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ABSTRACT 
As the fast technology evolution and the 

globalization trend, the competition among 
businesses transform into supply chain network 
gradually. However, the operation performance of the 
supply chain network influenced by many uncertain 
factors. These uncertain influence factors include the 
demand of the customer, the response time of 
delivery, operation lead time, stock level and cost. 
Under foregoing conditions, enterprises cannot 
control the variations in actual environment precisely 
and satisfy customers’ requirements. Therefore, the 
linguistic variables are used to express these 
uncertainties in this paper. First, this paper presents a 
procedure to transform the operation processes of the 
supply chain network into a diagram to indicate the 
activities among members of supply chain. Second, 
combining fuzzy set theory with the program 
evaluation and review technique (PERT) to estimate 
the cycle time of supply chain system. According to 
the fuzzy PERT model, we can calculate the cycle 
time and find out the critical path of a supply chain 
system. Furthermore, we can compute the possibility 
of the order fulfillment of a supply chain system. 
Finally, a numerical simulation is presented to 
illustrate the procedure of this proposed model.    
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1. Introduction 
Today the enterprise faces many rigorous and 

challenges, including the globalization of competition 
and cooperation, a varieties of customer requirements 
and shortened product life cycles. The enterprise has 
to look for the effective methods to adjust strategic 
and manageable models and maintain operations and 
competitive advantages. For example, Material 
Requirement Planning (MRP), Manufacturing 
Resource Planning (MRPII) and Enterprise Resource 
Planning (ERP) [10, 21] are used to integrate the 
operation processes and resources for enterprises. 
The purpose of these tools is to reduce the response 

time of the market demand and increase the customer 
satisfactions. 

As the Internet and information technology grow 
rapidly, the industrial environment becomes more 
competitive for individual enterprise. Nowadays 
global marketplaces, no longer an individual 
enterprise competes as an independent entity but 
rather as an integral part of supply chain links [10]. In 
other words, each enterprise will depend on its 
management abilities to integrate and coordinate the 
complicated network of business relationships among 
supply chain members [5]. Therefore, supply chain 
management (SCM) has become one of the most 
important issues for enterprises. 

A supply chain may be viewed as an integrated 
system that performs the procurement of raw material, 
its transformation to intermediate and end-products, 
distributor and promoting of the end-products to 
either retailers or customers [5, 21]. In recent years 
many researches are very interested in supply chain 
management problems and the concepts of SCM 
from different view points that were presented in [4, 
5, 20, 27,28]. Unfortunately, there is no explicit 
description of supply chain management or its 
activities in the literature [30]. For example, New and 
Payne [23] described supply chain management as 
the chain linking each element of the manufacturing 
and supply processes from raw materials to the end 
user, encompassing several organizational boundaries. 
Jukka et al., [16] described supply chain management 
as a new way to provide goods and services to the 
end customer at the lowest cost and high service level, 
and the centric approach to manage the supply chain 
is no longer appropriate. SCM is an integrated 
approach to increase the effectiveness of the logistics 
chain by improving cooperation between members in 
the chain. Figure 1 shows the activities of a supply 
chain is comprised two fundamental procedures: (1) 
the Production layout and Inventory control process, 
and (2) the Distribution and Logistics process [1].  

There is a growing interest in exploiting supply 
chain models in real applications and in developing 
decision support system to enhance supply chain 
management and control. Thus, a real supply chain 
operates in an uncertain environment. Different 
sources and types of uncertainty exist along the 
supply chain and make supply chain management 
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problems more complex [6, 7, 20, 24, 25, 26]. Facing 
the dynamic states of the supply chain market, a 
supply chain network system that its internal and 
each operation of links in fast supply chain express 
effectively, and responds and makes more accurate 
forecasting to the market demand in time, is the 
problem that we want the important concerns the 
topic. 

