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AHoOTaNi"

B naniit po0oTi po3pobiieHo 3aransHonoctynuuil pperimBopk GameControllerBinder
Ha MOBI mporpamyBaHHs Swift, 0 crpornrye iHTerpaniro reimmnanais y gogatku 10S Ta
N03BOJIsIE  KepyBaTu iHTepdelicoM JoiaTkiB 3a ix jgomoMoror. OmnmucaHo poOoTy
(bpeliMBOpPKIB, 30KpeMa HassBHUN PpeiiMBOpK A iHTerpalli redimnaaiB Big Apple - Game
Controller. IIpogemoncTpoBano mnporiec myoumikarii ¢pperimBopky Ha GitHub 3 nogansiioro
IHTErpali€eo 3 MeHeKkepamMu 3anexHocted y Swift. Anroputm y kiaci FocusManager
e(heKTUBHO OOUHMCIIOE HAMOIMAKYl CYyCIJIHI €JIEMEHTH JJIsi CTBOPEHHSI HaBIraliiHOi Mamnu
ekpaHny. 3anpornoHoBaHui npoTokoi Focusable no3Bonsie kepyBaTu pi3HUMH €JIEMEHTaMU 32

JOTIOMOTO0 TeiMIaia Ta 3MIHIOBATH 1X 30BHIIIHIN BUIVISA NpU (POKYCyBaHHI.



Beryn

CTpiMKU pO3BUTOK MOOITLHUX MPOIECOPIB MPOTATOM OCTAHHIX JACCATUIITH 3pOOUB
MOOUTBHI TeeOHU MPUCTPOSMHU, 3JaTHUMU 3aMIHUTU BEJUKY KIJIBKICTh 1HIIUX peuei B
HaIlIOMY TOBCSIKJICHHOMY >KUTTI, OCKUIbKM MalXe BCe MOXKHa 3pOOUTH Marouu 3 cO0O0I0
naHuid MOOUTbHUM TpUCcTpii. OCTaHHIMU X POKaMH MOTY>KHOCTI MOOLIBHUX MPOIECOPIB,
0COONMMBO THUX, IO BHUMIYyCKae kommaHis Apple cranmu Takumu, mo TenedoHU Bifa Iiel
KOMIAaHIi 37aTHI 3alyCcKaTh BUCOKOOIO/KETHI, rpadiuHO HACHYEHl IrpU Ta CKJIAIHI
nonatku[1]. Lleit TexHomoriuHMi CTPUOOK, a TAKOK 3a0XO4EeHHSI kKomnaHli Apple 3pooutu
CBOI IPUCTPOI IrPOBUMHM IMIAKPECTIOETHCS HENTOJIABHROIO TOsIBOIO Ha maTdopmax 10S Ta
macOS Ttakux irop, sik «Death Stranding», «Resident Evil 8» Ta «Resident Evil 4
Remakex[2]. i irpu, TpaauiiiiHo 3ape3epBOBaH1 1Sl pUHKIB KOHCOJIEH a00 BUCOKOKIACHUX
[1K, Tenep noCTyIHI HA MOPTATUBHUX MPUCTPOSIX, 1110 CBITYUTH MPO 3HAYHUH 3CYB Y MiAXOI1
irpoBoi 1HAYCTpli M0 MOOUTbHMX irop. Lli irpu HamamToBaHi Ha iXHE KepyBaHHS 3a
JIOTIOMOTOI0 ITPOBUX KOHTPOJIEPIB, JIs TOTO, 11100 MOBHOLIIHHO KEPYBATH IrPOBUM MPOIECOM
Ha iPhone moTpiOHO BHKOpPUCTOBYBaTH O€3ApOTOBI irpoBi KoHTpodepu. [Ipore Hapasi
1HTerpalis IrpoBUX KOHTPOJEPIB y HOBI a00 BKe ICHYIOY1 JOJATKU € JOBOJII CKIaAHUM
IIPOLIECOM, A TIONHT Ha L€ CTA€ BCE OUIBIINM 3 KOXKHUM POKOM.

O0’exTOM JOCHIIKEHHS € B3aEMOIisI MOO1IBHUX JTONATKIB 3 30BHINIHIMU allapaTHUMHU
iHTepdeiicaMu, 30kpemMa iIrpOBUMHU KOHTPOJIEPAMH.

[IpeameTom nociKEHHS € poliec aganTalii iHTepgenciB MOOUTBHUX TOAATKIB JJIs
e(eKTUBHOI B3a€MO/I1i 3 I'POBUMU KOHTPOJIEPAMHU.

MeTo10 1IbOTO AOCIIIKEHHS € PO3pPO0Ka KOMITJIEKCHOTO (DpEUMBOPKY, SIKUI HE TUTbKU
703BOJIsIE  OE3MEPENIKOJHO 1HTETpyBaTH 1rpoBi KoHTposiepu 3 10S-gonmaTkamu, ane M
rapaHTye, 10 U IHTerpauis MATPUMYE IHTYITUBHO 3pO3yMITy HaBIraLilo Ta JOCTYIHICTb.
KonkpeTHi 3aBmaHHs, MOB'A3aH1 3 JOCSITHEHHSIM I11€1 METH, BKJIFOYAIOTh :

- PosyminHs icHyro4oi peamizallii iHTerpaiii irpoBux KoHTposepiB n0 10S-

IPUCTPOIB.
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- CtBopennsa GameControllerBinder qist BcTaHOBIEHHS Ta KEpyBaHHS 3'€ THAHHAMU
MK 10S-TpUCTPOSIMU Ta IFPOBUMHU KOHTPOJIEPAMH.

- PospobOka FocusManager nnst oOpoOKH JIOTiKH, HEOOXITHOI JUIsl AMHAMIYHOTO
yIpaBiaiHHS POKYCOM MiX eJleMeHTaMu 1HTepdeicy.

- Peanizamis  nmpotokony Focusable ans  crampgaptuszaiii  iHTEpaKTHUBHUX
MOXJIUBOCTEH pI3HOMAHITHUX KOMIIOHEHTIB iHTepdelicy, 1mo0 BOHU MOIIH
e(heKTUBHO pearyBaTu Ha BXIJIHI JIii KOHTpOJEpa.

- TlpoBenenHs cepii eKCIEPUMEHTIB IS TEPEBIPKU €(EKTUBHOCTI (PpEUMBOPKY Ta
J0ro BIUIMBY Ha KOPUCTYBAIIbKUNA JOCBIJ 1 JOCTYIHICTb.

[{a kBamidikamiitHa podoTa CKIaAA€THCS 3 TPHOX OCHOBHHUX PO3ALUIIB, IO CIIAYIOTh

32 BCTYNOM. Y MEPUIOMY P03/ pO3TISIAAIOTHCS TEOPETUUHI OCHOBH Ta Cy4acH1 TEXHOJIOTII,
MOB’s13aH1 3 pO3pOOKOI0 Ha MOBI IporpaMyBaHHs Swift, BukopuctanHsiMm (peliMBOpPKIB B
10S Ta iCTOpIiI0 PO3BUTKY ITPOBUX KOHTPOIEPIB. pyruil po3isl onucye npoiec CTBOPEHHS
dpeiimBopka  GameControllerBinder,  BkIrouaroum  JgeTadbHUM ~ aHali3  KJaciB
GameControllerBinder Ta FocusManager, nporokony Focusable ta po3mupens ais UIKit
eneMeHTIB. TpeTiil po3ain npucBsyeHuid myOmikaiii GpeiMBopKa, Moro iHTerpaiii yepes
SPM ta CocoaPods, a Takox TeCTyBaHHIO MPOAYKTUBHOCTI Ta KOPUCHOCTI y peaibHUX

JoJaTKax.



Po3aiu 1. InTerpanist irpoBuX KOHTPOJIEPIB y po3podui aias i0OS

1.1 Mosa npoepamysanns Swift ma exkocucmema po3pooxu na iOS

Mosa nporpamyBanHs Swift - 1le cydyacHa HajliiHa Ta 1HTYiTUBHO 3pO3yMiJia MOBa
nporpaMmyBaHHs, cTBOpeHa komnaHiero Apple y 2014 pori ans cTBOpeHHS AOJATKIB st
10S, Mac, Apple TV Ta Apple Watch. Swift po3pobneHo 3 akiieHToM Ha O€3MeKy, a Horo
CHUHTAKCUC 3a0X0Uy€ PO3pOOHUKIB MUCATH YUCTUU 1 yuTabenbHuM kon[3]. OmHieo 3
ocobnmuBocTeit Swift € miaTpUMKa TPOTOKOJIBHO-OpieHTOBaHOTO MporpamyBaHHs (POP), sike
CIIpUsi€ CTBOPEHHIO OLIBII THYUYKHUX 1 TPUAATHUX 711 HOBTOPHOTI'O BUKOPUCTAHHS 111a0J0HIB
KOJly TTOPIBHSHO 3 TPAAUIIIHHUMU 00'€KTHO-OPIEHTOBAHUMH MOJIETISIMU MPOrpaMyBaHHSI.

s mapagurma B Swift mependayae BUKOPUCTAHHS MPOTOKONIB JJIsi BHU3HAYEHHS
Ha0Opy METO/IB 1 BIACTUBOCTEH, SIK1 TOBUHEH pealli3oBYBaTH Oyb-sSKUI BiAMOBIAHUHN THIL.
POP crae Bce OubI TONYASPHUM y po3po0I1ll foAatkiB Jiyist 10S 3aBIASKH CBOIM YHCICHHUM
repeBaramM, BKJIFOUAOUM 301IbIIIEHHSI MTOBTOPHOTO BUKOPUCTAHHS KO, Kpallle PO3ALICHHS

3aBaHb, MOKPAIIEHHS TECTYBaHHS Ta MiABUIIEHHS MPOAYKTUBHOCTI[4].

Identifiable {
id: String {

identify()

Puc. 1.1 Cmeopenus npomoxony y Swift

Identifiable {
identify() {

print("My ID is \(id).")

Puc. 1.2 Pozwupenns 00 npomoxosny, wo U3HA4a€e munogy no8eoiHKy QyHKyii

npomokoy



User: Identifiable {
id: String

twostraws = User(id:
twostraws.identify()

Puc. 1.3 Cmeopenusa cmpykmypu, wo 8ionogioae npomoxony. L{sa cmpykmypa

A8MOMAMUYHO OMPUMYE MUNOBY NOBEOTHKY (DYHKYTT

[Iporokonu y Swift 0coOIMBO MOTYXH1 y OE€IHAHHI 3 IIMPOKUMH MOKIJIMBOCTIMU
cepenoBuiia po3podku mna 10S. g exocucrtema Hajgae po3poOHUKAM TMOBHHUUM HaOIp
iHcTpyMeHTIB Ta API, mpu3HadyeHux N1 BUKOPUCTAHHS [MOBHOTO MOTEHIIAy CYy4acHOIO
oOnagHaHHs. BUKOPUCTOBYIOUM MPOTOKOJBHO-OPIEHTOBaHY mpupoxy Swift, po3poOHUKH
MOXYTh OLIblI €(EeKTUBHO 1HTErpyBaTH Taki (yHKIIII, K 0OpoOKa JOTHKIB, KECTU Ta
30BHIIIHI aKCecyapH, Taki SIK ITpOBI KOHTPOJEPH - KIIOYOBI KOMIOHEHTH Yy CTBOPEHHI
JOCTYIHUX Ta IHTEPAKTUBHUX JOJIaTKIB.

Cepenosuiiie po3pooku st 10S goctynHe nuiie ang macOS. BoHo Bkitoyae B cebe
HaJlae MOBHUM HaO1p 0i10mioTeK, PpeMBOPKIB, IHTEp(DEICIB MPUKIATHOTO IPOTPaMyBaHHS
(API) Ta iHmmx pecypciB, SKi PO3pOOHHKHA MOXYTh BUKOPHCTOBYBAaTH ISl CTBOPEHHS
nonarkis Ay npuctpoiB Ha 10S Ta 1PadOS. Bonu Takox MoxyTh BUKOpHcTOBYyBaTH SDK
JUIsl CTBOPEHHSI JIOJATKIB Juisi komm'totepiB Mac 3 texnounoriero Apple Silicon. Ockiibku
MporpaMu MpaIoroTh y BitacHoMy ¢opmarti 10S, ix He noTpiOHO MoaudikyBaTu st macOS.

Cama x po3poOKa 10/1aTKiB BUKOHY€EThCS B cepeioBulll Xcode.

1.2 @petimsopku 6 iOS: Pozwupenus pynkyionarbHocmi 000amxis

®peitMBOpKaMH B po3poOIll Ha MOBI IporpamyBaHHs Swift Ha3UBaIOTh 1€papXiuHy
TUPEKTOPIIO, sIKA MICTUTh CHUIBHI PECypCH, TaKl SIK IMHAMIYHA chiibHaA O10mioreka, nib-
(aiinu, ¢aiau 300paxeHb, JIOKali30BaHI PSJAKW, 3arojioBHi (aiiaum Ta TOBIAKOBY
JIOKyMEHTAIIi10 B 0IHOMY MakeTi. Kinbka mporpam MoxyTh BUKOPUCTOBYBATH BCi 111 peCypcu

onHouacHo. CucTemMa 3aBaHTaXY€ iX y MaM'aTh y Mipy HEOOXiTHOCTI 1, KOJIA 11€ MOXJIUBO,
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JIUTH OJTHY KOMII0 pecypcy Mix yciMma nporpamamu|S]. Lle HeBia’ emMHa yacTuHa po3poOKu
NOJIaTKiB Ha Oynb-sKy miargopmy Apple, aaxe HaBITh JJIs HAlMCaHHS 0A30BOrO KOAY Ha
Swift HeoOx1qHO iIMIIOpTYyBaTH Takuil PpeimBopk sik Foundation, 1o Hajgae 6a30BUiA PiBEHb
(YHKIIIOHATBHOCTI ISl TOAATKIB 1 (DpelMBOPKIB, BKIIOYAIOUM 30€piraHHs 1 30epexeHHs
JTaHUX, 00pOOKY TEKCTy, OOYMCIEHHS JaTh 1 4Yacy, COPTyBaHHS 1 (DUIBTpaliio, a TaKOX
poboty 3 wMepexero. Kiacu, mporokonu Ta Tunu JaHuX, Bu3HadeHl Foundation,
BUKOPHUCTOBYIOThCA y Beix SDK miig macOS, 10S, watchOS rta tvOS.

IchnytoThs (peiiMBopkH HamucaHi caMor kommaHiero Apple Tak 1 ¢gppeiiMBOpKH,
HaIMcaHi CTOPOHHIMU po3poOHukamu. OpeitMBopku Apple - 1ie tuHaMiuH1 010710TEKH, K1
nonepeaHb0 BCTaHOBIEHI B cucteMi 10S, 1m0 O3Hayae, M0 BOHU JIETKO JOCTYMHHI 0e3
30UIbIIEHHST po3Mipy (Qainy mnporpamu. st po3poOHHMKIB Taka IHTErpailisi oO3Haudae
M1JIBUIIIEHHS MPOAYKTUBHOCTI JOJIaTKIB Ta MPUIIBU/IIICHHS Yacy 3aBaHTaXKEHHSI, OCKUIbKU
HEOOXIJTHUM KOJ BXE ICHY€E Ha MPHUCTPOI Ta € CHUIBHUM JJisg BCIX JOJATKIB, sIKI KOro
BUKOPHUCTOBYIOTh. Takuil MiaXiJg HE JHIIE ONTUMI3YE€ BHUKOPUCTaHHS NaM'aTi, aje W
3abe3reuye TOTPUMaHHS CYBOPUX CTaHJAPTIB MPOAYKTUBHOCTI Apple.

