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nepLuUii YacTUHI po6OTW BUKOHAHO aHani3 NpeAMeTHOI 0bnacTi,_ NPOBEAEHO MOPIBHSAHHS iCHYIOUYMX NPOrpaMHMX _pillleHb aBTomaTtusallii KiHoTeaTpiB

Ta 06r'pyHTOBaHO AOLIMNbHICTb PO3po6neHHs BNacHoi cuctemy 3 BOyAOBaHUM aHaniTu4HUM

ofynem.

@inpyriﬁ YacTUHI 34iCHEHO NPOEKTYBaHHA apxiTekTypu cuctemun. O6rpyHTOBaHO _BMOIR MOHONITHOT apXITeKTypu 3 BUKOPUCTaHHAM WwabnoHy MVC.
Po3pobneHo ER- giarpamy 6a3u ganux SQLite Ta giarpamy npeueneHTis. CpoekToBaHO anropuTMivHUi
KOHBeep Ans poHOBOT 06pobKM AaHMX MOAYNS NPOrHO3yBaHHS.

TPETIN YaCTUHI onNMcaHo nNporpamHy peanisauito _cuctemu. CepBepHy YacTuHY
peanisoBaHo Ha dpenmBopky_ Ruby on Rails 8. Po3pobneHo peaktusHuii
KOpUCTYyBaLbKuii iHTepderic Ha 6asi TexHonorin Hotwire (Turbo, Stimulus) Ta Tailwind

CSS. YcniwHo iMnnemMeHToBaHo Ta iHTErpoBaHo MaTemaTuyHy Mmogernbs rpebeHeBoi

perpecii Ans po3paxyHKy O4iKyBaHOI KiflbKOCTi MPoAaHuX KBUTKIB 3 ypaxyBaHHAM
icTOpIii ceaHciB, AHS TWXHS Ta Yacy nokaasy.

KITKOYOBI CITOBA: YNPABJTIHHA KIHOTEATPOM, MPEOUKTUBHA
AHATITUKA, CTATUCTUYHUIA AHATI3, MPOrHO3YBAHHA MOMUTY, RUBY
ON RAILS, HOTWIRE, TPEBEHEBA PEIPECIA.

E}\BSTRACT Calculation and explanatory note: 77 pages, 30 figures, 3 tables, 21 references, 2 appendices. Object of research — the process of
analyzing and predicting audience demand in a

inema.
[ﬁurpose of the work — development of .a_cinema web information system, the key

element of which is an integrated predictive analytics module that uses statistical
modeling algorithms for mathematical predictionof hall occupancy for future showtimes.



["n the first part of the _work, an analysis of the subject area is performed, _existing_
cinema automation software solutions are compared, and the feasibility of developing a proprietary system with a built-in analytical module istified.
In the second part, the system architecture is designed. The choice of a monolithic
architecture using the MVC patterlvhlu]s substantiated. An ER diagram of the SQLite
database and a use case diagram are developed. An algorithmic pipeline for background

ata processing of the forecasting module is designed.
[ﬂn the third part, the software implementation of the system is described. The server side is implemented on the Ruby on Rails 8 framework. A
reactive user interface based
on Hotwire (Turbo, Stimulus) and Tailwind CSS technologies is developed. A
mathematical Ridge Regression model is successfully implemented and integrated to
calculate the expected number of sold tickets taking into account showtime history, day
of the week, and time of screening.
KEYWORDS: CINEMA MANAGEMENT, PREDICTIVE ANALYTICS,
STATISTICAL ANALYSIS, DEMAND FORECASTING, RUBY ON RAILS,
HOTWIRE, RIDGE REGRESSION.
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YED, — Cucrtema ynpaeniHHa 6a3aMu faHux.
CID — Atomicity, Consistency, Isolation, Durability.
~JAX — Asynchronous JavaScript and XML.
PI — Application Programming _nterface.
_CSS - Cascading Style Sheets (KackagHi Tabnuui ctunis).
SV — Comma-Separated Values (3HaueHHs1, po3aineHi Komoto).
-OM — Document Object Model (O6'ekTHa Moaenb AOKyMeHTa).
DRY — Don't Repeat Yourself (MpuHuun nporpamysaHHa «He nosTopronca» ).
= TO — Data Transfer Object (O6'ekT nepegadi gaHux).
— Foreign Key_(30BHILLHi knto4).
HTML — HyperText Markup Language. HTTP — HyperText Transfer _Protocol.
fSON — JavaScript Object Notation.
AE — Mean Absolute Error (CepenHsi abcontoTHa nomunka).
MAPE — Mean Absolute Percentage Error
VVC — Model-View-Controller (Mogenb-IpeactasneHHs-KoHTponep).
PDF — Portable Document Format.
K — Primary Key (MepBuHHWMIA kntou).
PA — Single Page Application (OgHocTopiHkOoBUIA BE63AaCTOCYHOK).
QL — Structured Query Language (MoBa CTpyKTypOBaHUX 3anuTiB).
ML — Unified Modeling Language (YHichikoBaHa moBa MO ENtOBaHHSA)

UX/ Ul — User Experience / User Interface.

ARIMA — Autoregressive Integrated Moving Average.
B — Embedded Ruby (B6yaosaHuit Ruby).
O — International Organization for Standardization

i — JavaScript.
2HEST - Representational State Transfer (Mepepaya craHy npeactaBneHHs).
ERURL - Uniform Resource Locator (YHicikoBaHuin nokatop pecypcis).

@MH. Apk. No gokym. Mianuc farta Apk. 8 KPBE.ICT- 08.00.00.000 M3 BCTYIM AkTyanbHICTb. YnpapBniHHA Cy4acHUM KiHOTEaTpPOM BUMarae TO4HOro
nnaHyBaHHsS pecypciB Ta BUTpaT. TpaauuiiHo MeHeaxXepu OLiHIOTb ManbyTHIO
BiABiAyBaHICTb ceaHciB iHTYiTMBHO abo cnvpatounce Ha 6asoBuin gocsia. Momunka
B Takil OLiHLi Np13BOAWTL 40 HEraTUBHWX HACMiAKIB: HECNOAiIBaHWIA aHLunar
CNPUYMHSIE BENUYE3HI Yepri Yepes HecTady Kacupis, a nepeoLiiHka nonuTy — Ao
chiHaHCOBYMX BTpaT Yepes onnaty poboTu 3aiBOro NepcoHany Ta ncyBaHHs
HepeaniszoBaHoi Npoaykuii B 6api. BnpoBag)XeHHs cUCTEM NPOrHO3yBaHHS BUPILLYE
Lo npobnemy. CTBOPEHHsI cUCTeMU, sika 3aaTHa aBTOMaTUYHO aHanisysaTtu
iCTOPWYHI JaHi Npoaaxy KBUTKIB, BpaxoByBaTV XapakTepUCTUKK inbmy, AHi
TUXKHS Ta Yac ceaHcy Ans Po3paxyHKy TOYHOI KinbKOCTi rsaaqviB 3a JoNoMOoro
MaTeMaTUYHUX anropuTMIB, € akTyarlbHUM 3aBAaHHSAM AN onTUMisauii
onepauiiHoi AisnbHOCTi GisHecy.

MeTa gocnigkeHHsi nonsrae y po3pobui iHpopmauiinHoi BeGeuctemn
KiHOTeaTpy, KIO4OBMM EfeMEHTOM SIKOI € iHTerpoBaHmWin MOAYyMb NPOrHO3yBaHHS
nonuty. Liei Mogynb Mae BUKOPUCTOBYBATU MaTeMaTUYHi anroputMu ans
po3paxyHKy 3aBaHTa)XeHOCTi 3aniB Ha ManbyTHI ceaHcu, Lo A03BOMUTL
KePIBHMLUTBY KiHOTeaTpy 3aB4acHO onTuMisyBaTy rpaciku poboTu nepcoHany,
edeKTMBHO po3noainAT! pecypcu Ta MiHimMidyBaTu onepauinHi BTpaTtu:

1 npoaHanidyBaTu npeaMeTHy obnacTb, 4OCHIANTY NPOBnemy OLiHKK
rMAgaubKoro NOMUTY Ta BU3HAYUTU HEAOMIKM PYYHOTO NnaHyBaHHSA pecypcis
KiHOTeaTpy;

2 copmyBaTK HiTKi PyHKUIOHaNbHI Ta HedyHKUIOHaNbHI BUMOTV A0
apxiTekTypu cucTemu Ta MOAynst NPOrHO3yBaHHS;

3 CnpoeKTyBaTK CTPYKTYPY pensuinHoi 6asmn aaHux, ska 3abesneynTb
KOpeKTHe 36epexeHHs icTopii NpoAaHnX KBUTKIB — OCHOBYM 4115 po6oTn
MatemMaTU4HOI Moaerni;

E}SMH. Apk. No gokym. Mignuc Oata Apk. 9 _KPB.ICT- 08.00.00.000 M3 4 nporpamHo peanidyBaTv 6a30Buin oyHKLiOHaN CUCTEMM ynpaBniHHSA
(cTBOpeHHS hinbMmiB, 3aniB Ta po3knagy ceaHcis);
5 po3pobuTu Ta iHTerpyBaTy CTaTUCTUYHWUIA anropuTM (NiHiiHY perpecito)

O1151 aBTOMaTUYHOTO po3paxyHKy O4YiKyBaHOI KiNbKOCTi rnsaaqiB Ha OCHOBI
iICTOPUYHMX AaHWX, AHA TUXHA Ta Yacy ceaHcy.

O6’ekT AOCNiMKEHHS € NpoLec aHanidy Ta NporHo3yBaHHSA MsAaLbKoro
nonuTy B KiHOTeaTpi.

MpeameT gocnigxeHHA € MaTemaTUyHi anropuTMm Ta apXxiTeKkTypHi
pilleHHS, WO BUKOPUCTOBYIOTLCH A5 pO3pObKM aHaniTMYHOro Moayns

[ﬂjﬁCMCTeMM.
eToaun focnimxeHHs. B po6oTi Byno BUKOPUCTaHO METOAM aHani3y MiTepaTypHUX Ta TeXHIYHUX hxepen Ans o6pobku TeopeTnyHoI iHchopMmalLlii,



I'IOpiBHFIHHﬂ Ta cuctemarmsadisa BUOKpEMJIEHUX AaHUX, METOON CUCTEMHOIO aHanisy Ta NPOEKTYBaHHA apxiTeKTyle, nporpamyBaHHA

TaKoX
CTaTVICTVHHOI'HaJ'IiSy Ta 06pobKM faHMX 3 BUKOPUCTaHHSIM anropuTMiB perpecii.
[MpakTnyHe 3HayYeHHs. MonoBHa LiHHICTE PO3pobneHoi cuctemu nonsrae y

Mopyni NPOrHo3yBaHHs, KU reHepye Ans BnacHuka 6isHecy MatemMaTuyHo
06r'pyHTOBaHUIA PO3paxyHOK KinbKOCTi rsigadviB Ha manbyTHi ceaHcu. Lle nossonse
3asganerigb hopmyBaTh ONTUMarnbHWIA rpadik BUXOAY NpauiBHUKIB HA 3MiHN,
edeKTMBHO KepyBaTu 3anacamv NpoaykKLii, yHukaTu 3anBmx BUTpaT Ta CyTTEBO
NiABULLIMTK 3aranbHy peHTabenbHiCTb KiHoTeaTpy.

CTpykTypa aunnomHoi pobotu. PoboTa cknagaetbest 3i BCTYMY, TPbOX

po3ainis, BACHOBKIB Ta CMNCKY BUKOPUCTaHUX Axepen. Y AUNSoMHin poboTi
HaBegeHo 3 Tabnuui, 30 pucyHkiB. CI‘IMCO@MKOpMCTaHMX okepen Mictutb 21

noauiiii. [lo po6otun gony4veHo 2 fopatka Ha 19 cropiHkax. 3mH. Apk. No gokym. Mignuc Jata Apk.
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1 AHANI3 MPEOMETHOI OBJTACTI TA MPOrPAMHUX CUCTEM
YMNPABJIHHA KIHOTEATPOM

1.1 AHani3 nporpam-aHanoris Ta BCTAaHOBMEHHS BUMOT

MpeomeTtHa obnacTb Uiel Temu BU3Ha4YaeTbcsa pearnisadieto Be63acToCyHKy Ans
ynpaeniHHs poboToto Mepexi kiHoTeaTpi. Cuctema ynpasniHHS KiHOTeaTpoM — Lie
KOMMMEeKCHe nporpaMHe 3abesneyeHHs, ke BUKOPUCTOBYETLCS ANa aBTomaTu3aadii
TEXHIYHMX, hiHaHCOBKX Ta noricTuyHux GisHec-npouecis [1]. Lie Bkntovae Taki
3aBAaHHs, sSiK NNaHyBaHHA po3knazy nokasis (ciTka ceaHciB), ynpaeniHHA
npogaem KBUTKIB, KOHTPOSb 3aMOBHIOBAHOCTI 3aMiB, a TakoX BEAEHHS 3BITHOCTI.
Ha gaHuii MOMEHT pyHOK cUCTeM ANs KiHoTeaTpiB NOAiNeHWi Ha ABi kaTeropii:
3acTapini 4eCKTONHI pilleHHs, Ski HanucaHi nig onepauinHy cuctemy Windows i He
niagTPUMYIOTb BigAaneHn ocTyn, Ta XMapHi cepBicu-arperatopu, ki BUMaralTb
perynspHux hiHaHCOBKX BiApaxyBaHb Yy BUrMNAAi KoMicii Ta 36epiratotb AaHi
KNIEHTIB HA CTOPOHHIX cepBepax.

OpHMM i3 MowMpeHnX pilleHb Ha yKpaiHCbKOMY pUHKY € nnatdopma mticket.

Lle xmapHwii cepgic, sikuil iHTerpyeTbcs 3 BebcaiTamm KiHoTeaTpis Ta 403BONSiE
opraHizyBaTu oHnanH-npoaax KBuTkiB. OCHOBHI MOXIMBOCTI Liei nnatgopmu
BKIHOYAIOTh!

= 3pyyHUii iHTepdeiic Ansa BUGopy MicLb Ha cxemi 3any;

- iHTerpauito 3 NnaTiHkHUMKU cucTemMamMu Ans onnatu;

— HasiBHICTb MOBGINbHOro Aodartka Ans nokynuis;

— MOXNMBICTb iHTerpauii no API 3 iHwMMKn cuctemamm Ans pobotu B

cninbHomy 6inetHomy noni [2].

@MH. Apk. No gokym. MNignuc Aata
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PucyHok 1.1 — IHTepdelic Bubopy micub y cuctemi «mticket»

HesBaxatoun Ha NoLIMPEHiCTb, BUKOPUCTaHHS AaHOroO CepBicy ik OCHOBHOIO
iIHCTPYMEHTY ynpaBniHHA Mae 06MeXeHHs Ansi BMACHWKIB KiHOTeaTpiB, OCKiNbKu
nepenbavae KOMICito 3 KOXXHOrO NPOAAHOTO KBUTKA, L0 3MEHLUYe NpubyTok
komnaHii. Kpim Toro, yca 6asa AaHux KnieHTiB Ta icTopis TpaH3akuili 3HaxoaAaTbCsl
Ha cepBepax TPeTbOi CTOPOHW, L0 YHEMOXUBIIOE 36ip iHbopMaLlii Ans HaB4aHHSA
BNacHVX Mofenew aHanisy faHux, a cam cepBic Mae 0BMeXeHW yHKUioHan ans
BHYTPILUHBOrO YNpaBniHCbKOro 0bniky Ta nnaHyBaHHSA pecypceiB.

IHWKM BigoMuM piweHHAM € 3acTocyHok SERVIO Tickets, wo € cucremoro
aBToOMaTmM3aLii KiHoTeaTpiB Ta po3BaxarbHWUX KOMMNIeKciB. 3acTOCyHOK
CKNagaeTbCst 3 KOMMIEKCY NPOrpamHMX iHCTPYMEHTIB, Lo AaroTb 3MOry po3B'asatu
onepaTtuBHi 3agadi nignpuemctea. Cepen yHKUiOHANBbHUX MOXIMBOCTEN
nporpamuv BUAINATLCA:

- FHyYKa cMcTema HanaluTyBaHHS CeaHCiB Ta LUBUAKWIA AOCTYN Kacupa Ao
iHdpopmauii npo dinem [3];

— BifOOPaKeHHS BiNbHMX Ta 3aMHATUX MiCLb Y 3anax 3 MOXIUBICTHO iX
OpOHIOBaHHS;

[EMH. Apk. No gokym. Mignuc Aata
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— HasBHICTb iH(bOpMaLiHNX MOHITOPIB ANS BiABiAyBadyiB Ta IHCTPYMEHTIB
LBMAKOI Banigauii keuTkis 6ins sxoay [3].

PucyHok 1.2 — CtopiHka npogaxy ksutkiB y «SERVIO Tickets»

[Ins NopiBHSIHHS NPOEKTY 3 aHANOroM MOXHa ckopuctaTvce Tabnuueto 1.1.
Tabnuus 1.1 — MNopiBHSHHS 3 aHanorom
PyHkLioHan

PospobntoBaHa

cuctema mticket

SERVIO

Tickets MosicHeHHs

Mpopax Ta

OpPOHIOBaHHS KBUTKIB + + +
[aHuii coyHKUioHan €
dyHaameHTanbsHUM Ans oyab-
SIKOT cMcTemu 06CnyroByBaHHs!
KiHOTeaTpiB.

Mpopax Ta obnik

CynyTHiX ToBapiB + - +

Y po3pobrnitoBaHiii cuctemi
nicns 3akiH4eHHst poboyoro AHsA
BinbyBaeTbCst aBTOMaTM30BaHa
3Bipka 3anuLLKiB TOBapiB.
ABTOMaTUYHE

dopmyBaHHS 3BITIB + - -

[Mpw 3akiHYeHHi 3MiHK cuctema
aBTOMaTUYHO reHepye
chiHaHcoBWI 3BIT. B aHanorax
Lel npouec He €
aBTOMaTU30BaHVM.
[MporHosyBaHHs
3aBaHTaXeHOCTi
(CratncTnyHmnn aHanis) + - -
AnroputM aHaniaye icTopito
npoaaxis i NPOrHo3ye BiACOTOK
nocagku Ha ManbyTHi ceaHcu
ANa onTUMI3aLii nepcoHany.

MopiBHANBHUIA aHani3 nokasye, Lo po3pobka 3anponoHoBaHOT
iHbopmaLinHOT crcTeMu JO3BOMSE NOEAHATY NepeBarn po3rnsHyTUX aHanoris,

3mH. Apk. No gokym. Mignuc Aata
Apk.
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3abe3neyvytoun MobinbHICTb BeOpIlLeHb Ta ynpaBniHCbKMI yHKLUioHan
npodecinHmx komnnekcis. Lie 3BinbHsie GidHec Bif KOMICIiHUX BUTPAT i OpiEHTYE
CUCTEMY Ha BUKOPWUCTaHHS BOYAOBaHOrO MaTeMaTUYHOro Moayns Ans
aBTOMaTuM3aLii NpoLeciB aHaniTUK1 Ta NPOrHO3yBaHHS NOCaaKu 3anis.

®opmat Beb3acTocyHKy 0bpaHo Yepe3 HeobxigHiCTb 3abeaneyeHHs focTyny
npauiBHUKIB Ta agMmiHicTpauii 3 pisH1x NpMCTpOoiB (koMN'toTepiB UM NnaHLweTiB) 6e3
noTpebu BCTAHOBIIEHHS 40AATKOBOroO nporpamMHoro 3abeanedeHHs [4]. 3 meToto
YHUKHEHHSI apXiTEKTYPHOI HaAMIPHOCTi Ta CKNaAgHOCTI NiATPUMKN PO3MnoaineHnx
CMCTEM, 3aMiCTb PO3AINEHHS Ha OKPeMi KNIEHTCbKY Ta CepBEPHY YacTUHU PO3PObKY
iHTepdericy Ta 6i3Hec-norikv iHTerpoBaHoO B €4MHY MOHOMITHY apXxiTekTypy Ha 6asi
dpenmBopky Ruby on Rails. [ins 3a6e3neveHHst iHTepakTUBHOCTI, LIBUAKOA(T Ta
OHOBIEHHS AaHNX B PEXUMI peanbHoro Yacy 6e3 NoBHOro nepesaBaHTaXeHHs
CTOPIHOK eKpaHa, 3aCTOCOBaHO TEXHOMOriYHMiA cTek Hotwire (komnoHeHTH Turbo
Ta Stimulus) y noegHaHHi 3 yTuniTapHum iHCTpymeHToM BepcTkum Tailwind CSS.

1.2 O6r'pyHTYBaHHS BUGOPY TEXHOMOFYHOTO CTEKY PO3pobKu



1.2.1 TeopeTnyHi acnekTn apxiTeKTYpPHOro NPOEKTYBaHHsI BeGeucTem.

Mig Yac cTBOpeHHs1 cyyacHux BeGeucTem BaXkMBMM eTarnom € Bubip
apxiTeKTypHOro niaxoay, sk 3abeanevye 6anaHc Mix LUBUAKICTIO po3pobku Ta
cTabinbHicTio poboTK Nporpamu. Y npakTuui po3pobku iCHYOTb ABa OCHOBHI
HanpsIMK1: MOHONITHA apXiTekTypa Ta MikpocepBicHa iHdpacTpykTypa. [ns cucrem
cepeaHboro MacluTaby, Takux sik cucteMa ynpaeniHHS KiIHOTeaTpoM, AOLUiNbHUM €
BMKOPUCTAHHA MOHOMITHOrO NiAXOAY, KON BeCb NPOrpaMHui Ko aoaartka
36epiraeTbCs, TECTYETbCS Ta BUKOHYETLCS B OAHOMY 3aranbHOMY cepenoBuLLi [5].
Take pilleHHs1 yCyBa€ CKNafHi MepexeBi 3aTPMMKM Ha B3aEMOZI0 MiXk

6araTbMa OKpeMnMM cepBicamu, 3Ha4HO CrPOLLLYE NPOLEC PO3ropTaHHSA nNporpamu
Ha UinboBOMY cepBepi Ta 3abeanedye BUCOKY LinicHICTb 6a3n aaHux. Lie gossonsie
30cepeanTucs Ha peanisadii 6isHec-norikv Ta aHaniTU4HUX yHKLi 6e3
iHbpaCTPYKTYpPHOrO yCKnagHeHHs kofoBoi 6a3u[6].

ELMH. Apk. No gokym. Mignuc fata
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1.2.2 MatemaTtunyHi nigxoam Ao noGynoBu NiACUCTEM NPeaUKTUBHOT

aHaniTukn. BnpoBagxeHHs nigcucTemMmn NpeankTUBHOI aHarmniTukM B CUCTEMY
ynpasniHHA KiIHOTeaTpoM CNpsIMOBaHe Ha PO3B'A3aHHA 3a4advi NPOrHO3yBaHHS
MonuTy, @ came — BU3HA4YEHHS O4iKyBaHOI KiNbKOCTi NpoAaHnX KBUTKIB HA ManbyTHI
ceaHcu. Lle HeobxiaHO Ans aBTOMaTM3aLii ynpaBniHCbKUX PillieHb, TakuxX SK
3aBYacHe nnaHyBaHHs rpadikis po6oTy nepcoHany, yHUKHEHHs Yepr Ha kacax Ta
onTUMi3aLis 3anacie cynyTHbOT NpoayKuii kiHob6apy. Ockinbku LinboBa BenuymHa
(KinbKiCTb rmagadiB y 3ani) € HenepepBHUM YMCIIOBUM NOKa3HWKOM, MaTeMaTuyHa
3apaya 3BoAnTbCs A0 NobyaoBW Moaeni perpecinHoro aHaniay Ha OCHOBI
HaKonMnyeHUx iCTOPUYHUX AaHNX NPOo nonepeaHi nokasu ginbmis.

IMig yac NpoekTyBaHHS aHaniTM4YHOro Mogyns 6yno po3rnsiHyTO Kinbka
anbTepHaTUBHUX MaTeMaTUYHUX NiAXOAiB. NepLuUoto ansTepHaTMBOIO € KnacuvHa
NiHiiHa perpecis MeTOAOM HaMeHLMX KBaaparTis. [1poTe e MeToz € BpasnuBum
[0 ABULLA NIHIVHOT 3aneXHOCTI MiXK BXIAHUMW napameTpamu, Konu BXigHi daktopu
(Hanpuknag, BeYipHii Yac ceaHcy Ta CTaTyC BUXIOQHOIO AHS) CUIIbHO MOB'A3aHi MixK
coboto, Lo NpM3BOAUTL A0 MaTeEMaTUYHOI HeCcTabiNbHOCTI po3paxyHkiB MaTpuLb Ta
Pi3KOroO 3HVKEHHSA TOYHOCTI NPOrHO3iB. [pyroto anbkTepHaTUBOI € BUKOPUCTAHHSA
mopernen aHaniay yacosux psgis, Takux sk ARIMA. BoHn edekTBHO npauoroTh
i3 6e3nepepBHMMU NOCMIAOBHMMM NpoLiecamu, ane noraHo niaxoasaTb Ans
KiHOTeaTpanbHOro po3knagy, e CeaHcu € AUCKPETHUMY (NepepuBYaCcTMM)
nogisiMu 3 pisHMMU dinbMamm, TpMBaNICTIO NOKa3dy Ta XxapakTepucTukamu 3anis.
3acTocyBaHHS cKnagHUX HENiHIMHUX NiAXOAIB, TaKUX SIK LUTYYHI HEMPOHHI Mepexi
abo anroputMu rpagieHTHoro 6ycTuHry, 6yno BiAXuneHo Yepes iXH BUCOKY
obumncntoBanbHy cknagHicTb, BUMOMMUBICTb 40 06csry HaBvanbHoI BUBIpku Ta
HeobXiAHICTb iHTerpauii BaXKkunx 30BHILLHiIX 6ibnioTek, Lo cynepeynTb KOHLenLi
T1ErKOro MOHOIITHOTO 3aCTOCYHKY.

3 ornsgy Ha oBMeXeHHs anbTepHaTUBHUX BapiaHTiB, AN peanisauii
NpeanKTMBHOIO KOHTYpY Byrno obpaHo meToa rpebeHeBoi perpecii [7] . fonoBHo
nepeBaroto Lboro Nigxoay € BNpoBaKeHHs1 MexaHiamy L2-perynspu3sadii. Lien
mMaTemaTU4HUI anapar gogae cneuianbHun WrpadHuin KoedilieHT 40 dyHKLT

[ILMH. Apk. No gokym. Mignuc fata
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NOMUIIKX Mogeni, WO WTYy4YHO obMexye HaaMipHe 3pocTaHHsa napameTpis. Lle
[03BONSE YCNILLUHO BUPILLXTK NpoBnemy MiHiHOT 3aneXHOCTi MiX BXigHUMU
napameTpamu Ta YHUKHYTU MaTemaTuyHol HecTabinbHOCTi Moaeni npu
po3paxyHkax Ans HOBUX CEeaHCiB.

[opaTkoBUM apryMeHTOM Ha KOpucTb rpebeHeBoi perpecii € etan niaroToBkx
CTaTUCTUYHMX NapaMeTpiB, AKUIN [O3BONSAE BpaxXyBaTU YacoBi KOMUBAHHSA NOMUTY
Yyepes hopmyBaHHsA Habopy haKTopiB, LLO BKMHOYAE PO3MOAiN Yacy ceaHciB Ha
nepioau, kaneHaapHi YWHHVKM Ta BUKOPUCTaHHS YacoBUX naris (MokasHukiB
npogaxis 3a MUHyni TWxHi) [8]. Mepen noyaTkom po3paxyHkiB 060B'I3KOBO
BMKOHYETbCS CTaHAapTU3aLis BXIOHUX AaHWX, SiKa 3BOAUTb YCi MOKa3HWKN [0
eamnHoro macluTtaby [8]. 3 iHxeHepHoI Touku 30py rpebeHeBa perpecis € AoLinbHUM



BMBGOPOM A5 LibOrO NPOEKTY, OCKINbKM il MaTeMaTU4HWi po3B's30k 6a3yeTbcs Ha
niHinHo-anrebpaiyHmnx onepauisx 3 matpuusamu. Lie go3sonsie peanisyBatu
anropuTm Ha uncTii moBi Ruby 3a gonomoroto ctaHaapTHoI 6ibnioTekun matrix,
3abe3neyytodm BUCOKY LUBUAKICTb 06YMCIeHb y (DOHOBOMY pexumi 6e3
BCTaHOBIIEHHS CTOPOHHIX 0BYMCIOBANbHUX NaKeTIB..

1.2.3 KoHuenuii ynpaeniHHS AaHUMu Ta apxiTekTypu cxosuw,. [1ns

3abe3neyeHHst HagiNHOCTI onepadiiHoro o6niky Ta KacoBUX onepadi apxitektypa
LileHTpanbHOro cxoBuLLa cucteMu 6asyeTbcst Ha pensuinHii Mogeni AaHnXx i3
nigTpMMKoto BUMOr TpaH3akuiHocTi ACID [9]. Y po3pobneHiit cuctemi
ynpaBeniHHs KIHOTeaTpoM peanisaLis X BUMOT € KPUTUYHOK AN YHUKHEHHS
NoriYHUX Konisii. BnacTueicTe aToMapHOCTi BNPOBaKEHO Yepe3 MexaHiam
TpaH3akLin penmBopky. Hanpuknag, npouec 3akputTsi poboyoi 3mMiHW kacupa
BMKOHYETbCS 51K EAVHA HEMOAiNbHA onepawis: y pasi BUHUKHEHHSI MOMUITKM Ha
Oyab-sikoMy eTani po3paxyHkiB BibyBaeTbCs NOBHE aBTOMATUYHE CKacyBaHHS YCixX
NoB'sI3aHNX 3MiH y 6asi gaHuX.

3axucT Big cTaHy roHKM Npu ogHoYacHUX cnpobax pisHWX KacupiB npodaTu

ofHe 1 Te came MicLe 3abe3neyvyeTbCs BNACTUBICTIO Y3rofXXeHOCTi. Y cuctemi Len
MexaHi3M peani3oBaHO Ha piBHI cxeMun 6a3n JaHux Yepes XOPCTKi YHiKanbHi
obmexeHHs1. 3okpemMa, Ana Mogerni KBUTka BCTAHOBIEHO KOMMIEKCHE OOMeXeHHs

ELMH. Apk. No gokym. Mignuc fata
Apk.
16
KPB.ICT- 08.00.00.000 M3

YHIKanbHOCTI MiCLii B MeXax KOHKPETHOIO ceaHcy. 3aBasku LibOMY, HaBiTb SKLLO
[Ba Kacupun 04HO4YaCHO iHILiloTb NpoLec NpoAaxy OAHOro Kpicna, cuctema
ynpaeniHHs 6aszamu gaHux Ha isnyHOMY piBHI 3adpikcye nuile nepLuy TpaH3akLito,
a aybniotoymnin 3anuc byae 6e3yMOBHO BiAXMINEHO, LU0 rapaHTye LinicHICTb
iHdpopmaLlii npo 3aBaHTaxeHicTb 3any [10].

