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HeypoHcke Mpee y IPOTHO3Mpamky eKOHOMCKOT pacTa Kao
WHAMKATOpAa KOHBEPreHIMje MHTerpalyjcKor mpoueca

Neural Networks in Forecasting Economic Growth
as a Convergence Indicator of Integration Process

Pesunme

Exonomcxe uniteipayuje toiu4y KoneepieHyujy qoxomixa jep enumuruuLy mipe-
lipeke pasmujere mehy unanuyama, ilosehasajy KOHKYpPeHIHOCTAY, ONAKULABA]Y
UpUctilyii passujeHum WexHonoiujama, GUHAHCUJCKUM pecypcuma, onaKuiasajy
Apuciiiyii Hosum 3Hareuma. Pesynifiaili je Spicu paciti goxowika CupoMauHujux
unanuya, a o je jegar 0g iNABHUX eKOHOMCKUX PA3oia y KOPUCid uHiteipayu-
ja. Mehyitium, céaka ioilieHyujanta uianuya uma ogpehere ekoHomcke pecypce,
gatily eKOHOMCKY CHpYKilypy Koja pe3ynmiupa ogpeheHom ciiotiom pacitia mje-
peHol tipomjenama Opyitio gpywiitieeHoi ipoussoga. Y pagy ce upoiHosupa exo-
HOMCKU Pactii yioiipedom ymjelliHux HeypOHCKUX mpexca. Pesynitiaitiu tipoiHo3e
omolyhyjy peanuy tpoujery ,cipemmocitiu” ogpeheroi exoHomckol cuciiema ga
KoHeepiupa ipema Hu6o0y tipocjeure passujerociiu (iipocjeurnom BJIII tio inasu
ClllaHOBHUKA) THAKO WITHLO ce Wiaj UpoyujerveHu paciti Hopeqgu ca tipocjeuHum Citio-
iama pacitia semapa unanuya uniieipayuje. Pag ionasu og xuiloitiee ga je mo-
iyhe uspagutiiu tipuxeatinue mogesn iipoujere pacitia Spyiio gpywiieeHol Gpou-
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360ga ynouipeSom ymjettiHux HeypoHcKkux mpexca. IIpoino3a ekoHomcKol pacitia ce
iemerpu HA PenatiueHOM JOUPUHOCY HObOUpUBpege, UHgyClipuje u yciyia pacidy
Opyiio gpywiitieeroi ipouseoga. IToysgarnociti UpoiHOCHAUUKOI MOgena ymjetiHux
HeYPOHCKUX Mpexca ipoujervyje ce Ha itiemerby ipeuike Koja ce Mjepu Ha U3a3HOM
c0jy HeypoHcke mpedice. Moce ce 3aKpyHuiliu Ha 0CHO8Y pe3yaitiatiia ipoiHo3e ga
ce HeYPOHCKA Mpexca Moxe ePuKacHo UMilieMeHIUpaiiiy y aunrukayujama upo-
yujere eKOHOMCKOI paciia.

Kmwyune pujeuu: neyporcke mpedce, eKOHOMCKU paciil, Spyitio gpyuiiiieeHu
ipoussog, P jesux, konsepienyuja.

Summary

Economic integration fosters income convergence by eliminating obstacles exchanged
among member states, increasing competitiveness, facilitating access to advanced
technologies and financial resources, and facilitating access to new knowledge. The
result is a faster growth in income of the poorer members and this is one of the
main economic reasons in favor of integration. However, each potential member
has certain economic resources, a given economic structure that results in a certain
growth rate measured by changes in GDP. The paper predicts economic growth us-
ing artificial neural networks. The results of the forecast provide a realistic evalua-
tion of “readiness” of a particular economic system to converge to the level of average
development (average GDP per capita) by comparing this estimated growth with
the average growth rates of member states of integration. The work is based on the
hypothesis that it is possible to produce an acceptable model which estimates GDP
growth using artificial neural networks. Economic growth forecast is based on the
relative contribution of agriculture, industry and services to the growth of gross do-
mestic product. The reliability of the prognostic model of artificial neural networks
is based on the error measured at the output layer of the neural network. It can be
concluded from the results of the forecast that a neural network can be effectively
implemented in applications of economic growth estimation.

Keywords: neural networks, economic growth, gross domestic product,
R language, convergence.

1. YBox

JHTerpauuja je mpouec umju je uwb npuaarohaBame U xapMoHusanuja data
driven modeling pasmmumnTyux fpyIITBEHMX M €KOHOMCKMX cuctema. Jlormdano
je IpeTIOCTaBUTH Jla je TeMe/bHM €KOHOMCKM MHTepeC MHTEerpauuje Mame pa-
3BIjEeHUX €KOHOMMja Ca Pa3BMjeHNjUM €KOHOMMjaMa, yOp3ame HhUXOBa pacra
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Heyporicke mpesice y tipoinosuparby eKOHOMCKOL pacitia
Bparo Mapxuh u gp. Kao UHgUKAiopa KoHeepieHyuje unieipayujckol upoveca

