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Abstract 
Evaluating the efficiency of industrial units has long been an important issue to find 

the position of each unit in comparison with others. In this paper, a model for 

evaluating the efficiency using data envelopment analysis approach is explained in 

such a way that due to the breadth of input and output criteria, using the principal 

component analysis approach, data dimensions can also be reduced and the power to 

distinguish between efficient and inefficient units be increased. Due to lack of 

attention to the internal structure and also not considering the effective criteria in each 

department, it is tried to determine the most important criteria involved in each part 

in the purchasing, production, support and sales sectors. To calculate the efficiency, 

all the components have been examined as a model of network data envelopment 

analysis to take into account the effect of all departments and criteria in industrial 

units' efficiency. In this network, by considering the criteria involved in each of the 

sub-networks, all effective factors were identified. These criteria are selected based 

on the SCOR model and the balanced scorecard and also include sustainability 

criteria. To implement the model, 26 stone factories have been considered. The supply 

chain network was determined and dimensions of the data were reduced by 

implementing the principal component analysis approach. Then, by modeling the data 

envelopment analysis in each of the subnets in GAMS software, the efficiency was 

calculated. The results show an acceptable difference among industrial units to 

evaluate those units. 

Keywords: Supply chain, Data Envelopment Analysis, Principal Component 

Analysis, SCOR, balanced scorecard, sustainability. 

 

1-Introduction 
   Evaluating the performance and calculating the efficiency of companies and industrial units has long been 

an important issue to find the position of each decision-making unit compared to other units so that they 

can eliminate their weaknesses. To achieve these goals, data envelopment analysis approach has been used. 

In the DEA method, when the number of input and output variables is large, the result obtained from the 

model will be the efficiency of a large number of decision units. This greatly reduces the power of 

                                                           
*Corresponding author 

ISSN: 1735-8272, Copyright c 2022 JISE. All rights reserved   
 

Journal of Industrial and Systems Engineering 

Vol. 14, No. 2, pp. 172-192 

Spring (April) 2022 

 

 

mailto:haniyemoazeni@yahoo.com
mailto:ashirani@iut.ac.ir
mailto:rehejazi@iut.ac.ir


271 
 

distinguishing between efficient and inefficient units. Therefore, achieving an appropriate number of 

variables for an acceptable result in data envelopment analysis is of great importance.  

   In this paper, to solve this problem, a combination of two approaches on network data envelopment 

analysis and principal component analysis is used. The most important goal of combining these two 

approaches is to reduce the size of the data in order to increase the recognition power of the model to find 

efficient and inefficient units. 

   Using a combination of DEA and PCA approaches is a way to reduce the size of the data set through the 

linear combination of variables and their variance structure (Adler & Golany, 2001). In the principal 

component analysis method, each principal component (obtained from the linear weight composition of the 

principal variables and arranged in order of variance percentage) contains the maximum variance while not 

related to the previous main components (Annapoorni & Prakash, 2017). Basically, PCA is designed to 

reduce the number of variables to a small number of indicators, called principal components and are a linear 

combination of the main variables. Therefore, the scores of the main component can be used instead of the 

main input and output variables (Adler & Golany, 2001). 

   In this paper, for the first time, the travertine stone industry is examined using real data. In the second 

part of this article, a review of the literature on the subject is reviewed. The third section examines the 

theoretical foundations and the proposed model. The fourth and fifth sections also present the case study 

and the conclusion, respectively. 

 

2-Literature review 
2-1-Review of Network Data Envelopment Analysis (NDEA) 
   Data envelopment analysis is a method of measuring the productivity of a decision unit regardless of its 

internal structure. Ignoring the internal processes of a decision unit will lead to the loss of some data and 

inaccurate results. Network data envelopment analysis method has been considered in various articles in 

the field of supply chain evaluation and in recent years, many researches have conducted it. The first article 

to introduce and develop this idea was Charnes', who found that military service consisted of two processes: 

The first process is informing through advertising and the second process is creating a contract (Charnes, 

A., Cooper, W.W., Golany, B., Halek, R., Klopp, G., Schmitz, E. and Thomas, 1986). As Seifard and Zhou 

conducted in 1999 on a two-stage baseline model, Soteriou & Zenios examined the quality of operations 

and marketing of 144 commercial bank branches in Cyprus (Soteriou & Zenios, 1999). 

   Löthgren and Tambour "considered customer satisfaction in a study of the performance of 31 pharmacies 

in Sweden. The system consists of two processes of production and consumption, and the allocation of a 

specific company as input for each process is allowed (Löthgren & Tambour, 1999). Golany et al. examined 

three models for measuring the efficiency of a two-stage system with common inputs. The system allows 

any process to receive inputs from other sources in exchange for the delivery of appropriate intermediate 

or final products (Golany et al., 2006). 

   Kao and Hwang described insurance companies (other than life) as having two-stage processes in which 

operating costs and insurance were the first input and premiums were the output of the first phase. In the 

second stage, the output was commitment and return on investment (Kao & Hwang, 2008). 

Xu used this method to evaluate the performance of the furniture industry supply chain in China. He used 

cost indicators (direct, operating and shipping costs), order delay time, number of employees, flexibility, 

finance, order execution rate and delivery time percentage (Xu et al., 2009). 

   Kao discussed the series structures. He also described general structures. Then, by introducing artificial 

processes, he turned the system into a series system in which each process includes several parallel 

processes. He continued his previous research by examining systems with structures in more than two stages 

(Kao, 2009). Cook and his colleagues developed a model based on the nature of decision-making units, 

which are networked and multi-stage (Cook et al., 2010). 

   Lozano examined a network system with a general structure and analyzed its costs and returns on a scale 

(Lozano, 2011). Lozano and colleagues divided the operation of an airport into two parts and studied the 

performance of 39 airports in Spain: the movement of the aircraft and its landing, taking into account the 

undesirable outputs obtained from the first process (Lozano et al., 2013). 

