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3ACTOCYBAHHS HEYITKOI JIOTIKU 011 POBOTU I3
KOPOTKOCTPOKOBUMU YACOBUMU PAAAMU

Po3rnsiHyTo OCHOBHi KOMMOHEHTU HEYITKMX MHOXXWH, NMPUHLMN Ta
etanu ix no6ynosu. NpoBeaeHo oNMCc OCHOBHUX (PYHKLIA HANEXHOCTI,
npaBuna ix 3actocyBaHHA. Po3rnsaHyTo Metoa no6ynoBu He4iTKOI MHO-
XUHU ANA 4YacoBUX PSAAIB i3 BUKOPUCTAHHAM MOro XapaKTepPUCTUKM.
HaBepeHo npuknaa BU3HAYEHHA YHiBepPCasibHOI MHOXXUHU ANS YacoBUX
paAniB, no6yaoBu TPUKYTHUX PYHKLIN HanNeXXHoOCTi Ha iHTepBanax YyHi-
BEepPCaNbHOI MHOXXUH.

KnrouoBi cnoBa: HacoBUM paf; HEHITKA MHOXKUHA; QYHKLIA Hanex-
HOCTi; YHiBepcanbHa MHOXXWHA; NPOrHO3.

AKTyanbHicTb TeMu. 3i 36iNbLEHHAM 064YNCNOBANBHUX NOTYXHOC-
Ten pepani 6inbwoi NonynspHOCTi HabupawTb MeToan rMMBOoKoro Ha-
BYaHHA. EBontouis apxiTeKTypu WTYYHUX HEMPOHHUX Mepex nponwna
CBil PO3BUTOK Bif 3BMYAMHOro nepuenTpoHy Po3eHbnaTta 3i ctaHAapT-
HO GYHKUIEW aKTUBALil A0 BaraTowapoBMX CKAAQHUX IEpApPXiYHUX ap-
XiTEKTYp, WO A03BOMATb NPauloBaTM He Nuwe i3 eKOHOMETPUYHUMM
npouecamu, ane u gaHnumn aygio, dorto Ta Bigeodpopmarie. Taki MeToau
Ta MoZeni NokasywTb A06puin pe3ynbTaT Ha BeNIMKUX Habopax AaHux
(big data), siki matoTb MOXKNMBICTbL BMpiLLYBaTV 3a4aui LLMPOKOrO CEKTPY.

B HawoMy BuNagKy [OCAIOXKEHHA ManuMx 06’'eMiB AaHUX CTBOPIOE
NeBHi CKMAQHOLWI Ta MPAKTUYHO YHEMOXX/IUBJIIOE BUKOPUCTAHHSA BULe-
3rapaHmx mopgenen. Came TOMYy NUTAHHA NPOrHO3YBAaHHS HA Manwux
06’eMax faHux ABNSE CO60K BUCOKMN iHTEPEC Y HAayKOBIn cdepi.

AHanis pocnimKeHb. 3a OCTaHHI POKWN NPOBEAEHO BEJINKY KiNbKICTb
HAYKOBUX [0CNIAXKEHb B HANPAMi KOPOTKOCTPOKOBUX NPOrHO3IB iHTENEK-
TyanbHMMN MeTogamu. [porHo3yBaHHS Bigirpae NpoBigHYy ponb y npoue-
cax NPUUHATTA YNPaBAiHCbKUX pilleHb. Teopis HEeYiTKUX MHOXWH 3acTo-
coByBanacs 4o npobneM NporHo3yBaHHS B Pi3HUX ranyssax Hayku. OgHi-
€10 i3 Nepwmnx pobiT Hag HEYITKUMU YaCOBUMU pAgaMU € OOCHIOXKEHHS
Song and Chisson (1993) [1], ske 3Hanwno nponoBXKeHHA y poboTi Fuzzy
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time series and its models. Fuzzy sets and systems [2]. MpocToTa, Mana
obumncnoBasbHa NOTYXKHICTb Ta WBWAKICTb 0OOepXaHHA pe3ynbTaTy cno-
HYKae 00 HeobxigHOCTI B MoganblUOMy AOCHIOXEHHI HEeYITKUX MHOXWH
A5 TOYKOBOIO NPOrHO3Y YacoBUX pSALIB.

MeTolo cTaTTi € 4OCNIAXKEHHS TeoPil HEYITKMX MHOXMH Ta IX 3acTo-
CyBaHHS ONs KOPOTKOCTPOKOBOr0 MPOrHO3y €KOHOMETPUYHWUX YaCOoBUX
psaiB Ha 6a3i 06paHoOro KpuTepit.

