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OIITI/IMI/I3aIII/IOHO-CI/IMyJ'IaIII/IOHI/I MPUCTYII pelIaBambLy l'lpOﬁ.]'leMa CTOXaCTH4YKOIr

NporpaMupama

Caxerak:

CToxacTHYKO MpOrpaMHUpamke je Je0 ONepalMoHMX HCTpakMBama Koje ce 0aBu
HAUYMHOM Ha KOjHu je Moryhe yKJbyYHTH HEU3BECHOCT Y IPOLEC JAOHOILICHA OJUIyKa U
KOje TpHXBaTa YUIECHUIY Ja JOHOCHOLY OJuTyke Hehe yBeK OWTH [OCTYIHE CBe
notpeOHe wuHpopmaruje. OCHOBHM MpoOJieM y TPUMEHH CTOXAaCTHUKHX MOJeIa
NPOM3WIIa3W M3 HEU3BECHOCTH TMapaMeTapa M UYUICHHUIE Ja CE ONTHMAIHO DPEUICHE
nepuHMIIE W A00HMja 3a JETEPMHHUCTHYKMA JIBOJHHK (TIPEACTAaBHUK) OpHUTHHAJIA.
[IpoGiieM je OLEHNTH KBAIUTET pelleHmha OJpeheHOr AeTepMUHUCTUYKOr JBOjHHKA Ca
CTaHOBHMILTA BPETHOCTU KpUTEpUjyMCKe (YHKIMje, KOja MOXKe OWTH CIIy4ajHOT
KapakTepa, Kao M Cca CTAaHOBHMINTa BepoBaTHOhEe 3a/0BOJbEHA CTOXACTHYKUX

OrpaHHYCHA.

[TpobnemMu CTOXaCTHUKOT MPOTrpaMUparma Ce M0jaBJbyjy y pa3IHuUTHM O0JIaCTHMA, aJn
HEKHU 0]1 Hajuelrhe pemaBaHux npodiema cy y 00JacTH IIIaHUpamka MPOU3BOIBE, JaHIla
cHa0zeBama, JIOTUCTHKE, TPAHCIOPTA, YIpaBJbakbe HOPTPOIMOM, MapKETHHTa U

yoniure y oosacTi (prHaHCHja Kao U y MHOTHM JPYTUM 00JacTuMa.

[Tpuctynu pemaBamy npoOieMa CTOXAaCTHUKOI MpOorpaMHpama ce MOTY IMOJAEIUTH Y
TPU OCHOBHA TIpaBlla: CTOXAaCTUYKa ONTHMHU3alMja, poOycHa ONTHUMH3aLHUja U
BEPOBATHOCHO 33JI0BOJbEHE OrpaHMuema (chance constrained programming) ¥ Koju
OpeCTaB/bajy IMOJIa3HY TauKy CBUX JaJbUX MCTpaKuBamba Yy OBOj 00JacTu

ONTUMHU3AIIH]C.

PoOycHu npucTyn je KOH3epBaTUBHU MPHUCTYII KOJU j€ OpUjEHTUCAH Ha HajTopu Moryhu
CIEHapHO y3 Je(pUHHUCAkE TaKBOI JETEPMHHUCTHYKOT JBOJHHKA OPUTMHAIHOT

np06neMa Y KOM€ C€ CIIMMHUHHUIIC CBA HEU3BCCHOCT U3 MOJI€JIA.

BepoBaTHOCHO 330BOJBEHE OrpaHWUYCHA je MPHCTYN KOju TOceOHO TpeTHpa
HEU3BECHOCT KOja Ce jaBjba y IIapaMeTpuMa OrpaHHuema U IoceOHO ce OaBu
pelaBambeM TakBUX MpoOiema. OCHOBHA MPETIIOCTaBKa y OBOM IPHUCTYIY je JAa je

noTpeOHO 33J0BOJBUTH HEKO OTPaHHUYCHE KOj€ j€ HEU3BECHO, ca HajMame YHarpen



onpehenom BepoBatHOhoM. [loBOn 3a pa3Boj M MPHUMEHY MPUCTYNA BEPOBATHOCHOT
3aJI0BOJbEHa OTpaHUYCHA je TMOoTpeda Ja ce CKyNl OrpaHHYea ONHIIE Yy CMHUCITY
neduHECcama BEpOBaTHONE 3a/I0BOJbEHAa OTPaHUYCHA KOja MPENICTaBJha PU3HK KOJH je
JOHOCHJII] OJITYKE CIIPEMaH Ja NMPUXBATH Ja JOOUjEHO ONTUMAITHO penlewkhe Hehe OuTu
normyctuBo. OCHOBHU M HAj3aXTE€BHHUJU M3a30B MPUCTYIAa BEPOBATHOCHOT 3a/I0BOJHEHHA
OrpaHHYCHba je HEroBa payyHCKa H3BOJIJBMBOCT, KOja jeé Tpe CBera IOBe3aHa ca

MoryhHomhy nmpoHanaxkema pacrojiesne BepoBaTHoONE clyuyajHUX MPOMEHIbUBHX.

WNnak, cBM MOMEHYTH HPUCTYNHU CY KOMIUIEMEHTApPHU MPUCTYNHU 32 ONTUMH3AIH]Y Y

yCji0BUMa HEU3BCCHOCTU, CBAKHU Ca CBOjI/IM npeaAHOCTMAa U MaHaMa.

Hpe,I[MCT HUCTpaXXUBakhaA y I[I/IcepTaI_[I/IjI/I OIHOCH CC€ Ha UCIIMTHBAILC PA3JIMYUTUX HAYWMHA
TpETUpaka HCHU3BCCHOCTH Y MATEMATHYKUM MOJCINMa, OJHOCHO pa3B0j HOBHX

NPUCTYIA PEeIIaBaky CTOXACTUYKUX MOJeNia ONTHMHU3ALIH]E.

OcHOBHaA TpETIIOCTaBKa JHUCEpPTalHdje je Ja ce pealHh NpoOJIeMH CTOXAaCTHYKOT
nporpaMupama MOTy e(pHKaCHO pelaBaTh KOMOHWHAIIMjOM METoJa KJIacCHYHE

ACTCPMUHUCTHUYIKE OHTI/IMI/I38.LII/Ije )51 CI/IMyJIaI_[I/Ije.

[{usb ucTpakuBama je AOMPUHOC Pa3BOjy O0OJACTH CTOXACTUUYKOT MPOrpaMHupama Kpo3
pa3BOj HOBOT IPUCTYNA pellaBamy ciaabo CTpyKTypupaHux npobiema. [Ipenusnuje, y
JIUCEepTalUjU je NpUMEHhEeHa OpHUIMHajHA MeTOJa: WTEpaTHUBHM ONTHUMM3AIlMOHO-
cumynanuonu npuctyn. Ilpuctyn ce cacroju u3 nBe dasze: ontumasanuone (asza xoja
noapasymeBa AepUHHCAE M PElIaBambe JIETEPMUHUCTHUYKOT JIBOJHHMKA OPUTHHAITHOT
npobiema, U cuMmylanuoHe ¢asze y K0joj ce IpoBepaBa BepoBaTHOha 3a/10BOJbEH-a
orpanuyema y3 nomoh cumynanuje. CBaku JETEPMUHUCTUYKH JBOJHUK IPEJCTABIbA
jeIaH HOBH CIIEHApHO KOjH C€ TpOBEpaBa CHAroM CHMYyJAIje. YKOJIUKO TOHOCHJIAI
OJIIyKe HUje 33aJ0BOJbAH pE3yNTaTHMa, JCPHUHUINEC Cce HOBH CIEHAPUO Ca HOBHUM
JNETEePMUHUCTHUYKAM  BPEIHOCTMMA  OPUTMHAIHOT  CTOXaCTHMYKOr  ImpoOdiema.
AKyMynMpaHO MCKYCTBO U3 BEJIMKOT Opoja cuMylanmgja je HCKOpHIIheHo 3a

pa3Matpame U GopMyiHcame XeypUCTHKA 33 TEHEPHCAhe CIICHApH]ja.

OnmTy 1uJb UCTPaXKUBamka j€ Ja C€ KpPO3 HMIUIEMEHTAIM]y OBAKBOT MPHUCTYIA

pelaBama CTOXaCTHYKUX MOJeNa, M0OWjeHa ONTHUMalTHa pellekha MpeTBope y molpe



ylpaBJbauke OJJIyKe Koje he omoryhutu peanusanujy IOCTaBJbEHUX LUIbEBA H

I/IMHJIeMeHTaI_II/ij CTOXaCTHYKUX MOJCJIa y pCaJIHUM CUCTCMHUMA.

Haj3nauajuuju gonpunoc oBor pana Ouhe neduHucame HOBOT MPHCTYyNa peliaBamba
npo0iieMa CTOXaCTHYKE ONTHMH3AlMje, OJHOCHO CTBapame e(UKAaCHOT HadyuHa
pelraBama CTOXAaCTHUKUX Mojena KopumhemeM cuMmynanuoHor mnpucryna. llopen
epuKacHHMjer pellaBamba MOJeNa, NOHYyAuheMO U HOBE CIICHApHje y NPUCTYITY
pelaBamba CTOXAaCTHMYKMX ONTHMU3ALMOHUX MOjeNa, mMTO O 3ajenHo omoryhuio
JEeAHOCTAaBHU]y MPUMEHY OAroBapajyhux anropurama 3a peliaBame U UMIUIEMEHTALN]y

MOZCJIa y p€aJIHOM CBCTY.

Kibyune peun: CTOXacTHUKO MporpaMHpame, poOycHa ONTHMHU3AIMja, BEPOBATHOCHO
3aJI0BOJbeEe OrpaHuuema (chance constrained programming), IeTEePMUHUCTHYKH

JBOJHUK, CHMYJIAllHja, TCHEPUCAhE CIICHAPH]ja, XEYPUCTHKA



Optimization-simulation approach to solving stochastic programming problems

Abstract:

Stochastic programming is a part of the operational research which investigates ways to
incorporate uncertainty in the process of decision-making and that accepts the fact that
the decision maker will not always have all the information needed readily available.
The main problem in application of stochastic programming comes from the uncertainty
of parameters in model and the fact that optimal solution is defined for the deterministic
equivalent (double) of the original problem. Another problem is to evaluate the quality
of a specific deterministic equivalent from the perspective of the value of criterion
function, that can be a random, as well as from the perspective of probability of

satisfying stochastic constraints.

Stochastic programming is applied in many areas, and some of the most common
problems solved using stochastic programming are in the fields of production planning,
supply chains, logistics, transportation, portfolio management, marketing and in the
field of finance, and many other areas.

There are three common approaches in solving stochastic programming problems:
stochastic optimization, robust optimization and chance constrained programming, and

they represent the starting point of all the research in this field of optimization.

Robust optimization is a conservative approach that is orientated on the worst case
scenario by defining such a deterministic equivalent of the original problem that

removes all uncertainty from the model.

Chance constrained programming is an approach that treats uncertainty in the
parameters of the constraints in the model and uses different techniques in solving these
problems. The basic presumption in this approach is that a certain constraint, which is
stochastic and uncertain, has to be satisfied with a predefined probability. The reason
for developing and application of such an approach is the need to describe the
constraints in such a manner that the predefined probability of satisfying constraints is
actually a risk that the solution obtained won’t be satisfied and which the decision

maker is willing to accept. The main and most challenging part of the chance constraint



approach is tractability, that is above all connected to the possibility of finding the
appropriate probability distributions of the stochastic parameters.

Nevertheless, all of the aforementioned approaches to stochastic programming are
complementary approaches in solving optimization problems with uncertainty, with its

own pros and cons.

The field of research in this dissertation is investigating different approaches in treating
uncertainty in mathematical models, i.e. developing a new approach in solving

stochastic programming models.

The basic assumption of dissertation is that the real life problem of stochastic
programming can be efficiently solved by using the combination of the classic

deterministic optimization and simulation.

The goal of the research is the contribution to the field of stochastic programming
through the development of the new approach in solving weak structured problems. To
be more precise, a new original method is proposed in the dissertation: iterative
optimization-simulation approach. The approach consists of two phases: optimization
phase in which the deterministic equivalent of the original problem is solved to
optimality, and a simulation phase in which probability of satisfying constraints is
checked using simulation. Every deterministic equivalent represents a new scenario,
which is checked using the power of simulation. If the decision maker is not satisfied
with the result, a new scenario of the original stochastic problem with new deterministic
values will be defined. The accumulated experience from checking scenarios is used to

consider and formulate heuristics as simple rules for scenario generation.

The main goal of the research is to use the optimal solutions achieved through
implementation of this approach to solving stochastic models as good managerial
decisions that will achieve the realization of the goals and implementation of the

stochastic models in real life problems.

The greatest contribution of this dissertation is defining a new approach to solving
problems of stochastic optimization, i.e. creating an efficient way to solve stochastic

models using a simulation approach. Other than this, we will propose a new scenario in



solving stochastic optimization models that will enable a much simpler application of

the appropriate algorithms in solving those models and implementing them in real life
world.

Keywords: Stochastic programming, robust optimization, chance constrained

programming, deterministic equivalent, simulation, scenario generation, heuristics
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1 YBOJ

KrnacudHa mpernocTaBka y MpuMEHU METOa JIMHEAPHOT MIPorpaMuparma Mpy PellaBamby
pealtHuX MpobiieMa 1ojIa3y O TOra Jia Cy yila3He MPOMEHJbUBE Y MOJIEN, OCUM HapaBHO
yIpaBJbayke MPOMEHJBUBE X, MO3HATH (PUKCHHU IMOAAlM. PealHn mpoOjaeMH Cy BpJIO
PETKO Tako MpEenu3HO JeUHUCAHHW, TaKO Jla HaBeIeHA NPETIIOCTaBKa YECTO He
OJIrOBapa M HE OJIC/IMKAaBa Ha MPaBH HAYMH peaiaH MpoOJIEeMOM ca KOJHUM CE CyouaBaMo.
Hajuemihe je crmydaj na cy HeKe 0oJ yla3HUX MPOMEHJbUBHX ofpeheHe Kao CTaTHCTUYKE
OLICHE MMOCMATPAHUX UCTOPHjCKHX I0JIaTaKa, WK MPEICTaBIbajy CyOjeKTUBHE MPOLICHE
JIOHOCHOIIA OJUTYKE, a BPJIO YECTO j€ OYMIJICHO Jia Cy yJIa3HE NMPOMEHJBHBE 3aIllPaBO
CIIy4ajHH, CTOXaCTHUYKH MapameTpu. llpuMepu TakBUX mMojaTtaka Cy MPOU3BOJHU
KaIlaluTeTH, TPaXmha, [ICHa CHPOBHHA HA TPXKUINTY WIU MPOAyKTHBHOCT. [loTmyHO je
jacHo 11a je roToBO Hemoryhe nmpeaBuAeTH TPAKIbY 3a MPOU3BOAOM KOju Tpeba nmpoaaTy,
WIN 1ICHY CUPOBUHE, HO UIIaK HEOIXO/HO j€ YKJbYYHTH OBE yJIa3HE IMOjaTaka y MOJel, a

3ajeIHO ca ’UMa ¥ HEU3BECHOCT KOja MX KapaKTepHIIIE.

VY nuHEapHOM NporpaMupamy CTaHIAPIHU MPUCTYI OM OMO Ja ce ylla3HW MapaMeTpu
Ha OCHOBY MCTOPHjCKHUX ITOJIaTaKa 3aMEeHE ca OYEKMBAHUM BPEJHOCTAMA M KAO TAaKBHU CE
UCKOpPHUCTE 3a pellaBame ojaropapajyher numHeapHor Mogzena. OBakaB NPUCTYI
pelaBamby ce MOKe KOPUCTUTH CaMO y HEKUM CIIELUjaJIHUM CllyyajeBUMa U yCIOBUMa,
aJqy ce BPJIO JJAaKO MO’KE IMMOKa3aTh Jla TAaKBO JIOOMjEHO pEIeHe y3 Malie Bapujallvje
CTOXAaCTHYKHX IapaMeTapa HHUje ONTUMAIIHO, WM je BeoMma JIOIIe ca CTaHOBHIITA
KpUTEpHjyMCKe (YHKIIMje 3a TOCMaTpaHu peaitHu npobsieM. YnmeHnIa je 1a ce OAyKe
BPJIO PETKO JI0HOCE y YCJIOBHMA MOTIYHE U3BECHOCTH, J€p TOTOBO YBEK MOCTOJU HEIITO

y OyayhHOCTH IITO HUJE TTO3HATO KaJia Ce JIOHOCE BAXKHE OJITYKE.

DeHOMEH HEU3BECHOCTHU 3aXTE€Ba NPUMEHY aJ€KBATHUX, aJIM U NHOBATUBHUX MPHUCTYyNa
pelaBakby ONTHMMM3ALMOHMX 3ajgaTaka. Crtora je, rOTOBO YIOpPEAO ca JIMHEAPHUM
IporpaMupameM, HAacTao BEJIMKM Opoj MpHUCTyNa TpeTHUpamky HEU3BECHOCTH Y
MaTeMaTHYKOM  IporpaMupamy  IOJ  3ajeJHHYKMM  Ha3MBOM  CTOXAaCTHYKO

IIPOrpaMUpaAE.

Hcropujcku rtnenano, Beh 1955. romumHe pa3BujeH MNPBU KOHIENT CTOXAaCTHYKOT

poTpaMupama.
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Tuntaep (Tintner, 1955) je mnpBu nepuHHMCAO METOJ CTOXACTUYKOI JIMHEAPHOT
nporpaMupama y KOM je TOKyIao jaa npoHale BepoBaTHohy pacmozene 3a (GyHKIU)Y
iba y Ciiydajy MOTyNHOCTH HajaXewwa MPETXOMHOr peIieha HEU3BECHOCTH 3a
napamerap 4. HMcre roaune, nsa ayropa (Beale, 1955; George B Dantzig, 1955) cy,
HE3aBUCHO jelaH OJf APYror, PasBWIM METOA KOjU C€ 3aCHHBA0 HA OYCKUBAHUM
PEKYpCHUM TPOIIKOBMMA, & METOJ j€ KAacHHje Ha3BaH JHMHCAPHO MPOrPaMHUpAbe Y
yCJIOBUMa HEM3BECHOCTH, Kako Ta je Jlanumr neduuucao y cBom pamy. Hekonnko
roguHa kacuuje, Yapuc u Kymep (Charnes & Cooper, 1959) cy nedunucann HOBU
HPUCTYI TOJ Ha3uBOM BepoBaTHOhAa 3a10BOJbEHA OTPaHUYCHA, KOJU CE 3HATHO

Pa3IuKOBA0 O NMPETXO/AHA JBA MPUCTYTIA.

Tpeba momeHyTH U TpUCTYN pOOYCHOT JIMHEAPHOT MPOTrpaMupama Koju je JeGuHucao
(Soyster, 1973) y o0nuKy KakBOT Ta JaHac MO3HajeMO. POOYCHM MPUCTYN TpeTUpamby
HEM3BECHOCTH j& MAJIO JAPYravyrju O MPETXOJAHO MOMEHYTUX MPUCTYIA y CMHUCIY A je
OpHjeHTHCaH Ha Hajropu Moryhu crienapuo (WOrst-case scenario), OHOCHO MPUMapHU
b je TmpoHahM TakBa pemiema CTOXAaCTHYKOr Mojelia Koja he OuTH mMyHa Ha

HCHU3BCCHOCT.

CBe y cBemMy, OBU OCHOBHU TMPHUCTYNMH Cy OWIM KaMEH TeMeJball CBUX JaJbHX
UCTPaXUBamka Y 00JIACTH CTOXACTUYKOT MPOrpamMupama. TOKOM HapeIHUX TOJUHA, OBE
METOJIE CYy NIPUMEHEHE y Pa3IMuUTUM O0JIacTUMa, Ma je 3HAYCHE M3pa3a CTOXACTUUKO
MpOTrpaMupame 3HATHO MPOIIMPEHO U CajJa C€ OJHOCH HAa CBAKM MAaTEMATHYKH MOJIEN
KOJU CaJpXH CTOXACTHYKE MapaMmerpe. J[aHIWroB OpUTHHAIHU MPOOJIEM JTHUHEAPHOT
nporpaMupama y YCIOBUMa HEU3BECHOCTH C€ YECTO Ha3MBa jOIll U IBO(a3HU PEeKypCHU
Monen, a THHTHEpPOB ce Ha3WBa MPOOJEeM pacmojelie mapaMeTapa CTOXaCTHUKOT

JMHEapHOT IPOrpaMupama.

Kibyuna pasnuka usmel)y cToxacTHdkor M poOYCHOT IMporpamupama je Jia ce IpH
U3TPaJBbA MOJIENA Y CTOXAaCTUYKOM IPHCTYITY HEH3BECHH MapaMeTpy MOCMAaTpajy Kao
ciydajHe npoMeHJbuBe. CTOXacTMYKM MPHUCTYH je MHOIO Mambe KOH3EepBaTHUBaH Y
OJTHOCY Ha POOYCHHM MNPHUCTYN KOjU j€ YIJIaBHOM OpPMjEHTHCAH Ha Hajropu Moryhu
ciyuaj. Mnak, kako ce tBpau y kwuszu (Aharon Ben-Tal, EI Ghaoui, & Nemirovski,
2009), croxacTHYKO M POOYCHO MPOTrpaMHUpare Cy KOMIUIEMEHTApHH MPUCTYIH 32

ONTUMM3AIIM]Y Y YCIOBUMA HEU3BECHOCTH, CBAKH Ca CBOJUM MPEIHOCTUMA U MaHaMa.
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OnTuMU3aMoHu MPOOJIEMH Y KOjUMa ce KOPUCTE CTOXACTHYKU MOJICNU jaBJbajy c€ Y
TOTOBO CBHM 00JacTuMa, O] TEJIEKOMYHHUKAIMje, TPAaHCIOPTa, JIOTUCTHKE, JaHala
cHa0jeBama, MapKeTHUHTa, MeauluHe, puHaHcuja u Apyrux obnactu. Kao mro je
MI03HATO, CIYYajHU MapaMeTpy KapaKTEPHINy CTOXACTHYKE MOJENC U Yy TOM CMHCIY
TEOpHja  CTOXaCTHMYKE  ONTUMHU3aIMje  KOMOHMHYje  METOo/Ae  ONTHMHU3alHje,

($yHKIMOHATHE aHAJIM3€E U TEOpHje BepoBaTHONE U CTATUCTHKE.

VY nucepranyju je pa3BujeH HOBU ONTHMH3ALMOHO-CUMYJIAIIMOHU MPUCTYI Y KOjeM Cy
KopuitheHr TpHCTynmH poOYCHE ONTHMH3AlMjeé W BEPOBATHOCHOT 33J0BOJHEHHA
orpaHuyema. [IpucTyn BepOBaTHOCHOT 3aJ0BOJbEH-A OrpaHHMYCHa IOApasyMeBa
Kpeupame CLEHapHja KOjU NPEACTaBJbajy NETEPMUHHCTHYKU IBOJHUK OPUTHHAIHOT
npo0iieMa. 3a CBaKku OJ1 ClieHapHja T00Hja ce ONTHMAITHO PEICHE 3a KOje Ce IMpoBepaBa
BEpOBaTHONA 3a/10BOJbEH-A OTPAHUYCHAa METOJIOM CHMYJaIje. Y CKIaay ca THM Tpebda

OJITOBOPUTH Ha JIBE TPYIIC MUTAkA:
1) Kako dhopmupaTu norogse cueHapuje, u
2) Kako epukacHO 00aBUTH CUMYJAIIMOHE TIPOBEPE.

bpoj Moryhux crenapuja, OAHOCHO JETEPMHUHUCTUYKUX JBOJHUKA OPUTHHAIHOT
npobiema, pacTe eKCIOHEHIMjalHO ca noBehamem Opoja ciaydajHUX MapaMerapa y
MoOJIeNly, IITO Takole pe3yiThpa y 3HA4ajHOM YCIOXKH-aBalkby PauyHCKOI pellaBamba
TakBUX IpobsieMa. Y Ty CBpPXY, Pa3BHJE€HO j€ U TECTUPAHO HEKOJIMKO XEypUCTHKA KOje
omoryhaBajy penaTHBHO Op30 MOCTH3ame 3a70BOJhaBajyher periema OpPUTHHATHOT

npobiiema.

Kao wmycrpanmja mnpucTyna pasMaTpaH je mpoOsieM —orjamiaBamba, OJIHOCHO
II0CTaBJbakha OIJIaca y pa3iIMuuTe IITaMIIaHE HOBHHE, YAaCOIIUCE U Mara3uHe, ca [IUJbEM

MOoCTU3ama mTo Beher edekTa y3 MUHUMAIHH yTpoIak OynerTa.

Jucepranyja je opraHu3zoBaHa Ha cienehu Ha4ywH: Ne(UHUCAE OCHOBHHX IOCTaBKU
JETEPMUHUCTUYKOT U CTOXAaCTUYKOT IMpOorpaMupama KOjU Cy MPeaMeT UCTPaKUBamba
JaT je y ApYyroMm morjiaBiby. Y TpeheMm moriamiby je€ MPeACTaBJbeH ONTHMH3AIMOHO-
CUMYJAIIMOHU TPHUCTYN CTOXACTUYKOM IMpOrpaMupamy. Y 4eTBPTOM IOTIaBJby j€ AaTa

MOCTaBKa CTOXAaCTHUYKOr TMpo0iiemMa oOriamiaBama, OJHOCHO JlaTa je HOTaluja,
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neduHUCaH MOJEI, MPEACTaBIbeHH PEATHU TOJAIM KOjU Cy KOPUIINEHU U XCYPHUCTUKE
3a TreHepucame CleHapuja. Y TeTOM TIOIJaB/by MPEACTaBIbEHU Cy pe3yiTaTu
HUCTpaXKHMBama, TabemapHo W rpadUyKd W JATO j€ KpaTKo O0jallmkeme 3a Jo0ujeHe
pesyirare. Y OKBHPY HMCTE IJIaBe Jara je AUCKYCHja O CaMOM MPHUCTYIY U OCTBAPCHUM

pesyntaTuma u Oyayhum ucTpaxxuBamuMa.
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1.1 [depunucame npodiemMa HCTPaAKUBAKA

[Ipeamer wuCTpaXkuBama je CTOXAaCTHYKO NPOTPaMUpPAE, OJHOCHO pa3Boj H
UCIUTHBAKE PA3IMUUTUX MPUCTYIA pellaBamby CTOXACTUYKUX MOjejia ONTHUMH3AIHje.
OcHoBHH MpoOJeM y NPUMEHHM CTOXAaCTHYKUX MOjeia MPOM3UiIa3u U3 HEU3BECHOCTH
napameTrapa ¥ YHMICHHUIE Ja CE ONTHUMAlHO peliere JAeguHuIe U J00Huja camo 3a

JETEPMUHUCTHYKU ABOJHUK (TIPEICTABHHUK) OPUTHHAIIA.

[Ipobnem je OLEHWTH KBAIMTET peliemha oApeleHOr NeTepMHHHCTHYKOT IBOJHUKA ca
CTaHOBMINTA BPEIHOCTH KpUTEpUjyMCKe (QYHKIHjE, KOja MOXKe OWUTH CIydajHOT
KapakTepa, Kao ¥ ca CTaHOBHINTAa BepoBaTHOhE 3a/l0BOJbEHA CTOXACTHYKUX
orpannyema. [Ipeamer WcTpaxuBama Yy OKBUPY JOKTOPCKOT paja OJHOCH Ce€ Ha
nprMeHy KOMOWHAIMje METOAa KJIACHYHE JETEPMUHHUCTUYKE ONTUMH3AIM]EC H
CHMYJIAIMOHOT TPUCTYNAa y [MJby OICHHBama BPETHOCTH pellema 3a onapeheHu

CIIEHApHO, Tj. oJpeheHn TeTepMUHUCTUYKY IBOJHUK.

Jom jeman mpobnem koju he ce pa3MaTpaTH y IOKTOPCKOM pany je Kopuuheme
Pa3IMYUTUX XEYPUCTHUKA y OOJIACTH JMHEAPHOT CTOXACTHUYKOI MpOorpaMupama, a Koje
Ou ce ogHOCHIIE Ha KpEHpame Pa3IMYUTHX CLIEHapHja M KOopuIIheme CUMYNAI[HOHOT
npuctyna 3a oapehuBame BepoBaTHOhE 3a/l0BOJbEH-a OrpaHuuewma. OBO 3HAUM Ja
OMCMO HACympoT JETePMUHUCTUYKUX BPEAHOCTH TPOMEHJBHBHUX Y CTaHIAPIHUM
JUHEApHUM MOJlelUMa yBEJIM HOBE, CTOXAaCTMYKE BPEAHOCTH, a IOTOM pellaBajiu
JNETEePMUHUCTHYKE JIBOJHUKE OPHUTHHAIHOI MOJeNla KpO3 HEKOJIUKO HTEepPaTUBHUX

NOCTyMaKa CUMyJallyje U poBepe.

1.2 Ilu/beBH U XMIIOTe3€e HCTPAKUBAKA

Hayuynu b uctpakuBama je nosehame cazHamba O CTOXAaCTHMYKOM MPOTPAMUPALY
nyTeM YyKa3uBamba Ha MOTYNHOCT NpUMEHE CHUMYJAlMOHOI NpUcTyna y OpikeM
peliaBarkby M HMIUIEMEHTAlMjU JIMHEAPHUX CTOXAaCTHYKUX MOJENa Yy peaTHUM

CHCTCMHMA.
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Onmru Wb UCTpaXUBama je Ja Ce KPo3 HMIUICMEHTAIlW]y OBAaKBOT IPUCTYIIA
pelaBama JIMHEAPHUX CTOXACTUYKUX MOJIeNa, JOOHjeHa ONTUMaTHA Peliekha MPETBOPE
y no0pe ympaBibauke OJulyKe Koje he oMmoryhutu AoHOCHOIly OAJIyKa Ja OCTBAapU

IIOCTaBJbECHE LIUJBECBCE.

XuroTe3e IJOKTOPCKOT pajaa NedUHHUITY ce Yy CKIaay ca HpeaIMeTOM U IuJbeBHMa

UCTPaXUBaba!

Onmra Xuore3a JJOKTOPCKOT paja je Ja ce pealHH MpOoOJeMU CTOXaCTHYKOT
nporpaMupama MOTy e(pHKAaCHO pellaBaTh KOMOWHAIIMjOM METoJa KJIaCUYHE

JNETEPMHHUCTHYKE ONTUMH3AIIN]E U CUMYJIAIIHje.
[ToceOHe xumnotese cy cienehe:

e 3a pemaBame JACTCPMUHUCTUYKUX JIBOjHHKA IIOCTOje €PHKACHE METOJe |
€r3aKTHH aJITOPUTMH KOJU FapaHTyjy J0OUjame ONTUMAIIHUX pelliekha Kaaa cy y
UTaKkY JUHEAPHU MOJICIH, KA0 ¥ XEYPUCTUYKH AJITOPUTMHU KOJH J1ajy ,,JI0BOJHHO
no0pa® peliema y cirydajeBuMa HeJIMHEApHOT U 11eJI00pOJHOT TPOrpaMupama.

e (Hara caBpeMEHHX payyHApCKUX cucTeMa omoryhaBa mpuMeHY CHUMYJAlHOHOT
NpHUCTYyNa 3a eBalyalujy peliewma oapeheHor NeTepMUHUCTUYKOT JIBOJHUKA 3a
OPUTHHAIHYU MPOOIJIEM CTOXAaCTHYKOT TPOTPaMHPambha.

e Pagm Tpermpama HEM3BECHOCTH y MPOOJIEMHMa CTOXACTHYKOT IMPOrpaMHparba
Mmoryhe je pa3BUTH eduKacHe MOCTYNKe TeHeprcama MOTOJHHUX CLeHapuja U
oJroBapajyhux 1eTepMUHUCTUYKUX JBOJHHUKA.

e [lpemiokeHn ONTUMH3ANMOHO-CHMYJIAIIMOHN TIPUCTYN pellaBamy IMpodieMa
CTOXACTHUYKOT TMporpaMupama ce Moxe e(QHUKacHO MpPUMEHHBATH 3a CIy4aj
CTOXACTHUYKOT JIMHEAPHOT TPOTPaMHUpPamba.

e VYV mwpy nosehama epUKacCHOCTH MPEIOKEHOT MpUCTyna Moryhe je KOpUCTUTH
KOHIICTITE TBPAWX W MEKHX OTpPaHHYeHa, OAHOCHO KOMOHWHAIHM]y KOHIIETITa
poOyCcHOT  TIporpaMupama ®  KOHIIENTa BEPOBATHOCHOT  33/I0BOJHEHA

OrpaHHu4CH:A.
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1.3 HayuHe MeTo/le HCTPAKMBAKa

Opn ommtux MeToja MNpU H3pagd JOKTOPCKOT paja KOPUCTHIE CYy CE€ METOJE
NPUKYIJbalba U aHaAlIM3e HAYYHHX pe3yJiTaTa, pe3yiTara U eKcliepuMeHara U3 rnpakce u
Tyhux ucKycraBa, Kao M METOJla MOJIeJIOBamba U METO/Ia TeHepHcama CIIeHapHuja, a 3a
peliaBame Mpo0eMa CTOXACTUYKE ONTHMH3AIHje, KOMOWHOBAHH ONTHMH3AIMOHO
CUMYJAIIMOHU TpUCTYyN. KpeupameM pa3IuduTHX CICHApHja MOJEJIOBAHO j€ BHIIE
Moryhux wucxoma y OyayhHocTM H, y CKJIaay ca THM, KpEeUpaHU MOJIETH
JETePMUHUCTUYKUX JIBOJHUKA pealHOr Mpoljema, KOju Cy pellaBaHd KIACUYHUM
ONTUMM3AIMOHUM MeToJamMa M OJAroBapajyha peliema OleHheHa CUMYIAdOHUM
npuctynoM. [lpu wu3pagm JOKTOpPCKOr paja M3BpIIEHA Cy EKCIIEpUMEHTaIHa
UCTpaXUBamka KOPHUINNCHEM JOCTYIHUX padyHApCKUX codTBepa y3 MoMoh meroma
OMEpAIMOHUX HUCTPAKWBama, IMpelu3Huje, MeToJa ONTHUMH3alUje U MeTojAa

cuUMyJalmje.

