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Abstract: Manufacturing organizations and researchers have spentmuch effort in reducing 
manufacturing cycle times byimproving manufacturing planning, control systems, operatorallocation 
schemes, and sophisticated schedulingprocedures. Recently, some researchers have proposed data 
envelopment analysis (DEA) as a tool for operator allocation. In order to eliminate the inconsistency 
caused by using different frontier facets to calculate efficiency, common set of weights DEA models 
have been developed, under which a group of decision making units (DMUs) can be ranked for a 
specific period.  So we use common set of weight concept in DEA for operator allocation in cellular 
manufacturing system (CMS). 
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INTRODUCTION 

 
DEA is a linear programming technique for assessing the efficiency and productivity of DMUs. Over the 

last decade DEA has gained considerableattention as a managerial tool for measuring performance. It has been 
used widely for assessing efficiency, in the public and private sectors, of organizations such as banks, airlines, 
hospitals, universities and manufacturers (Charnes et al., 1978). As a result, new applications with more 
variables and more complicated models are being introduced (Emrouznejad et al., 2007).We will use DEA 
models for the most suitable operator allocation in CMS. 

Manufacturing organizations and researchers have spent much effort in reducing manufacturing cycle times 
by improving manufacturing planning, control systems, operator allocation schemes, and sophisticated 
schedulingprocedures.Ertay and Ruan (2005) proposed a framework based on DEA for the most suitable 
operator allocation in CMS. Their study concentrated on efficiency measurement and the determination of the 
number of operators in CMS when the demand rate and transfer batch size as a rate of the batch size 
change.Many methods have been devised to rank DMUs under the framework of DEA (see, for example, the 
review of Adler et al., 2002). Most of them are based on different benchmarks, so results are not comparable 
among all DMUs. So common-weights DEA models were introduced by Roll et al. (1991), Roll and 
Golany(1993), Doyle (1995), Kao and Hung (2005), Cook et al. (2004), Zohrehbandian et al. (2010). We will 
use Zohrehbandian et al's approach for the most suitable operator allocation in CMS. 

The remainder of this paper is organized as follows: In Section 2 the methodology of this paper is 
introduced and in the end we bring one empirical illustration for discussed method in section 3. Finally, section 
4 gives concluding remarks. 
 
2. Methodology: 

In this section we'll first describe DEA, CMS and Zohrehbandian et al's approach in a nutshell, and then 
we'll propose our approach. 

 
DEA 

 
Suppose there are n DMUs to be evaluated against m inputs and s outputs. Denote by x (i=1,…,m) and 

y (r=1,…,s) the input and output values of DMU (j=1,…n), whose efficiencies are defined as 
 

θ
∑ u y
∑ v x

,    j 1,2, … , n 

 
where v (i=1,…,m) and u (r=1,…,s) are input and output weights. 
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Consider a DMU, say, DMU ;  1,...,k n , whose efficiency relative to the other DMUs can be 

measured by the following CCR model (Charnes et al., 1978): 
 

E max
∑ u y
∑ v x

 

 

s.t          
∑

∑
1,     for   j 1, … , n                    (1) 

 
u , v ε, r 1, … , s, i 1, … , m 

 
which aims to find a set of input and output weights that is most favorable to DMU . By using Charnes and 
Cooper transformation (Charnesand Cooper, 1962), model (1) can be equivalently transformed into the linear 
program (LP) below for solution: 

 

E max u y  

 
s. t.  ∑ u y ∑ v x 0 , j 1, … , n                  (2) 

v x 1,   

 
u , v ε, r 1, … , s, i 1, … , m 

 

Where ru and iv represent the weight of the associated factor and   is a small non-Archimedean number 

(Charnes et al., 1979; Charnes and Cooper, 1984) imposed to prevent any unfavorable factor from being 
ignored. This model has a dual which can be formulated as 

 

E min   θ ε s s  

 
s.t.∑ λ x s θx ,  i 1, … , m               (3) 

 

λ y s y     r 1, … , s 

 
λ , s , s 0, j 1, … , n, i 1, … , m,   r 1, … , s  

 
θ is free in design 

 
Models (1), (2) and (3) are often referred to as the ratio form, multiplier form and the envelopment form of 

the CCR model in input oriented form, respectively. Clearly, the efficiency E calculated from model (2) is 
under the most favorable condition forDMU .  

