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Abstract 
 
Present work aims to develop an efficient decision support system 
(DSS) to facilitate supply chain performance appraisement, 
benchmarking and related decision-making. Supply chain performance 
extent can be attributed as a function of multiple criteria/attributes. 
Most of the criterions/attributes being intangible in nature; supply 
chain performance appraisement relies on the subjective judgment of 
the decision-makers. Moreover, quantitative appraisement of supply 
chain performance appears very difficult due to involvement of ill-
defined (vague) performance measures as well as metrics. In order to 
overcome this, the study explores the concept of fuzzy logic in order to 
tackle incomplete and inconsistent subjective judgment of the decision-
makers. In this work, a performance appraisement index system has 
been postulated to gather evaluation information data (weights and 
ratings) in relation to supply chain performance measures and metrics. 
Combining the concepts of fuzzy set theory, entropy, ideal, and grey 
relation analysis, a fuzzy grey relation method for supply chain 
performance benchmarking problem has been presented. First, 
triangular fuzzy numbers and linguistic values characterized by 
triangular fuzzy numbers have been used to evaluate the importance 
weights of all criteria and the superiority of all alternatives versus 
various criteria above the alternative level. Then, the concept of 
entropy has been utilized to solve the adjusted integration weight of all 
objective criteria above the alternative level. Moreover, using the 
concepts of ideal, the grey ration grades of various alternatives versus 
ideal solution have been ranked to determine the best alternative. 
Finally, an empirical example of selecting most appropriate industry 



Saurav Datta et al  

 

776

(corresponding supply chain) has been used to demonstrate the 
applicability of the aforesaid approach. The study results showed that 
this method appears to be an effective means for tackling Multi-
Criteria Decision Making (MCDM) problems in uncertain 
environments. Empirical data have been analyzed and results obtained 
thereof, have been reported to exhibit application potential of the said 
fuzzy grey relation based decision-support systems in appropriate 
situation.  

 
Keywords: Decision support systems; supply chain performance 
appraisement; benchmarking; fuzzy grey relation method; Multi-
Criteria Decision Making (MCDM). 
 
 

1. Introduction 
A supply chain consists of different levels, namely supplier, manufacturer, distributor, 
and consumer, and it is a network of companies which influence each other and affect 
one another’s performance. Hence, an important issue in SCM is the development of 
integrated performance measurement systems (PMS). PMS serve different functions in 
supply chain and operations management. These are formal devices to control, 
formulate and communicate the company’s strategy, and, as such, they primarily serve 
higher-level managers. But PMS can also support operational managers, to motivate 
and enable them to improve operations. A performance measurement framework 
assists in the process of performance measures building, by clarifying measurement 
boundaries, specifying performance measurement dimensions or views and may also 
provide initial intuitions into relationships among the dimensions (Rouse and Putterill, 
2003; Chan, 2003). 

Effective supply chain performance measurement has been identified as a key issue 
towards efficient supply chain management (Olugu and Wong, 2009). In the 
manufacturing environment, performance measurement is based on different 
quantitative and qualitative factors. Some of these factors may have a larger effect on 
the performance measure than others. Units of measure of the quantitative factors are 
different such as time, money, percentage, ratio, and counts. It is indeed required to 
develop SC performance appraisement module as an effective decision tool for the 
performance measurement, benchmarking of a supply chain in manufacturing 
environment (Adel El-Baz, 2011). 

In this context, present work aims to explore the extent of research in supply chain 
performance measurement and establish the gap in knowledge in supply chain 
performance measurement using fuzzy based grey relation approach (Liao et al., 
2013).  
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2. Outline of Fuzzy Grey Multi Criteria Decision Making 
The outline of the FGMCDM based on the concepts of fuzzy set theory and grey 
relation analysis can be summarized as follows. 

Step 1: Form a committee of DMs, then select the evaluation criteria and identify 
the perspective alternatives. 

Step 2: Choose appropriate preference ratings for criteria weights and the 
superiority of alternative versus various criteria above alternative level. 

Step 3: Solve the subjective weights of all criteria above the alternative level. 
Step 4: Solve the superiority of all alternatives versus all criteria above the 

alternative level. 
Step 5: Calculate the integration weights of all criteria above alternative level. 
Step 6: Calculate the fuzzy grey relation grade (GRG) of all compared alternatives 

to reference alternative and select the optimal alternative. 
Select Criteria 
Various criteria can be considered in a multi-criteria evaluation problem. Criteria 

used should be identified by considering the specific requirements of the problem. The 
criteria can be classified into two categories: (1) subjective criteria, which have 
linguistic/qualitative definition; (2) objective criteria, which are defined in 
monetary/quantitative terms. 

