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Jlyis peanizaiiii 3anponMoOHOBAaHOT aBTOPOM CXEMHU aBTOMATHU3AIlil, PO3POOJSETHCS MPOrPAMHHNA KOMITICKC,
SKUi OyZe OTpUMYBaTH JaHHI 3a JONOMOIOIO JaTYMKiB, Ta JO3BOJIIE PO3paxyBaTH MOAENb (QUILTPYBAIBEHOTO
enemeHTy. lleli mporpaMHUIT KOMIUIEKC JO3BOJISIE BUOPATH CTPYKTYpY 1 po3Mip (GiIbTpyBabHOTO €JIEMEHTY B
3aJICKHOCTI Bijl 00J1aCTi 3aCTOCYBAaHHS 1 CEPEIOBHIIIA.
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METOAUKA JOCIIIKEHHSI CTATUCTHKHA BUPOBHNYOI'O TPABMATHU3MY
Pak T.!, Muxaiimok C.2, Ienemko M. 3

IT CTEIT Yuisepcumem, ayn. 3amapcmuniscoka, 83a, Jlvsis, 79019, Ykpaina
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VYkpaiua

Mertor0 TOCTIDKEHHS € PO3poOKa METOJUKHU ISl IPOTHO3YBaHHS PU3UKY BUPOOHHUYOTO TPAaBMATH3MY 3a
JIOTIOMOTOI0 BEHBIIET - 1 (paKTajbHOro aHaiily. BeitBier-aHaii3 3acTOCOBY€EThCS JUIsl JOCIIJDKEHHS! CKIIaHUX
JaHux 1 iX BinoOpaxkeHHs B MacIITaOHO-4aCOBY IUIOLIMHY, IO JIO3BOJISE BUSIBUTH BJIACTUBOCTI CKIJIa/JHOTO
CUTHAJy, HEBHJIMMI NPU 3BHYAHOMY MNOJaHHI. B obnacrti meperBOpeHHs! BUAUSIFOTHCS BIACTHBOCTI, SIKI HAC
LIKaBISATh, TOOTO J0AaTKOBa iH(OpMALlis, HEMOCTYITHA B IOYaTKOBOMY BUIIIsiAI [ 1-4].

KinpkicTh mOTEpHiaux 3a MEeBHUH mepion (Micsip, piK) MpeAcTaBlsie cOOOK YacOBHH pPsij, HA OCHOBI
JOCIIDKEHHS KOTO MOXKHA MPOTHO3YBAaTH HACTYNHI 3HA4YCHHS LIHOTO PsOy, a 3HAYUTh MOXKIIMBI BTpaTé IS
CYyCIJIbCTBA, & B PsLIi BUMA/KIB 3aX0(H JUIsi HOrO 3MEHILICHHS.

Hexaii crocrepiraloTbCsi KiIbKICTh IMOTEPIUIMX SIK BHUXiJHI 3HaueHHs J(f) dacoBoro psay. s
[POTHO3YBaHHsI YaCOBOI'O Psily HEOOXiHO IMPOBECTH CTPYKTYPHO-IApaMeTpUyHy iJeHTU]IKaLi0 BUOPATH THII
MareMatuyHoi Moneni yu(f) (cTpyKTypHa ineHTudiKamis), onTuMmilyBaTH 1i mapamerpu (mapaMeTpuUYHa
ineHTrdIKaIis) MUISIXOM O0YHUCICHHS TOMIIKH ieHTHDIKAIIT ¢ ()= y(t)-y, (t)-

3aBmaHHs CTPYKTypHO-TIapaMeTpuyHOi ieHTH(IKaIil YacOBOTO PSAAy BHUPILIYETHCS 3 YMOBH MIHIMYMY
CepeHbOKBAIPATHYHOI IIOMHUITKH:

M{p[ y(t).3,, (1) [} = M{€ (¢)} - min (8)

ae g(t)=y(t)-y, (1) — HOMUIKA IICHTU(IKAIIT; p[y(t),yM(t)]=82(t) — ¢yHKIIA BTpaT; M — MaTeMaTHIHE

