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BBEAEHUE

B coBpeMeHHOM WMHpE Yy KaXIOro 4YelOBEKa €CTh MHOXECTBO
AJIEKTPOHHBIX YCTPOWCTB, KOTOphIe 0oOpabaThiBatoT wHpopManmio. [lepemada
JaHHBIX MEXAY pa3IuYHBIMH YCTPONUCTBAMU SIBJISICTCS HETPUBUAIBHOU W
aKTyaJIbHOU 3a7adeii, HeoOXoauMon s paboThl ¢ HUMU. B maHHOW pabote
paccMaTpPUBAETCS OJWUH W3 ONTUMAIBHBIX CIOCOOOB CHHXPOHM3AIIUW JTaHHBIX
MeX Iy rajpkeramu Apple wim nporeccamu Ha yCTpOICTBE.

s XpaHeHHs WH(pOpPMAIMU Ha OTISIBHO B3ATOM YycTpoiictBe Apple
npenoctasisier APl nis moctostaHoro xpanwiuia “CoreData”. Oto APl maet
BO3MOYKHOCTH pabOThI ¢ pa3IMYHBIMU 0a3aMu JaHHBIX, Hanpumep, ¢ SQLite. B
BUIy ero oOobOmenHoctu, CoreData MOXHO HCIIOJNB30BaTh HE TOJBKO IS
MOCTOSIHHOTO XPaHWIIMIIA, HO TAKXe U JIJIs paOOThI ¢ IN-Memory 6a3oii TaHHbIX.

C npyroi#l CTOpPOHBI, IS TIEpeladd JaHHBIX MEXAY YCTPOUCTBaAMHU
ucnonb3yetcs apyroit APl ot Apple — CloudKit. On npenHa3HaueH a1t paboThI
C yJaJICHHBIM PeNIAIMOHHBIM XpanuuiieM Key-value 3amuceii iCloud, koTopsrii
MpEeAoCTaBIsIeT yA00OHOE CPEACTBO JJisi OOMEHa MaHHBIX HE TOJIBKO MEXTY
YCTPOMCTBAMH OJHOTO TIOJh30BATENsl, HO W I COBMECTHOM paboThl C
JTAHHBIMHU.

OnHo u3 TpeOOBaHUM K PEIICHUIO JAaHHOW 3a7a4u ObLIO clIeJaTh padoTy ¢
CloudKit xak MOKHO MEHbIIIE BUAMMON IS IOJIB30BATEIIA, B MpEAeIie CaeaaTh
CloudKit “mpo3paunbiM” st monb30BaTeNis. B Buay BOCTpeOOBaHHOCTH
CpEelICTBa CUHXPOHHU3AIUUA MEX]y YCTPONUCTBAMHU, YKE CYIIECTBYIOT MOJI00HBIC
pEIIeHHs], CPABHEHHE C KOTOPBHIMU TaKKe ObLIO TIPOU3BEACHO B 3TOM padoTe.

Lenpto HacTOsmIEed padOTHl SBIIIIOCH HAMHMCAHME MPOCIHOUKH MEXKIY
nsyms APl ot Apple u co3manue ya00HOTO CpeACTBa Ui CHHXPOHH3AIUH
JAHHBIX, a TAK)KE OIICHKA ONTHMAJIBHOCTH TOJYYEHHOTO PEIICHUS U CPaBHCHHE
€ro ¢ KOHKYPEHTHBIMA METOZaMU OOMEHA JTAaHHBIX.

B xozxe BbIMOMHEHUS TUTIIOMHOW PabOThI OBLIM PEIICHBI CIICTYIOTHE

3aa4H:
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- usyuen crek Texuosoruii CloudKit u CoreData;

- pa3paboTtana ¢opmManbHas cxema Iepeaayd MHPOpMaMU MEXITY
nByMst APl u Hanrcan nporpaMMHBINA TPOAYKT;

— YCTaHOBJICHO M  HACTPOEHO  MporpaMMHOE  oOOecreueHue,
peanusyroniee BEIOpaHHbBIE 11 CPABHEHUS TEXHOJIOTHH;

— pa3paboTaHbl TECTOBBIC IMPOTPAMMHEIC CpPEICTBA, M TPOBEIACHBI
BBIYUCIIUTEILHBIC SKCIIEPUMEHTHI,

— NPOBEJICH CPAaBHHUTEIBHBIA aHANN3 C JPYTUMHU aHAJIOTHYHBIMH
PEIICHUSIMY JIII CHHXPOHU3AINH TaHHBIX .

[To 3aBepiicHUM BBITIOJHEHUS TUIUIOMHOW PaOOTHI IMOJYYECHBI padodas
CXeMa CHHXPOHHW3AlMW JaHHBIX MEXKIY YCTPOWCTBAaMH M peajnu30oBaHa B
npoekTe Swedo.

Pe3ynbTaThl TUIMIOMHONW pabOThl M3JI0KEHBI B MOSICHUTEIBHON 3aIKCKeE,
COCTOSIIIIEH U3 BBENICHUS, TPEX TJIaB, 3aKIIOUCHUS U TPUIIOKEHUSI.

OB30P NIUTEPATYPbI

Crateu [1], [2] mator mpenctaBieHue o cTpykrype ¢pariMmBopka Core
Data, [3], [4] omuceiBaeT Teoperuueckoe obocHoBaHue 3ddexruBroctn Core
Data. Crateu [5], [6] pacckasbiBator o npuniunax padotsl CloudKit u iCloud,
a TaKKe MOKa3bIBAIOT MX BO3MOKHOE npuMenenue. Caiitel [7] u [8] sBusrorcs
ourmansHoi qokymentanuei Apple ams Core Data u iCloud cooTBeTcTBEHHO.
Ccoiika [9] siBseTcst mpuMepoOM pEIeHHs 3a1a4uu, PEACTaBICHHOrO B pabore,

C KOTOPBIM IIPOU3BOJNIIOCH CPABHCHUC.



5

NMABA 1. OMIUCAHUE COREDATA

1.1. BBEQOEHME

B anpene 2005 rona, komnanust Apple Beimyctuna OS X 10.4 Bmecte ¢
KOTOpO# mosiBUIach Oubiaroreka st paboTel ¢ manabiMu CoreData. HecMoTpst
Ha TO YTO CYIIECTBYIOT Apyrue cpeactBa xpanenus uHpopmanuu, CoreData
OTJMYHO MOAXOAMT it padoTel ¢ Cocoa Framework.

CoreData momoraer B COo37aHUU yPOBHS MPUIIOKEHHSI, OTBEUAIOIIEMY 32
XpaHEHHE JIaHHBIX, @ MUMEHHO CBS3U MEXJYy OOBbEKTaMU MOAOOHO OOBIYHOMU
pensimonHo 06aze nmaHHBIX. Opnnako, CoreData mo3BomsieT HE TOJIBKO
COXpaHsTh WM TMOJy4YaTh JaHHbIE C JUCKAa, HO M paboTaTh C JaHHBIMH,
HaXOJIAIUMHUCS B ITAMSITH.

CoreData sto ne Tomsko ORM (Object-Relation Mapping), Ho u cpeacTBo
JUTst co3nanus rpada cBsazeit mexxay oobektamu. [Ipu stom, CoreData Hukak He
3aBsi3aH Ha Ul ¥ 103TOMY MOKET MCIOJIb30BAThCS JIJISI COXPAaHCHHS JaHHBIX B
Oakrpaynze. [2]

Paccmotpum npocreiimuii rpad nanusix CoreData puc. 1.1.

company 1 country
¥ Attributes ¥ Attributes
name code
streetAddress name
zipCode vatRegion
¥ Relationships ¥ Relationships
country v,«_"'\—:nvgompanies
customer ) f supplier
¥ Attributes ¥ Attributes
code code
¥ Relationships ¥ Relationships

Puc. 1.1. I'pad nannsix B CoreData
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Kak u B o0blyHON pensinmoHHON Oa3e nanHHbIXx, B CoreData moxxnHo

co3maBath cymHoctu (Customer, Company, Country, Supplier), atpudyTsl y

Kaaon cymuoctu (name, streetAddress, zipCode y Company) u cBsizm (1:n

mexxny Company u Country). Takas cTpykTypa HIaHHBIX OCTaeTcsi B 0Oa3se

JaHHBIX JIF000T0 MMOoAACPKNBACMOI'O THUIIA.

1.2 CoOREDATA STACK

Paccmorpum  kommoHeHThl, Bxonsmue B CoreData mon Ha3BaHumem

CoreData Stack. [3] IlpuBemem npuHIMIHANBHYIO cxemy paborel CoreData

(Puc 1.2)

NSManagedObjectContext

NSManaged NSManaged
Object Object

NSManaged
Object

t

NSManagedObjectContext

NSManaged NSManaged
Object Object

NSManaged
Object

NSManagedObjectContext

NSManaged NSManaged
Object Object

NSManaged
Object

1

22!

NSPersistent
StoreCoordinator

Y

NSPersistent
Store

'

SQLite

;

File
System

Puc. 1.2. CoreData Stack

NSPersistent
Store

!

SQLite

;

File
System

Y

NSPersistent
Store

'

SqQLite

;

File
System

Kaxk BHUJHO M3 PHUCYHKA, B CXCMC MOXHO BBIACINTH ABC OCHOBHBIC YaCTH.

Opna yacTh OTBeuaeT 3a MpejcTaBieHHe rpada 00bekTOoB. BTOpas uacthb



OTBCYHACT 34 XPAHCHHUC NJAHHBIX Ha IUCKC. CBs3b MCIKAY HUMH OCYHICCTBIIACTCA

npu oMoty NsPersistentStoreCoordinator.

1.2.1 NMPEACTABNEHUE NrPA®A OB BEKTOB

[IpeacraBnenne rpada 0oOBEKTOB - 3TO TO, e OyaeT paboTaTh JIOTHKA
ypoBHsI Mojenu mpuioxeHus. OOBEKTBI MOJECIBHOTO YPOBHS (ITOIKIIACCHI
NSManagedObject) naxonsarcs Bayrpu koHtekcta (NSManagedObjectContext).
OOBIYHO pa3pabOYMKH MCTOIB3YIOT OJUH KOHTEKCT, U BCE OOBEKTHI HAXOMATCS
B 9TOM KOHTEKCTE, TeM HE MEHEE BO3MOXKHO CO3/I[aHUE HECKOJBKIX KOHTEKCTOB,
B TOM YHUCJIE CO3J]aHHE JIOUYEPHUX KOHTEKCTOB. Ba)kHO MOHMMATh, UTO KaXKJbIi
OOBEKT B MOJEIM NpHUBSA3aH K KaKOMY-HUOYIlb KOHTEKCTY M, Hao0OpoT,
KOHTEKCT 3HaeT Kakue OOBEKThl MpPUBA3aHbl K HEMY, OOBEKTHI MOYKHO
nepenaBaTh MEXIy KOHTEKCTaMHU.

