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Summary:

The aim of the paper is to make an analysis of the efficiency of selected
transport units in the military logistics and military vehicles in carrying out
the tasks of cargo transport using the method of stochastic frontier
analysis (SFA) and the data envelopment analysis (DEA), and creating
the basis for further investigation of the parameters that influence the
efficiency of military transport units and military vehicles. The research
was carried out in ten military transport units intended for the realization of
tasks dealing with the logistic function of movement and transportation.
The efficiency analysis was done for military vehicles used for carrying out
cargo transportation tasks for the needs of supply and special needs of
command, units and military institutions. The data was obtained from the
software package used to monitor the exploitation of military motor
vehicles in the period of one calendar year. The results show that the
method selection has a major impact on the obtained technical efficiency
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assessments, and therefore on possible management decisions based on
the performed efficiency analysis.

Key words: efficiency, military transport units, military vehicles, data
envelopment analysis, stochastic frontier analysis.

Introduction

A modern military organization together with its missions and tasks
in the function of state defense cannot be imagined without its dynamic
determinant i.e. its transport and transportation system that allows it to be
mobile in its totality or in its parts. Increasing transport needs and
demands as products of more dynamic engagement of the military in
modern conditions, with a tendency of increasing efficiency and reducing
operating costs, make it complicated because of the existing
organizational structure of the management and transport units.

In the economy and society in general as well as in the military,
logistic processes are an important factor in the functioning of the
organization. The performance of the entire logistic system depends
largely on the performance of the transport system as its segment. The
efficiency of transport is thus imposed as a necessity in order to create a
predisposition of the defense system in response to the contemporary
challenges and threats to security in accordance with the needs and
possibilities of the state.

Efficiency is a very important indicator of a company business
analysis and it is one of the most basic and most used performances
(Andreji¢ et al, 2016). The essence of measuring efficiency in transport is
to improve efficiency.

The aim of this paper is to carry out an analysis of the efficiency of
selected transport units in the military logistics and military vehicles in
carrying out cargo handling tasks using the method of stochastic frontier
analysis (SFA) and the data envelopment analysis (DEA) in order to
create a basis for further research of the parameters that influence the
efficiency of the work of the military transport units and military vehicles.

The research was, therefore, carried out in ten military transport
units intended for the realization of tasks in the logistic function of
movement and transportation. The efficiency analysis was carried out for
military vehicles used for carrying out cargo transportation tasks for the
needs of supply and special needs of command, units and military
institutions. The actual data obtained from the software package used to
monitor the use and exploitation of military motor vehicles were used,
and they relate to a period of one calendar year.
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The efficiency analysis was realized at three levels: first level -
efficiency of transport units, second level - vehicle efficiency, and third
level - vehicle efficiency within defined classes (clusters). The DEA and
SFA methods were used to evaluate and analyze the efficiency of
transport units and vehicles. First, the selected decision units (DMUs) of
relative efficiency were also defined. Then, the input and output
parameters suitable for assessing the relative technical efficiency of the
selected DMUs were determined, and then the corresponding DEA and
SFA models were selected. Finally, the DEA and SFA models were
solved and the results analyzed and interpreted.

Besides the introduction, the paper consists of four chapters. The
second chapter provides the basic remarks on the functioning of
transport in the defense system and defines the concept of efficiency.
The third chapter describes the SFA and DEA methods used in the work
to evaluate efficiency. The selection of the input and output parameters
and the results of the analysis are given in the fourth chapter. Finally, the
conclusion and directions for future research are given in the last
chapter.

Transportation function in the defense system and the
definition of the concept of efficiency

In accordance with the Rulebook on Transportation of Personnel
and Assets in the Ministry of Defense and the Serbian Armed Forces
(hereinafter: the Rulebook on Transportation) (Sluzbeni vojni list,
9/2013), transportation of personnel and assets in the Ministry of
Defense and the Serbian Armed Forces (hereinafter: transport) is
performed by units and institutions of the Serbian Armed Forces and the
Ministry of Defense dealing with the tasks of transporting personnel and
assets for their own needs, or for the needs of other units and institutions
in the Ministry of Defense and the Serbian Armed Forces.

According to the Rulebook on Transportation (Sluzbeni vojni list,
9/2013), the objectives of the movement and transportation function are
to provide conditions for satisfying transport needs of the Ministry of
Defense and the Serbian Armed Forces, the continuous performance of
transport tasks, as well as the economy, efficiency and effectiveness of
transport.

The general tasks of the movement and transportation management
encompass monitoring, analyzing and proposing measures for improving
the organization and use of transport and transport capacities of the army

(Dozet et al, 1988).
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According to the Rule on Transportation (Sluzbeni vojni list, 9/2013),
the principles of effectiveness and efficiency are:

- the principle of effectiveness which means that the planning and
realization of transport allow full satisfaction of the transport needs of the
military;

- principle of efficiency, which means that the transportation needs of
the army are met in a timely and efficient manner by using the
comparative advantages of each of the aspects and modes of transport.

On the other hand, in the Vujaklija’s Leksikon stranih reci i izraza
(Vujaklija, 1980), efficiency (lat. Efficacitas) is "action, activity, craftiness,
success"; while the term "effectiveness" is not mentioned. Gleason and
Barnum (1982) emphasize that the term "effectiveness" often means the
degree of accomplishment of goals ("doing the right things"), and under
the term efficiency - achieving these goals in the best way ("doing things
in the right way") (Andreji¢ & Kilibarda, 2017).

The efficiency of the vehicle refers to the minimal energy
consumption achieved by the design of the vehicle, but also by the
technologies of their use. (Andrejic & Kilibarda, 2017).

The use of military vehicles is carried out on the basis of acts of
command (orders, commands, instructions) or approved plans of use or
extracts from these plans. By coordinating the planning of the use of
military vehicles, the capabilities of the planner and the needs of the
users are coordinated, so that the same number of military vehicles
accomplishes a greater number of tasks during the day.