   Wang et al. used the network DEA approach to measure the efficiencies of Chinese commercial banks 

using two-stage analyses. In the first stage they evaluated the deposit-producing process and in the second 
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stage the profit-earning process. In the first stage, the input variables were fixed assets and the number of 

employees while the output variable was the amount of bank deposits. The amount of bank deposits was 

the intermediate input/output variable. The second stage outputs were non-interest incomes, interest 

incomes, and one undesirable output non-performing loan. (Wang et al., 2014) 

Another article developed in 2021 adopts an extended two-stage network DEA approach to measure the 

operating efficiency of 52 universities in China using a data set in 2014.(Chen et al., 2021) 

In 2022, network DEA was used to evaluate bank performance. In this study, a two-stage network was 

developed. The research was divided into two parts. The first part determined the efficiency of the 

intermediate function of banks. The second part approached the regression analysis in which we determined 

the influence of the bank size, type of bank, and mergers and acquisitions activity on the defined efficiency. 

In the first stage the output-oriented DEA model was applied using deposits, labor costs, and capital as 

input variables; on the other side, loans and investments were used as output variables.(Milenković et al., 

2022) 

   Domestic researchers have also done a lot of research in this area. In a study conducted by Olfat et al., 

using network data envelopment analysis, they evaluated the entire supply chain based on financial, 

knowledge, participation and accountability indicators in pharmaceutical companies listed in Tehran Stock 

Exchange (Azbari et al., 2014).  

   Mir Hedayatian et al. proposed a new method based on network data envelopment analysis to evaluate 

the green supply chain despite dual factors, adverse outputs, and fuzzy data, and implemented their model 

in 10 Iranian beverage companies (Mirhedayatian et al., 2014). A paper published by Matin et al. in 2015 

presented a new development in network data envelopment analysis despite of general structures that 

require no specific assumptions about the interrelationships of processes. In this paper, a method for 

improving inefficient units and making efficient units was also presented (Matin & Azizi, 2015). 

2-2-Review of Principal Component Analysis (PCA) and DEA  
   Adler and Golany have used a combination of data envelopment analysis and principal component 

analysis to reduce dimensions when the number of inputs and outputs are much larger than the decision 

units (Adler & Golany, 2007). Principal components can be used to replace all inputs or outputs 

simultaneously or to replace specific groups of variables (Adler & Yazhemsky, 2010). 

   PCA is a multivariate technique used to analyze the relationships of variables and explain the variables 

based on their components (Jr et al., 2014). To avoid subjectivity in selecting the index, PCA (principal 

component analysis) was used to reduce the dimensions and obtain comprehensive and objective indicators, 

followed by performance evaluation and analysis (Põldaru & Roots, 2014). 

   Jothimani et al. used financial ratios as input and output performance evaluation parameters by PCA-

DEA in an Indian stock market study (Jothimani et al., 2017). Jakaitiené et al. Proposed the PCA-DEA 

evaluation method to evaluate the performance of the European education system (JAKAITIENE et al., 

2018). In a paper developed in 2020, a combination of data envelopment analysis and principal component 

analysis was used to evaluate the performance of 100 companies based on their 2015 financial statements 

(Bayaraa et al., 2020). 

   In 2020, an article was developed with the aim of considering carbon emission factors in the evaluation 

of logistics performance. In this paper, two approaches on principal component analysis and DEA covering 

approach were used (Deng et al., 2020). In another paper, the financial performance in 46 financial 

institutions was calculated using a combination of two approaches: data envelopment analysis and principal 

component analysis (Chauhan, 2021). In 2021, the confidence area method was used in data envelopment 

analysis and combined with the PCA approach to evaluate the energy security performance of 125 countries 

for 21 consecutive years (Wu et al., 2021).  

   Andrews combines principal component analysis and data envelopment intertemporal analysis with the 

double bootstrap approach to estimate the technical efficiency of health care providers along with the trend 

of efficiency performances. Empirically, this study on New Zealand DHBs shows that PCA and DEA 

intertemporal analysis offers a simple and insightful way to assess efficiency where there is a limited 

number of DMUs relative to input/output types.(Andrews, 2022) 

   In the paper in 2022, the efficiency analysis of transport companies is performed using an integrated 

PCA–DEA model and multi-criteria decision-making methods. The research was conducted on a sample 

of two transport companies from Bosnia and Herzegovina. In this paper, the PCA model is also used to 
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create new principal components that are linear combinations of initial variables, thus increasing the power 

of the DEA model.(Stević et al., 2022) 

   Internal researchers have also explored and expanded the principal component analysis approach. Azadeh 

examined an integrated framework for evaluating and ranking manufacturing systems - based on 

management and organizational performance indicators - for Iran's telecommunications sector (Azadeh et 

al., 2007). The first major component had the highest variance in the sample data. The second component 

had the second level of variance and so the principal components are calculated (Ahmadvand et al., 2011). 

Ahmadvand used PCA to implement a DEA model to reduce the dependence of variables (Ahmadvand et 

al., 2011). Tavakoli and Shirouyehzad used PCA-DEA to evaluate the performance of the steel company 

based on its human capital management (Tavakoli & Shirouyehzad, 2013).  

   Most reviewed articles emphasized on the combination of principal component analysis approach with 

data envelopment analysis approach. Also, network DEA has been less considered by researchers. In most 

of the studied articles, simple data envelopment analysis is combined with the principal component analysis 

approach and the relevant issue is investigated. In several articles that use network data envelopment 

analysis, only a two-stage network of decision units is considered. However, in this article, an attempt has 

been made to consider a network that includes all the involved sections, either series or in parallel, 

considering undesirable criteria such as percentage of waste per ton, the amount of mud produced per ton 

of stone, percentage of fines imposed on unlicensed workers, average machine repair time and so on. 

   In the studied articles, which use the principal component analysis approach to reduce the dimensions of 

the data, the public network has not been used as developed in this article. In this article, four sections 

including purchasing, production, support and sales are considered and in addition, in each section, all 

existing sub-networks affecting the efficiency of industrial units in the stone industry are considered. 