Taxke KOHTEKCT SBJIETCS OUYEHb YyIOOHBIM CPEJICTBOM IS IepexBaTa U
00pabOTKU COOBITUH M3MEHEHHUS! COCTOSIHMSI OOBEKTOB B 0a3e maHHbIX. [lpu
MOMOIIM JOYEPHUX KOHTEKCTOB MOXKHO J00aBIATH JaHHBIE B KOHTEKCT W3
JPYTUX TOTOKOB W TPHU TOMOIIU CPEeACTBA HOTHU(UKAIMN MOXKHO MOJIyYaTh

MH(OPMAIUIO O COCTOSTHUU OOBEKTOB

Managed Object Context
A collection of managed objects
\ J
( Persistent Store Coordinator ( Managed Object Model |
A collection of stores | l A collection of entity descriptionsJ
\ J
|
Persistent Object Store
A collection of object data

Puc 1.3: Persistent gacts crexa CoreData



1.2.2 COREDATA PERSISTENCY

Jlpyrasg dYacTh CcT€Ka — 4YacTh, KOTOpas MOIJICPKUBAET ITOCTOSHCTBO
JAHHBIX — YaCTh, KOTOPAsl YMTACT M MUIIET Ha (aiiyioByro cucremy. [loutu BO
BCEX cITydasx TIOCTOSTHHBIN KOOPAHHATOP XpaHUTHIIA
(PersistentStoreCoordinator)  coaep»XuT OJHO  IOCTOSHHOE  XPaHWIIHIIC
(PersistentStore), xoTtopoe TOIKIIOYEHO K HEMY, ¥ OTO XPaHUJIHIIEC
B3aMMOJIeHCTBYeT ¢ 6a30i maHHbIX SQLite Ha QaitinoBoil cucreme. [l Harei
3aJ1a4M MoTpedyeTcst paboTaTh He TOJBKO ¢ 0a30i maHHbIX SQLIite, Ho Takxke U ¢
BUPTYaJIBHBIM IN-MEMOrY XpaHWIUIIEM JTaHHBIX, KOTOPOE PEaTU3yeTcsi MpH
NIOMOIIIM MHKpeMeHTaIpHOro Xpanmiuiia (NSIncrementalStore).

[Ipu 3amycke Hamiei MmporpaMMbl MPOMCXOJWT WHHITHAIH3AIUN 00ewX
yacteit CoreData, moarpyxaercs SQLite 6a3za maHHBIX, ONTUMHU3UPYETCS MPU
U3MEHCHUH MOJICIIM M yCTaHaBlMBaeTcs m3HadanbHbId NSPersistentStore mis
Hee. [lanee npoucxoaut odbuHas padora ¢ NSPersistentStoreCoordinator uepes
ManagedObjectContext.

1.3 OBbBLEKTbI B MTAMATHU

B 1ot wactm Oynmer mpeicTaBICHBI OCHOBHBIC METOIbI W TOJS JUIS
pabotei ¢ oObekTamu B mamsath (NSManagedObject) u  koHTekcTOM
(NSManagedObjectContext).

Haunem c paccmotpenusi o0bekToB B mamsiti. NSManagedObject —
generic class, koTopbIii JaeT OCHOBHBIC METOJBI JJIS peaM3allid 00BbEKTa
monenn B CoreData. OObuHO, 0OBEKTHI, KOTOPBIE MCIIONB3YIOTCS OIS PadOTHI
HacneayroTess or NSManagedObject u peanusyroT MeTObl, HEOOXOIUMBIE IS
ero KOPpPEeKTHOH paboThl, a Takke OOBABISIOT XpaHUMbIE MMoJisi. B mocnennux
Bepcusix Xcode, 3Tu Kiacchl co3aroTcs apromarndecku. Ha puc. 1.2 npusenex
puUMep MOA00HOTO OO BSBIICHHUS.

Jlns  paHHOM paboOThl JOCTATOYHO MCIOJIB30BaTh HWHUIIMAIN3ATOP B

KOHTCKCTOM, KOTOPBIH co3maeT IN-memory obwektol ans CoreData. [{nst ero



paboThI HE0OXO0 MO 3HAHHE 0 NSEntityDescription u
NSManagedObjectContext.

Hanum onmcanme 1t NSEntityDescription. NSEntityDescription — sto
00BEKT, KOTOPBIA COOTBETCTBYET KaXKJIOMY CYIIHOCTH B 6a3e ganubix CoreData.
Kaxplii 3Kk3eMIUIIp OO0BEKTa ONKMCHIBACT HMMs CYIIHOCTH W €ro CBOMCTBa
(arpuOyThl U cBsi3u). Co3aaBaTh HK3EMIUIIPHI 00BEKTOB MOYKHO TPH TTOMOIIH
metonoB NSPersistentStoreCoordinator mo nmeHu CynHOCTH.

Camyro TJIaBHYIO pOJib B pab0Te 00BEKTOB B MAaMSITH HECOMHEHHO HUIPacT
NSManagedObjectContext, koTopelii CIEIUT 3a COCTOSHUSAMH OOBCKTOB W
TI03BOJISICT ux COXPaHSTh Ha JIVICK qyepe3 3aIpoChI K
NSPersistentStoreCoordinator. PaccMOTpuM OCHOBHBIE PpEIICHHS, KOTOPBIC
UCTIONTB3YIOTCS] B KOHTEKCTE:

Life-Cycle Management. KoHTeKCT wurpaeT IEHTPAJIbHYIO pOJib B
KU3HEHHOM IHKJIE 00BEKTOB B MaMsATH. OH JOJDKEH MO3BOJIATH MOATBEPKIAThH
KOPPEKTHOCTh OOBEKTOB, BAJIMJIAPOBATh CBS3M MEXKIy oOObekTaMu. Jlis
MI0JIb30BATEsI BUIHBI METO/IBI TIOJYYSHUS, COXPAaHEHUS M N3MCHEHHS 0ObEKTOB.

Parent Store. Jlro00oif KOHTEKCT JOJDKEH UMETh POIUTEIBCKOE
XpaHWIIUIIE, T/Ie OH OyIeT COXpaHATh JaHHBIC, MOJIYYCHHBIC Yepe3 IN-memory
00bekTel. OObMHO, KoHTeKcTHI wuMeror NSPersistentStore B kauectBe
ponuTensckoro xpanwnwima, HO HauumHas ¢ OS X 10.7, pomuTenbckoe
XPaHWINIIE MOXET OBITh JIPYrol KOHTEKCT. DTO MOXET OBITh HYXHO IS
paboThl B JAPYroM TOTOKE C KOHTEKCTOM: JUIsl JAHHOTO ITOTOKA CO37aeTCs
KOHTCKCT, POJUTEIILCKOE XPAHUJIUIIE KOTOPOrO SBJISCTCS HaIll KOHTEKCT. [Ipu
UCIIOJIb30BaHUU TOJIBKO JIOYEPHETO KOHTEKCTA, IEJIOCTHOCTH POIAMTEIHCKOTO
KOHTEKCTa He Oyner Hapymartbes. [Ipu COXpaHEHWH JOYEPHEro KOHTEKCTA,
POJAMTEIbCKHI KOHTEKCT OOHOBHUTCS, HE Hapyllas IEJIOCTHOCTH IN-memory
00BEKTOB. B 3aBUCMMOCTH OT CHTyallud, MOXXHO WJIM COXPaHUTHh JaHHBIC B
KOHTEKCTE uepe3 perform st poauTeIbCKOr0 KOHTEKCTa WM HE BBI3bIBATh
(GYHKITUIO COXpaHECHHS, YTO ITO3BOJISET JejaTh OTJIOXKEHHOE COXpaHCHHE Ha

JTUCK.
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Notifications. [lpu wu3MeHeHWH, CO3MAHUH WIH YyJAICHUH OOBEKTOB
KOHTEKCT OTIPABIsAE€T HOTU(UKALUIO O COOBITUH Il MOCT-00padOTKH.
3aMeTuM, 9TO TaK MOXKHO JIEJIaTh MOCT-00pa00TKy U3MEHEHHs 0OBEKTOB, HO B
BUJIy TOTO, YTO HOTHU(UKAITUU TTOCHUIAIOTCS 10 COXPAHCHWsS, PEKOMEHIYETCS
U3MEHATh TOJBKO OOBEKTHI B maMsiTH. [l “monrux” omepanuii MOXKHO
oOpabaTeiBaTh JAPYIyl0 HOTHU(HUKAIIMIO. HOTUPHUKAIMIO HA COXpaHEHUS
KOHTEKCTa, KOTOpasi OTIpaBisieT 00heKTH B TaMsaTu Ha NSStore.

Concurrency. KaxxaoMy KOHTEKCTY 00513aH COOTBETCTBOBATh JIMIIb OJHH
MOTOK, MO3TOMY JJIsi KOHKYPEHTHOTO JOCTyIa TpeOyeTcsl CO3AaHHe JT0UYEePHETO
KOHTEKCTa, KOTOPBIA OyJEeT OTHOCHUTCSA K POIUTEIBCKOMY KOHTEKCTy. I[lpm
COXpaHEHUU Ha JOYEPHEM KOHTEKCTE TpeOyeTcs MOHUMATh KaKHe 3ampocChl
OyIyT BBITIOJHATHCS B KAKOM TOPSAKE. ITO MOXKHO HACTPOUTH B THUIIE OUEPEIN
Ha 3ampoce: Confinement, Private wiu Main queue. [{ist coxpaHeHHs TaHHBIX B

POOUTCIILCKOM KOHTCKCTC HYKHO HMCIIOJIB30BATh perform:
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1.4 Bwumabl Persistent Store

CoreData mnpemocTaBiaseT pa3IMYHBIC BO3MOXKHOCTH JUIS XPaHCHHS
naHHbIX. OcHOBHBIC 4 BapWaHTa XpaHeHHs JaHHBIX - SQLite, Binary, XML, and
In-Memory. [TepBrie 3 U3 HUX SBIISIOTCS CPEACTBAMU JUISI TTOCTOSTHHOTO XPaHCHUS
JAHHBIX, a TMOCIeaHUN paboTaeT B MaMATA. 3a HSTO OTBEYAET KJIACC
NSPersistentStore, koTopelii MokeT paboTarh TOJNBKO B mpenene dTux 4
TIEPEYHCIICHHBIX THIIOB.

JIJ1s1 co3manvisi HeCTaHIAPTHBIX TUTIOB XpaHEHUsT HH(POPMAIIUN UCTIOTE30BaTh
NSPersistentStore Hemb3st M3-3a TOrO, YTO HEJIB3S HEPEONPEACIIATH METOABI ITOTO
Kiaacca. Jls pereHns mogo0HOM 3a1a4un ecTh aBa apyrux kiacca: NSAtomicStore
u NSIncrementalStore, koropsie Hacnemyrorcst oT NSPersistentStore. Paccmorpum
9TH KJIACChI TIOJIpOOHEE.

