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Abstract: Data Envelopment Analysis for risks assessment: This paper introduces the ad-
vantages of applying Data Envelopment Analysis (DEA) in the field of Risk Management. It
describes the key functionality features of DEA for comparing the risks within a project and
risk ranking process using DEA efficiency marks. It also points the specifics of using DEA
as risk ranking method, its disadvantages and solutions for specific needs.
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Pe3rome: AHanm3z Ha cpaBHuTesHaTa e¢pektnuBHocT (Data Envelopment Analysis - DEA) 3a
OUeHKa Ha puckose: Ta3u cTatusi NpeacTaBs NpeauMcTBaTa Ha npuaaraHeTo Ha Metoaa
3a aHasin3 Ha cpaBHUTaIHaTa epeKTUBHOCT B 06/1aCTTa Ha yrnpasraeHne Ha pucka. Onucea
OCHOBHUTE (PYHKLMNOHAJTHN XapaKTepUCTUKM Ha DEA 3a cpaBHSIBAHE Ha PUCKOBE B PaMKUTE
Ha rpoueca Ha paHXWpaHeTo Ha AaAdeH MpPoeKkT u n3ros3BaHeTo Ha DEA Kato MHCTPYMEHT
Ha e@eKTnBHOCTTa. TS CbLO Taka pasrziexga crieyngukara Ha u3rnosizBaHe Ha DEA KaTto
MeTo4 3a KaacupaHe Ha pucKa, HeAOCTarbUMTE MYy U OCBET/ISIBA Bb3MOXHW pELUEHUSs 3a
crneynguyaHn rnpoeKTHU HYXAu.

KnrwoyoBn pagymu: aHain3s Ha CpaBHUTE/IHATa Ed)eKTMBHOCT, yrnpaBJ/ieHne Ha puvckKa,
paH>XupaHe Ha pUCKoOBe.

JEL Classification: M11, M21, C21, 031, 032

I. Introduction I. BbBeaeHune

Data envelopment analysis (DEA) is a AHanu3bT Ha CpaBHUTENHaTa edqeKTuB-
method evaluating a potential project, HOCT, MO3HaT B JiuTépaTtypaTta KaTo Data
or aiding the process of making another envelopment analysis (DEA) e meToa 3a

OUEHsABaHe Ha rnoTeHuwnaneH MpoekT, Unu
3a noAarnoMaraHe B3eMaHeTo Ha ApYyro yn-
paBNEHCKO pelleHue, 1U3rnosi3sall MHOMoK-
puTepuanHaTa OuUeHKa, KOWTO MO3BOJisiBa

management decision, using multicrite-
rial assessment, which allows comparing
indicators with diverse measuring units.

For_example, for a specific set of potential CpaBHSBAHETO Ha MOKa3aTenu C pasfnuuHu
projects, the managers of the company MepHMU eavHuun. Hanpumep, 3a cneundu-
need to assess the cash flows, to rank the yeH Habop OT MOTeHLUMaNHU NPOeKTU, Me-
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project availability to the available com-
petences, to rank the project potential for
building the desired future competences,
the range of their technical feasibility and,
finally, the range of attractiveness to con-
sumers. Each of those indicators covers
a part of the project, which is completely
different from the others and the num-
bers, describing those indicators are dif-
ferent measurement units. In this case,
the first indicator is a relatively constant
value, while the second and the third are
in fact, ranks, category values obtained
as a result from comparing alternatives.
This leads to difficulties in determining the
differences between the separate levels
of ranking. The last two indicators can be
measured in points, obtained when apply-
ing a ranking system or different types of
scales — for example, Likert scales (Zhu,
2009).

The aim of this paper is to prove theoreti-
cally the applicability of the data envelop-
ment analysis as a method of assessment
and prioritizing the risks, especially in the
innovation activities.

For the achievement of the above-men-
tioned aim, the following objectives have
been assigned: to clarify the essence of
the method, to reveal its functional po-
tential, advantages and disadvantages, as
well as to make conclusions about its prac-
tical application.

Il. Description of the method

The method Data Envelopment Analysis
(DEA) is based on the term ,decision-
making unit” (DMU) in order to identify
business operations, processes or objects,
which are subjected to data envelopment
assessment. Every DMU has a set of input
and output parameters, which are multi-
lateral measures of performance (Charnes,
Cooper 8 Rhodes, 1978). To illustrate the
method, a set of n observations of the
units concerned is used. Each observa-
tion, DMU, (ji=1, 2, ..., n), uses m inputs
X;; (i=1,2,...,m) to produce s outputs '
(r=1,2,...,s).