Planning in peace, organization and monitoring of the operation of
transport means are performed in accordance with tasks such as
transport of people and transport of cargo.

The paper analyzes the efficiency of only vehicles used for the
realization of cargo transportation tasks for the needs of supply and the
special needs of the commands, units and institutions of the Ministry of
Defense and the Serbian Armed Forces, all of which are freight cars and
terrain vehicles for towing and transport, regardless of their specific
purpose, and according to the plan of the competent body for
organization and planning of transport and transport.

Methods

Data Envelopment Analysis — DEA

In addition to using traditional measures, the assessment of the
organization's performance can be carried out using parametric and non-
parametric techniques. In practice, it is often necessary to consider
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multiple inputs and outputs that are diverse by their nature (financial,
technical, environmental) and are expressed in different measuring units.
Farel's technical efficiency measure (Farrell, 1957) allows the inclusion of
either multiple inputs or multiple outputs in the analysis. This
macroeconomic theory served as the basis for the development of the
Data Envelopment Analysis (DEA) as a methodology for assessing
efficiency.

The DEA method creators (Charnes et al, 1978) assumed that in
assessing the efficiency of units there should not be an objective
procedure for determining the values of weight coefficients. By
subsequent analysis, it is possible to show which of the units considered
are efficient and which are not. The DEA is a mathematical programming
technique that allows determining whether the entity, based on data on
its inputs and outputs, is efficient or not, relative to other entities involved
in the analysis.

There are a large number of models, given in detail in the overview
published on the occasion of 30 years of the development of the DEA
method (Cook & Seiford, 2009). The basic models and basic extensions
are described in detail in the doctoral dissertation (Marti¢, 1999)
published at the Faculty of Organizational Sciences.

DEA models with constant returns to scale

Let x; - the observed amount of input of the i-th type for DMU; (x; >
0,i=1.2,...m,j=1.2,..,n), and y; the observed amount of the output r-th
type of DMU; (y; > 0, r = 1,2,...;s, j = 1,2,...,n). Charnes, Cooper and
Rouds proposed in (Charnes et al, 1978) that for each DMUy, k=1,2,...,n,
the optimization task, known as CCR model, MODEL (M.1), should be
solved:

zuryrk
(max)h, == (1)
Zvixik
i=1
subject to:
zuryrj
= —x<1j=12...,n ()
Zvixij
i=1 3
u, 20,r=12,..,s ®)




v, >0,i=12,...,m (4)

where: hy — is the relative efficiency of k-th DMU; n - the number of DMUs
to be compared; m — the number of inputs; s — the number of outputs; u,
— the weight coefficient for the output r; v; - the weight coefficient for the
input i.

The relative efficiency of h, for DMUy is defined as the ratio of the
weights of its outputs (virtual output) and the weights of its inputs (virtual
input). The CCR ratio model calculates total technical efficiency that
includes both pure technical efficiency and efficiency as a result of
different business volumes.

Since condition (2) is valid for the k-th DMU required for the
maximum efficiency (1), it is obvious that 0 < h, <1. If the value for h, in
the function of the target is equal to 1, then the DMU is relatively efficient,
and if it is less than 1, the DMU, is relatively inefficient and the value of h,
shows how many percent of this unit needs to reduce its inputs.

The linear fractional programming problem, described by relations
(1) - (4), can be reduced to an equivalent linear program using simple
Charns-Cooper transformations (Cooper et al, 1999) - MODEL (M.2):

(max)hk = Zur yrk

r=1
subject to:

ivixik =1 ®)

ZS:uryrj —ivixij <0,j=12...,n
r=1 i=1

V,2¢g,i=12,...,m

u =e&r-12,..,s

In the M.2 model for k-th DMU, the virtual output is maximized and
its virtual input is equal 1. The limitations by the data relation (5) indicate
that the optimal weights for the k-th DMU must satisfy the requirement
that for each of the DMUs its virtual output cannot be larger than its
virtual input.
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DEA model with variable returns to scale

The first extension of the core CCR DEA model was introduced by
Banker, Charnes and Cooper (Banker et al, 1984). The BCC model
measures pure technical efficiency, i.e. it gives an efficiency measure
that ignores the impact of the volume of operations by comparing the k-th
DMU with other units of the same size.

In relation to the CCR model, the primary BCC model contains an
additional variable in u- which defines the position of an auxiliary hyper
plane that lies on or above each DMU included in the analysis. The value
of the parameter u- directly indicates the nature of the economies of scale
allowed by the DEA model. This is shown in the theorem that Banker and
Thrall proved in (Banker & Thrall, 1992).

The primary BCC DEA model proposed in (Banker et al, 1984) has
the following form - MODEL M.3:

(Mmax)h, =>"u, Yy +U.
r=1

subject to:
Zvixik =1
i=1

iuryrj —ivixij +U.<0,j=12...,n
r=1 i=1

V,2¢g,i=12,...,m
u >¢gr-12..,s

CCR efficiency BCC efficiency
limit limit

Figure 1 — Forms of efficiency limit
Puc. 1 — lNpedenbi aghchekmusHocmu
Cnuka 1 - O6bnuuyu epaHuue echukacHocmu
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The orientation of the DEA model (input or output) determines the
direction of the ineffective DMU projection to the efficiency limit. In an
input-oriented model, efficiency improves through a proportional input
reduction, and the output orientation requires a proportional increase in
output.

Stochastic Frontier Analysis - SFA

The SFA is a statistical parametric technique used to estimate
deviations in the performance of production units from the production
frontier (Aigner et al, 1977) and (Meeusen & Van den Broeck, 1977). The
basic concept of the SFA model is that deviations are not entirely due to
inefficiencies, as they confirm that random effects beyond unit control
can affect production. The main advantage of the SFA is that it can
isolate the contribution of random effects to variations in technical
efficiency.