In addition, due to the fact that the stone industry in Iran, despite the richness of its mines has received less 

attention and researches have not talked about the efficiency of these industries, in this study we try to find 

a way to calculate the efficiency of stone industries so that the managers of this industry can identify their 

strengths and weaknesses. 

 

3-Modeling and research problem 
   One of the most important approaches used in evaluating supply chain performance is the Network Data 

Envelopment Analysis model, which considers all the sectors involved in the efficiency and effectiveness 

of industrial units and based on the sub-criteria, calculates the efficiency of the network related to that 

industrial unit. In this research, this method has been used to calculate the efficiency of stone industrial 

units. 

   Since the number of criteria considered is large and their direct use in the DEA network method does not 

provide an acceptable result for the performance of the units, the principal component analysis method has 

been used to reduce the data size, in order to maintain a high percentage of data coverage variance, the 

volume of data used in the model can be significantly reduced.  

Although the data that enters DEA cover a large variance of the data, not all of them, but however by 

reducing the dimensionality of the data, Principal Component Analysis speed up the computation. 

Furthermore, since the correlation between the data is lost by using principal component analysis, it can be 

expected that the accuracy of the model will increase. 

   After specifying the data obtained using the CCR approach of network data envelopment analysis, the 

efficiency of each subnet is calculated and finally the efficiency of the entire supply chain network for the 

factories is obtained. The proposed structure of the problem is as shown in figure 1.    
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3-1-Using the Principal Component Analysis 
   In the data envelopment analysis method and in order to obtain the efficiency of each decision unit, the 

number of DMUs considered must be at least three times the number of input and output criteria. Since the 

number of criteria considered for evaluating this supply chain network is very large and requires examining 

the conditions of a large number of quarrying plants, it was tried to reduce the data dimensions by using the 

principal component analysis approach. In addition to maintaining a high percentage of data variance, the 

proposed model can be implemented and analyzed with a smaller number of decision units. 

Considering a problem with n variables, the i-th principal component is: 

 
𝑃𝐶𝑖 = 𝑎𝑖1𝑥1 + 𝑎𝑖2𝑥2 + ⋯ + 𝑎𝑖𝑗𝑥𝑗 (1) 

If: 

i = 1,…,n    (represents the i-th principal component)  

j = 1,…,n   (represents the j-th principal variable) 

𝑎𝑖𝑗  = (the j-th component of the i-th vector of linear conversion factor, or eigenvector derived from the 

correlation matrix)  

𝑥𝑗  = (the j-th principal variable.) 

3-2-DEA and Network DEA 
   Data Envelopment Analysis is a mathematical programming model for evaluating the performance of 

decision-making units with multiple inputs and multiple outputs. This method uses mathematical 

programming techniques to evaluate the performance of a set of decision units. The first DEA model 

proposed by Charnes et al.(1978) is shown as statements (2) to (5). If there are n decision units in the 

problem and each of these units (𝐷𝑀𝑈𝑗  , 𝑗 = 1,2, … , 𝑛) uses m inputs (𝑥𝑖𝑗 , 𝑖 = 1, … , 𝑚) with weights 𝑣𝑖 

and s outputs (𝑦𝑟𝑗  , 𝑟 = 1, … , 𝑠) with weights  𝑢𝑟, The relative efficiency of the unit (𝐷𝑀𝑈𝑜)is as follows. 

Where  𝑥𝑖𝑜 and 𝑦𝑟𝑜are the i-th input and r-th output of this DMU, respectively.  

 

𝑀𝑎𝑥 ∑ 𝑢𝑟𝑦𝑟𝑜

𝑠

𝑟=1

  (2) 

∑ 𝑢𝑟𝑦𝑟𝑗

𝑠

𝑟=1

− ∑ 𝑣𝑖𝑥𝑖𝑗

𝑚

𝑖=1

≤ 0 , 𝑗 = 1, … , 𝑛 (3) 

Fig 1. Proposed structure for calculating the efficiency of stone cutting factories 

Determine inputs and outputs 

Apply network data envelopment analysis (CCR) for each subnet 

Calculate the performance of the entire supply chain network 

Implementation of the principal component analysis (PCA) approach 

Determining the supply chain network of stone cutting factories 
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∑ 𝑣𝑖𝑥𝑖𝑜

𝑚

𝑖=1

= 1 (4) 

𝑢𝑟 > 0 , 𝑣𝑖 > 0 , 𝑟 = 1, … , 𝑠 , 𝑖 = 1, … , 𝑚 (5) 

     

   In this paper, the supply chain network related to a number of stone factories was identified by studying 

their structure and considering the criteria involved in each of the subnets, all the effective factors in supply 

chain evaluation were determined. These criteria have been selected based on the SCOR model and include 

sustainability criteria and have been extracted using the judgment of industry experts and the use of stone 

strategic document (Strategic Document for the Iranian Stone Industry, 2012). 

   As mentioned, in this research, the network DEA approach has been used to evaluate the factories. The 

network intended for these factories is shown in figure 2. The first sub-network is related to the purchase 

of raw materials such as stone cutting and consumables such as resin, the second sub-network is related to 

the production process, the third sub-network is the support department including human resources 

management, accounting, finance, management and research & development, and finally the fourth sub-

network is related to sales and delivery to customers. 

 

 

 

   After determining the supply chain network of stone industrial units and communications between each 

subnet, the criteria involved in evaluating each subnet, which is the input and output of each section, were 

categorized according to table 1.  

   By specifying the data related to the input and output of the sub-networks in the main network of the 

supply chain, the CCR approach of data envelopment analysis is used and the efficiency of quarrying 

factories in all 4 sub-networks is obtained. The parameters used in these models are shown in table 2. 

