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Abstract. Selection of a terrain vehicle for performing different tasks is an important factor, which influences the mobility
of a user through the quality of conducting transport activities. This paper is dealing with the problem of the terrain vehi-
cle selection for the equipping of military units which, are to be engaged in multinational operations, using the Analytical
Hierarchy Process (AHP) method and Data Envelopment Analysis (DEA). Determination of the relative importance of
criteria, which are used for evaluation of potential alternatives is conducted through AHP method. The results proposed by
the AHP method are used as multiple outputs of the defined DEA model for the selection of the terrain vehicle. Based on
the DEA model the efficiencies of alternatives are defined and also the final ranking of alternatives is determined. Besides
the hybrid model AHP-DEA, which is the integral part of a basic multicriteria model in this paper the possible applications
of Best Worst Method (BWM) and FUIl COnsistency Model (FUCOM) are presented through validation of models. The
validation is conducted through statistical data obtained by application of different multicriteria techniques, using Spear-

man’s Correlation Coefficient (SCC).

Keywords: terrain vehicle, selection, alternative, multicriteria selection, AHP, DEA, BWM, FUCOM.

Abbrivations

ABS - Anti-lock Braking System;
AHP - Analytical Hierarchy Process;
BMW - Best Worst Method;
DEA - Data Envelopment Analysis;
DEMATEL - DEcision MAking Trial and Evaluation La-
boratory;
DMU - Decision-Making Unit;
FUCOM - FUIl COnsistency Model;
GPS - Global Positioning System;
SCC - Spearman’s Correlation Coefficient;
TOPSIS - Technique for Order of Preference by Simi-
larity to Ideal Solution.

Introduction

One of the most important tasks of the armed forces is
the active contribution to the regional and global peace
and security, which can be done through participation in

the multinational operations. The armed forces can be en-
gaged in the wide range of the multinational operations,
which therefore demands work on the unit’s capabilities
to fully respond to the defined missions. The unit’s ability
to respond on time, qualitatively and securely, to accom-
plish the given tasks within the multinational operations,
among all, depends on the efficiency of the transport lo-
gistic system. Managing such a system of transport logis-
tics directly depends on the level of the unit equipment
with an adequate transportation means, that is, the usage
of the modern transport means in multinational opera-
tions became necessary.

Decision-making about the selection of an adequate
transportation means for the military units to be engaged
in multinational operations and their equipping is a very
difficult task and depends on many factors: available fi-
nances, defined tasks and mission characteristics, offered
types of vehicles characteristics etc. Therefore in this pa-
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per, there is a scientific method approach applied to the
selection of the terrain vehicles for the needs of the armed
forces units engaged in the multinational operations.

Regarding efficiency of all multinational operations it
is impossible not to notice its significant dependance on
adequate selection of transport means for mission accom-
plishing, since this very process represents one of the most
important factors directly influencing risk reduction, also
reduction of time necesary for task accomplishing. By the
adequate evaluation and the right selection of transport
vehicles conditions are provided for efficient accomplish-
ment of tasks set to multinational units. Considering the
abovesaid the process of selection of an optimal transport
means in multionational operations is of utmost impor-
tance for safe and succesful work of multinational units.
By determining the key influences to the efficiency of
transport means during task accomplishment, users are
provided with the optimisation of actions and time reduc-
tion necessary for their accomplishment. In this research
a multicritiria AHP-DEA model has been introduced for
the purpose of evaluation and selection of an optimal ter-
rain vehicle for units taking part in multinational opera-
tions. A hybrid AHP-DEA model is implemented in two
phases. The first phase of the model includes evaluation of
alternatives through hierarchy of critirea by AHP model
implementation. In the next phase DEA model is imple-
mented. The entry values in DEA model represent weight-
ing factor of the first hierarchy level of AHP model. By
implementing DEA model one can obtain the efficiencies
of DMU (alternatives), that is the final ranking list of al-
ternatives by DEA model is obtained.

Through research and development of models in this
paper several objectives are presented. The first objective
is related to improvement and enhancement of methodol-
ogy for the selection of an optimal transport means in the
field of multicrtieria decision-making through develop-
ment and introduction of a new AHP-DEA approach. The
second objective of this work is bridging the gap existing
currently in methodology of evaluation and selection of
an adequate transport means in multinational operations
and army in general. The third objective of this paper is
a possibility of improvement of efficiency and risk reduc-
tion during perfomance of multinational operations unit
tasks through model defining for an adequate transport
means selection. And the fourth objective of this paper is
popularisation and affirmation of the idea of multicretiria
decision-making in reaching complex decisions through
presentation of a hybrid AHP-DEA model.

Authors of this paper opted for implementation of the
hybrid AHP-DEA model for following advantages:

1) the implementation of AHP in DEA model enables

a successful simulation of decision-making process
starting from the objective definition, criteria, al-
ternative pairs and result obtaining, that is deter-
mining priorities of all alternatives related to the
set task;

2) by applying AHP-DEA model the real decision-

making process is decomposed through dissolving
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of a problem in the hierarchy of elements of a pro-
cess. Through the hierarchy of a decision-making
process easier control of evaluation consistency is
enabled, taking into consideration the whole prob-
lem and functional interactions of criteria and al-
ternatives;

3) through AHP-DEA model qualitative and quantita-
tive factors of decision-making are integrated, since
real problems most often present combination of
psychological and physical activities, that is quali-
tative and quantitative elements;

4) by using AHP-DEA the inconsistency of decision
makers is successfully identified and pointed at,
by following inconsistency in the evaluation of the
whole process, calculating index and coefficient of
consistency;

5) redundancy of pair comparison leads to the less
sensitivity of AHP-DEA model to the evaluation
errors;

6) by applying AHP-DEA model in group decision-
making, communication among group members is
significantly improved. In case of a dicussion, the
group has to agree about every joint evaluation put
into the matrix. In this way discussion structuring
and consensus reaching are improved;

7) results of decisions reached by using AHP-DEA
do not include only ranking alternatives, but also
information on weighting factors of alternative cri-
teria and efficiency.

This paper comprises six sections, where the first one is
related to the importance of an adequate transport means
selection. In the Section 1 related to the literature review,
there is an overview of research with similar topics where
methods of multiple critiria have been applied. In the
Section 2 there is a short summary of the used models and
the algorithm of a hybrid AHP-DEA model. In the Section 3
a case study is presented with evaluation of transport
means selection by using AHP-DEA model. The Section 4
consists of sensitivity analysis that includes stability check
of results through the change of weight factors criteria in
AHP and DEA models and validation of obtained results
through comparing with FUCOM and BWM. In the last
section key contributions to the model development and
conducted research have been presented, as well as sug-
gestions for future research.

