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ABSTRACT:

Introduction: Anti Tank Ground Missiles (ATGMs) are one of the most efficient weapon systems to counter armored and
mechanized units. Procurement of these weapons is imperative for armed forces of any country. Adequate evaluation and choice
of an efficient ATGM system is a very important factor which affects operational capabilities of armed forces. The purpose of this
paper is to present that multi criteria methods can be a useful tool for optimal procurement of ATGMs for armed forces.
Methods: The implementation of the TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) and the MABAC
(Multi Attributive Border Approximation Area Comparison) multi criteria methods will be proposed for decision makers to solve
the problem of ATGM procurement. In this paper, four models of ATGM:s will be proposed as possible solutions. These ATGMs
will be presented as alternatives A1, A2, A3 and A4.

Results: The implementation of the methods in this paper has led to the conclusion that the alternative A2 has the highest value
and therefore the best course of action for decision makers is to chose procurement of this model of ATGMs.

Conclusion: The conclusion is that the mathematical models of multi-criteria decision making presented in this paper
unequivocally point to the alternative with the best characteristics, thus presenting extremely useful tools for decision makers.

KEYWORDS: TOPSIS, MABAC, weapon system procurement, multi-criteria decision making.
Pe 310M e :

Bsepenue/uean: Ilpotusorankossie ympasasembie paketst (ITTYP) mpeacraBasior co6ofi oAMH u3 cambix 3¢PeKTHBHBIX
KOMIIACKCOB BOODPY>KCHHS AAS NPOTHUBOACHCTBUSL OPOHETAHKOBBIM M MCXAHHSHPOBAHHBIM BOMCKaM. BoopyseHne AaHHBIM
BHUAOM TEXHHKH SIBASICTCS IIPEUMYIIECCTBEHHBIM AAS BOOPYXKCHHBIX CHA A000H cTpanbl. COOTBETCTBYIOWas OLEHKA U BBIGOD
s¢pPpexruBabx kKomnaekcos [TTYP — BaxxHermuuii $akTop, BAUSIOLINI Ha OLIEPAaTHBHbIC BO3MOXHOCTH BOOPYXXEHHBIX cHA. Lean
AQHHOM CTAaTbH 3aKAIOYACTCS B IIPEACTABACHUH MHOTOKPUTEPHAABHBIX MECTOAOB, SIBASIIOIIMMUCS [TOAC3HBIM HHCTPYMEHTOM AASL
peutenus npobaemsr ontuMusanuy 3akynok ITTYP BoopexeHHbIME craaMy.

Metopst:  OTBETCTBEHHBIM — AWLIAM, [PHHUMAOIUM pemteHust 1o 3sakynkam IITYP  mpeasaraercst  BHeapeHue
MHorokpurepuasbbix Meropos TOPSIS (Technique for Order Preference by Similarity to Ideal Solution — MeToa, s Boi60pa
IOPAAKA IIPEATIOYTCHHS T10 CXOACTBY € MAeaAbHBIM pemteHueM) © MABAC (MyAbmann6ymBHa;1 MAOEAD CPABHEHUS IPAHHYHBIX
AINpOKCUMATHBHBIX 06AacTeil). B AaHHOI cTaTbe peAcTaBACHBI BO3MOXHbIE penteHus o YeTbipeM Moaeasm [TTVP. Onucannsie

ITTYP npeacraBacus! kak Bapuantst Al, A2, A3 u A4.

AUTHOR NOTES

dragan.pamucar@va.mod.gov.rs
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DRAGAN S. PAMU#AR, ET AL. MULTIPLE-CRITERIA MODEL FOR OPTIMAL ANTI TANK GROUND MISSILE WEAPON SYST...

Pesyasrarsi: Ha ocHOBaHMH METOAOB, ONHCAHHBIX B AAHHOM CTAaThe, MOXKHO CACAATh BBIBOA, YTO CAMBIM 6AaFOHpI/I$ITHI>IM SIBASIETCSL
BapuaHT A2, a COOTBETCTBEHHO U AYYLIUM PCLICHHEM IIpU BbI60pC OTBETCTBTBEHHBIMU AUIIAMM, TIPUHUMAIOMIUMU PELICHUS
KacaTeAbHO 3aKyNoK AaHHOH Moaean ITTYP.

BriBopbr: IlpuxoauM K BBIBOAY, YTO MAaTEMaTHYECKHE MOAEAH MHOTOKPUTEPHAABHBIX METOAOB IIPHHATUSA pEIICHUH,
IIPEACTABACHHbBIE B AAHHOM CTaThe, HEABYCMBICACHHO YKA3bIBAIOT HA AABTEPHATUBY C AYYIIUMU XapaKTEPUCTUKAMU U TPEACTABASIIOT
coboit BBIUTPBILHbIA M YPE3BBIYANHO on6Hbu71 HUHCTPYMEHT AASl OTBETCTBEHHBIX AUL], TPUHUMAIOIUX PEIEHUS.

RnwowueBree cuaoBa: TOPSIS, MABAC, sakynka cHCTeM BOODPY>KCHHS, MHOTOKPHTEPHAABHOE IPHHATHE
peleHun.

ABSTRACT:

YBoa: ITporusoxaonte sobene pakere ([TOBP) npeacraBmajy jeAHO 0 Haje¢uKacHujux opyha y cynpoTcraBaaisy OKAOIHIM U
MeXaHH30BaHUM jeanHunama. Onpemamse oBUM opyhHMa mpeacTaBaya HMIICPATHB OPY>KAHHX CHara GHAO Koje ApXaBe. AACKBATHA
eBaayanuja n nsbop edpuxacaux [TOBP npeacrasma Baxkar pakTop Koju yTHYE Ha OIIEPATUBHE CIIOCOOHOCTH OpyKaHUX cHara. Llnn
OBOT PaAa jecTe Ad IPHKAXKE AQ METOAC BULICKPUTEPHjYMCKOT OAAYYHBAIba PEACTABAAjy KOPHCTAH aAQT 32 pellaBatbe IpobaeMa
onrumaaHe Habaske [TOBP sa opyskane cHare.

