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3AXBAJTHULIE

OBa JOKTOpCKa JucepTaluuja npencTasba Pe3yaTaT MOT LIECTOTOJULILEr paja Ha
DOKTOPCKHUM aKaJeMCKUM CTy#Hjama Ha EnekTporexHUYKOM aKynTeTy YHUBEp3UTeTa
y beorpany koju je 3anoder nouyetkom 2014. roguHe U 3aBplieH kpajem 2019. rogune.
Y ®O0j Cy nmnocTaB/beHe IMOYETHE TEOPHjCKe OCHOBe Tmpodiema nodosblamba

TPaHCIIAaPEeHTHOCTU U e()UKACHOCTH TEXHOJIOTHje 00jeKTHO-peIallMOHOT Manupama.

Tokom cBOT HAaY4YHO-UCTPAXKHUBAYKOI pdld MUMdO CaM 4YdCT W 3aA0BOJ/bCTBO [ad

capahyjeM ca MHOTUM JbyIMMa KOjH CYy UMaJIM 3HauajaH YTHIIaj HA MOj HAyYHHU Pa3Boj.

[IpBO H1X ce 3axBaqnuo CBOM MeHTOpY, Tpod. ap Jparany Munuhesy, koju M je
MpeAioKUO0 OBy TeMy HAyYHOT UCTPAXKHUBAWba, aKTUBHO yUeCTBOBAO Yy TMOCTAaB/balby
XUIOTe3a U OCHOBA UCTpa)kMBama, MaXK/bUBO U [I€Ta/bHO aHAIHW3UPAO pe3ysTaTe Mor
paza ¥ CBOjUM ayTOPUTETOM M CTPYYHHM KOMEHTApHMa 3HAuajHO YTHLA0 Ha KBAJIUTET
came JoKTopcke aucepraindje. [locebHO MU je 3al0OBO/BCTBO M YacT INTO CaM HMMao
OPWIKKY [a yIOWjaM Ofi Hera BeJWKO CTPY4YHO 3Hame, IOCJAOBHE BelITHHEe |

npodeCUOHaNHY €THKY.

3axsasmyjem npod. np Jenunu [Ipotuh Ha AparoneHUM caBeTHMa U HEU3MEPHO]
MOApUINM ¥ MOMOhM KOjy MM je MpyXWid TOKOM MOT HAayYHO-UCTPAKUBAUKOT paja.
3axBanHOCT OyryjeM u ripod. aAp Bemky MunytunoBuhy koju Me je yBeo y BoJle HAQyYyHOT
UCTPa)XMBAalkha M Ca KOjUM caM 00jaBUO HEKOIUKO HAayYHHX PaoBa. 3axBabyjem
npod. np parany bojuhy ca kojum cam pagvo Ha HAYYHOM UCTPaXKUBamwy U3 0071aCTH
ayTOMaTCcKor TecThpawa codTBepa. XBaja UM Kojerama mpod. ap Musomry
LIsetanosuhy, npod. np 3axapujy Papusojeeuhy m pgp Camm CrojanoBuhy Ha
WHCOUpUIIYhUM OUCKycHjaMa U BpeJHUM CaBeTHMa U KOMeHTapuma. 3axBaluo dux ce
CBUM TNpopecoprma KOJ KOjUX Cam I10JIarao UCHUTE Ha JOKTOPCKUM CTyAHUjaMa, Kao U
ylaHOoBUMa KomucHje 3a Tperien, oleHy ¥ odpaHy OBe JAOKTOPCKE AWCEpTauHje Ha
CTPYYHHUM U JIeTa/bHUM KOMEHTapHUMa KOju Cy 3HayajHO JOTIPHUHENH 000y HEeHOoT
KBaJIMTeTa. XBajla U CBUM HacTaBHMIIMMAa U capagHuuuma Karenpe 3a padyHapCKy
TeXHUKY U UH(POPMATUKy Ca KOjUMa CaM MMAao 4YacT U 3aJI0BOJBCTBO Aa capahyjem y

HAaCTaBU TOKOM OCaM rofIMHA pana Ha EnexkTpoTexHUYKOM daKyTeTy.



3axBajbyjeM agMUHUCTpaTopuMa Kategpe 3a pauyyHapcky TeXHUKYy MU
uH@opmatuky, parany Munagunosuhy u parvium MunagvHoBuhy, Ha TEXHHUYKO]
NOJpUILM Y TOKYy [PUIPEME OKpYXewa 33 eKCIepUMEHTAJHY aHaaudy. XBajla M
np Henany Koponuju Ha nomohu y Toky npunpeme JoKyMeHTalyje 3a Mpeajy 3aBpliHe

BEp3Hje OBe JOKTOPCKE JUCepTalHje.

[TocedHy 3axBa/jHOCT nOyryjeM MOM MOpHjare/by, KOJAerM W ,KyMalIUHY"
nop Opaxeny [JpamkoBuhy ca kojum caMm ycnemHo capahuBao, o0jaBbBa0 HaydHe
panoBe, 0[JIa3U0 Ha aHTOJOTHjCKa (PAKYATETCKA MYyTOBAakA U MPOXKKB/BABAO U N00OpE U
JouIe TPEHyTKe. 3aXBabyjeM My Ha Oe3pe3epBHOj MOAPUILM U MT0KPTBOBakY, Kao U Ha
K/bYYHOj YJIO3M KOjy je OBWUrpao y TOKYy 3aBpIIHHUX NpOLENypalHUX aKTUBHOCTH

IpUIpeMe OBe AUcCepTaluje 3a OLleHy U Iperes.

HeusmepHy 3axBaJIHOCT AyIyjeM CBOjOj IOPOOMULM, pOJUTe/bMMa Mwiku U
Munany u dpaty CphaHy, KOju Cy MU OpPyXaTu De3yC/JIOBHY J/byDaB WM MOAPILKY KPO3
KMBOT WM LIKOJIOBame. 3axBasbyjeM ce U Daxu Papgmuinu u penu Hophy y3 koje cam
0IpacTao W 4Mje UCKYCTBO MU je YBEeK OWIO AparoleHO y ’KUBOTY. XBajla NMOPOSULHU
Hukonuh — Muwianku 1 Munany, nopoguuu Mrwatosuh — /busbanu v [Iparany, kao u
nopoauuM bapaly, Ha OOPIILK CBaKe BPCTE KOJy CY MPYXUIH MEHU U MOjOj IIOPONHUILIH

TOKOM MOT pajia Ha OBOj TE3H.

[Tocedbny u HajBehy 3axBajHOCT Ayryjem cynpysd HBanu u geuu, EnenHu u
ANeKcaHIpy, KOju CBakM MOj OaH HCOymwaBajy cpehom W JbydaBby, O KOjUX
CBAKOJHEBHO yYMM M Ca KOjUMa Ca3peBaM Yy CBAKOM CMHUCTY. XBaja UM Ha BEJIHUKOM
pasyMeBamy, CTPIUbEY, OOpUIIaky U HeceDUYHOj MOAPUIIU KOjy CY MU NPYXHWIH [a

0Baj 110Ca0 yCIIEIHO MPUBEIEM Kpajy, l1a 3aTO OBy JucepTanujy nocsehyjem muma.

Y beorpany, Hemama Kojuh

3.10. 2019. roguHe
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PE3HME

HacnoB: OnTtumusauuja MOpUCTyNa MNOJAUMMa Y  00jeKTHO-PEIauOHOM

MalMpamwy 3aCHOBaHa Ha ayTOMAaTCKOj JeHOpMalu3aluju

[IpengMeT HayYHOT HUCTpaKUBama OMHMCAHOT Y 0BOj TOKTOPCKOj HUCEPTALIUjH jecTe
ONTUMH3ALKja OOJEKTHO-PEIALUOHOT Manupawa y o0jekTHO opujeHTHCaHOM (0O0)
aIUIMKaTHBHOM CO(TBEpY 3a ylpaB/balke MOJallMMa Y BEJIMKUM pENallMoHUM Da3ama
1ojaTaka 3aCHOBaHa Ha JIeHOpMalM3allijy peJaluoHor mogena. Yect mpobnem koju ce
jaBba y OO amiMKaTHBHOM CO(TBEPY Y OBOM KOHTEKCTY jecTe Taj Ia Ce HeroBe
nepdopmaHce IPUCTyIa Nojaluma 3HadajHo Moropliuasajy ca noehamem KOJIHYHHE
nojaraka y 0asv Inopjaraka, Kao M INOpPACcTOM 0poja KOHKYPEHTHMX MPHUCTyNa THM

nmoganyumad.

ObjexTHM Mojen nporpamupama, KOjU TII0YMBA HAa CTPOroj O00jeKTHO]j
(ceMaHTHYKOj) NEeKOMIIO3UIIUjU MpodieMa, eTMMUHUCAKby CBAKOT BHUIA peNyHAAHCe,
MOJIeT OITOBOPHOCTH M Kojadopalyjy BUIe TUIIOBA o0jekaTa y 00aBbamy CJI0KEHHUX
alJIMKAaTUBHUX OMNepauuja, He naje yBek Jodpe nepdopmaHce MPUCTyIa NMoJauuma y
BEJIMKUM pejlaluoHuM Daszama nopaTtaka. HecoductuunpanocT nocrojehux penrema 3a
00jeKTHO-peNalMoH0 Mamupamwe, Koja MpeciukaBajy HepeoyHIAaHTHH KOHLENTyalaHU
MOZlel ¥ HaBUTALIMOHU HAUYMH MNpucTyna nojaudma y OO mofeny NUPEKTHO Ha
HOPMAaJM30BaHW peIalMoHU MoOJe] IofaTaka, IOBOAM [0 MojaBe HeedUKACHUX
odpasaua npuctyna 0a3u nojaraka, kao WTo cy yuyectaso obpahawe Hasu mogaraka 3a
NIOXBaTame PEJIaTUBHO MaJUX MaKeTa MojaTaka Wi U3BpLIABAKE CI0XKEHUX YIHUTa Ca
[oCTa onepanuja crnajama Tadena. TakBu odpacuM NPUCTYIIa BEJHKUM PENAalMOHUM
Da3ama mogaTaka Hajueurhe cy IJIaBHU y3pok jomux nepgopmancud OO amivukaTUBHOT

co(dTBepa 3a yrpasbarme Iofaluma.

