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Summary:

The direction in research of the efficiency of decision-making units in  this
paper is an efficient—multi-inefficient—multi-efficient unit. So, the general
purpose of this paper is twofold: (1) identification of «hidden» inefficient
units within a multi-set, among efficient units of the basic set, and (2)
achieving the efficiency in such identified inefficient units. This indicates
(warns ofl) a negative efficient—inefficient process, so as to provide a
timely response and thereby prevent multi-inefficiency. The specific goal is
to assess the efficiency of the Serbian railway passenger stations, first
within the basic set of the Passenger Transport Section Belgrade, then in
the multi-set of the Passenger Transport Sections, and finally in the
superset, the Passenger Transport Sector. This is achieved by means of
the multi-set DEA (Data Envelopment Analysis) method, which is a
system for: (i) relative efficiency assessment, in the first iteration, through
the basic set analysis, and (i) decrease in efficiency of potentially
inefficient units, in subsequent iterations, through the multi-set analysis.
The result is that the efficient stations PoZarevac and Pancevo Bridge are
at the initial level, and the (newly) efficient PoZzarevac, Novi Sad and Indija
at the final level. The best practice station remains the PoZarevac Station,
which is multi-efficient, and therefore the role model to inefficient stations.
The conclusion is drawn that the solution resulting from the multi-set DEA
analysis is more realistic, and less relative, because it applies to a wider
analysed set of decision-making units, i.e., a larger coverage when
considering the issue. This is important for fitting into the new era of
growing globalization, and therefore our recommendation is the integral
multi-set, as opposed to the individual single set approach.

Key words: Efficiency, Data Envelopment Analysis, Multi-Set Analysis,
Railway Stations.
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Introduction

A number of same-type organisational units within a single
organisation jointly accomplish the objective of the organisation, thereby
contributing to a higher or lesser extent. In order for the organisation to
be successful, it is necessary for all of its units to be successful. Success
is a multidimensional concept, with efficiency being one of its
dimensions.

Efficiency is a feature of someone or somebody (people, institutions,
organisations, companies, processes and other) to produce maximum
output (products, services) using minimum input (resources, activities).
Expressed in the simplest mathematical terms, it is the ratio of an output
and an input. From a more complex mathematical point of view, it is a
ratio between the weighted sum of multiple outputs and weighted sum of
multiple inputs. For this purpose, the Data Envelopment Analysis, (DEA)
was created in 1978 by Charnes, Cooper and Rhodes as a method of
calculating the efficiency of the so-called Decision Making Units,
abbreviated DMU), (Charnes et al, 1978).

The idea of this paper is to decrease the relativity and to increase
the reality of the best practice through the iterative procedure
"efficient—inefficient" (efficient unit in the basic set, inefficient in the
multiset). Thus, success is a relative and changeable category and
requires caution and constant reconsideration. With the view to the
future, the goal of this paper is an early discovery of potentially inefficient
so-called "hidden" units, and their respective timely redirecting.

Among numerous examples of best practices of similar companies,
both local and foreign, the most suitable example is a so-called personal
example, and that is the example of the same analysed set of measuring
units. This is because all the units of the same company as means of
their teamwork, under the same conditions, contribute to the
accomplishment of a single goal. Logical conclusion is the requirement
for all the units to proportionally contribute to this objective, whereby
inefficient units imitate the efficient ones. And when those efficient units,
acting as models for the inefficient ones, are "among us" or "ours", we
believe that the efficiency can really be achieved.

On the one hand, the Sensitivity analysis of a single same set of
decision making units, but applying different input/output data and
opposite DEA models, results in the same efficiency (Vukovié, 2016). On
the other hand, the stated Multiset DEA analysis of the same data of
decision-making units in a number of different, ever bigger sets, results in
smaller or equal efficiency, so some efficient units become inefficient. By
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application of the post DEA sensitivity analysis, newly efficient units
become efficient in a wider set, a so-called multiset. Thus the research
direction is efficient—multiinefficient—multiefficient units. From this point
of view, the goal is two steps ahead: recognition of potentially inefficient
units and achieving efficiency in a wider set. Multiset efficiency is more
weighted than the monoset, as is it obatined by further decrease of input
and/or increase of output, thereby improving the operation of units, which
defines the contribution of our paper.

The following chapters include the overview of references, the short
descriptions of the DEA method and the Multiset DEA analysis, as well
as a numerical example, while the conclusion has been provided based
on the stated information.

Overview of references

Having reviewed the newly published worldwide and local literature,
we herewith provide the following observations:

1. Efficiency is monoset-oriented, where each decision-making unit
is analysed in the same set. Examples of such sets include: 208 clinical
commissions in England (Takundwa et al, 2017), 42 bus routes in
Brisbane, Australia (Tran et al, 2017), and 55 universities in the state of
Mexico (Sagarra et al, 2017). While in these works each unit is analysed
in the same set, we here observe a unit in a wider scale, as an element
of every bigger set. It is thus possible to compare the efficiency results
obtained through multisets and to provide a more realistic assessment of
efficiency.

2. The problem of the multiset prediction is not well known in the
literature. According to certain authors, the problem is solved by
consecutive decision-making, where a new multiset function of loss is
proposed as a parameter of predictive policy (Welleck et al, 2017).
According to others, the multiset approach is used to predict the average
daily temperature, as shown by the Taipei example in Taiwan (Vamitha &
Rajaram, 2015). In our paper, the Multiset DEA analysis of units is used
for predicting inefficient results, which meant increasing the set of
decision-making units by adding a new set. In this way, potentially
inefficient units are more accurately predicted, which is helpful in solving
the problems of multiset prediction.

3. The multiset theory differentiates between conventional and fuzzy
logic. Conventional logic defines whether an element belongs to a set by
"yes or no", whereas fuzzy logic does so by "more or less" (Pamucar et
al, 2016). The Multiset DEA analysis is a connection between the
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multiset theory and the DEA method. The stated analysis defines the
simultaneous belonging of elements to a larger number of sets by "yes",
with multiset efficient units. In addition, it also uses "yes", with multiset
inefficient units. Realistically, a multiset is a family of a set of efficient and
a set of inefficient units. Units "more or less" belong to a multiset, where
units closer by efficiency belong to a multiset "more", and with the
deviation "less".

4. Efficiency is dealt with without burdening the external society, but
individually instead, within the scope of internal potential. The example
of this case are premises used by institutions, command departments
and units of the Serbian Army, where the application of thermal isolation
is proposed to solve the problem of energy efficiency (Zivkovi¢ & Banjac,
2016). By applying the stated idea of using internal potential, we are
solving a complex problem of efficiency of railway stations, with an
additional idea of using its diverse potential, not just material but also
organisational, and thereby achieving certain savings.