Imnopryroun  ¢peiimBopk  Apple 'y Swift-npoekt, po3poOHHKKM  TPOCTO

BUKOPHUCTOBYIOThH OmnepaTop «import» Ha mouatky Swift-gaiinis. Hanpuknan,
«import UIKit» wacto 3ycrpivaeTscs y BepxHid yactuli Swift-dailniB, mo cTocyroThcs
KOMIIOHEHTIB KOPHUCTYBaIbKOTrO iHTepdericy. e equnuii psaok 103BoJiS€ PO3POOHUKAM
OTpUMATH JOCTYH 10 THUCSY 3a3Jajeriib HAMMCAaHUX KJIACIB 1 METOJIB, PO3POOIECHUX
CIIeIliaJbHO JIJI CTBOPEHHS HAIIMHUX 1 epekTuBHUX 10S-101aTKIB.

I HaBmaku, CTOpoHHI (PPEUMBOPKH, SIK1 HE BXOIATH 0 cucTeMu 10S, BUMararTh Bij
PO3pPOOHUKIB MPOUTH MPOLIEC HAJTAIITYBaHHS 3a JIOMOMOTOI0 MEHEIKEPIB 3aJIeKHOCTEH,
takux sik CocoaPods, Carthage abo Swift Package Manager. 111 iHCTpyMeHTH lonioMararoTh
KepyBaTu AOAaBaHHSAM, OHOBJIEHHSIM Ta BUIAJIECHHIM CTOPOHHIX 010710TeK. Xoya 1€ 1 AoAa€e
J0JIaTKOBUI PIBEHb CKIIAIHOCTI JI0 MPOIECY PO3POOKHU, ajle TO3BOJISE MIABUILIUTH THYUKICTh
Ta BKJIFOUWTHU 1HHOBaLIHI (PyHKIII1, sIKI HEJOCTYIIHI B eKocucteMi Apple.

OpHi€ro 3 BXKIUMBHUX MEepeBar CTOPOHHIX (GPEeHMBOPKIB € MPO30PICTh Ta 3aTyUCHHS
CIIJIBHOTH, IKYy BOHU NMPOonoHYy10Th. Ha BinMiny Bix ppeiiMBOpKiB Apple 13 3aKpUTHM KOJIOM,

0araro CTOpOHHIX 010J110TE€K MArOTh BIAKPUTUN BUXIJHUM KO, 110 3a0e3Medy€e BUIUMICTh
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KOJy, SIKMH 3amyckae (PyHKI[IOHATbHI MOKIUBOCTI. L BIIKPUTICTh 3a0X04Yy€ KOJTEKTUBHUN
M1JIX1]] 10 PO3POOKH, KOJIU pO3POOHUKHN MOXKYTh JOTYyYaTUCS 0 BAOCKOHATIEHHS 010110TeKH,
BUIMPABJISITUH MMOMUJIKM Ta PO3IIMPIOBATH MOKIUBOCTI. OJIHAK 1€ TAKOK MOXKE CTBOPIOBATH
PHU3UKHU, TIOB'A3aHI1 3 SIKICTIO, OE3MEKOI0 Ta MiATPUMKOIO KOAY, OCKUIBKH BIJIMIOBIIAJIBHICTD 32
OHOBJICHHSI Ta 3aXUCT KOy YacCTO JIEXKUTh HAa CHUTLHOTI PO3POOHHUKIB, SIKI MOXKYTh HE MaTU
TaKUX pecypcis, ik Apple.

OpeitMBOPKH € OCHOBOIO JIJIsl PO3IIMPEHHS MOXIUBOCTEH JOATKIB, pO3POOJIECHHUX B
exocuctemi 10S. Bnachi ¢peliMBopku Apple mpuszHaueHi g MakcUMizaiii
MPOJYKTUBHOCTI Ta 1HTErpallii 10AaTKIB 3 anapaTHUMU Ta nporpaMHuMu QyHkiismu 10S.
Bouu HanmamTh po3poOHUMKAM JOOCTYN A0 CKIaaHUX (QYHKIIH, Takux sK 0O0poOka
MyJIETUME/l1a, Oe3MeUHe KepyBaHHS TaHUMU Ta PO3IIMPEHI MOKIUBOCTI KOPUCTYBAIIBKOTO
inTepdeiicy. Hanpuknan, taki gpeitmBopku, sisk AVFoundation Ta MapKit, 103BoJsIOTh
pPO3pOOHMKAM JIETKO IHTETrpyBaTH MYJBTUMEAINHI NaHi Ta (PyHKIII reojokamii y cBOi
J0JIaTKK, BUKOPUCTOBYIOYM BECh MOTEHIlIAJ anapaTHOro 3ade3neueHHst Apple.

3 iH1I0T0 OOKY, CTOPOHHI PPEUMBOPKH JOMOBHIOIOTH Mpomno3ullii Apple, Bupiniyrouu
3aBAaHHS, SIKI MOXKYTh MOTPeOyBaTH OUIBII CIEliali30BaHUX a00 CIPOIIEHUX MIIXOAIB 10
peanmzamii. I{i ¢peliMBOopku YacTo 30cCepeKeHl Ha MiABUIIEHHI MPOIYyKTUBHOCTI
PO3pOOHMKIB Ta 3MEHIIEHHI CKJIATHOCTI KoaoBux 0a3. Hampukian, Alamofire 3HauHO
CIPOIIY€E YMOPABIIHHA MEPEKEBUM 3B'SI3KOM, a0CTparyruuch BIiJI 3HAYHOI YaCTUHU
mabIoHHOro KoAy, noB's3anoro 3 HTTP-3anutamu. Ananoriuno, GppeiiMBOPKHU Ha KIITAJT
KeychainSwift nagatots 611b11 fOoCcTynIHUM 1HTEpdeic A Oe3meyHoro 30epiranHs 1aHux,
MOJIETITYIOYM BUKOPUCTAHHS CKJIAJHUX MexaH13MiB Oe3neku Apple.

Bbinbmie Toro, mosisa CTOpOHHIX (HPEUMBOPKIB PEAKTUBHOTO MPOrpamMyBaHHS, TaKUX
gk RxSwift, 3ampoBakye anbTepHaTHBHI MapagurMyd MPOrPaMyBaHHS, J103BOJISIOUH
po3poOHUKaM Oibill €(hEeKTUBHO KEpyBaTH aCUHXPOHHUMH MOJISIMHU Ta MOTOKAMU JTaHUX.
Ile 0coOnuMBO KOPUCHO MJId CKJIaJAHMX JOJATKIB, JI€ YIpPABIIHHS 3MIHAMH CTaHy Ta
B3AaEMOJIIEI0 3 KOPHUCTYBayaMU MOXKE CTaTU TPOMI3IAKHUM 3a JOMOMOTOI TpPaJAUI[iHHUX
nigxoniB. Xoua Apple mpencraBuna BinacHuil ¢perimBopk Combine mjisi MiIATPUMKH
PEaKTUBHOIO IPOrpaMyBaHHsI, CTOPOHHI PIIIEHHS TPOJOBXKYIOTh MPOIBITATH, TPOTOHYIOUH

JI0JIaTKOBI P1BHI aOCTpaKIiii Ta MOKIIMBOCTI 1HTErpallii.
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[To cyrti, B Tol uwac sk ¢peliMBopku Apple BIIKpUBAIOTH MPSMHA OCTYI OO
MOMKJIMBOCTEH MPUCTPOIO 1 3a0€3MeuyloTh ONTUMAJIbHY MPOAYKTUBHICTh, CTOPOHHI
(hpeliMBOpPKHU PO3MIUPIOIOTH HAOIp THCTPYMEHTIB, JOCTYIHUX JJI PO3POOHUKIB, CIPUSIIOUU
OUTBII YHIBEpPCAJbHOMY 1 4YacTO OIbII MPOCTOMY IMpolecy po3poOku. Lls crpareris
30arauye mnatdopmy  po3poOku  10S, TPOMOHYIOUM TO€JHAHHS  ONTUMI3AIl]
MPOJYKTUBHOCTI Ta THYYKOCTI PO3pOOKH, 110 Ma€ BUpIIIATIbHE 3HAYEHHS JI1 CTBOPEHHS

CydacHHX, 0araTopyHKI[1IOHAJIbHUX JTO/IaTKIB.

1.3 Ieposi kommponepu sk IHCmpymMeHmu Ons KepyBaHHs KOPUCH)BAYbKUM

inmepgeticom

IrpoBi KOHTpOJEPH 3’SIBUIKCH 3 MOSBOIO MEPIIUX ITPOBUX KOHCOJEH Ha MOYaTKy
1960-x pokiB. Lle Oynau mpucTpoi, METOI0 SIKUX OyJlO KepyBaHHS ITPOBUM MPOLECOM. 3
KO>KHUM HOBUM IOKOJIIHHSIM KOHCOJIEH reiiMnaan HaOyBalid Bce OUTbII Cy4acHOTO BUTJISILY,
KOJIU 0 HUX JOJIaBAIKCh JIOJIATKOBI KHOIIKH, aHAJOTOBl CTIKM Ta CIYCKOBI rauku abo x

Tpurepu|[6].

Puc. 1.4 Opueinanvnuui konmponep NES (1983 pik)

[TounHatoun 3 TPETHOTO TMOKOJIHHS, IFPOBlI KOHCOJI 3700yBalOTh BCECBITHIO

MOMYJSPHICTh, TOJIOBHO  KOHCOJUTIO TOTO nokoiHHs Oyina Nintendo Entertainment System,
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gKa TMpojajach THUpaxkoM Ourbiie HIXK 60 mMuH komid. Bike B 1bOMYy MOKOJIIHHI IrpOBHX
KOHCOJIE KOHTpOJEpH OyJid YaCTKOBO CXOXI1 Ha Te, [0 MU MaeMO chorojHi. Hampukian
irpoBuii kouTposiep NES Bxe maB D-pad (ckopoueno Bin Directional Pad) — kHomky, 1110 Mae
BUIJISI/T XPECTOBUHHU, SIKa 00’ €IHY€ B COO1 YOTUPU HAIPSMKH 1 TPU3HAYEHA JI KEpYBaHHS
HanpsIMOM PYXY, a TaKoXK Bl KPyIJll KHOIKH 3 MO3HauykaMH «A» Ta «B». OxpiM 1boro
KOHTPOJIEP MICTHB JOMOMDKHI KHOMKH «Select» Ta «Starty. Taki & cami KHOIIKH TIIBKH 11
IHIIMMHA Ha3BaMH a00 B IHIIMX MICISX MOXHa 1 MOOAYUTH Ha Cy4YaCHUX IrPOBUX

KOHTpOJIEpax MPUCTABOK JIEB’ATOTO MOKOJIHHS.

Puc. 1.5 Ieposuii konmponep DualSense ons Playstation 5 (2020 pik)

CydacHi 1rpoBi KOHTPOJIEpU BXKE MICTATh B cOO1 Habararo OUIbIIE €IEeMEHTIB IS
KepyBaHHs 1HTepdelcoM IrpOBUX KOHCOJEH Ta IrPOBUM MpOIECOM B Bigeoirpax. 3a
MPUKJIAJl MOXHA B3ATH IrPOBHUI KOHTPOJIEP po3polieHuiit komnaniero Sony s Playstation
5, ane AKui MOKHA BUKOPUCTOBYBATH 1y MO€HAHHI 3 MOOUTBHUMH IPUCTPOSMHU, 1 TAKOK 3
koMmI’'torepoM. B HboMy Takox sik 1 B koHTpoJsiept NES € D-pad, 3amicTe ABOX Kpyrinx
KHOMOK — YOTHUPH, AKI MO3HAUYCHI T€OMETPUUYHUMHU (irypaMu (XpecT, Koio, TPUKYTHHK,
KBaJpar), B1 JIOMOMIXHI KHOMKHU. AJie OKPIM LIOTO 3 €BOJIOLIEI0 IFPOBUX KOHTPOJEPIB B
HbOMY II€ 3 SBUJIMCH JBa aHAJIaroBUX CTiKa, JBI KHOMKM HAropi reMmmnaza o TaKoX
Ha3UBaIOThHCs OamMIepaMu, iBa TPUTEPH, 110 3HAXOASITHCS 3a IBOMA OaMIiepaMu, CEHCOPHOIO

MaHeUII0 TnocepenuHi 1 KHomkoro PlayStation 3Hm3y. B iHmIMX cy4acHMX 1rpoBUX
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KOHTpoOJIepax MPUCYTHI Mailke Bci eneMeHTH 1o i Ha DualSense okpiM ceHcopHOI naHesi
Ta KHONKH Playstation.

I sxmo Garato MOAATKOBUX KHOIOK 3’SIBHJIOCH TUIBKU MO0 MOKPAIIUTH B3aEMOJIIIO
rpaBld Yy BiJeoirpax, OCKUIBKH IrpOBHM IIPOIIEC CTaBaB BCE OLIBII 1 OB KOMIUJIEKCHUM 3
4acoM, TO OCHOBH1 KHOMIKH Ta D-pad, mo Oynu nmpucyTHi Ha KoHTpoJsiepax noHas 40 pokis,
Iy’Ke€ TapHO JOMOMAararoTh KepyBaTH KOPHCTYyBalbKUM I1HTepdericoM 1 mo3a irpamu. |
OCKUIBKA Hapasi KOHTPOJEpU MIATPUMYIOTH (YHKIIO O€3ApOTOBOTO 3’€IHAHHS uepe3
Bluetooth — To HMX MOXHA OIAKIIOYUTA A0 OYIb-SIKOTO MOOIIBHOTO TPUCTPOIO abo
MEPCOHATILHOIO KOMIT FOTEPY Ta KEPYBATU MPOILIECOM B PI3HUX J0JIaTKaX BUKOPUCTOBYIOUU

KHOIIKHA KOHTPOJIEPIB.

1.4 Dpeiimsopx 6io Apple: Game Controller

Jlo Gararbox mpuUCTpOiB Biag Apple MOXXKHA MIJKJIIOUUTH Maif’ke BCl CydacHi irpoBi
KOHTPOJIEPH, 1 SIKIIO B Irpax € MIATPUMKA KOHTPOJEPIB, TO ITPOBUM IMPOIECOM MOXKHA
KepyBaTH BHUKOPUCTOBYIOUM OJUH 3 OyOb-SIKUX Cy4YyaCHHX O€3IpOTOBUX IIPOBUX
KOHTPOJIEPIB.

s Toro, mo0 po3poOHUKAM IOAATH MOXKJIUBICTh MIATPUMKU (PI3UUYHUX ITPOBUX
KoHTpoJiepiB Apple ctBopuna ¢peiimBopk mia HazBorwo Game Controller[7]. Bin Hanae
BEJIMKUN HAOIp IHCTPYMEHTIB ISl IHTErpauii HIATPUMKH ITPOBUX KOHTPOJEPIB y iXHI
nonatku aist 10S, macOS, tvOS Tta visionOS. IrpoBi KOHTpOJEPU BKIIOYAIOTh MPOIYKTH
CTOpOHHIX BUpPOOHUKIB, Taki sik DualShock 4, DualSense i Xbox, a Takox wmwuiia,
KJ1aBiatypa, Siri Remote 1 roHOUHI KepMa.

OCHOBHI MOXJIMUBOCT1 TaHOTO (PPEMBOPKY BKJIIOHAIOThH B CEOE :

1. BusiBneHHs Ta MiIKIIOYCHHS KOHTPOJIEPIB :

OpeiiMBOPK aBTOMAaTHMYHO BUABISIE Ta MIAKIIOYAE CYMICHI ITPOBI KOHTPOJIEPH.
Po3poOHUKM MOXYTh BUKOPUCTOBYBATH CIOBIIICHHS s OOpPOOKM MIAKIIOYEHb Ta
BIIKJIIOYEHb KOHTPOJIEpIB, 3a0e3Meuyroud AWMHAMIYHY peakiil0 MporpaMH Ha 3MIiHU
JOCTYIHUX MPUCTPOIB BBEICHHS.