Mertope: Umnaemenranuja TOPSIS (Technique for Order Preference by Similarity to Ideal Solution — Texnuxa 3a opabup
HapyL6HHE MO CAMMHOCTH ca upcaanuM pememem) © MABAC (Multi Attributive Border Approximation Area Comparison
— BUIIEATPUOYTHBHO yropehuBame rpaHMYHKX aPOKCHMATHBHHUX 06AacTH) MeToaa buhe mpeasokeHe 3a AOHOCHOLIE OAAYKa
3a pemaBame npobaema Habaske [TOBP. Y paay cy npeaaoxene detupu Bpere ITOBP kao moryha pemema. Haseaene ITOBP
npukasaHe cy Kao aarepHatuse Al, A2, A3 u A4.

PesyaraTu: I/IMHAeMCHTaHI/Ija METOAQ AOBEAQ j€ AO 3aKAYUKA AQ aATepHATHBA A2 HMA HAjBUIIY BPEAHOCT U AQ IPEACTABASA HajGOA;I/I
u360p KOjH AOHOCHOLIM OAAYKA MOT'Y AOHeTH 32 u360p oe Bpcte ITOBP.

3aKA>y‘IaK2 MaTCMaTI/I‘IKI/I MOACAU BI/IHICKPI/ITCPI/ijMCKOF OAAy"II/IBaH)a, HPI/IMCH)CHI/I y OBOM paAy, HCEABOCMHUCACHO yKaay)y Ha
AATCPHATHBY Ca HajOOSUM KAPAKTEPHCTHKAMA, 11 IIPEACTABAA]Y 3aXBAAAH M H3Y3CTHO KOPHUCTAH AAAT 32 AOHOCHOLIC OAAYKA.

KEYWORDS: TOPSIS, MABAC, Ha6axa Opy>kaHHX CHCTEMa, BUILCKPUTEPH]YMCKO OAAYIHBAEbE.

INTRODUCTION

Anti Tank Ground Missiles (ATGMs) represent one of the most efficient weapon systems present in armed
forces globally. The primary purpose of these systems is anti armor defense, as well as partial anti air defense
against low flying targets (helicopters and unmanned aerial vehicles). High hit probability and long range of
engagement place these systems among the most deadly battlefield threats to armor units.

Regarding the fact that procurement of ATGMs represents one of the imperatives for equipping armed
forces, the most optimal selection of ATGMs is one of the most challenging tasks for state decision makers,
i.e. officials of the Defense Ministry.

Operational research as a basic management discipline based on mathematical formalism, with multi
criteria methods as fundamentals for a decision making process, represents a solution for the ATGM
procurement problem.

The objective of this paper is to present the capabilities of the multi criteria model as a comprehensive
method for a decision making process where there is a need to select the most optimal solution.

In order to represent the complexity of the ATGM procurement problem, the first part of this paper will
give a short history of ATGM development as well as the ATGM basic tactical and technical characteristics.
The tactical and technical characteristics of ATGMs represent just a small portion of criteria included in the
decision making process. All criteria which are in accordance with the adopted national defense doctrine
must be included. Also, one of the crucial criteria is the cost-effectiveness criterion.

The ATGMs which will be described in this paper are fictional. Their specifications are approximate to
real weapon systems in usage. The data for ATGMs are collected by accessing available reference documents
primarily by the examination of official manufacturers’” weapons specifications. As we already mentioned,
the presented data will be partially changed in order to avoid similarity with actual weapon systems.
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In the second part of this paper, the TOPSIS & MABAC multi-criteria methods will be explained. These
methods will be employed as a decision making tool for the ATGM procurement.

The motivation for selecting the TOPSIS and MABAC methods is justified by fact that these methods
are comprehensive and represent one of the latest and most advanced scientific methods in the decision-
making process.

ATGM DEVELOPMENT HISTORY AND BASIC CHARACTERISTICS

The ATGM development started at the end of WWII in Nazi Germany. Primarily, it was the Ruhrstahl X-7
(Rotkidppchen —,Little Red Riding Hood*). The guidance method was manual, meaning that the operator
was guiding a missile by the guidance panel with the joystick. After a missile is launched, the operator follows
the missile and in the same time the operator follows the target (e.g. armored vehicle). With the command
stick, the operator corrects the flight of the missile until it hits the target. The explained method is described
as “Three-point guidance method” (operator’s eye, missile, target) or, in Western literature, as MCLOS
(Manual Command to Line of Sight). A typical example of this ATGM generation is the YIM 14 Malyutka
(Russian: Maatorxa; "Little one", NATO reporting name: AT-3 Sagger). The main characteristic of the first
generation of ATGMs was long-lasting and complex training. The combat effectiveness of these ATGMs
was approximately 25% during the Arab-Israel conflict in 1973.

FIGURE 1
9M14 Malyutka (AT-3 Sagger), (Military-Today, 2021)

The two-point guidance method (operator’s eye and target) is used in the second generation of ATGMs.
After a missile is launched, this guidance method enables the operator to only constantly track a target
with crosshairs (without following the missile flight), while the automatic system (the guidance block)
processes and sends appropriate commands to the missile and therefore guides the missile to the target. The
communication with the guidance block is conducted by wire or by radio waves. Typical examples of this
generation ATGMs are: MILAN, 9K111 ,FAGOT“(NATO reporting: AT-4 Spigot), BGM-71 TOW, and
~>BUMBAR® - developed and produced in Serbia. The examples are given in Figure 2.
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b = -
FIGURE 2
Second generation ATGMs: MILAN, BGM-71 TOW (upper
section); 9K111 ,FAGOT* and ,BUMBAR" (lower section)

The two-point guidance method is also employed on ATGM:s guided by a focused beam (usually a laser
beam) where a missile itself has an installed system which provides “riding a missile on a beam” and therefore
there is no need for wire communication with the launching platform. The typical examples of this generation
ATGMs are the 9M133 Kornet and the 9M119 Svir/Refleks (booth manufactured in Russia). The hit
probability of the second generation of ATGM:s is about 90%.

