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Abstract

In management science, mergers and acquisitions are common strategies to enhance the efficiency of decision-making units
(DMUs). While several methods have been proposed within data envelopment analysis (DEA) to facilitate merging and ac-
quiring DMUs, none adequately consider the specific targets of decision-makers. This study first introduces a novel approach
to identify a desirable DMU based on the gradient of the target function; subsequently, all units are ranked according to
their distance from these corresponding target units. Following this, a method is presented to select the best partner for the
merger or acquisition of a specified unit. Furthermore, new models are developed for horizontal mergers and acquisitions that
align with the gradient of the decision-maker’s target function, thereby enabling the formation of a new unit with the desired
efficiency level. Finally, the proposed models are applied to rank, merge, and acquire banks in Iran.
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1. Introduction and backgrounds

Financial challenges facing governments, organizations, and private institutions often force policymakers
and managers to cut expenses by consolidating units. However, this consolidation must not reduce the
efficiency or quality of services provided. Mergers can be categorized into several types based on the
relationship between the involved units. This research focuses specifically on horizontal mergers and
acquisitions (M&A). In a horizontal merger, two or more units combine to form a single integrated
entity, whereas an acquisition refers to the partial or complete purchase of one unit by another [11, 17].
Clearly, the merging process must ensure that the efficiency of the resulting unit is at least equal to that
of the original units. Additionally, the contribution of each merged unit to overall performance indicators
should be identified.

Researchers have increasingly incorporated the concept of mergers into the DEA framework. Bogetoft
and Wang made a significant contribution by using standard DEA models to perform the merger process
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under existing input and output levels. Their goal was to obtain potential profit from the merger by
maximizing input reduction [8]. Following their work, Al-Sharkas et al. [1] conducted an extensive
study on the cost and efficiency effects of bank mergers, using both parametric and non-parametric (DEA)
approaches. Unlike previous studies that focused mainly on large banks, their work examined mergers
across all bank sizes. Subsequently, Lozano and Villa [28] proposed two distinct DEA models: one
aimed at minimizing post-merger input costs (assuming known input prices) and the other designed to
maximize post-merger profits (assuming known output prices). Both models are particularly suitable for
in-market horizontal mergers, although they acknowledge that considerable overlap may exist among the
branches of merging firms.

Other notable merger models include Gattoufi et al. [16], who proposed a new application of Inverse
DEA (InvDEA) for strategic decision-making in the banking sector. Their model uses-an InvDEA-based
approach to determine the required levels of inputs and outputs needed to achieve a predetermined effi-
ciency value. Similarly, Amin et al. [3] employed InvDEA to forecast the effects of mergers on market
performance. Amin and Boamah [2] applied a cost-efficiency-based InvDEA model to estimate poten-
tial merger profits, finding that it yielded higher profits than technical-efficiency-based models. Several
studies have also applied DEA and its inverse models to mergers within network structures, including
two-stage and series configurations [25, 37], highlighting benefits in cost and technical efficiency. Fur-
thermore, research has examined university mergers using DEA and simulation approaches. For instance,
Pyra and Siedlecka [31] investigated Polish universities, while Lozano and Contreras [27] analyzed the
Spanish public university system to evaluate efficiency gains. Recent research has introduced various
DEA-based approaches, such as models for units with negative data [35], multiplicative approach [13],
common set of weights (CSW) using goal programming [34], and models to achieve Pareto-efficient
units with optimal scale size [14].

In reality, the merger process must consider the specific targets of decision-makers, which can include
increasing profit, reducing costs and risks, or achieving an ideal unit [19, 23]. Therefore, these targets
must be essential components of any merger model. Addressing this, we present an approach where units
are merged in the direction of decision-makers’ targets to create a desirable unit.

Given the importance of selecting an appropriate partner, several DEA-based approaches have been
proposed. Wu et al. [36] introduced a DEA-based algorithm to help bidders choose suitable partners.
Lozano [26] used a cost-minimizing DEA model to select partners for joint ventures. Blancard et al. [7]
developed a mixed-integer linear programming model to identify potential partners, while Zhu et al. [38]
proposed a 0-1 integer linear programming model for the same purpose. More recently, Chang et al. [9]
introduced DEA-based Nash bargaining models to find the best partner in vertical mergers.

In contrast, this study introduces a new model to find the best partner based on decision-makers’
targets. This model is derived from a new ranking method that ranks all DMUs according to their distance
from corresponding desirable units defined by these targets. We note that many ranking methods in
DEA have been classified by Nasseri and Kiaei [30] into categories such as super-efficiency and cross-
efficiency. Andersen and Petersen [4] pioneered the super-efficiency method for ranking extreme efficient
units. However, this method can sometimes be infeasible, unstable, and fails to rank non-extreme DMUs.
Cross-efficiency, introduced by Sexton et al. [33], is another method. Research up to 2019 on ranking
units can be found in [30]. Additionally, Nasseri and Kiaei [30] presented a model ranking efficient
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units based on distance from ideal and anti-ideal units. Izadikhah and Farzipoor [22] proposed a new
DEA model based on modified context-dependent models. Recently, Hammami et al. [20] provided a
new method to define euclidean common sets of weights (ECSW) in DEA to rank both efficient and
inefficient firms.

In summary, this paper first introduces a novel model to identify a desirable DMU based on the
gradient of the objective function; subsequently, all units are ranked according to their distance from
these target units. This ranking mechanism facilitates the identification of the best partner for a specific
unit. Finally, we present models for merging and acquiring DMUs that align with the targets and desired
efficiency levels set by decision-makers. Unlike previous studies that considered only technical or radial
efficiency, this article presents new models for non-radial merger and acquisition. In these models, inputs
and outputs of merged units decrease or increase non-radially.

The remainder of this paper is organized as follows: Section 2 provides the necessary theoretical
definitions, introduces a model for identifying desirable units, and presents a novel ranking method along
with its properties and related theorems. It also explains how the best partner can be identified using this
ranking approach. Section 3 develops new models for horizontal mergers and acquisitions, accompanied
by their respective theorems and proofs. Section 4 illustrates the practical application of the proposed
models through a real-world case study involving Iranian banks. Finally, Section 5 concludes the paper
with key findings and remarks.

2. Ranking based on desirable units

In DEA, all DMUs of an organization are assumed to lie within a set known as the production possi-
bility set (PPS) [15]. Within a PPS, if a proportional increase in inputs for all efficient DMUs leads to
an equal proportional increase in outputs, the PPS exhibits constant returns to scale (CRS) [10]. Other-
wise, it demonstrates variable returns to scale (VRS) [6]. In this study, we assume that the PPS under
consideration possesses the property of variable returns to scale, denoted as PP.S(y gg).

To enhance readability and clarify the mathematical framework, we organize the notation into logical
categories. The symbols used throughout this paper are summarized in Table 1. This table distinguishes
between input/output data, decision variables, parameters related to the target function, and auxiliary
variables.

