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Abstract: This paper proposes some possibilities of implementing information technology in investment
management. The paper deals with the choice of the optimal investment alternative out of a series of alternatives
compared, evaluated in the system of different and heterogeneous criteria with different requirements for the
extremization with different relative significance. The analysis of the criteria was performed from the aspect of
production capacities, investment value, the required number of employees, the internal rate of return, investment
maintenance, as well as the logistical and technological levels. The choice of the optimal alternative was made by
the multicriteria decision-making methods with developed software support for this purpose. The results indicate
the agreement of the optimal alternative, i.e. the rank of the compared alternatives, through the parallel application
of the two multicriteria decision methods. The compromise programming method and a modified approach to the
Promethee multicriteria decision-making method that allows the analysis of an unlimited number of different
preferential functions are applied in the paper. The application of certain preferential functions is analyzed from the
point of view of individual criteria applied in this paper. The paper presents the general options for choosing
investment alternatives from several most significant aspects, with an analysis of the preferences of the individual
criteria. The application of the presented methodology enables a sophisticated approach to criteria analysis. On
the other hand, the software solution developed for this purpose enables simplicity and applicability in practical
conditions of use.

Keywords: investment management, information technology, decision support systems, decision-making and
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OLIEHEHNX Y CUCTEMY Pa3NUUMTIX U PA3HOPOAHOX KpUTEPUjyMa Ca PasnnYMTM 3aXTeBMMA 3a eKCTPEMU3aLMjoM
ca pasnMyMTUM penaTvBHUM 3HayajeM. AHamu3a KpuTepujyma je W3BplIEHa ca acnekta MpOM3BOZHWX
kanauuTeTa, BpeAHOCTY MHBECTULMje, NOTpeBHOr Bpoja aHraxoBaHUX pagHuka, MHTEPHe CTone peHTabunHocTy,
MHBECTULIMOHOr OApXaBarba kao W MOTUCTMYKOr W TeXHOMOLWKOr HuBoa. M3bop ontumanHe antepHatuee je
13BPLUEH METoAamMa BMLLEKPUTEPMjYMCKOT OAMyYMBa-a y3 passujeHy COTBEpCKy MOAPLUKY 3@ Ty HaMeHy.
Pesyntat ykasyjy Ha carmacHOCT ONTMMarHe anTepHaTiBe, OBHOCHO paHra ynopefuBaHWX amnTepHaTWBa
ynopeaHoM MpUMEHOM ABe MeTOAe BULLEKPUTEPUiyMCKOT oafyuuBara. Y pajy je npuMmereHa MeToda
KOMMPOMWCHOT Nporpamuparba M npumMetseH je mogndmkosaH npuctyn Promethee meToze Buwekputepujymckor
ofnyuuBara Koja omoryhaBa aHanudy HeorpaHudeHor 6poja pasnuuuTix npedepeHLMCKMX  yHKLmja.
lMpuMeHa nojeauHux npedepeHumjckMx yHKUMja je aHanuaupaHa ca acnekta mnojeauHUX NpUMEHEeHUX
KkpuTepujyma y oBom pagy. Paa npukasyje onwte mMoryhHOCTW nsbopa WHBECTULMOHMX anTepHaTWBa ca BiLLe
HajsHayajHMjux acnekta, y3 aHanudy npedepeHuMja nojeanHuX kputepujyma. [pumeHOM npukasaHe
meToponorvje omoryhaea ce coucTMuMpaHi NpucTyn aHanuamn kputepujyma. Ca gpyre cTpaHe, 3a Ty HameHy
pa3BujeHo CO(TBEPCKO pellere OoMoryhaBa jeAHOCTABHOCT M MPUMEHILUBOCT Y MPaKTUYHUM YCroBUMA
kopuwhersa.

KmbyuHe peum: ynpaerbare ynarawima, WHGOPMALMOHE TEXHOMOrMje, CUCTEMM 3a MOAPLUKY OANy4MBarLY,
[OHOLLEer-e OANyKa M ONTUMM3aLMja, KOMNPOMMCHO NporpamMupate

JEJ1 knacudpmkaumja: C61, D25, G11

Introduction

Investment is one of the most important factors in managing the development process of
manufacturing company. Investment management decisions have a long-term effect on the
business, involve a large volume of financial investments and have a high risk for the
entire business. It can rightly be considered that financial investment is one of the biggest
decisions in order to modernize and expand production capacities. Therefore, special
attention should be paid to this issue.

The analysis of the production process from an economic point of view is a key
factor in considering the required financial investments (Locke & Wellhausen, 2014).
Many authors rightly attach great importance to this issue, starting from the regional
aspect (Winden, Berg, Carvalho & Tuijl, 2010) to analyzing the dynamics of the
economic component of production (Landesmann & Scazzieri, 2009).

Paul van Loon (2012) emphasizes the connection between production, finance
and investment as an indispensable and comprehensive activity of production
management. In this regard, many authors highlight various aspects of investment,
starting with production development (Bellgran & Sifsten, 2009), the role of foreign
investment in the economy (Kowalewski & Weresa Herausgeber, 2008) macro and
international economic (Piros & Pinto, 2013).

