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Abstract: Recently, DEA became one of the evaluation method and used widely by the researchers
for the analysis. It's used to evaluate units under evaluation that produce multiple outputs by consuming
multiple inputs This paper presents a neutrosophic set-based, two-stage DEA framework to surmount the
weak linkages within the traditional DEA model when uncertainties and imprecise values exist. Neutrosophic
sets capture the uncertainty by considering membership degrees of truth, indeterminacy, and falsity. Overall,
this framework decomposes overall system efficiency into stage efficiencies and provides deep insights into
the system performance. We developed a two-stage DEA optimization model with neutrosophic variables and
constraints. This framework can apply to any organization in order to support decision-makers to make
rational decisions and allocate resources optimally, especially in the modern competitive business
environment. A case study introduced to show how the model could handle neutrosophic uncertainty, and the
mathematical formulation presents succinctly for practical implementation.

Keywords: Data Envelopment Analysis, Mathematical model; Neutrosophic Sets, Two-Stage Model,
Efficiency Assessment, Competitive Business Environment, Uncertainty

1. Introduction

In today's complex and interlinked world, several real-life systems work just like two-stage processes,
with the output of one stage normally forming the input to the other. Examples include supply chain networks,
healthcare delivery systems, and manufacturing processes. It is thus clear that for optimum resource allocation
and performance improvement with a view to achieving strategic objectives, efficiency analysis of such
systems becomes quite indispensable. Traditional DEA has been one of the popular methods for evaluating
the efficiency of DMUs involving multiple inputs and outputs. However, conventional DEA models cannot
handle uncertain, incomplete, and ambiguous data, which is a common characteristic with real-world systems.
This limitation has spurred the development of advanced DEA approaches, such as fuzzy DEA and
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neutrosophic DEA, with a view to embracing uncertainty and indeterminacy in efficiency evaluation [1].
Neutrosophic logic is the extension of fuzzy logic, in which the membership functions of truth, indeterminacy,
and falsity define a very powerful tool in mathematics when dealing with uncertainty. It is therefore going to
be more applicable for modeling those complex systems containing imprecise, inconsistent partial unknown
data. In such context, including neutrosophic logic within the DEA will yield more realistic estimates
regarding the efficiency of systems when the conditions of uncertainty arise. Some recent studies demonstrate
the potential of neutrosophic DEA in various applications; however, applying it to a two-stage system is still
scant. Two-stage systems are pretty special, considering that the interdependence between stages requires
specialized models that can accurately capture the flow of intermediate inputs and outputs [2].

Decision science, operations management, and economics are the fields of research that need to explain
the complexity of the systems. In the beginning of the 70s, the DEA as a method of efficiency evaluation was
developed by Charnes, Cooper, and Rhodes [3], and by now has already been used as a powerful tool in the
multidimensional efficiency measurement of the decision-making unit. But the main reason why the
traditional DEA models, for the sake of DEA that can handle the uncertainty and ambiguity of real-life data,
limit their application, is the assumption made by these models that the datasets used in the process are crisp.
In this regard, over the last decades, fuzzy DEA was suggested to the scientific community in order to deal
with data imprecision [4]. The fuzzy logic-based DEA has been experimented with in various fields [5, 6, 7,
8,9, 10, 11, 12, 13]. Therefore, these studies emphasize uncertainty resolution and information representation
effects on technology development and efficiency. Along with neutrosophic logic, another approach, called
neutrosophic logic, is provided by Smarandache [14], who tries to capture the concept of indeterminacy in yet
another dimension through this creative representation of complex systems that may contain uncertain or
incomplete data. Meanwhile, newly originated studies were carried out in order to add neutrosophic logic in
with DEA as a means to add analysis tools under conditions of (%) uncertainty. Additionally, Additionally,
various methods are available to tackle diverse challenges in a neutrosophic environment [15, 16, 17, 18, 19,
20, 21].