1. Literature review

AHP represents one of the most known methods for the
multicriteria decision-making, which is used in the com-
plex problem solving. APH method was developed in the
1970’s by Thomas L. Saaty (Saaty 1980). The power of this
method is in the possibility to include non-material factors
as relevant factors in the process of decision-making, creat-
ing the conditions for its application in the different fields
of management, marketing, engineering, education and
economy. The wide application of AHP method in many
fields of life is due to its simplicity and great flexibility.
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Beside its application in the field of finances (Steuer, Na
2003) the AHP method is used in the fields such as: edu-
cation, engineering, industry, management, production,
politics and sport (Vaidya, Kumar 2006), as well as in
vehicle selection problem solving (Aghdaie, Yousefi 2011;
Byun 2001; Apak et al. 2012; Stefanovi¢-Marinovi¢ et al.
2017).

AHP method represents a very important engineering
tool for making rational decisions where multiple crite-
ria are present. That is the case where AHP was used for
reaching a strategic decision in transport system, that is
reconfiguration of railway infrastructure in Triesta port
(Giacomini et al. 2016). In research by Ignaccolo et al.
(2017) this method was used in determining the im-
portance of crtieria while evaluating different transit al-
ternatives in transport in Katania. Raymundo and Reis
(2017) used AHP method for identifying and evaluating
of shortcomings in passenger transport system, while
Olivkova (2017) used AHP method for alternative selec-
tion in electronic toll collection. Popovi¢ et al. (2018) used
combination of AHP and DEMATEL methods in the field
of risk, that is during integration of logistics information.
Integration of AHP and DEMATEL method is not rare,
since through that integration, lack of solid hierarchical
structure in AHP method is eliminitaed (Chatterjee et al.
2017; Pamucar et al. 2018b; Mukhametzyanov, Pamucar
2018). Therefore, Adali and Isik (2016) conducted integra-
tion of DEMATEL, AHP and DEA methods in a hybrid
model for making decisions on 3PL logictic provider se-
lection.

AHP method characteristics surely make its applica-
tion possible in the multicriteria problem solving and
decision-making in military systems. Rhonda Aull-Hyde
and Davis (2012) have shown in their work the possibili-
ties and advantages of the AHP method application in the
process of decision-making in the military system of the
Ministry of Defence of the US, while Crary et al. (2002)
have described the application of AHP method in the
decision-making process in the dimensioning of the US
Marine Fleet. As an example of the AHP method appli-
cation in the military systems there is an application of
AHP method in the decision-making in engagement of
the units based on available information inputs (Minutolo
2003). Dagdeviren et al. (2009) have used AHP method in
the combination with TOPSIS method in the process of
type of armament selection, while Bahadori et al. (2014)
did the analysis of the quality of the health care services
in the chosen military hospitals in Iran. The aim of this
study was to make an evaluation of the quality of health
care service in the chosen hospitals in Iran using AHP,
and make its ranking. The application of the AHP meth-
od in the Serbian Armed Forces can be observed through
the works such as AHP as a support to the envelopment
group in defence operations (Bozani¢ et al. 2018) and
the method modification of the AHP and its application
in decision-making in the defence system Bojanic et al.
(2018), noting that AHP method, for the vehicle selection

problem solving has not been used in the Serbian Armed
Forces yet.

As abovementioned, AHP method can be successfully
applied in combination with DEA model. DEA can be
considered as a specially designed technique for the ef-
ficiency measuring and observing of organizational units,
which are defined as DMU. DEA in operational research
was introduced by Charnes et al. (1978) and advanced by
Banker et al. (1984). Since 1978 more than 1000 publica-
tions, books and dissertations have been published which
prove the successful use of DEA models. DEA analysis
application in the science literature in first 30 years is pre-
sented within “Evaluation of research in efliciency and
productivity..” (Emrouznejad et al. 2008).

DEA technique is applied in many fields and spheres
of life as in, education, health, agricultural production,
banking, defence forces, sport, economy, transport, etc.
For example, Managi and Karemera (2004) developed
DEA technique for the agricultural productivity measur-
ing in the US. Lindebo (2004) suggested DEA method
for the economic capacity estimation of Danish Fishing
Fleet and Ili¢ and Petrevska (2018) applied DEA meth-
od in estimation of tourism efficiency in Serbia and the
neighbouring countries. Beside the mentioned, DEA
technique is frequently applied simultaneously with AHP
method (Ramanathan 2006; Wang et al. 2008), estimation
of efficiency in elementary schools in Indonesia (Fatimah,
Mahmudah 2017). Yang (2006) in his work used DEA
method for the total effects estimation in Canadian life
and health care insurance, while Zavras et al. (2002) used
DEA for the efficiency estimation in Greek Prime Health
Network, while in military systems the DEA technique
can be seen within the unit efficiency measuring for main-
tenance in American Air Forces (Charnes et al. 1984), effi-
ciency analysis of medical resource use in American Army
(Charnes et al. 1985).

2. Hybrid AHP-DEA model

In this paper a hybrid AHP-DEA model is presented,
combining and emphasizing individual advantages of an
AHP-DEA model (Figure 1).

In the first phase, through the aplication of AHP mod-
el an expert evaluation of criteria and initial ranking of
alternatives is done. At the exit of AHP model, besides the
initial alternative ranking, there are inter-ranking alterna-
tives by each criteria of the first hieararchy level. Inter-
ranking alternatives are determined on the basis of weight
factors of the first level criteria. The values of weight fac-
tors also represent the output data from AHP models,
which are further processed through algorythm of DEA
model in the second phase of algorythm. As the output
of the second phase the results are efficiencies of DMUs
(alternatives), that is ranking alternatives by DEA model.

For the purpose of confirmation of obtained results,
after phase I and II of algorithm, a sensitivity analysis of
obtained results to the change of weight factors is done, as
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’ Expert evaluation ‘

Comparison in criteria pairs —
forming a comparison matrix

Forming of initial DEA model ‘

Entry of weight coefficient
subcriteria in AHP model

I

Aggregation of interval value
in DEA model

I

Phase 1: AHP method

Determining of alternative ranking
in interim phases (by subcriteria)

I

Alternative ranking by AHP model ‘

Phase 2: DEA method

Determining of total efficiencies
of all DMUs

l

’ Alternative ranking by DEA model

l
l

l

’ Sensitivity analysis of AHP-DEA model ‘

’ Comparison of results with FUCOM BWM ‘

’ Spearman’s rank correlation coefficient ‘

’ Final alternative ranking ‘

Figure 1. Hybrid AHP-DEA model

well as validation of results through application of other
models (FUCOM and BWM). Given results are statisti-
cally processed by applying Spierman’s correlation coetf-
ficient and on the basis of a conducted statistical analysis,
the final ranking of alternatives is defined.