When analyzing investments, it is crucial to find the optimal investment
alternative. The application of operational research methodologies in this regard is of
particular importance (Piros & Pinto, 2013; Ravi Ravindran, 2016; Ravi Ravindran,
2008; Tomlinson & Kiss, 2013; Bell, Warwick & Galbraith, 2013). Sodhi and Tang
(2010) emphasize the necessity of applying operations research in the whole of
management science by analyzing various approximation theories and mathematical
methods.
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Making business decisions for the purpose of making investments is the choice
of the optimal alternative based on a number of possible ones. Also, the optimal
alternative needs to be determined on the basis of a number of criteria, basically
opposed, expressed in different units, with different requirements for maximization and
minimization. The problem is further compounded by the different meanings of certain
criteria that need to be considered. It is practically possible to make such business
decisions only by applying multi-criteria optimization and various scientifically based
decision making methodologies (Shapira, 2002; Crozier, Ranyard & Svenson, 2002;
Adair & Adair, 1999; Cook, Noyes & Masakowski, 2007; Roth & Mullen, 2002;
Streifer & Goens, 2004). Al-Shammari and Masri (2015) point out the importance of
modern methodologies for decision making in finance as well as the analysis of their
theoretical and methodological achievements.

In choosing the optimal alternative, this paper used multi-criteria decision-
making methodologies Compromise Ranking (Opricovic, 1992) and PROMETHEE
(Brans & Vincke, 1985). Due to the distinctive methodology of preference expression
according to individual criteria, the emphasis was placed on the PROMETHEE
method, which enables visual display of preference expression through graphical
preference functions. In contrast to the original methodology, developed by Brans and
Vincke, which allows for the application of six generalized preference functions, a
modified PROMETHEE method was applied in the paper using the Universal
preference function (Radojicic, Zizovic, Nesic & Vesic Vasovic, 2013). With this
approach it is possible to generate an unlimited number of functions, which can express
the preference of the decision maker in a much more sophisticated way.

Contemporary requirements of decision-makers, on the one hand, relate to the
application of increasingly complex multi-criteria decision-making methodologies,
while, on the other hand, the requirements relate to their simpler application, aligned
with practical needs. In this respect, decision support systems (Burstein & Holsapple,
2008; Power, 2002; Frederic, 2008; Ravindranath, 2003; Herasymowych & Senko,
2008; Janakiraman & Sarukesi, 2008) and the use of information technology are
inevitable.

Numerous authors emphasize the importance of applying multi-criteria
optimization when choosing the best investment alternative, confirming the need to
take into account a number of different relevant criteria (Puska, Beganovic, & Sadic,
2018). Suganthi (2018) emphasizes the practical importance of applying the integrated
fuzzy AHP, VIKOR / DEA methodology in the broader field of investment decision
making. One of the proposals for improving the application of multi-criteria
optimization that affects the calculation of economic efficiency of investments refers to
the research of its application under uncertainty (Shvetsova, Rodionova, & Epstein,
2018). Research shows the successful application of multi-criteria optimization in
choosing the best investment alternative using different methodologies such as
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ELECTRA (Kozik, 2017), fuzzy approach (Sudharsan, & Ezhilmaran, 2016; Rebiasz,
& Maciol, 2015) to a systemic approach using graphic interpretation of results
(Szafranko, 2017). The application of this methodology can also refer to certain
segments - stocks, bonds, mutual funds, which individually influence the choice of the
best investment alternative (Chen, Wang, & Yu, 2014). One of the interesting
approaches includes a psychological approach in the application of multi-criteria
decision-making methods, which refers to the risk profile (Looney, & Hardin, 2015).
This paper emphasizes the importance of the application of information technology in
support of multi-criteria decision-making, which is confirmed by numerous authors
proving the connection between information quality and investment efficiency
(Moradi, Jafari, Ehteshamnejad, & Asaadi, 2019).

1. Selection of the optimal investment alternative

The first and most important step in the implementation of the multi-criteria decision-
making methodology is the choice of the alternatives and criteria to be considered. This
paper presents an example of choosing the optimal alternative over the seven
compared. The criteria for choosing the optimal alternative are of diverse character,
with different requirements for minimization and maximization.

Criterion analysis was performed in terms of production capacity, value of
investment, required number of engaged employees, internal profitability, investment
maintenance as well as logistical and technological level. Figure 1 shows the form of a
software solution for entering individual alternatives and their values in relation to
individual criteria.

Figure 1: The values of alternatives in relation to certain criteria
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In addition to the selection of particular alternatives and criteria, criteria analysis
is the second most important step in the application of the multicriteria analysis
method. The application of the modified PROMETHEE method of multicriteria
decision making enables a graphical analysis of an unlimited number of preference
functions and sophisticated expression of the importance of certain criteria. The
parameters for expressing and analyzing preferences are as follows:
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e - Request (MaxMin)

e - oand - preference intensity parameters

e - p—the limit of change in preference intensity,
[ ]

- q — the limit of preference

e - m - parameter

- Relative importance

Figure 2 shows the analysis of production capacity criteria (Request = MAX, m
=0.5,a0a=3,p=0.8, p=40, q =060, Rel. imp. = 0.2) Figure 3 shows the analysis of
investment value criteria (Request=MIN, m=1,a=1,pf=1,p =15, q= 15, Rel. imp.
=0.2).