The original specification of the model included the production
function defined for crosssectional data, and later it received a number of
different modifications and shapes. The function contained an error
component, consisting of two elements - noise (random errors) and
technical inefficiency. This model, in the case of Cobb-Douglas frontier
function, has the following form:

In(y,) =5, +iﬂk In(x,) +v; -y,

where: y; — the output (production) of the i-th company; xi - k-th input of
the i-th firm (k = 1, ..., K); B« — an unknown parameter to be evaluated (k =
1, ..., K); vi~N(0,0V2) is a random variable that represents fault (noise) and
has an independent distribution of the distribution of technical
inefficiency; u~|N(0,0,%)| - a non-negative random variable that
represents technical inefficiency.

For example, the input values are displayed on the x-axis and the
output values on the y-axis. The firm A uses the input x, to generate the
output ga (indicated by x), while the firm B uses the input xg to generate
the output gs (shown by x). If there are no inefficiency effects, i.e. if
(ua=0, ug=0), then the so-called exits of the frontier area are

a, =exp(B, + B Inx, +Vv,) and qg =exp(B, + B, Inxg +Vg). In Figure
2, these values are represented by the sign ® . Obviously, the frontier

exit of A is above the deterministic part of the frontier region because the
effect of the statistical noise is positive va>0, and the B-frontier output is
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below, because the effect of the statistical noise is negative vg<O
(Kumbhakar & Knox Lovell, 2003).

Deterministic frontier

Y gi=exp(Bo+pB1lnx;)

N = + +\Va) b
9 a=exp(Bo*P1lnxa+va) _tatlstlcal Statistical noise
noise |

qs=exp(Bo+Bilnxg+ve) ‘

Technical inefficiency

de=exp(Bo+B1lnXg*Ve-Up) -/~ !

! Technical

3 inefficiency
Aa=exp(BotB1lNXa*Va-Ua) [~

XA XB Xi

Figure 2 — Kob-Douglas model
Puc. 2 — Modenb Kob6a-yanaca
Cnuka 2 — Kob6-/[Jaznacos modern

Function modifications included additional assumptions regarding
the distribution of technical inefficiencies u;, such as a truncated normal
or gamma distribution; other forms of the frontier function; consideration
of panel data and technical efficiencies variability in time; expanding
models with cost functions, etc.

Although it contains a number of parameters to be assessed against
the Cobb-Douglas function, the transcedental logarithmic form of the
frontier form of the function is much more flexible and provides more
consistent technical efficiency estimates. It represents the generalization
of the Cobb-Douglas function, and has the following form (Knezevi¢ et al,
2015):

K K K
In(y;) =4, + Zﬂk In(x;) + Z Zﬂkk, In(x; ) In(x,.) +V; =y,
k=1 k=1 k=1
The main disadvantage of standard SFA models is the inability to
observe multiple outputs, i.e. the existence of only one output. Coelli and
Perelman (Coelli & Perelman 1996, 2000), Knezevi¢, Bojovi¢,
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Kapetanovi¢ (Knezevic et al, 2015) dealt with the frontier function in the
case of multiple inputs and multiple outputs. In the case of the existence
of the K input and the L output, the functional form can be written as:

-In(y,) = «a, +ZK: a, In(xl()ntil,b’I In( Z z a, In(x,)In(x, )+

+ZK:§;/ In( x, ) In( )+222ﬁ” In( y')ln(y')+v _u,

k=1 I=1 =1 I
where y_ represents an arbitrary chosen output. In the case of two
entrances and two exits:

—In(y,))=a,+a,In(x))+a,In(x,)+ B, In( i’/—z)+%a3ln2(xl)+
1

N %aA In?(x,)+ %aS In( x,) IN( X,) + 7, In( %, In( %) + (6)

1

£ 70 )+ 2 gt (O v,

1 1

Selection of parameters and the efficiency analysis

In order to improve the efficiency of the organization's work, it is
necessary to select relevant indicators whose monitoring and analysis
can provide the necessary information in order to generate actions to
improve the process and improve the efficiency of the organization's
operation.

Transport is a process characterized by high costs: number of
vehicles and drivers, energy consumption, realized transport work, space
and time use of the vehicle, are just some of the factors that influence the
efficiency of the transport process.

The goal of transportation planning, due to the specific nature of the
military organization, is to find the conditions for meeting the transport
needs of units and military institutions, regardless of the respect of other
transport principles: rationality, economy, etc. For these reasons, there
are cases of inefficient use of vehicles.

The basic efficiency criteria should contribute to meeting the goal of
the existence of a system - meeting the transport needs of the army in
peace, during the mobilization period and in the war. The basic criteria of
transport in general can be taken as the basic criteria of efficiency for
achieving these goals - the performance of the fleet and the cost of
transport services, since most of the parameters of the transport process
are related to them. The performance of the transport fleet of transport
units is assessed with two interconnected parameters of the incineration
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criterion; the volume of transported cargo (volume of transport) in tonnes
and the number of tonne-kilometers achieved (cargo traffic) in tkm (Dozet
et al, 1988).

The indicators of efficiency in transport in literature:

Byrne and Markham (1991): tkm / total transport costs, transported
quantity / total transport costs, total transport capacity / capacity costs.

Cruijssen et al (2010): labor power (salaries, driver experience, total
hours of work, number of employees), equipment (number of trucks,
number of trailers, total capacity), intangible assets (market information,
contact with users), profit.

Kim (2010): costs of employees, fuel costs, lubricant costs, taxes,
insurance, mileage, transported quantity, transport distance.

The division of the indicators of the efficiency of logistics processes
can also be carried out according to the subsystem or process described
by Andreji¢ and Kilibarda (2017). Thus, groups of indicators can be
distinguished:

- storage indicators;

- transport indicators (number of vehicles, total number of kilometers
traveled, realized transport work, fuel consumption, etc.);

- stock indicators.

The data used in the paper were collected through an application
intended for automated processing of data on the condition and use of
non-combat vehicles and connecting vehicles and other fuel consumers
in the information system of the traffic service in the military. This
application allows tracking the traveled route, fuel used, the number of
persons transported and the amount of transported cargo for a specified
period of time (month, year) for the vehicle or the entire unit.