Y mnpakcd, Kao U y [OCTYIIHOj JUTEPATypH, IOCTOje Ppa3IUuNTE TEXHUKE
ONTUMHU3allKje MPUCTYIIA MoAalMa 3a KOje je 3ajeJTHUYKO TO J1a OJTYKY O ONTUMH3ALINjH
DOHOCE Ha OCHOBY aHajau3e papgHor onrtepehema armiMKaTUBHOT cO@TBEpa (EHII.
workload) caynibeHOT of oIepalldja MPUCTYIA MofalliMa HU3JIaTUX peslallioHOj Dasu y
TOKY IeroBOT W3BpIlIaBama. 300r CI0KEHOCTH KOMOWHATOPHOT ONTUMU3ALUOHOT
npodyiiema OJTy4uBama O U300py ,UAcaNHe” ONTHUMHU3alHje MPUCTYIa Mojanuma 3a

norpebe 3amaror pagnor ontepehema, mocrojehe TexHuke cy yecTo orpaHHYeHe Wi Ha
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pelllaBae KOHKPETHUX npodiema y crneuyu@UYHUM AOMEHUMA, WIM HA Kopullhemwe
rpyOUX eKCIepTCKUX XeypUCTHKa 3a ydp3aBame IpeTpakuBama OTPOMHOT TPOCTOpa
moryhux ontumusauuja. [lopen Tora, mpemyiokeHa pelliewma [0Jlase yIrIaBHOM U3
IOoMeHa aHaJIMTHYKUX cucTema (eHr. online analytical processing — OLAP). MehyTum,
He IOCTOjU pelleme Koje Ha CUCTeMaTH4yaH W edUKacaH HAuWH TpeThpa mpodiem
ONTUMHU3ALKjE NPUCTYNA MOJalKMMa y pelalduoHHM Da3ama mojaraka Kopuinhemem
00jeKTHO-penaluyuoHOr Manupama y [JOMEHy TpaHCaKIIMOHHUX cucTeMa (eHru. online

transaction processing — OLTP).

Y oBOj pMceprauuju TpemioKeHa je MeTola ayTOMaTcKe AeHOpMalv3aluje
3aCHOBaHa Ha yBohemwy pemyHIaHCe y peslallMOHU MOZEN 3a ONTHMU3alHjy NPUCTYIIa
BEJIMKMM pelauuoHMM Da3ama TIojaraka Kopuinhemem 00jeKTHO-pealuoHOT
Manupama. PeoyHZaHTHM [OJalM, Ha3BaHU joll W ONTHMH3allMjaMa, yBode ce Yy
peTalMOHA MOJeN Y IW/by YOp3aBama (Yenrhux) onepanyja YuTamwa y3 CBECHO U LIW/bAHO
KpTBOBae edwukacHocTd (pebux) omepauuja ymmca koje Tpeda ga odesdene
KOH3WCTEHTHOCT PeAyHJAaHTHHUX [ofaTaka. 3a Mnorpede aHAJIUTUYKOT MOZEIOBamba
[OCTU3ala KOMITpOMHMCa U3Mel)y MO3SUTHMBHOr YTHIlaja TakBUX ONTUMHU3alMja Ha
olepauyje YnTamka ¥ BUXOBOT HETAaTUBHOT YTHIIdja HA olepaluje yIuca, MpeyioKeH je
(opmanan Mmozes ieHe ¥ fOOUTH (eHI. cost-benefit). Y UMby MPOHATAXKeHha IIpaBe Mepe
yBohema TakBUX ONTHMU3alIHja, KOjOM Cce MOCTHKe HajOobu ogHoC usMehy nodutu npu
YUTawky W LeHe INpU ynucy, ysumajyhu y o03Mp aHanusMpaHe HauyWHE NPUCTyTa
noganuma y pagHom onrtepehemwy, (GopmynncaH je ONTHUMHU3AUMOHKM TPOOIEeM 3a
MIOCTH3alkhe PaBHOTEXe peNyHIaHCe y pelaluoHOM Mopeny (eHrn. data redundancy
equilibrium — DRE) Ha jenaH NMOTIYHO ayTOMATCKH W TeHEpPUYKH HAayMH. Y Te3H je
N0Ka3aHo J1a MpeioKeHW ONTUMU3ALMOHU NpobiaeM npumajaa kiaacu NP-kommmeTHUX
npodsiema W fAaT je OeTakaH OMMC HWEroBor CcBohewa Ha NP-komiuietaH npodiem
OWMHApHOT JIMHeapHOT MTporpaMupama (eHri. binary linear programming — BLP) 3a uuje

pelllaBame JaHac MoCToje epuKacHe XeypUCTHKe.

[IpennoxeHu TEOpeTCKH MOAen ayToMarcke AeHOpMaliu3aluje penallMoHor
Mojiesia ofaTaka eKCliepuMeHTaJTHo je aHaaru3upal kopuihermem de facto ctangapaHor
Tecta nep@opMaHCcH 3a TpaHCAKLHOHE cucTeMe U Dase mopgaraka, TPC-E, (enrn. The
Transaction Processing Performance Council — TPC), Koju TpUONIMXHO OJC/THKaBa

CJIOJKEHOCT (HOpMaJII/ISOBaHOF) PE€lallHOHOr MOJ€/ld, KOJHYHHY I10JdTaKd, KdO H
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KapaKkTepucTuke pagHor ontepehema peaslHUX TPAaHCAKLMOHUX cuUcTeMma. [IpumeHOM
NpeNsiokeHe MeTofle JAeHopMmainu3auuvje Ha pedepeHtHy TPC-E penauuony 0asy
nojaraka (ca HOPMAaaHW30BAHOM IIEMOM), BpeMme H3BpliaBawka npomucaHor TPC-E
papgHor onrepehema moboskiiaHo je 3a 65% y omHocy Ha BpeMe TOTpebHO 3a
M3BpILIaBalke HUCTOT TOT onrTepehewa Haj pedepeHTHOM HOPMAU30BaHOM 0a3oM
nojaraka, y3 notpedy 3a 25% nogaTHOT NpOCTOpa 3a pefyHAAaHTHe MojaTke. BaHOCT
Kopuithewa mpenaoXeHe ayToMaTCKe JeHOpMasv3alWje aHaJu3upaHa je U HBEeHUM
nopehemeM Ca METONOM HeCEIeKTUBHE NPUMEHEe [eHOpMalu3aluje KOojoM ce
3aHemMapyje HeraTMBaH YTHIaj ONTHMHU3allMja Ha olepauuje ymuca. HecemekTuBHOM
(,MIOXJIENHOM", eHIJL. greedy) neHopmanusauujom pedepentne TPC-E penaurone meme
podujeHo je mobosplIame BpeMmeHa U3BpwaBawa Kopumwrhenor TPC-E  papHor
ontepehewa, anmu je oHo 3a 19% Ousno Jsomuje y omHOCY Ha Bpeme JOOHjE€HO
MPEIJIOKEHOM ayTOMATCKOM IEHOPMasu3aldjoM, IPU YEMY je BEIMUMHA Da3e mojaTaka
nopacsa Tpu nmyta. EkcnepuMeHTaaIHOM aHaJIM30M MI0Ka3aHo je jOIll U TO J1a IPeJJI0KeH!
MOZIENl LieHe W J0OWMTM 3a MpOLeHy yTUIdja ONTHUMHU3aUMja JAaje ynorpedbuse
npefuKklHje OgHOCA LeHe W NOOUTH NPUMEHEHUX ONTHUMH3alMja Koje cy Ouie y

NWHeapHOoj KopeJyialldju ca U3MepeHUM IMoKa3aTebuMa mepdopMaHCH.

Ha ocHoBy cBUX nodujeHHX pesynTaTa y TOKy OBOT HCTpakMBawka MOXE Ce
3aK/BYUMTH JIa ITPeJIoKeHa MeTola ayToMaTcKe TeHOpMasi3alidje penaioHor Mojiena
MOXXE 3Ha4ajHO Jja modospiia eUKaCHOCT MPUCTYIIA OJALMMA Y BETUKUM PETaliMOHUM
Da3ama mopaTaka, a faje JoOpy Moja3Hy OCHOBY 3a yHampehemwe TpaHCHapeHTHOCTH
TEXHOJIOTHje 00jeKTHO-pesiallioOHOT Malupara, Kao U TO Jla OCTBapeHa CKaJadUIHOCT
npeljioKeHe MeTofe 3a ayTOMAaTCKy AeHOpMalu3alujy oTBapa HOBe MOTYhHOCTH H

CTBapa peasiaH MOTEHITUjas 3@ lheHY ITPUMEHY Y MTPAKCH.

Krpyune peun: penmauvona 0asa mnojaraka, OeHOpManusaldja, pemyHIaHca
nogaTaka, 00jeKTHO-pesallioOH0 Manupame, KOMOMHATOpPHA ONTUMH3AlMja, ODUHAPHO

NUHEeapHo Mmporpamupame, NP-KkoMIseTaH onTHMHU3alMOHU TPodieM
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ABSTRACT

Title: Optimization of Data Access in Object-Relational Mapping based on

Automatic Denormalization

This doctoral dissertation explores the problem of optimization of data access in
object-relational mapping in large relational databases based on denormalization of
relational data model. A common issue in everyday exploitation of object-oriented
(00) applications is that their performance decays significantly with the increase of

data in the databases as well as of the number of concurrent data access operations.

