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ABSTRACT 

Changing customer requirements and technological imbalance force manufacturers to develop agile supply chain 

capabilities in order to remain competitive. Several companies have stressed on greener areas like flexibility and agility in 

order to respond to the unique needs of customers and markets.  In order to measure the levels of agility and make 

comparisons for future developments, enterprises now look for effective performance measures. -The process of choosing 

selective supply chain performance measures is growing cumbersome due to the complexity of the production systems. 

This paper focuses an overview of the measures of performance and evaluation of these measures using fuzzy model 

systems. Fuzzy set theory is introduced to address the practical situation in judgment and evaluation processes prevailing in 

modern day manufacturing. The outline of the proposed method is highlighted with some suggestions and a simple case. 
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INTRODUCTION 

 Supply Chain Management has had a long mileage of over 25 years. It evolved from logistics which concentrated 

delivering produced goods efficiently and effectively. SCM later extended those ethos across the network of distribution 

and shipment alone. However, later the management of manufacturing processes like planning, scheduling, materials 

handling, IT systems, ordering and paying started stealing the show while supply chains miserably failed to achieve their 

full potential. In addition, changing needs of customers and market turbulence challenged the performance of supply chains 

and overall supply chain profitability was always a dream for most manufacturers.  Although adaptable supply chains were 

in the womb, organizations needed performance measurement tools to ensure their agility efforts were not in vain and also 

to make frequent comparisons with parallel agility methodologies.  
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 A supply chain performance measurement system is a valid tool which can at any point of time comment on the 

current status of agility of a supply chain system. A supply chain performance measurement system that consists of a single 

performance measure is generally inadequate since it ignores the interactions among important supply chain characteristics, 

and delineates from critical aspects of organizational strategic goals. Effective utilisation of resources, the desired output 

and flexibility (how well the system reacts to uncertainty) have been identified as vital components to supply chain success 

from yesteryear papers. Therefore, a supply chain model has to be constructed to measure the performance of these vital 

factors. Resources measures (generally cost) and output measures (generally customer responsiveness) are the two main 

factors widely used in supply chain models. 

FACTORS MEASURING SUPPLY CHAIN PERFORMANCE  

For each process and sub-process, the corresponding performance measures are identified as shown in the tree 

diagram [figure-1].The supply chain performance measurement system must measure each of the factors which come 

under: Resource, Output, and Flexibility as each type is vital to the overall performance success of the supply chain. Each 

of the three types of measures have important characteristics and the measure of each of  these affects the others. 

Therefore, the supply chain performance measurement system must contain at least one individual measure from each of 

the three identified types. The individual measures chosen from each type must coincide with the organization's strategic 

goals.  

 

Figure 1: Performance Measures for Each Process and Sub-Process in a Supply Chain 

Resources 

Resource measures include: inventory levels, personnel requirements, equipment utilization, energy usage, and 

cost. Resources are generally measured in terms of the minimum requirements (quantity) or a composite efficiency 

measure. Efficiency measures the utilization of the resources in the system that is used to meet the system's objectives.  

The following are a few example lists of supply chain resource performance measures: 

 Total cost:  Total cost of resources used. 

 Distribution costs: Total cost of distribution, including transportation and handling costs. 

 Manufacturing cost: Total cost of manufacturing, including labor, maintenance, and re-work costs. 

 Inventory:  Costs associated with held inventory  

 Return on investment (ROI):  Measures the profitability of an organization. The return on investment is generally 

given by the ratio of net profit to total assets. 
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Output 

Output measures include: customer responsiveness, quality, and the quantity of final product produced. Many 

output performance measures are easily represented numerically, such as: number of items produced; Time required to 

produce a particular item or set of items; number of on-time deliveries (orders). 

The following are a few example lists of supply chain output performance measures: 

 Sales: Total revenue. 

 Profit: Total revenue less expenses. 

 Fill rate: Proportion of orders filled immediately: 

 On-time deliveries: Measures item, order, or       product delivery performance. 

 Product lateness: Delivery date minus due     date. 

 Percent on-time deliveries: Percent of orders delivered on or before the due date. 

 Number of backorders: Number of items backordered due to stock out. 

 Customer response time: Amount of time between an order and its corresponding delivery. 

 Manufacturing lead time: Total amount of time required to produce a particular item or batch. 

 Shipping errors: Number of incorrect shipments made. 

 Customer complaints: Number of customer complaints registered. 

Flexibility 

Flexibility is an important consideration in supply chain performance. Flexibility is a measure of  responsive 

potential. Indeed, flexibility is vital to the success of the supply chain, since the supply chain exists in an uncertain 

environment. It is a seldom used in supply chain analysis, which can measure a system's ability to accommodate volume 

and schedule fluctuations from suppliers, manufacturers, and customers. 

Based on the performance measures the flexibility is classified as follows: 

 Volume flexibility:  The volume flexibility measures proportion of demand that can be met by the system. 

 Delivery flexibility:  Delivery flexibility measures the percentage of slack time offered in delivery dates. 

 Mix flexibility:  Mix flexibility measures either the range of different product types that may be produced during a 

particular time period or the response time between product mix changes. 

 New product flexibility: It is defined as the ease with which new products are introduced to the system. The 

introduction of new products will generally involve some time for development and set-up.  