Y Mexax MOHOMITHOT apXiTekTypu Ans 36epexeHHs iHdopmaLii
BMKOpPUCTOBYETbCH BOyAoBaHa (embedded) pensuiiHa 6asa pgaHux SQLite. Bona
dyHKUiOHye 6e3nocepeanHbo B npoLeci Beb3acTocyHky Ta 3bepirae Becb MacuB
[aHnXx B OQHOMY nokanbHoMy cbanni Ha Ancky. Takuii niaxig nikeigye mepexesi
HaknagHi BUTpaTh Ha B3aEMOZito MiXk Mporpamoto Ta okpemnm cepBepom 6asu
naHux. BiacyTHICTb MepexeBux 3aTpuMok 3abesneyvye BUCOKY LUBUAKICTb YNTaHHS
icTOpUYHOI iHcbopMalLlii, Lo € HeobXiAHOK YMOBOO ANst MUTTEBOrO (DOPMYBaHHS
obymcnoBanbHUX MaTpuLb Nig Yac poboTn Moayns NPEeAUKTUBHOT aHaniTUKK.
1.2.4 TexHonorii po3pobkn AMHaMIYHWUX KOPUCTYBALbKMX IHTEPXENCIB.

CyuacHi TeHaeHLUjii Bebpo3pobky AUKTYIOTb XKOPCTKI BUMOrM 0 AUHAMIYHOCTI Ta
iHTEepaKTMBHOCTI KNIEHTCKOT YaCTUHW iIHOPMALHUX cucTeM. 3amiCTb BaXKKNX
KnieHTcbkux SPA-hpeiimBopkiB, siki noTpebytoTb okpemmx 6aHanepis Ta API-
KOMMOHEHTIB, y NPOMUCIIOBI po3pobui Habys nowmpeHHs nigxia Hypermedia-
Driven Applications, sickpaBum npeacTaBHUKOM SIKOTO € TEXHOMOTYHWIA CTEK
Hotwire. KoHuenTyanbHa ines komnoHeHTa Turbo nonsirae B aCMHXPOHHIN
noctaBLi komnakTHux HTML-cbparmeHTiB 6e3nocepeaHbo 3 cepeepa, LWo
3abesneyvye WBMAKICTb BiAryKy iHTepdeicy Ha piBHi OQHOCTOPIHKOBMX AoAaTKiB
6e3 LTYYHOro yCKINagHeHHs KnieHTCbKoi koaoBoi 6a3u Ta 6e3 noBHOro
nepesaBaHTa)XXeHHsi CTOpiHOK [11].

BukopucTanHs cynyTHboi 6i6niotekn Stimulus iHkancynioe HeobxiaHy

KMiEHTCbKY Moriky, 36epiratoum apxiTeKTypHy 4nMcToTy npoekTy. CTunisauis
iHTepdelicy B Mexax 3aranbHOi MOHOMNITHOT apXiTEKTYpU BUKOHYETLCS 3a
[ornomoroto ytunitapHoro dperimeopky Tailwind CSS[12]. Takuii nigxig rapaHTye
BMCOKY LUBWAKICTb PEHAEPUHTY, MiHIMI3ye hiHanbHWUM po3mip cTaTuyHUX dhaiinis

[ILMH. Apk. No gokym. Mianuc Aarta
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ohopmneHHs Ta 3abe3neyye BUCOKY aAanTUBHICTb AM3aiHy Ha Pi3HUX TUnax
NpUCTPOIB.

1.3 Po3pobka BapiaHTiB BUKOPUCTaHHS

[ns 4iTkoro BU3HavYeHHs yHKLiOHanbHUX BUMOr A0 cuctemun Byno
po3pobneHo cLeHapii BUKopucTaHHs (NpeueneHTn). Liein etan gossonus



npoaHaniaysaTtu, K came pisHi TUNM KOpUCTyBadiB B3aEMOAIATUMYTb i3 MPOrpamoro

y peanbHux pobouux cutyauisx. Y peaynerati Boanocs cpopmysaTy To4HUIA Habip

yHKUIM, NpaBUIbHO PO3MoAINMTA NpaBa AOCTYMNy MiX ponsiMv Ta niarotyBaTu

HagiiHy 6a3y Ans noganbLUoi peanidauii 6isHec-norik cTemu.

[MpoexTyBaHHA BapiaHTIB BUKOPUCTaHHS 3a nonomorowHi(biKosaHoT MoBwu mogentosaHHa UML go3sonse 4iTko cneundikysaTtv mexi iHdopmaLinHoi
cucTeMu Ta _3adpikcyBaTtn BUMOMM A0 Hel Lile A0 novaTky akTUBHOI ha3n  HanucaHHs

nporpamHoro kogdy. CyTb LibOro niaxogy nonsrae B TOMy, WO po3pobnioBaHa

cucTeMa NofdaeThes y BUMMSAI B3aeMOAIT akTopiB (KOPUCTyBaYiB) i3 KOHKPETHUMUN
dyHKUisMKN goaaTka. KoxeH BapiaHT BUKOPUCTaHHSA BU3HAYae NEBHY
NOCMiAOBHICTb Aii, Ky BUKOHYE Nporpama nig 4yac gianory 3 npauiBHUKOM,
Oonuncyumn cepaicy, siki cuctema Hagae kopucTyBayy, 6e3 ycknagHeHHst onucy
HWU3bKOPIBHEBMMW AeTansiMun koAy. 3aranbHa CTpyKTypa B3aeMOoii akTopiB i3
CUCTEMOI0 Ta MeXi MPOrpamHOro KoMmekcy BifobpaxeHi Ha po3pobneHii
Aiarpami npeLeaeHTiB Ha pUCYHKy 1.3.

ELMH. Apk. No gokym. Mignuc fata
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PucyHok 1.3 — [liarpama npeueneHTis

Ha ocHoBi po3pobneHoi rpadiuHoi Moaeni BUAINEHO Tpy ronoBHi cueHapir,

SKi AeTanbHO OMUCYIOTb onepaLinHy Ta agMiHICTpaTMBHY OCHOBY Nporpamu.
1.3.1. MNpeueaeHT “YnpaeniHHA CTPYKTYPOLO KiHo3anie”. BnacHuk

HanaluToBye CTPYKTYpy 3anis y nporpami. [ins MoaentoBaHHs 3any kopuctysay
BHOCUTb 1oro 6a30Bi napameTpu, a came 3aranbHy KinbKiCTb PSAIB Ta KinbkicTb
MicLb Y KOXXHOMY psigy. Ha ocHOBI LMx Lumdp cuctema aBToMaTuyHo byaye Ta
dikcye cxemy 3any.

[MoBepxHeBa opma. BnacHuk BxoanTb y cuctemy i gogae Hoswui 3an. BiH
BKa3ye Ha3By 3ary, KinbKiCTb psfiB Ta KinbkicTb Micub y psay. lNMporpama
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aBTOMAaTU4YHO PO3PaxoBYE MICTKICTb Ta (hOPMye CTPYKTYpY NpuMiLLeHHs. Ticna
niaTBepoXeHHs AaHi 36epiraloTbesi Ha cepBepi. SAKLLLO NapaMeTpu BBEAEHO 3
NOMWIKO, Nporpama nokasye niakasky.

MoBHa chopma.

Hassa npeueneHTy: «CTBOPUTM Ta HanawTyBaTy KOHAirypaLito KiHosany».
Cdpbepa 3acTocyBaHHs: Be6-iHTEpdelic agmiHicTpaTopa Ta cepBepHa YacTuHa.
PiBeHb: Linb kopucTyBaya.

[onoBHi akTopu: BNACHWK.

[pyropspHi aktopu: cepsep Ha 6a3i Ruby on Rails, 6a3a gaHux.
3aljikaBrneHi CTOpPOHM Ta ixHi iHTepecu:

- BIACHWK: nparHe LWBMAKO Ta TOYHO BHECTU NapameTpu 3any B

nporpamy Ans nofasnbLloro Npoaaxy KBUTKIB;

— pO3po6HUK: 3aLikaBneHni y HafinHomMy 36epexeHHi CTPYKTypu

3any.

Mepegymosu:

- KOpUCTYBaY YBIVLLOB y CUCTEMY 3 NpaBamu BNACHWKa;

— Yy cucTeMi CTBOpPEHO xo4a 6 oauH KiHoTeaTp.

[apaHTia ycnixy:

— HOBWI 3an 36epexeHo y crnucky 06'ekTiB;

— KOHdpirypauito 3any ycniwHo 3adikcoBaHo B 6asi AaHuX.

OCHOBHWI CLEeHapii ycnixy:

1 BMacHWK BigKpMBae po3ain ynpasniHHA KiHO3anamu;

2 iHiLjitoe CTBOPEHHSI HOBOTO 3any;

3 BBOAWTb Ha3BY 3any, KiNbKiCTb psAiB Ta MiCLb Y KOXXHOMY psiay;

4 cuctema aBTOMaTUYHO Byaye KOHdpirypauito 3any 3a BkasaHUmu
napametpamu;

5 BnacHUK NiagTBepaKye 36epexeHHs 3MiH;

6 cucTema OHOBNIOE AaHi Ta NoKasye NoBIAOMMNEHHS NPO YCriX.
AnbTepHaTMBHI cueHapii:

a) Cnpoba 36epekeHHs 3 NOMUIKaMu:
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1 cuctema 3HaxoauTb NMOMWUIKY Y BBEAEHUX YNCTIOBUX AAHUX;

2 KOpWCTyBay OTPMMYE CMOBILLEHHS 3 onncomM npobnemu nig

BiQNOBIAHUM Nonewm;

3 KopuUCTyBaYy BUNPaBMsSEe 3HA4YEHHS Ta NOBTOPHOE Aito.

CneujianbHi BUMOru:

- iHTepdperic BBeAeHHS napaMeTpiB Mae ByTn NPOCTUM i 3pO3yMinunm.

Cnncok TexHonoriu:

- cepBepHa YacTuHa: permaopk Ruby on Rails (3 BukopucTaHHsM

moaynis Action Controller anst 06po6ku 3anuTis Ta Active Record ans 06’ekTHO-
pensiuiiHoro BifobpaxeHHs);

— knieHTcbka yactuHa: HTML5, CSS3, JavaScript (DOM API ans

3abe3neyeHHst iHTepaKTVBHOI B3aeMOfi 3i cxemoto 3any B Gpaysepi);

- 6asza gaHux: SQLite;

- dhopmat 06miHy gaHumu: JSON (BUKOPUCTOBYETLCA ANs

ACMHXPOHHOTO 3bepexeHHs cTaTyciB MicLb Yepe3 AJAX-3anutn 6e3
nepesaBaHTaXEHHS1 CTOPIHKM).

YacTtoTa BUKOPUCTaHHS: HU3bKa (BUKOHYETBLCS MPY BIAKPUTTI HOBMX 3aniB).

1.3.2. MpeueneHT “O6cnyroByBaHHA KMIEHTIB Ta NPoAaX KBUTKIB.

MpauiBHWK Npoaae KBUTKK BiaBiAyBavam kiHoTeaTtpy. FONOBHOW OCOGMUBICTIO €
Te, WO Y BikHi BUGpaHOro ceaHcy Bxe BifobpaaeTbCs roToBUiA aHamiTUYHUN
NPOrHo3 3aBaHTaxeHocTi 3any. Lle no3Bonsie npauiBHuKy 6a4nTy odikyBaHuUin
nonuT Bigpasy Ha poboyomy ekpaHi 6e3 JoaaTKOBUX NEPEXOAIB YN Al y CUCTEMI.
[MoBepxHeBa dhopma. MpauiBHVK NoYMHae 3MiHy Ta BigkpuBae posknag. Y

BikHi CeaHCy BXe BMBEAEHO iHANKaTOp NPOrHO3y 3aBaHTaXeEHOCTi 3any, Lo
gonomarae kpalle opieHTyBaTh nokynuis. MNpauiBHuk 6a4nTb KapTy 3any, Bigmivyae
ob6paHi BinbHi Micus i npoBoauTb Npogax. MNMporpama Biapasy OHOBIIOE CTaH 3any.
MoBHa chopma.

Hassa npeueneHTy: «lpogaTy KBUTOK 3 BiJOOPaXKEHHAM MPOrHo3y
3aBaHTaXXEHOCTi».

Cdbepa 3acTocyBaHHs: iHTepdeic npaliBHMKa Ta cepBepHa YacTuHa.
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PiBeHb: Linb kopucTyBaya.

[onoBHi akTopu: NpauiBHUK.

[pyropsaHi aktopu: cepsep Ha 6a3i Ruby on Rails, aHanitnyHuin mogyne.
3auikaBneHi CTOPOHM Ta iXHi iHTepecu:

— MpauiBHKK: Xo4e LWBMAKO 06CnyxuTu BiaBiayBaya, 6avaqm
aKTyanbHWIA NPOrHO3 ANs ceaHcy;

= KnieHT: xo4e obpatu Ta npuabdaTh 3py4Hi Micusa y 3ani.
Mepenymosu:

— NpaLiBHMK YBIlLLOB y CUCTEMY Ta po3rnoyas pobounit AeHb;
- ceaHC JofaHo [0 3aranbHOro posknagay.

[apaHTia ycnixy:

- cTaTtyc obpaHoro micus B 6a3i aaHnx SQLite 3amiHeHO Ha
«npoaaHo».

— orepaLuisl ycniluHo 3adikcoBaHa y cucTemi.

OCHOBHMI cLeHapin ycnixy:

1 npauiBHUK BiAKpMBa€E po3knaj CeaHCiB Ha MOTOYHY 3MiHY;
2 Bubupae noTpibHWMIA ceaHc, y BikHi sikoro Biapasy
BifobpaxxaeTbCs iHAMKATOP NPOrHO3Yy 3aBaHTaXEHOCTi;

3 BigkpvBae kapTy 3any Ta BigMivae BinbHi MicLs NOABIAHUM
Knikowm;

4 36epirae 3MiHM Ta 3aBepLUye TpaH3aKLito.

AnbTepHaTMBHI cueHapii:

a) Cnpoba npofaxy HegocTynHoro abo 3anHATOro Micus:

1 cuctema 3HaxoanTb KOHANIKT abo BrnokyBaHHA MicLs;

2 NpaujiBHYK OTPMMYE NOBIAOMIIEHHS MPO MOMUIIKY Ta NPOMOHY€E



KNIEHTY iHLLI BapiaHTw.

CneuianbHi BUMOrH:

— iHQMKaTop NPOrHO3y Yy BikHi ceaHCy Mae npautoBaTh cTabinbHO
Ta He yNoBINbHIOBATY 3aBaHTaXEHHS po3knaay.

Crnmcok TexHonorin:
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CepBepHa YactuHa: dpenmaopk Ruby on Rails.

— CTATUCTUYHUIA aHani3: anropuTM MaTemMaTU4yHOro MOAENBAHHS

Ridge Regression (rpebeHeBa perpecis) Ans AUHAMIYHOrO po3paxyHKy MpOrHo3y
3aBaHTa)KEHOCTi;

- knieHTcbka yactuHa: HTML5, CSS3, JavaScript (ans

pPEeHOEPUHTY KapTu BiNbHUX/3aHATUX MiCLb Ta BidyarnisaLii KornbopoBumx
iHauKaTopiB MONUTY);

- 6asa gaHux: SQLite (i3 3acTocyBaHHAM TpaH3akuin Ans

6rokyBaHHs1 MicUb N Yac npogaxy).

YacToTa BUKOPUCTaHHS: AyXe BUCOKA.

1.3.3. MpeueneHT “MoHITOPUHT Ta ynpaBniHHSA 3BITHICTIO”. MeHeaxep abo
BMACHWK CUCTEMMU 3INCHIOE KOHTPOMb 3a (DiHAHCOBUMY MOKa3HMKaMu poboTn Yepes
MoZyrnb 3BITHOCTI. lporpama aBToMaTU4HO (hOpMYeE 3BITHI AaHi Micnsa 3aBepLUeHHS
po6ounx 3miH. KepiBHULITBO MOXe nepernsaaaTy Lo iHdopmauiio, aHanisysaTtu
MOKa3HWKM Ta 3MIHIOBaTK CTaTyCU 3BiTiB AN BHYTPILLUHLOrO 06niKy.

MoBepxHeBa opma. Konu kepiBHUK BigKpuBae CnVCOK 3BiTiB, BiH 6aunTb

yci 36epexeHi AokymeHTw. MNicna Bubopy 3anucy BiH nepernsgae aetanbHy
cTatucTuky. [lani BiH MOXe 3aBaHTaXUTU AOKYMEHT Ha koMmn'toTep abo 3MiHUTK
oro cratyc Ans nigTBepXXeHHs nepesipkn. Cuctema 36epirae Lj 3MiHW.

[MoBHa dopma.

Ha3ssa npeueneHTy: «lepernsg Ta ynpaeniHHsA hiHaHCOBUMM 3BiTaMU».

Cdbepa 3acTocyBaHHA: BeG-iHTepdenic agmiHicTpaTopa Ta cepBepHa YacTuHa.
PiBeHb: Linb kopucTyBaya.

[ONoBHiI akTOPY: MEHEeAXeP, BITACHUK.

[LpyropsigHi aktopu: cepsep Ha 6a3i Ruby on Rails.

3aLjikaBneHi CTOpPOHM Ta iXHi iHTepecu:

— KepiBHULITBO: MparHe oTpyMyBaTy akTyarnbHy iHdopmaLito npo

npubyTKM KiHOTeaTpiB;

— ByxranTtepisi: noTpebye TOYHUX BanifgoBaHWX AaHUX Ans o6niky.

MepenymoBu:
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— KOpUCTYBa4 aBTOPWU30BaHWUIA Y CUCTEMiI 3 BiANOBIAHUM piBHEM
foctyny;

-y 6asi AaHUX HasiBHI iICTOPWYHI AaHi Npo 3akpuTi 3MiHKM Ta Npodaxi.
[apaHTia ycnixy:

- 3BiT KOPEKTHO BMBEAEHO Ha eKpaH;

- cTaTyc 3BiTY YCNiLLHO OHOBIIEHO B CUCTEMI 3a 3anN1TOM KOpUCTyBaya.
OCHOBHWI CLEeHapii ycnixy:

1 KopucTyBay BiAKpUBaE CTOPiHKY Nnepernsaay 3BiTiB;

2 cucTema rnokasye Crmcok AOCTYMHMX AOKYMEHTIB 3a 06paHuii nepiog;
3 kopucTyBay BUOMpae KOHKPETHWUIA 3BIT ANs AeTanbHoro
03HaMOMIEHHS;

4 HaTucKae KHOMKY Ans 3aBaHTaXeHHs abo 3MiHW cTaTycy [JOKYMEHTa;
5 cuctema obpobnsie 3anuT i oHoBMOE aTpmbyTn 3anucy B 6a3i AaHuXx;
6 KopucTyBay OTPUMYE NIATBEPAXKEHHS YCNILLUHOTO BUKOHAHHS
onepadlii.

AnbTepHaTMBHI cueHapii:

a) BigcyTHicTb gaHux 3a o6paHwuin nepioa;

1 KopucTyBa4 3anuTye 3BIT 3a Yac, konu inii He npautoBany;

2 cucTema crnosillae npo Te, Wo AaHi Ans hopMyBaHHSA 4OKYMeHTa
BiACYTHI;



3 cneuianbHi BUMOry;

4 biHaHCOBI AaHi y 3BiTax MatoTb ByTW 3axuLLeHi Bif BUNagKOBUX 3MiH
3BMYANHMMK NpaLiBHUKaMMU.

Cnncok TexHonoriu:

Backend: Ruby on Rails.

— cepBepHa YacTuHa: dperimopk Ruby on Rails;

— knieHTcbka yactuHa: HTML5, CSS3, JavaScript (ans BinobpaxeHHs
aHaniTMYyHMX 3BefeHnx Tabnuub);

- 6asa gaHux: SQLite (BMkopuctaHHs arperatHux SQL-3anuTis ans
LUBMAKOTO NigpaxyHKy PiHAHCOBUX MOKA3HWKIB);
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- reHepaljist JOKYMeHTIB: crewjiani3oBaHi 6ibniotekn (gem-nakeTtu)

cepepoBua Ruby ans ekcnopty Ta opMyBaHHS eNeKTPOHHMX dannis
(Hanpuknag, reHepauis PDF abo CSV-aokyMeHTiB).

YacToTa BUKOPUCTaHHS: CepeaHs.

LLINnsixoM BU3HaYEHHS KIOYOBMX aKTopiB CUCTEMU (BNacHUKa, MeHeaxepa Ta
npauiBHMKa Kacu) Ta onucy iXHiXx OCHOBHUX CLieHapiiB B3aeMofii i3 nporpamoto,
6yno cchopmMoBaHO NOBHE Ta YiTKe ysIBNEHHS Npo yHKUiOHanbHi BUMoru oo
pO3po6ntoBaHOrO MOHOMITHOTO BE6G3aCTOCYHKY, LLO A03BOMNUIIO NepenTy Ao eTany
6e3nocepeHbOro NPOEKTyBaHHS 6a3n JaHUX Ta anropuTMiB NPEAUKTUBHOIO
Moayrns.

1.4 TocTaHoBKa 3agaui

YcniwHa poboTa Byab-SKOro Cy4acHoro KiHoteaTpy 3anexuTb Bif

npaBWIbHOrO NaHyBaHHs pecypcis. fonoBHa npobnema uiei cchepu — cknagHicTb
nependavnTyh, CKinbku came rnsigadvis npyuinae Ha KOHKPETHUI ceaHc. 3apa3s
BinbLUICTb po3BaxarnbHWX 3aknaiB pobnaTb Le NpMbnuaHo, cnnpatymch nuile Ha
[0CBIA MeHexXepiB.

Takun nigxig 4acTo Npu3BoanTb A0 hiHAHCOBUX BTPAT. AKLO Ha ceaHc
npuxoauTb HecnodiBaHo 6araTo nogen, a Ha 3MiHi NpaLutoe Mano npawiBHUKIB,
BMHWKaIOTb BENUKi Yepru, sikicTb 06CnyroByBaHHA Najae, i KiHoteaTp BTpavae
npMByYTOK. FKLLO X HaBMaku — O4iKyBaHOro axioTaxy HeMae, BMacHWK 3asHae
36uTKiB Yepes onnaty poboTun 3aiBOro nepcoHany Ta ncyBaHHs NpoaykTiB y Hapi,
SKi 3a3ganerigb NpUroTyBany Ans BeNyKOoi KinbKocTi nogen.

Tomy OCHOBHOIO 3agaqeto Liei poboTn € po3pobka iHchopmaLiiHoi Beb-

cucTemMu, sika aBTomaTuaye 36ip AaHnx Npo poboTy KiHoTeaTpy Ta MiCTUTL
aHaniTM4HMn Moaynb ANS NPOrHo3yBaHHS BiABIAYBaHOCTI CEaHCIB.

[ns [OCSiIrtHEeHHs Liel MeTn NporpaMHuiA 4O4ATOK Mae BUPILLYBaTH Taki

KOHKPETHI 3aBAaHHS:
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1 ynpasniHHa 6a30BMMM NpoLecamun: CTBOPEHHS 3pyYHOro iHTepdericy Ans
BHECEHHS! iHbopMalLlii Npo KiHOTeaTpu, XxapakTepucTukm 3anis (MiCTKICTb, KinbKiCTb
psgis Ta Micub) Ta posknag, inbmis;

2 0bnik Ta 36epexeHHss JaHuX: aBToMaTyHa ikcallist KOKHOro NpoaaHoro
KBUTKa. Lle HeobxiaHO ANs HakonNWYeHHst TOYHOI iCTopIi BiABiAyBaHOCTI, Ska €
OCHOBOIO AN NoAanbLLIOro aHaniay;

3 aBTOMaTW4He NPOrHO3yBaHHS: PO3pobka MaTeMaTUYHOrO MOAYIS HA OCHOBI
anropuTMiB CTAaTUCTUYHOIO aHanidy. ANropuTM NMOBMHEH CaMOCTIVHO aHarnidyBaTun
HaKomnuyeHy iCTopito Ta po3paxoByBaTh OYiKyBaHWUI BIACOTOK 3aBaHTaXeHOCTi 3any
Ans ManbyTHIX ceaHciB;

4 BpaxyBaHHS KIOYOBUX YMHHUKIB: HanalTyBaHHSA CUCTEMM Tak, LWo6 npu
po3paxyHKy MPOrHo3y BpaxoByBanucsi TpY rofnoBHi (hakTopu: cepeaHs
NOMYNSIPHICTb KOHKPETHOTO (iNbMy, AeHb TUXHS (ByaHIN Yv BUXiOHWMIA) Ta Yac
novaTtky ceaHcy (OeHHUI YK BeYipHii Yac);

5 gonomora y NpUAHATTI pilleHb: BUBEAEHHS rOTOBMX pe3ynbTaTiB MporHosy y
BUMSAA] YiTKMX YNCMIOBKX NOKA3HMKIB (KiMbKICTb OYikyBaHUX KBUTKIB Ta BiCOTOK



3anoBHEHOCTI 3any), Wob aaMiHicTpauis Morna 3asganerige 6a4nTy nikosi AHi Ta
onTMMI3yBaTu rpadik poboTH NpaLiBHUKIB.

Y pesynbrati po3pobku mae ByTv CTBOPEHO HaAiHWI IHCTPYMEHT, KU
3aMiHUTbL pyYHe NnaHyBaHHA Ha TOYHUIA po3paxyHok. Lie 4o3BonNuUTL KepiBHULITBY
KiHOTEaTpy 3MEHLUMTN onepauiiHi BUTpaTH, YHUKHYTU Yepr Ta NiaBuLLmnTK
3aranbHy epekTUBHICTb Gi3Hecy.

BucHoBkM oo pos,uin@l

Y nepLuomMy po3gini BUKOHaHO aHani3 npeaMeTHoi obnacTi Ta obrpyHToBaHo

[ouinbHICTb po3pobky iHbopMaUinHOT cucTeMU Ans ynpaeniHHS Mepexeto
jHoTeaTpiB i3 BOy4OBaHNM MOAyneM NPOrHo3yBaHHS.

[ﬁ'lpose,quo OrmnsAA, iICHYHUMX MPOrPaMHUX pPilleHb Ha PUHKY aBToMaTuaauii

KBUTKOBUX NpoLeciB, 3okpema nnatgopm «mticket» Ta «<SERVIO Tickets».
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El}wqineHo iXHi _KNOYOBi _nepeBaru Ta Hegonikn. AHania nokasas, LU0 MoNnpu LUMPOKI (PYHKLOHaNbHI _MOXIWBOCTI, Lii CUCTEMU MatoTb CRifbHi

0BMEXEHHS: KOPCTKY
NpuB’s3Ky 4O CTalioHapHOro pobo4oro Micus y AECKTOMHUX BEPCISiX, BUCOKI
KOMICIIHi 360pu 3a KQXHY TpaH3akKLito Ta 3bepiraHHs KnieHTCbkOT 6a3n Ha
CTOPOHHIX cepBepa:ﬁ_le niaTBEPAMIIO HEOOXIAHICTL PO3POOKM _BNacHOro
HezanexHoro Be6- PilleHHs, ke yCyHe BUSIBNEHI HEAOMiKW, MNOeAHaBLUM
MOBINbHICTb Cy4aCHWUX TEXHOMOTIN i3 rMUMBOKUM YyNpaBniHCbKUM OBMiKOM.
@niﬁCHEHO ornsag NiaxoAis i TEXHOMNOriN, WO 3aCTOCOBYOTHCS NPY PO3pOo6LL
noAibHMX 3acTOCyHKIB, Ta 0Br'pyHTOBaHO BUBIP iHCTPYMEHTIB. ApXIiTEKTYpYy
cuctemun nobynosaHo 3a wabnoHom MVC Ha 6asi chperimBopky Ruby on Rails i3
BMKOPUCTaHHAM nerkoi pensuiHoi 6a3u gannx SQLite. Lie 3a6e3nevye BUCoky
LUBMAKICTb PO3POOKN, HAAIMHICTL TPaH3aKL Ta CNPOLLYE PO3ropTaHHs Nporpamu.
KnieHTCbKy YacTuHy peanizoBaHO 3a JOMOMOroK KpocnnaTtopMHOro CTeky
HTML, CSS T1a JavaScript ans 3py4Hoi poboTu Ha Byab-skux NpUCTposx (Big
KOMM'lOTEPIB A0 NnaHLweTiB). [Ins maTtemaTuyHoro aHanisy iHTerpoBaHo Moaynb
CTaTUCTMYHOIO NPOrHO3YBaHHS (anropuTm rpebeHeBoi perpecii), kv Jo3Bonsie
po3paxoByBaTN O4vikyBaHy 3aBaHTaXeHiCTb 3aniB 6e3nocepefHbO BcepeanHi
cuCTEMM..
Ha ocHoBi pe3ynbraTiB aHanisy cdopmyrnboBaHO NOCTAHOBKY 3adadi Ha
po3pobKy. BuaHauyeHo ronoBHy MeTy Ta KIoY0Bi 3aBAaHHS CUCTEMM, SIKi
OXONMIOTL aBTOMAaTU3aLilo NPodaxy KBUTKIB, yNpaBniHHA PO3KNaJoM CeaHcis,
BE/[IEHHA KOHCOMNIA0BaHOI (hiHAHCOBOI 3BITHOCTI Ta KOHTPOMb 3a iIHPPACTPYKTYPOIO
3anie.
Po3pobrneHi BapiaHTy BUKOPUCTaHHS (MpeLeaeHTH) YiTKo BUSHaYMNu
yHKUIOHaNbHICTb CUCTEMU Ta MeXi MporpamMHoro komnnekcy. NMobygosaHo
Aiarpamy npeueeHTiB Ta BUAINEHO YOTUPK iepapXxiyuHi poni: ricTb, NpaLiBHKK,
MeHe[Xep Ta BNacHUK. [letanbHO onMcaHo Tpu OCHOBHI cueHapii B3aeMogii:
CTBOPEHHS KOHirypadii 3anis BNacHWKOM, NpoAax KBUTKIB NpaLiBHUKOM i3
BMKOPWUCTaHHSAM Bi3yanibHOro MPOrHO3y MOMuTY, a TakoX MOHITOPUHT ddiHaHCOBOT
3BITHOCTI KepiBHMUTBOM. Lle no3Bonuno 3adikcyBatu Bei 6i3HEC-BUMOTM, YiTKO
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po3noainuTn Npaea AOCTYNy Ta MiAroTyBaTu HadinHWMA dyHAaMeHT Ans
nofasnbLUoro NPOeKTYBaHHS 6a3n AaHWX i HAaNUCaHHS NPOrPaMHOro Koay.
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2 MPOEKTYBAHHSA TA APXITEKTYPA IHGOPMALIMHOI
CUCTEMW YTPABJTIIHHA KIHOTEATPOM



2.1 MNpoeKTyBaHHSA CTPYKTYpU 6a3n gaHmx

OcHoBoto poboTH iHopMaLiiHOT cucTeMU € HafiiHa CTPyKTypa 36epiraHHst
AaHux. [na po3pobku nporpamu 6yno obpaHo pensuinHy Moaernb AaHnx Ha 6asi
cuctemm ynpaeniHHa 6azamu gaHux SQLite [9]. Lier Bubip 3ymoBneHwii nerkicTtio
HanaluTyBaHHSl, BiACYTHICTIO NoTpebu B okpeMoMy cepBepi 6a3 AaHWX Ta NOBHOK
cyMicHicTio i3 dperimBopkom Ruby on Rails yepes BOynoBaHuin MexaHiam Active
Record.