5. Organisational efficiency is impossible without the evaluation of
the work of employees, which requires management so that it could be
managed (maximised) in this way (Lukovac et al, 2014). Measurement of
work at different levels by a multiset approach is a higher stage of
comparison.

Core principles of DEA (Data Envelopment Analysis)

DEA is a method of mathematical programming for the calculation of
efficiency and it is used, from a wider perspective, in economy, and more
precisely, in different kinds of economics, depending on the type of
decision making units. This is supported by numerous and diverse
examples from the world and local literature, covering different types of
Economics:

— Health Economics, where the effectiveness of health organizations
is being decided upon (an example of this type of units is the public
health system and the medical protection system of the OECD countries
(Ozcan & Khushalani, 2017);

— Traffic Economics, where the effectiveness of transport
organizations is being decided upon (examples are the Brazilian
intermodal terminals), (Peixoto et al, 2017);

— Sports Economics, where the decision on the efficiency of sports
organizations is being decided upon (for example, the football team of
Serbia), (Petrovi¢ Dordevi¢, 2015);
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— Tourism Economics, involving decision making on the efficiency of
tourism organizations (e.g. ecotourism parks), (Lin et al, 2017);

— Business Economics, where the effectiveness of business
organizations is being decided upon (for example, Taiwanese insurance
companies), (Chen & Zhu, 2017);

— Economics of Education, where the decision making on the
effectiveness of educational organizations is being decided upon
(examples are Chinese educational organizations, from pre-school to
higher education), (Si & Qiao, 2017);

The algorithm of the selection process with the DEA method
application includes five steps, as presented in Figure 1.

Step 1: Step 2: Step 3: Step 4: Step 5:
Selection of Selection of the Selection of Selection of a Selection of
a set of units parameters of numerous mathematical a computing
DMU INPUT/ OUTPUT values DEA
INPUT/OUT model Program
PUT

Figure1 — DEA method application algorithm
PucyHok 1 — Aneopumm npumeHeHusi AOL memoda
Cnuka 1 - Aneopumam npumeHe [JJEA memode

According to Figure 1, each example of a particular DEA method is
characterised by the concrete: decision making units (DMU), input-output
parameters (INPT/OUPT), numerous values of input and output,
mathematical DEA model (Charnes et al, 1978), (Banker et al, 1984),
(Yang et al, 2000), and a computer program (MS Excel Solver, LINDO,
LINGO and other) for solving linear programming (LP) tasks, whose
result is the efficiency value for each decision making unit.

By the application of the DEA method, decision making units are
divided into two groups: efficient (Eff=1) and inefficient (0<Eff<1), while
according to their numerical values they have a number of comparison
stages, so it is possible to establish a ranking (complete or incomplete) of
decision making units. Efficient units obtained based on the actual data
are realistically best practice units, but they are also a substandard of
efficiency as they are valid only for a concrete example (case study).
Opposite to this is a generally applied standard which does not exist in
this case, as there is no absolute efficiency.
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Multiset DEA analysis

The Multiset DEA analysis is based on the fact that sets are not of
exact size, but can be changed depending on the number of elements.
Hence, the limit i.e. the final size of a set remains unknown. And it is
exactly the issue of the limit of the set, being the analysis framework,
which is significant for the efficiency value. The above analysis contains
the principle that all the units outside the basic set break the ranking of
the units of the basic set, by the value of efficiency, by analysing them in
sets, which are at different (organizational, hierarchical) levels. A
complete set is not known, so it is unknown which is the highest possible
efficiency i.e. only experiential efficiency is known.

Similar to Savi¢'s idea (Savi¢, 2017) that the algorithm should be
applied several times, whereby a single input or output is added in each
iteration, the idea of our paper is to add more decision-making units to
each iteration, i.e. a new set of DMUs which represent a single
organizational unit. However, while in the previously stated reference
"turning" points among the iterations referred to the inputs/outputs
(qualitative characteristics of the DMU), the "turning" points here are the
sets of DMUs (quantitative characteristics). Changing qualitative features
or changes of content are a feature of a systemic approach, while the
change in quantitative characteristics or changes in the size of a set of
features, discussed herewith, is a multi-set approach.

The multiset DEA analysis estimates the efficiency of the decision-
making unit, where a unit is an element in each iteration of a new wider
set. The first DEA model which we will use, from which many modified
models are devised, is the CCR model (Charnes et al, 1978) whose
multiset mathematical formulation consists of sets of decision making
units in which the goal function is maximized with the set limits, Table 1.

According to Table 1, the Multiset DEA analysis is an iterative
process of maximizing the function of the objective h, (efficiency) under
the given restrictions, in ever increasing set till the final total sum set of
all p basic sets (BSp).

The idea of the Multiset analysis is contrary to the idea of the post
DEA Sensitivity Analysis. The Sensitivity analysis yields targeted
activities (target values of inputs and outputs), which by the realization of
an inefficient unit become effective. Contrary to this, the Multiset analysis
is a kind of prediction that produces non-targeted (undesirable) inefficient
units, by making some efficient units inefficient in the multiset, Figure 2.
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Table 1 — Multi-Set DEA Analysis Mathematical Model
Tabnuua 1 — Mamemamuyeckasi modesnb Mynbmu-mHoxecmeeHHo20 AQ/] aHanu3sa
Tabena 1 — Mamemamuuku moden mynmuckynosHe [JEA aHanuse

Multi-set model DEA model Meaning of symbols
DMUE{OS1}V{0S2}V... {OSp} s ho —efficiency of DMU
{OS1}U{OS2}U ... U{OSp}={NS} z U.Y.o for which is calculated
0S1={DMU1, DMU2, ..., DMUa} max h. = =L ¥ — output of j DMU
0S2={DMUa+1,..., DMUb} 0 m X — input of j DMU
Z:Vixi0 n —number of DMU
OSp={DMUd+1, ... , DMUg} i=1 m — number of input

S s — number of ourput
Z Uy u-— weighted
r=1 <1 coefficient of r output
m v; — weighted
z ViXj coefficient of i input
i=1 p —no. of OS
j=1,..n a,b,c...,,d,....g — no. of
uz20,r=1,...,s elements of BS
vi20,i=1,... m

Inefficient Sensitivity analysis
Multiinefficient DMU Multiset analysis ~  Efficient DMU

<
<«

Figure 2 — Two-way process of efficiency change
PucyHok 2 — [lsyHanpasneHHbIl npouecc usMeHeHus aghghekmusHocmu
Cnuka 2 — [JeocmepHU ripouec rnpomeHe echukacHocmu

According to Ljubisav Raki¢: "The position of science in the century
which has begun is to change the methodology. Instead of studying why
something happened, we should move in the direction of predicting and
studying of what could happen." (Raki¢, 2017)

The essence of the Sensitivity analysis is as follows: (1) improving
the efficiency of decision making units, and (2) aiming at proportionally
equal contribution of all units of a set to the common goal of the
company. The essence of opposite, multiset approach is viewing the
units in a wider context.