The third generation of ATGMs completely employs an automated guidance system. In Western
literature, this system is designated as a “Fire and Forget” system. The operator selects a target and after
launching the automatic system tracks the target and guides the missile to the target. The typical example
of the third generation of ATGMs is the 9IM133M Kornet-M. The automated system conducts the target
tracking and focuses the laser beam to a target, which is used to guide a missile. This ATGM presents an
improved version of the second generation of the 9IM133 ATGM. The launching platform is capable of
tracking two targets simultaneously. Besides anti-tank engagement, the system is intended for low altitude
anti-aircraft defense (e.g. against unmanned aerial vehicles). The 9IM133M Kornet-M ATGM is presented
in Figure 3. The photo represents a Kornet D variant which is capable of carrying 8 missiles (with additional
8 in reserve) on the GAZ 2975 all-terrain vehicle.
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FIGURE 3
9IM133M Kornet-M ATGM on the Kornet D platform

The FGM-148 Javelin ATGM, manufactured by Raytheon Technologies, USA, represents one of the
most sophisticated combat systems. One of the distinctive characteristics featured in this combat system is
ability to attack the target from above where the upper armor is much thinner than the frontal armor, thus
significantly improving target destruction probability.

This missile employs a section designated as a Secker section. The secker section consists of an imaging
infrared system (I2R) and a contact fuse for warhead detonation. The I2R system provides the Fire and Forget
capability. During the missile flight, the I2R system tracks a target and provides data to the electronic unit
installed in the missile. Figures 4 and 5 show the target acquisition. After locating a target, the operator turns
on the narrow field of view which engages track gates and crosshairs projected in intervals, indicating that
the seeker is detecting target thermal reflection, or so called “target lock™.
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TRACK GATES

FIGURE 4
Target thermal reflection detection — “Target lock”

When the strongest thermal reflection is detected, the track gates and the crosshairs become solid, which
is the indication that the target is “locked”, i.c. the firing conditions are fulfilled and the system is ready to
launch a missile (Figure 5).
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CROSSHAIRS

FIGURE 5
Target “Locked” firing conditions fulfilled; system ready to launch a missile

ATGMs are equipped with a warhead which destroys a target with an explosion cumulative effect (in
Western literature, the term shaped-charge is used). A cumulative explosion effect represents focusing energy
to a surface smaller than the outer surface of the explosive charge. Energy accumulation is created by a proper
shape of the explosive charge. If the outer surface is shaped with a cone cavity (so called cumulative cavity),
detonation products are focused in the center of the cavity. In that manner, energy accumulation is created
on a smaller surface and therefore the effect of a larger magnitude is created.

The coating of the cumulative cavity also increases penetration capability. For the coating, the most used
metal is copper, but steel can also be used as well as sintered metals. Figure 6 shows the formation of a
cumulative beam while a cumulative beam formation radiograph is presented in Figure 7.

1 ]

a . Y d

FIGURE 6
Forming of a cumulative beam (1 - detonation wave; 2 — secondary beam; 3 — primary beam)
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FIGURE 7
Cumulative beam formation radiograph

Modern ATGMs employ a so-called tandem-cumulative warhead (in Western literature, the term
tandem-charge is used) which is capable of forming two cumulative beams following each other. These beams
are formed by two separated cumulative cavities. The purpose of the primary beam is to activate Explosive
Reactive Armor - ERA (Explosive Reactive Armor consists of explosive plates whose purpose is to disrupt
a cumulative beam thus preventing armor penetration), and then the secondary beam penetrates the main
armor. Modern third generation ATGMs penetrate more than 1,300 mm of homogenous armor behind
ERA.

One of important characteristics of ATGMs is missile velocity. ATGM velocity is usually measured in
meters per second (m/s) and it is ranged from 120 m/s (First generation ATGM e.g. 9M 14 Malyutka) up to
300 m/s (Third generation ATGM e.g. ATGM 9M133M Kornet-M). It is evident that missile velocity is an
important characteristic considering battlefield multiple targets engagement. From the previous example, it
can be noticed that the third generation of ATGMs has the velocity almost twice as high as that of the first
generation. Let us have an example when the operator locates two targets at a range of 2400 meters. For the
guidance of the first generation of ATGMs, the operator needs approximately 20 seconds. For the guidance
of the third generation of ATGMs, the operator needs approximately 8 seconds. This means that the operator
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armed with a third generation ATGM has enough time to destroy two targets, unlike the operator armed
with a first generation ATGM.

The ATGM range of engagement is also an important characteristic. The ATGM range of engagement is
form 3000 meters for the first generation ATGMs (e.g. 9M14 Malyutka) up to 8000 meters for the third
generation ATGMs (e.g. 9M133M Kornet-M).

Regarding ATGM procurement for armed forces, the price of ATGMs is a factor which must be
considered in conjunction with economic capabilities of the armed forces in question. Also, the ATGM
weight must be considered in conjunction with armed forces transportation capabilities, as well as with the
mobility of units armed with ATGMs.

In modern armed conflicts, electronic warfare (EW) is employed through system jamming, so electronic
counter-countermeasures (ECCM) must be implemented, which for ATGMs can be expressed as jamming
resistance. Besides jamming resistance, reliability is demanded for weapon systems.

Based on the previously mentioned ATGM development history and the presented tactical & technical
characteristics, the following criteria should be taken into account when procuring ATGMs:

- Engagement range,

- Hit probability,

- Weight,

- Price,

- Training simplicity,

- Reliability,

- ]amming resistance, and

- Missile velocity.

