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Jlye 4acTO BUHUKAIOTh IPOOJIEMH 3 OOIMYYSMH Ta PYKaMH TiJT 4ac MaFOBaHHs Jitojeit. [Ho i
Photoshop crpaBiisieTbes, 1 Jit0iMHA BUSBISETHCS OUTBII - MEHII CIIPABKHBOIO aHATOMIYHO. AJie
pe3ysbTaT BCE € BUIIISIAE CITA0OKUM 1 HEBUTITHUM JUI TPAKTUYHOTO BUKOPHCTAHHSL.

€ peui, ski wtydHuil iHTenekr Photoshop ne 3Hae, sk HamamoBaTH. Hanpukian ne repoi
KOMIKCIB 4YM Tepoi (aHTAaCTUYHHX OIOBiaHb TOIIO. 300pa)KeHHS BUXOMAATH HE JOBOJI
PEATICTUIHUMH.

Hogwii inctpyment Generative Fill HeiiporHO1 Mepesxi B miepiiry 4epry po3po0IieHo st poOoTH
3 icHyrounmu QororpadismMu. BiH Moke MOCh 3MIHUTH, 3aKiHIUTH a00 BUAATUTH 3 dororpadii, i
POOUTH TIe 3 XOPOIIIUM CTYIIEHEM (OTOpealli3My, CIIOCTEPIrarouy 3a 3arajJbHUM CTUJIEM 300payKEeHHS
Ta paBWIBHO mpaiforoun 3 11 y 6inpIrocTi BUNAAKIB.

HefipoHHa Mepexa He MOKe TIOBHICTIO BUKOHYBATH pOOOTY /st MpoeciitHOro peTymiepa, ane
BOHA IUIKOM 3[aTHA JOMOMOITH HOMY Ta MPHCKOPUTH poOOTy. sl THUX, XTO HE Mae TaKHuX
BHUCOKOSIKICHUX BHMOI, HOBUH IHCTPYMEHT MOXKE IMOBHICTIO 3aMIHHUTH OKpPEMOTro cremiaiicra 3
peTylIyBaHHSA: 3 HHUM MOXHa JoomnpaioBatd Qororpadii Uid COLIAIBHUX Mepex alo
BJIOCKOHaIOBaTH (oTorpadii.

B3araui, iHTerpalis MTY4HOTO iHTENEKTY B Oeta -Bepcito Photoshop e 3naunum mpopuBom y
po3po0iii rpadiuHOro Au3aitHy Ta oOpoOku 300paxkeHb. BrpoBamkeHHs (QYyHKII T€HEpaTUBHOT
3aJMBKM JIO3BOJIIE KOPUCTYBauyaM pO3MIMPIOBATH CBOI TBOPYI MOJKJIMBOCTI Ta TPOBOIHUTH
€KCIIEPUMEHTH 13 300pa’KeHHSIMU Ha HOBOMY PIBHI.

3aBAsKU CTPIMKOMY PO3BUTKY [HTEpHETY po3poOka BeO-CaiTiB CTao aKTyalbHOIO MOTPEOOI0
Ui 0arathboXx JIFOJel 1 KoMIaHiil. [HTepHeT Bke JaBHO MEPETBOPHUBCS HA INI0OOANBHUN MailaHYuK
JUI TIpesicTaBieHHs iH(opmarlii, 311iicHeHHs O13Hecy Ta CHUIKYyBaHHS, a TOMY MaTH BJacHUIl BeO-
CalT CTAJI0 BAKJIMBHUM 3aBAaHHSAM. CydacHi MOKJIMBOCTI TO3BOJISIIOTh KO)KHOMY CTBOPUTH BJIACHHI
BeO-caiiT, HaBITh 0€3 IIMOOKHUX 3HAHb y MpPOrpaMyBaHHI Ta Au3aiiHi. OHIaH KOHCTPYKTOpHU Ta
nmporpaMu Juisi PO3poOKH BeO-CalTIB HAAAIOTh IHCTPYMEHTH, SKi CHPOIIYIOTh IIeH MpoIiec.
J103BOJISIETHCS HABITH HEIHII[IHOBAHUM KOPUCTYBauyaM CTBOPIOBATH CTUJIbHI Ta QYHKITIOHAIBHI CAUTH
3 MIHIMAJIbHUMU 3YCUIUISIMH.