Thus, in a study by Abdel-Basset et al. [22], a neutrosophic DEA model was proposed to be used in the
efficiency evaluation of a renewable energy system, which turns out to be more accurate while having the
capacity of dealing with the indeterminacy that cannot be solved by traditional DEA. Similarly, Khan et al.
[23] utilized neutrosophic DEA for the performance evaluation of financial institutions to direct resource
allocation to these entities, a better practice in a condition of ambiguity. The results in these studies reveal that
utilization of neutrosophic DEA technology can eliminate some problems with conventional and fuzzy DEA
models, especially in a partial or inconsistent data defense. In a very beneficial way for both research and
practice, EI-Demerdash et al. [24] proposed neutrosophic input-oriented DEA model. As an extension to the
work of El-Demerdash et al., Farnam et al. [25] proposed a neutrosophic DEA model in which input and
output variables are considered neutrosophic intrinsic to handle uncertainties in the input and output data. An
important step forward was given by Almutairi et al. [26], who proposed a general model which is able to:
decide which variables have to be modeled as deterministic or neutrosophic, consider both input and output
orientation, handle different types of returns to scale, such as constant and variable. Two-stage systems are of
high interest where one stage’s output constitutes the input of another stage. These systems have been widely
used in various settings such as supply chain management, manufacturing, and service operations; therefore,
they have attracted significant attention. The traditional DEA method has limited applications in the
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evaluation of these systems due to the fact that the interdependencies amidst the stages are ignored and their
inputs/outputs are not individually modeled. In contrast, a two-stage DEA has been proposed by some
researchers with a view to providing a comprehensive solution for that problem. Tabatabaee et al., [27]
proposed a new model for ranking efficient units by introducing an ideal unit and calculating the distance
between each efficient unit and the ideal unit.

So, this paper proposes an optimization framework for the two-stage system using Neutrosophic Data
Envelopment Analysis (NDEA). The present approach surmounts some of the limitations of classical DEA by
embracing neutrosophic sets to model uncertain input-output data and also developing a two-stage model
which takes care of interdependency between stages. This proposed approach will not only provide efficiency
at each stage but will also provide status about overall system performance, thus helping decision-makers to
identify an area of inefficiency and providing targeted improvements. This study connects neutrosophic logic
with two-stage DEA, contributing to the developing body of efficiency analysis under uncertainty, hence
offering the practical tool for optimization of complex real-world systems.

The rest of this paper is structured as follows. Section 2 presents the preliminaries. Section 3 presents the
basic two-stages DEA model. Section 4 view the developing Neutrosophic Two-Stage DEA Model. Section 5
highlights case study. Section 6 shows the conclusion and future works.

2. Preliminaries

Neutrosophic sets were defined by Florentin Smarandache [14], thus providing a unified framework for
dealing with the uncertainties, indeterminacy, and inconsistencies that arise in any kind of data. Neutrosophic
sets, in contrast to classical fuzzy sets, which take into consideration only the degree of membership, and
intuitionistic fuzzy sets, which consider both membership and nonmembership degrees, consider membership
along with non-membership degrees and an extra dimension of indeterminacy. This indeterminate nature
makes neutrosophic sets suitable for the representation of several real tasks filled with complex ambiguities
and scenarios wherein the information available is incomplete or even imprecise.

Definition 1 [14]: A neutrosophic setAin a wuniverse of discourse Xis defined as:

A={xT, (). 1,(x), Fy(x))|x € X3, where T, (x).1,(x), F; (x) represent truth-membership function,

indeterminacy-membership function, and falsity-membership function respectively. Each of these
functions are independent and maps elements of X to the interval [0,1].

Definition 2 [14]: Neutrosophic sets generalize classical fuzzy sets and intuitionistic fuzzy sets.

When I,{x} =0, a neutrosophic set reduces to an intuitionistic fuzzy set, and when

both I,(x} =0 and F; {x) = 1 — T, (x], it reduces to a classical fuzzy set.