 
CMS and Literature Review:  

Cellular manufacturing is a well-known approach for implementing the principle of group technology in a 
production environment in which families of parts with similar manufacturing processes are grouped together. 
The machines required for processing the parts may be arranged into cells so that all parts in a given family are 
processed within a cell following unidirectional flow. Cellular manufacturing results in a series of benefits, 
including reduced setup and lead times, less work in process, less material handling and simplified production 
planning and control. The concepts of cellular manufacturing and just-in time production are increasingly being 
applied in today’s manufacturing environment. 

The disproportionate increase in wages as against productivity has forced management to regard operators 
as a scarce resource. Manned cells are a very flexible system that can adapt to changes in the customer’s 
demand or changes quite easily and rapidly in the product design. Previous studies indicate that the allocation of 
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cross-trained operators is one of the most important decision points on CMS performance. Cross-trained 
operators can operate more than one machine, and output rate can be adjusted by changing the number of 
operators in the manufacturing cells. This concept, known as “intra-cell mobility,” is related to allocation of a 
group of operators who are multi-skilled and trained to assist with several processes inside the same cell. Black 
(1988) has discussed five different types of manufacturing systems including the cellular manufacturing system 
with pull systems and assembly cells. He explains that such systems offer a high degree of flexibility if they are 
manned by workers who walk around cells and process parts on the machines. Lulu and Black (1990) have 
analyzed the performance of manned cells with a single walking operator. They concluded that a manufacturing 
system is more flexible when the operator walks around the cell and gives superior performance when compared 
with static robots.  

Several studies have been performed about operator allocation in CMS throughout the last decade. Russell 
et al., (1991) examined operator resource in addition to the machine resource in CMS through a series of 
simulation experiments. Singh et al. (1992) have presented a bi-criterion framework for operator assignments in 
cellular manufacturing systems. The minimization of total processing cost, total processing time, and balancing 
work loads are the various criteria considered in the formulations. Black and Schroer (1993) studied a U-shaped 
CMS composed of 13 machines that can be operated by a variable number of workers by computer simulation. 
Black and Chen (1994) have described a simulation model of an apparel assembly cell with walking operators 
and with decouplers between machines. The output is found to depend on the number of operators and with the 
processing time taken by the operators. They have presented results of the performance of the cells with 
different number of operators. Gürsel and Ivan (1998) used a two-phase hierarchical methodology based on 
mathematical models for generating alternative operator levels. Nakade and Ohno (1999) considered an 
optimization problem for findingan allocation of operators at a U-shaped production line with multifunction 
operators to minimize the cycle time. Ertay and Ruan (2005) also proposeda framework based on DEA for the 
most suitable operator allocation in CMS. Their study concentrated on efficiency measurement and the 
determination of the number of operators in CMS when the demand rate and transfer batch size as a rate of the 
batch size change. As inputs of the efficiency measurement, the parameters of the simulation model designed in 
the SIMAN package (Pegden, 1989) for various work force levels have been used. The output collected from 
simulation model is the average operator utilization. The results of the simulation experiments are used to 
compare the efficiency of the alternatives. For each alternative labor assignment scenario considering the 
different demand rate and transfer batch size levels, a discrete simulation model has been developed in the 
SIMAN package. In their study, it was aimed to illustrate how DEA as a mathematical programming technique 
can be used to perform the optimal operator selection in CMS, which assumes a multi-level, multi-product and 
labor constrained production environment. 

 
Zohrehbandian Et al's Approach For Obtaining Common Set Of Weights: 

Now, we discuss Zohrehbandian et al's approach (2010) to obtain CSW briefly: 
They proposed to compute θ , j 1,2, … , n from the model (3), when DMU  is under consideration and then 

let x , y θ x , y , which θ x , y  called the projection of DMU on the efficient frontier, is an efficient 
(virtual) DMU. 

In the Zohrehbandian et al's approach has been shown that following model and model (1) have the same 
answer. 
max u y v θ x  
 
s. t.   u y v θ x 0, j 1,2, … , n                      (4) 

 

u v 1 

 
u , v ε, r 1, … , s, i 1, … , m 

 
Therefore, they used the following MOLP problem for computation of CSW: 

 

min   0 u y v θ x  

 
s. t.   u y v θ x 0, j 1,2, … , n                      (5) 
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u v 1 

 
u , v ε, r 1, … , s, i 1, … , m 

 
Note that for 1,∞ this model is linear. Solving the model (5) give us CSW and then efficiency score of 

DMU 1, … , can be obtained by using these common weights as: 
 

E
∑

∑
                              (6) 

 

If for ( ,  v)u
 

 we have E
∑

∑
1, then DMU  is called efficient. 