O4iKyBaHHs. 3allPONIOHOBAHO BUKOPHCTATH MaTeMaTHYHY MOJIENTb YaCOBOTO PSAY 3 BHKOPHCTAHHSIM KOMIIOHEHTH
Xa0THYHOCTI 7, TAaKOTO BUMILALY [5]:

yr=X1+nl+8t’ (9)
Ie , —KOMIIOHEHTA, AKa BUPaXKae Mipy XaOTUYHOCTI PsIy, IO OMHCY€E XapaKTep IPOLECY i 3aTeKHUTh Bil
H, —noxasuuku I'epcra abo D, — MOKa3HUKH (QpaKTaabHOI pO3MIPHOCTI;

1, — TPEHAOBA CKIAZO0Ba, ¢ € ¢ ¢, —MOMEHTH 4acy; € — BHUIIAJKOBHMH IIyM.

0seesl,
IIpomonyeThest BUKOpHUCTATH MO (iKOBaHNI KOMOIHOBAaHMI ITiIXi]T JUTSI OTIPALFOBAHHS i aHAJI3y YaCOBUX
PAAIB, IO CKJIATAETHCS 3 HACTYITHUX €TalliB:
1. TlomepeaHe ompaIfoBaHHs AaHUX THPOPMAIIWHOI CUCTEMHM, SIKE MOJATae y BHOIPII CTATUCTUUHUX
JIaHUX 77151 pOpMYBaHHSI 4aCOBOTO Py, SIKUil HAC [[IKABHUTH.
2. TlpoBeneHHsT KOMIUIEKCHOTO OMPAIIOBAHHS YacOBOTO PsAY METOAOM (DpaKTanbHOro (BU3HAUYCHHS
MOKa3HUKIB XaoTH4YHOCTI H; i D;) Ta BeliBeT-aHai3Yy.
3. TIlopiBHANBHMII aHANI3 BEHBIET-CIEKTPIB IULIXOM OTPUMAHHS YHCENBHHUX 3HAYEHb KOpEJLii IBOX
TIOPIBHIOBAHKX ITPOIIECIB IS BUSBIECHHS 3aKOHOMIPHOCTI.
4. 3acrocyBaHHS JIOJIATKOBOTO MOKAa3HMKa YaCTOTHO-YaCOBOTO PO3MOJITYy HECTAIl[lOHAPHUX HYaCOBHX
PAIB, IO J03BOJISE OI[IHUTH IIBUIKICTh 3MIHA KOMIIOHCHTIB CUTHAITY.
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5. OrmiHka camono/iOHOCTI Ha OCHOBI KOMOIHOBaHOTO MiJgX0Ay (h)paKkTAILHOTO Ta BEHBIET-aHANI3Y,
KOPEJSIIIHOTO aHaTi3Y 1 «IMHaAMIKI» HECTAI[lOHApHOCTI IS iAeHTH(DIKaIll YacOBHX PSIIiB.

6. BusBieHHs BHYTPIIIHHOI 3aKOHOMIPHOCTI B MOBEIIHIT YaCOBHX PSAIB Ta ii IPOrHO3yBaHHI Ha OCHOBI
TPEHAOBOI CKJII0BOI Ta MMOKa3HUKA XaOTHYHOCTI.

[lane koMOiHOBaHe 3aCTOCYBaHHS JJO3BOJIUTh OTPUMYBATH HaWIIMPUTY iHGOPMAIIO TIPO JIOCTIPKYBaHHUH
TIPOIIEC, SIK B KUTbKICHUX OIiHKax (BenuunHa H,, D;, BelMurHa KOPEJIsLii, 3Ha4eHHs 10JJaTKOBOTO MOKAa3HUKa) TakK,
1 IIUISTXOM SIKICHOTO aHaJli3y BEHBIIET-CIEKTPIB, TpadikiB KOPEISIIHHOTO aHai3y Ta TUHAMIKH HECTaIlIOHAPHOCTI.
PesynpraTrom 3acTocyBaHHS KOMOIHOBaHOTO MiaX0Xy Oy/e MOBHOLIIHHA 00'eMHa iH(OpMaLis TPo JacoBi psiay, 3a
SIKIMH MO>KHA 1IeHTH(iKyBaTH YaCOBHH PsIIl 1 BUSBIATH 3aKOHOMIPHOCTI B X MmoBemiHII [6].