2. OOpoOka BXO/1B KOHTpOJIEpa:
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OpeitmBopk Game Controller 3a0e3neuye cTaHaapTU30BaHUI ciocid 0OpoOKU BBOAY 3
pI3HUX YacTHUH KOHTpOJEpa, 30KkpemMa KHOMOK, D-pad, maaudok, TpurepiB 1 CEHCOPHHUX
naHenen. Il cranmapTuzaiis A03BOJISIE PO3POOHMKAM MHCATU TMOCTIAOBHHUM KO, KU
Mpalo€e Ha PI3HUX TUMAaX KOHTpoJiepiB. PO3pOOHUKN MOXYTh OTpUMATH JOCTYIl A0 CTaHY
BXO/IIB KOHTPOJIEpA 1 pearyBaTu Ha Taki MOJii, SIK HATUCKaHHS KHOTIOK 1 PYyXHU JIKOMCTHKA.

3. Ilpodimi Ta mepcoHamizaris :

OpeitMBOPK MIATpUMYE Pi3HI PO LTI KOHTPOIEPIB, HAMPUKIAA, PO3IIUPEHUN NMPOodLIb
reiimmnaja, SKuid BKJIIOYA€ JIOJIATKOBI KHOIKM Ta €JIEMEHTH KEepyBaHHS SIKI MPUCYTHI Ha
OKpEMHUX THUINAX IrpoBUX KOHTpoJepiB, sk-oT DualSense Big PlayStation 5 abo
XboxController Bix koHconeit Xbox, MOPIBHAHO 31 CTaHAAPTHUM Tipodisiem reiimmana. Ie
JI03BOJIsIE PO3POOHMKAM aJlaliTyBaTH OOpOOKY BBOJY Y CBOEMY JIOAATKY J10 KOHKPETHHUX
MOXJIMBOCTEH MiIKIIOYEHOTO KOHTPOJIEpA.

Takox ppeliMBOpK MIATPUMYE TaKTHIBHUN 3BOpOTHIM 3B’ 530K (haptic feedback) —
(yHKIIIO TOCTYIHY Ha JAeskux KoHTposepax Xbox Tta PlayStation, a takox amantuBHI
TpUTEPH, sIKI TO0CTYIHI TUTbKK Ha DualSense.

3BUYaliHO, K 1 Oynb-sikuil 1HIIUNA (pedMBOpK Biag Apple — 1eil Moxke po3MUPUTH
(YHKIIIOHANIBHICTD JOJIATKY, MPOTE IMIIJIEMEHTYBAHHS HaHUX (PYHKIIHA AOBOJI TPOMI3IKUN
mpoIec, SKWW BUMAarae BiJ PO3POOHUKIB HANMUCaHHS 0araThboX CTPOK KOAY — IIOAO
MIJIKJIIOYEHHSI KOHTPOJIEPY, OTPUMaHHSI MOB1IOMJIEHb BiJl BXOAIB KOHTpOJEpa, peaizaiii
(yHKIIIH TpU HATUCKY SIKOICh KHOMIKM KOHTPOJIEPY, a4 OCKUIbKU KOHTpoJepu Bia PlayStation
Ta Xbox MaroTh CBOi OKpeMi (PyHKIIIT Ta JOIaTKOBI KHOMKHU, TO pO3pOOHUKaM Tpeda poOuTu
JI0JIaTKOB1 HAJAIITYBaHHA II00 MaTH AOCTYII CaMme JI0 X JOJaTKOBUX KHOIMOK YU (PYHKIIIH,
[0 MalOTh 111 KOHTPOJIEPH.

OxkpiM 11bOTO, TaHui PPEUMBOPK HE A€ HKOJHUX TOMOMIXKHUX (PYHKIIIHA I HABIramii
no pi3Hux Ul enemenTax, oTke AJist TOro, 100 KEPyBaTH JI0AATKOM 32 JJOIIOMOTOO irpOBOTO
KOHTPOJIEPY PO3pOOHMKAM JOBOIUTHCS MUCATH JOJATKOBUU KO, 3aiUisl TOro, 100 Iie
MpaIlOBAJI0 MPAaBWIBHO Ta IHTYiTUBHO 3pO3yMUIO — TakKi JOJATKOBI TPYOHOLII, SKi
BUHUKAIOTH MiJ] Yac JOJaBaHHs 1HTErpallii irpOBUX KOHTPOJEPIB y BXKE AOJATKU, CTAIOTh 111€
OJTHIEI0 TPUYMHOIO TOTO, [0 KUIBKICTh I0AATKIB, OCOOJIMBO HE ITPOBUX, IO MIATPUMYIOThH

11 IPUCTPOT BBEACHHS — TyXKE MaJja.
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1.5 Bucnosku

[lincymoByrour BUIIE€3a3HAYEHE, CTA€ OUEBUIHUM T€, L0 MIAKIIOYEHHS ITPOBUX
KOHTpOJEPIB A0 MpuUCTpoiB 10S 3anuiiaeThCs CKIAAHUM 3aBAaHHSIM. Hapasi, okpim
BIIACHOTO (hpeiiMBOpKY Apple, HeMae roTOBUX PillIeHb, K1 I03BOJIAIOTH PO3POOHUKAM JIETKO
J0JlaBaTl MIATPUMKY IrpOBUX KOHTposiepiB. [HTerpariss mporo (pelMBOpKYy BHUMArae
3HAQYHOTO O0CSTY KOIy, OCOOIMBO MpH peasizallii HaBiraiii Ta ympaBiiHHS JIOJAaTKOM 3a
JIOTIOMOTOI0 KOHTpPOJIEpa.

OpeitmBopku B Swift cimyxarh He jumie JUisi pO3MIUPEHHS (PYHKIIOHAIBHOCTI
JOJIaTKIB uepe3 BUKOPUCTAHHS MOXKJIMBOCTEHN MPUCTPOIB, ajie ¥ JJIsl MOJETIeHHS MPoLecy
po3po0OKu 3acTocyHKiB. CTOpoHHI (peiiMBOpPKHM 3a3BUYall 30CepeKEHl Ha IiJABUIIEHHI
MPOJYKTUBHOCTI  PO3pOOHMKIB Ta 3MEHIIEHHI CKJIAQJHOCTI HANKMCAaHOTO  KOY.
BukopuctoByouu 1i MPUHIIMIN, MOKHA CTBOPUTU THCTPYMEHT, SIKMIl 3HAUHO CIPOCTHUTH
MIJIKJIIOYEHHST KOHTPOJEpiB A0 mNpuctpoiB 10S Ta 3poOUTH IHTErpaiilo Ta HaBIraiiro
JTOCTYMHOIO JUIsl OyIb-SKOTO JIOJIaTKa, HaBITh BXKE 1ICHYIOUOTO.

Jlns 1pboro, MoXHa BUKOPHCTOBYBAaTM MOXJIMBOCTI MOBHU MporpamyBaHHs Swift,
30KpeMa MPOTOKOJIU, fAKI € KIIUOBHUM einemMeHToM y Swift. [IpoTokonu m03BONSIIOTH
CTBOPIOBATH THYYKI Ta MacIITaOOBaH1 pillIEHHS, SIK1 JIETKO 1HTErPyIOThCs 3 icHyrounmMu API
Ta @QpeitmBopkamu. CTBOpPEHHS BIIACHOTO (PpEeMBOpPKY, SIKUM 3a0€3MEUUTh JIETKE
MI1JIKJIFOYEHHS IPOBUX KOHTPOJIEPIB Ta iX 1HTETPaILli0 B JOJATKH, T03BOJIUTH PO3POOHUKAM
YHUKHYTH HallUCaHHS BEJTMKOr0 00CATY KOy Ta YacTilIe IHTErpyBaTH IrpOBi KOHTPOJIEPH B

pO3pO0IIeH] TOAATKH.
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Po3aia 2. Po3pooka ¢peitmBopky GameControllerBinder

2.1 3aeanvua inghopmayis npo gpetimeopx

OpeitmBopk  GameControllerBinder mnpu3zHauenuit st CcOpomIeHHS 1HTErpari
IrpOBUX KOHTpOJIEpiB y AoAatku st 10S, monernryoun po3poOHUKaM J0/1aBaHHs HaBiraiii
10 BJIACHOMY JIOJIaTKY Ta MPUB’A3KHU BXOJIB KOHTpoJepa 110 Aiil B noaarky. Lleit ppeitmBopk
MIHIMI3Y€ CKJIAJHOIII, MOB'A3aH1 3 0OPOOKOI0 BXOIB IrPOBHX KOHTPOJEPIB, 1 3a0e3meuye
CTPYKTYpPOBaHMM MIAX1J A0 YNpaBiiHHSA (POKYCOM 1 B3a€MOJIEI0 B JOJaTKy. BiH IITKOM 1
MOBHICTIO HaNMKMcaHU Ha 0CHOBI ¢peliMBOpKy Big Apple — Game Controller.

OCHOBHUMU KOMIIOHEHTaMH (PEHMBOPKY € :

1. Knac GameControllerBinder :

TonoBHuit kiac ¢ppeiiMBopKy. [anuii kiac kepye NiAKIIOUYEHHSIM ITPOBUX KOHTPOJIEPIB,
00po06JIs€ o111 BBOY Ta MPUB'A3YE 111 MOALT 10 J1ii 00 eJeMeHTIB IHTepdeiicy KoprcTyBaya
y AOJaTKY.

2. Knac FocusManager :

Ileit kyac BiIMOBIAA€E 32 KEPYyBaHHS CUCTEMOIO (POKYCyBaHHS y nporpami. Bin BiacTexye
€JIEMEHTH, SIKI MOXKYTh OyTH y (DOKyCl, 0OUMCIIIOE TXHIX HAHOIMKUMX CYC1/IiB Ta 00po0isie
nepexoau GoKyCcy Ha OCHOBI JaHUX, 1110 BBOJATHCS KOPUCTYBAYEM 3 IrPOBOTO KOHTPOJIEpa.

3. IIporoxon Focusable :

[IpoTokon, ikoMy OBHHHI BIAMOBIAATH €JI€MEHTH 1HTepdeiicy, 1100 OyTu po3ni3HaHUMHU
Ta KepoBaHUMU KilacoM FocusManager. lleit mpoTokos BU3Ha4Yae BIACTUBOCTI Ta METO/H,
HEOOXIJIHI JIIsi TOTO, 00 eJIeMEHT BBaxkaBcs C(hOKycOBaHMM, Taki sik name, isFocusable,
globalFrame, focus(), unfocus() Ta simulateTap().

4. Posmmpenns go enementiB UIKit :

Posmupennss nHamatotbest nns pizHux enemeHTiB  UIKit, takux sk UlControl,
UlTableView, UlSearchBar i1 UlTextView, mo pgo3Boisie iM BiANOBIIaTH MPOTOKOIY
Focusable 1 0e3nepemkonno B3aemonisiti 3 FocusManager.

i BC1 OCHOBHI KOMIIOHEHTH HA/IAIOTh TaKy (PYHKI[1I0HAJIBHICTh IILOMY (PPEHMBOPKY:
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- ABTOMaTH4YHA peecTpallisi €JIEMEHTIB, 110 MOXYTh OyTH cPokycoBaHUMHU: (HPEHMBOPK
aBTOMAaTHUYHO BUSBIISIE TA PEECTPYE BCl €JIEMEHTH, 110 (DOKYCYIOThCS, Y BIKHI, JO3BOJIAIOUN
PO3pOOHMKAM IIBUIKO HAJAIITOBYBAaTH HABITAIllI0 32 JIOMIOMOTOIO0 IrPOBUX KOHTPOJIEPIB 3
MIHIMAJIBHUM KOJIOM.

- O6poOka BXOJIB KOHTpoOJiepa Il HaBirailii mo eiaeMmeHTax, siki € Focusable: manuii
(pelMBOpK TakKOXX Hajdae (YHKIIIO WO JI03BOJISE€ J0/aTH KEpyBaHHsS JOJAaTKOM 3a
nonomororo D-pad, sikuii mpucyTHIM Ha OyIb-SKOMY KOHTPOJEPI.

- IlpuB’a3ka BXOAIB KOHTpoOJIEpa O [ B CaMOMY JIOJATKYy: PO3POOHUKH MOXYTh
NpuB’s3aTu OyIb-IKUN €eMEHT OyIb-IKOI0 MOXKJIMBOIO KOHTPOJEpA J0 MEBHUX Al a0
ejeMeHTIB iHTepdelicy. DpeiMBOPK J103BOJISIE€ TOBHOLIHHO 1 JIETKO 3 KHOMKAMU HE TUIbKU
CTaHJIapTHUX KOHTPOJIEPIB, a i 3 KHONKaMu KOoHTpoiepiB Xbox Ta PlayStation, a Takox 3
TpUrepamu Ta aHAJIOTOBUMU CTIKaMU, TOBHICTIO KOHTPOJIIOIOUH IXHE MOJOKEHHS.

3 mier0 (QYHKIIOHANBHICTIO JaHUW (QpeiMBOPK poOOUTH IHTErpaiilo IrpoBHUX
KOHTpPOJIEPIB OUIbII JOCTYMHOIW Ta chpomieHo s 10S-po3poOHMKIB. Y HACTYMHUX
niipo3aiinax Oyne Oulblll AeTadbHO OMUCAHO JAETajl peai3allii OCHOBHMX KOMIIOHEHTIB

naHoro (pelMBOPKY Ta MOTO 1HTErpaIliio B TOAATKH.

2.2 Knac GameControllerBinder

Knac GameControllerBinder € ocHoBHuM y 1poMy (peliMBopky. BiH kepye
MPUB'SI3KOI0 BXOJIIB IrPOBOT0 KOHTPOJIEpa J0 MEBHUX il Ta eleMeHTiB iHTepdeiicy B 10S-
nonatky. llelt kmac moserinye iHTErpaiio pi3HUX ITPOBUX KOHTPOJEPIB, TaKUX SIK
koHTposiepu PlayStation ta Xbox, Hagarouum po3poOHUKAM MPOCTUH Yy BUKOPUCTAHHI
iHTepdeiic s poOOTH 3 BXOJAaMH ITPOBHX KOHTpOjiepiB. Takok BIH MICTUTH B €001
ex3eMIusip kiacy FocusManager, sikuil kepye BCiMa €JI€MEHTAMH, SIKI MOXYTh OyTH Y
dokyci, a nnus po3poOHUKIB BiH Hajae (YHKINI, 3aBASKH SKUM MOXHa JIETKO J0/1aTh
HaBITaIil0 32 JOTIOMOIOI0 I'POBOTO KOHTPOJIEPY /10 CBOTO JOJIATKY.

GameControllerBinder  mictuth B co01  TakoXX  JCKUIbKA  BaXXJIMBUX
3arajibHOJJOCTYTHUX IepepaxyBaHb (enum), siKi MOJIETIIYIOTh PO3pOOHUKAM B3a€EMOJIIO 3

yCIMa MOXJIMBUMH €JIEMEHTaMH KOHTPOJIEPIB yCixX TUMIB, o niaTpumye Game Controller.
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[{i mepepaxyBaHHs BKJIIOYaTh B ceOe:

- ButtonName: Bwu3Hauae pi3HI Ha3BM KHOINOK JJisl ITPOBHX KOHTPOJIEPIB

(manpuknaza: buttonA, buttonB).

- TriggerName: Buznauae Ha3Bu TpUTepiB AJisl IrPOBUX KOHTPOJIEPIB.

-  ThumbstickName: Bu3nadae Ha3BH aHaJaroBUX CTIKIB IS IPOBUX KOHTPOJEPIB.