The philosophy of the multiset approach may be explained by a
modern theory included in the quotation of Stuart Diamond: "Each ceiling
is a new floor", expressed in such a way to say that we could always get
more (but not everything), which is also the name of his book (Diamond,
2015, p.36). Applied to the topic of our paper, provided efficiency is the
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ability to maximise the results with the least possible investment - it
means that by widening the analysed set by inclusion of new units we
can get the efficiency of higher weight (the efficiency of the units of the
basic set decreases or remains the same with multiset efficient units).

Within the context of the multiset DEA analysis of efficiency, this
means that the current efficiency is disturbed by inclusion of new units
and may always be overcome by new units included in the set of the
analysed units, and thus new efficient units are being formed.

If, according to Marjanovi¢ (VeSovi¢ et al, 2007), the basic goals of
the company are survival, facilitation of survival (efficiency of operation)
and progress, then within the context of the multiset approach:

1. The current state of the set indicates: the survival (the
organisation is operating with both efficient and inefficient units).

2. Targeted state of the set obtained by the Sensitivity analysis
marks: Facilitating survival (as a result of targeted activities, all inefficient
units become efficient).

3. Higher targeted state of the set obtained by Multiset DEA analysis
marks: Progress (as the result of increase in the size of the set, the
criterion for reaching efficiency has become more demanding, as the
former efficient units with the same values of input-output parameters
become inefficient). Therefore, the efficiency in a larger set is more
weighted than the efficiency in smaller set.

Real evaluation of the efficiency for the previous period is performed
by solving the preferred DEA model, or Ex-post evaluation of efficiency
(backwards evaluation) for each of the analysed units of decision making.
The sensitivity analysis provides the desired estimation for the future
period or Ex-ante evaluation of efficiency (forward evaluation), only for
inefficient units of decision making (efficient decision making units
already have the desired efficiency for the unit).

Case study: Railway stations of IZS Company

The Multiset DEA analysis is a universal system for the evaluation of
efficiency of entities and their arrangement according to a given
efficiency, within diverse numeric examples. However, with each
individual application, it is necessary for entities to be of the same kind,
as it is widely known and logical that comparison makes sense only in
such circumstances. A realistic example of such entities are Serbian
railway passenger stations, which are subject of our research with the
aim of illustrating the stated analysis. But, why railway, why railway
stations and why at this moment?
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Railway is a type of transport for passengers and goods, used for
civil purposes, for transporting people and equipment, and also for
military purposes. Theoretically, its advantages are numerous and
important in terms of transport power, traffic safety, spatial acquisition,
consumption of energy, emissions of harmful substances, noise and
other, which make it competitive. Railway stations are important
infrastructure facilities in the transport process; apart from this, they are
numerous, and financially valuable. They are also important to us as a
place of departures and arrivals, loadings and unloadings. In the new era
of business, according to the principle of a liberal, supranational market,
it is compulsory for companies to be efficient and trending for continuous
improvement. Hence, it is necessary to continuously monitor and comply
with complex and expensive interoperability flows. To this purpose, a
case study: Serbian Railway Passenger Stations.

On the one hand (theoretically), Serbian railway passenger stations
are decision making units (DMU) within the DEA method, and on the
other hand (practically), railway stations (RS) are infrastructural facilities
within the Infrastruktura Zeleznica Srbije Company (IZS), Table 2. Six-set
DEA analysis following the enlargement of a single-set example
(Vukovic, 2016).

Table 2 — Example in practice of the Serbian railways
Tabnuya 2 — [Mpumep u3 npakmuku cepbCKuX xeresHbix opo2
Tabena 2 — [lpumep u3 npakce CPrcKux xenesHuya

DEA method IZS company
DMU as element of DEA RS as element of 1ZS
Superset Set Subset Railway station Section Sector
LS BS1 DMU1 Belgrade 1.Passanger | Passenger
73 DMU 16 DMU | DMU2 Mladenovac Transport Transport
DMU3 Rakovica gggg&e Sector
DMU4 Zemun (including
DMU5 Batajnica OU Pancdéevo
DMU6 Novi Belgrade and OU
DMU7 Pan&evo Bridge Pozarevac)
DMUS8 Resnik
DMU9 Panc¢evo Main
DMU10 VrsSac
DMU11 Pancevo Town
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DEA method

IZS company

DMU as element of DEA

RS as element of 17S

Superset Set Subset Railway station Section Sector

DMU12 Pozarevac
DMU13 Smederevo
DMU14 Mala Krsna
DMU15 Vranovo
DMU16 Radinac

BS2 DMU17 Lapovo 2.

12DMU | DMU18 Jagodina Passanger
DMU19 [ Stalaé Sransport
DMU20 Paracin Lapovo
DMU21 Velika Plana (including
DMU22 Cuprija OU Kraljevo)
DMU23 Cicevac
DMU24 Palanka
DMU25 Kraljevo
DMU26 Kragujevac
DMU27 Raska
DMU28 Cacak

BS3 DMU29 Nis$ 3.

12DMU | DMU30 Leskovac Passenger
oMU | P e
DMU32 Dimitrovgrad (with OU
DMU33 Vranje Zajecar)
DMU34 Palilulska Rampa
DMU35 Crveni Krst
DMU36 Aleksinac
DMU37 ZajeCar
DMU38 KnjaZevac
DMU39 Negotin
DMU40 Bor

BS4 DMUA41 Novi Sad 4.