MjepeHOr' CTOIIOM IIPOMjeHa APYIITBEHOT dpyTo mpomspopa. VIHTerpanuje, 1o
IpaBIIY, UMajy 3a HOC/bEAUIy nudepanusannjy poOHUX M HOBYAHUX TOKOBA,
yK/Iamatbe Ipernpeka MOOVIHOCTY pajja ¥ KalnTana, Op>Ky KOMepLyjannusamyjy
VICTPa)XXMBamba, Kao ¥ OpKu TpaHcdep TeXHONMOrHja. 3eMbe ca CadujoM TeXHO-
JIOLIKOM OIIPeM/BEHOCTH ¥ MarbOM IPORYKTUBHOCTK Hehe Mohu oppxaru cBo-
jy IpUBpeHY CTPYKTYPy HaKOH MHTeTpalilije aKo HhUX0Ba IIPOAYKTUBHOCT He
KOHBeprupa Ka IpOAyKTMBHOCTU Pajia pasBUjeHMjuX eKoHoMMja. Kibyunu ap-
TYMEHT KOHBEpIeHIVje Y HeOK/TaCUIHOj TeOPUj! pacTa je 3aKOH 0 omazajyhum
npuHocuma. Heoknacuanu Mozen pacta Solow-Swan cmaTpa jja je cTorma pacray
ZLyTOM POKY 3aBVICHA Of] /IBIje eT30TeHe Bapujadiie: CTOIe pacTa CTAHOBHUIITBA U
CTOIle TEXHOJIOIIKOT ITPOTpeca I /i je He3aBMCHA off WTefbe. MehyTnm, HoB1je
Teopyje pacTa IIoApasyMyjeBajy KOHCTaHTHe M pacTyhe mprHOCe Ha KalluTal.
[TocedHO ce MjecTo Hofijerbyje eHIOTeHUM BapujadiaMa Kao IITO Cy eKOHOMMja
3Hama TeMe/beHa Ha TpaHc(epy TeXHOJIOTMja, ICTPAXKVBAbJIMA 11 Pa3Bojy, MHBe-
cTuMjaMa y /byAcKy Kanutan. Lne paja jecte ananmmsa MoryhHoCTH 11 ,,1I0y3/1a-
HOCT” IIPOTHO3€ €KOHOMCKOT pacTa MMIIIEMEHTAIMjOM HEyPOHCKIX MpeXka Kao
odnMKa JyOMHCKOT, Haf3upaHor ydema. HanMe, SpyTo [pylITBEeHU IPOU3BOJ
pesynTaT je JOXOTKa KOju OCTBapyjy TpM K/by4Ha IIPUBPEfIHA CEKTOpa: IOJbO-
npuBpesia, MHAYCTpuja 1 ycryre. Crora cTola eKOHOMCKOT pacTa MjepeHa pac-
ToM dpyTo apymrBeHor npoussopa (BIIT) mpaTu mpomjeHe penaTUBHOT yhjena
THX CEKTOpa y OPyTO [pyLITBEHOM IPOM3BOAY. Y pajy ce IPeTIOCTaB/ba fia je
CToOIla pacTa dpyTo APYLITBEHOT IIPOM3BOJiA MHAMKATOP KOjU CUHTETHU3MPA MO-
ryhHOCT pacTa IOTeHLIMjaTHOT ay TIyTa €KOHOMCKOT CHCTeMa, a TUMe Y KOHBep-
TeHI[yje Ka pa3BMjeHNM 3eM/baMa. TeMe/bHa ujieja IpOrHO3upama momohy Bpe-
MEHCKIX cepuja jecTe fa ce cBM (HAKTOPU KOji yTUUY Ha jemHy Bapujadmy (HIp.
Ha B/IIT) koHILleHTpMIIY y OAIIMa BpeMeHCKe cepuje Te Bapujadie (1cTopuj-
CKVM nofianiuMma). Mogenuparse TeMe/beHo Ha nmopanuma (data driven modeling)
ce ocrama Ha Ty mpernocraBKy (Wang, 2016). 3aTo je mocedHO BaXKHO peaiHO
CIIO3HATU ¥ IPOLVjeHUTU MOTYRHOCTVM €KOHOMCKOT pacTa MjepeHOT CTOIOM
pacTa OpyTo ApyuITBeHOr MpousBofa. TpeHnpame HeypoHcke Mpexxe AVIC_b ce
TeMe/bl Ha IIpOMjeHaMa peaTUBHUX Y/jjena TUX ceKTopa y pasnody o 2000. o
2015. rogune y bocHu 1 XepIieroBiHM y OHOCY Ha IIPOMjeHe SPYTO APYLITBEHOT
Ipou3BOfa. Y MPOTHOCTIYKE CBpXe OUJIO je MOTPedHO TPEeHMpaTH jOII TPK Hey-
POHCKe MpeKe KOje Ha TeMe/by BpeMEHCKMX Ceplja IIPOMjeHe PelaTUBHMUX Yfjena
TPU IIPUBPeNIHA CeKTOpa oMoryhyje mIxoBy IporHo3y 3a dyayha BpemeHcka pas-
nodma. Te MporHOCTIYKe BPMjeTHOCTH CY yIa3n y HeypoHcKy Mpexy AVIC_b.
[Tpornosupame pacta dpyTo gomaher npoussona (Gross Domestic Product)
odjexToM je ucTpaxuBama Beher dpoja pagoa. Y mureparypu ce TMM mpodie-
MMMa IIporHosupama dasyo Behu dpoj ayTopa, anmm ce ca CBUM TUM UCTPaXKMBa-
IBJIMa KBa/IMTETa IPOTHOCTUYKMX MOZE/a ¥ JaHac 0aBe pecreKTadVIHM MCTpa-
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)KVMBAUKU LIEHTPYU, MHCTUTYTH, pa3BojHe areuuje n ¢pakynareru. Y ynorpedu cy
Pa3MYNTI MOZIETI HEYPOHCKVX MPeXKa Y IIPOTHO3Vpamby pacta OpyTo [pyIITBe-
HOT IIPOM3BO/Ia, A IbJIXOB je 3ajeHNYKI LIJ/b MUHMMM3MPalbe IPOTHOCTUYKE Ipe-
mke. HeypoHcke Mpexke ce CTalHO pa3Bujajy U 1odujajy HOBe apXUTEKType.

2. HeypoHcke Mpexe

HeypoHcke Mpeske HaCTOje OTTOHAILIATY HAYMH Pajia ¥ CTPYKTYPY /bY/ICKOT MO3Ta
y mporecy odpasie mofjataka. TeMe/bHO HaJeso je MacOBHA IapajenHa odpaza
nopaTaka. [Ipuponny (dmomonIKy) HeypOHCKY MpeXy IpefCTaB/ba JbYACKI MO-
3aK VIV MO3aK SKMBOTHA. Y CPEAVIITY IPUPOJIHE HEYPOHCKe MpesKe Hajlase ce
HepBHe CTaHUIle. Y TaKBOj MPeXU y/lase C APYIVX HeypoHa IIPUMajy HeHJPUTH,
aKCOH ITIPEHOCH MMITyJICe, a Be3e C JIeHAPUTUMA APYTUX HeypOHa HasuBajy ce
cnHarnce. HeypoH je HajduTHMja QyHKIMjCKa jeAMHNUIIA JBYACKOT MO3Ta. [Jenapu-
TV Cy [iVIje/IOBJ HEpBHE CTAHMUIIE KOjJ NPMMajy MHPOPMAIujy, THjelo CTaHNIle
odpabyje mHpopManujy, axon omoryhyje npenoc odpabennx mudopmanuja
APYTUM HEeYpOHMMA I CHHAIICe — Be3e n3Mely Kpaja axoHa, JeHAPUTa U APYTUX
HeypoHa (Marki¢, 2014).

YMjeTHa HEypOHCKa MpeyKa je IOKYIIaj MMUTalMje IPUPOJHIX HEYPOHCKIX
Mpe)ka IIOMOhy AUTHTATHNX KOMIjyTepa omniuTe HaMmjeHe. HeypoH je ocHOBHM
elleMeHT HeypoHCcKe Mpexke. OH mpuxBara ynase, odpabyje ux u mpoussonu je-
JlaH 1371a3. Y/Ia3 je mofaTaK MIu U3jas 13 pyror HeypoHa.

Yna3s

TexknHe

Cnuka 1. YMjeTHu HeypoH. VIsBop: Ayropn

AxrtuBanmjcka QyHKIMja IPUXBATa yIase y HEYpOH 1 TpaHCopMMUILIIe UX y
u3nase. Buie je TakBux QpyHKUMja akTHBanyuje. [IBuje Cy IoCedHO 3aHMM/bUBE:
bumnonapHa GpyHKIMja Koja CBaKM y/Ia3 MabU WIN jefHAK HY/IN IIpeTBapa
y HyIy, a cBaKu ynas Behm op Hyme mperBapa y jeman: ¢(x)= 0 3a x<0,
¢P(x)=1 3a x>0. [Jpyra aktuBanyjcka QyHKIMja je CUTMOUIHA QYHKIIMja:

y(x’ O-) = -ox

1+e
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2.1. BumecnojHe HeypoHCKe MpesKe (MyITU/Iayep MepLenTpPOH)

BuecnojHe HeypoHCKe Mpexke MMajy jefaH ynasHu coj (input layer), jeman
u3nasHu cnoj (output layer) m jemaH may BMIe CKPMBEHMX C/IOjeBa HEypOHa
(hidden layer). ¥ exoHOMMju BMIIeC/IOjHE HEYPOHCKE MpeXXe MOTY MMAaTy pa-
3/IMYUTE NIPUMjeHe: MOTy C€ KOPUCTUTH Y CUCTEMY IIOC/IOBHE MHTENUTEHIjE 3a
IpOIljeHe I[VjeHa aKIMja, 0OBe3HNIIA, KAMAaTHIX CTOMA, (PMHAHCHjCKUX JlepuBaTa
u ¢ [loppydje mpuMjeHe BULIEC/IOjHIX HEYPOHCKIUX MpeXXa je ¥ Kiacugukanm-
ja'y MapKeTMHTY, MeHalIMeHTY, GMHaHCcHjaMa (HIIp. CerMeHTalyja KyIana, foda-
B/baya, KOPMCHMKA KpeanTa OaHKe U c/1.). Iujarpam Ha cbenehoj comiy mpuka-
3yje BUILEC/TOjHY HEypOHCKY Mpexxy (multilayer perceptron) ¢ jesHum ynasaum
CJI0jeM, jefHUM CKPVBEHUM U jeHUM U3JIa3HUM CJIOjEM.