Yci Tabnuui B 6a3i AaHnx MatoTb nepBuHHI kntovi (PK) ans yHikanbHoi
ineHTudikauii koxxHoro 3anucy. 3B'a3ku Mixk TabnuusMu peanizoBaHo 3a
nornomoroto 30BHiLWHix kntoviB (FK), wo 3abesnevye winicHictb iHdopmadii [10].
3ararnbHy noriyHy cTpykTypy 6a3v gaHux i3 BigobpaxeHHsIM yCix CyTHOCTeN, nonis
Ta 3B'A3kiB y Burnsai ER-giarpamu 306paxeHo Ha pucyHky 2.1.

PucyHok 2.1 — oriyHa cTpykTypa 6a3u aaHux iHpopmauinHoi cuctemm
KiHOTeaTpy
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EbCHOBHI/IMVI KOMMOHEHTamu cepBepHOi 6a3n AaHWX € HaCTynHi Tabnuui.

Tabnuusi companies 36epirae 3aranbHy iHopMaLiito NPo Mepexy:

- id — yHiKanbHwWit igeHTUdiKaTop KOMNaHi;

- name — Ha3Ba Mepexi KiHoTeaTpis;

- domain_prefix — yHikanbHW TekcToBWI Npedikc komnaxii ons
ndikauii JOMEHIB enekTpoHHOT noLwTy;

ﬁireated_at, updated_at — YacoBi MiTK/ CTBOPEHHS Ta OHOBMEHHS 3anucy.

Tabnuus cinemas MICTUTb AaHi PO KOHKPETHI dinii (kKiHoTeaTpum):

- id — yHikanbHwWit igeHTudikaTop dinii;

— company_id — 30BHiLLHII KoY ANs 3B'A3KY 3 KOMMaHielo;

- name — Ha3Ba KiHoTeatpy;

— address — isnyHa agpeca posTallyBaHHs;

[ﬂreated_at, updated_at — yacoBi MiTKM CTBOPEHHS Ta OHOBIEHHS

3anucy.

Tabnuus users 3abesnevye ineHTudikaLito, aBTopm3aLiio Ta po3MexxyBaHHS

npae nepcoHany:

- id — yHiKanbHWit igeHTUiKaTop KopMCTyBaya (MEPBUHHWIA KIHOY);

— company_id — 30BHIiLLHiI K04 KOMMaHii;

- cinema_id — 30BHILLHI kntoy kKiHoTeaTpy (dinii);

- email — enekTpoHHa noLuTa (foriH);

- role — piBeHb 4OCTYMy B CUCTEMI;

- name — MoBHe iM's cniBpobiTHUKA.

Tabnuus halls onucye koHdirypadito kiHo3anis:

- id — yHikanbHuii igeHTudikaTop 3any;

— cinema_id — 30BHILLHI KoY KiHOTeaTpy, AKOMY HanexuTb 3ar;

- name — Ha3Ba abo Homep 3any;

- rows — 3aranbHa KinbkicTb pagiB y 3ani;

- seats_per_row — KiflbKiCTb MiCLib Y KOXXHOMY psiay;

Tabnuus seats 36epirae iHopMalLiito NPO KOXXHE KOHKPETHE MicLe:
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- id — yHiKanbHwWit igeHTMikaTop Micus;

- hall_id — 30BHiLuHin kntoy 3any;

— row — Homep psay;

= number — nopsaKoBMA HOMep Micusi B psiay;

- status — NOTOYHUIA TEXHIYHWIA CTaH Micus (Hanpuknaa, AocTynHe abo
3abnokoBaHe);

Tabnuus products Bignoeiaae 3a obnik ToBapis kKiHo6apy:

= id — yHiKanbHWit ineHTndikaTop NPOAYKTY (NePBUHHUIA KMHOY);

- cinema_id — 30BHILLHI KNty KiHOTeaTpy;

- name — Ha3Ba ToBapy;



- price — BapTiCTb OAUHWLY.

Tabnuus movies npeacTaBnsie katanor ginbmis:

- id — yHikanbHWi ineHTudikaTop inbmy;

— company_id — 30BHIiLLHII KoY KOMMaHii;

- title — Ha3Ba KiHOKapTUHW;

- duration — TpuBanicTb inbMy y XBUnuHax;
Tabnuus showtimes BignoBigae 3a posknag ceaHcis:
- id — yHiKanbHWi ineHTudikaTop ceaHcy;

— movie_id — 30BHILLHIN KNoY inbmy;

= hall_id — 30BHiLuHin kntoy 3any;

- start_time — gata Ta yac noyatky nokasy;

- price — BapTiCTb KBUTKa Ha AaHWIN CeaHc;

Tabnuus workdays cikcye poboui 3mMiHu nepcoHany:
- id — yHiKanbHWi ineHTudikaTop 3miHu;

- cinema_id — 30BHILUHIl kNtoY KiHOTeaTpy;

— user_id — 30BHILLHI KN4 NpauiBHUKa;

- start_time — yac no4yatky po6o4oi 3MiHK;

- end_time — yac 3akpuTTS 3MiHW.

Tabnuus tickets ikcye cakT npogaxy KBUTKIB:
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- id — yHiKanbHW ineHTuikaTop KBUTKA;

- seat_id — 30BHiLUHIN ko4 06paHoro Micus;

— showtime_id — 30BHiLLHi kntoy ceaHcy;

- workday_id — 30BHiLLHi ko4 po6o40i 3MiHKW, Mig Yac SKoi 3AiNCHeHO

npoaax;

- status — cTaTyc kBUTKa (Hanpuknag, NpogaHo);

Tabnuus reports 36epirae niacymkoBi ciHaHCOBI AaHi:

- id — yHikanbHWi ineHTudikaTop 3BiTY;

- workday_id — 30BHiLLHi1 krto4 po6o4oi 3MiHK;

- total_revenue — 3aranbHa cyma goxofy 3a 3MmiHy;

- tickets_count — 3aranbHa KinbkicTb NpoAaHnX KBUTKIB;

Tabnuug forecast_runs BUCTynae ypHarnom 3anyckiB aHaniTM4Horo Moayns:

- id — yHiKanbHuit igeHTUdIKaTop NpoLecy po3paxyHKy (MepBUHHUN

KIou);

- run_at — gata Ta yac 3anycky nporHo3yBaHHs;

- model — Ha3Ba 3aCTOCOBAHOrO MaTEMaTUYHOIO anropuTmy.

Tabnuus forecasts 36epirae peaynsratn poboT Mogyns MateMaTyYHOro
MPOrHO3yBaHHs:

= id — yHikanbHWi ineHTUdikaTop NPOrHO3y (MEPBUHHUIA KItoM);

— showtime_id — 30BHiLLHi kNtoy ceaHcy;

— movie_id — 30BHILLHIN KNtoY inbmy;

- hall_id — 30BHiLLHi# Kntoy KiHO3any;

— forecast_run_id — 30BHiLLHIl KMOY NAKETHOrO 3arnycky;

- predicted_tickets — ovikyBaHa KinbKiCTb NpoAaHMX KBUTKIB.

OpraHisaLis 3B'3KiB MK NpoekToBaHUMK TabnuusmMu obymoBneHa

peanbHUMU Gi3HeC-NpoLecaMu Ta iepapxiyHOK CTPYKTYPOLD Mepexi KiHoTeaTpiB.
3B'A3kM TUNY «0AUH Ao BaraTbox» Mixk Tabnuuamu companies, cinemas, halls Ta
seats BigobpaxatoTb Pi3N4HMIA YCTpIn NiANPUEMCTBA, e OAHA KOMMNaHis Bonoaie
Kinbkoma dpinismn, KoxxHa dinist MiCTUTbL Aekinbka 3anis, a KOXeH 3an cknagaeTbes
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3 dhikcoBaHOI CyKynHocCTi kpicen. Tabnuusa showtimes BuCTynae LueHTpanbHUm
CMomny4YHUM BY3rOM, NOB'A3yt04M CYTHOCTI (inbMiB Ta 3ani., LLO A03BOMSAE
3adpikcyBaTh YacoBi KOOPAUHATM KOXHOTO MOKa3y.

3B'A30K «0AMH A0 BGaratbox» Mix Tabnuusmu seats Ta tickets € kpuTMuHO
BaXXNMBWM, OCKiNbKM OfHe 1 Te came CTaTu4He Miclie B 3ani NpoTSrom TpuBanoro
Yacy byne 6araTopasoBo NpoAaBaTUCS Ha Pi3Hi CeaHCH, reHepyYmn BENnKY
KinbKiCTb 3anuciB y Tabnui KBUTKIB.. Y CBOIO Yepry, Tabnuus pobounx 3miH



workdays BUCTynae KOHTEKCTOM A hiHaHCOBOI 3BITHOCTI: BOHA 3B'A3ye
KopucTyBaya 3 dinieto Ta crnyrye BnacHUKOM Ans 6aratbox KBUTKIB, NPOAAHUX
KacupoMm NpOTSroM AHs, 3aKiH4y4YMCh reHepaLieto piBHO OAHOrO MiACYyMKOBOIO
[OKyMeHTa B Tabnuui reports.

JloriuHa CTpyKTypa aHaniTM4HOro KOHTYpy nobynoBaHa Ha 3B's3Ky Tabnuui
forecast_runs i3 cyTHicTio forecasts. Ockinbkv npouec HaB4aHHs perpecii
BiAOyBaeTbCA NepioanyHo y (OOHOBOMY PEXUMI, OAUH 3anyck ob4McneHb CTBOPLOE
oauH 3anuc y xxypHani forecast_runs, sikvuin Bonogie 6aratbma npeankTMBHUMUA
3anvcamu B forecasts Ans KOXHOro MaibyTHLOro ceaHcy okpemo. MNpsiMi 30BHiLLHI
Kntodi Ha inbMK Ta 3anu BCepeAunHi NPOrHo3iB ONTUMI3YHOTb LUBUAKICTb
BMKOHaHHA SQL-3anuTiB npu popmyBaHHi 3BeaeHNx rpadikis Ha naHeni
MeHeaxepa.

®iznyHa peanisauisi cCNPoeKTOBaHOI pensLinHoi CTPyKTypy 6a3n faHux y
cepeposuLli Ruby on Rails 3aincH0eTbCA 32 AONOMOro0 MexaHiamy MirpaLiii.
[MOTOYHMI CTaH apXxiTeKTypu AaHMX aBTOMATUYHO (DIKCYETHCS Y CUCTEMHOMY
KoHdpirypauiiHomy danni schema.rb 3 BUkopucTaHHAM npegmMeTHO-0pieHTOBaHOT
MOBU chperimMBOpPKyY. 3 ornsay Ha 3HaYHUIN 0BCSr NPOrpaMHOro KoAy, MOBHUM
nictuHr dainy schema.rb, WO MiCTUTb AeKnapaTyBHUIA OMNUC YCIX CUCTEMHIX
CYTHOCTEW, iXHiX NOMiB, TUMIB AaHWUX Ta iHAEKCIB 30BHILLHIX KMOYiB, BAHECEHO Y
Lopatok A.
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2.2 Bubip apxiTektypu gogatka

IMig vac NpoekTyBaHHS iIHOOPMALLIMHOT CUCTEMM OOHUM i3 KIOYOBKX 3aBAaHb

€ BMGip rmobanbHOro apxitTekTypHoro nigxody Ao opraHisauii kofosoi 6a3u. [Ans
po3po6noBaHOro NPOrpamMHOro KOMMIEKCy ynpaeniHHA KiHoTeaTpamu Byno
obpaHo MOHONITHY apxiTekTypy. Ha BiaMiHy Big MikpocepsicHoro niaxoay, Ae
KOXHa PYHKLisi BAHOCUTLCSI B OKPEMMIA HE3AMNEXHWIN 3aCTOCYHOK, KNACUYHUIA
MoHoOTIT Nnepeabavae 06'efHaHHA BCiX YHKLiOHaNbHUX MOAYNiB (ynpaBniHHA
3anamu, Npofax KBUTKIB, reHepaLis 3BiTiB Ta MOAYMb NPOrHO3yBaHHS) Y Mexax
opHiel koaoBoi 6a3su, Wo 3anyckaeTbea Ha eauHin nnatdgpopmi [13].

Bubip MOHOMITHOI apXiTeKTypy ANs LbOro NPOeKTY € HanbinbLl AOLiNbHUM 3
iHXeHEepHOT Ta NPaKTUYHOT TOHOK 30pY. Y HayKOBO-TEXHIYHMX Npausx 3
apXxiTEKTYPHOro MOAENOBaHHS 3a3HaYaEThbCs, WO ANs CUCTEM CEPEAHBOTO
MacLiTaby Ta iHAMBiAyanbHOI po3pobKM MOHONMITHA CTPYKTYpa € ONTUMarnbHOIo,
OCKiNnbKv BOHa yCyBa€ CKnafHi BUTpaTh Ha MiXKCEPBICHY MepexeBy B3aeMogito,
3abeanedye NPOCTy TPaH3aKUiINHICTb Ta 3HAa4HO crnpoLuye posropTaHHs [13]. Kpim
Toro, copenmeopk Ruby on Rails icTopuyHo onTumizoBaHuin came nig KoHUenLito
MOZYSbHOrO MOHORITY, L0 A03BOSSIE 3a6€3ne4nT BUCOKY LUBUAKICTb PO3pobKu Ta
nerkictb MacliTabyBaHHs 6e3 LUTYYHOro yCKnagHeHHs1 cepBepHOI iHpacTpyKTypu.
Yci KOMMOHEHTN cUCTEMM TiICHO NOB'A3aHi Yepea eanHy pensuiinHy 6a3y faHux
SQLite, TOMy BUKOPUCTaHHS €AMHOMO CEPBEPHOrO MPOCTOPY BUKIOYAE 3aTPUMKM
nig yac obMiHy JaHUMK MiXK MOAYNSIMM NPOAaXiB Ta CTAaTUCTUYHOIO aHaniay.
disnyHa apxiTekTypa NPoeKTy BiAobpaxaeTbCs y CTaHAapTU30BaHil

CTPYKTYpI KaTanoris, Ky aBTOMaTU4HO reHepye hpenmBOpK Mif Yac iHilianisauii
cuctemu [8]. Taka cyBopa opraHi3aLis 403BONse pO3pO6HMKY NiATPUMYBaTH
BMCOKY MOAOYINbHICTb, YiTKO PO3AINATM CUCTEMHI Ta KOPUCTYBALIbKi KOMNOHEHTH, a
Takox 3abesnevyBaTu edpeKTUBHE TECTYBaHHSA 11 CynpoBig NpoekTy [14]. MNMoBHMNA
cKnag, Ta NPU3HaYeHHs KIYoBYX AUPEKTUB i haliniB po3pobneHoro Be63acTocyHKy
3BefleHo y Tabnuui 2.
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Tabnuug 2.1 — Parinosa cTpyktypa Ruby on Rails gogatky
HasBsa

avpekTopii/danny

MpusHayeHHs

app/ MicTUTb OCHOBHWI KO Nporpamu.

bin/



CKpunTY NS 3anycky, OHOBEHHS | HanalUTyBaHHS
nporpamu.

config/

daiinu koHdirypauii (Hanpuknag, routes.rb,
database.yml).

db/

Mirpauii, cxema 6a3u gaHux (schema.rb), noyaTtkosi
naHi (seeds.rb).

lib/ KacTomHi 6ibnioteku, mogyni, yTuniti.

log/ Norn po6otu gopartky.

public/

CraTtunuHi chaninu, siki BigaaTbes Hanpsimy Beb-
cepsepom (favicon, error pages).

coverage/ ®annu Ans BiACTEXEHHS NOKPUTOrO TECTaMM KOAY
spec/ Tectosi dpannu (unit, controller, integration).
tmp/

Tumyacosi dannu, LWo BUKOPUCTOBYIOTLCS Mif Yac
BUKOHAHHS1.

vendor/

CTOpOHHI 3anexHocTi: 6ibniotekn, nnariHu, CSS/JS-
bpenmBopKU.

Gemfile Cnucok Ruby-remis (3anexHocTteit) Ans gogarky.
Gemfile.lock

BadikcoBaHi Bepcii remis, 106 3abe3neunTn ogHaKoBi
3anexHoCTi.

Rakefile Onuc 3agay, siki MOXxHa BUKOHaTK Yepes rake.
README.md [lokymeHTaLis 40 NPOekKTY.

3aBaskn HaBeaeHin cTaH4apTU30BaHIn CTPYKTYpi BAANOCA CTBOPUTH
opraHisoBaHuii, nepeabadyBaHuii Kog, KU 3pyYHO NiATPUMYBaTH i
poswuptoBaT. HasiBHICTb BUAINEHMX KaTanorie Anst aBTOMaTn3oBaHoro
TecTyBaHHs (spec/ Ta coverage/) [O3BOSSIE KOHTPOMOBaTK CTabiNbHICTL poboTh
Bi3Hec-norikv Nnpodaxy KBUTKIB Ta MOAYNS MaTeMaTUYHOro NPOrHO3yBaHHs. Y
CBOIO Yepry, YiTke BeAeHHS KOHirypaLii Ta 30BHILLHIX 3anexHocTen Yyepes
iHCTpyMeHTM noryeaHHs (log/) Ta meHemxep nakeTiB (Gemfile) rapaHTye 6e3neyHe
hyHKLUiOHYyBaHHS BCiei ekocmcTemun Beb63acTocyHKy Ha 6asi 6a3n aaHux SQLite.
[ns 3abe3neveHHs cTabinbHOi poboTh iHpopMaLinHOT cucTemu,
BiATBOPIOBAHOCTi CepefoBuLLA PO3POBKM Ta YHUKHEHHS KOH(IIKTIB CyMiCHOCTI, y
MPOEKTI YiTKO 3adhikcoBaHO Bepcii 6a30BOro TEXHOMONYHOrO CTEKY 3a JOMOMOroH
MeHekepa 3anexHocten Bundler.
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OCHOBOI NPOrpaMHOro KOMMIEeKCy € MoBa nporpamysaHHs Ruby (Bepcis
3.3.5) Ta Beb6hpenmeopk Ruby on Rails (sepcisi 8.1.3). Ix BukopucTaHHs 3a6esneuye
BMCOKY LLBMAKICTb 06pOBKM AaHWX Ta AO3BONSE NpautoBati 3 hOHOBUMU
3aBAaHHsMK 6e3 HanawTyBaHHsS JOAATKOBUX 30BHILLHIX cepBepiB. [Ans
NiAKIMIOYEHHS Ta KepyBaHHS CTOPOHHIMU 6ibnioTekaMm y NPoeEkKTi
BMKOPUCTOBYETLCS hann koHgirypauii Gemfile. Y HboMy uiTko 3adpikcoBaHi BCi
nporpamHi 3anexHocTi (reMu), siki 3rpynoBaHi 3a CBOIM (OyHKLiOHanNbHUM
npusHadeHHAM. OCHOBHWI Nepenik LMX iIHCTPYMEHTIB HaBeaeHo Y Tabnuui 2.2.
Tabnuus 2.2 — OcHoBHi NporpamMHi 3anexHocTi (Gems) iHdhopmauiiHoT
cuctemMm

Hassa naketa

(Gem)

Bepcisi /

YmoBa ®PyHKLiOHaNbHe NpU3HaYeHHs y cucTemi

sqlite3 &gt;= 2.1

ApanTtep Ans B3aeMOAIi 3 pensuiiHo

CUCTeMolo ynpaeniHHA 6a3amMu AaHnx

SQLite.

puma &gt;= 5.0

BucokonpoayKTuBHui 6araTonoToKoBMM

BebGcepsep ans 06pobkn HTTP-3anuTis.



devise ~&gt; 5.0

KomnnekcHuin mogynb aBTeHTudikauii,
kpunTorpadii Ta ynpaeniHHs ceciamu
KOpUCTyBauiB.

turbo-rails,

stimulus-rails ctaHgapTHa

3abe3neyeHHst aCMHXPOHHOT B3aeMogii Ta
AMHaMIYHOro OHOBMEHHS iHTepdeiicy (cTek
Hotwire).

tailwindcss-rails ~&gt; 4.4

IHTerpauisi ytunitapHoro CSS-
dbpenmBopky Tailwind gns
KpocnnatopMHOI CTMRi3aLii CTOPIHOK.
solid_queue,

solid_cache,

solid_cable ctaHgapTHa

IHdPaCTPYKTYpHi KOMNOHEHTW ANst
BMKOHAHHS (DOHOBUX 3aBhaHb, KELLYBaHHS
Ta WebSockets 6e3nocepeaHbo 3acobamu
BA.

prawn ~&gt; 2.5

Bibnioteka gns guHamivyHoi reHepaduii
€NeKTPOHHUX KBUTKIB Ta (hiHAHCOBUX 3BITIiB
y copmari PDF.

propshaft,

importmap-rails ctaHgapTHa

CyyacHuii kKoHBeep 36ipkn Ans ynpaeniHHA
cTaTu4HMMKM akTMBamu Ta JavaScript-
moaynsmu 6e3 BukopuctaHHs Node.js.
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Ak BUuAgHO 3 Tabnuui, nigidpaHunii Habip IHCTPYMEHTIB NOKPUBAE BCi TEXHIYHI
noTpebu NpoekTy: Big poboTun 3 6a3oto AaHnx Ao nobyaoswu iHTepdeiicy Ta
reHepauii JokymeHTiB. CucTema He nepeBaHTaxeHa 3aiBumu Gibniotekamu, a
cknagHi 064MCrEHHs BUKOHYOTLCSA CTaHdapTHUMK 3acobamu mou Ruby. OTxe,
MOHOMITHa apxiTekTypa Ta 0bpaHuin cTek TeXHONOori opmytoTe HeobXigHY
TexHi4Hy 6a3y nporpamu. Lie no3Bonsie nepentn 4o eTany NpoekTyBaHHSA B3aeMOgIi
Mi>X BHYTPILLUHIMW KOMMOHEHTaMWN CUCTEMU 3@ [OMOMOIOK apXiTEKTYPHOrO

wabnoHy MVC.

2.3 Peanisauisi apxiTekTypHoro wabnoHy MVC

[ns nobynosu po3pobnoBaHOro NporpamMHoro komnekcy 6yno obpaHo
apxiTekTypHuin wabnoH MVC (Model-View-Controller). BignosiaHo fo cyvacHux
CcTaHAapTiB NPOEKTYBaHHA BeO3acToCyHKiB, Liel natepH 3abesneyye Yitke
pO3AiNeHHs CUCTEMU Ha TPU B3aEMOMOB'sI3aHi, ane noriyHo He3aJ'|e)KMI'IOHeHTVIZ
mogenb (AaHi Ta 6isHec-norika), NpeacTaBneHHs (iHTepdeiic kopucTyeaya) Ta
KoHTponep (06pobka 3anuTiB) [15]. Ak 3a3HayaeTbCs y NPodinbHUX MaTepianax 3
apxitektypu Rails, Take po3aineHHs obos's3kiB (Separation of Concerns) 3HauHO
nonerLye NpoLecn TeCTyBaHHs, NIATPUMKN Ta MacluTabyBaHHS CUCTEMM, OCKINbKM
PO3POGHMKN MOXYTb 3MiHIOBAaTY BidyanbHy YacTuHy 6e3 pusuky nopyLumTy Noriky
06pobku 6a3 aaHux [15].

PiBeHb Mogeni y CnpoeKkToBaHiln cucTemi Bignosigae 3a B3aeMogito 3

pensuiiHoto 6asoto faHux SQLite Ta BUKOHAHHSA KNOYOBMX anropuTMmiB GisHec-
norikn. Y cepegosuwi Ruby on Rails Lei koMnoHeHT peanidyeTbcsi Yepes naTepH
Active Record. 3rigHo 3 odiuiriHolo gokyMeHTauieto dperimBopky, Active Record
BMKOHY€E (PyHKLit0 06'EKTHO-pensiLinHOro BiaobpaxeHHs1, Ao3BonsoYM ob'ekTam
cUCTEMM ofHOYacHO HecTu B cobi 3bepexeHi AaHi Ta noriky po6otun 3 Humu [16].
BrepLue uei natepH 6yB onucanuit MapTtiHom daynepom B iHXeHepHil nitepatypi
5K «06'eKT, WO obropTae psaaok Tabnuui 6asun gaHnx, iHkancynoe 4oCTyn Ao Hel Ta
[o4ae AOMEeHHY Noriky A0 Uux AaHux». Takuii nigxia gae amory npautoaTu 3
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Tabnuusmu (Hanpuknag, KiHozanamu Y KBUTkamm) K i3 knacamu 06'eKTHO-
OpiEHTOBAHOI MOBM NPOrpamMyBaHHsl, YHUKaKUM HaNMCaHHs MPSIMMX Ta rPOMI3KUX
SQL-3anuTiB[16]. Came B Mogensx iHkancynboBaHO BCi NpaBuia Banigauii BXigHux
[aHux nepep ixHim 36epexeHHam. Kpim Toro, Ha LboMy piBHI peanisoBaHo
nporpamHy iHTerpadito 3 Mogynem cTaTUCTUYHOrO NPOrHO3yBaHHs Ans
aBTOMAaTMYHOIO PO3PaxyHKY OYiKyBaHOI 3aBaHTaXX€HOCTi CEaHCiB.

3a hopmyBaHHs1 BidyarnbHOT YaCTUHM Ta BUBEAEHHS iHdopmaLii KiHLueBoMy
KOpUCTYBaYeBi BiANoBigae piBeHb npeactaeneHHs (View). Moro ronosHuM
3aBAaHHSAM € BiobpaxeHHs! iHTepdency KopucTyBaya, PeHAEPUHT JaHUX,
OTpVMaHWX Bif, Mogenei, Ta 36ip KopMCTyBaLbKOro BBOAY Yepes3 ekpaHHi hopmu. Y
po3pobreHiit cucTeMi NpeacTaBneHHsi CTBOPIOOTLCS 3a A0NOMOrot BOy10BaHOro
wabnoHizatopa ERB, skuii epektmBHO noegHye ctaHgapTHy HTML-po3miTky 3
AVNHaMIYHUMUW AaHUMK. IHTepdenc AMHaMIYHO MiAnallTOBYETLCA Mif NOTOYHY POfb
aBTOPU30BaHOrO KOPUCTYyBaYa: Ans npauiBHuKa BifobpaxaeTbCs iHTEpaKTUBHA
KapTa 3any 3 iHGMKaTopoM NPOrHo3y MonuTy, a ANsl BnacHuka GisHecy reHepyTbes
3akpuTi Moayni hiHaHCOBOI 3BITHOCTI.

Cnony4yHo NaHKoto, sika KoopAnHYe MYHKLIOHYBaHHSA BCiei cuctemu,

BUCTyNae piBeHb KOHTPonepa. /1oro 0CHOBHa thyHKLIS Monsrae y NPUAHSATT
BxiogHmx HTTP-3anuTiB Big knieHTcbkoro 6paysepa, B3aeMogii 3 mogenamu ans
oTpumaHHsi abo OHOBMEHHS 3anuciB Ta BMOOpI BiANOBIAHOIO NpeacTaBneHHs Ans
hopMyBaHHS OCTaTOYHOI BiANOBIAi. Hanpuknag, nig Yac npoaaxy Ksutka
KOHTpOIep nepesipsie piBeHb AOCTYNy NpaliBHUKa, 3anuTye 3 6a3u AaHux SQLite
iHbopmaLlito Npo JOCTYNHI MicLsi Ta MOTOYHMI MPOrHO3 3aBaHTaxeHocTi. [icns
niaTBepMAXXeHHs BUOOpY KOHTponep iHiLiloe TpaH3akLilo Yepes BianoBigHy mMoaensb,
dikcye 3MiHn B 6asi faHuX i noBepTae OHOBMEHe BiKHO 3 MNOBIAOMIIEHHAM MPo
ycrilHe BUKOHaHHA onepatiii.
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2.4 TIpoeKTyBaHHsi Ta OOI'PYHTYBaAHHS CTPYKTYpWU MoAyns
MaTemMaTU4HOro NPOrHO3yBaHHS

IHTerpauis nigcMcTeMm CTaTUCTUYHOMO NPOrHO3yBaHHSI 3aBaHTaXEeHOCTi

CeaHciB y 3aranbHy CTPYKTYpy CUCTEMW BUMarae CTBOPEHHS i30MbOBaHOro0
apXiTEKTYPHOro KOHTYpPY. FOMNOBHOO iHXEHEPHOK Npobrnemoto nNpu nobyaosi
Takux MogyniB ycepeamnHi Be63acToCyHKIiB € BUCOKa obumcnioBanbHa cknagHicTb
MaTpUYHUX onepawi NiHinHoi anrebpu. BUKOHaHHS LMX pO3paxyHKiB y roNOBHOMY
noTouji obpobku 3anuTiB He BiAnoBigae BMMOraMm TO4HOro obriky Ta WBMAKOT
BiAMOBiAi cepBepa, OCKinbku MoXe Npu3secTn Ao briokyBaHHs Bebcepsepa Ta
YMOBINbHEHHS BiAryKy iHTepdeiicy kopuctysaya. [insa BupieHHs uiei npobnemu
apxiTeKkTypy Moayssi CpOEKTOBAHO Ha OCHOBI MPUHLMMY PO3AiNeHHs
BignosiganeHocTi (Separation of Concerns). Yci o6uncntoBanbHi anroputMm
BMHECEHO B aBTOHOMHI cepBicHi 06'ekTn npocTopy iMeH Forecasting, siki
BUKOHYIOTbCS SIK aCMHXPOHHI poHOBI 3aBAaHHs (Background Jobs).

Mogynb NporHo3yBaHHA peani3oBaHo SK LiNiCHUA (OOHOBUIA KOHBEED, O
aKTVBYETLCS aCUHXPOHHUM 3aBaaHHAM ForecastRunnerJob i3 BusHaveHnm yacosum
FOPVU30HTOM NIaHyBaHHS, SIKMiA 32 3aMOBYYBaHHSM CTaHOBUTbL CiM AHiB. KoHBeep
Nocni0BHO NPOXOAWTL YOTMPKW eTanu:

1 iHiuianisauis 3anucy 3anycky Ta OYMLLEHHS 3aCTapinux AaHux;

2 3aBaHTa)XeHHS iICTOPUYHOT BUBIPKM 3 PEnsLIHOrO CXOBMLLA;

3 maTemMaTu4He MoAertoBaHHs 3a YaCOBUMM CErMeHTamu;

4 reHepalis Ta 36epexeHHs NPOrHo3is Ans MakbyTHLOro po3knazy.

KoeH i3 umx eTanis Ta ixHe apxiTekTypHe obr'pyHTyBaHHS AeTanbHO

PO3rASAHYTO B HACTYMHWUX NiANYHKTaX.