Definition 1. [6] Let X, = (21, 2j, ..., Tm;) > 0 and Y; = (y15,%2j, ..., y¥s;) > 0 be the input and
output vectors of DMU; for j = 1,2, ..., n, respectively. Then PPS(y gs) is defined as

PPSwrsy ={(X,Y)| 2 NX; <X, X NY; 2Y, IA=1,)A2>0}. (1)
j=1 j=1
DMUs are classified into efficient and inefficient categories within the PPS. Within this framework, the
strongest form of efficiency is known as Pareto-Koopmans efficiency. A unit satisfies this condition only
when it is impossible to find another feasible point in the PPS that offers more output with less or equal

input, or less input with more or equal output, without being identical to the unit itself.

Definition 2. A unit (X,Y) is strongly efficient (or Pareto efficient), if there does not exists any unit
(X,Y) € PPSwgs), suchthat X < X,Y > Y and (X,Y) # (X,Y).
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Table 1. Summary of notations used in the paper

Category Symbol Description
Data X; = (x1j,...,%m;) Input vector for DMU,
Y = (Y15, -, Ysj) Output vector for DMU;
PPSwRrs) Production Possibility Set (VRS)
DMU; Ideal Unit (Min inputs/Max outputs)
Target Function I(X,Y) decision-maker’s objective function
(n,{) =Vn(X,Y)  Gradient vector of II
Cq, Cs Coefficients for linear target function
Decision Variables vy, u? Surplus/Deficiency amounts for DMU,,
Aj Scale coefficient variables for PPS
A, Bra Inputs/Outputs of merged unit A
vt ud Adjustment amounts for unit A
0;,9, Predetermined efficiency ratios
0x;, 0y, Constant shifts for virtual units
Derived Values DMU5 Desirable unit of DMU,,
A* Corresponding desirable unit of DMU 4

In addition to strong efficiency, DEA distinguishes another category known as weak efficiency (or Farrell
efficiency). A unit is considered weakly efficient if it lies on the boundary of the PPS but does not satisfy
the stricter conditions of Pareto efficiency. Specifically, a weakly efficient unit cannot be improved in all
inputs and outputs simultaneously; however, it may still be possible to reduce some inputs or increase
some outputs without worsening others. This implies that while the unit is technically on the frontier, it
may not be fully utilizing its resources optimally in every dimension.

Definition 3. A unit (X,Y") is'weakly efficient (or Farrell efficient), if there does not exists any unit
(X,Y) e PPSrs), such that X < X andY > Y.

To establish a theoretical benchmark for performance evaluation, we define the concept of an ideal unit.
This hypothetical entity represents the best possible performance attainable across all observed DMUs,
characterized by the minimum consumption of all inputs and the maximum production of all outputs
simultaneously. It serves as an absolute reference point for measuring efficiency gaps. However, it
is important to note that this ideal configuration is purely theoretical; in most practical cases, such a
unit does not exist within the feasible PPS, as no single observed DMU can simultaneously achieve the
optimal input levels and output levels of all other units.

Definition 4. The virtual unit DMU; = (17, %21, -, Tmr, Y11, Y21, - - -, Yss) 1s referred to as the
ideal unit. It is defined such that for all inputs ¢, x;; = min;—y__,{x;;}, and for all outputs r, y,; =
max;—1,.,{yr;}. Note that the ideal unit does not necessarily belong to the PP Sy gg).

To establish a robust ranking mechanism, this section first defines the concept of a desirable unit as
a strategic target derived from the gradient of the decision-maker’s objective function. This approach
ensures that the target is not arbitrary but is intrinsically aligned with the specific strategic preferences
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of the manager. Notably, if the manager’s objective prioritizes maximum performance, the gradient
naturally converges toward the ideal unit (the theoretical benchmark of minimum inputs and maximum
outputs). Subsequently, we propose a model to identify the optimal desirable unit for any inefficient DMU
within the PP Sy rg), effectively mapping each unit to its corresponding strategic target. Following this,
a comprehensive method is introduced to determine the corresponding desirable unit for every DMU in
the set. The core of our ranking methodology relies on calculating the distance between each DMU and
its unique, strategically defined desirable unit. Consequently, DMUs are ranked based on this proximity;
specifically, the unit exhibiting the minimum distance to its corresponding desirable target is assigned
the highest rank. This framework guarantees that the ranking reflects both the mathematical efficiency
frontier and the explicit strategic goals of the decision-maker.

2.1. Desirable unit of an inefficient unit

Suppose that the targets of decision-makers for a unit (X,Y") are represented by a-differentiable and
increasing function I1(X,Y) : R7{* — R, such that this function reflects the objective of increasing
outputs (Y') and decreasing inputs (.X') across all units under their management. It should be noted that
I1(X,Y’) can also be defined as a combination of multiple goals.

The selection of the objective function I1( X, Y") is grounded in the principles of multi-objective opti-
mization and managerial decision theory. It is defined as a differentiable and strictly increasing function,
which mathematically guarantees that its gradient vector points towards the direction of simultaneous
input reduction and output maximization. This property ensures that the search process for a desirable
unit is always aligned with the core efficiency goals of the organization. Furthermore, II(X,Y") serves
as a flexible framework; it can be constructed as a weighted combination of various strategic objectives
(e.g., profitability, risk control, or market share), allowing decision-makers to tailor the target formation
to their specific context while maintaining the rigorous mathematical structure required for robust DEA

analysis.

Remark 1. Note that in management science, the function IT1(X,Y") can take various forms. For in-
stance, in bank management, I1(X,Y) may represent revenue and cost functions, or a combination of
both. Moreover, if reaching the ideal unit / is a primary goal for a manager regarding a specific unit such
as DMU,, then I1(X,Y)) becomes a linear function defined as 1I(X,Y) = (Cy,Cy)".(X,Y), where:

Cy = [ein]| witheyy = 75, — 27, and Cy = [c0] With ¢0 = Yoy — Ypo, fori = 1,2, ....mand r = 1,2, ..., s.

Building upon the target function IT( X, Y'), we define a specific unit on the efficient frontier that rep-
resents the optimal improvement path for any given inefficient unit. This unit, referred to as the desirable
unit, is determined by moving from the current position of the DMU in the direction of the gradient vector
of the objective function. By construction, this desirable unit lies on the efficiency frontier; consequently,
it may be classified as either Pareto desirable or weakly desirable, depending on whether the resulting
unit satisfies the conditions of strong (Pareto) efficiency or weak efficiency.

Definition 5. The desirable unit of an inefficient DM U, is defined as the efficient unit 0 obtained by
improving DMU, in the direction of the gradient vector of I1(X,Y") at DMU,, denoted as \/11(X,, Y5).
We say that D M Us; is Pareto desirable if it is Pareto efficient, and weakly desirable if it is weakly efficient.
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Fori = 1,...,mand r = 1,...,s, let v{ > 0 denote the surplus amount of the ¢-th input and
u? > 0 denote the deficiency amount of the r-th output of DM U,. Furthermore, let the vector (7, () =
vi(Xo,, Y,) = 0 represent the weights associated with (v, u?).

