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IHOBYIOBA IMTPOT'HO3IB 3 YPAXYBAHHAM
JOJATKOBHUX JAHHUX, IO BIVIUBAIOTD
HA ITOBEJIHKY YACOBOI'O PALY

Onucano muisaxu Moaudikauii MeromiB NMPOrHO3yBaHHSl 3 YpPaxyBaHHAM
ao1aTkoBuX (akTopiB, TAKHX K AeHb THKHS, MPOrHO3 MOTOAH, CBSATA.
Posriisinyro  komOiHoBaHmMii  minxin, s#AKkuii  BpaxoBy€ BHKOPHCTAHHSA
OararoBuMipHOi perpeciiinoi moaesi Ta mogeni ARIMA.

KurouoBi cioBa: npoenosyeanns, uacosuii pao, npocnos, ARIMA, ninitina
peepeciiina Mooenn, QIKMUEHI 3MiHHI.

Paccmorpenbl myTH Mogupukanuu MeTOL0B NPOTHO3HPOBAHHUS € Y4€TOM
JOIOJIHUTEIbHBIX (PAKTOPOB, TAKHX KAaK, [JeHb HeJdeJH, IPOrHo3 IOIOAbI,
npasgHukd. PaccmorpeH  KOMOMHHMPOBAHHBIH — INOAXO[, YYHTHIBAIOLIUIA
HCI0JIb30BAHME MHOTOMEPHOI perpeccHOHHOI Moaenn 1 Moaean ARIMA.

KnroueBnle ciioBa: npocnosuposanue, epemennoil psod, npozros, ARIMA,
JUHEUHAs. pecpecCUOHHAS MOOeTb, (PUKMUBHbIE nepeMeHHbLe.

When constructing forecasts, especially when it comes to time series of
sales, there is the task of considering the day of the week, since orders on
weekend, for example, may not be accepted or accepted, but not processed. If
we have additional information, such as state holidays or school holiday we can
use this information and include additional parameters to the model. For some
time series we can include to the model such parameter as weather
characteristics. For example, if we analyze time series such as the number of
visitors to the restaurant, then it is likely that the number of visitors will be less
than during the same period when the weather was more favorable. Linear
regression allows considering both the information about the previous behavior
of the time series and additional factors that may affect the time series change.
If we want to include to the model such qualitative feature as, whether there is
a holiday or not, it is necessary to include an additional dummy variable
"Holiday", which will equals to 1 on the day of the holiday and 0 on all other
days. If we want to consider the day of the week when constructing the
forecast, then six dummy variables are taken into consideration. Variableswill
equal to 1 on the corresponding day of the week and for the last day of week all
the variables will be equal to 0.It is supposed that the errors of a linear
regression model contain autocorrelation, so the forecast was constructed for
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the combined regression model and ARIMA. For the forecasting a separate
forecast for the regression model and the ARIMA model should applied, and
then the results should combined. This approach was illustrated on the sales
forecasting for one of the Rossman store. The time series was retrieved from
the Rossman store sales data presented at the Kaggle competition.

Keywords: forecasting, time series, forecast, ARIMA, linear regression model,
dummy variables.

Beryn. Ilin gwac moOynoBH MPOTHO3IB, OCOONHMBO SAKIIO II€ CTOCYETHCS
YacOBUX PAIIIB MPOJaX, BUHUKAE 3a7jada ypaxyBaHHS JTOJAaTKOBUX (PaKTOPIiB,
TaKuX $K TPOBEICHHS IPOMOAKINH, IEHb TIDKHSA, OCKUIBKH y BUXIiTHI,
HaNpUKIa[, MOXKYTh HE IPUHMATHCS 3aMOBJICHHA, a00 NpUIMAaTuCs, aje He
oOpoOisiTucsi. MoXkHa BpaxoByBaTH HasBHICTb CBAT y IMepiog, IO
posmisinaeTbes. Ha mesiki mporec, 1110 BUBYAIOTHCS, MOXKYTh BIUIMBATH TaKi
CTOpOHHI (haKTOpH, SK IOTOAA, HANPUKIAM, SKIIO PO3IVISJAE€ThCS YaCOBHH
PN KUIBKOCTI BiJBifyBaduiB pecTopaHy, TO IMOBIpPHO, IO KUIBKICTb
BiJ[BiAyBauiB OyJe MCHINOI, HIX y IIeld caMuil mepiof], Koiu moroga Oyna
CHPUSTTIINBIIIOLO.

AHani3 ocraHHiX gociaimxeHb i myOmikamiii. [TutanHs moGymoBm
MIPOTHO3Y, SIKUH BpPaxoBye, OKPIM YacOBOTO psIy, IOOAATKOBI (haKTOPH,
posmisiHyTO B poboti [1]. ¥V poboti [2] HaBemeHO neraimpHHUU PO3Gip
JUHAMIYHUX pErpeciiHuX MOHeleH, SIKi TNPEeACTaBIsAIOTh KOMOIHAIIIO
ARIMA Ta perpeciiHux Moneiei.