Definition 3 [14]: Neutrosophic sets support a variety of operations, including union, intersection,

and complement, let A and B are neutrosophic set, A= {lx,T,(x),I,(x), F(x)}|x € XJ,

B = {{x, T (x).I5(x), F5 (x)}|x € X} which are defined as follows:

1. AUB={lx.max(T,x). T, ). min([,), I;(x)). min(E, (x). E ) ))x € X}
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2. AnB={xmin(T,), T )) max(I,), I; (), max(F, ), i &) ))|x € X}

3. A° ={lx,F(x),1-1,&).T,(x))|x e X}

Definition 4 [14]: A Neutrosophic Set with Triangular Fuzzy Single-Valued Membership Functions
(NSTFSV) is a specialized form of a neutrosophic set. Assume that @7 = {Cx, v, z): Bgrw. ¥ g7, S} be
NSTFSV, then the score function (SF) defined as follows:
SE(G™) = (i{a +2b + .::':]] {%{2 + By — ygTv — ﬁr:.Th':]), where @, b.c € Esuchthata = b = ¢,

3. Basic Two-stage Data Envelopment Analysis Model
Two-stage DEA models investigate processes that are characterized by two distinct successive stages. Thus,
in the first stage of a two-stage process, certain inputs lead to specific outputs. The two-stage DEA process
that has ‘n”> DMUs working along the process. It has been formulated to evaluate the efficiency of
organizations with a two-stage internal structure as shown in Figure 1. Hence, each DMU can have:
Inputs — first stage — intermediate outputs — second stage — final outputs.
It is a very useful approach in evaluating processes where outputs from the first stage serve as inputs for the
second stage. It proceeds to two stages or termed (subprocess — 1 or first stage, and subprocess — 2 or second

stage). In it, weight 4; is assigned to each DMU. In first stage, ‘m’ number of inputs, where x;; is the amount of

input j consumed by DMU i (j = 1 to m), and ‘k” number of outputs were produced, where =z is the amount of

output k generated by DMU i (k = 1 to s). The outputs of the first stage are regarded as intermediate measures

and input to second stage. For second stage takes ‘v’ independent inputs denoted as #hg, the amount of
independent input ‘t” used by DMU i (t = 1 to v) and belches out ‘U’ outputs represented by ¥, the amount of
output ‘r’ produced by DMU i (r = 1 to u). Let Eﬁ; be the efficiency of the p" DMU in first stage, while the
efficiency of the p" DMU second stage, would be Eﬁﬂ Together the efficiency of the p" DMU can be expressed

as @,. The basic two-stage output-oriented variable returns to scale (VRS) DEA model of the p™ DMU

considers model (M-1) for the first stage and model (M-2) for the second.
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Figure 1. Two-stage DEA Model
- For 1% stage: A basic Variable Return to Scale — Output Oriented - DEA model
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- For 2" stage: A basic Variable Return to Scale — Output Oriented - DEA model
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1; 20,G=12..n (M-2)

- Overall Efficiency for p" DMU (8,) = @ = 03

4. Developing a Novel Neutrosophic Two-Stage DEA Model

These two decades witness complication in the decision-making process and real uncertainties in
data around the world to yield even more and highly flexible approaches regarding analytical efficiencies.
An integrated neutrosophic DEA Model is here presented, which considers an output-oriented approach
with two stages, during uncertain conditions with respect to its existence and flowing between such
stages. The proposed model in this paper, as opposed to traditional two-stage DEA models that use
deterministic data, incorporates neutrosophic sets in order to reflect the inherent vagueness and
indeterminacy present in the input and output variables. This thereby provides a reasonable assessment
interface for real efficiency investigation dealing with complicated systems. The formulated model takes
two-stage DEA concepts further, whereby the first stage produces some intermediate outputs entering the
second stage as inputs. However, it extends those principles by incorporating neutrosophic logic into
handling uncertain data and also incorporates a variable return to scale assumption to account for
variations in operational scale.

