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NPOrHO3YBAHHS YACOBUX PALIB METOAAMM HEYITKOI JIOTIKU
LLIAXOM 3AAAHHS YHIBEPCAJIbHOI MHOXXWUHU CKIHYEHHUMU
PI3BHUUAMU BULLIUX NMOPAAKIB

MpoBeneHo pocnip)KeHHs NPOrHO3HUX Moaenen, wWo 6asyrTbes
Ha 3acTOCyBaHHSI HeYiTKOlI forikm Aana 4acoBux psaais. HaseaeHo
MoaudiKOBaHMN BapiaHT 3aAaHHA YHiBepCcasbHOI MHOXWHM Ta i
po36uTTa AnA npoBepeHHA nopanbwoi ¢asudikauii. PeanizoBaHo
BignoBiAHUM MeToA Y cepenoBuLUi po3pobku Bucokoro pisHa Python y
BUrNsAi NporpamMHOro NPoAyKTy Ta OKpPeMUMiA MOAyNb ANSA NnepeBipKu
sIKocTi Moro po6oTtu. 3pinicHeHo anpobauilo po6oTu nporpaMHoro
NPOAYKTY, NpoOaHani3oBaHO oAep)KaHi pe3ynbTaTM Ta PO3rNASHYTO
HanpPsSMKX NoaanbLUUX NepPCNneKTUBHUX AOCNIAKEHD.

KnrouoBi cnoBa: 4acoBMW psAA; HEYITKA MHOXXMHA; CKiHYeHHi
Pi3HMUI; eKCTpanonsAuis; NPoOrHos.

AKTyanbHicTb TeMU. AHani3 4acoBMX PSALIB ABASETLCA BAXK/IUBUM
IHCTPYMEHTOM Yy pi3HUX cdepax AisNnbHOCTI — Bi3Heci, Hayui, eKOHOoMiIUi i
TA. MNpy ubOMYy, MeTOAM aHanisy AaHWX AOMOMaratTb Kpalie 3p0o3yMiTn
npuvpogy npoueciB, BWUABUTW MNPUXOBAHI 3aKOHOMIPHOCTI, TpeHa Ta
ce30HHOCTi. Ha cborogHi, pns nNporHo3y 4acoBUX PpsSARIB  4acTo
BUKOPUCTOBYIOTbCA METOAM MALIMHHOMO HaBYaHHA — perpecinHi moaeni,
HEMPOHHI Mepexi pi3Hux apxiTekTtyp. [lpoTe CyTTEBMMU BUKIMKaMU
BULLE3radaHNX MeTOMIB SABNSETbCA BiOCYTHICTb AOCTAaTHLOI KiJIbKOCTI
AAHUX ONA HaBYaHHA MoAesieu, Wo B CBOK Yepry, AOBOJIi CUSIbHO MOXe
BMNJIMBATU Ha TOYHICTb NPOrHO3Yy Ta IX 064YMNCOBaNIbHY PECYPCOEMHICTb. 3
iHworo 60Ky, nepeBarol MeTOAIB MipaMiganbHOI eKcTpanonsuil,
NMPOrHO3yBaHHSA 4YacoOBUX PSALIB HA OCHOBI HEYITKUX MHOXWH [A€ 3MoOry
npaulBaTtn i3 Manumu BUBIpKaMM Ta WBUAKO pPOOMTM MPOrHO3, LWO
[O3BOJISE BUKOPUCTOBYBATM [haHi Mopeni K opHi i3 6a3oBux ans
BUKOPUCTAHHS B $iHAHCOBUX YAcOBUX psiAax npu poboTi Ha BaNOTHUX
Oip>kax, KpunToMmapkeTax, ¢iHaHcoBMX MapkeTax. Bwuwesrapani
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nepeBarn 00YMOBNIOIOTb BaXJIMBICTb Ta NEPCMNEKTMBHICTb NOAaNbLUMX
AOCNioXKeHb B faHin obnacrTi.