2.1. AHP method

As one of the most popular methods in multicriteria de-
cision-making, AHP is widely used in different problems
of decision-making, especially in solving problems of cri-
tieria weighting factors (Pamucar et al. 2018c). It enables
estimation of consistency of expert preferences in a group
decision-making and enables manipulation with qualita-
tive and quantitatve criteria.

Methodologically viewed, AHP method presents mul-
ticriteria technique based on complex problem decom-
posing in the hierarchy. In global hierarchy, a structured
model of decision-making consists of: goals, criteria, few
levels of sub-criteria and alternatives (Figure 2). The goal
is at the top and it does not compare with any other ele-
ment (Nunic¢ 2018).

Goal
|

| Criteria 2 |

| Criteria 1 | | Criteria 3 | Level 1

| Alternative 1 Level 2

| Alternative 2 | | Alternative 3 | Alternative 4

Figure 2. Hierarchical example in AHP

On the level 1, there are n criteria, which are com-
pared with one another, two at the time with respect to
their impact on an element above. The same method is
repeated down the hierarchy, and at the end a synthesis
of all evaluations is done according to the weight coef-
ficient of each element of the hierarchy using the strictly
determined mathematical model. Since it is a well-known
methodology, presented in many papers (Gigovi¢ et al.
2016; Pamucar et al. 2018a, 2018d; Stojic¢ et al. 2018, etc.),
authors are not trying to present the methodology of AHP
again, but in following chapters emphasis is on the practi-
cal application and discussion of obtained results.

2.2. DEA method

In this paper DEA method will be applied using the results
obtained by AHP method. The assumption is that there
are n potential alternatives in the hierarchical model. It
is assumed that there are also m criteria. So let w;; pre-
sent priority of i-alternative compared to j criteria, which
is a result of the adequate comparison within the AHP
method (i =1, .., n, j = 1, ..., m). To obtain the result of k
potential alternatives the suggested DEA model (for each
k=1, .., n) is (Managi, Karemera 2004):

m
Zk = maXZWk] 'uj)
j=1

m
subject to: ZWU- <Li=1,..,n,
j=1

ujZ &j=1,..,m, (1)
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where: z,:: is a result for k alternative (k = 1, ..., n); € is
non-Archimedean; also, each potential alternative we de-
fine as DMU and AHP priority weight w; like j output of
i alternative (i=1, .., n,j = 1, ..., m).

It could be seen that in such a defined task there is
only m output with no input. In order to compare all the
alternatives we assume that all DMU alternatives have
the same amount of inputs, which is called dummy input
(Emrouznejad et al. 2008). Now there is a possibility for
above mentioned DEA model to be applied in the terrain
vehicle selection, for the unit equipping purposes.

For the detailed presentation of DEA algorithm au-
thors recommend papers - Ramanathan (2006), Wang
et al. (2008), Lukovac et al. (2017) and Stevié et al. (2017).

3. Applying of a hybrid AHP-DEA model for
terrain vehicle selection for the needs of military
units engaged in multinational operations

Nowadays, the international community is facing the cri-
ses and conflicts, which, if not controlled present a real
threat to the regional and national security. According
to that, the need for the joint approach to the security,
based on dialogue, partnership, coordinated actions and
joint activities by the international subjects in the field of
security and defence is more evident. One of the most im-
portant missions of most armed forces in the world surely
is an active contribution to the global peace and security,
mutual trust strengthening and individual abilities devel-
oping for the joint response to the security challenges.
Multinational operations are military actions taken within
the system of collective security and defence, according to
the international law and approved international conven-
tions. Members of Serbian Armed Forces can be involved
in the multinational operations across the borders of the
Republic of Serbia, as following:

- peace keeping, observance and world peace building
operations;

- conflict preventions and peace establishing;

- joint defence operations in accordance with defence
conventions;

- operations in eliminating the consequences of inter-
national terrorism and greater terrorist acts;

- participating in humanitarian operations in cases of
natural disasters, major technical-technological and
ecological disasters and first aid in critical situations.

Multinational operations across the borders of the

Republic of Serbia in which the Serbian Armed forces are
engaged are:

- UN multinational operation in the DR Congo
(MONUSCO);

- UN multinational operation in Liberia (UNMIL);

- UN multinational operation in the Ivory coast
(UNOCD);

- UN multinational operation in the Republic of Cy-
prus (UNFICYP);

- UN multinational operation in the Republic of Leba-
non (UNIFIL);

- UN multinational operation in the Near East
(UNTSO);

- UN multinational ooperation in the Central African
Republic (MINUSCA);

- EU multinational operation (EUTM Somalia);

- military operation of EU Naval forces in Somalia;

- EU multinational operation in the Central African

Republic (EUFOR RCA);

- EU mission for the training of the military and secu-

rity forces of Mali (EUTM Mali).

Type of tasks performed by units engaged in multina-
tional operations demand high level of unit mobility, that
is the ability to deploy forces in short time with keeping
the required level of usability of a unit. Successful use of
forces in the multinational operations above all is pro-
vided by the well-trained and well-equipped units, which
are there to accomplish their mission. One of the param-
eters, which could affect the accomplishment of the given
tasks in the multinational operation is the existence of ad-
equate logistic system, whose functioning mainly depends
on the means of transport used for the units equipping.
Equipping with highly serviceable terrain vehicles, which
can move above the communicational range enables units
to react quickly and successfully, to dislocate and be ready
to react in a very short time during training in multina-
tional operation (Zinaja, Arsi¢ 2011). By using scientific
methods, in this case by applying AHP-DEA model, on
the basis of relevant criteria and procedures, conditions
are created to accomplish the optimal selection of trans-
port vehicles to be used for equipping of units engaged
in multinational operations. According to that, units will
be eqipped with high-performance terrrain vehicles, with
engines of adequate characteristics (power, consumption,
cylinder capacity), required payload, high obstacle over-
coming, and with the required level of ballistic protection,
and presence of modern systems for active and passive
protection of vehicles.With that kind of vehicle selection,
ability and efficiency are primarily improved, but at the
same time safety and flexibility of units in performing all
tasks within multinational operations.

The most important characteristics of Serbian Armed
Forces vehicles are (Zinaja, Arsi¢ 2011): too many differ-
ent types of vehicles in use, negative age structure - taking
into account the projected usage time, constant mainte-
nance cost rising, insufficient number of vehicles equipped
with modern systems (GPS, means of communication,
etc.) and vehicle supplying in the previous period was not
in line with the budgeting.

3.1. Hierarchical model

In the Figure 3 there is a hierarchical model with four
levels of selection of the terrain vehicle for the needs of
units engaged in multinational operations.

