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Abstract: The logistic and transportation plays an integeat in maintaining a well-functioning organizati@ne of the
most extensively used, original, famous, and papulan-parametric methods for evaluating the efficie of
organizations is the Data Envelopment Analysis, Déghnique. Suppose we can formulate the concegfextiveness
in the DEA technique. In that case, we will be ableneasure the productivity of organizations sipgeductivity is a
blend of efficiency and effectiveness. Several isdhave been developed, e.g., the “Malmquist Ritddty Index”
(MPI) and the “Lunberger Productivity Index” (LPMhich assess the productivity of corporations ugtothe DEA
technique, but these models do not display allofacin a system. Also, they need at least two perito appraise
productivity. Furthermore, their two component®fficiency and effectiveness are not considerabigent. Moreover,
sensitivity analysis is not possible in these mad&herefore, a model was presented that can needsarrelative
productivity of decision-making units through tketinique of DEA, simultaneously in a period throtightwo elements
of efficiency and effectiveness with the featureseffisitivity analysis and its solution method igen@liable due to the
use of multi-objective planning method. In additiencase study was used to indicate the applicatidche proposed
model, which demonstrated that a branch could fieesft but unproductive.

1 Introduction accidental [2]. The measurement provides the méans
Productivity measures provide answers to importadfientify effective factors in improving efficiencand
questions about the flows, logistic and transpiomat-or ~effectiveness, which in turn has a special role in

example, how efficiently transportation providerswe determining the productivity of organizations. Rrotivity
people and goods, and whether the value of theiices can be divided into two elements: efficiency and
has grown more rapidly than the costs of the inphey ~ effectiveness. Efficiency refers to the ability obtain
use. Evaluating the performance of similar orgaioms output from fewer data, and effectiveness refers to
and examining the results of their performancederain Matching the results obtained from work with
period is considered an important and strategicgmwthat Predetermined goals [3]. Productivity is managine set
determines the competitive position of organizatidhhas ©f activities that are carried out to enhance ffieiency
a notable role in continuous improvement and irgirga  and effectiveness of the companies. _
the quality and effectiveness of management detssid The DEA is one of the most popular and major
organizations [1]. techniques for evaluating the relative efficiency o
One of the main criteria for evaluating the perfanme  “decision-making units” (DMUs) [4]. Clermont and
of organizations is productivity. Research showt tha>chaefer state: “From the point of view of many
productivity is the most favourable criterion ofresearchers and users of operations research, the
performance in all evaluations. If organizations mt ~advantages of DEA outweigh its disadvantages”. Gie
properly assess their productivity, their survivéll be the DEA technique's weaknesses is that it onlydeston
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evaluating the relative efficiency of DMUs. As asué,
evaluating productivity through the popular and elyd
used technique of the DEA can be considered anriauto
step in determining the performance of organizatii

provide more details. Tavana et al. [14] utilizedZy
NDEA and the MPI to dynamically measure the
productivity of oil refineries in the existence aflverse
outputs during the years 2013 to 2016. The reshlsved

Newly, studies have been developed to measutieat the productivity score of 70% of refinerieslasver

productivity through the DEA technique, e.g.,

“Malmquist Productivity Index” (MPI) and “Lunberger

Productivity Index” (LPI), which are mentioned belo

2 Literaturereview
Qu et al. [6], using the “Weighted Entropy Methad”

thehan average.

Aduba and Asgari [15] used the MPI method to
evaluate the Japanese Manufacturing Industry's TFP,
technological, and efficiency changes. The reslitsved
that the Japanese Manufacturing Industry's prodtcti
declined from 2008 to 2014. Li et al. [16] used MEI

the first step calculated the comprehensive index ofn€thod to evaluate TFP from 1978 to 2016 underureso

environmental pollution in different sectors antles. In
the second step, through the combined MPIL-LtRéy
evaluated the efficiency of different sectors aiigts in
terms of reducing pollution from 2012 to 2017. Akt

and environmental limitations in China. The results
showed that China's TFP relates to fluctuations rates

of macro-economic, direction control, and economic
system reform. Using the MPI method, Song et a] [1

division level, two main factors affecting the fotainvestigated Chinese universities' productivitye¥fiound