To ensure that (X, — v°, Y, + u°) constitutes a desirable unit on the efficient frontier for the inefficient
DMU, = (X,,Y,), we maximize the values of v¢ and u? in the direction of (7, (), subject to the con-
straints (X, — v°, Y, + u°) € PPS(ygs) and (v°,u°) > 0.

For instance, as shown in Figure 1, the desirable unit of an inefficient DM U, = (x4, y;) in the direction of
(m,¢1) = (w1, y1) corresponds to a Pareto-efficient unit DM Uy = (21 —v{, y1 +ui°) € PPSwrs).
Consequently, to determine the desirable unit for an inefficient DM U, € PPS(y gs), we propose the fol-

A

v rord

"
. £
Figure 1. Desirable unit of inefficient DM U,,.
lowing optimization model:
m S
Max (Z nvd+ Qu;’)
=1 r=1
n
S.to: Z)\jxi]’—f—vfgljo, 1= 1,2,...,771;
=1
]n
Z)\]y'r‘j_u:>y7‘ov 7":]_,2,...,8;
=1
- (2)
2N =1
j=1
)\3207 j:1727 7n7
w0 >0, i=1,2,...,m;
uy =0, r=12..s

Proposition 1. Problem (2) is always feasible.

Proof. Since DMU, lies within PP Sy Rrs), there exist scalars A; for j = 1,...,n such that

> i Ajij < Tip and D071 Ay = Yro, Where Y07 A = Land A; > 0. Consequently, by considering
the constraints of (2), it is clear that setting v = 0 and u? = 0 yields a feasible solution for all 7, r, and
J. O

In Proposition 2, we show that the optimal solution of (2) determines a desirable unit on the efficient
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frontier for DMU,,.

Proposition 2. Suppose (\*, V*° U*°) is the optimal solution of (2). If ; > 0 and ¢, > 0 for all
i=1,...,mand r = 1,..., s, then the unit 0* = (X, — V*° Y, + U*) is a Pareto-efficient desirable
unit of DMU,. Generally, if (1, ...,%m,C1,-..,() = 0, then o* is a weakly efficient desirable unit of
DMU,.

Proof. By contradiction, suppose that DM U, = (X, — V*°,Y, + U*®) € PPS(ypg) is not a Pareto-
efficient DMU. Hence, there exists another DMU, denoted as DM Ug € PPSy ggs), which dominates
DMU,-. Therefore, we have X < X,« and Yo > Y+, with at least one inequality being strict.

Thus, there exists an index ¢ (1 < t < m) such that z;c = x4+ — € for some ¢ > 0, while for all i # ¢,
we have z;c < z;« and y,.¢ = Yo forr =1,...,s.

Since DMU¢ € PPS(yrs), there exist scalars Xj for j =1,...,n such that;

M=
>
8

<
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j=1
)\]207 jzl,,n
Fori=1,...,mandr = 1,...,s, since &;o« = T, — v;° and Y,o» = Yo + w.°, Where v7° > 0 and
ur® > 0, we obtain:
n f—
YN v < T, i=1,...,m, 1 #t;
=1
n ]
Z )\jxtj -+ ’U:o + € < Tto,
=1
n f—
*0 J— .
Z ]yr]_ur 2%07 ’I"—]_,...,S,

. =
M=
L
>|
<
Il
\.H
—~
i
S~—

7j=1
Aj =0, g=1...,n
v;? =0, 1=1,...,m;
u’ >0, r=1,...,s.
Equation (4) shows that (A, v{°, ..., v +¢&,..., v, ui°, ... u*°) is a feasible solution for problem (2).

Since 7; > 0 and ¢, > 0 for all < and r, the objective function value corresponding to this feasible
solution is strictly larger than the optimal value of (2) associated with (A\*, V*°, U*°). This contradicts
the assumption that (A\*, V*° U*°) is an optimal solution of (2). The proof for the second part of the
proposition follows similarly. 0
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2.2.  Ranking DMUs based on corresponding desirable units

To rank all units, we first find the corresponding desirable unit for each. Specifically, for every input
i, we add a constant value dx; € R to the iy, input of all units, and for every output r, we subtract
a constant value oy, € R* from the ry, output of all units. Consequently, for a unit such as DM Uy,
its inefficient virtual counterpart is defined as DM Uz = (214 + 021, Toa + T2, .oy Tina + 0Ty, Y14 —
OY1, Yo — OY2, ooy Ysa — Oys) = (Xa + AX, Yy — AY) where AX = (dx1,029,...,07,,) and AY =
(0y1, 0y, ..., 0ys). If DM U, is efficient, then the virtual unit DM Uz = DMU4 + (AX, —AY) lies
within PP Sy Rrs), and it has a distance from the efficient frontier. Subsequently, by applying model (2),
we determine the corresponding desirable unit for this inefficient virtual DM U5. Accordingly, model
(2) can be reformulated as follows:

Mar (Enef+ 3 o)
=1 r=1

S.to: Z)\jxij—i-?}?gl’iz, 221,2,,77’1,,
j=1
Z Ajyrj Uy yrA’

1 9 5

<.
Il
M
<
I
—_
\.l\D
»

i Aj=1;

j=1

Aj =0, g=12...n;
v >0, i=1,2,....,m;
urZ}O, r=12 ..s.

After identifying the inefficient virtual unit D M U and obtained its optimal solution from model (5), we
derive the corresponding desirable unit by reversing the adjustments applied to the inputs and outputs.
Based on this, we define:

Definition 6. Suppose (V**, U*4) is the optimal solution of (5) for DM U-. Then A* = (X, + AX —
VA Yy - AY +U *A) is defined as the desirable unit of DM U. Furthermore, we introduce DM U 4-
as the corresponding desirable unit for the original DMU 4.

Figure 2 illustrates the process of determining the corresponding desirable units for five units, each
having one input and one output. In the first stage, by adding a constant value dx; > 0 to the input and
subtracting a constant value dy; > 0 from the output of all units, inefficient virtual units A, B, C, D, and
E are generated. Subsequently, applying model (5) yields the desirable units A*, B*, C*, D*, and E* for
A,B,C, D, and E, respectively. According to Definition 6, these points constitute the corresponding
desirable units for the original units A, B, C, D, and F.

Remark 2. According to Proposition 2, if the vector (1, () is strictly positive ((r,{) > 0), then A*
constitutes a Pareto efficient desirable unit; conversely, if (1, () > 0, then A* represents a weakly efficient
desirable unit.

By selecting the vector (7, {) in (5) along the direction of the gradient of the manager’s target function,
the corresponding desirable unit A* is demonstrated to possess higher desirability than the original unit
A relative to the decision-makers’ objectives. Furthermore, in the ranking process, a unit that is closer to



Ranking and merging units... 9

79,

)

Figure 2. Corresponding desirable unit of DMUs.

its corresponding desirable unit achieves a better rank; in other words, the unit nearer to the managers’
preferred target is assigned a superior position.

Definition 7. If the distance between unit A and A*, measured in the p-norm, is less than the distance
between unit B and B*, then DM U 4 is ranked higher than DM Up.