 Program Evaluation and Review Technique 
(PERT) [3, 11, 12] is the management technique of a 
kind of project scheme and makes use of the mode of 
the operation network, marking whole scheme in the 
correlation of each operation activity. Making use of 
mathematics function compute possible complete 
times that are the earliest start time, the latest start 
time, the earliest finial time, the latest finial time, 
float time and total float time. Therefore, PERT is 
suitable to compute the order completion time and 
forecast the order fulfillment ability in the supply 
chain network system. 

 However, in traditional program evaluation and 
review technique, various dynamic activity durations 
must be the crisp number or obedient to certain 
probability distribution. Under the real situation, the 
operation time of each activity is usually difficult to 
define and estimate. Therefore, in recent years there 
are many researchers combing the concepts of the 
fuzzy set theory with program evaluation and reviews 
technique in developing the fuzzy program evaluation 
and review technique (FPERT)[3, 9, 12 ,14, 15, 19, 
22, 29]. In FPERT, the duration time of each activity 
is expressed by a fuzzy numbers. 

In this paper, FPERT is applied to deal with the 
cycle time management problem of supply chain 
system. First, we can calculate the fuzzy completion 
time of the supply chain system by Fuzzy PERT 
method. Second, we will indicate the critical path of 
the supply chain system. Finally, the possibility of 
promise delivery can be calculated.  

2. Fuzzy sets and notations 

Zadeh introduced a theory whose objects fuzzy 
sets are sets with boundaries that are not precise. The 
membership in a fuzzy set is not a matter of 
affirmation or denial, but rather a matter of a 
degree[31]. 

A fuzzy set can be defined mathematically by 
assigning to each possible individual in the universe 
of discourse a value representing its grade of 
membership in the fuzzy set. This grade corresponds 
to the degree to which that individual is similar or 
compatible with the concept represented by the fuzzy 
set. Thus, individuals may belong in the fuzzy set to a 
greater or lesser degree as indicated by a larger or 
smaller membership grade. As already mentioned, 
these membership grades are very often represented 

by real number values ranging in the closed interval 
between 0 and 1[13]. 

2.1 Fuzzy Numbers 

The fuzzy number A~  is a fuzzy set, its 
membership function ( )xA~µ , satisfies the following 
conditions [18]: 
1. ( )xA~µ is piecewise continuous.  
2. ( )xA~µ is convex fuzzy subset. 
3. ( )xA~µ is normality of a fuzzy subset, then the 

existence a real amount  make .  0x ( ) 10~ =xAµ

2.2 Triangular Fuzzy Number (TFN) 

The triangle fuzzy number is a popular type of 
fuzzy number. A triangle fuzzy number can be 
expressed as ),,(~ umlT = . When , then  is 
a positive triangle fuzzy number (PTFN)[8,32]. The 
membership function of positive triangle fuzzy 
number  is defined as (shown in Figure 2): 
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2.3 The operation of the fuzzy numbers 

Given two positive triangle fuzzy numbers 
( )1111 ,,~ umlT =  and ( 2222 ,, )~ umlT = , then the 

additive operation between them can be expressed as 
follows [17]: 
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2.4 Ranking method of the fuzzy numbers 

There are many ranking methods to transform 
fuzzy number into crisp value [2], Let ),,(~ umlT =  
be a triangle fuzzy number, then the defuzzied value 
is computed as [2]: 
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2.5 The critical path method in fuzzy PERT  

In this paper, we adopt an activity-on-node graph 
to represent a supply chain network. This graph 
includs two virtual tasks of null duration, start node 
and end node. For each task i the following notations 
ill be used: 
1. Succ(i)(respectively Pred(i))refers to the set of 

tasks that immediately follow task i , while 
SUCC(i)(resp. PRED(i)) refers to the set of all 
the tasks that come after task i; 

2. id
~

 is the fuzzy duration of task i; 
~3. it  is the fuzzy earliest starting dates of task i; 
~4. iT  is the fuzzy latest starting dates of task i; 
~5. im  is the fuzzy float time of task i. 
These variables are restricted in following 

relations: 
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If 0)~( =imG , then task i is a critical activity. 

The critical path is a path which connected these 
critical activities from start node and end node.  