NSAtomicStore ormmuaercs ot NSIncrementalStore meronmamu, kKoTopbie
HY)KHO peajM30BBIBaTh i1 KX paborel. AtomicStore moxoxx IO CBOeMy
MOBEJICHUIO Ha KOHTEKCT, OH JOJDKEH IPEIOCTaBIISITh METOABI JT00aBICHUS
y310B (node) m wmx coxpanenus. IncrementalStore taxke mo3BoOJIAETCS
00aBISATh HOBBIE OOBEKTHI, HO B OTBET JIaeT 3HAYCHUS, IIPU TTOMOIIKM KOTOPHIX
MOXKHO COXpaHsATh OOBEKThI, onxHako IncrementalStore we maer ¢yHKIHMH

COXPAHCHHUS U OXKHJIAET, YTO COXPAHCHUS TIPOUCXOIST HHKPEMEHTAIBHO. [5]
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MABA 2. ONTIMCAHUE CLOUDKIT

2.1 BBEOEHUE

Jl7is pa3paOoTIMKOB MPIIIOKCHUN Kak Ha MOOWIIbHBIC TUIAT(HOPMEBI, TaK
Ha CTal[MOHAPHBIC pEIIeHUs, HeOOXOMMa BO3MOKHOCTh Pa0OTHI HE TOJBKO Ha
JOKAJIbHBIX YCTPOWCTBAaX, HO M B 00nauHbIX XpaHuwiumax. CyIiecTByeT
MHOXECTBO  BO3MOXKHOCTEH Uil XpaHeHWsl JaHHBIX, Apple Tarxke
IIPEIOCTABIIICTCS CBOM perreHue noj HazsanueM iCloud.

iICloud — o6nmavyHOe XpaHWJIMINE U CEPBUC MO OOJIAYHBIM BBIUYMCIICHUSM,
BbinymieHHbId 21  Oxta0ps  2011. OH gaeT BO3MOXXHOCTb XpPaHEHHUSA
Pa3HOPOJHBIX JAHHBIX, TPUBBIYHBIX IS  TIOJB30BATENsA:  JOKYMEHTHI,
u300pakeHus, My3bIKy, 3aMeTku W T.1. CepBHC TPEIOCTaBISAET METO[
CUHXPOHHM3AIMK JaHHBIX ISl YCTPOMCTB, a Takke Wireless backup manubIX
HocuMbIX ycTpoiicTB B ICloud u mocnenyroiee uX BOCCTAaHOBJICHUE HA JIPYTUe
ycTpoiicTBa. [6]

MHOKeCTBO pa3IMYHBIX CepBUCOB mocTpoeHo Bokpyr ICloud u mosTtomy
nosiBienue APl nns yno6Hoi paboTel ¢ HUM OblI0 Heobxoaumo. Takum API
cran CloudKit. ®poaiimBopk obOecreunBaeT ayTeHTH(PUKALNIO, padoTy ¢
nyoJIMYHONM W TpUBaTHOW Oasamu naHHBIX W Key-value xpanwimuime ¢
oToOpaKeHHEM B IN-MEMOry oObEKTHI.

PaccMoTpuM mpuyuHBI, 1O KOTOPHIM B JaHHOW pabore Obl1 BhIOpaH
umenHo CloudKit kak 0CHOBHOE CPEACTBO JIJIsl CHHXPOHH3AIIUH TAaHHBIX.

Mpocrora. [Ins padorer ¢ CloudKit He Tpebyercst Kakoi-mubo
HETPUBHAILHOW YCTAHOBKH, IIOTOMY YTO (hPIUMBOPK IMOJTHOCTHIO HHTETPUPOBAH
B Xcode u [uIst ero M3HavajibHON PabOThI TOJBKO JIUINL TPEOyeTCs aKKayHT
paspaborunka u credentials mis iCloud xpanwmmia. Bcro ayreHTH(UKAIMEO
CloudKit mpousBoaut cam. APl m1s pa3paboTKu TakKe SBISIETCS TPUBHATBHBIM.

Hapexnocts. Eme omno npeumymectBo CloudKit 310 HamexHOCTH
xpanenus nanHblx, CloudKit mo3Bomsier ya00HO OpraHuM3oBaTh XpaHEHHE

JaHHBIX IIPHUBATHBIX JAHHBIX IIOJIB30BATCIEI W OCHOBLIBATH 0e301acHOCTh
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NPUJIOKEHUS Ha MPOBEPEHHBIX pelieHusx oT Apple BmecTo peanmszamnmu cBoe
CUCTEMBI.

Hena. [Ins kaxmoro paspabotumka B nporpamme oT Apple naercs
OTHOCHUTENFHO OBICTPBIN W JEIIeBbIN KOHTeWHep. V3HauanbHO, B OECIUIaTHBIN
auMuT BXoauT 10Gb “ceipbix” gannbix 1 100Mb B 0a3e maHHBIX, IPU 3TOM CO
BpeMeHeM paboThl OCCIIaTHBINA JTUMHT YBEITMUUBACTCS IO COOTBETCTBEHHO 1PD
u 10Tb 9T0 HOCTaTOYHO JIsT ONITUMAIIEHOW PAOOTHI MAJIBIX IPUIIOKCHUH.

2.2 CTPYKTYPA ®P3MBOPKA

Paccmorpum Oonee mompoOHO cTpyKTypy dpaiimBopka CloudKit.
CloudKit nmpemocraBisier pa3paboT4rKaM BO3MOXKHOCTh XpaHHUTh JaHHbIC B Key-
value xpanunuiie u 6a3y JaHHBIX, JAHHBIMUA U3 KOTOPOU MOJH30BATEIH MOTYT
OOMCHMBATHCS M JIeNUThCA. B 0aze manubix onpenensercs 3anucu (CKRecord)
pa3IMYHBIX THUIOB. THWIBI MO3BOJSIETCS PA3ACNATh 3alMUCH B 0a3e MaHHBIX H
OTIPENIETISIOT KaKhe UMEHHO JaHHBIC M KaKWe TIOJIS MMEET Ta WJIM MHAs 3aIliCh.
Kaxxnas 3amuch — ciioBaph KIIOYEH-3HAUCHHUH, Ka)XXJ0€ 3HAYCHUE B CIIOBape
naetT HuHpopMauui 00 OAHOM Tosie B 3anucu. lloms MOryr XpaHWTb
MPOCTEUIINE 3HAYCHUS KaK CTPOKH, YMClia U T.I. WK OoJjiee HEeTPUBUAIHHBIC
JaHHBIE KaK MECTOIOJIOKECHHSI WM CCHUIKH. Bce TMOCTOSHHBIE TaHHBIE B

CloudKit JIOJKHBI OBITh IIPEICTaBICHBI B cxeme CloudKit.

2
Web Sen Vicg —
% s

K

Puc 2.1: ITpunnunuansHas cxema padotst CoreData
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3ameTuM, 4TO BCsl paboTa Ha CTOPOHE KIHEHTAa JIOJDKHA OBITh CleliaHa
gepe3 CloudKit, a umMeHHO OTmpaBKa NaHHBIX IMOJIL30BATEINsl Ha CEPBEP U X
HoJTy4eHne, 00paboTka MPUXOAAIIMX HOTU(UKAIMKA 00 M3MEHEHHUHU JaHHBIX Ha
cepBepe ““CO CTOPOHBI” W TOJy4YeHHWE OOHOBJIICHHBIX MaHHBIX. [Ipu 3TOM
oOpaTHM BHHMaHHUE Ha TO, YTO HAa KIIMEHTCKOM yCTPOMCTBE (OpMaT XpaHCHHS
JTaHHBIX MOXET OBITh COBEPIICHHO JPYTOil M MO3TOMY KOHBEPTALUIO TaHHBIX

pa3paboTUHK JOJIKCH ITPOBOIUTH caM. [7]
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2.3 OBLUASA MOOENb OAHHbIX

OcHoBuoii konuent B wMoxead gaHHbiXx CloudKit —  xoumetinep
(CKContainer). CKContainer sBnsieTcst KiaccoMm, KOTOPBI HWHKAICYJIHPYET
JIAHHBIC TPUJIOKCHUS M OTBEYACT OMPEICICHHOMY MPHUJIOXKCHHIO Ha CepBepe
iCloud. KouTeitHep coxpaHseT W TNPUHUMAET JaHHBIC, OTIPABIIACTCS U3
OPUIOXKEHHs,  BKJIIOYas  KOHTEHT,  KOTOPBIA  JOCTYNEH  IyOJUYHO
(publicDatabase), mpuBatHo (privateDatabase) u pasaenenno (sharedDatabase).
[ToATOMy MOXHO CYHMTaTh, YTO KOHTEHHEp OOECIEUMBACT CBSI3b MEWKIY
NPUJIOKCHUEM M CEPBEPOM C TAHHBIMHU.

OmnpenenuM OTIUYMSA MEKAY pas3iMuHbIMU Oa3aMu JaHHBIX. [1o cBOeMy
NPUMEHCHHIO, TIPUBATHAS M IyOrdYHas 0a3bl JaHHBIX CXOIHBI APYT C APYIOM,
OJTHAKO pa3JieiicHHas 0a3a JaHHBIX HE MO3BOJIET CO37aBaTh HOBBIC 3allMCH B
OTJIMYMHU OT TpeAbIaynux aByX. [loaToMy cHauana OyjaeM paccMaTpuBaTh 0asbl
JIAHHBIX, B KOTOPBIX Pa3pEIICHO CO3/IaHNE HOBBIX 3aIHCEH.

[TpuBaTHas 0a3a JaHHBIX pa3peliacT CO3JAHHE JOMOJHHUTEIBHBIC 30HbI
sanucei (CKRecordZone). [Tpu noMoiy HecTaHAaPTHBIX 30H MOXKHO Pa3AeisaTh
3allUCH 10 PA3JIMYHBIM KATETOPHUSM TPOIIE, WHKAICYIUPOBaTh M Pa3aeiiiaTh
pas3InYHbIC 3alUCH APYT OT apyra. Kpome Toro, HecTaHAapTHBIM 30HAM MOXHO
NpEIOCTAaBUTh HECTAHAAPTHHIC BO3MOXKHOCTH, a HMEHHO HWHKPEMEHTAIbHOE
nonydyenne nanHbix (fetchChanges), aromapHoe n3MeHeHHne 0a3bl JaHHBIX IS
MHOTHUX 3anucei (atomic) u BO3MOXHOCTB pa3jaeieHeHus (sharing).

[Ty6nuuHast ske 0a3a JaHHBIX MMEET OrpaHUYECHHBIC BO3MOXKHOCTH U B
BUJTy OOIIEH TOCTYMHOCTH 3amuceil BHYTpU 0a3bl JaHHBIX. VIMEHHO MOATOMY B
nyOnuuHOW 0a3e MaHHBIX 3alpeIieH0 CO3/JaHHe HECTaHIAPTHBIX 30H C
3alUCSIMM, YTO MPHUBOIUT K OrPaHMUYCHHBIM BO3MOXKHOCTSIM IyOJIMYHON 0a3bl
JAHHBIX I HHKPEMEHTAIBHOTO CKAuMBaHUs 30HBI, 4 TAK)KE aTOMAPHOM 3amKcu

MHOECTBA 3aUCEN U PACTIPEICIICHUS 3aIIUCEN.
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Jis  momydyeHuss JAOCTyNa K JaHHBIM TPUBAaTHOM 0a3bl JIPYyrUMU
MOJIb30BATEIISIMH HCIIONB3YETCsl BO3MOKHOCTE 30HBI ¢ 3anucsamu “‘sharing”. C ee
IOMOIIBIO, MOJIB30BATENb MOXKET “TIEPEMECTUTH  3allUCh B pa3feliCHHYIO 0a3y
naHHbix. OOpaTuM BHUMAaHUE, YTO 30HBI B paciipe/ie]IeHHON 0a3e JaHHbBIX, KaK U
OOBIUHBIE 3alMCH HENb3d CO3[aBaTh CO CTOPOHBI II0OJIB30BATENS, HO OHH
CO3JAOTCS CaMH B 3aBUCUMOCTH OT I10JI30BATENs], KOTOPBIM pa3ieinil 3allicy U
OT OPUTMHAJIBHOM 30HBI B NMPUBATHOM Oa3ze naHHbIX. Kak yke ynmomMuHanocsh,

Pa3acCiATh 3aIlIMCH U3 Hy@)’[H‘IHDﬁ 0a3sl JaHHbIX 3aIlIpCIICHO.

