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METHOD OF SELECTION OF ERP SYSTEMS USING
MULTI-CRITERIAL OPTIMIZATION MODELS

Purpose. To develop theoretical and practical recommendations for a scientifically based selection of Enterprise
Resource Planning (ERP) systems and their composition with the use of economic and mathematical modeling for
businesses in Ukraine.

Methodology. The theoretical and methodological basis of the study is fundamental principles of modern eco-
nomic theory, the scientific work of scientists. During the research, the following methods were used: mathematical
modeling (to solve the problem of multicriterial optimization consisting in finding optimal variants of the introduc-
tion of automated information systems for the management of industrial enterprises); graphic (for visual presentation
of research results); analytical and structural (by optimizing the choice of ERP by analytical hierarchical approach).

Findings. A complex approach with the use of modeling is proposed to find such an ERP that meets and harmo-
nizes the requirements of the company under conditions of uncertainty. A system of methodological guidelines adapt-
ed and suitable for use in practice is developed.

Originality. A optimal multi-criteria selection method of the ERP system under conditions of uncertainty is devel-
oped, which allows the company to select ERP systems according to their own optimality criteria.

Practical value. The results of the study will allow companies to reduce the costs of implementing ERP systems,
the proposed method and algorithm can be implemented in applications for computers and mobile devices to auto-
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mate the process of choosing an ERP system and its composition.
Keywords: method, model, optimization, criterion, ERP, expert analysis, SAP

Introduction. Extensive and continuous improve-
ment of information technology, the presence of many
ERP systems on the market as well as the absence of
skilled experts, technical knowledge and experience for
the optimal choice of ERP software, make the develop-
ment of methods and tools for choice among many ERP
analogues necessary. The choice of ERP to implement
is a complex decision that has important economic con-
sequences. The task of choice requires a compromise
between technical characteristics, functional capabili-
ties and financial problems, and can be formulated as a
multi-criteria decision-making problem. Therefore, it is
necessary to develop mathematical methods and algo-
rithms that will allow finding a scientifically proven op-
timal variant of the implementation of ERP in the com-
pany.

Analysis of the recent research and publications.
Many scientists such as Moutaz Haddara [1], Jun-Der
Leu [2], P.K. Dey [3], Kanchana V. [4], C.Lépez [5],
solved the problems of choosing ERP systems with the
help of mathematical modeling methods. In the works
of these authors the feasibility of using economic and
mathematical modeling to find the optimal choice is
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proved. It is proposed that the decision criteria should
be chosen according to the needs of the enterprise and
considering its economic and technical situation.

Unsolved aspects of the problem. The current meth-
odology for making heuristic decisions on the multi-
criteria choice of ERP systems under conditions of un-
certainty is quite complicated, and only allows finding a
rational version instead of the optimal version of the
implementation of the system.

Objectives of the article. The study of theoretical and
practical problems in the management of the imple-
mentation, or the modernization of the ERP, deter-
mines the following objectives:

- to develop an economic and mathematical ap-
proach that allows us to find the optimal version of the
ERP implementation, considering many criteria that
are formulated by all parties involved in the implemen-
tation of the ERP;

- to develop a decision-making algorithm that can be
implemented in an application software.

Presentation of the main research. Modern compa-
nies in Ukraine implement or update the ERP systems
software, so they face the problem of choosing a system
that best fits the requirements of the company. The
management of the company faces conditions of uncer-
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tainty and complex choices between many criteria of
implementation of the system in the company, their co-
ordination and their implementation in practical pro-
duction activities. There are many ERP systems and
their configurations. It is necessary to refine the range of
systems that can be analyzed in depth.

The choice of a system is a multi-criteria problem
with such criteria.

Completeness. The software must integrate all as-
pects of the production activity, from the purchase of
materials and the hiring of the workforce to the sales of
finished product.

Convenience and ease of work: the implemented sys-
tem must be up to date. Communication with the system
should be intuitive for employees. This will facilitate
implementation and staff training.