1.4 OuexnBaHU HAYYHH M CTPYYHH JONPHHOC HCTPAKUBAKA

MotuBanmja geduHHUCAkAa W H3paJe HOBOT TMPUCTyNa peliaBamy MpobiemMa
CTOXAaCTUYKOI' TporpamHpama j€ CTBapame eQUKaCHHjer HayhuHa pellaBamba
CTOXAaCTHYKHMX Mojiena KopulllhewmeM cumynanuoHor npucrtyna. Ilopen eduxacHujer
pemaBama Mojeia, MOHYHeHHM Cy W HOBH CIEHApHUjU y TPHUCTYIy pellaBama
CTOXaCTHMYKHMX ONTUMHU3ALMOHUX MOJeNa, IITO 3ajelHO omoryhaBa jeJHOCTaBHU]Y
OpUMeHy oAroBapajyhmx ajropuTaMa 3a pellaBambe M UMIUIEMEHTAIM])y Mojena y

pEaTHOM CBETY.

OBo ucTpaxkuBame je ypal)eHO ca HHJbeM Jajy HOBU JOMPHHOCH M moBeha ca3HajHU
¢oH y 007acTH CTOXAaCTUYKOT MporpaMupama. MeoTo1070THja U MPUCTYIl pellaBamka
Tpeba na oMoryhu OCHOBY 3a HETOBY Jlajby IPUMEHY y JAPYTUM CIHMYHUM 0OJacTHMa
ONTUMU3AIH]jE, KAa0 IMTO Cy POOYCHO MPOTpaMUpame W MPOTrPaMUpPAE 3aCHOBAHO Ha
BEPOBAaTHONM 3a/10BOJbEH-a OIPAaHUUYECH-a T BEPOBATHOCHOM 33/10BOJbEIbY OIpaHHUYCHa

(chance constrained programming).
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Bepuduxanmja HayuHux pesyirara noTBpheHa je 00jaBJbUBaEM EKCIIEpUMEHaTa U
pesyiTara Ha HAyYHUM KOH(EepeHIjama 1 y pelieBaHTHUM JoMahuM 1 Mel)yHapoaHoM

JacoIIucy.
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2 CTOXACTHYKO ITPOI'PAMUPAIBE - Teopujcka nocTaBka u
eMIIMPHjCKA MPUMEHA

OcHoBHHY 1TOjMOBH Koju he OUTH pa3MaTpaHu Y OBOj AWCEPTAIH]H CY:

e JluHeapHU MOJIEITU ONTHMHU3AIIN]E

e [Ipucrynu TpeTupamy HEU3BECHOCTH Y MAaTEMATUYKOM IIPOTpaMUpamy, U TO:
"  CTOXacTHYKa ONTHUMH3AIIN]a
" poOycHa ONTUMHU3AIIH]A
"  BEpPOBATHOCHO 33/I0BOJHEHHE OTPAHUYCHA

e ['eHepucame ClieHApHja, XCYPUCTHKE M CUMYJIAIIMOHE TEXHUKE

e KomMOuHoBaHu ONTUMU3AITUOHO-CUMYJIAIITMOHU TTPUCTYIIN U BbUXO0BA IPUMCHA

2.1 OcHOBHE NOCTaBKe ACTEPMUHUCTHYKOI M1 CTOXACTUIKOI IIporpamMmupama

OmnyunBame je pyHIaMEeHTAIHUA MPOIEC MEHAIMEHTA, a ONepaIlioHa UCTPAKUBAA CY
Mel)y mpBHMa MOHYJWIE€ KBAaHTHUTATUBHE MOJENE KOjU TOMaxy PYKOBOJMOLMMA Ja
JIOHECY TIpaBy yIOpaBibauky oJuiyKy. IIpBe pedepeHiie Ha 3amaTke JTUHEapHE
ONTUMHU3AIIM]e HaTa3uMO KoJ1 TBopiia cumiuieke metoze (G B Dantzig, 1949) koju ux je
y MOYETKY HAa3UBao ,,IPOrpaMHUpame y JIMHEAPHUM CTpyKTypama”, mehyTum Bpiio O6p30

je OIIIITE HpI/IXBaheHI/I TECPMUH ITOCTAO JINMHCAPHO IIPOrpaMHrupame.

MatemaTuyky MOJIETTH ¥ METO/IE PelllaBama Cy Jajie HeMEPJbHUB JOMPHUHOC U MOCTAle Cy
He3a00Ma3aH anar 3a U3Tpaalmy Mojela, aHaIu3y pPeallHUX MpodiieMa U JOHOLICHE
I00puX OTyKa KOju Boje mpenysehe ka mocraBibeHOM 1MIbYy. [IpobiieM mpoHanaxema
ONITUMAITHOT PElIeHa je HEM30CTaBHH 10 MOCIIa CBAKOT MEeHalepa, a 00JIacTH IPUMEHE

METOJa OHTI/IMI/I38.L[I/IjC Cy B€OMa pa3HOBPCHE.

Hajmo3natuju u Hajuemhe kopumiheH METOM ONTHUMH3AIMjE j& IECTCPMHUHUCTHYKH
MoOJie] JIMHEApHOT MporpaMupama KOjU MpeJCTaB/ba MOJET peaHOr mpoliemMa KOju

Tpeba pemuTH.

VYoOuuajena ¢popmynanyja JeTEPMUHACTHYKOT MPpoOJieMa JIMHEapHOT MporpaMmupama je

cieneha:
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max f(x) = cx

p.o.

a OCHOBHA TIOYETHA MPETIIOCTABKa je Ja Cy CBU MapameTpH, A, b, ¢ yHampen mo3Hatu u

HECIIPOMCHJbHUBHU.

Jom Ha camoM moyeTKy pa3Boja OBe OOJAacCTH TBOPLM HJeEje cy youmsin oxapehene
HEJIOCTAaTKEe MPUCTYIIA IPHUMEHE IETEPMUHUCTUYKHUX MOJIENa Ha CUTYallHje U3 CTBApHOT
xuBoTta. OmmTe je mpuxBaheHO Ja MOJAEN yBEK MIpEACTaB/ba CaMO YINPOIINEHY CIHKY
PEATHOCTH, aJIM jeIHA OJ] MMOKEJPHUX OCOOWHA je M Ta Jla MOAeN Tpebda J1a MTOo BepHUje
OCJIMKaBa peajlHe OKOJHOCTU mpolbiiemMa. Y TOM cMHCTy, oapeheHne anpokcumanuje cy
noTpeOHe, YaK W HEONXOJHE, alu OM 3a caMy CYIITHHY CXBaTama I[podjeMa H
NpoHaJIAKEHka pelIeha KOoje MOKe OMTH MPUMEHEHO Y TPAaKCH OMJIO OIAacHO YHArpen
OJIPETUTH CBE MapaMeTpe jeAHOT ONTHUMH3AIMOHOT Mojena. Y cBOjuM cehamuma o
NpBOOMTHOM HW3Jaramy Hieje JuHepaHor mporpamupama (George B Dantzig, 2002)
JlaHUr ce Kao MpBe 3aMepKe LENOr KOHIIETTa JIMHEAPHOT MPOrpaMHpama MPHCETHO

XoTenuHroBe KoHCTartanwje: ,,CBY 3HaMO J1a j€ CBET HeJIMHeapaH .

Ogor npo6iema je 610 CBECTaH U caM TBOpALl UJieje JTMHEApHOT MPorpaMuparma, ajlid Ha
Halry cpehy cucTeM JMHeapHHUX HejeHauyMHa, 32 pa3liuKy OJ jeAHaunHa, omoryhasa na
ce M3BpIIE arpoKacuMallije HEJIMHEpaHUX pejanuja Koje ce cpehy y NpakTHYHUM

npobiaemMuMma.

Jlakie, OHO MITO TPECYAHO YTHYE Ha KBAIUTET jEIHOT JIMHEAPHOT MaTeMaTHYKOT
MoJieJla je HEM3BECHOCT KOja je cajJpikaHa y CBAaKOM pealHoM mpobiemy. Kpamuter
no0OujeHor peniema he mpe cBera 3aBUCUTH OJ1 KBAJTUTETa MAaTEMATHIKOT Mojiena KOju

OIHCYyje MoCMaTpaHu MPooIIeM.

Opnyke ce roToOBO HHKaJa HE JJOHOCE y YCIOBMMA IOTIYHE M3BECHOCTH U CKOPO YBEK
MOCTOjU HEemTo y OyayhHOCTHM INTO HHje MO3HATO M IITO he YTUIATH Ha MpoLec
oJutydnBama. OBO HE 3HAuM Ja He Tpeda JOHOCUTH OJIyKe, HalmpoTHB, MpoOiIeMu

3axTeBajy Hally NaXiby U MOPajy Ce PEIIUTH, IITO 3HAYH J1a j€ OTPEeOHO YXBATUTH C€ y
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KOILTAI] ca MpoOJieMUMa MOJIETIOBaba HEM3BECHOCTH Yy MPOIECy JAOHOLIeHa oanyka. 13
OBE TPETIOCTaBKE pPAa3BHO CE€ YUTAB HHU3 MPHCTyNa TPETUPamy HEU3BECHOCTH Y

MaTeMaTUYKOM IPOTrpaMupamy.

[TocToju Benmuku Opoj pagoBa KOju pa3Marpajy Koje Cy TO cruerudpuyHe ocoOuHE
napamerapa Koju yTudy Ha HEM3BECHOCT Y MOJIeIIMMa JIMHEAPHOT MPOrpaMupama, a TPH
OCHOBHa (pakTOopa W HUXOBE OCOOMHE KOjU HMMajy 3HayajaH YTHIA] Ha JIMHEApHY

dopmymnanujy momena npema (Bunn & N. Paschentis, 1982) cy ciexnche:

[TpBu 1 OCHOBHM (paKTOp KOjU MMa 3HAYAjaH YTHIIA] HA JTHHEAPHY (HOpMYIIAIHjy MoIena
je CBaKako HEM3BECHOCT. JemHa of OCOOMHA HEM3BECHOCTH KOja MPECYAHO YTHYE Ha
BaJbaHOCT JIMHEAPHOT IETEPMUHUCTHUYKOT MOJIENa je 00MM HEM3BECHOCTH, KOJH CE MOXKE
HCIIOJBUTU KPO3 YTHUIA) HAa PYHKIM]Y IMJba, YTHIQ) HA CKYIl OTpaHHuYeHa, UK Ha 00a
UCTOBpEeMEHO. Hen3BeCHOCT y CKyly OrpaHHYema Ce HUCIoJbaBa KPO3 OTpaHHUCH:C
CKyIla JONMyCTUBUX pemema. HewsBecHOCT y (yHKIMjH LuJba OrpaHHyYaBa H300p
ONTHMAJHOT pelIeka, a Yy 3aBUCHOCTH 01 OOMMa HEM3BECHOCTH, JIMHEAPHH
JCTEPMUHUCTHYKN MOJIEN 32 CKYIl JOIMYCTUBUX peIleHha MOXE OWTH M Tpa3aH CKYII.
Jomr jegna 3HayajHa OCOOMHA HEU3BECHOCTH j€ HEOIMXOJHOCT MPOIEHE, OJHOCHO
onpehuBame pacnojene BepoBaTHohe morahaja, mTo npeacTaBba MOCEOHY TEMY O K0jOj

he 6utu peun KacHuje.

Crpykrypa npobdaema oyTydrBamka IpecTaB/ba Apyru GakTop KOjU 3Ha4ajHO yTUYE Ha
JUHEapHe MojeJe, U TO OCOOMHE MPETXOJHE PEUIMBOCTH HEM3BECHOCTH Mapamerpa U

MOTYNHOCT peKypCHOT pelllaBama nmpodiema.

Ha xpajy, tpehu ¢akrop je cam goHOCHIAIl OJUTYKE KOjU MMa 3HA4yajaH YTHUIQ] Ha
METO/I0JIOTH]Y JTMHEAPHOT IETEPMUHUCTUYKOT MIPOrpaMupama CBOjUM N300poM HauMHA

Mo/JIeJI0Bamwa mpobiiema, win nu3dopom usmel)y Buiie moryhux pemiema.

Jenna on neduHMIMja HEU3BECHOCTH je M oHa Kojy maje Galbrajt (Galbraith, 1973) rae
je oHa neuHUCaHa Kao pa3nuka u3Mmehy nadopmaiuja koje cy HaMm nmorpedHe 1a 6ucMo

MOTJIY J1a JOHECEMO OJTYKY M HH(pOopMalMja Koje UMaMo Ha pacroiaramy.

[pema (King & Wallace, 2012) ksby4nn npoOiieMu pu MOJICTIOBabY HEM3BECHOCTH Y

IpoIlecy JOHOIIEHka OJUTyKa KOjU Cy YBeK HpUCYTHH cy cieaehu: 1) koje cy OutHe
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HEMO3HAHUIIE KOjeé MOTY YTHIIATH Ha IMPOLEC OJUIYy4HMBamba, 2) KaKo MOXXEMO Ja ce

n300pruMO ca BUMa, U; 3) MOXKEMO JIH J]a HalpaBUMO 100pa periema 3a Te mpoodieMe.

JleTepMUHUCTHYKNA MOJICNH pEIaBajy mpoliieMe JHMHEAPHUX MaTeMaTHYKHX MOJIENa,
aly J1ajy OrpaHWYeH yBUJ Y TO IITa Ce€ JeIaBa YKOJIUKO C€ MCIOCTAaBHU J1a IMapaMeTpH
KOje CMO 3aJlaJli y MOJieTy He Oyly OHaKkBU KakBH cMo oyekuBaiu. Ca apyre cTpaHe,
CTOXAaCTHUYKO MPOTPAMUPABE Ko IOJIA3HY MPETIOCTABKY Yy M3TPATbH MOJENa y3UMa
HEM3BECHOCT MPOMEHJBUBUX M pa3MaTpa Moryhe cutyanuje Koje U3 TakBOI' CTarba MOTY

npouzahu.

CTOXacTHYKO TIPOTpaMHUpPAmE j€ JIe0 OINEpaliOHUX HCTPaXKHBama Koje ce OaBw
HAYMHOM Ha KOjU je Moryhe yKJbYYHTH HEU3BECHOCT y IPOLEC JOHOIICHA OTyKa W
KOje MpHXBaTa YHIHCHUILY Ja JOHOCHOLY OJyiyke Hehe yBeK OWTH IOCTYIIHE CBE

norpebHe nHpopmanuje.

Kao mro cmMo Beh momeHynu, OBakBM MNPOOJIEMH C€ TOjaBJby]y Yy Ppa3IUYUTHM
oOiacTuMa, aly HeKa ol Hajuemrhe pemaBaHUX Mpoldiiema cy y o0JacTu IUlaHuparmba
IPOM3BOJIbE, JIAHLIA CHA0JIeBama, JIOTUCTHKE, TPAHCIIOPTA, yIpaBbambe MOPTQOIUOM,
MapKeTUHTa U yOIIITe y 00JlacTH (pMHAHCHja Kao U MHore Jpyre obnactu. CymThHa
CTOXAaCTHUYKOT TNpOrpaMHuparma je a CTBOPH TaKBe MoJelie YHjuM he ce peliaBameM

I[O6I/ITI/I OolTUMaJiHa pCIICHha MMYHA HA HCU3BCCHOCT.

VY nactaBky hemo pa3MOTpHUTH IpBe MOKYIIaje Aa ce pa3yMe U yInpaBjba HEN3BECHOIINY
y JIMHEapHUM JIETEPMUHUCTHMYKMM MOJENIMMa Koje o0O0yxBaTajy pa3He BpcCTe

MNOCTONITHUMAIHUX aHaJIr3a.

2.1.1 TIlocromTMMAaJIHe AaHAJJIN3E

[TpBu mokymaju ga ce Ha oaroBapajyhu HaumH oOyXBaTW M paszyMe HEU3BECHOCT Yy
napaMeTpuMa Tpu KopHuInhewmy ITUHEapHUX JACTePMHHHCTUYKUAX Mojena je Ouma
kopuiitherme paznunuuTux noctontumanaux aHamusa (Williams, 1978; Zionts, 1974). To
jé 3HAYMJIO Ja C€ HaKOH pellaBamka JIECTEPMHUHUCTHYKOT MOJena | JOOHjeHOT
ONTHMAJTHOT peIllekha MPUCTYNAN0 aHalu3W Mmapamerapa, a Hajuemhe kopuirheHe
TEXHUKE Cy aHajii3a OCETJbUBOCTHU, CIIEHAPUO TPUCTYN U InTa-ako aHanmu3a (what if

analysis).
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Paznor 3a mojaBy mocronTHManHe aHanmmM3e je oumriienaH. Yecto Ham onpeheHu
napameTpu mnpu GopMmyiHcamky MOZeNa HUCY IO3HATH, YIJaBHOM 300T Npupoje
npobjemMa Koju ce IMocMaTpa WM 3aTo IITO je jeIHOCTAaBHO JIO HEKUX IMojaTaka
Hemoryhe gmohm. Tama mnpuberaBamo pa3IMUUTUM TPHUCTYNIMMA oJpehuBamba
HEMO3HAaTHX MapaMerapa U QopMmynucama Mojena. MoXeMO KOPUCTUTH ojapehene
CTAaTHCTUKE 3a AampOKCUMAIMjy HEMO3HATUX MPOMEHJbUBHUX, Y3€TH OYCKHBAHE
BPETHOCTH 3a T€ TapamMeTpe WIM Ha Kpajy KOPHUCTUTH COIICTBEHO HWCKYCTBO H
dopMynHcaTH IETEPMHHUCTHYKA MOAEN mpooOiiema. JIOTHYHO je HAaKOH pellaBama
MoJieJla WCIUTATH JOOWjeHa ONTHMallHa peliekha Ha OCHOBY TakKo JeQUHHCAHUX

napameTapa MoJacJa.

VY Ty cBpXy Hajipe ce KopucTuia aHanu3a ocersbuBoctu (F. Rossi, van Beek, & Walsh,
2006). Cepxa aHa/n3e OCCTJHUBOCTH j& MIPOBEPUTH Y KOjO] MEpH TOOUjEHO ONTHMATHO
peliee 3aBUCH OJ1 apaMeTapa Koje CMO KOPUCTHIIA. AHalk3a OCeTIbUBOCTH ofpelyje
y KOM C€ PacrloHy MOT'Y MEHaTH BPEIHOCTH IIPOMEHJBUBHUX, @ JIa TO PH TOME HE YTHUY
Ha no0WjeHO omTUMalHO pememe. [lomazHo pasmuILBame je Aa ako je moryhe y
3HAYajHOj MEpPH MEHATH BPEJAHOCTH MPOMEHJBMBHUX OHJA je pEIICHEe CTAOWIHO Y
OJHOCY Ha Moryhe mpomeHe BpEeIHOCTHM NMPOMEHJBHBHX Yy CIIy4ajy HEHU3BECHOCTH, U
00pHYTO, aKo je Moryhe MemaTH BPEIHOCTH NMPOMEHJEUBUX BPJIO MAJlO, WIA HUMAIO,

OHI[aje PEHICHC HCCTa6I/IJ'IHO, OIHOCHO OCCTJbMBO HAa HCU3BCCHOCT Yy IMapaMETpumMa.

VYKOJIMKO je peleme 0CeTJbMBO Ha HEM3BECHOCT Y IapaMeTpuMa OHJa TO TPE/ICTaBIbha
pasior 3a 3a0pHHYTOCT M BpJIO j€ BEPOBATHO Ja CYy TMPOILECHEHE BPEIHOCTH
MPOMEHJFUBUX KOje Cy KOopHIIheHe Yy MOJeNy JOlle, JOK TO BEepOBaTHO HHUjE CIIy4aj
VKOIIMKO j€ peliermhe CTabuIHO. AHATU30M OCETIHUBOCT CE, TEHEPATHO, MOXKE YTBPIUTH

Jla JIM j€ HEM3BECHOCT OMTHA 3a TOCMAaTPaHU MOJIEN HIIH He.

Kako ce y xkmusu (Vujosevi¢, 2012) npumehyje, JoMeTH aHaIHU3€ OCETIBUBOCTHU CY
BEOMa OTPaHMYCHOT NPAaKTUYHOT 3HaYaja jep ce y HbHMa HE pa3Mmarpa CyIITHHA
HEU3BECHOCTH IMapamMeTapa U He Jaje ce OArOBOp Ha NUTame Kako OM Ha (yHKIH]je
OTpaHHuYCHa W KPUTEPUJYMCKY (YHKIH]y VyTHIATe MpPOMEHe TapaMerapa BaH
u3payyHaTHX orcera. Takolhe, aHamn3a OCET/BUBOCTH j€ HENPAKTHYHA U KOMIUTUKOBaHA

3a CHCTEME Ca BEJIMKUM OpOjeM HEeW3BECHUX MapameTapa.

24



[ITa ako aHanM3a ¥ CLIEHAPUO MPUCTYI CYy METO/IE MOCTONTHMAIHE aHaJIM3€ KojuMa ce
redepuine ckyn moryhux OymyhHOCTH Koje OHIA CIyXe Jla ce oApeie oAaromapajyhe
AKTHMBHOCTH I10J] YCIIOBOM Jla C€ HEeKa OJ] MPETIOCTaBKU MCIOCTaBH Kao TavyHa. L[wb je
UCIUTATH BHUIIIE PA3IMYATHX OyayNHOCTH M MOKYIIATH J1a ce MpeABUIM KakBe he OuTH

MNOCICANIC TUX CTamba.

Nmnak, nocroje 030MJbHA OrpaHUYCHA Y TOTJIEAY A0 KOI' CE CTeleHa MOYKE HCIHMTaTh
HEN3BECHOCT HEKe NPOMEHJbMBE Ha OBaj HaumH. Takole, MOCTONTHMANIHE aHAIHM3E Ce
OCJIamajy W 3ampaBo MPEACTaBIbajy CaMoO MPOIIMPEHY MPUMEHY JeTEPMUHUCTUYKUX
Mojielnia, a J1a PU TOME YOIIIITe HEe Y3UMajy Y 003Up CTOXAaCTUYKY IPHPOAY IpodieMa

3a Koju Tpeba noHetu oarosapajyhy oanyky (LaValle, 1978).

Yormite mocMarpaHo, MOCTOjU BeMUKHU Opoj mpuMepa U3 IMpakce Koja Mokaszyjy na cy
peniema ASTePMUHUCTHYKUX MOJIeNa ,,KpyTa”, OJHOCHO Na cy oarosapajyha camo 3a
neUHUCAHW JIETCPMUHUCTHYKU Mojen. OBa WUXOBa OCOOMHa JaedUHHINE ce Kao
Hupuna kmiaera” (King & Wallace, 2012). Ako pa3marpamMo jeJHOCTaBaH Cilydaj
MUHHMH3ALMjE TPOIIKOBA, ONTUMHU3AIMOHE MPOIEAYPE NECTCPMHUHHUCTUUKHUX MOJIENA
HAcToje Ja ypaje CBe Kako Ou cauyBajie Makap W jeJHy Iapy, a JoOHjeHa ONmTUMaIHa

pellema ce CaBpIICHO YKJIanajy ca 3alaTUM BPEAHOCTUM IIPOMEHJBUBUX Y MOJEINY.

MebhyTtum, TakBa peliema MOT'y ce MOoKa3aTh Kao BpJIo JIOIIA YaK U CiIydajy BpJIO Maje
HEU3BECHOCTH BPEIHOCTH NMPOMEHJbUBHUX y Mojeny. Takopehu, pemewe OanaHcupa Ha
UBUIIM JKWJIETa, W YIOPaBO j€ OBa OCOOMHA TIAaBHU Y3pOK 3alliTO C€ peliema

ACTCPMUHUCTHYIKUX MOJCIIa HOKaSij KaoO HEaJICKBAaTHA Y HCU3BECCHOM OKPYXKCHY.

JleTepMUHUCTUYKH MOJEIH Cy IIUPOKO MPUMEHHBAHU y BEITUKOM OpOjy pasiuuUTHX
o0ractu, mpe cBera 300T JeTHOCTaBHOCTH NMPUMEHE, JaKOT pa3yMeBama U MoryhHocTu
Op3or pemaBama, aaud TPOOJIEMH KOJU CY CE€ HCIOJBIIIM TOTOBO HCTOBPEMEHO ca
noyenuMa HUXOBE NMPHUMEHE, Kao IITO Cy MNPEBEJIMKM HHUBO alCTPaKIUje peasHor
npobemMa Koju OHJja AUPEKTHO YTHYE Ha KBAJUTET JOOUjEHOT pellema, Cy yKa3zalu Ha

notpedy 3a yHarnpehemeM A1eTepMUHUCTUYKHUX MO/IENa.

AHanu3a OCETJbMBOCTM W IOCTONTHMAIHE aHallu3e Cy JOBelieé [0 OrpaHUYeHOT
HaIpeTKa y moOoJbIamy pe3yaraTa J00ujeHUX MPUMEHOM JIETEPMUHUCTUIKHAX MOJIENa,

na ce Moke pehu ma je mpuponmaH HacTaBak W IpaBall pa3Boja OMO Ka CTOXAaCTHYKHM
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MoOJIeJIIMa KOjU Cy MHOTO 00Jbe MpPE/ICTaBJballl HEU3BECHOCT KOja jé HEMHHOBHOCT

CBAKOI' peaJIHOT IIpodiieMa.

2.1.2 Pa3Boj 00/1acTH CTOXaCTHYKOI POrpaMupama

Kao mTo cmo panuwje Beh HaBenw, TOTOBO YIOPENO ca IMOjaBOM IPBUX IOCTABKH
JUHEApHOT TpOorpaMHpama JOILIO je J0 pa3Boja HOBUX IMPHUCTyMa Koju Ou OoJbe
NpUKa3al HEM3BECHOCT IapaMmerapa Mojena, Tako Ja je, NCTOPHjCKU TienaHo, Beh

1955. roguHe pa3BHjeH NPBU KOHIIECTIT CTOXaCTHYKOT MPOTPaMHUPAbA.

Tuntaep (Tintner, 1955) je mnpBu nepuHHUCAO METOJ CTOXACTUYKOT JIMHEAPHOT
nporpaMupama y KOM je TIOKyIao Ja mpoHahe BepoBaTHOhy pacmojene 3a (GyHKIU)Y
UJba y cy4ajy MOrYNHOCTH MPETXOHOT pellickha HEU3BECHOCTH 3a mapamerap a. Mcre
roauue, nBa ayropa (Beale, 1955; George B Dantzig, 1955) cy, He3aBHCHO jefaH on
JPYTor, pa3BUJIM METOJ| KOjH C€ 3aCHMBA0 HA OUYCKUBAHUM PEKYPCHUM TPOILIKOBHMA, a
METO/I je KaCHHUje Ha3BaH JIMHEAPHO MPOrPaMUPALE Y YCIOBHMA HEU3BECHOCTH, KAKO ra
je Hanmmr neduHmcao y cBoM pamy. Hekonmko romuHa kacHuje, Yapac m Kymep
(Charnes & Cooper, 1959) cy medunucanu HOBH MPHUCTYI 0] HA3HBOM BepoBaTHOha
3a70BOJbEHba OrpaHuuciba (Chance constraint programming), koju ce 3HATHO

Pa3IMKOBA0 O MPETX0/a JBa MPUCTYIIA.

CBe y cBeMy, OoBa TpU OCHOBa IpHUCTyNa Cy OWIM KaMeH TeMeball CBUX JaJbuX
UCTpaXMBama y 00JACTH CTOXACTHUYKOT MporpamMupama. TOKOM HapeaHUX TOJMHA, OBE
METOJIE CYy IPUMEHEHE y Pa3INuuTUM 00JacThMa, Ta je 3HaueHEe M3pa3a CTOXaCTUYKO
MporpamMupame 3HaTHO MPOUIMPEHO M caJa C€ OJHOCH HA CBAaKW MAaTeMaTHU4KU MOJEN
KOJU CaapXKH CTOXACTHUYKE MmapaMmerpe. J[aHIMroB OpWUTHHAIHU MPOOJIeM JTUHEApHOT
porpaMupama y yCIOBUMa HEU3BECHOCTH C€ YECTO Ha3MBa JOII U ABO(a3HU PEKypCHU
Monen, a TUHTHEpPOB ce Ha3WBa MPOOJeM pacmojenie mnapaMerapa CTOXaCTHUKOT

JIMHEAPHOT MPOTrpaMHpama.

['enepeanHo mocMarpaHo, Ha OCHOBY IPHUCTyNa peliaBamby Hpobiema, MocToje JBe
BEJIMKE TpyNe MeTOoJa CTOXACTHYKE ONTHUMM3allMje: MMIUIMLIUTHE M EKCIUIMIUTHE
(Vyjosevi¢, 2012). UmnnuuuTHe METOJE C€ MOTY MPUMEHUBATH CaMO Yy CIIELHUjaTHUM

ciydyajeBuMa Kaja je 0poj Moryhux peniema pelaTHBHO Majld, OJHOCHO Kaja ce CBaKO
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JOMYCTUBO pEIICHhe MOXKE aHalu3upath u MelycoOHo ymopeautu. YoOudajeHu
NOCTyNaK MPUMEHE HWMIUIMIUTHUX METOAa TMojapasyMmeBa ojapehuBame CBHX
peanu3anyja CIy4ajHUX Ilapamerapa, ONTHMHU3AlHWjy CBHX JCTCPMHHUCTHUKUX

CIIeHapHja U Ha Kpajy nopeheme u u300p HajOOIBET pelicHa.

ExcrmnnurHe MeTone ce NpUMEHY]y 3a JHUCKPEeTHE M KOHTHHYallHE CTOXACTHUKe
npobiaeme. OBOM METOJIOM C€ OPUTHHAIHH IPOOJIEM CTOXACTHUKOI MPOTrpaMUpama, y3
U3BECHE  MPETIOCTaBKe, MpeTBapa Yy TMOTOAHM  OONUK  JIETCPMHHHUCTHYKE
TpaHchopmanmje, OAHOCHO Yy JNETEPMHHUCTHYKU JBOJHUK WM 3aMEHY OPHUTHHAIHOT
npobiema. CToxacTHuka mpupoja mpodiemMa Moxke OUTH Be3aHa 33 KPUTEPHjYMCKY

byHKIH]y, OrpaHUYeha Uik 00a UCTOBPEMEHO.

HoB mpuctyn nedunucama AETEPMUHUCTHUKOT IBOJHHKA KOjU je OOjalllleH y OBOj
JMCepTaljy yIpaBo Claja y eKCIUIMIUTHE MeTo/e. Y HacTaBKy heMo yBecTH OCHOBHE
TEOPHjCKE IIOCTaBKE MPHUCTYNa TPETUPama HEM3BECHOCTH KOjU Cy KopumtheHW mpu

(dopMynanuju THOBATUBHOT IIPUCTYIIA OBE AUCEpTALH]e.

2.1.3 OcHoBHH mapaMeTpH 3a Ae(UHHCAEE CTOXACTHYKHUX MOJesa

Nndopmannone ¢ase, crabma norahaja u pacmozgene ciaydajHUX BepoBaTHoha cy
OCHOBHHM IapaMTepu KOjU KapaKTEpHIIy U 0J[Bajajy CTOXACTUUKH MPUCTYI TPETUpama
HEU3BECHOCTH OJi OCTAIMX MNpHCTyna. Bpio je BakHO NOOpO pasymeTd IOMEHyTe
KOHIIENTE jep Cy OHU KJbYUYHH NpU JePUHUCAKY OAroBapajyhnx CTOXaCTHUKHUX MOJIENa,

a I[TIOTOM U BaJbaHUX NCTCPMHUHUCTUUKUX ,[[BOjHI/IKa OpHUT'MHAJIHUX np06neMa.