This dual focus on uncertainty and scalability issues renders the model especially useful in diverse
areas of application in supply chain management, healthcare, and financial services, where lots of
uncertainty in data and scale heterogeneity are present. The following subsections will elaborate upon the
mathematical formulation of the model, key features, and application in a theoretical framework. Thus,
the development of this model constitutes a significant milestone in the efficiency analysis direction, with
each efficiency analysis thereby equipped by a better tool to venture the modern decision-making
settings. Three separate phases are formed within our model. First, the membership function assigned to
the inputs and outputs of a neutrosophic kind is defined at the first phase. Then in the second phase,
defined membership functions for the neutrosophic variables to calculate the score function for them.
Then the third phase concerns the computation for each DMU level of relative efficiency. Finally, the
VRS output-oriented neutrosophic DEA model developed to evaluate the relative efficiency performance
of the p DMU presents in the mathematical model below:

Max 0}

Subject to

1]
Z ..1[2[;‘- = G‘;iz?_-,;l- Wk e HD
i=1
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Z gy =0, " Wk EKy

A 20.G=12..n (M-3)

- 25" V:output neutrosophic variable 'k’ produced by DMU i’ in first stage,
- f[_i-TM:Input neutrosophic variable ' utilized by DMU i’ in first stage,

- Jpeset of deterministic input variables for first stage,

- Jy:set of neutrosophic input variables for first stage,

- J:set of all input variables for first stage where [ = [, U [y

- Kp:set of deterministic output variables for first stage,

- Ky set of neutrosophic output variables for first stage,

- K: set of all output variables for first stage, where K = Kp U Ky.

The membership functions of neutrosophic variables are assumed to be of triangular structure in this proposed
model, following which a score function as defined in Definition 4 is applied to convert the VRS output-
oriented triangular neutrosophic DEA model to a crisp DEA model. By this transformation, the computational
function gets simplified, and the model-governing equations become easier to solve. More detail on this
approach is given below.

Max @}

Subject to
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n
Z ﬂ[Z[;l- = G';_.‘,Zﬂ;t- ke KD
i=1

n
Z ASFER™) 2 0L SF(2, ) vk €Ky
i=1

n
S tety < 20y W)
i=1

=

A:SFE™) = SF(E, v ey
1

L

=

1l
-

1, 20,G=12..n (M-4)

Where:

- §F(#5 ") score function for output neutrosophic variable ‘&’ produced by DMU ‘i in first satge,

- SF(F [J-m J:score function for input neutrosophic variable ‘;* utilized by DMU ‘i in first stage.

In the same way, the triangular output-oriented neutrosophic VRS DEA model has been converted
into a crisp DEA model just as in the first stage, for the second stage. Since this conversion relieves the
problem from the difficulties of having neutrosophotic variables, applying crisp DEA techniques becomes
much easier. The function that scores the input and output of the DMU should enable a model to work under
uncertainty and will remove complexities from the computation process. The very simplified version made
under this approach will allow for quick evaluation of DMUs without compromise on the accuracy. The
following explains how the transformation is implemented in detail.

Max @

Subject to

n
Z A[}’[r = G_:r'l}'}:lr ST E RD
i=1

Basma E. El- Demerdash, A. Almutairi, Sultan S. Alodhaibi, Hamiden Abd El- Wahed Khalifaand Heba Ghareb Goma
On Data Envelopment Analysis Framework for Optimizing Two-Stage Systems Under Neutrosophic Environment



Neutrosophic Sets and Systems, Vol. 85, 2025 222

Where:

n
Z ASFG™) = 08 SF(Fpe ) . Wr € Ry

=1

n
Z‘;I'I:z[;i = Zr_,;l- ,VkEKD
i=1
n
Zlih[r < hy JVEET,
i=1

mn
Z AiSF(E5 ") £ SF(Z, ") ¥k €Ky

I=1

n
D ASFG™) = SF(Rp ) VEETy
i=1

4 20G=12..n (M-5)

-

i

Y independent neutrosophic input variable ‘t” utilized by DMU ‘i’ in second stage,

T i final output neutrosophic variable ‘r’ produced by DMU ‘i’ in second stage,

5F {E[r”]: score function for independent neutrosophic input variable ‘t” utilized by DMU ‘i’ in

second stage

SF(¥, ") score function for final output neutrosophic variable ‘r’ produced by DMU ‘i’ in second
stage