Adjustment. The system should allow the creation of
new input and output documents and system settings
without the participation of the developer.

Flexibility. The software must be adapted to the con-
ditions of the company. ERP should not require a
change in the structure or the business operation.

Integrity. Changes made at any given time in the sys-
tem should automatically update all system modules.

Cost. Development and maintenance systems must
meet the budget of the company.

System Requirements. It is important to choose an
ERP, which is independent of hardware, operating sys-
tem and database system.

The reputation and the manufacturer’s capabilities:
market share of sellers, customer feedback, availability
of consultants, examples of implemented systems, infra-
structure support and system support.

ERP after-sales support and training. The ERP pro-
vider must provide training for users, as well as software
support after implementation in the enterprise.

System Backup. Database backup is performed to
ensure the security and reliability of ERP systems.

Reporting and Analysis Features. The team must be
able to develop their own tools of reporting and analysis
and implement them in the system for future use.

Integration with other applications. ERP modules
must be integrated and provide a continuous exchange
of data with all other manufacturers systems or modules.

Online Integration. The software should support e-
business, e-commerce, and electronic transaction ex-
change.

Real-time operation. ERP modules must operate in
real time, handle batch information processing and pro-
vide uninterrupted 24-hour service of the production
process.

Financing options. Investment calculation options,
software license, technical support, cloud data space
subscriptions.

It is necessary to consider all the possible criteria,
when choosing the ERP system and the structure and
configuration of the modules implemented.

Criteria defining the qualitative characteristics of the
system should be presented as quantitative indicators for
applying optimization algorithms and expert estimation
methods [6].
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The experience of operating the systems indicates that
for companies implementing an ERP system, the most
important criterion is the cost of the system [7]. The im-
portance of other criteria varies according to the needs of
certain companies. The place in the hierarchy of the crite-
ria can vary from one company to another. Structure of
the importance of system selection criteria and its con-
figuration may vary within an enterprise depending on the
considerations and estimates of business units. In addi-
tion, the hierarchy of criteria varies over time [8]. There-
fore, to draw scientifically and economically reasoned
conclusions about the choice of the system, it is necessary
to evaluate the different variants of ERP implementation
and choose optimal ones among them. Generally, in
companies, such a choice is made manually and includes
a significant proportion of subjective evaluations that ulti-
mately result in no optimal but rational solution, which
may seem attractive but not optimal [9]. Therefore, it is
necessary to develop formal mathematical procedures
that could be programmed and implemented in the soft-
ware to allow the accounting of optimal estimates for the
management of the enterprise in the complex tasks of in-
vesting in a new ERP or to modernize the existing system.

At present, the Ukrainian market is represented by a
wide range of ERP-class systems: SAP, SAP Business
One, ORACLE, IT Enterprise, Parus, 1C: Enterprise,
ERP-Infor Baan, GrossBee, Galaxy.

Consider the economic-mathematical model of
multicriteria optimization.

The task of multicriteria optimization includes a set
of n solutions, a set of objective functions f;i = 1,..., k,
and a set of m constraints. Objective functions and con-
straints are functions of variable solutions. The objective
of optimization is to find the maximum

Y =f(x)=(/(x), /,(x),.... fi (x),
with constraints
e(x) = (e,(x), ex(x), ..., €,(x)) <€
X =(x;,%y,...X,} € X;
Y=0,Yy..¢)€Y,

where X is the vector of solutions; y is the vector of
objective functions; X is admissible solutions space; Y'is
the space of objective functions. Constraints e(x) < Q,
determine the set of possible solutions. The set of feasi-
ble solutions X, is defined as a set of vectors of solutions
x satisfying constraints

Xo={xe Xle(x) <Q}.

The area of the admissibility in the space of the ob-
jective functions has the form

Yp=fX )= wx, /().

The optimal value of the multicriteria task f'(x) cor-
responds to the largest value of the area created by the
three criteria of Fig. 1.

