Hoonebecnasn I'.A., [loonebecnas A.A.

YJIK 681.513.2, 519.246.8

NPUMEHEHUE JOBEPUTEJIbHBIX UHTEPBAJIOB B 3A/TAYAX
IHPOI'HO3UPOBAHUA PUHAHCOBBIX PA10B C IIOMOIIIbIO MI'YA

[Mogue6ecnas I'.AY, [Tonque6ecnas A.AZ

1 MHYI] HTC AH u MOH YkpauHut,

2 . .
Kueseckuii Hayuonanonouii ynusepcumem um. T.1.111eeuerko
pidnebesna@irtc.org.ua

[TpencraBiena MeroauKa aHajizy €(QEKTUBHOCTI poOOTH MPOTHO3YIOUOI CUCTEMHU 3a JOMNOMOIOH0
no0y/10BU JOBIPUMX 1HTEpBaJiB, BBOAATHCS OCHOBHI MOHATTS Ta HaBEAEHO MPUKJIAJ] 3aCTOCYBaHHs
1€l METOIMKU JJIi KOHKPETHOI MPOTrHO3y04oi cucrteMu, noOyaosanoi 3a MI'VA. 3a BxiaH1 JaHi
B3ATO peajbHUA 4YAcCOBUM psii KOTUPYBaHHs BamoT puHKy Dopekc 3a mepiog 3
1 ciuns o 30 yepBHs 2010 poky.

Kniouosi cnosa: nporHosyroua cucrema, JI0BIpYMH 1HTEpBaJl, IOMUIIKA MPOrHO3Y, MPOTrHO3YBaHHS
yacoBUX paliB, MI'VA.

A method for analysis of work of a forecasting system by construction of confidence intervals is
presented, basic concepts are entered and a example of application of the given method for the
concrete forecasting system based on GMDH is given. As input data the rea time series of
quotations of currencies of the Foreks market is taken for a period from January, 1 to June, 30,
2010.

Keywords: the forecasting system, confidence intervals, error of prediction, prediction of time
series, GMDH

[IpencraBnena wmeroauMka aHanu3a 3(QEeKTUBHOCTH padOThl MNPOTHO3MPYIOLIEH CHCTEMBI ¢
IIOMOUIBIO MTOCTPOCHHUS ITOBEPUTEIbHBIX MHTEPBAJIOB, BBOAATCA OCHOBHBIE IOHATHA M IPUBEIEH
pUMEp NPUMEHEHUS JAHHON METOAMKY /Il KOHKPETHOM MPOTHO3UPYIOLLEN CUCTEMbI, OCHOBAaHHOM
Ha MI'VA. B kauecTBe BXOJIHBIX JAHHBIX B3ST PeaJIbHbI BPEMEHHOW psiJil KOTUPOBOK BAIIOT PbIHKA
®opekc 3a nepuoa ¢ 1 supaps no 30 utonsa 2010 ropa.

Kniouegvie cnoéa:. NPOrHOZUPYIOLIAs CUCTEMA, JIOBEPUTEIbHBIA MHTEpBaj, OLIMOKA IPOrHO3a,
IIPOrHO3MPOBaHKUE BpEMEHHBIX psA10B, MI'YA.

Beenenmne. [Ipu npumeHeHnu a000M MPOrHO3UPYIOLIEH CUCTEMBI €CTECTBEHHO
BO3HHMKAET BOINPOC: HACKOJIBKO XOpOLIO OHa paboraer. [[ns oTBeTa HEOOXOAMMO
BBECTH HEKOTOPBIE KOJIMYECTBEHHBIC XAPAKTEPUCTUKHU IMOJYYEHHOIO IPOTHO3A.
CyiiecTByeTr psa IOKas3aTenel, KOTOPbIE MOTYT HCHOJIB30BAThCS ISl OLEHKHU
3 PEKTUBHOCTH MPOTHO3UPYIOUIEH CHUCTEMBbl. B 3aBUCMMOCTH OT MOCTaBJICHHBIX
3aJlad OHM MOTYT OBITh CaMbiMM pa3HbiIMU. OJHUM U3 BHUJOB MOJOOHOM
XapPaKTEPUCTUKH SBJISIETCS U3YUYEHUE JOBEPUTEJIBHBIX UHTEPBAJIOB, T.€. MEPHI TOrO,
HACKOJIBKO JIaJIEKO OTKJIOHSIETCSl CHPOTHO3MPOBAHHOE 3HAYEHUE OT 3HAYEHUS
peanbHOro.