The first level presents a goal, which is a selection
among the offered type of vehicles, while the second level
presents 8 criteria for the vehicle selection: vehicle char-
acteristics, vehicle payload, engine characteristics, vehi-
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cle equipment, budgeting, maintenance, guarantee and
protection. The third level consists of 25 sub-criteria of
the main criteria, while the potential types of vehicles are
shown on the fifth level.

Specific conditions of military vehicles engagement
in multinational operations demand a broader and more
systematic approach in the process of defining potential
alternatives, that is vehicle types that should be taken into
consideration for equipping of military units to be en-
gaged in multionational operations. According to that, for
the purpose of the right selection of potential alternatives
it is necessary to define principles, that is guidelines on the
basis of which selection will be made. In the first place,
it should be taken into consideration that units must be
trained and equipped primarily for performing military
missions, which requires high-performance vehicle en-
gines, adequate payload and mobility in obstacle overcom-
ing, high level of protection of the load and people etc.
Besides all said, considering the fact that units are engaged
out of the territory of Republic of Serbia, it is necessary
to provide vehicles with sophisticated navigation systems
and a regulated system of vehicle maintenance, spare part
provisions and equipping during engagement. Also, an
important condition is presented with the fact that tasks
in multinational operations are most frequently conducted
in cooperation with armed forces of other countries, so
obtained vehicles must be compatible with vehicles and
equipment of foreign army units regarding maintenance,
spare parts etc. Finally, one of the factors to be consid-
ered during vehicle selection is costing and delivery pe-
riod. With all abovementioned specific conditions of units
engaged in multinational operations, in joint cooperation
with professionals employed in the armed forces, who are
in charge of transport and traffic and also with officers
with experiences in multinational operations, following
guidelines are defined for choosing potential alternatives
in selection of vehicles for equipping of units engaged in
multinational operations:

- the vehicle needs to be selected according to the

competitive price and the best performances;

Cll

Vehicle Cpz
chacteristics Ci;
CM

C
Vehicle load Cﬂ
capacit 22
pacity Co
. C}l .
Engine C Aj: vehicle 1
— it 4E 32
characteristics
(&
Ca Aj: vehicle 2
The selection of __| Vehicle Cyp
terrain vehicle equipment Cys
Cu As: vehicle 3
Financial Csi
f——— construction —E Csy
- budgeting Cs3 Ag: vehicle 4

C61
I Maintenance Co
C()3
Cﬁ4

——  Guarantee {g”
72

. C

L Protection {CSI
82

Figure 3. Hierarchical model for the vehicle selection
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- the chosen vehicle needs to meet military standards
regarding people and load protection, the terrain
condition usage and others;

— the delivery of the selected vehicle needs to be in the
shortest possible period;

— the supplier should provide technical support after
the vehicle delivery.

Applying the listed guidelines in the process of mar-
ket analyzing, four types of vehicles have been selected as
potential alternatives for the military units equipping, the
units engaged in task accomplishing in the multinational
operations in the world. What is important to point out
is that in this specific case, according to the prescribed
safety and protection procedures and the data protection,
the vehicles will be marked as “Vehicle 17, “Vehicle 27,
“Vehicle 3” and “Vehicle 4™

- “Vehicle 1”: has all required technical characteristics.
4 people can be transported in the vehicle at the same
time, the level of the passengers and load protection
is on the higher level compared to the other offered
types of vehicles. Cylinder capacity of the engine is
6500 cm? with the engine power of 190 hp and fuel
consumption of 23.75 1/100 km. The price of the ve-
hicle is 157851.00 USD. For the purchase of this type
of vehicle better buying conditions can be applied
for. The delivery period is 6 months and guarantee
for delivered parts is 24 months. The offer covers
a certain amount of the spare parts for the vehicle
maintenance or the resources for the vehicle servic-
ing. The armed forces have no trained personnel or
the maintenance resources so the vehicle servicing is
necessary to be outsourced;

- “Vehicle 2”: has all required technical character-
istics. 6 people can be transported in the vehicle
at the same time, passenger and load protection is
on a high level. Cylinder capacity of the engine is
2400 cm?® with the engine power of 122 hp and fuel
consumption of 10.1 1/100 km. The price of the vehi-
cle is 137025.00 USD. For the purchase of this type
of vehicle better buying conditions can be applied for.
The delivery period is 4 months, and guarantee for
delivered parts is 24 months. The armed forces have
trained personnel and resources for the vehicle main-
tenance up to the level of overhaul;

- “Vehicle 3”: has all required technical characteris-
tics. 4 people can be transported in the vehicle at the
same time, passenger and load protection is on the
lower level compared to “Vehicle 17and “Vehicle 2”.
Cylinder capacity of the engine is 2800 cm® with
the engine power of 177 hp and fuel consump-
tion of 10.4 1/100 km. The price of the vehicle is
142100.00 USD. For the purchase of this type of ve-
hicle better buying conditions can be applied for. The
delivery period is 4 months, and 12 months of guar-
antee. The armed forces have no trained personnel or
resources for the vehicle maintenance so the vehicle
servicing is necessary to be outsourced;
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- “Vehicle 4”: Has all required technical characteristics.
6 people can be transported in the vehicle at the same
time, the level of passenger and load protection is
on the lowest level if compared to the other types of
vehicles. Cylinder capacity of the engine is 4461 cm?
with the engine power of 268 hp and fuel con-
sumption of 9.5 1/100 km. The price of the vehicle
is 103800.00 USD. For the purchase of this type of
vehicle better buying conditions can be applied for.
The delivery period is 6 months, and 60 months of
guarantee. The armed forces have no trained person-
nel or resources for the vehicle maintenance so the
vehicle servicing is necessary to be outsourced.

3.2. Criteria and sub-criteria defining

In the process of vehicle selection, there are different al-
ternative results, which depend on the nature of the tasks
where the vehicles are going to be engaged. So to say, the
alternatives are offers, types of vehicles with certain char-
acteristics, which need to satisfy unit’s needs. Sub-criteria
are attributes for the description of the offered alternatives
so to say criteria, which show how much some alterna-
tive respond to the certain goal. The right selection of the
criteria and sub-criteria presents one of the key steps in

the process of AHP method application in the vehicle se-
lection. In his work Byun (2001) as base criteria together
with its sub-criteria defines: exterior (style, type, size, type
of colour, instrumental panel, etc.), comfort (equipment,
operational system, audio system, visibility, interior space)
performances (break grab, sound, control, speed, fuel tank
capacity, comfort, moment of force, etc.), safety (passen-
gers safety, safety belts, ABS alarm, airbag, anti crush
protection, etc.), economic aspects (insurance, re selling
value, fuel, price and equipment, etc.), dealer (expertise,
number of visits or calls to persuade the customer to buy
a car, trust, etc.) and guarantee (customer’s satisfaction,
servicing time, spare parts, service stations, etc.).
Authors (Apak et al. 2012) in their paper define seven
criteria as criteria, which should help customers in deci-
sion-making when buying a luxurious car: quality, reliabil-
ity, technology, image of the type, flexibility, performanc-
es and price. Because the presence of too many criteria
complicates the process and it takes more time to make a
decision, the number of criteria should be reduced to the
optimal number. In accordance with the recommendation
given by the experts there are 8 criteria and 25 sub-criteria
defined to be used for the validation and evaluation of the
recommended types of terrain vehicles (Table 1).