Choose preference rating system 
Two preference ratings are used. They are triangular fuzzy numbers and linguistic 

values characterized by triangular fuzzy numbers. Based on the practical needs, the 
DMs may apply one or both of them. In this paper, weighting set W= {VL, L, ML, M, 
MH, H, VH} and rating set S= {VP, P, MP, F, MG, G, VG}, have been used to 
evaluate the importance weights of all criteria and the fuzzy ratings of alternatives 
versus various subjective criteria above the alternative level, respectively. 

 
2.1 Solve the subjective weights of all criteria above the alternative level 
Let   ,10,,,  kjkjkjkjkjkjkj bacbacw ,,...,2,1;,...,2,1 rjnk  be the importance 
degrees assigned to criterion kC by the decision-maker jDM . Then, the weight kw of kC
can be calculated by 
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2.2 Solve the superiority ratings of all alternatives versus all criteria above the 
alternative level 
Let   ,,...,2,1;,...,2,1;,...,2,1;0,,, rjnkmifoqfoqM ikjikjikjikjikjikjikj  be the 
linguistic ratings assigned to alternative iA by the decision-maker jD  for the subjective 
criterion .kC Then, the linguistic rating ikM of alternative iA for the subjective criterion

kC can be calculated by 

  .,...,2,1;,...,2,1,......1
1 nkmiMMM
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2.3 Calculate the integration weights of all criteria above alternative level 
Let   ,,...,2,1,,, nkbacw kkkk  denote the subjective weights ofn criteria above 
alternative level. Allow ,,...,2,1, nkuk  to be the normalized subjective weight of all 
criteria above the alternative level. Define 
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Here  iFR is the graded mean integration representation method of fuzzy number
  pibacF iiii ,...,2,1,,,   
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2.4 Calculate the grey relational grade of all compared alternatives to reference 
alternative 
Let miX i ,...,2,1,  be the superiority ratings ofm alternatives described by triangular 
fuzzy numbers of linguistic values characterized by triangular fuzzy numbers. 

Let  nXXXX 002010 ,...,, and   miXXXX iniii ,...,2,1,...,, 21  be the 
referential sequence and comparative sequences, respectively. In addition, allow  kd i0

to be the distance of fuzzy difference between the referential pattern kX 0 and a 
comparative pattern ,ikX where kX 0 is the fuzzy message of 0X and ikX is the fuzzy 
message of iX at point (criterion) .k Define  kd i0 as 

   ikki XXdkd ,00    
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Let    jjjjiiii bacFbacF ,,,,,  be two triangular fuzzy numbers. Based on 
Chen and Hsieh (2000) method, the distance between iF and ,jF denoted by  ,, ji FFd is 

         2/1222
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2.5 Define the grey relation coefficient (GRC) of 0X and iX at point (criterion) k as 
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The GRC can be utilized to reflect the grey relation of iX compared to 0X at point 
(criterion)k . 

In aforesaid equation,  kd iki
0maxmax and  kd iki 0minmin denote the maximum 

and the minimum elements of the  kd i0 , respectively. The distinguishing coefficient
, which is between 0 and 1, can be used to change the dimension of relative values of
 .,0 ikk XX  In general, 5.0 is better when the relative conditions among series and 

elements are uncertain (Deng, 1989).  
 

2.6 Define the GRG of iX compared to 0X as 
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Here ku is the integration weight of criterion .kC  
When the number of GRC is too much and messages are too discrete, the GRG is 

used to characterize the grey relational grade of iX compared to .0X When the GRG is 

larger indicates that the series iX and 0X are highly related. On the contrary, these two 
series are lowly related when the GRG is littler.  

 
 

3. Empirical Research 
The evaluation index of key SCM performance metrics platform adapted in this paper 
has been shown in Table 1 (Gunasekaran et al., 2001). The two-level hierarchical 
model consists of Level I and Level II performance indices. Strategic performance, 
Tactical performance and Operational performance have been considered at the Level I 
followed by Level II indices which encompass a number of supply chain performance 
metrics, under each of the Level I index.  
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Table 1: A list of Key SCM Performance metrics (Gunasekaran et al., 2001) 
 

Performance 
indices (Level I) 

Performance indices (Level II) 

Strategic 
performance, C1  

Total supply chain cycle time, C11 
Total cash flow time, C12 
Customer query time, C13 

Level of customer perceived value of product, C14 
Net profit vs. productivity ratio, C15 