B nanHOil craThe mpencTaBieHAa METOJIMKA aHalu3a OIEHKU pPadOThI
IIPOTHO3UPYIOLIEN CUCTEMBI C MOMOIIBI MMOCTPOCHUS JOBEPUTEIIBHBIX WUHTEPBAJIOB.
BBoasATCS OCHOBHBIE MOHATHSI U NIPUBEACH NPUMEP NPUMEHEHUS JAHHOW METOJUKHU
JUI KOHKPETHOMW MPOTrHO3UPYIOIEei cucTeMbl, ocHoBaHHOW Ha MI'YA [1, 2].

B kauecTBe JaHHBIX B3AT peasibHBI (PMHAHCOBBIN PsiJi KOTUPOBOK BAJIIOT PhIHKA
dopexkc 3a nepuoy ¢ 1 suBaps o 30 utons 2010 roxa.
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MeToanka oueHUBaHUA MMpPOruo3a ¢ NIoMoubI0 10BEPUTEC/IbHBIX UHTCPBAJI0B

[Tycth 3a(MKCUpOBAaHBI HEKOTOpHIE OOOOLIEHHBIE JAaHHBIE B BHJIE BPEMEHHOIO
psila, CTATUCTUYECKUE XapaKTEPUCTUKH KOTOPOTO HE MEHSIFOTCHI.

Bmecte ¢ JaHHBIMM PacCMOTPUM HEKOTOPYHO OOOOILIEHHYIO MPOTHO3HPYIOLILYIO
CUCTEMY, IMOJIy4YalOU[yl0 Ha BXOJ JIaHHbIE M BBIJAIOLIYI0 Ha BBIXOAE HaOOp
IOPOrHO3HBIX 3HAUYE€HUH B 3aJaHHBIX Toukax. /[l ONpeaesNeHHOCTH BBEAEM
cienyoiue oobo3nayenus (cM. puc.l):

e M — mocien0BaTeIbHOCTh JaHHBIX (CTaTUCTUYECKAs BHIOOPKA), UCIIOJIb3yeMast
JUJIS1 IPOTHO3UPOBAHUS;

e T,T,,...,T;,..., T, - KOOpAUHATHI IPOrHO3UPYEMBIX TOUEK, {1<i<n};
o y,:l — 3HA4YCHUE CIIPOrHO3UPOBAHHBIX JAHHBIX, {1£ | < n} ;
e Yr —3HaueHHE pealbHbIX JAHHBIX, {1<i<n};

L4 yRO — IOCJIACAHAA TOYKa BXOJHBIX AdAaHHBIX (MHO)I(GCTBa ]\4), ABJEAIOIIasCsa

OJHOBPCMCHHO Ha4YaJIbHbBIM YPOBHCM, OTHOCHUTCJIBHO KOTOPOI'O 6YI[CT
pacCMaTpuBaTLCA IIPOTrHO3.
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Puc. 1. O600111eHHast IPOrHO3UpYIOIIas cucTeMa

OTmeTuM, 4YTO HENb3s TOBOPUTH B OOIIEM CiIy4ya€ O TOYHOCTU pPadbOThI
IPOTHO3UPYIOIIEH CUCTEMBI. DTO HUMEET CMBICH, TOJBKO €ClId paccMaTpuBaTh
MIPOTHO3UPYIOUIY0 CUCTEMY M KOHKPETHBIA BUJ JIaHHBIX, JIs1 KOTOPBIX CTPOUTCS
IIPOTHO3, UCITIONB3YS 3Ty CUCTEMY. TONBKO B 3TOM CIIy4ae MOXKHO F'OBOPUTh O KAKHX-
I1M00 KaUYE€CTBEHHBIX U KOJIMYECTBEHHBIX XapaKTEPUCTUKAX MPOrHO3a.
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Jlnst Toro, 4roObl CAelaTh HEKOTOPbHIE BBIBOIBI H
OXapakTepHU30BaTh PabOTy MPOTrHO3HPYIOMICH CHCTEMBI
Ha YKa3aHHBIX JaHHBIX, BBEIEM HECKOJIBKO CIyYalHBIX
BeMuuH (puc. 2) W HCCIeIyeM UuX IOBEJCHHE.
O603HaYNM:

® pa3HOCTh MEXKJYy TMPOTHO3HBIM M pPeabHBIM

3HaYeHUeM (OIMOKa MPOrHo3a):

§|:R - yl:I - yR ; (1)

® OTKJIOHEHME  NPOTHO3HOIO  3HAYEHUA  OT
HAYyaJIbHOTO YPOBHS

gFi:yFl_yRo; (2

® OTKJIOHEHHME PEAlbHBIX IaHHBIX OT HAYaJIbHOTO
YPOBHS:

Puc. 2. Uccnenyemsbie
Clly4aiiHble BETMYMHbI

fR =Yr = YR [ e{O,...,n}. 3

HNckoMbIMU ~ XapaKTEpUCTUKAaMU  NPOTHO3UPYIOLIEH  cuUcTeMbl  OyAyT
JIOBEPUTEIbHBIE HHTEPBAJIBI 3THX CITYyYaHHbIX BEJTUYMH.

JleiicTBUTENBHO, TOBOPSI O MPOTHO3HOM 3HAYEHWM, HEIUUIHUM OyJeT yKazarb,
HACKOJIbKO OHO yJAJI€HO OT PEAJbHOTO U C KAKOW BEPOSTHOCTHIO (JOBEPUTEIBHBIM
UHTEpBaJl OMMOKK mporuos3a). Emie aBe ciydaiiHple BeMW4YMHBI (OTKJIOHEHHS OT
HAYaJIbHOTO YPOBHS) BBEJCHBI ]ISl CPABHEHUS. HACKOJIBKO CTOUT HCIOJIb30BATh
JAHHYIO TPOTHO3UPYIOIILYIO0 CUCTEMY HA TUX JIAHHBIX WJIM pe3yjbTaT OyAeT Jydlle,
€CJIM B KauecTBE MPOTHO3a OpaTh ClIydalHYIO TOUKY C paclpeieieHUeM CIIy4daiHo

BCJINYHNHBI gR .

OnuuM ucnvimanuem OyleM CUUTATh ClEAyOIIee. BhIOpaTM MHOXeCcTBO M
3aJJaHHOW JUIMHBI, TIOCTPOWJIM TPOTHO3 Ui TOYKH, HAXOMSIIECHCS Ha 3aJaHHOM
paccTOSHUM, MOCYUTAIH JijIs Hee Tpu 3HadeHus (1) - (3).

Takum o00pa3oM, TpoOBeAs JOCTATOYHOE KOJUYECTBO HCIBITAHHMA, MBI OyIeM
UMETh HA0Op 3HAYCHUH JIJIS ONpE/ISIICHHbIX BhIle ciaydaiHbix BenuuuH (1) - (3), o
KOTOPBIM MOKHO OYJIET JIeJIaTh BHIBOJIBI O IOBEPUTEIILHBIX HHTEPBAJIaXx.

Crnenyer ydecTh, 4YTO TOBOPUTH O JIOBEPUTCIBHBIX HWHTEpBAJaX M JAPYTUX
BEPOSITHOCTHBIX XapaKTepUCTUKax (CTaHAapTHOE OTKIIOHGHHUE, CpPEeJHEEe), MOXKHO
JHIIb TPU YCJIOBUM, YTO CTATUCTUYCCKHE XapaKTEPUCTUKU psjia JaHHBIX HE
U3MEHSIOTCSI Ha HCCIIElyeMOM BPEMEHHOM NPOMEXKYTKE, T.e. YTO paclpeaeieHus
UCCIIElyeMbIX BEJIUYMH HE 3aBUCAT OT TOr0, KAKYH YacTh JAHHBIX B3sUIA JJIs
aHanu3a.

[Ipu pacderax UCHOIH30BATUCH CACIYIOIINE CTATUCTUYECKHIE TOHSTHSI.