Orminka mokaszauka I'epcra. KinmbkicHo ominka ['epcta H, Mae BUTIIA:

H = 1g[§)/1g[%j. (10)

Ie R — MakCHManbHUHM pO3Max IOCHIIKYBaHOTO psOy; S — CEepeIHbOKBAAPAaTHYHE BiTXHMICHHS
CIIOCTEPEKEHD; 1 — KITBKICTh CTIOCTEPEIKEHb.
ITokazuuk H; B3a€MOTIOB's13aHUI 3 (PpaKTAIEHOIO PO3MIPHICTIO HACTYITHAM BHPA30M:
D, =2-H,. (11)
®pakranbHa po3MipHICTb D; 4acoBOTo psiay a00 HAKOIMYEHUX 3MiH MiJ Yac BUIAJKOBOTO OMykaHHS H; =
0,5 mopisHroe 1,5. Jlnsg MOJIeNIOBaHHS j, 3alPONOHOBAHO BUKOPHCTOBYBATH (hpaKTadbHUI OPOYHIBCEKHH PYX B

SIKOCT1 BUITAJIKOBOTO TIporiecy [7, 8]:

P(AX <x)=— L. Jp[——}d (12)

2
2not’ 26’1

Iie G — cTaHJapTHE (CepeJHbOKBaIpaTHYHE) BIAXMICHHS BUaqKkoBoi Benmuauan X. [IpupicT ¢ppakranpHOTO
OpoyHiBCcbKOro pyxy Oynae QpakTanbHUM TayCiBCBKAM IYMOM, JWCIIEPCis SKOTO MiANOPSIKOBYETHCS
BI/IHOIIIEHHIO

D X(t+1)-X(1) |=0r" )

B maHOMy mOCHTiIKEHHI 3aCTOCOBAHO PO3PAXYHOK (PPAKTAIHEHOI PO3MIPHOCTI 32 BIJOMHM «IIOTOYKOBHM)
METOJIOM, SIKHH € KIIACHYHUM. B OCHOBI 1IbOTO METOTy JIEXKHTH IMiPaXyHOK BiJicTaHe BiJ BUOPaHOI TOYKH J0 BCIX
TOYOK JOCIIKyBaHOT MHOKHHH.

3anpONOHOBAHHUH ATOPUTM IOJIATAE B HACTYITHOMY: PO3IVISIHEMO OyJb-5IKy MHOXKHHY BUITQJIKIB X/, X2, ...
X 32 JIOCTIKYBaHU# Mepiofl, pO3TAIIOBAHHUX B M-BUMIpHOMY MPOCTOpi. ONHUIIEMO HaBKOJIO OYAb-SKOTO BULIAIKY
(x7, X2, ... xn) chepy 3 pamiycoM r i MAPAXyeEMO HUCIO BUMAIKIB M(X; r), IO MOTPANWIX BcepeauHy chepu.
IMOBIpHICTH TOTO, 10 BUOIPKOBUI BUIAOK BUSIBUTHCS BCEepeauHi chepu, OTpUMaemMo, po3aitusuiu M(xi, r) Ha
[IOBHE YHCJIO BUITAKIB B AOCIIIKYBaHIA MHOMKHHI:

P(x[,r) — Mi (xi’r)
N (14)

Sk BUMIMBaE 3 BU3HAYCHHS (paKTaIbHOI PO3MIPHOCTI, IPU MaJkX » UMOBIpHICTH P(X;, 7) IOBUHHA BECTH
cebe sk 1= -D, ne D;— raycnopgoBa po3aMipHICTh MHOKHHHU. B TakoMy BHIIAJIKY:

D, (x,) = lim 2P (7). (15)
r—0 logr

Po3po6ieHo MaTeMaTHYHY MOJENb CTATUCTUKH BUPOOHMYOTO TPABMATH3MY, IO BiAPI3HAETHCS THM, IO
BBEIeHa KOMIIOHEHTa XaOTUYHOCTI, B PE3YJIbTATi YOO MOAEIb OUIBII TOYHO BioOpa)kae peaibHy CHUTYALo 3
inenTrdikaii 4acoBoro psmy Ha CaMOIIOAIOHICTh y MOPIBHSAHHI i3 CTATUCTHYHUMH MeToAaMH [9].

