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Abstract 
Paper aims to present an approach to incorporate a 
qualitative forward looking ability in measuring the supply 
chain performance using fuzzy logic concept. Over the last 
ten year organizational performance measurement & 
metrics have received more attention by researchers. 
Performance measurement & metrics play important role 
to setting objective, evaluating performance & determining 
future course of action. The fuzzy logic has to apply on the 
metrics of supply chain operational reference model and it 
will help the manager in decision making. 
 
I. Introduction 
Supply chain performance measurement is getting more 
attention by the past decades. It is generally based on the 
theories of the performance measurement systems as 
 Deriving metrics by objectives of strategy and factors of 

key performance. 
 Getting the business process approach to derive metrics. 
 Designing of leading & lagging metrics. 
 Designing of measurement system with leading & lagging 

metrics. 
The linkage between the measures should in line with concept 
of leading & lagging indicators. Leading indicator is one which 
measures derivers of future performance (e.g. cost of goods 
sold is the leading indicator of cost). A lagging indicator is one 
which measures output of the past activity (e.g. responsiveness 
is the leading indicator of cycle time). SCOR i.e. Supply Chain 
Operations Reference Model of the supply chain council give 
metrics to manage the performance based on the causal 
relationship of sub process & processes.  Due to large inter 
organizational characteristics of supply chain performance 
measurement system give difficulty in sharing the data in 
whole the chain, a fuzzy set theories can be applied as it can 
deal with uncertainty and subjective situations. The SCOR 
model is used because it incorporates some business process 
throughout the supply chain & fuzzy logic is use on the input 
variable (leading) over the response variable (lagging). 
II. The Supply Chain Operational Reference Metrics 
There are five performance attributes of SCOR       
metrics(Rosenbaum & Bolstorff 2007) 
 Reliability- It means the delivery of the product i.e. correct 

product at correct place, in correct time at correct quantity 
with correct documentation to the correct customer. 

 Responsiveness- It is the speed at which product is 
delivered to the customers. 

 

  Flexibility- It is the ability of the supply chain to 
respond change in demand to the market. 

 Cost- It is the cost related to the supply chain 
operations. 

 Asset management- the effectiveness of an organization 
in managing assets to support demand satisfaction. 

 
III. Fuzzy logic 
According to zadeh (1978) the basic definitions are 
1. A fuzzy set A in X is defined by 
A-{X, /x  X} 

Where µA(x):X[0,1] is called pertinence function of A & 
 is the degree of pertinence of X in A. 

2. Linguistic variable: For variable value is expressed 
qualitatively by pertinence function & quantitatively by 
linguistic terms. 

3. Fuzzification: In this process numerical value of the 
crisp input variable relates to the value of the linguistic 
variable.  

4. Triangular membership function Triangular fuzzy 
number of fuzzy numberA when its pertinence 
function  µA(x) is given  by   
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5. If ……and ……then Rules 
This statement act as a brain for fuzzy logic.  It relates the 
information that forms the knowledge base in fuzzy 
system. Fuzzy if –then rule may be written as 
If x is A then y is B [x is a leading measure & y is lagging 
measure where A & B are linguistic values]. 

6. Inference Engine: It takes all combination of the pre 
determined fuzzy sets and then compares with the 
fuzzy rule base and assigns to each combination the 
corresponding fuzzy region of influence. 

7. Defuzzification: In this process the linguistic concept 
obtained by the inference procedure is converted into  
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numeric value i.e. crisp value. The best method are center of 
area method (COA), center of maximum(COM) & the 
medium of maximum(MOM). 

IV. Methodology 
Step 1: Defining the performance metrics is critical task 
for development of a performance measurement system. 
The SCOR 8.0 is used for defining the leading measures & 
lagging measures, level 1 & 2 is used for simplicity. The 
choice of performance metrics is based on the 
benchmarking information form supply chain council & 
APQC. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Step 2: universe of discourse i.e. the minimum & maximum 
value of every input & output variable is based on 
benchmarking information such as supply chain council, 
APQC and manufacturing performance institute. Here 
triangular membership function is used. Table 1 shows sample 
of the pertinence functions for input variable i.e. level 2 
metrics of supply chain operational reference model. 
 
Step 3: The rule of inference is based on the causal relationship 
by SCOR card. The linguistic variable are defined as low, very 
low, medium, high and very high. For example in Table 2 on 
the last line the Perfect order fulfillment is high when Accurate 
documentation is low, Delivery to commit date is medium, 
Orders in full is high and Perfect condition is high.  
 
Step 4: In order to convert the final combined fuzzy conclusion 
into crisp one the defuzzification technique is used. There are 
two major defuzzification techniques: (1) Mean of Maximum 
(MoM) method and (2) Center of Area (CoA) or centroid 
method. CoM method supports quantitative decision so it is on 
priority  
 
Step 5: To analyze the response behavior generated by model,  

 
some experimental data is simulated by generating random 
values for level 2 leading metrics of SCOR model. the 
result can be tested by using the random numbers  
X[a+(b-a)random.  The ranges i.e. the minimum & 
maximum value of the random no. generated of the leading 
metrics is based on the benchmarking information. Table 3 
shows the result of the response variables (lagging) over 
the input variable(leading). This shows that the model is 
satisfactory in predicting the performance of the supply 
chain.  
 