Data on the performance indicators of military transport units and
vehicles which can be obtained from the above application coincide with
the often used indicators of efficiency in transport in the literature, first of
all in the book Efficiency of Logistic Processes (Andrejic & Kilibarda,
2017). For this reason, the following data were used in the analysis of the
efficiency of the observed military transport units and vehicles - Table 1.

Two input parameters were used to evaluate the efficiency of the
transport units: the number of vehicles used for the transport of cargo
and the total fuel consumption of these vehicles (I). Two parameters were
also used as output indicators: the total distance driven by vehicles used
for transport of goods (km) and the total quantity of transported cargo (t).

For the assessment of the efficiency of vehicles (in total and by
classes), the parameters were used - two inputs: total fuel consumption
per vehicle () and total available vehicle load for the days of use in the
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observed time (t) and two outputs: distance driven per vehicle (km) and
the total quantity of cargo carried per vehicle (t).

Table 1 — Aspects of measuring the efficiency of transport
Tabnuua 1 — Acriekmbl usmepeHusi agpghekmusHoOCmMuU mpaHcropma
Tabena 1 — Acnekmu mepera egpukacHocmu mpaHcrnopma

Efficiency of Efficiency of the Vehicle efficiency by class
transport unit vehicle
Management Operating Tactical level Tactical level
level level
Input 1. number of 1. fuel (1)
indicators vehicles 2. the total 1. fuel ()
2. fuel (1) available )

2. the total available vehicle load

vehicle load in in the observed time (t)

the observed

time (t)
Output 1. distance 1. distance 1. distance driven (km)
indicators driven(km) driven (km) 2. transported cargo (t)
2. transported | 2. transported
cargo (1) cargo (1)
DMU 10 transport 173 vehicles 6 class vehicles:
number units 24 vehicles up to 3t capacity
78 vehicles up to 6t capacity
17 vehicles up to 12t capacity
11 vehicles over 12t capacity
21 vehicle ACG
22 vehicles ACV
Applied DEA and SFA analysis

model

The vehicle classes are defined according to load capacity (up to 3t,
from 3t to 6t, from 6t to 12t and over 12t) and the specific type of cargo
being transported by them (ACG - fuel tanks and ACV — water tank),
Table 2. In this analysis, vehicles used for fewer than 10 working days
and covering fewer than 500 kilometers during the year were not
observed.

The paper analyzes the relative technical efficiency of ten military
transport units and 173 vehicles engaged in cargo transportation tasks
for supplies and special needs of the army.

It should be emphasized that until now, to a certain extent, mainly
through the annual analysis of logistics in the military, the problem of
organization and structure of transport units and their efficiency was
partially taken into account, but not comprehensively approached in the
research of the subject matter.

o
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Table 2 — Overview of the number of vehicles by classes and units
Tabnuua 2 — O630p Konu4ecmea mpaHCrnopmHbIX cpedcmea no Knaccam u eOuHuUuam
Tabena 2 — Npeaned bpoja so3una rno knacama u jeduHuyama

upto3t | upto6t | upto 12t over 12t ACG | ACV TOTAL
DMU 1 2 9 1 5 0 0 17
DMU 2 0 12 1 0 1 2 16
DMU 3 0 7 3 3 3 0 16
DMU 4 2 4 3 2 3 0 14
DMU 5 3 5 1 1 1 3 14
DMU 6 2 8 1 0 0 3 14
DMU 7 2 10 4 0 5 9 30
DMU 8 3 7 1 0 6 2 19
DMU 9 3 4 0 0 1 2 10
DMU 10 7 12 2 0 1 1 23
TOTAL 24 78 17 11 21 22 173

Table 3 — Descriptive input and output statistics for transport units
Tabnuua 3 — OnucamenbHasi cmamucmuka 8eoda U 8b1800a MPaHCIopMHbIX e0UHUL,
Tabena 3 — [JeckpunmusHa cmamucmuka yrna3sa u usnasa 3a mpaHcriopmHe jeduHuye

110 Parameter | Var | Obs | Mean Std. Min Max
Dev.
output | distance y1 10 137133.3 | 68275.3 | 62682 | 296695
driven (km)

output | transported | y2 10 4156.7 4694.2 808 15763
DMU cargo (t)

input | fuel (I) x1 10 35138.5 19019.4 | 16717 | 78223
input | the number | x2 | 10 17.3 5.6 10 30
of vehicles

The calculation of the efficiency of transport units and vehicles was
done whith:

- Input CCR and BCC DEA models - DEAP Version 2.1 software
used for calculating (Softver DEAP Version 2.1., 2018).

- SFA model (using (6)), halfnormal and truncatednormal distribution
- STATA13 software used for calculating (Softver STATA13, 2018).

The input-oriented model was selected as transport unit managers
can influence more the reduction of input (the number and type of
vehicles used, i.e. fuel consumption and vehicle load), and less the
increase of output (quantity of transported cargo).

The DEA CCR model, which shows only three efficient units, has the
greatest discriminatory power. On the other hand, the SFA model, with
the assumed distribution of technical inefficiency, recognizes all units as

effective.
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As said, the SFA model, with the hnorm and tnorm distribution,
recognizes all units as efficient. The DEA BCC model recognizes three
(conditionally two) inefficient units, while the DEA CCR model recognizes
only three units as effective - DMU3, DMU6 and DMUS8 and therefore has
the highest discriminatory power - Table 4.