CloudKit Container
Covmme

[Record | [Recerd]

Private
Database

[Record | [Recard |

Public

\Data base

[ Record | [Record |
| Recnr\dl

|Record | [ Record |
| Recard | | Record |

| Record |

" Private T, .Pl'lvate
Record Record =l V=
Record Record | Rccnrd] | Record J
Record Record | Racord | | Record |
Record Record =
" Private ™,
Database Database
Record Record =

| Record | | Record |

| Record | | Record | I Record | IRecord |

| Record | | Record |

|Record | [ Record |

Puc 2.2: Monens naaasix CloudKit
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NMABA 3. CUHXPOHU3ALUA OB BEKTOB

3.1 MopEenb OAHHBIX COREDATA - KOHTEKCT

PaccMoTpuM Mojenb, HCMOIB3yeMYIO JJIi CHHXPOHU3AIMHU OJIHOTO
o0BbeKTa B ogHOM Tabnuie 6a3bl nanHbix CoreData. Takoe paccMoTpenue OyaeT
SIBIISICTCSL TaKXKe TOJHBIM JJII CHHXPOHHM3AIIMH MHOTHX OOBEKTOB B Tpeeiax
OJTHOM TaOHIIbl 0€3 HATUIHS TOTIOJTHUTEIBHBIX CBsA3CH Mexay oObekTtamu. [lpu
HAJIMYUHA HECKOJIBKUX Ta0ywil, OyaeT HeoOX0IUMO TaKKe€ PaCCMOTPEHUS CBSI3CH
MEXIy TaOJMIlaMd, a WMEHHO HEOOXOJMMa CHHXPOHHW3ALUS CBS3CH MEXIY
00BEKTaMHU B PA3TMYHBIX TAOIUIAX.

Jliis ipocTOThI, OyIeM CUMTaTh, YTO MOJENb JaHHbIX CoreData u moxens
nannbix 1Cloud y)xe HacTpoeHsI U TOTOBBI [T paboThl. Haila 3ajada Ha JaHHOM
JTame — HACTPOUTh HHQPPACTPYKTypy OOMeEHa HH(OpManuend Mexay IABYMs
HECBSI3aHHBIMHU CTPYKTypaMU XpaHEHHS JaHHBIX. BBemeM g 3TOro MOHSTHE
Linker — cBsi3yroiee 3BeHO MEX/Ty KOHKPETHBIM YCTPOUCTBOM ¢ 0a30i JTAHHBIX
CoreData u o6maunbiv xpanwmwmuiieM iCloud. Ero 3agaua Oyzxer momnepxkanue
cTpykTyphl nanHbix CoreData oOHoBNIeHHOM 1 cuHXpoHu3upoBaHHo# ¢ i1Cloud.

st oonoBnenus manHbix u3 CoreData, OymeM mcmonb30BaTh CPEACTRBO,
omucannoe B ['maBe 1: Notifications. [ns sroro Ham Oyaer HEOOXOIUMO
o0pabaThIBaTh MPUXOAAIINE COOOIIEHUS 00 M3MEHCHUH COCTOSIHHS KOHTEKCTa
CoreData, uzmensats in-memory oowsektsl B Linker, a Ha coxpaHeHun OTIaBaTh
naHHele oopatHo B CoreData.

Hnst momydenuss manHbix w3 CoreData, MOXHO BOCITOJIB30BAThHCS
paznmuuabiMi API, paspabotannsivu Apple. Tlpu 3ToM, 11 MHUIHATHA3AIUH
noaydyenus naHHbix u3 CoreData, cyiiecTByeT MIMPOKO U3BECTHBIM MeTo | PUSh-
notification, npuxoasimuii Ha nanHOe mpuiaoxeHue ot cepsepos iCloud, npu
MOJTyYEHUU KOTOPBIX, MIPHIIOKECHHE JIOJDKHO WHUITUHUPOBATH MOJTYICHUE TAHHBIX
¢ iCloud. /Jyst Toro, 4ToOBI MOCTPOUTH MOJOOHYIO MOJIC]b, HEOOXOIUMO MOHSTh,

Kak paboraet koHTekcT CoreData. PaccmoTpum cienyrorire pucyHku. [8]
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Puc 3.1: Cxema coxpaHeHuUs1 JaHHBIX [IPU TOMOIIU KOHTEKCTA

[Ipu pabote ¢ CoreData pa3paboTuuky NPUIOKEHHS HYKHO YMETh
COXpaHATh U MOJyYaTh JaHHBIC M3 XPAaHWIHUINA JaHHBIX. J{1st 3TOr0 KaX bl in-
memory oOwsexkt B CoreData mnpuBsizan k cBoemy KoHTekcTy. Koraa
MIPWIOKEHUIO HEOOXOIUMO TIPOM3BECTH COXpaHCHUE IaHHBIX W3 TMaMSITH B
MOCTOSIHHOE XPAHWIHILE, KJIUEHT BBI3BIBAET Yy KOHTEKCTa METOH ‘‘Save”,
KOTOPBIE TPOU3BOJIUT COXPAHCHHE BCEX NPHUBSA3AHHBIX K HEMY OOBEKTOB B
XpaHUJIHIIE.

Hnst  paboTel MoOAENM CUHXpPOHHM3AlUU, HaM OyneT HeoO0X0IuMO
MIepeXBaThIBATh COOBITHS COXpaHEHUS JaHHBIX. [[pOM3BOANTE 3TO MOKHO IBYMS
pasnuuHbIMH criocobamu. B atoit ['maBe OyaeT paccMoTpeH croco0 mepexBaTa
COOBITUH MPHU MOMOIIM HOTHU(PUKALINIA, KOTOPbIE TEHEPUPYIOTCA PU U3MEHEHHUU
Jr00BIX IN-MEmMOry oO0BEeKTOB, a TaKXKe MX COXpaHeHue. boiee moapoOHO 3TO
OyZeT paccMOTpeHO B riiaBe 2.3.

Teneps omnuieM 3arpy3Ky AaHHBIX W3 MOCTOSHHOrO XpaHuiuma. [ns

3TOTr'0 BOCHOJIB3yEeMCsI pUCYHKOM 3.2.
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Puc 3.2: Cxema 3arpy3Kku JaHHBIX [IPU IOMOIIU KOHTEKCTA

CxeMa mOJydeHUs MaHHBIX W3 TOCTOSHHOTO XPaHWIHMIIA CXOAHA CO
CXeMOM coxpaHeHus NaHHbIX. OJHAKO, TeNneph i1 WHUIMAIUMU TMOJy4YeHUS
nanueix u3 CoreData TtpeOyercst co3nmaBath 3ampoc K 0a3e JIaHHBIX TI0
peauKaTy. 3arnpochl B 0a3y JaHHBIX IO MpEANKaTaM HEOOXOIUMO COBEPINAThH
ACUHXPOHHO, TpPU OKOHYAHUHU 3ampoca MCIOJHAETCS IOJb30BaTEIbCKOE
3aMBIKaHHE, B KOTOPOM Pa3pabOTUMK MOJIydaeTcss HOBBIE IN-MEMOry oObeKTHI,
MPUBSI3aHHBIC K TAHHOM KOHTEKCTY.

Kak wu pasblie, M3MeHEHUE TOJYUYCHHBIX HOBBIX OOBEKTOB CO3/AET
HOTU(UKAIMKM, KOTOphle MOXHO 00pabaTbiBaTh [JIA pEIICHUs 3aaud,
MIOCTaBJICHHOW B JTAaHHOM paboTe.

B mnpenenax maHHOW TIaBbl, HOTH(UKAIIMH OT W3MEHCHHH OOBEKTOB
OyJeT JOCTaTOYHO ISl OCYIECTBICHUS NPOCTEHIIEN CHHXPOHU3ALUHA O0OBEKTOB

B CoreData.
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Onwuiem IeUCTBUS, KOTOphIe HEOOXOAMMO JeNaTh B CIydyae U3MEHEHHS U
coxpaHeHus1 00BEKTOB, MpUBsA3aHHbIX kK CoreData.

didChange: U3smencuue obbekrtoB B CoreData MoxHO pasaenuTh Ha
CO3lIaHWe, yIaJCHUEe WK U3MEHEeHue 0e3 co3nanus. [Ipu nosiBieHH HOBOTO iN-
memory oo6bekta CoreData, Ham motpeOyeTcsi 0OBSIBUTH COOTBETCTBYIONIUMN
emy in-memory oobekt B CloudKit, a uMeHHO creHepupoBaTh AJIs JTaHHOTO
oowekra CoreData GUID, xotopsie OyneM COXpaHSATh B TaHHOM OOBEKTE IS
TOCIIEAYIONIEH BO3MOXKHOCTH €ro CHHXpoHu3anuu. [Ipu ynanennn obbekTa 1mo
coxpaneHHoMy panee npu coszganuu GUID, maxomum in-memory oOBeKkT |
3allUCBhIBaEM €ro JIJIs JalibHelero yaainenus. [Ipu m3mMeHeHun 0e3 co3maHus
nporeAypa MPUMEpPHO Takas ke, Kak W IpH YAAJCHUH, HO HE0OXO0IUMO
3aIycaTh elie W Mmojs HoBoro in-memory o0nekra. B mrore, B Mogenu Linker
coxpanenbl IN-memory oobekthl CloudKit, koTopble HEOOXOIUMO COXPAHHUTH
WIH YIaTTUTh.

didSave: MoxHO ¢ XOpoIIeil BepOsSTHOCTHIO CUMTATh, YTOOBI OIepaIus
COXPaHEHUS JaHHBIX BBITIOIHSICTCS CHUIBHO MEIJICHHEE, YeM OTepaIns CO3TaHMS
OOBEKTOB B IMAMATH, KOTOPYIO MOKHO OIICHUTH OTHOIICHHEM CKOPOCTH 3aIThCH
Ha JHCK K ckopoctn 3amucd B RAM. Iloatomy B ‘“Xopomieit mporpamme”,
oTepaliii COXpaHCHHsI OyIyT BBI3BIBATHCSA PEKE, UYEM OIEpali W3MCHCHHUS
O00BCKTOB B TaMATH. [IpuBsHKEM COOOINEHUS O COXpAaHECHUH JaHHBIX B
MOCTOSIHHOE XpaHWJIMINE K oTrnpaBke naHHbIX Ha cepep ICloud. Jlnms storo
TpeOyeTcss BOCIIOJIB30BAaThCs COXpaHCHHBIMU paHee B omeparuu didChange
oowsektamu CloudKit, co3mnate oneparuio Mmoaudukaryu 60a3bl ganabix 1Cloud u
ACMHXPOHHO €€ WCIIOJIHUTh. Eciam omepainus HE ynaigach, HE00XOIUMO
“OTNIOXUTB’ TIOXHE OOBEKTHI M MOMPOOOBATH OTHPABUTH KX CHOBA MO3XKE.

OOpatuM BHUMaHUE, YTO KOHTEKCTHI I pabOThl B (JOHOBOM pEXUME U
IIPH TI0JIB30BATEIILCKOM PEKUME OTIUYAIOTCS, MO3TOMY HEOOXOIWMO CTABHTH
MOJIIMCHIBAThCS HA COOOINCHUS Kak JUIsi (DOHOBOTO KOHTEKCTA, TaK W IS

BHUAOBOI'O KOHTCKCTA.
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[TpoGiieMa CO MHOTHMHM KOHTEKCTaMH YCIOXKHSCTCS NP OOHOBJICHHUH
nanaelx, npumemmux ¢ ICloud. B a3toit curyamuu HEOOXOIMMO OTIHYATH
PEKHMM, B KOTOPOM pabOTaeT MPUIOKEHHUE, YTO MOXKHO CJEaTh MPU ITOMOIIN
cpenctes CoreData, a mmMeHHO HEOOXOAMMO TMONyYaTh TEKYIIUA KOHTEKCT W3
NSPersistentContainer. ITosTomy /it paOOTBI MOJCITH HEIOCTATOYHO COXPAHSThH
KOHTEKCT, HO COXPaHATh BeCh CONtainer uiau He OOHOBIIATH JaHHBIC B (DOHE.