OpnHak cepell MHOKMHH JIOCTYITHHX MPOTPAMHHUX MPOIYKTIB 0OpaTH HaMKpamuii Moke OyTH
3aB/JIaHHSAM HE TaKUM B)Ke i IPOCTHM.

CnuCcOK BUKOPUCTAHUX JIAKepeJT
1.CrpoGyiite maiioyTHe Photoshop 3a moroMororo reHepaTuBHOT 3aTMBKH
https://helpx.adobe.com/ua/photoshop/using/generative-fill. html
2.Hoguii inctpyment Photoshop ua 6a3i mryanoro intenekry — Generate Fill!
https://futurenow.com.ua/novyj-instrument-photoshop-na-bazi-shtuchnogo-intelektu-generate-fill/
3. Y Adobe Photoshop 3’siBBuThCs reHepaTHBHI (BYHKIIIT IITYYHOTO IHTEICKTY
https://dev.ua/news/u-adobe-photoshop-shtuchnoho-intelektu-1684857065

POMAHKOK O.H., MA3YP B.B., I7IObA A. P., CHII'VP A.B.
Binnuybkuii HayionanbHuil mexHiuHuy yHigepcumem

AHAJII3 BBYJAOBAHUX I'PA®TYHUX ITPOLHECOPIB

AHnomauyis: nposedeHo ananiz icHyouux 60y008aAHUX epAPIUHUX NPOYecopis.
Knrouosi crosa: cucmema kepysanns, epagiunuti npoyecop, epaghiure 10po, peHoepuHe,

Beryn. Boynosani rpadiuni mporecopu [ 1] (integrated graphics processing unit, iGPU) cranu
OJIHI€I0 3 KJIIOYOBMX CKIAJ0BUX CY4aCHOTO TEXHOJOTIYHOTO JOCATHEHHA. IXHe 3HAUEHHS MOCTIHHO
3pocTae 3aBAaku MocTiiHMM 3MiHaM y IT-cepenoBuiii Ta morpeOu B e(pEeKTUBHOMY NOCATHEHHI
OaxaHUX pe3ysbTaTiB y mpoekrax. OCOOMUBO CIiJ BiA3HAYMTH mepexia Bix 3Buuaitnux GPU [2]
(graphics processing unit) 10 MOKpAIIEHUX MPOLECOPIB 3 BUKOPUCTAHHIM HOBUX TeXHoJOTIH. [lo
napameTpiB rpaiqHoro mnporecopa MOXXyTh BHCyBaTHUcCs pi3Hi BUMoTH. Ilo-mepiie 1e mBUAKICTH
rpadignoro mpouecopa (GPU Clock Speed). 1le Bu3HauaeThest KUTBKICTIO TAKTOBUX IMITYNBCIB, K1
MIPOIIECOP MOKE BUKOHATH 3a OJHY ceKyHAy. LIIBUKICTh rpadiuHOro mpoliecopa BILIMBAE HA HOTO
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3arajibHy TPOAYKTHBHICTb, 3/JaTHICTH OOpOOKHM TpadiuHUX 3aBJaHb Ta MIBUAKICTH BHBEICHHS
300paKeHHSI.

[To-mpyre ne kinbkicte motokoBux mporecopiB (CUDA Cores, Stream Processors, abo iHmri
aHaJyoriuHi TepMinu).Lle KUIbKICTh OKpEeMHUX OOUMCIIOBATBHUX OJIMHMIIb, SKI MOXKYTH MpaIfOBaTH
napainenbHo. binbiie motokoBux mporecopis po3Boisie GPU edexkruBHO 00poOistu Gararo3zanadHi
3aBJaHHs Ta rpadiuHi 00YrcIeHHs. 3aeXHO Bil BUMOT IIPOTpaM Ta irop, Moke BUHHKATH MoTpeda
B GPU 3 OUIBIIOIO KUTBKICTIO TOTOKOBUX MPOIIECOPIB.

BOynoBani rpadigai mpouecopu € BaXIMBUMU (PAKTOpPaMU Cy4acHOTO XKHUTTS OyIb sKOi
TexHIKA. BOHM 3MiHIOIOTH TOTPEOH KOPUCTYBaya, CTAIOTh BCE OLIbIIE IHTETPOBAHMMH B CUCTEMAX,
AKi JOTTOMararoTh €(peKTUBHO KepYyBaTH aCIEKTaMH JOCATHEHHS IIUICH.