Undpopmanmona ¢aza je HajBaKHMJU KOHUENT KOJU M3JBaja CTOXACTUYKO
nporpamupame (King & Wallace, 2012). One ce Herae jerHOCTaBHO Ha3uBajy dase, anu
jé CyHITHHa CTOXaCTHYKOI MPHUCTyNa cajpXaHa ynpaBo Yy THM Qaszama, YHjuUM
KopuithemeM ce Mory TpeBa3uhu OpojHH TPOOIEeMH U HEAOCTallM KOJH CE€ jaBJbajy Y
JNEeTePMUHUACTHYKAM Mojiennma. dasa rmpencTaBiba TPEHYTaK y BpEMEHY KaJia ce JOHOCE
OJUTYKE y MOJIelTy, a (haze MOKEMO CaMM OJIPEIUTH 3a CBAKH MOJIEN MOCe0HO, a IOHeKa

ce oHe came Hamehy 300r pupoze mpobiema.

®daze nmMa cMHCIa PAa3JIMKOBATH CaMO 4KO CC Yy [JiBa pas3IMinuTa TPCHYTKAa y BPCMCHY

JIOTOAM HEITO OWTHO, Tj. aKo HaM Yy ojapel)eHOM TPEHYTKY y BpEMEHY IIOCTaHe
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JOCTyNHA Heka OuTHa uHpopmanuja. HapaBHO, HHMje yBEK JIako youuTH ¢azy y

CTaHJApPHOj AETEPMUHUCTUYKO] TOCTABIY MO/IEA.

Hekn on Hajuemhux mnpoOnema AETEPMHUHHCTHYKHAX Mojela Cy ,JIpeHarnperayra’
pelema Mojiesa, OJHOCHO MOJIEN pellaBa npoOJieM Tako Ja, Y ClIydajy MHHHUMA3IHje
TPOIIKOBA, YIITEJH CBaKy Iapy, Ia ce 3a BpJIO MaJie IPOMEHE BPEAHOCTH NapameTapa, y
CMHCIy HEM3BECHOCTH y MpPOMEHJbMBHMA, J100Wjajy HEH3BOJJbMBA peEIICHa MOJena.

Pazsor je ynpaBo Henpeno3HaBame nHpopmanronux (asza u qorahaja.

AKO y peaqHOM CBETy BPEIHOCT HEKOT MapaMeTpa He Oyne OHakBa Kao IITO CMO
npensuaenu, Hehe mohw 10 TEKTOHCKMX MopeMehaja y MOCIIOBamy, ald MOCTABJHCHH
JCTEPMUHUCTHYKY MOJIEN TO MHTEPIPETHpa Kao HEUITO MITO Ce HE MOXE JIOTOJUTH HU
MoJl KOJUM yCIIOBHUMA M TO je KJbYYHHM HeJIOocTaTak oBUX Mojena. Hajuemhu pasnor je

mIto crabio Aorahaja HHje MPEHETO HA CTPYKTYPY MoJIea.

[IpernoctaBuMO Ja Cy HpOLEHE Mapamerapa Ha OCHOBY KOJUX CMO H3TPAIHIH
JETCPMUHUCTUYKH MOJIET TOTpeIlIHe, Tj. Ja CMO Ha TPUMEp HAPYYHUIU IOTPEIIHY
KOJIMYMHY pecypca WM MPOM3BENH NpPEBUIIE WM MpeMajo MpousBoAa. 3a To hemo
IUIaTUTH ofpeheHy LieHy, Aa U Kpo3 MPOMYyIITeHY AOOUT MM KPO3 BHIIE TPOLIKOBE,
aly je YMIbEHUIIA J1a JETEPMUHHCTHYKH MOJENIM OBAaKBY MOTYhHOCT HE Mpeno3Hajy.
MosxemMo pehu ga mocToje HEKH acleKTH A00por peliewma Koje NeTePMHUHUCTHYKU

MOJIEJIM HUKa/1a HE MOTYy Jla OTKpHJy 0e3 0031pa KOJIMKO UX MHOTO aHAJIM3UPaMo.

Bpno je OutHO yrpamutu uHpopmanuone ¢asze u crabio norahaja y Mmomen koju

pcemiaBaMo, a Ty MOFYhHOCT Ipy’Xa HaM CTOXAaCTHUYKa IMOCTaBKa npo6neMa.

[Topen undpopmanmonux ¢asza u crabma pgorabhaja, jom jenaH OWTaH mapamerap y
nepuHUCAaly M U3TPaABU  CTOXAaCTMYKOT MOJeNa Cy pacmojenie CiaydajHuX
npoMeHJbUBAX. OBO je OCHOBHO NHTamke M IOJIa3HA Tadyka CBAKOT CTOXAaCTHYKOT
Mozena. [IpBo muTame Koje ce mocTaBsba je, Ja JIM pacioelie CaydyajHuX MPOMEHIbUBUX

MOCTOj€, U aKo TI0CTOje, 1a K je Moryhe oApeuTH ux.

OBom mpobiemy Tpeba mpuhu Beoma NHakJbUBO, IPE CBera jep je Hekaga TOTOBO
Hemoryhe yTBpAuTH HeKy pacrioneny. Takohe, moctoje gorahaju koju ce norahajy camo

jemHoM, W gnorahaju Koju ce TMOHaBJbajy. OCHOBHA MPETIOCTaBKA CTOXACTHYKOT
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nporpaMupama je JOHOUICHE OJUTyKa y CaJallmbOoCTH, a Koje he ce mpuMemHBaTu y
OynyhHOCTH, M 4YMjU je CacTaBHHM J€0 HEU3BECHOCT. Y TaKBHM CHUTyalHjama JbYIu
Hajuenthe nmokymasajy aa onuiry 0yayhe morahaje nmpexo undopmaimja o Tom norahajy
u3 nponuioctu. Mnak, HIKO He MOXe ca curypHomhy na TBpau aa he cBe oHO miTo ce
JIeIIaBaJI0 y MPOLUIOCTH Jia ce Aoroau u 'y OynyhHocTH, kao HU fga nu he mpomuiocT
UMaTH WKakBe Bese ca Oynyhnomhy. HajBuine mTo MOXeMO Ja ypaguMmo je aa

MIPOBEPHUMO JIa JIU CMO y MPONLIOCTH 100po mpeauhanu 0yayhHoCT.

CTaTHCTHYKH TIOCMATpPaHO, aK0 MMaMoO BEJIHMKH CKYIl MOJaTaka W3 MPOLUIOCTH KOjU
omucyje Heku naorabaj, MocToju BeIUMKHM OpOj METOAa M TEXHUKA Ja C€ Ha OCHOBY
noJiaTaka M3 MPOILUIOCTH omnuile Heku Oynyhu morahaj. Mehyrum, To Bogu ympaBo ka
OHOME O YeMY CMO Majo4ac FOBOPHJIH, ONUCHBambY OyayhHOCTH KpO3 HPOIUIOCT, HITO

j€ YIUTHO ca CTaHOBHILITA T€HEPUCAE JOOPOT CTOXACTHYKOT MOJIENa.

HenosnaBame mpenusHux pacnojena He Tpeba na Oyae HM M3rOBOpP 3a UCKIbYYHBO
Kopuutheme NEeTePMUHUCTHUUKUX Mojena. Joml jeqHa 3aMKa je KOPUCTUTH CaMo
OUYCKMBAHE BPEJHOCTH NPOMEHJbUBUX IPU H3rPambHU CTOXAaCTHUKOr Mozena. Ha Taj
HauvH heMo jeJHOCTaBHO JOOUTHU JETEPMMHUCTUYKM ONTHUMM3AMOHU mpobiem. [nsb
CTOXACTHUYKE ONTHUMM3ALMje je Ja ce MpoOsieM pa3yMme Ha MpaBU HAYMH, HAPOUHUTO aKo
nocroje oaronapajyhe mnpopmanuje o Tom norahajy. Takohe, oueknBaHe BpeaHOCTH
IPOMEHJbUBUX HE MOTY Ja YKa)XXy Ha 3aBUCHOCT U3Mel)y MPOMEHIbUBUX, @ CTOXaCTUYKO

porpaMupame Ma HaulHa Jia Ha IpaBy HAYMH MOJIEJIMpa U PEIly TaKBe MpodiieMe.

Ca npyre crpaHe, TOHOCHOLM OJUIyKa Y€CTO BOJIE€ Jla KOpHCTe Hajropu Moryhu ciydaj
Kao penepHy BPEIHOCT 3a cBOj Mojel. OBO je, reHepaHo, JIOII MPUCTYI CTOXaCTUYKOM
nporpamupamy, jep he ce cBa npenpuhama pacmojiena MOMEPUTH Ka KpajibUM TadKaMa
UHTEpBaJIa, IITO je BeoMa HeoOWYyHa pacronena. BepoBaTHoha 3a ocTBapewme Hajroper
Moryher ciydaja je Bpio Maia, anu je 6e3 o03upa Ha CBE OBO, METOJa MPUMEHHBaHA
Kao CBOjeBpCHA 3amTuTa O pu3uka. CyImTHHA CTOXaCTHYKOT TpOTpaMUpama je

MOJIEJIMPAaTH HEM3BECHOCT, @ HE MOJIETTUPATH EKCTPEMHE CUTYalll]e.

VY cnydajy na He mocTtoju MOTYNHOCT Ja ca3Hamo MOTpeOHEe pacrojene, MHOTO 00Jbe
pemiewe o Hajroper Moryher ciydaja je HampaBUTH CTOXAaCTHYKH Mporpam ca

HEKOJIMKO pa3IMYMTUX clieHapuja. Yak Mako HaM HHUje NO3HAaTa CTBApHA pacroena,
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reHepucame BHIIe cueHapuja he Ham momohu ma 60spe pazymemo mpobsiem. HapasHo,
He Tpeda CMETHYTH ca yMa Jia jeé CBakH MOJEN, Ma KOJHMKO IPEelu3aH, Camo
arnpoKcHManuja CTBapHOI CBETa M IpodieMa KOju ocMaTpamo, ITO 3HAYU 1A je UCTH

ClIydaj U ca pacrojiesama cily4yajHuX NpOMEHIbUBHX.

OBze, HapaBHO, HE TBPAUMO Jia j€ Y3IyJHO TPYIUTH CE€ Ja CE YTBpIE pacrojene
Clly4ajHUX NPOMEHJbMBHUX. Pacrogene Tpeba mocmarpaTH Kao CPEACTBO Jia Ca3HaMo
BUIIIE O MpoOiieMy Koju pazmaTtpamo. Takohe, cBe nH(popMmalmje Koje IMaMo O HEKOM
noralajy Tpeba HCKOPUCTHUTH Jja OU ce IITO BUIIIE O BheMy Haydmio. AKO mocToje 1o0pu
UCTOPUJCKM TMoJaluM O HekoM jorahajy Tpeba HX HCKOPUCTHTH 3a ojpehuBame
pacrioziene. AkKo UMaMo JOCTYITHO CTPYYHO MHIIJBEHE, U TO Tpebda y3eTn y 003up. AKo
Ha Kpajy UMaMo caMO CBOje, Cy0jeKTHBHO, MHIIUBCEHE O HEKOM MIpobiemy, TO Tpeba
y3€TH Kao MoJla3Hy TaukKy 3a ojapehuBame MOTpEeOHUX pacmojena M YIO3HABame ca

po0JIEMOM KOjH pPEIIaBamo.

2.2 JIBo¢aznu M BUIIe(A3HH CTOXACTHYKU MOJIEIH

Jla Gucmo moctaBUiIM 100ap CTOXAaCTUYKM MOJIEN KOJU Ha MpaBU HAYUH NPEACTaBIba
peanaH npobiieM, HHje JOBOJHHO Y3€TH Yy 003Up caMO MPOICHE pachojelsia CIydajHux
npomeHJbuBUX. [lomjenHako je OWTHO mpemo3HaTH Qa3e Mojena y OJHOCY Ha
BPEMEHCKM TOK M y CKJIaay ca ¢azama JeduHHMCATH MPOMEHJbUBE. Pa3MulllibaHe o
dazama je HeomxojaH Kopak, 0e3 o003upa Ja U TPaBUMO CTOXACTUUYKU WITU

ACTCPMUHHUCTUYIKH MOJCII.

Takohe, pazmunsbame o (azama HaM OTKPUBA M JPYTe acleKTe Mojena Koje He OucMo
pasmatpaiy y ciiy4ajy IeTepMUHHCTUYKHX MOJENIa M MOXKE HaM OTKPUTH IyT Ka HOBUM
CTOXAaCTHYKHM MOJIeTIMMa 3a ucTu mpobnem. Kao mro cmo Beh HaBenu, dasy mpecynHo
JNETEePMHUHUIIE TPEHYTAaK y BpEMEHY KajJa HaM I0CTaje JOCTyIHa HeKa HOBa, KOpHUCHA
uH(popMallja Ha OCHOBY Koje TpeOa JOHETH yIpaBjbauKy OANyKy. Beoma je OuTHO
HalpaBUTH Pa3IuKy u3Mel)y uHpopmannone ¢aze u BpeMeHCKor nepuoja. Bpemencku
HepuoJl MpejcTaBba MPOTOK BpEMEHa y Mojeny, a nHpopmanuroHa (asza je Hocuiall

O6utHe nH(poOpMalKje U TPEHYTaK KaJia ce JIOHOCH OJITyKa.
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VY cknany ca OpojeM (aza pasnuKyjeMO CTOXACTUYKE MOJee Kao JBO(a3HEe PEKypCHE

MoJIeJIe U MoJiesie ca OECKOHAYHO MHOTO (a3a.

PexkypcHu mporpamm Ccy TakBH NpOTpaMu KOJ KOJHUX C€ HEKa IMOBpaTHA, OAHOCHO
pPEeKypCcHa akiyja MOXe MPEAy3eTH HAKOH INTO HaM HEU3BECHOCT Yy OMINTEM OOJIMKY
nocraHe mo3Hata. Ha mpumep, reHepagHa HEM3BECHOCT Yy IMoJalMa Ce MOXKe
NPEJCTaBUTH Kao CKYIl CIy4ajHUX MpoMeHJbUuBUX. To moapasymeBa aa he Ham mocraTu
MO3HATe pacrojienia BepoBaTHoha THUX CIy4YajHUX NMPOMEHJBHBHX, T'YCTHHA PACIOJENe
WIA YaK M Mepe Te pacrojene, Kao HIp. OYEKHMBaHAa BPEIHOCT W BapHjaHca.
[Tojenunuyane BpegHOCTH Koje he ciydajHe mpoMeHIbUBE y3eTH he HaM MOCTaTy Mo3HaTe
TEK HAKOH HAKOH CIIPOBEICHOT €KCIIEPUMEHTA, Tj. BEKTOp & = &(®) je MO3HAT TeK HAKOH

EKCIIEpUMEHTA.
VY norneny ¢asa, CKyI oJuTyKa Koje ce TOHOCE C€ MOXKE MOJICIIUTH Y JIBE TyIIE:

e Omiyke Koje ce JOHOCE y MOCMAaTpaHOM TPEHYTKY U TMOJ IOCMaTpaHUM
OKOJIHOCTHMA, TIP€ HEro IITO HaM IOCTaHe JOCTYyIHA HeKa HOBa MHQOpMaIuja
WIA HAaKOH INTO Ca3HaMO NpaBy pacrofeNy CIy4ajHHX NpoMeHJbMBHX. OBe
OJTyKE C€ Ha3WBa]y oJuTyKe mpBe (ase, a pa3a y k0joj ce oBe 0OJTyKe IOHOCE Ce
Ha3uBa npBa (Qasa.

e Omiyke Koje ce JOHOCE HAaKOH IITO ce CrpoBene ekcrepumeHT. OBe OJTyKe ce

Ha3uBajy oJulyKe pyre (ase, a onroapajyhu ¢aza ce HazuBa japyra dasa.

JenaH TUNMYHM NpUMEp OBAaKBE CUTYyallMje j€ MOJe]l HHBECTUPamka U eKCIUIoaTaluje y
KOM ce pBa (aza MoJiesia 3HauajHO pas3sIuKyje 0/l MpeocTanux (asza Koje Cy Mame-BHIIe
ucre. Y mpBoj ¢a3u JOHOCHMO JTyrOpPOYHY, HHBECTUIIMOHY OMIYKY, JOK CE€ y OCTalNM

¢dazama BuE MOCTIEIUIE JOHEIIEHE O/IITYKEe, OJTHOCHO KOPUCT O] T MHBECTHITH]E.

Omnyke y npBoj (ha3u nmpeacTaBbaMoO BEKTOPOM X, a OJUTyKe npyre (aze mpeacTaBbaMo
BEKTOPOM y(®), WU ca y(®,X) aKo KeTUMO JIa HarjJacuMo Ja OJuTyKe aApyre ¢ase 3aBuce
0]l peanu3allyje cay4yajHUX mapamerapa y npBoj (a3u U O[JTyKe Koja je JOHeTa y MpBOj

¢a3u. Pacnopen norahaja u oanyka je nmpema tome cieaehu:

X — (@) = y(w,x)
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V ckiany ca yBeI€HOM HOTAallMjOM, KIAaCUYHH ABO(A3HU PEKypCHU MOJEN C€ y OINIITEM

00Ky MOKE HalMcaTH Ha cienehn HauyuH:

(min) z = c"x + E¢[ming(0”)y(w)]
I1.0.
AXx =D,
T(w)x + Wy(w) = h(w),

Xx=0,y=0.

Opnyke mpBe (aze Cy MpEACTaBJbEHE BEKTOPOM X ca mpunanajyhum BeKTopuMa |
marpuiiama C, b, A. Y npyroj dhasu, monuio je 1o peanusanuje caydajuux gorahaja w €
Q. 3a nare peanuzanyje w, nojamu apyre dase q(w), h(w), T(w) cy nocranu Mo3HATH.

Csaxka koMmnoHenTa oz g, T u h je moryha ciyuajHa npoMeHJbHBA.

[Totom ce moHocu omnyka apyre (asze y(w), mpu 4emy je 3aBUCHOCT Y O] @ MOTIYHO
Jpyraumje Ipupoje HEro 3aBHCHOCT (| MM OCTaqux mapaMerapa on «. CymrTuHa je

MIPUKA3aTH J1a Ce OJUTyKe Y JApyre da3e pa3iuKyjy 3a pa3InduTe peain3aiuje .

KpuTepujymcka (yHKIHja ce cacToju Of JBa Jela, JETePMUHHCTUYKOT C!X U
OuYeKHMBaHe BPEIHOCTH KpuTepujyMcke (ynkuuje apyre daze q(w’)y(w) y3era 3a cBe
peanuzanuje ciaydajHor norahaja w. Hpyru neo xputepjymcke GyHKIH]E j€ CIOKEHU]U

Jep 3a CBaKy peaiu3aiujy w, BpeAHOCT y(w) je 3alpaBo pelieHne JMHEPAHOT Tporpama.

AnTepHaTUBHO, MpoOsieM JBO(]A3HOT PEKypCHOr MporpamMa Ce€ MOXKE HalHCaTH Y3

noMoh 1eTepMUHUCTUYKOT €KBUBAJIEHTA Ha cienehy HauuH:
3a nare penauzanuje o, HeKa je
O(x,é(w)) = miny{q(w)"y|Wy = h(w) — T(w)x,y = 0}

dbyakuuja apyre daze. OHna nepuHUIIEMO OUYEKHBAHY BpeAHOCT GyHKIMjE ApyTe dasze

ca:
Q(X) = EEQ(X' f(w)’
Taﬂaje ACTCPMUHUCTHYKU CKBUBAJICHT:

minz=cTx + Ax)
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OcHOBHa pa3jMKa OBAaKBOI CTOXACTUYKOI IPHKa3a y OJHOCY Ha JIETCPMUHUCTUYKY
dbopMynamujy je y KpuTepujymMckoj pyHkuuju apyre dasze. AKo y3MeMo y o03up aa ce
CIy4ajHH TOJaly y Apyroj (asm Mory y3erH Kao cliydyajHe MPOMEHJbUBE YHje Ce
pacriojieie BepoBaTHOha MOTy ca3HAaTH, W ako je Opoj peanu3anyja KOHA4aH, OBaj
npobiem ce, yommreHo roBopehu, Moxe QopMmynHucaTH Kao JIMHEApHU MpodJeM
BenrKor oonMa. CBaka peayiM3ainuja clydajHUX MapaMmerapa ce MOKe MocMaTpaTH Kao

jenaH CIeHapHo.

Hapasho, oBzie ce oqmax Hamehy Tpu OCHOBHA NMHUTama: KaKo TreHepucaTu oarosapajyhe
CIICHapHje, KaKO PEUIMTH J0 ONTUMAIHOCTH JIMHEAPHH IMporpam japyre ¢asze u Kako
BPETHOBATH JOOHMjEHO peElIeHkhe y OJHOCY Ha ,npaBu” ontumyMm. OAroBop Ha oBa
nuTama HHUJEe jeMHOCTaBaH M MelycoOHO je YCIIOBJbEH, HIp. Opoj nedHuHHUCAHUX
cueHapuja he yTHUIIaTH Ha pPavyyHCKY HW3BOJJBHBOCT KOja j€ TOCTaBJbe€HA y JAPYroM
nuTamy. YmpaBo he oBH TpoOjeMH OWUTH pa3MaTpaHH y JAUCEPTAlUjU TPHIHKOM
nepuHUCaka ©  00jallllhelha HOBOT MPHUCTYNIA TPETUPAEKY HEU3BECHOCTH

CTOXAaCTUYKHUM HpO6J'I€MI/IMa.

Pa3MOTpI/IMO caza u BI/IIJ_Ie(l)a?»He CTOXAaCTHYKE PCKYPCHC JIMHECAPHC MOJCIIC. VYV onmreM

ClIy4ajy, OBaj MpoOJIeM ce MOXKE MPEJICTABUTH Ha cliefiehn HauUnH:

minz = c'x' + Eg [minc?(w)x?(w?) + -+ Egn[minc” (w)x" (w™)] e
1.0.
Wiyl = pt
T (w?)x! + W2x?(w?) = h?(w) ,

TH—l(wH)xH—l(wH—l) + WHXH((UH) — h.H((U) ’

x> 0; xt(w?) = 0,t =2,..,H;

¢! je mosmatm Bektop y R™, h' je mosmarm Bektop y R™,

') =T (), h (), T{ (), ..., Tt je cmyuajuu N, Bextop aeduHucan y
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(2,24, P) (rue je Xt c Yy sacpat =2,..,H, urne je ceako W' nosnara m, X n,
Marpuia. YIpaBjbauke OJIyKE X 3aBUCE OJI TPEHYTKA Y KOjEM CE JIOHOCE U JOTa/IalllHe

HCTOpH]je, LITO je 00enekeHo ca w'.

Bumedasau mMozpenu ce joil Ha3WMBajy U OMEPAaTHUBHUA MOJENU. Y OBUM MOJEIIMMa CBE
daze cy mcror THma, OTyAa M HAa3WB OINEPATUBHHM MOJENHM, INTO 3HAYM Ja HMajy
OeckoHauHO MHOTO (ha3a, ITO c€ Yy JHUTEpATypu IocMaTpa moj eheKTOM XOPU3OHTA.

HcrtuHa je 1a cy TOTOBO CBH PEaHU NPOOJIEMH OBAaKBE IPUPOJIE.

Caako npenysehe je cBecHo na he y HEeKOM TpeHYTKy mpecTatd jaa mpaBu oxapeheny
BPCTY MIPOM3BO/IA, AJIM 3alpaBo IUIaHKpa Kao Ja ce To Hukana Hehe moroaut. Mako Ou
MOJKJa OWMJI0O KOPUCHO TPETHPATH CBE pEaylHe MpoOJieMe Ha OBaj HAYWH, HE MOCTOjH

HA4Y1H [a yIpaBbaMO MOJCJINMa Ca 0ECKOHAYHO MHOT'O (1)838.

Hajueurhu HaunH Ha KOjU ce OBU MOJIETIH pelIaBajy je 1a ce y3 oapehene mpermnocraBke,
WY TIPETIO3HATE palii3alyje cIy4ajHuX mapaMmerapa, u3Bpiiu oapehena anpokcumanuja
OBUX MoOjella KOjU Ce TOTOM CBojJie Ha Mmojene ca nBe (asze. [loBesanu BumiedasHu

MOJIEJIH CYy Mame MOTOJAHH 32 CTOXACTUYKO MPOrpaMupame o 1Bo(Ga3HUX MOJENa.

2.3 Po0ycHH CTOXaCTHYKH MOJETH

PobycHa omntuMusanuja uMa Oyry HMCTOpU]Yy TPHUMEHE Yy HAylld U HHKEHEPCKOM
MeHalIMeHTy. Heke o/1 TeXHUKa ce TUPEKTHO U Ha3HuBajy poOyCHHUM, a HEKE ce€ Ha3UBajy
JIpyraugje, ajad Cy CYIITHHCKA TO TEXHUKE KOj€ KOPUCTE OCHOBHE IOCTYJaTe
poOyCHOCTH, anu J0 KOjHX C€ JONUIO TOJ YTHIdjeM HEKUX JPYyrux Hjaeja, Kao Ha
npumep oapehene cratuctuuke metone. Ob6racTu y KojuMa je podycHoCT Ouia, U jorn

YBEK jecTe 3HauajHa 0COOMHA Cy:

e PoOycHa KOoHTpona - oBa o0mact ce pa3Bwia TOKOM 90-uX roawHa MPOILIOT
BEKa, Mpe CBera y 00JIaCTH KOHTPOJIE CUCTEMa TJIe j& OCHOBHU IWJb OMO mocTrhu
onpeheHn 3arapaHTOBAaHU CTEMEH CTAOMIIHOCTH CHUCTEMa KOjU C€ KOHTPOJIHIIIE.
Konment poOycHe KoHTposne cy y cBojoj kmu3u obOjacamiu (Dullerud &

Paganini, 2005).
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e PoOycHa cratuctuka - ogmax Tpeda pehu ma He MocToju jacHa W Mpenr3Ha Be3a
ca pobycHom onrumusamnujom, anu je (Huber, 1981) y cBoM pamy mpemiokuo
TEXHUKY 3a YIPaBJbalbe ,ayTiajep’-uMa, OJHOCHO Taykama Koje ce Haiase
M3BaH HEKOT TPYIHUCAHOT CKyMa, TOTOBO Ha KpajeBMMa IocMaTpaHe oO0JacTH,
TaKO WITO je€ U3MEHHO U MPHIAroano GyHKIujy ryoutka. Tako ce y CTaTUCTHIN
POOYCHOCT TIpe cBera OJIHOCH Ha HEOCETJbUBOCT MOJIeNIa Ha ,,ayTiiajep”-e.

e JluHeapHa W KOHBEKCHa poOycHa ONTHMHU3aIMja - TPBY (OpPMAIHY MOCTABKY
npobiaemMa poOyCHOT JIMHEApHOT IMporpaMupama y OOJHMKY KaKBOTI ra JaHac
no3HajeMo jgao je (Soyster, 1973) y cBoM mo3HatoM pamay. Y HapeIHUM
rojgrHamMa OWJIO je CBera HEKOJHMKO pajioBa oOjaBjbeHMX Ha oBy Temy, (Falk,
1976; Singh, 1982). NuTepecoBame 3a MpobIeMaTHKY POOYCHOT IpOrpaMuparma
00HOBJBEHO je Tek 1997. ronune pagosuma (Ghaoui, Her, & Lebret, 1997). Opne
Tpeba MOMeHYTH M Kibury kojy cu usganu (Kouvelis & Yu, 1997) na temy
poOycHor 1enobpojHor mnporpamupama. Hapenne romune (A. Ben-Tal &
Nemirovski, 1998) cy u3nanu paa Ha TeMy poOyCHE KOHBEKCHE ONTUMH3AIIH]je, a
UCTE€ TOJMHE je 00jaBJbeH pajJ Ha TeMy pOOYCHOI pellemha y YCIOBUMaA
neussecHoct (EI Ghaoui, Oustry, & Lebret, 1998). Ox 2000. roaute mounise
npaBa eKCIaH3Wja UCTPAXUBAYKUX PAJOBa Ha TeMy POOYCHOT MpOTpaMupama,

KaKO TEOPHUjCKUX, TAKO U pajioBa O MPUMEHU Ha OpojHe 001acTH MEHAIMEHTA.

[To cBojoj mpupoau poOycHa omTHUMH3AIlMja j€ METOJa KOja ce MOKe€ NMPUMEHUTH Ha
OMJI0 KOjU ONTHUMM3ALMOHMU MpobieM rae je Mmoryhe jacHO O/ABOJUTH HyMEpHUKe
MoJIaTKe, KOJU MOTY OUTH JEIMMHUYHO HEU3BECHH, OJ CTPYKType mpobiema Koja je Beh

Mo3HaTa U yoOuvajeHa 3a nmpooJieM KOjU ce pelrana.

OcHOBe 3a TpaKTHYHYy MPUMEHY Mojela poOycHe ONTHUMH3AIMje Yy YCIOBHUMA
HEM3BECHOCTH TOCTaBHIIK cy y cBojuM pamoBuma (Levi, Kaminsky, & Levi, 2004;
Nahmias, 1989; Sheffi, 2005), npu uemy ce Moxe pehu na ce podycHa onTHUMHU3aIyja

TEMCJbU Ha cne;{eha ABa IIpyUHOMIIA:

e Tauna npensubhama cy 6ecMmuciieHa (3aTo IMTO Cy YBEK MOTPENIHa) u Tpeda ux
3aMEHUTH IpeaBuhamuMa y opel)eHom omcery.

e Arperupana npensubama cy Npenu3Huja o1 MojelnHaYHHX.
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Haunn Ha Koju ce OBe JIBe€ OCHOBHE IMOCTaBKe yrpalyjy y KBaHTHUTATHUBHH MOJEI je
cienehu: mMoxmenupamo ojpeleHe Hemo3HATE MPOMEHJBMBE Kao IapaMeTpe Koju
npunazajy TadyHo ojapeheHom wuHTEpBaly, omHOCHO mpensuhamo Taj omcer. Ta
npeaBuhama yriiaBHOM JIeUHHINY OIICET TaKO Ja 00yXBaTa OKOJIMHY TadyHO oxapelhene
npenBul)eHe BpEAHOCTH HETO3HATe TpoMeHJbuBe. [Ipenn3Huje arperupano npeasuhame
he Outm yrpaheHo Kpo3 pomaTHa oOrpaHuuema Koja he cMamHUTH MaKCHMAJIHO

OJICTYIIALC arpCrupaHor npeﬂBHba}La 01l HOMHMHAJIHC BPpCAHOCTH.

Y poOycHOj onTUMHU3ANNjH, TPOOJIEM HEU3BECHOT JTUHEAPHOT MPOrpaMUpama, Kako TO
nedunumy y cBojoj ku3u (Aharon Ben-Tal et al., 2009) npencrasiba cKyI JTHHEAPHUX
nporpama {min,{cTx : Ax < b}: (c,A,B) € U} y cBOM cTaHgapaHOM OOJHUKY, a IJe
npomenssuBe (c, A, B) Bapupajy y 3agatoM npomeHsbuBoM ckyny U. Jlasbe aeduHumry
OCHOBHHM KOHIIENT pellaBama pOOYCHOr Tporpama, OJHOCHO [ajy TpU KJbYdHE

MMPETIOCTABKE OCHOBHOI' OKPYKCHA Y KOjeM CC IOHOCEC OUIYKE!:

e (Ba pemema y BEKTOpY OJUTydHMBama X IPEACTaBJbajy OMIYKE KOje ca JOHOCE Y
Ca/IalllleM TPEHYTKY U OHE TpeOa aa Oy/ly KOHKpETHU OpOjeBU KOjU Cy pe3yiTar
pelaBama MpodemMa mpe Hero MTO HaM CTBapHU MOAALM MOCTaHy MO3HATH

e JloHOcmial OAyKe je y MOTIYHOCTH OJTrOBOPAH 3a IMOCIEAUIe JOHETE OJUIyKe,
aJIi caMo y CiIy4ajy Kaja Cy CTBapHHU MOJAIM 3aucTa U3 IpeaeGuHucCaHor CKyTa
U.

e JloHocmial OJUTyKe HE CMe Jia TOJIEpHIIe HapyllaBamke OrpaHHMYema Kajla ce
HOJAIM KOjU ce KOpUCTEe Hayase y cKkymy U, mTo 3Hauu Jja Cy CBa OrpaHHUYCHa

HCU3BCCHOI' MOACIIa TBPAA.