18 DMU | DMU42 Beska Passenger
DMU43 Cortanoyci | -Srreacr;iso%olr\ltovi
DMU44 Sremski Karlovci Sad
DMU45 Vrbas (including
DMU46 Odzaci OU Ruma
DMU47 Zmajevo and OU
DMUA48 Petrovaradin Zrenjanin)
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DEA method IZS company
DMU as element of DEA RS as element of 1ZS
Superset Set Subset Railway station Section Sector
DMU49 Ruma
DMU50 Sabac
DMU51 Sid
DMU52 Indija
DMU53 Stara Pazova
DMU54 Nova Pazova
DMU55 Sremska Mitrovica
DMU56 Zrenjanin
DMU57 Zrenjanin Factory
DMU58 Kikinda
BS5 DMU59 Subotica 5.
8 DMU DMU60 Sombor Passenger
DMU61 Sonta Lransport
DMU62 Prigrevica Subotica
DMUG3 Senta
DMU64 Bogojevo
DMUB5 Zednik
DMU66 Horgos
BS6 DMU6G7 Uzice 6.
7 DMU DMU68 Pozega Passenger
DMU69 Priboj Transport
Section
DMU70 Valjevo Uzice
DMU71 Prijepolje
DMU72 Lazarevac
DMU73 Lajkovac

Based on Table 2, there are 73 railroad stations within the network
of Serbian Railways. They are organized in two levels: (1) Passenger
Transport Sector, at a higher organizational level; and (2) Passenger
Transport Section, at a lower organizational level. The sector includes six
sections, four of which have organizational units (OU), as a lower
organizational level. The seats of the Sections (Belgrade, Lapovo, Ni$,
Novi Sad and Subotica) are important railway hubs, where more lines are
obtained, with more intensive traffic volumes, and are commercially
significant places. By the very nature of their operation, the mutual
cooperation of the Sections is very important because they are
connected: (1) physically, by railroad tracks; (2) organizationally, by
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traffic connections (both railways and connections are usually
administered by two or more Sections). Hence, it is important that they
are all efficient, in order to maintain the continuity of the technological
process of work. Namely, the inefficiency of one of them jeopardizes the
efficiency of any other.

If we select the following input/output parameters as follows:

— The man: "basic factor of each production, including the
production of transport or post office service. It simultaneously appears
as its organiser, manager and executor." (VeSovic et al, 2007. p.186),

— Produced service: "Standard measure of the volume of the whole
economy is the gross domestic product (GDP), which represents the
value of all gods and services produced in an economy within a year."
(Stiglitz, 2008, p.38),

— Wok performance: the purpose, and therefore the point of
performing the works, is to gain profit,

then the following parameters are selected in our case according to
the given logic: (i) number of cashiers (entry 1), (ii) number of dispatched
trains (entry 2), (iii) number of dispatched passengers (exit). The sources
of the concrete data for our case include:

— Job classification within the company in 2010: number of cashiers,
(Zeleznice Srbije, 2010);

— Timetable 2013/2014: number of trains, (Zeleznice Srbije, 2013);

— Statistics of Serbian Railways 2013: number of passengers,
(Zeleznice Srbije, 2014).

The option A of the multi-set DEA analysis analyses units in each
basic set individually (left side of Table 3) and units in the total sum
superset (right side of Table 3). The application of the CCR DEA model
from Table 1 results in the values of efficiency of decision making units
evaluated by MS Excel Solver to six decimal numbers, Table 3.

According to Table 3, the application of the Section analysis resulted
in the total of 12 efficient units, which are the best practice units, whereas
the Sector analysis resulted in only three efficient units: Pozarevac, Novi
Sad and Indjija. The remaining nine, DMU7,18,24,25,30,37,59,66 and 67,
so called “hidden” inefficient units, have been discovered by the analysis
of the superset of Sectors, where they become inefficient.

This indicates the sensitivity of the DEA method to a change in a set
size. A quotation of Andersen and Petersen states (Andersen &
Petersen, 1993, p.1261): A weakness of DEA is that a considerable
number of observations typically is characterized as efficient, unless the
sum of the number of inputs and outputs is small relative to the number
of observations.
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Table 3 — Decision-making unit efficiency in the basic sets and in a superset
Tabnuya 3 — SgppekmusHocmb eOUHUY, NPUHAMUS peweHuUl 8 OCHOBHOM MHOXecmee U
HadMHoxecmee
Tabena 3 — EgbukacHocm jeOuHuya 00ny4usarba y OCHOBHUM CKyrnosuma u HaoCcKymny

VARIANT A

No DMU Efficiency Quantity | SS DMU Efficiency Quantity

of no. (0-1] of no. (0-1] of

BS. efficient efficient

units units

DMU1 0.879175 DMU1 0.798903
DMU2 0.192230 DMU2 0.170841
DMU3 0.206022 DMU3 0.175874
DMU4 0.164341 2 DMU4 0.140289
DMU5 0.361602 DMU5 0.308687
DMU6 0.181727 DMU6 0.155137
DMU7 1.000000 DMU7 0.961284
DMU8 0.093544 DMU8 0.079853
DMU9 0.359357 DMU9 0.341007
DMU10 | 0.862869 DMU10 0.765826
DMU11 0.323213 DMU11 0.298594
DMU12 1.000000 DMU12 1.000000

- DMU13 | 0.603945 DMU13 0.533680

‘g DMU14 | 0.302814 DMU14 0.258497

2 DMU15 | 0.100037 DMU15 0.087856

3 DMU16 | 0.139338 DMU16 0.122371
DMU17 | 0.113290 DMU17 0.039702
DMU18 | 1.000000 DMU18 0.350449
DMU19 | 0.248430 3 DMU19 0.075714
DMU20 | 0.757351 DMU20 0.164219
DMU21 0.589529 DMU21 0.148776
DMU22 | 0.312563 DMU22 0.100666
DMU23 | 0.267623 DMU23 0.083624
DMU24 | 1.000000 DMU24 0.345956

o~ DMU25 | 1.000000 DMU25 0.256134

§ DMU26 | 0.633900 DMU26 0.137451

2 DMU27 | 0.466613 DMU27 0.123317

3 DMU28 | 0.913229 DMU28 0.304692

. DMU29 | 0.982846 DMU29 0.674760

§ DMU30 | 1.000000 ‘aw':' DMU30 0.660572

2 DMU31 0.306841 2 E’_ DMU31 0.204181

3 DMU32 | 0.259709 a DMU32 0.172817 3
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VARIANT A

No DMU Efficiency Quantity SS DMU Efficiency Quantity

of no. (0-1] of no. (0-1] of

BS. efficient efficient

units units

DMU33 | 0.439482 DMU33 0.148063
DMU34 | 0.249361 DMU34 0.165932
DMU35 | 0.555812 DMU35 0.187271
DMU36 | 0.647396 DMU36 0.367192

o DMU37 1.000000 DMU37 0.877614

”g DMU38 | 0.490002 DMU38 0.320747

2 DMU39 | 0.472408 DMU39 0.303723

3 DMU40 | 0.767057 DMU40 0.468147
DMU41 1.000000 DMU41 1.000000
DMU42 | 0.488504 DMU42 0.488504
DMU43 | 0.266385 2 DMU43 0.266385
DMU44 | 0.148627 DMU44 0.148627
DMU45 | 0.544243 DMU45 0.544243
DMU46 | 0.126275 DMU46 0.126275
DMU47 | 0.307956 DMU47 0.307956
DMU48 | 0.133064 DMU48 0.133064
DMU49 | 0.215982 DMU49 0.215982
DMU50 | 0.327164 DMUS50 0.327164
DMU51 0.340419 DMU51 0.340419
DMU52 1.000000 DMU52 1.000000
DMU53 | 0.732659 DMU53 0.732659
DMU54 | 0.522205 DMU54 0.522205