[MpuntunuaneHast cxema pabotel  3arpy3ku pgamHeix B 1Cloud

Ipe/cTaBlieHa Ha PUCYHKe 3.3
CoreData CloudKit
(per device) - (shared)

»genRecordName
»modifyRecords

|
didChange didSave

Puc 3.3: [lpunnunuansHas cxema oTnpaBku AanHbiX Ha 1Cloud
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3.2 ToONYYEHUE OAHHbIX U3 ICLOUD

Kak Obuto ckazano panbire, Apple mpemocraiser pa3paboTyrkam
MHOKECTBO PA3JIMYHBIX CPEACTB TSI TTOJTydeHHs nH(pOopMaIuy u3 0as3bl TaHHBIX
iCloud. B nanHoi# riiaBe OyayT MpeACTaBICHBI CaMble ONTUMAJIBHBIC TS 3a1a4H
CUHXPOHU3AIMHA METOJBI U MPEJACTaBICHBI OTPAHUYCHHS HA WX HUCIIOJIh30BaHHUE.
[9]

Kiaccuuecknii crioco6 noiayuenus nanabix u3 iCloud sBnsieTcs co3nanue
3ampoca Ha oyl U3 3amuced B 0ase maHHbiXx Mo mx GUID. Opnako, maHHBIHA
MOJIXOJI PECYPCOEMKHI, TOTOMY YTO HEU3BECTHO KaKHME UMEHHO JaHHbIC ObLIN
W3MCHEHBI M IPUXOIUTHCS 3allpalliiBaTh BCE TaHHBIE IO 3aMuch. TeM He MeHee,
JTAHHBIN TIOJIXOJT SIBJISICTCS] HAJICKHBIM M HE 3aBUCUT OT TOTO Kakasi 0a3a JIaHHBIX
UCITIOJIB3YETCS UITM KaKhe BO3MOXKHOCTH MMEET 30Ha. [109ToMy MaHHBIN 1MOAXO0]
BCE PaBHO HEOOXOIMMO pacCMaTPUBATh, TAaK KaK OH SBJISICTCS YHUBEPCATBHBIM.

Omneparusi, KOTOpas oOCyIIecTBIsseT BbiOOpKy 3ammcerd u3 iCloud,
HaseiBaeTcsi CKFetchRecordsOperation. C ee moMoIbpi0 MOXHO 3ampaninBaTh
Jr00bIe 3allUCH U3 JaHHOM 30HBI, KaK IO MOJsM, Tak W lienble 3anucu. [lpu
OKOHYAHUU PabOThl OMEpaIH, BHI3BIBAIOTCS COOTBETCTBYIOIIME KOJUIODKU Ha
00pabOTKy pe3ysIbTaToOB: MO OTACIBbHBIM 3amucsaMm perRecordProgressBlock, mo
okonuanuto  perRecordCompletionBlock wu mo mporpeccy  3arpysku
perRecordProgressBlock.

[Ipu TakoM TMOAXO0JAE Y3HATH KaKWE TIOJS W3 3amucell HY)KHO TOTYYUTh
HEBO3MOXKHO wu3-3a orpanumdyeHuii APl. Tem He MeHee, s W3HAYAIBHOM
3arpy3Kku JaHHBIX Ha YCTpOMCTBa KiueHTa, faHHOoN APl sBisieTcst y100HBIM.

Jlns monydeHusi OoOHOBJIEGHHH ¢ maHHOW 30HBI, Apple mpenocrariser
npyroit uatepderic, KOTOpbIN SBISETCS 00Jiee ONMTHUMAIBHBIM, TI0 CPABHEHUIO C
YHUBEPCAIbHBIM pEIIeHUEM, TTOTOMY YTO Ha CTOPOHE CepBepa OIpeeseTcs
Kakue TOJisi W 3aluCy HYKHO TOCHaTh KIMEHTy. PaccMoTpum  ormeparuio

CKFetchRecordZoneChangesOperation.



23

Kak m B ciaydyae ¢ yHHBEpCAJIbHBIM pPEIICHUEM, KIMEHTY HEO0OXO0INMO
IIPEIOCTABUTh 30HY HJIM HECKOJIBKO 30H JIJISI KOTOPOW HY)KHO IOJYYUTHh HOBBIC
3aMMch ¢ TapaMeTpaMy. AHAJOTUYHO, I KaKIOW yKa3aHHOW 30HBI,
pa3paboTUMK MOXKET BBICTABHTH JIJIS MOJyUeHUs Jkermaemble moiist desiredKeys,
HO TENepb KOJIMYECTBO 3aMUCEH, MOTYICHHBIX C cepBEepa MOKHO OTPaHUIHBATH
npu momornu resultsLimit. Takke, a1 omeparii MOXHO BBICTaBHTBH (iar
fetchAllChanges, xortopselii ompenensier OyaeT U NPHIOKEHHE OTIIPABISATH
JIOTIOJTHUTETHHBIE 3aIIPOCKHI Ha CEPBEP.

JIiiss paboTHI OIepanyy, HY>KHO OTPE/CIIUTh 3aMbIKaHHe, KOTOpoe OyaeT
U3MEHSTh TOKEH IMocieaHero usMmeHenus recordZoneChangeTokensUpdate u
3aMbIKaHus 111 00pabOTKKM HOBBIX 3amuceit: namenenue recordChangedBlock;
yIaJcHUE recordWithIDWasDeletedBlock U OKOHYaHHE
recordZoneChangesCompletionBlock.  Cxema  monydenuit = OOHOBJICHHUI
npeqcTaBieHa Ha pucyHke 3.4. YcrpoiictBa 1 W 2 MpoW3BOAST M3MCHCHHS B
0a3e JaHHBIX OT COCTOSIHUM “@” 10 cOoCTOsTHUM “@”. YCTpoHCcTBO 3 MCHOJHSET
onepanuio CKFetchRecordZoneChangedOperation ¢ tokenom “a”. Omeparus
IPOW3BOJIUT JBa 3ampoca kK Oa3e nmanubeix ICloud ¢ oOHOBIIeHHMEM TOKEHa U
OCTaHABJIMBAETCS B COCTOSIHUU “€”. YCTpPOMCTBO 2 BHOCUT JOMNOJHUTEIIbHBIC
U3MEHCHHS JI0 COCTOSHUS “I”. YCTpPOHCTBO 3 COXpaHsAET MOCICIHHIA TOKEH IO
KOJUIODKY “©”, m B cleayloluid pa3 Oylner oOpalieHue ¢ TOKEHOM ‘@7 s

HOJIYYCHHST OCTABIIMXCSl OOHOBJICHHUH 10 ToKeHa “f”.

- pevice 2
o o 2 B P E
o % g o [ g
3 =) =1 3 3 =]
Q [f=] (=] Q Q Q
m m m m m m
wv wv L v ) wv v wv

!

— -0« —— @ ——
I | | | |
changeTokenUpdated changeTokenUpdated

Puc 3.4: Cxema nostydyeHus JaHHBIX
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3.3 COOBLWEHUSA O CUHXPOHU3ALIUU

Jus  wHunWamu3anumd — noiaydeHus  ganHHeix w3 iCloud  Apple
npenocrapisieT 0ooomennoe APl s momygenus push-notification co ctoponst
cepepa. B ciyuae CloudKit, push-notification peamuzoBanbl uepe3 cucreMy
HOJIMCKH Ha COOBITHS OOHOBJICHHUS 3alKCel 3aJaHHOrO THIIA B Mpeaeiax 0aspl
JAHHBIX HIIA 30HBI.

Amnanornuno gpyrum cooObitusiM B ICloud, mommucku HeoOXoaMMO
CO3/1aBaTh NPU MOMOILIU OIepanuii Haa 0a30il TaHHBIX, & UMEHHO OIepaluen
CKModifySubscriptionsOperation. Ilomyuenus noamucku 1o Id  MOKHO
npou3BoIuTh mpu nomoriwm oneparnun CKFetchSubscriptionsOperation.

[Tpu co3maHwy MOAMMCKHM HA 3alKCH, HA YCTPOWCTBO OYAYyT MPHXOIUTH
notudukaruu pazmuunoro Buga. CKRecordZoneNotification mist usmenenuii B
soHe, CKDatabaseNotification mi1g wu3mMeHeHuii B 0a3e HJaHHBIX WA
CKQueryNotification mist u3ameHeHuii o0bekTa B JaHHOW 30He. [lociemHee u3
HOTU(UKAIUS SBJISICTCS CaMbIM Ba)KHBIM M3 MPEABIIYIIUX TPEX U UMEHHO OHO

OyZeT paccMaTpuBaThCs B JAaHHOU padoTe.

token N
- fetch i -
DeV|ce 1 changes » odi DeV|ce 2
-—

data
/

fPush;
N

Puc 3.4: Cxema nony4yeHus HOTU(DUKAIMHI OT cepBepa



3.4 OBLWASA MOOENDb LINKER

OO0benMHUM pe3yNbTaThl JABYX MpeAblayluX maparpadgoB B OONIYIO

MOACIIb Linker, KOTOPBIC IIO3BOJICT KaK OTHPAaBJIATL HW3MCHCHUS JIaHHBIX.

PaccMmotpum pucyHnok 3.5.

CoreData

(per device)

CloudKit
(shared)

»genRecordName

|
didChange didSave

PN

N

P

C Contex§ A

\-\,.I

»modifyRecords

changeRecord =

——fetchChanges 4&

deleteRecord ==

Puc 3.5: Monens Linker

Yactp, KOTOpasi OTBeUaeT 3a KOHTEKCT, Oblla pacCMOTpPEH B maparpade

3.1. TloaToMy paccMOTPUM YacTh, OTBEYAIOUIYIO 3a MOJIYYCHHE JaHHBIX W3

CloudKit. JIms Toro, uroOsl Hauath mosydenue maanHbix u3 CloudKit, iCloud

OTIpAaBIsCT HAa YCTPOWCTBO moJjb3oBarens Push-notification. Ilpu momorun

fetchChanges s 30HBI, KOTOpas TOJICPKUBAET JAHHYK) BO3MOXKHOCTD,

MoJIy4aeM BCE€ M3MEHEHHUS 30HbI M aHHYJIUPYEM MPUIIEAIIYI0 HOTHU(PHUKAIIUIO,

eciu TpeOyercsa. Ecimu 30Ha He mo3BoiseT HCHoab30BaTh fetchChanges,

oOpabaTbiBaeM KaXXAyl0 HOTU(PUKALMIO TO OTACIBHOCTH, OObEAUHSEM HX B

bulk-3ampoc u momy4yaeM HOBbIC JaHHBIC Yepe3 YHUBEPCATbHBIH crtocod. HoBbie

3alIMCu COPTHPYEM Ha YAAIACMBIC W CO34aBaC€MbIC M IIPpW IIOMOIOKW CPCACTB

CoreData, oOHOBIISIEM Ha KIMEHTE JaHHBIE.
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3.5 OUEHKA NPOU3BOOUTENBLHOCTHU

Mogens, npenyiokeHHas B JaHHOW paboTe, He SBJISETCS YHUKAIBHOM, HO
pemenue wucronb3yer coBpemenHoe APl mis padorer ¢ CloudKit u maer
XOpOIIIYKD COBMECTUMOCTh C JIIOObIMH mponykTamu Apple, He Tpelys
croponnux API.