FUZZY LOGIC APPROACH IN SUPPLY CHAIN MANAGEMENT 

Fuzzy logic technique has been applied by many researchers to measure supply chain performance in the recent 

decade. Such applications include the study involving an innovative performance measurement system for supply chain 

performance improvement using fuzzy set theory.  

Based on the merits of fuzzy logic as a tool, the studies which focused on its applications in supply chain 

performance measurement have a lot of accruable advantages compared to studies which focused on traditional methods. 

The application of fuzzy logic operation in supply chain performance measurement is easier to perform and more 

accommodating compared to the conventional approaches, especially when the number of operated input data is large. 



20                                                                                                                                                  M. Balaji, V. Velmurugan & R. Sivachandran 

The performance measures are identified and measured together with their respective priority factors (weighing 

factors). Some examples of performance measures include customer satisfaction, delivery time, cost, flexibility and quality 

as stated in the early lines of  the paper. The weighing factors are developed by managers and other experts based on their 

effects on the supply chain performance. 

Teamwork of Performance Measurement 

It is a challenging task beyond any individual to assess the comprehensive performance of the whole supply chain. 

In order to obtain the objective assessment of the holistic performances, channel-spanning participation of performance 

measurement activity is required. In this research, a performance measurement team (PMT) is suggested. The PMT is 

composed of the representatives from various management areas of supply chain activities. These representatives can be 

shop floor operators, process supervisors, department managers, plant managers, etc. Members of the PMT serve mainly as 

the evaluators, and provide a variety of opinions based on measurement activity. This team of evaluators come from 

various management are as and have wide background and experiences; and thus they can represent a wide range of views. 

Because the evaluators have varying experiences and background in specific areas, the relative weights of their opinion are 

not necessarily equal to each other. When incorporating their opinions, the relative weights of evaluators’ opinions should 

be assigned. There are a variety of ways to derive the weights, the common methodology being questionnaire survey and 

consolidation.  

Performance Evaluation 

To take a particular process, there are three measures identified to indicate the three dimensions of its 

performance: cost, efficiency, and reliability. Moreover, assume there are four evaluators in the PMT with the relative 

weights WT = (0.45, 0.25, 0.20, 0.10) of their respective opinions. 

First, one evaluator makes his judgment for the measure cost. Assume that the performance history of this cost is 

20 dollars per unit, and the performance goal requires this cost to be reduced to 18 dollars per unit. The evaluator first 

determines the measurement scale of cost, to assume, which the interval is as [20, 18] (for this performance, the smaller the 

better). Suppose the current performance on production cost is average 19.4 dollar per unit according to the daily operation 

records. The performance score and performance grades are calculated as follows:  
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This is the measurement result of cost judged by the first evaluator. For simplicity, assume the performance grade 

sets by the other three evaluators, in forms of row vector, to be: 

 

These four vectors compose the fuzzy performance grade matrix: 

 

Calculation from performance score to performance grade: 

 

Then the measurement results of these four evaluators with their relative weights are aggregated: 

 

From the mathematical sense, this vector denotes the aggregated opinion of the measurement of cost performance 

by the four evaluators. It takes the form of fuzzy performance grade set. The performance 

index of P1 is: P I1 = 4.315 

For brevity, this paper invents the performance grade sets of the other two performances, i.e. efficiency and 
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reliability, by the PMT respectively as follows: 

 

 

For all these three performance measures, the performance grade vectors of all these three performances of this 

process compose the 6*3 performance grade matrix of the process: 

 

The next step is to derive the local relative weights of the three measures. The four evaluators respectively provide 

the ordered pairs for the three measures. Tables I-IV, represent the judgments of the four evaluators respectively: 

The four weight vectors of the three measures respectively by the four evaluators are obtained according to the 

calculation algorithm: 
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These four vectors compose the 3 * 4 weight matrix: 

 

With the relative weights of the evaluators’ opinions, the judgments of the performances’ local weights are 

incorporated: 

 

After the performance grade matrix and the local relative weights of the three performances of this process have 

been obtained, the measurement result of this process can be aggregated as follows: P = P 6X3. A = 

 

On one hand, this result, which denotes the measurement of this process, can be further aggregated with the 

measurement results of the other parallel processes as the algorithm above does. On the other hand, this result can be 
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defuzzified into the crisp value to be benchmarked. Therefore, it can be defuzzified with the necessary adjustment: 

 

RESULTS 

 This number reveals how this process performs with respect to the planned goals and histories. Put in the full 

range [0, 10], this result is not very satisfactory in comparison with its goal and history. Simply, to track the three 

measures: PI1= 4.315, PI2 = 5.690, PI3 = 6.617, the measure cost is the worst performance, and the measure efficiency also 

contributes significantly to the unsatisfactory performance. Therefore, the corresponding corrective actions will have be 

taken to improve the performance. 

DISCUSSIONS 

Performance measurement selection is a critical step in the design and evaluation of agile supply systems. 

Generally, the larger and more complex the system, the more challenging it becomes to measure effectively and accurately. 

This paper had thrown lights on some of the performance measures for an agile supply chain which plays a vital role in 

supply chain profitability.With this performance measurement method, supply chain managers can easily benchmark the 

performances of the entire supply system, and then analyze the effectiveness of their strategies, identify the potential 

opportunities and sustain in the market. Fuzzy metrics also facilitates objective decision making and triggers continous 

performance improvement in existing supply chains. 
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