< DMU55 | 0.422567 DMU55 0.422567

‘g DMU56 | 0.387019 DMU56 0.387019

2 DMU57 | 0.022979 DMU57 0.022979

3 DMU58 | 0.041560 DMU58 0.041560
DMU59 1.000000 DMU59 0.477291
DMUB0 | 0.721202 2 DMU60 0.321932
DMU61 0.558896 DMU61 0.178442
DMU62 | 0.584930 DMU62 0.186759

0 DMUB3 | 0.166865 DMU63 0.074945

”g DMU64 | 0.063039 DMU64 0.020127

2 DMU65 | 0.873175 DMU6B5 0.278792

3 DMU66 1.000000 DMU66 0.443437
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VARIANT A

No DMU Efficiency Quantity SS DMU Efficiency Quantity
of no. (0-1] of no. (0-1] of
BS. efficient efficient
units units
DMU67 1.000000 DMU67 0.774963
DMUG8 0.602181 1 DMU68 0.296396
DMU69 0.691438 DMU69 0.470662
© DMU70 0.955143 DMU70 0.508139
§ DMU71 0.661295 DMU71 0.419728
2 DMU72 0.521605 DMU72 0.191992
3 DMU73 0.135552 DMU73 0.049899
Totally efficient units 12 Totally efficient units 3

DMUG67 UZice 12
DMUG66 Horgos 11
DMUS59 Subotica 10
DMU52 Indija 9
DMU41 Novi Sad 8
DMU37 Zajecar 7
DMU30 Leskovac 6
DMU25 Kraljevo 5
DMU24 Palanka 4
DMU18 Jagodina 3
DMU12 Pozarevac 2
DMU7 Pancevacki Most 1

0, 774963
0,4437 1

547779 1

; 1

1 M Eff in Section

0873614
.".
O 4 1

. 4 9 O 1

’
0,550445 1

. 0561284

1 mEffin Sector

T

0

0,5 1

1,5

Figure 3 — Best practice units in the Section (12 units) and the Sector (3 units)
PucyHok 3 — EQuHuybl nepedosoli npakmuku e Cekyuu (12 eduHuy) u Cekmope
(3 eduHuupbi)
Cnuka 3 — JeduHuue Hajborbe npakce y cekyuju (12 jeduHuya) u cekmopy (3 jeOuHuye)

The ratio between the Sector efficiency (Eff<1) and the Section
efficiency (Eff=1), for 12 efficient units in the Section, may be seen from
the graph presented in Figure 3. The highest span is of DMU25 which is
on the verge of efficiency (0.256134/1), with the achieved 25.6% of the
goal. The lowest span is with the DMU7, which is firmly efficient
(0.961284/1), with the achieved 96.1% of the target.
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For the variant B of the multiset DEA analysis, through the iterative
procedure, the number of DMUs gradually increases by adding the units
of the following basic unit to Basic set 1, up to the superset size, Table 4.

Table 4 — Efficiency of decision-making units in BS1 and aggregate sets
Tabnuya 4 — SgpgpbekmusHocmb eQuHuUY, puHamus pewexust 8 OM1 u cymmapHbIx

MHOXecmeax
Tabena 4 — EgpukacHocm jeduHuuya odnyyusarba y OC1 u 36upHUM CKyrnosuma

VARIANT B

DMU Efficiency

no. 1% iteration | 2" 3 4" 5" 68"
(16DMU) iteration iteration iteration iteration iteration

(28DMU) | (40DMU) | (58DMU) | (66DMU) | (73DMU)

DMU1 0.879175 0.879175 0.879175 0.798903 0.798903 | 0.798903

DMU2 0.192229 0.192229 0.192229 0.170841 0.170841 0.170841

DMU3 0.206021 0.206021 0.206021 0.175874 0.175874 | 0.175874

DMU4 0.164340 0.164340 0.164340 0.140289 0.140289 | 0.140289

DMUS 0.361602 0.361602 0.361602 0.308687 0.308687 | 0.308687

DMUG6 0.181726 0.181726 0.181726 0.155137 0.155137 0.155137

DMU7 1.000000 1.000000 1.000000 0.961284 0.961284 | 0.961284

DMU8 0.093543 0.093543 | 0.093543 0.079853 | 0.079853 | 0.079853

DMU9 0.359357 0.359357 0.359357 0.341007 0.341007 | 0.341007

DMU10 | 0.862869 0.862869 | 0.862869 0.765826 | 0.765826 | 0.765826

DMU11 ] 0.323213 0.323213 0.323213 0.298594 0.298594 | 0.298594

DMU12 | 1.000000 1.000000 1.000000 1.000000 1.000000 | 1.000000

DMU13 | 0.603944 0.603944 0.603944 0.533680 0.533680 | 0.533680

DMU14 | 0.302814 0.302814 0.302814 0.258497 0.258497 | 0.258497

DMU15 | 0.100036 0.100036 0.100036 0.087856 0.087856 | 0.087856
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DMU16 | 0.139337 0.139337 0.139337 0.122371 0.122371 0.122371

DMU17 0.044929 0.044929 0.039702 0.039702 | 0.039702
DMU18 0.396589 0.396589 0.350449 0.350449 | 0.350449
DMU19 0.088672 0.088672 0.075714 0.075714 | 0.075714
DMU20 0.177537 0.177537 0.164219 0.164219 | 0.164219
DMU21 0.157789 0.157789 0.148776 0.148776 | 0.148776
DMU22 0.111534 0.111534 0.100666 0.100666 | 0.100666
DMU23 0.092086 0.092086 0.083624 0.083624 | 0.083624
DMU24 0.389268 0.389268 0.345956 0.345956 | 0.345956
DMU25 0.287488 0.287488 0.256134 0.256134 | 0.256134
DMU26 0.148598 0.148598 0.137451 0.137451 0.137451
DMU27 0.143906 0.143906 0.123317 0.123317 | 0.123317
DMU28 0.349139 0.349139 0.304692 0.304692 | 0.304692
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VARIANT B