2.4.1 ApxiTekTypHa opraHisauis Ta etanu (oOHOBOro KOHBeEpa

nporHo3yBaHHs. [Nepen NoYyaTkoM MaTemMaTUyHOro MOAEMOBaHHS KOHBEED
BMKOHYE Migrotodi onepadii. CnoyaTtky BiH dhikcye haKT 3anycky Lnsaxom
CTBOPEHHS cuctemHoro 3anucy ForecastRun i3 TouHoto MiTkoto yacy. [Micnsi uboro
BMKOHYETbCS NPEBEHTUBHE OYULLEHHS 3acTapinux NPOrHo3is y BU3HAYEHOMY
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4YacoBOMY BiKHi — Bif, M0o4aTKy NOTOYHOT 406U A0 KiHLS rPaHNYHOrO AHS TOPU3OHTY
nnaHyBaHHs. Takvuii Niaxia rapaHTye yHUKHEeHHs Ay6nikaTiB Ta KOHANIKTIB AaHUX
npu NOBTOPHMX 3anyckax nporpamu.

AHani3 npegMeTHOI obnacTi nokasye, Lo noBegiHka rmsaaadis cyTTeBoO
BiIPi3HAETHCS 3aNeXHO Bif Yacy ceaHcy. ToMy anropyuTM NPOrHO3yBaHHs!
BMKOPWUCTOBYE CTpaTErito )XOPCTKOT cermeHTaLii, aBToMaTu4YHO MOAINsoum
icTopuyHy BUBIpKY Ha TpW He3anexHi NPOCTOpW: AeHHI ceaHcy ByaHix AHIB, BEYipHI
nokasu GyaHiB Ta ceaHcy BUXIOHWUX AHIB. Po3Mnoain BUKOHYETbCS 3@ YiTKUM
npaBuIoM: SIKLLO [ieHb NoKa3sy npunagae Ha cy6oTy abo Hepinto, cuctema
6€3yMOBHO BiAHOCWTb MOro 4O NPOCTOPY BUXiAHOTO AHs. [Ons 6yaHix AHiB
KpUTEPIEM BUCTYNAE rpaHUYHNUIA Yac: ceaHcu, LWo po3snovnHatotbes Ao 18:00,
KnacudikyroTbCs SK AeHHI, a nokasn o 18:00 Ta nisHilwe — sk BevipHi. Llei noain
3YMOBMEHUIN Pi3HUMM XUTTEBUMU LUKNAMU ayauTopii: BAEHb y ByaHi nonut
3a3BMYan HU3bKMIM | POPMYETLCS 3i CTYAEHTIB UM Ni0AEN i3 BiNbHUM rpaddikom,
yBeYepi akTUBHICTb 3pOCTaE Nicrnsi 3aBepLUeHHs poboYoro AHs, a Ha BUXIOHMX
[ocsArae MakcuMyMmy 3a paxyHoK CiIMENHUX BifBiayBaHb.

[INs KOXHOTO 3 X TPbOX CErMEHTIB y MeXax KOHKPETHOrO KiHo3any

bynyeTbes iHAMBIQyanbHa MaTeMaTyHa MOAENb, L0 A03BOMSE MakCuMarbHO
TOYHO BpaxyBaTu cneumndiky nonuty. MNpoTe BUHMKAE iHXXEHEPHUIA PUSUK: Y HOBUX
KiHO3anax abo Ansa cneundivyHnX paHKOBKX COTIB ICTOPUYHUX AAHUX MOXe ByTu
HeoCTaTHbO AN KOPEKTHOTO MaTeEMaTUYHOrO PO3paxyHKy. [ins 3axucTy Big
NMOMUIOK 0BYMCIIEHHS (CUHTYNAPHOCTI MaTpULLb) 10 apXiTEKTYpy 3aknageHo
cTpaTerito CTiiKoro gerpagyBaHHs.

Mepep iHiuianisauieto HaBY4aHHS cncTema nepesipsie po3mip 3ibpaHoi

BMBIpKM: AKLLO ANSi NEBHOMO YacOBOIO CErMeHTa HaKoMMYeHo MeHLLe N'sTu
npeleneHTiB, iHOMBIAyanbHa Mogernb Ans LUbOoro CroTy Biaxunserbes. 3amicTb
LibOro KOHBEEP aBTOMAaTUYHO NepemunKae oBUNCNEHHS Ha pe3epBHY rnobanbHy
Moperb, ika HaB4aeTbCA Ha 3arafibHOMY MacmBi iCTOPUYHMX AaHMX YCbOro 3any 6es
po3noAiny 3a Yacom. Takuin apXiTeKTYpHWIA 3anobikHMK rapaHTye cTabinbHy Ta
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6e3nepebiliHy reHepaLlito NPOrHO3iB He3anexHo Big 00cAry HakonuyeHol
CTaTUCTUKU.

2.4.2 Anroputm cermeHTauii AaHUx Ta cTpareris CTiIKoro

nerpagyBaHHs. AHania npeaMeTHoi obnacTi nokasye, LWo noBediHka rnsaadis
CYTTEBO BiAPI3HAETLCA 3aNeXHO Bif Yacy ceaHcy. TOMy anropuTtM NPOrHo3yBaHHSA
BMKOPUCTOBYE CTPATETit0 XXOPCTKOI cermeHTaLlii. Ha apxiTekTypHoMy piBHi
NMPOCTOPY CeaHCiB 3adhikCOBaHO y BUIMSAAI KOHCTAHT (puc. 2.2), Ski NOAINsaTh
BMOIpKY Ha AeHHi ceaHcy ByaHiB, BevipHi nokasu ByaHix OHIB Ta ceaHcy BUXIAHUX
[HIB.

PucyHok 2.2 — MNporpamHa aeknapadis YacoBux CcermeHTiB mogeni

Po3snogin icTopuyHnx Ta ManbyTHiX ceaHCiB BUKOHYETLCS 3@ EANHUM
[EeTepMiHOBaHUM anropuTMoMm. AKLLO AeHb NPOBEAEHHS NoKa3y npunagae Ha
cy6oTy abo Heainto, cuctema 6e3yMOBHO BiJHOCUTb CEaHC A0 NPOCTOPY BMXIQHOMO
AHsA. [Ana ByaHix AHIB KpUTepieM BUCTYNAE rpaHnYHNIA Yac: ceaHcw, Wwo
posnounHatoTbesa Ao 18:00, knacudikytoTbes sk AeHHi, a noka3n o 18:00 Ta nisHiwe
— SK BevipHi. Lien noain 3ymMoBnNeHnn pisHUMN XUTTEBUMMN LiMKNaMU ayanTopii:
BAEHb y OyAHi NONWT 3a3BUYal HU3bKUIA | CKNafaeTbCs 3i CTYAEHTIB UM Nofen i3
BiNbHWUM rpadikom, yBeyepi nonuT 3pocTae Micns 3aBepLUeHHs poboYoro AHs, a Ha
BUXiOHWUX focsirae MakcuMyMy Yepes CiMeliHi BiaBigyBaHHS.

[INa KOXXHOTO 3 X TPbOX CErMEHTIB Yy Mexax KOHKPETHOro KiHo3any

OynyeTbCs iHAMBIQyanbHa MaTeMaTuyHa MOAENb, L0 J03BOSISiE BpaxyBaTh
cneumndiky konvBaHHa nonuTy. MNpoTe BUHUKAE iHXEHEePHUI PU3NK: Y HOBUX
KiHo3anax abo Ans piakiCHNX paHKOBKX CeaHCIB iICTOPUYHUX AaHUX Moxe ByTun
HeJoCTaTHLO ANA KOPEKTHOrO po3paxyHKy. [ns 3axmcTy Bif CUHIYNAPHOCTI
(HeOBOPOTHOCTI) MaTpULb CNPOEKTOBAHO CTPATErito CTINKOro AerpagyBaHHs.



Mepep iHiuianizauielo MaTemMaTU4HOro TpeHepa cucTema rnepesipsie po3mip
cchopmoBaHoi BUBIPKM, i SIKLLO A1 NEBHOTO CErMEHTa HAKOMUYEHO MeHLLE N'ATu
npeueneHTiB, iHAMBIQyanbHa Modenb ANs Lpboro crnoTy He byayeTtbes. 3amicTb
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LIbOro KOHBEEP NepeMmnKae 0b4MCNeHHs Ha pe3epBHY rmobanbHy Moaerb, ska
HaBYaETHLCA Ha 3arafibHOMY MacwBi iICTOPUYHMX AAHUX YCbOro 3any 6e3 po3noainy
3a Yacom, Lo rapaHTye cTabinbHiCTb reHepadii NporHo3is.

2.4.3 O6r'pyHTYyBaHHS Ta CTPYKTypa Habopy BXiAHMX CTAaTUCTUHHMX

chakTopis. [1ns nobynoBu pospaxyHKoBOI BUBIpKM anroputM cyBopo

BiAMINLTPOBYE He3aBepLUEHi Moka3w, BiAcikatoum BCi ceaHcm, Wo Biabynucst meHwwe
HIX 24 rOAUHN TOMY, LLIO YHEMOXIUBIIOE ABULLE BUKPUBMEHHS AaHWX.
CnpoekToBaHuii Habip BXigHUX NapameTpiB AeknapaTuBHO BU3Ha4YeHo y 6asoBomy
cepsicHoMy knaci Forecasting::RegressionTrainer, Lo NpogeMOHCTPOBaHO Ha
pUCYHKy 2.3.

PucyHok 2.3 — CTpykTypa Habopy CTaTUCTUYHUX NapameTpis

Yci napameTpu posineHi Ha Tpu norivHi rpynu. lMNMeplia rpyna onucye

6a30BUIA NONUT i BKIOYAE NOKa3HUK NonynspHocTi dinbMy (movie_popularity).
BiH po3paxoByeTbCs sIK CTaTUCTMYHA MeiaHa 3anoBHIOBAHOCTI BCIX MUHYMMX
ceaHciB KOHKpPETHOI CTpidkM. Bubip mefiaHn 3amicTb cepegHboro apumeTuyHoro
€ BaXNNBUM, OCKINIbKW BiH HiBEMNIOE BNNUB BUMNAAKOBUX OAMHUYHUX aHLWINariB Ha
3aranbHy ouiHKy 6a3oBoro nonuty. [1o Li€ei K rpynu HanexumTb NOKa3HUK
XWUTTEBOIO LMKy penidy (days_since_release), akuii Mogentoe NocTynosui cnag
BiABiAYyBaHOCTI B Mipy CTapiHHA dinbMy B Npokari.

Y BUNagKy npeM'epHnx nokasis, konu inbm € HOBUM i Lie He Mae iCTOPUYHOT
BMGipkKn (Npobrnema «X0no4HOro CTapTy»), anropuTtM BUKOPUCTOBYE 6a3oBi
KOHCTaHTW: niacTaBnseTbcsa 3Ha4eHHs 40% odikyBaHOI 3anoBHIOBAHOCTI ANs
nepLumx AHiB npokaty Ta 25% Ans nogansLlimx nepioais, Wwo 6asyeTbes Ha
ycepeaHeHUX Noka3HuKax KiHomepexi.
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[pyra rpyna napameTpiB peanidye NpuHUMN aBToperpecii Ta gikcye 3aranbHi
TpeHau. Croam BxoasTb Yacosi naru (lag_feature Tta lag_2_weeks), siki
BMPaxOBYHOTb BiJCOTOK 3aM0OBHIOBAHOCTI aHanoriYHoro ceaHcy piBHO oAvH Ta ABa
TUXKHI TOMY Y LibOMY X 3ani. JTokanbHWiA 3aranbHuii TpeH CrNoXUBYOI aKTUBHOCTI
ikcyeTbCst Yepes NokasHWK KOB3HOroO cepeaHboro (rolling_avg_7d), wo
Binobpaxae ycepeagHeHy 3aBaHTaXeHiCTb 3ary 3a OCTaHHi Cim Ai6 He3anexHo Bif
TOro, sIkMI came hinbM TpaHCroBaBCS.

TpeTa rpyna MicTuUTb kaneHaapHi Ta YacoBi YMHHWUKKN. Mapkepu Yacy nobu
(is_morning, is_afternoon, is_evening) po3ainsitoTs 406y Ha Tpu dikcoBaHi
iHTepBanu 3a 4ONOMOrot GiHapHUX 3MiHHKX (3HAYeHHS HyNb abo oanHULA).
AHanori4yHo peanisoBaHo npanopLi BuxigHoro aHs (is_weekend) Ta AepxaBHUX
cBaT (is_holiday), npuyomy norika cuctemu NigTpUMYye NepesipKy sk dikcoBaHNX
[ar, TaK i pyxomux cBeT. Ha 3aBepLueHHs Habip AaHNX AONOBHIOETLCS iHOAEKCaMu
Yyacy: NopsiiKkoBMM HOMepPOM AHs TxHs (day_of week) Ta AMckpeTHMM HoMepoMm
TxkHs micsus (week_of_month), wo gonomarae matematuyHin mogeni
BPaxoByBaTW LIMKNIYHI KONMUBAHHSA NOMUTY NPOTATOM MiCALS.

2.4.4 MatematuyHa mofenb HopManisauii Ta Ridge-perpecii.

MaTtematnyHum sapom moayns € anroputm 6aratomipHoi rpebeHeBoi perpecii
(Ridge Regression), po3paxyHKu siIKOro iHkancynboBaHo B MeToA;j train knacy
Forecasting::RegressionTrainer. Ockinbkv BXigHi napameTpu MatoTb PisHUiA
MacLiTab (Hanpuknag, iHAeKC AHS TWkHS BapitoeTbes BiA 0 4o 6, a KinbKicTb AHIB 3
penisy moxe nepesuilysat 30), nepes BUKOHAHHAM MaTPUYHUX MHOXEHb
cucTema 3iicHIoe 060B'A3KOBMIA eTan cTaHaapTm3aadii. OB4MCNeHHs BUKOHYOTLCS
A5 KOXXHOTO CTOBMNLSA MaTpuLi An3aiiHy, e NovaTkoBe 3Ha4YeHHsi napameTpa
HopMmani3yeTbcs 3a OpMynoto:

z=



x- u
o
,(2.1)

e X — N0YaTKOBE YMCIIOBE 3HAYEeHHS 03HaKW;
| — BUGipkoBe cepefiHe apudMETUYHE LbOro napameTpa;
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O — CTaHAapTHe BiAXUNEHHS, po3paxoBaHe Yepea KopiHb KBaapaTHUN 3
BMbipkoBoi ancnepcii [8].

Micns ctaHaapTM3auii CTOBNLi TPAHCMOHYIOTLCSA Ha3a y CTPYKTYPY PsiAKiB,

i O KOXHOrO BEKTOpa Ha nepLuy NO3uLiito NPMMYCOBO AOAAETLCA KOHCTaHTa 1.0,
sIka BUKOHYE pOrb BiflbHOro YneHa perpecii (intercept), Lo 3a6e3neyvye 3MiLLeHHs!
MPOrHO3HOI FiNeproLWMHN BiAHOCHO MOYaTKy KOOPAMHAT.

3HaxomKeHHs1 BEKTOpa BaroBux KoedilieHTiB 3 3aiICHIOETbCS LUISIXOM
aHarniTMYHOro po3B'A3Ky CUCTEMU HOPMarbHUX PiBHSIHb i3 3aCTOCYBaHHSM LUTpady
L2-perynsapusauii [7] MporpamHuii ko, Lwo 6e3nocepenHbo peanisye Len
mMaTeMaTU4HUIA anapar y cuctemi, HaBedeHo y [lonatky A. O6umcneHHs
BMKOHYIOTbCS 3@ (DOPMYIIOL0:

B=(XTX+ I)—1XTy, (2.2)

[0e B — BeKTop LUyKaHux BaroBmx koedilieHTiB niHiiHOT Moaeni;

X — maTpuusa napameTpis po3paxyHKoBOi BUBIpKY;

XT — TpaHcnoHoBaHa MaTpuLsi NapaMmeTpiB;

A\ — koedpiuieHT perynapu3aauii (LuTpadHUA KoedilieHT), A1 KOHTPOMoE

CTYNiHb 3rNajXxyBaHHs napaMeTpiB Ta 3anobirae HaaMipHOMY 3pOCTaHHI0 3Ha4YeHb
KoedilieHTiB;

| — oAMHMYHA MaTpUUs iAEHTUYHOCTI;

Y — BEKTOP LiNbOBUX 3Ha4YeHb (hakTUYHWUIA NOKA3HMK 3aBaHTaXEHOCTi 3any B
iCTOPUYHMX AAHWX);

[ins po3pobneHoi cuctemm onTuManbHuiA koedilieHT perynspusauii

nigidpaHo Ha piBHi A = 0.01. Lle 3Ha4eHHsa Byno BU3HA4YEHO LUMSAXOM eMMiPUYHOTO
TECTYBaHHSA anroputMy Ha PeTPOCNeKTUBHUX (ICTOPUYHUX) AaHUX KiHOTeaTpy.
BinbLui 3Ha4YeHHA A NPpM3BOAUNM A0 HAAMIPHOIO 3rnagXyBaHHSA O3HaK Ta BTpaTu
YYTNMBOCTI MoAenNi [0 AHIB TUXKHS, TOAI 9K MEHLUI 3Ha4YeHHs He 3abe3nevyBanu
[0CTaTHBOI MaTemMaTUyHOI cTabinbHoCTi MaTpuui. OBuncnioBanbHUn anropuTm
TpaHcdopmye iHbopmauinHy matpuuto XT Xy ABOMipHUIA MacuB i AoAae 3HavYeHHs
A BMKMIOYHO A0 Ti AiaroHanbHUX eneMeHTiB, NOBHICTIO iTHOPYYN HYMbOBY

[ELMH. Apk. No gokym. Mignuc fata
ApK.
44
KPB.ICT- 08.00.00.000 M3

no3uuito BinbHOro unewa. Lle pilweHHs po3s'a3ye npobnemy NiHiHOT 3anexHoCTi
MDK NapameTpamu (Hanpuknaz, Be4ipHiM 4acom Ta BUXIAHUM AHEM) i rapaHTye
ycnilHe 3Haxo4keHHst 06epHEHOI MaTpuLi HaBiTb Ha 0BMexeHnx BMBIpKax AaHuX.
2.4.5 ApxiTekTypHa KopekLuis Ta 3rnagKyBaHHs pesynestaTis. lMicnsa

aHarniTMYHOro 3HaxXOMKEHHsI MaTpuLi Bar, obumcneHi koedilieHTn NpoxoaaTb
aBTOMaTUYHy Npoueaypy AecTaHaapTvaalii WNAXoM iX AiNeHHA Ha paHiwe
36epexeHi cTaHaapTHI BiaxuneHHs:. Lie no3Bonsie BUKOHyBaTV MUTTEBI NPOrHO3n
N5 HOBKX ceaHciB 6e3 NOBTOPHOrO nepepaxyHKy BCiEl MaTpuui Av3aiHy. Ans
NiaBULLEHHS cTabiNbHOCTI Ta HiBEMOBaHHA NOXMOOK NiHiMHOT Moaeni, Ha
hiHanbHIN cTagii KoHBeEpa BNPOBaMKEHO MeXaHi3M 3rnamxyBaHHs. OTpuMaHui
«CUpUI» pesynbTaT perpecii amillyeTbes 3 6a30BYM piBHEM NONMUTY (MeAiaHHO
nonynsipHicTiO ifibMy abo HYPKHIM NOPOrom 4acoBoro cnoTy) y nponopuii 55%
Big mogeni Ha 45% Big 6a3oBoro pisHS. Lis nponopuis 6yna Bu3HayeHa emnipuyHumM
LUMIAXOM Mif Yac TEeCTyBaHHA: BOHA HAafae HeBenvKy nepesary niHinHii Mmoaeni
(55%), sika peTanbHO BpaxoBYe KOHTEKCT KOHKPETHOTO CeaHcy (Yac, AeHb TUXHS),
ane 3anuiuae BaroMui Bnims 6a3oBoro nonuty (45%) sk «sIKOps», WO 3axuLiae
NPOrHO3 Bif, @aHOManbHNX MaTeMaTUYHNX BUKUAIB.

Ha 3rnamkeHnin NoKkasHUK 3aBaHTaXeHOCTi 40AaTKOBO HaKNaAaeTbes

ANHAMIMHUIA MYNBTUNNIKaTOP XUTTEBOrO LMKy penisy. Jlorika Lboro



MynbTUMRiKaTopa cnagae AUCKPETHUMM Kpokamu: y nepili 3 AHi npokaty gie
koediuieHT 1.30 (Npem'epHuit axiotax), 3 4 no 7 aeHb — 1.10, Ha Apyrvn TMXAEHD
npokaty BiH nagae o 0.80, i nocTynoBo 3HWxyeTbea Ao 0.35 aAna cTpivok, Wo
nepebyBatoTb y posknagi noHas 20 aHis. MNporpamHa peanisauis Uiei norikn
HaBe[jleHa Ha PUCYHKY 2.4.
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PucyHok 2.4 — MporpamHa peanisauisi MynsTunmikatopa XUTTEBOTO LMKy
penisy

[ns neHHoro cermeHTa ByaHiB Len npem'epHuin BycT oaaTKOBO

nocnabntoeTbcst BABIYI, Micnsi Yoro iHanbHUA pesynsTaT NPMMYCOBO OOMEXYETHCS
BEPXHLOI Mexetd 95%, 3anuiuaroym 06oB'A3KOBUIA N'ATUBIACOTKOBUIA pe3eps 3any
AN TeXHIYHMX NoTpeb kiHoTeaTpy.

OKpiM LbOro, y CTPYKTYpi KOHBEEPA peanisoBaHO KOHCEePBATUBHMI

3anobiKHMK: SKLLO ANs AEHHOro ceaHcy y ByaHii AeHb MatemaTnyHa Mogernb
NPOrHO3ye HU3bKi 3HAa4YEHHS (MeHLLe 5 KBUTKIB), CUCTEMa aBTOMAaTUYHO KOPUTye
Lie mokasHWK o 6e3neyHoro MiHiMymy y poamipi 10% Big 3aranbHoi MiCTKOCTi
3any. Take KopuryBaHHs [LO3BOMSAE YHUKHYTU NOMUMOK MiaHyBaHHS | rapaHTye, Lo
agMiHicTpauis 3asganerigb 3abe3neynTb HasBHICTb MiHIManbHO HeOOXigHOro
LUTaTy KacoBOro NepcoHary Ha 3MmiHi HaBiTb y nepioan HanbinbLoro cnagy
BiaBiayBaHocTi. ChopMOBaHMiA YNCNOBUIA BICOTOK MHOXMTLCS Ha MICTKICTb 3any
i OKPYTMIOETLCS, (POPMYIOHM KiHLIEBY LIiNTOYNCENbHY KiNbKICTb O4iKyBaHWX KBUTKIB
Ans sanucy B 6a3y AaHuX.

2.4.6 OuiHKa TOYHOCTI MOAEmNtoBaHHS Ta METPUKM AKOCTI. Ans

BM3HAYEHHS1 TOYHOCTI PO3POBNEHOro MaTemMaTUYHOro NiAXody Ta KOHTPOMK SKOCTI
MPOrHO3iB BUKOPUCTOBYETLCA CTaTUCTUYHA METpUKa cepeaHboi abcontoTHOT
BigcoTkoBoi nomunkn (MAPE — Mean Absolute Percentage Error). MNpouec uiei
OLjiHKV aBTOMaT130BaHO Ta BUHECEHO B aBTOHOMHE (DOHOBE 3aBAaHHSA
ForecastAccuracyJob. lMicna dakTnyHoro 3aBepLUeHHs 3annaHoBaHNX CeaHciB
cucTema iHiLitoe nepeBipKy: 3aBaHTaxye 3 6a3v AaHWX 3reHepoBaHi MPOrHo3u Ta
MOPIBHIOE iX i3 peanbHVMN AaHUMU NPO KiNbKICTb NPOAAHMX KBUTKIB Ha Lii ceaHcu.
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[Mpouec OuiHKM TOYHOCTI NOBHICTIO aBTOMaTN30BaHO Ta BUHECEHO B OKpeEME
oHoBe 3aBaaHHsa ForecastAccuracyJob. Micns hakTU4HOro 3aBepLUeHHS!
3annaHoBaHMX CeaHCiB CUCTeMa iHiLitoe NepeBipKy: BOHA 3aBaHTaxye 3 6a3un aaHunx
nonepeaHbLO 3reHepoBaHi MPOrHO3M Ta MOPIBHIOE iX i3 peanbHUMKU JaHUMK NPo
KiNbKICTb NPOAaHUX KBUTKIB Ha Ui ceaHcu. o6 yHUKHYTU NnepeBaHTaxeHHs 6a3un
[aHux nig Yac popmMyBaHHsi NepeBipku, 3anuT BUKOPUCTOBYE MeTog includes ans
OHOYaCHOrO 3aBaHTaXXEHHS NOB'A3aHNX AAHWX NPO KIHO3anu Ta ceaHcu, Lo ycyBae
npobnemy 3amBux 3BEpPHEHb [0 Nam'aTi cepBepa.

Bubip came metpukun MAPE, a He abConoTHMX NOKa3HMKIB MOMUIKM (TakMx

sk MAE — cepefiHst abcontoTHa nomumnka), Mae yitke 6isHec-06rpyHTyBaHHS.
AbcontoTHa noxmbka y 10 kBUTKiB AN Manoro 3any Ha 50 Micub € CyTTEBOIO
(noxunbka ctaHoBUTb 20%), TOAi ik AnsA npocToporo 3any Ha 200 micLb Taka X
abcontoTHa noxmbka y 10 KBUTKIB € NpakTU4HO HernoMiTHoO (nuwe 5%). MeTpuka
MAPE pospaxoBye NOMUIKy came Yy BiJCOTKOBOMY BiAHOLUEHHi 40 MICTKOCTI, L0
pobuTb ii yHiBEpCanbHOIO Ta He3anexHoHo Bif, PO3Mipy KOHKPETHOrO KiHo3any.

3 apXiTeKTypHOI TOYKM 30pY, pe3ynsTaTy Liel oUiHKku € cnyx60Boto

iHdbopmaulieto. Ockinbku NiHiHOMY nepcoHany (kacupam) Ui AaHi He NoTpibHi Ans
LoAeHHOro 0bcnyroByBaHHS KnieHTiB, nokasHukn MAPE He BUBOAATLCS B
OCHOBHMI rpadivyHuii iHTepdeiic 3acTocyHKy. HaTtomicTb cuctema 36epirae L
po3paxyHK1 Ha piBHI 6a3n AaHWX Ta cMCTEeMHKX XXypHanis (noris). Lie no3sonse
CMCTEMHOMY aaMiHicTpaTopy abo po3poGHUKY NEPIOANYHO NPOBOAUTU TEXHIYHUIA
ayauT mMogeni: SKWO BiACOTOK NOXMOKM NOYMHAE CUCTEMHO 3pOCTaTH, Lie Cryrye
iHOMKaTOPOM A5 PYYHOro KOPUryBaHHA MaTteMaTuYHUX napameTpis (Hanpuknag,
3MiHW NponopLin 3rnagkyBaHHA abo HanalTyBaHHSA KoediuieHTa perynspusadii).
Takuin nigxig 3anvwae onepauiiHuii iHTepdenc YiCTUM i LWBMAKMM, 3Gepiraoumn



npy LbOMY MOBHWIA iHXEHEPHUI KOHTPOSb Haf, SKICTIO anropuTmis.
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2.5 HpKT@B@HHH iHTepdeiicy kopuctyBaya

IHTepdeic po3pobnoBaHOro NPOrpamMmHOro KOMMIEKCy peanizoBaHo sk
cepBepHO-opieHTOBaHWI BeOKNiEHT Ha 6asi hperimBopky Ruby on Rails i3
LwabnoHisauieto ERB. TexHONori4Hmin KOHTYp poHTEHAY NOByA0OBaHUIA Ha
cy4yacHin 38’a3ui Propshaft ana ynpasniHHa aktueamu, importmap Ans MogynsHoro
JavaScript 6e3 okpemoro 6aHanepa, iHcTpymeHTiB Hotwire (Turbo Ta Stimulus) ans
aCUHXPOHHOI B3aemogii, a Takox tailwindcss-rails ons geknapaTtvBHOI cTunisawii.
AfanTuBHIiCTb Ta kpocnnatopMeHicTb iHTepdency 3abeanedyeTbesi Ha piBHi
PO3MITKM 32 AOMOMOrot0 rHy4Ykux koHTerHepiB, CSS Grid, Flexbox Ta cuctemumx
Mepia-yMoB, 3aBAsKU YOMY cucTema 36epirae dyHKUiOHanbHy LinicHICTb Npu
nepexoAi Big AeCKTOMHUX MOHITOPIB A0 ekpaHiB MOBinbHMX npuctpois [17].
Po3mexxyBaHHS fOCTYNY 40 CTOPIHOK KOHTPOMETLCS ekocnctemoro Devise Ha
OCHOBI PONbOBOI MOAENi aBTopu3allii (BNacHuK, MeHemxep, kacup) [18].
Knto4yoBumi onepauiiHnii KOHTYp Kacupa OpraHi3aoBaHoO K 3B’A3aHWI NaHLor
po3knagy CeaHciB i BikHa Npoaaxy KBUTKIB, AOCTYN A0 SKOro 3abrnokoBaHo 3a
BiICYTHOCTi akTMBHOI pobo4yoi 3miHM B 6asi AaHnx SQLite. Mig yac iHiuianizauii
dopmu KOHTponep nepenae B NpeacTaBneHHs AeTepMiHOBaHUA Habip AaHux npo
ceaHc, napameTpu 3any Ta MaTpuLto KynneHux KBUTKiB. Ha piBHi LwabrnoHy cxema
3any byayeTbcs sk napaMeTpu3oBaHa ciTka, Ae KOXHe MicLe AMHaMiYHO
peHaepuTbes y BUrMsaAi iHTepakTMBHOro Yekbokca (Ans BinbHUX Micub) abo
KHOMKOBOTO iHAMKaTopa (Ansa BXe npofaHux kpicen). MpadiyHy peanisauito
po3pobneHoro iHTepdeiicy poboyoro micus kacupa HaBedeHO Ha PUCYHKY 2.5.
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PucyHok 2.5 — IHTepdelic kacoBOro Moayns cuctemu (BikHO NMpoAaxy KBUTKIB)

KnieHTcbka norika kacoBoro BikHa pearnisoBaHa 3a gonomoroto JavaScript-
cueHapiiB, siki CUHXPOHI3YyOTb CTaH iHTepdeiicy 3 hopmMoto, BUKOHYIOTb
iHKpeMeHTanbHUN nepepaxyHoK BapTOCTi B KOLLUWKY, KEPYIOTb Krnacamu BUAINEHHS
(«docTynHo», «BubpaHo», «MpoaaHo», «Y 06pobLi») Ta BUKNUKaOTb MoAanbHe
BiKHO Ans Bepu@ikauii onnaty nepeg iHanbHO BiANPaBKOK TpaH3aKLii Ha
cepsep. CepBepHa YacTMHa BanigoBye BXiAHI napameTpu, 6riokye NOBTOPHI
npoaaxi Ta dpikcye KBUTKM B 6a3i 4aHUX i3 NPUB'A3KOK 40 NOTOYHOI 3MiHM
npauiBHuKa.