AHann3 NPOU3BOAUTENBHOCTH peElIeHUs OyAeT NpPUBEIEH Ha OCHOBE
CpaBHEHHUs C aHAJOTMYHBIM cepBucom — Parse. Parse — cepsuc,
npenocTaBisomuid aHanoruuioe APl s XpaHeHus: TaHHBIX Ha YJAJI€HHOM
CepBEpe U CHUHXPOHHU3AIMIO JTAHHBIX MEXIY pa3Iu4yHbIMU YycTpoiicTBamu. B
JaHHOU paboTe ObUIM MPOU3BEIEHBI U3MEPEHUSI CKOPOCTHU 3arpy3KH JaHHBIX Ha
ceppepa Apple u Parse. Msmepenus ckopoctr 3arpy3ku 40k 3ammceit

MPEACTABIICHBI HA PUCYHKE 3.6.

store load
700 665 120 100
600 100
500 o 80
;‘_400 360 E .
E 300
F 00 40 32
0 0
Cloud Parse Cloud Parse
Kit Kit

Puc 3.6: Bpems otnipaBku u nonyuenus 3anuceit CloudKit u Parse (6osblie xyxe)

OOpaTM BHUMaHHE Ha TO, YTO CKOPOCTh 3arpy3KH JaHHBIX Ha CEpBEp
CloudKit OwicTpee uem, mns Parse, omHako 3arpy3ka JaHHBIX OBICTpee IS
Parse. Takoe moBeneHue roBOPUT O TOM, U4TO Parse 3zarpy)kaeT naHHble Oojee
ontuManbHo, yeM CloudKit, Ho Parse He moaaep)KuBaeT 3arpy3Ky W3MEHEHHH,

qT0 aeliaeT Parse 0ojiee MEUIEHHBIM B LIEJIOM.
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JUIsL OLIEHKM JIOKAJBHOTO XPaHWIHILA, PACCMOTPUM pasMeEp AaHHBIX,
3aHMMaeMblil Ha qucke npu xpaHeHuu 100xb nanHbIX. Pe3ynbTaThl MpUBEAEHBI

Ha pUCYyHKeE 3.7.

2500 2404

O
N 1500 1301
1000

Optimal Core Parse
Data

Puc 3.7: Pa3mep xpanumbix nannbix CloudKit u Parse (Oomnbiie xysxe)

Bumno, uto CoreData xpaHuT maHHbBIC OOJiee OonmTUMAaIbHO, YeMm Parse,
oJHako 0Oa3a JaHHBIX Parse mo3BossieT 0oyiee HETPUBHAIBHBIC BEIIH, YEM
CoreData, nHampumep, aBTOMaTHYeCKas CHHXPOHM3ALMs JaHHBIX MEXAy IN-
Memory o0beKTaMu U JaHHBIMH Ha KeCTKOM aucke. OaHaKo, 3TO MPUBOAUT K

XYI[IJ_Ieﬁ IMPOU3BOAUTCIIBHOCTH 0asbl JaHHBIX Parse B OcJIOM.
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3AKNIOYEHUE

B nanHoli pabore ObUIM H3yYeHBI OCHOBBI PabOTBHI C (PPIMBOPKAMHU
CoreData u CloudKit u HaiimeHo perieHne MPOOJIIEMBbl ONTHMAIBLHON
cunxponmsanun AaHHbeix CoreData mpu momommm  CloudKit. C  yuerowm
MOJTy4EHHBIX PE3yJbTaTOB ObUT peanu3oBaH npototuil Linker, xoToperi maer
npoctoe 1 ynooHoe APl s CHHXpOHHU3AIUH TAHHBIX MEXY YCTPOMCTBaAMH.

B xone paboThl OBUTO MPOW3BENEHO CPaBHEHHE MPOW3BOAMTEIHLHOCTH
AQHAJIOTUYHOTO PEIICHUS C TMOJYyYEeHHBIM B XOJi¢ pabdOThl W OMPEIEICHBI
nepoctatku cBssku CoreData — CloudKit u moka3aHsl OpHYHHBI HH3KOM
MIPOU3BOIUTEIILHOCTH B HEKOTOPHIX TECTAX.

Linker 6b11 ycrienrHo UCOIB30BaH B IpoekTe “Swed0” a1t 0OHOBICHHS
nanabix CoreData m mepemaym JaHHBIX MEXAY IOJIb30BaTEISAMHU OOydarorei

1aT(OPMBI.
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NMPUNOXEHUE A: UCXOOHbIN KOA LINKER

/7

// CKLinker.swift

// CKLinker

//

// Created by Denis Kopyrin on 11/16/16.

// Copyright © 2016 avriy. All rights reserved.
//

import CloudKit
import CoreData
import Cocoa

enum [ inkerError: Error {
case badEntity

}

public struct LinkerNames {
static let recordNameAttributeName = "cachedRecordID"
static let cloudKitMetadataEntityName = "CloudKitMetadata"
static let tokenAttributeName = "serverChangeToken"

}

/// Linker allows to sync CoreData and CloudKit, making CloudKit
transparent to Client
public class Linker: RecordChangeDelegate, FetchChangeDelegate {
/// recordZone for CloudKitManager
private let recordZoneID: CKRecordZonelD
/// CloudKitManager for Linker with predefined zone and database
private let cloudKitManager: CloudKitManager

/// context that is observed by Linker

private let context: NSManagedObjectContext

/// CoreDataManager for Linker with predefined context
private let corebataManager: CoreDataManager

/// Child context to perform async save
private let childContext: NSManagedObjectContext

private let recordType: String

private let recordEntity: NSEntityDescription
private let tokenEntity: NSEntityDescription

private let predicate: NSPredicate

private let classType: CKAutoRepresentableModel.Type

//TODO: Implement control for isReady with LinkerManager
public private(set) wvar isReady: Bool

//MARK: - Init

/**

Initializes new Linker with following parameters
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- Parameters:

- context: CoreData context that will be observed and all
changes made from it will be saved to CloudKit.

Every entity should have attribute
CKLinker.recordNameAttribute and database should have entity
CKLinker.cloudKitMetadataEntity with attribute token 1in
CKLinker.tokenAttribute

- database: DataBase to use in CloudKit

- recordZone: Zone to use in CloudKit. Provided Zone should
capable to fetchChanges

- Returns: Linker that user should save strong link to
*/
public init(classType: CKAutoRepresentableModel.Type, context:
NSManagedObjectContext, container: CKContainer, database:
CKDatabase, recordZone: CKRecordZone, predicate: NSPredicate =
NSPredicate(value: true)) throws ({
self.recordZonelD = recordZone.zonelD
self.recordType = classType.recordType

self.context = context

self.childContext = NSManagedObjectContext (concurrencyType:
.mainQueueConcurrencyType)

self.childContext.parent = self.context

self.coreDataManager = CoreDataManager (context:
self.childContext, parentContext: self.context)

self.predicate = predicate

self.isReady = false

self.classType = classType

guard let recordEntity =
NSEntityDescription.entity(forEntityName: recordType, in: context)
else {
throw LinkerError.badEntity

}
self.recordEntity = recordEntity

guard let tokenEntity =
NSEntityDescription.entity(forEntityName:
LinkerNames.cloudKitMetadataEntityName, in: context) else {
fatalError("Failed to get entity for token")

}
self.tokenEntity = tokenEntity

let token: CKServerChangeToken? =
self.coreDataManager.loadToken (recordType: recordType, predicate:
predicate)

self.cloudKitManager = CloudKitManager (database: database,
container: container, recordZone: recordZone, token: token)
self.cloudKitManager.recordChangeDelegate = self
self.cloudKitManager.initZone (errorHandler:
consoleErrorHandler) { [weak self] in
self?.isReady = true

}
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if token == nil { //Observers will be added after token will
be added
self.cloudKitManager.generateToken(errorHandler:
consoleErrorHandler)
self.setupData ()
} else {
NotificationCenter.default.addObserver (self, selector:
#selector (contextDidSaveHandler (notification:)), name:
.NSManagedObjectContextDidSave, object: context)
NotificationCenter.default.addObserver (self, selector:
#selector (contextObjectsDidChangeHandler (notification:)), name:
.NSManagedObjectContextObjectsDidChange, object: context)
}
}

deinit {
NotificationCenter.default.removeObserver (self)

}

public func subscribe(completion: @Qescaping (_ subscriptionID:
String,  fetchChangeDelegate: FetchChangeDelegate) -> ()) {
cloudKitManager.createSubscription(entityName: recordType,
searchPredicate: predicate) { [weak self] (subscription, error) in
if error !'= nil {
self?.cloudKitManager.update(errorHandler:
consoleErrorHandler) { }
//TODO: This 1is kinda ehh solution
guard let error = error as? CKError else {
return
}
guard let subscriptionError =
error.partialErrorsByItemID?.values.first else {

return
}
let separatedString =
subscriptionError.localizedDescription.components (separatedBy: "''")
guard separatedString.count > 2 else ({
return
}

let subscriptionID = separatedString[1]
if let cloudKitManager = self?.cloudKitManager ({
completion (subscriptionID, cloudKitManager)
}
} else {
if let subscriptionID =
subscription?.subscriptionID, let cloudKitManager =
self?.cloudKitManager {
completion(subscriptionID, cloudKitManager)

}

}

private func setupData() ({
cloudKitManager.fetch(entityName: recordType, predicate:
predicate) { [weak self] (records, error) in
guard let strongSelf = self else { return }
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guard let records = records else { return }
for record in records {
strongSelf.change(record: record, errorHandler:
consoleErrorHandler)

}

NotificationCenter.default.removeObserver (strongSelf)
strongSelf.context.performAndWait {
do {
try strongSelf.coreDataManager.saveContext ()
try strongSelf.context.save()
} catch {
print ("Failed to save: \ (error)")
}
}

NotificationCenter.default.addObserver (strongSelf,
selector:
#selector (strongSelf.contextDidSaveHandler (notification:)), name:
.NSManagedObjectContextDidSave, object: strongSelf.context)

NotificationCenter.default.addObserver (strongSelf,
selector:
#selector(strongSelf.contextObjectsDidChangeHandler (notification:)),
name: .NSManagedObjectContextObjectsDidChange, object:
strongSelf.context)

}
}

public func update(errorHandler: @escaping ErrorHandler,
completionHandler: @escaping () -> ()) {
cloudKitManager.update (errorHandler: errorHandler,
completionHandler: completionHandler)

}

//MARK: - Notification handlers
@Qobjc private func contextObjectsDidChangeHandler (notification:
Notification) {

guard let userInfo = notification.userInfo else {
print("Failed to get userInfo!")
return

}

//If we insert new objects, let's assign a recordName to it
if let insertedObjects = userInfo[NSInsertedObjectsKey] as?
Set<NSManagedObject> {
for object in insertedObjects {
if object.value(forKey:
LinkerNames.recordNameAttributeName) as? String !'= nil { continue }
guard let objectRecordType = object.entity.name else
{ continue }
guard recordType == objectRecordType else { continue
}
let record = CKRecord(recordType: recordType,
zonelD: recordZonelD)
object.setValue(record.recordID.recordName, forKey:
LinkerNames.recordNameAttributeName)