In the case of multi-criterion optimization, the set X,
is partially determined. The solution represented by
point B (Fig. 2) is better than the solution for point C. In
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the same way, C is better than D for equal values. Then
if u and v are two vectors of the objective functions then

u=veviell,2,.. k}:u=v;
uzveViell2,.. kbiu, 2v;

USVESUZVAUED.

It turns out that B > C, C > D and therefore B > D.
Comparing B and E, we find that these solutions do not
exceed each other, that is, B— > F and E— > B. In this
case, domination takes place.

a > b (a dominates b) < f(a) > f(b);
a = b (a weakly dominates b} < f(a)= f(b);
a ~ b (a indifferent towards b) <

< (f(@)-2 f(O)A(f(D)—= f(a).

Fig. 2 shows the dominant areas, the dominated ar-
eas and areas indifferent from the point B. In Fig. 2
there is one point A, among B, C, D, E for which the
vector of solutions is not dominated by any vector of so-
lutions. This means that A is the optimum Pareto. In
Fig. 2, white circles indicate optimal solutions that are
indifferent to each other. These solutions form the opti-
mal set of Pareto, and the vector of objective functions
forms the Pareto optimal limit.
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Therefore, in multi-criteria problems, there is no
single optimal solution, and there is a set of optimal so-
lutions. None of these solutions can be determined as
better without further definition of its advantage.

Therefore, the multi-criteria optimization algorithm
must satisfy the following conditions:

- the distance between the non-dominant limit and
the optimal Pareto limit should be minimized;

- in the optimization process, not all criteria should
be used, but only a subset of criteria located on or in the
immediate vicinity of the Pareto optimality;

- it is advisable to determine the concessions, for
certain criteria of a certain subset of criteria, to find op-
timal solutions for the objective functions.

Consider the algorithm for finding the optimal ERP
system which we determine using a variety of criteria.

We have several criteria fi(x), f2(x), ..., fi(x). Among
them we find the dominant criterion which is Pareto op-
timal. Let us get the dominant criterion, which lies on
the Pareto optimality limit. Restrictions in the task will
be X;= {x € X|e(x) < Q}. The restrictions include other
criteria fulfilling the expressions fi(x) # f(x),

j=Lk; i =1,k. The criteria included in the multicriteria
optimization problem have optimum at different points
of the space of admissible solutions. It is impossible to
be in all these points at the same time, it is necessary to
optimize one of these criteria, and other criteria should
be constrained. We will assume distinct information sys-

tems chosen to implement as variables x; (x; =0,1), then

accomplish the optimization and find ERP system to
agree to the optimal value of this criterion. Since the
ERP system is chosen according to many competing cri-
teria, the next step is the selection of another objective
function (criterion) and the calculation of the optimal
solution of this problem by these criteria. At the same
time, the criterion fj(x), under which the previous opti-
mization was performed, becomes one of the con-
straints. The criterion fi(x) is weakened by 1—5 % of its
optimal value. The solution of this optimization prob-
lem will give another ERP system for implementation.

We carry out k iterative steps, each of which performs
the optimization in turn according to all the criteria of a
subset, which are on the optimal limit of Pareto or in the
immediate vicinity of this one. As a result, we obtain
several solutions (Fig. 3) for the criteria that determine
the set of possible options for implementing ERP sys-
tems at the enterprise. Criteria indicated in Fig. 3 are
competing, so to determine the best option, each of the
criteria is supplemented by a subset of indicators that
characterize the effectiveness of the system.

In general, indicators have different impacts on the ef-
fectiveness of a specific ERP. Therefore, for each of the
system indicators, priority is given using the expert esti-
mation method [10]. The indicators vary from 0 to 1, the
sum of the priorities for a criterion is equal to one. In turn,
the business-customer has its own preferences and an es-
timate of the benefits of the systems implemented [11]. As
a result, ERP systems have different perspectives and im-
plementation priorities [12, 13]. Therefore, it is advisable
to determine the priorities ¢; of the implemented ERP
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Table
Comparative analysis of ERP systems
Indicator IT-Enterprise 1C: Enterprise Parus S APIJEBESP;nSQsPOne E- Bu(s)iili:csl:Suite
Manufacturer IT-Enterprise LLC “1C Kyiv, Parus, Kyiv, Ukraine | SAP AG, Germany | Oracle, USA
Ukraine”
Enterprise scale Small, medium, |Small, medium, Small, medium, large | Small, medium, Medium,