MULTIPLE-CRITERIA DECISION PROCESS

In the previous chapter, the problem of ATGM procurement for armed forces has been presented. Finding
an optimal solution, i.e. the decision making process and the selection of the “best” alternative, is based on
multiple criteria and on series of limitations. The concerned criteria can be, by their nature, very diverse,
and expressed in different units of measurement, from currency followed by physical units of measurement
to subjective assumptions measured by a scale formed for a problem in question. Therefore, a final, unique
solution cannot be determined without the participation of a decision maker. A decision maker must decide
on a particular solution. The solution adopted by the decision maker is designated as the best or the most
preferred solution. The task of multiple-criteria decision process is to provide assistance to the decision
maker to select the best solution in the given conditions. Therefore, efforts made for solving multiple-criteria
problems are designated as a multiple-criteria decision analysis.

The problems of multi-criteria optimization are characterized by:

- Presence of multiple criteria (objective function, criteria function) for decision making,

- Presence of multiple alternatives (solutions) for the selection,

- Presence of a designing process or solution selection,

- Presence of conflicts between the criteria, which is the most common case in real life problems,

- Incomparable units of measurement for different criteria, and

- Selection process of one final solution, which can be presented as a design of an action (alternative), or a
selection of one particular action from the previously defined convolution of final actions.

There are many multiple-criteria decision process methods which have common aspects. The characteristic
terms which occur in these methods are:
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- Alternatives — represent selections of different actions which are available for a decision maker. The
convolution of alternatives implies limited convolution, ranging from a few to a few hundreds. It is assumed
that alternatives are verified, prioritized and in some cases ranked.

- Multiple attributes — different designations of attributes are “objectives” or “decision criteria” and
represent different dimensions for which alternatives can be observed.

- Criteria conflict — different criteria represent different dimensions which can be in conflict.

- Incomparable units of measurement — different criteria can be linked with different units of
measurement.

- Decision magnitude — most methods of the multiple-criteria decision process demand assignment of the
weight criteria in accordance with their importance. Usually, these weights are normalized so that their sum
equals one.

- Decision matrix — the multiple-criteria decision process can be represented in the form of a matrix. The
decision matrix (mxn) is a matrix in which the element aj; represents the characteristics of the alternative A;
where (i=1,2,..., m), when the alternative A; is valued in accordance with the decision criteria C; (j=1, 2, ...,
n). Also, it is presumed that the decision maker has assigned the weight criterion w; (j=1, 2, ..., n).

Multiple-criteria decision methods are employed in multiple disciplines and can be used in problem
solving for any decision making process with multiple criteria. We well cite only a fraction of areas in which
multiple criteria decision methods are employed:

- application in cargo distribution companies (Adar& Delice, 2019)

- healthcare waste treatment technology selection (Adar& Delice, 2020)

- menu evaluation (Arsié et al, 2019)

- decision making: applications in management and engineering (Bozani¢ et al, 2020b)

- evaluating sustainable transportation systems (Muhammad et al, 2021)

- sustainable city logistics planning (Alosta et al, 2021)

- evaluation of the performance of deposit banks (Ay¢in & Orgun, 2019)

- supplier selection (case study in pharmaceutical supplying in Libya) (Badi & Ballem, 2018)

- efficiency of the social media (Bobar et al, 2020)

- supporting decision making in the army (BoZani¢ et al, 2020a)

- evaluating locations for river crossing (Bozani¢ & Pamucar, 2010)

- ranking potential locations for preparing laying-up positions (Bozani¢ et al, 2016a)

- selection of the location for construction, reconstruction and repair of flood defense facilities (Bozani¢
etal, 2019a)

- selection of a location for the construction of a single-span bailey bridge (BoZani¢ et al, 2019b)

- proposal for an optimal location of emergency operation centers (Di Matteo et al, 2016)

- support a decision making process of force deployment in a defense operation (Bozani¢ et al, 2016b)

- support a decision making process of force deployment in a defense operation (Pamucar et al, 2016)

- selecting a location for wind farms (Gigovi¢ et al, 2017)

- selection of the railroad container terminal (Milosavljevié¢ et al, 2018)

- selection of transport and handling resources in logistics centers (Pamucar & Cirovi¢, 2015)

- optimal off-road vehicle selection for passenger transportation (Pamudar & Savin, 2020)

- sustainable selection of a location for the development of a multimodal logistics centre (Pamucar et al,
2018b)

- evaluating the work of advisors in the transport of hazardous goods (Pamucar et al, 2019)

- evaluation of level crossings (Pamudar et al, 2018a)

- selecting an airport ground access mode (Pamucar et al, 2020)

- survey on military operations of the fuzzy set theory and its applications (Deveci et al, 2020a)
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- comparison of two fuzzy multi criteria decision methods for selecting a potential airport location (Belbag
etal, 2013)

- comparative analysis of fuzzy multi-criteria decision making for selecting a location for a textile plant in
Turkey (Demirel et al, 2016)

- wind farms site selection (Deveci et al, 2020b) and (Deveci et al, 2021).

DESCRIPTION OF MULTIPLE-CRITERIA DECISION METHODS USED IN THE DECISION MAKING
PROCESS FOR THE PROBLEM IN QUESTION

The methods of multiple-criteria decision making which will be used for finding the best solution are the
TOPSIS and MABAC methods:

The TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) method was developed
by Hwang and Joon. This method implies ranking alternatives by multiple criteria based on the comparison
of distances from the ideal solution and the negative ideal solution. The ideal solution minimizes the cost
based criteria and maximizes the benefit type criteria, while for the negative ideal solution the opposite rule
is implied.