Table 4 — Results of the analysis of the efficiency of transport units
Tabnuua 4 — Pe3ynbmambl aHanu3a 3¢ghghekmueHoCcCmu mpaHCcrnopmHbIX eQUHUY,
Tabena 4 — Pesynmamu aHanuse eghukacHoOCmMu mpaHcriopmHux jeduHuya

DEA | DEA | SFA SFA DEA | DEA | SFA | SFA
CCR BCC tnorm hnorm CCR | BCC | tnorm | hnorm
rank

DMU1 | 0.727 | 0.798 | 0.998363 | 0.999526 | 10 10 1 10
DMU2 | 0.771 | 1 0.998362 | 0.999545 | 9 1 7 2
DMU3 |1 1 0.998362 | 0.999547 | 1 1 7 1
DMU4 | 0.997 |1 0.998363 | 0.999526 | 4 1 1 9
DMU5 | 0.856 | 0.961 | 0.998363 | 0.999534 | 7 9 1 6
DMUB | 1 1 0.998362 | 0.999528 | 1 1 7 8
DMU7 | 0.983 |1 0.998363 | 0.999535 | 5 1 1 5
DMU8 | 1 1 0.998362 | 0.999536 | 1 1 7 4
DMU9 | 0.773 | 1 0.998363 | 0.999537 | 8 1 1 3
DMU10 | 0.968 | 0.999 | 9998363 | 0.999531 | 6 8 1 7

Thus, the comments on the results obtained are as follows. The
average efficiency of transport units by models is:
DEA CCR-0.91 <DEA BCC-0.98 <SFA tnorm ~ 1.00 <SFA hnorm ~ 1.00
DMU8 and DMUBG, as efficient, do not have a high-capacity vehicle
(tow truck). The greatest contribution to the efficiency of DMUS8 is a
vehicle marked mv127 ACG which was used to transport by far the
largest amount of cargo - 13613t (i.e. liters of fuel). Without the
mentioned vehicle, DMU8 would have had efficiency of 0.847 under the
CCR model, and 0.849 according to the BCC model, i.e. it would not be
at the limit of efficiency. DMUS8 transported the largest amount of cargo.
DMU3 does not have a vehicle carrying capacity of up to 3t or ACV.
Only one of the four units with high-capacity vehicles was declared
effective (DMUQ). It is interesting to note that the lowest efficiency in both
the CCR and BCC model is DMU1, with a percentage of the largest
number of heavy-duty vehicles (trucks) being 29% of the vehicle unit.
DMU?2 is inefficient even though there are no vehicles with high load
capacity, and the highest number of used vehicles is 3t to 6t capacity
(75%). Also, DMU2 covered the fewest number of kilometers and
transported the smallest amount of cargo. The reason for relative
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inefficiency of DMU9 can be the size of the unit (the smallest number of
vehicles), besides being the third transport unit in one region. The largest
number of kilometers covered is in DMU7, but it is not at the limit of
efficiency because it is the unit with the largest number of vehicles used.
If the efficiency of transport units is analyzed through the average
efficiency of the observed vehicles of the transport units, given in Table
5, the lowest results of efficiency are still given by the DEA CCR:
DEA CCR-0.37 <DEA BCC-0.46 <SFA hormone -0.74 <SFA tnorm -0.8

Table 5 — Average efficiency of vehicles by transport units
Tabnuya 5 — CpedHssi aghghekmusHOCMb MpaHCropmHbIX cpedcmea o mpaHCrnopmMHbIM
eduHuuam
Tabena 5 — lNpoceyHa echukacHOCM 803ura Mo MpPaHCropmMHUM jeduHuyama

DEA DEA SFA SFA DEA DEA SFA SFA
CCR BCC tnorm | hnorm | CCR BCC tnorm | hnorm
rank

DMU1 0.33 0.42 0.82 0.75 8 8 5 5
DMU2 | 0.31 0.51 0.85 0.79 10 3 1 1
DMU3 | 0.31 0.37 0.83 0.77 9 10 2 3
DMU4 | 0.42 0.51 0.76 0.67 2 2 9 9
DMU5 | 0.37 0.49 0.81 0.74 5 4 7 7
DMU6 | 0.46 0.53 0.71 0.65 1 1 10 10
DMU7 | 0.41 0.45 0.79 0.72 3 7 8 8
DMU8 | 0.39 0.47 0.81 0.74 4 5 6 6
DMU9 | 0.33 0.41 0.83 0.76 6 9 3 4
DMU10 | 0.33 0.47 0.83 0.78 7 6 4 2

Somewhat higher results of vehicle efficiency in the SFA model are
obtained for the assumed truncatednormal relative to the halfnormal
distribution of technical inefficiency. The DEA CCR model yields less
efficacy results than the DEA BCC, as it assumes constant returns to
scale.

By analyzing the obtained average efficiency of vehicles used by
transport units, it is noticed that DMUG s still the most efficient for both
DEA models, but according to the SFA models it has the worst results.
Observing the results in this way, the SFA models rated DMU2 as the
most efficient, which, according to DEA CCR, | has the worst results of
vehicle efficiency, and the opposite case is with DMU3.

When the number of vehicles used is taken as the input parameter,
the results of the efficiency of transport units differ from the results
obtained when the average values of the efficiency of the vehicles used
for the transport within the unit are observed.
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It is noted that the efficiency of the vehicles is small, which can be
explained by using a vehicle for transporting freight often without the
criterion of better utilization of the load (the need for transport has the
quantity of cargo within the defined time limit). Out of 173 vehicles
observed:

- according to the DEA CCR model, only three vehicles are efficient,
as many as 146 vehicles have an efficiency of less than 0.5, and the
average efficiency is 0.37.

- according to the DEA BCC model, 8 vehicles are effective, 124
vehicles have efficiency lower than 0.5, and the average efficiency is
0.46.

- according to the SFA tnorm model, the highest efficiency of 0.94
was found in two vehicles, 54 vehicles have efficiency below average,
and the average efficiency is 0.8.

- according to the SFA hnorm model, one vehicle has the highest
efficiency of 0.93, 72 vehicles have efficiency below average, and the
average efficiency is 0.74.