The object programming model, which rests on the principles of strong object
decomposition, elimination of redundancy of any kind, separation of concerns and
collaboration of multiple types of objects in executing complex application operations
and rules, does not always lead to acceptable performance of data access in large
relational databases. The problem lies in lack of sophistication of existing object-
relational mapping solutions which translate the normalization and the navigational
way of data access at the object level directly to a normalized relational data model.
Therefore, the described way of mapping leads to a proliferation of small and
inefficient queries issued to the database and complex queries that require multiple
joins. Such types of data access patterns are deemed the root cause of poor

performance of object-oriented applications in most cases.

The application of data access optimization techniques, which can be found both
in practice and in the available literature, is driven by analysis of data access
operations issued to a relational database that comprise the so-called application
software workload. Due to the complexity of the combinatorial optimization problem
of finding the “ideal” relational model optimization based on the workload parameters,
the existing solutions very often resort to solving specific or partial problems or utilize
coarse approximations for optimizing search of the exponential space of potential
solutions. In addition, the proposed solutions are mostly aimed at online analytical
transaction processing systems (OLAP). However, there does not exist a solution that
solves the problem of the optimization of data access in relational databases in online

transaction processing system (OLTP) in a generic and systematic way.



Therefore, a novel method for optimization of data access in object-relational
mapping, based on automatic denormalization of the relational data model in large
databases, is proposed in this thesis. It is based on adding redundant data, also called
optimizations, to the relational data model, that speed up (more frequent) read
operations at the expense of the lower efficiency of (preferably rare) write operations
that maintain consistency of the redundant data. For the sake of modeling the trade-
off between the positive impact of the optimizations on read operations and the
negative impact on write operations, a cost-benefit analytical model has been defined.
Also, a formal optimization problem, called Data Redundancy Equilibrium, has been
proposed for finding a deployment of redundancy in the relational data model that
yields the best possible ratio between the positive and the negative impact of the
optimizations given the workload characteristics. It has been proven that the proposed
optimization problem belongs to the class of NP-Complete problems. A detailed
polynomial reduction of the proposed optimization problem to the NP-complete
problem of binary linear programming, which can be solved efficiently using existing

heuristic algorithms, is described in the thesis.

The proposed theoretical model of the automatic denormalization has been
experimentally evaluated by using the de facto standard TPC-E benchmark for
transactional systems and databases, defined by The Transaction Processing
Performance Council (TPC) organization, which approximately reflects the complexity
of the (normalized) relational model, the amount of data and the workload
characteristics of real transactional systems. By applying the proposed optimization
method to the normalized TPC-E relational database, the execution time of the
standard TPC-E workload was improved by 65%, compared to its execution time on
the normalized TPC-E database, at the expense of the increase in the space for the
redundant data of 25%. The importance of the proposed automatic denormalization
was evaluated by comparing it with the unselective (greedy) denormalization which
disregards the negative impact of the optimization on write operations. The
unselective denormalization also improved performance of the TPC-E workload
significantly, compared to its execution time on the normalized database, but the
proposed automatic denormalization still gave better results than the unselective one
by 19%. However, the size of the greedily denormalized TPC-E database was increased

three times compared to the normalized database. It has been also shown that the



obtained predictions of the proposed cost-benefit model were in a linear correlation

with the measured performance parameters.

Based on all the given results produced in this research, it can be concluded that
the proposed method of automatic denormalization of the relational data model can
significantly improve efficiency of data access in large relational databases and it lays
firm foundations for further advances toward better transparency of the object-
relational mapping technology. The achieved scalability of the proposed method of

automatic denormalization opens new possibilities for its application in practice.

Keywords: relational database, denormalization, data redundancy, object-
relational mapping, combinatorial optimization, binary linear programming, NP-

Complete problem
Scientific field: Electrical Engineering and Computing
Scientific subfield: Software Engineering

UDC Number: 621.3:004
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1. YBOI

KanuTanuu pecypc NMOCJIOBHUX CUCTeMa (€HIVL. enterprise systems) jeCcy NMOJALH.
[Toy3maHo CKIaguINTeRe W PyKOBamwe IOoJalMa 3aXTeB je HajBUIIEer IpUOpUTeTa Yy
IIOCJIOBHUM CHCTEMA KOJU C€ HEPETKO PEryulle IpPaBHUM M (DPUHAHCHjCKUM
UHCTPYMEHTHMa (mocebHO Kafila Cy y MUTaky CUCTEMU W3 (PUHAHCHU]CKOT WJIM HEKOT
OPYTor MPaBHO OCET/BUBOT JOMEHA). Y IOK ce mofany cMaTpajy HajBaXKHUJUM PECYpCOM
y TOCJAOBHUM CHUCTEMHMA, CO(TBEpP C€ CMATpa HAjBAXKHHUJUM ,JIaTOM“ KOjU je o
CYIITHHCKOT 3Hayaja 3a yIlpaB/balkbe THM IOJallMMa U BHUXOBO CTaBbalke y CIyxKOy
IOCJIOBHUX Mpoueca. CMucao mocrojama CoPTBEpa M Nojaraka jecTe HUCK/bYYHBO Yy
BUX0BOj cHMOK03HU. [IpogopoM gurrrtanHe TpaHcdopmMalyje y HOBe NMOCIOBHE TOMEHe
OPAacTUYHO U MPOTPECUBHO ce nosehaBa pasHOBPCHOCT W KOJMYMHA IOJATaKa KOjUMa
codTBEPCKU CUCTEMHU JlaHaC yIipaBsbajy (HIp. Internet of Things, IoT) [1], [2]. ¥ noTpa3u
3a OATOBOPMMA Ha HOBOHACTaje HM3a30Be y UHAYCTpUjU codTBepa, TpagUIIUOHAIHE U
CaBpeMEHe METOJle W ajaTH 3a pa3Boj co(pTBepa 3a pap ca Mojauvuma HelpecTaHo Cce
yHanpehyjy u eBonyupajy [1].

Co(pTBEpCKHM CHCTEMH 3a pal Ca MMofanuMa CauubeHH Cy Of, Pa3UYUTHX THUIIOBA
aIIMKaTHBHOT cOdTBEpa 3a PyKoBame mofanuma (y gabeM TeKCTY ,alIiKaluje”, eHri.
data-centric applications). PagHo ontepehewe (eHrn. workload) annukanuja 3a pajg ca
nojanyma, y OMmTeM Ciydajy, nojpasymeBa KOMOMHOBAHO M3BPILIABAKE U ONepanuja
yyTamha/MpeTpakuBama IMoJaTaka, Kao W onepaluja yhnuca/axypupama mojgaraka y
BULIEKOPDUCHUYKOM peXHUMYy paza. Y 3aBUCHOCTH OJf HAMEHE W IIPUPOJie ollepauyja 3a
OPUCTYI MOAAMMa, COPTBEPCKH CUCTEMU 3a Paj] ca MojalkMa Jiejie ce Ha HajBUILeM
HHUBOYy Ha co(dTBepcke cucTeMe 3a o0pany TpaHcakidja (eHrni. online transaction
processing systems, OLTP) u codTBepcke CUCTeMe 3a aHAJIMTUYKY 00pady Mmojaraka
(eurn. online analytical processing, OLAP). AHaJIUTHYKH CUCTEMH TUIIUYHO Ce KOPHUCTe

3a U3BpIIdBAHE€ KOMIVIEKCHUX YIIUTA Hal BETMKHUM KOJIMYKMHAMA IOJATdKa 3a MMPETpare



Y M3BellTaje, JOK Cy npeTpare nojaraka y TpaHCakLIMOHUM CHCTEMUMa TUITHYHO 3HATHO
jenHoCTaBHHje 0] aHANWTUUYKUX, BUX0Ba (PpekBeHLHja Moe OWTH 3HaTHO Beha u

TUMHAYHO Ce U3BPIIABAjy yIopeno ca olepanrdjaMa aXypupama 1ojaraka.

1.1. OBJEKTHO OPUJEHTHUCAHA ITAPAJIUTMA PA3BOJA ATVIMKALIMJA

Y ocHOBM pasBoja MOC/IOBHEe JIOTWKe alldkaluvja 3a paj ca Mmojaludma AaHac
mpeoBjafaBa o0jekTHO opujeHTHcaHa (0O0O) mapagurMma. Ca3fgaHa Ha MPUHLMIY
ancTpakuuje (eHra. absiraction), eNUMHHWCAKkA CBAKOT BUAA peOyHOAHCE W
,TIpOjeKTOBama 3a mpoMeHe" (eHrn. “design for change” [3]), UMIUIEMEHTUPAHUX KPO3
KOHIIeNTe eHKarcyaaudje (eHra. encapsulation), HacnehuBawa (eHra. inheritance) u
nonumMopdusma (eHrna. polymorphism), nmompuHena je He camo edeKTHHjeM U
epuKkacHUjeM TPpPOjeKToBalky W pasBojy codTBepa, Beh W HEroBoM oApKaBawy H

€BOIYLIMjH Ka0 OATOBOPY Ha MpomeHe (YHKLUMOHATHUX 3axTeBa [4].