The TOPSIS consists of six steps. Prior to the presentation of these steps, the terms to be used will be
defined. In this method, the decision matrix R is used, where every alternative is matched by one row and
every column is matched by one criterion. The element # represents the alternative performance #; related to
the criterion #4. For m criteria (#1,#,....#4) and n alternatives (#1,#,.... #4), the matrix R has the following form:

Aty my e Tim
R:Az Tz1 T2z - Tom

An ™1 Tz - Tmn

and the values (#},#,....#4) represent the weight values of the criteria. The weight of the criteria must be in
compliance with the condition zz.,w.

Step 1 Decision matrix values normalization. In the majority of multiple-criteria decision methods, the
first step is decision matrix elements normalization in order to get a matrix in which all elements are un-
dimensional values. In the TOPSIS method, vector normalization is applied, represented by expressions (2.1)
and (2.2).

Fij " L] H .
x;j = ——=—, for the "benefit" type criteria
E’ft: 2
i=1"ij @1
After normalization implementation, the X matrix is obtained in which all elements are normalized and
are in the interval 1o.11.

Ay X117 X12 - Xim
x =42 | X1 X2z - Xgm
AH x?l]. x’llz e xmn
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(2.2)
Step 2 Multiplication of the X matrix normalized values with the weight criteria coefhicients.
vij=xij-wj,j=12.,m (23)

With relation (2.3), the elements of the weight normalized matrix /’=(v,) are obtained, where every #; is
a product of the normalized alternative performance and the appropriate criterion coeflicient.

Al Ull vlz aan Ulm A‘]_ Wl " x11w2 * ).’,'12 e Wm " xlm
V= Ay Va1 Vaz e Vam| _ Ay [W2' XuiWz2' Xzz--Wp ' Xapm
A, Un1 Vnz - Vmn Ay W1™ XmaWz ' Xpp Wi ® Xy

(2.4)

Step 3. Determination of ideal solutions. The ideal solution A* and the negative ideal solution are obtained
by the following relations:

AT = {(maxvu lj € G),(min Vg j € G'),i =1,..,n}={v},v3, ., vm}) (2.5)

A= {(minvu lj € G), (maxvg |j € G)i=1, e} = (V1,07 ., v} (2.6)
where:

G ={j = 1,2,..m|japertaintocriteriawhicharemaximized}

G ={j = 1,2, ..ml|japertaintocriteriawhichareminimized}

The best alternatives are those which have the biggest #; relative to the criteria which are maximized
and the smallest #; relative to the criteria which are minimized. #* indicates the best alternative (the ideal
solution), and, using the same logic, #/ ' indicates the negative ideal solution.

Step 4 Determination of alternative distances from the ideal solution. In this step, using the following
relations:

Si = T:l(vij = U;)z":

I
=
E

1l
—
-
=

ST =Ea(vy—v) i
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n dimensional Euclid distances are calculated of all alternative distances from the ideal solution and from
the negative ideal solution.

Step 5 Determination of relative alternatives proximity to the ideal solution. For each alternative, relative
distance is determined:

F= -, i=1,..,n
% S =5i (2.9)
where

where o0<¢; <1. The alternative #4 is closer to the ideal solution if #4* is closer to the value of 1, or, which is
the same, if #4* is closer to the value of 0.

Step 6 Ranking of alternatives. The alternatives are ranked by the descending values #,*. The best
alternative is the alternative with the highest #;* value and vice versa.

The MABAC (Multi-Acttributive Border Approximation area Comparison) represents one of recent date
methods. The MABAC method was developed by Dragan Pamucar, PhD, University of Defence in Belgrade,
Military Academy, Department of Logistics. Up to this date, this method has found wide application and
modifications in multiple-criteria problem solving. The MABAC method basic setting is to define every
criterion function distance from the border approximate area. The MABAC method consists of 6 steps:

Step 1: Base matrix forming (X). In the first step, the evaluation of # alternatives per # criteria is performed.
The alternatives are presented by vectors # = (#44, #42, ..., #4) where the value #4 is the value of the # alternative
per the # criterion (# = 1,2, ..., #;# =12, ..., #).

C, C .. C
Ay [ X11 X1z - Xin
y = Ap | *21 %22 - Xpp

Am XTmi Xmz2 - Xmn
(2.10)
and where # represents an alternative number while # is the total number of criteria.
Step 2 Elements normalization of the base matrix x
i C .. Cy
ATt iz o tin
x = Az | tar taz - ln
A |t t .. t
m Lmi m2 mn (2'1 1)

The elements of the normalized matrix # are determined by the expression:
a) For the "benefit” type criteria (higher value desired)

E_' _ xg—xi
s =
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(2.12)
b) For the "cost" type criteria (lower value desired)
E_' — J.";_j—l':-
9 xi-xf (2.13)

where x,.x andx; represent the elements of the base matrix (#), where x7 and x are defined as:

xf =max(x,x,..w) and represents the maximum values of a considered criterion per alternatives,

xt = min(xs, %, x) and represents the minimum values of a considered criterion per alternatives.

Step 3 Aggravated matrix (#) elements calculation. The elements of the aggravated matrix (#) are calculated
by expression (2.14):

Vg = Wi lg +wj (2.14)

where (#4) represents the elements of the normalized matrix (#), #4 , represents weight criteria coefficients.
By the application of expression (2.14), the aggravated matrix (#) is obtained:

V11 iz - Uiy Wyslyyg +wy waolizHwe e Wyl T Wy
V= 13‘2{_ 13‘;_3:2 o "1:"21-1 — Witz twy wattptwe L Wyt Wy,
1’1'1'ri‘l T"mz vnm W - t1-r11 + Wy Wy tmz + Wy o Wyt tmn + Wi,

where # represents the total number of criteria and # represents the total number of alternatives.

Step 4 Determination of the border approximate area (#). The border approximate arca (BAA) is
determinated by expression (2.15):

g = (“}11 V:‘j)ﬁ (2.15)

where #44 represents the elements of the aggravated matrix (#) and # represents the total number of
alternatives. After the calculation of the values #; per the border approximate area (#) criterion, the matrix

is formed with a format # x 1 (# represents the total number of criteria by which the selection of the offered
alternatives is performed).