- ControllerType: Bka3zye tunm irpoBoro koHTposiepa (Hampukian: dualSense,

dualShock).

- PlayStationButtonName: Bu3znauae KOHKpETHI Ha3BH KHOMOK, $IKI € TUIBKH Yy

koHTpoJepiB PlayStation.

- XboxButtonName: Bwusnayae cnenu¢iuHi Ha3BM KHOINOK, $IKI € TUIBKH Yy

KoHTpoJepiB Xbox.
BukopuctoByroun came Taki nepepaxyBaHHS IIiJI 4ac pO3pOOKU NOAATKy He Oyre
BUHUKATU TpoOieM 100 B3aeMOAISITA caMe 3 MOTPIOHUM €JIEeMEHTOM KOHTpojepy 0e3
HeoOximHOocTi B3aemonii 3 kjacom GCController Tta #oro pizHUMU nOpodUISIMU  SIK
extendedGamepad, GCDualShockGamepad, GCDualSenseGamepad Ta GCXboxGamepad
00 MaTh MOXKJIMBICTh OTPUMATH JOCTYH J0 HEOOX1AHOI KHOIKH sKa MPUCYTHS caMme Ha
DualSense yun DualShock.
Oxpim mporo GameControllerBinder mictuth B €001 mpuBatHi arpulyTH, sKi
BU3HAYalOTh BCE HEOOXIJHE [JIsi TOTO, MO0 3araJibHOJOCTYIHI METOAM I[bOTO KJIacy
npaioBaiu KopekTHO. OCHOBHI aTpulyTH IOTO Kjacy, 1e :
- buttonActionBindings: CnioBHUK 1151 30epiraHHs i, TOB'S3aHUX 3 HATHCKAHHIM
KHOTIKHU.

- buttonActionReleaseBindings: CrnoBHuk s 30epiraHHs i, NOB’sS3aHUX 3
HATUCKAHHSM Ta BIJITyCKaHHSIM KHOIIKHU.

- triggerActionBindings: CnoBHUK s 30epiraHss Aiil, MOB’A3aHUX 31 3MIHOIO
CTaHy TPUTEPIB.

- thumbstickActionBindings: CiioBHUK AJi 30epiraHHs J1i, OB’ I3aHUX 31 3MIHOIO
JUTA QHAJIOTOBUX CTIKIB.

- focusManager: Exzemmsip kiacy FocusManager mns kepyBaHHA (OKycOM

€JIEMEHTIB 1HTEpEiCy.
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- desiredInitialFocusElementName: 36epirae Ha3By €1€MEHTY, KUl HIOBUHEH OyTH
y dokyci 3a noTpedu po3poOHUKA.

i cmOBHMKY CTBOPEHO /JI TOTO, 11100 MOTIM JIETKO 3YMTYBAaTH BXOJIU, 1[0 MPUXOSATh
Ha SIKyCh KOHKPETHY KHOIIKY YM 1HIIUN €JIeMEHT 3 KOHTpOJepa, 1 MOTIM MpUB’s3yBaTh
KOHKPETHY 110, B)KE€ BCTAHOBJIEHY PO3POOHMKOM Yepe3 3arajibHOJOCTYIHY (PYHKIIO J0
KOHKPETHOI KHOINKHU. Tako OKpiM 3a3HaY€HHX CJIOBHHKIB, € 1€ OKPEMO CJIOBHUKHU JIA
KHOTIOK, SIKI IPUCYTHI Jiuiie Ha KoHTposiepax Xbox ta PlayStation. Exzemmisip kmacy
FocusManager notpiOeH, OCKUIBKH BXXE 4epe3 HbOro Oyle MPOXOAUTH MPOIEC 3aMucy Ta
KEpPYBaHHs yCIMa €JIeMEHTaMHU, sIKI MOXKYTh OyTH y (POKyCl, 1 OCKUIBKM caM Kiac internal,
TOOTO PpPO3pPOOHMK HE Ma€ 10 HBOIO JOCTYIy, BIH IOBHHEH OyTH MPUCYTHIM 1
1HII1aT130BaHUM ISl KOKHOTO ek3eMmiuisipy kiacy GameControllerBinder, sikuit Oyne
CTBOpeHUM po3poOHHKOoM B Mexkax ViewController. OctanHiil ke aTpuOyT, sikuii 30epirae
Ha3By €JIEMEHTY, sIKUi MoBUHEH OyTH Yy (OKyci MOTpiOeH MJisi TOro, o0 B CUTyaIlli, KOJIU
OJIEH KOHTPOJIEp HE MIAKIIOYEHUHN J10 MPUCTPOIO, TPU MailOyTHROMY M1JIKIIFOUEHHI [OTO
IPUCTPOIO, Oylla MOXKJIIMBICTh C(POKYCyBaTH came HEOOX1IHUWA PO3POOHUKOM EJIEMEHT. 3
OCTaHHBOT'O PEYEHHS TAKOX CTA€ 3pO3yMUIMM Te, II0 1ell (PpeliMBOPK KEPYE CTAHOM TOTO,
YU € B KOHKPETHUU €JIEMEHT SIKUMCh MIJKIIOUYEHU KOHTPOJIEP, 1 B 3aJI€KHOCTI BiJl IIbOTO

CTaHy a0o MoKa3ye SIKUICh €JIEMEHT TaKUM, 110 BiH € y GoKycl abo Hi.
Pa3om 13 iuM HEOOX1AHO 3a3HAUUTH, 110 TPAIIIAETHCS MPH 1HIIIATI3AIlT eK3eMIUISIPY
kiacy GameControllerBinder, a came Te mo mij yac i HaJalITOBYIOThCA CHOCTEpirayi

CIIOBIIIIEHB JJISI BUSIBICHHS TI1/1'€THAHHS Ta B1JI'€THAHHS ITPOBUX KOHTPOJIEPIB.

public init() {
NotificationCenter.default.addObserver(self, selector:

#selector(controllerConnected), name: .GCControllerDidConnect, object: nil)
NotificationCenter.default.addObserver(self, selector:
#selector(controllerDisconnected), name: .GCControllerDidDisconnect, object:

Puc. 2.1 Iniyianizayis GameControllerBinder
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[Ticng Toro, SIK €K3EMIUISApP KJacy I1HIIiali30BaH, 1€l MOTOYHUM EK3EeMIUISp CTae
CrocTepiraueM Jyisi CIOBIMIEHb MI0A0 TOro, KOJW redMmaj mijl’€JHaHO 0 MPUCTPOIO, Ta
KOJIM BiJ’€IHAHO BIJ MPUCTPOIO, 1 AK TIIbKKA OJHE 3 IHMX JBOX CIOBIIICHb MPUXOIUTH,
BUKJIMKaeTbCa MeTox ado controllerConnected, ado controllerDisconnected, 1 came i yac
BUKJIMKY LIUX METOJIB /1€ HAIAIITyBaHHS yCiX aTpuOyTiB IBOTO Kiacy.

HaiironosHime 1151 po3poOHUKa, 1Ie caMe T1 METOAM Ta aTpulyTH KJacy, 10 SIKHX B
HbOTO Oyze AOCTYM MijJ yac poOoTu 3 AaHux (periMBopkoM. B nanomy dhpeliMBOpKY Takux
METO/IB Ta aTpuoOyTiB — 15.

ATpuOyTH, 10 SIKUX Ma€ JOCTYH PO3POOHHUK, II€:

- 1sConnected — aTpubyt Tuny Boolean, mo Bka3dye Ha Te, 4d NIJKIIOYEHUN Ha

JTAHU MOMEHT KOHTPOJIEP.
- controllerType — arpubyt tumy ControllerType, mo Bka3ye Ha TUIl ITPOBOTO
KOHTPOJIEPY, SKIIO TAKUN € MIIKIIOYEHUM, 1HAKIIIe Ma€e 3HaYeHH4 nil.
[Ilo crocyeThecs 3araibHOJOCTYITHUX METOJIB KJIacy JO MPUB’SI3KU JiH O BXOMIB
IrPOBOrO KOHTPOJIEpa, TO OCHOBHI METO/IH II€:
- bindButtonToAction(): [IpuB'szye 3amukanns (closure) 10 MeBHOT0 HaTHUCKAHHS
KHOTIKY 200 /10 IEBHOTO HATUCKAHHS Ta BIJIIMMYCKaHHS KHOIIKH.

- bindButtonToUIElement(): IlpuB's3ye KHONKYy KOHTpoJiepa A0 KOHKPETHOT
UlIButton Ta i1 xii

- bindTriggerToAction(): IIpuB's3ye 3aMuKaHHs 10 IEBHOTO TpUrepa.

- bindThumbstickToAction(): IlpuB'sizye 3aMukaHHd A0 TEBHOIO aHAJIOTOBOTO
CTIKY.

[lin yac iXHPOrO BHUKOPUCTAHHS PO3POOHUK OOUpae OyAb-sIKHM €JIEeMEHT 13 YCiX
MOXJIMBUX Yepe3 MepepaxyBaHHs Ta B 3aMUKaHHI BKa3ye Te€, 110 MOBUHHO B1JI0YBaTUCH il
4ac 1IbOT0 BXO/ly KOHTpoJsiepa. PoboTa 3 Tpurepamu Ta aHaJIOTOBUMU CTIKaMU BIPI3HIETHCS
B1JI KHOIIOK, aJ[K€ KO B KHOIKAaX JBa CTaHU — HATHCHYTa Y Hi, TO B TPUTepa € CTyMiHb
HOro HaTUCKaHHA, 1 B 3aMUKaHHI MOXHa TpaioBaTd 3 UM 3HaYeHHsM. Tak camo 3
aHAJIOTOBUMH CTIKaMH, OCKUIBKM IX MOXKHAa pyXaTd MO KOIYy, TO B 3aMUKaHHI MOXXHa
MpaloBaTH 3 JIBOMA 3HAYEHHSMH — HACKUIbKU B1J] HEHTPAJIbHOIO MOJOXKEHHS el CTIK

BIAXHMJICHUH 1O TOPU30HTAI, Ta HACKUIBKH — 10 BEPTUKATI.
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Jlnst inTerpanii cuctemu kepyBaHHs Gokycom y kiaci GameControllerBinder Takox
€ 3arajbHO/IOCTYIIHI METOJU JJIsl peecTpallii eJleMeHTIB 1HTepdeiicy, mo (HOKyCyloThCs Ta
HaJalITyBaHHS TOTO, 32 JIONOMOIO0 4Oro Oy/ie BUKOHYBaTUCh HaBirauis no num focusable
eJIeMEHTaM:

- registerAllFocusableSubviews(): PeecTpye Bci MOXIIMBI €I€MEHTH, SIKI MOXHA

c(hoKycyBaTH y JaHOMY €KpaHi.

- setlnitialFocus(): BcraHoBitoe mnodaTtkoBud (OKyC Ha TIEBHOMY €JIEMEHTI
iHTepdeiicy.

- setupDefaultDirectionallnputHandlers(): HanamroBye eneMeHTH KOHTpoJiepa st
HaBiraiii no eixementam iHTepdericy (D-pad Ta aHaIOTOB1 CTIKH).

- setupTapActionlnputHandler(): HanamToBye neBHy KHOINKY KOHTpoOJEpa Iij 4ac
HATUCKY SIKO1 OyJe CHMYJIIOBATHCh [lisl HATUCKAHHSA Ha €JIEMEHT, KUl Hapasl y
doxyci

VYei i meToau po3poOHUK Mae Hanucatu y Meroai viewDidAppear() y KOHKpeTHOMY
ViewController 3aai1s Toro, mo Bce KOPEKTHO CITIBIPALIOBAIO Ta MOKHA Oyi0 O CIOKiITHO
BUKOPUCTOBYBATH ITPOBUM KOHTPOJIEp AJISI MEPEMIIICHHSI Ta B3aEMOJIII MIXK elleMEeHTaMu
iHTEepdeiicy.

OcraHHe, ajie HE MEHIII BaXJIMBE 11€ JOMOMDKHI (DYHKIII1, SIK1 BUKJIUKAIOTHCS 1] 4ac
pobotu Mmeromy controllerConnected() 3amns HamamTyBaHHS YCiX HEOOXITHUX BXOJIIB
KOHTpOJIEpa, BUSBICHHS THUITy KOHTpOJiepa Ta BCTAHOBJICHHS MOYATKOBOTO (hOKyCy Ha
MIEBHOMY €JIEMEHTI.

[le Bce 1 cranoButh kiac GameControllerBinder, exk3eMmisp sikoro po3poOHUK
cTBOpioe y cBoeMmy ViewController Ta MeToau sSIKOT0 BUKOPUCTOBYE JiJisi OUIBII MPOCTOTO
HaJlalITyBaHHS MEBHUX BXOMIB KOHTpojepa ad0 X aBTOMAaTUYHOTO HAJIANITYBAHHS IIOJ0

KEepYBaHHSI KOHTPOJIEPOM yCIX MOXKIIMBUX €JIEMEHTIB 1HTEp(EHcCYy.

2.3 IIpomoxkon Focusable ma pozwupenns enemenmis UIKit

[lin wac po3pobOku ¢peiimBopky GameControllerBinder crano oueBugHO, 110

NOTpiOeH cTaHAapTU30BaHUM crocid KepyBaHHS (OKycOM i PI3HUX €JIEMEHTIB
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iHTepdeiicy. Ockinbku Swift — sik 11e Oys10 3a3Ha4eHO paHille, 1€ TPOTOKOJIbHO-OpIEHTOBaHA
MOBa MporpamMyBaHHS, JBa 11 (aKTOpPU MPU3BEIN O CTBOpPEHHs mpoTokoidy Focusable.
OCHOBHOIO METOIO IILOTO MPOTOKOJY € CTBOPEHHS CHIIBHOTO MIAXOAY A0 €JIEMEHTIB
iHTEepdeiicy, siki MOXKYTh OTpUMYyBaTH (OKYC, 1110 3a0e3neuye Oe3MepenIKoIHy HaBiraiito Ta
B3a€MO/IIIO 3a JIOTIOMOTOI0 ITPOBUX KOHTPOJIEPIB.

OT3Ke CTBOPEHHSI TAKOTO MPOTOKOTY 3aJ0BOJIbHUIIO TaKl MOTPEOH :

1. Cranpmaprtu3aris:

BuzHauaroun HabOip BIacTMBOCTEN 1 METOMIB, SIKI IMOBHHHI peani30BYBaTH BCl
eJIeMEeHTH, 10 (POKYCYIOThCs, MpoTokon Focusable ctannaptusye ynpasiiHHsA GokycoM y
pi3HUX KoMmoHeHTax iHTepdeiicy. Ll cranmaprtuzailis crnpolirye mpoiec po3poOKu Ta
3a0e3neuye y3roJykeHy MOBEAIHKY.

2. THyuKiCTb:

[IpoTokonbHO-OpieHTOBaHA crenudika Swift monermye po3MIUPEeHHS 1CHYHUHUX
KJaciB Ta cTpykryp. [Iporokon Focusable BUKOpUCTOBYE 110 MOMKIIUBICTh, JO3BOJSIOUU
Ooynp-akomy miakiaacy UlView BiAmoBigaTH MpPOTOKONY Ta OyTH TakuM, L0 MiAJIATae
MOXJIMBOCTI KEpYyBaHHS 33 JOTIOMOTOI0 KOHTPOJIEPY.