Furthermore, by defining the set A j: DMU  is efficient , and using the same approach as in 

Jahanshahloo et al., (2005) a complete ranking of DMUs will be obtained. 
 

Proposed Approach: 
In Ertay and Ruan (2005), it has been aimed to illustrate how DEA as a mathematical programming 

technique can be used to perform the optimal operator selection in CMS, which assumes a multi-level, multi-
product and labor constrained production environment.Many methods have been devised to rank DMUs under 
the framework of DEA. Most of them are based on different benchmarks, so results are not comparable among 
all DMUs. So common set of weights DEA models were introduced.In this paper we use common set of weights 
DEA model proposed by Zohrehbandian et al. (2010) for solving one operator allocation problem.  To illustrate 
the model applicability, the proposed methodology is applied to an experimental data set consisting of 48 
simulation scenarios borrowed from Ertay and Ruan(2005). We have 48 DMUs with four inputs and one output. 
The DMUs correspond to the scenarios which have to be evaluated. 
 
An Illustrate Example: 

The Table (1) which is provided by Ertay and Ruan (2005) contains a real data of 48 DMUs that consume 
four inputs, number of operators, transfer batch size, demand level and the average lead time to produce one 
output, the average operator utilization. Both inputs and outputs are procured by means of simulation of CMS. 
The objective is to determine the labor assignment in CMS environment. 

Ertay and Ruan(2005) addressed the CMS-labor assignment problem by developing a DEA-based 
framework. Their proposed decision procedure was applied to an experimental data set consisting of 48 
simulation scenarios. As a result of the application of DEA, 8 labor assignment alternatives were determined as 
relatively efficient in Table (2). In order to discriminate between these 8 labor assignment alternatives having an 
efficiency score equal to 1, cross efficiency concept was employed.  
In order to eliminate the inconsistency caused by using different frontier facets to calculate efficiency and 
improve the discriminating power of DEA, we use one of the common set of weights DEA models. 

At present we have 48 DMUs correspond to the scenarios which have to be evaluated. The inputs and 
outputs correspond to the attributes to be minimized and maximized respectively. Hence we obtain common set 
of weights for these 48 units that it is same as common performance attribute weights and so we evaluate all 
units with this common performance attribute weights. The weights generated by proposed method for CSW is: 
 

, , , , ,  
 
0.0001, 0.1693, 0.0001, 0.019768, 0.810732  

 
Now we can evaluate all units with this attribute weights. Solving (6) for each project gives the following 

efficiency scores and ranking of projects shown in Table 3. 
Table 3 presents the results of the implementation. The column of efficiency score is result of our approach. 

The group of scenarios with the score 1 in the CCR results includes 8scenarios and the range of scores for the 
other projects is [0.7621, 1).In our approach we have only one efficient DMU and the range of efficiency score 
for the other scenarios is [0.3966, 1]. So our approach has most widespread range of efficiency scores and also 
its discriminating power is very excellent. 
 
 
 
 



Aust. J. Basic & Appl. Sci., 5(12): 2709-2715, 2011 

2713 

Table 1: Simulation results for case model. 
                                                         Inputs                                                                                Outputs 
DMU    Number of operators   Transfer batch size            Demand level 10             Average lead time        Average operator 
utilization (%) 