¢, C .. C,
G=[91 92 -- 0n] (2.16)

Step 5. Calculation of the distance matrix elements from the border approximate area (#)
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qi1 Giz - Yin
y=|91 922 - 9on
Qm1 9mz -~ Qmn

(2.17)

The alternative distance from the border approximate area (#44) is determinated as divergence of the
clements of the aggravated matrix (#) and the values of the border approximate area (#):

"y, Viz Ulﬂ
Q=v-6=|"1 "2 = T 190 g5 .. g
Umi Vmz - VUmn (2.18)
Vin =81 Viz2— gz - Vin—8Gn i1 qi1z - G
V= 1’21: g1 Va2 :92 Van - Qﬂ‘ = I qz}__ Q_;_:_z o _?ZH
Vmi— 91 Vmz— 892 - Vmn—Gn Gm1 9mz - Qmn (2.19)

where #4 represents the border approximate area for the criterion #y, #44 represents the elements of the
aggravated matrix (#), # represents the number of criteria, and # represents the number of alternatives.

The alternative #4 can belong to the border approximate area (#), the upper approximate area (#") or the
lower approximate area (#_) or #; € {# \/ #* \/ # }. The upper approximate area (#") represents the area
where the alternative (#") can be found, while the lower approximate area (#°) represents the area where the

anti-ideal alternative (#°) can be found (Figure 8)
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FIGURE 8
Representation of the upper, lower and border approximate areas

Belonging of the alternative #y to the approximate area (#, #*, ## #°) is determined by expression (2.20).

Grifq > gi
Aeq Gifgy; =g;
GTifqij < gi
(2.20)
In order to select the alternative #; as the best one from the congregation, it is required that this alternative,

per most criteria, belongs to the upper approximate area (#7). If, for example, the alternative #; per S criteria
(from the total of 6 criteria) belongs to the upper approximate area, while by one criterion it belongs to the
lower approximate area (#_), it means that this alternative is close or equal to the anti-ideal alternative per 5
criteria. If the values #44 > 0 or #44 € #, then the alternative #; is close or equal to the ideal alternative. The
value #44 < 0 or #4 € #  points out that the alternative #; is close or equal to the anti-ideal alternative.

Step 6 Ranking of alternatives. Calculation of the criteria function values per alternatives (2.21) is
obtained as the sum of the alternatives distances from the border approximate areas (#4). By summing the
matrix # by rows, the final criteria function of the alternatives values is obtained:

5= E}lzl ‘I:‘jaj =12,..,n=12.,m (2.21)

where # represents the total number of criteria and # represents the number of alternatives.
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BEST ALTERNATIVE SELECTION FOR ATGM PROCUREMENT BY THE APPLICATION OF THE

TOPSIS METHOD

In the chapter entitled “ATGM development history and basic characteristics” we have explained the basic
ATGM characteristics. These characteristics are always listed in weapon systems manuals because of their

tactical significance. That is why these characteristics will be used as the selection criteria.

To repeat, these criteria are as follows:

- KI: Engagement range in meters,
- K2: Hit probability (0-1),
- K3: Weight in kilograms,

- K4: Price in USD,

- K5: Training simplicity,

- K6: Reliability,

- K7: Jamming resistance, and

- K8: Missile velocity,

Under the assumption that we are selecting one ATGM from the proposed four ATGMs of different
manufactures, represented as Al, A2, A3 and A4, the decision matrix for a ATGM selection is presented

in Table 1.

The characteristics are similar to the characteristics of real weapon systems already in use.

Base decision matrix

TABLE 1

K1 |K2 |K3 |K4 |ES K& K7 |K8
a1 2000 [0.35 |28 |1000 |Low |Middle |77 |11s
High
Very | Very Very
A2 8000 |095 |30 |sooo | (oF O] | | 300
43 2500 |0.88 |22 | 3000 |High |Middle |High | 186
44 3500 |0.89 |25 | 4500 |High |Middle |High |200
CRITEERIA | max MAx | il | 1Tin IMAx IMAx mMAax IMAx

In the given table, we can notice that, for the criteria K1, K2, K5, K6, K7 and K8, the most desirable
values are the highest ones (max), while for the criteria K3 and K4 (weight and price, respectively), the most
desirable are the lowest values (min).

Consider that the criteria K5, K6 and K7 are represented by quality grades; quantification by quality grades
will be performed by the application of the scale presented in Table 2.

By the application of the quantitative values from Table 2, the quantified matrix is presented.

Quality criteria K5, K6 and K7 quantification scale

TABLE 2

Estmation | 017 |High |Middle |Low | o0
High lowr
Grade 9 7 = 3 1
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TABLE 5
Quantified decision matrix

K1 K2 KZS K4 KE Ke K7 K&
Al [ 3000 0.35 |28 1.0 |3 =) el 115
AZ [ 85000 0.95 |30 =0 |9 =l =l =00
AZ [ 2500 0.88 |22 20 |7 =) 7 186
Kl Kz K2 k4 K5 K& K7 EE
Ad [ 3500 089 |25 4.5 |7 =) 7 200
956556 161 |52E85 |7.43 1371 (1243 |16.12 (42163

Applying the expression =5, we will normalize the elements of the base decision and we will obtain the
matrix presented in Table 4.

TABLE 4
Normalized decision matrix

El K2 K2 K4 ES K& K7 KB

Al |0.214 (0217 [0470 [0.865 [0.219 |0.400 |0.558 |0.273
AZ 0836 |0.590 (0432 0327 |0ESE |0.72]1 |0.558 |0.711
A3 0261 0547 [0584 [0.596 [0.511 |0.400 |0.434 | 0.441
Ad |0.36E |0.553 [0.52F [0.395 |0.511 |0.400 |0.434 | 0.474

In order to obtain the aggravated normalized value matrix, it is necessary to multiply the values form Table
4 with the weight coefficients.

