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Abstract: Service facilities store thousands of items as inventory. It is impossible to dedicate the same 
management efforts and care to every item. Grouping the inventory into specific categories is a common 
solution for this problem. This paper presents methods for ABC inventory classification via the Data 
Envelopment Analysis (DEA) and ranking methods according to multi-criteria analysis. A numerical case 
study illustrates the proposed classification. Each ranking method may generate a different rank so it can be 
beneficial to use the average ranking method.  
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INTRODUCTION 
Service facilities store thousands of items as 
inventory. It is impossible to dedicate the same 
management efforts and care to every item [5]. 
Grouping the inventory into specific categories is a 
common solution for this problem. The traditional 
inventory management for classifying is ABC 
inventory classification. Items are divided into three 
groups: group A, B and C. Group A contains 10%-
20%, Group B contains 30-40% and Group C 
contains about 40%-50% of the stock items (see e.g. 
[9], [14], [11]). However, sorting items only by annual 
dollar usage may be insufficient to provide a good 
classification scheme of inventory items ([8], [10]). 
To overcome this obstacle, inventory items can be 
sorted into groups by implementing a multi-criteria 
classification. For example, studies carried out by 
Ramanathan [11], Hautaniemi and Pirttila [7] and 
Guvenir and Erel [4] suggested the following criteria: 
part criticality, lead time, commonality, 
obsolescence, substitutability, and number of annual 
requests for the item, scarcity, durability, reparability, 
order size requirement, stockability, demand 
distribution and out-of-stock penalty. There are 
several multiple-criteria ABC classification methods 
based on the DEA. Applying several classification 
methods may produce several different ABC 
classifications for the same inventory. This research 
proposes to use the average ranking method of 
Hadad and Hanani [6] to classify the inventory items 
into ABC groups. 
THE RANKING METHODS 
There are many different methods to rank DMUs in 
the DEA context (for a review see [1], [6]). This 
section presents the ranking methods via DEA that 
are used in this paper. In our case all the criteria are 
outputs (without inputs). Therefore the ranking 
methods were accordingly modified. 
THE SUPER-EFFICIENCY MODEL 
The most notable of ranking method via the DEA is 
Andersen and Petersen’s super-efficiency model [1]. 
The modified super-efficiency model that is used in 
this paper is shown in (1).  
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where r , jY  is the value of criterion r  of item j , 

K
rU  is the weight of criterion r  that maximizes the 

score KS  of item K  .  
THE CROSS-EFFICIENCY MODEL 
The cross-efficiency model was developed by 
Sexton et al. [12]. The cross-efficiency method 
calculates the efficiency score of each item n  
times, using the optimal weights of each item. The 
results of all the DEA cross-efficiency scores can be 
summarized in cross-efficiency matrix as shown in 
(2).  

( )2
1

S
Kh U Y   L,K r r,L

r
= ×

=
∑    

where L,Kh  is the score given to item K in the DEA 
run of item L. The score of item L is calculated in 
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THE DISCRIMINANT ANALYSIS OF RATIO 
The discriminant analysis of ratio (DR) was 
developed by Sinuany-Stern and Friedman [13]. The 
DR method calculates the score of each item jT  

such that ratio of the between-group variance of 

( )( )BT , SS T  and the within group variance of 

( )( )WT , SS T  will be maximizes as shown in (4). 
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THE GLOBAL EFFICIENCY 
The Global Efficiency (GE) ranking method was 
developed by Ganley and Cubbin [3]. The criterion 
of the GE method is to maximize the sum of the 
scores of all the items as shown in (5). 
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THE AVERAGE RANKING 
The Average Ranking (AR) method was proposed 
by Hadad and Hanani [6]. Since each ranking 
method may generate a different rank, it can be 
beneficial to use an average ranking. Since the 
scores of different ranking methods are not based 
on the same scale, the scores must normalize as 
shown in (6). S j,i  is the score of item j according to 
ranking method i  
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The average score of item j is calculated as shown 
in (7). 
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THE CASE STUDY  
A garage needs to classify 57 inventory items into 
ABC groups. The following criteria were defined by 
the decision makers in the garage: j −  item 

number, 1Y  - annual dollar usage, 2Y −  lead time, 

3Y  - durability factor. 4Y −  the number of car 

treatments that needs the item, 5Y −  critical factor 
(shortage). Table 1 presents the normalized values 
of each criterion for all the items. See Table 1 at the 
end of the paper.  
Table 2 presents the scores for all the items 
according to each ranging method, the ABC 
classification by the ranking methods and the 
average scores and rank. Table 3 presents the 
scores, ranking and the group classification 
according to the average ranking method. . 

 
 
CONCLUSIONS 
This paper proposes a method that can help mangers to identify the most significant items and thus enables them to 
allocate effectively their managerial efforts and care. Since each ranking method has its own objective function, it is 
the prerogative the decision-maker to select the appropriate ranking method from his/her point of view. In case when 
several ranking methods are used (such as when the decision-makers are of different opinions as to the method to be 
used), the decision maker can use of the proposed average ranking. 
 