The vehicle carrying capacity up to 3t with the mark mv172 is
efficient according to the DEA CCR and BCC models, while it is among
the two worst ones in the efficiency evaluation of the SFA models. On the
other hand, the ACG vehicle with the mv152 tag has the best efficiency
according to the SFA models, while according to the DEA CCR it has the
lowest efficiency, and according to the DEA BCC, it is among the least
efficient.

Among the most efficient vehicles, there are no vehicles with greater
capacity (from 6t to 12t and over 12t), and the reasons for this should be
sought in the fact that their efficiency is more reflective of the inexorability
of their load capacity.

When considering the efficiency of all vehicles in the entire group of
173 vehicles per cluster, Table 7, it is noted that the vehicles with a
minimum carrying capacity of up to 3t have the highest average
efficiency according to the DEA methods, which can be explained with
the smallest loss of available load capacity and lower average fuel
consumption.
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Table 6 — Descriptive statistics of inputs and outputs for vehicles

Tabnuya 6 — OnucamenbHasi cmamucmuka 880008 U 8180008 MPaHCMOPMHbIX
cpedcms

Tabena 6 — [eckpunmueHa cmamucmuka ynasa u u3ria3a 3a eo3urna

I/ | Parameter Var | Obs | Mean | Std. Min | Max
0] Dev.
O | distance driven (km) al 173 | 7927 8249 423 | 40576
All 173 O | transported cargo (t) | a2 173 | 240 1057 |5 13613
vehicles [ fuel () b1 | 173 | 2031 | 2059 | 110 | 11531
| available vehicle load | b2 173 | 379 443 33 3984
t
Vehicles | O Eii)stance driven (km) ti1 24 9918 10663 | 779 | 39908
upto3t | O | transported cargo (t) | ti2 24 70 82 5 344
capacity | | fuel (I) tul | 24 | 1347 | 1243 | 238 | 4728
| available vehicle load | tu2 24 215 180 39 843
t
Vehicles | O Eii)stance driven (km) si1 78 7430 7354 423 | 35330
upto6t ["O [transportedcargo (t) |si2 | 78 | 71 77 6 446
capacity e sul |78 | 1874 | 1653 | 110 | 8107
| available vehicle load | su2 | 78 290 172 35 800
t
Vehicles | O Eii)stance driven (km) di1 17 7255 3975 176 | 15544
up to 12t 7
capacity | O | transported cargo (t) di2 17 109 80 19 292
| fuel (1) du1 17 1981 1106 523 | 4349
| available vehicle load | du2 | 17 418 243 147 | 960
t
Vehicles | O Eji)stance driven (km) 0i1 11 11099 | 11248 | 927 | 31102
over 12t "5 [ transported cargo () | 0i2 11 557 651 40 1748
capacity e oul |11 | 4172 | 4145 | 385 | 11397
| available vehicle load | ou2 | 11 970 811 180 | 2574
t
Vehicles | O Eji)stance driven (km) gi1 21 7873 11330 | 479 | 40576
ACG O | transported cargo (t) | gi2 | 21 | 870 | 2938 | 14 | 13613
| fuel (1) gu1 21 2162 2832 213 | 11531
| available vehicle load | gu2 | 21 592 894 35 3984
t
Vehicles | O Eii)stance driven (km) vi1 22 6498 5168 | 487 | 17195
ACV O | transported cargo (t) | vi2 | 22 | 370 | 268 | 25 | 980
| fuel (1) vu1 22 2177 1786 256 | 6005
| available vehicle load | vu2 | 22 344 226 33 952
(t)
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Table 7 — Average efficiency of all vehicles by defined groups
Tabnuua 7 — CpedHsist a¢hghekmusHOCMb 8CeX MpPaHCropmMHbIX cpedcms o
onpedernieHHbIM 2pyrnnam
Tabena 7 — lNpoceyHa echukacHoCcm ceux 8o3ura o 0eghuHUCaHUM 2pyrnama

Vehicles DEA DEA SFA SFA DEA DEA SFA SFA
capacity CCR BCC tnorm | hnorm | CCR | BCC tnorm | hnorm
rank

up to 3t 0.56 0.70 0.68 0.61 1 1 6 6

up to 6t 0.32 0.40 0.83 0.76 5 4 2 3

up to 12t 0.33 0.38 0.81 0.74 4 5 4 4
over 12t 0.27 0.31 0.88 0.83 6 6 1 1
ACG 0.33 0.45 0.83 0.76 3 3 3 2
ACV 0.45 0.58 0.78 0.72 2 2 5 5

According to the SFA method, the vehicles up to 3t capacity have
the lowest efficiency. Completely opposing ranking is found in the
vehicles carrying over 12t. According to the SFA method, they have the
highest efficiency, while according to the DEA methods in both cases
they have the lowest average efficiency. Conditional consistency, as far
as the average vehicle efficiency rating is concerned, is found in all
methods in the case of the groups of ACG vehicles and the vehicle with a
carrying capacity from 6t to 12t. The highest standard deviation of the
results is with the vehicles with a carrying capacity up to 3t, ACV and
ACG.

It is noteworthy that the results of the DEA and SFA models vary
greatly; therefore, decision makers must be aware of that and choose the
model in which they want to perform an efficiency assessment.

The results of vehicle efficiency, when calculations were made for
vehicles within defined groups (clusters), are given in Table 8.

In small vehicle groups, the SFA models show all vehicles within the
group as efficient, and there is certain discrimination only in larger vehicle
groups. In this sense, the SFA model will not be commented on in this
part of the paper.

The most homogeneous group of vehicles (and the smallest one)
consists of the vehicles over 12t capacity — with the average efficiency of
0.92. According to the DEA CCR, the efficient vehicles are those with
mv7, mv44 and mv61 markings, and the least efficient is the mv8 vehicle,
while the BCC model has 7 efficient vehicles.