W3nasHa UnmpHa
BpuMjeaHOCT  BpujeaHoOCT

Bias

Y1 t
Yk t«
Ym twm

YnasHu cnoj

W3nasHu cnoj

CkpuseHM cnoj

Cmmxka 2. BuecnojHa HeypoHCKa Mpesxka. VzBop: AyTopnu

YnasHu c/10j MMa 1 HEYpOHa, p HEYpOHa je Ha CKPMBEHOM CJIOjY, a 111 HEyPOHa
je Ha m3nasHoM cinojy. TexxuHckn dakropy nsmeby ymasHor u CKpuBeHOT cl1oja
O3HAYEHM CY Ca v, 4 TOKMHCKN daxTopu nsMehy CKprBeHOT ¥ M3/1a3HOT C10ja Cy
O3HaueHM ca w,, raje je 0<i<n, 0<j < pm0< k <m*. CrioxxeHuje HeypoHCKe Mpe-
»Ke MOTY VIMaTM BUILle CKpYBEHMX c1ojeBa. [IpBu cnoj (ynasum) jemyun mpuma
noziaTke (CUTHaIe) M3 OKO/MMHE U IIpeHocH uX cbefeheM c1ojy (ckpuBeHM C10j).
Ynasxu cn1oj: cBaky HeypOH JOdMBA CaMo jeflaH y/Ia3 IMPEKTHO N3BaH HEYPOHCKe
mpexe. CkpuseHu ¢/10j: IOBe3yje yIa3Hu U u3nasHu cnoj. CKpuBeHM coj odpa-
byje moparke, Te ux mpocpehyje nsmaznom cnojy mpexe.

M3nasnu cnoj: Visnas us cBakor HeypoOHa je IMPEKTHO y OKONMHY. Konaunu
pesynratu odpasie Cy Ha M37Ta3HNM HEYPOHMMA.

APXUTEKTypa HEYPOHCKUX MpeXKa C jefHUM Y/Ia3HUM, je[HUM CKPUBEHNM U
jeHVIM VMI3/1a3HUM CJ10jeM je Hajuyerrha. CBaky HEypOH Y/Ia3HOT CJIoja je IIoBe3aH

* HeypoHcKa Mpeska ca jeHUM CKPUBEHMM HUBOOM U Ca CUTMOMAHOM (BYHKIMjOM aKTUBU3ALje
MOXKe allpOKCUMICaTH cBaKy QyHKIHjy ca xe/beHoM TagHomhy (Cybenko, 1989) u (Hornik, et al.,
1989).
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ca CBaKMM HEypOHOM CKPUBEHOT C/I0ja 1 CBaK! HEYPOH CKPMBEHOT CJI0ja je II0-
Be3aH Ca CBaKVMM HEYPOHOM M3JIa3HOT CJIoja.

Heyponcke mMpexxe ce mpema cMmjepy mpocTupama nHbopmanmja (curHana)
MpexxoM pujene Ha feedforward (memospatne) n feedback (mosparme). Y He-
IIOBPATHOj HEYPOHCKO] MPeXX! BUIIM C/10j He Bpaha moparak (CUrHa:) HIpDKeM
cnojy. CUrHaI ce IPOCTUpPe caMO Off YIa3HOT Ka M3/Ta3HOM C/10jy. Y IOBPATHO]
HEYPOHCKOj MpeXXy1 BUILINM c/10j Bpaha mopatak (curHan) HibkeM ciojy. Crora he
ce IIPMKAa3aTy HAYMH pajia HOBPaTHe HEYPOHCKe MpeXe, Ha4MH y4era M IPOCTH-
pama IojaTaka i CUrHasa.

3a odjalmere BIXOBOT pajja Kopucre ce cbefiche o3Hake:

o - OpsmHa yuemwa (learning rate), x - BekTop ymasa (training vector),
xz(xl,xz,xy...,xn),

t — BekTOp M37asa (target vector) t=(t1,t2, t3,...,tm), X, — V3713 U3 i-TOT y/Ia3HOT He-
yPOHa,

Z — M31a3 j-TOI CKPUBEHOI HEeYpOHa, y, - u3/1a3 K-Tor M3IasHOr HeypoHa,
t_— IbHa BpujeaHOCT k-TOr M3/m1asHOT HeypOHA. YKYNHA yNasHa BPUje/iHOCT

j-TOT HeypoHa Ha CKPMBEHOM CIIOjy je Zzin, =2xivij . VMsnas us j-tor Heypo-
i=0
Ha Ha CKPMBEHOM cno;;r je z; = f(zin;) . Ykynuu ynas k-tor Heypona Ha nsya-

3HOM CTI0jy je Yin, = szwjk . VI3ma3 u3 k-tor HeypoHa Ha M3/1a3HOM CTIOjy je
¥, = f(yin,). burHo jje (;IOI{MTM cpeneha nmpapma:

— HeMa II0Be3aHOCT! HeypOHa KOj! IIPUIafiajy MICTOM HUBOY (C10jy),

— HEYPOH Ha je[[HOM CJIOjy je IOBe3aH caMo C HeypoHMMa Ha c/beficheM cojy

(feedforward),

— TIpecKaKame C/10jeBa Huje JOIYIITEHO.

Hlanac je y npumMjenn Tpeha reHepanuja HeypOHCKMX Mpeka Koja yCIIjelIHO
npeno3sHaje cnuke u rosop (Abbott, et al., 2016). HoBa nmapajgurma yuyemwa Hey-
POHCKUX Mpexa Tpehe reHepanuje 3acHuBa ce Ha JBa IIOBe3aHa Kopaka. Y Ip-
BOM KOpaKy ce eKCTpaxupajy nHpopMalje 0 MUHTepHOj CTPYKTypu HedopMa-
TUpPaHUX IOfjaTaka moMohy T3B. ayToaconujaTopa (autoassociator), a y gpyrom
KOpaKy ce Ta HOBa, (opMaTupaHa CTPyKTypa, odpabyje momohy Buirecnojue
HeypoHcke Mpexxe (Benkachcha et al., 2015).

[Toctoje u feedback mpexxe (Mpexxe ca IOBpPaTHOM Be30M) KOJi KOjUX Ce U3-
a3y u3 YyBopoBa Bpahajy Kao yiasy y YBOpOBe VICTOT VU IIPETXOJHMX C/I0jeBa.

One ce HasmBajy peKypeHTHe HeypoHCke Mpexxe (Reccurent Neural Net-
works). Ta mpexxa mpocnujebyje momaTtke of cpemehnx HMBOA Iporecupama
Ka MPeTXOfHNM VIV MCTUM pasyvHaMa. PekypeHTHa Mpexa je Mopmukanuja
OCHOBHe Mpexe npocnujehnBama yHanpujen, a \wy ¢y npsu npukasamm J. Enman
un M. 1. Joppan
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EnmaHOBa HeypoHCKa Mpe)ka MMa TPU CJ10ja, y3 I0fATaK CKyla KOHTEKCTHUX
jemMHMIIA y YIa3HOM C10jy. VI3/ma3 13 cBaKoT CKPMBEHOT C/10ja ce KONMpa Y KOH-
TEKCTHE YBOPOBE, TAKO J1a je Y dpoj KOHTEKCTHUX YBOPOBA jefHaK OpOjy YBOpOBa
Ha CKpPMBEHOM CJI0jy.