[Toxa3zaHi MOXIHUBOCTI (HPaKTAIBHOTO i BEWBIET-aHAII3y BBEACHHSM KOPEJLIIHHOTO aHali3y BEHUBIET-
CKaJorpaMM i T0JaTKOBOTO MIOKa3HUKA YaCTOTHO-9ACOBOTO PO3IOIUTY HECTAIIIOHAPHNX YaCOBUX PSMIIB.
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FOOTBALL PREDICTIONS BASED ON TIME SERIES WITH GRANULAR EVENT
SEGMENTATION

'Rakytyanska H. B., 2Demchuk M. Y.

L2 Vinnitsa National Technical University, Khmelnitske Sh. 95, Vinnitsa 21021, Ukraine
h_rakit@ukr.net, demchuknick6@gmail.com

Prediction of football matches results is of interest when demonstrating the abilities of different data mining
techniques compared to competitive sports betting market. The problem is what data should be collected and what
is the best way to process them by discovering the unknown regularities and finding the appropriate explanations
in the form of applied knowledge [1]. Since making sense of sports data is a challenging task, it is necessary to
recognize hidden trends and patterns in teams’ performances to see the underling relationships within the highly
stochastic sports data [1, 2]. Numerous data mining techniques have been proposed in attempt to generate profit
against published market odds [3]. Due to the randomness inherent to sports data, obvious benefits of pure machine
learning techniques are achieved at the cost of accuracy and interpretability [4]. At the same time, experts and fans
have gained considerable experience supported by extensive statistical analysis. Instead of relying on even large
datasets, a smart data approach to knowledge engineering in sports domain is required [4]. Development of such
approach implies data quality management focused on what expert and experimental data are really required, rather
than what data are ready available [4].

In [5], it is suggested to predict the football matches results by modeling time series using fuzzy IF-THEN
rules. Despite the fact that generated forecasts agree well with the market odds, the rule-based model cannot
outperform the bookmakers’ predictions. The aim of this work is to develop a method of data quality management
in mining fuzzy relations from time series of sports data. Data quality management implies expert information
correction and experimental data set improvement. It is supposed that the expert rule set is subject to further
correction to improve the predictive accuracy at the cost of removal of different types of biases in expert judgments.
In fuzzy time series modeling, rule set refinement represents the compound framework of granular and relational
models, using which the semantically sound description of time series is ensured.

Time series modeling implies the stages of segmentation and granulation [6]. Time series segmentation is
carried out in order to identify events or specific areas of interest in terms of the impact on the match outcome. To
improve the data set, it is advisable to extract certain patterns from the time series, rather than analyze the time
series as a whole. Experts identify the events in the form of trends and patterns at the stage of time series
segmentation. At the stage of time series granulation, the events in the form of collection of time windows are
transformed into fuzzy terms [6]. To describe the behavior of a time series, fuzzy terms represent the estimates of
the amplitude trend of the time window. To improve the accuracy of the fuzzy relational model, the granular
representation of the fuzzy terms consists of generating a set of granules with the same linguistic interpretation.

Expert data correction is carried out at the stage of mining “events - match outcome” fuzzy relations. The
matrix of pairwise comparisons reflects the degree of advantage of individual areas of the time series in terms of
the possible match outcome. The biases in expert judgements (favorite/outsider bias, home team bias) can be
revealed in paired comparative assessments chosen by an expert according to the 9-mark Saaty’s scale [7]. Thus,
the essence of tuning consists of finding such parameters of granular representation of fuzzy events and such paired
comparative assessments, which minimize the difference between model and experimental data. The genetic
algorithm is used for hitting the area of unbiased assessments with further adaptive correction of paired
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