IMocranoBka 3agayi. 3anpornoHyBaTH MOXJIMBI BapiaHTH ypaxyBaHHS
JIOAATKOBUX (DaKTOPiB M 4ac IoOyJ0BU ITPOTHO3IB.

OcHoBHuii Martepiau. [Ipunyctumo, mo OyayeThes MpocTa MPOTrHO3HA
MOJIeJIb Ha OCHOBI JIiHiIHOT perpecii

Uy = Po + it + &

VY pa3i HeoOXiZHOCTI ypaxyBaHHS TaKoi SIKICHOI O3HAaKH SK HAasSBHICTbH
cBAT abo ix BiACYTHiICTH, TpeOa BBECTH IOAATKOBY (DIKTHBHY 3MiHHY
«CssTOY, siKa Oyzne mpuiiMaty 3Ha4eHHs | B 1eHb cBsaTa i 0 B yci immi gai. [
B I[bOMY BHUIAJIKy OyayeTbcs OaratoBUMipHA JiHiIiHA perpeciiiHa MoJens y
TaKOMY BUTJIALI:

ur = fo + it + Bohy + &

Skmo mu GaskaeMo BpaxyBaTH JA€Hb THXKHS T1iJ] 4ac MOOYAOBH ITPOTHO3Y,
TO y PpO3IISI BBOAATHCS IICTh (IKTMBHUX 3MIHHHX, SIKI HPUHMAlOTh
3HaueHHS | y BINMOBIMHUI JCHb TYDKHS 1 HYJIBOBI 3HAYCHHS B OCTAHHIM,
CbOMHIA, ICHb.

Toxi Mozens HaOyBa€ TaKOTO BUIVIALY:

U = Bo + Bit + Bowys + BsWor + Bawsy + BsWyr + BeWst + BrWer + &
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Tabnuys 1
DikTUBHI 3MiHHI 1J151 ypaxXyBaHHsI IHS THKHS

Henpb Wit Waot W3¢ Wyt Wst Wet
THHKHS

Iloneninok 1 0 0 0 0 0
BiBTopok 0 1 0 0 0 0
Cepena 0 0 1 0 0 0
YetBep 0 0 0 1 0 0
I’ aTanLs 0 0 0 0 1 0
Cybota 0 0 0 0 0 1
Henins 0 0 0 0 0 0

VY pasi, SKmoO HEOoOXiZHO BpaxyBaTH IHIIMH KUIBKICHHUI ITOKa3HUK,
HaIpUKJIa[, IPOTHO3 NOTO/H, TO HEOOXiTHA JO/IaTKOBA 3MiHHA BKIIFOYAETHCS
B perpeciifHy MOIEb.

Buxopucranus OaratoBuMmipHOi perpecii 0O3BOJIsIE BpaxyBaTH K
iHpOpMaIlil0O PO MOMEPEeNHI0 TOBEAIHKY YacOBOTO pAy, TaKk 1 Ipo
JOAAaTKOBI (DaKTOPH, IO MOXYTh BIUIMBATH Ha OUHAMIKY 3MIiHH pPSAYy.
PosrisHeMo, Sk MOXXKHA ypaxyBaTH HOAATKOBi (pakTOpH B MOJIEIX, IO
JO3BOJIAIOTH OUTBII TOHKE HAJAINTYBaHHS, HAIPUKIAL, Y MOIEIIX
aBroperpecii.

BBaxkarnmemo, mo mOXHOKM OaraToBMMipHOi JIiHiIHOT perpeciiHOl
MOJIEITi MICTSATh aBTOKOPEIIAIII0

Uy = Po + it + -+ Pt +6¢,
ne §; BiamoBinae ARIMAwmoneni, Hanpukian, ARIMA(1,1,1).
(1-9)B( =B)5, = (1+6,B)e,
ne & — Oinmit mrym.

[Tig gac omiHKK mapaMeTpiB MoAeli HaM HEeOoOXiHO MiHIMI3yBaTH CyMy
KBaJIPaTiB &, SKIIO MH 3aMICTh I[OTO M1H1M13y€MO cymy KBa,HpaTlB 8¢, TO
pesynsratoM Oyfae Te, W0 OLiHKH mapametpiB Lo, Bi, ..., fr He OyayTh
e(peKTUBHMMH; pPE3yIbTaTH INEpPEeBIPKM MOJENi 3a  CTaTUCTUYHUMHU
KPUTEPisIMH, HANPHUKIAL t-TecT, OyIyTh HEBIpHUMHM; y OLTBIIOCTI BHITAIKiB
p-3HaYCHHA OILIHKH 3HAYYIIOCTi KoeiieHTiB Moaelni OynyTh 3aHMKEHUMH 1
JIesiKi TIOSICHIOIOY1 3MiHHI OyIyTh 37aBaTHCA BaKJIHMBIIIUMHE, Hi’)K BOHHU €
HaCIIPaB/Ii.