Figure 2: Analysis of production capacity criteria
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Figure 3: Analysis of investment value criteria
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Figure 4 shows the criterion analysis of the number of employees required
(Request=MIN, m=1,a=1,B =1, p=60, q= 60, Rel. imp. = 0.2) Figure 5 shows
the analysis of internal criteria profitability rates (Request= MAX, m=1,a=0.6, =
0.6, p=3.5,q=3.5,Rel. imp. =0.2)

Figure 4: Criteria analysis of required number of employees

[ Unos kriterijuma =&
Flazm=ia pa

1.0 oosi

ng : :

ng : :

n7 | i

06 H H

os| ! :

04 ! i

03 : :

nz ] :

01 ! :

oo | ! Eraj
] no ]

Kriteriurmi Hazw: Kiberjum3
Zahéey |m A Gl i -
WM& |05 |3 na 40 &0 nz =
MM 1 1 1 1 15 oz =

Lk
M& 1 06 |06 (35 |35 02
MM 05 (3 (03 04 08 i
b ans A LX] Tnec N L) n 1

1] | o[

Aanu ExoHomckor thakynteta y CyGotuum — The Annals of the Faculty of Economics in Subotica, Vol. 56, No. 43, pp. 085-097



A multi-criteria approach to the selection of the optimal
investment alternative with software support

Figure 5: Analysis of the criteria of internal rate of return
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Figure 6 shows the analysis of the investment maintenance criterion (Request =
MIN, m = 0.5, a =3, p = 0.3, p = 0.4, g = 0.9, Rel. imp. = 0.1) Figure 7 shows the
analysis of the logistic and technological level criterion (Request = MAX, m=1, a =
04,$=0.5,p=0.3,q=0.3, Rel. imp. =0.1)

Figure 6: Analysis of the criteria of investment maintenance
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Figure 7: Logistic and technological level criteria analysis
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The production capacity criterion is one of the most important criteria that needs
to be analyzed with great care. Its importance is reflected in large investment funds.
Therefore, the preference function is expressed in higher values - faster growth of the
preference function is expressed between the boundaries of change of preference
intensity and the preference boundary. Higher values of financial investments in
production capacities require a much higher level of preference in this area.

The investment value criterion is expressed as a linear function with no
boundaries of preference intensity change. Equal growth of a preference function
signifies an equal importance of preference throughout the preference space.

Similar to the previous one, the criterion of the required number of employees
hired is expressed by a linear function of preference with equal growth and significance
throughout the preference space. The criterion of internal rate of return and the
criterion of logistical technological level is expressed by a function that emphasizes
faster growth and importance for the smallest values in the preference space.

Figure 8 shows the rank results of the alternatives of the two multicriteria
decision-making methods used, with the results indicating significant agreement of the
rank of compared alternatives:

e - PROMETHEE (a4, a5, a7, a2, al, a3, a6)

e - Compromise Programming (a4, a5, a7, a2, al, a6, a3)
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Figure 8: Results of the ranking of alternative
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The importance of applying the presented multicriteria decision-making
methodology is demonstrated because of the need to determine the best or optimal
alternative based on a large number of possible as well as on a number of different
criteria. Mathematical models play a significant role in this regard as the only way to
select them. However, the significant role of information technology as their support
should also be emphasized. The presented software solution enables the use of complex
mathematical models, graphical or visual representation of the expression of
preferences through preference functions. On the other hand, the decision-maker is
enabled to use it simply, speed, eliminates the possibility of error.

It is indisputable that software support, as well as the application of information
technology in a broad sense, is an indispensable element in the practical use of
multicriteria decision-making methodology. The application of information technology
in the broad sense is especially important in obtaining a wide range of relevant
information from internal and external sources that enable the decision maker to select
potential alternatives and criteria themselves and then obtain the value of alternatives
according to individual criteria, and more.

The application of the presented software solution enables many practical
applications in the analysis of the evaluation of particular criteria, the comparative
presentation of preference functions and the analysis of their different alternative
values.

Conclusion

This paper presents an approach in choosing the optimal investment alternative in
industrial production. Consideration is based on the application of multi-criteria
decision-making methodology with appropriate software support. The paper presents a
practical methodological approach to selecting the optimal investment alternative from
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a series of comparisons. The alternatives were considered in a system of different and
heterogeneous criteria with different requirements for extremization of different
relative importance.

The paper illustrates the most important investment decision criteria that can be
applied to various real-world problems. Also, some possibilities of modern
multicriteria decision-making methodology and a specific approach to expressing
preferences of particular criteria were highlighted. The results indicate the agreement
of the optimal alternative, that is, the rank of the compared alternatives, by the
comparative application of two multicriteria decision-making methods. The software
solution developed for this purpose enables simplicity and applicability in practical
conditions of use.
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