V. Conclusions  The main aim of this paper is to apply the 
fuzzy logic  to predicting the performance of the supply 
chain lagging metrics by leading metrics and rules and 
develop a fuzzy model. The random data is used to test 
the results. In general , the fuzzy logic approach on the 
metrics of the SCOR model look to be feasible approach 
to measure the performance of the supply chain so as to 
help manager in the decisionmaking process while 
managing performance of the supply chain. 
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Delivery cycle 
time 

 
Days       

(1:1)(4:0
) 

(1;0)(4;1)(7
;0) 

(4;0)(7;1) 

Inventory days of 
supp 

Days       (27.6:1)(
53.8:0) 

(27.6;0)(51.
9;1)(80;0) 

(53.8;0)(8
0;1) 

Days payable 
outstanding 

Days  (30;1)(51
;0) 

(30;0)(51;1
)(72;0) 

(51;0)(72;
1) 

Make cycle time Days  (1;1)(4;0
) 

(1;0)(4;1)(7
;0) 

(4;0)(7;1) 

Days sales 
outstanding 

Days (25;1)(47
.5;0) 

(27;0)(47.5
;1)(70;0) 

(47.5;0)(7
0;1) 

Source cycle time Days  (1;1)(3.5
;0) 

(1;0)(3.5;1)
(6;0) 

(3.5;0)(6;
1) 

Upside delivery 
flexibility 

Days  (10;1)(45
;0) 

(10;0)(45;1
)(80;0) 

(45;0)(80;
1) 

Upside source 
flexibility 

Days  (10;1)(45
;0) 

(10;0)(45;1
)(80;0) 

(45;0)(80;
0) 

Accurate 
documentation 

% (84;1)(91
;0) 

(84;0)(91;1
)(98;0) 

(91;0)(98;
1) 

Delivery commit 
date 

% (85;1)(91
.5;0) 

(85;0)(91.5
;1)(98;0) 

(91.5;0)(9
8;1) 

Orders in full % (85;1)(91
.5;0) 

(85;0)(91.5
;1)(98;0) 

(91.5;0)(9
8;1) 

Asset turns turns (0.1;1)(1.
55;0) 

(0.1;0)(1.55
;1)(3;0) 

(1.55;0)(3
;1) 

Net profit %  (0.1;1)(3.
7;0) 

(0.1;0)(3.7;
1)(7.3;0) 

(3.7;0)(7.3
;1) 

Finance and 
planning cost 

%  (0.8;1)(1.
3;0) 

(0.8;0)(1.3;
1)(1.8;0) 

(1.3;0)(1.8
;1) 

IT cost for supply 
chain 

%  (1.7;1)(2.
7;0) 

(1.7;0)(2.7;
1)(3.7;0) 

(2.7;0)(3.7
;1) 

Material 
acquisition cost 

%  (5.2;0)(8.
3;0) 

(5.2;0)(8.3;
1)(11.4;0) 

(8.3;0)(11.
4;1) 

Order 
management cost 

%  (8.2;1)(1
3.1;0) 

(8.2;0)(13.1
;1)(18;0) 

(13.1;0)(1
8;1) 

Cost of goods 
sold 

%  (49;1)(59
.5;0) 

(49;0)(59.5
;1)(70;0) 

(59.5)(70;
1) 

Accurat
e Doc 

Delivcommit
Dt 

Order_ 
Full 

Perfect_c
ondition 

PerfectOrder
Full 

Low low low low Very low 
Low low low medium Very low 
Low low low high low 
low low medium low Very low 
low low medium medium low 
low low medium high medium 
low low high low low 
low low high medium medium 
low low high high medium 
low medium low medium low 
low medium medium low low 
low medium medium medium low 
low medium medium high medium 
low medium high low medium 
low medium high medium medium 
low medium high high high 

Level 1 metrics           unit               TMF and linguistic terms                      
                                                    Low           medium            high  
 

                            If                                                    then 

Table 1:-  Pertinence functions and linguistic terms in the 
input variables 

         Table 2:-  if then rules for perfect order fulfillment 
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  Table 3:- Results 
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Metrics  Median  Mean  Max  Min  
Delivery cycle time 4.00 3.97 7.00 1.00 
Make cycle time 3.00 3.63 7.00 1.00 
Source cycle time 3.00 3.37 6.00 1.00 
Order fulfullment cycle 
time 

11.50 11.01 14.33 3.00 

Responsiveness sc 
performance 

50.00 53.47 99.99 26.84 

Inventory carrying cost 3.99 4.01 5.55 2.64 
IT supply chain cost 2.37 2.61 3.69 1.82 
Finance and Planning cost 1.27 1.25 1.7 0.81 
Material acqusition cost 8.16 8.17 11.20 5.22 
Order management costs 13.56 13.04 17.83 8.50 
Total SCM costs 29.58 29.44 32.35 25.05 
Cost of goods sold 60.54 60.06 69.86 49.62 
Cost supply chian 
performance 

44.09 46.30 80.13 24.19 

Upside deliver flexibility 47.00 44.77 73.00 13.00 
Upside make flexibility 49.00 44.69 76.00 13.00 
Upside source flexibility 42.00 43.34 80.00 10.00 
Upside supply chain 
flexibility 

135.00 132.19 168.37 80.63 

Flexibility S C 
performance 

50.00 51.34 75.89 34.11 

Assets turns 1.38 1.43 2.88 0.14 
Net profit 2.96 3.48 7.14 0.41 
Return over assets(ROA) 10.93 10.38 17.98 2.91 
Inventory days of supply 61.00 56.94 79.00 28.00 
Days payable outstanding 52.00 52.97 72.00 31.00 
Days sales outsanding 50.00 49.23 69.00 26.00 
Cash to cash 54.75 51.84 74.91 24.60 
Assets supply chain 
performance 

40.51 43.92 79.76 14.16 