 

 

 

 

Fig 2. Supply chain network structure for stone factories 

 



271 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Criteria involved in the supply chain network of stone factories  

 

Criteria 
 

Sets Criteria  Sets 

Introduction to the science of stone product marketing S9-1 Set 9 Access level to stone mines S1-1 

Set 1 

Salary costs per person per hour S10-1 

Set 10 
Average access time to consumables including resin S1-2 

Level of need for monitoring on the production line S10-2 Time required to replace machinery and equipment S1-3 

The amount of liquidity as the ability of the unit to face the existing risks S11-1 Set 11 The time required to adapt to the new mine in an emergency S1-4 

The share of the cost price of stone in the office sector S12-1 Set 12 Average distance between stone mines and industrial units S1-5 

Speed of applying new techniques in stone production and cutting S13-1 Set 13 Percentage of waste per ton S2-1 

Set 2 
Ability to meet the diverse needs of customers S14-1 

Set 14 
The amount of mud produced per ton of stone S2-2 

The share of cost price of stone in marketing S14-2 Share of cost price of stone in raw materials and consumables S3-1 

Set 3 
Get feedback from customers 

S15-1 

Set 15 
Cost of raw materials and consumables such as resin and morsel S3-2 

The level of knowledge of the target markets S15-2 Shipping cost per unit of rock cut per kilometer S3-3 

The cost of maintenance and repairs in each period 
S16-1 

Set 16 

Considering the financial stability of mines related to the stone industrial 

unit 

S3-4 

The amount of electricity consumed in each period in normal time S16-2 Percentage of receipts of checks and accounts received S4-1 
Set 4 

Precautionary storage of stone and consumables such as resin and morsels S17-1 Set 17 Number of non-productive employees S5-1 

Set 5 

Average device repair time S18-1 

Set 18 

Number of employees in the production sector S5-2 

The rate of use of equipment after the end of their life S18-2 Number of hours of formal training S5-3 

The amount of water consumed in each period for each device S18-3 Number of hours of informal training while doing practical work S5-4 

Speed of cutting stone blocks and reaching the final product S19-1 

Set 19 
The amount of training of stone industry managers S5-5 

The difference between the nominal capacity and the actual production S19-2 Level of staff training in dealing with dangerous events S5-6 

Percentage of closures of stone industrial units in each period S20-1 

Set 20 

Factory land area S6-1 

Set 6 

The cost of transporting each meter of stone per kilometer from the factory to 

 the customer 
S20-2 

Familiarity with world trade rules for stone exports S6-2 

Number of shifts and working hours of stone industrial unit S7-1 

Set 7 

Ratio of goods exported abroad in the stone factory S20-3 Ratio of indigenous workers to non-indigenous workers S7-2 

The share of the cost price of stone in the production sector S20-4 Proportion of non-native workers without a license S7-3 

The amount of stone stored at the end of each period S21-1 Set 21 Percentage of fines imposed on unlicensed workers S7-4 

Time required to meet customer needs S22-1 

Set 22 

Provide a safe environment for employees S7-5 

The amount of direct sales of stone to consumers S22-2 The level of workers' contact with environmental factors and pollution S7-6 

Intermediate sales of stone to brokers S22-3 Level of expertise of human resources based on degree 

 

S8-1 

Set 8 
Percentage change in sales due to marketing and advertising policies S23-1 Set 23 Level of experience and work experience of human resources S8-2 
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   The data envelopment analysis model for the purchasing of raw materials and consumables, considering 

the CCR model, is in the form of statements (6) to (9). 

𝑀𝑎𝑥 ∑ 𝑣𝐿1

1 𝑦𝐿1𝑘
1

𝐿1

 (6) 

∑ 𝑠𝐼𝑥𝐼𝑘 = ۱
𝐼

 (7) 

∑ 𝑣𝐿1

1 𝑦𝐿1𝑗
1

𝐿1

− ∑ 𝑠𝐼𝑥𝐼𝑗

𝐼

≤ 0              ∀𝑗 ∈ {1,2, … , 𝑁} (8) 

𝑣𝐿1

1 , 𝑠𝐼 ≥ 𝜀                                            ∀𝐼

∈ {1,2, … , 𝑖}     ,    ∀𝐿1 ∈ {1,2, … , 𝑙1} 
(9) 

   

   The data envelopment analysis model for the support department, considering the CCR model, is shown 

as statements (10) to (16). 

𝑀𝑎𝑥 ∑ 𝑧𝐹1𝑘
1 𝑤𝐹1

1 + ∑ 𝑧𝐹2𝑘
2 𝑤𝐹2

2 + ∑ 𝑧𝐹3𝑘
3 𝑤𝐹3

3

𝐹3𝐹2𝐹1

 (10) 

  

∑ 𝑦𝐿2𝑘
2 𝑣𝐿2

2 + ∑ 𝑦𝐿3𝑘
3 𝑣𝐿3

3 + ∑ 𝑦𝐿4𝑘
4 𝑣𝐿4

4

𝐿4𝐿3

= ۱
𝐿2

 (11) 

∑ 𝑧𝐹1𝑗
1 𝑤𝐹1

1 + ∑ 𝑧𝐹2𝑗
2 𝑤𝐹2

2 + ∑ 𝑧𝐹3𝑗
3 𝑤𝐹3

3

𝐹3𝐹2𝐹1

− [∑ 𝑦𝐿2𝑗
2 𝑣𝐿2

2 + ∑ 𝑦𝐿3𝑗
3 𝑣𝐿3

3 + ∑ 𝑦𝐿4𝑗
4 𝑣𝐿4

4

𝐿4𝐿3𝐿2

] ≤ 0          ∀𝑗 ∈ {1,2, … , 𝑁} (12) 

∑ 𝑧𝐹1𝑗
1 𝑤𝐹1

1 −

𝐹1

∑ 𝑦𝐿2𝑗
2 𝑣𝐿2

2

𝐿2

≤ 0                                                                      ∀𝑗 ∈ {1,2, … , 𝑁} (13) 

𝑥𝑖𝑗  I-th input of the purchasing section for unit j 𝑠𝑖 Weight of criterion 𝑥𝑖𝑗              𝐼 ∈ {1,2, … , 𝑖}  