productivity of each division were determined. A¢ tcity
level, it was determined that five cities have ioyad in
terms of productivity, but the productivity of thbaree
cities has decreased. Bansal et al. [7] proposeddel to
evaluate changes in the “Total Factor ProductiviiyFP)
of 60 Indian banks using the MPI-LPI from 2013 @12.
Data had negative values and undesirable charstatsri
Results showed that foreign banks fulfil bettemthiaeir
counterparts in terms of productivity. Giacalonelef[8]
used the MPI from 2011 to 2016 to evaluate andyaeal
the Italian Judicial System's productivity. Empafistudies
showed that the inefficiency of the judicial systetows

that the productivity of Chinese universities iraged
between 2009 and 2016. Lu and Xu [18] utilizedttiree-
stage MPI-DEA to measure TFP in provincial water
resources in China from 2008 to 2015. They conclubat

it is necessary to reform the existing water corsion
system by strengthening government macro-contrdl an
strengthening efforts to purify pollution and emvimental
protection. The growth of TFP of water in China has
yet reached maturity. Liang Yang et al. [19] meadur
productivity changes in Chinese research univessftiom
2010 to 2013 using the LPI. The experimental result
showed that LPI increased significantly during tlegiod

down the economy due to prolonged judgment anddéck Under review.

legal certainty. Huang et al. [9] analyzed the dgitatrend
of energy security performance of 30 Chinese pe®sn

Falavigna et al. [20], in research entitled “DEAsbd
MPI for understanding courts reform”, used a twagst

from 2008 to 2017 through the MPI. The results sttbw analysis to assess the productivity of the Italian
that the eastern and southern provinces perforrterbegudiciary from 2009 to 2011. The evidence showeat th

energy security than the western and northern nsgio
Lu et al. [10] used the “Network DEA” (NDEA)

technique and the MPI to evaluate the productieftyhe

machine tool industry in Taiwan during the yeard@@

reducing the number of active divisions harmedctnats'
productivity. Gandhi and Sharma [21] measured the
productivity of private sector hospitals in Indising DEA
and MPI from 2010 to 2014. The results showed an

2014. The results showed that the productivity e t improvement in the Indian hospital industry durithis

production and marketing sectors had rapid groaritl,the
marketing sector's productivity growth was morenttizat

period. Fuijii et al. [22] assessed the changesddyctivity
and efficiency in EU28 banks from 2005 to 2014 gsin

in the production sector. Amiri [11] presented avne “Weighted Russell Directional Distance” and the MPI

approach to assessing the productivity of DMUsuglo

Then, they analyzed the share of private bank sput

the NDEA. They used “Multi-Objective Programming”increasing productivity and efficiency. They coruzgd

(MOP) to solve network problems. Using the two apts
of efficiency and effectiveness in the DEA modebie of
the important features of this research. Wang amdjf12]
analyzed the productivity of China's Industrial 8ys and
the subdivision of this industry using the NDEA e
and the TFP index from 2004 to 2015. They found tt
total productivity of China's Industrial System rieased
during this period. In the first stage, Ding et[aB] used

that productivity in EU banks is higher than in tid EU
Cadavid et al. [23] evaluated the productivity afblic
universities in Colombia through DEA and the MRinfr
2011 to 2012. Universities were also ranked using a
“Pareto Efficient Cross-Efficiency Model'The results
showed an improvement in productivity during the
mentioned years. Fernandes et al. [24] evaluated th
productivity of European domestic banks and estohéte

the NDEA technique to assess the “Circular Indaistriimpact of banking risk factors on their performaificen
Economic System” efficiency. Then they used the MP{007 to 2014. The DEA technique used in this resesr

technique to measure the dynamic productivity f2gh2

based on an MPI to calculate banks' productivityres.

to 2017. Their proposed method can decompose tﬁbe results showed that credit risk and quuidlllytfbanks'

circular economic system into 4 dynamic indicatansl

productivity, and profit and capital risk harm thei
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performance. The results showed that some provimees interdependent, which is not considered in thesdies.
faced a decrease in the productivity of producfamiors. Fourth, these studies do not have the advantage of
Research on optimization by heuristic algorithms isensitivity analysis in the model. In the studyaofiri [11],
manufacturing and industries for measuring theciefficy the method of solving their proposed model was dpne

of using optimization methods and techniques hash beconverting the fractional model to a linear modshjch,

done so far, which can be mentioned [29]. unlike that, our solution process in this studylvié
The summary of these studies is given in Tablesl. Ahrough the MOP technique.
can be seen, most of these studies use the MAPloorLa As a result, to complete the defects in the studies