AHaniTU4YHMIN KOMNOHEHT NPOrHO3yBaHHS iHTErpoBaHoO 6e3nocepenHLo y

npasy iHbopMaLiiHy naHenb ekpaHa npogaxy (puc. 2.5). KoHTponep aBTomatnyHo
niaTaArye pesynsrath oCTaHHLOro 3anycky Moaeni rpebeHeBoi perpecii Ta BUBOAUTb
ANS Kacvpa YMCroBui iHAUKATOP BiACOTKA 3aBaHTaXEHOCTi 3any, oYikyBaHy
KinNbKIiCTb KBUTKIB, Pi3HWLIIO BiAXUMEHHSA NOMUTY Big MOTOYHOrO hakTy npoaaxis

Ta piBeHb pu3uky. 3a BigCyTHOCTI po3paxoBaHuX AaHUX cuctema iHpopmye
onepatopa npo notpeby 3anycky NPorHo3yBaHHSA. AAMIHICTpaTUBHA YacTuHa Ans
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MeHeaxepiB Ta BNacHUKIB peanizoBaHa y BUMMSAAI NaHenen MOHITOPUHTY 3i
CTPYKTYpOBaHVMM Tabnuusamun Ans ynpaeniHHS iHppacTpyKTyporo Mepexi
(kiHoTeaTpw, 3anu, inbMu, po3knaa) Ta MogynsiMu iHaHCOBOI 3BITHOCTI.

3axucT Bi NOMUMOK BBEAEHHS 6a3yeTbcsa Ha ABOPIBHEBIN cUCTeMi

€ProHOMi4HMX (0BOB’A3KOBICTb NONIB, 0BMEXEHHS YACMOBUX MEX Ha KMiEHTI) Ta
cepBepHuX (cTpori strong parameters, KOHTPONb JOMEHIB KiHOTeaTpiB Ta nepeBipka
nimiTiB Yacy ceaHciB) 3anobixHukis[19]. Y Bunagky 360iB iHTepdeiic cucteMHo
BMBOAMTbL AeTanizoBaHi 6rokn noMunok abo dreLu-noBigomeHHs, wo 3abesnedye



BUCOKY BiIMOBOCTIliKiCTb Ta nepeadavyBaHy noBeaiHKy Be63acTOCyHKy B Byab-
SAKMX eKCnyaTalinHnX cueHapisx.

mMepexelo KiHoTeaTpis. Ha

OCHOBI aHani3y 6isHec-npoLeciB 06rPyHTOBAHO BUKOPUCTAHHS MOAYIbHOI
MOHOMITHOI apxiTekTypu Ta nattepHa MVC y cepenoBuLLi cy4acHoro
BebdpenmBopky Ruby on Rails, L0 A03BOMMIO YiTKO pO3MeXyBaTh CUCTEMHY
noriky, KOHirypauii Ta nporpamHuii Kop.

Mo6ynoBaHo KOHLENTYyarnbHYy Ta foriyHy Moaeni AaHux, siki CTanu OCHOBO

ONa pensuinHoi cTpykTypu 6a3m aaHux nig ynpasniHHam CYB[ SQLite.
CrnpoekToBaHa cxema OXOMJSIoe BCi KIOYOBI CyTHOCTI NpedMeTHoi obnacTi Ta
rapaHTye LinicHicTb iHbopmaLlii 3aBaAsKM cUCTEMI KackagHUX 0OMEXEHb i )KOPCTKO
BM3HAYEHUM 30BHILLHIM KITH0OYaM.

BaxxnnBum iHxeHepHUM piLLeHHAM cTarna rnoBHa CTPYKTypHa i3onsiuis
obumcnoBanbHUX anropuTMiB MOAyNs NPOrHO3yBaHHSA NoNuTy. Po3paxyHku Ha
6a3i meTopy rpebeHeBoi perpecii BUAHECEHO Y BUAINEHWIA Lap cepBiCHKX 06'ekTiB Ta
choHOBUX 3aBAaHb. Takuii nigxig 36epir ynucToTy ocHoBHOro MVC-Lukny,
rapaHTytoum WBMAKY 06pobKy cTaHOAPTHUX KITIEHTCbKMX 3anuTiB 6e3 puanky
6nokyBaHHs BebcepBepa BaXXKumMy MaTemMaTUyHUMK onepaLismu.
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[ns 3abe3nedeHHst edpekTUBHOI pobOTM NepcoHany po3pobneHo eproHOMiYHi
NMPUHLMMIM Ta MaKeT! KOPUCTYBaLbKOro iHTepdbency 3 hokycoM Ha poboye micle
kacupa. IHTerpauisi cyyacHoro dpoHTeHa-cteky (Hotwire, Turbo, Stimulus Ta
Tailwind CSS) 3abe3neymna BMCOKY KpocnnaThoOpMEHICTb Ta iHTEPAKTUBHICTb
cMcTEMU, a BNPOBaXXeHHS ABOPIBHEBOI KNiEHT-cepBepHOi Banigauii cdopmMysano
HadiiHWIA 3ax1CT Bi onepauiiHX NOMUIOK BBEAEHHSI AaHUX.

CnipoekToBaHa apxiTekTypHa Ta iHdpacTpyKkTypHa 6a3a noBHicTo

3a20BOrbHAE (PYHKUIOHANbHI BUMOMV TEXHIYHOIO 3aBAaHHS i € MiLHUM
yHaameHTOM Ans 6e3nocepenHbOi NporpamHoi peanisalii KoMmnmekcy B
HacTynHomy po3aini pobotu.
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3 MPOIrPAMHA PEANIBALIA TA EKCMINYATALIA
NMPOrPAMHOIO KOMIJTEKCY

3.1 MNporpamHa peanisaisi Ta iHXXeHepHWUIn aHania meTopis 6i3Hec-noriku

3.1.1 MNporpamHa peanisauis mogene 6a3u gaHux Ta 3abe3neyeHHs

uinicHocTi iHdopmadii. Mig yac po3pobku Moaeni KBUTKa ronoBHUM 3aBAaHHSAM €
CTBOPEHHS 3B'A3KIB i3 ceaHcaMu, po6OYMMM 3MiHAMM Ta KOHKPETHUMU MiCLsSIMU, @
TaKOX 3aXWCT CMCTEMMU Bif, NOMWUMOK Mif Yac npoaaxy. o6 yHukHyTn
BMMNaAKOBOrO NPOAaXy O4HOro MicLs ABOM MOKYMUsSM, cuctema NnpoBoanTb
nepeBipKy YHiKanbHOCTI MicLsi B Mexax 06paHoro ceaHcy.

MporpamHuii Kog, Lo BM3HaYae Li 3B’93KM Ta Npasunia nepesipkv Ans

o6’eKTa KBUTKA, HaBeeHO Ha PUCYHKY 3.1.

PucyHok 3.1 — MporpamHa peanisauis Mogeni KBUTKa i3 npaBunamun nepesipku
[aHuX

AHani3 HaBedeHOro koay nokasye, Lo MOAENb KBUTKa obMexye AonycTUMi
cTaTycu npogdaxy. 3aBasku npasuny Nepesipky yHikanbHOCTI 3 napaMeTpom
obnacTi BUANMOCTI, siknin obmexye noluyk aybnikaTie He Bcieto 6asoto, a
BUMKIMIOYHO KOHTEKCTOM KOHKPETHOTIO KiHoceaHcy, 6a3a fAaHux aBTOMaTUYHO
Bioxunsie cnpobu 3abpoHoBaTH Te came Kpicno Ha ogHy # Ty camy nogito Asidi. Lie
3abe3snevye UinicHIiCTb kacoBUX onepauini 6eanocepenHbo Ha pPiBHI 06'EKTHO-
pensiuiHoro BifobpaxeHHs, 3anobiratoumn 36epexxeHHI0 KOHMMIKTHUX TpaH3aKLii
[16].



3mH. Apk. No gokym. Mignuc Oata
Apk.

52

KPB.ICT-08.00.00.000 M3

HacTtynHum etanom po3pobku € CTBOPEHHS1 Mofeni po3knaay CeaHciB, sika

Kkepye po3noginom dinbmie 3a Yacom Ta 3anamu. Kpim 6a3oBux nepeBipok
HasiBHOCTI (hinbMy abo 3any, cuctema NoBMHHA KOHTPOMOBATK, o6 ceaHcn He
Haknaganucs oAvH Ha OLHOTO B MeXax O4HOro npuMilLeHHst. MNovaTkoBuin BapiaHT
KOAY MoZeni ceaHcy 3 ONMCOM OCHOBHUX aTpubyTiB Ta NpaBunamMu nepesipku
rnokasaHo Ha pUCyHky 3.2.

PucyHok 3.2 — Cneuudikauist aTpubyTis Ta 6a3oBux nepesipok Mogeni
ceaHciB

Mogenb posknaay MIiCTUTb METOA, NEePEBIPKN AaHWX, SKUN iHILIIOETLCS Nepes
KOXHUM 36EPEXEHHAM HOBOrO 3anucy. [ins BU3HAYEHHS TOTO, Yn He
nepeTnHalTbCs ceaHcu 3a YacoM, 6eanocepeaHbO Yy knaci ceaHcy po3pobrneHo
JIOMOMDKHWIA METOZ, NOPIBHAHHS overlaps_with?. Moro norika FpyHTYeTbCS Ha
mMaTemaTU4HOMY NPUHLMNI NepeTuHy ABOX BiApi3kiB. MeToa cnovaTky nepesipsie
HasiBHiCTb 0BOB'A3KOBMX AaHVMX: SKLLO OAMH i3 CeaHCiB He Mae Yacy noyatky abo
TpuBanocTi inbmy, BiH NOBepTa€E HEraTMBHWUIA pe3ynbraT Ans YHUKHEHHS
CcMCTEMHOI noMuIku. [lani po3paxoByrOTbCSH TOYKM NOYATKY Ta 3aBepLUEHHS Ans
060ox NoAin, Ae Yac 3aBepLUEHHs € CYyMOKO MoYaTKy ceaHcy Ta TpuBanocTi Minbmy.
YMoBa nepeTnHy BUKOHYETLCS NULLE TOAi, KONM MOYaToK NePLUOro ceaHcy MeHLLNi
3a KiHeLlb Apyroro, a no4aTok APYyroro MeHLWui 3a KiHeub nepluoro. MporpamHuii
KoA LbOro po3paxyHKy HaBefeHO Ha pUCyHKy 3.3.

[EMH. Apk. No gokym. Mignuc Aata
Apk.
53
KPB.ICT- 08.00.00.000 N3

PucyHok 3.3 — lNporpamHa peanisauis MeTogy NopiBHAHHA YacoBUX iHTEpBarnis
ceaHciB

OnucaHuin anropuTM NOPIBHAHHSI BUKOPUCTOBYETLCS 3aKPUTUM METOAOM
Banigauii 3 Mogudikatopom gocTyny private, dyHKLiOHYBaHHS SIKOro 0BMexXeHo
BMKITIOYHO BHYTPILLHBLOLO J10TiKOK NoToYHOro o6'ekta. Metoa nepeBipku
KOHMIKTIB BUCTYNae ik cucteMHuii 6ap'ep GisHec-noriku, a Moro nporpamHy
peanisaLito NpoinCTPOBaHO Ha PUCYHKY 3.4.

PucyHok 3.4 — MNporpamHa peanisauisi nepeBipkv KOHMNIKTIB y po3knaai kiHosany

AnropuTM cnoyaTky i3oMtoe AaHi, BUGMparoum nvie ceaHcm obpaHoro 3any,

a noTim BunyYae 3anuc, k1 3apas pefaryetbesi, Wob YHUKHYTU MOPIBHSAHHS
ceaHcy i3 camum coboto. [lani cuctema nocrigoBHO 3aCTOCOBYE METOZ, NOPIBHAHHS
iHTepBaniB 4O KOXHOro 3HanaeHoro ceaHcy. BukopuctaHHs TexHonorii
BUNEpeMKanbHOro 3aBaHTaXXeHHS NOB'A3aHMX AaHWUX 3a A0NOMOrol MeToay
includes, wo fo3Bonsie 3asganerigb BUTArHYTY BCO HeOOXiaHY iHdopMaLito 3 6a3u
B OnepaTvBHY NamM'sTb OOQHWMM 3aranbHUM 3anMToM, ONTUMI3y€E Len npouec Ta
[03BONSE YHUKHYTU Npobnemun baratopa3osunx NocnifoBHUX 3BEPHEHb A0 cepBepa.
Y pasi BUSIBNEHHSA Haknaakv cuctema Bigxunse onepadito ta hopMye AiarHoCTu4He
NOBIAOMIEHHA AN MeHeaxXepa, BKasyroun Hassy inbmy Ta Yyac KOHGMIKTHOrO
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nokasy. Takum YMHOM, 3anpoBapkeHi iIHCTPYMeHTU 3abeanedvytoTb cTabinbHICTb
po3knagy, 6rokyr4M CTBOPEHHS CeaHciB i3 NoMUIKamMu B 4aci.

3.1.2 NporpamHa peanisauis 06pobku TpaH3aKLUii y KOHTponepi

kacoBux onepauin. KoopauHauis B3aeMogii Mk KnieHTCbKMM iHTepdeicom Ta
6asoto gaHux peanizoBaHa y kKoOHTponepi kacoBux onepadin (TicketsController).
[ns 3a6e3neyeHHst YNCTOTW KOAY Ta AOTPUMAHHS NPUHLMMY EQNHOT



BiAMOBIAANbHOCTI, NOriKy MiArOTOBKM MacmBiB AaHUX BUHECEHO Y cneLiani3oBaHni
cepsicHuii 06'ekT TicketShowService. Mig Yac 3BepHeHHs NpaLiBHUKa 40 hopmu
npoAaxy KOHTPOrep iHiLitoe BUKMUK LibOrO CEPBICY, KNI BUBAHTaXy€e CTPYKTYpYy
obpaHoro kiHo3any, arperye MacuB 3alHATUX MiCLb Ta iHTerpye pesynsratu
MoAynsa NPeAUKTUBHOT aHaniTMk1. BUKoprucTaHHs cepBicHOro nigxody CyTTEBO
3MeHLUye obcar KOHTponepa Ta i3onoe cknagHi 6a3vcHi 3anuTy Bif Norikn
BiooGpaxeHHs iHTepdericy. MporpamHy peanisauito LbOro npouecy niarotToBku
[aHVX HaBeaeHo Ha pUCyHKy 3.5.

PucyHok 3.5 — [Hiuianizauis nigrotToBky AaHWX KaCOBOTO eKkpaHa 3a [0MOMOro
TicketShowService

Mpouenypa peecTpadii hakTy hiHaHCOBOro NPoAaxy iHiLIETLCA

BiANpPaBKOK aCMHXPOHHOTIO 3anuTy 40 MeToAy CTBOPeHHs 3anucis (create). Ha
no4yaTkoBOMY eTarli anropuTM aHanisye BXigHi napameTpu, NepeBipsitoyn HasBHICTb
060B'A3KOBOrO ifgeHTUdikaTopa ceaHcy Ta cnncky obpaHux micup. Micns nepBUHHOT
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Banigauii npouec 36epexxeHHst KBUTKIB Aeneryetbcs crnewiarbHoMy
iHkancynboBaHoMy 06'ekTy TicketCreatorService. Lew nigoxia rapaHTye 6esneyvHe
BMKOHAHHSA Bi3Hec-npaBun: cepsic Npuimae igeHTudikatopn obpaHnx micub,
nepesipsie akTUBHICTb poboyoi 3miHM (current_workday) Ta iHijtoe iTepauinHe
36epexeHHs1. Y pasi nopyLLeHHs npas foctyny abo noriYHux NoMUokK, cepeic
reHepye BnacHe BuknodeHHs PermissionDenied. dparmeHT BUKNUKY cepsicy Ta
nepexonsneHHs NOMUIOK BigobpakeHo Ha pUCyHky 3.6.

PucyHok 3.6 — Jlorika generyBaHHs cTBopeHHs kBuTkiB y TicketCreatorService 3
06poOKOIO BUKMIOYEHD

Micnsa 3aBepLueHHA 06po6KM MacuBy MiCLib, pesynbTaTi MOBEepTalThCs [0
KOHTponepa y BUMsAi Xew-CcTpykTypu result, ska MiCTUTb KinbKiCTb YCMiLLHO
CTBOPEHUX KBUTKIB Ta MacvB nomunok. KoHTponep nepeaae Len pesynsrat y
3akputuin metogd handle_ticket_creation_result, skui Bignoeiaae 3a 3BOpoTHUIA
3B'A30K i3 KOpUCTyBayeM. 3amiCTb aBapiliHOI 3ynuHKK, cuctema opmye
KOMGiHOBaHe iH(hopMaLliiHe NOBIAOMITIEHHS, BKa3youn SK YCMiLLHO 3ape3epBOBaHi
Micus, Tak i nepenik BusiBNeHnx koHdnikTie. Lie ybeanevye kacoBwuii npouec Bif
3YNWHKM Y BUNaAKy OAHOYACHUX 3anuTiB Bif pi3HMX npauiBHuKiB. Llen etan norikn
BigoGpaxxeHo Ha pucyHky 3.7.

[ELMH. Apk. No gokym. Mignuc fata
ApK.
56
KPB.ICT- 08.00.00.000 M3

PucyHok 3.7 — Anropntm oopMyBaHHs kKOMBIHOBaHMX NOBIAOMIEHb NPO
pesynsTaTti Npogaxy

Ha 3aBepLluanbHin ctagii o6pobku cuctema nepesipsie ctaTyc npanopus
generate_pdf. AKwo npauiBHUK iHiLitoBaB ApyK KBUTKIB, KOHTPONEp BUKINKAE
nonomixHu 06'ekT TicketPdfGenerator. KOHCTpyKLis nepexonneHHs CUCTEMHUX
NMOMUIIOK rescue HaBKoro Nnoriku ctBopeHHs PDF i3ontoe TpaHsakuito Bif
MOXIMBMX 36018 30BHILLHIX 6i6nioTek reHepaLlii JOKYMEHTIB: SKLLO Ha cepBepi
BMHWKHE NMOMWIIKa 3anexHOCTen Nif Yac peHaepuHry dany (Hanpuknag,
MissingDependencyError), AaHi npo NpoAax KBUTKIB rapaHTOBaHO 3anumiuaTbcs
36epexxeHMMM B 6asi, a cuctema nonepeavTb NpaLiBHUKA NPO TMYacoBy
HeJoCTyNHICTb YHKLIT ApyKy. MexaHi3Mm uiei isonsauii HaBegeHo Ha pUcyHky 3.8.
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PucyHok 3.8 — lMNporpamHuin MexaHiam i3onboBaHoi reHepadii PDF-gokymeHTiB



TakuM YMHOM, BUKOPUCTaHHS CepBiCHUX 06'EKTIB 3aMiCTb HanNMcaHHs BCbOro
nporpamHoro kogy y canni koHTporepa 3abesneyye CTpyKTypHe po3AineHHs
obos'AskiB. KoHTponep BignoBigae BUKIOYHO 3a NPUMIOM 3anuTiB Bif KOpPUCTyBava
Ta NOBEPHEHHS BIAMNOBIAEW, TOAI Sk NepeBipka AaHux, 06pobka NoMunok Ta
36epexeHHs KBUTKIB (6i3Hec-mnorika) BUKOHYTbCSl OKPEMUMM i30MbOBaAHUMU
knacamu. Takuii nigxig 3MeHLye obcsr OCHOBHOIO KOAy Ta CTPYKTYpYe npouec
[oAaBaHHSA HOBUX (OYHKLINA.

BopgHouac pobota kacoBoro moayns 3abeanevye cuctemHy dikcadito

KOXHOrO NPOAAHOro KBuTka B 6asi faHux. 3 yacom L TpaH3akuii hopmMyroTh
BMOPsSiAKOBAHUIA MacuB iCTOPUYHMX AaHuX. Lis HakonuyeHa iHdopmauis npo
MWHYNi Npoaaxi € 6a3oBMM KOMMNOHEHTOM ANs po6oTY anropuTMiB MateMaTnyYHoOro
MopentoBaHHs. MpoLec BUKOPUCTAHHS LUX AaHWUX A5 NPEeANKTUBHOIO
MPOrHO3yBaHHs (MaTemMaTUYHOro po3paxyHKy ovikyBaHOI 3aBaHTaXXeHOCTi 3aniB Ha
MabyTHIX ceaHcax) po3rnsaaaeTbcsa y HAaCTyNnHOMY Niapo3Aini.

3.2 MNMporpamHa peanisauis METOAIB Ta anropuTMiB MaTeMaTU4HOro
NPOrHO3yBaHHSA NOMUTY

MporpamHa peanisauisi NpeAMKTUBHOIO KOHTYPY MOBHICTIO iHTErpOBaHa B
3aranbHy apXiTeKkTypHy mofenb po3pobneHoro Be6aoaartka. Yci obuncnoBanbHi
NPOLECU BUKOHYHOTLCS SIK aCUHXPOHHI (DOHOBI 3aBAaHHS 3a 4OMNOMOroH
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iHppacTpykTypun Activedob, Lo fo3BONSIE i30Mt0BaTU PECYPCOMICTKI MaTpUYHi
po3paxyHku Bii OCHOBHOIO NoToky 06pobku HTTP-3anuTis BeGecepeepa. MoBHWMI
NICTUHT BMXiAHOTO Kogy aHaniTMYHoi nigcuctemn HaBegeHo y [lonatky A.

3.2.1 doHoBa iHiuianisauis Ta nporpamHe kelyBaHHs. LieHTpansHum
KOMMOHEHTOM niacuctemu € oHoBui knac ForecastRunnerJob. lonosHum
MeToZOM iHilianisauii Buctynae perform, Skuin npuiimae napameTp ropusoHTy
nnaHyBaHHs. Ha noyaTtkoBOoMy eTani anroputm BUKOHYE NPEBEHTUBHE KackagHe
OYMLLIEHHS 3acTapinux 3anucis NPorHo3iB Ans LinboBOro NpoMikKy Yacy 3a
ponomoroto metogy delete_all, wo rapaHTye igeMnoTeHTHICTb onepawin Ta
BiACYTHICTb AybnikaTiB y 6a3i gaHmx.

[ns onTumisauii obumcnoBanbHNX pecypciB i Yac LuknivHoi o6pobku

po3knagy BnpoBaaXeHO MexaHi3M JoKanbHOro KellyBaHHsi B ornepaTuBHIN nam'sTi.

Llen pisHoBuA KellyBaHHA 6a3yeTbcs Ha MporpaMHOMy naTepHi Mmemoisauii Ta
(hYHKLIOHY€E BUKMHOYHO NPOTSATOM XUTTEBOTO LIMKIY MOTOYHOrO (hOHOBOIO
3aBaaHHs. OCKinbKkKM pi3Hi ceaHcy YacTo TPaHCHKTL OAWH | TOV camuil inbMm,
MOCniOBHI 3BEPHEHHSA A0 6a3u faHux Anst po3paxyHKy 6a3oBoi nonynsipHOCTi
CTBOPIOIOTb HAAMIPHE HABaHTAXEHHS Ha CUCTEMY.

[ns BUpiLLeHHs Npobnemu UMKNIYHUX 3anuTiB iHiLiani3ytoTbCst TMMYacoBi
CTPYKTYpUY AaHUX y hopmaTi acoLiaTUBHUX MacuBiB — CITOBHVK MOMYNSAPHOCTI
inbMiB movie_occupancy_cache Ta cnoBHuk gat penisis release_dates_cache.
AnroputMm gocTyny A0 AaHux NobyaoBaHWA Ha NoriLi YMOBHOMO NMPUCBOEHHS. Mig
Yac iTepauii cuctema nepeBipsie HasiBHICTb ifeHTUdikaTopa inbMy K kntova y
CIMOBHMKY. FIKLLIO 3anu1c BiACYTHIN, Nporpama BUKOHY€E arperaTHui 3anut 4o 6asu
[aHux, po3paxoBye MaTeMaTUYHUIA pe3ynbTaT i 36epirae moro B nam'aTb. [pu BCix

HaCTYNHUX 3BEPHEHHSX A0 XapaKTEPUCTUK LibOoro X dinbMy Ha iHLIKX ceaHcax,
cMcTEMa MUTTEBO MOBEPTAE FOTOBE YUCIIOBE 3HAYEHHS 3 KELLY, OMUHAKYM
3BEPHEHHS [0 MOCTINHOro CXoBuLLa. Takvui Migxia MiHiMi3ye KinbKiCTb AUCKOBUX
onepawdii YATaHHA Ta NPUCKOPIOE 3aranbHuIA Yac obuncrneHb koHBeepa. MexaHiam
iHiLiani3auii NporHo3Horo BikHa Ta pobOoTK 3i CMOBHUKaMW NPOINMOCTPOBAHO Ha
pucyHKy 3.9.
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PucyHok 3.9 — AnropuTm iHiuianizauii n(porHo3Horo BikHa Ta OYMLLEHHS
ny6nikatis



3.2.2 Anroputm nakeTHOI arperadii HaB4anbHoi BUGipkun. 36ip

iCTOpPMYHMX AaHWX AeneroBaHo npMBaTtHOMY MeTogy gather_training_rows_for. Ans
YHEMOXIUBNEHHS BUTOKY Al@aHUX anropuTm Bunyyae 3 6as3v nuie Ti ceaHeu, vac
noyaTky SKUX MEHLUWIA 32 NOTOYHUIA MOMEHT LLOHaNMEHLUE Ha 24 roAuHW.

3amicTb iTepaTMBHOrO 3aBaHTaXXeHHs1 06'eKTIB KBUTKIB y Nam'sTb cepeepa,
niapaxyHoK NpoAaHmnx Miclib BUKOHYETbCS €QMHMUM nakeTHuM SQL-3anuTom i3
BMKOPUCTaHHSAM MeToAy rpynyBaHHsi group(:showtime_id).count. OTpumanui
arperoBaHvin MacuB MaTepianisyeTbCcs B onepaTuBHii nam'aTi, nicnsi 4oro nporpama
30iiCHI0E 0BYNCIEHHS LiNbOBOI 3MiHHOI occupancy_pct Ans KOXHOro iCTOpUYHOro
npevueneHTy. ONTMMi3oBaHy NpoLeaypy NaKeTHOro 3aBaHTAXEHHS CTaTUCTUKN
Bioo6paxxeHo Ha pucyHky 3.10.

PucyHok 3.10 — OnTMMmi3oBaHW MeToA NakeTHOI arperadii icTopuYHMX
npoaaxis

3.2.3 MNporpamHa cermeHTaLisi Ta norika CTiikoro aerpagyBaHHs. Micns
dopmyBaHHSA 3aranbHOro macvey napameTtpis metog split_into_segments posainse
Oro Ha TP He3anexHi YacoBi NPOCTOpPU: AeHHI ByaHi, BedipHi ByaHi Ta BUXigHi
ceaHcu. MNpouec knacudikadii peanisoBaHo 3a gonomMoroto MeToay select, sikuia
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hinbTpye 06'ekTN 3anexHo Big Gynesoro mapkepa is_weekend Ta roguHu novatky
ceaHcy.

[nsi 3axmMcTy MaTeMaTMyHoro siapa Big NOMUoK o64ncneHHs obepHeHol

maTpuui Ha manux Bubipkax peanidoBaHo 3axucHy noriky (fallback). Y metoai
train_segmented_models cucrema nepeBipsie po3mip BiadinsTpoBaHOro MacuBy:
SAKLLO KiNbKICTb CNOCTEPEXEHb CTAHOBUTL MEHLUE N'ATU, anropuTM NPUCBOE
nokaxumkam 3HayeHHsi nil. Y TakoMy BUNagKky nig Yac NnporHo3yBaHHS KOHBEEP
aBTOMaTUYHO Aenerye po3paxyHku pe3epBHil rmobanbHin Mogeni, sika HaB4aeTbCA
Ha BCbOMY MacwBi AaHux kiHosany. [Mpouec cermeHTauii Ta iHiuianisauii mogenen
HaBegeHo Ha pucyHky 3.11.

PucyHok 3.11 — AnropnTm cermeHTaLii ceaHciB Ta 3axXMCHOI iHilianisauii mogenen

3.2.4 Peanisauisi MaTeMaTM4yHOro TpeHepa Ta MaTpU4HMX obYmcneHb.

O6pobka gaHmx Ta nobygosa Moaeni NiHiHOT perpecii BUKOHYETLCA Y knaci
Forecasting::RegressionTrainer. MeTop train Bignosigae 3a Hopmanisadito Habopy
napameTpis 3a JOMOMOro MaTemMaTuiHuX YHKLin Moayna Math ans pospaxyHky
aucnepcii Ta ctTaHgapTHOro BiaxuneHHs. lNicna ctangapTusadii HopmanisoBaHi
MacvBW NepeTBOpPIOOTLCSA Ha 06'ekTn BOygoBaHoi 6ibniotekun Matrix mosu Ruby.
AHaniTyHe po3B's3aHHsi CUCTEMU HOpMarbHUX PiBHSIHb BiAOyBaeTbCA

wnsxom 6esnocepeaHbOi MoavdikaLii MmaTpuui koBapiauii. MNMporpamHwii
anropuTM TpaHCOPMYy€E MaTPULIO Y ABOMIPHMIA MacuB 3a JONOMOroto metoay to_a
Ta iTepaTuBHO Aogae wrpadHuin koediuieHT ridge_val go i giaroHanbHux
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€MNeMeHTIB, iTHOPY4M NO3NLIi0 HYNbOBOTO iHAEKCy. [icnsa 3BOpOTHOI KoHBEpTaLii
cucTtema obumcnoe obepHeHy MaTpuLo meTodom inverse. [insa 3anobiraHHs
aBapiiHOi 3ynuHLi (hOHOBOrO 3aBAaHHS y BUMAAKy CUHTYNSIPHOCTI MaTpuLi
3acTocoBaHo briok nepexonneHHs nomunok rescue StandardError, skuin 6e3nevHo
3yNunHSAE po3paxyHok. Lien nporpamHmin mexaHiam HaBeaeHO Ha pUcyHKy 3.12.

PucyHok 3.12 — MporpamHa mogumdikaLis maTpuli koBapiauin Ta o64ncneHHs Bar

Micna oTpyMaHHA cTaHO4apPTU30BaHOrO BEKTOpa KoedilieHTiB nporpamMa

BMKOHYE IXHI0 AeCcTaHAapTM3aLito, KOPUryoUM 3HaYEHHS BiNIbHOTO YrieHa perpecii.
Lle nossonsie metoay predict MUTTEBO 0BUMCNIOBATY NPOrHO3M Yepesa CKansapHUi
nobyTok MmacuBiB 6e3 NOBTOPHOI HOpMmanisauii BXigHWX napameTpis.