𝑦𝑙1𝑗
1  𝐿1-th output of the purchasing section for unit j 𝑣𝑙1

1  Weight of criterion y𝐿1j
1          𝐿1 ∈ {1,2, … , 𝑙1} 

𝑦𝑙2𝑗
2  𝐿2-th input of the human resources management section for unit j 𝑣𝑙2

2  Weight of criteriony𝐿2j
2          𝐿2 ∈ {1,2, … , 𝑙2} 

𝑦𝑙3𝑗
3  𝐿3-th input of accounting, finance and management section for unit j 𝑣𝑙3

3  Weight of criterion y𝐿3j
3         𝐿3 ∈ {1,2, … , 𝑙3} 

𝑦𝑙4𝑗
4  𝐿4-th input of the research and development section for unit j 𝑣𝑙4

4  Weight of criterion y𝐿4j
4         𝐿4 ∈ {1,2, … , 𝑙4} 

𝑧𝑓1𝑗
1  𝐹1-th output of the human resources management section for unit j 𝑤𝑓1

1  Weight of criterion Z𝑓1j
1          𝐹1 ∈ {1,2, … , 𝑓1} 

𝑧𝑓2𝑗
2  𝐹2-th output of accounting, finance and management section for unit j 𝑤𝑓2

2  Weight of criterion Z𝑓2j
2         𝐹2 ∈ {1,2, … , 𝑓2} 

𝑧𝑓3𝑗
3  𝐹3-th output of the R&D section for unit j 𝑤𝑓3

3  Weight of criterion Z𝑓3j
3         𝐹3 ∈ {1,2, … , 𝑓3} 

𝑧𝑢1𝑗
4  𝑈1-th input of the rock discharge section for unit j 𝑤𝑢1

4  Weight of criterion Z𝑢1j
4       𝑈1 ∈ {1,2, … , 𝑢1} 

𝑧𝑢2𝑗
5  𝑈2-th  output of the rock discharge section and the input of the rock cutting 

section for unit j 
𝑤𝑢2

5  Weight of criterion Z𝑢2j
5       𝑈2 ∈ {1,2, … , 𝑢2} 

𝑧𝑢3𝑗
6  𝑈3-th input of the rock cutting section for unit j 𝑤𝑢3

6  Weight of criterion Z𝑢3j
6       𝑈3 ∈ {1,2, … , 𝑢3} 

𝑧𝑢4𝑗
7  𝑈4-th output of the rock cutting section and the input of the warehousing 

and packaging section for unit j 
𝑤𝑢4

7  Weight of criterion Z𝑢4j
7       𝑈4 ∈ {1,2, … , 𝑢4} 

𝑇𝑢5𝑗
1  𝑈5-th output of the warehousing and packaging section for unit j 𝐻𝑢5

1  Weight of criterion T𝑢5j
1       𝑈5 ∈ {1,2, … , 𝑢5} 

𝑇𝑅2𝑗
2  𝑅2-th input of the delivery to customers section for unit j 𝐻𝑅2

2  Weight of criterion T𝑅2j
2        𝑅2 ∈ {1,2, … , 𝑟2} 

𝑇𝑅3𝑗
3  𝑅3-th input of the marketing and advertisement section for unit j 𝐻𝑅3

3  Weight of criterion T𝑅3j
3        𝑅3 ∈ {1,2, … , 𝑟3} 

𝑃𝑠1𝑗
1  𝑆1-th output of the delivery to customers section for unit j 𝐸𝑠1

1  Weight of criterion P𝑠1j
1         𝑆1 ∈ {1,2, … , 𝑠1} 

𝑃𝑠2𝑗
2  𝑆2-th output of the marketing and advertisement section for unit j 𝐸𝑠2

2  Weight of criterion P𝑠2j
2         𝑆2 ∈ {1,2, … , 𝑠2} 

Table 2. Variables and parameters used in network data envelopment analysis model  
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∑ 𝑧𝐹2𝑗
2 𝑤𝐹2

2 −

𝐹2

∑ 𝑦𝐿3𝑗
3 𝑣𝐿3

3

𝐿3

≤ 0                                                                       ∀𝑗 ∈ {1,2, … , 𝑁} (14) 

∑ 𝑧𝐹3𝑗
3 𝑤𝐹3

3

𝐹3

− ∑ 𝑦𝐿4𝑗
4 𝑣𝐿4

4

𝐿4

≤ 0                                                                       ∀𝑗 ∈ {1,2, … , 𝑁} (15) 

𝑣𝐿2

2 , 𝑣𝐿3

3 , 𝑣𝐿4

4 , 𝑤𝐹1

1 , 𝑤𝐹2

2 , 𝑤𝐹3

3 ≥ 𝜀                                                                 ∀𝐿2 ∈ {1,2, … , 𝑙2}  ,

∀𝐿3 ∈ {1,2, … , 𝑙3}  , ∀𝐿4 ∈ {1,2, … , 𝑙4}  ,   ∀𝐹1 ∈ {1,2, … , 𝑓1}  ,

∀𝐹2 ∈ {1,2, … , 𝑓2}  , ∀𝐹3 ∈ {1,2, … , 𝑓3} 

(16) 

 

   The data envelopment analysis model for the production sector, considering the CCR model, is shown 

as statements (17) to (23). 

