculated based on graphs in step 1. In adjacency matrixes
(My, M,, ..., M,,), priority of each alternative against criteria is
evaluated considering directions between nodes. Sy is a
positive eigenvector correspondent to ry of Ay. Normalized
vector, Sy , with summation of all entities equal to one, could
be considered as relative priority of alternatives against
criteria in adjacency matrices.

Step 4: Calculating final priority of alternatives

After calculating positive vectors, S;, S,, ..., Sy, priority of
alternatives is calculated by performing an ABC analysis
several times. In this step, final priority is obtained by
changing the percentage of A and B the high, moderate
important items in class A and B.

IV. THE RESULTS

In this section, we provide a numerical illustration based
on the literature to demonstrate the applicability of the

proposed methodology. The example is explained according

the steps of proposed approach described in previous section.
Step 1: Supposing m=6 and n=4, in the 3PL evaluation, 26

criteria are selected from Lin and Wang [2] as Table I.

TABLE |: EVALUATION CRITERIA FOR PROVIDER SELECTION

Symbol Criteria
C1 Price
Cc2 Financial consideration
Cc3 Experience in the similar industry
c4 Location
Cs Asset ownership
Ccé International scope
c7 Growth forecasts
csa Market share
co Logistics equipment
C10 Optimization capabilities
C11 Logistics information system
C12 EDI capacity
Cl13 Customer service
C14 On-time shipments and deliveries
C15 Capabilities to handle specific business requirement
C16 Responsiveness
Cc17 Service quality
C18 Continuous improvement
C19 Value added service
C20 KPI (key performance indicators) measurement and reporting
c21 Accessibility of contact person in urgency

c22 Cultural fit

C23 General repetition

Cc24 Service cancellation

C25 Human resource policies

C26 Availability of qualified talent

Step 2: Calculating the weight of criteria
Table 11 is produced based on the procedure explained in
step 2.

TABLE I1: COMPUTING THE WEIGHTS FOR EACH CRITERION
Criterta  Apgprepated fuzzy weights

C1 (0.64,0.74, 0.8, 0.84)

C2 (036, 0.46, 0.48, 0.58)
C3 (0.64, 0.74,0.74, 0.84)
Cc4 (0.72,0.82, 0.84, 0.92)
Cs (0.24, 0.34, 036, 0.46)

cé6 (0.22,0.32,0.32,042)
C7 (0.3, 04,042, 0.52)

C3 (0.58, 0.68, 0.68, 0.78)
C9 (0.62,0.72,0.76, 0.84)

C10 (0.3,04,042,0.5)
Cl11 (0.78, 0.88,0.96,0.98)
c12 (0.6,0.7,0.72, 0.8)
Cl13 (0.76, 0.86, 0.92, 0.96)
Cl14 (0.78, 0.88,0.96,0.98)
Cl15 (0.76, 0.86, 092, 096)
Cl6 (0.76, 086,092, 096)
C17 (0.76, 0.86,0.92,0.96)
C18 (0.62,0.72,0.76, 0.84)
C19 (0.625,0.725,0.725,0.825)
C20 (03,04, 042 052)
C21 (0.76, 0.86, 0.92, 0.96)
C22 (0.58, 0.68, 0.68,0.78)
C23 (0.725,0.825,0.85,0925)
C24 (0.48,0.58,0.6,0.7)
C25 (038,048,052, 0.62)
C26 (054064 066, 074)
Considering Table 1I, the amount of credibility is

calculated and shown in Table IlI.
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TABLE IlI: THE COMPTATIONAL RESULTS OF CREDIBILITY

Alternatives
Criterfia 4 A2 A3 A4 CR1 Rank
cl 064 074 08 084 0.755
(63) 036 046 048  0.58 047
C3 064 074 074 084 0.74
c4 072 082 08 09 0.825
Cs 024 034 036 046 033
6 02 032 03 042 0.32
C7 03 04 042 03 041
Cs 058 068 068 078 0.68
co 062 072 076 084 0.735
Cl10 03 04 042 05 0.405
cl1 078 088 095 098 09 1
c12 06 07 07T 08 0.705
13 076 08 09 09 0.875 2
Cl4 078 088 09 098 09 1
C15 076 08 092 095 0.875 2
Cl6 076 08 092 09 0.875 2
Cl7 076 08 092 09 0.875 2
C18 062 072 076 084 0.735
Cl9 0625 0725 075 0825 0.725
c20 03 04 042 03 041
cn 076 08 092 095 0.875 2
cn 058 068 068 078 0.68
C3 07235 0825 08 0925 083125
€M 048 058 06 07 0.59
C25 038 048 0 0.6 0.5
6 054 064 066 074 0.645