BuknaneHHss OCHOBHOro Marepiany. Teopisi HEYITKUX MHOXWH
(fuzzy sets) Ta HeuiTka norika (fuzzy logic) € y3aranbHeHHAMW KNacuYHol
TEOopil MHOXWH Ta KNacu4yHol dopManbHOI Norikn. [daHi noHaTTa 6ynu
BrepLle 3anpornoHoBaHi aMepuKaHCbKUM BuYeHUM JloTdi 3ape (Lotfi
Zadeh) y 1965 p. Ta rnn6oko po3BuHeHi HanpuKiHui 80-x BapTonoMeem
Kocko — TeopemMa FAT (Fuzzy Approximation Theorem) [1].

Mg yHiBEpPCANBbHOK MHOXMHOI U po3yMiEMO MHOXMWHY BCiX eneme-
HTiB, Ha 6as3i KO MOXKHa NobyAyBaTU HEYITKY MHOXWHY. |3 Teopii MHO-
dXMH HaM BIiQOMO, L0 KOXHAa MHOXWHA 33a4d€ AEeSKY CEMaHTUKY, WO
00’'€HYE NOr0 €IEMEHTHU B OQHE Line.

TepM — AKICHMIW oNWC 3HAYEeHHS NapameTpa.

JIIHrBICTMYHA 3MiHHA — CYKYMHICTb BCiX TEPMIB, 32 AOMNOMOIOK AKUX
MOXXHA ONMCATN 3HAYEHHS OAHOro NapamMeTpy.

Hexan C - niaMHoxunHa U (C © U) xapakTtepusyetbcs GpyHKLUIEW Ha-
nexHocti (MF - Membership Function), ska nepeBoauTb KOXXeH eneMeHT
i3 C B UncnoBum iHtepsann.

MF.:U — [0,1]
3HauveHHs MF_(x) = 0 03Hayae BIACYTHICTb HaNEXHOCTI A0 MHOXWHW, 1
— MOBHY HaNIEXHICTb.

ICHYIOTb pi3Hi BapiaHTW 3apaHHSA GYHKUiT HanexHocTi. Hanbinbw
nolwmMpeHnMn € TpuKyTHa (puc. 1, a), TpaneueigansHa (puc. 1, 6) Ta May-
ciBcbKa (puc. 2) dyHKUiT HanexHocTi [2].

TpukyTHa MF BU3Ha4yaeTbCA TPiNKoto uncen (a, b, c).

b—x
,a<x<bh
—-a

1-—

x—=b

MF(x)=<1- ,b<x<c
c_

0,x¢la,c]

Mpu (b — a) = (¢ — b)) TPUKyTHa PYHKLIS HaNeXHOCTi MOXKe 3apaaBaTUCh
ABOMA 3HAYEHHSMM i3 TPINKW.
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MF MF

X X

Puc. 1. a) Burnag TpukyTHOT GYHKLUIT HanexHocTi, 6) Burnag tpaneuiesmaHol
PYHKUIT HaNeXHOoCTi

[na 3apaHHA TpaneuwieBUAHOI GYHKLUIT HaneXHocTi HeobxigHa veT-
BipKa uucen (a, b, ¢, d).

bh—x
— ,a=x=bh
b—a
Lb=sx=c¢
MF(x)={ [_,
— o< x=d
d—c
0,x & [a.d]

MF

sigma=4

Puc. 2. Burnag rayciBcbKoi GyHKUiT HanexHoCcTi

DYHKLiA HaNeXHOCTi raycoBOro TUMYy ONMUCYETbLCA GOPMYNOLO:

MF(x) = exp[— (IE;E)] Ta onepye ABOMa napaMeTpaMmu: ¢ — Mo3-
HAYa€ LEHTP HEYITKOI MHOXMWHMW, @ NapamMeTp G BIAMNOBIAAE 3@ KPYTICTb
PYHKUIT.

HeuiTKa MHOXXMHA 3343€ETLCA HACTYMHUM YAHOM:

1. ®opMyBaHHA yHiBEPCANIbHOT MHOXWHM;

2. BU3HauyeHHsA CYKYMHOCTI TEpPMiB, WO BWU3HA4YalTb JIIHIBICTUYHY
3MiHHY;

3. Ansa koxkHoro TepMa C 3apa€eTbCs 3aKOH MF-(x), AKMI BU3Havae
piBEHb BiANOBIAHOCTI €1€MEHTIB TePMY [0 YHiBepCcanbHOI MHOXWUHK U.
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¢ = {{x, ME.(x))Ix € U}.