combination of these two indexes to evaluate prirdtic ~ proposed a model that can assess the producthiiyitys
First, studies of productivity through efficiencynda through the DEA technique in one stage and oneogeri
effectiveness are very limited. Secondly, most w6 t while  maintaining efficiency and effectiveness
research evaluate the performance of DMUs through D dependency. Also, the method of solving our model i
and NDEA using indicators such as MPIl and LPI, ot through the MOP technique and can be used fortaetysi
the effectiveness is not evident clearly. Thirdligese analysis and parametric programming. Also, a casgys
studies need at least two periods or two staged, awas used to show the utilization of our model.
efficiency and effectiveness must be considered

Table 1 Summary of studies
Reference Description of the resear ch M ethodol ogy
Qu et al. (2022) Evaluation of efficiency in pollution of differesectors and cities| MPI-LPI and “Weighted
' for reducing pollution in the years 2012 to 2 Entropy Method
Bansal et al. A model to evaluate changes in the TFP of 60 Intamks during MPI-LPI
(2022 the years 2013 to 20
Huang et al. Analyze the dynamic trend of energy security pentonce of 30 MPI
(2021 Chinese provinces during the years 2008 to
Evaluate the productivity of the machine tool iny# Taiwan
Lu et al. (2021) during the years 2010 to 2( NDEA and MPI
Esngzza(e)glll_ etal. A new approach to evaluating the productivity of DM NDEA and MOP
Giacalone et al. | Evaluate and analyze the productivity of the I@badicial System MPI
(2020 From the years 2011 to 20
Wang and Feng Evaluate the productivity of China's Industrial &ys and :
(2020 subdivision of this industry from 2004 to 2( TFP index and NDEA
Aduba and Asgar| Evaluate the TFP changes, technological changdsféiniency MPI
(2020 changes in the Japanese manufacturing industry 2@98 to 201
Ding et al. (2020) Measure the productivity of the “Circular IndustitEzonomic NDEA and MPI

System” and evaluate the dynamic productivity fra®i2 to 201"
Tavana et al. Measure the productivity of oil refineries in théstence of
(2019 adverse outputs during the years 2013 to :
Li et al. (2019) Analyze the TFP from 1978 to 2016 und_er resourcke an
environmental limitations in Chi
Investigate the scientific productivity of the Chge Science
System between 2009 and 2
Measure the TFP in provincial water resources im&Hturing the
Lu and Xu (2019) years 2008 to 20

Liang Yang et al.| Measure the productivity changes in Chinese rebaariversities

Fuzzy NDEA and MPI

MPI

Song et al. (2019 MPI

Three-stage MPI-DEA

(2018 from 2010 to 201 LPI
Falavigna et al. A two-stage analysis to assess the productivithefitalian tax MPI
(2018 judiciary during the period from 2009 to 2(
Gandhi and Evaluate the productivity of private sector hodpita India during MPI
Sharma (201! the years 2010 to 20
Evaluate the productivity of European domestic Isaankd estimate
Femandes et al. the impact of banking risk factors on their perfamee during the MPI

(2018) years 2007 to 20:
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Evaluate the changes in productivity and efficiemciEU28 banks “Weighted Russell
Fujii et al. (2018) during the period from 2005 to 2014 and analyzestiae of Directional Distance”
private bank inputs in growing its productiy and MP

“MPI and Pareto

Cadavid et al. Evaluate the efficiency of public universities inl@mbia during Efficient Cross-
(2017) the years 2011 to 2012 and rank the Universities - .
Efficiency Model
Salarieh et al Study the effect of efficiency and technology cesign the
(2016) ' changes in the productivity of the agriculturalteei Iran in the MPI

period from 2004 to 20:

3 Efficiency, effectiveness, and productivity field is the maximum use of minimum resources, Wh
According to Richard Daft, efficiency is the forbg the ratio of output to input. _ _

which we must reduce costs and increase profiterPe  Effectiveness is the second word that is less el

Drucker called efficiency the ability of a corpacat to A simple and appropriate definition of effectivesésthe

reach the desired level of outputs with the minimlemel ~Organization's ability to achieve preset goals. hSac

of inputs. Nevertheless, efficiency has also besfimeld as  definition leads to an interesting concept of eff@mess:

“the ratio between expected consumption resouroes athere is usually no limit to the effectiveness of a

actual consumption resourcegfficiency is also defined organization. Determining effectiveness is mordialift

as the 0ptima| use of resources that leads to ma@sto than efficiency because of its definition, whichncerns

satisfaction. In addition, efficiency is defined“tise ratio the Relationship between inputs or outputs andonus.

of time dependent on the ideal system to the tia Figure 1 shows that some outputs and external

spent” [25]. A company is efficient if it produceke _enwronm.ental factors may affect the outcomes. Gaan .

maximum output from a given input level. The commofn effectiveness are mainly focused on changes in

denominator of all the above definitions in theigiéhcy ~Outcomes. In the same way, effectiveness establishe
Relationship between input and output with the ioleth

outcome (end goals) [25].

Environmental factors

Efficiency Effectiveness
Input Output p=——————3> Qutcome

Figure 1 Input, output, and outcome

Effectiveness shows how a good organization warks t - productivity is equal t6—2-, which is defined as the
achieve its goals, but inefficiency is related taste and, mput
therefore, ineffective operations. S - .

The third word is productivity, which is more .Pro.ductlwty |soitz?l?ndogfpszf|C|epcy_and effecthass,
comprehensive and complete than the previous twthe  Which is shown as "= + which is the concept of
past, the terms productivity and efficiency wereedus productivity [26].
interchangeably, but today these terms have differe |t refers to a broader concept and is anything that
meanings. Productivity will follow the measuremenid improves the organization's performance.
evaluation of the output and results of a corporegi In addition, the “Asian Productivity Organization”
activities concerning the goals and the number @APO) has defined productivity asPFoductivity =
consumed resources. Productivity is one of the mosfficiency + ef fectiveness = doing things right +
important  indicators  showing employee activitiesgoing the right things” [25]. Productivity can also be
effectiveness. In 1950, the Organization for “Eaoim expressed as “measuring the Organization's aubty
Co-operation and Development” (OECD) definectonvert input resources into goods and servicesivéver,
productivity as “the ratio of output to one of #haetors of  the combination of high efficiency and effectivemésthe
production”. In 1995, three definitions of prodwetlf were  product production process will lead to high prdiliity.
shown, which are mentioned below [25]: Therefore, an efficient system may be ineffectioean

measurement of efficiency.

goal ’
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effective system may be inefficient. Productivigshbeen measuring efficiency included one input and oneuwiut
introduced as one of the basic mechanisms for mgiiai The linear form of their model was called the DBAg the
competitive advantage. model they presented was known as the CCR modetibas

According to the information in this section, wadi on the first letters of their name. The CCR modelsw
out that the evaluation of productivity is more gdete changed to a new model known as the BCC model. The
than the evaluation of efficiency and effectivenesBEA is a “Non-Parametric Frontier Evaluation Model”
separately. Also, efficiency and effectiveness awe that evaluates the relative efficiency of a setsiofilar
integrated elements of productivity, so using theam units. This frontier contains line segments thatt owly
measure productivity is better. In addition, acangdo the identify the most efficient DMUs but also provida a
information in this section, the productivity forfaican be analysis of the inefficient units.

formulated as followsproductivity = ZLPE . SWPUL Evaluation of efficiency via the DEA technique is
mput — goal classified by three separate structures: “Overadlfihical
. Efficiency” (OTE), “Pure Technical Efficiency” (PTE
4 DEA technique and Scale Efficiency. The Relationship betweendiese

Farrell [28] proposed non-parametric methods fogtryctures is defined as follows (1):
efficiency estimation for the first time. His modtdr

scale efficienc OTE _ CCR __ "Constant Return to Scale" (CRS) (1)
Y= PTE  BCC  "Variable Return to Scale" (VRS)

The scale efficiency specifies CRS or VRS for ggeat It uses quantitative and qualitative criteria t@lerate
productivity. OTE, or CCR, is calculated by measgri the efficiency of organizations.

how well a DMU can use its inputs to create outplle The impact of subjective factors is reduced in this
CCR model shows that a change in the number oftsnpumethod [19].
will cause a similar output change. For examplethé Other measurement methods measure the company's

input values for a decision unit are doubled, itstmu performance only from a financial landscape. St

produce double the output. PTE or BCC shows that ZEA method measures the company's performance both

change in the value of the inputs produces a Variedue from a financial landscape and from a non-financial

in the outputs [23]. Usually, the efficiency scarethe landscape.