3.2.5 MNporpamHe aHcambrnioBaHHs Ta 3rnapKyBaHHs pesyneraTie. Ha



iHanbHOMy eTani MmeTogy perform oTpuMaHuii peaynbsTaT MaTpUYHOrO MHOXEHHS
nipnaetbca 060B'a3koBOMy BrieHaMHry (aHcambnioBaHH). Crpuii NPorHo3
3MmilyeTbes 3 6a3oBKM piBHEM nonuTy y dikcosaHin nponopuii (55% moaeni Ta
45% 6a3oBoi MegiaHn). Ha 3rnagkeHunii nokasHWK HaknagaeTbest MynsTunnikatop
XWUTTEBOIO LMKITY peniay, Sk po3paxoByeTbca MeTogom release_multiplier_for.
OTpuMaHe 3Ha4YeHHs NPYMYCOBO OBMEXYETbCSH BEPXHBOK Ta HUXKHBOI

MeXamu 3a [ONOMOro MeToay clamp, BpaxoBytoun TEXHIYHMIA NiMIT
3anoBHIOBaHOCTI Y 95% Ta 3axXvCHWUIA MiHIMYM A1si BiANOBIAHOINO 4acoBOro CrOTY.
PiHanbHe BiACOTKOBE 3HAa4YEHHA MHOXUTLCS Ha MICTKICTb KiHO3arny, OKPYrnioeTbCst
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Ta 36epiraeTbcsi B 6a3y AaHux sk odikyBaHa KinlbKicTb KBUTKIB. MexaHiam
3rnazkyBaHHSA Ta 36epexeHHs pesynbTaTiB NPeACTaBNeHo Ha PUCYHKY 3.13.

PucyHok 3.13 — MporpamHuii MmexaHiam aHcaMbrbOBaHOrO 3rraf)XyBaHHs!
NporHo3is

Takum YnHoM, po3pobreHa nporpamHa nigcMcTemMa npeavKTUBHOMO aHanisy
nonuTy 3abesneyye aBTOHOMHUIA PO3paxyHOK OYikyBaHOT 3aBaHTaXXeHOCTi
KiHo3aniB. BukopucTaHHsi iHppacTpykTypy (hoHOBMX 3aBAaHb, MexaHi3miB
NoKanbHOro KellyBaHHSA Ta MeToZiB NakeTHOI arperauii icTOPUYHUX AaHUX
[03BOnNsiE cucTemi o6pobnsTy Benuki Macuem iHchopmalLlii 6e3 CTBOpeHHs
KPUTUYHOTO HaBaHTa)XeHHS HA OCHOBHMI NoTik Bebcepsepa. MNporpaMHe
po3aineHHs BianosiganbHOCTI Mixk 360poM faHux Ta 6e3nocepenHiM HaB4YaHHSAM
Mogpernen cnpoLlye noaanbLuy NigTPUMKY Kogy.

IHTerpauis MateMaT4YHOro anapaTy MaTpU4HMX ob4mcneHb 6e3nocepeaHbo

y NporpamHuii kod, JOMOBHEHa NOriKo aHcaMbrnioBaHHS Ta 3rnagpKyBaHHS
pesynbraTiB, opMYye KiHLEBUI NPOrHO3 Y BUIMAAi pO3paxyHKOBOI KiflbKOCTi
npogaHux kBuTkiB. OTpuMaHi aHaniTUYHI AaHi 3anucyoTbes B pensuiiHy 6a3y
AaHvX Ans iX NoganbLIoro BUKOPUCTaHHSA y NnaHyBaHHi posknagy. Bisyanisauis
LMX po3paxyHKiB, @ TAKOX 3aranbHa B3aeMOAis NpauiBHYKIB KiHOTeaTpy 3
po3pobrneHMN yHKLiOHaNbHUMN MOAYNSIMU 34iNCHIOETLCS Yepe3 rpadivyHunii
iHTepderic kKopucTyBayda, NPUHLMNKM NporpamMHoi peanisauii SKoro po3rnsaaatTbest
Y HacTynHomy niapo3aini.
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3.3 IHTepdelic kopucTyBaya, CTPYKTypa NPOEKTY Ta KrieHT-cepBepHa
B3aemMopis

3.3.1 EnemeHTu iHTepdpeiicy Ta cueHapii Bzaemogii (UX/UI).

KopucTyBaubkuii inTepdeiic cuctemmn nobygoBaHuii Ha 6a3i KOMNOHEHTHOMO
niaxoAy i3 3actocyBaHHAM dpenmBopky Tailwind CSS. lonosHumM dokycom nig
Yac NPOEKTYBaHHS BidyanbHOI YaCTUHK Byno CTBOPEHHS €ProHOMIYHOTO po6o4oro
cepenoByLLa ANS MiHIHOro nepcoHany (KacupiB Ta MeHeaXepiB), sike [O3BOMSAE
LwBmAKo obcnyroByBaTH KNIEHTIB Ta KOHTPOMOBATU OnepaLiiiHi npouecu.
Byab-sika B3aemogis npauiBHMKa 3 BHYTPILLHIMW pecypcamu KiHoTeaTpy
NOYMHAETLCS i3 3aXULLEHOTO eKpaHa BXofdy, peani3oBaHoro Ha 6asi
iHaycTpiansHoro gpermBopky Devise. BiH 3abe3neuye kpuntorpadivyHe
LndpyBaHHs NaporiB anroputMoMm berypt Ta 3axucT Big nepexonneHHs cecin. Ha
npakTuui cniBpobiTHUK BBOAUTL CBOKO KOPNOPATUBHY afapecy eneKTPOHHOI MOLUTH
Ta naposb y cTaHgapTHy 6e3nedHy hopmy. 3aranbHuii BUrNsA, CTOPIHKK
aBTOpU3aLii nepcoHany npeacTaBneHo Ha pUcyHky 3.14.

PucyHok 3.14 — EkpaH aBTeHTUdiIKaLii kopucTyBadiB (CTopiHka Bxoay)

XapakTepHo 0COBMUBICTIO apXiTEKTYpu € HasiBHICTb 060B'A3KOBOrO eTany
iHiLianisauii poboyoro gHsi. Ogpasy nicns ycnilHoro BXo4y B cucTemy, Ansi
npauiBHMKa aBTOMaTUYHO BiAKPUBAETLCSI MOAArbHE BikHO BUOOPY akTUBHOI 3MiHN
Ta kiHoTeaTpy. Liei Kpok € KpUTUYHO BaXXNUBUM L7151 KOPEKTHOIO OYHKLiOHYBaHHS
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KacoBOro Moaynsi: BiH AMHaMIYHO NPUB'SI3YE MNOTOYHY CECIt0 Kacupa [0 KOHKPETHOI
isnyHoi hinii. Yci noganbLui npoaai KBUTKIB Ta ToBapiB aBTOMaTU4YHO
3anucyBaTUMyThCs B 6a3y AaHWX came Ha Liko 3MiHY 4151 TOYHOTO MigpaxyHKy
BMPYYKM B KiHLi AHSA. IHTepdenc Bubopy pobo4oi 3amiHu intocTpye pucyHok 3.15.

PucyHok 3.15 — MoganbHe BikHO BUBOpY KiHOTeaTpy Ansi MOTOYHOT 3MiHU

[Ins HOBMX BNacHUKiB KiHOMepexi nepeabadyeHo okpemy ekpaHHy hopmy
CTBOPEHHSA 06MiKOBOro 3anucy Ta nepBUHHOI KOHirypauii napameTpiB opraHisadii.
CucTtema niaTpumye peectpadito 6isHec-npodinto 3 060B'A3KOBOIO NepeBipKoto Ta
Banigauieto KopropaTUBHUX JOMEHHUX iIMEH A aBTOMATUYHOMO (hOpMYyBaHHS
noriHiB ManbyTHiX cniBpobiTHYKIB 3a LWabnoHom enekTpoHHoi nowTn. PoboTy uiei
opmu BigobpaxeHo Ha pucyHky 3.16.

PucyHok 3.16 — EkpaH peecTpauii kopnopaTMBHOro Npodinto KiHomepesxi
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Micna niaTBepAXKEHHs1 NoYaTKy 3MiHU NpaLiBHUK aBTOMATUYHO
nepeHanpaBnseTbCA Y CBill roNoBHWUI pO6OYMIA MPOCTIp — onepauinHy naHenb
cniBpoGiTHKKa. Lielt ekpaH arperye Kno4oBi NOKa3HWKM MNOTOYHOT 3MiHW: iM'SA
aBTOPU30BaHOrO KOPUCTYBaYa, CTaTyC akTUBHOTIO KiHOTeaTpy, Yac OCTaHHbOro
3anycky NpeauKTUBHOIO KOHTYPY Ta cepefHii piBeHb 3aBaHTaxeHocTi 3aniB. Lle
[[03BONSE MeHexepy abo Kacupy MUTTEBO OLLIHUTY NOTOYHY KOMEpPLHY
cuTyaLito B 3aknagai. lonosHy po6o4y naHenb cniBpobiTHNKA HABEAEHO Ha PUCYHKY
3.17.

PucyHok 3.17 — MaHenb cniBpobiTHWKa 3 aHaniTM4HMMKM NMOKa3HMKaMMn 3MiHN

[Ina nnaHyBaHHsi noganbLoi poboTy nepcoHany nepeadavyeHo
cnewianisoBaHuii ekpaH MOHITOPUHIY MPOrHO3iB. Y Ui Tabnuui npauiBHWK 6a4nTb
posknag Ha 7 gHiB Hanepeq. KoxeH ceaHc MICTUTb TOMHY po3paxoBaHy KinbKiCTb
O4iKyBaHVX rmsaadvis Ta nnaHoBy BUPYYKY. [Ns WBWAKOTO BidyarnbHOro
CNPUAHATTS pO3paxyHKu AyOniooTbCH KONbOPOBUM Nporpec-6apom: 3eneHui
KOMip MapKye HU3bKUIA NOMUT, MOMapaH4YeBUin — NMOMIPHUI, a8 YePBOHUIA
nonepepkae NepcoHan npo KpUTUYHWUIA aHLINar, BUMarato4y nocuneHoi ysaru
kacupis. OnucaHy naHenb MOHITOPUHIY NPeaCTaBMNeHo Ha pUCYHKY 3.18.

3mH. Apk. No gokym. Mignuc Oata
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PucyHok 3.18 — MNMaHenb npeaukTMBHOTO MOHITOPUHTY Ta NMPOrHo3y
3aBaHTaXXeHOCTi

BesnocepenHe 06CnyroByBaHHS KMiEHTIB 3AIMCHIOETLCS Yepes iHTepdeiic
kaneHaaps ceaHcis. BiH npeacTaBnsie posknag y BUrNa4i eproHoMivHuX KapTok. 3
LIbOro ekpaHa Kacup MOXe BidyaribHO BiACTEXyBaTV po3krag, 6a4untu NoToyHy
KiNbKICTb NPOAAHUX KBUTKIB Ta OAHWM HaTUCKaHHSM KHOMKW NepexoanTm
6e3nocepeHbO 4O MOAYNS NPOAAXY MicLb Ha obpaHuii dinbm (puc. 3.19).

PucyHok 3.19 — IHTepdeiic kaneHaaps ceaHciB Ta ynpaeniHHS po3knagoM
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Okpim npofaxy KBUTKIB, A0 LWoAeHHUX 060B'A3KiB NpaLiBHUKa BXOAUTb
ynpaBniHHSA acOpTUMEHTOM KiHoGapy. [1ns Lboro po3pobrneHo okpeMuii Moaynb
obniky ToBapiB. B pamkax BiAKpMTOI 3MiHW Kacup Moxe pikcyBaTu NMOTOYHI
npoaaxi MOMKOPHY YW HaroiB, peecTpyBaTh HOBI HAAXOMKEHHSA NPOAYKLIT Ha cknag
Ta KOHTPOIMOBATK akTyanbHi LiHW. CucTema aBToMaTU4HO NepepaxoBye 3aranbHy
GapHy BUpYYKY NpauiBHMKa B pexumi peanbHoro vacy. IHTepderic poboyoro micus
npauiBHuKka kiHobapy HaBegeHo Ha pucyHky 3.20.

PuncyHok 3.20 — Mogynb onepauiiHoro ynpasniHHA 3anacamu Ta BUPYYKOO
KiHoGapy

3.3.2 MoaynbHa opraHisalist Ta annosa CTpyKTypa nporpaMmHoro

KoMMnekcy. ApXiTEKTypHa opraHisais ¢annosoi cucteMmn po3pobrneHoro
Beb3acTocyHKy 6a3yeTbCsi Ha CTaHOApPTU30BaHKX KOHBEHLiAX doperimBopky Ruby on
Rails, siki cyBOpoO pernameHTyoTb po3TallyBaHHsi KOXXHOMO TUMY KOMMOHEHTIB y
BiANOBIAHWX AMpeKTopiaX. Takuin AeTepmiHOBaHWI NiAXia A0 CTPYKTYPYBaHHSA
kogoBoi 6a3v BignoBigae NpuHLUMNY «yroga Baxknueilla 3a KoHdirypauitoy i
rapaHTye nepenbavyBaHy HaBirawito No NPOEKTY He3anexHo Bia MacluTady
cuctemu. LleHTpanbH1M By3nom KofoBoi 6a3u € ampekTopis app/, sika MiCTUTb YCi
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dyHKUIOHaNbHi KOMNOHEHTWN NPOrPaMHOro KOMMIEKCY, Po3nogineHi Mix
niaavpekTopisiMK BiANOBIAHO A0 iXHBOT apxiTekTypHoi poni B natepHi MVC.
LLlap moaeneii, 3ocepemxenuin y app/models/, npeactaBnexnii 14 okpeMumm
charinamm Ans KOXHOI CyTHOCTI NpeaMeTHOT obnacTi, Bknovatoum cinema.rb,
hall.rb, showtime.rb, ticket.rb, workday.rb, report.rb, forecast.rb, movie.rb,
product.rb, user.rb, seat.rb, company.rb, forecast_run.rb Ta 6a3oBui1 knac
application_record.rb. KoxHa mogenb iHkancynoe Bu3HavyeHHs acouiaLin
(has_many, belongs_to), npasuna BHYTPIiLIHLOI BanifaLii YUHHUKIB Ta METOAM
6i3Hec-noriku, 6e3nocepenHbO NOB'A3aHi 3 BianosigHo Tabnuueto 6asn gaHnx
SQLite yepes mexaHiam Active Record, 3abe3nedytoum AOTpUMaHHA NPpUHLMNY
eavHoi BignosigansHocTi (Single Responsibility Principle).

LLlap koHTponepiB, po3milLeHuii y app/controllers/, peanizye o6pobky

BxiogHux HTTP-3anuTiB BignosigHo 4o norikv npeamMeTHoi obnacTti. basosui
application_controller.rb mictuTb 3aranbHi iIHCTpyMeHTU aBTeHTUIKaLT,
dinbTpaLii Ta cninbHi MeToan 3axucTy, TOAi Ik OCHOBHI KOHTporepu
(cinemas_controller.rb, halls_controller.rb, showtimes_controller.rb,
tickets_controller.rb, workdays_controller.rb, reports_controller.rb) o6po6nsioTb
ctaHpgapTHi RESTful-onepauii ans KoxHOT cyTHOCTI npegmeTHOT obnacTi.
Bknagenuii npocTip imeH app/controllers/users/ micTutb registrations_controller.rb
ANA po3LMpeHHs dyHKUioHanbHoCTi ekocncTemun Devise, Lo fo3sonse
KOpUCTyBa4aM peecTpyBaTy HOBI BisHec-npodini (komnaHii) 3 aBToMaTUYHUM
TpaH3aKLUiHUM 3B'si3yBaHHsIM 3 06MiKOBUM 3annMcoM BracHuka. CninbHa norika
BMHeceHa y moayni nigampekTopii app/controllers/concerns/, 3abesnevyroun
noTtpumanHs npuHuuny DRY (Don't Repeat Yourself).

MapanenbHo 3 UMM Wap npeacTaBneHb y AnpekTopii app/views/
CTPYKTYpOBaHWI BignosigHo Ao noriku 11 koHTponepis 3a gonomoroto 53 ERB-
LwabnoHiB, Ae 6a30BMIN kapkac CTOPIHOK BUHeceHo Y layouts/application.html.erb,
rnobanbHa HaBirauiiHa naHenb LeHTpanidoBaHa y layouts/_navbar.html.erb, a
MoparnbHi BikHa Ta NOBTOPKOBaHI KOMMOHEHTM po3TalloBaHi B shared/ ans
MakcvMmarnbHOro nepeBrKopuUCTaHHs kody (reusability).

3mH. Apk. No gokym. Mignuc Oata
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BaxnuBum iHXXeHepHUM piLLEHHAM CTano BUAINEHHA MOoAyns NPeAUKTUBHOT
aHaniTMk1 Ta AONOMiKHOI cknagHoT Bi3Hec-noriku B okpemuii cepBicHUI wap
nopatka. PoHOBI 3aBAaHHA 30cepexeHi B AvpekTopii app/jobs/, oe knacu
ForecastRunnerJob ta ForecastAccuracyJob 06po6nsitoTb pecypcomicTki
[oBroTpusani onepadii 6e3 6nokysaHHsi ocHoBHoro HTTP-umkny BeGcepsepa [20].



MatemaTtuuHe sapo Forecasting::RegressionTrainer po3raiuosaHe y nani
app/services/forecasting/, yTBOptolUM i30nb0BaHWA NPOCTIp iMeH Ans nobyaosu
cermeHTOBaHVX Moaenen perpecii. [looatkosi cepBicHi 06'ekTn, Taki sk
BatchShowtimeCreator ansi nakeTHoi reHepaldlii ceaHciB, a Takox reHepaTopu 3BiTiB
Ta ksuTkiB ReportPdfGenerator i TicketPdfGenerator, BuHeceHi B app/services/ ans
iHkancynauii 6isHec-npaBun. Takuii po3noain BiAOKPEeMIIoe MaTpUYHi 064YMCIIEHHS
Bil OCHOBHOTO LMKy 06pOo6KM 3anuTiB, 3aBAsiKM YOMY KOHTPONEpU He MICTSTb
aHarniTMYHoI NOorikn, a CepBicK He MatoTb NpsiMoro AocTyny Ao HTTP-KOHTeKCTy.
KoHdirypauis mapLupyTusadii y paiini config/routes.rb geknapatmsHo
Binobpaxae URL-npocTip cuctemu, e RESTful-mapLupyTu opraHisoBaHi
6e3nocepeaHbO HAa KOPEHEBOMY PiBHI Ansa 3abe3neyeHHs NpsiMoro AocTyny A0
€HANOIHTIB ynpaeniHHS KBUTKaMK, dinbMamu Ta 3anamu [21]. Beaneka cecii Ta
aBTOpM3aLis AiloTb Yepea rnobanbHi dinkTpy aBTeHTUdIKaLii Ha 6asi Devise Ta
cneundiyHi obmexeHHs gocTyny 6e3nocepeHbO BCepenmnHi KOHTponepis
(Hanpuknag, metog authorize_manager_or_admin! ans onepadii 3 npogyktamu
KiHoGapy).

KepyBaHHS 30BHILLHIMUX 3aNeXHOCTAMM 34iNCHIOETLCS Yepe3 MaHidecT

Gemfile Ta dikcyroumnin caiin Gemfile.lock, ae 6i6niotekun posnoginexi Ha rpynu
6esneku (devise), PpoOHTEHAY Ta aCUHXPOHHOI KoMYHikaLii (turbo-rails, stimulus-
rails, tailwindcss-rails), cratnyHmx pecypcis (propshaft), renepauii PDF (prawn) Ta
CY4acHOro acMHXPOHHOrO 06poGNeHHst 3aad i kellyBaHHsi (solid_queue,
solid_cache, solid_cable). MaTtematnyHuit KOHTYp perpecii peanisoBaHui
BUMKITOYHO Ha 6asi cTaHaapTHoI 6ibnioTekn matrix Ta 6a3oBuUx onepawii MoBU
Ruby, 6e3 cTopoHHiX HaykoBO-064MCrOBanbHMX NakeTiB.

3mH. Apk. No gokym. Mignuc Oata
Apk.
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IHdpacTpykTypa 6a3n gaHux nigTpumyeTtbes katanorom db/, skuii MicTuTb

17 chaninis mirpauin (i3 noto4Hoto Bepcieto cxemun 20260606120000), akTyanbHy
CcTpyKTYypy schema.rb Ta no4aTkoBi AaHi seeds.rb. ABTOMaT30BaHi TeCcTu
30cepemxeHi B AvpekTopii test/ BianoBigHO A0 KOHBEHLi pperimBopky Minitest i
OXOMJOKTb TECTU Bi3HEC-Nnoriku Mogenel, KOHTpPorepiB Ta iHTerpauiiHi
cneumdikadii, a KOMNOHEHTU aCMHXPOHHOT 06POGKM MoAi KOHMIrypytoThCs B
katanosi config/initializers/ ans ynpaeniHHs background job-amu, wo pasom
3abesneyye BUCOKY HafliHICTb Ta AETEPMIHOBaHICTb MPOrpamMHOro KOMMeKcy
nepes Moro NPOMUCIIOBAM PO3rOPTaHHSIM.

3.3.3 Tunizauis gaHyx Ta MexaHiaMu KnieHT-cepBepHoi B3aemogii. [ns
3abe3neyeHHst BUCOKOI LUBUAKOAIT, MiHIMI3aLii mepexeBoro Tpadiky Ta cnabkoro
3B'A3ky (Loose Coupling) mMix 6ekeHA-nnaThopmoto Ta KMiEHTCbKUM iHTepdeicomM,
06MiH iHbopMmaLieto B cuctemi CyBopo TUNi3oBaHWI Ta CTaHAAPTU30BaHNA y
dopmati JSON. CepBepHuii LLap 3a AONOMOroto crneLianisoBaHunx cepianizaTopis
TpaHcdopmye BMXiAHI 06'ekTV 6a3n gaHux y nonerwexnii TekctoBuin naket Data
Transfer Object (DTO). CTpykTypa Lboro naketa nepeadavae XopcTky Tunisadito:
Yacosi MiTku start_time yHicpikoBaHi 3a ctaHgaptom ISO 8601 i3 36epexeHHAM
4YacoBOi 30HM 515t KOPEKTHOI POBOTM aHaNITUYHUX MOAENeN, YNCTOBI NapameTpu
BiJCOTKIB MPOrHo3y npuBoasaTbcsa Ao Tuny Float, a nokasHukM mMicTKOCTi 3anis Ta
KiNbKOCTi KBUTKIB — 40 LiinouncensHoro Tuny Integer, ockinbku npogax Apo6osoi
KiNbKOCTi MicLib (Pi3UYHO HEMOXITNBUI.

3aBasaku Takil TMNi3auii knieHTcbka YacTuHa fodaTka 3aBxau OTpuMmye
nepenbavyBaHi CTPYKTYpU AAHUX, LLO YHEMOXIUBIIOE NOMUIIKMA AVHAMIYHOTO
peHaepuHry Ha ppoHTeHai. ACUHXPOHHA KOMYHiKaList Ta AUHaMiYHE OHOBMEHHS
iHTepdericy 6e3 NOBHOro NepesaBaHTaXeHHs1 CTOPIHOK peani3oBaHi 3a JONMOMOrow
TexHonorin Turbo Ta Turbo Streams, Lwo fo3Bonse BebcepBepy TpaHCNALINHO
BMNOPCKyBaTV OHOBMEHI TUMN faHUX Yepes BebcokeTn besnocepeHbo B LiinNboBi
KOHTelHepun Bpay3epa npw 3MmiHi posknagy. CknagHa knieHTcbka norika ta
KepyBaHHS CTaHaMu iHTEPaKTUBHOI CxeMu 3aniB noknageHi Ha JavaScript-
KOMMNOHEHTH chperimBopky Stimulus, siki po3bupatots TUnizoBaHuin JSON,

3mH. Apk. No gokym. Mignuc Oata
Apk.
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nepekntodatoTb knacu Tailwind CSS gns kpicen Ta 34ilicHIOITb JTOKanbHUI



nepepaxyHoK BapTOCTi 3aMOBIEHHS. [MOBHUIA NICTUHT KNIEHTCLKOrO NPOrpamHoro
kogy (Stimulus-koHTponepiB), Akui 3a6e3nedye aCUHXPOHHY peakTUBHICTb
KacoBOro ekpaHa Ta ynpaeniHHsi CTaHaMu NocaaKoBUX Miclb, HaBefeHo y [oaatky
B. HackpizHuii XXUTTEBUIA LUK KNiEHT-CepBEPHOro 06MiHy TUNi30BaHNMMK AaHUMMU,
npouecu aBTeHTUdIKaLii KopucTysaya, MOHITOPUHI NOMUTY Ta (ikcaLisa KBUTKIB y
Mexax TpaH3akuin ActiveRecord Hao4HO NpoinNtoCTpoBaHi Ha Aiarpami
NOCniAOBHOCTI Ha pucyHky 3.21.

PucyHok 3.21 — [liarpama nocnifoBHOCTI KNiEHT-CEPBEPHOI B3aEMOAT Nia,
Yyac 06pobkM KacoBUX TpaH3aKLi

3mH. Apk. No gokym. Mignuc Oata
ApK.
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Mig Yac 06po6KN KPUTUHHUX TPAH3aKL, TaKMX SIK BUKYM KBUTKA,

3reHepoBaHuii TekcToBuii JSSON-nNakeT MUTTEBO NAPCUTLCS KMIEHTCHKUM CKPUMNTOM
ONs AUHaMIYHOrO OHOBMEHHS cTaTycy Miclpb. Y pasi BUHMKHEHHS MOMMUITOK
Banigauii abo konisin Tunis nig Yyac SQL-TpaH3akuii, Rails-cepBep Bigxunsie
onepadito Ta noseptae JSON-BianoBiap i3 kogoM nomusnkun. BoHa asTomaTnyHo
nepexonmoeTbecs Stimulus-KOHTPONEPOM Ha KIMIEHTCBKIM CTOPOHI, WO iHiLitoe
BMBEAEHHS AMHaMiYHOro toasts-noBigoMneHHs y BiANoBiAHOMY CUrHanNbHOMY Knaci
Tailwind CSS 6e3 nepesaBaHTa)XeHHS aKTUBHOI CTOPIHKU KOpUCTyBaya.

_nporpamMHy peanisaiito  CNpOeKTOBaHOI iHOPMaLLiHOT CUCTEMU KepyBaHHS
KiHOTeaTpoM i3 BOyioBaHMM MoAyneM NpeauKTUBHOMO aHanisy nonuty. MNpakTtuuHa
po3pobka 6adyBanacs Ha BebGdperimBopky Ruby on Rails, Lo gossonuno
3a6e3neynTn HadiHICTb KIHLEBOro NPOAYKTY 3aBASKN CYBOPOMY AOTPUMAHHIO
apxiTektypHoro natepHy MVC.

Ha nouyatkoBoMy eTani po3pobku Byno iMnrnemMeHToBaHO pensiLinHy

CTPYKTYpY 6a3n faHux, ska OXONIoe KNoYoBi Modeni npeaMeTHoi obnacTi:
KiHO3anu, posknag, KBUTKM Ta piHaHCOBI 3BiTW. 3aBAsKM MexaHiaMam Mirpauii Ta
TpaH3akuii Active Record CTBOpeHO CTillky cxemy 36epexeHHst AaHuX, Lo
YHEMOXIUBIIOE BUHUKHEHHS KOMi3ii (Hanpuknazd, noaBiiHOro Npoaaxy OfHOro
Micus) nig Yac napanenbHoi poboTu Kinbkox kacupis. [Ina 3axucty onepauinHoro
cepe/ioByLLa PO3rOPHYTO iHAYCTPianbHWii cTek aBTeHTudikauii Devise i3
KpunTorpadiyHUM XeLlyBaHHAM Naponis, WO HaAiiHO i30M0e aaMiHICTPaTUBHI
KOHTYpY CUCTEMM.

LieHTpanbH1M iHXeHepHUM eTanom po3ainy ctana po3pobka Ta nporpamtHa
onTMMI3auis niacMcTeMn NPeaKTUBHOIO aHanidy nonuty. Yeecb
obuymncnoBanbHNUIN KOHBEEP YCNILLHO BUHECEHO Y (DOHOBUI aCUHXPOHHWIA Luap 3a
nornomoroto iHpacTpykTypu ActiveJob. [nsi yHUKHEHHS1 HAAMIPHOMO

3mH. Apk. No gokym. Mignuc Oata
Apk.
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HaBaHTaXkeHHsi Ha 6a3y AaHuX Mig Yac NiaroToBKW HaBYanbHWUX BUGIPOK
BNPOBa/XeHO MexaHi3amu nakeTHoi arperauii SQL-3anuTiB Ta anroputmu
TMMYaCcOBOrO NOKaNbHOIO KellyBaHHSA B OnepaTuBHi nam'aTi (memoisadii).
MaTemaTtuyHe sapo niHiHoi Ridge-perpecii peanizoBaHo 3acobamu MoBu

Ruby 3 BukopuctaHHaM cTaHgapTHoI 6ibnioTekn MaTpuyHmMx obumcneHs. Ans
3abesneyeHHs 6e3nepebiiHoi poboTn KoHBeEpa po3pobneHo GaraTopiBHEBY
CUCTEMY 3aXUCTY: BNPOBAIXEHO NEPEXOMNNEHHS CUCTEMHMX MOMMIOK Nif Yac
iHBepcii MaTpuLb, a Takox noriky cTinkoro aerpagysanHs (fallback), ska
aBTOMAaTUYHO NepeMUKae po3paxyHKU Ha pe3epBHy rnobansHy Modernb y BUNaaky
HecTaui iCTOPMYHMX JaHUX AN KOHKPETHOro YacoBOro cerMeHTa. TOYHICTb
pesynbsTaTiB 4OAATKOBO MiABULLEHO LLNSXOM NPOrpamMHOro aHcaMobnioBaHHS CUporo
NPOrHo3y 3 MefiaHHUMKM NOKa3HUKamu Ta 3aCTOCYBaHHAM MynbTUNiKaTtopa
KUTTEBOTO LMKy Npokary.

[insa 3py4Hoi B3aemogii nepcoHany 3 po3pobneHnMmn aHaniTMyHMMm
iHCTPYMEHTaMM1 CNPOEKTOBAHO €ProHOMIYHWUIA aAanTMBHUIA BeB-iHTepdelic i3
BMKopuctaHHaM CSS-dpenmBopky Tailwind. Mpobnemy noctinHoro
nepe3aBaHTaXXeHHs1 CTOPIHOK Nif, Yac 3MiHN PO3KNaay Y1 NPOoAaxy KBUTKIB



BUPpILLEHO iHTerpaLjieto peakTmBHoro creka Hotwire (Turbo ta Stimulus).
ACUHXPOHHa KNieHT-cepBepHa KOMYHikaLlis 6yna cyBopo ctaHO4apTu3oBaHa Yepes
TunizoBaHi 06'ekTn nepeaavi ganux (DTO) y dopmarti JSON, o rapaHTye
LinicHicTb BiBoBpaXKeHHsi KAaCOBOro ekpaHa B PEXMMi pearnibHOro yacy.

TakuM YMHOM, iHTerpaLis HaBegeHUX iIHXKEHEPHUX, anropuTMIYHNX Ta
apXiTEKTYPHUX pilleHb 3abe3neymna CTBOPEHHSI MOBHOLLIHHOMO Ta Bi[MOBOCTIIKOrO
NpOrpamMHOro KOMMMEKCY, L0 NOBHICTIO 3a40BOSbHSAE (DYHKLiOHANbHI BUMOTA.
Po3pobneHa iHdopmaLiiHa cucteMa He nuvLue ycrilHO aBToMaTu3ye onepauiviHi
npoLiecn NpoAaxy KBUTKIB Ta kKacoBOro obriky, ane i opmye Ans KepiBHALTBA
HesanexHWn aHaniTM4HNI KOHTYp. BukoprcTaHHsa BOyaoBaHOI MaTeMaTuyHOI
MoZeni NPOrHo3yBaHHs NMOMNUTY A03BOMSIE 3aBYacHO OMTUMI3yBaTh po3noain
nepcoHany Ta pecypcis KiHoTeaTpy, WO NiATBEPAKYE YCNilUHE BUKOHAHHS
NOCTaBreHMX 3aBfaHb Ta JOCATHEHHS FONoBHOT MeTH kBanidikauiiHoi po6oTu.