3. IusajHupame Mofie/1a HEYPOHCKUX Mpe)ka 32 IPOrHO3Mpambe
dpyro mpymTBeHOr NpousBoaa

Vsrpapma apxuTeKType HeypOHCKe MpeXKe 3a YCIIjeIIHO ITPOTHO3Mpame eKo-
HOMCKIX Bapyjad/y Ha TeMesby BPEMEHCKMX Cepuja je CIOKeH 3ajaTak. AIropu-
TaM JM3ajHa HEYPOHCKe MpeXKe 3a IPOTHO3Mparhe eKOHOMCKOT pacTa MjepeHOor
IpoMjeHaMa JIPYIITBEHOT OPYTO IPOM3BOia MOXKe Ce NIPUKA3aTH y OONNKY ce-
KBEHIIMjCKe CTPYKTYPe, Tj. Hu3a KopaKa Koju npate ofpehenn uus.

C om )

1

| MN3abpatu Bapujabne |
¥

| MpUKyNUTK nogaTke |
¥

| MpunpemnTn nogatke (npeTrnpouecymparbe nogaraka) |
¥
| OppeanT Avjenose Aata ceTa 3a TPeHUparbe, TecTMpakbe 1 Baauamparse ‘

(]

[u3ajH HeypoHcKe mpexke - ogpehuBarbe bpoja CKpMBEHUX ClojeBa U
6poja HeypoHa Ha TUM cniojeBMMA Te Bpoja y1a3HUX U U31a3HMX HeypoHa
v
MocTaB/bakbe NapameTapa yuera HeypoHCKe Mmpeske: bp3nHe yyera,
aKTMBaLMjcKke PyHKLMje, MOMEHTYMa, YHKLMje rpeLlke.....

!

TpeHupatbe HeypoHCKe Mpexke

He Mpexa

KoHBeprupa

TecTuparbe 1 Banuaaumja HEYPOHCKE Mpeske

Ciuka 3. Kopanu anropntMa AysajHa yMjeTHe HeypoHCKe Mpexxe. VI3Bop: Aytopu

Crmujenyt KpaTKo odjalImerne Kopaka alrOpUTMa In3ajHa YMjeTHe HeYPOHCKe
MpexKe 3a IpOrHo3upame npomjena BIIII.

185



Acta Economica, ioguna XV, poj 26 / jyn 2017. 179 - 197

3.1. M3dop Bapujadmn

[IporHosupame mpoMjeHa OpPyTO APYIITBEHOT IPOM3BOAA CIOXKEH je MCTpa-
XKMBAYKM 3a/jaTaK 4Mje 3a7oBo/baBajyhe pjelrerme 3aBucy off MO3HaBamba Mpo-
THOCTMYKMX METOfIa M OFHOCAa KOji Ce YCIOCTaB/bajy n3Mehy mpomjena dpyro
IPYLITBEHOT IIPOM3BOJA KA0 3aBUCHe Bapujadiie u ofadpaHNX He3aBUCHMX Ba-
pujadmu. bpyTo apymTBeHN IPON3BOJ IIpeMa TOXO[0BHOM IpUHINITY ofpehen
je IpUBPETHOM CTPYKTYPOM KOja C€ MOYKE PA3/IOKUTU Ha TPU K/by4Ha CEKTOpa:
IIO/bONIPUBPENY, MHAYCTPU)y U ycryre. CBaKy Off TUX CeKTOpa uMa ofpehenn pe-
JIATUBHY YAMO Y SPyTO APYIITBEHOM IPOM3BOAY U MPOMjeH!U HVXOBUX yijena
y BpeMeHy (pelaTMBHMX OJHOCA) OAToBapa u onpehena mpomjena dpyrto mpy-
HITBeHOT npousBopa. Crora cy ersoreHe Bapujadie y gaTa ceTy pe/laTUBHU yfje-
V1 TIOJbOTIIPUBPENe, MHAYCTpUje 1 yoryra y pasgodmy of 2000. go 2015. roxguse,
a eHjoreHa Bapujadia cy cTole ImpoMjeHa OpyTO ApPYIITBEHOT IPOM3BOAA. 3a
IPOTHO3y €KOHOMCKOT PacTa MjepeHOT CTOIIOM OPyTO APYIITBEHOT IPOMU3BOJA
VIMIIEMEHTAIlMjOM HEYPOHCKMX MpeXa IOTPedHO je M3TpajguTH YeTUpPU Hey-
POHCKe Mpexe.

Tpu HeypoHCKe Mpeske ClTy»Ke 3a IPOTHO3y BPeMeHCKIX Ceplja yajesia Mosbo-
IIpUBpefie, MHAYCTpHje M yCIIyra y SpyTo APYIITBEHOM IIPOU3BOAY 2 YeTBPTA He-
YPOHCKa Mpeya, Ha TeMe/by IIPOTHO3a THX yJijefia 3a BpeMeHCKa pas3fodma t+1,
t+2,...,t+1, UMIUIEMEHTUPA 3HaIbe O OJJHOCMMA PETATUBHIUX yfje/a Ta TPU CeK-
Topa 1 npomjeHe dpyro apyursenor npoussona (b/IIT) jep nporHosmpa cromne
npomjena B/III 3a pasgodima t+1, t+2,..,t+n.

VMiteMeTanyja yMjeTHUX HEYPOHCKUX Mpexka y MporHosu dpyro gomaher
IIPOM3BOJA Ha TeMeJby yAjeNa MO/bOIPUBPENE, UHAYCTPHje, IPOU3BOMIE-E U YCIIy-
ra mpukasasa je y pagy (Mwraunh, et al., 2017). Aytopu ycropebhyjy xBamurer
IIPOTHO3€e IIPMMjeHOM yMjeTHe HeypoHcKe Mpexxe (extreme learnin machine) u
HeypOHCKe MpesKe ¢ moBpaTHOM Be3oM (backpropagation). V13dop Bapujadnm na
TeMe/by KOjux he ce TpeHMparyu HeypoHCKa MpeXa je YBUjeK KpUTUYaH KOpPaK.
Heyponcka Mpesxa je MohaH ajat 3a OTKpUBambe CJIOKEHUX 1 He/TMHEAPHUX Off-
Hoca n3Mehy Husa pasmmuntux Bapujadmm. Ta dnmmeHMIA je ¥ ITaBHM PA3TIoOT
IBJIXOBE MMIUIEMEeHTAIVje Y IIPOTHO3MpPalby eKOHOMCKIX Bapujadin jep Cy mu-
XOBM OfiHOCK Hajuenrhe HenmHeapHe mpupope. EKoHOMCKa Teopuja moMaxke y
13dopy Bapujadnm Koje OHZIA MOCTajy MIPEAVIKTOPY Y MOJIeTTy HEYPOHCKe Mpexe.
Taxo cy penaTMBHY yJijeny o/bOIPUBPENe, MHAYCTPUje U yCayra Bapujadie, MH-
AVKaTOpy OONIMKOBAaHY Ha TeMe/by nofiaTaka o popmupamwy BIII n onn nocrajy
y/asu y HEYyPOHCKY MPEXY.

