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Abstract

Undesirable outputs are an integral part of production in various decision-
making units, and to bring analyses closer to the real world, it is necessary to
consider, undesirable outputs in performance evaluation research. In this
paper, a new hybrid model for evaluating the efficiency of decision-making
units in the oil industry is presented, which uses slack-based data envelopment
analysis techniques and advanced machine learning algorithms. The proposed
model specifically focuses on improving efficiency considering undesirable
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outputs and conditions of uncertainty. Three machine learning algorithms
including artificial neural networks, support vector machines, and XGBoost
are used to predict and improve the results of slack-based models. This study
involves the evaluation of 37 decision-making units within the National
Petroleum Products Distribution Company, and the results show a significant
improvement in efficiency using predicted data compared to actual data. This
research not only contributes to new perspectives in efficiency evaluation and
improvement but also offers innovative hybrid methods to address challenges
in operational management.

Introduction

Efficiency assessment of units is not always based on the existence of
desirable outputs, as each production, industrial, or service unit can produce
undesirable outputs, which are aimed to be minimized. Matters such as
emission of pollutants, emission of carbon dioxide, waste generation, and the
like are among the conditions that are considered undesirable outputs and the
goal is to minimize them (Liu et al., 2023). On the other hand, undesirable
outputs are generally uncertain, meaning that one cannot assume certainty in
their production rate, which makes the issue more complex. Therefore,
undesirable outputs are generally considered under conditions of uncertainty
(Al-Saraf et al., 2020).

The application of artificial intelligence techniques alongside Data
Envelopment Analysis (DEA) works in such a way that, in addition to
evaluating the efficiency of decision-making units based on actual data using
DEA, artificial intelligence techniques assist in conducting this evaluation
based on predicted data. In other words, parameters are first predicted, and the
predicted values are entered into the performance evaluation model, which is
ultimately compared with the actual values. This process not only allows for
reducing the gap between actual and predicted results but also enables
improving efficiency based on the predicted results, considering the
evolutionary nature of artificial intelligence algorithms. Therefore, when the
goal is to enhance efficiency, artificial intelligence algorithms such as
machine learning or deep learning can have practical applications in this field
(Zadmirzaei et al., 2024).

The process involves first evaluating decision-making units using the
SBM (Slacks-Based Measure) DEA model based on actual data. After
obtaining the predicted values for two undesirable outputs, the evaluation of
decision-making units is conducted based on these predicted values.
Consequently, the results from actual data are compared with the results from
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three algorithms: Artificial Neural Networks (ANN), Support Vector
Machines (SVM), and XGBoost. The best method that leads to the highest
efficiency for the decision-making units is selected.

Literature Review

In other words, this research is among the few studies that assess the impact
of utilizing artificial intelligence and its evolutionary nature on the efficiency
of decision-making units, based on a fuzzy SBM model, which has rarely been
seen in existing literature. The evolutionary nature of artificial intelligence
algorithms helps ensure that results are continuously improved, focusing on
two variables with undesirable outputs so that improvements based on the
evolution of these variables also enhance overall performance evaluation
results.

Ebrahimi Nejad and Amani (2020) propose a fuzzy Data Envelopment

Analysis (DEA) model that incorporates undesirable outputs with ideal points.
Tavan and colleagues (2021) present a robust cross-efficiency DEA model
that includes undesirable outputs. Chen et al. (2022) introduce a robust
network DEA model for assessing sustainability. Omrani and colleagues
(2022) evaluate insurance companies in the presence of uncertainty, proposing
a multi-objective network DEA model with negative data and undesirable
outputs for assessing insurance firms.
This review highlights the existing approaches in the field while identifying
gaps that this research aims to address, particularly concerning the integration
of artificial intelligence techniques with fuzzy DEA models in evaluating
decision-making units with both desirable and undesirable outputs.

Methodology

In the present research, a Data Envelopment Analysis (DEA) using the SBM
(Slacks-Based Measure) approach is presented. This model includes fuzzy
outputs, which are a combination of desirable and undesirable outputs, while
the inputs are considered deterministic. In this model, it is assumed that there
are several Decision-Making Units (DMUSs), each utilizing fuzzy outputs and
deterministic inputs. The outputs consist of triangular fuzzy numbers and, as
mentioned, are categorized into two groups: desirable and undesirable.

The combined model of Data Envelopment Analysis (DEA) using
the SBM (Slacks-Based Measure)

approach and artificial intelligence algorithms is designed to enhance the
efficiency and effectiveness of decision-making units (DMUSs). This
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integrated model leverages the strengths of both DEA, which evaluates the
relative efficiency of DMUs, and Al algorithms, which can optimize
parameters, predict outcomes, and improve data analysis.

Artificial Neural Networks

Artificial Neural Networks (ANNSs) are computational networks that attempt
to simulate the neural networks of central nervous systems in a crude manner.
The processing of information and the physical structure of the brain are
formed by a web of neural connections, which have a high capacity for
modeling nonlinear systems. Additionally, ANNSs possess good generalization
capabilities and are robust against missing or noisy data.

Support Vector Machine

Support Vector Machine (SVM) is a classification algorithm that identifies the
optimal boundary between different classes of data by utilizing support
vectors. In simple terms, support vectors are a set of points in an n-
dimensional data space that define the boundaries of the classes. The
classification and separation of data are performed based on these support
vectors, and moving one of them can potentially change the classification
output.

XGBoost Algorithm

XGBoost (Extreme Gradient Boosting) is an open-source library that plays a
significant role in the efficient implementation of decision trees. The C++
code of the XGBoost algorithm, along with its Python interface, can create a
powerful package that is easy to execute. Due to its outstanding performance,
XGBoost has achieved success in many Kaggle competitions. XGBoost
utilizes gradient boosting techniques to enhance the predictive power of
models by combining multiple weak learners (typically decision trees) into a
single strong learner.

Result
The subject of the present study includes 37 subsidiaries of the National
Iranian Qil Products Distribution Company. This case study was also utilized
in the researcher’s previous investigation. The extracted variables have been
collected from the database and information sources of these companies.

The results of the present study indicate that the use of artificial
intelligence algorithms can help improve the efficiency of decision-making
units, as these algorithms operate based on predicted data. Due to their
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evolutionary nature, they are capable of achieving better results; therefore, the
outcomes derived from predicted data are superior to those obtained from
actual data. Consequently, artificial intelligence techniques can be utilized in
other research related to efficiency evaluation, especially in studies conducted
based on Data Envelopment Analysis (DEA) models.

Keywords: Data envelopment analysis, Machine learning, Artificial
neural network, Support vector machine, XGBoost, Undesirable
outputs, Oil industry.
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