1                      8                              500                                  10                               165.8                       43.8 
2                      7                              500                                  10                               273.4                       44.7 
3                      6                              500                                  10                               386.5                       46.7 
4                      5                              500                                  10                               647.4                       49.7 
5                      4                              500                                  10                               945.7                       53.6 
6                      6                              500                                  10                               575.9                       52.4 
7                      4                              500                                  10                               1375.6                     59.7 
8                      3                              500                                  10                               1490.7                     62.5 
9                      5                              500                                  10                               1680.4                     69.4 
10                    3                              500                                  10                               1975.6                     71.3 
11                    3                              500                                  10                               2266.4                     73.4 
12                    2                              500                                  10                               2536.3                     76.7 
13                    8                              200                                  10                               145.3                       45.3 
14                    7                              200                                  10                               248.5                       46.4 
15                    6                              200                                  10                               308.6                       47.3 
16                    5                              200                                  10                               628.7                       50.9 
17                    4                              200                                  10                               895.4                       51.7 
18                    6                              200                                  10                               497.6                       53.9 
19                    4                              200                                  10                               1286.9                     61.4 
20                    3                              200                                  10                               1436.9                     63.1 
21                    5                              200                                  10                               1656.3                     70.4 
22                    3                              200                                  10                               2046.3                     73.8 
23                    3                              200                                  10                               2335.7                     74.9 
24                    2                              200                                  10                               2510.8                     78.5 
25                    8                              500                                  20                               236.7                       43.7 
26                    7                              500                                  20                               310.4                       45.6 
27                    6                              500                                  20                               425.7                       47.4 
28                    5                              500                                  20                               736.5                       51.8 
29                    4                              500                                  20                               1275.7                     55.8 
30                    6                              500                                  20                               738.5                       53.6 
31                    4                              500                                  20                               1637.3                     60.6 
32                    3                              500                                  20                               1784.7                     63.4 
33                    5                              500                                  20                               1987.3                     70.7 
34                    3                              500                                  20                               2379.8                     73.4 
35                    3                              500                                  20                               2684.5                     76.7 
36                    2                              500                                  20                               2923.5                     78.3 
37                    8                              200                                  20                               187.3                       44.4 
38                    7                              200                                  20                               255.7                       45.9 
39                    6                              200                                  20                               385.4                       48.2 
40                    5                              200                                  20                               674.4                       52.4 
41                    4                              200                                  20                               1075.4                     56.2 
42                    6                              200                                  20                               693.6                       54.2 
43                    4                              200                                  20                               1678.6                     62.6 
44                    3                              200                                  20                               1775.4                     64.2 
45                    5                              200                                  20                               1997.5                     72.8 
46                    3                              200                                  20                               2286.4                     75.4 
47                    3                              200                                  20                               2455.6                     76.8 
48      .             2                              200                                  20                               2835.3                     80.2 

 
 

Conclusion: 
This paper addresses the CMS-labor assignment problem by developing a DEA-based framework and using 

common set of weights. The merits of the proposed formulation compared with DEA-based approaches that 
have previously been used for finding the best scenario can be listed as follows.  First, this formulation allows 
the computation of the efficiency scores of all scenarios by a single formulation, i.e. all scenarios are evaluated 
by a common set of weights. second, by solving this problem by our approach discriminating power is 
increased. 
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Table 2: CCR efficiency scores of DMUs. 
Rank            DMU                         efficiency scoreRank              DMU   efficiency score 
1                  131.00                                       26                                    39 0.9643 
2                  151.00                                       24                                    11 0.9635 
3                  181.00                                       27                                    41 0.9597 
4                  201.00                                       28                                    370.9584 
5                  211.00                                       29                                    1 0.9563 
6                  221.00                                       30                                     42 0.9561 
7                  241.00                                       31                                       4 0.9558 
8                  481.00                                       32                                    6 0.9525 
9                  400.9921333                                                                      0.9336 
10                16 0.9897                        32      28                                      0.9468 
11                45 0.9887                                  35                                       20.9328 
12                46 0.9873                                  36                                       70.9262 
13                14 0.9861                                  37                                          440.9298 
14                47 0.9849                                   38                                        270.9224 
15                10 0.9827                                  39                                        430.9014 
16                9 0.9826                                     40                                    320.8897 
17                5 0.9814                                      41                                   26 0.8791 
18                120.9771                                     42                                       30 0.8754 
19                360.9763                                     43                                         29  0.8630 
20                190.9762                                     44                                          34 0.8613 
21                8 0.9759                                      45                                          25 0.8502 
22                230.9748                                     46                                         35 0.8303 
23                170.9739                                     47                                           31 0.8010 
24                380.9703                                     48                                         33 0.7621 

 
Table 3: New efficiency scores of DMUs by our approach. 

Rank             DMU                 fficiency scoreRank         DMU   efficiency score 
1                 181.00                                    25                90.4773 
2                 130.9998                                26                100.4673 
3                 140.9702                                27                330.4625 
4                 150.9596                                28                120.4613 
5                 370.9582                                29                110.4597 
6                 380.9562                                30                340.4519 
7                 390.9420                                31                350.4515 
8                 420.9237                                32                360.4457 
9                 400.9002                                33                80.4440 
10               160.8915                                34                60.4424 
11               210.8569                                35                300.4378 
12               190.8394                                36                70.4328 
13               410.8266                                37                320.4286 
14               200.8216                                38                280.4233 
15               170.8134                                39                50.4205 
16               220.8171                                40                310.4199 
17               460.7732                                41                40.4135 
18               240.7622                                42                270.4129 
19               230.7587                                43                290.4117 
20               430.7570                                44                30.4102 
21               470.7556                                45                260.4072 
22               440.7548                                46                10.4038 
23               450.7465                                47                20.4024 
24               480.7232                                48                250.3966 
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