DMU Efficiency
no. 1% iteration | 2™ 3" 4" 5" 6"
(16DMU) iteration iteration iteration iteration iteration
(28DMU) | (40DMU) | (58DMU) | (66DMU) | (73DMU)
DMU29 0.809804 | 0,674760 | 0,674760 | 0,674760
DMU30 0.762116 | 0,660572 | 0,660572 | 0,660572
DMU31 0.237283 | 0,204181 | 0,204181 | 0,204181
DMU32 0.200835 | 0,172817 | 0,172817 | 0,172817
DMU33 0.173450 | 0,148063 | 0,148063 | 0,148063
DMU34 0.192833 | 0,165932 | 0,165932 | 0,165932
DMU35 0.219377 | 0,187271 | 0,187271 | 0,187271
DMU36 0.408825 | 0,367192 | 0,367192 | 0,367192
DMU37 0.922098 | 0,877614 | 0,877614 | 0,877614
DMU38 0.369195 | 0,320747 | 0,320747 | 0,320747
DMU39 0.348028 | 0.303723 | 0.303723 | 0.303723
DMU40 0.529783 | 0.468147 | 0.468147 | 0.468147
DMU41 1.000000 | 1.000000 | 1.000000
DMU42 0.488504 | 0.488504 | 0.488504
DMU43 0.266385 | 0.266385 | 0.266385
DMU44 0.148627 | 0.148627 | 0.148627
DMU45 0.544243 | 0.544243 | 0.544243
DMU46 0.126275 | 0.126275 | 0.126275
DMU47 0.307956 | 0.307956 | 0.307956
DMU48 0.133064 | 0.133064 | 0.133064
DMU49 0.215982 | 0.215982 | 0.215982
DMUS0 0.327164 | 0.327164 | 0.327164
DMU51 0.340419 | 0.340419 | 0.340419
DMU52 1.000000 | 1.000000 | 1.000000
DMUS3 0.732659 | 0.732659 | 0.732659
DMU54 0.522205 | 0.522205 | 0.522205
DMU55 0.422567 | 0.422567 | 0.422567
DMU56 0.387019 | 0.387019 | 0.387019
DMUS7 0.022979 | 0.022979 | 0.022979
DMU58 0.041560 | 0.041560 | 0.041560
DMU59 0.477291 | 0.477291
DMUGO 0.321932 | 0.321932
DMUG1 0.178442 | 0.178442
DMUG2 0.186759 | 0.186759
DMUG3 0.074945 | 0.074945
DMUG4 0.020127 | 0.020127
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VARIANT B

DMU Efficiency
no. 1% iteration | 2" 3¢ 4" 5" 6"
(16DMU) iteration iteration iteration iteration iteration
(28DMU) (40DMU) (58DMU) (66DMU) | (73DMU)
DMUG5 0.278792 | 0.278792
DMUG6 0.443437 | 0.443437
DMUG7 0.774963
DMUG68 0.296396
DMUG9 0.470662
DMU70 0.508139
DMU71 0.419728
DMU72 0.191992
DMU73 0.049899

According to Table 4, in the 1!, 2" and 3" iteration the units DMU7
and 12 are efficient. The fourth iteration is “decisive”, as in further 4", 5
and 6" iterations, the efficient units include DMU12, 41 and 52.

The comparative results of the research of the Variants A and B of
the Multiset DEA analysis indicate the units which should be further
improved (highlighted), and the unit which remains efficient (bold), Table
5. This further indicates the relativity of efficiency, as practices are best,
some in supersets, some however in basic sets.

Considering the efficient units from the monoset viewpoint, set BS1
should be partially improved, i.e. just one efficient unit (DMU7), sets BS2,
BS3, BS5 and BS6 should completely improve their efficient units, while
set BS4 "strong" is a set with both multiefficient units.

Unit DMU7 is multiinefficient due to the fact that it has been
discovered as potentially inefficient within the multiset of fourth iteration
and further to the superset. Based on this, target activities resulting from
the Sensitivity analysis are proposed based on deceasing the input
and/or increasing the output. Opposite to this, DMU12 unit is a multiset
efficient unit, as it still remains as efficient as in the first set after the
increase of the analysed set.

As the Passenger Transport Sector does not include the decision
making units by which the analysed set would be enlarged, it is possible
to add hypothetical units with hypothetical data in future observations and
thus establish the complete ranking. In such future iterations, with new
hypothetical units, it is necessary to further decrease the investment
and/or increase the result for achieving efficiency.
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Table 5 — Result of the Multiset DEA analysis (Variant A, Variant B)

Tabnuya 5 — Pe3ynsmam mynbmu-MHoxecmeeHHo20 AO/ aHanu3a (BapuaHm A,

BapuaHm b)
Tabena 5 — Pe3ynmam mynmuckynosHe [JEA aHanu3se (s8apujaHma A, eapujaHma b)
Variant A Variant B
Basic Efficient | Basic set and aggregate basic Efficient | Multi- Multi
set sets efficient | inefficie
nt
BS1 DMU7 BS1 DMU7 DMU12 | DMU7
DMU12 DMU12
BS2 DMU18 | BS1+BS2 DMU7 DMU12 | DMU7
DMU24 DMU12
DMU25
BS3 DMU30 | BS1+BS2+BS3 DMU7 DMU12 | DMU7
DMU37 DMU12
BS4 DMU41 | BS1+BS2+BS3+BS4 DMU12 DMU12 | -
DMU52 DMU41
DMU52
BS5 DMU59 | BS1+BS2+BS3+BS4+BS5 DMU12 DMU12 | —
DMUG66 DMU41
DMU52
BS6 DMU67 | BS1+BS2+BS3+BS4+BS5+BS6 DMU12 DMUl12 | -
DMU41
DMU52

In conclusion, based on the numerical example, the following three
definitions are provided:

— Definition 1: When a DMU is analysed in relation to other units in a
bigger set, the DMU efficiency numerical value is smaller or equal to the
efficiency obtained when a DMU is analysed in relation to other units in a
smaller set. The estimation by the Multiset DEA analysis in a wider set is
more restrictive than the evaluation by the monoset approach: Eff™"se'<

Effe.

— Definition 2: When a DMU is analysed in relation to other units in
an aggregate set, the number of efficient units is smaller than the total
number of efficient units when units are analysed in relation to other
units within the basic set:

NEffDMU

multiset set
< 2Nefomu™ -
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— Definition 3: Multiset efficient unit is efficient in both a basic set
and a superset: Effyser= 1(BS, SS).

Additional clarification of efficiency, apart from the numerical value of
efficiency, also includes the number of decision making units of the
analysed set. It is a kind of weighted efficiency according to which
efficient units are different and therefore comparable.