Pa3Boj 00jeKTHO OpHWjeHTHCAHUX aIUIMKAallMja 3alo0YUibe KOHIIENTyaJlHUM
MopesnoBaweM (eHrn. conceptual modeling) — uoeHTHPUKALHMjOM K/byUYHUX KOHLenaTa /
eHTUTeTa, K/YYHUX onHoca wu3Mely eHTtutrera (eHrn. vrelationships), kao W
UAeHTU(UKALUjOM K/BYyYHUX aKTUBHOCTH W3 JomeHa mpobdnema [4]. ExtutetH us
DOMeHa NpodneMa MOAeNnyjy ce JOMEHCKUM 00jeKTHMa 4uja Ce 3ajeHUYKa CBOjCTBa
amncTpaxyjy Kjaacama y armidkaTUBHOM mporpamckoM OO mopeny. CBojcTBa eHTHUTETa
MoJenyjy ce arpudyThma JOMEHCKHX Kijaca, HAOK ce (PyHKUMOHAIHOCTH MOAEIYjY
onepauujaMa NpUAPYXeHUM Kiacama. OdjeKTH Cy TUIHUYHO NMOBE3aHU CTPYKTYPHUM
Be3ama (eHri. links), dopmupajyhu cTpykType ycMepeHux rpadoBa y KojumMa ce MOTy

I'IOj dBUTH U LIUKJIYCH.

CTpYKTYpHUM Be3ama Mojellyje ce JOTMYKa U IPUPOJIHA [TOBE3aHOCT objekaTa y
DOMeHY MpodieMa Koja ce MmaHUdecTyje Kpo3 NpUpOnHYy Mnorpedy 3a HWHUXOBOM
KosabopalyjoM y OKBUPY Ppa3lWYHUTUX NOMEHCKUX aKTUBHOCTH. [IpyrMM peuuma,
aKTUBHOCTH Y NOMeHy Ipodiema IPOH3BOJ Cy JleioBama TayHO ofipel)eHHX CKyIoBa
(TOTMYKY TIOBE3aHMX) eHTUTeTa. Ha mpumep, Hako CTy[IeHT MOXe OUTH TOBe3aH, Kpo3
pasHe BUIOBe capajibe, ca Bullle npodecopa, JOKTOPCKa JUCEpTalldja MOXKe HaCTaTH
camo y Konadopauuju ca usadpaHum MeHTOpoM. OOHOC MEHTOPCTBA Y OBOM CIIydajy
OfCIMKaBa JIOTUYKY [OBE3aHOCT MEHTOPA U CTyleHTa TOKOM HayYHO-UCTPa)kKMBAayKOT

pajia ¥ HAacTaHKa IOKTOPCKe AucepTaluje Kao GUHATHOT MPOM3BOAaA Te Komabopaluje.



JlonaTHO orpaHUYEe Y JOMEHY NOKTOPCKUX CTyAHja MoXKe OUTH U TO Jja nmpodecop He
MOKe DUTH MEHTOP CTYNEHTY, YKOJIMKO CTYLEHT HUje ofciyuiao dap jegaH ol Kypcesa
Koje mpodecop apxu. [la du ce mMpoBEpUIO TO JOMEHCKO MPABUII0, NOTPedHO je UMaTH
Ha pacnosjarasy (y TOKY HW3BpIlaBama Iporpama) objexte mpodecopa, CTYIEHTa,
KypCEBE KOje je CTYLEeHT OJCIyllao, Kao W KypceBe Koje mpodecop ApXKU. YKOIHUKO
IIOCTOjH NMpeK/aname AaTa JBa CKyla KypceBa, UCIyHeH je yCJI0B 338 MEHTOPCTBO. TakBU
DOMEHCKH ofHOCH u3Mehy podecopa, cTyneHaTa v KypceBa MoAesTyjy ce CTPYKTypPHUM
Be3ama y odjekTHOM mogeny. [Ja Ou ce pasmaTpasu oaroBapajyhu KypceBH, odjexar
npodecopa M CTyleHTa Mopajy na Oynoy yHampen 3amaTH, a IO KypceBa Koje IpXKe,

OOHOCHO CJIyLIajy AOJasy Ce CJIefOM CTPYKTYPHHX Be3a KOjU Ce HasWBa HASUIAUU)A.

1.2. TIOJAM OBJEKTHOT ITPOCTOPA

dynkuroHannoctu OO amnukauuja 3a paj ca Mojanvma HUMIUIEMEHTHpPAjy ce
PYKOBameM JOMEHCKUM 00jeKTUMa KOjU HaCTawyjy JTOTUYKU HEOTPaHUYEHY MEMOPH]Y
1oJ1 Ha3UBOM odjextlinu Tipocitiop (eHTA. object space) [5]. ObjexTu ce Mory cTBapaT y
00jeKTHOM MIPOCTOPY, YKJIakhaTH U3 00jeKTHOT IIPOCTOPa, MOXKEe UM CE aXKypPUPATH CTake,
MOTY Ce TOBE3UBAaTH Ca IPYTUM 00jeKTHMa WU Ce Te Be3e MOTy pacKU[ATH U MOTY ce
NPETPAKUBATH y OOJEKTHOM NPOCTOpPYy. AIUIMKaTHMBHM Nporpamckd mopenun OO
alvIMKalyja 1Mo CBOjoj MPUPOAU Cy HaBUTALMOHHU [6]. ODjeKxTHU mMofen nmporpamupama
IIOYMBA Ha CTPOroj 00jeKTHOj (CEMAHTHUYKO]) HEKOMITO3ULIU]H MPodiiemMa, ENTMMUHUCABY
CBaKOT BUJIa pefyH/IaHCe, [T0/le/Id OITOBOPHOCTH ¥ Kosiabopaliyju Bullle TUIIOBA o0jekaTa
y oDaB/pamy CIOXXEHUX aIJIMKaTUBHUX omepauuja. Ha WcTH HAYWH, OeKaapaTUBHU
YIUTH Ha 00jeKTHOM YMHUTHOM je3uky (eHrJ. object query language — OQL) Takohe
KOPDHUCTE HaBUTalWjy IPeKo CTPYKTYPHUX Be3a 3a MPUCTYN Mojaldma (BpegHOCTUMA
aTpudyTa odjexara) KOju Ce KOPUCTE WK Y UCTUTUBAKY KPUTEPHjyMa MpeTpare Uiy ce
Bpahajy kao pesyntaT y mpojekuuju. ¥ oda HaBefieHa C/iydaja, OWJI0 a ce olnepalidje
UMIUIEMEHTUPAjy Kao UMIepaTUBHE CeKBeHLe aKlldja Haf, 00jeKTHUM MPOCTOPOM WU
Kao NeKJapaTUBHU YIIWTH, HaBUrauuja (MIpeKko CTPYKTYpHUX Be3a) MpecTaBsba TJIaBHU

oDpasall mpucTyna rnogauuma y 00jeKTHOM ITPOCTOPY.

Ia ©u ce omoryhwio TpajHO W TOY3[aHO UYyBame MoAaTaka, 00jeKTHU MPOCTOP
alyIMKalydja 3a paj ca moganydma mopa fa Oyde mep3dcTeHTaH (eHrn. persistent). 3a
Mep3UCTEHIIH]y OOjeKTHOr MPOCTOpa TPAAMUIIMOHATHO Ce KOPHUCTe pesaluoHe Oase

nojaraka Koje Cy CHeUWjaJu3oBaHe 3a TpPaHCAaKIMOHU IpUCTYN mojauuma [7] y



BULIEKOPDUCHUYKOM PEXHUMY W [0Yy3JaHO YIpaB/bame MNoJaldMa Y CeKyHAApHO]
MEMOPH]jH 3a TPajHO UyBale MoJjlaTaka peajiM30BaHoj MoMohy TeXHOJIOTHje MaTHEeTHUX
nuckoBa (eHrn. hard disk drives) W TeXHONOTHje MOJYNPOBOAHUYKe TpajHe (,uemn”)
memopHje (eHra. solid state drives). 3a oda Tvmna ypehaja 3a TpajHo yyBame mojaraka y
HacTaBky TekcTa Owhe kopuitheH 3ajefHUYKM TePMWUH THUCKOBH, pagd KOHI[M3HOCTH.
Hako 61 0bjekTHO opujeHTHCaHe Dase momaraka duiie MPUPOMHO OKPYXKEHe 3a TPajHO
CKJIafNIITehe 00jeKTHUX Mojiesia, OHe [0 JIaHAC HUCY ycrese Ja TOTHCHY pesaliioHe
Da3se mopmataka [8], kako 30or ciaoxenocty TexHosaoruje OO Hasa mogaTtaka, Tako U 300T

TEOPHjCKUX ¥ MPAaKTUYHUX NPEJHOCTH TEXHOJIOTHje peslallMOHUX da3a rmojaraka [9].

1.3. PEJTAUMOHE BA3E IIOJATAKA

Penanuone dase nogaTaka ofjpkajie Cy ce 0 JaHac Kao JOMUHAHTHA TEXHOJIOTHja
y HHOYCTPHUJHU CO(MTBEPCKUX CHCTEMA 38 DPYKOBaWme IOJALMMA, KOJU CE€ OIUKY]Y
BEJIMKUM W  CJIOKEHUM KOHIENTyaJHUM MOJeNUMa, 3axBabyjyhu uBpcTUM
MaTeMaTHYKUM OCHOBaMa Ha KOjUMa je TOCTaB/beHA TEOpHja PEJALIMOHOT MOJena,
M0CTOjaky OMIITeNnprUxBaheHUX cTaHOapnaa U OpOjHOM 3ajeqHUIIOM, Kao U 3pesiocTH U

MOY3JaHOCTH TEXHOJIOTHje KOja ce pa3BHjasia JelleHHhjama [8].