BOynoBana rpadika mporiecopa € KIFOYOBUM KOMIIOHCHTOM CYYacCHHX MIKpPOTIPOIIECOPIB,
3a0e3reuyroun BUKOHAHHS TpadiyHUX 3aBIaHb 0€3 HEOOXiTHOCTI JI0JaTKOBOTO rpadidHOTO
npouecopa (GPU). OcHoBHUMHM (QyHKIIIMH BOYAOBaHOI rpadiku € BioOpaxeHHS rpadikd Ha
eKpaHi, 00poOKa 1eiaepiB, aHiMallisi Ta 00UMCIIEHHS NMOB'sI3aH1 13 TpagiKolo.

ApxitekTypa BOynoBaHoi rpadiku [3] Bkiodae B cebe rpadidHuit AP0, BEKTOPHI 00UHUCIICHHSI,
TEKCTYpH1 OJIOKH Ta Mam'siTh, HEOOX1AHY U1t 00poOku rpadiunux ganux. ['padiune sapo Bignosinae
3a peHJEpUHI Ta BiNOOpa)keHHs rpadiku, 37aTHE BUKOPUCTOBYBATH DPI3SHOMAHITHI IIEHIepH s
CTBOPEHHSl CKJIAJHUX BI3yalbHUX eQekTiB. BekTopHi oO4HClIeHHS 3a0e3MedyloTh HIATPUMKY
00uKCIIeHb BEKTOPHUX OIepalliif, KOPUCHUX /IS TpapiuHUX aJTOPUTMIB Ta 0OpOOKH 300pa’keHb.

B6ymosaHa rpadika)

=
padhiyHe agpo

|

£
BekTopHi 0BbYncneHHs

£1| £1|
TekcTypHi bnokn Mam'AaTb

Pucynok 1 - ApxiTekrypa BOynoBaHoi rpadiku mpoiecopa

JliarpamMa 1UTIOCTpYE OCHOBHI KOMITOHEHTH apXiTeKTypu BOymoBaHOi rpadiku, BKa3yHOUH
3B'I3KM MDK TpaiqHUM SIAPOM, BEKTOPHUMH OOUYMCICHHSIMH, TEKCTYPHUMH OJOKaMH Ta MaM'ATTIO.
Ko>xeH KoMIOHEHT BUKOHY€E KOHKpETHI1 PyHKITii, HEOOX1TH1 15 €pEeKTUBHOTO BUKOHAHHS I'padiuHuX
3aBJllaHb.

I'padiuni mporecopwu, o BOya0BaHi B ieHTpaibHi mpouecopu (CPU), MoxHa kiacudikyBaTh
[4] 3a nexinpkoMa mapamerpamu. [lepir 3a Bce, iX MOYKHA PO3AUTMTH Ha IHTErPOBaHI Ta BOYJIOBaHI B
oauH kpuctai (S0C) rpadiuni pimeHHs Ta BimokpemiieHi Big CPU. InterpoBani rpadiuni mporecopu
94acTO BUKOPUCTOBYIOTHCS B HOYTOyKaX 1 JESKUX HACTUILHUX CHCTeMaX, 3a0e3rnedyroun 0a30BUi
piBEHBb MPOAYKTUBHOCTI /i1l PI3HOMAHITHUX 3aBIaHb.

Hpyruii acnekt kinacudikamii moisrae B PO3PI3HEHHI 3a pIBHEM NPOIYKTUBHOCTI Ta
npu3HadeHHsIM. ['padiuni npouecopu st BOYJOBAaHOTO BUKOPUCTAHHS MOXYTh BapiloBaTHUCS Bif
MPOCTHX, WO BIAMOBIIAIOTE BUMOTaM TMOBCSKICHHHX 3aBJiaHb, JIO BHCOKOIPOIYKTHBHHX,
CHpSMOBAaHUX Ha rerMepiB 4y MpodeciiiHMX KOPUCTYBadiB, SKi BHUMaramTb 0O0poOku Trpadiku
BHUCOKOT'O PIBHSI.