3ancTa, ako y3MeMo y 003Up HaBeJIeHe TpU MpeTInocTaBke Jo0nheMo peleme Koje je o
CBOjUM ocoOMHamMa (PUKCHU BEKTOp KOje 3a/I0BOJhbaBa CBAa OTpaHHuUCHa 0e3 M3y3eTKa,
0e3 003upa Ha peanuzaiyje u3 npeaedeHncanor ckymna U, U TaKBO pelIeHkhe ce MOXKE
Ha3BaTU POOYCHO W3BOJJBMBO peliermhe. OBakBe MPETHOCTaBKe, a IMOCIEIUYHO U

JIOOMjEHO pelekhe, BOJIEC Ka peliekhy KOje je MIMYyHO Ha HEU3BECHOCT.

3a mpencraBbamkbe POOYCHOT MporpaMupama y MaTeMaTHIKOM OOJMKY KopuctuheMo
kiury (VujoSevi¢, 2012). OcHoBHaA NpeTHoOCTaBKa KOH3E€PBAaTHUBHOT IMPHUCTYHa je Ja

BPEIHOCTH y MapaMeTpuMa OTrpaHHYeha MMajy HEHM3BECTaH KapaKTep, a KaKo OBaKaB
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MMPUCTYII HC NO03BOJbaBa HCAOITYCTHUBOCT pCUICH:A, OPUTMHAJITHA OITUMHU3AallMOHU 3adaTaK

uma cienehy neTepMHUHUCTHYKY 3aMEHY:

Hahu Bextop & = (xg,Xq, ..., X,) TaKO Ja C€ MaKCHMH3Hpa BPEIHOCT HOBOYBEICHE
MIPOMEHJbUBE X, IOJ YCIOBOM Ja 3a OWJIO KOje BPEAHOCTH CIy4yajHHUX MapaMerapa

KpUTEpHjyMcKa (pYHKIMja HUje Mamba O] BPEAHOCTH X'
max{x,|f(x) = xo}.
xeU

VBohemeM 0JaTHUX OTrpaHHUYCHA 33JaTak Cce MOXKE IIPEBECTU y MPOOJIeM y KOME Cy
HEM3BECHH CaMO IapaMeTpH OTpaHHYeHha, MPH YEMY C€ EJIEMHUHHINE HEH3BECHOCT Y
KpuTepujymckoj Qynkuuju. Tako nobujamo mnpedopMylucaHy IEeTEPMUHUCTUUKY

3ameny cnezaeher obnuka:

Hahu BexTop ¢ = (x¢, X4, ..., X,) TaKo Ja ce 1001je MaKCUMyM MPOMEHJbHBE:
max =X
max(f (¢) = x,}
1.0.

fx) = xo
gi(x:Ai) < bi,i = 1, e, m

OBako neduHUCAaH MOJEN CaJpKU HEU3BECHEe MapamMeTpe HCK/bYYMBO y (YHKIHjU
OrpaHMuY€Ha. 3a pellaBakbe OBOI MoOJeNa JIETEPMHUHHCTUYKOT JBOJHHKA ayTop
npeiake Kopuihewme CHUMYJIAMOHOT MPHUCTYNAa KpO3 MTEPaTHUBHU MOCTYHAK KOjU

caapxu niBe (ase.

O6nact mpuMeHe Mojiena podycHe onTUMU3aNKje o0yxBara OpojHe 00iacTH, a pBa U
HajIIo3HaTHja MPUMEHa je CBaKaKo MO yIpaBJbama moptdonmom koju je (Markowitz,
1952) onmcao y cBoM pamy maBHe 1952. roamHe, Ka0 M HEKOJIMKO TOJUHA KAaCHH]E

(Markowitz, 1959).

Benuka oGnact mpumeHe poOyCcHE ONTHMH3AIMjE€ j€ CBAKAKO YIpaBJharbe JIAHIIMMA
cHaOaeBama. Jlepununmja poOycHOr Mojena 3a KOHTPOIY CKIAIHUINTAa 32 KOHTPOIY

CKJIaJMIITA AU ¢y y cBoM paxay (Bertsimas & Thiele, 2006), a (A. Ben-Tal, Golany,
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Nemirovski, & Vial, 2005) cy HanpaBuwiu ciu4aH POOYCHH MOJEN 3a KOHTPOIY
CKJIAIUINTA, ald y KOM TIOCTOjU MOTYNHOCT (IEKCHOMIIHOT HCIOpYyYUBamba H

HapyuyuBama pooe n3mel)y cHabaeBavya 1 Kymiia.

PoOycHu Mojien 3a MUHUMH3AIH]y YKYITHE MOTPOIIbe cTpyje ¢y aehunucamu (Hsiung,
Kim, & Boyd, 2005), a mojam poOycHOoCcTH y 00iacTH KOHTpoje je Beh kopuimhen
HEeKOJIMKO JerneHnja. OBne hemMo M3IBOJUTH W KHBUTY O POOYCHO] M ONTHUMAIIHO]

koHTpou (Zhou, Doyle, & Glover, 1996).

Kibyuna pasnmka m3mel)y cToxacTHUkor m poOYyCHOT IMporpamupama je Ja ce Npu
U3TPaJbd MOJIENA Y CTOXAaCTUYKOM IPHCTYIY HEM3BECHU MapaMeTpy MOCMAaTpPajy Kao
ciydajHe mpomenspuBe. CIMYHO Kao Wy PoOyCHOM IpOrpaMupamy IMpHCTyHa ce
neuHUCalky HOBOI JCTEPMHUHHUCTHYKOT JIBOjHMKAa WM 3aMeHe, TIJe ce Yy
HAjjeJHOCTABHUJEM CIIyYajy 3a HEIMO3HAaTe BPEIHOCTH Yy3MMaj]y HUXOBE OUYCKHUBAHE
BPEIHOCTH, a Y CIIOKEHH]HM ITOCTaBKaMa pacIojiesie CIy4ajHuX MPOMEHIBHUBHUX Cy CaMO
JeTMMUYHO To3HaTe. Mnak, CTOXaCTHYKM MPHUCTYN jé MHOTO Mambe KOH3EpBAaTHBAaH Y
OJIHOCY Ha POOYCHHM MPHUCTYI KOjU j€ YIJIaBHOM OpHJEHTHUCAH Ha Hajropu Moryhu
ciny4aj. HapaBHO 0BO he BakuTu caMo y ciydajy Jla CMO y CTamy Jia Ca3HaMmo TpaBe
pacrnojiene ciay4ajHUX MPOMEHJbUBHUX y CTOXAaCTHUKOM MpPUCTYNMy. AKO TO UIAaK HUje
cily4aj, MOoke MohM 0 3Ha4ajHUX KOMIUTMKANWja MPH pellaBamy ACTEPMUHHCTHYKOT
JIBOJHHKA, a HepeTko, Hehemo ycreTu Aa mpoHalhemMo pelieme 3a Tako JepHuHHCaHEe
ClIydajHe mapameTrpe. 3aTo Ce y CTOXaCTHYKOM IPOTpaMUpPAy YECTO y3UMajy TPEBHIIIe

T0jeTHOCTaBJbEHE IPETIOCTABKE 32 paclojeie CIy4ajHHX MPOMEHIbHBHX.

Ca gpyre crpaHe, JETEPMHHHUCTHYKE 3aMeHE pOOYCHHX MOJeNia pauyHCKH Cy BeoMa
W3BOJIJBHBE, TIOJ YCIOBOM fa je mpenedunHucann ckyn U Omaro xoHBekcaH. Yak ce
MoXxe pehu, mocMaTpaHO ca CTpaHEe pellaBamka MOJeNla M HW3BOMJBUBOCTH, Ja je
KOH3epBaTU3aM poOyCHE ONTUMH3AIM]je BUIIIE HeroBa MPEeTHOCT HEro MaHa y nopehemwy
ca croxacTiuukuMm npuctymnom. Mnak, kako Bpae (Aharon Ben-Tal et al., 2009) y cBojoj
KIbU3H, CTOXAaCTHYKO W pOOYCHO MpOorpaMHpame Cy KOMIUIEMEHTApHH TPUCTYIH 3a

OHTI/IMI/ISaI_II/ij Y yCJIOBHMa HCU3BECHOCTH, CBAKU Ca CBOjI/IM npeaAHOCTHMA U MaHaMma.
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2.4 TlpucTyn BepoBaTHOCHOT 3a/10BoJberba orpanndera (Chance constrained

programming)

CroxacThuka ONTHUMH3AIMja ¥ TPUCTYIH pellaBamy MpodieMa Yy yCIOBHMaA
HEHM3BECHOCTH CY Yy 3Ha4ajHO] MEPH YHAIPEIWIN Mpolec ouiydnBama. OCHOBHA H/eja
ONTUMU3AIM]E y YCIOBUMA HEU3BECHOCTH j€ J]a C€ MHTETPHUILY JOCTYITHE CTOXACTHUYKE
uHpopManje y oarosapajyhu momen kako Ou ce mro O0Jbe MOACIHUPAO pPEaTHH

npooiieM.

BepoBaTHOCHO 3a/10BOJbEHE OrpaHUYCHA j€ NPUCTYH KOjH MOCEOHO TpeTHpa
HEU3BECHOCT KOja C€ jaBba y MapaMeTpuMma OrpaHHuYera M MNOCeOHO ce 0aBu
penraBameM TakBUX NpoOsiema. OCHOBHA INPETIIOCTaBKa JOHOCHOIA OIIYKE y OBOM
NPUCTYIY je Aa je MOTPeOHO 33aJO0BOJBHTH HEKO OTpPaHHYCH:E, KOje je HEM3BECHO, ca

HajMame yHanpena oapehenom BepoBatHohoM.

Heussecnoct ce, yommre roBopehu, Moke MOAEIUTH Ha HA CIHOJbHE U YHYTpAIIHhe
Hen3BecHOCTH. CIoJbHE HEM3BECHOCTU Cy CBE OHE Ha KOje Ce He MOXKE YTHIATH, Kao
IITO Cy Ha IPUMEpP BPEMEHCKE NPUIIMKe, JOCTYITHH PECYPCH, CTabe Ha TPXKUILTY UTA., a
VHYTpAIlll€ C€ MOTY M3pa3UTH KpO3 HEHU3BECHOCT y MapaMeTpuMa ONTUMH3ALMOHOT

Mozaciaa.

Jenna on Hajuemhe kopumrheHux JAe@UHMIIM]A BEPOBATHOCHOT  3a/I0BOJbEH-A

orpanunuema je cieacha (Charnes & Cooper, 1959):

,/3abepure onpehene ciydajHe mMpoMeHJbUBE Kao (PYHKIH]je CIIydajHUX MPOMEHIBUBUX
ca TO3HATHM pacrojieliaMa Tako Ja c€ MaKCUMH3upa (yHKIHja IHJba 3a 00e Tpyre
CIIy4ajHHX MPOMEHJbUBHUX y OJAHOCY Ha OrpaHUYEHa 3a OBE MPOMEHJBHBE KOj€ MOpajy
OuTH 3aJ0BOJBEHE Ca YyHAIpesd 3aJaToM BepoBaTHOhOM. JemHOCTaBHMjE, OCHOBHHU
npoOJeM je OIpeqUTH ONTHMalHa CTOXAaCTHYKa IMpaBHja OUTydHBama MOJ 33JaTHM

ycioBuma.”

Yapuc u Kynep nasbe y pany Ae@uHHIY JBa OCHOBHA MPHUCTYMa pelliaBamy npodiema
TaKo IITO je IPBU KOPaK oApehuBame pacrnojena Koje MaKCUMHU3UPajy pyHKLHU]y 1uba,

y OIHOCY Ha OrpaHMYema M IITO NpUOMMKHMje oJpehuBame pacronena mnpema
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¢yHKIMjama pacrojiena MO3HATHX CIy4YajHUX MPOMEHJbUBUX HEKE MPHUXBATJHHBE Kiace
CIIMYHUX TPOMEHJPMBUX. Y HAcTaBKy hemMO [aTu OCHOBHY IIOCTaBKy IpoOiema

BEPOBATHOCHOT 3aJ0BOJEEHA OT'PaHNYCH:A.

OcHOBHA ITIOCTaBKa npo6neMa BEPOBATHOCHOI 3a10BOJbECHA orpaHquI{)aje cnez[eha:
max f (x)
n.o.
P{Ax<b()}=z1-a,
xeX

rae & € R* npencrasipa k-quMensnonn cinydajan Bextop, a gpyrkunuja P{-} npeacrasipa
BepoBaTHOhy pacnogene Ha R yemen & Taxohe, mejenmaumna A(E)x < b(§)
IpeJICTaBiba YCIOB KOju Tpeba ma Oymae 3amoBosbeH, tae A(E) € R™™ u b(é) € R™
IPEICTaBIbajy MATPHUIy OrPaHHYEH-a, OJHOCHO KOJOHY MAaTpPHIly KOJOHE CIIOOOIHUX
YJaHOBA KOjU Cy HEM3BECHE NMPOMEHJBHMBE, TIPH YEMY je X yIpaBjbauka MMPOMEHJbUBA.
Kama je m = 1, oxnocro kana je A(¢) pen marpuiia, OHJA Ce OTpaHHUYEEE€ Ha3HMBa
JEIHOCTPYKO BEPOBATHOCHO OTrPAaHUYEHE, Yy CYNPOTHOM C€ Ha3MBa BHINECTPYKO

BCPOBATHOCHO OTpPaHUYCH:E.

Bpennoct a npezacraBiba pU3MK KOjU j€ JOHOCHIIALl OJUTYKEe CIpeMaH Ja MpUXBaTH Jaa
no0ujeHo pemiewe Hehe OMTH TOMYCTHBO, WIM Apyradyuje, TOJEpaHIMja HEUCIIYHhEemha
3aJI0BOJbEH-a OrpaHUueHha. 3a a ce Hajuelhe y3umajy mase BpeJHocTH, Ha npumep 0,1

unm 0,05, Maza ce y 3aBUCHOCTH OJ1 TTIOCTaBKe MpodJieMa MOT'Y JJaTH U IPYT€ BPETHOCTH.

Jenan on momynapHUX HauMHA JepUHUCAmba OTPAaHUYEHA J€ Ja ce OJIpelie UM OTpaHuye

HEeKe M3JIa3He IPOMEHJbUBE Y, IIPU YeMY je Y Je0 yrnpaBibayke IPOMEHIbUBE X:

yr <y (§) <y i=1,.,1

n X

rne cy yi"t um y*** noma, OMHOCHO TOpma TpaHuia wuziaza. OrpaHudyaBame
HEM3BECHUX MapameTrapa y oapeheHuM rpaHuiama ce Hajuemhe KOpUCTH Kaja je OUTHO
HeKe mapaMmeTpe IpXatu y oapeheHuM rpaHniiamMa Kako Ou ce, Ha IpUMeEp, OCHTypana

6e30eqHOCT pasa HeKor cuctema. M3na3sHe mpoMeHIbUBE Y; CBOjY HEM3BECHOCT IYTYjy
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HEW3BECHUM yJazuma &, ma ce 3a mux JeuHuiry nmoceOHe HEjeqHAYMHE Kako O ce
u3Mepusie BepoBaTHOhE 3a70BOJbEHA. Y TIPUCTYNYy BEPOBAaTHOCHOI 33JJ0BOJHEHHA
OTpaHHYCHa TO, HAPABHO, MMOApa3yMeBa JeuHrCcame BepoBaTHOhe ca KojoMm Tpebda ma

6y,I[€ 3a0BOJECHO ITIOCMATPaHO OTPaHUYCH:E:
Priyi"" <y <y"*i=1,..,1} 2 a

Hcro kao u xoj cranmapaHor mojena, Pr{-} npencraBiba BepoBaTHOhy 3a10BOJbECHA
HEjeHAYMHE, a O je CTENCeH IMOBEpeHma KOjy JAeuHHMINE TOHOCHIAI OJTYKE U Koja
y3uma BpenHoctd u3Meh)y 0 < a < 1. Kao m Koa OCHOBHOr Mojena IOCTOje
jeIHOCTpYyKa M BHIIECTPYKa OrpaHUYCba, Y 3aBUCHOCTH OJ1 TOTa Jia JIi ¢y BepoBaTHOhe

neuHUCaHE 3a MojeIMHAYHA OTPAaHUYeHha WK 32 CKYI OTpaHUYCHA.

HapounTo 3aHMMJBMBO 3a OBO HCTPAXKHUBAKE j€ JEIHOCTPYKO BEPOBAHTHOCHO
OTpaHUYCH-Ee, jep C€ Ha OB3j HAYMH MOTY JAe(UHHCATH TOjeWHAYHE BepoBaTHOhe
3aJ0BOJBEHa 3a CBAaKO OrpaHuueme. lako TO 3HaYajHO YCIOXKEbaBa PAYyHCKY
U3BOJUBMBOCT MOjIela, ca Jpyre CTpaHe mpyxa 3HadajHe MoryhHoctu ¢uHOr
HoJielIaBamka Mo/iea Kako OM Ce IITO peallHuje NMpHKa3ao MOCMaTpaHH MpoOJieM |
nobusio Hajoosbe Moryhe pememe. OnmTH OOJIMK OBAaKBOT OTpaHUYEHa CE MOXKE

3anucatu y ciaeaehem oonuky:
Priylt < y(&) <y} 2 ayi=1,..,1

YoOuuajeHn JAETePMUHUCTUYKM NPUCTYN MoJpa3syMeBa Kopullheme OYEeKMBAHUX
BPEIHOCTH CIIy4ajJHUX TPOMEHJbUBHUX, ajld y peaJHuM MpodJieMUMa ClydajHe
IIPOMEHJbUBE 3HAYajHO OJICTYNA]y OJl CBOJUX OuUEKMBaHMX BpenHocTH. [loxkesbHO je
KOPUCTHTHU j€HOCTPYKa BEPOBATHOCHA OTpaHMYCH-a y CllyuyajeBUMa Kaja Cy IojeIuHa
OrpaHMYea BaXXHMja OJf APYrHX, WTO Takohe mpeicTaBiba CyOjeKTUBHY MpOLIEHY

JIOHOCHOIIA OJITyKE.

[ToBox 3a pa3Boj W MPHUMEHY NPUCTYNAa BEPOBATHOCHOT 3a/I0BOJbEH-a OIpaHUYEH:A €
norpedba Ja ce CKyl OrpaHHuema ONUIIe Yy CMHUCIY JAepuHHCcama BepoBaTHOhe
3a/I0BOJbEHa OIPaHMUYCH-a KOja MPeJICTaB/ba PU3UK KOJU JOHOCWIIAIl OJUTyKe MpUXBaTa

Jia 100MjeHO ONTUMAITHO peliemhe Hehe OUTH AOMyCTUBO.
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W360p BpemHOCTH ¢ MOXKE OWTHM MEHAllepcKa OJJIyKa Kao pa3MeHa u3Mel)y apyrux
JbeBAa U MUHUMH3AIMjE PU3MKA, Y CMUCIY Jla jé MEHalep CIpeMaH Ja Ce OJIPEKHe
onpeheHe KOpUCTH Kako OM MHHHMH3UPAO MOTEHIHjalHU pH3HK. JemaH wmoryhu
npuctyn Ou Omo kopumiheme CTOXaCTHYKOT PEKYPCHOT MporpaMa KOjuM MOTyY Jia ce
neGUHUITY TYOUITH 3a CBE peai3allyje CIIy4ajHuX MPOMEHJBHBHX OIPAaHHUYCHA U IOTOM
OBE TYOMTKE IOMOHOXHTH Ca TEKHUHCKUM KOC(UIMjeHTUMA M YKIbYYUTH HX Y
GyHKIH]y IMIba, YMMe OU Ce HEU3BECHOCT M0jaBJbUBAIA UCKJBYYUBO Y QYHKIU]Y IUJbA.
Wnak, oBaj HAYMH MMOIpa3yMeBa MHOTO BHIIE CYOjEeKTUBHUX IPOICHA 01 ofipelhuBama a,
npu 4Yemy OM 3HAYajHO YCIOKHHIO aHAIM3Y M MOXJIa 4YaK OWI0 pavyyHCKU
HEM3BOJUbMBO. YmpaBo hemMo ce y HacTaBKy OaBuTu pemmBoithy Mozena
BEPOBATHOCHOT 33JJ0BOJbEHa OTPAHNYCHA, OAHOCHO (haKTOpUMa KOjU TPECYAHO YTHUY

Ha pellaBambe OBUX MOJIENIa y pa3yMHOM BPEMEHCKOM POKY.

2.4.1 PemmBoCT M0/ieJia BepOBATHOCHOT 32/10B0/belba OTPaHNYeha

[TpucTyn BepOBaTHOCHOT 33JJ0BOJbECHHA OIPAaHHUCHHA j€ ONTUMHU3ALUOHU MOJIEN KOJH Ce
KOpUCTH Yy OpojHUM o0siacTMMa, MelyTuM Kao M CBakM HpPUCTYN UMa ojapeheHa
orpaHudema M Henocratke. OCHOBHM UM Haj3axXTeBHMJU M3a30B  IPHCTYIa
BEPOBATHOCHOT 33JI0BOJhEHA OTPAHUYCHA € HEeroBa padyyHCKa M3BOJJBUBOCT, KOja je
npe cBera nope3aHa ca MoryhHourhy nmpoHanaxkema pacrozeiie BepoBaTHOhe ciayyajHuX
IPOMEHJbUBUX. Mako je mocTaBka BEpOBATHOCHOT 33JJ0BOJbEHa OrpaHUYCH:a YBEICH
jomr 50-ux roguHa, jOII YBEK c€ OBU MPOOJIEMHU IeHEpalHO CMaTpajy BeoMa TEIIKUM U
yecto HepemmBuM (Birge & Louveaux, 1997; Hartnett, Kennedy, Sharp, & Greenacre,
2016; Kall & Mayer, 2005).

Kao mTo cmo Beh peknm, mojla3HO TEOPHJCKO CTAaHOBHUINTE j€ Ja Cy pacrojerie
BepoBaTHOhe HEM3BECHUX MapaMeTapa YHampe. Mmo3Hare, MehyTuMm peaiHu mpobiaemu
HE TOApXKaBajy OBaKBY TBPAmY. Yak M MOA MPETIOCTaBKOM Ja Cy HaM IO3HATe
pacmojienie CIy4ajHUX TPOMEHJBUBUX, MOXE OHTH BeoMa TEIIKO H3pavyyHaTH
BEpPOBAaTHONY 3a/I0BOJbEHa HEKOT OTpaHUYCHa WIH Ja he BPEIHOCT KPUTEPHjYMCKE
dbynakuuje 6utu Beha o yHanpen 3agaTe BpeIHOCTH. Jom jeqan nmpobieM Moxke OUTH U

npu CaMOj nocraBou MoJ€JIa, Jep IMPOU3BOJbHO 3a44aTEC BCpOBaTHOhe OrpaHn4cma MOory
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Ja Hapyme€ KOHBCKCHOCT CKyIlla HAONYCTHUBHUX PCHICHKHA MITO MOKC 3Ha‘{ajH0

3aKOMILTUKOBATH MPOOIIEM.

Hauun Ha xoju ce Moxe aohu 10 oarosapajyhe pacrojene Ciiy4ajHIX MPOMEHIbUBUX je
MOCMAaTpamke MCTOPUjCKUX IMOJaTaka U Ha OCHOBY TOTa OJIPEAWTH CTBAPHY Pacloieiy
NPOMEHJBMBUX, &M Ka0 IITO CMO O ToMe Beh paHHje TOBOPHJIH, HUKO HE MOXKE
rapaHTOBAaTH Ja he CC CTBApH U3 NPOHIJIOCTU MMOHABJbATHU HA AIlICOJIYTHO UCTH HAYUH U Y

OynyhHoctu.

[Ipema Tome, 1Ba OCHOBa MpoOiieMa CTaHIAPIHOT MOJIENIa CY OCETIBUBOCT J10OMjeHOT
pelema Ha HEW3BECHE pacronene BepoBaTHoha, Kao W JeHUHHCAE BEIUKOTr Opoja
pa3IMYUTUX CIICHAPHja TIpeMa MPETIIOCTABJbEHUM PacIojieliaMa U pUMeHa J00H]jCHUX
pelemha Ha peaqHu npolieM. Y JIuTepaTypu Cy MpEIoXKeHa pa3Ha pellemha Koja ce
OaBe oBUM IIpoOJIeMrMa, a oBJie heMo HaBecTH camMo jeJjaH, U TO MOJIeJIe BEpOBATHOCHOT
3aJI0BOJbCH-a OrpaHUuYCHa ca poOycHOM pacmojenom BepoBatHoha (Vandenberghe,
Boyd, & Comanor, 2007; Zymler, Kuhn, & Rustem, 2013). OBu Momenu
NPETIOCTaBJbajy Jia je pacrojiesia BEpoBaTHOhA yHaIpe/ 3aJaTd CKYII TJie Cy MO3HAaTh
MaTeMaTHYKO OYEKHBamk€ W BapHjaHca, MTO Yy oApeleHOj MepH oJlaKIaBa pelIaBame
ONTUMU3AIMOHNX Mojena. JemaH oj Moryhumx mpucTynma pemnraBama Mojena je H

CUMYJIaLlMOHU TPUCTYI.

2.4.2 CuMyJanMoOHM MPUCTYN pelllaBama MPod/ieMa BEpOBATHOCHOT 32/10B0/bebha
OrpaHHYerha

Hopez[ y06I/ILIajCHI/IX nmoremkoha oxo MOACIO0Bamka np06neMa BEPOBATHOCHOT
OrpaHru4cCmla y BE3U Ca OI[pCbI/IBaH:eM pacnoncie CJ'Iy‘-IajHI/IX IMPOMCHJBbUBHUX, BPJIO YCCTO

j€ TeIIKO pavyyHCKH PEIIUTH OJiroBapajyhe moserne.

VY TakBUM cHTyaljamMa MOKE Ce JIECHTH Ja je jeJIMHW HauuH Jla Ce MPOBEPH Ja I je
HEKO OTpaHHUYEH-€ 33JI0BOJFEHO Ca 3aJaTOM BepoBaTHOhOM je kopumihememM MoHTe
Kapno cumynammje (Nemirovski & Shapiro, 2006; Pagnoncelli, Ahmed, & Shapiro,
2009). [Ipyru BpIo peanaH nMpodJieM je HapyliaBamkbe KOHBEKCHOCTH CKYyIa JONYCTHBUX

pemema. Jla Om ce 3agaTu Mojmen €PUKACHO pemuo MOTpeOHO je, makie, aa Oymy
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UCIyleHa o0a yclioBa, MOTYhHOCT e(UKACHOT pPAayyHCKOT pelllaBama IpodliemMa u

KOHBEKCaH CKYII IONYCTUBHX PEIIeHha, IITO j& 3auCTa peAaK Cliydaj y MPaKcH.

Owmty mpUCTyn M3pajae pavyyHCKH PEIIMBUX almpoKCHUMalrja mpobiemMa BEpOBATHOCHOT
3aJI0BOJbCHA OTPaHUUCHA j€ CIICHAPUO MPHUCTYI 3aCHOBAaH Ha Y30pKOBamy y3 momoh
MonTte Kapno cumynanuje. [Ipeqnoct oBe MeToze j€ Y ’eHOj ONIITOCTH, Tj. pacroerie
CJIy4ajHUX MPOMEHJBUBUX HUCY HU y KOJEM CMHCIY OTpaHHUYEHE, YaK HUje MOTPEeOHO HU
MO3HABATH PACMOAEe CIy4ajHUX MPOMEHJBUBHX, jJEAMHO LITO HaM je MOTpPeOHO Cy
y3opiu oBe pacronene. OBaj IPUCTYN je pauyHCKH PEIIUB MO yCIOBOM Jia y3opak N,
HUje TnpeBenuK. HapaBHO, OTPEOHO je OApPEIUTH BEIMYMHY Y30pKa, a Ja IpU TOM

npo6ieM U fajbe OyJie pauyHCKH PEIIUB y Pa3yMHOM BpPEMEHY.

2.5 Tenepucame cTadja cueHapuja Kao MPUCTYN PelIABAKA CTOXACTHUYKUX

npodiaema

['enepucame BUIIE ClieHapuja 3a jelaH CTOXACTHUKU MPoOJeM IMpelcTaB/ba OCHOBHY
TEXHUKY pellaBama OBHX Ipobiema. HapaBHO, OCHOBHO MOJa3MILITE 3a T'€HEpUCAHE
CIIEHapHja je pacrojena CiIy4ajHuX MPOMEHJbUBHX, a Y 3aBUCHOCTHU O] JUCKPETU3AIIH]e
nmocMaTpaHe pacrojene poouhemo u oaroapajyhu Opoj cuenapuja. Eduxacha
reHepalyja clieHapuja je LEeHTpaJHU MpoOJeM CTOXACTHYKOI MporpamMHupama YOIIITe
(Chen, Mehrotra, & Papp, 2015; Dupacova, Growe-Kuska, & Romisch, 2003; Shapiro,
Dentcheva, & Ruszczynski, 2009). KibyuyHo je umatu Ha yMy padyHCKY PELIMBOCT

CIIeHapHja y pa3yMHOM BpEMEHY.

HajjenHocTtaBHUjU HayMH Ha KOjU C€ MOJKE HalpaBUTH CTalJO clieHapHja je Ja
HAlpaBUMO HEKOJHMKO Y30paka W3 OCHOBHE pACIOAENe CIy4ajHUX IMPOMEHIbHBHX.
Jlobuhemo auckpeTHe pacrojene U cTalio CleHapHja Koje je MPUOIIKHO pacloieiu
KOjy CMO pa3MaTrpaiy Ha moueTky. Mako fenyje ka0 MHTYMTHBAH U MOTIIYHO MCIIpaBaH

npuctyn, Hauhu hemo Ha Ba OCHOBHa Mpo0iema.

AKO >KeIMMO JIa TITO BEepPHHUje MPHKAKEMO OPUTHHAIHY PACIOJeNy W 3aXTEeBaMO Ja
JTMCKpeTHU3aIlMoHa Tpenika oyae Mana qoouheMo orpoMHO cTablio ClieHapHrja Tako Ja je

rOTOBO HEMOTyhe pauyHCKH peIuTH ONTUMHU3AIMOHHU MPOOJIEM Y PEaTHOM BPEMEHY.
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Ca npyre cTpane, ako XEJIMMO Mame CTa0JIo CIeHapHja U Jja PEeIaTUBHO JIAKO PEIIUMO
ONTUMH3AIMOHHN MOJIEN J0OMheMo JIOMIN]y MpeICTaBy OPUTHHAIIHE PACTIOAEe U 3HATHO
Behy NUCKpETH3alMOHY TpEelIKy Ma ce JOBOJAE Yy NMHUTame No0HjeHa pellerma TaKBUX

cIieHapHja.

Takohe, yecTo npu u3rpagmu Mojiena HE NMO3HaJeMO WM HE pa3yMeMO y MOTIYHOCTH
pacroeny, Tako Jia ce 0CTaBJba U MUTAKE KAaKO HAPAaBUTU BaJbaHU Y30paK, OJHOCHO,

OJIaKJIC Y30pKOBATH.

Jlornuan u300p je OKPEHYTH C€ MPOLUIOCTH, OJHOCHO HMCTOPHjCKM TOJanuMa o
nocmarpanoM jorahajy. Ome ce Hamehe murTame &1a M je UCHPABHO KOPUCTUTH
NOJAaTKe W3 TMPOIUIOCTH W HAa OCHOBY MHX OJPEIUTH pACIoAeie CIIy4ajHUX
NPOMEHJbUBHUX | TNpenBulaTi OymyhHOCT. YKOJIMKO je CBE YMMe PAaCIoIaKeMO O HEKOM
noraljajy mpoIIocT, OJHOCHO MCTOPHjCKH MOJAIH, a HEMaMO pa3Jiora Ja BepyjeMo aa
he ce OyayhHOCT 3HAYajHO PA3IMKOBATH. OHJIA MOXEMO KOPHUCTHUTH T€ TOJATKE Kao

pacaooaciie CHy‘lajHI/IX IIPOMCHJbMBUX IIPU I'CHEPpUCAY CI_[CHapI/Ija.

CymtuHa nmpobiema ce J1akiie cBoau Ha 1o0py nuckperusanujy. JoOpa quckperusamyja
6u Tpebaso Ja ce MOHAIlAa Kao Jla CMO KOPUCTHIM OpHUIMHaimHy pacroneny. OBaj
MIPUCTYI JIeNlyje Kao MCIpaBaH U JIOTHMYaH, aii 0e3 o03upa mTo ce BehuHa mpucrymna
reHepucama ClieHapHuja ocjama Ha JUCKpeTH3anujy Koja he crabna clieHapuja yYuHUTH
IITO CIMYHUJUM OPHUTHHAIHO)j PACIOJIeNId, IOCTaBJba CE€ MHUTAMkhE A JIK j€ TO 3auCTa
HEOIXOJHO HallleM CTOXAaCTHYKOM Iporpamy. AKO pa3mMarpaMo HEKH Majlo OOMMHMjU
npobneMm, cyounhemo ce ca JBa HaBeleHa npoOiema, WwiM hemMo MMaTH NpeBuUIle
CIICHapHja KOje He MOXKEMO PEIINTH Yy pa3yMHOM BPEMEHCKOM POKY, Hiu hemo nooutu

JioaI€ p€ucwkHEe MoJIcIa.