BCC model is higher than the CCR model. The DEA technigue allows each DMU to set its
Furthermore, DEA models need input-oriented andariable weight more favourably than other DMUs aad

output-oriented solutions to reach the efficiemnfrer. identify reference units for each DMU.

The input-oriented model provides suggestions on DEA is more flexible and applicable than other

reducing inputs to reach the efficient frontierr Ekample, methods.

an input-oriented efficiency score of 0.9 in anamigation Based on the information given in this section, the

indicates that the organization can reduce thetilepel by reason for choosing the DEA method to evaluate the

10% with the same output level. The output-oriemedlel productivity of DMUs is determined. Also, the typé

offers suggestions for how to increase output &ehethe DEA model is obtained.

efficient frontier [21]. In the output-oriented meldit is

possible to increase the outputs to reach theiaffic 5§ Productivity indexes

frontier without attracting more inputs. The output  Measuring the index involves using five ratios to
oriented model is appropriate where the inputs aifieasure productivity: “Single Factor Productivikuilti-
approximately constant. Also, the input-orientecdeids  Factor Productivity, TFP, Management Control Radit
appropriate when the outputs are closely alignél thle  productivity Costing”. The most common ratio is TP,
organization's goals or are limited by externaldes: If the  \where productivity is measured as a ratio of diffir
manager has little control over inputs and mosthef jnputs. These indicators have recently been cordhirith
managers’ operations are to develop outputs, then DEA and show changes in efficiency over time, andtfis
output-oriented measurement would be suitable. Mewe reason, they are interpreted as productivity irtdica One
the choice of orientation has little effect on @#fncy type of TFP index combined with DEA is the MPI. The
scores [15]. In general, the benefits of DEA inelutle VP is an index that shows the growth of the TFRaof
following: organization, and it can provide progress or resgjoesin

There is no need to specify a mathematical function efficiency and show the changes in efficiency betmevo

It helps discover issues that are hidden from othgine periods. If the MPI value is higher than dniicates
techniques. that the efficiency is improved [20]. The requinedues of

Inefficieljt resources can be analyzed for each DMU. the MPI have been calculated using the DEA tectmiBy
~ A DMU is directly compared to its peers by multipleapplying it, the changes in total productivity asdculated
inputs and outputs. by separating the changes in efficiency and tecyical
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changes. In fact, in the MPI, there is no cost mimation To combine this formula with Equation (2), we néed
or income maximization assumption, and we only rteed define the effectiveness of the DMU as follows (3):
observe some inputs and outputs [3].

The MPI is related to “Russells Measure of Effectiveness of DMU,

Inefficiency”, which is multiplicative, while LPIsi based _ weighted outputs of DMU

on a “Slack-Based Measurement of Efficiency”, whish " weighted standard outputs (goals)of DMU ~ (3)
cumulative. The DEA technique measures the effayieri Ik u Y,

corporations for a specific year. The MPI or LPpagach = Z,f,:—

is used to get changes in efficiency in more thaa year r=11rgro

[21].

Wheren,.g,, is weighted standard outputs (goals) of

Many productivity studies have recently bee MUO

developed based on DEA-LPI and DEA-MPI techniques:
When the DMUs follow homogeneous production
technologies within groups but are compatible with
heterogeneous production technologies at the who
society's level, the MPI-LPI scores and their congs
may be misleading [27].

In this part, we find that these indicators neetbast
two periods to analyze the efficiency of organizasi, the

Now, according to section (4), whereoductivity =

ficiency + effectiveness, we wil combine
guations (2) and (3). Therefore, if we combine digun
(3) with the objective function of Equation (2), wan
evaluate productivity through Equation (4).