Rate of return on investment, C16  
Range of products and services, C17 

Variations against budget, C18 
Order lead time, C19 

Flexibility of service systems to meet particular customer 
needs, C1,10 

Buyer-supplier partnership level, C1,11  
Supplier lead time against industry norms, C1,12 
Level of supplier’s defect free deliveries, C1,13  

Delivery lead time, C1,14 
Delivery performance, C1,15  

Tactical 
performance, C2 

Accuracy of forecasting techniques, C21  
Product development cycle time, C22 

Order entry methods, C23 
Effectiveness of delivery invoice methods, C24 

Purchase order cycle time, C25  
Planned process cycle time, C26 

Effectiveness of master production schedule, C27  
Supplier assistance in solving technical problems, C28 
Suppliers ability to respond to quality problems, C29 

Supplier cost saving initiatives, C2,10  
Supplier’s booking in procedures, C2,11 

Delivery reliability, C2,12 
Responsiveness to urgent deliveries, C2,13 

Effectiveness of distribution planning schedule, C2,14  
Operational 

performance, C3 

Cost per operation hour, C31 
Information carrying cost, C32 

Capacity utilization, C33 
Total inventory cost (Incoming stock level, Work-in-Progress, 

Scrap value, Finished goods in transit), C34 
Supplier rejection rate, C35 

Quality of delivery documentation, C36 
Efficiency of purchase order cycle time, C37 
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Frequency of delivery, C38 
Driver reliability for performance, C39 

Quality of delivered goods, C3,10 
Achievement of defect free deliveries, C3,11  

 
An approach based on ‘fuzzy grey relation method’ as proposed by (Liao et al., 

2013) has been used towards SC performance benchmarking of alternative industries. 
Since most of the evaluation indices being subjective in nature; the aforesaid decision-
making problem has been modified to work under fuzzy environment. In this context, 
the team of decision-makers’ play an important role in providing decision information 
in relation to various SC performance indices (their weight as well as rating). In this 
paper, the priority weights and corresponding appropriateness ratings (performance 
estimates) of individual SC performance indices have been expressed by linguistic 
variables collected from a decision-making group (experts). Linguistic information has 
been transformed into appropriate fuzzy number in accordance with a predefined fuzzy 
scale set by the decision-makers’.  

In this empirical study, a decision-making problem has been formulated towards 
SC performance evaluation as well as benchmarking. In this problem, a number of 
candidate industries/enterprises (running under similar SC architecture) have been 
selected. The objective has been to compute SC performance index of the individual 
industry/enterprise and to derive performance ranking order of the same 
(Benchmarking). The procedural steps of performance evaluation framework have 
been explained below with detailed numerical illustrations.  

Step 1: Constitution of SC performance appraisement platform and the expert 
panel. Assume that a committee of five decision-makers’ (DMs) (DM1, DM2, DM3, 
DM4, DM5) has been formed which constitutes individuals of management practice as 
well as academia to participle in the decision-making process. The expert group has 
been instructed to finalize a performance appraisement platform (Table 1) in 
understanding with different performance measures as well as metrics after conducting 
several brainstorming sessions. Next, the appropriate linguistic scale has been selected 
in order to express DM’s subjective preferences in assigning priority weight as well as 
appropriateness rating of individual SC performance indices. These linguistic data 
have been converted into fuzzy data as per the scales selected (Table 2-3).  

 
 

Table 2: Definitions of linguistic variables for the ratings. 
 

Linguistic variables Triangular interval-valued 
fuzzy numbers 

Very Poor (VP) (0,0,0.167) 
Poor (P) (0,0.167,0.333) 

Moderately Poor (MP) (0.167,0.333,0.5) 
Fair (F) (0.333,0.5,0.668) 
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Moderately Good (MG) (0.5,0.668,0.835) 
Good (G) (0.668,0.835,1) 

Very Good (VG) (0.835,1,1) 
 
 
Table 3: Definitions of linguistic variables for the importance of each criterion 
 

Linguistic variables Triangular interval-valued 
fuzzy numbers 

Very Low (VL) (0,0,0.167) 
Low (L) (0,0.167,0.333) 

Medium Low (ML) (0.167,0.333,0.5) 
Medium (M) (0.333,0.5,0.668) 

Medium High (MH) (0.5,0.668,0.835) 
High (H) (0.668,0.835,1) 

Very High (VH) (0.835,1,1) 
 
Step 2: In the initial stage, the expert group has finalized priority importance 

(linguistic weights) in relation to each of the Level I as well as Level II 
performance indices; which has been considered same for all the candidate 
alternatives. 