[Toctoju HauMH fa ce oBU MpoOieMu npeBaszul)y, a OTHOCH ce IMpe CBera Ha KBaJUTET
muckperu3zanuje. LlIto HaM je BuIie mapamerapa, OJHOCHO aclekara pacrojene OUTHO
(oyekuBaHa BPETHOCT, BapHjaHCa, €KCTPEMHE BPEAHOCTH WT/.) MOTPEOHO HaAM je U
BUIIIE CIICHapHja Ja OMCMO HampaBWiIu H00py Auckperusanujy. Mehyrum, tpeba ce
3aIATATH J1a JIX Cy HaM 3aucTa MOTPEOHM aIllCOJIyTHO CBH IMapaMTEepH HEKE pacrojiee.
Mosxaa je moBoJbHO Hahu camo TMpPBHU W APYTd MOMEHAT HEKE pacrojielie Ha OCHOBY

Kojux hemo moOWTH NOBOJBHO AOOpPY MMCKpETH3AlM]y 3a TeHepucame cieHapuja. He
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Tpeba, MJakiie, YOINIITE pa3MaTpaTH [eJIOBE paclojene KOju HHUCY IpeaMeT
ONTHUMM3AIMOHOT TIpo0IieMa, a Bojehu padyHa caMo 0 mapaMeTprMa KOju Cy HaM OUTHH
3a mpobinem, umMahemMo Mame cleHapuja W jgobutm OoJsba pemema. Ksamuter
ONTUMU3AIMOHOT Tpo0iieMa y CTOXAaCTHYKO] ONTHMH3ALHUJU 3aBUCH O] TIOCMATPaHOT

npobaema y koM ce npumemyje (King & Wallace, 2012).

[lnb  CTOXaCTHMUYKOT MporpamMHMpama W TeHepHcama CICHapHja HHUje HalpaBUTH
CaBpILIEHY JAWCKpeTH3anujy, Beh J0BOJbHO J00pYy IUCKpeTH3alujy Koja he Ham
OMOTryhWTH J1a HapaBUMO BaJbaHE CIIEHApHje KOjJH JOOPO MPEICTaBIbajy MOCMATPaHH
peanHu mpo0seM, KOju MOKEMO PEIIMTH y pa3yMHOM BPEMEHCKOM POKY, a J00HjeHa

peliema cy 1o0pa ¥ IPUMEHJbUBA Ha PeaTHu Mpodem.

251 CralOWJIHOCT reHepUCAHMUX CLIEHapHja

VY nactaBKy hemo ce mo3abaButu crabuiHoOINy reHeprucaHuX ClieHapHja Ka0 OCHOBHOM
npo0JieMy y30pKOBama M3 CKylla HEM3BECHHX IMapamerapa. YmyhyjeMo Bac Ha KEBHTY
Koja kopuiheHa kao ocHoBa y meinoM oom noriaeby (King & Wallace, 2012) rae je

OBa TCMa O6jaHII-BeHajCI[HOCTaBHO " Ha IIPpUCTyIla4YaH HAYUH.

PazmaTtpahemo nBe BpcTe CTaOMIHOCTH T'€HEPUCAHUX CIIEHapHja, CTAOMIIHOCT YHYTap
y30pKa U CTaOWJIHOCT M3BaH y30pka. [IpBo ce OAHOCHM Ha KOH3MCTEHTHOCT CaMor

MozAcia, 10K C€ IPYru OAHOCHU Ha KBAJIUTET I[e(bI/IHI/IcaHOF MozacIa.

V¥ HactaBky heMo JUCKyTOBAaTH 0 OBUM INpobieMumMa y BodazHuM moaenuma. Crora je
cTalyo cleHapuja 3ampaBo camo rpM, M Ha3zBahemo ra t. IlpoGrem oHma MoxkeMo

3amucatH y cieneheM o0IuKy:

mxin f(x; 1),

IJle IMaMO CKpUBEHe MPOMEHJbUBE y JIpyroj dhaszu y(7), U rae je UMILTMIUTHO J1a hemo
MOpaTH Ja YCKIAJUMO OYEKHBamba Yy OJHOCY Ha Jpyre aprymMeHTe, TO jecT, ca
JUCKPETHUM pacrojenaMa omnucane ctabiaom 7. IlpaBu mnpobieM, Koju 1o

MPETIOCTAaBIM HE MOKEMO J1a pE€IIMMO, U3TJIEJa OBAKO!:
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min £ (x;§), (4.2)

[TpermocTaBuMoO Ja ©MaMo MpPOLEAYpPy TeHepHucama ClieHapHja Koja je cama mo cebu
CIIy4ajHa, TO JeCT, He JI0OMjaMO KCTO CTa0JIO CIICHAapHja CBAaKH ITyT KaJa j& MOKPEHEMO
ca MOTHyHO HUCTUM Topaiuma. OBO je TUIMYHO 3a CBAaKy MPOLEAYpPY 3aCHOBaHY Ha

Y30pKOBamY, alli Takole Baku U 3a MHOTE JIpyTe.

[IperniocTaBMMO caja /a KeTMMO Ja MOKPEHEMO TPOLEAYPY 3a TeHEpHCahe CLieHAPH]ja
HEKOJIMKO ITyTa HaJl HCTUM HOJaluMa, U Ja J00HjeMO HEKOJIMKO pa3jInuuTHX cTadana.
Ob6enexumo ux ca 7;. OHJJa MOKPEHEMO ONTHUMM3ALMOHU MOJEN IO/jeJHAKO MHOTO
nyTa, MO jeIHOM 3a CBako crabio, To ject, pemmmo ,,min, f(x;7;)”. Heka je
ONTUMAJIHO PEelICHE X;. AKO Cy BPEIHOCTH ONTHMaiHe (QyHKIHUje HUba TMPHUOIMKHO

UCTE Y CBUM CIIy4ajeBUMa, Tj. aKO je:
f@&st) =~ f(%577)

OHJIa TIOCTOjU cmabunnocm ywymap y3opka. CTaOMIHOCT yHYTap y30pKa je 3ampaBo
NOTIYHO TPEHYTHO IIOY3[JaHO CBOjCTBO, alld Ca NPAaKTUYHE TadKe TJIEAUIITEe
npernocraBuheMo 1a je Takolhe BaJIMIHO U 3a YCKO IMOBe3aHe npumepe. Tako J1a ako
MOCTOjU CTAaOMJIIHOCT YHyTap Yy30pKa, CBejeAHO je Koje hemo crabino cueHapuja
KOPUCTHTH, U TOCIEAMYHO KOJU heMO CTOXAaCTHYKHM HpOrpaM PpeHIMTH, jeAHOCTaBHO
hemo y3eTu cBOj anredapcku MOJEN, CBOj€ paclojiesie, U ypaauTd TMPBY MPOLEAYPY
reHepucama ClieHapuja, a TOTOM W onTUMU3anuroHu mnpodiem. M o hemo ypamutu jep
CMO curypHu naa he BpenHocTH (yHKIHMje IUba OUTH HCTa aKO OMCMO IMOKPEHYIH

nponeaypy OI1eT ca UCTUM IoJannuma: OHO IITO paAuMoO je KOH3HUCTCHTHO.

Cmabunnocm u3ean y3opxa TOJpa3yMeBa M3pauyHaBame MpaBe BPEAHOCTH (DyHKIIH]e
[[MJba y OJHOCY Ha pelierma Koja CMO JOOWIHM W3 pa3IUYUTUX cTabiia cIieHapuja, ca

[IAJBEM J1a J0OHjeMO OTIPHUIIMKE UCTY BPEAHOCT, IPYTM peurnMa:
f&i:8) = f(%:8).

[ToueTHa Tauka je mTo mpaBu mpobiem ,,min, f(x;&)” Huje 6uo pemmwmB. OHO IITO
Tpeba na TecTUpaMo y CTaOMJIHOCTH HM3BaH y30pKa je Majlo Jpyradyuje, Haume Ja

3aMEHUMO X ca X; ajM Jja OHJa Y3MEMO OYEeKHMBaHE BPEIHOCTH Yy OJHOCY Ha IpaBe
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pacnonene. OBo je y BehwHHM ciydajeBa M3BOAJBMBO. AKO je & auckpeTHO (amu ca
MPEBHINE CIICHApHja KaKo OM pemwim oaroapajyhu mpaBu ONTHMH3AIMOHU TIPOOIIEM)
jour yBek MoskeMo u3pauyHatH f(X;; €) jep To camo mpuIiaaa peliaBamy BEIUKor Opoja
npobnemMa apyror HMBoa. AKO je ¢ KOHTHHYadHO (WU JUCKPETHO M IPEBHIIE
BEJIMKO), OYMIIIeTHA MeToja Ou Omma nma ce Hahe y3opak W3 pacmojerne Kako Ou ce

anpoOKCUMHMpalla IpaBa BPEAHOCT.

VY BehuHu cnydajeBa, MCIpaBaH HAYMH Ja U3pavyyHAMO BPEAHOCT M3BaH y30pKa je Ja
HAIpaBUMO CHMYJIAIIMOHM MoJell mnpodOiema. Ha Taj HaumH wu3padyHaBama HW3BaH
y30pka Hehe caMO BOJUTH padyyHa O YMILCHUIM Ja je T ampokcumanuja, Beh u
YUICHUIYY J1a jeé W f HajBepoBaTHHjE CaMO alpoOKHCMalldja MpaBor mpodiema. Y
CHUMYJIAIIMOHOM MOJICTy MOXXEMO J0J]aTH BUIIE JIeTa/ba HEro y ONTUMHU3AIMOHOM
mojeny. XKenmumo Ja BpeTHOCT peliekha (yHKIHje [UJba U YHYTap U U3BaH y30pKa Oyy

HCTC.

Axo He Mokemo aa mporeHumo f(X;; &), mocroju joun jemaH, ciaOWju, TECT M3BaH
y30pKa KOjHU MOXKEMO YpaJuTH: HEKa HMamMo [Ba crabima cueHapvja T;,T;jca
o/roBapajyhuM ONTUMalIHUM pelIemUMa X;, Xj. AKO je MOJIEN CTaOuIaH H3BaH y30pKa,

oHsia 6u Tpebaso aa BaXu:

f(&:7) = f(%; 7).

3amro je 6uTHO NMocTHhU CTaOMIIHOCT FeHEpUCAaHuX clieHapuja? ¥V cymTuHu, Moryhe je
noctuhy CTaOMIIHOCT U3BaH y30pKa, a HE YCIEeTH y TOMe YHyTap y3opka. To Ou 3Haunso
Jla YNpKOC YME-EHUIIM Ja pa3inuuTa cTabiia ClieHapuja Jajy pas3inyuTa peliema U
ONTUMAJTHE BPEAHOCTH (YHKIMje IHMJba, MpaBa BPETHOCT, W3BAH y30pKa, (YHKIHjE

IIMJbA J€ TOTOBO YBEK HCTA.

AKo je To ciydaj, Moryhe je HAacTaBUTH ca TUM MOJEJOM, ajll BEOMa MaXKJbUBO.
Pememe koje oarorapa mpous3BOJbHOM cTadiy Ou Ouino 100po pelieme Kao U OHO Koje
j€ 3aCHOBaHO Ha OMJIO KOM JIpyrom crabiy, aqu oaronapajyha BpeIHOCT ONTHMAaHe
dbyHKIIMje TMIba HEe Ou Omra JoOpa Mepa mpaBe BpeaHOCTH. Tpebdano Ou 1a je jacHo aa

MHOT€ BPCTE TECTHpama MOJelIa MOTy OMTH BeoMa TEIKe, Yak W Hemoryhe, y TakBoj
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IOCTaBIM. Y CBAKOM Ciydajy, HE Npenopydyje ce Ja ce He HACTaBU ca TECTHPABEM
MoOJIeNia KOjU HeMa CTa0HJIHOCT YHYTap Y30pka. AKO HE IMOCTOjH CTaOWJIHOCT YHYTap

y30pKa, OHJIa HUCMO JOOPO pa3yMemu CBOj MOJIEI.
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3 OIITUMU3AIUOHO-CUMYJIAHUOHU MTPUCTYII
PEITABABY ITPOBJIEMA CTOXACTHUYKE OIITUMM3LNJE

Ha xoju HauMH ce NPEeTXOJHO HAaBEAECHE TEOPUjCKE MOCTABKE U Pa3MaTpame pellaBama
npo0iieMa  CTOXAaCTHYKOr IporpamMHMpama ¥ YOIIITe TpeTHpama mpodiiema
HEM3BECHOCTH y MAaTeMTHUYKOM MpOrpaMHpamy YKIanajy y AarTy TeMy H LHJb OBE
aucepranyje. Y OBOM IIOINIaBjby JaheMO OAroBOp Ha OBO IUTAKE U JIETAJBHO
OPEJCTaBUTH  METOAOJIOTH]Y  ONTHMH3AIHMOHO-CHMYJIAIIMOHOT  TMPHUCTYNa  Kpo3
Kopumrheme MeToAa ONTUMHU3AllMje U CHUMyJNaldje y ommuToj] QGopMynaiuju.
[Toxazahemo Ha KOju Ha4yMH je KOMOMHOBaH MPUCTYN POOYCHE ONTHUMM3AIH]e, Kao U
IPUCTYIl BEPOBATHOCHOT 3aJ0BOJbEHA OTPAHUUYCH,a IpPU dYEeMy ce BepoBaTHoha
3aJI0BOJbEHba IIPOBEPaBa METOIOM CHUMYyJIaluje. [ enepucame cueHapuja KOPUCTUMO IIPU
dopMynanuju pazTUUTHX JACTEPMUHHCTUYKHX 3aMEHa OPUTHHAIHOT CTOXACTHYKOT
npoOiiema, Kopuctehn pa3nmuuuTe XeypucTuke, 0 4eMy heMo JeTabHO TOBOPUTH HEIITO

KacHHUje.

Pamu MPaKTUIHOCTU U jeI[HOCTaBHOCTI/I pa3sMOTpUMO CaZla OCHOBHU HpO6J'IeM aJIOKaLII/Ije

peycpcea y OIIITeM Cay4ajy:

(max) f(X) = CiXj
=1
I1.0
n
Zaijxj <bl,l 1, m
=1
xp=0,j=1,..n

Cana hemMo oBaj OCHOBHH MpoOJiEeM ajoKalldje pecypca IMOCTaBUTH Kao MpoljemM
JMHEAPHOT CTOXACTHUYKOT MpOTrpaMHpama y KOMe Cy CBU TapaMeTpH ca JieBe CTpaHe y

CKyIly OTpaHM4Ema, ;;, CTOXaCTHYKe NpoMeHsbKBe. HoBu mpobiem usriena opaxo:
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(max) f(x) = 2 CjX;
j=1
p.o.

n
Zdl]x] < bi,i = 1,m
j=1

xi=0,j=1,.n

Taxohe, mpermocraB/ba ce Ja je 3a CBako @;; Mo3HaTa oarosapajyha Qynxnmuja
pacnonene. 3a norpebe oBe auceprauMje pasMarpahemo ciydaj rae napameTpu d;j
MOJIeXKY HOPMAIIHO] PacIoJeNid ca NMPBHM M JIPYTMM MOMEHTOM pacrojeie [l U ©.
OBako TOCTaBJEH MOJEN je Ca00 MaTeMaTH4YKd CTPYKTYpHpaH, jep 3a (QuKcHpaHe
BPE/IHOCTH, ONTHMANHA pemiema x* = (X1, ...X;) OrpaHUYEma MOTY, &k HE MOpajy

ouTu 3aJ0BOJbCHA, Tj. OIITUMAJIHA PCHICH:A x* Cy MOKJa O0ITyCTHBA.

[TocToju BUIIE mpHCTyIa peliaBamby OBOI Ipobiema, a JBa Koja hemo pa3marpatu u
Koja ce KOMOMHYjy Yy TMpeJIO)KEeHOM IMIPUCTYIly Cy poOycHa ONTHMHU3aLUja |
BepoBaTHONhA 3a/10BOJbEH-a OTpaHHUYCH-A. Y HACTaBKy heMo yKpaTko pa3MoTputu oda
npuctyna, poOycHY ONTHMHU3ALM]y, Kao W JApPyrd MpPHUCTYN peliaBamby ci1ado

CTPYKTYPHPAHUX npo6neMa, [1aHCa 3a 3aJ0BOJbCHC OTPAHNYCH:A.

3.1 TIpucryn podycHe onTUMHU3aLHje

[{nsb oBor MpuUCTyMa je mpoHah# TAKBO ONTHMATHO PEIIEHE X KOjH j€ YBEK JOMYyCTHUBO,
0e3 003upa Ha peanu3anuje ClydajHuX napamMeTapa y CKyIy orpanudema, d;;. Hapasno,
oBo he 3a mocneauily UMaTu TO Ja je BPeIHOCT (PYHKIMje IUJba YIPaBO HAjHIKA 3a
poOycHO permieme, ma ce OBaj MPUCTYN JOIl Ha3WBa M TMECUMHCTHYKO DPEIICHE WU

Hajropu Moryhu cirydaj.

OBo pememe ce 100Mja Tako IUTO CE€ 3a CBAKO d;j y3UMa H-ErOBAa BPEJHOCT Ca Kpaja

M

HOpMaJiHe pacnojene pt3c, 00eNneKuMo ra oBae ca a;),

I1a caga HOBH MAaTCMAaTU4KH

51



MOJIeNl, KOjH j€ NETePMHHUCTHYKHA JBOJHUK OPUTHMHAIHOT, CJIab0 CTPYKTypUpaHOT

npo0JieMa u3Iesia OBaKo:

(max) f(x) = 2 CjX;
j=1
p.o.

M .
a;jxj < b;,i=1,..m

n
j=1

O poOGycHOM TpUCTyny cMO Beh TOBOPHIIH, KaKO Y TEOPHjCKUM, TAKO U Y MPAKTHIYHUM
pazoBHMa KOJH Cy pa3MaTpaHu y MperiieAy JUTepaType y OBOj 00JIacTH, H3BEACHH CYy
3aKJbYYIIM J1a je MPUCTYN poOyCHE ONTUMU3AlIM]jE YIIaBHOM JIaKO PEHIMB Ca PAuyHCKE
CTpaHe, alli J1a Cy OBaKBE peaju3allije CIy4ajHUX MPOMEHJbUBUX Majo BepoBatHe. To
CYIITUHCKU 3HAYM JIa MAaKO C€ MECUMHUCTHYKU MPUCTYN POOYCHE ONTHUMH3AIN]E MOXKE
MoCcMaTpaTH Kao CBOjEBPCHA 3aIlITHTa OJ pPU3MKa, BEpoBaTHONhA Ja ciydajHe pacrojierne
y3My Hajrope Moryhe BpelHOCTH je BeoMa MaJa, a 3aJlaTak CTOXAaCTHYKE ONTHUMU3aLH]je
HUje MOJIEJIMpaTH eKCTPEMHE CUTYaIHje, HEero OMIITY HEM3BECHOCT MpobiieMa. 3ato je u
npenopyka KOMOWHOBAaTH METOJy pOOyCHE ONTUMH3allMje Cca HEKUM JAPYTHM
MPUCTYIIOM CTOXAaCTUYKE ONTUMHU3alMje, IITO je yIpaBO OHO IUTO heMO U ypaauTH y
HapeIHOM TIOTJaBjby Ca MPUMEHOM TIPUCTyNa BEPOBATHOCHOT  3a/I0BOJHEHHA

OrpaHHu4YCH:A.

3.2 Tlpuctyn BepoOBaTHOCHOT 3310BO/bEHHA OTPAHHYEHA

OBaj mpucTyn HOJNa3W O] TOra Jla Ce YMECTO OPHTHMHAIHOT, Cab0 CTPYKTYpHpaHOT
npobiemMa MOCTaBM 33jaTak ja ce npoHalhe HajOoJbe pelieme Moj YCIOBHUMA Ja Cy
BepoBaTHOhe 3a 3a7]0BOJbEHE€ OTpaHNuea Beha o1 HeKUX yHampen 3agaTux p;. Hosu

MAaTEMAaTH4KH MOJICII Ca OBAKBOM IIOCTABKOM Hp06J'ICMa n3rjicaga OBaKo:
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(max) f(x) = 2 CjX;
j=1

p.o.

PemaBame oBor mpoOiema MpeAcTaB/ba M3Y3€THO TEXKAK MPOOIeM HEJIWHEApHOT
nporpaMupama 4rje je pellaBamke BeoMa KOMIUIEKCHO U Tpaje AYro, a Jako Ce MOXe
JIECUTH JIa je TIPaKTHYHO HeMoryhe mpoHahu pernieme jeTHOT OBAaKBOT MOJEIa, IITO je

paHuje HaBeICHO Kao jeJlaH O] HeIOCTaTaKa OBAKBOT IMPHUCTYIIA.

3aro mpeanaxkeMo Ipyraduju IpUCTYI peuiaBamy OBOT IpoOIeMa, OHOCHO PelIaBambe

npobiieMa CHaroM cUMyJaluje.

Taxohe, kopuctihemMo clieHapuO TPHCTYI 32 TEHEPUCAE BHIIE JETEPMUHUCTUUKUX
3aMeHa OpPUTMHAIHOI MpolieMa, ca poOYCHUM, NECUMUCTHUKHUM, MOJIEIOM Kao
IPaHUYHUM Clly4dajeM, IITO jé HA4WH Ha KOjU MHTErpHiieMo o0a MpUCTYyNa y HOBOJ

MCTO/H.

3.3 T'eHepucame cueHapuja U MeTOAa CUMYJanuje

[MpucTyn rereprcama ClieHapHja opa3yMeBa Kpeupame clieHapHuja Koju cy oapeheHu
ukcauM BpenHocTMa Koeduimjenara d;;. To 3Haum jga cy 3a oapehenn 6poj

cuenapuja s,s = 1,...S BpenHocTn koeduuujenara d;; 1€TEPMUHUCTHYKE BPEIHOCTH U

N

M3HOCE 4, i=1,.m, j=1,..n. O"ma ce 3a HEKU CICHApUO S pemaBa cieachu

JNETEPMUHUCTUYIKU MTPOOITIEM:

(max) f(x) = Z CjX;
j=1

p.o.
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Zafjxj < b,i=1,.m

j=1

ijO,j=1,...n

3a cBaku 0] crieHapuja JoornheMo onTuMaiHo pememe x5 = (x77, xf* .

Y cnenehoj da3um ce cyouaBamo ca nBa yoOuyajeHa mpoOjiemMa Koja Cy Be3aHa 3a

T'CHCpHUCALEC cueHaija U IIpOBEPY BepOBaTHOhe 3aI0BOJbCHOCTHU OI'PaHHUYCH:A.

[IpBu mpobiieM je Kako OJAPEAUTH CLEHapHje, OJHOCHO Kako JeduHUcATH
JNETEePMUHUCTHYKE JBOJHMKE OpHrHHAIHOr Tnpobiema. Ilocmarpajyhm ocHoBHe
TEOPHUJCKE U MPAKTUIHE MPETIIOCTABKE MOKEMO Jia TIOCTAaBUMO OKBHP 32 TCHEpPHUCAHE

cuenapuja. Tako Ha IpuUMep, ako 3a CBaKO (;; y3MEMO JIa HEroBa JETEPMHUHUCTHYKA

M

BpEeIHOCT Oyne a;j, nobuja ce poOycHO peliewme ca oArorapajyhoM BpeIHOCTH

kputepujymcke Gynkuuje f(xM*), a 1obujeHo peleme je 10myCcTUBO.

Ca npyre crpame, ako OMCMO 3a CBako (;; jy3eju Ja HEroBa JETEPMUHUCTUYKA
BpeaHOCT OyJe ca Jpyre CTpaHe pemna pacrojene, W-36, 00elneXuMo Tra paau

jenHocTaBHOCTH OBJie ca  a;}, Aobumi Gucmo f(x™"), koje 6u Guo Behe on f (xM*),

any Tako JAOOHjeHO peliermhe Ou OWJIo MPAaKTUYHO MOTHYHO HEAOMYCTUBO. 3aKIbyuyjeMO
a2 'y 3aBUCHOCTH Ol n3a0paHe JETEPMUHUCTUYKE BPEAHOCTH CTOXACTUYKOT d;; 3aBUCH
U J100MjeHO pelIeme, OJHOCHO BPEAHOCT KpUTEpHjyMCKe (yHKIMje M BepoBaTHoha

3a10BOJbCHA OI'PAHUYCHA.

OBo Hac noBoau 10 cieneher mpoGieMa koju cMo Beh MOMEHyNH, a TO je MpoBepa
BepoBaTHOhe 3a/10BOJbEH-a OrpaHnyema. Kopuctuhemo cuMynanuoHu NpUCTyI, KOjU ce
cactoju u3 nBe (aze. [IpBu je onTuMm3anvja ACTEPMUHUCTHYKOT JIBOJHUKA
OpUTHHAJIHOT TMpo0yieMa, OJHOCHO CIieHapuja rae hemo no6utu ozarosapajyha
S* . . .
ONTUMallHA pEmEHha X; U oaroBapajyhe BpenHoctu kpurepujymcke QyHkummje. Y

Ipyroj ¢azu mpoBepaBaMo BEpOBAaTHONY 33J0BOJbEHA OTPAaHUUCHA!

n ~d S*
ijlal-jx- < bi!
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Py YeMy HaM je MO3HaTO xjs* 1 oAroBapajyha BpeTHOCT KpUTEepHjyMcKe (QYyHKIIH]Ee, a
d;j cy cnydajue BpenHoctd. CuMysamuja ce BPUIIM Tako INTO CE 3a CBAKO djj, I =
1,...m, j=1,..n cayyajuo u3abepe BpEOHOCT M3 HEHE pacmonene. Tako hemo
TEHEPUCATH CIIy4ajHE BPEAHOCTH Q;j, Tj. N00MheMO MaTpuIly CIyd4ajHUX BPEIHOCTH

||ai j || U 32 OBE BPEJHOCTU U3pauyHaTH:

*

— n S
§i = Zj=1aijxj ,
KOje ce MoToM ynopeau ca b;. Ako je {; < b;, orpaHuuem€ je 3a7J0BOJbEHO, U OOPHYTO.
Cumymanuja ce moHaBasba N ImyTa, a OHAAa Ce padyyHa BepoBaTHOha 3aI0BOJbCH-A

orpannyema [1;.

HNmajyhu y Buay HaBeleHE NPUCTYIE, HUXOBE MPEIHOCTH U HEJOCTaTKE Yy HACTaBKY
HABOJMMO HOBU WTEPATUBHU ONTUMHU3ALMOHO-CUMYJALMOHU MPUCTYIl CTOXACTUYKOM
pOTpaMUpamky KOjU WHTETPHUIIE IIOMEHYTE MIPHUCTYIIEC U HYJIH HOBHU IPUCTYI pEIIaBamby

OBHX CJIOKCHHX np06neMa.

3.4 I/ITepaTHBHH ONITUMHU3ALNUOHO-CUMYJIAINUOHHU NMIPUCTYIT

OnTUMHU3aMOHO-CUMYJIAIIMOHN MPUCTYNH HHUCY HOBOCT Y ONTHMHU3ALMJHU, & HUXOB
IPEeBacXOJHU IWJb j€ Jla MHTErpUlly ONTUMHU3aluoHe MeTtojae ca Moute Kapro
CUMYJIAIUOHUM CKCIICPUMCECHTHMA 3a PCIIaBamkbEe CTOXACTHYKUX npo6neMa. HpHMepa je
3auCTa MHOI'O, a OBA€ HAaBOAMMO CaMO HCKE O] KOpI/IH_IheHI/IX MNpUCTyIa y pasHUM
obmacruma: (Arnold & Yildiz, 2015; Buyukada, 2016; Dufo-Lopez, Pérez-Cebollada,
Bernal-Agustin, & Martinez, 2016; Fu, Price, Zhu, & Hillier, 2015; Ge, Nolan, Gray,
Goetz, & Han, 2016; Mavrotas, Pechak, Siskos, Doukas, & Psarras, 2015; Meeds &
Welling, 2015; Mokhtari & Salmasnia, 2015; Zekri, Triki, Al-Maktoumi, & Bazargan-
Lari, 2015; Vujosevi¢, 1987). Bpoj oBux mpucTyma ce 3HaTHO yBehao TeK HeTaBHO, IITO

je moBe3aHo ca noBehaHMM padyyHCKHMM KalaluTeTuMa padyHapa.

Cumynanuja ce reHepajlHO KOPUCTH Kao yja3 3a Jpyru €0 MPHUCTYIa - ONTUMU3ALHN]Y,

U TO 32 Kpeupame JeTEPMUHUCTUUKHX JBOJHHUKA KOj€ TpeOa pelInTH.
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HoBuHna y npeioskeHoM MPUCTYITY je Ta ITO Ce CHara CUMYyJIalije KOPUCTH Kako Ou ce
oJlpequie BepoBaTHONE 3a 3370BOJHECHE BEPOBATHOCHUX OrpaHuyema. CuMmylnamuje ce
KOPUCTH 3a pellaBamke HajTexer jena mpolieMa BEpPOBATHOCHOT OrpaHHYCH:A,
poHaJIaKEHkE BepoBaTHONA 32 33/I0BOJBEHEC OIPAHHUYCHHA, IITO j& YECTO OCHOBHH Y3POK

300r Yera cy OBH MPOOJIEMH HEPEUIHBH.

[Mpuctyn ce cacroju u3 aBe (aze - omrumm3zanuoHe (a3ze y KOM ce ACPUHUIILY
CICHAPHJU U JIETEPMHUHHUCTHYKH MOJENIM C€ pEelIaBajy 10 ONTHUMAIHOCTH y3 MOMOh

GLPK (GNU Linear Programming Kit - https://www.gnu.org/software/glpk/), u on

CUMYJIalITUOHC (1)8.36, rac ce nmpoBcpaBa BaAIMAHOCT cueHaija TakKoO IITO CC BepOBaTHOha

3aJI0BOJbEHA OTPaHUUCH-A TIOTBPhyje y3 momoh cumynaruje.

OcHOBHa wHJeja je JAa ce OpPUTMHAIHM, CTOXaCTMYKM MOJEJ, 3aMEHH Ca HOBHUM
JETCPMUHUCTUYKIM MOJEIIOM Koju he maTu Haj0oJba peliema TOJ YCIOBOM Ja Cy
OrpaHW4Yeba 33J0BOJbEHA Ca YyHampea aeduHUCAaHOM BepoBaTHOhoMm. ['eHepucame
HOBOT' JICTEPMUHHUCTHYKOT JBOjHMKAa OPUTHHAIHOT TIpoOJieMa OAroBapa jEeIHOM
cueHapujy. OumrienHo, oBaj mpucTyn he 3axTeBatu AeduHUCame 3Ha4YajHOr Opoja
ClleHapHja Koje Tpeba MpPOBEpUTH KaKo OW ce MpOHAIIao CIIEHapUo Koju he UCIyHUTH
OUYEKMBaHE TOCTaBJbeHE BepoBaTHOhe 3a 3a70BOJBEHE OrpaHmyema. J[oOpa crpana
IPUCTYINA je ILITO ca CBAKOM MTEPALjOM HaMo 0OJbU YBHUJ U Pa3yMeBambe OPUTHMHAIHOT

npobiiemMa.

Jpyra ¢a3a MeTo/ie KOPUCTH CHAry cUMyJallyje 3a MpoBepy I'eHeprucaHuX CIIeHapHja u3

npse ¢aze MeToje.

HaxkoHn pemaBama 1eTepMUHUCTHYKOT JBOJHUKA OPUTHHAHOT MpobsieMa y npBoj ¢asu ,
J100HMjaMO OMTUMATHO PEIICHE YIPaB/haukux MpoMeHJbuBuX. OBO HaM je MOTpeOHO n1a
OMCMO o/peAuSiM BEpoBaTHONY 3a 3aJ0BOJbEH-E OrpaHuuewma. [lorom ce renepuiie
cllyyajHa BpPEIHOCT 3a CBAaKM CTOXaCTMYKM Napamerap. Bpeanoctu ce nobujajy u3
npezepUHUCAHOT CKyIa ca MO3HATOM Paclio/IeioM 3a CBAaKM CTOXACTUYKHM Iapamerap.
Ha oBaj HaumH no0MjaMO MaTpully CIIy4ajHUX JAETEPMHUHHCTUYKUX BPEIHOCTU U3
CTOXaCTHMUKHMX TapameTapa, WIM JApUTMM pedrMa, CIYy4ajHOCT CTOXAaCTUYKUX
mapameTrapa ce CUMyJHpa Ha oBaj HauMH. [la nm cy orpaHuuema 3aJ0BOJbEHA ca

onrosapajyhom BepoBaTHOhOM ce mpoBepaBa y3umajyhu y o003Mp JETEPMHHHUCTHUKE

56


https://www.gnu.org/software/glpk/

BPCAHOCTU CTOXACTUYKHUX IMapaMeTapa U OINTHMAIHA PCHICHAa 'CHCPCUAHUX cueHapI/Ija

u3 npBe ¢ase.