Rpy: set of deterministic final output variables for second stage,

Ry set of neutrosophic final output variables for second stage,

R: set of all final output variables for second stage, where R = Ry U Ry,
T - set of independent deterministic input variables for second stage,

Ty set of independent neutrosophic input variables for second stage,
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- T:setofall input independent variables for second stage, where T = T, U Ty,

5. Case Study

Performance evaluation of branches assumes great significance in the banking sector for decision makers.
Traditional DEA could be seen almost everywhere, but in uncertain conditions due to lack of data, it is all the
time being dependent on vague or imprecise data, no central tendency remains there. In this paper, we do
NDEA to evaluate the efficiency of a two-stage banking system, where the first stage represents resource
utilization, and the second stage includes the operations of customer service. Seven different bank branches
will be analyzed using NDEA to assess efficiency by also incorporating the uncertainty regarding financial
and operational aspects. The first stage consists of bank branches operating with three deterministic input
variables (Number of employees, Operating expenses (in $1000s), Branch area (square meters), which are
required for the banking processes) and two neutrosophic output variables (Number of processed transactions
(in 1000) and Total funds managed (in $1000,00s)). In second stage, the bank branches continue to operate
with two intermediate input variables (Output variables from 1st stage) as well as having an independent:
deterministic input added to it (New accounts opened) and two neutrosophic final output variables (Customer
satisfaction rate, and Total revenue generated ($1000,00s)). The complete case study data is shown in Tables
1, and 2. It is a problem that tries to come to terms with the relative performance of bank branches using our

two-stage NDEA model.

Table 1 - 1% stage (resource utilization process) data for the bank branches

Inputs Intermediate Outputs
Operati Branch
Branch | Number of | ~Porad | rea Processed Transactions (in | Total ~ Funds ~Managed
expenses
employees in $1000 (square 1000) ($1000,00s)
(in 5) meters)
By 15 80 160 ((4.9,5.1,5.3); 0.9,0.4,0.05) | ((20,22.24):0.9,0.4.0.1)
Bz 12 7 150 ((4.6,4.8,5):0.9,0.15,0.1) | ((18,20,22):0.9,0.7.0.1)
B: 18 95 170 ((5.3,5.5,5.7):0.9,0.1,0.04) | ((23,25,27);0.9,0.4,0.1)
By 10 65 140 ((4.1,4.3.4.5):0.8,0.5,0.12) | ((16,18,20);0.8,0.5,0.1)
B 14 85 155 ((5.5.25.4):0.8,0.2,0.05) | ((21,23,25);0.8,0.5,0.2)
B 9 60 135 ((3.84.4.2):0.9,05,0.15) | ((14,16,18);0.9,0.5,0.2}
B 16 90 165 ((5.1,5.3,5.5);0.9,0.4,0.03) | ((22,24,26);0.9,0.4,0.1)
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Table 2 - 2" stage (customer service operations) data for the bank branches

Independent Input Final Output
Branch Number of new Customer satisfaction Total revenue  generated
accounts opened ($1000,009)
B: 210 {(0.8.0.87,0.94);1.0,0.0,0.06) | {(4.8.5.2,5.6); 1.0, 0.14.0.06)
B, 190 {(0.75,0.82,0.89); 1.0,0.0,0.08} | {(4.5,4.9,5.3); 1.0,0.16,0.08}
Bs 230 {(0.83,0.9,0.97);1.0,0.0,0.05) | {(5.6,6,6.4);1.0,0.12,0.05)
B4 170 {(0.68.0.75,0.582); 1.0,0.0,0.1} {4.1,4.5,49:1.0,0.18.0.1})
Bs 220 {(0.81,0.88,0.95); 1.0,0.0,0.06} | {(5.4.5.8.6.2): 1.0,0.13,0.06}
Be 150 {(0.63.0.7.0.77);1.0,0.0.0.15) | ((3.8,4.2,4.6); 1.0,0.2,0.15)
By 225 {(0.82,0.89,0.96): 1.0,0.0,0.05} | {(5.5,5.9,6.3): 1.0,0.12,0.05)
Table 3 - Bank Branches Relative Efficiency Level
NDEA Model Conventional DEA Model
Branch
Bp o7 By oy o3 By
B: 1 0.82 0.82 0.49 0.58 0.28
B, 0.65 1 0.65 0.4 1 0.40
Bs 1 1 1 1 1 1
B4 1 1 1 1 1 1
Bs 0.48 0.75 0.36 0.37 0.86 0.32
Bs 0.29 0.89 0.26 0.21 1 0.21
B, 1 0.88 0.88 0.40 0.50 0.20