Let us assume that, in our example, an authority expert team, formed to procure ATGM:s for the Armed
Forces of one particular state, has reached the decision that some criteria have advantage over the others. In
such a case, we can rank the before mentioned criteria as follows:

L. Hit probability,

II. Engagement range in meters,

III. Weight,

1V. Price,

V. Reliability,

VL. Training simplicity,

VII. Missile velocity, and

VIIIL Jamming resistance.

Based on this requirement, we can assign numerical values, in the range from the minimum value of 0.062
for the criteria with the least importance to the value of 0.246 for the criteria with the highest importance.

Two criteria — hit probability and engagement range - have the highest values because of their tactical
significance.
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Engagernent range in meters wl 0242
Hit probability e 0246
Price w3 0116
Weight wrel 0113
Missile welodity W 0063
Jarnrming resistance wi 0.062
Training sinplicity Wi 0072
Reliability Wi 0080

By the application of the expression #44 = #44 - #; ; # = 1,2 ..., # the aggravated normalized matrix is

obtained and presented in Table 5.

TABLE 5
Aggravated normalized matrix

K1l Kz KZS K4 K& KE K7 K&

Al 00759 | 00535 |0.0545 [0.1030 |0.0138 |0.0248 |0.040 |0.022
AZ 0.2024 |0.1452 |0.0502 [0.0330 |0.0414 |0.0447 | 0.040 | 0.057
A3 00832 | 01345 |0.0677 [0.0710 |0.0322 |0.0248 |0.021 |0.035
A4 00385 |0.1360 |0.0811 [0.0470 |0.0322 |0.0248 |0.021 | 0.038

Step 3 Determining the ideal solutions. The ideal solution #* and the negative ideal solution #~ are
determined by applying the expressions:

A" = {(maxv; [j € G),(minv, |j €G),i = 1,...,n} = {v],v3, ..., vm})

A" ={(minv;|j € G),(maxv, [j €G),i =1,...,n} = {v7,v5, .., v}

Since the ideal alternatives are those with the highest # related to the criteria which are maximized and

with the lowest #44 related to the criteria which are maximized, based on Table 5, we will obtain the ideal
solution:

(A") = A" = {0.2024, 0.1452,0.0502, 9.03‘99,U.U414,0.”4410.0402,0.9569}
and the negative ideal solution:

(A7) - A”
= {0.0632,0.0535,0.0677,0.1030,0.0138, 0.0248,0.0313,0.0218}

Step 4 Determining the distances of the alternatives from the ideal solutions. By the application of the
expressions:
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m

S; = Z(UU —vf)z,i =1,..,n

j=1

m

57 = Z(UH — vj_)z i=1...n

Jj=1
Euclid alternative distances from the ideal solution ) and the negative ideal solution ¢ are obtained and
presented in Table 6.

TABLE 6
Euclid alternative distances

Alternatives

&1 01758 00203
A2 00000 01861
AZ 0.1478 0.0900
& 01189 0.1060

During the calculation of the values s and 0, the elements of the normalized matrix are examined (Table
5), the ideal solutions #* and #™ are obtained in the previous step.

Step 5 Determining the relative distance of the alternatives to the ideal solution. By the application of the
expression: «-= .- relative distance is determined for each solution, Table 7.

TABLE 7
Relative proximity of the alternatives

Alternatives RANK
A1 0.1036 4
A2 1.0000 1
A3 0.3786 ]
A4 04712 2

Step 6 Alternative ranking. As it has already been mentioned, the alternatives are ranked by declining
values #;*. The best alternative is the alternative which has the highest value #,*, i.e. in our example the
alternative #2. The alternative rank is presented in Table 7, i.e. #2 > #4 > #3 > #1.

BEST ALTERNATIVE SELECTION FOR ATGM PROCUREMENT BY THE APPLICATION OF THE
MABAC METHOD

The procurement of an ATGM will be examined, i.e. the selection of the best alternative, using the MABAC
method of the multiple-criteria decision making process.

Step 1 Base decision matrix forming (#). As in the previous example, we will examine four ATGMs. In
Table 8, the characteristics of four ATMGs are presented. Table 8 also gives the base decision matrix.
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TABLE 8
Base decision matrix

Criteria
Alternatives | 1 o2 c3 4 ) () 7 [

max) [(max) |{min) [({min) |@max) |[[m3ax) |{max) | {max)
Al 2000 0.350 23 1000 E M VG 115
A2 F000 0.a50 20 S000 VG VG VG 300
A3 2500 0.5330 22 2000 D M M 186
&d 3500 0.530 Z5 4500 B gl M Z00
Wl 0242 0.246 0116 (0119 [0.063 0.0g2 007z 0.080

For evaluating the alternatives according to the C5, C6 and C7 criteria, the Likert scale (Table 9) will
be applied.

TABLE 9
Likert scale for evaluating alternatives

1 Linguistic
designation
Wery Good (WiG)
Good (13)
Middle 30

EBad E)

YVery Bad (VE)

MNumerical value

Ll IRVR VAR ooy |

By the application of the Likert scale, the base decision matrix with numerical values is obtained.

TABLE 10
Base decision matrix with numerical values

Criteria
Alternatives | C1 2 3 4 () CéE 7 &

[Imax) [iga'=k:4] [igitel} (TTir) 1max) [Imax) [iga'=b:4] mAax)
Al 2000 0,250 28 1000 2 = =) 115
A2 2000 0950 30 5000 5 5 5 200
A3 2500 0. 880 22 2000 4 3 4 186
& 2500 0. 8490 25 4500 < 3 4 200
il 0. 242 0. 246 0116 0119 0063 0062 0072 0. 080

Step 2 Base matrix elements normalization (#). After forming the base decision matrix (#), Table 10, the
normalization of the base matrix elements is facilitated.
In our example, the "benefit" type criteria (highest values desired) are C1, C2, C5,C6, C7 and C8;

therefore, for calculating the normalized matrix N elements, the following expression will be applied:

Xo—Xi
— g™
Eg = et 7T

For the "cost" type criteria (lowest criteria values desired), which in our example are C3 and C4, the
following expression is applied for calculation:
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4
t = Ajj=Xj
g xr-x7

By the application of the previously given expressions, the normalized matrix N is obtained and presented
in Table 11.