3. Hasgiramis:

VY KOHTEKCTI moTped, siki BUplllye AaHUN (PpelMBOpPK HaBIraiis Mo eJIeMEeHTax
iHTepdeiicy mae BupimanbHe 3HaueHHs. [Ipotokon Focusable namae HeoOxiaH1 MeToaU Ta
BJIACTUBOCTI JUIsl KEpyBaHHSA 3MIHOIO (DOKYCy, II0 pOOHUTH MOXIIMBUM HaBIralilo IO

iHTepdeiicy 1o1aTKy 3a J0MOMOTO0 I'POBUX KOHTPOJIEPIB.

public protocol Focusable {
var name: String { get set }
var isFocusable: Bool { get }
var globalFrame: CGRect { get }

func focus()
func unfocus()
func simulateTap()

Puc. 2.2 Buznauenns npomoxkony Focusable
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VY tunis, siki MalOTh BIAMOBIJATH IbOMY MPOTOKOIY MOBUHHI OyTH Taki aTpulyTH Ta

MCTOAMH

BiI[CTe)KCHHH CJICMCHTA y aJIroOpuTMax

isFocusable: Buznauae, un Mmoxke eJ1eMeHT Hapa3i oTpuMaru GoKyc.

pOrpaMu.

HaJallTyBaTH MOr0 30BHIMIHIA BUIIISI.

ckacyBartu Oy/ab-siki 3MiHH, 3po0seHi B focus().

simulateTap(): Meton, 110 IMITy€ K€CT AOTUKY JI0 €JIE€MEHTA.

name: YHIKaJbHUI 1IeHTU(PIKATOP €IEMEHTY, SIKUl BUKOPUCTOBYETHCS 3 METOIO

globalFrame: Pamka enemeHTa B KOOpPAMHATHOMY IMPOCTOP1 TOJOBHOTO BiKHA

focus(): MeTon, 1m0 BUKIUKAETHCS, KOIM €IEMEHT OTpuMmye (OKyc, 1100

unfocus(): MeTon, 10 BUKIMKAETHCS, KOJIU €JIEMEHT BTpadae (oKyc, 100

OCKUIBKH BC1 €IEMEHTH, SIKI CTBOPIOIOTHCS Ta JOJAIOTHCS HA TOJIOBHE BIKHO JOJATKY

iz yac po3pooku goaatky Ha UIKit € migkmacamu UIView[8], To mix yac peecTpailii ycix

MOXJIMBUX €JIEMEHTIB 3 TOJIOBHOTO BIKHA 30MPaIOThCS YC1 €IEMEHTH, 10 HAJIEKATh KIlacy

UlView 1 3 HUX Bxke (DUIBTPYIOTHCS JIMIIIE Ti €JIEMEHTH, YUi TUIIH BIJIIOBIIAIOTH MPOTOKOITY

Focusable. I qis toro, mo6 neski 3 icHyrounx migkiaacie UlView BIINOBIIAIN JTaHOMY

MPOTOKOINY,

OyJl0 CTBOPEHO PO3UIUPEHHS JUIsi TaKuX TMIJKIACIB, BUKOPUCTOBYIOUU

¢dbynkmionan Swift. [{i po3mupeHHs peani3yroTh HEOOXI1JIHI BIACTUBOCTI Ta METOAM, IO

J03BOJIIE€ UM €JIEMEHTaM Oe3MepeIKoAHO OpaTh y4acTh y CUCTEMI KEpYBaHHS (POKYCOM.

NSObject

|

NSResponder

; | —
Ulview
Controller

UlTableView UllmageView UlControl UlLabel UlStackView

UlApplication UlView

[ I i [ I

UlDate UlSegmented

uUliSlider uiButton Uiswitch

Picker Control

Puc. 2.3 Iepapxia xnacie UIKit
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3BuuaiiHo, naneko He Bci migkimacu UlView MaroTh BIANOBiIaTH MPOTOKOTY
Focusable, ockinpku He yciMa UMM MOigKJIacaMu MOKHa 1 Tpeba kepyBaTtu. OCHOBHOIO
JIOT1KOKO JOJIaBaHHSI PO3LIUpPEHb OyB (DaKT TOTO, YM MOXKHA Ha 11 €JIEMEHTU HATUCKATH B
nporpamMax i yu Oyze BiiOyBaTucs moch micis Hatucky. Came uepes 1e Hanpukiaj, UlLabel
HE OTPUMAaB PO3LIMPEHHS, OCKUIBKHY 1€ TAKUM €IEMEHT, 1110 BiIoOpaXkae oAuH abo JeKiibKa
pAIKIB 1H(GOPMAIIHHOTO TEKCTY, TOOTO MPU HATHCKY HAa HHOTO HIYOrO HE BiAOyBaeThes 1
CEHCY TaKOMY €JIEMEHTy OyTH KepOBaHHMM 3a JIONIOMOTOI0 KOHTposiepa Hemae. Tomy came
taki nigknacu UlView marote posmmpenss : UlTableView, UlSearchBar, UlTextView a
takok UIControl, To6To 1 Bci migkimacu UlControl Taxi sk : UIButton, UISwitch, UlStepper,
UlTextField Ta inmi. i Bci miakiaacu € iHTEpaKTUBHUMH, TOOTO TAKUMU 3 SIKUMH MOXHa
B3a€EMOJIISITH, ajie OCKIIBKH 1[eH MPOTOKOJ 3arajibHOJOCTYTHUM 3 JaHUM (PPEHMBOPKOM, TO
PO3POOHUK MOXKE JOAATH PO3IMIMUPEHHS A0 Oyab-skoro migkiaacy UlView, 3poOuBiiu ioro
Focusable.

Oxkpim mporo Oyno crtBopeHo okpemo kiac EdgeElement. Ile cnemianizoBana
peanizamisa nporokony Focusable, mpusHauena myist oOpoOKHM KpaiHIX BHIMAJKIB, KOJU
€JIEMEHTH 1HTep(EiCy MOBUHHI B3aEMOAISTH 3 CUCTEMOIO YNPaBIiHHA (POKYCYBaHHAM, aJie
HE MIAXOJATH JJIsl THTIOBUX BUIIAJIKIB BUKOPUCTAHHSI, OXOIUICHUX 1HIIMMU efieMeHTaMu. [lei
OKpeMUil Ki1ac Oysie He0OX1THUM, KoJii Tpeba Oyze OynyBaTy HaBiraiiiiHy Maiy eKpany, JJs
PO3YMIHHS TOTO, /1€ AKUW €JIEMEHT 3HaXOAUThCS. B Oylb-IKUX 1HIIUX BUMAJKAX el Kiac

HISIK HE BUKOPUCTOBYBATUMCTLCA.

final class EdgeElement: Focusable {
var name: String = "Edge"
var isFocusable: Bool = false
var globalFrame: CGRect = .zero

func focus() { />
func unfocus() {

public func simulateTap() {/x Do

Puc. 2.4 Peanizayia knacy EdgeElement
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2.4 Knac FocusManager

JlaHuii k1ac € BaXJIMBOIO CKJIa0BOI0 jJaHoro (peiimBopky GameControllerBinder.
Moro romoBHa MeTa — KOHTPONIOBATH EIEMEHTH, SKi MOXYTh OyTH y (OKyCi, B MexKax
KOPHUCTYBAILKOTO 1HTep(eicy 10aTKy, JOJAI0YN TAKOX HABITAIIIIO Ta IHTEPAKIIIO 3 TaHUMU
o0’exramu. Came B LbOMY KJacl po3po0J€HO aJrOpuTM OyayBaHHS HaBIrauiiHOi Maru
€KpaHy.

[lepen TuM, sk meperTH 10 caMoOi CTPYKTYpH KJIacy Ta WOro arpuOyTiB Ta METOIB,
BXJIMBO PO3YMITH T€, SK MPAIO€ KEpyBaHHS 1HTEpdercoM 3a JI0MOMOTOI0 IrpOBOrO
koHTposepa. [lo-niepiire, 3aBx11 NOBUHEH OyTH €JIEMEHT, SIKUH € Y POKYCi, 1100 KOpUCTyBay
pPO3YMIB 3 SIKMM €JIEMEHTOM BiH Hapa3si B3aemopie. [lo-apyre, 3MiHa eleMeHTy, KUl € y
(dokyci Moxke OyTH 3/11liICHEHa Y YOTUPHOX HaIpsIMKax — JIIBOPYY, MPaBOPYyY, BTOPY Ta BHU3,
OCKUIbKA KHOmKa D-pad Ha reiiMmaai Mae came 4YOTHUPH HaMpsSIMKUA 1 BOHA 3a3BUYai
BUKOPHCTOBYETHCS 1151 KEPYBAHHSI 1HTEpPeiicoM.

OTtxe, 11 noOylyBaHHs HaBIralliiHOT Mamy JJ1s1 KOXKHOTO €JIEMEHTY, SIKUi MOXe OyTH
y (pokyci Tpeba po3yMmiTH SIKUM THITUN €IEMEHT cepell ICHYIOUUX € HAMOIMKIUM JI0 1IbOTO

B YCIX YOTUPHOX HampsimMkax. Jljist iiboro Oyno ctBopeHo kinac FocusableElement.

private final class FocusableElement {

var thisElement : Focusable

var nearestRight : Focusable? = nil
var nearestlLeft : Focusable? = nil
var nearestBottom : Focusable? = nil
var nearestTop : Focusable? = nil

init(element : Focusable) {
self.thisElement = element

Puc. 2.5 Peanizayin knacy FocusableElement
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[eit xnmac 30epirae iHGoOpMaIli0 HE TUIbKU MPO KOHKPETHUI €JIEMEHT, a U 11e mpo
€JIEMEHTH, SIK1 € HAUOIMKUYUMHU JI0 I[HOTO €JIEMEHTY Y BCIX MOXKJIMBHUX YOTUPHOX HAMPSIMKAX.
[lin yac iHimiamizamii UbOrO KJacy, €K3eMIUISp Kiacy Mae iHdopMmalliio Juiie mnpo ueu
€JIEMEHT, 1HIII1 XK aTpulyTH Kiacy MaroTh 3HaueHHs nil. Ticas xx Toro sik Oyne moOynoBaHa
HaBIrauiiHa Mamna eKpaHy y BCIX aTpuOyTIB OydyTh SIKiCh 3HaueHHs, aie He nil. Came s
uporo Oyio ctBopeHo okpemo kinac EdgeElement. Slkiio enemMeHT Ha ekpaHi € KpaitHIM a0o
3 SIKOTOCh OOKY, TO JJI LIbOTO €JIEMEHTY HaWOIMXK4YMM €JIEeMEHTOM 3 Toro OOKy Oyne
EdgeElement — ockunbku BiH Takoxk € Focusable. Ile 3poGneno nmsi, Toro mo0 mani
MPaIlOBaTH 3 HABITAI[IHOIO MAro0 OyIo Jierie 1 0yyo 4iTKe pO3yMIHHS TOTO, 110 Y SIKOTOCh
€JIEMEHTY HeMa€e HaWOMMKYMX €JIeMEHTIB Mo sKiich O1k. OKpiM 1bOro Oyl0 CTBOPEHO
nepepaxyBanns FocusDirection, ajis Toro, 106 0yIio Jieriie npaioBaTy 3 HanpsIMKaMu Mpu
3HAXO/I>)KEHH1 HAaHOIM)KYUX €JIEMEHTIB.

B camomy x knaci FocusManager npucyTHi Taki aTpuOyTH fK :

- focusableElements: Macus exk3zemmisipiB FocusableElement.

- currentFocusedElement: AtpuOyT, sikuii BIACTEXY€ HOTOYHUN C(HOKYCOBAHMIA

CJIEMEHT.

- currentFocusedIndexPaths: C1oBHUK, SIKHH BIACTEXKY€E MOTOYHUN CPOKYCOBAHHIMA
panok y ex3demmuisipax UlTableView, 3abe3neuyiour TOYHY HaBiraimiro y
MpeACTaBICHHSIX TaOIUIIb.

IIpu nponaBanHi enemeHTiB Tuny Focusable y MacuB eneMeHTIB TuUIly
FocusableElement nepeBipsieThes, un manuii enemeHt isFocusable, 1 skiio tak, To Bke BiH
iHimanizye exzeMmiuisip FocusableElement. Ilicns mporo mocrae 3agada moOymayBaHHS
HaBIrallHOI MalM cepej yciX JOCTyNHUX eleMeHTIB. [l mporo mepim 3a Bce Tpebda
OJTHO3HAYHO BU3HAUUTH SIK 11O BIIHOIICHHIO OJIMH JI0 1HIIIOTO 3HAXOJATHCS €JIEMEHTH.

[To-nepie, y po3po0iii 10AaTKIB caMe Ha pucTpoi 10S moyaTrkoM KOOPAUHAT € JIIBUN
BEpXHIA KyT ekpaHy[9]. UuMm HIK4Ye €JIEeMEHT 3HAXOAUThCA, TUM 3HAUYCHHS HOro y-
KOOpJMHATU Olibllle, YUM IMpaBillle 3HAXOIUTHCS €JIEMEHT, THUM 3HAY€HHs MHOro X-
KOOpJMHATU Ounbllie. B KOXKHOTO €1eMEHTYy Ha €KpaHi € paMmka, 110 IpeacTaBise co0o0ro

MPSIMOKYTHHK 31 CTOPOHAMHU, MApaJeIbHUMU OCSIM KOOpAUHAT. J{J11 pO3yMIHHS MOJIOKEHHS
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€JIEMEHTY Ha €KpaHi y Hboro € atpudyT globalFrame. ¥V nporo arpulyty € Taki o04ucieH1
reOMETPUYHI aTpUOyTH SIK:

- minX — HaliMeH111e 3Ha4€HHsI X-KOOPAUHATH MPSIMOKYTHHKA. TOOTO 1€ 3HAUCHHS
X-KOOPAUHATH JJIS KOXKHOT TOYKH JIIBO1 CTOPOHU MPSIMOKYTHHUKA.
- midX — 3HaueHHS X-KOOPJAUHATH LIEHTPY MPSAMOKYTHHKA.
-  maxX — HaiiOunbliie 3Hau€HHS X-KOOPJIMHATU NPAMOKYTHUKA. TOOTO 11e 3HAaUCHHS
X-KOOPAUHATH JJI KOKHOT TOYKH MPABOi CTOPOHU MPSIMOKYTHHKA.
Taki x cami arpuOytu € y globalFrame, 1m0 cTocyroTbcst HAIMEHIIOTO, HAO1IBILIOTO
Ta 3HAUEHHS IEHTPY VY-KOOPAMHATH B NPSIMOKYTHHKA, /i€ 3HAUYCHHS HAWMEHIIOi Y-
KOOPJIMHATH — 11€ BEPXHS CTOPOHA MPSIMOKYTHHKA, a 3HAUCHHS HAOUIBIIOT y-KOOPAUHATH —

IS HWKH CTOPOHA MPSIMOKYTHHKA

(0.0)

Puc. 2.6 Cucmema xoopounam ¢ UIKit
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[To-npyre, mo6 3amoOIrTH [BO3HAYHOCTI, IIOAO PO3TAUIyBaHHS OJHOIO EJIEMEHTY
BIJIHOCHO 1HIIOTO OYyJ10 pO3p00JIEHO TaKi mpaBuia :
1. EnemeHT A 3HaxonuTbcd 3HM3Y eleMeHTa b, skumo 3HadyeHHs arpubyTy minY
enemeHTa A Outblie ab0 JOPIBHIOE 3HAUEHHIO aTpulyTy maxyY enemeHrta b.

2. IHakmie, eneMeHT A 3HaXOOUThCA 3BEpXy elleMeHTa b, Ko 3HaueHHs aTpulyTy
maxY eneMeHTa A MeHIIe a00 JOPIBHIOE 3HaYEHHIO aTpulyTy minY enemeHTa b.

3. Inakuue, eneMeHT A 3HaXOAMTHCS MPABOPYY eleMeHTa b, sSKkio 3HaueHHsa aTpulyTy
minX ejneMeHTa A Ouiblie a00 JOPiBHIOE 3HAaYeHHIO arpulyTy maxX enementa b.