HUAXbpUTE OT DmMpMaTa TpssbBa ga Hanpa-
BAT MpeueHKa 3a napuyHuTe noTtoum, Aa
paHXupaT NpOeKTHaTa MPUrogHoCT C Ha-
NNYHNTE KOMMETEHUMN, Aa paHXMpaT Nnpo-
€KTHUS1 NOTEeHLMaN 3a U3rpaxaaHe Ha xe-
naHunTe 6baewm KomneTeHuum, obxBaTbT
Ha TAXHaTa TEeXHWYEeCKa M3MbJHMMOCT U
AVanasoHbT Ha NPUBJIEKATE/IHOCTTA 3a Mo-
Tpebutennte. Bcekn OT Te3M nokasatenu
obxBalla AajeHa CTpaHa Ha MpoekTa, Kos-
TO € KQ4YeCTBEHO pa3/inyHa OT OCTaHanuTe
W yncnarta, onMcBallM Te3n nokasaTenm ca
C pas/IM4yHM MEepHU eauHuun. B cnyuas,
NMbpPBUAT NMOKasaTes € CTOMHOCTEH U € C OT-
HOCUTENTHO MOCTOSIHHA BE/IMYNHA, @ BTOPU-
AT U TPETMAT BCbLHOCT Ca paHroBe, KaTte-
FOPUAHN BESIMYMHKN, NOSTYYEHN B pe3ynTaT
Ha CpaBHsABaHe Ha afTEpPHATUBMK MOMEXAY
uMm. ToBa BOAM OO0 3aTPYAHEHUS Mpu oOn-
penensHe Ha pasnuuuMsiTa Mexay oTaen-
HUTE HMBA Ha paHXupaHeTo. [ocneaHuTe
ABa rokasaTtens mMoraTt Ja ce u3MepBaT C
TOYKMW, MOJIyYEeHU B pe3yaTaT npuiaraHeTo
Ha cMCTeMa 3a paHXWpaHe WU pPasUyHU
BMAOBE cKanu — Hanp. JInkepToBU CKanu
(Zhu, 2009).

LlentTa Ha cTaTusTa e ga ce Aokaxe Teo-
PETUYHO MPUIOXKMMOCTTA Ha aHanM3a Ha
CcpaBHUTenHaTa edeKTMBHOCT KaTto MeToj
3a OLleHKa 1 NpUopUTU3NpPaHE Ha PUCKOBE,
0cobeHo B MHOBaLMOHHATa AENHOCT.

3a nocTuraHeTo Ha Taka dopMmynmpaHaTa
Len ce NMocTaBsaT clegHUTe 3ajayn: ga ce
M3SICHN CbLLHOCTTa Ha MeToAa, Aa ce pas-
KpUAT GYHKLMOHANHNTE MY Bb3MOXHOCTH,
npeaMMcTeaTa M HeAOCTaTbLUTE MY, KaKTO
M Aa ce HampasBsaT M3BOAM 3@ NpPaKTUYeCKo-
TO My MpUIOXKEHMeE.

II. CbwHOCT Ha MeToaa

MeToabT,,AHanM3 Ha cpaBHUTENHaTa edek-
TuBHocT" (DEA) ce 6asupa Ha TepMuHa
»€OMHNLUM 3a B3eMaHe Ha pewweHuns” (DMU)
3a Aa 6baaTt nocovyeHu busHec onepaunu,
npouecu mnam obekTn, KoUTo ce nognarat
Ha CpaBHWUTESIHO oueHsiBaHe. Bcekn DMU
nMa Habop OT BXOAAWM M U3XOAALWM Na-
pameTpu, npeacTaBfsBallM MHOrOCTpaH-
HW U3MepUTEeNn Ha NPOU3BOAUTENHOCTTA
(Charnes, Cooper § Rhodes, 1978). 3a
WMOCTPUPaAHE Ha MeToAa ce npuema Habop
OT n HabnaeHWs Ha pasrnexaaHuTe eam-
Huuu. Bcsiko HabnioaeHwue, DMUJ. (=1,
2, ..., n), nanonsea m Ha 6pon BXxoaa
%, (i=1,2,....m) 3a ga npoumsBene s Ha
bpoit usxona y, (r=1,2,...,s).
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Table 1. Description of inputs and outputs for DEA analysis
Ta6bnuua 1. OnncaHmne Ha BxogoseTe n usxoamte 3a DEA aHanu3