Table 1. Main criteria and sub-criteria

Goal Criteria Sub-criteria Alternatives
C,, |speed
. o Cy, |motion
C, |vehicle characteristics —
C,3 |transmission
C,4 |obstacle overcoming
C,; |number of solders with load
C, |vehicle load capacity C,, |vehicle load capacity
C,; |attached vehicle
C;; | fuel consumption
C; |engine characteristic C;, |cylinder capacity
C;; |engine power
Cy; |active security systems A, |“Vehicle 17
: Cy, |winch A, | “Vehicle 2”
The selgctlon C, |vehicle equipment o — S
of terrain C,3 |air-condition Az | “Vehicle 3
vehicle Cu | GPS A, | “Vehicle 4”
Cs, | price
C; |financial construction - budgeting |Cs, |delivery time
Cs3 | payment condition
Cs1 | armed forces capacity
. Cs, |service network outside the armed forces
C¢ | maintenance -
Cg3 | road assistance
Cegy | Spare parts
C,, |guarantee terms
C, |guarantee
C,, |types of guarantee
. Cg; | passive safety
Cg | protection -
Cg, |level of person and load protection
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3.3. AHP weight determination

Figure 3 shows an offered hierarchical model for the ter-
rain vehicle selection with defined criteria and 25 sub-cri-
teria used for the validation of four potential alternatives.
After hierarchy structuring, the next step presents a rela-
tive weight determination (or priorities) of all criteria. For
the weight factor evaluation, to say importance of two cri-
teria, in AHP method Saaty’s scale of evaluation (Table 2)
is used.

The evaluation of the criteria importance is done by
Saaty’s scale and in cooperation with experts in the armed
forces (Table 3).

For the relative weight determining (or priorities) of
each criteria it is used expert choice, one of the most effi-
cient tools for the multicriteria problem solving. Applying
expert choice and AHP method in the multi criteria
problem solving is the topic earlier explained in reseach
by Ishizaka and Labib (2009). After using expert choice
software and after the comparison, we have reached the
following weight criteria values (Figure 4).

The results present defined weight criteria values,
which are used to conclude that the “Financial construc-
tion — budgeting” (0.259) is the most important criteria,
then “Maintenance” (0.208), while the weakest criteria val-
ue is “Vehicle characteristics” (0.057). Also, in the Figure 4,
it can be seen that consistency takes the value of 0.03 with
the conclusion that the result is correct enough and that
there is no need for corrections in comparison and con-
clusion repetition. After the first level criteria ranking, the
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second level criteria ranking needs to be done, that is to
say sub-criteria. The results are presented in the following
figures (Figures 5-12).
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Figure 4. The values of the defined weight criteria
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Figure 5. Vehicle characteristics

Table 2. Saaty’s scale of evaluation

Importance Definition Explanation
1 the same meaning two elements are of identical importance in relation to the goal/objective
3 weak dominance one element is slightly favoured compared to the other
5 strong dominance one element is significantly favoured compared to the other
7 demonstrated dominance dominance of one element is practically proved
9 absolute dominance the highest level of dominance
2,4,6,8 mean value compromise needed or further selection

Table 3. Weight criteria comparison

Name of criteria 3 3 é °
g = 2 = S o = 0 =
5 2. 5 5 =5 2 s 2 S
&g g 5 Y9 L g T 2B L = ko]
S8 R £ S & cSZ % i g 8
=5 = g8 = =3 S 2 k= g S
=5 =8 & 5 28 | £82 = o &
Vehicle characteristics 1 2 1 1 1/3 1/3 1 1/2
Vehicle load capacity 1/2 1 2 1 1/3 1/3 1/2 1/2
Engine characteristics 1 1/2 1 1/2 1/3 1/3 1/2 1/2
Vehicle equipment 1 1 2 1 1/3 1/2 1/2 1/2
Financial construction — budgeting 3 3 3 3 1 2 3 2
Maintenance 3 3 3 2 1/2 1 3 2
Guarantee 1 2 2 2 1/3 1/3 1 1
Protection 2 2 2 2 1/2 1/2 1 1
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Figure 7. Engine characteristics
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Figure 12. Protection
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Figure 8. Vehicle equipment
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Figure 13. Alternative ranking

After the weight criteria and sub-criteria values defin-
ing, we approach the ranking of the offered alternatives,
that is we approach the process in which each of the al-
ternatives is evaluated according to the each criteria and
sub-criteria. Analyzing the obtained results we have come
to the conclusion that, by defined criteria and sub-criteria,
“Vehicle 4” presents the best choice (Figure 13 and Table 4).
Also, it could be seen that in the Figure 13. the consist-
ency value is 0.02, which leads us to the conclusion that
the result is correct enough.
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Table 4. Alternative ranking obtained by AHP method

Alternative Significance
A “Vehicle 17 0.225
A, “Vehicle 2” 0.290
A, “Vehicle 3” 0.190
A, “Vehicle 4” 0.296
3.4. Applying DEA model

The results obtained by applying AHP method are pre-
sented in Table 4 and present the rank of four potential
alternatives by the basic criteria, while in Table 5 there are
appropriate data for the suggested DEA model (1), where
DMU, presents i alternative (i = 1, ..., 4), O; presents j out-
put (j =1, ..., 8), that is:

- O, - priority alternative according to the criteria “Ve-

hicle characteristics”;

- O, - priority alternative according to the criteria “Ve-

hicle load™;

- O; - priority alternative according to the criteria

“Engine characteristics”;

- O, - priority alternative according to the criteria “Ve-

hicle equipment”;

- O; - priority alternative according to the criteria “Fi-

nancial construction — budgeting”;
- Og - priority alternative according to the criteria
“Maintenance”;

- O, - priority alternative according to the criteria
“Guarantee”;

- Og - priority alternative according to the criteria
“Protection”

Table 5 shows the necessary information for the sug-
gested DEA model. As potential alternatives, so to say
potential types of vehicles have more outputs with no in-
puts, in the last column in the table there is one entry/
input included. Now DEA model will be applied to the
first alternative.