AHanis pocnimxkenb. JocnigxeHHa 3age [1] B obnacTi HeuiTKol
NOTiKN Habynu WKMPOKOro 3aCTOCYBaHHSA B MeTopax ONTMMI3auil, Teopil
NPUMHATTA pilleHb, Teopil KepyBaHHS, WTY4YHOro iHTenekty. OgHuMm i3
HanpsMiB NoganblMX pobiT B AaHiM 0611acTi cTanu NpeanKTUBHI Mogeni
3acobaMmn HeuiTKol noriku. [Jo HMX MOXHa BiAHECTU KNacu HEeYiTKUX
HEeMpoHHNX Mepex, MI'YA — MeTon rpynoBoro BpaxyBaHHS apryMeHTiB,
anropuTtMiB Ta MeTOAIB MNPOrHO3yBaHHSA 3acobaMW HEYITKOI NOoriKu.
3rogoM B poboti [2] 6yna BM3HauyeHa Ta <¢opManisoBaHa Teopis
3aCTOCYBAHHS HEYITKMX MHOXWH Ansa YacoBux psagie. OnnucaHo anroputm
nobyooBu TOYKOBOro nporHo3y. HactynHi po6otu [3-5] 3pmebinblioro
NnoB'A3aHi i3 pi3HMMK BapiaHTamMu BMBOpPY OYHKUIN HaneXHocTi Ta
3a0aHHSA YHIBEPCANbHOI MHOXUHMW.

BuknapeHHa ocHOBHOro Marepiany. [1ponoHyeTbCA 3aCTOCOBYBATH
Pi3HMUI nepworo pogy Ans NobyaoBM YHIBEpPCasbHOI MHOXWHM, WO B
CBOK 4Yepry [Ha€ SAKICHMA 4ucnoBumin nporHo3. B paHin  poborTi
3anponoHoBaHa Mopudikauis Metony CriBeHcoHa [lopTepa wWwnsixom
BUKOPUCTAHHA CKIHYEHHUX Pi3HMUb BULWMX nopsakiB. PisMyHUN 3MicT
nepworo NopsaKy BiANOBIQAE WBWAKOCTI, @ QPYroro — MPUCKOPEHHIO.
Tomy came Ix 4OCNigXeHHSA Ta NOPIBHAHHS i3 BXe ICHYIOUYMMN MeTOAaMM |
mMoandiKauisMM CTAaHOBUTb CYTTEBUWN iHTEPEC Ta 3HAYUMICTb.

Hani anropnT™M CKNapa€eTbCs i3 HACTYNHUX KPOKIB.

Kpok 1. Hexalt [aHo yacoBuii psg i3 eneMeHTamm v,,i = 1, n.

lMponoHyeTbCA MOLEN0BAHHSA 4acoBoro pagy LIAXOM
BUKOPUCTaHHS CKiIHYEHHMX pi3HNLb apyroro NOPAOKY.
Vi=yi Vi i=2nB; =V, - V1, j=3n

[MpoBOANMMO 33a[4aHHSA YHIBEPCANIbHOI MHOXUHU SK iHTEpBan SKUK
BMillye BCi eneMeHTW paay B;. U = [minB; maxB;],i =3,n. KinbkicTb
cybiHTepBanie po36uTTa BU3Hayaemo 3rigHo[9], m = 7.

Kpok 2. 3HaxoaMMo KyMYNSTMBHY 4acTOTy MOTpanfsiHHa B; B
cybiHTepBanun po36MTTA yHiBEPCaNbHOI MHOXWHU. [TpoBOAMMO pO36UMTTA
TPbOX HaMBINbLW YacTOTHUX Cy6iHTepBaniB y BigHOWweHHI (4, 3, 2) ans
TPbOX iHTEPBANIB i3 HAWBINbLIOKW KyMYyNATUBHOW 4YacToTor. OHOBAOEMO
KiNbKicTb cybiHTepBaniB m BignoBigHo.