Inputs (xij) Bxognose Outputs (yrj) Usxopmn
X1 X2 X... xm yl y2 y... ys
DMU1 x11 x21 X...1 xml yll y21 y..1 ysl
DMU2 x12 X22 X...2 Xxm2 yl2 y22 y.2 ys2
DMU... X1... X2... v xm... yl.. y2.. YA yS...
DMUnN x1n Xx2n X...n Xxmn yln y2n y..n ysn
The empirical effective border, or good prac- EMnupnyHaTta edekTMBHa rpaHuua, wnum
tices border is determined by those n obser- rpaHuvua Ha fobpute NpakTUKKM e onpeje-
vations. Two characteristics x; and y,; pro- NeHa oT Te3n n HabntoaeHus. [iBeTe xapak-
vide building a segment linear approximation TEPUCTVKW X; N Y,; OCUTYPABAT MU3TpaxAaa-
of the effective curve, which possesses the :: :c?)echr:;HH;:aa K”Z';Z”':(%:Tr")pg'(%:)iggg
following two properties (Zhu, 2009): P ! b .
cnepgHuTe ase ceolictea (Zhu, 2009):

n
Convexity. ;lj.x,-j ,(1=1,2,...,m) n (1)
M3nbkHanocT. =1
n
_Zlij-yrj,(rzl,z,...,s) @
j=
are possible inputs and outputs, achiev- Ca Bb3MOXHMW BXOA4OBE U WU3XO0AM, AOCTU-
able for DMU, where A, (j = 1,2,..., n) are xumn 3a DMU, kbaeto A, (J = 1,2,..., n)
positive numbers, fulfilling the condition Ca NMONOXNTENHN YnCna, n3nbjiHABaLWN yC-
NoBUETO
n
J=1
Inefficiency. The same y ; can be obtained HeegpekTnBHOCT. CbLMAT y,. MOXe Aa 6bae
by using iij, where ?ijz X (i.e. the same noslyyeH 4pe3 M3nosi3BaHe Ha ?ij, KbAETO
level of output indicators has been ob- ?ijz X;; (T.e. CbWOTO HMBO Ha W3XOLHU-
tained, using larger input indicators); yrj Te rokasaTenu e noJsily4YeHo, M3nosn3Baiku
can be obtained with the same x; where Mo-ronemMu BxoAlImM nokasatesm); Cbe Cb-

Wmst X, MOXe Aa Gbe MONYUeHo ¥, Kbie-
TO Sy, (T.€. CbMST BXOAEH MOKasaTer
MPOV3BEXAA MO-HUCKO HUBO Ha M3XOAHWS
tor). nokasaren).

AKO ce npveMe 3a MpuUMep OLEHsIBaHe
e(eKTMBHOCTTa Ha pasNMYHM AOCTaBYMLN,
TO KaTo ABe BXOAHW BEUYMHW MoraTt Ja

¥,SY, (i.e. the same input indicator pro-
duces a lower level of the output indica-

If we take as an example the assessment
of efficiency of different suppliers, then

two input values can be total expenses 6baaT 06LMTE Pa3xoam U 06LOTO BpeMe 3a
and total time for the suppliers’ orders. pearMpaHe Ha 3asBKUTE Ha AOCTaBUMUMTE.
For every specific x, (i=1,2,...,m) and 3a Bceku crneundudeH x, (i=1,2,...,m) n
y,(r=1,2,...,s), the following system can y, (r=1,2,...,s), MoxXe Aa ce 3anuiie cuc-
be written: TeMaTa:

n
{zj.x,.j <x;, i=12,...m
=
n
.Zl‘,lj Vij Ve r=1L2,.5 4)
=
25 =1
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The next step is to assess the empirical
(linear by segment) curve of efficiency,
described by the system (4). The Data
Envelopment Analysis (DEA) presented
initially by Charnes, Cooper and Rhodes,
has proven a useful tool when such em-
pirical borders and assessment of data
envelopment are determined (Charnes,
Cooper8Rhodes, 1978). DEA uses math-
ematical programming for implicit assess-
ment of alternatives, lying within the bor-
ders of the empirical effective curve.

111. Functionality

All business operations and processes in-
clude a transformation — adding value as
a result of the change of resources and
transforming them into goods or services,
sought by the customers. The transforma-
tion involves using input resources — la-
bour, materials, energy, machines, and
other resources for generating certain out-
puts — manufactured products, services,
consumer satisfaction and other results.
Risk management includes a similar pro-
cess of transformation. For example, risk
analysis uses the data available for events
with a degree of uncertainty and trans-
forms them into risk assessments. The
risk management systems use the risk as-
sessments, information about costs, nec-
essary to influence these risks or digress-
ing reserves to use as input indicators. The
system receives data about the corrected
risk indicators at the output (Kiryushkin &
Larionov, 2009).