Figure 2 shows the distance (in norm 2) of all units from their corresponding desirable units. Based on
these distance metrics, the units are ranked as follows: C, B, A, E and D (from rank 1 to 5).

Remark 3. Let (V** U*4) and (V*B;U*B) denote the optimal solutions of (5) for DM Uy and DM U,
respectively. Under these conditions, we have || A—A*|, = ||(V*A—AX, AY —U*4)||, and | B—B*||, =
|(V*B — AX, AY — U*P)|,. Consequently, invoking Definition 7, if [|(V*4 — AX, AY — U*4)]|, <
|(V*B — AX, AY — U*P)||,, then DMU , is ranked higher than DM Ug.

The proposed ranking model offers several distinct advantages over existing methods, which can be
summarized as follows:

1. Feasibility: Unlike certain approaches, such as Andersen and Petersen [4], which may yield infea-
sible solutions when ranking specific units, the proposed method guarantees feasibility for all cases
(see Proposition 1).

2. Comprehensive ranking: While traditional models like [4], [29], [32], and [24] are limited to ranking
only extreme efficient units, the proposed approach enables the ranking of all DMUs.

3. Managerial goal alignment: Previous studies, including [5] and [18], have largely overlooked the
strategic objectives of managers in the ranking process. In contrast, our method explicitly integrates
these objectives to ensure alignment with desired outcomes.
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2.3. Best partner for merger by the new ranking

In this subsection, we aim to identify the best partner among a set of candidate units P = { Py, P, ..., P}
for merging with a specified unit A. The objective is to form an efficient composite unit that aligns with
the decision-makers’ targets. To achieve this, let Q = {M; = Pi+ A, My = P+ A, . = P+ A}
denote the set of potential merged entities resulting from combining A with each unit in P. Subsequently,
by incorporating set () into PP Sy gs and applying the proposed ranking method from Subsection 2.2, we
rank all units within Q). If a specific merged unit M; (formed by the combination of A and F,) achieves the
highest rank, it implies that M; has the minimum distance to its corresponding desirable unit compared
to other members of (). Consequently, DM Up, is identified as the best partner for DM U 4.

3. Merger to reach the desirable unit

To incorporate decision-makers’ targets into the merger process, various objectives can be considered,
in which reaching the ideal unit from the perspective of the decision-makers is one of the best goals.
Therefore, a novel merger model is presented below to achieve such targets through a new approach.
Specifically, we aim to merge two partner units A and B horizontally, such that based on the targets of
decision-makers (II), a desirable unit in PP Sy gs) is determined.

For this purpose, let (X, Yar) = (Xa + X, Ya + Yp) and suppose DM Uy with inputs af , +
g, a5+ abp, ..., ar 4, +ar g and outputs 87 4 + B, 854 + B5p. -, Big + Bip is the desirable unit of
(X, Yar), obtained in the direction of vector (71, 7254, T, C1, (24 -, Cs) = V(Xar, Yar) = 0. To find
vectors (a4 + &G, aby + g, a4+ o p) and (674 + B7g, Baa + Bags -y Bia + Big), we need to
maximize the reduction of inputs for A and B, as well as the increase of outputs for A and B, in the direc-

tion of (n1,m2, ..., M, C1, 2, -, (s). Accordingly, suppose (a4, b4, ..., ;‘nA) = (214, T24, -, Tma) —
(UTAvvsAw '7U;knA)’ (aTB>O‘§Ba "'7a:13) 7 (1‘13,.%'23, "'>xmB) (UIB?/U;BP 2 Um ) (61A752A" 75:14) =
(Y14, Y24, -+ Ysa) (Ui, us?, o ul) and (85, B3, -, Bip) = (Y18, Y28, - >ysB)+(UTB,U2 s uEP);
now, to obtain vectors (vi4, vid, . W), (viB B L urB), (it wsd, L wr?) and (ulP usB : ),

we design the following model:

Mk (ém(vg‘wm i ¢ (uh +u)>

S to: Z )\jxij—i—AMxZM gﬁ_l(aiA—l—aiB), 1= 1,2,...,m;

JEF

> AU F Aens Z Gr(Bra+ Brp), T=1,2,..8;
JEF

aia < g — v, i=1,2,..,m;
aip < Tip — V7, i=1,2,...,m; ©)
Bra 2 yra + ul, r=1,2,..,s;
Brp = yrp + u?, r=1,2,..,s;
YA A =1

JjeF

Ay = 0,) >0, Vj e F;

v > 0,08 >0, i=1,2,...,m;
u? > 0,uf >0, r=1,2,..s,



Ranking and merging units... 11

where [ denotes the set of DMUs in the post-merger evaluation process, excluding the merged units

themselves. The variables are defined as follows: «;, (,, v;“, vB ,u,‘f‘,uf foris = 1,...,mand r =
1,...,s, along with \y; and \; for all j € F'. Furthermore, 0; and @, represent the predetermined ratios

(or efficiency scores) for inputs and outputs of DM U, respectively, satisfying §; < 1 and @, > 1 for all
¢ and r. It is important to note that these values are determined based on managerial preferences.

Let (o, 87, vi vrB, uz? wiP N5, A7) be the optimal solution to model (6). Then, DM Uy, charac-
terized by inputs a4 + afg, ..., o) 4 + o, 5 and outputs 55, + Bip, - - -, Bis + Big. represents the unit
obtained from merging A and B, subject to the predetermined efficiency scores 6; and ;.. In this regard,

we shall prove that the unit

DMUg = (01050, - - -, 0m0l0, P1Bi0s - - - BsB0)

is efficient. Moreover, since it is derived in the direction of the gradient vector (7,() = Vi (X, Yar), it
constitutes a desirable unit.

It is worth noting that, in model (6), when the objective function maximizes the reduction of inputs
and the increase of outputs of units A and B in direction of vector V(X , Y),); the set of constraints
1, 2,7 and 8 guarantees that DMUg € PPS(ygs), and the set of constraints 3 and 4 show the excess
amount of inputs of units A and B. Also, the set of constraints 5 and 6 indicate the deficiency amount of
outputs of units A and B. For instance, Figure 3 illustrates the merger of two units, A and B, each with a
single input and output, based on model (6) under the assumption that §; = &7 = 1.

Ba -
_ E
A o= (a,+taz BitBs)
v"\( My cl]
- i
1 AP LB
(o5 B "'11’-;5,{*
* U
[
B V4
> X

Figure 3. Merger of two units A and B based on (6).

A crucial aspect of the feasibility of problem (6) depends on appropriately determining a lower bound
for 6; and an upper bound for %, for all indices i and r. To identify these suitable bounds, we propose the
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following optimization problem:

Min (; 0; — Z_:lcpr)
S.to: Y Nz + Avwin < Gz, 1=1,2,..,m;
JEF

Z /\jyrj + )\Mer 2 CrYrmr, T = 1727 ey S5 7
jeF (7)

YDA+ =1,

JEF

Aa = 0,4 >0, Vj € F;
91 < 17907’ 2 1; \V/Z,T

Indeed, model (7) evaluates the unit (X, Yys). If the optimal value of this model equals zero, then
(X, Yar) is a Pareto-efficient unit. Furthermore, the model is feasible because the solution set defined
by 0; =1, ¢, =1, \yy = 1,and \; = O for all j € F satisfies all constraints of (7).