Step 3: The expert group has then been instructed to visit candidate industries and 
put their linguistic judgment (opinion) in relation to ongoing performance 
of each SC performance index for the three alternative industries, as 
considered (A1, A2, A3).  

Step 4: Linguistic judgment has been further transformed into appropriate fuzzy 
number (as per the scales chosen. Using ‘fuzzy average rule’, aggregated 
fuzzy weight (for individual Level II and Level I indices) as well as 
aggregated fuzzy rating (of individual Level II indices, for alternative 
enterprises) have been computed. Using ‘fuzzy weighted average rule’, 
computed fuzzy ratings corresponding to individual Level I performance 
indices have been computed.  

Appropriateness rating for each of the Level I evaluation index iU  (rating of thi
index) has been computed as follows:  


 


ij

ijij
i w

wU
U    (10) 

 In this expression (Eq. 10) ijU has been denoted as aggregated appropriateness 
rating and aggregated fuzzy weights obtained against thj  index (at Level II) which is 
under thi  index in the 1st level. Also ijw is the aggregated fuzzy weight against thj  index 
(at Level II) which is under thi  index at Level I.  
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Step 5: Then, develop a fuzzy multi-criteria group decision making (FMCGDM) 
matrix based on three alternatives and three main criterions/indices. 

Step 6: Integration weights of all criterions (Level I) have been computed. The 
weights are: 0.3299, 0.3401, 0.3299. 

Step 7: Grey relation coefficients against individual criterions (for each 
alternatives) (Table 4) and finally, grey relation grades (GRG) of all 
compared alternatives to reference alternative have been computed next 
(Table 5). 

 
 

Table 4: Computation of grey relational coefficient (GRC). 
 

Alternatives GRC of C1 GRC of C2 GRC of C3 
A1 0.4241 0.4732 0.4486 
A2 1.0000 1.0000 1.0000 
A3 0.3333 0.3334 0.3333 

 
 

Table 5: Alternative ranking based on GRG. 
 

Alternatives GRG Ranking order 
A1 0.4440 2 
A2 1.0204 1 
A3 0.3299 3 

 
As per the analysis it has been found that the second alternative (A2) appeared as 

best ranked amongst the three possible alternatives. It can be seen that this method can 
provide reliable results and be treated as one of the Multi-Criteria Decision Making 
(MCDM) techniques. Consequently, this multi-criteria analysis method is of practical 
use in solving real life multi-criteria analysis decision problems. 

 
 

4. Conclusion  
Supply chain performance appraisement is an utmost important issue for the success of 
supply chain management. Supply chain may differ in its structure from one enterprise 
to another, and consequently, performance indicators (measures, metrics or indices) 
may differ accordingly. Most of the SC performances indices being qualitative; one 
has to analyze subjective judgment of the decision-making team. Therefore, a strong 
logical mathematic base appraisement framework is indeed necessary. In this context, 
the present work exhibits fuzzy grey relation based decision support system for SC 
performance benchmarking. The objective was to benchmark alternative SCs in 
relation of their performance level. Empirical case study reflects in-depth 
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understanding of aforesaid approaches. Real case study may be performed in future to 
improve the said appraisement platform.  
 
 
References  

 
[1] P Rouse and M Putterill (2003), An integral framework for performance 

measurement, Management Decision, 41, 8, pp. 791-805. 
[2] FTS Chan (2003), Performance measurement in a supply chain, International 

Journal of Advanced Manufacturing Technology, 21, 7, pp. 534-48. 
[3] EU Olugu and KY Wong, (2009) Supply Chain Performance Evaluation: 

Trends and Challenges, American Journal of Engineering and Applied 
Sciences, 2, 1, pp. 202-211. 

[4] M. Adel El-Baz (2011), Fuzzy performance measurement of a supply chain in 
manufacturing companies, Expert Systems with Applications, 38, 6, pp. 6681–
6688. 

[5] Mao-Sheng Liao, Gin-Shuh Liang and Chin-Yuan Chen (2013), Fuzzy grey 
relation method for multiple criteria decision-making problems, Qual Quant, 
47, 6, pp. 3065–3077. 

[6] JL Deng (1989), Introduction to grey systems, Journal of Grey Systems, 1, pp. 
1–24. 

[7] A Gunasekaran, C Patel and E Tirtiroglu (2001) Performance measures and 
metrics in a supply chain environment, International Journal of Production and 
Operations Management, 21, 1/2, pp. 71–87. 

 
 
 