The managers are often interested in as-
sessing the efficiency of different activities
by taking into account the numerous per-
formance indicators (inputs and outputs).
A typical example of an innovation process
is the manager to be interested in compar-
ing several risk management strategies in
view of the probability of risk, its weight
in terms of damage, the financial means
needed for the strategy, the expected out-
comes. Eliminating or improving the inef-
ficient strategies reduces the value of in-
put indicators and improves performance.
Performance assessment and comparative
(reference) evaluation contribute to im-
proving the productivity and efficiency of

CnepBawaTa CTbNKa € Aa Ce OUeHU eM-
nMpuyHaTta (NOCEerMeHTHa JINHENHa) Kpu-
Ba Ha edeKTMBHOCT, OMMcaHa 4pe3 Ccuc-
TemaTta (4). AHanM3bT Ha CpaBHUTeNHaTa
edekTmBHOCT (Data Envelopment Analysis
- DEA) npenacraBeH nbpBOHa4yaaHO oOT
YapHc, Kynbp n Poac e nokasaH npunio-
XXWUM MHCTPYMEHT Mpu OnpeesisHe Ha no-
OO06HM eMMUPUYHU FpaHULKM M OLEeHKa Ha
cpaBHuTenHata edektnsHoct (Charnes,
Cooper§Rhodes, 1978). DEA wu3nonsea
MaTeEMaTUYeCcKo TrporpaMmmpaHe 3a WM-
NINUWMTHO OUEHsIBaHe Ha anTepHaTuBuUTE,
nexawm B rpaHuUMTE Ha eMnupuyHaTa
edeKTnBHa KpuBa.

III. ®yHKLUMOHAJ/IHN Bb3MOXXHOCTHU

Bcuukm 6u3HEC onepauum U npouecu
BKOUBAT TpaHcdhopMauua — gobaBsaHe Ha
CTOMHOCT B pe3ynTaT Ha NpoMsHa Ha pe-
CypCcuTE M NPEBPBLLLAHETO UM B CTOKU UMK
YCNYyrn, KOUTO K/IMEHTUTE TbpCAT. TpaH-
chopmaumnaTa npeacrasnsiBa M3nonsBaHe
Ha BXOAHM pecypcu - TpyAa, MaTepuanu,
eHeprus, MawwHW, Apyru pecypcu 3a re-
HepupaHe Ha onpeaenieHn MU3XoaAW - Mpo-
n3BeaeHW NpoAYKTW, ycnyru, notpeburen-
CKa y[AOB/IETBOPEHOCT M APYrM pe3ynTaTu.
YnpaBfieHNeTo Ha PUCKOBE BK/IHOYBA NOAO-
6eH npouec Ha TpaHcdhopmaumsa. Hanpu-
Mep, aHasM3bT Ha pUCKa U3MNoN3Ba Hanuy-
HUTe AaHHM 3a CbOUTUSA C HAKAKBa CTeneH
Ha HeonpeaeneHocT 1 rnm TpaHcdopmupa B
OLLeHKM Ha pucka. CucrtemuTe 3a ynpasne-
HMe Ha pMCKa M3MOoa3BaT OLEHKUTE Ha pu-
cKa, nHdopMauuns 3a pasxoamTte, Heobxo-
AVMMW 3@ Bb3AENCTBUE BbPXY TE3M PUCKOBE
WIN OTAENsHE Ha pe3epBu KaTo BXOAALM
nokasatenn. Ha mn3xopa cucrtemata nony-
YaBa AaHHW 3a KOpUrMpaHuUTe MnokasaTe-
nn Ha puckoseTte (Kiryushkin & Larionoy,
2009).

MeHnaXbpUTe 4ecTo Ca 3aMHTepecoBaHu
Aa oueHsBaT KOSIKO edeKTUBHO npoTuyart
pa3/IMyHUTE HAENHOCTUM KaTo Cce oTyuTaT
MHOrobpomHuUTE MnokasaTesn 3a Mpous-
BOAUTENHOCT (BX0A4OBE M m3xogwm). Tunu-
YeH NpMMep B eAVH MHOBALUMOHEH npouec
€ MeHUIKbpPbT Aa O6bAe 3aMHTepecoBaH
[a CpaBHM HAKONKO CTpaTternn 3a ynpa-
B/lIeHMe Ha PpUCKOBETe C Orfes Ha Bepo-
ATHOCTTa 3a pWUCKa, HeroeBaTa TeXeCT OT
rnegHa Todka Ha LWweTuTe, HeobxoammuTe
(dunHaHCOBM CpeacTBa 3a cTpaTerusara, oud-
aKBaHuTe pe3ynTtatn. EnMMmnHmnpaHeTo nam
nopobpsBaHeTo Ha HeedEeKTUBHUTE CTpa-
TerMn HamansiBa CTOMHOCTTa Ha BXOAHUTE
nokasatesm u  nopobpsiea MpomM3BOAMU-
TenHoctTta. OueHsBaAHETO Ha MpPOM3BOAU-
TE/IHOCTTa M CpaBHUTENHOTO (eTasioHHO)
OLleHsIBaHe AOoMnMpuHacaT 3a nopobpsiBaHe
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operations and processes (Kiryushkin &
Larionov, 2009).