Now, let (07, ...,0%, 0%, ..., %) denote the optimal solution to (7). We define 6 as the lower bound
for 0; and o as the upper bound for @, such that for all 7 and 7, the following inequalities hold:

0r<0; <1 and 1<p, <l

Theorem 1. Let (\*,67,...,0% ¢, ..., ¢%) be the optimal solution to model (7). If, for all ¢ and r,

m

the conditions 0] < 6; and p, < ) are satisfied, then problem (6) is guaranteed to be feasible.

Proof. Given thatforalliand r, 6} < 6; and %; < 7, and considering that (\*, 6%, ..., 0% ©*, ... ©*)
is a feasible solution to (7), the constraints of model (7) imply the following inequalities:

> Niwy; + Nymang =6 < 0;(wia + 1i5), Vi

JEF

> N Nt = O5Yers = Pr(Yra +yrp), T (8)
jeF

SNAN =1 Ay =0, A >0, Vj € F.

JEF

Equation (8) demonstrates that for all ¢ and r, the vector (A\*, ja = Xja, @i = Tig, fra = Yra, Brp =

Yrp, v = vP = u = u*P = 0) constitutes a feasible solution for problem (6). Consequently, problem
(6) is feasible. ]

Theorem 2. Suppose that for all 7 and r, the vector (o, = a4 +ajg, Bl = B4+ Big, \*) represents
the optimal solution, and the scalar Y ;" 7:i(vi* + vP) + 377 ¢ (wi + wP) denotes the optimal
value of model (6). Then, the unit DM U, characterized by the input vector (6,aly, ..., Onmat,o) and
output vector (@151, - - -, PsPip), is a Pareto-efficient desirable unit provided that 7; > 0 and ¢, > 0.
Furthermore, if 7; > 0 and (, > 0 (with at least one strictly positive), it constitutes a weakly efficient

desirable unit.

Proof. Suppose that for (1,() > 0, DMU¢q = (0;(c 4 + o), @- (854 + Bp)) is not a Pareto-efficient
DMU; then there exists DM Uy = (0;(@ia +@ip), Br(B,4 + B,5)) which dominates DM Uy. Therefore,
we have a4 < oy, Qi < &', B,a = Bias Bop = Bp. and at least one of these inequalities is strict.



Ranking and merging units... 13

Let there exist ¢ such that 1 < ¢ < m and a4 = o, — € in which € > 0, and for all i(# t), we have
@4 < a4, and for all i and r, we have @;p < Az, B4 = Bias Brg = Bi5.
Now, according to model (6), we have:

Wia <y < wia — A, i=1,2,...,m,i #t;

Qg =y —e <wa — (VA +);

a;p < ajg < 1p —v}P, i=1,2,....,m; (9)
Boa = Big = Ypa + A, r=12,..s;

Bup = Bip = yrp + B, r=1,2,..s

Also, since DM Uy € PPS(ygs), there exists \, such that:

Tiv = 0;(@ia + Qi) = Y Njmyj + Az, i=1,2,..,m, i L

jEF
2y = 0;(@a +qip) = > ijtj + AN Teas;
_ o aER _ (10)
Yrn = Pr(Bra + Brp) < 20 Ny + Ay, 7 =1,2,.0.5;
jEF
SN+ =10 =0,) >0, j € F.

JEF

Now, (9) and (10) show that fori = 1,2,...,t—1,t+1,...,mand 7= 1,2, ..., s, the vector (\, v}4, (v} +

g),viB w A wB @, Aa, Wi, B4, B,p) is a feasible solution for (6). Since, for all 4 and r, 7; > 0 and

Y r o r

¢ > 0, therefore, the objective function’s value of problem (6) corresponding to this feasible solution

is larger than the optimal value of (6), and this contradicts our assumption that >_ n;(vi4 + vB) +
=1

S G (up + uiB) is the optimal solution of (6). The proof of the second part of the theorem is similar to
r=1

the first one.
O

Corollary 1. According to Theorem 2, in model (6), if 6, = 1 and ©, = 1forallt =1,...,m and
r=1,...,s, then the unit DMUp = ((af, + o), (B4 + Bp)) resulting from the merger constitutes
a Pareto-efficient desirable unit, provided that 7; > 0 and ¢, > 0. Furthermore, if 77, > 0 and ¢, > 0, it
represents a weakly efficient desirable unit.

Remark 4. According to Theorem 2, the i-th input of DM U, with value o, scaled by the coefficient
0., lies on the efficient frontier. Similarly, the r-th output, with value 53, scaled by %, also lies on the
efficient frontier. Consequently, the overall efficiency score of DM Uy is defined as:

If ® =1, then DMU, is deemed efficient; otherwise, if ® < 1, it is considered inefficient.
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3.1. Reaching the desirable unit by acquisition

An acquisition merger is defined as a business transaction in which one entity acquires all or part of
another unit [11]. Suppose that, in order to enhance the performance and efficiency score of unit A, one
seeks to utilize all or part of unit B. To determine the necessary inputs and outputs for unit B within
this merger context, we consider the input and output values of unit A by incorporating them into model
(6). Specifically, for all i and r, we set v' = u? = 0, a;a = 4, and B,4 = y,4. Substituting these
conditions into (6) yields the following new acquisition model:

Max (Z nve + 3 Cruf)
i=1 r=1

S.to: Z )\jxij—i—)\M:ciM Se_i(oziB—i—xiA), 1= 1,2,...,m;

jEF

;)\jyrj + Ayerr Z Gr(Brp +yra), T=1,2,...,8;

j€

aip < Tip — VP, 1=1,2,....m; (11)
Brp =Yg +ul, r=1,2,..8;

Z )\j + )\M = 1;

jEF

At = 0,7 >0, vj.c E;

vB > 0,uf >0, 1=1,2,...m,r=1,2,...;s.

If (a3, B7;) represents the optimal solution to model (11), then the resulting unit from the acquisition is
DMUgp = (X4 + af, Ya + B5). Here, o5 and 55 denote the specific inputs and outputs of unit B that
must be acquired by unit A.

Note: Given the structural similarity between models (6) and (11), all issues raised and theorems proved
for the horizontal merger in the previous section also apply to the acquisition scenario and model (11).

4. Ranking and M&A of Iranian banks using the presented
models

To demonstrate the practical utility of the proposed models, we applied them to rank and identify the best
merger partners among Iranian banks. Notably, the current number of bank branches in Iran exceeds the
global standard by at least a factor of two [14]. This proliferation of branches is increasingly viewed as
a threat to national economic stability. Critics argue that capital allocated to establishing new branches
would yield greater returns if redirected toward enhancing operational productivity. Consequently, re-
ducing the branch network to an optimal level and prioritizing strategic bank mergers are imperative
measures.