4. B yciX 1HIIUX 3aJUIIMBIINXCSA BUMAJKaX €IEMEHT A 3HAXOAUTHCA JIBOPYY €JIeMEHTa
b.

Ili mpaBuiaa OJHO3HAYHO BH3HAYAIOTh IOJIOKEHHS €JIEMEHTIB BIJIHOCHO OJWH 1HIIOTO.
Takox BapToO 3a3HAUMUTH, IO 33 YMOBU PO3IOJIOKEHHSI E€JIEMEHTIB [1arOHaJbHO OJWH
BIJIHOCHO 1HIIIOrO, TOOTO KOJIM €JIEMEHT OJHOYACHO 1 3BEpXy 1 MpaBOpyY, HApPHUKIAI, B
IbOMY BHMAAKy O€peTbCcsl 3HAUYECHHs 3BEpXy, TOOTO B JaHUX IMpaBUJIaX BEPTUKAJIbHE
PO3IOIOKEHHS €JIEMEHTIB € OUIbII MPIOPITETHUM 3a TOPU30HTAJIBHE PO3MOJIOKEHHS
ejleMeHTiB. BianmoBiHO [0 muxX mpaBui Oyl0 pO3pOOIEHO METOJ] Kiacy IiJl Ha3BOIO
position(), sSIKMH AK MapaMeTpu IpuiiMae JBa enemMeHTH Tuny Focusable, a moseprae
3HayeHHs tuny FocusDirection.

OkpiM BU3HAYEHHS TOJIOKEHHS EJIEMEHTIB, 3BUYAHO Tpeba Iie MNEepeBIPATH YU €
HaIpUKiIaa eJeMeHT B OnmxdnM 10 eneMeHTy A HiX eleMeHT b B 3a3HaueHOMY HampsIMKY.
s uporo takoxk Oyno cTBOpeHO Meron kjacy mij Ha3Bow checklfNearest(), sxuii sik
napamMeTpu InpuiimMae Tpu enemeHTH Tuny Focusable, Ta oauH eneMeHT TuIy
FocusDirection, a nmoBeprae 3HaueHHs Tunly Boolean. B camoMy »x MeTOZ1 711 KOXKHOTO 3
4oTUpbOX 3HaueHb FocusDirection mnepeBipsSeTbCs, YW € €IEeMEHT ONIMKYUM YU HI.
Posrnsnemo nepeBipky ans 3HaueHHs FocusDirection right, To6T0 uu € enemenT B 6nuxuum
710 €JIEMEHTY A, HIXK eleMeHT b mpaBopyd :

1. Axmo 3HaueHHs arpulyTy minX eneMeHTa B MeHmie Hik 3Ha4eHHS minX eleMeHTa

b, To moBepraernes true.
2. IHakmie, KO HaueHHs arpuOyTy minX enemeHTa B Ounble HiX 3HaueHHS minX

enemenTa b, To moBepTaeThcs false.
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3. Inakmie, KO 3HaYeHHs aTpuOyTiB minX [Js IUX JABOX E€JIEMEHTIB OJHAKOBE, TO

paxyroThCsl BIJICTaHI BiJ] TOUKHM NPABOTO BEPXHHOTO KyTa €JeMeHTa A 10 TOYOK
CepelnH JIIBUX CTOpiH eneMeHTiB b Ta B, 1 32 yMOBHM 10 BiICTaHb JO CEPEIUHU
CTOpOHHU eyieMeHTa B MeHI1a abo JOpIBHIOE BIJICTaHI1 JJO CEPEANHU CTOPOHU €JIEMEHTa
b, moBepTaeThcs true, iHaKIIe moBepTaeThes false.

Takum caMUM YMHOM MPOXOAUTH MEPEBIPKA ISl OyAb-SKOTO 13 3a3HAUCHUX HAIPSIMKIB.
Takox nis 61U1bII €PEKTUBHOT pOOOTH METOAY AJISl 3HAXOIKEHHSI HAMOMMKUNX €JIEMEHTIB
JUTSL KOXKHOT 3 CTOPiH HabaraTo MpOCTIlIe MPaloBaTy 3 BIOPSIAKOBAHUM MAacCHBOM 3HAYEHb
FocusableElement, ToMy Oyno Takox po3poOJIE€HO METOIU COPTYBaHHS €JIEMEHTIB
TOPU30HTAIBHO Ta BEPTUKAIBHO.

[Ipu copTyBaHHI €J1€MEHTIB TOPU30HTAIBHO CIIOYATKy BPAXOBYETHCS 3HAUEHHSI aTpUOyTy
minX, TOOTO YKM JIiBIIIE €JIEMEHT, TUM PaHIIlle€ BiH 3HAXOJIUTHCS Y MACHUBI, AKIIO 3HAYCHHS
aTpuOyTy OJHAKOBE JIJISl IBOX €JIEMEHTIB, BPAXOBYEThCS 3HAUCHHSI maxyY, TOOTO YUM BUIIE
3HaXOJUTHCSl €JIEMEHT THM paHillie BiH Oyle 3HaXoAUTHCh B macuBi. [lpu copryBaHHi K
€JIEMEHTIB BEPTUKAJIBHO CIIOYAaTKy BPAaXOBYETHCS 3HAYEHHS minY, IO BUIIl €JIEMEHTHU
3HaXOIWJIKUCh paHillle y MacuBy, a MPU PIBHOCTI 3HAUYEHb LILOTO aTPUOYTy BPaxOBYEThCS
3HaueHHsI maxX, TOOTO YMM JiBillI€ 3HAXOAUTHCS €JIEMEHT, TUM PaHIIlIe BIH 3HAXOAUTHCA Y
MacCHBI.

['onoBHMM ke MeTo0oM Y Kinaci FocusManager, sikiil BUKOPHCTOBYOU1 YC1 BUIIIE ONKMCaH1
JOTIOMIXHI METO/IM Oy[lye HaBiramiiiHy mamy ekpany € metoz calculateNearestNeighbors(),
MeTa SIKOrO 3almoOBHUTH 3HaueHHs yci arpulytu kiacy FocusableElement, a came
nearestLeft, nearestRight, nearestTop Ta nearestBottom. Jlns mporo mnepmr 3a Bce
NEPEBIPAETHCA KUIBKICTh €JIEMEHTIB MAcHBY, 1 SIKIIO iX MEHIIE TPhOX, TO BPYUHY
3aIOBHSIOTHCS 3HAYEHHS aTpUOyTIB KJacy JUlsl €JIEMEHTIB MacCUBY, 1HAKILIE W/1€ 3alI0BHEHHS
[UX aTpUOYTIB 3T1IHO 3 PO3POOJIECHUM aITOPUTMOM, META SIKOTO 3a HAaWMEHIY KIJIbKICTh
IUKJIIB IPUCBOITH MPABUIIbHI 3HAUYECHHSI YCIM aTprlyTaM.

CnoyaTky, MacUB COPTYEThCS BepTUKaJbHO. [licisi Takoro copTyBaHHsS IMOCTAa€E MeETa
HaJaTh NpaBUIbHI 3HaYEHHS arpuOyTam nearestTop Ta nearestBottom st ycix eaemMeHTIB

MacCHuBY. AJ'IFOpI/ITM IIPUCBOCHHA 3HAYCHb BUITIAJA€ TAKKUM YHNHOM:!
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1. Oppazy micnss cOpTyBaHHSI JUIsl MEPIIOrO eleMeHTy st atpuOyty nearestTop
HajaeTbesl 3HaueHHs EdgeElement, a 118 OCTaHHBOrO €neMEHTYy A arpuoyTy
nearestBottom Takox Hagaetscs EdgeElement, OCKUIBKY 111 €1EMEHTHU € KPAaHIMU 3
JIBOX OOKIB, 1 JUIsl IIUX €JIEMEHTIB HE MOXKE OyTH €JIE€MEHTIB 1110 3HAXOJSAThCS BUIIIE,
SKIIO 1€ CTOCY€ETHCS MEPIIOTO €IEMEHTY, Ta HIXKYE, SKIIO 1€ CTOCYEThCS OCTAaHHBOTO
€JIEMEHTY.

2. OcCKUIbKM 3TiHO 3 BCTAHOBJIEHUX IMPaBUII, MepeBara HAJA€ThCS BEPTUKATHLHOMY
MOJIOKEHHIO €JIEMEHTIB aH1’K TOPU30HTATILHOMY, 3aBXK/I1, KOJIA €JIEMEHT 3HaXOJUThHCS
BUILIE 3a IHIIMWA METOJ, IO BHU3HAYA€ pO3TAllyBaHHS IILOTO €JIEMEHTy Oyje
MOBEPTATH 3HAYEHHA up. ToMy criouaTKy nepea OCHOBHUM IIUKIJIOM M€ JOTIOMIXKHUI
SAKUWA PO3MOYMHAETHCS 3 TMEPEJOCTAHHBOTO EJIEMEHTY, 1 MPOAOBKYETHCA JAOMOKHU
€JIEMEHT 3 SIKUMOCH 1HJIEKCOM Yy MAacHBl HE PO3TAIlIOBAHUI 3BEpXYy HaJ OCTaHHIM
€JIEMEHTOM 3T1HO 3 MeTony position(). [Ipu 1pomy, KO0 €1EMEHT PO3MOI0KEHUM
HE 3BepXy, s Horo arpudyTy nearestBottom nanmaerbcst 3naueHHss EdgeElement,
OCKUIbKU SIKIIO TaKl €JIEMEHTHU 3HaXOASIThCA HE 3BEPXYy OCTAHHBOTO EJIEMEHTY,
3HAYUTH JIJISl HUX TAKOXK HEMA€ €JIEMEHTIB 3HU3Y.

3. OcHOBHHUI X€ LUK TPUBAE 3 MEPIIOTO €IEMEHTY TOMOKHU JJIsl €JEMEHTY 3 MEBHUM
1HJeKcoM 3HaueHHs arpulyTy nearestBottom mopiBHioe nil. To6To B Haiiripiomy
BUMAJAKY [HUKJ TPUBATUME J0 MEPEIOCTAHHHOTO E€JIEMEHTY, 1HAKIIE * BIH MOXKE
nepepBatuch panime. [1ig 4ac 1boro OCHOBHOTO LUKy ¥ HaalOThCA YC1 3HAYEHHS
11t aTpuOyTiB. AJie epe]l TUM SIK 3HAXOAUTH HAaHOIMKY1 €JIEMEHTH 3HU3Y Ta 3BEPXY,
SKIIO MOTOYHUM €JIEMEHT € MEPIIUM, TO JOMOKHU E€JIEMEHT 3 SIKUMOCH 1HJIEKCOM Yy
MacHBl HE 3HAXOJUTHCSI 3HU3Y MO BIJHONIIEHHIO JI0 IILOTO €JIEMEHTY, JJIS TaKUX
enemMeHTiB nisi atpubyTty nearestTop Hamaethes 3HaueHHs EdgeElement 3 Takux
caMUX NPUYMUH, AKl Oynau 3a3HadyeHl y myHKTI 2. Ilicis nporo Bxe Hae OCHOBHUM
MOIIYK.

4. CrnouaTky 3a 10OMOIO0 LUKy While IIyKa€eThCsl €1eMEHT AKUM 3HaXOAUTHCS 3HU3Y
BIJIHOCHO MOTOYHOTO eyieMeHTy. Koy Takuil eleMeHT 3HaAWJIeHUM TO SIKIIO METOM
checklIfNearest() mis 1bOro €J1e€MEHTY BITHOCHO MOTOYHOTO €JIEMEHTY 1 3HAYEHHS

Moro arpubyty nearestBottom pans mosunii down moBeprae true, To aTpudyTy
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nearestBottom J71s TOTOYHOTO €JEMEHTY HANAETHCSA 3HAYEHHS 3HANAECHOTO €JIEMEHTY.
B 1ieit ke yac mig yac cxoxoi nepeBipku 3a nonomoroto metony checklfNearest() 3a
YMOBH BaJllJHOI NEpeBIpKU A arpuOyTy nearestTop s 3HailIEHOrO eneMeHTy
HAJA€THCS 3HAYEHHS IOTOYHOTO €JIEMEHTY.

5. Tlicns Toro, sik eneMeHT OyB 3HAWJIEHH, Ta MpaBUJIbHI 3HAYEHHS OyJIu MPUCBOEHI,
BCEpEJICHI OCHOBHOTO IUKITY TaKOX € BHYTPILIHINA HIUKJ. BiH cripaipoBye Juiiie Toai
KOJIM 1HJIEKC 3HAaWJIEHOTO €JEMEHTY HE JOPIBHIOE 1HJEKCY OCTAHHBOIO E€JIEMEHTY
MacuBy. el BHYTpIIIHIN [IUKJI IPALIOE 3 HACTYITHOTO €JIEMEHTY MO B1IHOIIEHHIO J0
3HANJIEHOTO JOIMOKH €JIE€MEHT 3 KOHKPETHUM IHJEKCOM HE 3HAXOIWUTHCS 3HU3Y IO
BIJIHOIIIEHHIO JI0 3HANIEHOTO €JIEMEHTY, TOOTO METa IIbOTO IIUKJTY BUSBUTH €JIEMEHTH,
SIK1 3HAXOAATHCS Ha OJTHIM TOPU30HTANIBHIN JTHIT. SIKIO TaKl eJIEeMEeHTH 3HAHIEHO TO
HalirojoBHime 1e il Hux micias nepeBipku checkIfNearest() mns arpuOyTis
nearestTop HaJaeThCs 3HAYEHHS! TOTOYHOT'O €JIEMEHTY, 1 111 HOTOYHOI'O €JIEMEHTY 32
YMOBH BaJIITHOI IEPEBIPKHU 117151 aTpuOy Ty nearestBottom HanaeTbcsa 3Ha4EHHS OTHOTO
3 IIUX €JIEMEHTIB.

6. Ilicig BHYTpIIIHBOTO LMKIY, IKMM MOXE 1 HE BUKOHYBaTHCh 3MIHIOETHCSI 3HAUECHHSI
1HJIeKca MOTOYHOTO eJeMEeHTY Ha 1 1 poOOTa OCHOBHOIO IHUKIY PO3MOYMHAETHCS
3M0YATKY.

[licns Takoro aaropuT™My JUisl yCiX €JIEMEHTIB MacuBy OyAyTh HaJaHi 3HAYEHHS
nearestTop Ta nearestBottom. ITicis bOro MacuB COpTY€ETHCSI TOPU3OHTAIBHO JJIsl HAIAaHHS
3HaueHb aTpuOyTam nearestLeft Ta nearestRight. Anroput™m ke mpucBO€HHs 3Ha4Y€Hb OyJie
TPOXHU BIAPI3HIATUCH BiJl TOTO, IKUM BiH OyB MICJI BEPTUKATIBLHOIO COPTYBAHHS :

1. Tlepmwmii KpoK TYT HIYUM HE BIAPI3HAETHCA BiJ TOTO, 1O OYyJI0 3pOOJIEHO MicHs
BEPTUKAIBHOTO COPTYBaHHS 3 €JMHOIO0 3MIHOIO 1110 3aMICTh 3HaueHb nearestBottom
HaJlaeThesl 3HaueHHs Juis nearestRight, a 3amicTh nearestTop — nearestLeft.