Performance assessment is an important
tool for continuous improvement, in or-
der for the company to remain competi-
tive, especially when it comes to business,
carried out by high-tech industries. Com-
parative evaluation is a pre-requisite for
every business unit to evolve, to improve,
in order to survive and prosper in the sur-
rounding business environment, facing
global competition.

In contrast to optimization methods,
where the efficient border is measured on
the condition that the functional relation-
ships between individual performance in-
dicators are known, in data envelopment
analysis the efficient border is obtained as
a result of numerous indicator measure-
ments, which are not necessarily related
functionally. For example, the volume of
waste and that of production are two in-
terdependent variables, whose ratio re-
flects performance, but unfortunately,
such information is not always accessi-
ble. Provided that the purpose of measur-
ing performance is to evaluate a business
process from within and to compare it to
similar business processes from outside,
in order to identify the best practices, such
information can be obtained. The efficient
curve can be determined empirically,
based on observations on a business pro-
cess/operation at different points in time,
or on similar business operations in one
specific time period (Camp, 1995). In any
case, the performance of business units is
a complex phenomenon, requiring more
than one indicator to characterize it.

IV. Advantages and Disadvantages

Data envelopment analysis is character-
ized by certain characteristics and limita-
tions, which determine its application. The
researcher should take into account the
following specifics of the method.

Being inherently an optimization method,
data envelopment analysis carries the
flaws of optimization tasks, related to find-
ing the dominant weighted combination,
i.e. the separate models indicate only the

Ha NPOAYKTMBHOCTTA U epeKTUBHOCTTA Ha
onepauunte n npouecute (Kiryushkin &
Larionov, 2009).

OueHsiIBAHETO Ha MpOM3BOAUTENHOCTTA €
BaX€H WMHCTPYMEHT 3a HenpeKbCHaTO Mo-
pobpsBaHe, c uen ¢upmaTta aa ocTaBa
KOHKYPeHTOCNocobHa, 0cobeHo B ycnoBus
Ha 6M3HEC, OCbLUECTBSIBAH 4pe3 BMCOKO-
TEXHONOrMYHM NpounsBoacTBa. CpaBHUTEN-
HOTO OLEHsIBAaHEe e npeanocTaBka BCsKa
6u3Hec-eaMHMLA MNOCTOSIHHO @ €BOIOUPA,
Aa ce nogobpsiBa 3a Aa ouenee v Aa nNpoc-
nepuvpa B obkpbXkaBalata 6usHeccpeaa,
nocpewankn rnobanHaTa KOHKYpeHuus.

3a pasnmMka OoT ONTMMWU3aUMOHHUTE METOo-
OVKKW, Npn KOoUTO edekTuBHaTa rpaHumua
ce M3MepBa Mpu ycnoBue, 4ye ca WU3BECT-
HU (QYHKUMOHANHUTE OTHOLUEHUS MexAay
OTAENHM MOKas3aTennm Ha Npou3BOAUTESN-
HOCTTa@, MpPW aHanM3 Ha CpaBHWUTeNHaTa
edeKTUBHOCT, edeKTuBHaTa rpaHuua ce
nony4yaBa B pe3yntar Ha MHOrobpomHmu
M3MepBaHUS Ha Mokas3aTenu, KOUTO Hs-
MaT 3a4b/IKUTENHO (YHKLMOHANHA BPb3-
Ka nomexay cu. Hanpumep, obeMbT Ha
oTnagbumTe M 06eMbT Ha nMpousBeneHaTa
NpoayKuKns ca ABe B3aUMHO3aBUCUMM MpPO-
MEH/IMBMN, YMETO CbOTHOLLUEHME OTpa3sBa
NpoOu3BOAMUTENHOCTTA, HO 3a CbXXajieHue,
nogobHa mHOpMaUnsa He BMHaArum e Agoc-
TbnHa. MNpu ycnoBue, ye LenTa Ha U3Mep-
BaHe Ha NPOM3BOAUTENHOCTTA € Aa Ce oue-
HU AaAeHUAT buHec-npouec oTBbTPE U Aa
ce MpoTMBOMNOCTaBM Ha nmoaobHu 6usHec-
npoLecu OTBBbH 3a Aa Ce onpeaensaT Han-
nobpute npakTukun, nogobHa MHpopmMaums
6u Morna ga 6bae nonyyeHa. EdpekTneHaTa
KpvBa MOXe Aa ce onpeaeny eMnupuyHo,
OCHOBaBalKn ce Ha HabnwaeHUs Ha eauH
6usHecnpouec/onepauus npes pasinyHu
BpPEMEBM TOYKM WM Ha CXOA4HW BU3Heco-
nepaunM B eauH cneunduyeH BpeMeBU
nepuoa (Camp, 1995). BbB BCcekun cnyyan,
NpoM3BOAUTENHOCTTAa Ha OuM3HeceanHu-
uMTEe e KoMnnekceH (peHOMeH, M3UCKBaLy,
noeeye OT e4AMH MoKas3aTes 3a XapaKTepu-
3MpaHeTo 1.