Mamemamuueckoe — odicudanue  CITydailHOH BETUYMHBI  OLIEHUBACTCS  Kak
BbIOOPOYHOE CpejHEe:
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Hucnepcus cnydaiiHON BEJIMYMHBI OLICHUBAETCSl KaK BEIOOpOUYHAs JUCTIEPCHS:

2_1” Y
S—niz_l:(xi X) (5)

[on «0osepumenvHviM uHmMeEpBaniom» TIOHUMAETCS cienyroiee [3].
O003HaYMM UCTUHHOE 3HAYEHHUE U3MEPSIEMOM BEJIMUMHBI X, €€ MOJTYYEHHOE CpeIHEE
apumMeTnyeckoe 3HauU€HUE - X, a MOrPEUIHOCTh W3MEpPEHUsl ITOW BeNWYUHbI AX.
[Iycth @ 0O3Ha4aeTr BEPOSATHOCTh TOrO, YTO PE3YJIbTAT U3MEPEHUN OTIMYAETCS OT
UCTUHHOTO 3HAYCHHUs HA BETUYMHY, He Oomblyto ueM AX, T.e.

Plx —Ax<x<x+Ax}=u (6)

BeposiTHOCTE & - dogepumenvras eeposimrocms (AHTEPBAI HAJIEKHOCTH).
Unrepsan (x — Ax, x + Ax) — 0doeepumensvhbiii unmepeai.

JInd  HOpMalbHO PaCHpPEACICHHOM CIIyYalHOW BEJIWYMHBl  BBIIOJIHAECTCSA
NpaBUIIO «Tpex curm» [3], KOoTopoe JaeT BO3MOXHOCTH JIETKO ITOCTPOHTH
JNIOBEPUTEIIbHBIA UHTEPBAJI C ONPEACIICHHON JOBEPUTEIBHON BEPOATHOCTHIO:
0J1s1 mpex 3HAYeHUli 008epUMEIbHLIX 8ePOIMHOCMEl UCMUHHOe 3HAYeHUe GeUYUHbL

omauyaemcs om ceoeco cpedHeeo HA U36EeCMHYI0 BEIUUUHY .

e CTaHJAPTHOMY OTKIOHEHHI0 o =vS? COOTBETCTBYeT JOBEpHTEIbHAS

BeposiTHOCTH 0.68,

® YVIBOGHHOMY CTaHAAPTHOMY OTKJIOHeHHIO (20) — JOBepUTelbHAs
BepositHOCTh — 0.95,

e yrpoenHomy (3o) — 0.997.

[Ipumep npuMeHeHHUsI METO1A HA PeabHbIX JAHHBIX

Jlannwvie. PaccmaTpuBaics pealbHbId BPEMEHHON psAJ KOTUPOBOK BaJIOTHI
GRBCHF (otHomeHue IieHbl OpUTAHCKOTO ()yHTa CTEPJIMHTOB K IIBEHIIAPCKOMY
¢dpanKy, B mouHTax) pbiHka dopekc 3a nepuoj ¢ saBaps 2010 roxa mo urons 2010
rojia BKJIYHTEIbHO [4].

B apxuBe JaHHbIE coJiepKarcs B CJIeIyIOLIEM dopmare:
<TICKER><DTYYYYMMDD><TIME><OPEN><HIGH><LOW><CLOSE>,
rue :

e TICKER — ko1 BaroTHhl,

e DTYYYYMMDD — nara B popmate roa.mecsi.aenp (Hanpumep, 20100325),
TIME —HOMep MUHYTBI ¢ MOMEHTA HavaJia JIHs,
OPEN — «11eHa OTKPBITUSI», T.€. IEPBOE 3HAYEHUE IIEHBI 32 TEKYIIYI0O MUHYTY,
HIGH — makcumanbHOEe 3Ha4eHHE, KOTOPOTO JOCTHTaeT IleHa 3a TEKYIIYIO
MUHYTY,
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e LOW — MuHUMAaIbHOE 3HAYE€HHE, KOTOPOIro JOCTUTaeT I€Ha 3a TEKYIIYIO
MUHYTY,
e CLOSE — «ieHa 3akpbITHS», T.€. MOCJICAHEE MOJYYCHHOE 3HAUCHHUE IIEHBI 3a
TEKYIIYI0 MUHYTY.
Wtak, umeeM Uil KaxJ0H MHUHYTBI HAa0Op W3 YETHIpEX 3Ha4YeHHUU (IIeH).
OOpabaTpiBasi UX, MOKHO TOJYYUTh JOMOJHUTEbHYIO HUH(OPMAIMIO O MOBEIECHUU
JTaHHBIX. MBI %Ke OyJIeM paccMaTpUBaTh «CIJIaKEHHBIEY» JIAHHbBIE, @ UMEHHO:

<HIGH >+ < LOW >
2

Hcnonp30BaHuEe TAaKUX YCPEOHEHHBIX J@HHBIX JAa€T BO3MOXKHOCTh HECKOJBKO
CIJIaJIUTh CTOXACTHUUYECKUN IIyM peajbHbIX JAHHBIX, @ 3HAYUT MOJYYUTh, BO3MOXKHO,
00J1€€ TOYHBIN POTHO3.

Crnenyer oOpamarhb BHUMaHHE MpPU aHAIM3€ Ha TO, YTO MAJII KOPPEKTHOCTH
UCTOJb30BAaHUSl CTAaTHCTUYECKUX METOJ0B BBHIOOpKA JIAHHBIX JOJKHA OBIThH
HE3aBUCUMOH, @ 3TO JOCTUTAETCS, €CIIM UHTEPBAJbI, IO KOTOPHIM CTPOSATCS KaXKIbIN
pa3 IpOrHO3bl, HE IEPECEKAIOTCS.

IIpocnosupytowaa cucmema. OCHOBOW MPOTHO3UPYIOLIEH CHCTEMbI BBICTYHAeT
koMOuHatopublii anroputm MI'YA [1, 2]. B kadectBe Mojeneil MCIONIb30BaIKCh
nonuHoMbl cteneHd oT O no 10, kod(DPUIUEHTB KOTOPHIX PACCUUTHIBAIUCH C
nomonibto MHK Ha oOyuaromieit Beioopke. Jlyuime Moeau BbIOMpaIUCh COrIacHO
KpUTEpUIo peryispHoctu (Tad.l).

HccnenoBanoch HECKOJIBKO CHOCOOOB pa3OueHusi BBIOOPKM JaHHBIX M Ha
«oOyuaromyro» M, m «mposepounyro» Mg, M =M, UM;. beulo nposeaeHo

mean_HL =

YeThIpe SKCIIEPUMEHTA: PacCMaTPUBAIMCh Pa3OMEHHs C Pa3IMYHBIM KOJIUYECTBOM
To4eK B moaBeIOOpkax M, u M;: [5, 5],[5, 20],[20, 5],[20, 20]. IIporHo3 crpowuics
Ha 20 Touek. /Iy KaXk/ 0¥ TOYKH MMPOrHO3a pacCUuThiBaIKuCh 3HaueHus (1) - (3).

HHTepBasl BpeMEHHOI0 psijia, HA KOTOPOM MpoBOoAMIIKMCH pacdeThl: ¢ 10 mo 182760
MHUHYTHI. [Ipy Kak10M CJIeIyOIEM MCIIBITAHUU HaYallo MHTepBajia M CABHraioch Ha
40 Toyek (MHHYT) BHEpeJ OTHOCUTEIBHO Mpeablayiiero. byaeM Ha3bBaTh 3TO
paccTosiHMe — «iiarom».  Takas  JaMHA — [ara  [O3BOJIMJIA  HMCIOJb30BaTh
HEMepeceKaroIuecss HWHTEPBalbl, TO €CTh I0Jy4aTh HE3aBHCHMBIC BBIOOPKH.
IMonayyeno mnopsiaka 4500 m3MepeHHi A KaXJIO0ro SKCIEPUMEHTa, MO KOTOPHIM
CTPOMIIMCH U aHAJIM3UPOBAIIUCH JOBEPUTEIIbHBIC HHTEPBAIHI (6).