Table 3 presents comparative analysis between NDEA model and the Conventional DEA model applied on

the seven bank branches to measure their performance. The efficiency of each branch is denoted by: G_é:

(First-stage efficiency-resource utilization); ES_EJ: (Second-stage efficiency-customer service operations); and
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@, (Overall efficiency). The traditional DEA models fail to account for uncertainties and imprecise data in

banking operations. On the other hand, it is obvious that NDEA describes neutrosophic numbers, thus

providing a more realistic and flexible view of efficiency evaluation. Both branches Bs and B, scored a total
efficiency level of 1 for both models in @, indicating full efficiency in terms of resource usages and customer
services. The branches show more improved efficiencies on NDEA than conventional DEA, where their
degrees of efficiencies were @5, =0.82 and ©5.=0.88, compared to @5, =0.28 and @5, =0.20: this gives a better

indication that uncertainties in transaction and customer satisfaction data were tended better within NDEA.
Both branches Bs and Be present low efficient scores in both models; but NDEA provides a closer mirror of
the performance because it factors in uncertainty in all revenue and customers' satisfaction.

Also, again compared First-State vs. Second-State Efficiency: Branches B, Bs, Bs, and By received a score of
1 for the first stage (Eﬁ_é), singling them out as being highly efficient with regards to the branch's employees,
operating expenses, and area maximization for transactions and funds managed. Branch B, was inefficient in
the first stage (Eﬁ_é =0.65) but fully efficient in the second stage (Eﬁ_ﬁ:l), indicating a good service delivery and
revenue generation capacity despite having a relatively lower resource utilization efficiency. Branches Bs and
Be were the least efficient in the first stage, at G;:0.48 and then Eﬁ_é =0.29 respectively, which points out the

issue in resource allocation. Finally, to improve efficiency for inefficient branches, we can recommend
Branches Bs and B should focus on improving resource utilization (optimizing staff productivity and branch
expenses). Branch B, should enhance first-stage efficiency by increasing employee productivity and
optimizing expenses. Branches B; and B; should work on enhancing customer service quality to convert

operational efficiency into higher satisfaction scores and revenue.

6. Conclusions and future works

The optimization framework presented in this paper is for two-stage systems, making use of Neutrosophic
Data Envelopment Analysis (NDEA) in meeting the limitations of the traditional DEA against uncertainties
and imprecise data. The proposed model has made the evaluation of efficiency in very complex systems, such
as the banking sector, fairly realistic because it accommodates neutrosophic numbers. The case study on bank
branch performance demonstrated the effectiveness of NDEA in decomposing overall efficiency into resource
utilization and customer service operations from which decision-makers could derive more profound insights.
Furthermore, NDEA measured efficiency more suitably than a comparison between NDEA and ordinary
DEA,; particularly branches regarding which the volume of transaction, customer satisfaction level, and
revenue generated are uncertain. Major results of the study include both branches Bz and Bs were fully

efficient in both models, which proves that they optimized their resources and performed good customer
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service. NDEA raised efficiency scores for branches such as B; and Bz, undermeasured by standard DEA due
to uncertainty in financial and operational data. Branches Bs and Bg had the least efficiency scores. Therefore,
these branches have to better utilize their available resources and optimization strategy.