large

large

large

large

Deadlines of
implementation

6 months—
1.5 years or more

3 months — 1 year
or more

4 months — 1 year or
more

1—-5 years or more

1—-5 years or more

Estimated cost of | Cost of one work | License for one The cost of a license | About $ 390000 Cost of a solution for
implementation | place — from $100 | workplace is for one workplace is | USD for 50 users one workplace is
and above $150—600. The cost | $1—2 thousand. Cost | (includes license fee |about $5 thousand.
of implementing of implementation is | and implementation | The final cost is
one workplace is 100—200 % of the costs) comparable to SAP
$200—1000 price of the solution
Pricing policy Itis necessary to | Fixed price for a Fixed price for a Complex and Complicated. It is
negotiate with license license opaque necessary to
IT-Enterprise or negotiate through the
intermediary intermediary of the
PARUS corporation
The cost of In one year, about | Support is provided | 30 % per year from In one year about | In one year about
maintenance 10—20 % of the by the developer, software costs 18 % of the cost of | 15—20 % of the cost
cost of the system |not 1C. Up to 30 % the system of the system
of software costs
Availability of Huge range of Quite a big range of | Moderate range of Not enough Not enough
professionals and | availability availability availability
developers firms
Scalability of ERP | perfect good good good good
Operating System | Windows Windows Windows Windows, Unix, Windows, Unix,

Linux

Linux
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systems by an expertise. The sum of all the priorities i is
equal to one. In the last step, we calculate global priorities.
For each criterion, an indicator of the global priority is
calculated, respectively a *, § *, ..., u*. The priority indi-
cators indicate the portion of weight, or the advantages of
some ERP systems to others, considering all the criteria
and limits retained in the specific multicriteria task of the
optimal choice of the ERP system. Calculations are made
according to the following formulas

n
a* :zai*q)l

i=l1

. n
B =ZB1’*(P2 .
i=1 s

B n
=%,

i=1

a+ P+ =1

The ERP system that will be recommended for im-
plementation has a global priority that meets the for-
mula

Fmax = max(oc*, B*a ooy M*)

The research conducted for machine building com-
panies has allowed comparative analysis of ERP systems
commonly used in Ukraine. The data presented in Table
should be considered when formulating the criteria and
constraints when selecting an ERP system for a given
company.

Conclusions.

1. The method of multicriteria comparative estima-
tion for the selection of the best ERP systems is pro-
posed.

2. A two-stage algorithm for optimal determination
of the best systems by many criteria and an optimal
choice among them using expert estimates and analyti-
cal hierarchical analysis is proposed.

3. Based on the research carried out for machine-
building enterprises, a comparative analysis of the com-
mon ERP systems in Ukraine was made. It is advisable
to consider the analysis when formulating the criteria
and constraints for choosing an ERP system for an en-
terprise.
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Meton Buoopy ERP cucremn
i3 BUKOPHCTAHHAM OaraTOKpUTepiaIbHUX
onTuUMizauiitHux mMojesnei

M. A. Jlemuoenico
Jlep>xaBHMIT BUIIMI HaBYabHUI 3aknan ,,HaiioHanbHuUit
rippuumnit  yHiBepcuteT“, M. JlHinpo, YkpaiHa, e-mail:
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Meta. Po3poOKka TeOpEeTUYHMX i TPAKTUYHUX pe-
KOMEHJallili 11010 HayKOBO-OOIPYHTOBAHOT'O BUOOPY
cucteM ERP (Enterprise Resource Planning) Ta ix
cKjany i MiATPUEMCTB YKpaiHU i3 3aCTOCYBaHHSIM
€KOHOMIKO-MaTeMaTUYHOTO MOJICTIOBAaHHSI.
Meromuka. TeopeTMyHO ¥ METOIOJOTIYHOIO
OCHOBOIO JOCTIIKEHHS € (DyHIaMeHTaIbHI MOJIOXKEH-