OBe cumynanuje ce nonaskajy N myra, npu yemy ce renepumie N oBUX Marpula,
MOTOM ce JI0OujeHe BPETHOCTH yOaIlyjy y OrpaHH4eHha U 3aTHM CJICAH [TPOBEpa Ja JIH Cy
OrpaHUveHa 3a/I0BOJbeHA WK He. BepoBarHoha 3a/10BOJbeHa OTpaHUYCHA MOXKE J1a Ce
u3padyHa rpedpojaBameM KOJIHMKO Cy MyTa OrpaHUuYeHa OWIIM 33]J0BOJbEHA Y YKYITHOM

Opojy nepuHucanux crieHapuja kopucrehu cnenehy bopmymy:

Bpoj cnyyajeBa kajja je orpaHUdere GUII0 33/J0BO/bEHO

m; = «100

YkynaH 6poj ciydajeBa N
Oga BepoBaTHOha ce padyHa 3a CBaKO MOjeIMHAYHO OTPAHUYCHC.

Hamr npuctyn je BanumaH mox OCHOBHOM MPETIIOCTABKOM BEPOBATHOCHOT 3a/I0BOJBEHHA
OTpaHUYeHba, a TO j€ J1a je JOHOCUJIAII OJJTyKe CIIpeMaH Ja IpUuXBatu oapehenn pusnk
Jla HEKO orpaHuueme Hehe OMTH 3a70BOJBEHO. 3ay3BpaT, BPEIHOCT KPHUTEPUjyMCKe
¢dbyuknuje he 6utn O6ospa Hero kaga O JOHOCHIIALl OAJIYKE YKIOHHO CBY HEHU3BECHOCT
U3 MoJeNla M MpUXBAaTHO poOycHU mpuctyn. PoOycHHM mpHCTyn ce OpHjeHTHIIE Ha
Hajropu Moryhu crieHapuo, npu yemy je 100HjeHH AETEePMUHCTHUYKH JBOJHUK UMYH Ha
HEM3BECHOCT y OJIHOCY Ha OPUTHMHAJIHM MpOOJeM, alil je BPEJHOCT KPUTEpHjyMCKe
¢GyHKLMje y TOM Clyyajy HajHHKA. YKOJIMKO JOHOCWIJIAIl OJUTyKE HHje 3aJ0BOJbaH
NOOUJEHUM pellIeHEeM, T€HEpHIle C€ HOBHM CLIEHApHO, Tj. HOBHU JIE€TEPMHUHUCTUYKHU
JIBOJHUK OpPUTMHAJIHOI Mpobjema U lieia mpoueaypa ce noHassba. HoBu creHapuo ce
(dopmynuie y 3aBUCHOCTU O] pe3yiTara MpeTXOJHOr ClieHapuja, a Wb je mpoHahu
TakaB CLEHapuo KOjU 3a/J0BOJbaBa MHHUMAJIHE KpPUTEPHjyME KOj€ je TIOCTaBUO

JIOHOCHJIAIT OJIITYKE.

AnropuTtaM mpucTyma je rpadudku npeacTaBibeH Ha Cnunu 1.
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Cauxa 1 ONTHMHU3AMHOHO CUMYJIAIMOHU MPUCTYI

H

i

OpwuruHanHu FeHepucatbe cueHapuja OnTumusauuja —

— AETePMUCHUCTUYKN pelwlaBar-e nposepa
TOXaCTUYKN °
croxac " asojm opurmwanor [ [IeTEePMUHNCTMYKOT OpUrMHAMHUX

npo6nem npo6nema ABOjHMKA orpaHuyera

Cvmynauvja —
floHocunay oanyke
3aA0BOSbaH

()

['maBHM mpoOiieM T1eENOr MpUCTyHa je TEeHEpHcame CIeHapuja, TadHHje, KaKo
neUHUCATH HOBH JIETEPMHUHHUCTHYKH JJBOJHUK OpUTHHAIHOT Iipodiema. OBo je nHaye u
OCHOBHH TIpOOJIEM T€HEpHCama CIICHApHja Y CTOXACTHYKOM MPOTrpaMHpamy O KOjeM
cmo Beh roBopuiu, W mpobieM NpoHANaXema oJaroBapajyhe mepe MuCKpeTH3aIuje
pacriozieyiec OpUrHHATHOT CTOXAaCTHYKOT mpobiieMa. He mocToju CTPUKTHO MPaBHIIO 3a
reHepucame CIEHapHja, a Hall Mpeajior je Ja ce Kopucre xeypucruke. Koje
MojeIMHAaYHE XEYyPUCTHKE he OuTH KopuiiheHe 3aBHCH O] MPUpPOAE mpobdiemMa Koju ce
pa3Matpa, o0JIacTu y KO0joj ce MpuMemyje, MPETIOCTaB/beHEe pacHojieie CIydajHux

nogaraka U HCKyCTBa U npeq)epeHuI/Ija AOHOCHOLA OAJTYKE.

EdukacHOCT M e(eKTUBHOCT ONTHMHU3AIMOHO-CUMYJIAIOHOT MPUCTYIIA Yy BEIUKO]
MEpH 3aBHCH OJ XEYPUCTHKA 3a TeHEepHCame CIeHapHja. Pa3ior Jexu y CIoKEHOCTH
CTOXAaCTUYKHUX MpoOJieMa, OJTHOCHO y HEOTpaHWYEHOM Opojy Moryhux clieHapuja Koje
Tpeba pa3MOTPUTH 3a pEIaTUBHO BEIMKHU Opoj ciaydajux mapamerapa. Moxe ce pehu na

Cy XCYPUCTHUKE Ta4YKa OCJIOHIA 3a LCIIN MCTO KOjI/I OBJC ITPCIIAKEMO.

C TuM y Be3u HacTaBUheMO ca HEKOJIMKO OCHOBHMX JIe(DMHUIIM]a XEYPCTHKA U lbUXOBOM
OCHOBHOM HaMEHOM Kako OMCMO 00Jbe MPUKa3all BUXOBY CBPXY Y HallleM IPUCTYIY U
Ka0 yBOJl y XEpYUCTHKE KOJ€ CMO Je(pUHMCAIN TIPU pelllaBalby KOHKPETHOT Mpodiema y

OBO]j TMCEPTAIH]H.

XeypucTHKe Cy jeJHOCTaBHA IIpaBWJIa KOja c€ KOPUCTE 3a peIIaBame CIO0KCHUX
HemsBecHuX cutyanuja (Czerlinski, Gigerenzer, & Goldstein, 1999)]; one cy ,,epuxacHu
KOTHUTUBHH TIpoliecH Koju urHopuiry uHpompanuje” (Gigerenzer & Brighton, 2009)
Kao U ,,KOTHUTHBHE Ipeyulle Koje ce IMOojaBibayjy Kaja Cy AOCTyNHE HH(opMmaluje,

BpeMe u Kamarutera oopase orpanndenn’ (Newell & Simon, 1971).

XyepHuCcTUKe Urpajy KJby4HY YJIOTY KaJa c€ CyodaBaMoO Ca CIOXKEHMM IpolieMuma y

ycnoBuMa Bucoke HemsBecHoctu (Helfat & Peteraf, 2014; Mousavi & Gigerenzer,
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2014). JenHocTaBHE XCYPHCTUKE CY MOKEJbHE Y MPEABUIUBUM OTPaHUYCHUMA, I CY
3aTo arcoJyTHO HEONXO/HA Y HEN3BECHUM OKpyx)emrMa (Bingham & Eisenhardt, 2011,
Bruni, Beraldi, & Conforti, 2015; Crainic, Gobbato, Perboli, & Rei, 2016; Davis,
Eisenhardt, & Bingham, 2009; Goldstein & Gigerenzer, 2002)

Wnak, XeypHCTHKE HHCY MpEUYHIle 3a pellaBambe CIOKCHUX MNpodiieMa Ha padyH
ckpaheHor pauyyHCKOT BpeMeHa, Beh ce CHaXXHO ociamajy Ha HHpopMaluje u3
okpyxema npobiema (Beltran-Royo, Escudero, & Zhang, 2016; Hogarth & Karelaia,
2007; Payne, Bettman, & Johnson, 1993). IIpuxBarameM OBUX OCHOBHHMX UYHMHHCHHIIA,
XEYPUCTHUKE MOT'Y OMTH SKOJIOLIKH panMoHa He. EKOJoIIKa paliMOHATHOCT XeypPUCTHKA
je oxpeheHa npeko JBa KJby4dHa (aKkTopa, CTPYKType OKPYKEHa U HEIOCTaKa PauyHCKe
Op3uHEe M cHare Ja ce mpoOJieM pelId er3akTHO 300T OrpaHMYeHE PAalMOHAITHOCTH

(Simon, 1990).

Exomnomnika panyoHaIHOCT JIEXH Y OCHOBU Op3e M edukacHe mapaaurme Koja mnpyxka
NO3UTHBAH IIOIVIE] HA XEYpUCTHKE, IUTO j€ TJEeIUIITe KOjeé KOPUCTUMO Yy OBOM
UCTpaXXHBamy. XeypUCTUKE Koje cy kopuiiheHe he OMTH npuKkas3aHe y Jeny MOCTaBKe

npobiiemMa.
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4 TMOCTABKA CTOXACTHYKOI ITPOBJIEMA
OI'/TAIITABAIBA

[Ipumep mpuMeHE HOBOT WTEPATHBHOI ONTHMM3ALMOHO-CUMYJAIIMOHOT HpucTyna he
OWTH TMpUKa3aH Ha INpUMEpy U3 OOJIACTM MAapKETHHTa, MpeHu3HHje H3 00JacTH
orjlaliaBama y MITaMIIaHUM HoBHMHaMa. [Ipe neduuucama camor Mojena M peasHuX
nojaTaka Koju cy KopuimheHM Yy HUCTpakuMBamy, HampaBuhemMo KpaTak OCBpPT Ha
pelieBaHTHY O0O0JAacT W MPHMEHY METOJa ONEpAIMOHMX HCTPAaXHBAaWka y pElIaBamy

CIIMYHHUX HpO6J'IeMa.

4.1 lraMnaHu MeIHjHu U OrJallIaBame

Menuju ce reHepaTHO MOTY IOJCIUTH Y JIBE BEJIHMKE IPyIe: eISKTPOHCKE U IITaMIaHe
Mmenuje. Y elIeKTPOHCKE Me/IMje Ce Y JIUTepaTypH YrilaBHOM yOpajajy paauo, TeJeBu3uja
u uHrepHer. lltamanuu meauju o0yxBaTajy pa3jM4uTe BPCTE HOBHHA M YacOIHCa -
JTHEBHE HOBHMHE, HEJICJbHUIIM, MECEUHUIIH, YACOMICH U3 Pa3HUX OOJIACTH MOIYT CIOPTa,

3ApaBJba, JCIIOTEC, MOJAC UTM.

[ITamananu MeUjH Cy HajCTapUju MeJIUjU, U OUIIN Cy IPBU MEJIUj KOjH je MPUXBATHO U
JI03BOJIMO PEKJIaMUpa-E KPO3 CBOj Caipikaj. 3ampaBo, MPBE MAPKETUHIIIKE areHIfje Cy
OCHOBaHE Ca LUJbEM KYIOBHHE ITPOCTOpA Y INTAMIIAHUM MEIMjUMa 3a Kpeupame

MAapKCTHHIIKUX KaMIlamba.

HNaxo mMox/ia fenyje J1a mTaMinaHu MeJIuju ryoe TpKy ca eJIeKTPOHCKHM MEIUjUMa, Ipe
CBEra ca HMHTEPHETOM M TEJIEBU3MjOM, PEATHOCT j€ 3alpaBO Majio Jpyrauvja U He
TOJIUKO OYMTIIeHA. UHIbEHHUIIA je 1A je 3a Pa3JIMKy Of IITaMIIaHUX Me/Hja, TICTAaHOCT ’
JIOCTU3amb€ KEeJbEHE [UJbHE TPYIIEe ca eJIEKTPOHCKUM MeJM]ja JIaKIle MOCTUNU U TIPAaTUTH
(0poj KIMKOBa, INIEJAHOCT, MUIUT METPHU, MIPELU3HO opehrBame rpyme Kojoj ce mopyka
npeHocn). Mmak, mTaMmnaHd MeaMju W Jajbe HMajy oapeheHe MpeaHoCTH Haj
CJIEKTPOHCKUM MeaujuMa. Y cBojoj kmusu  (Katz, 2008) HaBome mNpEeaHOCTH U
HE/IOCTaTKe IITaMIIaHUX Meluja, a oBIe heMo ce OCBpHYTH MOCeOHO Ha HOBHWHE H

HaCoOIInCE:
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[IpeaHOCTH HOBUHCKOT peKIaMupama:

e [lpaBoBpeMeHOCT H3BemTaBama: HoBuHE Cy IO CB0jOj HAMEHH MH()OPMATUBHOT
KapakTepa U CaJpiKe yrJIaBHOM BECTH U HOBOCTH M YUTAOLU UX KOPUCTE KaKo Ou
Ha BpeMe Omim 00aBemTeHy 0 CBUM HH(opMaiujama of] 3Ha4aja. 3aHUMIBHBO je
Jla UCTPaXHBamba MOKa3yjy J1a by YIJIaBHOM KOPUCTE peKiiaMe U3 HOBHUHA MPH
JIOHOIICKY OJUTyKa O ToMme rie he m mra KymoBaTH M BHAEIH Cy UX Kao
3HaYajHHjU OOJUK peKiaMupama oj TeneBusuje. OBO je jomn jemaH MPUIIOT
3HaYajHOCTH HOBHHCKOT OTJIAIIABabha.

e [loxespHa myOnuka: Kmura HaBOJM HEKOJIMKO MCTpPaKMBama Koja AeuHHUIIY
YUTAIAYKy ITyOMKY HOBHHA Ka0 OHE KOJH Cy YIUIaBHOM 00Jbe 00pa3oBaHu, UMajy
BUIIIE TIPUXO/IC U KYITY]y KBaIUTETHHje Tpou3Boje. Takohe, untaonu Hajuemnthe
OTBOpE W TPOYHTAjy OKO JBE TpehmHe CBUX CTpaHUWIIA HOBHHA INTO TPYXKa
MoryhHoCT ornammBauMMa Jla UW3Aajy JAeTalbHUje orjace ca Behom
BepoBaTtHOhoM n1a he noctuhu xesbeny nmyoauKy.

e Vrumaj y ypehusamy: OunrienHa nperHOCT IpH OrjaliaBamky y HOBHHAMa je
MoryhHocT M300pa cekuMje y HOBMHaMa y Ko0joj he ce IMOCTaBUTH oOrjac u
MpeLn3HO TapreTupame Oyayhux kynama

e MoryhHOCT 5OKaJHOI/pEerMOHANHOr oOrjamaBama: JlokagHe W peruoHaiHe
HOBMHE TpYy>kajy MOTyhHOCT npenu3Hor reorpad)cKor orjiamiapama 1 JOCTU3amka

TAYHO KCJBCHE I'PYIIC Y OKBUPY HECKOT reorpa(bcxor peruoHxa.
Henocraim HOBUHCKOT PCKIIaMHpama:

e Kparku xuBOTHM BeK HOBMHA: HOBHHE MMajy KpaTak >KUBOTHU BEK M Ha Kpajy
naHa ce Hajuemrhe omOaityjy. To 3Ha4M 1@ je W )KMBOTHH BEK peKJiaMe jeTHaK
KMBOTHOM BEKY HOBHHA M YKOJIMKO MOTEHIIMjJIaHHU KYTIall HUje BUAEO Orjiac TOT
JlaHa TO 3Ha4M Jia Hehe OUTH pyre IIaHce.

e AxTuBHH ymTaony: Ilopen KpaTKOr >KMBOTHOT BeKa HOBHHA YWTAOIM Takole
BPJIO JIAKO MOTY Ja m3abepy ILITa jKejle Jla YUTajy y HOBHHAMA 3a PasziUKy O
TeNeBU3MjCKe U paano myonuke. [loceOHa maxkmba ce MOpa MOCBETUTH PEKIaMHU

KOja Mopa J1a OyZie MHTepecaHTHa U IIPUMaMJbHBa 3a YUTAOLA.

[IpenHOCTH OTNNamaBama y 4acomucuma:
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[Ipedpumena mnybnuka: JegHa o HajBehwmxX NPEIHOCTH OrJlallaBama Y
yacomucuMa je yuTajadka myojimKa Koja craja y HajloxkJbemHUje 1eMorpadceke
rpymne: ¢paKyaTeTcku 00pa30BHU YATAOLM Ca BUCOKHM MPUMabUMAa.

3anobujame naxme ynTaona: Yaconucnu MOKpUBajy TauHo ojpehene teme Tako
Jla Cy ¥ YATAOLX BEOMa YCMEPEHM Ha CaJipikaj KOjU UM ce HyIu. Y KIbHU3U ce
Takohe TBp/IM J1a YMTAOIMMa Mamkhe CMETajy PEKJIaMe Y YacolMcuMa, Hero HIIp.
TEJIEBU3HjCKE pekiiame. Peakiuje ynranana ce [octa pa3iivKyjy oJ peakiyja Ha
TEJIEBU3U]CKE WM WHTEPHET peKJiaMe Tako Ja ce MHQOopMalHrje U3 Yacomuca
3aprKaBajy Ay)Ke KOJ YhTaNala i YUTaOIM UM TeHEpaTHO BUIIIE BEPY]Y.

Jyr MBOTHU BeK: BelMka mpeaHOCT yacomuca je HHXOB JIyT KUBOTHU BEK.
Jlok ce HOBHHE yriIaBHOM Oarie Beh mcTor manHa, a TEIEBH3UjCKU MPOTpaM Tpaje
HajIy)Ke Tap 4YacoBa, YacONHMCU C€ y TPOCEKY 3alapkaBajy Koj uurtaoua 4
Henmelbe W ayxe. [lopen Tora mTo mpyka MOTyhHOCT MOHOBHOI YHTaba
pexiama, Takole oTBapa MOryhHOCT OCTH3ama T3B. CEKyHJIapHE MyOHKe, MTO

noTBplhyje u YumheHUIIA /1A jelaH YaCOMUC Hajyenthe BUAN YeTBOPO JbYIH.

Henocranu ornamasama Yy Jaconucuma:

Jyr nuxnyc mianupama: CaM TEXHOJIOMIKH MPOLeC MPUIPEME IITaMIIe 3aXTeBa
Jla ce ca/ip>kaju JOCTaBe 3aHTHO paHHje Hero 1mTo he Outn o6jaBbeHu. To Moxe
y 3HaTHOj MepU YTHULATH Ha edekar pexiIaMupama W 3aXTeBa MaXJHbHBO WU
JTYTOPOYHO IJIAHUPAkhEe MAPKETHHIIKHX KaMITamba.

Bucoku TpoikoBu gocTr3ama unTanana: Yacomucu cy mo cBojoj Mpupoid yCKO
opujeHTHCaHHu Ha ojapeheHe Teme koje oopal)yjy, mro camo o cedbu orpaHuYaBa
Opoj TOTeHUMjaTHUX uMTanana. Y mnopehemy ca apyrum obiaunuma
OrjaliaBama, HAPOYUTO EJIEKTPOHCKUM, YaCONHUCH UMajy HajBUILY IIEHY
KOINITamka JI0CTH3ama gynuTanamna. OBlie MOKeMO BHAETH KaKO M HEKE MPETHOCTH
9acornuca MOTY TIOCTaTH M HEroB HEI0CTaTaK 3a OHOTO KO TUTaHUpa Oyyer u

peKiIaMHy KaMIamy.

[MItamMmnanu MeAuju Cy 3aApKalld 3HA4ajHO MECTO Y OTJialllaBamy MPH YeMy MOCEenyjy

HEKe jeJIMHCTBEHE MPEJIHOCTU KOje €JIeKTPOHCKU Meauju He Mory noctuhu. llltamnanu

MeAMjH c€ KOPUCTE Yy KOMOMHAIU]U ca eIeKTPOHCKUM MEeIUjuMa, ajli U Kao0 CaMOCTaIHO

CPEICTBO MApKETHHUIKMX Kammnama. OHM HMajy CBOjeé MECTO Yy OrJjallaBamby H
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MapKEeTUHIIKMM KaMIamaMa M O4eKyje ce Ja he mrammnanu Meauju OUTH CHa)kaH BHUJ

ornamasama 1 'y OynyhHoctu.

VY HacraBky hemo ce OCBpHYTH Ha NMPUMEHY METO/a ONEpallMOHHX HCTPAKUBABA Y
orjamiaBamby YONIITE M JaTH HEKOJIMKO IpUMepa HCTpaKuBama Koju o0pabyjy

IUTAHUPAhE U pealii3aliijy MapKeTUHIIKUX KaMIlamba Yy IITaMIIaHUM MeIUjUMa.

4.2 TlpuMeHa MeTOJa ONEPALHOHUX MCTPAKUBAKA Y OIJIALIABAIY

TexHUKe ONMEepanMOHUX HCTPAKUBAMKa Cy MPBH MYT yMOTpeOJbeHAa y MapKETHHTY ca
1I0jaBOM YyBEHE TEOpeMe ONTUMH3alMje MapKeTHHr Mukca 1954, rogune (Dorfman &
Steiner, 1954). JluneapHo mporpamMupame U IHJbHO MPOrPaMHUpPAbEe CY MOCTATH MPBH
n300p Kaja je y MUTamy MpUMEHa ONEpallOHUX UCTPaKHMBamba y MApKETUHTY, JIOK CYy
MapkoBU MOJICTH Pa3IMYUTEe CUMYJAIlMOHE TEXHUKE, YKIbyddyjyhu U Teopujy wrapa,

npuMerean 60-ux u 70-ux roauHa npouutor Beka (Kotler, 1963; Montgomery, 1970).

Yak u y OBUM I©ouenuMMa HUHTEpKalMje u3Mel)y onepaloHUX HUCTpaXUBawma U
MapKeTHHTa, WCTPAKUBAYM Cy 3ala3siid CTOXACTUYKY TPHPOIY MAapPKETHHIIKHX
npobsieMa Kpo3 KopuIheme TeopHje TOHOIICHE OUTyKa Y YCIOBHMAa HEH3BECHOCTH
(Pratt, Raiffa, & Schlaifer, 1995).V napennum roguHama HHje MHOTO Tora ypaheHo Ha

MOJbY UHTETPAIlH]€ OTIEPAIIMOHUX UCTPAKUBAKha U MAPKETHHTA.

Mehytum, y nocnenme Bpeme, 300r 3HauajHO yBehaHHMX padyyHCKUX KalaluuTeTa
pauyHapa, MOAETUpPAkEe HEU3BECHOCTH KPO3 paszIMuUTe AalpOKCHUMALMOHE TEXHHKE je
HAIlUIO CBOj€ MECTO y NPUMEHM ONEpalMOHMX HCTPaXHBamba y IOJbY MapKEeTHHIa

(Beltran-Royo et al., 2016; Illner & Ma, 2016; P. E. Rossi & Allenby, 2003)

[TocnenuuHo, CTOXaCTUYKO MPOrpaMUpare HUje HOBUHA Y MAPKETHHTY, ajli T'eHEepaIHO
HUje Omio y Qokycy McTpakuBaya Ha moueTky. Mmak, oBa o0nacT je mM3a3Baia HOBHU

MOJIET Y UCTPAKUBAKY Y PATHUATAM 00JIACUTMA IPUMEHE Y MapKETHHTY.

Kao neo mapkeTwmHr Mukca, oryamiaBamy je MocBeheHa moceOHa mnaxma. Hmnak,
UCTpOXMBAYM Cy cMmaTpaiu edekaT orjaliaBamkba Ha MpoJajy y HajMamy pPYyKy

Hen3BecHUM. OBO Munubeme je (opmupaHo 300or Opure Aa orjiamaBambe MOXKAA
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YOIIIITEe HEMa YTHIaja Ha mpoaajy. Mehyrum, uctpaxusama (Clarke, 1976; de Vries,
Gensler, & Leeflang, 2017; Hartnett et al., 2016; Leone & Schultz, 1980; Vidale &
Wolfe, 1957) cy nmoTBpauia aa orjamaBambe MMa MO3UTHBAH edeKaT Ha IPOIajy, YUME
Cy CBE CyMIbe Y €)EKTHBHOCT OBHX MOJIEJIa M BbUXOBa MPUMEHA Y JIOHOIICHY OJITyKa
onbaueHne. HapaBHO, 3HauajHU HAMOpU Cy YJOKEHU Yy Pa3Boj Mojeia KOju MOTY Ja
ONTUMU3Yjy aloKalyjy Oylera 3a orjamaBame, IITO je Takohe 3amatak oOBOT

HCTpa’XuBamba.

OBne hemMo CkpeHYTH Ty Ha TPU pajaa Koja ce 0aBW CIMYHOM TEMaTHKOM W Ha

pa3In4YMUT HauuH 00pal)yjy HEen3BeCHOCT y noJaluMma.

V pany (Bhattacharya, 2009) mpezacraB/beH je MOENn BEPOBATHOCHO 3a710BOJbEHHA
OrpaHUYCHa IUJBHOT MpOrpaMHpama 3a MpodJieM IUIaHUpama orialiaBama. Mojen je
JM3ajHUPaH ca IUJbeM Jia ce ogabepe Opoj oriaca Koje Tpeba MOCTaBUTH Y Pa3IHIUTe
MeArje y3 ONTUMANHY alokanujy Oyuera. lmsb mMonmena je moctuhu MaKCHMAaHO
nocerayhe (reach) mo »xe/beHHMX KiMjeHAaTa O] MHTEpPeca KPO3 pa3IdduTe MEAHje y
OKBUPY JI03BOJHCHOT OylIeTa Y3 MOMITOBaKkE MAKCUMAIHOT 1 MHHUMAIIHOT Opoja orjaca
3a mojeauHe Meauje. Menuju Koju Ccy y3eTh y 003Mp Cy W IITaMIIaHH U €JIEKTPOHCKHU

MEJTU]H.

[Tapamerap koju mpezacraBiba goceruyhe (reach) je ciydajua mpoMeHsbHBa, OJHOCHO
CTOXAaCTUYKH TMapamMeTrap, ma je Mojen (opmyincaH kKao mpodieM BepOBATHOCHOT
3aJ10BOJbEH-a OrpaHnueha. CTOXaCTUUKU MapaMeTap je MoCMaTpaH Kao MPOMEHJbUBA 3a
KOjy Cy MO3HaTe OYEKUBAmE U CTaHAap/AHa JeBujanuja. IIpobieM je peieH npuMeHoM

LUJBHOT IPOrpaMUpPamba, y3 UCIYHEHE TPU OJ] YETUPH ITOCTaB/bEHA 1IUJbA.

VY pany (Kwak, Lee, and Kim, 2005) npezacraBibeH je Momen 3a u3bop cTpaTeruje
orjamaBama y LITaMIaHUM MeEIUjUMa KOjU pa3MaTpa OMIHje HHIYCTPUJCKUX H
MOTPOIIAYKUX NMPou3BoAa. Mojen Koju je KopuirheH 3a celeKlujy Meuja nmpeacTaBiba
MO/JIEJI MEIIOBUTOT 11eI00pOjHOT IIMJBHOT Mporpamupama. Luse pana je na ce oapeau
0poj pekiiama 3a u3abpaHe Mearje y3 ONTUMAIHY paclojieny JocTymHor Oynera. U y
OBOM pajJly je youeHa cllydajHa IpUpojia MOjeMHUX MapameTapa Mojena, Tako Ja je
NOOMjeHO pellemne JIeTa/bHO aHAJM3UPAHO W M3BPIICHE Cy aHAIU3€ OCETJBHBOCTH

NOOHMjeHHX pellemha Kako 01 ce nposepuiia (preKCUOUIHOCT JeUHUCAHOT MOJIENA.
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VY pany (Buratto, Grosset, and Viscolani, 2006) mocMaTtpaHo je TP)KHUIITE ca KOHAYHUM
OpojeM cerMeHaTta Mo MPeTIoCTaBKOM Jia MMOCTOjU HEKOJIMKO KaHaja 3a OrJiallaBamke ca
Pa3IMYUTUM CIIEKTpoM U erkacHorrhy. 3a cBaku KaHal je Hajrpe oapel)eH onTumaiHa
NOJIUTHKA OrjlalllaBama, a MOTOM je W3adpaH KaHal Koju he JOHeTH MaKCHMalHU
npodur. Y pany ce pasmaTpajy HOBUMHE Ha Tpxuimty Wrtammje, a nusb je mpoHahm
onroeapajyhe HOBMHE 3a peKIaMHY KamIamy 3a JeQUHHCAHE TPXKUIIHE CETMEHTE.
N360p je pasmarpaH 3a 4eTHPU PA3IMYUTa CIICHApHja W 3a CBAKU je JaT ONTHMaJlaH

pacopena I/IBa6paHI/IX HOBHHA 3a MApKCTHHIIKY KaMIIdlby.

[TpobGiieM koju ce pa3marpa y 0BOj AUCEPTALIMjH C€ OJIHOCH Ha U300p ONTHMAaIHOT Opoja
oriaca Koje TpeOa Iutacupatd y pasiauuuTe HOBUHE. OCHUM OYMIVICTHOT 3aJaTKa
onpehuBama Opoja oryiaca koje Tpeba rracupaTs y oaroapajyhe HoBuHe, MOTPEOHO je
OJIPEIUTH U HbUXOBY BEIIMUUHY U TIO3UIU]Y 32 CBaKE HOBHHE, a Ja C€ IIPH TOM JIOCTHTHE
KEJbeHU Opoj mperyiefia ¥ yTUIllaja Kako Ha YKYIHY IOMYyJalujy, TaKo U Y OKBUPY

HUJbAHUX I'pYIIa.

[{ub je noctuhu cBe HaBEIEHO y3 LITO je HHKE TpolrkoBe Moryhe. J[HeBHe, HellesbHE U
MeCEYHE HOBUHE CY OIICET pa3MaTpama, Ka0 U BUXOBU YKYITHHM MpEryien U pejTUH3HU 3a
uJbHE Tpyme. PejTHH3M Cy Mmojany ca CTOXaCTUYKOM IPUPOJIOM U 3a BHX j€ ONa)XxeHa U
NpeTIOoCTaB/beHAa HOpMallaHa paclofiesla CTOXacTHMUKMX mapamerapa. [IpoGiem je

(bopMmecaH Kao MCIIOBUTH I_ICJ'IO6pOjHI/I CTOXaCTHYKH MOJCII.

4.3 @opmyJanuja MATEMATHYKOT MO/IeJIa OrJIalIaBambha

Hotamuja monena:
| - Ckyn HOBHMHa (IHEBHE, HEJIEJbHE, MECEUHE)
J - Ckyn moryhux nosuiuja y CBUM HOBUHaMa
P; - Cxyn moryhux mosuruja 3a | -Te nojeinHaYHe HOBHHE

T - Ckyn nMJbHUX Tpymia
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S - Munumanuu 6poj jeTMHCTBEHUX Mperiieia oriaca
Cij - Llena 3a j -Ty nosuuujy y | -Tum HOBMHAMA

Vi - Bpoj npernena | -tux HoBUHA

lik - PEjTHHT | -TUX HOBMHA 3a K -Ty IMIbHY rpyImy

Pj - IPOLIEHAT BUJBUBOCTH 3a | -Ty HO3HUIIKjy Orjaca
ty - [lusbanu pejTHHT 32 K -Ty HHUIBHY TPyILy

M; - MUHMMaJIHK Opoj oraca y | -TUM HOBMHaMa

hi - MakxcumanHu 6poj ornaca y | -THM HOBUHaMa

0j - MUHMMAaJIHK Opoj oryaca Ha | -TOj MO3ULUJU

dj - MaxcumaiHK Opoj oraca Ha j -TOj TO3UIM)H

x; - Bpoj j -Tux ormacay I -tum HOBHHaMa

MaremaTnuku MoJien
VY cknany ca neuHUCAHOM HOTAIIMjOM, Y HACTABKY j€ MPUKA3aH MAaTeMaTUYKU MOJIET

Munumusupatu

f(x)= Z Zcij Xij 1)

iel jeR
MPU OrpaHUYCHHIMA

> > upx, =S, @)

iel jeR

66



P{Zanxithk}z P, kKeT, 3)

iel jeR

Sx,zmiel, 4)
ieR
S x <h,iel, ()
jeR
isl‘éﬂxuzgjlje‘], (6)
S % <d,, jed. (7)

iel‘jeF’i

Orpannucme (2) ocurypaBa MUHHMAJIHU 3aXT€BaHU OpOj Mperiie/ia orjiaca; OrpaHuuCHe
(3) je croxacTHYKO OrpaHHYEHC KOje NePHUHHUIIE KEbCHU PEJTHHT 3a CBaKy HUJbHY
rpyny; orpanuueiba (4) u (5) mehuHHUNY MHHUMAIHHU, OJHOCHO MAKCHMAIHH OpOj
Moryhux ornaca y cBUM HOBHHaMma, PECIIEKTUBHO; U orpanudewa (6) u (7) nedununry
MaKCHMaJTHH U MUHUMAJTHH YKYITHU OpoOj orjiaca KOju ce€ MOTy IIacHpaTd Ha oapeleHe

HO3I/IL[I/Ije Y HOBHHaMa, pCCIICKTUBHO.

