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Abstract

Supply chain management process includes
many activities to transform raw materials
into final products considering with
customer satisfaction. Order fulfillment
process is one of them and plays a critical
role in ensuring customer satisfaction. This
study  proposes  uncertain  dynamic
intuitionistic decision making method in
order to evaluate order fulfillment
performance. The method uses interval-
valued intuitionistic fuzzy numbers and
simple calculation operators. Three firms
are evaluated according to seven criteria,
and a sensitivity analysis is conducted to
show the robustness of the model. We
conclude that the method is a useful tool
for handling multi-period decision making
problems in the intuitionistic fuzzy
environment.

Keywords: Supply chain management,
order fulfillment, wuncertain dynamic
intuitionistic fuzzy MCDM.

1 Introduction

Supply chain management is the integration of key
business  processes (Customer  relationship
management, supplier relationship management,
customer service management, demand management,
order fulfillment, manufacturing flow management,
product development and commercialization, returns
management) from end user through original
suppliers that provides products, services, and
information that add value for customer and other
stakeholders [1].

Order fulfillment process is one of the key processes
in supply chain management and the term is used to
define generating, filling, delivering, and servicing
customer orders [2]. Due to the developing

technology and customer requests, time management
is the crucial point for the firms. Successful
management of the order fulfillment process can
decrease the delivery time and provide customer
satisfaction.

Order fulfillment process of the firm should respond
customers’ demand while staying within the budget
limitations. Managers in charge of running the order
fulfillment  process should understand the
requirements of the customers and take these
requirements into order fulfillment process
management. In other words, managers should
design a network between customers and firms. In
this point, order fulfillment process management is
strategic decision making for the firms.

Managers need to measure order fulfillment process
performance in order to learn how well their firm is
performing the process, analyze the process
periodically and improve it, or measure their partners
order fulfillment performance. Measuring
performance process includes two main steps
namely; which metrics will be used and which
method will be used.

Multi criteria decision making (MCDM) methods
have been used as a useful tool in many fields, such
as engineering [3], risk management [4], technology
[5,6], supply chain management [7,8], and so on.
Performance assessment problem contains both
qualitative and quantitative factors; therefore, it
needs experts’ judgments. Due to the shortcomings
incurred by the subjectivity of human judgments and
vagueness of data, the ordinary fuzzy set theory,
developed by Zadeh [9], can be used in performance
assessment decision making processes. In the
literature ordinary fuzzy set theory and MCDM
methods are combined such as; Fuzzy AHP [10,11],
fuzzy ELECTRE [12], fuzzy ANP [13], fuzzy
DEMATEL[14], fuzzy TOPSIS [15].

In recent years, ordinary fuzzy sets have been
extended to new types and intuitionistic fuzzy set
(IFSs), developed by Atanassov [16] is one of these
extensions. IFSs include the membership value as
well as the non-membership value and carry more
information than ordinary fuzzy sets. Therefore, IFSs
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has been used in many MCDM problems [17,18,19].
In this paper, we focus on uncertain dynamic
Intuitionistic fuzzy MCDM [20] to assess firms’
order fulfillment performance process.

The rest of the paper is organized as follows: In
Section 2 the details of uncertain dynamic
intuitionistic fuzzy MCDM decision making method
is explained. A case study and sensitivity analysis are
presented in Section 3. Finally, conclusions are
presented in Section 4.

2 Uncertain Dynamic Intuitionistic
Fuzzy Multi Attribute Decision Making

In this section, we consider uncertain dynamic
intuitionistic fuzzy MCDM problems where all the
attribute values are expressed in interval-valued
intuitionistic fuzzy numbers (IVIFNS), which are
collected at different periods of time. Xu and Yager
[20] proposed uncertain dynamic intuitionistic fuzzy
MCDM method as follows:

2.1 Preliminaries
Let a set Z be fixed, and IVIFN Aover Z is an
object having the form.
A={z,i1;(2).9,(2)z€Z} 1)
Where fix (2) =[ #x (2).113 (2) | < [0.1] and

Vi(2)= [vk (z),v,‘-i (z)} —[o1] are intervals

Ha(2)=infil, (2) 1 i (z) =sup iy (2)
Va(z)=infy, (z) » Va(z)=supVa(z),
and forevery zez:

H,L&J (Z)+Vz (Z) <1 (2)

Let 7, (z) = [n; (2).75 (z)},where

A (2)=1-px (2)-VA(2), 7a(z)=1-pz(2)-va(z)  (3)

For convenience, we denote an IVIFN by
o =(fi;, V4, 7, ), Lettbe atime variable, then we

call &(t):([H;mvuz(t)J,[Vg(mVau(l)],[ﬁ;(mn;t)})
an uncertain intuitionistic fuzzy variable, then
a(t,),a(t,),....a(t,)denote p IVIFNs collected at p
different periods.