}
}
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Qobjc func contextDidSaveHandler (notification: Notification) ({
guard let userInfo = notification.userInfo else {
print("Failed to get userInfo!")
return

if let insertedObjects = userInfo[NSInsertedObjectsKey] as?
Set<NSManagedObject> {
print ("Generating dict (insert)™)
let records = generateRecords(objects: insertedObjects)
cloudKitManager.insert (records: records, entityName:
recordType)

}

if let updatedObjects = userInfo[NSUpdatedObjectsKey] as?
Set<NSManagedObject> {
print ("Generating dict (update)™)
let records = generateRecords(objects: updatedObjects)
cloudKitManager.insert (records: records, entityName:
recordType)
}

if let deletedObjects = userInfo[NSDeletedObjectsKey] as?
Set<NSManagedObject> {
let records = generateRecords(objects: deletedObjects)
cloudKitManager.delete(recordlDs: records.map {
$0.recordID }, entityName: recordType)
}
}

//MARK: - CloudKit object parser
private func generateRecords (objects: Set<NSManagedObject>) ->
[CKRecord] {
return objects.flatMap { (object) in
guard let objectRecordType = object.entity.name else {
return nil }
guard objectRecordType == recordType else { return nil }
guard let objectModeled = object as”?
CKAutoRepresentableModel else { return nil }
return try? objectModeled.record()
}
}

//MARK: - RecordChangeDelegate
func change(record: CKRecord, errorHandler: @escaping
ErrorHandler) {
guard recordType == record.recordType else { return }
let object = coreDataManager.makeObject (recordName:
record.recordID.recordName, entity: recordEntity)
object.setValue(record.recordID.recordName, forKey:
LinkerNames.recordNameAttributeName)
guard let objectModel = object as? CKRepresentableModel else
{ return }

do {
try objectModel .updateWith(record: record)
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} catch {
errorHandler (error)
}
}

func deleteRecord(with recordID: CKRecordID) {
= coreDataManager.deleteObjects (recordName:
recordID.recordName, entity: recordEntity)

}

func bulkEnd(token: CKServerChangeToken?, errorHandler:
@escaping ErrorHandler) ({
NotificationCenter.default.removeObserver (self)
if let token = token {
coreDataManager.saveToken (recordType: recordType,
predicate: predicate, token: token)

}

context.performAndWait { [weak self] in
do {
try self?.coreDataManager.saveContext ()
try self?.context.save ()
} catch {
errorHandler (error)
}
}

NotificationCenter.default.addObserver (self, selector:
#selector (contextDidSaveHandler (notification:)), name:
.NSManagedObjectContextDidSave, object: context)

NotificationCenter.default.addObserver (self, selector:
#selector (contextObjectsDidChangeHandler (notification:)), name:
.NSManagedObjectContextObjectsDidChange, object: context)

}

//MARK: - FetchChangesDelegate
public func fetchChanges(for notification: CKNotification?,
errorHandler: @escaping ErrorHandler) ({
cloudKitManager.fetchChanges (for: notification,
errorHandler: errorHandler)

}
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//

// CloudManager.swift

// CKLinker

//

// Created by Denis Kopyrin on 07.11.16.

// Copyright © 2016 avriy. All rights reserved.

//

import Foundation
import CloudKit

fileprivate func consoleHandler<T> (value: T, error: Error?) {
if let error = error {
print (error)

}

fileprivate extension Array ({
func split(bySize chunkSize: Int) -> [[Element]] {
let count = self.count
let dividers = stride(from: 0, to: count, by: chunkSize)
return dividers.map { (rightSide) in
let leftSide = rightSide + chunkSize < count ? rightSide
+ chunkSize: count
return Array(self[rightSide ..< leftSide])

}

class CloudKitManager: FetchChangeDelegate {
static let bulkSize = 400

var serverChangeToken: CKServerChangeToken?
var recordChangeDelegate: RecordChangeDelegate?

let container: CKContainer
let recordZone: CKRecordZone
let database: CKDatabase

//MARK: - Inits
init(database: CKDatabase, container: CKContainer, recordZone:
CKRecordZone, token: CKServerChangeToken?) ({
self.container = container
self.database = database
self.recordZzone = recordZone
self.serverChangeToken = token

}

public func initZone(errorHandler: @escaping ErrorHandler,
completionHandler: Q@escaping () -> ()) {
guard self.recordZone '= CKRecordZone.default() else {
return

}

let operation =
CKModifyRecordZonesOperation(recordZonesToSave: [recordZone],
recordZonelIDsToDelete: nil)
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operation.modifyRecordZonesCompletionBlock = { (_, , error)
in
if let error = error {
errorHandler (error)
}
completionHandler ()
}
database.add(operation)
}
func fetch(entityName: String, predicate: NSPredicate,
completion: Qescaping (_ record: [CKRecord]?, error: Error?) ->
Void) {
let query = CKQuery(recordType: entityName, predicate:
predicate)
let queryOperation = CKQueryOperation(query: query)
queryOperation.zonelD = recordZone.zonelD
var records: [CKRecord] = []
queryOperation.recordFetchedBlock = { (record) in

records.append (record)
}
queryOperation.queryCompletionBlock = { (_, error) in //Yes,
this is bad, but for now I'll take that
completion(records, error as Error?)

}

database.add (queryOperation)
}

func fetch(recordID: CKRecordID, completion: @Qescaping (_
record: CKRecord?, : Error?) -> Void) {
database.fetch(withRecordID: recordID) { (record, error) in

completion(record, error)

}
}

func delete(recordID: CKRecordID, completion: @escaping (_
recordID: CKRecordID?, : Error?) -> Void) {
database.delete(withRecordID: recordID) { (recordID, error)
in
completion(recordID, error)

}

/// Limit resources this function can take to ~400 records/ids
/// This operation supports download of big amount of records!
func modify(recordsToSave: [CKRecord], recordIDsToDelete:
[CKRecordID], entityName: String, completion: @escaping (  records:
[CKRecord]?,  recordIDs: [CKRecordID]?, error: Error?) -> Void) {
let group = DispatchGroup()
let queue = OperationQueue ()

queue.maxConcurrentOperationCount

1

var totalSavedRecords: [CKRecord] []1
var totalDeletedRecordIDs: [CKRecordID] = []
var totalkErrors: [Error] = []
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let waitQueue = DispatchQueue(label: "Wait Queue'")

var modifyBlock: (([CKRecord]?, [CKRecordID]?, Error?) ->
Void)!
modifyBlock = { [weak self] (savedRecords, deletedRecordIDs,
error) in
if let error = error as? CKError {
switch error {
case CKError.requestRatelLimited:
guard let timeToWait =
error.userInfo[CKErrorRetryAfterKey] as? Int else {
break
}
let deadlineTime = DispatchTime.now() +
.seconds (timeToWait)
wailtQueue.asyncAfter (deadline: deadlineTime) {
self?.modify(recordsToSave: recordsToSave,
recordIDsToDelete: recordIDsToDelete, entityName: entityName,
completion: modifyBlock)
}
default:
if let records = savedRecords {
totalSavedRecords.append(contentsOf: records) }
if let recordIDs = deletedRecordIDs {
totalDeletedRecordIDs.append(contentsOf: recordIDs) 1}
totalErrors.append(error)
group.leave ()
}
} else {
if let records = savedRecords {
totalSavedRecords.append(contentsOf: records) }
if let recordIDs = deletedRecordIDs {
totalDeletedRecordIDs.append(contentsOf: recordIDs) 1}
group.leave ()
}
}

recordsToSave.split(bySize:

CloudKitManager.bulkSize) .forEach {

let operation = CKModifyRecordsOperation (recordsToSave:
$0, recordIDsToDelete: nil)

operation.qualityOfService =
QualityOfService.userInteractive

operation.isAtomic = false

operation.savePolicy = .allKeys

group.enter ()

operation.modifyRecordsCompletionBlock = modifyBlock

operation.database = database
queue.addOperation (operation)

}

recordIDsToDelete.split (bySize:
CloudKitManager.bulkSize) .forEach {
let operation = CKModifyRecordsOperation(recordsToSave:
nil, recordIDsToDelete: $0)
group.enter()
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operation.qualityOfService =
QualityOfService.userInteractive

operation.modifyRecordsCompletionBlock = modifyBlock

operation.database = database

queue.addOperation (operation)

}

group.notify(queue: DispatchQueue.main) {
completion(totalSavedRecords, totalDeletedRecordIDs,
totalErrors.first)
}
}

func insert(records: [CKRecord], entityName: String, completion:
@escaping ( records: [CKRecord]?, error: Error?) -> Void =
consoleHandler) {
DispatchQueue.main.async {
self.modify(recordsToSave: records, recordIDsToDelete:
[1, entityName: entityName) { (records, , error) in
completion(records, error)

}
}

func delete(recordIiDs: [CKRecordID], entityName: String,
completion: @escaping (_ records: [CKRecordID]?, error: Error?) ->
Void = consoleHandler) {
modify(recordsToSave: [], recordIDsToDelete: recordIDs,
entityName: entityName) { ( , recordIDs, error) in
completion(recordIDs, error)
}
}

//MARK: - Subscriptions
func createSubscription(entityName: String, searchPredicate:
NSPredicate, completion: @Qescaping (_ subscription: CKSubscription?,
__error: Error?) -> Void = consoleHandler) {
let subscription = CKQuerySubscription(recordType:
entityName, predicate: searchPredicate, options:
[.firesOnRecordUpdate, .firesOnRecordDeletion,
.firesOnRecordCreation])
subscription.notificationInfo = createNotification()

let operation =
CKModifySubscriptionsOperation (subscriptionsToSave: [subscription],
subscriptionIDsToDelete: nil)
operation.modifySubscriptionsCompletionBlock = { (subscr, ,
error) in
completion(subscr?.first, error)

}

database.add (operation)

}

func removeSubscription(entityName: String, searchPredicate:
NSPredicate) {
let subscription = CKQuerySubscription(recordType:
entityName, predicate: searchPredicate, options:
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[.firesOnRecordUpdate, .firesOnRecordDeletion,
.firesOnRecordCreation])

let operation =
CKModifySubscriptionsOperation(subscriptionsToSave: [subscription],
subscriptionIDsToDelete: nil)

database.add (operation)

}

func listSubscriptions() {
database.fetchAllSubscriptions { ( , ) in }

}

func createNotification() -> CKNotificationInfo {
let notificationInfo = CKNotificationInfo ()
notificationInfo.shouldSendContentAvailable = true

NSApplication.shared() .registerForRemoteNotifications (matching:
NSRemoteNotificationType.badge)

notificationInfo.shouldBadge = true

return notificationInfo

}

//MARK: - Token
func generateToken(errorHandler: Q@escaping ErrorHandler) {
let operation =
CKFetchNotificationChangesOperation (previousServerChangeToken:
serverChangeToken)
operation.fetchNotificationChangesCompletionBlock = { [weak
self] (token, error) in
self?.serverChangeToken = token
if let error = error {
errorHandler (error)

}

container.add (operation)

}

//MARK: - Notification callback
func fetchChanges (for notification: CKNotification?,
errorHandler: @escaping ErrorHandler) ({
if let notification = notification {
process(notification: notification)

}

update(errorHandler: errorHandler) { }

}

func update(errorHandler: @escaping ErrorHandler,
completionHandler: @escaping () -> ()) {
let operation =
CKFetchNotificationChangesOperation(previousServerChangeToken:
serverChangeToken)

var notifications: [CKNotificationID] = []
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operation.notificationChangedBlock = { [weak self]
(notification) in
self?.process(notification: notification)
notifications.append(notification.notificationID!)