CroxacThuka mpupona Mojena orjena ce y jeaHaduHd (3), ¥ HEHOM CKYIy
orpanuuema. OuurienaH pasior je CTOXacTMUYKU MapameTap ik, KOjU IpeacTaBiba
pejTHHTe HOBMHA 3a CBaKy LWJbHY rpymny. OBU pejTHH3M Cy ojpel)eHn Ha ocHOBY Opoja
OJIIITAMITAHUX HOBHWHA (THpaxa), pemyTaluje U Tpaaullije HOBUHA, aJIK U O]l TIO3UIIH]e
oriaca y mocMaTpaHUM HOBMHama. Merona Koja je KopuilheHa Ja ce U3padyyHajy OBU
napameTpH HHje (POKyC UCTpakMBama, ajlld 3a CBPXY HaIIer UCTPAXKUBamba, IOCMaTpaMo
cllyyaj TAe CIy4ajHH TMapaMeTpd HUMajy HOPMaJHy paclojiely ca O4YeKHBAHOM

BpenHomihy - £ 1 BapHjaHCOM - O .

[Tocroju 14 paznuuuTUX LHUJBHUX Tpyma IITO Jaje CKyn ox 14 CcTOXacTUYKuX
orpaHuyema Koje Tpeba pasmarparu, llusbHe Tpyme, Ka0o W CKYI CTOXaCTHUIKUX

OrpaHHu4Cma €€ MOr'y KHaCI/I(I)I/IKOBaTI/I Y UCTHUPHU T'PYIIC:

e Jlon: IIpBa nBa orpaHuuema JePUHUITY MHUHUMAIHU JK€Jb€HH PEJTUHT KOjU

Tpeba gocTuhy y OKBHPY MYIIKE M KEHCKE MOIyallnje,
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e (Crapoct: pa3mMaTpaMo MIECT Pa3IHYUTHX CTAPOCHHUX KATEropHja, OJHOCHO MCTH
Opoj orpaHuvema Koja AeUHHUITY MUHMMAIHHM KEJbEHU PEJTHHT KOju Tpeda
noctuhu y OKBUPY CBaKe CTapOCHE TpyIIe,

e T[eorpadcka JoKammja: MOJIEN pa3liMKyje TpU Teorpadcke Jokamuje Tae ce
HOBHMHE TPOJajy, CTora Cy JIe(pUHHCAHW MUHUMIIAHH JKEJbEHU PEJTUH3U KOje
Tpeba OCTBAPUTH y OKBUPY 3a/IaTUX PETHOHA,

e (OO0pa3zoBame: pazMaTpamMo Tpu OOpa3oBHAa HHBOA, W 32 HHUX JICPUHUIIEMO

MUHUMUJIAHU KeJbEHE PEJTHUHTE.

JIoHOCHOIM OJJTyKa YIJIaBHOM 3aXTEBajy BHMCOK CTEICH 3aJ0BOJbCHA CTOXACTUYKHX
orpanuyema. [IpeMa ToMe U cama orpaHuvea Cy mojesbeHa y ase rpyme. [Ipsa rpyma
je Tako3BaHa rpyma TBPAUX OTPaHHYCHA, M 33 HUX JOHOCHJIAIl OJJIYKEe 3aXTeBa Ja Ta
orpaHMuema Oyay YBEK 3aJ0BOJbeHA 0Oe€3 003upa Ha peaiu3alyje CIydajHux
napamerapa, IITo 3Ha4H Ja je JerHUCaHa BepoBaTHONA 3310BOJbEHA OTPaHNUCHA Pk =
1. Jlpyra rpyma orpaHHYeHa je rpyrna MEKHX OrpaHHYeba 3a KOje je JOHOCHIIAI] OJTYKe
cpemMaH Ja npuxBatd oapehenm pusuk na Hehe OWUTH 3aJ0BOJbEHA. YTIIABHOM je

neduHUCaHa BepoBaTHONA 32/I0BOJbECHH-a OrpaHndema Py> 0.9-0.95.

Wneja moaene orpanuyea y MOJICNTy Ha TBp/a U MeKa je npBu nyT yBeaena y (Kendall,
1975), u ¥cTH TPUHLIUIIK Ce KOPHCTE M y HallleM HCTpaxuBamy. HapaBHo, Moryhe je
JlaJbe NeNUTH TPYyIe OTpaHnuyeHha, ajlk je OBO TCHEPAIHHU MPUCTYI KOjH je KopHuIIheH y

HallleM UCTpaXUBaAbY.

VY HameM Mozeny, CKyn orpaHuyema jaeduHucaHux jeaHadynHoMm (3) y dopmynanuju
MO/JIeJla Cy BEpOBATHOCHA OrpaHMYeHa ca JePUHHCAHOM BEpOBaTHONOM 3aJJ0BOJbEHA

OTpaHHuEeHa Pk.

Honocunan ominyke oxapelyje BepoBaTHOhy Pk 3a CBako orpaHudeme. JloHocwiall
OJUTYKE je BJIACHHUK JIaHIAa CyliepMapKeTa M CTOTa JKEJH Ja OTrjaliaBameM TapreTupa
TayHo ojapeheHy rpymy kynama koja he my noneru HajBehy 3apany. Hberosa nuspHa
rpyma cy *eHcke ocobe, crapoctu uzMel)y 40 u 49 roauna u3 reorpadekor pernona G1
ca YHHBEP3UTETCKHM OOpa3zoBameM. [IpeBeneHo Ha pPEYHWK Mojena, APYro, IMIECTo,
JIEBETO W YETPHAECTO OTrpaHWUYCHE MOpajy WMAaTH HAjBUIIM HHBO 33J0BOJbEA

BepoBaTHOhe Pk. JloHOCHIIaIl OJUTyKe je CpeMaH Ja MPUXBATH PU3MK KOJU je MambH O]
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0.005 na momenyta orpanunyema Hehe OMTH 3a70BOJbEHA, IITO 3HAYM Ja BepoBaTHOha
3a/I0BOJbCHA OTPAaHUYCHA 33 Ta OrpaHWyema Tpeda ma Oyme Buma ox 0.995. 3a cea
ocTajia BEpOBATHOCHA OrpaHHUYEHa JOHOCUIIAIl OJJTyKE j€ CIIpeMaH Jia MPUXBATH PU3HK
0.05, T1j. BepoBaTHOhA 3a/10BOJBbEHA OTpaHUYeHa Tpeba Oyne Beha wimm jemnaka 0.95.

OBo je mpeAcTaBbeHO y Tabemu:

Tabesa 1 BepoBaTHoha 3a10B0/beba MEeKHX OTPAHHYEHHA

I'eorpagcka

oa Crapoct h
peruja

Oopa3zoBame
Orpanuyense

1 2 3 4 5 6 7 8 9 10 11 12 | 13 14

pk >0.95 >0.995 | >0.95 >0.95 >0.95 >0.995 | >0.95 >0.95 >0.995 | >0.95 >0.95 >0.95 >0.95 >0.995

3ay3Bpar, JOHOCHJIALl OJUIyKe 3axTeBa HajMamwe 15% mamy norpoumy Oylera Hero aa
je mpumemeH poOycHu npuctyn. Moxe ce pehu ga je pa3mMeHa H3paxkeHa Kpo3

nprcTajamke Ha ofpe)eHn pU3UK 32 00JbY BPEIHOCT KPUTEPHjyMCcKe DyHKIIH]E.

4.4 Peannu nonaum kopumhenu y moaesy

[Tocmatpamo mpobOiieM MapKEeTHHIIKE KaMIame 3a poly MIMpoKe moTpornme. [[usb je
noctuhu Tpaxenu Opoj Bulema oriaca Ha HUBOY II€lie KaMIlame, Kao U MOCTHU3Ame
oaroBapajyher pejTuHra 3a CBaKky IUJBHY TPYITY ca MITO Mame cpeacTtaBa. CToxacTHUKa
npupoja mpodiema orjiena ce Kpo3 mnapamerap [k KOju IpecTaBiba OLICHEHH PEJTHUHT
HOBHHE 32 CBaKy IMJbHY rpymy. Kamnama he Tpajatu 3 Mecena u 3a To Bpeme MOTpeOHO
je matu onrosapajyhu Opoj orjaca Ha TayHO onpeheHe mo3uiMje Mo HOBMHama. Ha
pacnonaramy umMamMo 16 HOBMHA, M 3a CBaKy OJ HBHUX JaTH Cy HaM ojaromapajyhu

napameTpH.

VYxyman 6poj xeJbeHuX Bulema oriaca 3a 1enny kamanmwy n3nocu S = 37.450.000
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[{usbaHu pejTUHT 3a CBAaKy IIUJBHU TPyMy Iy je mar y cinenehoj Tabenu:

Tabeaa 2 )Ke/beHH pejTUH3N HUBHUX rpyna

o |y 12- | 20- | 30- | 40- | 50- . . .
mud | Zene | Lo | g 39 49 65 66+ | vojv. | bg | cen.sr. | o.8k. | sr.8k. | fakult.
t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 t13 t14
2.000 | 1.710 | 900 | 1.950 | 2.195 | 2.010 | 1.900 | 1.550 | 1.850 | 2.400 1.600 500 1.150 2.250

BpennocTu napameTapa Vi - bpoj nperneza | -Tux HoBMHa:

Tabesa 3 bpoj nperyena HoBHHA Y KAaMIAkbU

Ha3uB HOBUHA napaMerap bpoj
nperJeaa
blic Vi 733.108
blic Zena Vo 605.920
kurir V3 575.105
BEUYEPHE€ HOBOCTHU Vs 456.832
alo Vs 413.115
informer Ve 317.396
MOJIUTHKA V7 218.009
24 sata Vg 165.025
CTHIOPTCKH XKYPHAT | Vg 131.127
story V1o 177.945
Gloria Vi1 142.819
hello Vio 120.889
lisa Vi3 69.750
mens health Vig 111.572
joy Vis 84.824
lepota i zdravlje Vie 377.773
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BpennocTu mapamerpa pj - IpolieHAaT BUJJBUBOCTHU 3a | -Ty IO3HUIIMjY Orjaca

Tabesa 4 BepoBaTHoha nperseaa oriaca no mo3uiujamMa y HoOBuHamMa

ITapamerap | BepoBatHoha
P1 1
P2 1
P3 1
Pa 0,2
Ps 0,3
Ps 0,3
p7 0,4
Ps 0,3
Pa 0,3
P10 0,2
P11 0,1
P12 0,1
P13 0,1
P14 1
P15 1
P16 0,8
P17 0,7
Pis 0,7
P19 0,5
P20 0,4
P20 0,4
P22 0,3
P23 0,25
P24 0,3
P2s 0,2
P26 0,12
P27 0,14
P2s 0,15
P29 0,8




Bpennocty napamerpa Cij - I€Ha 33 | -Ty [MO3UIHM]y y | -TUM HOBMHAMA!

Tabesa 5 IleHe orjiaca mo mo3uuMjama 3a cBe HOBHHe

men lepot
bli blic kuri Bey I infor non 24 cnop stor Glor hell li S . ai
C|J © 1 Jena r Hoso | alo mer | "™ sata | P y ia etlo 528 1 heart | 1YY zdra
cTH Ka HaX h vije
260 204 | 268 | 336 | 156 | 216 | 336 | 408
L) 0 zgq| O | O] 0O 0 0} 0 1 0 | o080 | 000 | 000 | 000 | 000 | 000
260 102 | 222 | 276 | 150 | 204 | 300 | 384
21 0 g [ O O 00| 0 1 0 |0 405 | 00 | 000 | 000 | 000 | 000 | 000
205 210 | 331 | 360 | 180 | 300 | 480 | 564
3 | 0 || O] 0O 0O O F 0 1 01 0 |50 |20 | 000/ 000|000 000/ 000
152 160 811 | 115 149
4 1gso| 9 | 720 © | 20 | 50| O [ae0| O | O | O | O | O] 0O | 0|0
201 | 203 | 101 | 144 187
S | 0 | 0 | gy | 840|920 |90| © |60] % OO0 |0 0] O )00
231 122
6 [oc| 00| o |21 o ofo|o|o|o|o]o]|o|[o0]o0
179 01 | 170 | 936 | 700 | 205 792
7 1000 | © |902 000 00 | 00 |o00| ® | o | O[O O | 0] 0| 0|0
150 400
8 oo fo|ofo]o|golo|%lo]olo]o]ofo]o
140 470
9 (oo fo|ofo]o|@lo| o]o|lo]o]|o|o0]o
10| 0] ol o] ol o] o iﬁ? ol ol o o] olo] o] olfo
943 | 973 | 573 | 577 648
1wlo o |20 % o]oflofo|o]o|o]o
112 118 | 122 | 720 | 724 814
12 1200 | © |40 | 720 30 | 50 | © | 20| O | O O] 0O | 0O ] OO0
135 147 | 867
13|30 o [l % oo oo ofo|o|o]o]|o0]o0
1a | 834|438 (820 | 740 [ 400 [ | o | 5% | , | 24 | 3% | 384 | 204 | 276 | 498 | 600
760 | 612 | 000 | 000 | 200 000 000 | 400 | 000 | 000 | 000 | 000 | 000
15 |30 [ o [ o |37 199 [ | o |28 |97 |18 | 214 | 264 | 144 | 192 | 300 | 384
000 200 | 000 000 | 00 | 000 | 800 | 000 | 000 | 000 | 000 | 000
182 490 168 192 | 240
16 | 0 | 0 | 0 Jg| O | O | O 1 0 Fgy | O 0 a5 | 0| 0 |45 | g
17 |19 187 [ o [ o [902] o | o | 1% |40 | 102 | 138 | 168 | 840 | 108 | 192 | 240
000 | 806 000 000 | 00 | 000 | 600 | 00 | 00 | 000 | 000 | 00O
18 | 99 [147 [ T[T [102 [ o [ o | o | 490 | 102 138 | 168 | 840 | 108 | 192 | 240
000 | 806 000 | 000 00 | 000 | 600 | 00 | 00 | 000 | 000 | 000
1o | 100 [ 769 [ T[930 [504 [ |, |67 | 240 | 720 | 828 | 900 | 540 | , | 540 | 156
000 | 07 00 | 00 50 | 00 | 00 | 00 | 00 | 00 00 | 000
240 900 540 | 156
20 0 oo o] o] oo o [2] 0|0 |% 0| o0 [%]
00 | 769 930 | 504 676 900 | 540 540 | 156
21 100 | o7 | @ oo oo | O O s | O] 9|9 | |00 | ° | 00 |o00
104 900 | 972 | 120 | 660 | 780 | 132 | 198
22 | 0 g | O | O 00 0 | 0 |0 g | oo | 00 | 00 | 000 | 000
104 130 900 120 | 660 | 780 | 132 | 198
23 | 0 Jgag | O o0 | O O | O | O |0 F %y | O o0 | 00 | 00 | 000 | 000
900 | 972 | 120 | 660 | 780 | 132 | 198
24 10 10 0 )0 0 ] 0 | 0 | 0 |0 5y Ty | o0 | 00 | 00 | 000 | 000
516 752
25 | o [ 0o %2 oo |o|o|o]o|o]o]|o0o|[o0]o0
% | o] o o o] ol o] o fﬁ} ol ol o | o] ol o] olo
108
27l o oo o] ofo|o |30l ofo]o|o]o0o]|o0o|o0]o0
28 ol o] o] o] ol o] o égg ol ol ol ool ol olo
350 255 | 986
20 | 301 0 | o |22 o | oo |o|o]o|o]o0o]|o0o|o0]o0
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Pacnogena croxacTuukux mapamerapa ik Koju Ae(UHHUIIE PEeJTUHT HOBHHA 33 CBAKy

UBHY TPYIY U KOJH MOJIEKY HOPMAITHO] PACIIONIENHN Ca PBUM U JPYTUM MOMEHTOM je

JIaT y HACTaBKY:

Tabesa 6 PejTUHT HOBHHA MO HWbHUM IpynaMa (CTOXacTHYKHU MapaMeTpH U oaAropapajyha

pacnojeJia)
. 12- | 20- | 30- | 40- | s0- . o | sk
. + SK. .
rl K mu§ | Zene 19 29 39 49 65 66 VOjV. bg csrb | o3k fak
blic | 1274 | 11045 | [453, | [13.30 | [15.17 [173'5 [171'4 [7.20, [1;“0 [182'0 [18'5 282, | [6.79, [13'4
(089] | 073 | 032 | 093] | 1081 | oo | oo | 0500 | ganr | osg | avg | 029 | 0481 | oy
blic | [237, | (1628 | [444, | [8.04, | [10.77 [113'4 [101'2 [6.76, [1;"2 [1;"5 023, | 182 | [5.17, [13'5
dena | 017 | /114] | 031 | 086 | 075 | g | o9y | 0471 | o7y | oby | 061 | 031 | 036 | o7,
wurir | 1028 | 793 | 221 | 914, | (1020 [121'3 [9.78, | [7.34, [130'0 [172'0 [8.23, | [250, | [484, | [85L,
[072) | 0] | 018 | 064 | 07a] | G | o8l | 051 | (S| oy | 0581 | 018 | 034 | os0]
B 1 1867, | [5.83 | (195 | [4.99, | [6.26, | [7.21, | 861 | [9.85 | 720, | P14 | 678, | 1172 | [3.0, | [8.34
HOBOC 5
061] | 041] | 014] | 035 | 043 | 050 | 0s0] | 069 | 05U | g2 | 047] | 012] | 022] | 058]
T™ g
alo | B0 | 690, | 213 | (496 | [600, | [7.13, | [788 | [685, | 621, | [57L | [605 | [126, | [260, | [415,
0.43] | 048] | 015] | 035]; | 0.42] | 050] | 055 | 048] | 0.43] | 0.40] | 042] | 009] | 0.18] | 0.29]
infor | [5.80, | [4.26, | [1.95 | [3.12, | [437, | [492, | [6.71, | [6.11, | [380, | [7.10, | [3.67, | [164, | [3.08, | [4.61,
mer | 041] | 030] | 014] | 022) | 031] | 034] | 047] | 043] | 0271 | o050 | 0.26] | 0.11] | 0.22] | 03]
moam | [357, | [331, | [L18, | [L89, | [243, | [2.80, | [363, | [684, | [200, | (868, | [1.72 | [0.97, | [254 [15'5
mia | 025] | 023] | 008] | 013 | 017 | 020] | 025 | 048] | 0.5 | 061 | 02] | 007 | o8] | 5
24 | [254, | [266, | [357, | [5.15 | [272, | [L92, | [1.94 | [157, | [290, | [7.55, | [0.15, | [1.64, | [276, | [3.76,
sata | 018 | 0.19] | 025] | 036 | o191 | 013] | 014] | 0111 | 020 | 053 | 0.0y | 011 | 0197 | 0.26]
CMOPT | 1360, | [0.63, | [297, | [3.28, | [298 | [202 | [153, | [0.73, | [220, | [2.14, | [L96, | [116, | [237, | [2.64
KYPH
YPH | 0051 | 004] | 021] | 0231 | 021] | 014] | 011 | 0.05] | 015 | 015 | 0141 | 0.08] | 0.47] | 0.18]
aj
story | 04 | B46 | [L18 | (397, | @23, | 340, | @52 | [46, | [217, | [462 | [230. | 098 | [3.09, | [405
007 | 031] | o008 | 0.28]: | 030] | 024] | o.18] | 010 | 015 | 0.32] | o16] | 007 | 0.22] | 0.28]
| os8 | @382 | (095 | (209, | 262 | 317 | 222 | 1203 | 77, | @56 | (144, | 059, | [239, | [3.66,
Gloria
0.04] | 027 | 007 | 01s); | 0.18] | 0.22] | o16] | 014] | 0.12] | 0.32] | o010] | 004] | 0.17] | 0.26]
hello | 067 | 1306, | 159, | [280, | 252 | [204, | [16L | [118, | [142 | [315, | [159, | 093 | [222, | [258,
0.05] | 021] | 011] | o201 | 018l | 0.14] | 0115 | 008 | 0101 | 0.22] | 011 | 007 | 0.16] | 0.18]
e | 02 | 9L | 020, | ost, | [134, | o1, | [139, | [0S, | [L07, | [113, | [110, | [052 | [1.25 | [162
0.02] | 013] | 001] | 0.04] | 0.09] | 0.14] | o10] | 004] | 0.07] | 0.08] | 008 | 004] | 0.09] | 0.11]
mens | [309, | [051, | [225, | [5.95 | [3.35 | [0.79, | [0.21, | [0.00, | [1.82, | [220, | [L52, | [0.68, | [2.00, | [2.83,
health | 022] | 0.04] | 0.16]; | 042 | 0.23] | 0.06] | 001 | 000] | 0.13] | 015 | 011] | 005 | 0.14] | 0.20]
o (0.6, | [244, | [3.25 | 1365 | (154, | 1207, | 042 | 00 | 122 | sz | a2 | ros | a4, | [oss,
1Y | o011 | 0171 | 023 | 0.26] | 0.11] | 0071 | 003] | 000 | 009l | 011 | 009 | 007 | 0101 | 0.11]
lepota [10.23
i [1.16, | [10.44 | [6.71, 23 | 11033 | [7.23 | 1330, | [146, | [634 | [7.85 | (487, | 1239, | [659, | [7.33
zdravl | 008] | 0731 | 047] | i | 072 | 051 | 023 | 010] | 044] | 055] | 034] | 0.7 | 0de] | 051
je o
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VY nHapennoj Tabenu nepUHHUIIEMO MHHUMAIHU, OAHOCHO MaKCHMaJIHM Opoj orjaca 1o

HO3MIMjaMa IIPpeKo napamerapa g u dj:

Tabena 7 MUHMMAJIHU M MAKCUMAJIHHU Opoj orjiaca mo mo3uiuujamMa y HOBUHaMa

IHo3unmja y

HOBMHaMa 9 g
1 1 10
2 1 10
3 1 10
4 1 5
5 1 9
6 1 10
7 1 | 70
8 1 | 70
9 1 | 40
10 1 | 40
11 1 10
12 1 15
13 1 |30
14 1 |50
15 1 | 60
16 1 | 40
17 1 | 40
18 1 |30
19 1 |20
20 1 |25
21 1 15
22 1 15
23 1 15
24 1 15
25 1 5
26 1 3
27 1 2
28 1 4
29 1 | 30
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N na kpajy nedunucahemo BpemHocTH mapamerapa M; u hj xojuMm ce aeduHHLLY

MHHUMAJIHH, OJHOCHO MaKCHUMaJIHHU 6p0_] oriacay | -TUM HOBHHaMa.

Ta6ena 8 MUHMMAJIHM M MAKCMMAJIHU Opoj orjiaca y HOBHHAMa

HoBumne mi | hj
blic 20 | 130
blic Zena 0 | 50
kurir 15 | 100
Beuepme HoBoctr | 15 | 70
alo 20 | 60
informer 20 | 50
MIOJINTHKA 15 | 60
24 sata 20 | 50
cnoprcku xypuan | 20 | 120
story 3 | 30
Gloria 0 | 15
hello 3 | 22
lisa 0 | 20
mens health 4 | 15
joy 0 | 30
lepota i zdravlje 0 | 25

45 Xeypucrtuke 3a 1epuHucCaAl€ U NIPETPAry clleHapuja

[Tpuka3zany cMO Ha KOJU HauuH (YHKIMOHUIIE HOBA METOJOJOTHja, YBEJIH CMO
MaTeMaTUYKU MOJEJN KOjU pa3MaTpaMo 3a MPUMEHY METOJE M Jalu MOJaTKe KOje CMO
KODUCTHIM Yy eKclepuMeHTy. Mmak, mnpe Hero ImTO MpencTaBUMO pe3yiTare
UCTpaKMBamka OCBPHYheMO ce Ha jako 3HayajaH €0 paja U HCTpaKuBama, a TO Cy
neduHucaHe M KopHIIheHe XEeypUCTHKE 3a IpeTpary Iojba JONYCTUBHUX peLIeHa,

OJTHOCHO 32 Jie()MHHCAkE U TIPETpary crieHapuja.

bp3e u epukacHe xeypuctuke he omoryhutu npoHangaxeme onrorapajyher crienapuja
y3 TeHepHCame PEaTUBHO MaJlor Opoja cieHapuja, MTO je KJbyd 3a €(PUKACHOCT U
e(eKTUBHOCT IIeJie ONTHUMH3AIMOHO-CUMYJAMOHE MeTone. Y3umajyhu y o03up
MocMaTpaHu MPoOJEeM TOCTaB/balba Orjaca, pacmojelny CTOXAaCTHUKHX MapaMmerapa |
’KeJbeHe BepoBaTHOhe 3a/7I0BOJbEHA OTpaHWuCHa [k, NpPEACTaBbaMO KopuirheHe

XEypHUCTHUKE 3a e(hUKaCHY MpeTpary clieHapHja.
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45.1 Xeypucruka 1 - nouyerHu u poOycHHM ClleHAPHO

[IpBa nBa cueHapuja Koja Tpeda reHeprcaTi Cy AETEPMUHUCTHYKU ABOJHUIH uuje hemo

CTOXACTHUKE IapaMeTpe MOJECUTH Ha L OJHOCHO [-3G pECIEKTUBHO.

Cuenapuo ca nmapaMmeTpuMa MoJIeHIeHUM Ha [1-36 MpeAcTaB/ba pOOYCHHU ClIEHApUO, TAaKO
Jla Cy OuYeKMBaHe BepoBaTHOhE 3aJ0BOJbECHA OTPAaHHMYCHA 3a OB3j CleHapuo Py = 1.
Orpanuuema cy 3a0BOJbeHa 0e3 003upa Ha peanu3alyje CTOXACTUYKUX Hapamerapa.
Pazmor 30or kojer cmo Hajupe nedUHUCATH OBa] ACTEPMUHUCTUYKH BOJHHUK
OPUTHHAIHOT Tpo0JeMa je ITO JOHOCHJIAIl OJJIYKE 3aXTeBa BHCOK HMBO BEpoBaTHOhe
3aJ10BOJbEHa OrpaHnuerma, u3Han 0.9 wim 0.95 3a cBOj MPUXBATIFUBU CIEHAPHO, IITO

3Hau| J1a he xebeHH ClieHapro OUTH Herne 0JIu3y poOyCHOT.

CueHapuo y KOM Cy CTOXAacTHYKE BPEJHOCTU MOJACUIEHE Ha OYEKHMBAHE BPEIHOCTH W
HaM Jaje MPBH YBUJ y NPHPOIY IOCMaTpaHor mpoOieMa. HakoH mTo mpoBepumMo
clieHapuo Kopuctehu cumynamnujy, u3pauyHahemo BepoBaTHOhy 3a70BOJbECHA
orpaHuyema Pk 3a cBuX 14 orpanmdema. OHO mITO Tpeba Ja OYEKyjeMO je Jla 3a CBa
aKTUBHA OorpaHuyema Py Tpeda aa Oyne oko 0.5, 1ok he 3a HeakTHMBHA OrpaHHuYEHa OBa
BepoBaTHOha OuTH 3HaTHO BuIla. Takolhe, moryhe je na he ce nojaButu u Tpeha rpymna

Koja he 6utH n3mel)y akTHBHMX M HEAKTUBHHUX OTPaHUYEHA.

OBa xeypHucTUKa HaM yka3yje Ha mocrojehe crame orpaHuuema anu U Ha Oyayhe
KOpake y TeHepHcamy HOBUX CIleaHpHja Ha cieiaehy HaYMH. aKTHMBHA OTpaHUYCHA -
CTOXAaCTHUYKE TapamMeTpe y OBHM OTrpaHHUYCHMMa y HApEeIHWUM CIeHaphjuMa Tpebda
oMepaTtd Ka pPoOYCHOM CIIeHapHjy Kako OMCMO JOCTHMINIM eJbeHy BepoBaTHOhy
3aJI0BOJbEHa OTPAaHUYCHA [j; HEAKTHBHA OTPaHUYEHa - OBO je CKYIl OrpaHHYema Koja
Beh 3a70BoJbaBajy TpakeHe BepoBaTHOhE M UHje CTOXAaCTUYKE MapameTpe He Tpeda

MEmAaTH,

Orpannuema u3Mel)y 1Ba TPETXOJHO HAaBENEHAa - CTOXACTHYKE IapaMeTpe OBUX
orpaHuyema Tpeda MOMEpUTH camo y ojpeleHoj Mepu ka poOyCHOM CLEHapHjy, U TO y

3aBHCHOCTH O[] pE€3yJiTaTra CI/IMy'J'IaI_II/Ije reHepUuCaHnux cueHaija.
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45.2 Xeypucruka 2 - kopejiaumje y OKBUpY rpyna orpaHuyiesa

[TocToje mo3uTHBHE Kopenanuje wu3Mel)y orpanndyema y OKBHPY Tpyna Kaja

TeHEPHUIIIEMO HOBE CIIEHAPH]E.

[IpernocTaBbeHa je TO3UTHBHA KOpelalja u3Mel)y orpaHudema y OKBUPY TpyIia, aiu
y npyraunjem obumy mely rpynama. Ha ocHOBY oBe reHepaiHe NpETHOCTaBKe, TPU

NOjeITMHAYHE XCYPUCTHKE Cy NeUHHUCAHE.
Xeypucmuka 2.1
[TocToju jaka MO3UTUBHA KOpETAllMja y OTPaHUYCHUMA Y OKBHPY CTAPOCHUX TPyIIa.

OBge kopenanyje cy jaue u3Mel)y crapocHHUX rpymna Koje ¢y OJMcKe jelHU ApyrumMa Hero
u3mely oHMX Koje To Hucy. Ha mpumep, MOCTOjU jaka MO3UTHBHA Kopenanuja usmehy
crapocaux rpyna 30-39 u 40-49 romuna, BpJO Majlo0 WIM HUMAJO IO3UTHUBHE
Kopenanuje m3Mel)y crapocHux rpyma 12-19 u 66+ roamna. Ilo3utuBHa Kopenanuja
u3Mel)y orpaHuuema y OKBHpPY CTapOCHHMX rpyna ce noBehaBa, OJJHOCHO CMamyje y

CKJIaJly ca HaBEJECHOM JIOTHKOM.
Xeypucmuxa 2.2:

He mnocroju HM mNO3UTHBHAa HHM HEraTMBHA Kopenaluja y OKBHUPY IIOJHE TIpyle

OrpaHHu4dCH:A.

C o03upoM Ja MylIKa M JKEHCKa MOIyJalMja MMajy pa3jMydTa HHTEpecOBama 3a
HOBMHE M Mara3uHe, He IOCTOjU 3HaYajHa Kopesayja Koja OM ce Moryia OYeKUBaTH U

KOja MOke OUTH OJ] KOPHCTH 32 OBE TPyIe OTpaHNYCHa IIPU TeHEpUCamy CIICHaApH]a.
Xeypucmuka 2.3:

3a mpeocTane ABE Tpymne orpaHuyema reorpadcka Jiokamuja U o0pazoBame, MOCTOJU
yMepeHa IMO3WTHBHA KOpelalHja Koja ce MOXKEe OYSKMBATH M Y3€TH y OO3Hp MpH

reHepucamy HOBUX CLIEHapHja.
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HajBaxxuuje 3Hame Koje ce MOXKe JOOWTH U3 JApYyre rpyle XeypucTHKa je Aa Jaje Jajbu
VBUA Yy TMpoOiieM H TpUKa3yje pelamnmje Koje TOCToje wu3Mel)y CTOXaCTHYKHX

OI'paHHNYCH:A.

OBo 3Hauu jaa Hehe OUTH MOTPEOHO J1a Ce TeHEpHIy CIIIeHApHju KOju he OuTH Oamxu
1O JICTEPMUHUCTUYKHM BPETHOCTUMA CTOXAaCTHUKHUX MapameTapa poOyCHOM CLIEHapHjy
y CBaKoOj HapeaHoj urepanuju, Beh camo 3a Heka oapehena orpHandema. Kao npegHoct,
MOXKEMO OYEKHMBaTH ToBehame BepoBaTHOhE 3a/0BOJbEH-a OrpaHHuYCHa Py 3a CBa
OTpaHHWYCHa Yy OKBUPY jeIHE Tpyle OrpaHudYeHa. [IpUMEHOM OBe XEYypHCTHKE
octBapuhemo 00a mpemyciioBa 3a 100ap CIICHApHO: BUCOKY BepoBaTHONY 3a/I0BOJbCH-A

OrpaHHueHa 1 00JbY BPEAHOCT KPUTEPHjyMCcKe (pyHKIIH]E.