Binbw petanbHO NpPo NOriyHi onepauii Ha4 HEYITKUMU MHOXWHaMU
MO>KHa 03HaMoMUTUCL B poboTax [3-5].

Anroputm no6ynoBu NnporHosy

MNpu poborTi i3 YacoBUMM psiAAMM HA ManMXx BMOIpKax MOXXHa 4o0CHi-
OXKYBaTW He caMi 3HAYeHHSs psady, a MOro pisHuui nepworo poay, To6to
npupicT PyHKLUiT. Pi3MYHUIN 3MICT LUX PiI3HULD ABNSE COOOK LIBUAKICTb
npouecy, OCKiNIbKM YMcenbHa 3MiHA WBWAKOCTI HE MOXe nepenaTu sKic-
HO iHdOpMaLil B CUTy MOXJIMBOI Pi3KOI 3MiHM 3HayeHb BenuU4YuH. [nsa
apeKkBaTHOI NobynoBu 6yaeMo BUKOPUCTOBYBATM BiACOTKOBY 3MiHY LIBU-
JKOCTI.

1. Hexan MaeMo yacosun psag suay v;,t € [1,1]

2. MobynyeMo pspg BiACOTKOBOI 3MiHWU LUBMAKOCTI HACTYNMHUM YMHOM:

Vv, = (i— 1)100%,i € [2,n].

3. YHiBepcanbHy MHOXWHY U 33agaemMo HacCTynHUM  YUHOM
U = [min(V,),max(V,)].i € [2,n].

AsTopu [6] 3acTocoBYOTb 36iNblIEHHS BEPXHBLOI Ta HUXKHbLOI MeXi
Ha NeBHY BEJIMYMHY, O BCTAHOBJIIOETLCS EMNIPUYHMM YMHOM, 33015 3a-
6e3neyYeHHs HaNeXXHOCTi MPOrHO3Y Wi MHOXMWHI.

4. HeobxigHo po3ginutu U Ha iHTepBanu, 3agatn TepMu gns NiHrei-
CTMYHOI 3MiHHOI. KinbKicTb iHTEpBaniB € 0QHUM 3 HAWBAXXNMBIWNX Napa-
METpPIB HEYITKOro 4acoBOro psay, akun besnocepefHbO BMIMBAE HA TOY-
HiCTb Mogeni.

Mogenb Stevenson and Porter nepepn6ayae po36utTa yHiBepcanb-
HOI MHOXMHU Ha 7 iHTepBaniB. B po6oTi [6] BKa3yeTbCs, WO onTUManbHa
KiNbKICTb iHTEepBaniB BapitoETbCS B 3aN1€XKHOCTI Bi BEIMYNHU BUDBIPKN Ha
csra€e nepeBakHo 5—-15 iHTepBanis.

B po6oTi [7] 3a3HauaeTbca Npo MOXAUBICTb MNOAINY Ha CcybiHTepBa-
NV y BiOHOWEHHI 4,3,2 ons iHTepBanie i3 HaNbINbLWWMMKN YacTOTaMMW.

5. BU3HAUUTN TEPMU NIHTBICTUYHOT 3MiHHOT i3 Ci y BUrNSAi TPUKYT-
HUX  QYHKUIN  NPUHANEXHOCTi, i3 3afaHHAM  IX napameTpis.
C ={C,,C,...C..}, Ae mKinbKicTb iHTepBaniB po36mnTTs.

6. NpoBectn pedasndikauito HACTYNHUM YNHOM:
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@; — LeHTPU TPUKYTHUX GYHKUIA NPUHANEKHOCTI BIANOBIAHUX TEPMIB.
7. 3po6u1TH NPOrHO3 BUKOPUCTOBYHOUN ¥; = v;_, (1 + J.!Tll} :
BuUCHOBKM Ta NepcneKTUBMU NOAANbLUNX AOCAIMKEHb
Po3rnaHyTun Meton MogentoBaHHSA YacoBUX PAAIB [03BOJISIE OTPU-
MaTu TOYKOBMW MPOrHO3 LWJ/ISIXOM aHanidy nNpMpocCTiB YAacoBOro psay 3a
AOMNOMOIOK HEYITKOro OLiHIOBAHHSA HA OCHOBI HEYITKUX MHOXMWH.
Mopanbwi focnipXKeHHs B LbOMY HanpsMi 6yayTe cnpsiMOBaHi Ha
po3pobKYy €OMHOI 3aranbHOI METOLONOril iHTENEeKTYyaNbHOro po3ouTTS
YHIiBEPCANbHOI MHOXMWHMW HA iHTEPBANM Ta NPUHLWM OTPUMAHHS KiNbKOCTI
LUMX iHTepBaniB Ana MNPOrHo3y i3 HaMMEeHLOK MOXMOKOK BigMNOBIQHOMO
KpuTepito. YA0CKOHaNeHHs TakKMX MeTOAiIB [ACTb MOXJIMBICTb 3anpoBa-
AWTW KpaLLi anroputMmn NporHo3yBaHHA B CUCTEMaXx NIATPUMKU NPUNHAT-
TS pilleHb.