1.3.1. PEJTALMOHU MOJEJ ITOJATAKA
Penanvonu Mofen nopataka je of ToceDHOr 3Hayaja 3a Jajby IOUCKYCHjY Yy
DUCEPTALUjH, TAKO Ja CE€ Yy OBOj CEKUHWjU Jaje KpaTak INperjiel, HeroBuxX HajBaKHUjU

CTPYKTYPHHUX KOHIIenara 1 neduHUIIHja.

lomen (eHrn. domain) mpencTaB/ba CKYI BPeOHOCTH UCTOT TUMA. [JoMeH je poCT
YKOJTUKO Cy BPENHOCTH y BEMY MPOCTOT THIA MojaTaka (y TOM CMHUCIY Ia CHCTEM 3a
yIpaBjbalbe Dazama IMojjlaTaka He MOJKe Jla MX Pas3jioku Ha Mame JenoBe). Heka ce
nocmaTpa n nomena, ORO M RO, ¢ T, xoju He Mopajy HYXHO GHTH Pa3THYUTH.
Illema penayuje R nedunumre ce kao ckyn atpubyra 0 D D |, roe cBaku arpudyt
0 uma mpuapyxeH momen O Q¢ & [10], [11]. Penauuja r 3amare meme R, y
osHauM | 'Y, meduHMIIe ce kAo KOHAYyaH CKymna MpecivkaBamai O M M | roe
CBaKo O TMpecjuKaBa LIEMY pesaldje R Ha YHHUjy ToMeHa WeHUX aTpudyTa, Y O3HAIM
ogyo Qe @ ° Qe @ ° 8° Q& @ ,mpH yeMy Mopa Ja BaXKH ycaoB O O N
Q& ® ,p 'Q &.Caaxo TakBo MpeciuKaBame Oy pejaluju | HashBa ce TopKa, oK

ce HOTalMjoM O O MpeAcTaB/ba BPEOHOCT arpudyra O Iieme penaudje Ry



MOCMATPaHOj TOPKU. Y HU3BOPHOM MATEMATHUUYKOM CMHUCIY, penauuvja ce aeduHulle
¢opmanHo kao mnoackyn [exaproor mpousBoja gAomeHa O O 8 O koju
npeacTasba ckyn ypehennx n-topku QHRQ M FQ |, Tako ma Baxu QN O, p Q ¢&.
Kaxe ce ja ckyn n-TOpKU y pesaluju NpefcTaB/ba WPEHYTIHO Cdme perdyuje Wi

WpeHyHU MOGeN geid PeaiHol ceetid KOJU ce MOpeilyje MoCMarpaHoM penauujom. [11]

ENeraHTHOCT penalfMOHOT Mofena TpOUCTHYe W3 MoryhHoOCTH [a ce UCTUM
KOHLIENTOM, pesialidjoM, MOTY YHU(POPMHO MOAEI0BATH, KAKO YHIEHULIE O EHTUTETHMA
13 peajHor CBeTa, Tako ¥ YhibeHHlle 0 BhUX0BUM MehycodHum ogHocuma. Caka mema
penauuje MOXe Jja ce mocmarpa Kao amncTpakTHa crnenudukaudja opgpehene TBpame
(eHrJ1. assertion) 0 eHTUTETY WK OJHOCY M3 peasHor cBeTa. CBaka TOpPKA y jeIHOj TAKBO)]
penantjyu MoJe J1a Ce IocMaTpa Kao MHCTaHLa JjaTe TBPAe WK YAIEHHIIA U3 PealHOT

cBeTa (MpeLr3HUje MOJEeN YNEbEeHUIIE U3 peaHor cBeta). [12], [13]

Ha cnuyan HauWH, peslallMOHM MOJEN MOXE Jja ce foBefie y O/IHCKY Be3y ca
IIPENUKATCKOM JIOTUKOM TIpBOT pena [14]. Haume, mema Heke penauuje MOXe fa ce
mocMmarpa Kao creuudukalyja jefHOT n-apHor Upequxaitia (eHrI. predicate). 3a CBaKy
TOPKY KoOja IpHIlajia JaToj pelalujyu Kaxke Ce a BeHe BPeJHOCTH 3a[0B0JbaBajy NaTH
IIPENUKAT, Kao U 1a W10 Koja Apyra KomOHHaNKja MOTyhUX BpeSHOCTH Yy TOpKama, Koja

He [IOCTOjU y CTawy pesialivje, He 3a[10BOJbaBa Taj npeaukat [11].

Y mMareMaTHUKOM CMHUCILY, CTalke pejaudje je moJpas’yMeBaHO HENpPOMEHJBUBO
(KOHCTAaHTHO). MehyTum, y penalMoHOM MoOfeNy, CBaka pejlallija ce cmaTpa
(BpeMeHCKH ) TPOMEH/BUBOM (€EHTII1. time-varying), YKOJIMKO Ce He Mpelr3upa apyrauuje
[13]. Kaga ce roBopy 0 TPOMEHJ/BUBOCTH peialikje, MUC/IU Ce TIPEe CBera Ha BeHOo CTambe,
aJy ce IpOMeHe TOoHeKaJl AellaBajy ¥ Ha HUBOY caMe LieMe pesaudje (JofgaBamkeM WU

yKJamakeM aTpudyTa).

Y penauuoHOM MoJeny THUIIOBH IojjaTaka ce KiaacHu(pUKyjy Ha IIPOCTE U CII0XKEHE.
BpenHOoCTH MPOCTUX THUIIOBA ITO/laTaka He MOT'Y Ce PAa3/IOKUTH Ha Marhe CacTaBHE JIeJioBe
(HITp. 0 CTpaHe CUCTeMa 3a YIIpaB/bame 0a30M MojaTaka), ok ce BpeAHOCTH CJI0KEHUX
TUII0BA [10J]JaTaka MOI'y Pa3/I0KHUTH HAa Malbe CaCTaBHe IeJI0Be. Y U3BOPHOM pPelallHOHOM
MOZeNly TIofiaTaka IMOCTOjU jelaH jeNWHM CJIOKEHU TWI TojaTaka, a To je peiauuja.
Penauvona Da3a moparaka NpencTaB/ba CKyNl penanuja pasidudTHX creneHa. CBH
OOCTYIHM OINepaTopy NpUMEYjy Ce HCK/BYYHMBO Ha pesaldje W [ajy pesnanuje Kao

pesynTar (3aTBOpEeHH Cy Ha cKyny penauuja). Eqrap Kon tepau [13] ma nomaBamwe Ouio



KOT IPYTOT CJI0XKEHOT THIIA N0aTKa camo noBehaa C10KEHOCT peslaluoHor Mojiesa be3s
nodHvjama Ha CHa3H M U3paKajHOCTH MOJEJa. 3a CBaKH THII IIofiaTka Mopajy fia II0CToje
OCHOBHE OIepanyje 3a BbUX0BO PYKOBame (CTBAapawe, aXypupame, Opucame, YUTame).
3a CBaKkHM JOJATHU CJIOKEHH THII IToJaTaka y PelaljMOHOM MoJely OWIo OU moTpedHO
neduHUCAaTA W HMIUIEMEHTHpATH TocedHEe Bep3Wje HaBeleHe YeTHPH OCHOBHE

onepauuje [14].

CTpYyKTypHO IOBe3MBame IofaTaka (TOPKH) y peJlallMOHOM MOJeNy 3acHHBa ce
HMCK/bYYHUBO HA mnopehewy BPEOHOCTH, DWIO Aa Cy T€ BPEOHOCTH HIAECHTU(MUKATOPU
€HTUTETA WU HeKa Ipyra BUX0Ba CBOjCTBA. YJI0Ta U IIOCTOjake JOMEHA Off CYLITHHCKOT
je 3Hayaja 3a yCrnocCTaB/balkbe Be3a U3mehy eHTHUTeTa jep OBe BPEJHOCTH MUMA CMHCIA
YIIOPEAUTH aKO M CaMO aKo NPHIAJajy UCTOM JOMEHY (He camo TUIy nogaTtaka) [13].
Ha npumep, ugeHTUGUKATOP 0code ¥ roJuHe CTapoCTH MOry OUTH UcTor (11es108pojHor)

THIla, aJIM BBUXOBO HOthEH:e HEMa JIOTHYKOTI CMHCJIA.

YKOJMHMKO Cy CBH NOMEHH penaluje NMpoCTH, pelaudja MoxXe ja UMa TaberapHy
MEMOPH]JCKY PENpE3CHTALUjy Ca CBOjCTBUMA [ je CBaKa TOPKA Y 0] jeJUHCTBEHA, fa
nopenak TOPKU HUje OUTaH, Jja MopenaKk BpefHOCTH aTpudyTa y TopkaMa HUje OUTaH, U
Ia Cy CBe BpPeJHOCTH aTpubyTa y TopkamMa atomuyHe [14]. Y penauvoHom dasama
nofaTaka penanuje Cy UMIUIEMEHTHpaHe Kao Tadese, NOK Cy TOpPKe INPEeNCTaBbeHE
IbUXOBUM penoBrMa. M3 oBor passora, kafa ce y Ja/beM TeKCTy Oyly HarlallaBaju
acneKTH (pu3nuKe OpraHu3alyje penayuoHor Mojiesna, TEpMUHHM penanuja v Topka duhe

3dMEBLEHU TEPDMHUHHMA Tabena u pen, peCIIEKTHBHO.