The case study encompasses 23 Iranian banks for the year 2022, utilizing data sourced from the Iran
Banking Institute report [21]. The specific inputs and outputs employed in this analysis are detailed in
Table 2. Aligned with the methodologies of Gattoufi et al. [16] and Amin and Boamah [2], we adopt
variables X1 and X2 as inputs and Y1 and Y2 as outputs, grounded in the intermediation approach.
This framework was selected due to its robustness and suitability for assessing banking efficiency. Sub-
sequently, we calculated the Super-SBM efficiency scores [12] for each institution; the comprehensive
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results and associated data are presented in Table 3.

4.1.

Table 2. Inputs and outputs used in the study.

Category

Description

Input X1: Interest
Expenses

Expenses related to deposits and other borrowed funds; commission and
doubtful receivables expenses; investment and foreign currency transac-
tion expenses; and income tax costs.

Input X2: Non-
interest Expenses

Personnel and salary costs; administrative and general expenses; depre-
ciation expenses; and other operating expenses.

Output Y1: Interest
Income

Income generated from loans and deposits, as well as earnings from
investments and foreign exchange transactions.

Output Y2: Non-
interest Income

Service charges on loans and transactions, commission revenues, and
other operating income.

Table 3. Iranian banks data in 2022 ( on billion Rials).

Bank Bank Input Input Output Outputt SBM
number name X1 X2 Y1 Y2 efficiency
score
Bankl1 Ayandeh 503716.00 29810.00 252061.00  5786.00 0.0999

Bank2 Gardeshgari 129029.00  9383.00 121179.00 = 22655.00 0.7977
Bank3  EghtesadNovin 191292.00 19195.00 217119.00- 18533.00 0.4948

Bank4 Mehre

8490.00 18990.00  19470.00 26692.00 1.0000

Bank5  IranVenezuela 204.00 232.00 2348.00 4.00 1.0000
Bank6 Karafarin 51590.34  11156.00 ~ 71051.00  4867.00 0.3581
Bank7 Keshavarzi 214919.11  84136.00 276994.00 22292.00  0.3251
Bank8  Khavarmianeh  37902.00 4094.00 59610.00  2965.00 1.0000

Bank9 Maskan
Bank10 Melal
Bankl1 Mellat
Bank12 Parsian

146502.00 ©67604.00 204944.00 9153.00 0.2192
74666.00 8393.00 60296.00 13240.00  0.5913
446217.00 245631.00 798033.00 54946.00 1.0000
226920.00 © 25020.00  234405.00 22964.00  0.4791

Bank13 Pasargad 311805.55 31270.00 411117.00 87156.00 1.0000
Bank14 Post bank 27110.00 12099.00  41263.00  10073.00 0.6789

Bank15 Refah 219180.21  80643.00  281755.00 19979.00  0.2999
Bank16 Saderat 420384.80 133358.00 464283.00 93103.00 1.0000
Bank17 Saman 102146.71  20302.00 121039.00 23278.00  0.6764
Bank18 Sarmaye 76995.00 5454.00 12412.00 867.00 0.0743
Bank19 Shahr 171444.00  24655.00 156707.00 61414.00 1.0000
Bank20 Sina 42448.00  15928.00  60414.00  5518.00 0.3337
Bank21 Tejarat 352874.42 147788.00 522491.00 57491.00  0.6890

Bank22  Tosee-Saderat 53303.78 7812.00 48384.00 2918.00 0.2610
Bank23  Tosee-Taavon 31209.00 15365.00 39500.00 7952.00 0.6403

Bank24 Ideal bank 204 232 798033 93103

Ranking banks

Subsequently, we rank all banks using the novel method proposed in Subsection 2.2. To this end, we

define a general objective function:

(X, Y) = w) f(Y) + wsg(X) + wgh(X, V),

(12)
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where f(Y) = y, represents the income function, g(X) = x; denotes the total cost function, and
r=1 =1
h(X,Y) is designed to measure the proximity of bank o to an ideal benchmark (o € {1,2,...,23}). The

function h(X,Y) is explicitly defined as:

s

h’(X7 Y) = Z(yrl - yro)yr + Z(xro - Iil)xi, (13)

r=1 i=1

3

where wy, wy, and w3 are non-negative weights summing to unity (> wy = 1), reflecting our strategic
k=1

inclination to maximize income, minimize costs, and approach the ideal unit simultaneously.

For the purpose of this case study, we assign equal weights (w; = wy = w3 = 1/3) for simplicity
and clarity. We then solve model (5) by evaluating the gradient vector of I1(x1, z2, y1,y2) at the point
(X,,Y,), defined as:

(1 + Yrl — yro)' (14>

Wl =

2
1

Vi(Xo, Yo) = ; 5(1 + Tio — wir) + ;

This calculation yields the corresponding desirable bank for each Bank, and its Euclidean distance

(norm 2) from that ideal target. Consequently, the final rankings are determined following the procedure

outlined in Subsection 2.2; the results are presented in the third column of Table 4. Additionally, Table 4
lists the specific desirable bank associated with each institution based on I1(X,Y).

It is important to note that since the vector (7;¢) in.model (5) is strictly positive, Remark 2 guar-
antees that all derived desirable banks are Pareto-efficient. Finally, regarding the perturbation parame-
ters used in the ranking process, we have adopted simplified values-specifically (dx1, 0z, 0y, dy2) =
(100,100,100, 1) to facilitate intuitive understanding and demonstrate the practical application of the
model without compromising the underlying logic.

A critical observation from Table 4 is that for Bank 11, the calculated desirable bank coincides ex-
actly with its current identity (Bank¢$*™ = Bank,;). This unique outcome signifies that Bank 11 has
already achieved the theoretical optimum defined by the I1(X,Y") function. Unlike other units which re-
quire structural adjustments or mergers to approach an ideal benchmark, Bank 11 demonstrates superior
efficiency and resource allocation such that no further improvement in inputs or outputs can be realized
without compromising its current state. Consequently, this bank represents a best practice model within
the sector, serving as a natural benchmark rather than a candidate for merger.

4.2. Identifying the best merger partner for Bank 1

To illustrate the practical application of the proposed approaches in identifying best partners for mergers
and acquisitions (M&A), we consider Bank 1 as a case study; similar analyses can be extended to other
institutions. As shown in Table 4, Bank 1 holds the lowest rank, exhibiting a significant distance from
its corresponding desirable unit. To elevate Bank 1 toward this ideal target, a strategic approach involves
merging with another inefficient unit or acquiring a bank such that the resulting entity becomes a desirable
bank.

Accordingly, among all SBM-inefficient banks, we seek the most suitable partner for Bank 1. To this
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Table 4. Corresponding desirable and Ranks of the Iranian banks in 2022.