Conclusion

After reading the papers of the first and subsequent authors on the
subject of the DEA method, it can be learnt that efficiency is a relative
feature, as it varies depending on the data analysed. Additionally, the fact
that this change may not only be positive (from inefficient to efficient
unit), but also a negative one (from efficient to inefficient) has been
ignored. Hence, the result of efficiency is only an estimate, and not an
evaluation, that is, a final approximate value of efficiency.

With such more profound knowledge in mind, the objective of this
paper is to acknowledge potentially inefficient units in order to avoid the
previously stated negative process (efficient — inefficient), and sustain
efficiency in such a way. In this regard, the Multiset DEA analysis has
been proposed, which has also been explained from the theoretical point
of view and practically illustrated, while in the end the research results
were presented.

Theoretically, the Multiset DEA analysis is a mathematical way of
calculating the efficiency of business operations of entities from different
areas. The efficiency evaluations obtained by the Multiset analysis are
re-evaluated, whereby new estimations of efficiency are equal or smaller
than the previous ones, which implies very important information on
potentially inefficient units.

Practically, the Multiset DEA analysis is illustrated at an actual
example of Serbian railway passenger stations, which are an important
part of both the railway segment and the environment. As a part of the
changing environment, military sector is a more or less significant
customer of transport services. We would like to mention in our paper the
best practice units, Pancevacki Most (DMU7) and Pozarevac (DMU12)
stations, within the Passenger Transport Section Belgrade, as well as
Pozarevac, Novi Sad and Indjija within the Passenger Transport Sector.
The stated stations are: (i) an actually achievable model for inefficient
units, (ii) a "live" proof of potential efficiency, and (iii) a confirmation of the
application of the DEA method. The Pozarevac station is a multiset
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efficient station, as it is efficient in the Sector, while DMU7 is potentially
inefficient as it becomes inefficient in the Sector.

Based on the results, with certain units we expect a negative
process (efficient—multineffecinet). Now that we know what awaits us,
our future research will definitively be the Sensitivity analysis. This is the
logical order (or a post DEA analysis) as it provides concrete target
values of input-output parameters (smaller inputs and/or higher outputs),
which is necessary to realise in practice so that multiinefficient units can
become multiefficient. Targeted activities are different in each iteration
and every time, and in any larger set. There is no doubt that with them in
the future, efficient units of the basic set become stable, and they remain
as efficient in the end as in the beginning. Therefore, the actual efficiency
indicator is not only a pure numerical value, but also the number of units
included in the analysis, which makes efficiency additionally defined. The
extension of the case would include new inputs and outputs as
characteristics of other subsystems, i.e. an analysis of the so-called DAT
approach using sets and systems.

Additionally, future research refers to providing measures which
encourage activities, and then measures possible to apply in concrete
conditions. Now we will make a general proposal for better conversion
input/output:

— New rational technology for the operation of stations (rational
number of station personnel, rational redistribution of work,
modernisation of operations, etc.);

— New rational organisation of railway transport (rational number of
shares i.e. fewer trains, more departures, fewer "empty" lines, shorter
stays and turning and line stations, which is to be achieved by a quality
made timetables, etc.);

— Improved quality of transport service (timely departures, regular
trains, comfort, providing information to passengers, travel without
changing trains, accessibility of stations, diverse fee-related benefits
etc.).

According to the presented system and the analogy to the case
shown, the efficiency of entities from other activities may also be
calculated, with completely different types of data (apart from the applied
traffic-transport and demographic, economic and other statistical data). In
the spirit of this magazine, we will mention organisational units,
institutions and individuals of the Serbian Army, which is, similarly to the
railway, a significant and complex, and above all, extremely important
organisational system.
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Through constant innovation lasting for a number of decades, the
DEA model of mathematical programming has become a subject of
significant and important number of works which present the modified
models and contemporary examples. In terms of such tendency, the
presented subject of DEA is not a completely closed issue, but it instead
eagerly waits for new ideas and new examples, all with a wider
comprehension of the notion of efficiency.
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MEPEAOBAA MPAKTUKA B KAHECTBE PEANIMCTUYHOIO A
OTHOCUTEIBHOTI O NPUMEPA ONA MOAPAXAHUA ANA
HE3®PEKTUBHbLIX EANHUL: MYTNTIBTU-MHOXECTBEHHBLIV AO[
AHAIIN3

[ybpaeka P. BykoBny
«Cepbus kapro» AO, TpaHCnopTHbIN cekTop, r. Benrpan, Pecnybnuka Cepbus

OBJIACTb: maTemaTuka, NormcTvka, Nyt coodLeHnst
BWO CTATbW: opuruHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnuickui

Pe3some:

UccnedosaHuss aghgpekmusHocmu eOUHUY, MPUHAMUS PeweHus 8
Hacmosiwel pabome npogodunuce 8 CriedyrowWeM HarpaeneHuu:
aghgbekmusHasi—Myribmu-HeaghgbekmueHasi—Myribmu-achgbekmueHasi