2. Ockinbku, sk Oya0 3a3HAYEHO paHillle, IepeBara HAJAEThCS BEPTUKATHLHOMY
MOJIOKEHHIO €JIEMEHTIB, TO HE 3aBXIM, SKILIO €JIEMEHT 3HaXOJIWUThCA MpaBille 3a
1HIIMH, MeTo position() moBepTaTuMe 3HaueHHs right. Tomy B 1IbOMY BUIAJIKy HE
MOKHA WTH TaKMM CaMUM IUIAXOM K 1 10 I[bOT0, TOMY TYT OJpa3y iJie OCHOBHUM

LUK SIKUA pO3MOYUHAETHCS 3 TIEPIIOTO €IEMEHTY Ta 3aBEPIIYETHCS OCTAHHIM.
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3. Ilix yac UPOTO UKy IIYKAETHCSA €IEMEHT, KM 3HAXOAUTHCS MO BIAHOLIEHHIO JI0
MMOTOYHOTO MPaBOPyY, 1 TaK CaMo, SIKIO TaKUW eJeMEHT OyJo 3HaiJIeHO, TO MiCJIs
nepeBipKu JJis loro aTpuodyTy nearestLeft HagaeThCs 3HAYEHHS TOTOYHOTO €JIEMEHTY.
Tak camo nns 3HaueHHsA arpuOyTy nearestRight nias moTouHoro enemeHrty micis
BaJI1JIHOI MEPEBIPKU HAJIA€ThCS 3HAYCHHS 3HANUIEHOTO €JIEMEHTY.

4. B 0CHOBHOMY LIMKJII TaK CaMO € BHYTPILIHIN [IMKJI META SIKOTO Taka X cama 110 1 Oyna
y Takoro * LMKy MICIs BEPTUKAJIbHOTO COPTYBAaHHSA — BUSBHUTH €JIEMEHTH SKI
3HaXOMAThCS HA OJHIA BepTUKalbHIM niHii. [IpoTe OkpiM 1BOrO, IIe OJHA yYMOBa
CIIpaIfOBaHHS IIUKILY, 1I€ T€, 1110 METOJ position() MOBHUHEH MOBEPHYTH 3HAYEHHS right
JUISL 3HAWJEHUX €JIEMEHTIB, OCKUIBKM HE 3aBXKIU SKIIO €JIEMEHT 3HAaXOJIUThCA
MpaBoOpyY, MOTO MO3UIIiS BIIHOCHO MOTOYHOTO Oy/le Takol camolo. AJie SKIIO Iii
YMOBH CHPALbOBYIOTh, TO TAKUM € YMHOM HICJS BaJiJHUX MEPEBIPOK HATAIOTHCS
3HAYEHHS IOTOYHOI'O €IEMEHTY Ui aTpuOyTy nearestleft 1uist 3HalineHux eneMeHTiB,
1 3Ha4EeHHs OJHOTO 3 €JIEMEHTIB JJis aTpuOyTy nearestRight moTouyHOro €1eMeHTy.

5. Tlicnst po6OTH BHYTPIMIHHOTO LUKITY, SIKIIO JJIS MOTOYHOTO €JIEMEHTY TaK 1 He Oylio
3HAMJIEHO €JIEMEHTY MPaBoOpyY BiJ HbOTO, TO JUIs aTpuOyTy nearestRight HanaeTbcs
3HaueHHs EdgeElement 1 nukn po3nounHae cBoro poOOTY 3HOBY BXKE 3 HACTYMHOTO
€JIEMEHTA.

6. Ilicns 3aBepiieHHs] pOOOTH OCHOBHOTO IUKITY BUKJIMKAETHCS 1€ OJIUH IIUKII IO BCIX
€JIeMEHTaX MACHUBY, SIKUM TepeBipse 3HaueHHs aTpuOyTiB nearestLeft ememeHnTiB
MacHBy. 3a YMOBH, SKIIO 3HAUCHHS aTpuOyTiB JOPIBHIOE nil, iM Ha1atOThCs 3HAUCHHS
EdgeElement.

Takum urHOM micast poOOTH LUX JBOX AJITOPUTMIB IICHSI ABOX COPTYBaHb yCl1 aTpuOyTH
€JIEMEHTIB MaCUBY OTPUMYIOTh 3HAUCHHSI, 2 3HAYUTH HaBIraliitHa Marma ekpany noOyJaoBaHa,
OT)KE€ Tenep MOXHO ii BUKOPUCTOBYTH IS TOTO, 1100 MEPEMILyBaTUCh MIX PI3HUMU
€JIeMEHTaMHU.

OT:xe micist Toro, K OyJI0 3apEECTPOBAHO yC1 €IEMEHTH, SIKI MOXKYTh OyTH Y (OKyci
BUKJIMKAeTbCsl MeTon calculateNearestNeighbors() micisi BUKIMKY $KOTO BXKE€ MOXXHA
cTaBUTU (POKYC Ha Oylb-IKUI 3 TOCTyIMHUX €JIEMEHTIB, 00 SAKIIO (POKYC HE BCTAHOBJIEHO

BpYuHY, (OKyC OyZe BCTAHOBJIEHO aBTOMaTHYHO Ha HAaBHUILUN eleMeHT cepen ycix. [licns
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LbOT'O BX€E MOYKHA KEPYBaTH TOTOYHHUM €JIEMEHTOM Y (pokyci. /{7151 Takoro kepyBaHHS y KJacl

FocusManager icCHyIOTbh TaKki METO/IH:

clearFocus() : 3nimae ¢okyc 3 moToyHO C(OKYCOBAaHOrO €JIEeMEHTa 1 Hajaae
arpulyTy currentFocusedElement 3nauenns nil.

changeFocus(): 3MiHtoe (okyc Ha HACTyNMHUNM €JIEMEHT Ha OCHOBI BKa3aHOIO
HampsIMKy (Bropy, BHHU3, JIIBOpYy4Y, mpaBopyd). OOpoOinsie mnepexoad Mix
eJIEeMEHTaMM Ta Kepye BX0/IoM 1 BUxoJioM ¢Gokycy 3 komipok UlTableView.
updateFocus(): OHoBmtO€ Bi3yadbHUM (POKYC A0 HOBOTO €JIEMEHTA, SIKHUI MOXKHA
cokycyBaru. 3HimMae (POKyC 3 MOTOYHOTO €JIEMEHTa 1 BCTAHOBIIOE (POKYC Ha
HOBOMY €JIEMEHTI.

handleEnteringTableView(): Kepye nepexonom ¢oxycy npu Bxoai B Ul TableView,
BH3HAYaK04M BIJMOBIIHY TOUKY BXO/Y Ha OCHOBI HAIPSMKY Ta OHOBIIIOIOUU (POKYC.
Hanpuxknan sikmo nepexoa B UlTableView TpamsieTbes 3ropu, mpaBopyu abo
JiBopyd, To (okycyeThes nepina komipka UlTableView, a sikino nepexon 3HU3Y,
TO (POKYCY€ETHCSI OCTaHHSI KOMIPKA.

updateFocusToTableView(): Bi3yanbHo oHOBIIOE (DOKYC O MEBHOI KOMIPKHU B
UlTableView, rapantyrouu, mo c¢oKycoBaHa KoMipka Oyae BHIUICHA 1
UlTableView Oyne npokpy4eHo, SIKIIO 11 KoMipKa Oyl10 HEBUIUMA JI0 I[OTO.
removeFocusFromTableView(): Bunanse BizyanbHuil oKyc 3 MeBHOI KOMIPKH B
UlTableView.

handleLeavingTableView(): Kepye mnepexogom ¢dokycy mpu BHXOII 3 MEBHOI
xoMipkn UlTableView ab6o 3a mexi UlTableView ab6o Ha iHIIy KOMIpKY Li€i
UlTableView, 3abe3neuyroun HajiaexHe KepyBaHHS (DOKyCOM, KOJIIM KOPUCTyBad
BUXOJIUTH 3 IPEICTaBICHHS TaOIUIIL.

simulateTapOnFocusedElement(): ImiTye mnoait0 HaTUCKaHHS Ha MOTOYHO
cokycoBanomy enementi. Akmo chokycoBanum enementom € UlTableView,
Bukiukae Meron didSelectRowAt nns chokycoBanoi komipku. s iHIIMX
€JIEMEHTIB, 10 (POKYCylOThCs, BUKIMKaE MeTon simulateTap ayisi BUKOHaHHS

BIZIITOB1IHOI Aii.
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VYei ui meronu 1 gopmytote kiac FocusManager, 3abe3nedyroud HpaBUJIbHE Ta
IHTYITUBHO-3pO3yMiJie KEpYBaHHs 1HTEpEHcOoM 3a JOMOMOTOI0 IrpOBOTO KOHTpoiepy. Llei
kimac pa3om 13 kimacom GameControllerBinder, mpotokoiom Focusable 1 ctBoproe Bech

dbpeitmBopk GameControllerBinder.

2.5 Moowcnueocmi 0151 600CKOHANEHHS

[ToTouna peamnizanis ¢pperimBopky GameControllerBinder xou 1 Hagae po3poOHUKaM
3HaYHY (PYHKIIOHAJIBbHICTh, 0COOJIMBO B MOXKJIMBOCTSIX JIEFKOTO KEPYyBaHHS yCiMa BXOAaMu
KOHTpoJiepa 1 X MPUB’SI3KOI0 JI0 MIi B caMOMy J0JIaTKy, IPOTE B JAEAKUX aCMEKTaxX JaHUU
(bpeiiMBOpPK MOKe OyTH OUTBII BAOCKOHAJIUM y MailOyTHIX BEpCIsX.

Hacamniepen 1e cTocyeThCcsi pO3IMIMPEHHS MIAPUMKUA AAHOTO (PperMBOpKY st
JOJIaTKiB, sIK1 po3po0bieHi 3a gonomororo SwiftUI. el ¢ppeiiMBOpk € ogHUM 3 ABOX, HAPSIAY
3 UIKit, 3a [gomomMororw sSKUX MOXHa po3poOnsatu gogatku Ha 10S 1 Hapasi
GameControllerBinder po3paxoBanuii jumie jsi iHTErpaiii B J0JaTKU K1 MOOyAOBaH1 3
BukopuctandsaM UIKit. Jlyst nboro motpiOHO afganTyBaTH iCHYIOYY JIOTIKY Ta MPOTOKOIU
KepyBaHHs (POKYCOM, 11100 BOHU OE3MEePEeIIKOAHO MpaloBaiu 3 koMmrnonenramu SwiftUL.

Oxkpim 110T0, B MaiOyTHIN Bepcii JaHOTO PPEeMBOPKY MOKHA JOJATH MOKJIIUBICThH
KaCTOMI3yBaTH €JIEMEHTH, 51Kl 3HaX0AsAThes y pokyci. [[03B11 po3poOHMKaM HaJIalITOBYBAaTH
30BHINIHIN BUIVIS] €IEMEHTIB Y OKYC1, HAIIPUKIIAJI, 3SMIHIOBATH KOIIp, po3Mip abo A0JaBaTu
aHIMalIlito, 3a0e3NeUnTh OLIBIITY THYUKICTh B ajanTtaiii ¢ppeiMBOPKY 10 pI3HUX TU3aNHIB 1
TeM iHTepdeiicy kopuctyBaya. Takoxx MOXkHA Oyzie J0JaTH OLIbIIe PO3IIUPEHb JO MiJIKJIACIB
UlView, nanpuxnag qo UlCollectionView, 11100 Oiibilie €1€MEHTIB 3 caMOro ppeiiMBOPKY
Oyld TPUCTOCOBAHI JO KEpyBaHHS 3a JIOMOMOTOI0 KOHTpoJepa 1 M€ MOXKJIHUBICTh
aJanTyBaTUCh MiJ TWUHAMIYHI 3MiHU €JIEMEHTIB Ha €KpaHi, KOJIM iXHI MO3UIlT 3MIHIOIOThCS
a00 BOHM 3HHUKAIOTh B3arali.

[lincymoByroun, Tpeba 3a3HAUMTHU, IO 3 ycCiMa MOXJIMBUMU HOBOBBEICHIMU
3a3HaYEHUMU BUIIE, JaHUN (PEeUMBOPK CTaHE YHIBEPCAJbHUM I1HCTPYMEHTOM JIJIsi

1HTerpalii iIrpoBUX KOHTPOJEpiB y AojgaTku Ha 10S, xoya il moTouHa Bepcisa GppeiiMBOpKY
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BXKE HaJla€ MOTYXHUU HaAOIp MOXIMBOCTEH IJIsi 1HTErpailii KOHTPOJIEPIB, Ta KEpyBaHHS

JIOJIATKOM 34 1X JTOIIOMOTOIO.
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Po3aia 3. Ily0aikanis Ta BUKOPUCTAHHA (PpeiiMBOpPKY

3.1 Ilybnikayis ¢petimeopky ma inmespayis 3 MeHeOHcepamu 3a1eHCHOCmel

Jns toro, mo0O QpelMBOpPK CTaB 3arajibHOMOCTYIIHMM Ta MOXKJIUBUM IS
BUKOPHUCTAHHS 1HITUMHU PO3POOHMKAMH, HEOOX1THO 3p00OuTH JIeKiIbKa pedei[10]:
- Hamucaru noxymeHranito 10 GpeiMBOPKY ISl KOKHOTO 13 3arajlbHOIOCTYITHUX
KJIaciB, METO/IIB Ta MIPOTOKOJIIB.
- JopobOutu neit gpeitmMBOpk, 100 3pOOUTH HOT0 3aBaHTa)XyBaHUM 4YEpe3 Taki
MeHemkepu 3anexHocTel sk CocoaPods Ta Swift Package Manager.
- Omnyo6nikysaru ioro Ha GitHub cTtBopuBmn me Readme.md ¢aiin Ta niuensito.
JlokymeHTalisi € HeoOXIJHOK CKJIAJ0BOI0 3arajbHOAOCTYMHOTO (pEeHMBOpPKY,
OCKUIbKU PO3POOHUKH, 110 OyIyTh HOT0 BUKOPUCTOBYBATH, TIOBUHHI 11€ POOUTH €(hEKTUBHO

Ta PO3YMITH ISl HOTO KOXKHA (PYHKI(IS ICHYE 1 e BOHA MA€ BUKIIUKATHUCH.

Protocol

Focusable

A protocol defining the interface for elements that can be navigated using
a game controller.

protocol Focusable

Overview

Conforming elements can be navigated through directional inputs and can receive focus,
allowing for visual customization when an element is focused or unfocused.

Puc. 3.1 3a0oxymenmosanuii npomoxon Focusable ¢ Apple’s Developer Documentation
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Takum ymHOM Oyno 3agokymeHTtoBaHo kiac GameControllerBinder, yci
nepepaxyBaHHs, sIKI HAJIEXKATh 1IbOMY KJIacy, a TaKOX yCl 3arajJbHOAOCTYIHI METOJIU Ta
atpubyTtu kiacy. OkpiM 1pOT0 OyJo 3aJ0KyMeHTOBaHO mpoTokon Focusable 1 Bci ioro
METO/IM Ta aTpUOyTH.

[Ilo6 rapantyBatu, mo ¢periMBopk GameControllerBinder Moxna Oyme serko
iHTerpyBaru B iHI 10S-npoekTH, Oysi0 00paHo JBa MOMYJSPHI METOIU PO3IMOBCIOIKEHHS:
CocoaPods ta Swift Package Manager (SPM). Lli meTonu mUpoKO BUKOPUCTOBYIOTHCS Y
CIIUIBHOTI po3po0HUKIB 10S 1 HaAaI0Th PO3POOHUKAM OE3MEePEIKOAHUN CTOCIO BKIIOUCHHS
30BHIIIHIX 010J10TE€K Y CBOi IPOEKTH.

Jlns Toro, o0 dpeiimBopk OyB noctynHuit yepe3 CocoaPods, Tpeba cTBopuTH (haiin
podspec. Lleit daitn mictuth MeTagaHi npo GpedMBOPK, Takl SIK Ha3Ba, BEPCis, pe3loMe,
OTHC, JIIIEH31sI, aBTOPHU, CYMICHICTb 3 matdopmamu Ta BuxijaHi (aitnu. Ilicis cTBopeHHs
Ta nepeBipku (daitiny podspec ppeiiMBoOpK MoxkHa omnyosikyBatu B peno3utopii CocoaPods
3a gonomororo komanau pod trunk push. Ile poOuth ¢dpeliMBOpK MOCTYNHHUM st

BcTaHoBleHHs uepe3 CocoaPods.