HSI Cy9acHOI eKOHOMIUHOI Teopii, HayKOBi Tpalli Bue-
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HUX. Y TIpoleci AOCTIIKEHHSI BMKOPUCTOBYBAIUCS
TaKi METOOU: EKOHOMIiKO-MaTeMaTUYHOTO MOJICITIO-
BaHHS (VST PO3B’sI3aHHSI 0araTOKpUTEepiaJbHOI ONTH-
Mi3aliifHOI 3aJayi MOIIYKY OINTHMMAaJbHUX BapiaHTIB
VIPOBAIKEHHSI aBTOMAaTU30BaHMUX iH(OpPMALITHUX
CUCTEM JJISI YIIPaBIiHHS MPOMUCIOBUMU ITiAIPUEM-
cTBaMM); rpadiuyHuii (IJs1 HAOYHOIrO TPeACTaBICHHS
pe3yJabTaTiB JOCTIIKEHHS); aHATITUUHUI 1 CTPYKTYp-
Ho-JoTiyHM# (ripu ontumizauii Budopy ERP 3a anari-
TUYHO-i€EPAPXIYHUM MiAXOIOM).

Pe3yabTaTu. 3anpornoHOBaHO KOMITJIEKCHUM TTiaXi
IUIST 3HAXOKEHHST B yMOBaX HEBM3HAUYCHOCTI 3 BUKO-
pUCTAaHHSIM MOJEIIOBaHHs, Takoro ckiamy ERP, mo
3aJI0BOJIBHSIE Ta Y3TOMKYE BUMOTU 1O CHUCTEMHU SIK
OKpEMUX MiApO3MAiJiB CAyX0, TaK i BCbOTO MiANPUEM-
cTBa B 1ioMy. Po3pobneHa viTka cucrteMa MeTOOUY-
HUX TIOJIOXKEHb, MPUAATHUX i 3pYYHMX IJISI BUKOPUC-
TaHHSI Ha TTPAKTUII].

HaykoBa HoBu3HA. Po3po0jieHO MeTon onTUMab-
Horo OaratokputepiasibHoro Buoopy ERP cucremu B
YMOBax HEBU3HAUYEHOCTI, 1110 JA€ 3MOTY MiAMPUEMCTBY
3niicHioBatu BuOip ERP cucrem 3a BTacHUMM KpuTe-
piSIMU ONITUMAJIBHOCTI.

IpakTyna 3uauumicTe. OTpUMaHi pe3yabTaTh 1O-
CIIKEHHS HO3BOJISITh ITiATIPUEMCTBAM 3HU3UTH BUIAT-
ku Ha BrnpoBamxeHHss ERP cucrem, 3anpornoHoBaHuMit
METO/ 1 aJITOPUTM MOXYTb OyTH peajli3oBaHi B 10JaTKaxX
JIJIST KOMIT'IOTEPIiB i MOOITbHUX TIPUCTPOIB JIJIT aBTOMa-
TH3allii npouecy Bubdopy cucremu ERP Ta ii cknany.

Kumouosi caoBa: memod, modens, onmumizayis, Kpu-
mepiit, ERP, excnepmnuii ananiz, SAP

Merton Boioopa ERP cucrembl
C MCNO0JIb30BAHHEM MHOTOKPUTEPUAIBHBIX
ONTUMM3AUMOHHBIX Moeiei

M. A. Jlemudeniko

TocynapctBeHHOE BbIcHiee ydyeOHoe 3aBeneHue ,,Haiumo-
HaJbHBI TOPHBIM yHUBepcutTeT™, T. [dHerp, YKpauHa,
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Ienb. PazpaboTka TeopeTUUECKUX U TpaKTUue-
CKMX pEKOMEHIAIWil IS HayIHO-00OCHOBAaHHOTO
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BeIOOpa cucteM ERP (Enterprise Resource Planning)
1 MX COCTaBa ISl IPEANPUSITAN YKpanuHbI ¢ UCTIOJb-
30BaHMEM PKOHOMMKO-MAaTEMaTUIECKOTO MOIEINPO-
BaHUSI.