3.2. Ilpuxynmbame nogaTaka

[Momanu 3a nspauyHaBame yjjena Mo/bOIpuBpene, MHAyCTpuje u ycryra y BIII
buX, xao n npomjene B/II ce dasmpajy Ha dunTeHnMa AreHipyje 3a CTaTUCTUKY
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buX. Opurnnanuu nopamy cy y odmky tadene y Kojoj ce mpema Ipou3BOJHO]
MeTOAY TIPMKa3yjy: dpyTo JAofaHa BPUjeHOCT IO AjelaTHOCTVMMA (IO/BOIpU-
Bpefa, LIyMapcTBO U pudosoB, Bahemwe pyna u kaMmeHa ...) y buX, mopesn Ha
IPOM3BOJie U YCIIyTe, YBO3, CyOBEHIIMje Ha IIpou3Bofe (MUHYC) ¥ Ha Kpajy dpyTo
momahu npoussop (BII1). Tadena nma crpenehu msrmen;

Tadena 1.
Bpyitio gogana spujegrocii io gjenaitinocitiuma u Spyitio gomahu tipoussog y buX y
uepuogy 2000-2015. iogune

..... 2005 2015

A Tosbonpuspesa, WymapcTso 1 pubonos 1.462.941 1.779.206
B Bahetbe pysa U KameHa 319.079 564.671
5 Bahetbe yr/beHa u IMrHUTa 214.083
9 MomohHe ycnyKHe ajenatHocTn y Baherwy pyaa U KameHa 2.494
Ll MNpepahuBayka nHaycTpuja 1.752.302 3.322.349
10 MMpowusBoaHba NpexpambeHux Npomssoaa 328.847
11 Npowussogma nuha 122.241
33 T[lonpaBaK U MHCTanMpakbe MallMHa U onpeme 21.013
. [hosamen s cometue/ oot ereon
e O O e o w3070
® paheBuHapcTBo 766.578 1.124.531
r 'I’;‘;:)r::)B:MHKaa:: BE/IMKO M Ha Mano; NonpaBak MOTOPHMX BO3MAA U 2.103.675 3.839.962
X TpeBo3 u cknaguwTere 598.763 1.038.618
4 e IS LTI Te TS sy s7re
J UHdopmaumje n KomyHUMKaLmje 919.798 1.309.782
K ;O:lwl-:?/:gggke/d)MHaHquCKe [jenaTHOCTU U fjeNaTHOCTH 634.636 1.030.711
1. Nocnosarbe HeKpeTHNMHamMa 1.223.307 1.436.051

of, Tora: UMNyTUPaHa peHTa 1.121.939 1.220.480
M  CTpyyHe, Hay4He/3HaHCTBEHE U TEXHUYKE AjeNlaTHOCTK 464.642 786.713
H ApamuHucTpaTtMBHE M NomohHe yc/yKHe AjenaTHocTu 108.508 236.599
o JaBHE! ynpasa u oabpaHa/obpaHa; o6aBe3Ho/06Be3HO 1.484.858 2.467.454

COLMjaNHO ocuryparbe
M O6pasoBarbe 693.456 1.315.460
Q [jenaTHOCTV 34paBCTBEHE M CoLMjanHe 3awTuTe/cKpbn 674.133 1.358.837
P YmjeTHocT, 3ab6aBa 1 pekpeauuja 122.366 325.766
C Ocrtane ycnyxHe AjenatHoOCTH 215.356 325.306
T [AjenatHocTn somahuHCcTaBa Kao nocnodasalia
y [jenaTHOCTM BaHTEPUTOPUjaIHUX OPraHn3aumja u

Tujena
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..... 2005 2015
YKynHO cBe AjenatHoCTH 14.894.694 24.253.935
YOMNnUM (-) 408.025 729.866
BpyTo goaaHa BpujegHocCT, 6asHe umjeHe 14.486.672 23.524.069
:;gs::or;‘aeréf;maso,qe M ycayre n yso3 MmMHyc cybseHumje Ha 3.167.103 5.015.450
BpyTto gomahu npoussog (BAMM) y TRKUWHUM LujeHama 17.653.775 28.539.519

VsBopu: AreHunja 3a cratuctuky buX, Caonllitere dpoj 1, Capajeso, 21.07.2016. roanHe, AreH-
1uja 3a craTuctuky buX remarcku Sunren, ISSN 1840-104X T, 2015. ropuHe, AreHiuja 3a CTaTu-
ctuky buX remarcku dunren, ISSN 1840-104X Capajeso, seriemdap 2012. roguHe.

OpuruHamHY NOfALY, YMjU AKO je IpMKas3aH y Tadenn 1, IpBO ce arperupajy,
a TIOTOM Ce M3 BJX Kpeupa fiata ceT c/befieher nsriepna:

Tadema 2.
Haina ceti (aT) 3a wwpenuparve Heyporcke mpexe AVIC_b
fomnHa Ypjen noswonpuspene Yajen uHaycrtpuje  Ypjen ycayra MpomjeHe BAMN

A y 64N (%) y 6AMN (%) yBAM (%)  (BAMT+1-64MT)/BAMNT
T, ny, ny cy, rBan
T, ny, ny, oy, reAN.,
T, ny, n,, oy, rBAN,,
T ny ny cy rbAan

NsBop: Aytopu

Konowne para cera cy yznjenn nomonpuspepe, nHaycrpuje u ycnyra y BIII, a
nocsbefba KosoHa ¢y nmpomjere B/IT1 koje onrosapajy Tum yajenma y onpeheHoj
ropgyan. OCuM HeypOHCKe Mpeke Koja ofipakaBa Bese usmeby yzjena mojepmunx
cexkropa u npomjeHe B/III, Tpenupahe ce joir Tpu HeypoHCKe Mpexxe: 3a IpO-
THO3Mpalbe yJjena Io/boIpUBpefie, MHYCTPUje M yCIIyTa Ha TeMe/by BPeMEHCKe
cepuje (onrosapajyha xomoHa ata ceta y Tadenu 2) 3a nepuoge tH(n+1) u t(n+2).

[Tpepnpouecupame mojaraka 4ecTo 3aXTHjeBa U HUXOBY HOPMAIU3aLujy
TaKo IITO ce TpaHcopmuiry y nuHTepsan [0,1] wim naTepsan [-1,1]. Hopmamm-
3alMja MofaTaka MOMayke HEYPOHCKO] MPEXH y MPOLIECY y4erba jep OHa JIaKIlIe
OTKPMBa IIPAaBUIHOCTH y TIOflaljiMa Ha y/Ia3HOM CJIOjy.

YMjeTHa HeypOHCKa MpeXka KOPUCTHU ylasHe IofaTke (IpUKasaHU JaTa ceT
y Tadenu 2) 3a yueme (TpeHMpambe), TecTupame 1 Banugupame. Hajuenrhe 70%
YIa3HMX ITOfaTaKa CIy KM 3a TeCTUpame, 15% 3a TrecTupame, a npeoctannx 15%
3a BaUgupabe.
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4. JIn3ajH HeypOHCKe MpexKe

ApxuTekTypa HeypOHCKe Mpexe fiepMHMNIIe IbeHY CTPYKTYPY YMjy Cy e/leMeH-
TH OpOj HeypOHa Ha CBAaKOM HUBOY, Te Opoj Be3a U Ha4yMH [IOBe3VBamba HEypo-
Ha. bpoj HeypoHa y/asHor c/10ja je HajjefHOCTaBHMjU IapameTap jep je oppehen
dpojeM ynmasHux Bapmjadmy, a cBaKy ynasHy (He3aBUCHY) Bapujadiry mpepcra-
B/ba He3MH yasHy HeypoH. [IpecmnkaBame nsmely dpoja HeypoHa Ha ynasHOM
cnojy u dpoja HesaBUCHUX Bapujadmu je tuma 1:1. Y HameM mpuMjepy ymjeTHe
HeypoHcke Mpexxe AVIC_b dpoj ynasuux Bapujadmu je Tpu, Te cy Tpu HeypoHa
Ha y/1a3HOM c110jy. Besy nsmelby nmoparaka y mata ceTy n apXuTeKType HEypOHCKe
mpexe AVIC_b npukasyje cipepeha cmka:

FfroguHB | YaEn noswo. | YaRen nnayctpulz | YaRn ycayrll | MpomEHebAr
y 64N (%) y AN (%) y BAMN (%) (eAnT+1-64N0T)/64NT
To MY NY.o CY.o rbAM.o
T1 NYn NYn CYn rbAMM:,
Tn ny. e Ny, ? CY. @ r6Ar., e
Tw rlyTH MyTH CyTH rBﬂlnTl

BpulEgHocT BpuEaHocT

Z;
Vij ' reAn.,
- ° Zp N3nBE3HW cnolll

CkpuseHu cnol?l

Bias
OO
\ N3nEBHE LnsbHE
\ —
i z

YnBR3HuM cnol?l

Cnuxka 4. [Insaju ymjetne Heyponcke mpexxe AVIC_b us ara cera

MebyTtum, nsdop dpoja CKpuUBeHMX C/10jeBa U dpoja HeypOHa Ha CKPUBEHOM
cnojy je mocedan 3aparak. Hajsehm 8poj cnoskeHmx 3ajjaraka IporHo3Mpama
WIN KIacuQuKanuje ce MOXKe PUjelnTy C jefHUM CKPUBEHMM CIojeM. Mainu
dpoj HeypoHa Ha CKPMBEHOM CJI0jy YeCTO pe3ynTHpa C1adujuM NCXOAVIMA Yuerha
HeypoHcke Mpexe. [TocToje onpehena emnmpujcka npaBua ogpehusama dpoja
HEyPOHa Ha CKPUBEHOM CJIOjy.