In the group of the vehicles up to 12t of capacity, there are 6 or 10
efficient vehicles according to the DEA models and they are evenly
distributed in transport units.
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Table 8 — Average efficiency of vehicles per class
Tabnuua 8 — CpedHsist aghghekmusHOCMb MPaHCNopPMHbIX cpedcme o Krnaccam
Tabena 8 — lNpoceyHa eghukacHocm 8o3ura no Knacama

Vehicles up

to 12t DEA DEA SFA SFA
capacity CCR BCC thorm hnorm
up to 3t 0.66 0.83 1.00 0.71
up to 6t 0.60 0.65 0.86 0.74
up to 12t 0.89 0.93 1.00 1.00
over 12t 0.92 0.96 0.99 0.99
ACG 0.62 0.77 1.00 1.00
ACV 0.80 0.91 0.91 0.91

A group of vehicles with a minimum mean efficiency of 0.60 and
0.65 consists of the vehicles of 3t to 6t capacity, respectively, most of
them being in group 78.

The vehicles with a carrying capacity up to 3t may have
unexpectedly low mean efficiency. Six vehicles have an efficiency of less
than 0.5 which says they are often used to transport very small loads.

ACGs within the group have 2 or 4 efficient vehicles, and, according
to the DEA CCR model, 7 vehicles have efficiency below 0.5. All ACVs
have efficiency within a group higher than 50%.

The comparison of the average efficiency of transport units in
relation to the vehicle groups was not considered in the work due to the
relatively small number of vehicles by defined groups in transport units.
In other words, it could not be concluded where and in which transport
units certain groups of vehicles are used better.

The comparison of the efficiency of vehicles in general and by
defined groups showed that only three vehicles were declared effective in
both cases: mv63 to 3t capacity, mv127 ACG and mv152 ACG.

The dependence of data on input and output parameters of transport
units and vehicles was tested using the Spearman and Pearson
correlation tests. The test results show that the input and output data are
independent for all pairs of input and output data except in the case of
input data for the vehicles with a capacity of 6t to 12t.

The results show that the choice of the method of evaluation of
technical efficiency has a major impact on the obtained efficiency
estimates, and, consequently, on the decisions made and implemented
after the efficiency analysis.
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Conclusion

The paper presents the application of the DEA and SFA methods for
evaluating the efficiency of the work of the selected ten military transport
units and 173 military motor vehicles used in cargo transportation tasks
for the needs of supply and special needs of the army, individually and
within six defined classes. It can be deduced from the estimate that the
CCR DEA model has the highest discriminatory power that shows the
lowest number of efficient units and gives the lowest mean value of
efficiency of both transport units and vehicles.

The CCR DEA estimates that three transport units are efficient (with
an average efficiency of 0.91), as well as three vehicles (average vehicle
efficiency 0.37). The BCC DEA model estimates seven transport units as
efficient as well as eight vehicles (average vehicle efficiency 0.46). No
transport unit has been declared extremely inefficient (DMU1 has the
lowest calculated efficiency with a score of 0.727 per CCR DEA model).
Since the carrying capacity of the used vehicles has a large impact on
the results of the efficiency of transport units, only one unit with high-
capacity vehicles was declared effective, while the least efficient unit has
the largest proportion of these vehicles.

With the SFA model, all transport units are rated as efficient. The
same is the case with the assessment of the efficiency of vehicles in
groups with few vehicles. For this reason, in assessing the efficiency of
transport units and military vehicles, the SFA model is applicable in
measuring the efficiency of a larger number of DMUs. Of all vehicles, two
have the highest efficiency of 0.94, while the average vehicle efficiency
according to the SFA models is 0.74 and 0.8. Low-capacity vehicles are
rated as more efficient according to the DEA models, while the SFA
models rate vehicles with higher load capacity as more efficient.

The choice of the method for calculating efficiency can be a
determining factor for making management decisions, as it has been
shown that the results of the DEA and SFA models differ significantly,
about which decision makers must be informed in order to choose the
model in which they want to perform efficiency assessment.

The DEA method makes it easier to compare DMUs across multiple
inputs or outputs, and for each inefficient unit, it defines respectable units
and required changes to the input or output in order to achieve efficiency.
The CCR DEA model gives the lowest efficacy results because it allows
a constant return to scale and measures the overall technical efficiency
and efficiency of the business volume, while the BCC model measures
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only pure technical efficiency, which makes a number of units more
efficient.

Since this paper deals with the military context, certain specific
information related to the organization, as well as the actual names of
transport units, and data on the marks, kind and type of specific vehicles
could not be included.

It has been shown that the conducted analysis and efficiency
assessment provide a basis for a different approach to the problems of
military transport management and more efficient use of vehicles. This
paper explores the efficiency of military transport units in a different way
than usual. The obtained efficiency results indicate that there is a space
for increasing the efficiency of the transport units, especially the
efficiency of vehicles. Increased efficiency can be achieved by better
vehicle selection in relation to the amount of cargo in order to better
utilize the vehicle's capacity. Also, the planning of return transport and
better planning of freight transport through reduction of off-plan tasks,
with fewer engaged vehicles and, consequently, lower fuel consumption,
can increase output, i.e. quantity of transported cargo. By equipping
newer vehicles with lower fuel consumption and greater reliability, the
input resource needed to complete the tasks can also be reduced.

By choosing an appropriate method for assessing efficiency, input /
output parameters and a good analysis of the obtained results, one can
obtain a model of transport in the army that would increase the efficiency
of transport units and vehicles to a higher level in order to achieve better
operational capabilities of the military.

Numerous parameters influence transport efficiency, both at the
level of transport units and vehicles. In this sense, the direction of further
research on efficiency measurement,would be the influence of the
parameters not observed in this paper: type of cargo, vehicle and driver
time, organizational structure of the transport unit, distances to which
goods are transported, the age of the vehicle, etc. Also, in further work,
the influence of the factors on which the organization does not have
influence i.e. weather conditions, road conditions, etc, can be
investigated.