𝑀𝑎𝑥 ∑ 𝑇𝑈5𝑘
1 𝐻𝑈5

1

𝑈5

 (17) 

∑ 𝑧𝑈1𝑘
4 𝑤𝑈1

4 + ∑ 𝑧𝑈3𝑘
6 𝑤𝑈3

6

𝑈3

= ۱
𝑈1

 (18) 

∑ 𝑇𝑈5𝑗
1 𝐻𝑈5

1

𝑈5

− [∑ 𝑧𝑈1𝑗
4 𝑤𝑈1

4 + ∑ 𝑧𝑈3𝑗
6 𝑤𝑈3

6

𝑈3𝑈1

] ≤ 0                                ∀𝑗 ∈ {1,2, … , 𝑁} (19) 

∑ 𝑧𝑈2𝑗
5 𝑤𝑈2

5 −

𝑈2

∑ 𝑧𝑈1𝑗
4 𝑤𝑈1

4

𝑈1

≤ 0                                                                ∀𝑗 ∈ {1,2, … , 𝑁} (20) 

∑ 𝑧𝑈4𝑗
7 𝑤𝑈4

7 −

𝑈4

[∑ 𝑧𝑈2𝑗
5 𝑤𝑈2

5 + ∑ 𝑧𝑈3𝑗
6 𝑤𝑈3

6

𝑈3𝑈2

] ≤ 0                                ∀𝑗 ∈ {1,2, … , 𝑁} (21) 

∑ 𝑇𝑈5𝑗
1 𝐻𝑈5

1

𝑈5

− ∑ 𝑧𝑈4𝑗
7 𝑤𝑈4

7

𝑈4

≤ 0                                                                ∀𝑗 ∈ {1,2, … , 𝑁} (22) 

𝑤𝑈1

4 , 𝑤𝑈2

5 , 𝑤𝑈3

6 , 𝑤𝑈4

7 , 𝐻𝑈5

1 ≥ 𝜀                                                                     ∀𝑈1 ∈ {1,2, … , 𝑢1}  ,

∀𝑈2 ∈ {1,2, … , 𝑢2}  ,   ∀𝑈3 ∈ {1,2, … , 𝑢3}  ,   ∀𝑈4 ∈ {1,2, … , 𝑢4}  ,    ∀𝑈5 ∈ {1,2, … , 𝑢5} 
(23) 

 

   The data envelopment analysis model for the sales department, considering the CCR model, is shown as 

statements (24) to (29). 

𝑀𝑎𝑥 ∑ 𝑃𝑆1𝑘
1 𝐸𝑆1

1 + ∑ 𝑃𝑆2𝑘
2 𝐸𝑆2

2

𝑆2𝑆1

 (24) 

∑ 𝑇𝑅2𝑘
2 𝐻𝑅2

2 + ∑ 𝑇𝑅3𝑘
3 𝐻𝑅3

3

𝑅3

= ۱
𝑅2

 (25) 

∑ 𝑃𝑆1𝑗
1 𝐸𝑆1

1 + ∑ 𝑃𝑆2𝑗
2 𝐸𝑆2

2

𝑆2𝑆1

− [∑ 𝑇𝑅2𝑗
2 𝐻𝑅2

2

𝑅2

+ ∑ 𝑇𝑅3𝑗
3 𝐻𝑅3

3

𝑅3

] ≤ 0            ∀𝑗 ∈ {1,2, … , 𝑁} (26) 

∑ 𝑃𝑆1𝑗
1 𝐸𝑆1

1 −

𝑆1

∑ 𝑇𝑅2𝑗
2 𝐻𝑅2

2

𝑅2

≤ 0                                                                       ∀𝑗 ∈ {1,2, … , 𝑁} (27) 

∑ 𝑃𝑆2𝑗
2 𝐸𝑆2

2

𝑆2

− ∑ 𝑇𝑅3𝑗
3 𝐻𝑅3

3

𝑅3

≤ 0                                                                       ∀𝑗 ∈ {1,2, … , 𝑁} (28) 

𝐻𝑅2

2 , 𝐻𝑅3

3 , 𝐸𝑆1

1 , 𝐸𝑆2

2 ≥ 𝜀                                                                     ∀𝑅2 ∈ {1,2, … , 𝑟2}   ,   ∀𝑅3 ∈ {1,2, … , 𝑟3} , ∀𝑆1

∈ {1,2, … , 𝑠1} , ∀𝑆2 ∈ {1,2, … , 𝑠2} 
(29) 

 

4-Model implementation 
    To conduct this research in the cities of Tehran (Shams Abad Industrial Town), Isfahan (Mahmoud Abad 

Industrial Town) and Qom (Mahmudabad Industrial Towns and Sang Omid Town), 26 stone cutting 

factories that have been placed at the same level based on stone quality and production quantity with respect 

to industrial unit capacity, were considered and related data were collected. The supply chain network of 

each factory was determined according to the administrative, support, production and sales processes of the 

factory, and the input and output criteria of each stage were collected using the stone strategic document 

and the industry experts’ opinions. The principal component analysis approach was implemented in the 
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inputs and outputs of each section in MATLAB software. In this approach, the main components that cover 

a high percentage of the total variance of the data are selected in each section. The amount of variance 

covered by these principal components is shown in Table 3. According to table 1 on the inputs and outputs 

of the network data envelopment analysis subnet networks, the data of 26 factories were collected and 