3. Order Fulfillment Analysis model 
Suppose that there are 2 suppliers, 3 

manufacturers, 3 distributors and a final retailer the 
supply chain system. The duration time from 
receiving the order to deliver materials to 
manufacturer of suppliers (i=1, 2, …, m) is 
denoted by 

iS
),,(~
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Two possible cases in supply chain system are 
discussed as follows: 
(1) The one supplier delivers materials to one 

manufacturer, one manufacturer products to one 
distributor, and the business sends the products 
to the final retail. In this case, the completion 
time of the supply chain system can be computed 
as: 

 

ii RD T~~
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(2) Several suppliers deliver materials to several 

manufacturer, several manufacturer delivers 
products to several distributor, and the business 
sends the products to the final retail. In this case, 
the completion time of the supply chain system 
can be computed as:  
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Suppose the requirement due date of the 

customer is ,(~
21 rrR ==

)

, the completion 
time of supply chain system is denoted by 

3e , the promise delivery 
possibility (PDP) can be defined as(shown in Figure 
3): 
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where 
dx) ， 。 2 =δ

 
In other words, when the value  is larger, it 

represents the order fulfillment ability of supply 
chain system is higher. Thus, the responds ability of 
supply chain system is stronger. 

Therefore, the order fulfillment ability analysis 
of supply chain system is described as follows: 
(1) If , then the order fulfillment ability is 

100%. 
(2) If , then the order fulfillment 

ability is denoted by PDP. 
13 er −

(3) If , then the order fulfillment ability is 13

 



   

When )25,18,13(~
=endT

end

and RDD are different 
crisp values, the PDP of a supply chain system can be 
computed as above definition in this paper. In this 
case, if T~  is unchanged and RDD is smaller then 
the PDP of supply chain system is lower.  

zero. In other words, the supply chain system can't 
delivery on time. 

4. The results of simulation 
In this paper, assumptions of supply chain 

processes considered are as follows: 
1. The production facilities have unlimited 

capacities. 
4.2 Requirement due date is fuzzy numbers 

(1) Suppose RDD=(12,20,23) and  endT~ =(13,18,25) 

then )10,2,13(~~
−=Θ endTR . The PDP of supply chain 

network system can be computed as  

2. Customer demand is confined to a single 
product. 

3. The raw material inventory is supplied from an 
external source.  4. External demand is fulfilled from the 
end-product inventory. 
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In order to implement the simulation analysis, 
we suppose the structure of the supply chain system 
as Figure 4. In Figure 4, S1 and S2 indicate the 
suppliers, M1, M2 and M3 indicate the manufacturers, 
D1, D2 and D3 indicates distributor, and the R1 
indicates the final retailer. Furthermore, the duration 
time of suppliers, manufacturers, distributor and the 
retailer are triangle fuzzy numbers and can be shown 
as Table 1. In Table 1, according to the LF- EF or 
LS- ES, we can compute the m value. According to 
the simple center method [2], we can compute the 

)~( imG . If 0)~( =imG , then task i is a critical 
activity. If completion time can't satisfy the customer 
requirement due date, we can adjust the duration time 
of activity on the critical path. 

 
(2) Suppose RDD=(10,15,21) and  endT~ =(13,18,25) 

then )8,3,15(~~
−−=Θ endTR . The PDP of supply 

chain network system can be computed as  
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(3) Suppose RDD=(15,18,21) and  endT~ =(13,18,25) 

then )8,0,10(~~
−=Θ endTR . The PDP of supply chain 

network system can be computed as  
4.1 Requirement due date is crisp values 

Suppose RDD=(20,20,20) and Tend
~ =(13,18,25) 

then )7,2,5(~~
−=Θ endTR . The PDP of supply chain 

network system can be computed as  
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When )25,18,13(~

=endT and RDD is a fuzzy 
number, the PDP of a supply chain system can be 
computed easily in this paper. According to the 
critical path, this method can indicate the critical 
activities and shorten their operation time to improve 
the PDP value. Therefore, the supply chain system 
can response the market requirement quickly and 
increase customers’ satisfaction. 