4.1. TpeHupame HeypOHCKe MpeKe

[ToueTHe BpMjeFHOCTY TEXXMHCKUX (aKTOpa 13Mely HeypoHa Ha C/I0jeBMMa Hey-
POHCKe MpesXe ce CIy4ajHO reHepuury y narepsany [-0.5, 0.5]. @yHk1mja rpemke
BIIIIEC/IOjHE HEYPOHCKe MpeXKe je 30Mp KBajipaTa OICTYIamba CBUX M371a3a y Ofi-
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HOCY Ha ILjJ/bHe BpujefHOCTY u3nasa. [penika HeypoHcke Mpexe (E) je jennaka
(Bupjetu cnuke 3 u 4). Iperika HeypOHCKe MpeXKe ce MOKe IPOMMjEeHUTHU IPO-
MjeHOM TeXMHCKUX (haKkTopa nsMel)y yrmasHor u CKpuBeHOT ¢j10ja (Vij) U TIpoMje-
HOM TeXKMHCKMX (paKkTopa n3Mehy CKpMBEHOT 1 M3/1a3HOT CJ10ja (ij)- ITpomjeny
dynkunje rpenike (E) y 3aBuCHOCTM off IpOMjeHa TeKMHCKUX PaKTopa v, ompe-

. . OE o 1 2
byje mepuBanuja GV,-j 5 . {2 Zk:(tk yk) }

CmamuBame rpemke E (pasmmke msmely BpujemHOCTM M37masa u3 Hey-
POHCKe MpeXe U IW/bHe BPUje[HOCTY) 3aBycuhe U O IpOMjeHa TEeXMHCKUX
daxTopa m3mel)y ckpumBeHOr M M3/IA3HOT C/I0ja HEYPOHCKe Mpexe. Pjemre-
e je y IpOHalaXewy OArosapajyhe mepmsanuje, Tj. morpedHo je mponahm:

OE 0 {1
ow, ow, 2

Z(tk Vi )2}. Anropuram backpropagation nonasu ox gpyHkIiuje
k

rpemke u nmpuaarohasa TexxnHcke pakTope m3Mehy cKpuBeHOT ¥ M3/IA3HOT C/IO-
ja, a moroM mamely ymasHor u ckpuBeHor cinoja. Ha civmn 8p.5 npukasanu cy
Kopar anropurMa backpropagation.

Kopak Akuwuja

0: MHUUMjanusmnparbe TEXMHCKUX aKkTopa (CydajHO reHepupatrbe - TEXXUHCKU daKkTopu
: nsmehy -0.5 1 0,5)

1: WHILE (ycnoB o—E > g)
{

2: FOR (CBaku ynasHu cnor - pattern)
{
3: Yuutatn x,3a i=1,2,3,...,n
n
zin; = Zx,v,j
4: o 3aj=1,2,3,...,p.
z; = f(zin;)

p
5. yin =Y zw, vy, =flyin) sak=12,..m
j=0
5/( :Z(tk'yk)fl(yink)
k

Aw, =adz,

. T - OE
7.9 =Z5ijkf (zin;)=f (zmj)z5kwjk Av; =-aa—=a5jx,
k k=1

i

Cimka 5. Anroputam backpropagation. J3sop: Ayropu
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HeypoHcke Mpexe cy Imodese ¢ IepIeNTPOHOM, HEYPOHCKOM MPEXOM Koja
MIMa CaMo JiBa C/I0ja: yIa3HY U U3JIa3HU CJI0j.

HaxoH Te mpBe reHepanyje, civjeay Apyra reHepaluja HEYPOHCKMX Mpexxa
Cca BUILEC/IOjHOM HEYPOHCKOM MPEXXOM Te BeHIM IT0S0/bIIabIMa: JOPAaHOBOM,
EnmanoBoM HeypoHckoM MpesxoM, bOP neyponckom mpexom (Radial Basis
Function Network), Xonduengosom mpexxom. HajHoBuja renepanmja cy nyouH-
cke HeypoHcke Mpexe (Deep neural networks), a oHe cajpske Bullle CKPMBEHX
c710jeBa M3Mehy ylIasHNX ¥ M3/Ia3HNX C/I0jeBa 3a Pas/MKY Off INIMTKMX YMjeTHUX
HeypoHcKux Mpexa (Schmidhuber, J. 2015).

YnasHu cnoj N3na3Hu cnoj

0.
0.
0.
0.

CkpuBeHu cnoj
Ciuxka 6. ITpukas gyduncke HeypoHcke Mpexe. V3Bop: Schmidhuber, J. 2015.

IIpumjep nyOmMHCKe HEYpOHCKe Mpexe, IPUKa3aH CIMKOM 5, ¥Ma BUIIE Off
TpU C710ja M3Meby y/1asHOT 1 U3/1a3HOT C/I0ja U CITY>KV MOJIeIMPAjy HelTMHeapHUX
oxHOCa Mehy Bapujadmama.

Heyponcka mpexxa AVIC_BJIIT he mmatu Tpy HeypoHa Ha yIa3HOM CJIOjy, TIeT
HEYPOHA Ha CKPMBEHOM CJI0jy U je[laH HEYPOH Ha U3/Ia3HOM CJIO0jy.

5. ExcnepuMeHTaTHN pe3ynTaTu

Heypouncka mpexxa AVIC_B/III y moctynky TpeHupamwa he Hayunty ogHoce us-
meby ynjena nomonpuspene, uupycTpuje, yoryra y bIII u mpomjena dpyro gpy-
IITBEHOT Npou3Bofia. TakBy je MpexXy Moryhe ynmorpujeduty y mporHOCTHYKe
CBPX€ CaMO aKO Cy y/la3y IPOTHO3MPaHe BPUjeJHOCTH yAjesa I0/bOIPUBPENE,
uHpycrpuje u ycmyra. Crora mmiuieMeHTanuja HeypoHcke mpexe AVIC_B/III
y HPOTHOCTMYKE CBpXE 3aBMCU Off IPOTHO3€ BPEMEHCKMX Cepuja TUX ypjena
3a pasgodme ox 2000. mo 2015. rogune. Behn je dpoj pamosa koju mpukasyjy
MMIUIEMEHTALVjy HEYPOHCKMX MpeEXa Yy IPOTHO3MpPaly BPEMEHCKUX cepuja.
Tako y pagy Milaci¢ et al., 2017. ce ynopebyjy rpeuike u KBanmureT IporHose
€KOHOMCKOT PacTa ynoTpedoM yMjeTHe HeypPOHCKe MpeKe ca IOBPaTHOM BE30M
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¥l HEYPOHCKIX MpeXKa ¢ eKCTPEeMHMM MAaIIMHCKUM ydemeM (extreme learning
machine) kxop Kojux ce TeXXMHCKM dakTopy U3Mehy ylIasHUX U CKPUBEHOT C/I0ja
CaMo jeflaHITy T C/Ty4ajHO TeHepUIIy ¥ BUIIe ce He Mujemajy. Y pany Benkachcha
et al, 2015. noka3yje ce jja je Hajdos/be pe3yaTaTe y HPOTHO3MPahy BPEMEHCKUX
cepuja monyxuo Levenberg-Marquardt backpropagation anropuram ca curmo-
VITHOM aKTVMBALMjCKOM (YHKIIMjOM Ha CKPYBEHOM CJI0jy U IMHEPAaHOM (PyHKI[N-
jOM Ha U371a3HOM CJIOjy .