1.3.2. HOPMAJNM3ALIMJA PEJTALIMOHOT MOJIEJIA

Y nmpaxkcu mema penaudoHOT MOZeNa Ce TUIHUYHO INPOjeKTyje U Onprkasa
MOIITOBaKkeM MpUHIKIIA HopManu3auuje [10], [11]. HopmanusoBaHa pesialjdoHa lieMa
je CéeMaHTUUKH CTAaOWIHA, JTAKO Pa3yMJbUBA U MUHUMU3Yje WU MOTIYHO €IMMUHUILE
aHOMajuje y pelaldoHOM MOJeny, Kao WITO Cy I[OHAaB/balke MUCTUX I[0JaTaka,
nemoryhuoct mpezcrasmama oapehenux uHdopmMalidja U OfHOCA, WK YaK U I'yOUTaK
uH@opmauuja [15], [11], [16]. Otkako je Eprap Konm HWHHMUMpAao HCTpa’KHMBame
HOpMaJn3anuje peaanyuoHor moaesna [10], oHa je duia npegmer NpoydyaBamba U MHOTHX
Opyrux ucTpaxkusaua [16]. Hopmanusaunja penaunoHOT Mofesia (OpMalnu30BaHa je y
BUJy KpUTepHWjyMa 107 HA3HBOM HOPMATHUX (Qopmu Koje nedHUHUITY ITpaBUIa

rpynucama U pacrnopehrBama atpubyTta y 1meMama penanyja y nuey nodujama monena



0e3 TNOMEHYTHX AaHOMAalWja, a y3 HCTOBPEMEHO OYyBAaWe CBUX QYHKUUOHATHUX

3a8UCHOCWY TI0JATAKA U3 JOMeEHA HpOﬁJ’IEMa.

Wuuuujanuo je Earap Koj npeanoxuo npee Tpu HOpMasiHe OpMe U Ha3Bao UX
penom mipea (1H®), mpyra (ZH®) u tpeha (3H®P) HopmanHa dopma. KacHuje je
nodujeHa CTPUKTHHja BapHjaHTa Tpehe HopmanHe dopme mop Ha3uBOM bojc-Komosa
HopManHa ¢dopma (enrn. Boyce-Codd Normal Form, BCNF). [late HopmanHe dopme
3aCHOBaHe Cy Ha KOHUENTY (QyHKkuyuondiHe 3deucHociu Tmopataka. KacHuje je
NpelioKeHa 4YeTBpTa HopManHa ¢opma (4HQP), 3acHOBaHAa Ha KOHIENTY
guwespegrocHux 3dasucrocuiu (eHrin. multivalued dependency) momaraka, Kao ¥ TeTa
HOpManHa ¢opma (5HP) 3acHOBaHAa Ha KOHLENTY 3aBUCHOCTH CHajama (EHIJ. join
dependency) [11]. [lopen HaBeeHUX TPAAULIMOHAIIHUX HOPMATHUX (GOPMHU, Y OCTYITHOj
TUTEpaTypu Mory ce mpoHahd U OpYyTH BUAOBH HOpPMAaaHUX (PopMHU (HIp. oDjekTHa

HOpMaJsiHa Gopma, eHri. object normal form [17]).

1.3.3. KPATAK IIPEIJIES OJEOUHUIIUIA HOPMAJTHUX ®OPMHU
vy HaCTaBKy OBE CGKL[I/Ije HABOOU CE€ KpaTaK nperneu OCHOBHX KOHLIeEIdTa

HOpMaJk3alldje ¥ CaMUX HOPMATHUX (GOPMHU.

3a memy penauuje 'Y, IpefcTaB/beHy CKynom atpubyra O M M D | namxmyu
(eHrn. superkey) mpencTasiba ofcKym aTpudyTa "YP Y Takas [a He II0CTOje JBe TOpKe O
U O y BaJIUITHOM CTamwy laTe pesaldje 3a kKoje BAXXKH O Y 0 Y. Kmyu K npencrasba
HATK/bYY 3a IIOMATHOM OCOOMHOM J1a YKJIamawe OUo Kor arpudyTa u3 K 10BoaM 0 Tora
na U rydu ocobuHy HaTK/byda. [IpyrMM peYHMMa, K/byd TMPEACTaB/bd MHHUMAIAH
HATK/bYY. Y OMIITEM CyYajy, jemHa pealldja MoXKe lla UMa BUILle KAHgugaid 3a Kby,
0l KOjUX Ce jelaH yCBaja Kao UpumdpHu xeyu. ATpudyT penauuje R je mpumapaH

YKOJIMKO IMpHUIlaid OHMIIO KOM Of] IheHUX KJbyU€Bad KaHOHUOdTa.

IIpsa nopmanna gopma (1H®) nedunullie orpaHUuenhe MO KOM CBaKHA aTpPUOYT
meme peJailikje MoxXe Jla CaipXKU HajBUllle jeIHy BPEOHOCT HEKOT Off MTPOCTHUX THUIIOBA

nomataka (DoMeHa).

Hpyia nopmanna ¢opma (2ZHP) 3acHOBAHA je HA KOHUENTY UOWUYHE QYHKUUOHATIHE
3agucHociu (eura. full functional dependency) atpudyTa lieme penaidje. 3a CKyIoBe
aTpudyTa O U WBaXH Ja je PYHKIIMOHAMHA 3aBUCHOCT WO WIOTIyHA YKOIHKO 3a OUIIO0

KOju aTpudyT O M3 CKyma (O BakM Oa cKkyn arpubyra @ O  He ogapehyje



(dYHKIIMOHAMHO CKynm aTpubyta . Y CynmpoTHOM GYHKIIMOHAIHA 3aBHCHOCT je
aapyujasna. YKonuko 'Y nmpeAcTaBba CKyIl CBUX aTpudyTa Lieme jefHe penauuje, Mpu
yemy je ckyn atpubyta X (P 'Y) eH NpUMapHH K/byd, JaTa pesaluja 3aI0BojbaBa
Opyry HopManHy (opMy ako je CBAakd HeH aTpudyT W3 ckyma Y (O HOTIYHO

(I)YHKLII/IOHaJ'[HO 3aBHCaH O Ib€HOT IIPUMAPHOT KJby4ad.

Tpeha nopmanna ¢opma (3HP) 3acHOBaHA je Ha KOHLUENTy TPaH3UTHBHE
(pyHKIIMOHAJIHE 3aBUCHOCTU (eHIJ. tranmsitive functional dependency). OyHKIMOHAIHA
3aBUCHOCT WO Wy memMu penanuje 'Y je TpaH3UTHBHA, YKOIHKO TIOCTOjH HEKH MOICKYTI
atpudyta ¢, (0O 'Y, Koju HHje KaHAM/AT 3a Kbyd HATH HOACKYT OUJIO KOT JPYTOT Kibyda
nmeMe penanuje R, TakaB ja Bake YHKITHOHAJIHE 3aBUCHOCTH WO wu WO «. Illema
penauuje Y 3a10Bo/baBa 3H® yKonuko 3afoBosbaBa ZH® U He MOCTOjU aTpUDyYT y LIeMHU
Y K0ju HUMje MpyMapaH U UCTOBPEMEHO TPAaH3UTUBHO (PYHKLIMOHATHO 3aBUCAH Off heHOT
npumapHor kmyya [10]. Tpeha Hopmanna ¢opma Mmoxe gna ce (QopMyiulie H
aJITepHAaTUBHO Ha ciefehy HauWH: Iema penauuje 'Y 3amosobaBa 3H®P, YKOIUKO 3a
CBaKy HETPUBHjalHy (YHKIIMOHANHY 3aBUCHOCT WO O y woj Baxu cienehe: a) @ je
HATK/BYY Y IemMu Y Wik §) O je mpumapHu arpudyTt y memu penauuje Y. [Ipyrum
pedrma, mema penaudje Y 3anoBomaBa 3H® yKoAMKO je CBaKW HEH HEpUMapHU

aTpudyT NOTHyHO (PYHKIMOHAIHO U HETPAH3UTUBHO 3aBUCAH Off CBAKOT K/byda y Y [11].

bojc-Kogosa Hopmanna popma (BCNF) npefctaB/ba CTPUKTHH]Y Bapujanty 3HQ.
[lleMma penanuje Y 3amoBojbaBa HopManHy ¢opmy BCNF yKOJIMKO Yy CBaKoj
HETPUBHja/THOj (DYHKLUHUOHAIHOj 3aBUCHOCTH WO 0, K0ja y ¥WOj Bakd, ( MpencTaBsba

HaTKJby4.

Yewmspwia Hopmanua ¢popma (4NF) 3acHOBaHA je HA KOHLENTY BUUIEBPEGHOCHE
3agucHoctuu (eHrn. multivalued dependency). HapyliaBate ueTBpTe HOpMasiHe opme
YecTo ce AeliaBa Kao nocjaeaulla TpauchopMalvje memMe pejialyje ca BUIleBpeJHOCHUM
aTpudyTma y 1H® Tako fa ce 3a CBaKy BpeJHOCT TAaKBOT aTpudyTa Jolaje HOBAa TOpKa
y penaiiyjy (y3 moHapJ/balbe BpeOHOCTH OCTAJIHX aTpUdyTa KOju HHUCY BUIIEBPEIHOCHH).
Hexka ce mocmarpa uiema pesnaugje Y ca [ABa AWCjYHKTHA MOACKyIa aTpudyTa WH W U
moAcKkymoMm arpudyra @ Y @ @ . Pemanmja i 'Y 3am0B0/baBa MYJITHBPEOHOCHY
3aBUCHOCT W° (, aKo 3a OH/IO Koje [gBe TOpke O M O Y 0] Ca HAEHTHYHHM