Because of the equality of ranks and the amount of
credibility in Table 111 for some criteria (C11, C13, C14, C15,
C16, C17 and C21), we calculated another rank for them.
Because we want to use four high important criteria (n=4)
they were selected based on the amount of credibility using
the Eq. (10). Between all criteria, four criteria, C17, C13, C14
and C17, are in the top of the list with the highest amount of
credibility. It should be noted that & is a subjective judgment
of experts.

Step 3: Adjacency graphs for alternatives considering C17,
C13, C14 and C17 are calculated. E.g. we represent
adjacency graph C14 for alternative A2 in Fig. 2.

Adjacency matrixes M, are obtained from Fig 2 as below:

0 10 11 1
00 0 1 1 1]
M. =1 1.0 10 o
1510 00 0 1 1l
lo 01 0 0 1|
lo 0 1 0 0 o

In a similar manner other adjacency matrices M2, M3 and
M4 and eigenvalues (S1-S4) are calculated based on the
graphs. In M1, Al dominates over A2, A4, A5 and A6 from
the viewpoint of C,,, but is beaten by A3. For instance, in
Cl4 there is r= 2232 and
S.2 = (0.238,0.164,0.231,0.113,0.150, 0.104). Therefore,
based on this method of evaluation, priorities of alternatives
against Cl4 are 1, 3, 2, 5, 4, and 6. Similarly positive vectors
of S2-S4 for other criteria are calculated and shown in Table

209

6.

Step 4: In this step, after calculating positive vectors
(S1,S,,S3,S4), we rank alternatives using the ABC analysis
as shown in Table 6.

As a result, after four iterations of the ABC analysis and
changing the percentage of A and B classes, the priorities are
finalized as below: A4>A2>A3>A5>A1>A6. In this step,
alternatives are grouped and prioritized in classes (A, B and
C), and the best alternative is put in class A. Therefore, in the
provider evaluation problem in the 3PL selection, the
alternative A4 is selected.

Fig. 2. Adjacency graph C14 for alternative A1, A2... A6.

TABLE VI: ALTERNATIVE RANKING OF 3PLs BASED ON ABC ANALYSIS

. Cumul Category

0, 0, B

Atri o s, S3 Sy % ¢ v ﬂ/l"ue ative  A=20%

: unt Value  B=30%
Al 023 021 035 05 623 2161 2161 C
A2 016 053 051 075 221 1796 3057 B
A3 023 075 042 041 149 2271 6228 B
A4 011 043 061 012 303 2719 8047 A
A5 015 061 063 035 150 670 9617 c
A6 010 036 035 038 115 383 100 C

Total Ad> A2=A3> Al=AS=A6

V. CONCLUSION

Due to the rapid growth of industries and increased global
competition, firms must take care of all processes of business.
Outsourcing is a solution to help the main company to
concentrate on its own core competencies. It improves the
total performance of the supply chain if the provider selects
appropriately. Therefore, the selection of the 3PL should be
done carefully. In this problem, the decision-maker should
select the 3PL using different criteria subjectively. It should
be noted that the weights of these criteria are not well known
and it will increase the vagueness of the problem. Therefore,
a suitable combined MCDM approach should be applied to
solve such a complicated problem. In this article, we propose
a new method using Fuzzy and credibility theory to allocate
the appropriate weights of the criteria, Graph theory and
ABC analysis to determine the best alternative. This method
was applied to a real problem and its stages were clarified
step by step. The proposed methodology of this study is easy
to implement and quite reliable for ranking the alternatives.
The findings provide valuable insights for logistics
practitioners, academicians, and educators. Future studies
could focus on using other decision making methods such as
ELECTERE, and VICOR. Based on the context of the
problem, and for evaluating more realistic problems,
Triangular and Trapezoidal fuzzy numbers could be used.
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And also other methods such as BORDA or the liner
allocation algorithm could be applied for filtering effective
attributes in big and complicated problems.
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