Jloruka IporHO3Mpamba BPEeMEHCKNX cepyja moMohy HeypOHCKUX Mpexa je
UCTa 33 TO/bONPUBPENY, MHAYCTPUjy U ycnyre. IlpernocraBka je fja je MOBOJb-
HO OQ/IMKOBAaTH! patterne Koju cafip)kaBajy pasMak Of TpU BpPeMEHCKe jefluHMIIe
(time lag). Taxo ce Ha OCHOBY c/MKe 3 0O/MKyje BpeMeHCKa cepyja 3a IPOTHO3M-
paibe yfjena Io/borpuBpee:

Tadmuuna 4.
Bpemericke cepuje ygjena tiomoipuspege y BT u odnukosarve gaitia ceitia 3a ipoino3y
HeYPOHCKOM MPeHom

Yajen Yajen nosmonpuspege | Yajen nosbonpuspese
FoguHa | nobonpuspeae y BAN (%) (ynasy y bAN (%) (u3na3 us
y 64N (%) HEYPOHCKY mMpesKy) HeYPOHCKe mpexxe)
2000 ny, ny ny ,ny, ny,
2001 ny, ::> ny, ny,,ny, ny,
2002 ny, ny,,ny,ny, ny,
2003 nv, | e
.......... ny_,ny_ ,ny, ny,.
2015 ny,. ny ., ny,,ny.. ny_,. (nporwosa)
ny_ . ny..ny.. ny_ ., (nporrosa)

WsBop: Ayropu

Taj je kopak HeonxofiaH jep TpaHchOpMIUIIIe aTa ceT Y OOIUK IPUXBAT/BUB
3a y4eme yMjeTHe HeypoHcke Mpexxe. [Toganu cy Hymepuukn y narepsan [0,1],
Te VX HYje TOTPedHO HOPMAIN30BaTI.

5.1. IIporanosupame yajena nomonpuspene y bIII
nomohy HeypoHCKe Mpexe

Tpenupame HeypOHCKe MpeXke U IIPOTHO3Mpabe KopucTu P mporpamckn jesuk
n oxiroBapajyhe makere. ITogar cy moxpamenn y garoreny Excel n yunrasajy ce
y P jesux. IToTom ce 13 maToTeke dupa pajgHM JIUCT y KOjeM je BpeMeHCKa cepuja
ynjena cekropa noponpuspesie y B/IIT bocue u Xepuerosune sa nepuog o, 2000.
no 2015. rogune:
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Toguna Ynuollosm. IIT3 112 IIT1 IIT
1 2000 0.10188015599 0.10188015599 0.10035994933 0.09783382802 0.08951226284
2 2001 0.10035994933 0.10035994933 0.09783382802 0.08951226284 0.09635179638

102009 0.08746023557 0.08746023557 0.08523250171 0.08488621476 0.07766782332
112010 0.08523250171 0.08523250171 0.08488621476 0.07766782332 0.08531901502

Y4unraBa ce makeT HeypalHeT KOju cafipXu cBe oTpedHe QpyHKImje 3a Tpe-
HIUpame I IIPMKa3 HEYPOHCKe MpexXe yajena nobonpuspene y bAIT.

EnemenTn Bexropa IIT cy BpujenHocTu ynjena nomonpuspene y bIII 3a pas-
modme o 2000. mo 2010. rogune, BpujegHocTn I1T1(Ptl),IIT2(Pt2),I1T3(Pt3) cy
BpPEeMEHCKM IToMany Tux yajena (time lag) sa pasgodma T-1, T-2, T-3 1 OHe cy
ynasy Ha yJ1a3HOM c/10jy HeypoHcke Mmpexxe erll. Heyponcka Mpexxa erll ce Mmoxxe
BM3ya/m3oBaTy HapendoM plot(), a mTo momaske y pasymMujeBamy HbeHOT A13aj-
Ha®:

Error: 0.001056 Steps: 104

Cnuka 7. HeypoHcka Mpeska 3a IporHosupame yfjena nobonpusperne y BIAIL.
MsBop: Aytopu

Cnujeny TecTupame HeypOHCKe Mpeske A_HH Hapendama:
> tectupamwe= cbind(m [12:13,5], resultsP$net.result)
> TecTUpame

(1] [,2]

> Cpeneha napenda nedunnpa HeypoHCKY Mpexy erll:

> erll = neuralnet(ITr~IIt1+IT12+I113, data= nll, hidden=4, threshold = 0.01,
learningrate=0.001, algorithm="backprop’, err.fct = “sse’, linear.output=TRUE)

¢ YV P mporpaMcKoM je3UKy je MMIUIeMEeHTHPaHO Biile QYHKIMja KOjIIMa Ce MO)Ke OIICATI fie-
Ta/bHUje HeyPOHCKA MpeXa y IakeTy HeypanHer. [leta/bHnje nnpopmaiuje ce mory Hahu y pagy
Giinther, E, Fritsch, E, 2010.
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12 0.08531901502 0.08477060516
13 0.07487210775 0.08126814957

IIpBa KO/IOHA CYy CTBapHE BpMjeHOCTH yAjena nmoponpuspene y bIAII 3a 2013.
u 2014. roguHy, a pyra KOJIOHa CY BPUjeSHOCTH IIPOTHO3MPAHE HEYPOHCKOM
Mpe>XXoM A_HH.

IIpornosupana BpujegHocT yajena nobonpuspene y bIII 3a 2016 roguny je:

> compute(erlI], n[14,3:5])

$net.result

[.1]

14 0.08000491955

[Ipornosupann yajen noponpuspesie 3a 2016. roguny je 0.0755. Caza ce Ta
BPUjeHOCT MOYKe KOPUCTUTH 3a IPOTrHO3Mpabe yajena nmomponpuspene y BTy
2017. rogunn:

n[15,3]=m[14,4]

n[15,4]=m[14,5]

1[15,5]= 0.08000491955

ITpornosupana BpujegHOCT yajena nobonpuspene y B/II1 3a 2017. roguny je:
> compute (erIl, n[15,3:5])

$ net.result

1]

15 0.08507836976

IIpornosupaHna BpujefHOCT yajena nomonpuspene y BAII sa 2017. ropuny
yrnotrpedoM HeypoHcke Mpexe je 0.08507836976.

dynxumja compute() pauyHa 1 cadupe usjiase 13 CBUX HEYPOHA Ha YIa3HOM,
CKPMBEHOM M M3/Ta3HOM c10jy. OHa omoryhaBa IIpOrHO3Mpame y HeypOHCKO]
MPEX! Ha OCHOBY Je(DVHMCAHUX BPeMEHCKIX IIOMaKa y OHOCY Ha BpujeMe T (y
[aHOM IIpVMjepy AeUHNIITY ce TPY oMaKa, T-1, -2 u T-3).