z; =max0.436-u; +0.247 -u, +0.190-u; +
0.206- 1, +0.180- 15 +0.108 - ug +
0.206-u, +0.434 - ug;

0.436-1, +0.247 -1, +0.190 15 +
0.206- 1, +0.180- 15 +0.108 - ug +
0.206 - u, +0.434 - ug <1;

0.212-u; +0.325-u, +0.226 uy +
0.295-u, +0.266 - u5 +0.424 - ug +
0.206-u, +0.245-ug <1;

609

0.141-u, +0.125- 1, +0.254 -5 +
01731, +0.266- 115 +0.208 145 +
0.087 -1, +0.093 - ug <1;

0.212-14; +0.303 -1, +0.330 - u; +
03251, +0.287 - us +0.260 - 15 +
0500, +0.228 1y <1;

U2ej=1,..,8 (2)

where: € presents non-Archimedean, which could be ob-
tained by the following model:

*
€ max — MAXE;

0.436- 1, +0.247 -, +0.190 - u5 +
020614, +0.180 - us +0.108 - 15 +
0.206- 1, +0.434 - ug <1;

0.212-1; +0.325-u, +0.226-u; +
02951, +0.266- 15 +0.424 -1y +
0.206- 1, +0.245- ug <1

0.141-u; +0.125-u, +0.254 - u; +
0.173-u, +0.266-us; +0.208 - ug +
0.087-u; +0.093-ug <1;

0.212-1; +0.303 1, +0.330- u; +
0.325-1, +0.287 - us +0.260 - ug +
0.500- 1, +0.228  ug <1

ujZ &j=1,.,8. (3)

The optimal value of the stated model gives the maxi-
mum value of the non-Archimedean ¢, = 0.40899,
which corresponds to DMUs in Table 5. Taking € = €, =
0.40899 we come to defined DEA model solution for all
the potential alternatives. The efficiency alternatives re-
sults are presented in the Table 6.

In the Table 6 there are efficiency results for each of
four alternatives (DMU;,) using the suggested DEA model.
According to the given results the fourth alternative A, is
the only efficient DMU, so the fourth alternative presents
the best selection of the terrain vehicle for the use of the
units engaged in multinational operations. According to
obtained values of efficiencies of DMU; (Table 6), we can
conclude that exit alternatives in DEA model are ranked
as following: A, > A, > A > As.

Analyzing the result given by DEA model and the
results by the AHP method in this paper, presented in
Table 4, where the fourth alternative has the biggest weight

Table 5. DEA parameters

MU, O 0, 0, 0, 0, O O 0, Oq Dummy input
DMU, 0.436 0.247 0.190 0.206 0.180 0.108 0.206 0.434 1
DMU, 0212 0.325 0.226 0.295 0.266 0.424 0.206 0.245 1
DMU, 0.141 0.125 0.254 0.173 0.266 0.208 0.087 0.093 1
DMU, 0212 0.303 0.330 0.325 0.287 0.260 0.500 0.228 1
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Table 6. DMUI‘ eﬂiCienCY units 23 Dynamic Sensitivity for nodes below: Goal: The selection of terrain vehicle Q@E
File ©ptions  Window
Alternatives DMU;; A, A, A, Ay R EEEFS
Efficiency 0.8209 | 0.8994 | 0.5509 1 -

0.296, it can be concluded that the suggested DEA model
and AHP method give the same best alternative “Vehicle 47,
as well as the same ranking of other alternatives.

4. Sensitivity analysis and result validation

Sensitivity analysis is very important for the decision
maker to see how the changes in weights of the defined
criteria influence the ranking of the offered alternatives.
Sometimes the alternative ranking is changed with small
changes of weight factors, and because of that, results of
methods of multicriteria decision-making are always ac-
companied by analysis sensitivity to these changes.

It could be said that the justification of the extensive
sensitivity analyses procedure lies in the fact that the cred-
ibility of the decision-making can be proved, and at the
same time we can eliminate the potential risk of inade-
quate terrain vehicle selection because of the wrong evalu-
ation and comparison in the existing model. Since here
we deal with a hybrid multicriteria model (AHP-DEA
model) conducted into two phases, sensitivity analysis of
the hybrid model is conducted through separate analyses
of AHP and DEA models.

4.1. Sensitivity analysis of AHP model

All the criteria and sub-criteria have the same weights

In the specific case, if the values of all criteria are
equal, it will not bring about changes in the vehicle rank-
ing between the given alternatives so the “Vehicle 4” in
this case again presents the best choice, and ranking of
other vehicle types remains the same (Figure 14). Also, it
could be seen that in this case the dominance of the alter-
native “Vehicle 4” is more expressed compared to other
offered types of vehicles.

In the case when all the weights of criteria and sub-
criteria are equal, the rank of the given alternative also
remains unchanged. What is characteristic in that case
is that the differences between the alternatives are sig-
nificantly reduced, for example between “Vehicle 1” and
“Vehicle 2” (Figure 15).

One of the criteria is significantly the most important

If criterion “Financial construction - budgeting” is
significantly the most important one, sensitivity analy-
sis could be proved by the fact that in practice, when in
the process of decision-making in buying vehicles for the
needs of Serbian Armed Forces is not performed by mul-
ticriteria principle, almost always the main criterion for the
decision-making is the price of the vehicle. In this specific
example the total criterion weight “Financial construc-
tion — budgeting” is increased up to 45.9% while the other
criteria weights are proportionally decreased (Figure 16).
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Analyzing the obtained results it can be seen that the
changes in the selection of the cheapest alternative have
not changed the output, that “Vehicle 4” still presents the
best choice.

In case when “Maintenance” criterion is the most im-
portant criterion (Figure 17) it can be observed that it has
caused the changes in the selection of the best criterion,
that is “Vehicle 2” presents the best choice. Such a result
was expected having in mind that the maintenance in the
Serbian Armed Forces could be performed only for the
“Vehicle 27, while for other types of vehicles maintanace
would have to be outsourced.

If the criterion “Protection” is defined as the most im-
portant criterion, it will also cause changes in the selection
of the best alternative, so in this case “Vehicle 1”7 presents
the best choice (Figure 18). Such a change is due to the fact
that the “Vehicle 1” with its characteristics provides sig-
nificanly the highest level of protection of people and load
compared to the other alternatives. An influence of the
stated criterion on the final alternative ranking (weight)
will surely be greater within AHP models used for the se-
lection of vehicles for the Military operation purposes in
the zone of combat operations, where the adequate level
of people and load protection in the vehicle is one of the
main criteria to be taken into account while making deci-
sions on vehicle selection.

Of course, in this way it is possible to create a great
number of different scenarios. Within the conducted sen-
sitivity analysis the change of the weight evaluation of the
most important criterion affecting the decision-making in
the selection of the terrain vehicle is taken into account
and based on the obtained results it can be concluded that
the model is well structured.