This study does not end at establishing the virtues of Neutrosophic Data Envelopment Analysis (NDEA) in
improving the efficiency appraisals of two-stage systems but opens up a whole lot of areas yet to be covered.
This becomes an opportunity for further research, which should try out a new two-stage NDEA framework
once again in other industries beyond the banking sector such as healthcare, supply chain management,
education, and manufacturing. Moreover, ascertaining whether it is adaptable across different industries forms
the basis for validating the robustness of the methodology and improves decision-making in different
environments. An attractive prospect would be combining NDEA with machine-learning techniques to add
prediction capability to the NDEA. Al programs would identify patterns related to efficiency improvements,
forecast future inefficiencies, and recommend automated optimization strategies for decision-makers.

References

1. Peykani, P, Hosseinzadeh Lotfi, F., Sadjadi, S. J., Ebrahimnejad, A., & Mohammadi, E. (2022).
Fuzzy chance-constrained data envelopment analysis: a structured literature review, current
trends, and future directions. Fuzzy optimization and decision making, 1-65.

2. Charnes, A., Cooper, W., Golany, B., Halek, R., Klopp, G., Schmitz, E., & Thomas, D. (1986).
Data Envelopment Analysis Approaches to Policy Evaluation and Management of Army
Recruiting Activities I: Tradeoffs Between Joint Services and Army Advertising.

3. Charnes A., Cooper W., and Rhodes E. (1978), Measuring the efficiency of efficiency of
decision-making units, European Journal of Operational Research, 6, 429-444.

4. Zadeh, L.A. (1965), Fuzzy sets, Information and control, 8, 338-353.

5. Tavana, M., Izadikhah, M., Di Caprio, D., & Saen, R. F. (2018). A new dynamic range directional measure
for two-stage data envelopment analysis models with negative data. Computers & Industrial Engineering,
115, 427-448.

6. Hatami-Marbini, A., Agrell, P. J., Tavana, M., & Khoshnevis, P. (2017). A flexible cross-efficiency fuzzy
data envelopment analysis model for sustainable sourcing. Journal of cleaner production, 142,
2761-2779.

7. Kao, C.,, & Liu, S. T. (2003). A mathematical programming approach to fuzzy -efficiency
ranking. International Journal of Production Economics, 86(2), 145-154.

8. Liu, S. T. (2008). A fuzzy DEAJAR approach to the selection of flexible manufacturing
systems. Computers & Industrial Engineering, 54(1), 66-76.

9. Azadeh, A., Sheikhalishahi, M., & Asadzadeh, S.M. (2011). A flexible neural network-fuzzy data
envelopment analysis approach for location optimization of solar plants with uncertainty and

complexity. Renewable Energy. 12, 3394-3401.

Basma E. El- Demerdash, A. Almutairi, Sultan S. Alodhaibi, Hamiden Abd El- Wahed Khalifaand Heba Ghareb Goma
On Data Envelopment Analysis Framework for Optimizing Two-Stage Systems Under Neutrosophic Environment



Neutrosophic Sets and Systems, Vol. 85, 2025 227

10. Zerafat Angiz, L.M., Emrouznejad, A., & Mustafa, A. (2012). Fuzzy data envelopment analysis: A discrete
approach. Expert Systems with Applications, 3, 2263-2269.

11.Kaleibar, M., Ashrafi, A., & Daneshvar, S. (2014). Modified Centralized Resource Allocation Model with
Variable Return to Scale for Fuzzy Data. Recent Developments in Data Envelopment Analysis and its
Applications. 292-304.

12.Tharwat, A., EI-Demerdash, B., & El-Khodary, 1. (2019). Developing an Input Oriented Data Envelopment
Analysis Model with Fuzzy Uncertainty in Variables. In Creative Business and Social Innovations for a
Sustainable Future: Proceedings of the 1st American University in the Emirates International Research
Conference—Dubai, UAE 2017 (pp. 117-122). Cham: Springer International Publishing.

13. Tharwat, A. A., EI-Demerdash, B. E., & Nada, D. W. (2023). An economic mathematical fuzzy model for
data envelopment analysis. Journal of Namibian Studies: History Politics Culture, 33, 1757-1771.