BpeNHOCTMMA CKyma arpudyra @, 0 @ O O, MOCTOju Topka O TakBa na Cy



1 »n 1

3amoBosbeHu cenehu yotoBu: 0 @ 0 @,0 @ O W uO O O ®.[17] IlomrTo
IOCTOjU CHMETpHja y TpeTHpamy CKymoBa arpudyra @ W () mpeMa MpeTXOHHOj
neduHUIIWjH, TocMaTpaHa BHULIEBPEIHOCHA 3aBUCHOCT MOXKE CE€ 3alMCcaTH HOTalUdjoM
®? (. BumeBpenHoCHa 3aBUCHOCT W°  (Mje Wpusujaind ako je a) P &, uim 6) @'

» Y. BullleBpefHOCHA 3aBHCHOCT (V° (XN HAa3MBA CE UPABOM BUULEBPEGHOCHOM
3d8ucHowhy ako HUje TPUBHja/THA M ako HUjelaH Off I(heHHUX JIeIoBa W° U W° () He
npencTasba GyHKIUOHANHY 3aBUCHOCT [17]. Ja 6u ce usderna Hexxe/beHa peayHOaHca
(Topku) y penaudju | 'Y y3poKOBaHA TOCTOjalbeM BHUINEBPEIHOCHE 3aBUCHOCTH,
MoCMaTpaHa lemMa pesialyje ce MoXe TpaHC(OPMHUCATH Ha Ba parmeHTa de3 ryduTka
uHdopMaruja,’Y OO 1Y O . Ha ocHoBY cBera HaBefieHor, AedHHHIIE ce fla jefiHa
mema penauuje 'Y 3agoBosbaBa 4H® yKkoaHWKO UCTOBPEMEHO 3amoBosbaBa BCNF U He

CagpXH IIpaB€ BUIIEBPEMHOCHE 3aBUCHOCTH.

[ewa nopmanna ¢opma (5HP) 3acHOBaHA je Ha KOHLUENTY 3d8UCHOCTAU CUAjAMA
(enrn. join dependency). Y ciydajy TMOCTOjarha BHINEBPEOHOCHUX 3aBHUCHOCTH,
TpaHcopmanuja meme penanuje y 4H®O Moxe Jja ce CIpoBefie UTeEpaTUBHOM OMHapHOM
DEKOMITO3HLHjoM 0Oe3 rybuTKa HH@OpMauuja WM p[odHjama CYyBULIIHUX TOPKH
IPWIMKOM Cllajaka. MehyTuM, y HEKMM ClydajeBUMa LIeMy penauuje HUje moryhe
UTEPAaTUBHO OMHApPHO [EKOMIIOHOBAaTHM Ha ONHCAaHUW HAauMH (De3 HapymaBama CTama
opuruHanHe penanuje), Beh je To Moryhe YUYMHHUTH HCK/bYYHBO HHEHUM
NEeKOMIIOHOBalkEeM Ha BHIIE 0Jf [Be Npojekuuje. IlocTojame 3aBUCHOCTH Cliajama, y
osmauu U 'OY RY FBEAY , kojoM ce JedUHMIIE CTI0XKEHO OTpaHHYElbe HaJl CTAalbeM HEeKe
penanyje | Y, mogpasymeBa ia ce HmeHa lIeMa MOXe jeJUHO JEeKOMIIOHOBATH Ha
npojexuuje 'Y RY F8BAY | Tako ma ce mpBOOUTHO cTame penauuje i 'Y Moxe MOHOBO
PEKOHCTPYMCATH HMXOBHM NpPUPOIHHMM CchajameMm, Z “ YH Y H Y
1 'Y . 3aBHUCHOCT Clajaka je TpUBHjaIHA YKOJUKO je Dap jemHa of BEeHHWX IpojeKidja
jenHaka meMH penanuje Y. 3aBUCHOCT crajama U OY RY FBEiY je nepemynpmanTHa
YKOJIMKO HUjenaH MOACKYII ITpOojeKkIHja y 10oj He fe(UHUILEe 3aBUCHOCT Cllajama y CTawby
penanuje i 'Y . KonauHo, mema Y penanuje i 'Y 3amoBosbaBa 5H®, yKOTHUKO 33 CBAKY
HepelyHIaHTHy 3aBHCHOCT cmajama U OY AY MBEY y pemanmju i Y cBaka

npojekuvja’Y,p "Q 1), mpeacTar/ka HaTK/BYY y memu 'Y penaudjei 'Y [17].



1.3.4. OBJEKTHO-PEJIALIMOHE BA3E ITOJATAKA

[Ipou3sBohaun pesnauroHux da3a mojaTaka BpEMEHOM Cy IpeNno3Halu HapacTajyhe
norpede y gomeny OO KOHUENTYa/JIHOT MOZEI0Bama, KA0 U HENOCTATKe PesaliiOHOr
Mojesa 3a euKacHy UMIUIEMeHTalujy KoMiiekcHuXx OO goMeHCKUX MoJiena, Tako Ja
cy Heku of koHuernata OO 6asa nogataka yrpahenu y noctojehe cucreme 3a ynpasbambe
penauroHuM Daszama nmopgataka. [Ipumepu TakBUX 00jeKTHHUX KOHLIENaTa KOjU Ce MOTY

CPeCcTH y TpaJULIMOHATHUM KOMePLHjaTHUM pealluoHuM Da3ama nmojatka jecy:
a) oDjekTHU uaeHTU(UKATOPHU (eHI. object identifier — OID),
0) kopuCcHUUKY e WHUCAHU TUIIOBH ToflaTaka (eHr. user-defined data types),
B) €HKallCyJlallhja onepauuja y KOpUCHUYKH Je(UHUCAHUM TUIIOBUMaA T0AaTaKa,

r) HacaehrBame KOPpUCHUYKY JeUHHUCAHUX TUNOBA (YK/byuyjyhy HaciehuBamwe U

atpudyTa | orepanuja), Kao 1
1) nonumopdusam onepauuvja KOpUCHUUKUX THIoBa [11].

dopmanHo rnefaHo, penanvoHe Oa3e TMogartaka ca npuapyxeHum OO
KOHLIENITUMA Y JIMTEPATYPH Ce TPETHPAjy Kao XUOpHUHA pellena U Ha3uBajy 00jeKTHO-
penanuoHUM CHUCTEMUMa 3a yIpaBbawke 0a3ama monaraka (eHmI. object-relational
database management systems) [11]. Hexu oi moMeHYyTHX 00jeKTHUX KOHIIENAaTa MOTY ce
npoHahu y momysiapHUM CHUCTEMHMa 3a yIlpaB/balke dasama ImojaTaka, Kao WITO CY,

npumepa pagu, IBM DBZ2, Postgre SQL, Oracle, SQL Server.

1.4. OBJEKTHO-PEJIALIMOHO MAIIHPAIE

HomeHcka noruka OO amiMKaTUBHOT COMTBEpA 3a yIpaB/balke MoJaldMa y
penauroHnM Daszama mofgaTaka TUITMYHO Ce UMIJIEMEHTHPA PYKOBAKkEM 00jeKTUMA, 10K
Cé WCTOBPEMEHO TEXU alCTpaxoBawy IpUCTyNa 0a3u IojarTaka M ,CakpuBamy"
e/leMeHaTa U JeTa/ba pesalMoHOr MoJesia. 3a MOAPIIKY TaKBOM TUIUYHOM IPUCTYITY
pasBoja codTBEpa HEOMXOHO je 1a MOCTOjU mpeciardKaBamwe ejeMeHata OO mopesna Ha
eJIEeMEHTe pelaljMoOHOI Mojiesia Koje C€ Ha3uBa 00jeXWHO-PeAUUOH0 MAUUPAtE WU

ckpaheno OPM (enrs. object-relational mapping — ORM).

ObjexkTHO-pesaUuOHO Manupame y IMpakCu ce KOPUCTH Yy [IBa PpasINyMTa

KOHTEKCTAa, KOjU ce Be3yjy 3a IBe (dase xuBoTHOT nukiayca OO codT1Bepa, a To cy:
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a) Cwmatmuuxo upecnuxasawe usmehy enemenara OO M pemauuoHOr Mopena
nofaTaka Koje ce CIIpoBOAM y (pasv UMIUIEMEHTalUUje codTBepa (eHri. design-
fime) 1 KOjuM ce omoryhasa TpaHchOpMalHja jeSHOT MOAENA NoaTaka Y OPYTH,

Kao "

0) Junamuuxo upecnuxagare akMja Ha 0OjeKTHOM HHUBOY Ha olepauuje (ymnure)

HAa HUBOY PEJIaLIMOHOT MOJie/1a 38 BpeME M3BpIIaBama IIporpama (eHIl. run-time).

Y Teopuju MU INpAKCH TIOCTOj€ U KOPUCTE Ce Pa3jIMYUTE CTpaTervje 00jeKTHO-
pETaLMOHOr MAaNMpawma M CBaka Off HUX MMA W NMPEJIHOCTH W HEJOCTAaTKEe KOjU Cy
aHaJIM3UpaHM A0 caja y goctynHoj aurepatypu [18], [19], [20]. KBamuTeTr cTpareruje
Manupawa TUIWYHO Ce KBAHTUTATHBHO MpoLemyje dpojeM MOTPeOHHX pesauuja y
pEeTalUMOHOM MOAeNy, CAOKeHOoWhy onepauuja MOpPUCTyNa NOJalMMa, Kao H

oTnopHolrhy Mofiesia Ha aHoOMasje Ipy ynucy [18].