The work should be the initial phase of the research devoted to the
parameters of the efficiency of the military transport units and military
vehicles. The efficiency analysis is an important tool that can enable
military organization management and transport management to find
common solutions in order to achieve the goals of the organization. This
would identify proposals for optimizing the use of vehicles for the
transport of cargo as well as the engagement of the transport unit as a
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whole, which would increase the quality and quantity of execution of
transport tasks in support of the missions and tasks of the Serbian Armed
Forces.
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Peswome:

Lenbto  OaHHOU  pabombi  sensifiocb — nposedeHue  aHanusa
aghgbekmueHoCMU  8bI6PaHHLIX MPaHCMOPMHbLIX CPedCcme U B0€HHbIX
boesbix MawuH O ocywecmerieHuUs1 3adaHull 1o rnepesoske epy3a rnpu
npumeHeHuu memoda cmoxacmudeckol epaHuubl (SFA), a makxe
aHanusa obosioyku OaHHbIx (DEA), cosdasasi mem cambiM OCHOBaHUE
Onss  QanbHelwux uccriedogaHUll  napamMempos, 6uUsUWUX  Ha
aghghekmusHoCMb pabombi MpaHCopmMHbIX cpedcme Boopy KeHHbIX cusl
U 80€HHbIX boesbix MalwuH. HccriedosaHue nposedeHo Ha OCHO8aHUU
decamu mpaHCcropmHbIX cpedcms Boopy»keHHbIx cun,
npedHa3Ha4yeHHbIX Ofs OCyuwecmerieHusi Jfio2ucmudeckux 3adady o
mpaHcropmy u repegoskam. AHanus sghghekmusHocmu rposedeH Ons
BOEHHbIX MaWUH, UCMOb3yeMbiX O/ 8bINOMHEHUs 3adaHul o
mpaHcriopmy U repego3kam 2py3a Ons HyxX0 CHabXeHusi U Hyxo0
crneyuanbHo20 Ha3Ha4yeHusl KoMaHOO8aHUs, BOUHCKUX Yacmel U
yupexdeHull BoopykeHHbIXx cumi. B pabome ucrionb308aHbl OaHHbIe,
rnosyyeHHble 6rnazodapsi rpozpaMMHOMY ObEeCrieqYeHUr, C MOMOWbIO
Komopo2o eedemcsi HabroOeHUe 3a osib308aHUEM U Kcrislyamauueu
B0EHHbIX MalUH 8 meyeHue 00HO20 KareHO0apHo20 200a. Pe3yrnbmamel
rokasanu, 4mo ebibop Memola oOkasbisaem b60/bwWoe 6nusHUe Ha

MOSTyYEHHYH0 OUEHKY mexHu4eckol aghgpekmusHocmu, u
COOMBEMCIMBEHHO  Ha  B03MOXHbIE  YrpasfieHYeckue  peueHus,
fpuHUMaemble Ha OCHO8aHUU rpogedeHHo20 aHarnusa
aghgbekmusHocmu.

Kntowesbie crnosa: aghghekmusHOCMb, MmpaHCcrnopmHbie cpedcmea
BoopyxeHHbIx curs, 80eHHble 6oesble MawuHbl, aHanu3 060704YKU
OaHHbIX, Memo0 aHasu3a cmoxacmu4eckoli 2paHuubl.

MPOLIEHA E®UKACHOCTU TPAHCIOPTHMX JEOUHWLIA BOJCKE
METOOAMA DEA N SFA

[ejax P. Necnuh?®, Hebojwa J. onosmhﬁ,

Munopad J. Kunubapga®, Mapko B. KanetaHosuh®

@ MunnctapcTeo oabpaHe Penybnvke Cpbuje, CekTop 3a maTepujanHe
pecypce, Ynpasa 3a onwTy noructuky, beorpag, Peny6nuka Cpbuja
YHusepauteT y beorpagy, CaobpahajHn dakynTert,
Beorpag, Penybnuka Cpbuja

OBNACT: maTematuka, normctuka, caobpahaj
BPCTA YJTAHKA: opyrnHanHu Hay4Hu YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Lurs pada jecme Oa ce usepwu aHanusa eghukacHocmu u3labpaHux
mpaHcrnopmHux jeduHuua y rnoaucmuuyu Bojcke u eojHux eosuna y
peanusayuju 3adamaka mpaHcriopma mepema M[puUMeHoM Memoda
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aHanuze cmoxacmudykux epaHuua (SFA) u aHanusze obasujara
rnodamaka (DEA), kao u cmeapar-e OCHoge 3a Oarbe UcmpaxueaH-e
napamemapa Koju ymudy Ha egpukacHocm pada mpaHCropmMHUX
JjeduHuya Bojcke u 8ojHUX 803ura.

Ucmpaxuearbe je uzsplweHo y decem mpaHcrnopmHux jeduHuua Bojcke,
HaMeHseHUX 3a peanusauujy rocroea U3 Jsioeucmudke ¢hyHKUUje
caobpahaj u mpa+criopm. AHanu3a eghukacHoCmu u3epuleHa je 3a 8ojHa
sosurna kopuwhera 3a peanusayujy 3adamaka mpaHcriopma mepema 3a
nompebe cHabOeesara u rnocebHe nompebe komaHOu, jeduHuua u
ycmarosa Bojcke. KopuwheHu cy nodauyu 0obujeHu u3 rpospamcKoa
nakema Kojum ce npamu Kopuwherwe U ekcriioamauyuja 6ojHUX
MOMOpPHUX 8o3unla y nepuody 00 jedHe karneHOapcke 200UHe.
Pesynmamu nokasyjy Oa u3bop memole uma 6enuku ymuuaj Ha
OobujeHe oueHe mexHUYKe egbukacHocmu, a caMuM muM U Ha
eseHmyrnaHe yrpas/badke O0O0/yKe Ha OCHO8Y U3BpUWIEHe aHanuse
egukacHocmu.

KrbyuHe peuu: egpukacHocm, mpaHcriopmHe jeduHuue Bojcke, eojHa
eosuna, aHanusa obasujarba nodamaka, aHasusa CmoxacmuyKux
epaHuya.
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