“Head-to-head ‘sensitivity analysis

“Head-to-head’sensitivity analysis presents the dif-
ference between two alternatives in regard to the defined
criteria. Within this analysis the relation between the best
alternative “Vehicle 4” and other offered alternatives will
be considered (Figure 19).

“Head-to-head” sensitivity analysis presents “Vehicle 4”
compared to “Vehicle 1”7 to be a better offer according to
six defined criteria and a weaker offer according to two
defined criteria, with strong dominance by three crite-
ria “Financial construction - budgeting”, “Maintenance”
and “Guarantee”. When “Vehicle 4” and “Vehicle 2” are
observed we can see the advantage according to four de-
fined criteria, with significant dominance of “Guarantee”
criteria while “Vehicle 2” has significant dominance of
“Maintenance” criteria.

Unlike alternatives “Vehicle 1” and “Vehicle 3% the
alternative “Vehicle 4” by ,Head-to-head® sensitivity
analysis has an advantage by all criteria compared to the
alternative “Vehicle 3”. According to the above stated in-
dicators produced by ,,Head-to-head® sensitivity analysis,
we can note the dominance of the alternative “Vehicle 4”
compared to the other offered types of vehicles by four
criteria, which has surely affected the final alternative
ranking.
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4.2. Sensitivity analysis of DEA model

In the next part, a defined DEA model will be applied to
the results obtained with the sensitivity analysis for the
given AHP method. In the case when all criteria have
equal weights, looking at the data in the Table 7. obtained
by AHP method, it can be seen that the values of multi
entries remain the same, which leads to conclusion that
the weight changes will not affect the results defined by
the DEA model (1). This conclusion can be proved by the
fact that in the particular case, when weights of all criteria
are equal, weights of all alternatives DMU, (i = 1, ..., 4) for
each defined criterion O; (j = 1, ..., 8) remain the same,
because their values are obtained by sub-criteria and their
values remain the same.

In the case when all criteria and sub-criteria have the
same weights (Table 8) it could be seen that the values of
multy entries are changed, which leads to the conclusion
that value changes of sub-criteria affect the results offered
by defined DEA model (1) and that in this case the DEA
model applying makes sense.

Using the data from the Table 8 and the non-Archi-
medean €, = 0.4235 result, we come to the result of the
defined DEA model for all the potential alternatives in the
specific case when all the criteria weights and sub-criteria
weights are equal. The obtained results of alternative ef-
ficiency, in Table 9, show that in this case A, is the only
efficient DMU.
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Figure 19. Head-to-head sensitivity analysis

Results (Table 7-9) indicate that assigning different
weights to criteria leads to value efficiency according to
DMUs, which confirms that this model is sensitive to
change of weight factors. By comparing alternative ranks
through two presented scenarios (Figure 20), and with re-
sults shown in Table 6, it is confirmed that the alternative
A, is the most efficient and it is of the first rank.

Through rank analyzing we notice that alternative A,
has maintained its ranking as the first one, in both of pre-
sented scenarios. According to the obtained results from
Table 6 alternative A, is the second ranking, while alterna-
tive Al is the third ranking. In scenario 1 and 2 alterna-
tives A; and A, have changed places, that is alternative A,
has become the second ranking, while alternative A, has
become the third ranking. In both scenarions alternative
A; has stayed the worst ranking one.

For the purpose of determining the relation between
results obtained by applying different scenarios there has
been used SCC. Spearman’s rank correlation coefficient
is an useful and important indicator for determenining
the relation between results obtained by sensitivity analy-
sis (Mukhametzyanov, Pamucar 2018). Besides that, SCC
is convenient for application in case of ordinal variables
or ranking variables, the latter is the case in this study.
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Table 7. DEA parameters when all the criteria weights are equal (scenario 1)

DMU, Oi (O 0, (O (O O; O¢ 0O, Og Dummy input
DMU;, 0.436 0.247 0.190 0.206 0.180 0.108 0.206 0.434 1
DMU, 0.212 0.325 0.226 0.295 0.266 0.424 0.206 0.245 1
DMU;, 0.141 0.125 0.254 0.173 0.266 0.208 0.087 0.093 1
DMU, 0.212 0.303 0.330 0.325 0.287 0.260 0.500 0.228 1

Table 8. DEA parameters when all weight criteria and sub-criteria are equal (scenario 2)

DMU, Oi 0O, 0, (O} (O O; O 0o, Oy Dummy input
DMU;, 0.434 0.343 0.256 0.240 0.194 0.108 0.212 0.379 1
DMU, 0.207 0.286 0.184 0.306 0.303 0.361 0.212 0.244 1
DMU;, 0.153 0.125 0.227 0.169 0.303 0.208 0.096 0.092 1
DMU, 0.207 0.247 0.334 0.285 0.199 0.323 0.480 0.286 1

Table 9. DMU; unit’s efficiency when all the criteria and sub-
criteria weights are equal

Alternative DMU; A A, A, A,
Efficiency 09175 | 0.8907 | 0.5816 1
4

3 H

2 — H H

11— L H

0

A Az Az Ay

/] AHP-DEA rank NY AHP-DEA (scenario 1) AHP-DEA (scenario 2)
Z. N

Figure 20. Sensitivity analysis of alternative ranking
in DEA model
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Figure 21. Rank correlation in sensitivity analysis
in DEA model

In this paper by applying SCC, statistical importance has
been defined of differences between ranks obtained in
sensitivity analysis. The results of rank comparisons by
applying SCC method are shown in Figure 21.

SCC values form Figure 21 indicate that there is high
correlation among ranks obtained in compared meth-
ods of multicriteria decision-making. Based on the rec-
commendations by Stefanovi¢-Marinovi¢ et al. (2017) all
values of SCC higher than 0.8 indicate extremely high
correlation. Since in our case all values of SCC are con-
siderably higher than 0.980, and the mean value is 0.99,
we can conclude that there is strong correlation between
the initial DEA ranking (Table 6) and ranking obtained
through the scenarios. According to the presented results
we can conclude that the suggested DEA ranking is con-
firmed and credible.

4.3. Comparison of results of a hybrid AHP-DEA
model with results of other multicriteria techniques

Validation is conducted through comparison of results of
AHP-DEA model with results produced by BWM (Rezaei
2015) and FUCOM (Pamucar et al. 2018c). Presented
methods have been selected since they belong to the group
of subjective methods for determining weight factor where
AHP and DEA method also belong. Besides that, BWM
and FUCOM have been selected since they are based on
the concept of comparison in criteria pairs and determin-
ing the degree of consistency of comparison, which makes
the foundation of AHP model. For the purpose of valida-
tion of obtained results in this research a comparison has
been conducted among ranks in AHP model (Table 4),
AHP-DEA model (Table 6), BWM (proposed in this re-
search), FUCOM (proposed in this research), BWM-DEA
model (proposed in this research) and FUCOM-DEA
model (proposed in this research). Therefore, for the pur-
pose of validation of AHP-DEA model two original mod-
els have been formed (BWM-DEA and FUCOM-DEA
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model), which have not been considered so far in litera-
ture.