Kapa je y nuTamy CTaTUYKO 00jeKTHO-PeIallMOHO MaNupame, MocedHO je 3HauajHo
HarJIaCUTH TO Jia Cé y OBOj OUCEepTalMju He MpefoyaBa HUjelaH KOHKpeTaH CMep HUTH
penocnen kopaka Tpanchopmaunje usmehy OO u penaguoHor mopena. Y passojy OO
aTIMKaTUBHOT CcOMTBEpA 3a pPyKOBame MOfalliMa TMOCTOje TPU OCHOBHA MPUCTYMa
00jeKTHO-pelallMoOHOr Manupamwa [21], koja cy kinacudUKOBaHA HA OCHOBY THIIA

LIEHTPAJTHOT KOHLIENTYaJTHOT MOZiesia O KOT Ce MoJa3u y pasBojy, a To Cy:

a) Ipucryn ,model-first* — o0jekTHM Mofes, MPENCTaBbeH Yy JjE3UKY 3a
MoOJIeIoBae ca BU3yeaHoM HoTauujom (Hp. Unified Modeling Language — UML
[22]), npencTaB/ba LEHTPAJHA MOJET HA OCHOBY KOjer ce oaroBapajyhom
(ayToMaTckoM) TpaHcdopmaliijoMm Mmoxke nodut OO U3BOpPHHU KoA AedHHHULIHja
KJlaca Ha U3adpaHOM MTPOrpaMCKOM je3UKy UMIUIEMEHTALMje U [IeMa PEeJTaliHOHOT

MoOJejla roagaTakd,

0) Mpucryn ,code-first* — mpojekToBale KOHIENTYyaJTHOT Mojeja 3arouuibe
neduHHcameM kiaca Ha u3abpaHom OO TpoOrpaMcKoM je3suky UMILIeMeHTallHje,
a 3aTUM ce onropapajyhom (ayromaTckom) TpaHchOpMalldjoM MOXKe TOOHUTH

IeMa pesaliMoHoT MoZesa 1mojjaTaka, Kao U (BU3yesqHH) 00jeKTHH MOZeT;

B) Ilpucryn ,database-first* — npumerbyje ce oHIa Kaja je peallMOHU MO

nojataka yHanpen neHHHUCAH W TPeICcTaB/ba LIEHTPAJIHU MOZEN U3 KOjer ce
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ogroeapajyhom (ayromaTckom) TpaHC(hOpMaLHjoM MOTy OOOUTH HedUHULIMje

wiaca Ha OO je3suky UMIUIEMeHTanuje, Kao U 00jeKTHH MOLEII.

bes o003upa Ha ycBojeHH mpucTyn pasBoja OO ammvkatuBHOr codTBEpa 3a
ylpaB/bake MOJalMa, TOJa3HH KOHLEMNTYaJHH MOJeN TofaTaka Mo IpaBHIy ce
NIpOjeKTyje IMOIITOBAKBEM OINHWCAHOI [PUHLUIIA ,HOpMaiu3auuje”, Kao Ba)KHOT

MpUHLKNA ,J00pe mpakce”.

1.4.1. YCBOJEHA CTPATEIHJA OBJEKTHO-PEJTALIMOHOT MAITMPAA

Y mpaxcu, CTaTUYKO O0jeKTHO-pelaMOHO Manupame y (asd MpojeKToBama U
pasBoja coTBepa, CIPOBOJM ce, y3 Mame Wid Behe Bapujauuje, kopuirhemeM jenHe
CTpaTeryje Koja je IMpOKO pacrpocTpameHa y pa3sojy OO amnukatuBHOr codTBEpa 3a
ylpaBbake MojaluMa y penanuoHoj 0asu nopataka. OHa je yKkpaTKo omucaHa y
HAaCTaBKy CTaB/balbeM aKleHTa MCK/BYYMBO Ha OHE JleTa/be IIpeciuKaBama KOjH Cy Of

HMHTEepeca 3a HaCTaBaK JUCKYCHje Y TeKCTy OBE JucepTaluje.

ObjexTHO-penauuoHo Manupawme usmehy OO KoHIenTyajaHOr Mojena U LIemMe
penauvone 0a3e momaraka COpoBogu ce mnomohy cnenehux IIeCT ONHUCAHUX
TpaHcdopMaligja. ¥ cBakoj on TpaHCchOopMallkja IIPBO Ce HAaBOAMW 00jeKTHU KOHIIENT, a
3aTUM U BeMy ofiroBapajyhu penaloHy KOHLENT, anu Oe3 Hamepe [ia ce Ha Taj HAaYWUH
(paBopu3yje cmep came TpaHchopmauuje.

T1) 3a cBaky Kiacy (ancTpakTHy Wi KoHKpeTHy) y OO mopesy Mopa Jia IOCTOjU

onroeapajyha mema pesnauudje y pejlaliOHOM MOJEINY.

T2) 3a cBaku atpudyT kiace y OO mojeny Mmopa [1a IoCToju oaroBapajyhu arpudyt

y LIIeMH peJialidje Koja ofiroBapa KJIacH y K0joj je aTpudyT aedrHUCaH.

T3) 3a cBaku npocty Tun nogartaka y OO moneny Mopa Jia IocToju ogrosapajyhu
IIPOCTH JOMEH (THII) ojaTaka y penaluroHom moeny (Hnp. OO Tun noparaka

String nmpecnvkasa ce y TMI roparaka Varchar(N) y penajuoHOM MOJENy).

T4) 3a cBaky acouujauujy tuna 1:N usmelhy nse xnace y OO mopeny mopa aa
noctoju onrorapajyhu atpubyT (CTpaHu K/by4d) y IlIeMH pesallje Koja

OrOBdpa KJIdCHU HAa CTPAHHU N IMOCMATpPaHE acoquaque.

T5) 3a cBaky aconyjanujy Tuna M:N y OO mopeny Mopa Jla IoCToju ofiroBapajyha

mmemMa pesialdje ca oBa aTpudyTa (CTpaHa Kibyda) pelalliOHOM MOZENy, Of
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KOjHX je jemaH Be3aH 3a IIeMy pealdje 3a KIacy Ha cTpaHu O , a IpyrH je

Be3aH 3a LIeMy peJialidje 33 KJIacy Ha CTpaHH U .

T6) 3a cBaku opgHOC reHepanusauuje/crnenujanusauvje y OO mopeny mopa Ja
MOCTOjU nap aTpudyTa, 0l KOJUX je jelaH MPUMApPHU K/byd y LIEMU pesaluje
HaTK/JIace, a OpPyrd je OpUMapHU Kbyd Y lIeMHd pejalidje M3BefleHe Kiace.
[IpexnombeHo HacsehuBamwe (eHT. overlapped inheritance) HUje ogpKaHo. 3a
CBakd map penanujai Y Wi Y Yy peranvoHOM MOJENY, Ca UIEHTHYHHM
IpUMapHUM KJbydeM U, urje meme 'Y u'Y OAroBapajy kjiacama U3BeINeHHM
u3 ucrte HaTknace y OO mopeny, Mmopa ia Oyzne 3aJ0BOJbEH YCIIOB JJa He TI0CTOjU

HUjegaH map TOpkd, O N1 Y wuw O N1 'Y , ca ocoduHOM ma wuMajy

HIEHTHYHY BPEIHOCT IIPUMAapPHOT K/by4a, OTHOCHOO U O U .

HaBenene  Tpanchopmauuje  obde3dehyjy  penaTHBHO  jeOHOCTAaBHO U
PaBOJIMHUjCKO TpeciukaBawe usMehy OO W penanuoHOT Mopesa MmojaTaka. bes
003Mpa Ha TO /ia JIU peJlalluOHU MOJieN IojaTaKa MMpeficTaB/ba LIEHTPAJIHU MOZeN KOju ce
MpOjeKkTyje TOWITOBAkEM MPUHLIMWIA HOpPMalu3auuje, WIA ce p[oduja 0djeKTHO-
pelalioHUM MalupambeM Ha OCHOBY ,HOpPMAjH30BaHOT* oOjeKTHOr Mojena, IIo
IpaBWly je liemMa pelaldoHor MojieNna nojaTaka HOpManau30BaHa (TUMUYHO y CMUCITY

3aJ10BOJ/beIba CBUX HOpMaNHUX opmu of 1HO o 5HD).

HopmanusoBaHa mwema pesaluoHOr MOZE/Ia MUHUMH3Yje CJI0KEHOCT onepauuja
youca, Ma CaMMM THM TI0jeJHOCTaB/byje W TPEC/IUKaBamke oOmepanuja ymudca Ha
00jeKTHOM HHMBOY Ha olepauuje/ynute Ha pelaluoHOM HUBOY. Ha mpumep, nonasame
odjekTa y 00jeKTHU MPOCTOP jeAHOCTABHO Ce MPec/jhKaBa Ha OTNepalnjy oJaBamba HOBOT
penay tabeiy kiace Tor 00jeKkTa. YKOJIUKO odjeKat MpuIaja Kjacu Koja je y XujepapXxuju
u3Bohewma, NomaBawme HOBOr 00jekTa MpecjnKaBa Ce, MpemMa YCBOjeHOj CTpaTerdju
Malupamwa, Ha HEKOJIHUKO PEJIALTMOHUX Ollepalyja Koje Joaajy HOBE TOPKE Y CBe pealuje
KJlaca Ha CTasd HacjaehuBamwa o5l penauuje (AMHaMHUUKe) Kji1ace o0jeKkTa Koju ce cTBapa
[0 pejlauyje KopeHe Kiace, IITO IpefcTaB/ba IPUMEDP MaJo CJI0KEHH]ET NpecuKaBama.
AKypHUpame BpeIHOCTH aTpudyTa 0djekTa CBOJIU Ce Ha AXKypUpalhe BPeJHOCTH aTpudyTa
y ogrosapajyhoj Topku penauyje 4vja mema ogrosapa kiiacH garor odjekra OO mopeny.
Axo je atpudyT HacieheH W KOHIeNTyasHO NeUHUCAH Yy HEKOj Of HaTKJaca,

MMpeC/INKaBaibe
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