Takox, rpadidHi mpouecopd MOXKHa KiIacu(IKyBaTH 3a apXiTEKTYpOlo, TakKow sK
BUKOPUCTAHHS IHTETPOBAaHUX UM BIIAUIEHUX MaM'saTed, a0 3a HAABHICTIO MEBHUX TEXHOJOTIH,
HanpuKiad, MIATPUMKH BIICTIIKOBYBAHHS INPOMEHIB YM TEXHOJOTil IITYYHOTO IHTENEKTYy JUIs
ontuMmizanii rpadiuHux oOuucienb. Kiacudikamis BOynoBaHHMX TIpadiyHUX HpPOLECOPIB B
MpoLIecOpax BayKJIHMBA Ui BUOOPY ONTUMAIBHOTO PIIEHHS B 3aJIeKHOCTI BiJ MOTpeOd KOpUCTyBaya
Ta KOHKPETHOTO BUKOPHCTAHHS.

PosrnsiHemo npukinaau BOyIoBaHUX rpadiqHUN TPOIECOPIB, X XapaKTEPUCTHKY, YACTOTY, SIKY
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TEXHOJIOTIIO MATPUMYIOTH Ta IO 3a0e3MeUyIOTh IPH BIITBOPEHI CBOT pOOOTH.

Intel UHD Graphics 630 [5] € BOymoBanum rpadidHAM MPOLECOPOM, SKHH YacToO
BUKOPHCTOBYEThCA Yy npouecopax cepid Intel Core 8-ro ta 9-ro nokouninb. Llei rpadiunmii npouecop
Mae 0a30Buit TakToBHiA 4acToTy Bix 350 MI'n no 1,1 I'T'y ta migrpumye DirectX 12 ta OpenGL 4.5.
Bin Moske BimoOpaxxaTu BHCOKOSIKICHY TpadiKy Ha eKpaHi, a TAKO)X BUKOHYBAaTH 0a30Bi 3aBIAaHHS Y
cdepi rpadixm.

AMD Radeon Vega 8 [6] € rpadiunuM mnporiecopoM, BOymoBaHuM y nesiki nporiecopu AMD
Ryzen cepiit 2000 ta 3000. Bin Mae BocbMuUsiIepHyY apXiTeKTypy 3 yactotoro Big 1100 MI' no 1300
MTI'u. Radeon Vega 8 migrpumye texnodorii, Taki sk AMD FreeSync, DirectX 12 ta Vulkan, mo
3a0e3Meuy0Th BUCOKY IPOJAYKTHBHICT MPU BIATBOPEHHI Bieo Ta rpadidyHuX 3aB/IaHb.

NVIDIA GeForce GT 1030 [7] e BOymoBammm rpadiuaum mnpouecopoM Bix NVIDIA,
CTIIPSIMOBAaHMM Ha PUHOK Oro/pkeTHHX Komm'torepiB. Bin mae 384 sopa CUDA Ta 6a30By TakTOBY
gacrory Omm3pko 1227 MI'm. GT 1030 o6namnanmit 2 I'b mam'sti GDDRS 1 mae migrpumky
texuosoriii, Takux sik NVIDIA GPU Boost 3.0 ta DirectX 12. Ileii rpadiuauii mporecop mao0pe
MIIXOIUTh JUISl IPOCTUX IFOP Ta B1ICOOTPAIIOBAHHS B OOMEXEHOMY OI0IKETI.

@ Intel UHD AMD Radeon

Graphics 630 Vega 8

TakToBa YacToTa: 1200 MIMu TakToBadacToTa: 1100 My

KinbkicTb sgep/weigepis: 24 KinbKicTe sgep/weigepis: 512

ObcAr nam'aTi: 64 MB Obcar nam'aTi: CNiNbHWA

MioTpuMKa rpaciyHnx TexHonorii: DirectX 12, OpenGL 4.5 MigTpUMKa rpachiyHux TexHonorii: DirectX 12, OpenGL 4.5

NVIDIA GeForce
GT 1030

TakToBa YacToTa: 1468 My

KinbkicTb agep/wennepis: 384

OBcar nam'ati: 2 T's GDDRS5

MgTpUuMKa rpadiyHmx TexHonorin: DirectX 12, OpenGL 4.6

Pucynoxk 2 — IlopiBHSHHS TpbOX BOYJOBaHUX rpadidHUX MPOIIECOPIB

JliarpamMa Hajae TOPIBHSUIBHUN OTJIS[] XapaKTEPUCTUK TPbhOX BOymoBaHUX TpadiuHuUX
nporecopiB. OCHOBHI MapaMeTpy BKIIOYAIOTh TAaKTOBY YacCTOTY, KUIBKICTh sep/mieiaepi, oocsr
nmam'aTi Ta MATPUMKY TpadiqHIX TEXHOJIOTIH.