IV. NpeanmMcTBa 1 HepgocTaTbUM

AHanM3bT Ha CpaBHUTENHaTa epeKTUBHOCT
Ce xapakTtepusupa C onpeaeneHu ocobe-
HOCTM M OrpaHNYEHUs, KOUTO 0B6yCcnaBsaT u
HeroBoTo npunaraHe. lNpu oueHsiBaHe Ha
edheKTUBHOCTTa, u3cnenoBaTensaT Tpsibsa
ha ce cbobpasm CcbC cnegHnTe crneundukn
Ha MeToaa.

BMLI,EVIKM MO CBOATA CbLLWHOCT OMNTUMWM3a-
LUMOHEH METOA, aHa/iM3bT Ha CpPaBHUTEN-
HaTa eheKTUBHOCT HocK B cebe cu HeLoC-
TaTbUMTE Ha OMNTMMU3ALMOHHMUTE 3a4auu,
CBbP3aHM C HaMMWPAHETO Ha AOMUHMpaLLA-
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local optimums of the problem while there
exists a more precise complex solution.
Besides, the methods for solving optimi-
zation problems are complex for manual
calculation, which limits their use without
specific computing technology.

DEA must have sufficient data for obtain-
ing efficient results. For a small number of
DMU or a very high number of observed
parameters, DEA may not find inefficient
DMU. The minimum requirement is the
number of observed DMU to be at least
double the number of the parameters ob-
served.

DEA builds the efficient curve on the basis
of the available prevailing DMU, irrespec-
tive of whether they reach the theoreti-
cal efficient curve or not. DEA identifies a
point as effective although it may be tech-
nologically possible to increase efficiency
- fig.1.

0 5 10 15
Pecypc X

Ta npeterneHa KoMbuHauusa, T.e. oTAenN-
HUTE MOAEeNM Moco4yBaT CaMoO JIOKAJIHUTE
ONTMMYMW Ha 3ajadaTa, AO0KaTO CbLUecT-
ByBa no-npeumn3Ho KOMMJIEKCHO peLUEHUE.
OcBeH TOBa, MeToAMTE 3a pellaBaHe Ha
ONTUMU3ALMOHHN 3a43a4YM Ca CJIOXHU 3a
PbYHO NpecMsiTaHe, KOeTo orpaHM4yaBa m3-
nonseaHeTo UM 6e3 cneymduyHa N34mnciun-
TeNHa TeXHUKA.

DEA TpsbBa pa pasnonara C AOCTaTb4eH
ob6eM gaHHM 3a nonyyaBaHe Ha eEeKTUBHU
pesyntaTtu. MNMpn manbk 6poin DMU mnnan npu
MHOro ronsm 6pon HabnwaaBaHu napame-
Tpu DEA MOXxe fa He oTKpue HeedeKTUBHU
DMU. MMHMMaNHOTO U3NCKBaHe € bpoAaT Ha
HabnoaasaHnte DMU pga 6bae noHe ABOM-
HO no-ronam ot 6post Ha HabnogaBaHuTe
napaMeTpu.

DEA nocTtposiBa edekTuBHaTa KpuBa Bb3
OCHOBaA Ha HanuM4yHuUTe foMUHUpawm DMU
He3aBucuMo ot dakTa, Aanu Te gocrurat
TeopeTnyHaTa edekTMBHa Kpma. DEA on-
penens kato edekTuBHA AajleHa Touka,
BbMpEeKn, Ye MOXe [a CbLleCTBYBa TEXHO-
JIOrMYHa BBb3MOXHOCT 3a MOBULLABaHe Ha
edekTnBHOCTTa — ur.1.