Ta6nuna 1

[TapameTpsbl SKCIIEpUMEHTA
Anroputm MI'YA COMBI
Crenenp nmoamHoma 10
KosngectBo Touek oOyuatoieii Beioopku M , 5 20
KonuuecTBo TOUeK NpoBepOUHON BBIOOpKH M, 5 20 5 20
KonudecTBo Touek mporHosa 20
[ar 40
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B pesynpTare npoBEACHHBIX YKCIIEPUMEHTOB I KAXKIAOM CIy4alHOU BEJIMYHUHBI
(1) - (3) ObuTa HaOpaHa TOCTaTOYHAS CTATUCTUKA JUJISI TOTO, YTOOBI OLIEHUTH CpEJIHEE,
JMCIIEPCUIO W JIOBEPHUTEIbHBIC WHTEPBAJIbI, CIEIAaTh BBIBOJBI O PACIPEICICHUH.
Caenyer oOpaTUTh BHHMMAaHHE, YTO B JAaHHOH paboTe OIEHKa JJOBEPUTEIIbHBIX
UHTEPBAJIOB MPOM3BOAMIACH IO OmpeaeiacHuio (6), MPaBUIIO KE «TPeX CUTM» He
UCIIOJIb30BaJIOCh.

[IporHo3upyromiass cucTeMa M MporpaMMa Jjis €€ aHalu3a pPaeau30BaHbl C
ucnojs3oBanuem cpeacte CKM Mathematica 7.

OnucaHue NoJly4eHHbIX Pe3yJIbTATOB

1. IlpoBens pacdeTsl JUIsl pa3IMYHBIX HA0OPOB MapaMETPOB, MBI MTOTYIHIIH, YTO
pacnpeodenenus cayuaiinwix eeauyun (1) - (3) omauuaromess om nopmanvroeo.

JlJis 1eMoHCTpaluu NPUBEIAEHBI pacipeieeHUs] OIIMOKKA POrHO3a JJIsl TOYEK
1, 2 (mapameTpsl SKCIEPUMEHTA: IMOJIMHOMHAIBHBII KOMOWHATOPHBINA aIrOpUTM
MI'VA, MakcumanbHasi crenedb nonuHoma 10, niuHa oOyuwatromieit BeiOopku 20,
anvuHa npoBepouHoit BeIOOpKU 20). PaccMoTpuM rHcTOTpamMMy pacipeneiaeHusl s
OIITMOKY MPOTHO3a IS 3TUX ToueK (puc.3 — puc.6).

Ha rpaduke Ha COOTBETCTBYIOIIYIO THCTOIPAMMY HAJIOKEH rpauK MIOTHOCTU
HOPMAJILHOTO pacmpeneieHus co cpeaHuM O W CTaHAAPTHBIM OTKJIOHEHUEM,
OILICHEHHBIM 1O BBIOOpKE. Ha 1eBOM pUCyHKE MpUBEIeHA «IIOJIHAS» TUCTOTpaMMa, Ha
MPaBOM — YaCTh €€ Ha JIOBEPUTEIHLHOM MHTEPBAJIC SMIIUPUIECKON TIIOTHOCTH YPOBHS
90%.

Touka 1. (puc.3, 4)

CrannmaptHoe otkiionenue: 0.0340472
JIOBEPUTEIIbHBI UHTEPBAJL:

{-0.0346342 o, 0.0353187 o} ={-0.001179198, 0.001202503} .

JloBeputensHast BepositHocTh: 0.899803.

ProhabilityDensity ProbabilityDensity
30F 5
25F
600 -
0F
15F Ao |
10E
200 -
st
Points Points
-20 -13 -10 —0.5 oo —0.0010 —0.0005 0.0005 0.0010
Puc. 3 Puc. 4

Touka 2: (puc.5, 6)
CrannaprHoe oTkionenue: 0.0340728
JIOBEpUTENbHBIN UHTEPBAIL:

{-0.0418866 &, 0.0401116 o}={-0.001427194, 0.001366715}.

IHOykmugHe moderntosaHHs CKnadHUx cucmem, surnyck 2, 2010 145



[loouebecnasa I'A., lloonebecunas A.A.

HoBeputenbHas BeposTHocTh: 0.899803.
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