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Abstract

The right strategy in the supply chain has become strategic issues are important today because the nature of these decisions is usually
complex and unstructured. There are many quantitative and qualitative attributes such as cost, responsiveness, and flexibility that need to
be taken into account to determine the best supply chain strategy. Assessment of all attributes as mentioned is usually through a human
evaluation process involving many subjectivity and uncertainty factors. In addition, the complexity of the problems directly related to
each attribute used as an assessment increases the problem of uncertainty. Fuzzy MCDM (Multi Criteria Decision Making) is one of the
MCDM methods that use a fuzzy approach to overcome complexity and uncertainty of the problem. Today the market has been able to
witness a worldwide expansion and dynamic situation by leveraging new innovations in production methodology and information tech-
nology. With this new innovation, the market can increase demand for products tailored to minimum cost with minimum waiting time.
Lean and agile are two chain strategy concepts evolved in the pursuit of business excellence, while the concept of leagile is in between.
This study aims to select the best supply chain strategy (lean, leagile, agile) at a manufacturing company in Samarinda — East Kaliman-

tan based on certain criteria by using Fuzzy MCDM.
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1. Introduction

Supply Chain Management (SCM) has emerged as a proactive
approach to improve business process performance and products
according to customer needs. Lead time, cost, quality, level of
service, etc., can be considered as the criterion of market winners
or criteria of market qualification depending on the type of manu-
facturing strategy. Supply chain as a series of activities composed
by a particular company and all other companies interact directly
or indirectly, through its suppliers and customers, upstream and
downstream, for the effective consumption of products and/or
services by end users. Supply chain management is the strategic
and systematic coordination of traditional business functions and
tactics across all business functions within specific organizations
and across businesses in the supply chain [1]. Supply chain point
of view is one of the main opportunities to overcome these barri-
ers and improve performance even for weaker companies [2]. To
minimize the overall cost of the system while meeting the custom-
er service level requirements, SCM acts as a series of synchro-
nized decisions and activities that are used to efficiently integrate
suppliers, manufacturers, warehouses, transporters, retailers and
customers into the right products or services, distributed in the
right quantity, to the right location, and at the right time. Lean
Manufacturing is the systematic elimination of waste from all
aspects of the organization's operations, in which waste is seen as
the use or loss of resources that do not lead directly to creating
products or services customers expect. Lean manufacturing and
JIT (Just In Time) plays an important role in better SCM func-
tionality [3]. Conditions for organization and comfort become

more flexible and responsive to customers leads to the concept of
agile manufacturing as a discrimination of the lean organization.
Agility should be based not only on receptivity and elasticity but
also on the cost and quality of goods and services that customers
must accept [4]. The explorative case study approach has been
used in [5] to identify trade-offs in the context of automotive sup-
ply chains that implement Lean, Agile, Resilient and Green
(LARG) management paradigms.

The selection of the best supply chain strategy becomes the key to
the success of a long-term strategy. As the key to success is how
to deliver the right product, at the right time at a reasonable cost to
the customer. Based on the characteristics of manufacturing sys-
tems there are several types of supply chain strategy as a result of
new innovations in production methodology are as follows [6]:

e  The production is lean if done with the smallest possible
waste due to unnecessary, inadequate, or excessive buffer-
ing during the production process.

e The production is agile if it maneuvers efficiently to
anticipate uncertainty and varying demands placed upon it.

e Leagile is a manufacturing system that collaborates on var-
ious aspects of lean and agile production with efficient co-
ordination of both aspects.

MCDM is a useful tool in many areas such as economics,
manufacturing, social, etc. The MCDM addresses the issue of how
to select options from a range of alternatives based on certain
criteria. This requires information about the preferences of all the
criteria used. The decision maker acts as a source of preference for
each criterion used as importance weight on the basis of the
experience it has [7]. MCDM aims to obtain the most optimal
alternative that has the highest level of satisfaction for all relevant
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criteria. The most dominant advantage of MCDM techniques is
their ability to analyze quantitative and qualitative criteria. There
are many techniques and their combined methods have been
proposed to solve MCDM problems [8-15].

Vagueness that exists in many decision-making problems may
contribute to the imprecise judgments of decisions made from
conventional approaches. Fuzzy theories approach can be used to
address the issue of vagueness of human preferential judgment
[16]. There are many studies that have been done that combine
MCDM methods with fuzzy theory approaches such as in [16-21].
This study aims to select the best supply chain strategy (lean,
agile or leagile), according to its characteristics. The fuzzy theory
approach is used to overcome complexity and uncertainty issues.