45.3 XeypucTuka 3 - CHMYJIALIMOHU KOPaK

O,Hp CAUTC CUMYJIAIMOHU KOpPaAK.

CuMynanmoHu KOpak cMo Jle(pUHUCAIN Kao BPEIHOCT 3a KOjy IMOJelaBaMoO BPEAHOCTH
CTOXaCTHUYKOI TapaMeTpa NpU TeHepucamwy HOBOI JETEPMUHUCTHUKOI E€KBHBAJICHTA
OpPUTHHAJIHOT MpobsieMa. Y HallleM UCTpaKuBamky GUKCUPAIM CMO CUMYJIAIIMOHU KOPAaK
Ha 0.lo, mTO 3HAUM Ja CMO INpH TI'eHEepHCalky HOBOI CLEHapHja NETEPMHHHUCTHUKE
BPEIHOCTH CTOXACTHYKUX Napamerapa Memanu 3a 0.1 xka poOycHUM mapaMmeTpuma y

OJIHOCY Ha MPETXOJHO JePUHUCAHU CLIEHAPHO.

[TpBa xeypucTuKa HaM yKa3yje Ha OrpaHUYEa YMje MapaMeTpe Tpeda MemhaTu U y KOM
o0uMy; Apyra xeypucTHKa HaM Ipyka YBUJ y OJHOce n3Mel)y orpaHuuema y OKBUPY
rpyna, najbe cMmamyjyhu mnorpeOy [ga JMHEapHO MeHmaMoO CBe Iapamerpe y
OrpaHUYEUMa; M TOCIe/Ihba XeYpUCTUKA ofpel)yje KOHKPEeTHY BPEeIHOCT 3a KOjy Cy

CTOXAaCTUYKHU IMapaMCTPU MCHAHU U3 CI_ICHapI/Ija Yy CICHapuo.

OBo HaM Tpyka KOH3UCTEHTHOCT MPH TeHEepHUCamy ClieHapHja 1 oMoryhaBa JOHOCHOITY
OlIyKe Aa 1o0uje YBHUJ Yy OCETJbUBOCT OTpaHHuYea KpO3 MPOMEHE CTOXaCTHUYKHUX

napameTapa y y3acTOIIHUM CLEHAPH]UMA.

CumynanvoHu Kopak ce Moxke aeduHucaty U kao omangajyhu, mro 3Hauum ga hemo

IETOBY BpPEIHOCT CMamHBATH KakKo C€ CIEHapUju MpUOMKaBajy poOycHOM
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JNCTEPMUHUCTHYKOM JBOJHUKY, WJIH I'a MOXEMO IC(PHHHUCATH Kao MEIIOBHTH KOpakK,
OJIHOCHO Kao KoMmMOwHanujy ¢ukcHor u omagajyher kopaka. C o03upom ma cy
XCYPUCTHKE 110 Tpupoe crenuduune 3a oapehene npodieme (Bingham & Eisenhardt,
2011), moHocwial OJIyKEe MOKE Ja KOPHUCTH CHMYJIAIMOHH KOpPaK KOjU HajBHUIIE

oJroapa npo0iemMy Koju paMarpa.

OBUM CMO 3aKJby4WIM JUCTYy KOpPUIINEHHWX XEypHUCTHKa W y HacTaBKy hemo

MIPEACTABUTH PE3YyJTATE EKCIIEPUMEHTA.
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5 PE3YJIITATH HCTPAXKUBAIBA U IUCKYCHJA

Pesynratu TecTMpama cCleHapHja Cy MpencTaBjbeHM y Tabenun 9 3a cBe rpyme
orpannuema. CkpeheMo maxmy Aa je paau MPErJeIHOCTH U MPEACTaBbarba OIMIITUX
pesyirara, mopeq poOYyCHOT M IOYETHOT CIICHapWja ca OYCKHMBAaHMM BPEIHOCTHMA,
MPUKa3aHo joIIl JieceT cuieHapuja. HapaBHo, Opoj crieHapuja koje je moryhe pazmarpaTu
je TpakTUYHO HEOTpPaHWYEeH, jep Kao MmMTO cMo Beh HaBenw, 4ak W jeJHOCTaBHA
JTUCKpeTH3aIfja pacrojeliec BepoBaTHOha BOJM Ka EKCIIOHEHIMjaJIHOM pacty Opoja

CIieHapuja Koje Tpeba MpOBEepUTH.

OCHOBHHU TIWJb ONTHMH3ALMOHO-CUMYJIAIIMOHOT TPUCTYIA j& YIpPaBO Ja ce PeayKyje
0poj pasmaTpaHuXx ClieHapHja Ha HEKHU pa3yMaH, pauyHCKH M3BOJJbUBU HHBO, KaO W J1a
ce JIOCTUTHE KeJbeHH ciieHapuo. OBa Tema JieTaJbHO je oOpaljeHa y ImecToM MOrjiaBiby
kwure (Ruszczynski & Shapiro, 2003) rame je merasbHO pasmarpaH mpodJeMm
reHepucama M MpoBepe CIleHaphja y MpoOjJeMHUMa CTOXACTUYKOI MpOorpamMupama ca

MonTe-Kapiio cumynanuujom.

ITo ce Thye Hamer mpoOsemMa, ClIIEHApUjU Cy T'€HEPHCAaHU M NPOBEPABAHU CBE JIOK
HUCY JOCTUTHYTM MHUHUMAJHHM 3aXTE€BH JIOHOCHOIA OJUIyKa. Y HalleM Ccly4dajy
HEKOJIMKO CTOTHHA CIIEHapHja j€ TEeCTHUPaHO IpPe HEro IITO CMO OCTBApWUJIM KEJbEHE
BepoBaTHOhE 3a/J0BOJbEHA OrPAHHUYEHA, KA0 M TPaK€HY BPEAHOCT KPUTEPH]jYMCKE
¢ynkuuje. PauyHcko BpeMe 3a ONTHMHU3AIMOHU JI€0 MpHUCTyna Tpaje y mpoceky 10,5
CEKYHJIH, a CUMYJIalMOHU Jieo 3a cBera 2 cekyHae (RAM: 4.00GB; Processor: Intel (R)
Core (TM) i3-2310M 2.10GHz), moctu3ame KeJbEHOT CIIEHapHja 3a OBaKO CIIOXKEH

npo0JeM HUje OMO MPEBUIIIE BPEMEHCKH 3aXTEBaH.

Nmnak, Tpeba mMatu Ha yMy Ja je 3ampaBO Haj3aXxTEBHUJU JI€0 IIEJOT MPHUCTyma OO
TpaXkemhe 3aKOHUTOCTU U TNpaBHJIa 32 T€HEpUcame HOBUX CIIEHapHja, Tj. AepuHUCaHmE
XEYpUCTHKA KOjUMa ce TMOCTHIKE JKeJbeHa BepoBaTHONA 33/J0BOJbEHAa OTPAHUYECHA, UITH
Koja Hac Oap ca CBaKMM HapeJIHUM CIEHapHjoM MmpuOnmxkaBa ToM Luiby. [Ipuctyn je
3aCHOBaH Ha CHCTEMY IIOKyIllaja M Tpemaka, ¢ THM Ja CMO Ca CBaKMM HOBHM

CLIEHapHjeM U TECTHPABEM Ca3HAJIN HEITO HOBO O MOJIENTy KOJU CMO pa3MaTpallu.
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Jlakne, BpaTHMO C€ Ha TyMauekme IPEICTaBJbeHUX pe3ynrata y Tabenu 9. Koione
tabene mpencTaBibajy numibHe rpyme TGk, k=1,...,14 kao mTO je W MPEACTABIbEHO Y
nocraBud Moxaena y geny 4.1. Tlocienma KOJOHA MPEACTaB/ba  BPEIHOCT
KpUTEpUjyMCKe (YHKIIMje 3a CBaKH CICHApHO, a IMPOMEHE Ce MOTY IMPaTUTH KpO3
pa3nuuuTe clieHapuje. Y peaoBUMa Ce Hayla3e KJbYyYHH TE€HEPHCAaHH CIICHApHUj, ca
I[e(bI/IHI/IcaHI/IM ACTCPMUHUCTUYIKUM BpCAHOCTUMA OpUrnHaJIHUX CTOXAaCTUYKUX
napameTapa, M 3a CBaKH CIICHApHO J1aTa je BepoBaTHONA Py 3a10BOJbEHbA CTOXACTHIKHX

OI'paHHNYCH:A.

CueHapuju ca OYEKMBAaHUM BPEJHOCTUMA Sexp U POOYCHH CLEHAPUO Srop Cy [1Ba
MapryuHaliHa cllydaja Koju ¢y Je(uHICaH! Kao TaKBU MPEKO XEypHCTHKE 1, a clieHapuju
cy reHepucanu wm3mely oBa 1Ba ciy4aja W TECTUpaHU. 3a CBAaKH CICHAPHO Y
CUMyJauoHoM jeny reHepucano je 10.000 marpuma ciydajHUX MPOMCHJBHBHUX W3
3a/1aTHX pacrojesa CTOXaCTUYKHX IlapaMeTapa, Koje Cy MOTOM TeCTHPaHEe U Ha OCHOBY
KOjUX je wu3padyHaTa ojarosapajyha BepoBaTHoha 3aJ0BOJbEH-Aa OTpPAHUYECHA H
npelcTaB/beHa y Tabenu. henuje Koje cy o0ojeHe yka3yjy Ha MPOMEHE y apaMeTpuMa
3a MojeIMHAaYHa OTPAHNYEHa Yy OJHOCY Ha MPETXOHH creHapuo. JKeJbeHu CIIeHapHo je
CIIeHapHo ToJ| peaHuM OpojeM 10, jep cy y BeMy OCTBapeHe KeJbeHe BepoBaTHOhe
3a/I0BOJbEH-a OTPAHNYEHA, KA0 M TPAXKEHa BPETHOCT KpUTEpUjyMCcKe (YHKIHjE KOjy je

0JIpe/INo JIOHOCHJIAI] OJJTyKE.

Bpennoct kpurepujymcke (yHKIMjEe je Hajropa 3a poOyCHH CLIEHapHO IITO je U
OUYEKMBAHO, ajll 3ay3BpaT CBa HEW3BECHOCT M3 MOJENa je YKIOWEHAa, OJHOCHO CBa
OrpaHUYEHa Cy YBEK 3a7l0BOJbeHa 0e3 003Mpa Ha peanu3aliyje ClIydyajHuX mapamerapa.
Hajumwka u HajOoba BpemHOCT KpHUTEpHjyMCKe (YHKIMjEe je 3a CIEeHapHo ca
OUYCKMBAaHNM BpPEAHOCTHMA, alld j€ BEpOBaTHOhA 3a/I0BOJbEH-A OTpaHUYCHA HajHMIKA.
Bpennoct kpurepujymcke QyHkuuje ce mnojako nosehaBa kako ce kpehemo ka
KEJbEHOM CLIEHApH]jy S19 KOJU HaM Jiaje *eJbeHe BepoBaTHONE 3a/10BOJbEHA OTpaHHUCHa
y OKBHPY 331aTUX PU3UKa KOjH je JOHOCHIIAIl OJuTyKe npuxBatuo. [Topenehu Bpennoctu
Kputeprujymcke (GyHkije u3Mmely poOycHOT CcIlieHapWja W IUJBHOT CIEHapHja Sig
OCTBAapeHO j€ CMameme BPEAHOCTH KpuTepujymcke (ynkiuje 3a 18,4% unme je
JOCTUTHYT KEJbeHU IMJb JOHOCHOIIA OJITYKE Y3 OCTBapeHme KeJheHUX BepoBaTHOha 3a

UCIIYHEHE OTPaHNYCHA.
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- IMJbHe IpyIie U CHeHApHju

Ta6ena 9 Pe3yararu TecTupama

TGk 1 2 3 4 5 6 7 8 9 10 11 12 13 14 f(x)
Sexp 3 3 H n H H n H n n H 15 15 H
22.355.928
Pk 0.5061 0.7769 0.9648 0.5549 0.5021 0.8416 0.658 0.506 0.8594 0.6457 0.5541 0.997 0.9673 0.8899
- ——————/ —————————————————————————————— |
S: p-0.1c p-0.1c n pu-0.1c p-0.1c p-0.1c pu-0.1c p-0.1c u-0.1c u-0.1c p-0.1c u u p-0.1c
22.507.346
Pk 0.5715 0.8531 0.9883 0.6222 0.5646 0.8944 0.7297 0.5659 0.9084 0.706 0.6291 0.9993 0.9858 0.9208
- ————————— —————————— ————————— /|
S, p-0.2¢ p-0.2¢ n u-0.20 p-0.2¢ p-0.2¢ u-0.20 p-0.2¢ u-0.2¢ u-0.2¢ p-0.2¢ n n p-0.26
22.666.504
Pk 0.6184 0.8864 0.973 0.6231 0.6189 0.9231 0.7733 0.6255 0.9358 0.7492 0.6662 0.9994 0.983 0.9315
- ————————— —————————— ————————— /|
S3 p-0.30 p-0.30 n p-0.3c p-0.30 p-0.30 p-0.3c p-0.30 p-0.30 p-0.30 p-0.3c n n p-0.3c
22.822.944
Pk 0.6881 0.9273 0.9921 0.6595 0.6687 0.9602 0.837 0.6876 0.9609 0.8251 0.74 0.9998 0.9952 0.9583
P R R e R S S R R  —
Sy p-0.4c p-0.4c n p-0.4c p-0.4c p-0.4c p-0.4c p-0.4c u-0.4c u-0.4c p-0.4c u u p-0.4c
23.001.124
Pk 0.7640 0.9336 0.9818 0.6859 0.7208 0.9684 0.8775 0.7379 0.9727 0.8610 0.7843 0.9999 0.9934 0.9662
- ———————————————— |
Ss p-0.5¢ p-0.5¢ n p-0.5¢ p-0.5¢ p-0.5¢ p-0.5¢ p-0.5¢ pu-0.5¢ pu-0.5¢ p-0.5¢ n n p-0.5¢
23.202.696
Pk 0.8151 0.9618 0.9774 0.72 0.7776 0.9808 0.9185 0.8038 0.9847 0.902 0.8503 1 0.9953 0.9777
- ————————————— /|
Se p-0.60 p-0.60 n p-0.6c p-0.60 p-0.5¢ p-0.5¢ p-0.60 u-0.60 u-0.60 p-0.60 n n u-0.60
23.397.780
Px 0.8923 0.9724 0.9921 0.7661 0.8455 0.9903 0.9514 0.8539 0.9917 0.944 0.8981 1 0.9986 0.9892
- ————————— ———————— ———— ——— |
S; p-0.7¢ p-0.7¢ i p-0.7¢ p-0.7¢ p-0.5¢ u-0.5¢ p-0.7¢ u-0.7¢ u-0.60 p-0.7¢ n n p-0.7¢
23.575.284
Px 0.8896 0.9933 0.9961 0.7848 0.8795 0.9969 0.9783 0.9057 0.9962 0.9722 0.9379 1 0.9992 0.9936
- ———————————————————————————————————————————————— ————————————|
Sg p-0.8c p-0.8c n p-0.8c p-0.8c p-0.5¢ p-0.5¢ p-0.8c u-0.80 p-0.6c p-0.80 n n p-0.7¢
23.774.668
Px 0.9432 0.99 0.9822 0.8048 0.9079 0.9985 0.9816 0.9323 0.9963 0.9787 0.9502 1 0.9984 0.9939
- ————————— ———————— ———— ———— |
Sy p-0.90 p-0.90 u u-0.9¢ p-0.9¢ p-0.5¢ u-0.5¢ p-0.96 u-0.9¢ p-0.60 u-0.80 n n u-0.7¢
23.986.632
Px 0.9658 0.995 0.9838 0.8214 0.9431 0.9988 0.9902 0.9627 0.9985 0.9898 0.9722 1 0.9991 0.9969
- ——————————————————————————————————— |
S1o u-0.90 u-0.90 n p-1.5¢ p-lo p-0.5¢ p-0.5¢ p-0.9¢ u-0.9¢ p-0.60 p-0.80 n n u-0.7¢
24.261.686
Px 0.9864 0.9981 0.9994 0.9666 0.9772 0.999 0.9942 0.9621 0.9995 0.9909 0.9881 1 0.9999 0.9985
- —————— —————— ————————/ |
Srob p-3c p-3c p-3c p-3c p-3c p-3c p-3c u-3c p-3c p-3c p-3c p-3c p-3c p-3c
29.737.023
Px 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Cinka 2 I'padmuku pe3yJaTaTi TeCTHPamha CleHapuja

pi levels
¢

Male Female 12-19 20-23 3039 4043 5065 66+ GR1 GR2
L . J L Y J\ J v J

GR3 E1 E2 E3

| e
Gender Age Geographic
region

T
Education

Constraints

Ha coumm 2 rpaduuku cy mpeAcTaB/beHH pe3yiTaTh TecTHpama cleHapuja. Cpaka
rpyna orpaHuuema je obelexeHa jeAHOM 00joM, a Ha CIMLHM je HpeacTaBibeHo 11

ClieHapuja, cBH ocuM poOycHor. Cimka mpHKa3yje Kako ¢e HHUBO 33JI0BOJbCHA CBAKOT

OTpaHUYEHa Ca CBAKUM HOBUM CIIEHAPU]jOM.

5.1 Juxcycuja u 0yayha ncrpaxupama

Y 0B0j JucepTaluju TpPEJICTaB/bEH j€ OpPUTMHAIHM MPUCTYNl 3a TpETHpame
HEM3BECHOCTH Yy MpOoOJieMHMMa CTOXAaCTHUYKOI Iporpamupama U Jara cy TeHepalHa

YIIYTCTBAa KaKO MPUMEHUTH ONTUMH3ALMOHO-CUMYJIAIIMOHU MPHUCTYN Ha MpobieMuma

CTOXAaCTHUYKOI Tporpamupama. Y Tperjeny MpUCTyNa peliaBamby Hpoliema

CTOXAaCTHYKOI' IporpaMupakba HaBCJIUW CMO HCKOJIMKO 3Ha‘IajHI/IX TeOpI/IjCKI/IX MMpUCTyIia

U TIOCTaBKU peIlIekha Koja Moapa3zyMeBajy AehUHHUCAmHE JETEPMUHUCTUIKUAX JIBOJHHKA

OpPUTHHAIIHOT TIpo6JieMa U MOTOM PEeIllaBabe OBUX CIOXKEHUX MpodiiemMa.

HNako cy oBM NpUCTYNU H3Y3€THO BaXHU Ca CTAHOBMILTA TEOPHj€ CTOXACTHUKOT

nporpamMupama, UIak, MmoTpeOdHO je M3y3eTHO MO3HaBamke MaTeMaTHKEe Ja OW ce OBH
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OPUCTYNU TPUMEHWIM Yy pPETHOM CBeTy M mpakcu. llocToju motpeba 3a jenHuM
aNpPOKCUMATUBHUM TIPUCTYIIOM KOJjU j€ Yy OBOj JUCepTalMju JaT y BHIY
ONITUMHU3AIMOHO-CUMYJIAIMOHOT  MIPUCTYNAa ca CTAHOBHINTA pa3syMJBHUBOCTH |

WHTYUTHUBHOCTH, M Ha KPajy, JEAHOCTaBHHU]E IPUMEHE Ha peajHe mpodieme.

[Tomenyhemo oBme u 100po mo3HATH (a3u MPUCTYN PElIaBarby OBAKBUX M CIMYHHX
npoOiieMa, alyd OBaj NPUCTYNl y JUCEPTALUjU HHUje pa3MaTpaH Kao peliekhe 3a

TPETUPAHE HEU3BECHOCTH.

Cama MeTola ONTHMM3ALMOHO-CHMYJAIIMOHOT TMPHUCTYNA je NMpHKa3aHa Ha TIpUMEpPY
orjamiaBama y IITaMIaHUM HOBHHAMa, KOjU je IO CBOjOj MPHUPOAU CTOXACTHUKU
npoOiem. Pesynrtatu TecTupama M eKcriepruMeHara MOTBphyjy Z1a je MPUCTYN BaIHIaH
MOJ1 IPETIIOCTaBKaMa Koje Cy U3HETe y OBOj auceprauuju. Pezyntatu takohe mokasyjy
Ja MOXXEMO Ja J00HMjeMO BaliJHA anpoKCHMAaTHBHA pellema 3a IpobieMe
BEPOBATHOCHOT 33J10BOJbEHA OIPAaHUYEHA 3a ITOCMATpaHu mpobiiem mparehu ymyrcrBa

34 IPUMCHY ONITUMHU3ALIUOHO-CUMYJIAIIUOHOT IIPHUCTYIIA.

[Tpuctyn ce 3HauajHO Ocllakba Ha XEYPUCTHKE M MOXke ce pehu 1a y BEIMKOo] MepH
e(pUKaCHOCT U e(pEeKTHMBHOCT CaMOI' MPUCTYIA 3aBUCH O]l XEypHCTHUKA 3a FeHEpUCAHE
creHapyrja. XeypucTHKE Cy OHO LITO BOJAM MOCTYIAK MPUMEHE METOE ONTUMU3ALMOHO-

CUMYJIaIUOHOT ITPUCTYIIA.

Ca pgpyre crpane, npuctyn Takohe omoryhaBa ofiu4Hy miatgopMy 3a BaldJaId]jy
NPEUIOKEHNX XEYPUCTHKA. XEypUCTHUKE ce IpoHaa3e M MOTBphyjy Kpo3 cuMyrnannona
TeCTHpama CIieHapHuja, a jeJ]aH OJ] OCHOBHUX 33/1aTaka UCTPAXHBama U JIOMPUHOCA je J1a
ce mpoHal)y M TOTBpJie XEYpPUCTUKE 3a MOCMATpaHH MpoOieM Kako Ou Morjie jaa ce

KOPHCTE U 3a CIINYHE Mpolieme.

300r 3HaYaja XEypUCTHKA, KaKo 3a epUKaCHY MPUMEHY METOJe, TAaKO M Kao 3HayajaH
JNOTIPHHOC WCTpakMBama CKpeheMo mNakmky Ha TMPETXOJHAa WCTPaKUBamba Koja
notBphyjy Hame wu3jaBe O TecTUpamy U IOTBphUBamy XeypHUCTHKAa y3 moMoh
cumynanuja. Kako (Hogarth & Karelaia, 2007) y cBoM pajay 3akibydyjy, CUMynalimja ca
padyHapCcKH TeHEPUCAaHUM IT0/IalliMa je OJUTMYaH HAYHH JIa CE CBATyHPajy XCYPUCTHKE,
ITO y HaIleM CIIy4ajy 3Ha4M Jla JIOK MPOBEpaBaMO BEJIMKH Opoj CIieHapuja, y HUCTO

BpeMEe BpPIIMMO W BAIHAANM]y XCYPHUCTHKA. XEypHUCTHUKE ce Takohe yHampehyjy y
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HpoLIeCy y4ema, OJHOCHO UcnuTHBamwa mpodiema (Wibben & v. Wangenheim, 2008),
IITO 3HA4W Ja JAOHOCWJAIl OJUTyKEe MOXKE Ja CTeKHE BpJIO J100ap yBHA y IPHPORY
nocMatpasor mnpobiema. [la 3akjpyunmo, npuctyn omoryhaBa KOHCTaHTHO HPOBEpY U
ydeme 0 mpolecy 3a oba Jeia METOAe - 3a IeHepHcambe M IPOBepy CLEHapHja U 3a
BaJIM/IAIM]y XeypucTuka. KpaTko pauyHCKo BpeMe W moTpeOHa MeMopHja, pellaTUBHO
Maii Opoj pa3MarpaHux cCleHapuja U Op3MHAa KOJOM CE€ METOJ IMpHMEIYje I'a YUHe

HOCAJTHUM 3a TCHCPUCAKEC U TECTUPAKC HOBUX XCYPHUCTHKA HA CIMYHUM HpO6JI€MI/IMa.

HcrpaxkuBameM Koje je CIPOBENCHO JO0Ka3aHe Cy OIITa W TOoceOHe XHIoTe3e
MIOCTaBJbCHE HA MOYETKY JUCEPTAIM]e U MOXKE C€ 3aKJbYUYHTH Jia PE3yJITaTH JTOOUjeHH Y
OBOj JIOKTOPCKO] JIMCEpTAIlMjH TMPEICTaBJba)y OPUTHHAIAH HAYYHH JOIPHHOC
nocanammeM GOHAY HCTpaxkuBama M3 mpeaMerHe obOmactu. Taxohe, ocTBapeHu
pe3ynraT Jajy MOryhHOCTH 3a HOBa Hay4Ha MCTPaKHBamba M MPUMEHY WHOBATHBHOT

IMMPUCTYIIA 3a pCUIaBaAbC CINIHUX npo6neMa CTOXaCTHYKEC OHTI/IMI/ISaHI/IjC.
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HN3JABA O AYTOPCTBY

ITornucanu-a

Opoj uHIeKCa

HUzjaBbyjem

J1a je TOKTOpCKa JrcepTalija moj HacJI0BOM

® PC3YJTAaT COIICTBCHOT UCTPAXKUBAYKOI pajid,

e Jla TIpeAJIOKEHA JUcepTalrja y NeJINHU HU Y JIeIOBUMa HUje Oulia mpeaioskeHa
3a noOujame OWI0 KOje AUIJIOME TpeMa CTYIUjCKUM MporpaMuMa JApYyrux
BHCOKOIIIKOJICKHUX YCTaHOBA,

e J1a Cy pe3yaTaTH KOPEKTHO HaBEJIEHU U

e Ja HHMCAM KpIIMO/Ja ayTOpcka IpaBa U KOPUCTHO HHTENEKTYalHY CBOJUHY
JPYTUX JIHIA.

[Mornuc noKkTopanga

VY Beorpany,
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N3JABA O UICTOBETHOCTH IITAMIAHE U EJEKTPOHCKE
BEP3UJE JOKTOPCKOT PAJIA

Hme u npe3ume ayropa

bpoj nnaekca

Cryaujcku nporpam

Hacnos pana

Mentop

ITornucanwn/a

W3jaBbyjeM n1a je mTaMIaHa Bep3Hvja MOT JOKTOPCKOT pajia MCTOBETHA €JIEKTPOHCKO]
BEp3WjU KOJy caM Tpenao/da 3a oOjaBjpuBambe Ha mnoptany Jururananor
peno3uropujyma YHuBepsurera y beorpany.

Jlo3BoJbaBaM Ja ce 00jaBe MOjH JTMYHH MOJIAIM BE3aHH 3a JI00U]jabe aKaJeMCKOT 3Bamba
JIOKTOpa HayKa, Kao IITO Cy MMe U Mpe3nMe, TOANHA U MecTo pol)erma u 1atym oflOpaHe
pana.

OBM JMYHM TOJAM MOTYy ce€ O00jaBUTM Ha MpPEKHMM CTpaHMIIAMa JUTHUTAIHE
O0ubnuoTeke, y €JIEKTPOHCKOM Karajiory W Yy nyOnukanujama YHHBEpP3UTETa Yy
beorpany.

IMoTnuc 1okTOpanga

VY beorpany,
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HN3JABA O KOPUIIIREBDY

Osnamhyjem YHuBepsutercky oubnmoreky ,,CBerozap MapkoBuh® na y Jdururanau
peno3uToprjyM YHHUBEp3UTeTa y beorpamy yHece Mojy AOKTOPCKY TUCEPTAaIU]y IO
HaCIJIOBOM:

KOja je MOje ayTOpCKO JeIIO.

Jucepranujy ca CBUM MPUIO3UMA MPEAao/Ia caM y eIeKTPOHCKOM (opMaTy MOroTHOM
3a TpajHO apXUBUPAHE.

Mojy IOKTOpCKY AUCEpTaIH]y MOXpambeHy Y JAUuruTaiHu perno3uTopujymMm Y HUBep3uTeTa
y Beorpany mory na Kopucte CBH KOjU TOIITY]y Oapeade caapkane y ogabpaHoM TUITY
munenne Kpeatusne 3ajeqauie (Creative Commons) 3a KOjy cam ce oJTy4uo/Ja.

1. AyropcTBO

2. AyTOpCTBO - HEKOMEPIIH]aTHO

3. AyTopcTBO — HEKOMEpLIHjaIHO — 6€3 mpepajie

4. AyTOpCTBO — HEKOMEPIIU]JAITHO — JICJUTH 11OJ] UCTUM yCIIOBUMA
5. AytopcTBO — 06e€3 npepaje

6. AyTOpCTBO — AEIUTH NOJ UCTUM yCIOBHMA

(Monumo 51a 3a0KpyXHTE caMO jeJHY O]l IIeCT MOHYl)EeHHX JHIICHIM, KpaTak OIMHUC
JIMIICHITA JIaT je Ha moJiehuHu mucra).

IHoTnuc noxkTOpanga

VY beorpany,
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1. AyropctBo - Jl0o3BoJbaBaTe yMHOKABAKE, TUCTPUOYIIN]Y U JABHO CAOIIIITABALE JIEIIa,
U Tpepajie, ako ce HaBele MME ayTopa Ha HaywH ojpeheH oj cTpaHe ayTopa WIH
JlaBaolia JUIEHIIe, Yak M y KomeprujaiaHe cBpxe. OBO je Hajcino0oaHMja Ol CBHX
JUTICHITH.

2. AyTopcTBO — HEKOMepIMjanHo. J{03BoJbaBaTe YMHOXKABAbE, JUCTPUOYIIN]Y U JaBHO
caomIiTaBame Jeja, ¥ Ipepaje, ako Ce HaBele MMe ayropa Ha HauMH ojpeheH on
CTpaHe ayTopa WM JaBaona juneHie. OBa JUIEHIIa HE J03BOJbaBa KOMEPIUjaIHY
yrotpeOy nena.

3. AyropctBo - HekoMmepuujaiHo — 0e3 mnpepane. Jlo3BosbaBaTe yMHOKaBambe,
TUCTpUOYyLMjy W jaBHO CaoNIITaBamke [ena, 0e3 MpoMeHa, NpPeoOIMKOBamba WIH
yrnorpede fena y CBOM Jelly, ako Ce HaBeJe MMe ayTopa Ha HauuH oxapeheH of cTpaHe
ayTopa miu fasaona juueHne. OBa JHIEHIIA HE J03B0OJbaBAa KOMEPLHUjaHY yINoTpeOy
nena. Y OJHOCY Ha CBE OCTaJie JIMIEHIIE, OBOM JIMIIEHIIOM Ce OrpaHnuaBa HajBehu oOum
npaBa Kopuiihema aena.

4. AyTOpCTBO - HEKOMEpIHUjaIHO — JEIUTH IO HCTUM YyclioBuMa. Jlo3BoJbaBaTe
YMHOXaBamwe, TUCTPUOYLIN]Y U jJaBHO CAOMNILUTaBamke Jiena, U Mpepaje, ako ce HaBele
UMe ayTopa Ha HauMH ojpeheH ox cTpaHe ayTopa WM JaBaolia JMIEHIE M aKo ce
npepajga AUCTpUOYUpa IMOJ HCTOM WIM CIMYHOM JHueHioM. OBa JHIEHIa He
J103BOJbaBA KOMEPLM]jAIHY YHOTpeOy Aea U mpepaja.

5. AyropctBOo — 0e3 mpepazne. Jlo3BosbaBaTe yMHOXKaBame, JUCTPUOYIM]Y U jaBHO
caoIIITaBame Jena, 6e3 MpoMeHa, MPeodIMKOBaka WIKM YIOTpede Jiena y CBOM JIelny,
aKo ce HaBe/le MME ayTopa Ha HauuH oJpeheH o1 cTpaHe ayTopa MM J1aBaolia JMIEHIIE.
OBga nuIieHIa 103B0JbaBa KOMEPLUjAIHY yIIOTpeOy Jena.

6. AyropcTBO - JAeNMTH TOJ WCTUM YycjoBuMa. Jlo3BoJbaBaTe YMHOXaBambe,
TUCTPUOYIIM]jy U jJaBHO CAOMINTaBame Jela, U Ipepaje, ako ce HaBele WUME ayTopa Ha
HaunH onpeheH ox cTpaHe ayTopa WM JaBaolla JUICHIIE W akKo ce Ipepanaa
TUCTpUOyrpa TOJ HWCTOM WU CIMYHOM JuieHioM. OBa IHWIleHIa J03BOJbaBa
KOMepIIMjaiHy yrnoTpedy aena u mnpepama. CinuyHa je copTBEPCKHM JHIEHIIAMa,
OJIHOCHO JIMIICHIIaMa OTBOPEHOT KOJ1a.
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