VcroMm JTOTMKOM TpEHMPajy Ce HEYPOHCKE MpeXKe 3a IMPOTHO3Mpambe yajena
MHJYCTpHUje 1 yoayra. Pedynratu mpornosupama cy BUUbUBY y c/befehoj Tadermm:

Taderma 3.
IIpoino3sa ygjena tiomwotipuspege, ungyciipuje u ycayia y BIII 3a 2016. u 2017. iogury

Momonpuepesa UHaycTpuja Ycnyre
(vajeny BAN)  (yajenyBAN) (yajeny BAN)

Bpoj HeypoHa Ha ynasHMUM, CKPUBEHOM

(CKpMBEHMM) M M31a3HOM CNOjy HEYPOHCKE (1,4,1) (3, (4,3),1) (3,(4,3),1)
Mpexe

2016. roamHa 0.08000491955 0.2609923801 0.6255400064
2017. rognHa 0.08507836976 0.2896117265 0.6223046929
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5.2. Ilpepsubame pacra BIII npuMjeHOM HeypOHCKe Mpexe

HakoH nsrpagme Tpu HEYpOHCKe MpeXKe 3a IIPOTHO3Mparbe BPeMEHCKIX cepuja
U IIPOTHO3Mpama yhjena IMo/boNpuBpene, MHAyCcTpuje u yonyra y BIAIL, cniujenn
IVI33jH HEYpOHCKe MpeXXe 3a IporHosupame pacta b/IIL. [Iusaju mpexxe ANY_
BJII odjammeH je eta/bHO Ha cuiy 4. Ha ymasHoM ci1ojy ¢y Tpu HeypoHa, a Ha
U3/Ia3HOM CJ10jy je jeflaH HeypoH. HakoH ekcriepuMeHTICamba ca dpojeM cKpuBe-
HIIX C7I0jeBa 1 OpojeM HeypOoHa Ha CKPMBEHUM CJI0jeBMMa, ofadpaHa je Mpexxa
3,5,1, Tj. jemaH CKpUBEHN CJI0j ca IeT HeypoHa. [To3us pyHkIMje neuralnet() n
ozpebuBame mapamerapa nmpukasyje crbefeha Hapenda:

>er=neuralnet (StopaRasta~Poljoprivreda+Industrija+Usluge, data=aT,

hidden=>5, learningrate=0.0001, algorithm="“backprop’, err.fct = “sse’, linear.

output=TRUE)

ITorom ce HapendoMm plot(er) Busyanusupa HeypoHcka Mpexxa AVIC_BJII ¢
TEeXXVMHCKMM (aKTOpPMMa, C YIa3HUM, CKPUBEHUM U U3/Ia3HNM CJ/I0jeM M OfirOBa-
pajyhum HeypoHMMa:

> plot(er)

Error: 0.026366 Steps:2548

Cnuka 8. HeypoHcka Mpeska 3a mporHosupame crorne pacta bJITI

YKyIHa rpelka HeypoHcKe Mpexe je 0.02636, a ykymaH dpoj mpornasa Mmpe-
oM (epochs) 3a n3pauyHaBame TEKMHCKUX pakTopa nsMmeby ymasHor u ckpu-
BEHOT CJI0ja, Te€ CKPMBEHOT 1 M3/Ia3HOT CJ10ja je 2548.
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HakoH TecTumpama HeypOHCKe MpeXe M IPUIPY>KMBarba IPOrHO3MPAHMUX
BPVjeNHOCTH YfijeNa MOo/bONpUBpee, MHAYCTpuje u ycayra 3a 2016. u 2017. ro-
nuny (Tadena 3).

Cnujeny nporHosupame ctome pacta bJIII 3a 2016. n 2017. ropguny:

16 0.03536034367
17 0.04231261333

Pesynrary nporaosupama pacra bIIII sa buX cy ontumuctaamy 1 usHoce
3,5% y 2016. 1 4,2% y 2017. ropuuan. Haume, crona pacra BJIII je jacan nnpmka-
TOp KOHBEpTHELMje Y pa3Bojy seMasba 4uju je B/III 1o rmaBy cTaHOBHMKA Marby
Ol IpoCjeKa 3eMaba Koje ce IMO MHTerpupaHor cucrema. CMamuBame jasa y
pasBujeHocTy Moryhe je ocuryparu dpxxum pactom BIIT semama uujn je BIII
per capita Mamwy Off IIPOCjeYHOT, a IITO YMHY CYLITHHY T3B. [} KOHBEpreHIyje.

3ak/byvak

[IpenBubame eKOHOMCKMX MHAVMKATOPA CTIOXKEH je eKOHOMCKM Ipodiiem, a Tpe-
IIKe Y TPOTHO3MPamby Cy OOPHYTO MPOIOPIIMIOHAIHE YUY U IIPUMjeHN codu-
CTULIMPAHUX IPOTHOCTUYKUX MOJie/la. YUerme MMa KOpMjeHe y IPaKCH, cTeve-
HOM 3HaIby, Te JOCTYIIHUM Iofanuma 1 nHpopmanyjama. CriocoOHOCT yuerma I
3HaIbe Cy JBa IIPeJlyc/IoBa OIICTaHKA I Pa3Boja. Y pajy je NPUMMjerheHO 3HaMbe
0 TIOBE3aHOCTM PacTa OPYTO APYIITBEHOT IIPOM3BOJA Ca IPUBPEJHOM CTPYKTY-
POM y HallMIOHA/THOj EKOHOMIjH, T€ CE Ta IOBE3AHOCT OHJIA OIICYje HEYPOHCKUM
MpeXKaMa.

HeypoHncke Mpexxke 3a IPOTHO3Y BPEMEHCKUX CepHja ¥ IOBE3aHOCTH IIPO-
MjeHa OpyTO APYLITBEHOT IPOM3BOJA C IPUBPESHOM CTPYKTYpoM (HEeypOHCKa
mpexxa AVIC_BJIIT) omoryhme cy mporaosy npomjeHa dpyTo ipyLITBEHOT IIpO-
u3Bofa 3a 2016. u 2017. roguHy. YONIITeHO, pe3y/lITaTy MPOrHO3e HEeYyPOHCKUM
Mpe)XaMa KOMHIJMPAjy C IPAaKTUYHOM CUTYallMjOM M TPEHJOBMMa Ha Koje
ykasyje u [lupekiuja 3a ekoHoMcKo InaHupame y buX. Hanme, ona npensuba
peasaH eKOHOMCKM pacT off 3,4% y buX 3a 2017. roguHy Ha OCHOBY yOp3aHOT
pacra eBpo3oHe ca 1,6 Ha 1,8%.

HaxoH cumynaumja, ynorpedom ¢yHkuumja u makera P jesnka mokasaHo je
7la je MeToja HeYPOHCKIX Mpeka edMKacHa 1 M3BelMBa Ca BICOKOM TayHourhy,
IIPOTHO3MpPaHe BPUjEJHOCTY Cy Pe/TaTUBHO MOY3/laHe, a Tpelike ¢y Mane. Ounro
je ;a je HeypOHCKa Mpe)ka MOXKe PUjelnTI HelMHeapHe ofHoce Mel)y eKkoHOM-
cknm Bapujadmama. CTora je MeTofa yMjeTHMX HeyPOHCKIX Mpe)kKa IpUMjerbyBa
¥ Ha IpodeM IPOTHO3MpPaba IpoMjeHa OPyTo APYIITBEHOT mpoussopa. Ksa-
JUTET TIOflaTaKa Ha KOj/Ma Ce 3aCHMBA MMIUIEMEHTalMja MOJie/la HeyPOHCKIUX
Mpe>Xa K/bYYHI je e/IeMEHT I0Y3[JaHOCTY IIPOTHO3€ jep HEYPOHCKE MPEXKe CMa-
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BYjy yTuIaj cydjekTuBHMX (akTopa. Mofen HeYpOHCKMX Mpexa MOoXKe OUTH
KOPUCTaH U 3a IPOTHO3y MHBECTULIMOHNX PU3MKA, IIPOMjeHa LiMjeHa XapTuja of
BpUjeHOCTH, Te TOMONY BIIaZiy I eKOHOMCKMM MHCTUTYTUMA y IPOLeCy Ipo-
THO3MpPamba 1 IOHOILEea OfITyKa.
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