2. Triangular Fuzzy Number (TFN)

The linguistic variable (or linguistic value) is a variable whose
value is expressed in linguistic terms. The concept of linguistic
variables is very useful in dealing with situations that are too
complex or not well defined to be expressed in conventional quan-
titative expression. Mathematical operations are not possible di-
rectly on linguistic values. Therefore the linguistic value must be
converted to a fuzzy scale by using TFN which is a fuzzy number
that represented in three 4= L, MU points as shown in
Figure 1 where L is Lower, M is Medium, and U is Upper. Table 1
shows the linguistic value used in this study which expressed by
the fuzzy set as shown in Figure 2.
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Fig. 1: Triangular Fuzzy Number
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Fig. 2: Fuzzy Set of TFN

Table 1: Conversion of linguistic value using TFN

Fuzzy I
Number Linguistic value TFN

Very Very Low

! (WL) (4,1,2)

2 Very Low (VL) 1,2,3)

3 Low (L) (2,3,4)

4 Medium (M) (3,4,5)

S High (H) (4,5,6)

6 Very High (VH) (5,6,7)
Very Very High

! (VVH) G0

There are some rules for TFN operations [21] as follows:

ie4=L,M,U ® L MU, =L +L,M +M,U,+U,
A®A4=L.MU O L MU =L-UM-M,U-L,
A4®4 = L,M. U ® L,M.U, = LxL,M xM,U xU, @)
AP A =L MU @ LM, U, =LJ/U.MIM.U,/L,

Typically, the evaluator consists of several decision makers who
provide an assessment based on the linguistic value of Table 1, so
it is necessary to aggregate all the results of their assessment,
which is expressed by:

FN =iZN;FNL(i) @

aggregate N
i=1

FN, (i) is the fuzzy number of it" linguistic value, and N is the

number of the evaluator. For example, if each of the three evalua-
tors gives a rating of H (high), M (medium), M (medium) then the
aggregation of the fuzzy number is (5+4+4)/3=4.33~4. The ap-
proximate linguistic value is M (medium). Eq. (1) is applied to all
assessment results provided by all evaluators, for both alternative
and criteria assessments.

The fuzzy decision matrix is built from the results of the alterna-
tive assessment under the various criteria, and expressed by using
TFN as follows:

1 d12 in
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The fuzzy decision matrix needs to be normalized by dividing it
by the total number of U (upper) parts, which expressed by
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Decision vectors are expressed by
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Where C is the fuzzy weight of the criteria after being
normalized.

Finally, to get the crisp value, it is necessary to do defuzzification
by using the centroid method (Center of Area /COA) which ex-
pressed:
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Generally, there are several steps to apply the proposed method as
shown in Figure 3.
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Fig. 3: Fuzzy approach steps

3. Case Study

A manufacturing company in Samarinda - East Kalimantan - In-
donesia, wants to choose the right strategy to improve the long-
term performance of its supply chain. The first step is to build
models to identify system alternatives and criteria for evaluating
supply chain strategies. The hierarchical model is used to describe
complexity in the decision-making process, as shown in Figure 4.
This hierarchical model is also used to determine the relative im-
portance of alternative strategies.

Supply Chain Strategy
Selection Goal
I
Cost Responsiveness
I
Transportation Process Inventory Flexibility Innovation
- Criterias
Supply Shortage Lead-time

1 1 '

All criterias toward to each alternative

1 Y Y

I Lean I I Agile I I Leagile

I Alternatives

Fig. 4: The hierarchical model

Three decision-makers as evaluators use linguistic scales as shown
in Table 1 to assess the importance of criteria. The aggregate im-
portance weights of the criteria determined by these decision mak-
ers are calculated using TFN operations as in Eqg. (1) which is
referred to Table 1. The aggregation results are shown in Table 2.
The evaluators use the linguistic value to evaluate the rating of
each alternative with respect to its criteria. The aggregate rating of
the alternatives under various criteria is shown in Table 3.

Table 2: Aggregated importance weight of criteria

Table 3: Aggregated rating of alternatives under various criteria

Criteria AIterr_1atives _
Lean Agile Leagile

Transportation Cost H L M
Supply Cost H L M
Process Cost H M H
Shortage Cost M H H
Inventory Cost VH L M
Supply flexibility VL VH M
Total Lead time VL VH M
Innovation VL VVH M

The linguistic evaluations shown in Table 2 were then converted
into TFN. The fuzzy weight of each criterion is calculated by us-
ing the TFN operation where each TFN criterion is divided by the
total TFN. The results of this operation are shown in Table 4. The
linguistic evaluations shown in Tables 3 were then converted into
TFN to construct the fuzzy decision matrix and the results are
shown in Table 5. In the same manner, the results of normalized
fuzzy decision matrix are shown in Table 6.