Metomuka. TeopeTUyecKoil 1 METOHIOJIOTNYECKO
OCHOBOM MCCJIeOBaHUS SIBJISIIOTCS (hyHIaMeHTalIbHbIe
MOJIOXKEHUSI COBPEMEHHOI SKOHOMUYECKON TEeOopuH,
HayJHBIC TPYIBI YUeHBIX. B Tpoliecce mcciemoBaHMs
KCIIOJIb30BAIMCH CEAYIOLIMEe METOMAbl: YKOHOMUKO-
MaTeMaTU4eCKOTO MOIEIUPOBAHUS (IS PEIICHMS
MHOTOKPUTEPUATHLHOM ONITUMHU3AIIMOHHON 3a1a4y 10~
HCKa ONITUMAJIbHBIX BAPMAHTOB BHEAPEHUSI aBTOMATH -
3UPOBAHHBIX MTH(GOPMAIIMOHHBIX CUCTEM IS YIIpaBJIe-
HUS TIPOMBINUICHHBIMU TIPEOIIPUSATUSIMM), Tpadude-
CKMI1 (U1 HATJISIIHOTO TIPENCTaBICHUS PE3YJIbTaTOB
HCCIIEI0BAaHNS ); aHATMTUICCKUI U CTPYKTYPHO-JIOTH-
yeckuii (pu ontTumMmusainuu Beidopa ERP no ananuTu-
4eCKHU-MepapXUuecKoMy MOIXOLY).

Pe3ynbratel. IlpemiokeH KOMIUIEKCHBIA MOIXOM
IIJIST HAXOKIEHUS B YCIOBUSIX HEOTIPEIEICHHOCTH C MC-
M0JIb30BaHUEM MOJIeIUpoBaHusl, Takoro coctaBa ERP,
KOTOPBI YyIOBJIETBOPSIET U COIJIACOBLIBAET TpeboBa-
HHUS K CHUCTEME KaK OTHCIbHBIX IOIpa3nejicHUui U
ClTy>k0, TaK U BCETo MpeanpusTus B 1iesoM. Pazpadora-
Ha 4YeTKas CUCTeMa METOIMYECKUX TOJIOKEHU, TIpH-
TOIHBIX 1 YIOOHBIX TSI MCITOTb30BaHMS HA TIPAKTHKE.

Hayuynas HoBu3Ha. PaspabGoTaH MeTon ONTUMAaJb-
HOTO MHOTOKpUTepuaabHoro Beioopa ERP cucrembl B
YCIIOBUSIX HEOIPEACICHHOCTU, YTO IO3BOJSICT Mpe-
MPUSTUIO ocyllecTBIsATh Bbioop ERP cucteM mo co6-
CTBEHHBIM KPUTEPUSIM ONTUMAIbHOCTH.

IIpakTiyeckas 3HaYMMOCTb. [lojydeHHBIE pe3ylib-
TaTbl MCCJICAOBAHMS ITO3BOJISIT MPEANPUSTUSIM CHU-
3UTh pacxoabl Ha BHeapeHue ERP cucrem, mpemio-
JKEHHBIA METOI M aJITOPUTM MOTYT OBITh peaTM30BaHbI
B NPWIOXEHUSX IJIT KOMITBIOTEPOB M MOOWIIHHBIX
YCTPOMCTB IIJISI aBTOMATH3aIMHU IIpoliecca BEIOOpa CH-
crembl ERP u ee cocTtasa.

KimoueBble ciioBa: memod, modenb, Onmumu3ayus,
kpumepuii, ERP, sxcnepmmuutii anaauz, SAP

Pekxomendosarno 0o nybaikauii dokm. mexH. HAyK
B. M. lllanosan. lama naoxodxcenns pyxonucy 23.07.17.
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