® DMU

e DEA [paHMU@ Ha
edeKkTMBHOCT

TeopeTuyHa
rpaHuLa Ha

20 25 30 edeKTuBHOCT

Figure 1. DEA efficiency curve and theoretical border of efficiency
®durypa 1. DEA kpuBa Ha epeKTUBHOCT N TEOpPETUYHA rpaHmnua Ha ePeKTUBHOCT

DEA forms the hypothetical DMU, drawing
it by a weighted combination of real DMU.
Nevertheless, there is no guarantee that
such hypothetical combination could ex-
ist in real conditions. Comparing real DMU
with the weighted combination, there ex-
ists probability for a situation, in which two
efficient DMU, which have achieved high
results in two separate parameters, can

DEA dopmupa xmnotetnyHata DMU kaTo 4
CbCTaBsa NOCpeacTBOM MpeTersieHa KoMbu-
Hauma Ha peanHute DMU. Bbnpeku ToBa
HsMa rapaHuus, 4ye noaobHa XxMnoTeTuy-
Ha KoMbuHaumsa 6u Morna ga CbluecTByBa
B peanHu ycnosus. CpaBHsiBalikun pean-
HaTta DMU c npeterneHata kombuHauus,
CblUEeCTBYBa BEPOATHOCT 3a CUTyauusd, B
KoaTo aABe edektnsHu DMU, nocturHanm
BMCOKW pe3ynTaTu B iBAa OTAENHU NnapaMe-
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form an efficient border that is physically
unattainable for the other DMU, trying to
achieve good results in both parameters
simultaneously. The researcher should
analyse carefully the nature of data. In
some cases, such a problem can be avoid-
ed through the choice of an appropriate
DEA model for different types of effects of
scale.

The classical DEA model does not take into
consideration the priority of parameters
(Shen, Hermans, Da Ruan, Wets, Brijs 8
Vanhoof, 2011). The leading role (or ratio)
of one parameter may ensure maximum
efficiency evaluation, although a specif-
ic parameter (or ratio) in a specific case
have low priority. Besides, the classical
DEA models do not imply interval or inac-
curate assessments. If the study implies
the application of such assessments (Kuah
8 Wong, 2011), it is necessary to use the
respective modifications of DEA (for ex-
ample, Stochastic DEA (SDEA), Fuzzy DEA
(FDEA), Imprecise DEA (IDEA) and oth-
ers).

DEA cannot provide an answer as to which
of the two efficient DMU has higher as-
sessment — if they are both effective so-
lutions, they have been evaluated with
the maximum grade, equal to one. In this
way, the efficiency assessments could be
used for ranking only of inefficient DMU.
For ranking the efficient DMU, it is neces-
sary to use additional assessments.

The classical DEA model is not appropriate
for evaluation of DMU efficiency as individ-
ual units in situations when they can com-
bine and work together for the achieve-
ment of a common goal.

V. Conclusions

1. The data envelopment analysis is a mul-
ti-criterion assessment, using linear pro-
gramming to combine indicators with dif-
ferent units of measurement and to build
a hypothetical efficiency border, which
determines the best performance of each
indicator. This border can also be used to
compare input data (e.g. costs) with the
output data (expected benefits). Thus the
distance of each alternative solution from
this hypothetical efficiency border be-

Tbpa popMmpaT TakaBa edeKTUBHA FPpaHu-
ua, KoaTo e dus3myeckn HeaoCTUXMMa 3a
apyrnte DMU, onuTBawm ce aa nocTurHaTt
nobpu pesyntatm B ABaTta napaMeTbpa
efHoBpeMeHHOo. W3cneposaTtenat Tpsbea
BHMMATE/IHO Aa aHanm3upa xapakrtepa Ha
AaHHUTe. B oTaenHu cnydam TakbB Mpo-
6nem moxe aga 6bae nsberHat upes nsbopa
Ha noaxoasaw, DEA mMoaen 3a pas/iniyHu Bu-
poBe edekTn oT Mawaba.

Knacnyeckmat moanen Ha DEA He B3eMa
npeasua NpUOpUTETUTE Ha NapaMmeTpuTe
(Shen, Hermans, Da Ruan, Wets, Brijs §
Vanhoof, 2011). JlupepctBo Ha eanH (Unm
CbOTHOLUEHNE) OT MapaMeTpuTe MOXe Aa
OCUFYpW MaKCMManHaTa oueHKa Ha edek-
TUBHOCTTA, BbMPEKU Ye KOHKPETEeH napa-
MeTbp (MM CbOTHOLUEHWE) NPU KOHKPETEH
cnyyanm nputexasa HUCBHK npuoputeT. Oc-
BEH TOBa Kslacmyeckute Mmoaenu Ha DEA He
npeanonaraTt M3non3BaHe Ha WHTepBasiHU
WIN HETOYHW OueHKW. AKO u3cneaBaHe-
TO npeanonara npunaraHe Ha TakbB BUA
oueHkn (Kuah § Wong, 2011), Heobxoaun-
MO e [a ce MNOon3BaT CbOTBETHUTE MOAU-
dukaumn Ha DEA (Hanpumep, Stochastic
DEA (SDEA), Fuzzy DEA (FDEA), Imprecise
DEA (IDEA) v apyru).