3mH. Apk. No gokym. Mignuc Oata
Apk.
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BVCHOBKN

Y AvMnnomHin poboTi po3pobneHo iHhopmaLiiHy Bebcuctemy kKiHoTeatpy 3
iHTErpoBaHMM MOAYNeM NPOrHO3yBaHHS MOMUTY, sika OXOMNIOE KNIEHTCbKY
YacTuHy, cepBepHy 6isHec-noriky Ha 6a3i Be6penMBOPKY Ta OKpeMuii cCepBiCHUI
wap Ans 06pobKM anropuTMiB MaTeMaTUYHOTO MOLENOBAHHS.

Y nepLuomMy po3gini npoaHanisoBaHo NpeaMeTHY 06nacTb Ta po3rnsHyTO

iCHytoYi MporpamMHi pileHHs. AHania nokasas, Lo 6inbLuicTe aHanoris abo He
MatoTb BOYAOBaHUX aHaNiTUYHUX (OYHKUIA AN BHYTPILUHBLOIO ynpaBniHCbKOro
06niky, abo BMmaratoTb crnnati giHaHCOBMX KOMICI Ta He 3abe3neyytoTb NOBHOMO
KOHTpOnto Hag 6a3oto AaHvx. Ha ocHoBI Liboro o6rpyHToBaHO HEOBXIAHICTb
po3pobku BnacHoi cuctemu, ska 6 noegHyBana MobinbHICTb Cy4acHWX BebpilleHb,
ynpaBniHCbKUiA chyHKUiOHan Ta BOyaoBaHWI MaTeMaTU4HUIA Mogysb Anst
aBToOMaTmM3aLii NpoLeciB NPOrHO3yBaHHs Nocaaku 3aniB 6e3 3anexHocTi Bif
CTOPOHHIX NnaTopm.

Y gpyromy po3gini BUKOHAHO NPOEKTYBAHHS apXiTEKTYpu CUCTEMU.

Po3pobrneHo BapiaHTV BUKOPUCTaHHS, O OMUCYHOTb KIOYOBI cLueHapii poboTu
nepcoHany. CnpoekToBaHO pensiiiHy CTpyKTypy 6a3u AaHux nig ynpaeniHHAM
CYB[ SQLite. O6rpyHTOBaHO BMGIP MOHOMITHOrO apXiTEKTYPHOrO Miaxoay Ta
3acpikcoBaHo cTek TexHornorii (Ruby on Rails, Hotwire, Tailwind CSS). BusnayeHo
KOMMOHEHTHY (halinoBy CTPYKTYpy AodaTka 3 OKPEMUM CEPBICHVM LLAPOM, L0
[,03BONWIMO i30ntoBaTh 064MCOBanNbHI anropuTMU NPOrHO3YBaHHS Bif, OCHOBHOIO
noToky 06pobkM 3anuTiB Ta YCyHYNo HEOOXIAHICTb BUKOPUCTAHHS BaXKKUX
KIMIEHTCbKMX (DPENMBOPKIB Y1 CTOPOHHIX CEpBEpPIB NaM'sITi.

Y TpeTboMy po3aini onucaHo npakTUYHy NporpamHy peanisadito BCix

nigcuctem. ABTeHTudikauito nepcoHany nobyaoBaHO Ha OCHOBI (hpeliMBOPKY
Devise i3 3acTocyBaHHAM KpunTorpadivyHoro anroputmy berypt. YnpasniHHa
KacoBMMM OnepauisiMu pearnisoBaHO BCEPeAMHI i30MbOBaHMX TpaH3akuin Active
Record, Lo rapaHTye 3axucT Bif KOMisii NoABINHOro Npofaxy Micub. F0noBHUM
iHKEHEepPHUM JOCSTHEHHAM cTana po3pobka aHaniTMYHOro KOHTYpy Ha 6asi

3mH. Apk. No gokym. Mignuc Oata
Apk.
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anroputmy Ridge-perpecii. [ins ontumisauii npoaykTMBHOCTI cucteMmn
BNPOBafXeHOo nakeTHy arperauito SQL-3anuTiB Ta MexaHi3amu N1okansHOro
KellyBaHHA B onepaTtuBHii nam'ati. Becb o64mcnioBanbHUn KOHBEEP BUHECEHO Y
(HOHOBUIA AaCMHXPOHHWI LIap 3a AonoMoroto iHdpacTpykTypu ActiveJob Ta nakety
Solid Queue. KnieHTcbkui iHTepdenc po3pobneHo Ha 6a3i peakTUBHOIO cTeka
Turbo Ta Stimulus, wo 3abe3neynno AMHaMi4yHe OHOBMIEHHS eKpaHiB y pearnbHOMY
Yyaci 6e3 nepe3aBaHTaXXEHHs1 CTOPIHOK 3aBAsikv 0OMiHY CTPOro TUMi3oBaHUMMU
naHumn y cpopmati JSON.

MpakTnyHe 3HaYeHHs po3pobneHoi cuCTeMM Nonsirae B TOMY, L0 BOHA
aBTOMaTM3y€e PYTUHHI Npouecy (Npoaax KBUTKIB, 06nik ToBapiB kKiHobapy, BeAeHHs!
3MiH) Ta 04HOYACHO reHepye Ans 6isHecy MatemMaTnyYHO O06r'pyHTOBaHI MPOrHo3un
BiABigyBaHocTi. Cuctema aHanisye posknag y hOHOBOMY PexuMi Ta BUBOAUTL



MOKa3HWKM 3aBaHTaXeHOCTi 6e3nocepeaHbO Ha POBGOYUX ekpaHax kacupis Ta
MeHeaxepiB. Takvi Niaxia 3amiHIoe iHTYITUBHE ynpaBniHHA TOYHUM PO3paxyHKOM,
[03BONSIIOYM 3a3danerigb hopMyBaTy onTUManbHWUIA rpadpik NpauiBHUKIB, kepyBaTu
3anacamu Ta MiHiMi3yBaTn onepadiiHi BTpaTu.

Cuctema € apXiTeKTYpHO LiMiCHO | NpMAATHOK A0 NoAanbLIOro

PO3LUMPEHHST — 30KpeMa, AoAaBaHHS KNIEHTCbKOro OHManH-noptany ans
BiABiAyBauiB, iHTerpauii i3 30BHiLLHIMM NNATKHUMK LWA3aMn abo 3acTOCyBaHHS
6inbL cknagHux 6araTopiBHEBUX CTAaTUCTUYHMX MOAENeN Ans AOBrOCTPOKOBOMO
hiHaHCOBOrO MNaHyBaHHS.

@MH. Apk. No gokym. Mignuc Oata Apk.
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E}JOD,ATOK A
NICTUHT KOOY CEPBEPHOI YACTUHU
CXEMA BA3U OAHUX
ActiveRecord::Schema[8.1].define(version:
2026_ 06_11_180340)d
create_table "cinemas'@orce: :cascade do
It]
t.string "address"
t.integer "compan", null: false
t.datetime "created_at", null: false
string "name"
L .datetime "updated_at", null: false
t.index ["company—d"], name:
"index_cinemas_on_company._id"
end

@eate table "companies", force: :cascade do [t| t. datetime "created_at", null: false t.string "domain_prefix"

ELjstring "name"
.datetime "updated_at", null: false
end

@eate table "forecast_runs", force: :cascade do [t| _t. datetime "created at", null: false t. decimal "global_mape", precision: 5,
scale: 2
t.integer "horizon_days", default: 1,
null: false
t.string "model"
t.text "model_weights"
t.text "params"
datetime "run_at",_null: false t.datetime "updated. at”,__null: false
end

@eate table “ffrecasts", force: :cascade do [t| _t. datetime "created_at", null: false t. integer "forecast_rur@", null: false
t.integer "hall=d", null: false
t.integer "movie_id"
t.decimal "predicted_fill_pct",
precision: 5, scale: 2
t.decimal "predicted_tickets", precision:
1&]scale: 2
.datetime "showtime_at", null: false
integer "showtime_id"
atetime "updated_at", null: false _t.index ["forecast_run_id"], name:
"index_forecasts_on_forecast_run_id" t.index ["hall_id"], name:
"index_forecasts_on_hall_id"
t.index ["movi_7"], name:
"index_forecasts_on_movie_id" t.index ["showtime_id"], name:
"index_forecasts_on_showtim _6 " end

create_table "halls", force: :cascade do [t| t. integer "cinema@lﬂ", null: false
t.datetime "created_at"\—null: false
t.string "name"
t. integer "rows"
t.integer "seats_per_row"

.datetime "updated_at", null: false
t.index ["cinema_id"], name:

"index_halls_on_cinem end

create tabf "movies", force: :cascade do |t| t. integer "company_id"
t.datetim reated_at", null: false

t.datetime "deleted_at"

t.text "description”

t. integer "duration"

t.string "title"

1 .datetime "updated_ at", null: false
t.index ['company—d"], name:




"index_movies_on_deleted_at"
_end

create_table "products"”, force: :cascade do [t| t. integer "amount"
tinteger "cinemiéj", null; false
t.datetime "created_at"\—null: false
t.string "name"
t. decimal "price"

integer "sold_amount"
atetime "updated_at",__null: false t.index ["cinema_id"], name:
"index_products_on_cinema_id"
_end

create_table "reports", force: :cascade do [t| _t. datetime "created at", null: false
text "product_details"
L( .integer "status", default: 0
t. integer "tickets_count"
t.decimal "total_revenue"
t.decimal "total_sales", precision: 10,
scale: 2, default: "0.0"; II: false
t.datetime "updated_at’,_ null: false t. integer"workda@", null: false
t.index ["workdaﬁl."], name:
"index_reports_on_workday._id"
end

@eate table "seats", force: :cascade do |t| t. datetime "created_at", null: false t. integer "hal[_—g.]j", null: false
t.integer "number"
t.integer "row"

string "status"
L .datetime "updated_at", null: false
t.index ["hall=d"], name:
"index_seats_on_hall_id"
_end

" _force: :cascade do || t.datetime "created_at", null: false
", null: false _t.integer "movie_id", null: false _t. decimal "price"

j.datetime "start_time"
.datetime "updated_at", null: false
t.index ["hal_7"], name:
"index_showtimes_on_hall_id" t.index ['movie_id"], name:

ex showtimes_on_movie_id"
end

t.integer "hal

create_table
"solid.queue,_blocked. executions”, force:

cascade do [t|
g_“ ancurrency..key", null: false
datetime—reated_ at”, null: false _t. datetime "expires_at", null: false
igint_' b. null: false
teqer "priority", default: 0, null: false t.string "queue..name”, null: false
ex ["concurrency_key", "priority.”,
“job..id"], name:
"index_solid._queue_ blocked_executions_for_rel
ease"
t.index ["expires_at",
"concurrency_key"], name:
"index_solid_queue_blocked_executions_for_mai

nance"
ndex [iob_.id"], name:

e).;s.o.ljdg_queueuw_,exe.cy.tims._..o.mqh.__j.dl‘.., unique: true
ond

_ create_table
"solid..queue._ claimed execufions!, force:
:cascade do ||

t. datetime "created_at", null: false

I



[24dgint 'job_id", null: false
bigint "process_id"
ndeX ["job_id"], name:

index_solid._queue. claimed_executions..on_job. . id" , unique: true
t.index ["process_id", "

jo,], name:
"index..solid.. queue. .claimed_executions_on_proc
ess_id_and_job_id"

end

eate_table

"solid_queue_failed_executions", force: :cascade do [t| Eliatetime "created_at", null; false
ext "error"
=bigint "job_id", null: false
deX ['job..id"], name:
"index_solid_queue_failed_executions..on_job_i
d",_unique: true
end

create_tabl_de____q,ue_ueJ_'M, force: :cascade do |t| t.string "active_job_id"

ext "arguments"

—string_"class_name", null: false
tring "concurrency_key"
datetime "created_at", null: false

t. datetime "finished_at"

t.integer "priority", default: ||:

false
t.string "queue_name’, null: false
t. datetims—cheduled_.af’_

t. datetime "updated_at", null: false t.index ["active_job_id"], name:
‘index_solid_queue.jobs_on_active_job._jd"_

t.index ["class_name"], name:
"index_solid_queue_jobs_on_class_name"

t.index ["finished_at"], name:
"index_solid_queue_jobs_on_finished_at"

t.index ["queue_name", "finished_at"],
name: "index_solid_queue_jobs_for_filtering"

t.index ["scheduled_at", "finished_at"],
name: "index_solid_queue_jobs_for_alerting"

end

@eate table "solid_queue_pauses", force: :cascade do |t| t. datetime "created_at", null: false t.string_"queue_name", null: false t. index
["queue_name"], name:

"index_solid_queue_pauses_on_queue_name",
unique: true
end

@eate table "solid_queue_processes",_
fiice: :cascade do [t| _t. datetime "created_at", null: false t.string "hostname"

1Lring "kind",_null: false _t.datetime "last_heartbeat_at", null:
false
text "metadata”
L .string "name", null: false
t. integer "pid", null: false
t.bigint "supervisor_id"
t.index ["last_heartbeat_at"], name:
&dex_solid_queue_processes_on_last_heartbea

t.index ["name", "supervisor_id"], name:

j'_i_n_d_e_ﬁo,lj_d_,q ueue, processes_on_name_and_supe
rviso ', unique: true

t.index ["superviso], name:

"index.solid.. queue, processes_on_supervisor_id.".
end

eate_table

"solid..queue. ready_executions", force: :cascade do |t| t. datetime "created_at", null: false
[




X..solid.. queue. .poll_all’
—dAndex ['queue_name", "
“job_id"], name:

“index.solid..queue. .poll_b: eue"_
_end

__create_table

"index_solid__queue_ ready_executions_on_job_.id. ", unique: true t.index ["priority

‘job_id".], name:

"solid _queue_recurring_executions", force: :cascade do |t| t. datetime "created_at", null: false

—Agint "job_id", null: false

t. datetime "run=dt", null: false
ring "task_key", null: false

—Adex ["job_.id"], name:

“index. solid..queue, recurring_execufions..on. jo

b_id", unique: true

t.index ["task_key", "run_at"], name:
"index_solid_queue_recurring_executions_on_ta

sk_key_and_run_at", unique: true
end

eate_table "solid..queue. recurring_tasks",
force: :cascade do [t| t. text "arguments"

t.string "class_name"
.string "command", limit: 2048
L .datetime "created_at", null: false

iliext "description”
_string "key", null: false t.integer "priority”, default: l I

false

t.string "queue.name’_
t. string "schedule", null: false

t.boolean "static", default: true[all:

false

t.datetime "updated_at", null: false t. index ["key"me:
‘index_solid..queue. recurring_tasks_on_key",_

unique: true t.index ["static"], name:

"index_solid_queue_recurring_tasks_on_static"

end

eate_table

'solid.queue._.scheduled..executions”

dex [‘job._.id"], name:

lindex.solid.. queue..scheduled.. executions..on..ijo

b_id", unique: true
t.index ['scheduled_at”,. "priority”,
"job_.id"], name:
‘index_solid.. queue. dispatch_.all’
end

@eate table "solid
force: :cascade do |t
t. datetime "expires

at", null: false

t.string "key", II: false

t.datetime "updated_at", null: false t. integ e
"index_solid_queue_semaphores_on_expires_at

t.index ["key", "value"], name:

"index_solid_queue_semaphores_on_key_and_valu

&'
t.index ["'key"], name:

"index_solid_queue_semaphores_on_key",

unique: true
end

tegifpriorityﬂ,_ default: 0, null: false ring "queue..name”, null: false
—atetime "scheduled._.at”, null: false

queue_semaphores",_
«atetime "created. at”, null: false

@rce: :cascade do [t| t. datetime "created_at", null: false gint "job_.id", null: false

", default: 1, null: false _t. index ["expires..at"], name:



create_table "tickets'@orce: :cascade do
[t
t.datetime "created_at", null: false
t.integer "sean!", null: false
tinteger "showtime—d", null: false
.string "status"”
L .datetime "updated_at", null: false
t. integer "workda)ljj", null: false

t.index ["seat_id"], name:
"index_tickets_on_seat=d" t.index ["showtime_id"],_name:
"index_tickets_on_showtime_id"
t.index ["workday_id"], name:
"index_tickets_on_workday_id"
end

@eate_table "users", force: :cascade do

[t
g4er “cinema_id" t.integer "company_id"
t.dateti "created_at", null: false
t. strin@mall}l, default: ", null:
false
t.string "encrypted.. password’, default:

, null: false
tring "name"

datetime "remember..created. at’ t.datetime "reset. password.. senf. at’
=string "reset. .password..token”
tring "role"
~Jatetime "updated_at", null: false
t.index ["cinema=d"], name:
"index_users_on_cinema_id"
t.index ["compan"], name:
"gﬁx_users_on_company_id"
dndex ['email’], name:
‘index_users..on..email’, unique: true
tindex ['reset. password..token’], name:
“index_users..on..reset. password. token",
unique: true
end

@eate table "workdays", force: :cascade do |t| t. decimal "bar_sales_total", precision:
10, scale: 2, defaul
t.integer "cinema

"0.0", null: false
, null: false

t.datetime "created_at", null: false
t.datetime "end_time"

t.text "product_snapshot"
t.datetime "start_time"
@.datetime "updated_at", null: false
t.integer "user_id", null: false
t.index ["cinema_id"], name:
"index_workdays_on_cinema=d"
t.index ["user_id"], name:
"index_workdays_on_user_id"
end
add_foreign_key "cinemas", "companies"
add_foreign_key "forecasts",
"forecast_runs"
add_foreign_key "forecasts", "halls"
add_foreign_key "forecasts", "movies"
add_foreign_key "forecasts", "showtimes"
add_foreign_key "halls", "cinemas"
add_foreign_key "movies", "companies"
add_foreign_key "products", "cinemas"
add_foreign_key "reports", "workdays"
add_foreign_key "seats", "halls"
add_foreign_key "showtimes", "halls"



add_foreign_key "showtimes", "movies"

add_foreign_key
—=0lid..queue..blocked. .executions’,
"solid_queue_jobs", column: "job_id",
on_delete: :cascade

add_foreign_key
—=0lid..queue. claimed. executions”,
"solid_queue_jobs", column: "job_id",
on_delete: :cascade

add_foreign_key
—0lid..queue_failed..executions’,
"solid_.queue._ jobs", column: "job_id",
on_delete: :cascade

add_foreign_key

—=0lid._queue..ready..executions!,

"solid_queue_jobs", column: "job_id",
on_delete: :cascade

add_foreign_key
—=0lid. queue._ recurring..executions”,
"solid_queue._ jobs", column: "job_id",
on_delete: :cascade

add_foreign_key
—=0lid..queue. scheduled. executions!,
"solid_queue_jobs", column: "job_id",
on_delete: :cascade

add_foreign_key "tickets", "seats"

add_foreign_key "tickets", "showtimes"

add_foreign_key "tickets", "workdays"

add_foreign_key "users", "cinemas",
on_delete: :nullify

add_foreign_key "users", "companies"

add_foreign_key "workdays", "cinemas”

add_foreign_key "workdays", "users"
end

®OHOBWW KOHBEEP NMPOrHO3YBAHHA

class ForecastRunnerJob &lt; ApplicationJob
queue_as :default

SEGMENTS = %i[weekday_day weekday_night
weekend].freeze

def perform(horizon_days: 7)
run = ForecastRun.create!(
run_at: Time.current,
horizon_days: horizon_days,
model: 'segmented_regression’
)
horizon_days = horizon_days.to_i
window_start =
Time.current.beginning_of_day
window_end = (window_start +
(horizon_days - 1).days).end_of_day

Forecast.where('showtime_at &gt;= ? AND
showtime_at &lt;= ?', window_start,
window_end).delete_all

movie_occupancy_cache = {}

release_dates_cache = {}

Hall.find_each do |hall|
capacity = hall.capacity.to_i

next if capacity &lt;= 0

all_rows =



gather_training_rows_for(hall, capacity,
movie_occupancy_cache, release_dates_cache)
next if all_rows.empty?

segmented_rows =
split_into_segments(all_rows)

models =
train_segmented_models(hall.id,
segmented_rows)

global_trainer =
Forecasting::RegressionTrainer.new(all_rows)
global_model =
global_trainer.train(ridge: 0.01)

upcoming_showtimes =
hall.showtimes.where('start_time &gt;= ? AND
start_time &lt;= ?', window_start, window_end)
upcoming_showtimes.each do |showtime|
hour = showtime.start_time.hour
is_wknd =
showtime.start_time.saturday? ||
showtime.start_time.sunday?
date = showtime.start_time.to_date

segment = classify_segment(hour,
is_wknd)

active_trainer =
models[segment][:trainer]

active_model =
models[segment][:model]

if active_model.nil?

active_trainer = global_trainer
active_model = global_model
end
next if active_model.nil?

movie_pop =
cached_historical_occupancy(showtime.movie_id
, movie_occupancy_cache) ||
default_occupancy_for_movie(

showtime.movie,

date,

release_dates_cache,

hour: hour,

is_weekend: is_wknd

is_morning = (hour &gt;= 8 &amp;&amp; hour &lt;
12)

is_afternoon = (hour &gt;= 12 &amp;&amp; hour &lt;
17)

is_evening = (hour &gt;=17)

slot_floor =
minimum_floor_for_slot_with_day_factor(hour,
is_wknd)

features = {
movie_popularity: movie_pop,
lag_feature:  lag_feature_for_s
howtime(showtime, days_ago: 7),
lag_2_weeks: lag_feature_for_s
howtime(showtime, days_ago: 14),
rolling_avg_7d: rolling_avg_7d(ha



Il, showtime, capacity),

start_time: showtime.start_ti
me,

movie_id: showtime.movie_id

hall_id: showtime.hall_id,

release_date: get_movie_release
_date(showtime.movie_id,
release_dates_cache),

is_weekend: is_wknd,
is_morning: is_morning,
is_afternoon: is_afternoon,
is_evening: is_evening,

day_of week: day_of week{ate).

week of month: _week_ of month(dat
e),

is_holiday: is_holiday?(date)

}

baseline_occupancy = [movie_pop,
slot_floor].max

raw_occupancy =
active_trainer.predict(active_model,
features)

occupancy = raw_occupancy.nil? ?
baseline_occupancy : ((raw_occupancy * 0.55)
+ (baseline_occupancy * 0.45))

occupancy = slot_floor if occupancy &lt;
slot_floor

occupancy = 0.95 if occupancy &gt; 0.95

days_since_release =
calculate_days_since_release(showtime.movie,
date, release_dates_cache)

new_release_multiplier =
release_multiplier_for(days_since_release)

if segment == :weekday_day
new_release_multiplier = 1.0 +
(new_release_multiplier - 1.0) * 0.5
end

occupancy = (occupancy *
new_release_multiplier).clamp(slot_floor,
0.95)

predicted_tickets = (occupancy *
capacity).round

if segment == :weekday_day &amp;&amp;
predicted_tickets &lt; 5
conservative_tickets = (0.10 *
capacity).round
predicted_tickets =
conservative_tickets
end

Forecast.create!(

forecast_run: run,

hall: hall,

showtime: showtime,

movie: showtime.movie,
showtime_at: showtime.start_

time,
predicted_tickets: predicted_ticke
ts,



predicted_fill_pct: (occupancy *
100).round(2)
)
end
end

ForecastAccuracyJob.perform_now(forecast_
run_id: run.id, days_back: 7)
end

private

def is_holiday?(date)

return false if date.nil?

month_day = "#{date.month}-#{date.day}"

fixed_holidays = %w][
1-1  # New Year's Day
3-8 # International Women's Day
5-1 # Labour Day
6-28 # Constitution Day of Ukraine
7-15 # Statehood Day
8-24 # Independence Day of Ukraine
10-1 # Day of Defenders and

Defendresses of Ukraine

12-25 # Christmas Day

]

return true if
fixed_holidays.include?(month_day)

easter_dates = [
Date.new(2024, 5, 5), # Easter 2024
Date.new(2025, 4, 20), # Easter 2025
Date.new(2026, 4, 12), # Easter 2026
Date.new(2027, 5, 2), # Easter 2027
Date.new(2028, 4, 16), # Easter 2028

easter_dates.include?(date)
end

def week_of_month(date)
return 1 if date.day &lt;= 7
return 2 if date.day &lt;= 14
return 3 if date.day &lt;= 21
4

end

def day_of_week(date)
date.wday
end

def lag_feature_for_showtime(showtime,
days_ago: 7)
return 0.0 if showtime.nil?
target_time = showtime.start_time -
days_ago.days
historical = Showtime.where(movie_id:
showtime.movie_id, hall_id: showtime.hall_id)
.where('start_time
&lt;= 7', target_time)
.order(start_time:
:desc)
first

return 0.0 if historical.nil?
cap = historical.hall.capacity.to_i



return 0.0 if cap &lt;= 0
historical.tickets.where(status: %w/[sold
pending]).count.to_f/ cap
end

def rolling_avg_7d(hall, showtime,

capacity)

return 0.25 if showtime.nil? || capacity
&lt;=0

cutoff_time = showtime.start_time -
7.days

recent_showtimes = hall.showtimes
.where('start_time
&gt;= 7', cutoff_time)
.where('start_time
&lt; ?', showtime.start_time)
to_a
return 0.25 if recent_showtimes.empty?

showtime_ids = recent_showtimes.map(&amp;:id)
ticket_counts = Ticket.where(showtime_id:
showtime_ids, status: %w[sold pending])
.group(:showtime_id

.count

occupancies = recent_showtimes.map { |st|
ticket_counts[st.id].to_i.to_f / capacity }
occupancies.empty? ? 0.25:
occupancies.sum / occupancies.length
end

def classify_segment(hour, is_weekend)
return :weekend  if is_weekend
return :weekday_day if hour &lt; 18
:weekday_night

end

def split_into_segments(rows)
{
weekday_day: rows.select { |r|
Ir[:is_weekend] &amp;&amp; r[:start_time].hour &lt; 18

2

weekday_night: rows.select { |r|
Irl:is_weekend] &amp;&amp; r[:start_time].hour &gt;= 18
I3
weekend: rows.select { |r|
r[:is_weekend] }
}

end

def train_segmented_models(hall_id,
segmented_rows)
SEGMENTS.each_with_object({}) do
|segment, result|
seg_rows = segmented_rows[segment]

if seg_rows.size &lt; 5
result[segment] = { trainer: nil,
model: nil }
next
end

trainer =
Forecasting::RegressionTrainer.new(seg_rows)
model = trainer.train(ridge: 0.01)



resultf[segment] = { trainer: trainer,
model: model }
end
end

def
release_multiplier_for(days_since_release)

case days_since_release
when 0..3 then 1.30
when 4..7 then 1.10
when 8..11 then 0.80
when 12..13 then 0.65
when 14..20 then 0.50
else 0.35
end

end

def gather_training_rows_for(hall,
capacity, movie_cache = {},
release_dates_cache = {})
past_showtimes =
hall.showtimes.where('start_time &lt; ?',
Time.current -
24.hours).includes(:movie).to_a

showtime_ids = past_showtimes.map(&amp;:id)
return [] if showtime_ids.empty?

ticket_counts = Ticket.where(showtime_id:
showtime_ids, status: %w[sold
pending]).group(:showtime_id).count

past_showtimes.map do |showtime|
sold_tickets =
ticket_counts[showtime.id].to_i
occupancy = sold_tickets.to_f/
capacity

hour = showtime.start_time.hour

is_wknd = showtime.start_time.saturday?
|| showtime.start_time.sunday?

date = showtime.start_time.to_date

movie_pop =
cached_historical_occupancy(showtime.movie_id
, movie_cache) ||
default_occupancy_for_movie(

showtime.movie,

date,

release_dates_cache,

hour: hour,

is_weekend: is_wknd

{

occupancy_pct:  occupancy,

movie_popularity: movie_pop,

lag_feature:  lag_feature_for_sho
wtime(showtime, days_ago: 7),

lag_2_weeks: lag_feature_for_sho
wtime(showtime, days_ago: 14),

rolling_avg_7d: rolling_avg_7d(hall
, showtime, capacity),

start_time: showtime.start_time

movie_id: showtime.movie_id,
hall_id: showtime.hall_id,



release_date: get_movie_release_d
ate(showtime.movie_id, release_dates_cache),

is_weekend: is_wknd,
is_morning: (hour &gt;= 8 &amp;&amp; hour
&lt; 12),

is_afternoon:  (hour &gt;= 12 &amp;&amp; hour
&lt; 17),

is_evening: (hour &gt;= 17

day_of_week: day_of_wee),_
___week_of month: _week_of month(date)

is_holiday: is_holiday?(date),

days_since_release:
calculate_days_since_release(showtime.movie,
date, release_dates_cache)
}
end
end

def
calculate_historical_occupancy(movie_id)
past_showtimes = Showtime.where(movie_id:
movie_id)
.where('start_ti
me &lt; ?', Time.current - 24.hours)
.includes(:hall)

return nil if past_showtimes.empty?
showtime_ids = past_showtimes.map(&amp;:id)
return nil if showtime_ids.empty?
ticket_counts = Ticket.where(showtime_id:
showtime_ids, status: %w][sold
pending]).group(:showtime_id).count
occupancies = past_showtimes.filter_map
do |s|
cap = s.hall.capacity.to_i
next if cap &lIt;=0
ticket_counts[s.id].to_i.to_f/ cap
end
return nil if occupancies.empty?

sorted = occupancies.sort
median = sorted.length.odd? ?
sorted[sorted.length / 2] :
(sorted[sorted.length / 2 - 1] +
sorted[sorted.length / 2]) / 2.0
median
end

def cached_historical_occupancy(movie_id,
cache)
cache[movie_id] ||=
calculate_historical_occupancy(movie_id)
end

def get_movie_release_date(movie_id, cache)
cache[movie_id] ||=
Showtime.where(movie_id:
movie_id).order(start_time:
:asc).first&amp;.start_time&amp;.to_date
end

def
minimum_floor_for_slot_with_day_factor(hour,
is_weekend)
if is_weekend



return 0.10 if hour &gt;= 8 &amp;&amp; hour &lt; 12
return 0.12 if hour &gt;= 12 &amp;&amp; hour &lt; 17
return 0.15

end

return 0.005 if hour &lt; 18

0.15
end

def calculate_days_since_release(movie,
target_date, release_dates_cache)
return 999 if movie.nil? ||
target_date.nil?

release_date =
get_movie_release_date(movie.id,
release_dates_cache)

return 999 if release_date.nil?