Kpok 3. BM3HA4aeEMO HEYiTKi MHOXWHW X, j =1,m OJ19 KOXHOro

OTPUMaHoOro cybiHTepBany i3 TPUKYTHOK QYHKLIE HANEXHOCTI ons SKol
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33a[03EMO 3HAYEHHS HUXXHbOI MeXi, BepXHbOl Ta UeHTpy. [ns 3agaHoro
psay npoBoanMo noro pasndikadito.

Kpok 4. [lpoBogmmo pedasundikauito HeYiTKMX [AaHux 3a
AOMNOMOIo HacTynHoOI dopmynu:
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Ae @; € UeHTPaMM TPUKYTHUX QYHKLIN HANeXHOCTi ANna BiANOBIAHWUX HEYiTKMX
MHOXWH ;.

Kpok 5. Bwu3HayeHHA NpPOrHO3HMX 3HAYeHb 4acoBOro  psagy
BMKOPUCTOBYIOUYM 3BOPOTHY GopMyny nepexomoy OO MNonepenHix 3HayeHb i3
NMepLoro KPoky.

KpuTtepii ouiHku sikocTi Mmopeni. [1ns nepeBipku sKocTi nobynoBaHoOro
MPOrHo3y 3acTOCOBYIOTb 3arajibHOBIAOMi cTaTUCTUYHI KpuTepii MSE (Mean
Squared Error), AFER (Average Forecasting Error Rate), MAPE (Mean Absolute
Percentage Error). B HawoMy gocnigykeHHi 6yaeMo BUKOPUCTOBYBATU METPUKM
MSE, AFER ta MAPE, aki 3agatoTbcs HacTynHUMU GopMynamu:
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4e V; — peajibHe 3Ha4YeHHA 4YacoBOro paay, ¥; — NPOrHO3He 3Ha4YeHHs.
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Taébnuus 1

MporHo3Hi pe3ynbTaTi po60TM 3aNPONOHOBAHOIO MeToay
Year | Enrollmets Forecast [;,E_ —y,)? v — ¥ i =y

¥i ¥i

1971 13055 — — — —

1972 13563 — — — —
1973 13867 13963.29 9272.50 0.006944 0.668674
1974 14696 14746.26 2525.70 0.003420 0.171863
1975 15460 15416.59 1884.05 0.002808 0.121866
1976 15311 15516.52 42238.03 0.013423 2.758672
1977 15603 15542.08 3711.56 0.003905 0.237875
1978 15861 15786.59 5536.21 0.004691 0.349045
1979 16807 16694.26 12711.13 0.006708 0.756300
1980 16919 17045.52 16007.04 0.007478 0.946099
1981 16388 16323.52 4157.81 0.003935 0.253710
1982 15433 15514.95 6715.09 0.005310 0.435112
1983 15497 15242.71 64661.85 0.016409 4172540
1984 15145 15218.95 5467.96 0.004883 0.361040
1985 15163 15173.08 101.55 0.000665 0.006697
1986 15984 15945.71 1465.89 0.002395 0.091710
1987 16859 17015.62 24530.43 0.009290 1.455035
1988 18150 18114.08 1290.43 0.001979 0.071098
1989 18970 18981.68 136.47 0.000616 0.007194
1990 19328 19330.68 7.19 0.000139 0.000372
1991 19337 19578.29 58222.72 0.012478 3.010949
1992 18876 18886.68 114.11 0.000566 0.006045

MSE AFER MAPE

13037.89 0.005402 0.794095
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Tabnuus 2
MopiBHSANbHA Tabnnua pe3ynbTaTiB NPOrHO3HUX MOAEeNen
vear | EUOL | qictom | crasam | Burney | Barneys | Burney. | Sivenson | Proposes
[9] [10] [5] Ardil[6] | Ardil[7]