V pasi, SIKIIo MiHIMI3yIOTbCS CYMH KBaJIpaTiB MOXHUOOK &, IIUX IPOOIEeM
B/IA€THCS] YHUKHYTH.

Jit moOynoBu NpOrHo3y 3a KOMOIHOBAaHOIO MOJAEGIUIIO perpecii Ta
ARIMA citiji BUKOHATH IIPOTHO3 OKPEMO LIS PErpeciiHOi MOJIEI Ta MOJIENi
ARIMA, a notim 00’€JHaTH pe3yNbTaTH.

Po3B’spxemo 3a1ady MPOTHO3YBAHHS I OZHOTO 3 Mara3uHiB Rossman 3
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ypaxyBaHHSIM IHSI THOKHS 1 HassBHOCTI IIKUIbHUX KaHiKyn. [laHi oTpuMaHi 3
0a3u maHuX, sika Oyna HajgaHa kommnaHiero Rossman mis nposeaeHus Kaggle
3MaraHHsi 10 MNPOTHO3yBaHHIO 00csary mpojaxiB. Ha puc. 1 HaBemeHO
4acoBUl psl 00cATIB mpopaxie 3a mepiox 3 ciuus 2013 mo numens 2017
poKy. Sk 6aunmMo, yacoBui psj HaOyBae HYJIBOBHX 3HAUCHb y HEIUIIO, KOJIH
MarasuH OyB 3a4yMHEHMH. BUIISAM 9acoBOro psiy CBITYMTH NPO HAsSBHICTH
CE30HHOCTI.
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Pucynok 1 — I'padik yacoBoro psay o0cariB npogaxy

3a rpadikom aBTOKOpesALiitHOT (yHKILIT yacoBoro psay (puc. 2) MoXKHa
3pOOHTH BUCHOBOK PO HASIBHICTH CE30HHOCTI 3 mepiogom 7. Tomy Oynemo
migbupatu ce3oHHy Monens ARIMA.
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PucyHnok 2 — ABTokope/siniiina GpyHKIisA 4acoBOro psaay

Ha puc. 3 HaBeneHo pe3ysbTaTi miadopy Mozeli, TAKUM YHHOM, MOJIEIb
Ma€e BUIVISL
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u, = 10651.6572 — 1191.8571w; — 774.4742h, + &,
e 3aNUIIKd O, MPEICTaBISIIOTE C0o00K0 ce30HHYy Monens ARIMA3
napamerpamu ARIMA(2,0,0)(2,0,0)7, w; — neHp TwxHS, h; — HasABHICTBh
HIKiUTBHUX KaHiKyII. o
Regression with ARIMA(2,0,0) (2,0,0)[7] errors

Coefficients:
arl ar2 sarl sar2 intercept Day SchoolHoliday
0.2082 0.1077 0.1010 0.4673 10651.6572 -1191.8571 -774.4742
s.e. 0.0344 0.0344 0.0305 0.0305 392.7868 76.16486 231.7195

sigma~2 estimated as 4347747: log likelihood=-8534.33
AIC=17084.67 AICc=17084.82 BIC=17123.45

Pucynox 3 — Pesynbratn nigdopy cezonnoi moaesi ARIMA

Ha puc. 4 mnpexncrasineHo rpadik 3ajMIIKIB Ta aBTOKOPEISIHHOT
(yHKUIT 3aJIMIIKIB, @ TAKOX pe3y/bTaTH IepeBipku TecTy JIptonra — bokcea,
a Ha puc. 5 — nporHo3 Ha 10 nHIB, TOOyIOBaHMI 32 0OPAHOI0 MOJIEILIIO.

Residuals from Regression with ARIMA(2,0,0)(2,0,0)[7] erors
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data: Residuals from Regression with ARIMA(2,0,0) (2,0,0)[7] errors
Q* = 104.08, df = 7, p-value < 2.2e-16
Model df: 7. Total lags used: 14

Pucynok 4 — PesynbTaTn nepesipku moaeJi
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Forecasts from Regression with ARIMA(2,0,0)(2,0,0)(7] erors
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s
Pucynok 5 — IloGynoBanuii nporuo3

BucHoBkH. Po3misiHYTO MMiiXix noOyI0BH MPOTHO3IB ISl YACOBUX PSIIIB
NPU HassBHOCTI JIOATKOBUX JAHUX, SIKI MOXYTh BIUIMBATH HA MOBEIIHKY
yacoBoro psaxy. OnucaHuid minxig po3Bosisie OyayBaTH KOMOIHOBaHHMN
IIPOTHO3 3 BUKOPUCTAHHAIM perpeciiinux moznenei Ta Mmozpeneit ARIMA.
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