[(target_date - release_date).to_i,
0].max
end

def default_occupancy_for_movie(movie,
target_date, release_dates_cache, hour: nil,
is_weekend: nil)
return 0.40 if movie.nil? ||
target_date.nil?

release_date =
get_movie_release_date(movie.id,
release_dates_cache)

return 0.40 if release_date.nil?

days_since_release = (target_date -
release_date).to_i

if days_since_release &gt;= 0 &amp;&amp;
days_since_release &lt;= 3
return 0.20 if lis_weekend &amp;&amp; hour &amp;&amp;
hour &lt; 18
return 0.40
end
0.25
end
end

MATEMATUYHA MOJEJTb

require 'matrix’

module Forecasting
class RegressionTrainer
def initialize(rows)
@rows = rows
end

def train(ridge: 1.0)
return nil if @rows.size &lt; 6
feature_names =
self.class.feature_names

Xx_raw = @rows.map do |row|
feature_vector(row).values_at(*featur
e_names)
end



y = Vector.elements(@rows.map { |r|
r[:occupancy_pct].to_f})

means =[]
stds =[]
x_std = x_raw.transpose.map do |col|
col = col.map(&amp;:to_f)
mean = col.sum / col.size
variance = col.map { |v| (v - mean)
** 2 }.sum/ col.size
std = Math.sqrt(variance)
std = 1.0 if std == 0.0
means &lt;&lt; mean
stds &lt;&lt; std
col.map { |v| (v - mean)/ std }
end

x_rows = x_std.transpose.map { |r|
[1.01+r}

x = Matrix.rows(x_rows)

xt = x.transpose

xtx = xt * x

if ridge &amp;&amp; ridge.to_f!= 0.0
ridge_val = ridge.to_f
mat = xtx.to_a
(0...mat.size).each do |i|
mat[i][i] += (i==07?0.0:
ridge_val)
end
xtx = Matrix.rows(mat)
end

begin

beta_std = xtx.inverse * xt * y
rescue StandardError

return nil
end

intercept = beta_std[0]
coefs = [intercept]
beta_std.to_a[1..-1].each_with_index do
|b, idx|
coefs &lt;&lt; (b.to_f / stds[idx])
end

intercept_adj = coefs[0].to_f
coefs[1..-1].each_with_index do |coef,
idx|
intercept_adj -= coef.to_f *
meanslidx]
end
coefs[0] = intercept_adj

{ feature_names:
feature_names.map(&amp;:to_s), coefs: coefs,
means: means, stds: stds }

end

def predict(model, features)

return nil if model.nil? ||
model[:coefs].nil?

coefs = model[:coefs]

feature_vector =
feature_vector(features)

vec =[1.0] +
self.class.feature_names.map { |name|



feature_vector[name].to_f }
vec.zip(coefs).map { |a, b| a * b.to_f
}.sum
end

def self.feature_names
%i[movie_popularity days_since_release
lag_feature is_weekend is_morning
is_afternoon is_evening day_of_week
week_of_month is_holiday
lag_2_weeks rolling_avg_7d]
end

private

def feature_vector(row)
row = row || {}
{
movie_popularity:
row[:movie_popularity].to_f,
days_since_release:
days_since_release_for(row),
lag_feature: lag_feature_for(row),
is_weekend:
flag_value(row[:is_weekend]),
is_morning:
flag_value(row[:is_morning]),
is_afternoon:
flag_value(row[:is_afternoony]),
is_evening:
flag_value(row[:is_evening]),
day_of week: row[:day_of week].to_f,
week_of_month:
row[:week_of_month].to_f,
is_holiday:
flag_value(rowl[:is_holiday]),
lag_2_weeks: (row[:lag_2_weeks] ||
0).to_f,
rolling_avg_7d: (row[:rolling_avg_7d]
|| 0.25).to_f
}

end

def flag_value(value)
return 0.0 if value.nil?
return 1.0 if value == true
return 0.0 if value == false

return value.to_f &gt; 0.0 ? 1.0 : 0.0 if
value.is_a?(Numeric)

normalized = value.to_s.strip.downcase
return 1.0 if %w[1 true t yes
yl.include?(normalized)

0.0
end

def days_since_release_for(row)
start_time = row[:start_time]
release_date = row[:release_date] ||
movie_release_date_for(row[:movie_id])

return (row[:days_since_release] ||
0).to_f if start_time.blank? ||
release_date.blank?



[(start_time.to_date -
release_date.to_date).to_i, 0].max.to_f
end

def movie_release_date_for(movie_id)
return nil if movie_id.blank?

movie = Movie.find_by(id: movie_id)
return nil if movie.nil?

movie.try(:release_date) ||
movie.created_at
end

def lag_feature_for(row)
return (row[:lag_feature] || 0).to_f if
row[:lag_feature]

start_time = row[:start_time]
movie_id = row[:movie_id]
hall_id = row[:hall_id]

return 0.0 if start_time.blank? ||
movie_id.blank? || hall_id.blank?

target_time = start_time - 7.days
historical_showtime =
Showtime.where(movie_id: movie_id, hall_id:

hall_id)

.where('s
tart_time &lt;= ?', target_time)

.order(st
art_time: :desc)

first

return 0.0 unless historical_showtime

hall_capacity =
historical_showtime.hall&amp;.capacity.to_i
return 0.0 if hall_capacity &lt;= 0

sold_tickets =
historical_showtime.tickets.where(status:
%w([sold pending]).count
sold_tickets.to_f / hall_capacity
end
end
end

OOOATOK B
NICTUHI KOQY IHTEP®EMCHOI YACTUHN
KACOBUIN EKPAH MPOLAXY KBUTKIB
&lt;div class="tickets-container"&agt;
&lt;div style="display: flex; gap: 2rem;"&agt;
&lt;div style="flex: 1;"&gt;
&lt;div class="booking-header"&gt;
&lt;h1&gt;Mpopax kBuTkiB&It;/h1&gt;
&lt;div class="movie-info"&gt;
&lt;h2&gt;&lt; %= @movie.title %&gt;&lt;/h2&gt;
&lt;p class="ticket-
price"&gt; &lt;strong&gt; LliHa: &lt;/strong&gt; &lt; %=
@showtime.price %&gt; UAH&It;/p&gt;
&lt;p&gt; &lt;strong&gt;data Ta vac:&lt;/strong&gt;
&lt;%= @showtime.start_time.strftime("%B %d, %Y
at %H:%M") %&gt; &lt;/p&gt;
&lt;p&gt; &lt;strong&gt;KiHoteatp:&lt;/strong&gt; &lt;%=
@hall.cinema.name %&gt;&lt;/p&gt;



&lt;p&gt; &lt;strong&gt; 3an:&lt;/strong&gt; &lt; %=
@bhall.name %&gt;&lt;/p&gt;
&lt;/div&agt;
&lt;/div&gt;

&lt;div class="screen-container"&gt;
&lt;div class="screen"&gt;EKPAH&It;/div&gt;
&lt;/div&gt;

&lt;%= form_with url: tickets_path,
method: :post, local: true, class: "ticket-
form", data: { turbo: false } do |form| %&gt;

&lt;%= hidden_field_tag
"ticket[showtime_id]", @showtime.id %&gt;

&lt;%= hidden_field_tag
"ticket[generate_pdf]", "0", id: "generate-
pdf-flag" %&gt;

&lt;div class="seat-map"&gt;

&lt;div class="seat-grid" style="grid-
template-columns: repeat(&lt; %=
@hall.seats_per_row %&gt;, 1fr); gap: 8px;"&gt;

&lt;% @seats.each do |seat| %&gt;
&lt;% ticket =
@tickets_by_seat[seat.id] %&agt;
&lt; % if ticket &amp;&amp; ticket.status =
‘cancelled' %&gt;

&lt;button type="button"
class="seat-label seat-status-&It;%=
ticket.status %&gt;" data-seat-id="&lt;%= seat.id
%&gt;" data-ticket-id="&lt; %= ticket.id %&gt;"
title="TpaBwuin knik — onujii: Micue &lt;%=
seat.row %&gt;-&lt;%= seat.number %&gt; (&lt;%=
ticket.status %&gt;)"&gt;

&lt;div class="seat-text"&gt;&lt; %=
seat.number %&gt;&lt;/div&gt;

&lt;/button&gt;

&lt;% else %&gt;

&lt;label class="seat-label"
titte="Micue &lt;%= seat.row %&gt;-&lt;%= seat.number
%&at;"&gt;

&lt;%= check_box_tag
"ticket[seat_ids][]", seat.id %&gt;

&lt;div class="seat-text"&gt;&lt; %=
seat.number %&gt;&lt;/div&gt;

&lt;/label&gt;

&lt;% end %&gt;
&lt;% end %&gt;
&lt;/div&gt;
&lt;/div&gt;

&lt;div class="legend"&gt;

&lt;div class="legend-item"&agt;

&lt;div class="legend-box
available"&gt; &lt;/div&gt;
&lt;span&gt;JocTynHo&lt;/span&gt;

&lt;/div&agt;

&lt;div class="legend-item"&agt;
&lt;div class="legend-box

selected"&gt; &lt;/div&gt;
&lt;span&gt;BubpaHo&lt;/span&gt;

&lt;/div&gt;

&lt;div class="legend-item"&gt;
&lt;div class="legend-box sold"&gt;&lt;/div&gt;
&lt;span&gt;Mpogaro&lt;/span&gt;

&lt;/div&gt;

&lt;div class="legend-item"&gt;



&lt;div class="legend-box"
style="background-color: #ff9800; border-
color: #665100;"&gt; &lt;/div&gt;

&lt;span&gt;yY 06pobui&lt;/span&gt;

&lt;/div&gt;
&lt;/div&gt;

&lt;div class="actions"&gt;
&lt;p id="total-price-display"
style="margin-bottom: 1rem; font-size:
1.1rem; font-weight: 600;"&gt;3arancHa cyma: 0
UAH&It;/p&gt;

&lt;%= form.submit "Mpoaatu BMGpaHi
kBuTKK", class: "btn btn-primary", id: "sell-
tickets-submit" %&gt;

&lt; %= link_to "Hasag go ceaHcis",
showtimes_path, class: "btn btn-secondary" %&gt;

&lt;/div&gt;
&lt;% end %&gt;
&lt;/div&gt;

&lt;div style="flex: 0 0 320px; display:
flex; flex-direction: column; justify-
content: center;"&gt;

&lt;% sold_tickets_count =
@showtime.tickets.where(status: ['Sold',
'sold']).count %&gt;

&lt;% unavailable_tickets_count =
@showtime.tickets.where.not(status:

['Available', ‘available', 'cancelled’,
nil]).count %&gt;

&lt;% available_seats_count = @seats.count
- unavailable_tickets_count %&gt;

&lt;% total_earned = sold_tickets_count *
(@showtime.price || 0) %&gt;

&lt;% current_occupancy_pct = @seats.any?
? (sold_tickets_count.to_f / @seats.count *
100.0) : 0.0 %&gt;

&lt;div class="stats-panel"&gt;
&lt; % if
@latest_forecast_for_showtime.present? %&gt;
&lt;% predicted_pct =
@predicted_occupancy_pct.to_f %&gt;
&lt;% predicted_tickets =
@predicted_tickets_count.to_i %&gt;
&lt;% occupancy_gap = (predicted_pct -
current_occupancy_pct).round(1) %&gt;
&lt;div class="forecast-box"&gt;
&lt;p class="forecast-title"&gt;MporHo3
3aBaHTaxeHocTi 3any&lt;/p&gt;
&lt;div class="forecast-main"&gt;&lt; %=
predicted_pct.round(1) %&agt; %&lt;/div&gt;
&lt;div class="forecast-track"&gt;

&lt;div class="forecast-fill"
style="width: &It;%= [predicted_pct, 100].min
%&gt;%; background: &lt;%=
forecast_occupancy_color(predicted_pct)
%&gt;;"&gt; &lt;/div&gt;

&lt;/div&gt;
&lt;div class="forecast-copy"&agt;

OuikyeTbea &lt;strong&gt; &lt; %=
predicted_tickets %&gt;&lt;/strong&gt; kButkiB * &lt; %=
forecast_occupancy_label(predicted_pct) %&agt;

&lt;/div&gt;
&lt;div class="forecast-copy"&gt;



3apas npogaHo &lt;strong&gt; &lt; %=
sold_tickets_count %&gt;&lt;/strong&gt; keuTkiB (&lt;%=
current_occupancy_pct.round(1) %&gt; %), pisHuus
no nporHogy: &lt;strong&gt;&lt;%= occupancy_gap &gt;=0 ?
"+#{occupancy_gap}" : occupancy_gap
%&gt; %&lt;/strong&gt;

&lt;/div&gt;
&lt; % if
@forecast_generated_at.present? %&gt;

&lt;div class="forecast-
muted"&gt;OHoBneHo: &lt;%=
I(@forecast_generated_at, format: :short)
%&gt;&lt;/div&gt;

&lt;% end %&gt;
&lt;/div&gt;
&lt;% else %&gt;
&lt;div class="forecast-box"&gt;
&lt;p class="forecast-title"&gt;MporHo3
3aBaHTaxeHocTi 3any&lt;/p&gt;
&lt;div class="forecast-copy"&gt;ns
LibOro ceaHcy Noku Hemae NporHo3y. 3anycTiTb
nobyaoBy NporHosis, Wo6 6a4nTh odikyBaHe
HaBaHTaXeHHs Mig vac npoaaxy keuTkis.&lt;/div&gt;
&lt;/div&gt;
&lt;% end %&agt;

&lt;div class="stat-item"&gt;
&lt;div class="stat-value"&gt;&lt; %=
available_seats_count %&gt;&lt;/div&gt;
&lt;div class="stat-label"&gt;[docTynHi
micus&lt;/div&gt;
&lt;/div&gt;
&lt;div class="stat-item"&gt;
&lt;div class="stat-value"&gt;&lt; %=
sold_tickets_count %&gt;&lt;/div&gt;
&lt;div class="stat-label"&gt;MpoaaHi
micua&lt;/div&gt;
&lt;/div&agt;
&lt;div class="stat-item"&gt;
&lt;div class="stat-value"&gt;&lt; %=
total_earned %&gt; UAH&It;/div&gt;
&lt:div class="stat-label"&gt;3araneHun
noxin&lt—aiv&gt;
&lt;/div&gt;
&lt;/div&gt;
&lt;/div&gt;
&lt;/div&gt;
&lt;/div&gt;

&lt;div payment-modal" class="payment-modal
hidden“—tia-hidden="true"&gt;

&lt;div class="payment-modal__backdrop" data-
close-payment-modal="true"&gt;&lt;/div&gt;
&lt;div class="payment-modal__card"
role="dialog" aria-modal="true" aria-
labelledby="payment-modal-title"&gt;
&lt;h3 id="payment-modal-title"&gt; OuikyeTbca
onnara&lt;/h3&gt;
&lt;p class="payment-modal__copy"&gt;MepesipTe
obpaHi micus nepes niaTeepaxeHHsaM. IMicns
onnatu 6yae sreHepoBaHo PDF 3 kButkamun.&lt;/p&gt;
&lt;div class="payment-modal__summary"&gt;
&lt;div&gt;
&lt;span&gt;Kinbkicte micup&lt;/span&gt;
&lt;strong id="payment-selected-
count"&gt;0&lt;/strong&gt;



&lt;/div&gt;

&lt;div&gt;

&lt;span&gt;Cyma po onnatun&lt;/span&gt;
&lt;strong id="payment-total-amount"&gt;0
UAH&t;/strong&gt;

&lt;/div&gt;

&lt;/div&gt;

&lt;p id="payment-modal-status"
class="payment-modal__status"&agt;IHiuianizauis
nnarexy...&lt;/p&gt;

&lt;div class="payme_daL___,actions"&gI;_

&lt;_button type= "button' class="bin bin-
secondary! id="payment-cancel-
btn"&gt;CKacyBaTM&Itton&gt;

&lt;button type="button! class="bin.bin-
primary" id="payment-confirm-btn"
disabled&gt;lMiaTBepanTn onnaTy&Itton&gt;

&lt;/div&gt;

&lt;/div&gt;
&lt;/div&agt;

&lt;div id="seat-context-menu" class="context-
menu" style="display: none; position: fixed;
z-index: 1000;"&gt;
&lt;div class="context-menu-item" data-
action="cancelled"&gt;Ckacysatu micue&lt;/div&gt;
&lt;div class="context-menu-item" data-
action="sold"&gt;Mo3HaunTn sk npogaHe&lt;/div&gt;
&lt;div class="context-menu-item" data-
action="pending"&gt;Mo3HaunTn sk B 06pobui&lt;/div&gt;
&lt;/div&gt;

&lt;script&gt;
document.addEventListener('turbo:load’,

function() {

const ticketForm =
document.querySelector('.ticket-form');

const generatePdfFlag =
document.getElementByld('generate-pdf-flag');

const paymentModal =
document.getElementByld('payment-modal’);

const paymentStatus =
document.getElementByld(‘payment-modal-
status');

const paymentSelectedCount =
document.getElementByld('payment-selected-
count');

const paymentTotalAmount =
document.getElementByld('payment-total-
amount');

const paymentCancelBtn =
document.getElementByld('payment-cancel-
btn");

const paymentConfirmBtn =
document.getElementByld('payment-confirm-
btn');

const seatCheckboxes =
document.querySelectorAll('inputfname="ticket
[seat_ids][I'T);

const totalPriceDisplay =
document.getElementByld('total-price-
display');

const ticketPrice = &lt; %=
@showtime.price.to_f %&gt;;

const contextMenu =
document.getElementByld('seat-context-menu');

let currentSeatld = null;



let currentTicketld = null;
let paymentConfirmed = false;
let paymentReadyTimer = null;

function selectedSeatsCount() {
return
document.querySelectorAll('inputiname="ticket
[seat_ids][]"]:checked').length;
}

function closePaymentModal() {
if (lpaymentModal) {
return;
}
paymentModal.classList.add('hidden');
paymentModal.setAttribute(‘aria-
hidden’, 'true');
if (paymentReadyTimer) {
clearTimeout(paymentReadyTimer);
}
}

function openPaymentModal() {

const count = selectedSeatsCount();
if (IpaymentModal || count === 0) {
return;

}

paymentSelectedCount.textContent =
count;

paymentTotalAmount.textContent =
“${count * ticketPrice} UAH";

paymentStatus.textContent = 'Ouikyvite
niaTBEPAXEHHS nnaTexy...";

paymentConfirmBtn.disabled = true;

paymentModal.classList.remove('hidden')

paymentModal.setAttribute(‘aria-
hidden', 'false');

paymentReadyTimer =
setTimeout(function() {
paymentStatus.textContent = 'Onnary
MOXHa niaTBepanTU';
paymentConfirmBtn.disabled = false;
},900);
}

function updateTotalPrice() {
const selectedCount =
selectedSeatsCount();
if (totalPriceDisplay) {
totalPriceDisplay.innerText =
*BaranbHa cyma: ${selectedCount *
ticketPrice} UAH';
}
}

if (ticketForm) {
ticketForm.addEventListener(‘submit’,
function(event) {
if (paymentConfirmed) {
return;

}



const count = selectedSeatsCounty();
if (count === 0) {
return;

}

event.preventDefault();
openPaymentModal();
W
}

if (paymentCancelBtn) {
paymentCancelBtn.addEventListener('clic
k', function() {
closePaymentModal();
%
}

if (paymentConfirmBtn) {
paymentConfirmBtn.addEventListener('cli
ck', function() {
if (IticketForm) {
return;
}
paymentConfirmBtn.disabled = true;
paymentConfirmed = true;
if (generatePdfFlag) {
generatePdfFlag.value = '1";
}
closePaymentModal();
ticketForm.submit();
Pk
}

if (paymentModal) {
paymentModal.addEventListener('click’,
function(event) {
if (event.target.closest('[data-
close-payment-modal="true"])) {
closePaymentModal();

0
}

seatCheckboxes.forEach(function(checkbox)

const seatLabel =
checkbox.closest('.seat-label');

if (seatLabel &amp;&amp; checkbox.checked) {
seatLabel.classList.add('seat-
selected');

}

checkbox.addEventListener('change’,
function() {
if (seatLabel) {
seatLabel.classList.toggle('seat-
selected'’, checkbox.checked);
}
updateTotalPrice();
%
W

document.querySelectorAll('.seat-
label[data-seat-
id]').forEach(function(seatBtn) {
seatBtn.addEventListener('contextmenu’,



function(e) {
e.preventDefault();
currentSeatld =
seatBtn.getAttribute('data-seat-id');
currentTicketld =
seatBtn.getAttribute('data-ticket-id');
contextMenu.style.display = 'block';
contextMenu.style.left = e.pageX +
ox;
contextMenu.style.top = e.pageY +

document.addEventListener('click’,
function(e) {
if (e.target.closest('.context-menu’)
|| e.target.closest('[data-seat-id]')) {
return;
}

contextMenu.style.display = 'none’;

»

document.addEventListener('keydown’,
function(e) {
if (e.key ==="Escape’) {
contextMenu.style.display = 'none’;
closePaymentModal();
}
»

document.querySelectorAll(".context-menu-
item').forEach(function(item) {
item.addEventListener('click’,

function() {

const action =
item.getAttribute('data-action’);

if (currentTicketld) {

fetch(*/tickets/${currentTicketld}’

ethod: 'PATCH',

headers: {

‘Content-Type":
‘application/json’,

'X-CSRF-Token":
document.querySelector('meta[name="csrf-
token"]").getAttribute(‘content')

h
body: JSON.stringify({ ticket: {
status: action } })

A

hen(response =&gt; {
if (response.ok) {
return
response.json().then(data =&gt; {
throw new Error(data. errors ?
data.errors.join(’, ') : 'HTTP
esponse.status}‘);
i
}
return response.json();
b
.then(data =&gt; {
if (data.success) {
location.reload();
}else {
alert('Momunka: ' +



(data.errors ? data.errors.join(', ') :
'HeBigoma nomwurnka'));

}
atch(error =&gt; {

console.error('Error:', error);
alert(' Momunka OHOBNEHHSI KBUTKA:
' + error.message);
»
}
contextMenu.style.display = 'none’;
o}
o}

updateTotalPrice();

o)
&lt;/script&gt;

MNAHENb YNPABMNIHHA KIHOBAPOM
&lt;div class="products-page" data-controller="products"&gt;
&lt;div class="products-header"&agt;
&lt;div&gt;
&lt;h1&gt; ToBapu&lt;/h1&gt;

&lt;p class="products-lead"&gt;KepyBaHHs1 3anacamu, npogaxamv Ta HAAXOAXEHHAMMN 32 aKTUBHY
3Miny.&lt;/p&gt;
&lt;/div&gt;

&lt;div class="products-summary"&gt;
&lt;% if @active_workday.present? %&gt;
&lt;div class="summary-pill"&gt;
AkTuBHa 3MmiHa: &lt;strong&gt; &lt; %= @active_workday.cinema.name %&gt;&lt;/strong&gt;
&lt;/div&agt;
&lt;div class="summary-pill muted"&gt;
Bapra Bupyuka: &lt;strong&gt;&lt;%= number_to_currency(@active_workday.bar_sales_total, unit:
"2", precision: 2) %&gt;&lt;/strong&gt;
&lt;/div&agt;
&lt;% else %&gt;
&lt;div class="summary-pill warning"&gt;
CnoyaTky noTpibHO BiAKPUTM aKTUBHY 3MiHY
&lt;/div&agt;
&lt:% end %&gt;
&ltAv&gt; &lt;/div&gt; &lt;div _class="products-toolbar"&gt;
__&lt; button type= "button" class="btn btn-secondary" data- action="products#openCreateDialog" &It;%=
"disabled" unless @active_workday.present? %&gt;&gt;
CTBOPUTK
&lt;/button&gt;

&lt;%= button_tag "S8BEPEIT 3MIHIA",
type: "submit",
form: "products-bulk-form",
class: "btn btn-primary",
disabled: |@active_workday.present? %&agt;
&lt;/div&agt;

&lt;% if @products.any? %&gt;
&lt; %= form_with url: bulk_update_products_path, method: :patch, local: true, id: "products-
bulk-form", class: "products-form" do %&agt;
&lt;div class="table-frame"&gt;
&lt;table class="products-table"&gt;
&lt;thead&gt;
&lt;tr&gt;

&lt;th&ge—Hassa&lt;/th&gt;
&lt;th&gt;LliHa&lt;/th&gt;
&lt;th&gt; KinbkicTb&lt;/th&gt;
&lt;th&gt;MponaHo&lt;/th&gt;
&lt;th&gt;Haginwno&lt;/th&gt;



&lt;th&gt; &2 dh&gt;
&lt;/tr&gt;
&lt;/thead&gt;
&lt;tbody&gt;
&lt;% @products.each do |product| %&gt;
&lt;tr class="product-row" data-product-row data-initial-amount="&It;%= product.amount
%&at;"&gt;

&lt;td class="product-name"&gt;&lt;%= product.name %&gt;&lt;/td&gt;

&lt;td class="product-price"&gt;&lt;%= number_to_currency(product.price, unit: "2",
precision: 2) %&gt;&lt;/td&gt;

&lt;td class="product-stock"&gt;&It;%= product.amount %&gt;&lt;/td&gt;

&lt;td&gt;
&lt;div class="adjuster"&gt;
&lt;button type="button" class="adjust-button" data-
action="products#changeQuantity" data-adjust-target="sold" data-direction="minus"&gt;-&lt;/button&gt;
&lt;input type="number" class="qty-input sold-qty" name="products[&lt;%= product.id
%&gt;][sold_qty]" value="0" readonly&gt;
&lt;button type="button" class="adjust-button" data-
action="products#changeQuantity" data-adjust-target="sold" data-direction="plus"&gt;+&lt;/button&gt;
&lt;/div&gt;
&lt;/td&gt;

&lt;td&gt;
&lt;div class="adjuster"&gt;
&lt;button type="button" class="adjust-button" data-
action="products#changeQuantity" data-adjust-target="arrived" data-direction="minus"&gt;-&lt;/button&gt;
&lt;input type="number" class="qty-input arrived-qty" name="products[&lt;%=
product.id %&gt;][arrived_qty]" value="0" readonly&gt;
&lt;button type="button" class="adjust-button" data-
action="products#changeQuantity" data-adjust-target="arrived" data-direction="plus"&gt;+&It;/button&gt;
&lt;/div&gt;
&lt;/td&gt;

&lt;td class="product-actions"&agt;
&lt;% if current_user.admin_or_manager? %&agt;
&lt;%= link_to "&", edit_product_path(product), class: "edit-button”, title:
"PeparyBatn” %&gt;
&lt;% end %&gt;
&lt; %= link_to "", product_path(product), class: "delete-button", data: {
turbo_method: :delete, turbo_confirm: "Bu BneBHeHi, Lo xo4eTe Buaanutu Len toeap?" } %&gt;
&lt;input type="hidden" name="products[&lt;%= product.id %&gt;][id]" value="&lt;%=
product.id %&gt;"&gt;
&lt;/td&gt;
&lt;/tr&gt;
&lt;% end %&gt;
&lt;/tbody&gt;
&lt;/table&gt;
&lt;/div&gt;
&lt;% end %&gt;
&lt;% else %&gt;
&lt;div class="empty-state"&gt;
&lt;h2&gt; ToBapw e He aopaHi&lt;/h2&gt;
&lt;p&gt;CTBOPM NepLuy nosuuito Yepes mogarky npasopyy yropi.&lt;/p&gt;
&lt;/div&gt;
&lt;% end %&agt;

&lt;dialog class="product-dialog" data-products-target="dialog"&gt;
&lt;div class="dialog-backdrop" data-action="click-&gt;products#closeCreateDialog"&gt;
&lt;div class="dialog-panel" data-action="click-&gt;products#stopPropagation"&gt;

&lt;div class="dialog-header"&gt;
&lt;h2&gt; CtBOpUTH ToBap&lt;/h2&gt;
&lt;button type="button" class="dialog-close" data-
action="products#closeCreateDialog"&gt;x&lt;/button&gt;
&lt;/div&gt;



&lt;%= form_with modnew_product, local: true, class: "new-product-form" do |f| %&gt;

&lt;% if @new_produce-errors.any? %&gt;

&lt;div id="error_explanation"&gt; &lt;h2&gt;&lt;%= _pluralize(@_new_product. errors.count, "error") %&gt; prohibited this product

from being saved:&lt;/h2&gt;
&lt;ul&gt;
&lt;% @new_produ@'rors.full_messages.each do |message| %&gt;
&lt;li&gt; &lt; %= message %&gt;&lt;/li&gt;
&lt;% end %&gt;
&lt;/ul&gt;
&lt;/div&agt;
&lt;% end %&agt;

&lt;div class="form-arid"&gt;

&lt;div class="fornésziup"&gt; &lt;%= f.label _name, "Hasga" %&gt;
&lt:%= f.text_field :name, placeholder: "Hasea toBapy" %&gt;
&va&gt;

&lt;div class="form-group"&gt;

&lt;%= f.label :price, "LliHa" %&gt;

&lt;%= f.number_field :price, placeholder: "0", step: 0.01 %&agt;
&lt—Av&gt;

&lt;div class="form-group'&gt;_

&lt; %= f. label :amount, "MovaTkoBa KinbkicTe" %&gt;

&lt:%= f.number_field :amount, placeholder: "0", value: 0 %&gt;
&ltAv&gt;

&lt;div class="form-group’&gt;_
&lt; %= f. label :sold_amount, "MoyaTkoBo NpoaaHo" %&gt;
&lt;%= f.number_field :sold_amount, placeholder: "0", value: 0 %&gt;
&It —Av&gt; &lt;/div&gt; &lt;div _class="dialog-actions"&gt;_
__ &lt; button type="hutton! class="bin bin-secondary’ data-
action="products#closeCreateDialog"&gt; CkacysaTn&lt;/button&gt;
&lt;%= f.submit "CtBoputn", class: "btn btn-primary" %&gt;
&lt;/div&gt;
&lt;% end %&agt;
&lt;/div&gt;
&lt;/div&gt;
&lt;/dialog&gt;
&lt;/div&gt;

BibniorpadiyHa gosigka

Tema poboTu: Po3pobneHHs iHdbopMaLiiHOi cucTemMun ynpaeniHHS KiHOTeaTpoMm 3
MoAyneMm NporHo3yBaHHsi 3aBaHTaXXEHOCTi 3aniB.

Ebﬁcar 6akanaBpcbkoi _pobotn 77 crtopiHok. Mepenik rpadhiuHoro matepiany: 1.

CMCTEMM yNpaBniHHA 3aBAaHHAMM.

2. KPB.ICT - 08.00.00.000 C1-—iarpama 6a3u gaHux iHdbopmauiiHoi cuctemm
ynpaBniHHS KiHOTEATPOM 3 MOAYNEeM NPOrHO3yBaHHS 3aBaHTaXXeHOCTi 3aniB.

3. KPB.ICT - 08.00.00.000 C1. fiarpama BMKOpWUCTaHHS iHpopmaLinHoi
CMCTEMM yNpaBmiHHA KiHOTeaTpoM 3 MOAYNEeM NPOrHo3yBaHHSA 3aBaHTaXeHOCTi
3anis.

4. KPB.ICT - 08.00.00.001. MporpamHi BikHa iHdpopmaLiinHoi cuctemu
ynpaBsniHHS KiHOTeaTpoM 3 MOAYNeM NPOrHO3yBaHHS 3aBaHTaXeHOCTi 3anis (2
LWT.).

[arta 3akiHueHHsa BP

CryneHT Makcum OAHWTHOK

KPB.ICT - 08.00.00.000 @I BapiaHTu BukopucTaHHs iHbopMaLinHoi