DMU The corespending desirable Distance (norm 2) from desirable
number banks based on II(X,Y) bank based on IT(X,Y") (Rank)
Bankl1 (298098, 29910, 393526, 82942.70) 261236.05(23)
Bank2 (92625, 9483, 126883.32, 22654) 36848.34(14)
Bank3  (191111.01, 19295, 256226.80, 50057.60) 50232.09(16)
Bank4 (8590, 18994.05, 19599.12, 26711.93) 164.57(3)
Bank5 (304, 332, 2533.81, 95.63) 251.57(6)
Bank6 (51690.34, 11256, 83485, 5084.05) 12436.69(9)
Bank7  (215019.11, 84236, 353647.50, 34521.80) 77623.10(21)
Bank8 (38002, 4194, 59815.02, 2981.80) 249.63(5)
Bank9 (146602, 67704, 255453, 17055.92) 51123.72(17)
Bank10 (74766, 8493, 107709.30, 14024.87) 47420.00(15)
Bankl11 (446217, 245631, 798033, 54946) 0(1)
Bank12 (227020, 25120, 304722.60, 60267.70) 79599.94(22)
Bank13 (311897.62,31370,411211.11, 87155) 165.33(4)
Bank14 (27210, 12199, 47057.02, 10072) 5795.74 (8)
Bank15  (219280.22, 80743, 354939.10, 37263.80) 75197.71(20)
Bank16 (420366.55, 133340.83, 464274.06, 93102) 26.62(2)
Bank17 (102246.71, 20402, 150502.50, 23277) 29463.83(12)
Bank18 (5570.40, 5554, 12312, 4948.18) 71541.24(19)
Bank19 (171544, 24667.77, 157520.53, 61413) 819.75(7)
Bank20 (42548, 16028, 73187.90, 5517) 12774.68(10)
Bank21 (352974.42, 147888, 583983.20, 58651.34) 61503.30(18)
Bank22 (53403.79, 7912, 81935.70, 6895.97) 33786.99(13)
Bank23 (31309, 15465, 55649.70, 7951) 16150.31(11)

end, let P denote the set of 15 SBM-inefficient units considered as potential merger candidates for Bank
1. We define M, ; as the merged entity formed by combining Bank 1 with Bank ¢ (where t € P). By
incorporating these hypothetical merged entities (M, ;) into PPS(ygs) and applying the novel method
presented in Subsection 2.2, we rank all potential combinations based on the objective function IT1(X,Y)
and their euclidean distances (norm 2) from the desirable benchmarks. The comprehensive results are
presented in Table 5.

Table 5. The best major merger partner for Bank 1

Major Distance Best Major  Distance  Best | Major  Distance  Best
M; 12 0.0 Bank12 | My 14 26214093 ... | Mii0 292654.70
M1’21 0.0 Bank21 M1720 267855.81 M1718 317843.84
Mis 3.18x107° M 23 268291.51 v | Mya7  345114.65
Mg 270429.59 Moo 281275.14 .. Mg 361670.68
M o 362758.18 My 5 381117.02 .. My 7  383402.55

According to Table 5, since the distance of both M 15 and M o, from their respective desirable banks
is zero, these merged entities are not only desirable but also Pareto-efficient. Consequently, Banks 12
and 21 are identified as the best partners for a merger with Bank 1. Furthermore, given that the distance
associated with M 3 is negligible, Bank 3 can also be considered a viable candidate for merging with
Bank 1.

In contrast, for all other potential mergers where ¢ # 3,12,21, the distance between the resulting
entity M, and its desirable benchmark is excessively large, rendering them inefficient. Thus, based
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on the proposed models (6) and (11), we successfully identify Pareto-efficient desirable banks through
M&A for Bank 1, while excluding the inefficient combinations involving M, ; (where ¢ # 3,12, 21). To
conduct a more detailed analysis, in the following section, we specifically apply model (6) to examine
the merger between Bank 1 and Bank 18; the analytical procedure for other banks remains identical.

4.3. Analyzing horizontal merger of Banks 1 and 18

As indicated in Table 5, a desirable bank cannot be directly obtained from the primary merger of Banks
1 and 18. However, in this section, leveraging model (6) and the objective function I1( X, Y"), we demon-
strate how a desirable bank can be achieved through a horizontal merger between these two institutions.
To apply model (7), necessary lower and upper bounds are established as follows: §; € [0.536938, 1],
0, € [0.88674, 1], @1 € [1,1.55448], and 3 € [1,13.1003]. We define the predetermined efficiency lev-
els for each input and output in the first column of Table 6. Consequently, Table 6 presents the minimum

required inputs and maximum achievable outputs for the merged entity of Bank 1 and Bank 18. Let o3,
as;, B7;, and f3; denote the optimal quantities of inputs and outputs for the merged Banks 1 and 18,

respectively.
Table 6. Optimal input and output of Banks 1 and 18 after horizontal merger for two cases
Inputs/outputs ratios Optimal inputs and outputs New bank Efficiency of new bank
Case 1
01=1,0,=1 aj, = 237315, af;g = 76995  Input= (314310, 35264)
Output = (418326, 86555.9) d=1

o1=1pa=1 a5, = 29810, o35 = 5454
B, = 405914, B = 12412
B3 = 5786, B35 =80769.9

Case 2

0, =08, 0, =09 af, = 212710, of,5 = 76995 Input = (289705, 35264)
Output = (264473, 39651.8) ® = 0.63

P1=129;=15 a3 =29810, a3z = 5454
B3, = 5786, B35 = 33865.8

In the first scenario, it is assumed that the efficiency of the newly formed bank equals unity (6; =
A, = B1 = B3 = 1). Consequently, the resulting entity is deemed desirable and Pareto-efficient with
respect to the objective function I1(X,Y'), as corroborated by Corollary 1. As illustrated in the first sec-
tion of Table 6, the inputs and outputs for this new bank are (314, 310, 35, 264) and (418, 326, 86, 555.9),
respectively. Notably, the efficiency of this merged entity exceeds that of both Bank 1 and Bank 18 in-
dividually. Furthermore, when compared to the existing merger candidate M ;5, the proposed solution
exhibits a lower value for the first input while simultaneously achieving higher output levels, demonstrat-
ing a superior and highly favorable performance profile.
In the second section of Table 6, in contrast to the first scenario, the predetermined efficiencies #; and
0, are set to values less than unity, while the efficiency levels @7 and @3 are configured to exceed 1.
Consequently, a new bank is generated with inputs (289, 705, 35, 264) and outputs (264,473, 39, 651.8).
According to Remark 4, its efficiency score is calculated as ® = 0.63, which surpasses the efficiency
scores of both Bank 1 and Bank 18 individually. Furthermore, when compared to the existing merger
candidate M 3, this solution demonstrates a reduction in the first input and an increase in the second
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output, while maintaining identical values for all other inputs and outputs. This configuration represents
a highly favorable trade-off. Finally, by selecting alternative predetermined efficiency levels, various
merged units with distinct efficiency scores can be derived using the same methodology.