2.2 Uncertain dynamic intuitionistic fuzzy
MCDM

Step 1. Determine the criteria, the criteria weights
and periods’ weights.

Step 2. Evaluate the alternatives with IVIFNs and
create uncertain intuitionistic fuzzy decision matrices
for different periods.

Step 3. Use uncertain dynamic weighted fuzzy
averaging (UDIFWA) operator in order to aggregate
the performances at different periods.

{1’111(17%)%J—l%[(l—u;w)m} o

UDIFWA operator aggregates all the uncertain
intuitionistic fuzzy decision matrices for different
periods into a complex uncertain intuitionistic fuzzy
decision matrix.

Step 4. Define & =(&.a....a,)  and
a :(a;,a;,,,,,a;)T as the uncertain intuitionistic
fuzzy ideal solution and the uncertain intuitionistic
fuzzy negative ideal solution, respectively, where
a" =([11],[0,0],[0,0]) (i=12,...m) are the m
largest IVIFNs, and & =([0,0].[11],[0,0]) (i=1.2....,m)

are the m smallest IVIFNSs.

Step 5. Calculate the distance between the alternative
A. and the uncertain intuitionistic fuzzy ideal

solution, and the distance between A, and
intuitionistic fuzzy negative ideal solution as follows:

d(A,w):%ile[z-(u;wH 5)
d(ai)=33w[2-0iew] @

Where T :({u;,pﬂ,[v;,vﬂ,[ n;,nﬂ)izl,Z,...,n, j=12,..m.

Step 6. Calculate the closeness coefficient of each
alternative:

vi=12,..n (1)

)
A.a)+d(A,a)

Step 7. Rank the alternatives according to decreasing
values of closeness coefficient.

3 Order Fulfillment Performance
Evaluation

In this section, order fulfillment performances of
three companies are evaluated by using uncertain
dynamic intuitionistic fuzzy evaluation. A furniture
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company operates e-commerce activities in a famous
e-commerce web site in Turkey. The company has
three different sub-contractors and when the order
has come from the website, the company directs the
order to the companies according to the volume of
order. The company wants to decrease the number of
sub-contractor and wants to use just one instead of
using three sub-contractors. Therefore, the company
needs to evaluate the sub-contractors’ order
fulfillment performance.

Step 1. The company uses seven different criteria in
order to assess the sub-contractors as follows [1];
Generate and communicate order (C,), enter

order (C,), process order (C,), handle
documentation (C,), fill order (C;), deliver
order (c,), perform post-delivery activities (C,).

The weight vector of the months is A(t)=(0.1,0.3,0.6)"

and w=(0.1,0.1,0.2,0.1,0.2,0.2,0.1)" is weight vector
of the criteria, these weights are determined by the
evaluation committee.

Step 2. Evaluation committee assesses the alternative
with seven criteria by IVIFNs for three different
periods. Table 1-3 show the evaluation matrices.

Step 3. Then, these matrices are aggregated in to
complex decision matrix by Eq. (4) (see in Table 4).

Step 4. Define 6*, &, and the alternatives
A (i =1,2,3) . We define them as follows:

[11],[0,0], .([2.1].[0,0].[0,0]),
([11].[0,0].[0.0]),
([1.1].[0.0].[0.0)),

([0.01.[11] [0.0]),
([0.0.[11].[0.0]),
([0.0.[11].[0.0]),

oo] [11
0,0],[11],
0,0],[11],

[0,
[
[
[
[0.35,0.56],[0.22,0.33],[0.11,0.42]),
[0.24,0.38],[0.22,0.33],[0.27,0.53]),
[0.50,0.62],[0.23,0.36],[0.20,0.25]),
[0.38,0.51],[0.21,0.34],[0.14,0.39]),
[0.56,0.68],[0.15,0.27],[0.03,0.28]),
[0.46,0.70],[0.16,0.29],[0.00,0.37]),
[ )

(
(I
(I
(I
(
(
(
(
(
(
(
(
(
(
(

0.37,0.53],[0.20,0.31],[0.15,0.41]

-

0.50,0.62],[0.20,0.32],[0.05,0.29]),
0.29,0.39],[0.17,0.28],[0.32,0.53]),
[0.61,0.73],[0.13,0.24],[0.02,0.25]),
32,0.57],[0.27,0.37],[0.04,0.40])
[0.56,0.67],[0.13,0.32],[0.00,0.30]),
0.44,0.60],[0.22,0.33],[0.06,0.33]),
)