TABLE 11
Normalized matrix N

Alterra-tives Criteria

1 2 3 4 ) CE 7 8
A1 0091 0000 | 0250 |1.000 | 0000 |0.000 | 1.000 |0.000
iy 1000 [ 1.000 [Q000 (0000 [ 1000 [1.000 [1.000 [1.000
AT 0000 |0883 |1.000 0500 |0EE7 |0.000 |0.000 |0.284
M 0182 |0900 |0E25 |0125 |06E7 |0.000 |0.000 |0.459
wl 0242 |0246 |0.116 |0.119 0063 | 0062 |0.072 |0.080

3 The calculation of the aggravated matrix # (Table 12) elements is performed by multiplying the weight
coeflicients, presented in the last row of the table. The weight coeflicients are identical to those in the
decisionmaking process when the TOPSIS method is used. Therefore, by the application of the expression

v

g:WE'tg'{"Wi,

the elements of the aggravated matrix # are obtained and presented in Table 12.

TABLE 12
Aggravated normalized matrix

Alternatives Criteria

1 2 3 4 5 [ 7 [y
A1 0264 (0246 [0145 (0238 |0063 |0062 |0.144 |0.080
A2 0484 (0482 [0.116 [0.119 |0.126 |0.124 [0.144 |0.160
AZ 0242 (0463 [0.232 |0.179 |0.105 |0.062 |0.0O72 |0.111
&4 0286 [0467 [0.189 (0134 |0.105 |0.062 |0.072 |0.117

Step 4 Determination of the border approximate areas values (#). By the application of geometric
averaging for the values of the alternatives, with the expression

m 1/m

a={] v

j=1

the border approximate areas matrix (#) is obtained, Table 13.
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TABLE 13
Border Approximate Areas BAA matrix

Criteria
[ 2 -3 4 ) ) 7 CE

03067 |0.4024 |0.1647 |0.1813 |0.0967 |0.0737 [0.1018 |0.1134

Bah

Step 5 Calculation of the distance of alternatives (matrix elements) from the border approximate area (#).
The distance od the alternatives from the BAA (Table 14) is determined by the expression:

Vi Vi - Vyp
V. Voo e -

Q=V-G=|"2 Y2 = Vol _ (g g, .. g,
UVmi Vmz - Vmn

as a reminder of the aggravated matrix (#) elements, and the values from the border approximate area
matrix (#). By the application of the expression:

Vin—=01 Vizg— g2 - di1 qiz - Yin
V=|V21—91 V2= 02 - Vzn Qn ‘?2;__ f?_;_a_z _‘_fifzn
1701 Vmz—82 - Vpn—On Om1 Qmz - Qmn

# clements are obtained, in the matrix (#) showing the distance of the alternatives from the border

approxim ate area.

TABLE 14
Matrix of the distances of alternatives from the BAA

Alternatives [oterd

1 2z 3 C4 C5 a0 c7 I
i1 00427 | 01564 | 00197 |00767 |-00337 | 00117 |0.0422 |-00334
42 01773 |0.0896 | 00487 | 00423 |0.0298 |0.0508 |0.0422 |0.0466
43 _00647 |00609 |00673 |00172 |0.0083 |-00117 |-00298 | -0.0027
44 00207 |0.0650 | 00238 | 00274 |0.0088 | 00117 | -0.0298 | 0.0033

Step 6 Alternative ranking. The criteria function values by alternatives are obtained by summing the
elements from the matrix # by rows, by the application of the expression:

n
- th—j J=12,..ni=12.,m
=

The values of the criteria functions and the final rank of the alternatives are presented in Table 15.
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TABLE 15
Alternative ranking by the MABAC method

Alternatives RANE
Al -0.1787 4
A2 0.2443 1
AZ 0.0448 2
Ad 0.0108 3

Based on the obtained results, we can conclude that the alternative #2 is first ranked, i.e. the alternatives
are ranked as follows: #2 > #3 > #4 > #1.

CONCLUSION

By analyzing the data presented in Table 7 (relative alternative proximity by the application of the TOPSIS
method) and the data presented in Table 15 (alternative ranking by the application of the MABAC method),
we can observe that the alternative A2 has the highest value and the alternative A1 has the lowest value. The
alternatives A3 and A4 have relatively close values. Based on the stated, we can conclude that both methods of
multi-criteria decision making are pointing that the best alternative, therefore a decision for the best ATGM
weapon system, is presented in the alternative A2. Both methods show that the selection of the alternative
Al would be a wrong decision for procurement. In the applied methods, the alternatives ranking of A3 and
A4 are different, so a decision maker can optionally decide (for example to lower the expenses) to select the
alternative A3.

The characteristics of the alternative A2 are similar to the characteristics of the 9M133M Kornet-M
ATGM, which represents one of the best, battle proven, weapon systems in world. We can conclude that
the mathematical models of multi-criteria decision methods — which in our example unequivocally point to
the alternative A2 - present an extremely helpful tool for decision makers.

The novelty of the method described in this paper is in the fact that a specific scientific method can be
used for weapon system procurement for armed forces, therefore for gaining advancement in operational
capabilities of armed forces.

The intention of the authors is to implement this method in future studies especially in the area of military
decision making. The focus will be on counter insurgency operations with adversary personified in multiple
militant groups. In this scenario, friendly forces will be equipped with most advanced weapon systems such
as armed unmanned air vehicles (drones and loitering munitions) and unmanned ground vehicles.
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