N
effective formula is not evident in them, and stvisy MaxE, = Lr=1UrYro
analysis is not possible in these models. 2y viXio
MaxE1 _ Zrmatet
. N . 0= Sk
6 Multiple-Objective Programming ¢ r=1Mrgro
technique e wy, .
The Multiple-Objective Programming, MOP technique Tﬂfl " <1; j=1,..,n )
is done by a set of objective functions that must b =1 viXij
optimized simultaneously, and a set of constraists  Xi<iUrY; <1 i=1. .. mn
defined to be satisfied. In other words, MOP shbas to kg~ J= L
move toward several objectives simultaneously. U v, G, =8 r=1.,s i=1.,m
Considering that in this research, we will use two
objective functions of efficiency and the objectfuection Equation (4) is in the form of a linear fractiavhich
gf effefpv%r.]es.s, the linear programming of thisdelavill  can be converted into the linear model through Eopa
7 Methodology c
. . . : MaxE, = Zu Yo
According to section (4), the input oriented CCR Tir
modeling of the DEA technique is as follows (2): =L
MaxE1l, = Z u, Y,
MaxE = M 0 =1 o
¢ XR viXio S.t:
S.t: m
S_.w.Y.. (2) Z Y., —
—Zﬁ;l ' 9<1; j=1,2,..,n L, Viio =1
i=1 ViXij =1
u,vi=zeg r=12,..,s i= 12,..,m )

angro =1

However, as discussed in the previous sections, "5t
Equation (2) only evaluates the efficiency of DMU% Z v
evaluate the productivity of DMUs, which is more Uty

m
_Z‘ULXL]SO’ j=1,...,n
comprehensive than the efficiency evaluation, it is o

r=1

Tk

Tk
necessary to formulate the effectiveness in Equai). Zu Y. — Z <0 i=1. . =n
Referring to section (4), the effectiveness cawlitained T Mrgrj =V = 5
output r=1 r=1
goal " U, v,9r=¢6 r=1..,s i=1..,m
~ 250 ~
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The following process has been developed to solve Equation (5) evaluates the productivity of DMUs
Equation (5): through the technique of DEA and MOP, both of which
have maximum validity and popularity. We can easily
Step 1: Every objective is optimized independenfly continuously evaluate the productivity of DMUs ineo
other objectives. For DMUO, we maximize EO indivddly ~ stage, in one period, and with the property of isigity
to determine its ideal objective valugs, analysis through Equation (5). The DMU will be
productive if the equation (5) answer equals 2.
Step 2: Every objective is computed oppositely
regardless of the other objective. We minimize B0 t8 Case study
determine its anti-ideal solutidfg ", In this section, to apply Equation (5), we seledtel

. _ _ branches of a bank to evaluate productivity. Mdsthe
Step 3: Define the membership function of everpank's activities are related to the flows, logsstand

objective by its ideal and anti-ideal solutionsii§(E,) =  transportation industries. Collecting and attragtih kinds
(Eo-Fg) of deposits and allocating them to meet the fireineteds
(B6-E5) of all economic activities is one of the most intpat

banking operations. Analyzing the productivity dfet
banking industry and determining methods for thigppse
is of interest to managers, politicians, economiatsd
academic researchers [24]. The DEA technique isged

Step 4: Maximize the minimal membership function fo
all objectives as Equation (6).

Ma_x =a for performance evaluation in the banking industiyere
S.t are rich and extensive studies to assess perfosmarihe
a < uky,(Ey) (6)

banking industry, most of which used the DEA teqghei

According to the research done by Amiri [11], thpuit
and output processes in the banking industry weaevrd
n Figure 2, and its data was set in Table 2.

in addition to all original constrains in eq1
So,a is the minimum of all member functions that ar

maximized. The overall scoré, = YX_,(W.EK) is
evaluated for the DMUO.

- ~ ™ N\

on-operational expenses

Operational expenses

The banking processes Income (Goal)

Fixes assets

\ Labor \ J /

Figure 2 Input and output process in the banking industry
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Table 2 Inputs, outputs, and goals

Inputs Outpu
DMUs Inputl Inputz Input? Input4 Outpu Goa
1 0.063¢ 0.061¢ 0.037¢ 0.079: 0.060° 0.072¢
2 0.056! 0.090° 0.038: 0.079¢ 0.046: 0.061
3 0.056! 0.089¢ 0.024: 0.038:¢ 0.025! 0.034
4 0.056! 0.040° 0.027° 0.083" 0.046: 0.058:
5 0.063¢ 0.043¢ 0.038¢ 0.065 0.043¢ 0.058:
6 0.056: 0.081¢ 0.029¢ 0.068: 0.040( 0.053¢
7 0.056: 0.071 0.033¢ 0.057¢ 0.043¢ 0.057¢
8 0.063¢ 0.044¢ 0.030° 0.055¢ 0.040¢ 0.051¢
9 0.077¢ 0.058: 0.046¢ 0.062¢ 0.046¢ 0.060¢
10 0.049: 0.048¢ 0.029¢ 0.069: 0.043: 0.053¢
11 0.056: 0.112( 0.028( 0.046: 0.029¢ 0.039¢
12 0.056! 0.018¢ 0.027: 0.057° 0.054( 0.057¢
13 0.035: 0.036° 0.015! 0.017: 0.012¢ 0.017¢
14 0.056: 0.032¢ 0.485¢ 0.020¢ 0.333¢ 0.154
15 0.056: 0.040: 0.035: 0.071: 0.044: 0.052
16 0.084¢ 0.081¢ 0.045 0.091¢ 0.064: 0.081¢
17 0.056: 0.046¢ 0.025¢ 0.035( 0.025¢ 0.033:

8.1 The results of measuring the efficiency of 8.2 The results of measuring the productivity of

bank branchesthrough Equation (2)

Using Equation (2), the efficiency scores of the Bank branch productivity scores are presented bieTa
branches are displayed in Table 3 by LINGO softwhe 4 using LINGO software's Equation (5). The ressitew

results show that branches 12 and 14 are efficient.

Table 3 Efficiency scores of the branches by Equation (2)

bank branches usng Equation (5)

that branch 14 is productive.
Figure 3 shows the combination of Tables 2 and 3.
Considering Figure 3, we find that unit 12 is effitt but

DMUs Efficiency Rank unproductive. Also, the rating of some units in &tipn
1 0.932177 3 (2) and Equation (3) is not the same.
2 0.762612 7
3 0.633642 15 Table 4 Productivity scores of the branches through
4 0.851705 5 Equation (4)
5 0.661219 13 DMUs Productivity Rank
6 0.719598 11 1 1.318282 3
7 0.752160 8 2 1.11059 8
8 0.742647 10 3 0.971750 16
9 0.666375 12 4 1.220454 5
10 0.854048 4 5 1.008417 14
11 0.630901 16 6 1.066961 11
12 1.00000! 1 7 1.103177 10
13 0.590687 17 8 1.107901 9
14 1.00000! 1 9 1.02356: 12
15 0.749736 9 10 1.227272 4
16 0.766099 6 11 0.978115 15
17 0.657607 14 12 1.433241 2
13 0.920390 17
14 2.00000! 1
15 1.137790 6
16 1.130619 7
17 1.014108 13
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Efficiency and pruductivity of the 17 DMUs.
2.25
s 2
=
£ 175
5 —o—Productivity —e—Efficiency
g 15
[a W}
o
- 1.25
g
g !
g 075
05
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Number of DMUs.
Figure 3 Efficiency and productivity of the 17 DMUs
9 Concluson and recommendations of this research can play a significant role invép logistic

Evaluating similar organizations' performance and@nd transportation.
examining their performance in a certain period is Some studies that can be suggested for the future
considered an important and strategic process.cbtiee  include the following: _
main criteria for measuring the performance of -The model's parameters are all precise and
organizations is productivity. Productivity is aehtl of dete_rmllnlstlc, which can be considered |mpreC|sd an
effectiveness and efficiency. The DEA techniqueris of ~qualitative and solved through the fuzzy technique.
the most popular methods and one of the main mstfopd - Considering that the proposed DEA model is of CCR
evaluating the relative efficiency of DMUs. Recgnthere type, another research of BCC type can be made.
have been studies to measure productivity throdngh t
DEA technique, which includes the MPI and the LEpist, ~Data availability statement
the effectiveness is not formulated in these studieThe authors confirm that the data supporting thdirigs
Secondly, they need at least two time periods orstages. Of this study are available within the article.
Thirdly, they do not benefit from sensitivity ansity in the ) )
model. To complete the shortcomings in the stuckes, Declaration of interests _
model was proposed that can assess the productifity The authors declare that they have no known competi
DMUs through the DEA technique and MOP in one stagéhancial interests or personal relationships tuaid have
and one period while maintaining the efficiency an@ppeared to influence the work reported in thisspap
effectiveness dependency. The proposed modekiarin
such a way that the advantage of its linearity mamsed Acknowledgement
for sensitivity analysis and parametric programmiigr ~We are grateful to all of those with whom | havel hiae
this purpose, effectiveness was formulated in t@RC Ppleasure to work on this and other related projetiss
model of the DEA technique, and MOP was used t@anuscript was supported by VEGA 1/0268/22.
maximize the two functions of efficiency and
effectiveness. Then, to demonstrate the applicatiche References
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