(I
(I
(
(fo
(
(I
([0.38,0.56],[0.20,0.30],[0.12,0.40]
(
(
(
(
(
(
(

[0.42,0.61],[0.28,0.38],[0.00,0.29]),
[0.27,0.42],[0.28,0.44],[0.12,0.43]),
[0.53,0.68],[0.15,0.26],[0.05,0.31]),
[0.24,0.34],[0.33,0.50],[0.15,0.42]),
[0.26,0.38],[0.00,0.47],[0.13,0.73]
[0.55,0.65],[0.22,0.33],[0.00,0.22]
[0.57,0.68],[0.16,0.31],[0.00,0.26]

)
).
),
)

Step 5. Calculate the distance between the alternative
A; and the uncertain intuitionistic fuzzy ideal
solution, and the distance between A; and
intuitionistic fuzzy negative ideal solution. The
obtained results are as follows:

d(A,d")=051 d(A, &")=053

&) =049 d(A,

d(A,a )=074 d(A,,& )=0.73 d(A, & )=0.69

Step 6. Calculate the closeness coefficient of each
alternative. The obtained results are as follows:

c(A)=0593 c(A,)=0599  c(A)=0.567

Step 7. Rank the alternatives according to the values
of closeness coefficient. The result is as follows:

A= A=A

According to the values of closeness coefficient has
A, the highest score.

Sensitivity Analysis

In this section, a sensitivity analysis is performed.
Different weights were assigned to criteria and are
analyzed to observe how much it would influence the
final scores of alternatives. In the first case, we
assign weights as follows;
w=(0.7,0.05,0.05,0.05,0.05,0.05,0.05), and the
ranking of alternatives is A, = A, = A. Then we
change the weights of criteria as follows;
w=(0.05,0.05,0.05,0.7,0.05,0.05,0.05)" and the

ranking is A = A = A,.
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G

C,

G

C,

([0.2,03],[0.4,0.5],[0.2,0.4])
([0.4,06],[0.2,0.3],[0.1,0.4])

([03,04],[05,06],[0.0,02])

([0.3,0.5],[0.2,0.4],[0.1,0.5])
([0.2,03],[0.4,0.5],[0.2,0.4])

([04,05],[02,03],[0.2,04])

([0.4,06],[0.3,0.4],[0.0,0.3])
([05,0.6],[0.2,0.4],[0.0,0.3])

([06,0.7],[0.1,03],[0.0,0.3])

([0.1,0.2],[0.4,05],[0.3,0.5])
([0-2,03],[0.5,0.6].[0.1,0.3])

([03,04],[0.2,03],[0.3,0.5])

CS

CB

G

([0.4,0.6],[0.1,0.3],[0.1,05])
([05,0.7],[0.2,0.3],[0.0,0.3])

([05,0.7],[0.0,0.1],[0.2,05])

([0.,0.3],[05,0.6],[0.1,0.0])
([0.5,0.6],[0.2,0.4],[0.0,0.0])

([0-2,0.3],[0.5,0.6].[0.1,0.0])

([0.4,05],[03,0.5],[0.0,0.3])
([0.2,04],[0.3,0.4],[0.2,0.5])

([0-2,03],[0.5,0.6].[0.1,0.3])

Table 1: Decision matrix R, for the first period

G

G

G

C,

R

([06,0.7],[0.1,0.2],[0.1,0.3])
([03,0.4],[0.2,0.4],[0.2,05])

([05,0.7],[0.2,0.3],[0.0,0.3])

([03,0.5],[0.3,04],[0.1,0.4])
([03,0.4],[0.4,05],[0.1,0.3])

([05,0.6],[0.3,0.4],[0.0,0.2])

([03,0.4],[0.3,05],[0.1,0.4])
([04,0.6],[0.2,0.3],[0.1,0.4])

([0.7,0.8],[0.1,0.2],[0.0,0.2])

([0-2,04],[0.2,0.4],[0.2,0.6])
([02,03],[0.4,05],[0.2,04])

([0:3,0.4],[0.5,0.6],[0.0,0.2])

G

C

c

([02,0.3],[0.4,05],[0.2,0.4])
([05,0.6],[0.2,0.4],[0.0,0.3])

([03,0.4],[0.3,05],[0.,0.4])

([02,05],[0.3,05],[0.0,05])
([05,0.6],[0.3,0.4],[0.0,0.2])

([0.7,08],[0.1,0.2],[0.0,0.2])

([05,0.6],[0.2,0.3],[0.1,0.3])
([04,0.7],[0.2,0.3],[0.0,0.4])

([0:3,0.4],[0.3,06],[0.0,0.4])

Table 2:

Decision matrix R, for the second period

C, C, C, C,
A ([0.2,05],[0.3,0.4],[0.1,0.5]) ([0.2,03],[0.2,0.3],[0.4,0.6]) ([0.6,0.7],[0.2,0.3],[0.0,0.2]) ([05,0.6],[0.2,0.3],[0.1,0.3])
A ([0.6,0.7],[0.2,0.3],[0.0,0.2]) ([0:3,04],[0.1,0.2],[0.4,0.6]) ([0.7,0.8],[0.1,0.2],[0.0,0.2]) ([0.4,0.7],[0.2,03],[0.0,0.4])
A, ([0.4,06],[0.3,0.4],[0.0,0.3]) ([0.1,0.3],[0.3,0.5],[0.2,0.6]) ([0.4,06],[0.2,03],[0.1,0.4]) ([0.2,0.3],[03,0.5],[0.2,05])
Cs G G
A ([0.7,0.8],[0.1,0.2],[0.0,0.2]) ([0.6,08],[0.1,0.2],[0.0,0.3]) ([0.3,05],[0.2,0.3],[0.2,05])
A ([06,0.7],[0.1,03],[0.0,0.3]) ([0.4,06],[0.2,03],[0.1,04]) ([0.4,05],[0.2,0.3],[0.2,0.4])
A, ([0.2,03],[0.4,0.6],[0.1,0.4]) ([0.5,06],[0.3,0.4],[0.0,0.2]) ([0.7,0.8],[0.1,0.2],[0.0,0.2])
Table 3: Decision matrix R, for the third period
C, C, C, C,

R

([0:35,0.55],[0.22,0.33],[0.11,0.42])
([0:50,0.62],[0.20,0.32],[0.05,0.29])

([0.42,0.61],[0.28,0.38],[0.00,0.29])

([0.24,0.38],[0.22,0.33],[0.27,0.53])
([0.29,0.39],[0.17,0.28],[0.32,0.53])

([0-27,0.42],[0.28,0.44],[0.12,0.43])

([0:50,0.62],[0.23,0.36],[0.02,0.25])
([061,0.73],[0.13,0.24],[0.02,0.25])

([053,0.68],[0.5,0.26], [0.05,0.31])

([0.38,051],[0.21,0.34],[0.14,0.39])
([0.32,0.57],[0.27,0.37],[0.04,0.40])

([0.24,0.34],[0.33,0.50],,[0.15,0.42])

Cs

G

¢

R

([0.56,0.68],[0.15,0.27],[0.03,0.28])
([056,0.67],[0.13,0.32],[0.00,0.30])

([0.26,0.38],[0.00,0.47],[0.13,0.73])

([0.46,0.70],[0.16,0.29],[0.00,0.37])
([0.44,0.60],[0.22,0.33],[0.06,0.33])

([0.55,0.65],[0.22,0.33],[0.00,0.22])

([0:37,0.53],[0.20,0.31],[0.15,0.41])
([0:38,0.56],[0.20,0.30],[0.12,0.40])

([057,0.68],[0.16,0.31],[0.05,0.26])

Table 4: Complex decision matrix R
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We  assigned the weights as  follows;
w=(0.05,0.05,0.05,0.05,0.05,0.7,0.05)" and the
ranking of alternatives is A - A >~ A,. At last, we
change the weights of criteria as follows;
w=(0.05,0.05,0.05,0.05,0.05,0.05,0.7)" and the
ranking is A, - A, = A . According to the sensitivity
analysis results, the best alternative decision is

insensitive to the changes in the criteria weights.
Figure 1 shows the results of sensitivity analysis.

0,7
0,6 -
0,5 -
0,4 -
0,3 -
0,2 -
0,1 -

[ T T T —

1st 2nd 3rd 4th
Case Case Case Case

OA1
BA2
0OaA3

closeness coefficient

Figure 1. Sensitivity Analysis

4  Conclusion

In this study, we evaluate three different firms’ order
fulfillment performance by using uncertain dynamic
intuitionistic fuzzy multi-attribute decision making
method.

Order fulfillment process is one of the main key
processes of the supply chain management.
Customers prefer firms working with fast delivery, it
means using less time in delivery process in supply
chain management gives advantages to firms. Order
fulfillment process can be dived in seven categories
as follows; Generate and communicate order, enter
order, process order, handle documentation, fill
order, deliver order, perform post-delivery activities.

In this study, we evaluate the firms according to
these categories by interval valued intuitionistic
fuzzy numbers for three different periods in a year.
Then, we rank them according to decreasing values
of closeness coefficient. The uncertain dynamic
intuitionistic  MADM can handle the problem
effectively. The method has advantages because of
collecting decisions which are made in different
periods.

As for future work, other intuitionistic fuzzy MADM
methods like intuitionistic AHP, intuitionistic ANP,
intuitionistic VIKOR can be used in evaluating order
fulfillment and can be compared with the finding of
the current study.
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