 
Suppose RDD=(15,15,15) and Tend

~ =(13,18,25) 

then )2,3,10(~~
−−=Θ endTR . The PDP of supply 

chain network system can be computed as  
 

5. Conclusions 
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Along with the information technology growing 
fast, the competitions among enterprises have 
transformed into the competition between two supply 
chain systems. Thus, the robust management and 
operation model of supply chain system will increase  

 



the competitiveness for the enterprise. Besides, the 
order fulfillment ability of supply chain system is the 
key factor for increasing their competitive 
advantages. 

In this paper, the triangle fuzzy numbers are used 
to stand for the various uncertainty of duration time. 
According to the FPERT, we can find out the fuzzy 
earliest / latest finial time and critical path in the 
supply chain network system quickly. In this paper 
the fuzzy model has proposed to analyze the order 
fulfillment ability of supply chain system for 
considering the uncertain duration time. According to 
the proposed model, we can immediately understand 
the status of each critical path of the supply chain 
system. If the completion time of critical path is not 
satisfy customer requirement due date, we can adjust 
the critical activities to raise PDP value and customer 
satisfaction. From the simulation results, it shows that 
if enterprise can hold duration time more precise, the 
order fulfillment ability of the supply chain network 
system more high.  

This research is continued in two directions to 
further examine supply chain behavior in an 
uncertain environment. 
(1) To include additional sources of uncertainty into 
the fuzzy model, such as rush time or rush cost. 
(2) To examine the sensitivity of supply chain 
performances to various types of customer demand 
and fuzzy external supplier reliability.  
(3) In the future, we can to creative new better critical 
path method application in fuzzy program evaluation 
and review technique in supply chain network 
system. 
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Figure 1. The supply chain process [1] 
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Table 1 The stage duration time of supply chain system 

node 
 

Duration 
time 

Earliest 
start time 
(ES) 

Earliest 
finial time
(EF) 

Latest 
start time
(LS) 

Latest 
finial time
(LF) 

Float time 
( m~ ) 

 
G( m~ ) 

Supplier S1 (1,3,4) (0,0,0) (1,3,4) (-5,7,19) (-1,10,20) (-5,7,19) 7 
Supplier S2 (2,4,5) (0,0,0) (2,4,5) (-12,0,12) (-7,4,14) (-12,0,12) 0* 
Manufacturer M1 (2,3,6) (2,4,5) (4,7,11) (-1,10,20) (5,13,22) (-3,6,15) 6 
Manufacturer M2 (3,4,7) (2,4,5) (5,8,12) (-7,4,14) (0,8,17) (-9,0,9) 0* 
Manufacturer M3 (2,3,4) (5,8,12) (7,11,16) (1,9,18) (5,12,20) (-4,1,6) 1 
Distributor D1 (2,3,4) (5,8,12) (7,11,16) (5,13,22) (9,16,24) (0,5,10) 5 
Distributor D2 (3,4,5) (5,8,12) (8,12,17) (0,8,17) (5,12,20) (-5,0,5) 0* 
Distributor D3 (4,4,4) (8,12,17) (12,16,21) (5,12,20) (9,16,24) (-3,0,3) 0* 
Retailer R1 (1,2,4) (12,16,21) (13,18,25) (9,16,24) (13,18,25) (-3,0,3) 0* 

 

 


	ABSTRACT
	1. Introduction
	2.1 Fuzzy Numbers
	2.2 Triangular Fuzzy Number (TFN)
	2.3 The operation of the fuzzy numbers
	2.4 Ranking method of the fuzzy numbers
	2.5 The critical path method in fuzzy PERT
	4.1 Requirement due date is crisp values
	4.2 Requirement due date is fuzzy numbers
	The authors grateful acknowledge the finance support of the National Science Council, Taiwan, under project numbers NSC 91-2745-P-212-001 and NSC 92-2213-E-212-008.

	References