The initial mathematical models for the first level of
criteria in BWM and FUCOM models are presendted in
the following part:

FUCOM - min y, subject to:

5 6 Ws w1
=2 ol<y, 2o —1 <y, 15| <y, -1 <y
We Wg w1 W
w w w w
2 _1|<q |1 S| =2| <y 1<y (4a)
W3 Wy Wg wy
8
ZWJ-:L w; 20, Vj.
j=1
BMW - min & subject to:
Ys o<k M5 o<k M5 s <g, |Y5 5l
We Wg wy wy
w w,
— 3|<E, [ -3|<E,. [ -3 <, |2 -2[<E; (4b)
Wy 2 Ws 5
8
ijzl, w; 20, Vj.
j=1

In the same way mathematical models are formed for
the second level of crtieria, that is for all sub-criteria of
a hierarchical model. The exit vectors from BWM and
FUCOM models are used further on as entry data in
DEA model and the final results of hybrid BWM-DEA
and FUCOM-DEA models are obtained (Table 10).

Alternative ranking by abovementioned methods in-
dicate that A, alternative is the highest ranking, while A,
alternative is the worst by all models. By using AHP, AHP-
DEA, FUCOM and FUCOM-DEA models the ranking

Table 10. Alternative ranks obtained by BWM, FUCOM,
AHP and DEA model

Alternative
Method

A, A, A, A,
w; | 0.225 | 0.290 | 0.190 | 0.296

AHP /
rank 3 2 4 1
w, | 0.821 | 0.899 | 0.551 | 1.000

AHP-DEA /
rank 3 2 4 1
w, |0.2017 | 0.189 |0.1483 | 0.461

BWM /
rank 2 3 4 1
w. | 0.895 | 0.882 | 0.621 | 1.000

BWM-DEA /
rank 2 3 4 1
w, | 0.215 | 0.297 | 0.187 | 0.301

FUCOM /
rank 3 2 4 1
w, | 0.887 | 0.905 | 0.588 | 1.000

FUCOM-DEA /
rank 3 2 4 1

1.000

0.998 — —

0.996 — —

0.994 — —

1) 0.992 —

Q
< 0.990 — —

0.988 — —

0.986 — —

0.984 — —

0.982

AHP AHP-DEA BWM BWM-DFA FUCOM FUCOM-DEA

Figure 22. Rank correlataion of model testing

suggested in above has been fully confirmed. With BWM
and BWM-DEA models, there has been the change only be-
tween the second and third ranking alternative (A, and A;),
while the other alternative ranking stayed the same. This
analysis supported the results from the previous sections
and confirms the choice of A, alternative as the best one.

As in the previos chapter, SCC has been used for the
purpose of determining the relation of results obtained
through six different approaches (Table 10). Results of
rank comparison through SCC method are shown in
Figure 22.

Since the SCC values are considerably higher than 0.98
and the mean value 0.994, we can say that ranks are highly
correlated among all six considered models. On the basis
of presented results (Table 10 and Figure 22) we can con-
clude that suggested ranking is confirmed and credible.
Based on the analysis, we can conclude that A, is the best
terrain vehicle.

Conclusions

In this research there has been created a hybrid AHP-DEA
model for evaluation of terrain vehicles for units partici-
pating in multinational operations. The presented model
enables respecting the subjectivity occurring in the pro-
cess of a group decision-making through linguistic evalu-
ation of evaluation criteria. Apart from that, through this
model presented in the paper there are new methodo-
logical foundations introduced for evaluation of transport
means in multinational operations, which simultanously
contribute to improvement of theoretical foundation of
multicriteria decision-making in general.

The research presented in this paper can be used as
methodology for decision-making during selcetion of an
optimal terrain vehicle. The developed approach enables
bridging the existing gap in methodology for terrian vehi-
cle evaluation for the units participating in multinational
operations. By selecting optimal terrain vehicles the risk
to the unit activities in multionational operatins is signifi-
cantly reduced, and also their efficiency is considerably
improved.

The key contribution of this paper is a new AHP-DEA
model for evaluation of transport means in multinational
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operations, as well as a new BWM-DEA and FUCOM-
DEA models created for the purpose of result validation.
A hybrid AHP-DEA model is implemented for evalu-
ation of four transport means considered for use in the
Serbian Armed Forces units. For the alternative evaluation
eight criteria have been used, which on the second level
of hierarchy have been split into twenty-five subcritieria.
Obtained results are checked through sensitivity analysis
by forming different scenarios simulating weight factors
of criteria and applying different approaches developed
in the last three years. Model stability is verified through
statistical correlation coeflicient indicating high rank cor-
relation in all scenarios.

It could be said that this work presents more system-
atic approach to the multicriteria decision-making prob-
lem in military systems then it was a case in the previous
period. In the paper we used the wide spectra of criteria,
qualitative as well as quantitative, which present the main
advantage of this method. Four types of vehicles are evalu-
ated according to eight criteria and twenty-five sub-crite-
ria. According to the chosen criteria and their comparison
we have come to the conclusion that the most important
criteria are “Financial construction - budgeting” (0.259),
“Maintenance” (0.208) and “Protection” (0.135). The
evaluation result shows that the “Vehicle 4” is dominant
compared to “Vehicle 17 and “Vehicle 1” is significantly
dominant compared to “Vehicle 3”. The obtained alterna-
tive ranking is confirmed also by DEA model application,
and its result shows that the alternative A, (“Vehicle 4”) is
the only efficient DMU.

AHP-DEA model has certian limitations that can be
seen during its implementation, including:

1) not large enough scale (Saaty’s scale of relative
importance) for pair comparison, related to some
decision-making problems;

2) alarge number of pair comparisons needed, in most
problems;

3) reaching the adequate ratio of consistency is of-
ten vey difficult;

4) complexity of mathematical apparatus can be a
restricting factor for wide use of model application;

5) impossibility of considering alternatives that are
not comparable.

This paper’s results will surely contribute to the AHP
method application and DEA in the process of multicrite-
ria selection in the military systems. Also, the results can
be used in the analysis of the certain criteria influence on
the selection of the military vehicle that is systematic ap-
proach to path defining in the model of the authority’s
decision-making, in the process of vehicle selection, in the
army as well as in other complex systems.
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