Production and Operations Management
University of Isfahan E-ISSN: 2423-6950
Vol. 13, Issue 2, No. 29, Summer 2022
http://dx.doi.org/10.22108/jpom.2022.130811.1399

(Research Paper)

A new fuzzy DEA network with possibility and necessity measures
for performance evaluation of DMUs with network relations and
fuzzy data: A case study in Iran regional power companies

Hamze Pourbabagol
Department of Industrial Management, Faculty of Management and Accounting, University of
Allameh Tabataba’i, Tehran, Iran, hamze1910@yahoo.com
Magsoud Amiri ~
Department of Industrial Management, Faculty of Management and Accounting, University of
Allameh Tabataba’i, Tehran, Iran, amiri@atu.ac.ir
Mohammad Taghi Taghavifard
Department of Industrial Management, Faculty of Management and Accounting, University of
Allameh Tabataba’i, Tehran, Iran, dr.taghavifard@gmail.com

Purpose: This paper aims to introduce necessity and possibility equality constraints in a real case,
developing and improving fuzzy network DEA models by using proposed relations and creating a
suitable and applicable framework for situations with uncertain and ambiguous data with multi-stage
and network structure.

Design/methodology/approach: First, the defuzzification relations of necessity equality constraints
have been introduced. Then a new fuzzy network DEA model using proposed relations has been
developed. After presenting the appropriate mathematical model and due to the infrastructural role of
the electricity industry in the country's economy, electricity industry network structure, and
uncertainty in some data of the electricity industry, the proposed fuzzy network DEA (FNDEA) has
been used based on the possibility theory to evaluate all efficiency and sub-efficiency scores of Iran
regional power companies.

Findings: For evaluating the efficiency of the proposed FNDEA, the designed fuzzy network DEA
has been used to calculate all efficiency and sub-efficiency scores of Iran's regional power companies.
According to the results, the proposed research approach can be used as an efficient tool for
performance evaluation in processes similar to network-fuzzy nature.

“ Corresponding author 2423-6950 / © 2022 @

This is an open access article under the CC-BY-NC-ND 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/)



https://dx.doi.org/10.22108/jpom.2022.130811.1399
https://creativecommons.org/licenses/by-nc-nd/4.0/

Production and Operations Management, VVol. 13, Issue 2, No. 29, Summer 2022

Research limitations/implications: For future studies, FNDEA-SBM could be reformulated using a
credibility measure which is considered as an average of the Pos/Nec measure, and a general fuzzy
measure that is equal to the convex combination of Pos and Nec measures. Also, the adjustable fuzzy
DEA model (AFDEA), which was proposed by Peykani could be adopted to equality constraints using
Theorem 1. The novel fuzzy concepts such as Z-number, fuzzy type-2, and random fuzzy variables
model (for more details see Azadeh & Kokabi (2016), Qin, Liu, Liu and Wang (2009), and Tavana,
Shiraz, Hatami-Marbini, Agrell and Paryab (Tavana et al., 2013). In addition, further investigation
into the evaluation and ranking of DMUs in different contexts and real-life case studies with fuzzy
data can be carried out by applying the proposed model.

Practical implications: The results of the proposed fuzzy network DEA model based on the
possibility and necessity measures provided useful managerial implications for the efficiency and sub-
efficiency evaluation of regional power companies. The study proved the usefulness of fuzzy network
DEA as a decision-making tool in processes similar to network-fuzzy nature.

Social implications: Due to the infrastructural role of the electricity industry in the country's
economy, it is significant to evaluate the overall efficiency and sub-efficiencies of generation,
transmission, and distribution centers of regional power companies. Allocating the optimal resources
in the generation, transmission, and distribution centers of regional power companies based on the
proper criteria increases the efficiency of the electricity industry and the quality of the level of welfare
of the community.

Originality/value: Concerning the necessity (Nec) measure, there is a lack of any procedure or
formula to deal with equality chance constraints and this is one of the main challenges in possibility
theory; therefore, in this paper and for the first time a solution has been provided to deal with such a
challenge.

Keywords: Equality constraints, Possibility and necessity measures, Fuzzy network slack-based
model
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Table 4-The overall efficiencies of DMUs for different confidence levels with necessity and possibility measures
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Fig. 8- The overall efficiencies of DMUs for different confidence levels with possibility measure
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Fig. 9- The overall efficiencies of DMUs for different confidence levels with necessity measure
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Table 5-The normalized sub efficiency scores for DMUs with possibility measure in Iran’s electricity industry
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Table 6- The average of overall efficiencies of DMUs at all confidence levels of FNSBM with possibility and necessity measure in
Iran’s electricity industry
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Fig. 11- Visual relations exploited from the FNDEA-SBM results
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Table 2.1- The overall efficiencies of DMUs for different a-cut levels
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