eduHuya. CnedosamernbHo, uenb  Hacmosiwel  pabombl  —
rpedycmMompems HECKOMbKO Waeos 3apaHee, makux Kak: (1)
udeHmucpukayusi "CKpbimbix" HeahheKmMueHbIX eOUHUY, 8 Myrbmu-
MHOXecmee, cpedu aghghekmuHbIX eOUHUL, 8 OCHOBHOM MHoXecmee, (2)
ocyujecmerieHue agbchekmusHocmu 8 criydasix UOeHmuguyupO8aHHbIX
HeaghheKkmuBHbIX eOuHuU,. Takum obpasom yKasbleaemcsi
(Mpedynpexxdaemcsi!) Ha ompuuamersibHbIl npouecc
ahgpekmusHasi—HeahghbekmugHasi, U €030aemcsi 803MOXHOCMb Orisi
C80E8PEMEHHO20 peasuposaHus, 8 MoM Hucrie u 0r1s npedyrnpexoeHusi
Mynbmu-HeaghgpekmusHocmu.  KoHkpemHolU  uernbio  Hacmosweu
pabomel sgrisemcs oueHka aghghekmueHoCcmU CepbCcKuX 80K3aros U
JKeIIe3HOOOPOXHbIX MAaCCaXXUPCKUX cmaHyud, rnpexoe ece2o 8 0CHOBHOM
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MHoxxecmee CeKyuu rnaccaxupckozo mpaHcriopma benzpad, a 3amewm 8
Mynbmu-mHoxecmee CeKyuu NaccaxxupcKoao mpaHcropma, U 8 KOHUe 8
HaOMmHoxecmee — CeKkmope naccaxupcko2o mpaHcriopma. 3mo
ocyujecmesnsiemcsi ¢ MOMOWBHO MPUMEHEHUST MYJ/IbmMU-MHOXECMBEeHHOE0
AQ/L memoda (AHanu3 oxeama OaHHbIX), KOomopbIl rpedcmassnsem
cobol cucmemy: (U) OUEHKU OmHocumernbHoU 3aghghekmusHocmu, 8
repeol umepayuu, rymemM aHaau3a OCHOBHO20 MHoXecmea, (uu)
CHLDKEHUST 3ghgheKkmueHOCMU MomeHyuasibHO HeaghgheKkmueHbIx eOUHUU,
8 rocnedyrowux umepayusix, rnymem aHanuda Myrbmu-MHoXecmea. B
pesynibmame — aghghekmusHble cmaHuuu [Noxapesay u [laH4esayku
MOCM Haxo0smcsi Ha HadalrbHOM YpoeHe, a (Ho80)achchekmueHbie
lNoxapesau, Hosu Cad u UHOXus, Ha rocriedHem yposHe. CmaHuusi
lNoxapesay Ha npakmuke ocmaemcsi fydwel cmaHyued, u rno ceoel
Mynbmu-aghgheKmueHocmu  siensiemcst  npumMepom Orisi  oOpaXkaHust
HeagbpekmusHbIM eduHulaMm. MoxHo cdenamb 8bI800, YMO peuweHue
Myrnbmu-mHoxecmeeHHoeo AQO[] aHanusa 8 6onbwell cmerneHu
peanucmu4yHO U 8 MeHbWel CcmerneHU OMHOCUMESIbHO, [OCKOMbKY
MpuMeHUMO K boree WUPOKOMY aHau3upyeMoMy MHOXecmey eOuHUL,
MPUHAIMUST PeweHuUsi, mo ecmb K 6osibleMy oxeamy pacCcMOmpeHusi
npobnembl.  [aHHbie rokasamesnu Sersiomcs 8ecbMa  3Ha4yuMbIMU,
0COb6EHHO, ecnu y4yumbieams meHOeHyuU sospacmaroweli
enobanusayuu, 8 0OaHHOU C853U Mbl PeKkoMeHOyeM UHmezparbHbIU
MYIbMU-MHOXEeCMEeHHbIU nodxod, 8 omnuduu om uHOUBUdyaribHO20
€0UHUYHO-MHOXecmeeHHo20 rodxoda.

Knroyeesnie crosa: aghghekmusHOCMb, aHanus cpeobi
QOYHKUUOHUPOBAHUS, MYTbMU-MHOXECMEEHHbIU aHanus,
)Kes1e3HOOOPOXKHbIE CMaHUUU.

HAJBOJbA MNMPAKCA KAO PEAJTAH N PENATUBAH Y30P
HEE®PUNKACHUM JEOUHNLIAMA: MYNTUCKYTIOBHA OEA
AHAJTTIN3A

[ybpaska P. Bykosuh
,Cpbuja kapro” ALl, Cektop 3a caobpahajHO-TpaHCNOPTHE NOCMOBE,
Beorpag, Penybnuka Cpbuja

OBJIACT: matemartuka, noructuka, caobpahaj
BPCTA UJTAHKA: opyruHanHu Hay4Hu YnaHak
JE3UK YJTAHKA: eHrnecku

Caxemak:

lNpasay, ucmpaxuearka eghukacHocmu jeOuHuya 00ry4usara y 080M
pady Jecme ehukacHa—MynmuHeegbukacHa—MymuechukacHa
jeduHuya, a onwmu yurb cy 0ea Kopaka Harped: (1) omkpueare
,,CKpUBEHUX” HeegbukacHUX jeduHuua y mynmuckyrny, mehy egbukacHum
JjeduHuyama y OCHOBHOM CKyry U (2) mocmu3are egbukacHocmu KooO

549

Vukovi¢, D., Best practice as actual and relative benchmark to inefficient units: multiset DEA analysis, pp.525-550



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2018, Vol. 66, Issue 3

OMKpuUBeHUX HeegbukacHux jeOuHuuya. Tume ce ykasyje (yrno3opaeal) Ha
HeszamueaH npouec echukacHa—HeeguKacHa, Kako bu ce rpasospemMeHo
peaeosano u mume npedynpeduna mynmuHeegukacHocm. KoHkpemHu
Uwn jecme Oa ce MpPoOUeHU egbukacHOCM XKENEe3HUYKUX MyMHUYKUX
cmaHuya y Cpbuju, Hajnpe y ocHosHom ckyny Cekyuje 3a npesos
nymHuka beoepad, 3amum y mynmuckyry Cekyuja 3a npeso3 nymHuka u,
Ha Kkpajy, y Hadckyrly Cekmop 3a npeeo3 nymduka. To ce nocmuxe
mynmuckyrioeHom memodom [EA (Data Envelopment Analysis), wmo je
cucmem 3a: (u) npouerbusare penamusHe eghukacHocmu, y rpeoj
umepauuju, aHamu30M OCHOBHOZ CKyra, (Uu) cMarserse egbukacHocmu
rnomeHyujanHo HeegukacHUx jeduHuua, y HapedHUM umepauujama,
aHanuzom Mynmuckyna. Pesynmam je da cy ecbukacHe cmaHuue
lMoxapesay u [laH4yesayku MoOCmM Ha [O4YEeMHOM HUBOY, a
(Hoeo)egpukacHe [Noxapesau, Hosu Cad u UHhuja Ha kpajr-em HUBOY.
Haj6orba npakca je y cmaHuuu lNoxapesal, Koja je MynmuegbukacHa u
npedcmaesba y30p HeegukacHUM jeOuHuyama. 3akrbydyje ce 0Oa je
pewerse MynmuckyrnosHe [EA aHanuse euwe peasiHo, a Mare
penamueHo, jep 6axu 3a WUpu aHanudupaHu CcKyn jeduHuua
odnyquearba, mj. eehu obyxeam caznedasarsa npobnema. To je
3HayajHo 3a yknaname y Hoeo 0oba pacmyhe enobanusauyuje, me je
Hawa rfperopyka yenosum MYMmUCKYNOSHU Mpucmyr Hacyrnpom
rojeGuUHa4YHoOM MOHOCKYOBHOM fpucmyry.

KmbyuyHe  pedu: egpukacHocm, Data  Envelopment  Analysis,
MYynMUCKYrogHa aHasnu3a, Xefe3Hu4Ke cmaHuue.
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