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Abstract

This research introduces an integrated approach combining Data
Envelopment Analysis (DEA) and the fuzzy Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS) for comprehensive
ranking of decision-making units (DMUS) in a fuzzy environment. In this
method, DMUs are treated as alternatives, with input variables as cost
criteria (negative attributes) and output variables as benefit criteria (positive
attributes). The efficiency of a DMU increases as output values rise and
input values decrease. Importantly, this method accommodates DMUs with
unfavorable outputs for ranking purposes. The effectiveness and simplicity
of the proposed approach are demonstrated through examples and a case
study, with results compared against relevant literature.
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1. Introduction

Data Envelopment Analysis (DEA) provides a nonparametric method to evaluate the
relative efficiency of decision-making units (DMUSs). It calculates the ratio of weighted
outputs to weighted inputs to assess the efficiency of DMUs with multiple inputs and
outputs. Practitioners widely use DEA and Multiple-Criteria Decision-Making
(MCDM) tools in management, control, and decision-making processes. However, basic
DEA models fail to discriminate among efficient DMUs, which creates the need to
combine DEA with MCDM techniques, such as TOPSIS, for ranking purposes.
Traditional DEA also struggles to handle imprecise or ambiguous input and output
values, which often arise in real-world data. Researchers use fuzzy logic to integrate
DEA and TOPSIS to address this issue. This approach manages uncertain data by
representing it with fuzzy numbers, ensuring more reliable and valid decisions.
Researchers have increasingly combined DEA and TOPSIS with fuzzy set theory to
enhance decision-making in uncertain environments. They analyze various multi-
criteria decision-making (MCDM) problems using the fuzzy TOPSIS method and
develop extensions to solve real-life scenarios. This paper reviews these studies,
emphasizing the effectiveness of the fuzzy TOPSIS method in addressing complex
MCDM challenges.

2. Research method and data

This research aims to present an integrated Fuzzy DEA and fuzzy TOPSIS technique
based on similarity to the ideal solution for the complete ranking of DMUs in a fuzzy
environment.

3. Analysis and discussion

We demonstrate the effectiveness and capability of the proposed approach through two
illustrative examples and a real-world application. The first example involves two fuzzy
inputs and two fuzzy outputs, with the dataset presented in Table 3 using triangular
fuzzy numbers. These data have also been referenced in prior studies. The ranking
results, derived using the proposed method, appear in Table 5. The second example
includes two fuzzy inputs, two desirable fuzzy outputs, and one undesirable fuzzy
output. The dataset, detailed in Table 4, also employs triangular fuzzy numbers. Table 9
presents the ranking results based on the proposed method. To showcase the
applicability of the model with real-world data, we analyze variables from nine
branches of NIOC in Iran, spanning nine provinces. The dataset includes two input
variables—number of staff (11) and costs (12) (comprising operational expenses, labor
costs, maintenance, and other services)—and three output variables: gas extraction
volume (O1), oil extraction volume (O2), and production quality (O3). Table 11
provides the input-output dataset, with company names anonymized for confidentiality.
The ranking results, calculated using the proposed algorithm, are displayed in Table 22.
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Table 22: d~, d" and cl; values; ranking results based on proposed method

DMUs d* d- clf rank
Col 0.6041 2.7719 0.8210 1
Co2 0.6391 2.7490 0.8114 2
Co3 1.5889 1.6 00 5079 6
Co4 1.4709 1.7515 0.5435 5
Co5 1.6717 07024 0.4815 7
Co6 2.5477 0.6915 0.2135 8
Co7 2.6847 0.5703 0.1752 9
Cos8 0.8710 2.384 0.7325 3
Co9 1.4676 1.8539 0.5582 4

The ranking outcomes in Table 22 reveal that Company 1 exhibits the most favorable
situation, while Company 9 shows the least favorable circumstances among the
companies.

4. Conclusion

This paper ranks all DMUs in a fuzzy environment by integrating fuzzy DEA and
TOPSIS. The process treats each fuzzy input and output as an attribute and each DMU
as an alternative. After normalizing the fuzzy decision matrix, the approach calculates
the distance of each DMU from the best and worst solutions. Numerical experiments
validate the proposed method and compare it with existing ranking techniques based on
a-levels. The proposed method performs effectively for undesirable fuzzy output
variables and offers several advantages over existing approaches. These include cost-
efficient computation and independence of results from a-levels. Unlike most ranking
methods in fuzzy DEA that rely on a-levels, the proposed approach provides a unique
rank for all a-levels, addressing a significant limitation of traditional methods.
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