1971 13055 — — — 14464 13579 - —

1972 13563 14000 — — 14464 13798 13410 —

1973 13867 14000 — — 14464 13798 13932 13963.29
1974 14696 14000 — 14730 14710 14452 14664 14746.26
1975 15460 15500 14700 15615 15606 15373 15423 15416.59
1976 15311 16000 14800 15614 15606 15373 15847 15516.52
1977 15603 16000 15400 15611 15606 15623 15580 15542.08
1978 15861 16000 15500 15611 15606 15883 15877 15786.59
1979 16807 16000 15500 16484 16470 17079 16773 16694.26
1980 16919 16813 16800 16476 16470 17079 16897 17045.52
1981 16388 16813 16200 16469 16470 16497 16341 16323.52
1982 15433 16789 16400 15609 15606 15737 15671 15514.95
1983 15497 16000 16800 15614 15606 15737 15507 15242.71
1984 15145 16000 16400 15612 15606 15024 15200 15218.95
1985 15163 16000 15500 15609 15606 15024 15218 15173.08
1986 15984 16000 15500 15606 15606 15883 16035 15945.71
1987 16859 16000 15500 16477 16470 17079 16903 17015.62
1988 18150 16813 16800 18482 18473 17991 17953 18114.08
1989 18970 19000 19300 18481 18473 18802 18879 18981.68
1990 19328 19000 17800 19158 19155 18994 19303 19330.68
1991 19337 19000 19300 19155 19155 18994 19432 19578.29
1992 18876 — 19600 18475 18473 18916 18966 18886.68
MSE - 775687.0 | 407507.0 | 82269.0 | 227194.0 | 41426.0 21575.0 13037.89
AFER - 4.38 3.1 1.41 2.39 1.02 0.57 0.54

MAPE - 26.24 44.60 5.25 8.43 3.06 1.32 0.79
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Habip maHux 6yB B3ATMM i3 pobiT [5-10] (The enrollments of the
University of Alabama) gna nepeBipky AKOCTi 3anNponoHoBaHOI MoAeri.
3anponoHoBaHa Modesib A€ Kpalli pe3ynbTatv no obpaHMx MeTpuKax
(tabn. 1, 2) y nopiBHAHHI i3 Mogensamu [5-10].

Mopanbwi pocnigkeHHs nonsdralTb B nobynoBi  anroputMmy
HEYITKOro MNPOrHO3yBaHHA ANS MYyNbTMBAPiaHTHMX 4YacoBMX PAAIB Ta
po3pobui anropntMy onTUMisauii napameTpis npu gedasndikauil.
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Kinda V. V., Post-graduate Student (Rivne State University for the
Humanities, Rivne)

FORECASTING OF TIME SERIES USING FUZZY LOGIC METHODS BY
SPECIFYING A UNIVERSAL SET BY HIGHER ORDER FINITE
DIFFERENCES

Time series analysis plays a major role in such fields of activity
as business, science, economics, etc. One of the most difficult task
here is to make a “proper” forecast with the high accuracy. There are
dozens of forecasting models and techniques which have issue which
consists of the lack of a sufficient amount of data for training
algorithms mostly. Machine learning methods - regression models,
neural networks with various architecture can be included here. On
the other hand, the advantage of pyramidal extrapolation methods,
forecasting time series based on fuzzy sets allows us to work with
small data samples which gives us an ability for making a
simultaneous forecast. Therefore we can use them at the very
beginning of time series analysis as one of the basic ones using in
financial time series. Especially working with series in fields such as
currency exchanges, crypto and stock markets. It is proposed to use
finite differences of various order to set a universe of discourse (UoD)
in fuzzy time series analysis. This paper propose a modification of
Stevenson Porter's method by using finite differences of higher
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orders. Performance evaluation of the algorithm was calculated by
mean square error (MSE), absolute forecast error rate (AFER) and
mean absolute percentage error (MAPE) metrics. The proposed model
gives better results according to the selected metrics (Tables 1, 2) in
comparison with other models such as Song&Chissom, Jilani&Burney
and Stevenson&Porter algorithms and their variations. Further
research consists of in the construction of a fuzzy forecasting
algorithm for multivariate time series and the application of
appropriate algorithms for finite differences of different orders for a
univariate time series and comparison with pyramidal extrapolation
methods by defined metrics.

Keywords: time series; fuzzy set; finite differences;
extrapolation; forecast.
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