4.4. Analyzing acquisition of Bank 18 by Bank 1

In the subsequent analysis, we consider a scenario where Bank 1 acts as the acquirer of all or part of
Bank 18. If Bank 1 acquires 100% of Bank 18-effectively aggregating the inputs and outputs of both
entities-the resulting entity, denoted as M g, is restructured with inputs (580, 711, 35,264) and out-
puts (264, 473,66, 530). As indicated in Table 5, based on the objective function II(X,Y"), the distance
between this aggregated bank () ;5) and its desirable benchmark is substantial.

To address this inefficiency, we apply model (11) to merge Banks 1 and 18, ensuring that all inputs and
outputs of Bank 1 are utilized. The results of this optimization are presented in Table 7. As established
in the previous section, the lower bounds for §; and upper bounds for 3, are derived by solving model
(7), yielding:

0, € [0.536938,1], @, € [0.88674,1], 7 € [1,1.55448], &5 € [1,13.1003].

The first section of Table 7 details the specific inputs and outputs of Bank 18 that must be acquired by
Bank 1 to achieve a Pareto-desirable state. In the second section; by varying the parameters 6; (i = 1, 2)
and ¢, (r = 1, 2), we determine the optimal acquisition profile. This process yields a new merged bank
with an efficiency score of 0.45, which significantly surpasses the individual scores of Bank 1 (0.0999)
and Bank 18 (0.0743). This acquisition effectively consolidates two inefficient units into a single, more
efficient entity. Furthermore, compared to the original aggregated bank M ;5, the optimized solution
exhibits a reduced volume of the first input and an increased volume of the second output, demonstrating
a highly favorable performance improvement.

Table 7. Optimal input and output of Bank 18 after acquisition by Bank 1

Inputs/outputs ratios Optimal inputs and outputs New bank (Input / Output)  Efficient score
0,=1,0,=1 aj15 =0, ad;g = 5454 Input = (503716, 35264)
Output = (418326, 86555.9) =1
p1=1p2=1 Bi1s = 166265, B35 = 80769.9
01 =0.6, 65 =0.9 aj1s =0, ajg = 5454 Input = (503716, 35264)

Output = (307953.9, 41847) & = 0.45
Pr=13/73=2 Bis=55892.9, i = 36061.0

4.5. Comparison with [16] and [2]

Two of the most popular models in the field of integration are the presented models by Gattoufi et al. [16]
and Amin et al. [2]. Here, we compare and explain some of the advantages of the proposed new method
(6) with them:

1. While models [16] and [2] may occasionally become infeasible [14] the proposed merger model is
feasible under all circumstances.

2. By applying the presented model (6), a new unit with the optimal inputs and outputs is obtained; while
in models of Gattoufi et al. [16] and Amin et al. [2] only inputs of new unit are optimized.
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3. The presented new model (6) is a non-radial model, and managers can manage the efficiency of all
inputs and outputs of the obtained new unit in the merger process, but in the two mentioned models,
managers can only manage the efficiency of inputs or outputs of the obtained new unit from the merger
as radial. This causes in our model, a new unit with a non-radial efficiency score, and in [16] and [2] a
new unit with a radial efficiency score is obtained.

4. In the studies by Gattoufi et al. [16] and Amin et al. [2], the optimization goal is limited to either
input reduction or cost minimization, respectively. In contrast, the proposed merger model (6) offers a
generalized framework where decision-makers can achieve a desirable unit based on any specific objec-
tive they set. Consequently, the presented model encompasses the methodologies of both Gattoufi et al.
and Amin et al. as special cases. For instance, under identical conditions involving the merger of Banks
1 and 18, the results obtained using methods [16] and [2] are fully replicated by our proposed model (6),
as demonstrated in Table 8. This confirms that the new model not only covers the previous approaches
but also provides greater flexibility for diverse managerial goals.

Table 8. Comparison with [16] and [2]

Model Target Conditions New bank (Input / Output) Efficiency score
[16] Efficiency 1 0=1 Input = (197537, 19927) d=1
Output = (264473, 6653)
[2] Reduction of costs cg1=1,c=1 Input = (197537, 19927) d=1
C=1 Output = (264473, 6653)
2
Model (6) Efficiency 1 II(X,Y)=> x; Input= (197537, 19927) =1
¢ _i=l
and reduction of costs 0y =1, 65 =1 Output = (264473, 6653)
pr=1,9=1

As illustrated in Table 8, when the criteria are limited solely to cost reduction and the efficiency
score of the new unit, the proposed model (6) successfully achieves this outcome independently, whereas
methods [16] and [2] fail to do so. In this specific scenario, all three models yield a merged unit with
identical inputs and outputs and an efficiency score of one. Furthermore, as demonstrated in Table 6,
the proposed model (6) grants decision-makers the flexibility to adjust predetermined efficiency levels
for individual inputs and outputs and manage their respective efficiencies. In contrast, the methods by
Gattoufi et al. and Amin et al. do not offer this capability. Moreover, while the aforementioned methods
optimize either inputs or outputs exclusively, the proposed model (6) simultaneously optimizes both.
Consequently, the presented model encompasses the methodologies of Gattoufi et al. [16] and Amin et
al. [2] as special cases; it not only replicates their results under identical conditions (as shown in Table 8
for Banks 1 and 18) but also extends their capabilities to handle diverse managerial goals.!

L All Calculations in this paper were done using MATLAB 2017 software.
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5. Conclusion

A common strategy employed by managers to rescue inefficient units within the PPS involves the strategic
consolidation of two or more inefficient entities into a single new unit. However, it is important to note
that such a merger does not guarantee an efficiency score for the resulting entity that exceeds that of the
individual merged units.

In this paper, we first propose a novel approach to identify the corresponding desirable target unit
for each DMU, grounded in the specific targets set by decision-makers. Based on these targets, all units
are ranked according to their distance from their respective desirable benchmarks. Subsequently, we
introduce a new method designed to identify the best partner for mergers or acquisitions involving a
specified unit. Finally, we present advanced models for horizontal mergers and acquisitions that are
driven by decision-maker preferences; in this framework, managers play a pivotal role in defining the
target values for each input and output indicator of the merged entity to achieve the desired state.

The proposed models offer several significant advantages over existing approaches:

1. Target-Oriented Merger: Unlike previous models, this framework allows for the construction of
a desirable merged unit that strictly aligns with the specific targets and preferences of decision-
makers.

2. Linearity and Non-Radiality: The models are formulated as linear programming problems while
maintaining non-radial properties. This flexibility enables managers to incorporate their expert
opinions into the determination of individual inputs and outputs for the new merged entity.

3. Dual Orientation: The models are simultaneously input- and output-oriented. This dual nature
ensures that both the optimal reduction of inputs and the maximization of outputs for the merged
units are achieved concurrently.

Despite the contributions of this study, certain limitations should be acknowledged, which also suggest
promising avenues for future research. First, the current models assume a black-box structure; however,
extending these frameworks to analyze network structures within banks could provide deeper insights
into their internal efficiency. Second, the models rely on crisp data. Future studies could explore the
integration of negative, interval, and fuzzy data to better reflect the uncertainty and volatility often present
in financial environments. These extensions would significantly enhance the robustness and applicability
of merger analysis in diverse contexts.
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