Table 4: The fuzzy weight of aggregated importance weight of criteria

L Fuzzy weight of
Criteria L'Cgﬂjzt'c TFN criteria
L M| U L M U
fransportation | yvi | 1| 1 | 2 | 0026 | 0032 | 0083
Supply Cost H 4 5 6 | 0.103 | 0.161 | 0.250
Process Cost L 2 3 4 | 0.051 | 0.097 | 0.167
Shortage Cost L 2 3 4 | 0.051 | 0.097 | 0.167
LT M 3| 4|5 |0077 0129 | 0.208
Cost
Supply
flexibility M 3 4 5 | 0.077 | 0.129 | 0.208
I‘r’[fg' L H 4|5 |6 |0103]| 0161|0250
Innovation VH 5) 6 7 | 0.128 | 0.194 | 0.292
Total 24 | 31 ] 39
Table 5: The fuzzy decision matrix
CRITERIA Alternatives Lean Leagile | Agile | Total
L 4 2 3 9
Trans. M 5 3 4 12
9) 6 4 5 15
L 4 2 3 9
Supply M 5 3 4 12
9} 6 4 5 15
- L 4 3 4 11
8| Process M 5 4 5 14
o u 6 5 6 17
L 3 4 4 11
Shortage M 4 5 5 14
U 5 6 6 17
L 5 2 3 10
Inventory M 6 3 4 13
U 7 4 5 16
n L 1 5 3 9
& Flexibility M 2 6 4 12
P 9] 3 7 5 15
g L 1 5 3 9
@| Lead time M 2 6 4 12
8 u 3 7 5 15
% | L 1 6 3 10
e M 2 7 4 13
U 3 7 5 15

Criteria =N Evzg;ators B3 aggregated
Cost H M M M
Transportation Cost VVL VL VVL VVL
Supply Cost H M H H
Process Cost L M L L
Shortage Cost L L M L
Inventory Cost M H M M
Responsiveness H VH H H
Supply flexibility M M L M
Total Lead time H H M H
Innovation VH H VH VH
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Table 6: The normalized fuzzy decision matrix

CRITERIA Alternatives | Lean | Leagile | Agile
L 0.27 013 0.20

Trans. M 042 | 025 | 033

u 067 | 044 | 056

L 027 | 013 | 0.0

Supply M 042 | 025 | 033

u 067 | 044 | 056

- L 024 | 018 | 0.4
8|  Process M 036 | 029 0.36
O u 055 | 045 | 055
L 018 | 024 | 0.4

Shortage M 029 | 036 | 0.36

u 045 | 055 | 055

L 031 | 013 | 019

Inventory M 046 | 023 | 031

u 070 | 040 | 050

" L 007 | 033 | 0.0
@ Flexibility M 017 | 050 | 0.33
z u 033 | 078 | 056
g L 007 | 033 | 020
3| Leadtime M 017 | 050 | 033
& U 033 | 078 | 056
% L 007 | 040 | 0.0
&l Innovation M 0.15 0.54 0.31
U 030 | 070 | 050

4. Results and discussions

In order to get the crisp value for each mayor criteria, it is neces-
sary to apply Eqg. (6). COA of each alternative strategy for each
major criteria need to be normalized. The aggregated importance
weight of “cost” criteria as shown in Table 2 has a linguistic value
“Medium” with the fuzzy number of 4. It can be expressed in a
ratio as 4/7. Using the same approach then the aggregated
importance weight of “responsiveness” criteria can be expressed
as 5/7. The normalized COA of each major criteria then multiplied
by their ratio. The final weight for each alternative is the sum of
the weight of all mayor criteria. The results are shown in Table 7.

Table 7: The decision vector

COST (Medium = 4/7)
Alternatives Fuzzy weight Weight
L M 0 COA | Norm X ( 4?7)
Lean 0.079 | 0.202 | 0.535 | 0.272 | 0.387 0.221
Agile 0.048 | 0.140 | 0.398 | 0.195 | 0.278 0.159
Leagile 0.064 | 0.173 | 0.471 | 0.236 | 0.336 0.192
Total | 0.704
COST (Medium = 4/7)
Alternatives Fuzzy weight Weight
L M 0 COA | Norm X (5/7)
Lean 0.021 | 0.078 | 0.240 | 0.113 | 0.180 0.129
Agile 0.111 | 0.249 | 0.561 | 0.307 | 0.490 0.350
Leagile 0.062 | 0.156 | 0.400 | 0.206 | 0.329 0.235
Total | 0.626
Alternatives Final Weight
Lean 0.350
Agile 0.509
Leagile 0.427

According to COA of its weighted rank, using a linguistic variable
to describe the current assessment status of each strategy is a more
realistic approach. The five linguistic variables referring to the
subinterval are defined to categorize the assessment status into
five classes. The decision rules of the five classes are shown in
Table 8.

From Table 7 and Table 8, it is known that using presented model,
Lean strategy belongs to class 2, the Agile strategy belongs to
class 4, and Leagile strategy belongs to class 3. This means that
the Agile strategy is the best supply chain strategy with its
assessment status is “approved”.

Table 8: The approval status

Class Final Weight Assessment status
1 0-0.2 Do not recommend
2 0.2-0.35 Recommend with high risk
3 0.35-0.5 Recommend with low risk
4 0.5-0.8 Approved
5 0.8-1.0 Approved and preferred

5. Conclusion

This study has evaluated lean, agile and leagile strategies by using
Fuzzy MCDM model to select the best supply chain strategy ac-
cording to the system characteristics. The hierarchical model has
been used to determine the relative importance of alternative strat-
egies to simplify the complexity of the decision-making process in
selecting the best supply chain strategy. The systematic stages of
strategy selection in a fuzzy environment presented in this study
can be easily used to minimize the inappropriate judgments of
decision makers caused by vagueness and uncertainty of human
preferential judgment.
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