1. Q. Song and B. S. Chissom. Forecasting enrollments with fuzzy time series —
part I, Fuzzy Sets and Systems 54. 1993. 2. Q. Song and B. S. Chissom.
Forecasting enrollments with fuzzy time series — part Il, Fuzzy Sets and
Systems 62. 1994. 3. S. M. Chen. Forecasting enrollments based on fuzzy time
series, Fuzzy Sets and Systems 81. 1996. 4. C. H. Cheng, J. R. Chang and
C. A. Yeh. Entropy-based and trapezoid fuzzification fuzzy time series
approaches for forecasting IT project cost. Technological Forecasting & Social
Change. 2006. 73. 5. S. R. Sing. A robust method of forecasting based on fuzzy
time series. Applied Mathematics and Computation. 2007. 188. 6. T. A. Jilani,
S. M. A. Burney, C. Ardil. Fuzzy Metric Approach for Fuzzy Time Series
Forecasting based on Frequency Density Based Partitioning. Proceedings of
World Academy of Science, Engineering and Technology. 2007. Vol. 23, Pp. 333-
338. 7. T. A Jilani, S. M. A. Burney, C. Ardil. Multivariate high order fuzzy time
series forecasting for car road accidents. International Journal of Computational
Intelligence. 2007. Vol. 4, No. 1. Pp. 15-20.

272



BicHuk
HYBIM

1. Q. Song and B. S. Chissom. Forecasting enrollments with fuzzy time series —
part I, Fuzzy Sets and Systems 54. 1993. 2. Q. Song and B. S. Chissom.
Forecasting enrollments with fuzzy time series — part Il, Fuzzy Sets and
Systems 62. 1994. 3. S. M. Chen. Forecasting enrollments based on fuzzy time
series, Fuzzy Sets and Systems 81. 1996. 4. C. H. Cheng, J. R. Chang and
C. A. Yeh. Entropy-based and trapezoid fuzzification fuzzy time series
approaches for forecasting IT project cost. Technological Forecasting & Social
Change. 2006. 73. 5. S. R. Sing. A robust method of forecasting based on fuzzy
time series. Applied Mathematics and Computation. 2007. 188. 6. T. A. Jilani,
S. M. A. Burney, C. Ardil. Fuzzy Metric Approach for Fuzzy Time Series
Forecasting based on Frequency Density Based Partitioning. Proceedings of
World Academy of Science, Engineering and Technology. 2007. Vol. 23, Pp. 333-
338. 7. T. A Jilani, S. M. A. Burney, C. Ardil. Multivariate high order fuzzy time
series forecasting for car road accidents. International Journal of Computational
Intelligence. 2007. Vol. 4, No. 1. Pp. 15-20.

REFERENCES:

Kinda V. V., Post-graduate Student (Rivne State University of the
Humanities, Rivne), Turbal Yu. V., Doctor of Engineering, Professor
(National University of Water and Environmental Engineering, Rivne)

APPLICATION OF FUZZY LOGIC FOR SHORT-TERM TIME SERIES

The study of econometric time series forecasting on small vol-
umes of data is one of the key forecasting tasks. That is why a detailed
study of the possibility of using fuzzy systems in this class of prob-
lems is expedient. This article considers the main components of
fuzzy sets, the main principles and stages of their construction.

A description of the membership functions, the rules of their ap-
plication, and the methods of specifying a fuzzy set is carried out. The
method of constructing a fuzzy set for time series using its character-
istics is considered. An example of defining a universal set for time
series, constructing triangular membership functions on intervals of a
universal set is given.

The algorithm for constructing a forecast using the above-
mentioned method was considered and its implementation in the high-
level python programming environment was made.
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Further research in this direction will be aimed at the develop-
ment of a single general methodology for the intelligent division of the
universal set into intervals and the principle of obtaining the number
of these intervals for forecasting with the smallest error of the corre-
sponding criterion. Improvement of such methods will make it possi-
ble to introduce better forecasting algorithms in decision support sys-
tems.

Keywords: time series; fuzzy set; membership function; univer-
sal set; forecast.
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