presented in table 4. 
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Number of criteria 5 6 6 9 5 4 4 3 12 1 5 2 5 5 3 3 3 
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principal 
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2 1 2 2 1 2 1 1 2 1 1 1 2 1 2 2 2 
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Table 3. The amount of variance covered by the selected principal components 
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S1-1 2 1 1 1.5 1 1 0.5 0.5 1 0.7 2 3 0.4 1 0.5 0.6 0.5 1 1 2 2 0.3 1 1 1.5 0.4 
S1-2 1 1 1 0 2 3 0 1 2 4 1 2 1 1.5 1 1 1 2 1 2 3 1 1 2 1 1 
S1-3 1 0.5 0.5 1 4 8 1 1 2 1.5 4 10 5 4 3 4 2 2 3 6 4 4 2 8 0.4 2 
S1-4 0.5 2 0.5 0.8 6 0.5 5 0 1 1 0.1 0.5 0.2 0.5 1 2 1 1 3 2 2 1 2 2 0.5 1 
S1-5 200 500 700 300 300 400 135 100 500 250 350 200 400 380 200 180 140 140 600 150 160 400 300 550 550 350 
S2-1 30 50 50 35 35 30 28 25 30 25 30 35 30 30 30 35 40 40 35 50 50 30 25 35 40 30 
S2-2 150 250 500 100 130 100 50 130 80 200 120 150 50 70 60 60 50 40 50 40 35 60 150 50 180 50 
S3-1 90 80 80 70 75 70 80 70 85 70 75 60 70 70 70 60 55 50 70 60 60 75 90 80 75 70 
S3-2 900 950 800 750 450 250 300 950 500 480 300 500 700 480 700 300 200 200 500 300 200 800 1200 800 700 800 
S3-3 500 750 500 300 250 350 400 225 340 220 200 300 300 350 350 350 220 250 600 250 300 400 350 600 550 400 
S3-6 15000 20000 500 1500 3500 7000 1300 900 1300 850 1600 500 4000 2000 4500 3400 950 1400 8000 4500 890 9000 20000 4700 900 830 
S4-1 80 90 90 80 100 70 75 50 70 70 60 70 80 85 90 85 75 70 80 70 75 85 80 70 80 70 
S5-1 4 15 5 8 4 2 1 2 4 4 4 2 4 2 2 1 1 1 2 1 2 3 4 2 6 3 
S5-2 19 40 13 15 20 10 11 15 10 13 10 8 15 10 7 3 4 2 5 4 3 8 20 8 15 9 
S5-3 0 10 0 5 7 0 0 1 0 0 5 0 2 0 2 0 0 0 0 0 0 2 4 1 0 6 
S5-4 2 5 0 5 10 10 5 10 10 15 8 5 10 5 4 1 2 3 1 1.5 2 5 7 7 0 3 
S5-5 2 1 2 2 2 1 3 2 3 2 2 2 1 3 3 2 1 3 3 3 3 2 3 2 3 2 
S5-6 4 3 4 4 5 3 3 4 2 3 2 4 1 2 3 4 5 5 3 3 2 2 3 4 4 4 
S6-1 5 8 5 7 6.5 11 6.5 6 6 5 3.8 6 7 4.5 4 3.8 3.5 3.7 4 3.9 4.2 6 11 10 5 5 
S6-2 3 1 1 3 5 1 3 1 2 1 1 1 2 1 3 2 2 2 2 1 1 3 4 3 2 2 
S7-1 10 12 11 8 12 10 10 12 10 8 8 8 8 10 12 10 12 8 12 8 8 10 20 12 12 12 
S7-2 95 65 20 100 90 20 50 15 50 40 65 60 50 80 90 100 100 100 100 90 85 90 50 100 30 70 
S7-3 0 35 13 0 0 8 3 8 19 0 5 8 10 5 0 2 2 1 1 2 2 0 2 3 10 2 
S7-4 0 0 0 0 0 5 0 6 0 0 0 0 5 5 5 0 0 6 0 0 4 0 0 5 0 0 
S7-5 3 4 3 4 4 3 3 4 2 3 3 4 4 3 4 3 3 3 4 3 3 4 4 4 3 4 
S7-6 3 3 2 4 3 4 3 4 4 3 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 2 
S8-1 3 2 1 2 3 3 3 1 2 3 ۳ 2 3 1 2 2 2 2 2 2 2 2 3 2 2 2 
S8-2 8 5 10 2 15 15 10 8 7 5 6 10 15 8 15 6 3 2 7 4 4 10 11 15 10 12 
S9-1 3 1 1 3 5 3 3 1 1 4 3 3 4 2 3 1 1 1 2 1 1 3 3 3 1 3 

S10-1 9000 10000 8000 7500 7500 6000 10000 5000 8000 9500 7000 9000 12000 10000 15000 10000 11000 10000 14000 12000 12000 15000 17000 14000 8000 13000 
S10-2 90 100 100 70 50 80 100 100 100 80 100 80 100 80 100 50 40 60 80 60 70 100 90 85 100 100 
S11-1 0 500 500 500 200 300 200 700 200 300 400 0 500 200 100 200 0 0 50 150 0 100 200 70 500 100 
S12-1 2.5 10 10 10 10 10 7 10 5 10 5 10 5 10 15 10 10 5 15 10 10 10 2.5 5 10 10 
S13-1 4 3 1 3 3 1 1 5 1 3 3 2 4 2 1 1 2 2 2 2 2 3 4 2 1 2 
S14-1 15 12 30 15 30 90 90 60 14 7 3 7 4 10 14 10 11 9 11 12 15 10 14 7 20 12 
S14-2 2.5 0 5 5 5 0 3 0 0 0 5 10 5 10 5 10 0 0 0 0 0 5 2.5 0 5 10 
S15-1 5 3 4 4 4 3 3 4 2 3 4 4 3 2 5 4 4 1 3 3 2 3 4 3 2 3 
S15-2 3 1 1 3 4 3 3 4 4 4 2 2 4 3 3 1 1 1 1 1 2 2 3 3 2 3 
S16-1 4 6 3.5 4 7.5 5 8 12 5.5 20 11 7 6 4 5.5 3.5 2.5 2.5 4.5 2.5 2 7 11 4 6 4.5 
S16-2 10 25 15 12 6 3.5 8 5.5 4.5 3 9 8.7 7.8 8 3.2 2 1.9 1.5 2.5 1.7 1.4 3.5 10 3 15 3.8 
S17-1 2 3 0 2 2 1.5 2 1.5 0 2 3 0 2 2 1.5 1.75 1.5 2.5 2 2 1.5 1.5 1.25 2 0 2 
S18-1 2 48 2 24 0 48 24 48 12 12 48 24 12 48 24 24 36 48 36 48 48 24 48 48 48 24 
S18-2 1 2 2 1 3 2 2 1 1 1 2 4 1 1 2 1 2 2 2 3 3 2 1 2 3 1 
S18-3 3 4 2.8 3 8 3 3 3.5 0.5 3 4 4.5 2.9 3 3 4 5 5.3 4.8 3.5 6 4 4 3.8 2.8 4 
S19-1 40 22 25 22 20 12 10 17 15 15 20 12.5 37 20 11 12 12 10 11 9 8 15 35 14 22 12.5 
S19-2 5 0 4 0 3 0 0.5 3 4.5 2.4 4 3 1 2 2 3 2.5 3 2.5 2 3.5 3 2 2 4 2.5 
S20-1 0 0 2 7 0 1 2 0 4 0 3 5 0 0 0 2 7 0 1 2 0 4 0 3 5 0 
S20-2 25 35 55 30 15 10 25 30 30 28 18 22 30 25 35 55 30 15 10 25 30 30 28 18 22 30 
S20-3 15 30 0 0 90 0 0 0 0 0 0 0 0 15 30 0 0 90 0 0 0 0 0 0 0 0 
S20-4 5 10 5 15 10 20 10 20 10 20 15 20 20 5 10 5 15 10 20 10 20 10 20 15 20 20 
S21-1 2000 2000 1800 2000 1500 3000 3000 1300 1000 1000 2000 1500 2000 2000 2000 500 200 1000 1500 500 500 2500 4000 3000 2000 3500 
S22-1 1 1 2 5 45 15 3 3 1 1 3 7 5 4 2 2 3 2 2 4 5 2 1 3 2 2 
S22-2 2 1.6 2 4 5 3.2 2.1 1.8 4.5 3.24 2.8 1.5 5 3 1.2 2 0.4 0.5 0.8 0.6 0.2 1.5 5 2 2.5 1.5 
S22-3 8 6.4 5.5 1.2 1 0.8 0.9 6.4 0 0.36 2 1.5 4 1.8 1.5 0.8 1.6 1.5 1.2 0.9 1.1 2 2 1.5 5.5 1.5 
S23-1 70 50 40 40 30 60 30 20 80 45 40 50 90 30 75 50 40 50 20 35 50 40 60 70 40 30 