BucnoBok. Takum uwmHOM, BOyJOBaHI TpadidyHi MHpOIECOPH CTadd OJHIED 3 KIOYOBUX
CKJIAZIOBUX €(PEKTUBHOMY JOCSITHEHHI Oa)KaHUX Pe3yJbTaTiB B IPOCKTAX.

JleTanpHO PO3TISHYTHH (DYHKIIIOHAT Ta apXiTeKTypy BOYAOBaHHX TpadidHUX IMPOIECOPIB.
HaBeneno mopiBHsIbHHM aHai3 TphoX KoHKpeTHux mopencii: Intel UHD Graphics 630, AMD
Radeon Vega 8 i NVIDIA GeForce GT 1030.

BOynoBani rpagiuni mpoiecopd BUKOHYIOTh BaXIUBY POJIb Yy 3a0e3meueHH1 BiIoOpaKeHHs
rpaiky Ha KOMIT'IOTEpax, 1X BUOIp 3a1€KUTh BiJl KOHKPETHUX NOTPed KOPHCTYBAYa.

Cnncox BUKOPHCTAHUX JIZKepeJt
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CAJIABAU b.C.
Hayionanvnuu ynisepcumem “Jlvgiecoka nonimexwnika”™

FORECASTING SALES USING EXPONENTIAL SMOOTHING METHODS

Abstract: Background: Sales forecasting plays a vital role in business management and decision-making, making
it essential to use accurate prediction methods. Exponential smoothing techniques offer a range of models with varying
complexity and applications. This study aims to compare the performance of four prominent models, specifically simple
exponential smoothing, Holt's model, Holt-Winters' model, and Theil-Wage model, in the context of sales forecasting.
Methods: We applied the four selected exponential smoothing models to a real-world dataset representing diverse sales
trends. The forecasting accuracy of each model was compared using statistical metrics such as Mean Absolute Error
(MAE), Mean Squared Error (MSE), and Mean Absolute Percentage Error (MAPE). Results: Our evaluation revealed
distinct performance characteristics for each model depending on underlying sales pat-terns. These findings emphasize
the importance of carefully selecting the appropriate model that aligns with the specific characteristics of the sales data
to ensure accurate forecasting results. Conclusions: This comparative analysis offers a practical guide to choosing the
most appropriate exponential smoothing model for a given sales forecasting scenario.

Keywords: sales forecasting, exponential smoothing, simple exponential smoothing, Holt's model, Holt-Winters'
model, Theil-Wage model, forecasting accuracy, time series analysis, comparative analysis.

The objective of this article is to explore various modifications of the exponential smoothing
method for sales forecasting and compare their effectiveness based on available data.

The topic of this article is quite relevant under these contemporary conditions. Growing
competition in the product and service market requires enterprises to provide not only quality
products and services but also to plan future sales to ensure the company's stability and
development[2].

The literature review provided a comprehensive overview of different methods and models
employed in sales forecasting. It was found that exponential smoothing models are among the most
popular methods for predicting sales, particularly in cases where a simple yet effective model is
needed[1].

Across the literature, different variants of the technique, such as simple exponential smoothing,
Holt's, Holt-Winters', and Theil-Wage models, are examined and evaluated in diverse contexts and
applications. This comprehensive assessment and comparison shed light on their respective
advantages and disadvantages.

The simple exponential smoothing is one of the time series forecasting methods that is based
on the smoothing of noise and the correction of trends. Its main idea is that the predicted value of the
series depends on the previous values with a certain weight coefficient, which decreases with each
time step. Smoothing can be carried out for both seasonal and nonlinear trends [1].

The simple exponential smoothing is based on a formula[1]:

Se=a¥e+ (1 —a)S;4 1)

S;— predicted value of the time series at time t.

Y, — observed value of the series at time t.

S;_, — predicted value at the previous time.

a - smoothing coefficient, which takes values from 0 to 1 and reflects the weight of the current
value in the forecast.

The Holt model is used for forecasting future values of the time series, taking into account its
trend and random component. The formula for the Holt model consists of three components: the linear
trend component (L;), the trend level (T;), and the observed value of the time series (Y;). Each of
these components is responsible for different aspects of the time series dynamics. The formula for the
Holt model is as follows [3-6]:
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