DEA He MOXe na faze oTroBop, Koe OT ABe
edektmBHn DMU wuMa no-BuCOKa OLEH-
Ka - WOM ce edeKTUBHWN peLleHuns, Te ca
OLEHEHM C MaKkCMManHaTa oueHKa, paBHa
Ha eanHuua. Mo TO3M HAYMH OLEHKUTE Ha
edeKTMBHOCT 6uxa MOrnM ga ce M3nons-
BaT 3a paHXMpaHe caMo Ha HeeDEeKTUBHU-
Te DMU. 3a paHxwupaHe Ha edeKTUBHUTE
DMU e HeobxoaMMo ga ce m3nonseaTt Ao-
NbJAHUTENHN OLLEHKM.

Knacnyeckusat moaen Ha DEA He e noaxo-
AL, 3@ oueHKa Ha edekTnBHoCT Ha DMU
KaTO CaMOCTOATE/IHU eQUHNLUM B CUTyauu-
UTe, Korato Te MoraT Ja ce KOMbuHupaT
M Aa paboTaT CbBMECTHO 3a MOCTUraHe Ha
obuwa uen.

V. 3aknroueHue

1. AHann3bT Ha CcpaBHUTENHaTa edeKTUB-
HOCT e MHOroKpuTepuasnHa OLeHKa, u3-
nonseawa JSIMHENHOTO NporpammpaHe 3a
Aa KoOMOMHMpa nokasaTenu, KOUTO ca C
pasfiIM4YHM MEpHWU eAuMHMUM U Aa U3rpagum
XUNOTETUYHA rpaHuLa Ha eeKTUBHOCTTA,
KOSITO onpeaens Han-gobpoTo npeacrass-
He Mo BCEKM OT nokasaTenuTe. Tasu rpa-
HMUa CbLO MOXe Aa 6bae nsnosssaHa, 3a
[a Ce CbMNOCTaBAT BXOAHUTE AaHHM (Hanp.
pasxoau) C usxoaHute (o4YakBaHW MNoOn3n).
Taka cTaBa BMAHO OTCTOSAHMETO Ha BCSKO
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comes clear, and each of these solutions is
assigned a certain value of efficiency.

2. The efficiency values are used for rank-
ing alternative solutions for risk manage-
ment, or for identifying them in some
dominating order according to the prob-
ability of risk, its weight in terms of dam-
ages and the funds needed for implement-
ing a specific strategy.

3. Some of the main advantages of the
method in relation to risk management
can be summarized as: its use to dis-
cover strengths and weaknesses of busi-
ness operations, activities and process-
es; business being better prepared to
meet consumer needs and requirements;
awareness of opportunities for improving
running operations and processes with the
purpose of creating new products, servic-
es and processes.

OT anTepHaTUBHUTE peLleHUss OT Tasu Xu-
noTeTMYHa rpaHMua Ha edeKTUBHOCTTA,
KaTo ce MpuUCbXAa onpeneneHa CTOMHOCT
Ha epeKTMBHOCTTa 3a BCAKO OT TAX.

2. CTOMHOCTUTE Ha edeKTMBHOCTTA Ce U3-
Nnon3BaT, 3a Aa Ce paHXupaT anTepHaTmB-
HW pelleHns 3a ynpaBfieHWe Ha PUCKOBe
Wn ga ce naeHTnduumpaT B HAKaKbB 40-
MUHUpaL pej cbobpa3HO BEPOATHOCTTA 3@
puCcKa, HerosaTa TeXeCT OT rjiegHa To4ka
Ha weTtute M Heobxoammute GUHAHCOBU
CpeAcTBa 3a peasiM3npaHe Ha KOHKpeTHa
cTpaTerus.

3. Cpen OCHOBHUTE NpeauMcTBa Ha MeToAa
BbB Bpb3Ka C YMpaB/IEHWETO Ha PUCKOBE
Mo)e aa ce 0606um, Ye Tol ce non3Ba 3a
[a ce OTKpMBAT CUJIHUTE U cnabuTte CTpaHu
Ha 6u3Heconepaunm, AEMHOCTU, NPOLLECH;
6M3HECHT Aa Mocpewa Hy>XaAnuTe M U3unc-
KBaHMsTa Ha noTpebutennte Mo-noAroT-
BEH; Aa Ce OCb3HaBaT Bb3MOXXHOCTUTE 3a
nogobpsiBaHe Ha TeEKYyLWMTEe onepauum U
npouecu, C Uen cb3gaBaHe Ha HOBM Mpo-
OYKTW, YCYTU U NPOLECH.
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