Table 3 Data related to stone industrial units for use in the model 

 

Table 4. Data related to stone industrial units for use in the model 
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   The values of the selected principal components that are the final inputs and outputs in each data coverage 

analysis subnet are also shown in table 5. 
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I : Inputs 

O : Outputs 

M : Middle 

a   : Purchase 

b   : Human Resources 

c   : Accounting and Finance 
 

 

d   :  Research and Development 

e   :  Delivery to customers 

f   :  Advertise 
 

g   :  Drain the stone 

h   :  stone cutting 

i  :  Store  

Table 5. Principal component values in each part of the supply chain network 
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   Because negative data cannot be used in the data envelopment analysis method, using equations 30 and 

31, all the numbers related to the considered principal components will be converted to non-negative 

numbers.  
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I : Inputs 

O : Outputs 

M : Middle 

a   : Purchase 

b   : Human Resources 

c   : Accounting and Finance 
 
 

d   :  Research and Development 

e   :  Delivery to customers 

f   :  Advertise 
 

g   :  Drain the stone 

h   :  stone cutting 

i  :  Store  

Table 5. Continued  
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   In these equations, based on the values of 𝑃𝐶𝑗 as the principal components, the value of the parameter Q 

is calculated based on equation 31, and then the value of Q obtained is added to the value of the principal 

component of the sum and the parameter 𝑍𝑗 is obtained.  

𝑍𝑗 = 𝑃𝐶𝑗 + 𝑄 

𝑄 = −𝑚𝑖𝑛{𝑃𝐶𝑗} + 1 

   In addition to the above issues, because each principal component covers a part of the total data variance, 

the importance of each component will be different from the other component. In other words, the greater 

the variance that a component covers, the greater the value of that component. Accordingly, the values of 

input and output criteria based on this value will be entered in the data envelopment analysis method. This 

value is calculated based on the ratio of the variance covered by each component to the sum of the total 

variance covered by the selected components. First, by considering the variance of each component, the 

weight of each component is calculated as a criterion in data envelopment analysis. Second, the weight 

obtained for each criterion is multiplied by the column related to the non-negative numbers of that criterion 

and the weight criteria are considered as the final data to enter the data envelopment analysis approach. The 

final results will be shown in the table 6. 
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Table 6. Weighted and non-negative principal component values in each part of the supply chain network 
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   The results of the implementation of four data envelopment analysis models in GAMS software in order 

to find each section performance are shown in table 7. 

 

 

 

 

5-Conclusions and future suggestions 
5-1-Conclusions 

   Evaluating the performance of different companies and industrial units is always an important issue to 

find the position of each decision-making unit in comparison with other units so that companies can find 

their weaknesses. In this paper, the network data envelopment analysis approach was used to achieve this 

goal. Since the number of input and output variables used in the model are high compared to the number of 

industrial units and this reduces the resolution of industrial units, the principal component analysis approach 

was used to reduce the data dimensions to an acceptable level. To implement the model, data from 26 stone 

cutting factories in Tehran, Isfahan and Qom were used. The main components were selected with the 

highest coverage variance and entered the model of network data envelopment analysis as inputs and 

outputs for different parts of the supply chain network of industrial units and the efficiency of each subnet 

for each industrial unit was calculated. Through the implementation of this model, the efficiency of each 

sector in industrial units is calculated and, if necessary, in addition to comparing industrial units with each 

other, different parts of these units can also be compared and found the weaknesses of each industrial unit 

in each network. In addition, the results obtained from this model, as shown in table 7, show an acceptable 

differentiation between industrial units for evaluating those units. However, if the main inputs and outputs 

were used as well as the raw data collected from the factories were used, the number of efficient units would 

increase and the model comparability between units would decrease. This result is shown in table 8. 
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Table 7. Efficiency of each subnet for stone industrial units – proposed model (NDEA and PCA) 
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5-2-Future suggestions 
   Based on the results obtained from this article, some notices can be considered for future research. In the 

continuation of this research, other approaches on data envelopment analysis such as BCC or approaches 

based on auxiliary variables such as SBM can be used. This model has the ability to be implemented in 

different organizations and industries, so it can be used to calculate the efficiency of different units and 

compare them in an industry. Due to the implementation of the model in the stone industry and the 

innovations in this industry, in future research, more factories can be included in the model and industrial 

estates located in other cities can also be examined. The network considered in this study can also be 

expanded and the mines (as suppliers) can be added to the network. 
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