GameControllerBinder

By vladshakhtar Maintained by

GameControllerBinder.
O vladshakhtar/GameControllerBinder

Installation Guide

| -GameControllerBinder

A Swift framework for easily integrating game controller inputs with Ul elements in iOS applications.

See Podspec
GitHub Repo
Page on CocoaPods.org

»Qverview

The GameControllerBinder framework simplifies the process of binding game controller inputs to Ul elements and
actions within your iOS app. With support for various controller types, including PlayStation and Xbox controllers,
this framework allows for quick setup and configuration of controller inputs to enhance the gaming experience on
iOS devices.

Puc. 3.2 Cmopinka ¢petimeopky na cocoapods.org
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s po6otu 3 SPM nepi 3a Bce Tpeba crBoputu (aitn Package.swift. [Tonidbno no
¢aitny podspec, ¢aiin Package.swift Mmictuth MeTanani npo GpperiMBOpK, BKIIOYAIOUU HOTO
Ha3By, aTGopmu, NPoayKTH Ta 00’exkTu. 1106 3podutu PpeiiMBOpPK JOCTYMHUM dYepes
SPM, peno3utopiit GitHub,B sikomy po3ramoBanuii naHuii (pedMBOpPK MOTPIOHO
MO3HAYMTH HOMEpoM Bepcii (Hampukiand, v1.1.0). Llei Ter qo3Bosse po3poOHUKAM BKa3aTH

Bepcito (pelMBOPKY JJIsl BKIIOYEHHS Y CBOI MPOEKTH.

gamecontrollerbinder

Dependency Rule = Exact Version

Add to Project MyGameControllerFr...

GameControllerBinder

A Swift framework for easily integrating game controller inputs with Ul elements in iOS applications.

Overview

The GameControllerBinder framework simplifies the process of binding game controller inputs to Ul elements and actions
within your iOS app. With support for various controller types, including PlayStation and Xbox controllers, this framework
allows for quick setup and configuration of controller inputs to enhance the gaming experience on iOS devices.

Features

= Bind actions to game controller buttons and triggers
Support for PlayStation and Xbox controllers
Easy integration with Ul elements
Customize button actions for press and release states
Automatic focus management for Ul elements
Directional navigation using D-pad and thumbsticks

Simplified navigation setup for Ul elements

Puc. 3.3 Cmopinka ¢petimeopky nio uac tioco 0ooasamnhs yepez SPM

Takox Bech koI (ppeiimMBOpKy gocTynHui Ha pernosutopii B GitHub 3a mocunanusam:

https://github.com/vladshakhtar/GameControllerBinder. Okpim poro 0yio cTBopeHo ¢aiin

README.md. B upomy ¢aitni HagaHo 3araipHy iH(opMarliro mpo ¢GppeiMBOpK, HOro
MOXJIMBOCTI, 1HCTPYKIIiSl 3 I1HTerpauii mporo ¢peiMBOpKy 3a nomomororo SPM Ta
CocoaPods, npuknaau ¢pparMeHTiB KOy 3 BUKOPUCTaHHSM (pelMBOPKY, Ta iHpOpMAaIlis

npo JjineHsito ¢pedMBopky. OCKUIbKK 1€l (HpelMBOPK 3arajibHOMOCTYIHUM, TO BIH


https://github.com/vladshakhtar/GameControllerBinder
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HamaeTbesa 3a ginensiero MIT. ®aitn mimenHsii, CTBOPEHHWM Ha OCHOBI CTaHJIAPTHOTO

1abJIOHY, BKIIFOUEHUM [0 PEO3UTOPI0 (PpeMBOPKY.

3.2 BukopucmanHs (ppeumeopKy 6 mecmogomy 000amKy

Jlist aeMoHCTpyBaHHS poO0TH PPEMBOPKY Ta €PEKTUBHOCTI MOTO aJITOPUTMIB OyIi0
CTBOPEHO HEBEJIMYKUU TECTOBUM JOJATOK, B KOMY Oy/e MPOJEMOHCTPOBAHO IIBUIKICTh
poOOTH anropuTMy o OyAyBaHHIO HABITAI[IMHOI MamM €KpaHy, a TaKoX SIK BUIVISIIAIOTH
eJIeMEHTHU 1HTepPecy K1 3HAXOAAThCS Y POKYCi.

Cam nomarok Mmictuth necsath kHomok (UlButton), a takox UlTableView 3 croma
KOMipKaMH, JIBl 3 KOTPUX 3aJMIIAIOTHCS HEBUAUMUMH Yepe3 po3Mip KIITHHU. Takox 1en
JI0JIJaTOK BUKOPHUCTOBYBaTUME MOAN(IKOBaHUN (PpeMBOPK, B SKOMY Mmicisi OymayBaHHS
HaBiraIiiHoi Manu Oy/Jie BUBEJEHA B KOHCOJb 1H(GOpMAIlis PO BC1 €IEMEHTH Ta iX CYCIAIB,

JUTs1 TOTO, 100 MPOAEMOHCTYBATH MPABUIIbHY POOOTY aJITOPUTMY.

1M:307 11 Ri00) 1M1:30¢ oll = 00

Puc. 3.3, 3.4 3o6Hiwniti suennd oooamky 6e3 ma 3 NIOKIOUEHHUM 2eUMNaA0OM



override func viewDic
super.viewDidAp
do {
let executionTime = try measureElapsedTime {
controllerBinder.registerAllFocusableSubviews(from: view)
controllerBinder.setupDefaultDirectionalInputHandlers()
controllerBinder.setupTapActionInputHandler()

print(String(format: "Execution time: %.3f ms", executionTime))
} catch {
print("An error occurred: \(error)")

}

func measureElapsedTime(_ operation: () throws -> Void) throws -> Double {
let startTime = DispatchTime.now()
try operation()
let endTime = DispatchTime.now()
let elapsedTime = endTime.uptimeNanoseconds - startTime.uptimeNanoseconds
let elapsedTimeInMilliSeconds = Double(elapsedTime) / 1_000_000.0
return elapsedTimeInMilliSeconds

Execution time: 2.032 ms

Puc. 3.5, 3.6 Memoo axuii eupaxogye KitbKicms 8UMpPA4eHo20 4acy 051 GUKOHAHHS

Memooieé ma 4ac ix 6UKOHAHHS

OTxe, SKIIO IrpOBUN KOHTPOJIEP HE MIAKIIOUEHHI, )KOJIEH 3 €JIEMEHTIB He Yy (hOKyCl,
MPOTE SIK TUIbKU ITPOBUN KOHTPOJIEP MIKIIOUEHHH, TO OCKIIBKH SIK BUIHO 3 pUC 3.5 B KOJ1
He OyJ0 IPOIHCAHO, SIKHUWA caMe€ €JIEMEHT MOBUHEH OyTH y (OKycCl, HAaWBUIIUN €JIEMEHT
cepell yciX, B JIaHOMYy BHMAJKy II€ KHomka 3 HajamucoM «el0» crtama cdokycoBaHoro,
OCKUIbKH paMKa €JIEMEHTY Iepectana OyTu Mpo30poro, a 3abapBuiiach y CHUHIM KOJIp, 1€
yiTko BuAHO 1o puc 3.3 ta 3.4. Cam ke mpouec MoOylIOBH HaBITalliHOI Mamu Ta
HaJallTyBaHb KHOIOK TredMmany Uil KepyBaHHsS [OJAaTKOM 3ailHSAB Tpoxu Ouible 2
MUTICEKYH/I, 1[0 € AOBOJI MMO3UTHUBHUM PE3YyJIbTaTOM, OCKUIBKH 1I€ JEMOHCTPY€E HACKUIbKU
HIBUKO MPALIOE AITOPUTM OyyBaHHS Maly MIiCJIsl SIKOTO MOYKHA BUKOPUCTOBYBATH relimMmnan
IUTsl KepyBaHHS 1HTEpPEncoM J0aTKYy.

s Toro, mo0 mMepecBITYUTUCH Y MPABUIBLHOCTI POOOTH aaropuTMy OydyBaHHS
HaBIraliiHOi Mamu ekpaHy6 miciis poOOTH aNrOPUTMY, OTKE TOJI KOJM BCl €JIEMEHTHU

MIOCOPTOBaH1 FTOPU30HTAIIBHO, JJI KOXKHOTO €JIEMEHTY OyJI0 BUBEAEHO HAOIMKU1 €IEMEHTH
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JUISL KOXKHOTO 3 HAmpsIMKIB, a JJIg TOTO, 100 Oysl0 Jerde Ie MepeBIpUTH 3 pealbHUM
pO3TalllyBaHHSIM €JIEMEHTIB, K Ha puc 3.3, monepeHbO AJisl KOAHOTO 3 [IUX €JIEMEHTIB OyI0
HaJlaHO Ha3BY, TaKy caMy SKHUU HAJIUC € y IIbOTO €JIEMEHTY B CaMOMY JIOJIATKY, SIKIIO 1€

kHomky, a equHa UlTableView Oyna Tak 1 Ha3BaHa TableView.

eld : Nearest top - Edge, nearestBottom - el3, nearestLeft - Edge, nearestRight - TableView

el3 : Nearest top - el®, nearestBottom - el6, nearestlLeft - Edge, nearestRight - TableView

elé : Nearest top - el3, nearestBottom - YButton, nearestlLeft - Edge, nearestRight - TableView
XButton : Nearest top - YButton, nearestBottom - AButton, nearestLeft — Edge, nearestRight - BButton
TableView : Nearest top - Edge, nearestBottom - YButton, nearestLeft - el®, nearestRight - el2
AButton : Nearest top - XButton, nearestBottom - Edge, nearestlLeft - Edge, nearestRight - Edge

YButton : Nearest top - TableView, nearestBottom - XButton, nearestLeft - Edge, nearestRight - Edge
BButton : Nearest top - YButton, nearestBottom - AButton, nearestLeft — XButton, nearestRight - Edge
el2 : Nearest top - Edge, nearestBottom - el5, nearestLeft - TableView, nearestRight - Edge

el5 : Nearest top - el2, nearestBottom - el8, nearestLeft - TableView, nearestRight - Edge

el8 : Nearest top - el5, nearestBottom - YButton, nearestlLeft - TableView, nearestRight - Edge

Puc. 3.7 Buseoerna 6 xouconv inghopmayisi npo 8ci Hatibnudicui enemeHmu OJisi KOHCHO20

ejlemennty

3.3 Bucnoskxu

[TincymoBytouM, BapTO BiJ3HAYUTHU HEOOXITHICTH CTBOPEHHS MOBHOI JOKYMEHTAIlli
nepes myonikyBaHHSAM (pelMBOPKY B 3arajbHUM AOCTYM AJisl TOTO, 0O B MOAATBIIOMY
BUKOPUCTAHHI 1HII PO3POOHUKU MaJIM YSIBJICHHS MPO Te, 5Kl 3aBJaHHS BUPIINIyE JaHUU
(pelMBOpK, Ta SIK BUKOPUCTOBYBATH MOTO 3arajbHOAOCTYIHI MeToAu abo kiacu. Okpim
1bOTO, JI OUIBIII JIETKOTO 1 IOCTYITHOTO 1HTErpyBaHHs (PEHMBOPKY, BAXKJIMBO 3a0€3MEUUTH
JOCTYII 10 HBOTO 3 AEKIJIBKOX MEHEIKEPIB 3alie’KHOCTEH, Takux sk Swift Package Manager
ta CocoaPods.

Takox, mnepeBipka poboTu ¢GpeldMBOpPKY, a came HOro HaBiraluitHOi Mamu Ha
HEBEJIMKOMY TECTOBOMY JIOAATKy MPOJEMOHCTPYBalo €(EKTUBHICTh Ta MPABHIBHICTH
poboTH PpeiMBOPKY, 10 O3HAYATHUME IO 3a JOMOMOTOK MOr0 MOXKHAa BUKOPUCTOBYBATU
IrpOBUI KOHTPOJIEP AJI KEPYBaHHS KOPUCTYBAIILKUM 1HTE(ecoM T0AaTKy 1 B3aEMOIIATH 3

HHM.
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BucnoBku

Pe3ynpraroM naHoi poOOTH CTalo CTBOPEHHS 3aralibHOAOCTYMHOTO (peHMBOPKY
GameControllerBinder na moBi mporpamyBanHst Swift ais Okl JOCTYMHOI 1HTErparii
IrpOBUX KOHTpOJIEpiB y noaatrku 10S, a Takoxk Jyisi MOXKIIUBOCTI KepyBaHHS iHTepdericoM
JOJIaTKy 3a iX Jomomororo. B po6oTi Oyino po3misiHyTo mpuHIUIT poOOTH (HpelMBOPKIB, a
TaKOX HAsIBHUM Ha JaHUU MOMEHT (PpeiMBOpK AJisl IHTErpalii iIrpOBUX KOHTPOJIEPIB Bij
Apple — Game Controller. Okpim 110r0 OyJ710 MPOAEMOHCTPOBAHO MPOIIEC MYyOIIKYBaHHS
rotoBoro (QpeiimBopky Ha GitHub 3 moganbiioro #oro iHTerpami€o 3 AOCTYMHUMU
MEHeIXKepaMu 3aiexxHocTel B Swift.

Po3po6nennit anroputm B kiaci FocusManager mBuako ta €(heKTUBHO OOYHMCITIOE
HaHOMMKYMX CYCIAIB U1 KOXKHOTO 3 €JIEMEHTIB, SIKI MOXYTh OyTH y (DOKYCl, THM CaMHUM
Oyyl04M HaBiraiiiiHy mamy eKpaHy, AJs il HOJajJblIOT0 BUKOPUCTAHHS JJISI KOPPEKTHOIO
nepecyBaHHs MDK €JeMEHTaMu 1HTepQeicy. 3araJbHONOCTYNHI METOIU  KJacy
GameControllerBinder no3BosAI0OTh Jerk0 3’€AHYBAaTHU Oynb-SKi BXOAM KOHTpoJiepa 0
NEBHUX I B cCaMOMy JOJaTKy, a I OUIbII YITKOTO PO3YMIHHS MOMKJIMBHUX BXO[IB
KOHTpoJiepa OyJI0O CTBOPEHO IT'ATh PI3HUX 3araJibHOJOCTYIHUX MEpepaxyBaHb 3 OMKUCOM
KOXKHOTO 3 HUX. 3anmporoHoBanuil npoTtokon Focusable no3Bosnsie pi3HUM enemeHTam OyTH
KEpOBaHMMHU 32 JIOTIOMOT'OI0 ITPOBOTO KOHTPOJIEPA, @ TAKOXK 30BHINIHHO BUI03MIHIOBATUCH
KOJIU 111 €JIEMEHTH 3HAXOASThCS Y HOKYCI.

B xoni gocnimkens Oylio po3MIIHYTO MOXKIIMBOCTI JIJIsl MOAANBIIOTO BAOCKOHATICHHS
(bpelMBOpKY, I TOrO, 100 B MOAAJIBIIOMY PO3LIMPUTU cepy 3aCTOCYBaHHS I[HOTO
(dpeliMBOpKYy Ha JomaTtku po3pooOiieni 3a pgomoMoror SwiftUl. OxpiM 1poro, imHi
3apOINOHOBAaHI HOBOBBEICHHS MOXYTh IEPETBOPUTU pO3poOieHnit (pelMBOpK Ha

yHIBEpCaJIbHUN IHCTPYMEHT JIJIsl IHTETpallli iIrpoBUX KOHTPOJEPiB B noaarku 10S.
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