14.Smarandache, F. (1999). A unifying field in Logics: Neutrosophic Logic. In Philosophy (pp. 1-141).
American Research Press.

15.Pal S, Chakraborty A. (2020), Triangular neutrosophic based production reliability model of deteriorating
item with ramp type demand under shortages and time discounting. Neutrosophic Sets and Systems,
35(1):347-67.

16.Chakraborty A, Mondal S, Broumi S. (2019), De-neutrosophication technique of pentagonal neutrosophic
number and application in minimal spanning tree. Neutrosophic Sets and Systems. 29, 1-18.

17.Singh N, Chakraborty A, Biswas SB, Majumdar M. (2020), Impact of social media in banking sector under
triangular neutrosophic arena using MCGDM technique. Neutrosophic sets and systems. 35, 153-176.

18.Jdid M., Smarandache F. (2023), Lagrange Multipliers and Neutrosophic Nonlinear Programming
Problems Constrained by Equality Constraints. Neutrosophic Systems with Applications. 2023, 6, 25-31.

19.Singh N, Chakraborty A, Biswas SB, Majumdar M. (2020), A study of social media linked MCGDM skill
under pentagonal neutrosophic environment in the banking industry. Neutrosophic sets and systems, 35,
119-41.

20.Sasikala D, Divya B. (2023), A Newfangled Interpretation on Fermatean Neutrosophic Dombi Fuzzy
Graphs, Neutrosophic Systems with Applications, 7, 36-53.

21.Gamal A, Mohamed M. (2023), A Hybrid MCDM Approach for Industrial Robots Selection for the
Automotive Industry, Neutrosophic Systems with Applications, 4, 1-1.

22.Abdel-Basset, M., Gunasekaran, M., Mohamed, M., & Smarandache, F. (2019). A novel method for
solving the fully neutrosophic linear programming problems. Neural computing and applications, 31,
1595-1605.

23.Khan, Z., Gulistan, M., Kausar, N., & Park, C. (2021). Neutrosophic Rayleigh model with some basic
characteristics and engineering applications. IEEE Access, 9, 71277-71283.

Basma E. El- Demerdash, A. Almutairi, Sultan S. Alodhaibi, Hamiden Abd El- Wahed Khalifaand Heba Ghareb Goma
On Data Envelopment Analysis Framework for Optimizing Two-Stage Systems Under Neutrosophic Environment



Neutrosophic Sets and Systems, Vol. 85, 2025 228

24 El-Demerdash, B. E., Edalatpanah, S. A., & Khalifa, H. A. E. W. (2023). On Treating Input Oriented
Data Envelopment Analysis Model under Neutrosophic Environment. Neutrosophic Sets and
Systems, 60(1), 17.

25.Farnam, M., Darehmiraki, M., & Behdani, Z. (2024). Neutrosophic data envelopment analysis based on
parametric ranking method. Applied Soft Computing, 153, 111297.

26.Almutairi, A., Khalifa, H. A. E. W., & El-Demerdash, B. E. (2025). Incorporating Neutrosophic
Uncertainty in Data Envelopment Analysis. Neutrosophic Sets and Systems, 76, 241-252.

27.Tabatabaee, A.R., Abri, A. Gh., Ziari, Sh., & Niknaghsh, E. (2025). Ranking decision-making units in

data envelopment analysis by introducing the ideal unit. Journal of Applied Research,12, 211- 221.

Received: Nov. 27, 2024. Accepted: April 22, 2025

Basma E. El- Demerdash, A. Almutairi, Sultan S. Alodhaibi, Hamiden Abd El- Wahed Khalifaand Heba Ghareb Goma
On Data Envelopment Analysis Framework for Optimizing Two-Stage Systems Under Neutrosophic Environment


https://www.journal-aprie.com/article_206074_da0984e357fb713c21809cfb37422894.pdf
https://www.journal-aprie.com/article_206074_da0984e357fb713c21809cfb37422894.pdf