Table 1: The data (normalized values)   
 

j 1Y 2Y  3Y 4Y 5Y j 1Y 2Y  3Y 4Y 5Y 

A1      A30      
A2      A31      
A3      A32      
A4      A33      
A5      A34      
A6      A35      
A7      A36      
A8      A37      
A9      A38      
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A10      A39      
A11      A40      
A12      A41      
A13      A42      
A14      A43      
A15      A44      
A16      A45      
A17      A46      
A18      A47      
A19      A48      
A20      A49      
A21      A50      
A22      A51      
A23      A52      
A24      A53      
A25      A54      
A26      A55      
A27      A56      
A28      A57      
A29            

 
Table 2: Group classification by the ranking methods 
 

Item SE CE   DAR GE 
Score Rank Group Score Rank Group Score Rank Group Score Rank Group 

A1   C   C 2.7162 22 C 0.8102 18 B 
A2   C   C 2.705 23 C 0.5091 42 C 
A3   C   B 2.9041 18 B 0.7443 24 C 
A4   C   B 3.0512 14 B 0.7495 23 C 
A5   C   C 1.4585 51 C 0.0702 57 C 
A6   C   C 2.0441 41 C 0.5765 38 C 
A7   B   B 3.1465 10 B 0.9084 9 A 
A8   B   B 2.7258 21 B 0.9327 8 A 
A9   A   C 1.4796 50 C 0.8641 12 B 
A10   C   C 0.976 57 C 0.1139 56 C 
A11   C   C 2.435 29 C 0.4674 46 C 
A12   C   C 1.7061 49 C 0.3737 51 C 
A13   C   C 1.1903 55 C 0.2382 55 C 
A14   A   A 3.2299 9 A 0.8543 15 B 
A15   B   C 2.3752 32 C 0.6066 36 C 
A16   C   C 1.7409 48 C 0.4873 43 C 
A17   C   C 1.9959 43 C 0.5093 41 C 
A18   A   B 2.9309 16 B 0.8362 16 B 
A19   C   C 2.3147 34 C 0.6507 31 C 
A20   C   C 2.8344 20 B 0.7789 21 B 
A21   A   A 3.4474 7 A 0.8086 19 B 
A22   A   A 3.9202 3 A 1 1 A 
A23   C   C 1.7616 47 C 0.8231 17 B 
A24   B   B 3.0228 15 B 0.6158 35 C 
A25   C   C 2.5841 27 C 0.7198 27 C 
A26   C   C 1.0099 56 C 0.3691 52 C 
A27   B   C 2.2914 35 C 0.9004 10 B 
A28   B   B 2.8962 19 B 0.9408 7 A 
A29   C   C 2.3987 31 C 0.6021 37 C 
A30   A   A 4.0514 1 A 1  A 
A31   C   C 2.3529 33 C 0.649 33 C 
A32   C   C 2.1605 38 C 0.6742 30 C 
A33   C   C 2.4273 30 C 0.8624 13 B 
A34   C   C 2.5571 28 C 0.5249 40 C 
A35   C   C 1.2695 54 C 0.3566 53 C 
A36   C   C 1.3806 53 C 0.3109 54 C 
A37   C   C 1.4035 52 C 0.405 50 C 
A38   B   B 3.1253 11 B 0.865 11 B 
A39   B   B 2.6425 25 C 0.9614 6 A 
A40   C   C 2.7049 24 C 0.4846 44 C 
A41   C   C 1.8328 46 C 0.6494 32 C 
A42   C   C 1.8485 45 C 0.7175 28 C 
A43   C   C 1.9284 44 C 0.4185 48 C 
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Item SE CE   DAR GE 

Score Rank Group Score Rank Group Score Rank Group Score Rank Group 
A44   A   A 3.4977 6 A 1  A 
A45   C   C 2.0292 42 C 0.6446 34 C 
A46   B   C 2.5869 26 C 0.4472 47 C 
A47   A   A 3.9206 2 A 1  A 
A48   C   C 2.1558 39 C 0.4127 49 C 
A49   B   B 2.9201 17 B 0.8579 14 B 
A50   C   C 2.2816 36 C 0.5464 39 C 
A51   C   C 2.1186 40 C 0.4808 45 C 
A52   B   B 3.0927 12 B 0.7394 26 C 
A53   A   A 3.5551 5 A 1  A 
A54   C   B 3.0748 13 B 0.7403 25 C 
A55   B   A 3.6653 4 A 0.6915 29 C 
A56   C   C 2.2004 37 C 0.785 20 B 
A57   C   A 3.3124 8 A 0.7784 22 C 

 
 Table 3: Group classification by average ranking 

Item Score Rank Group Item Score Rank Group 
A1 0.6909 20 B A30 0.9739 1 A 
A2 0.5936 31 C A31 0.5725 34 C 
A3 0.6848 21 B A32 0.5597 39 C 
A4 0.7032 19 B A33 0.6703 26 C 
A5 0.2779 56 C A34 0.5672 37 C 
A6 0.5372 42 C A35 0.3157 53 C 
A7 0.7763 7 A A36 0.3358 52 C 
A8 0.7388 13 B A37 0.3962 51 C 
A9 0.6742 25 C A38 0.7548 10 B 

A10 0.1926 57 C A39 0.7346 15 B 
A11 0.5631 38 C A40 0.5690 36 C 
A12 0.4148 50 C A41 0.5157 44 C 
A13 0.2933 54 C A42 0.5410 41 C 
A14 0.7748 8 A A43 0.4733 46 C 
A15 0.5965 30 C A44 0.8576 5 A 
A16 0.4182 49 C A45 0.5274 43 C 
A17 0.4623 48 C A46 0.5751 33 C 
A18 0.7334 16 B A47 0.9053 3 A 
A19 0.5967 29 C A48 0.4666 47 C 
A20 0.6796 24 C A49 0.7373 14 B 
A21 0.7853 6 A A50 0.5555 40 C 
A22 0.9084 2 A A51 0.4893 45 C 
A23 0.5699 35 C A52 0.7267 17 B 
A24 0.6807 23 C A53 0.8636 4 A 
A25 0.6284 27 C A54 0.7038 18 B 
A26 0.2852 55 C A55 0.7715 9 A 
A27 0.6827 22 C A56 0.6047 28 C 
A28 0.7547 11 B A57 0.7447 12 B 
A29 0.5763 32 C     
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