}

operation.fetchNotificationChangesCompletionBlock = { [weak
self] (token, error) in
self?.serverChangeToken = token
if let error = error {
errorHandler (error)

}

self?.mark(notifications: notifications, errorHandler:
consoleErrorHandler)

self?.recordChangeDelegate?.bulkEnd(token: token,
errorHandler: consoleErrorHandler)

completionHandler ()

}

CKContainer.default() .add (operation)
}

private func process(notification: CKNotification) {
guard notification.notificationType ==
CKNotificationType.query else {
return

}

let queryNotification = notification as! CKQueryNotification
switch (queryNotification.queryNotificationReason) {
case .recordCreated, .recordUpdated:
guard let recordID = queryNotification.recordID else {
return

}

fetch(recordID: recordID) { [weak self] (record, error)
in
guard let record = record else {
return

}

self?.recordChangeDelegate?.change(record: record,
errorHandler: consoleErrorHandler)

}

case .recordDeleted:
guard let recordID = queryNotification.recordID else {
return

}

delete(recordID: recordID) { [weak self] (recordID,
error) in
guard let recordID = recordID else {
return

}

self?.recordChangeDelegate?.deleteRecord(with:
recordID)

}
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func mark(notifications: [CKNotificationID], errorHandler:
@escaping ErrorHandler) {
let operation =
CKMarkNotificationsReadOperation(notificationIDsToMarkRead:
notifications)
operation.markNotificationsReadCompletionBlock = { (_,
error) in
if let error = error {
errorHandler (error)

}

}
CKContainer.default () .add (operation)
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//

// CoreDataManager.swift

// CKLinker

//

// Created by Denis Kopyrin on 11/17/16.

// Copyright © 2016 avriy. All rights reserved.
//

import Cocoa
import CoreData
import CloudKit

class CoreDataManager {
let context: NSManagedObjectContext
let parentContext: NSManagedObjectContext

init(context: NSManagedObjectContext, parentContext:
NSManagedObjectContext) {
self.context = context
self.parentContext = parentContext

context.mergePolicy =
NSMergeByPropertyObjectTrumpMergePolicy
parentContext.mergePolicy =
NSMergeByPropertyObjectTrumpMergePolicy
}

func saveContext () throws {
try context.save()

}

//MARK: - General object
func makeObject (recordName: String, entity: NSEntityDescription)
-> NSManagedObject {
return findObject (recordName: recordName, entityName:
entity.name!) ?? NSManagedObject(entity: entity, insertlInto:
context)

}

func findObject (recordName: String, entityName: String) ->
NSManagedObject? {
let searchResults = try? getObjects(byPredicate:
NSPredicate(format: LinkerNames.recordNameAttributeName + " == %@",
recordName) , entityName: entityName)
return searchResults??.first

}

func getObjects (byPredicate predicate: NSPredicate, entityName:
String) throws -> [NSManagedObject]? {
let fetchRequest: NSFetchRequest<NSManagedObject> =
NSFetchRequest (entityName: entityName)
fetchRequest.predicate = predicate

return try parentContext.fetch(fetchRequest)
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func deleteObjects (byPredicate predicate: NSPredicate, entity:
NSEntityDescription) -> [NSManagedObject]? {
guard let objectsOptional = try? getObjects(byPredicate:
predicate, entityName: entity.name!) else {
return nil
}
guard let objects = objectsOptional else {
return nil
}
parentContext.performAndWait {
objects.forEach { (object) in
self.parentContext.delete (object)
}
}

return objects

}

func deleteObjects(recordName: String, entity:
NSEntityDescription) => [NSManagedObject]? {
return deleteObjects(byPredicate: NSPredicate(format:

LinkerNames.recordNameAttributeName + " == %@", recordName), entity:
entity)

}

//MARK: - Token

func loadToken(recordType: String, predicate: NSPredicate) ->
CKServerChangeToken? {
let group = DispatchGroup()
group.enter ()

var token: CKServerChangeToken? = nil
NSPersistentContainer.getMetadataValue (forKey:
LinkerNames.tokenAttributeName + " " + recordType + " " +
predicate.predicateFormat, errorHandler: consolekErrorHandler) {
(data: Data?) in
defer { group.leave() }
guard let data = data else {
return
}
token = NSKeyedUnarchiver.unarchiveObject(with: data)
as? CKServerChangeToken
}
group.wait ()
return token

}

func saveToken(recordType: String, predicate: NSPredicate,
token: CKServerChangeToken, errorHandler: @escaping ErrorHandler =
consoleErrorHandler) {
let data = NSKeyedArchiver.archivedData (withRootObject:
token)
DispatchQueue.main.async {
NSPersistentContainer.setMetadataValue(forKey:
LinkerNames.tokenAttributeName + " " + recordType + " " +
predicate.predicateFormat, value: data, errorHandler: errorHandler)
}
}
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//

// FetchChangeDelegate.swift

// CKLinker

//

// Created by Denis Kopyrin on 11/17/16.

// Copyright © 2016 avriy. All rights reserved.
//

import Foundation
import CloudKit

public protocol FetchChangeDelegate ({
func fetchChanges (for notification: CKNotification?,
errorHandler: @escaping ErrorHandler)

}

//

// ~RecordChangeDelegate.swift

// CKLinker

//

// Created by Denis Kopyrin on 10/30/16.

// Copyright © 2016 avriy. All rights reserved.

//

import Foundation
import CloudKit

/// 2 functions on top will be called and does not expect you to
save anything on disk
protocol RecordChangeDelegate {

/// This function should either create or update record

func change(record: CKRecord, errorHandler: @escaping
ErrorHandler)

func deleteRecord(with recordID: CKRecordID)

func bulkEnd(token: CKServerChangeToken?, errorHandler:
@escaping ErrorHandler)

}
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//

// LinkerManager.swift
//  Swedo

//

// Created by Denis Kopyrin on 2/12/17.
// Copyright © 2017 avriy. All rights reserved.
//

import Foundation
import CloudKit

public class LinkerManager: FetchChangeDelegate {
private var linkers: [String: FetchChangeDelegate] =
[:1//SubcriptionID -> Linkers

private let cloudContainer: CKContainer
private let persistentContainer: NSPersistentContainer

public wvar contextForLazyLinkers: NSManagedObjectContext
public var containerForlLazylLinkers: CKContainer

public wvar databaseborlLazylLinkers: CKDatabase

public var recordZoneforlLazylinkers: CKRecordZone

public init(persistentContainer: NSPersistentContainer,
cloudContainer: CKContainer) {
self.persistentContainer = persistentContainer
self.cloudContainer = cloudContainer

self.contextForLazylLinkers = persistentContainer.viewContext

self.containerForLazyLinkers = cloudContainer

self.databaseForLazyLinkers =
cloudContainer.publicCloudDatabase

self.recordZoneForLazyLinkers = CKRecordZone.default ()

let notificationCenter = NotificationCenter.default

notificationCenter.addObserver (forName:
.didReceiveRemoteNotification, object: nil, queue: nil, using:
fetchChangesNotificationListener)

}

public func fetchChanges (for notification: CKNotification?,
errorHandler: @escaping ErrorHandler) ({
guard let subscriptionID = notification?.subscriptionID else
{ return }
let linker = linkers[subscriptionID]
if let linker = linker {
linker.fetchChanges (for: notification, errorHandler:
errorHandler)
} else {
let operation =
CKFetchSubscriptionsOperation(subscriptionIDs: [subscriptionID])
var linker: Linker? = nil

operation.fetchSubscriptionCompletionBlock = { [weak
self] (subscriptionDictionary, error) in
if let error = error {
errorHandler (error)
return
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}
guard let subscriptionDictionary =
subscriptionDictionary else {
print ()
return
}
guard let subscription =
subscriptionDictionary[subscriptionID] else {
return
}
guard let querySubscription = subscription as?
CKQuerySubscription else {

return
}
let predicate = querySubscription.predicate
let recordType = querySubscription.recordType

guard let recordClass =
NSClassFromString (recordType) else ({
return
}
guard let autoRepresentableModelType = recordClass
as? CKAutoRepresentableModel.Type else {

return

}

guard let strongSelf = self else {
return

}

DispatchQueue.main.sync {
do {
linker = try Linker(classType:
autoRepresentableModelType, context:
strongSelf.contextForLazylLinkers, container:
strongSelf.containerForLazylLinkers, database:
strongSelf.databaseForLazylLinkers, recordZone:
strongSelf.recordZoneForLazylLinkers, predicate: predicate)
} catch {
errorHandler (error)
}
}
self?.linkers[subscriptionID] = linker
linker?.fetchChanges (for: notification,
errorHandler: errorHandler)

}

databaseForLazyLinkers.add (operation)

}

public func createlinker(classType:

CKAutoRepresentableModel.Type, context: NSManagedObjectContext,
container: CKContainer, database: CKDatabase, recordZone:
CKRecordZone, predicate: NSPredicate = NSPredicate(value: true))
throws -> Linker {

let linker = try Linker(classType: classType, context:
context, container: container, database: database, recordZone:
recordZone, predicate: predicate)

linker.subscribe () { [weak self] (id, linker) in
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self?.linkers[id] = linker
}
return linker
}
//MARK: - Notification Listener

public func fetchChangesNotificationListener(notification:
Notification) {
let cknNotification =
CKNotification(fromRemoteNotificationDictionary:
notification.userInfo as! [String: NSObject])
if cknNotification.notificationType == .query, let =
cknNotification as? CKQueryNotification {
fetchChanges (for: cknNotification, errorHandler:
consoleErrorHandler)
} else {
fetchChanges (for: nil, errorHandler:
consoleErrorHandler)
}
}
}

public extension Notification.Name {
static let didReceiveRemoteNotification =
Notification.Name ("didRecieveRemoteNotification™)

}
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//

// CoursesVM.swift
//  SWEDO

//

//Example of Linker Usage

import Cocoa
import SwedoKit
import CloudKit

class CoursesContext: ContainerContext {

let persistentContainer: NSPersistentContainer
let cloudContainer: CKContainer
let linkerManager: LinkerManager

let user: CourseUser

init(persistentContainer pc: NSPersistentContainer,
cloudContainer cc: CKContainer, linkerManager Im: LinkerManager,
user: CourseUser) {
persistentContainer = pc

cloudContainer = cc
linkerManager = 1m
self.user = user

}
class CoursesVM: NSObject, ViewModelProtocol {

var updatedContext: CoursesContext

private let publicCoursePredicate = NSPredicate(format:
"courseVisibility == 0")

private let subscriptionPredicate: NSPredicate

let linkerCourse: Linker?

let linkerSubscription: Linker?

required init(context: CoursesContext) {
updatedContext = context
let container = CKContainer.default()
let database = container.publicCloudDatabase
let recordZone = CKRecordZone.default()
do {
self.linkerCourse = try
updatedContext.linkerManager.createlLinker (classType: Course.self
,context: context.persistentContainer.viewContext, container:
container, database: database, recordZone: recordZone, predicate:
publicCoursePredicate)
} catch {
self.linkerCourse = nil
print("Failed to create Linker: \ (error)")

}
guard let cachedRecordID = context.user.cachedRecordID else

fatalError ("cachedRecordID of courseUser is nil™)
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subscriptionPredicate = NSPredicate(format:
"student.cachedRecordID == %@", cachedRecordID)
do {
self.linkerSubscription = try
updatedContext.linkerManager.createlLinker (classType:
CourseSubscription.self, context:
context.persistentContainer.viewContext, container: container,
database: database, recordZone: recordZone, predicate:
subscriptionPredicate)
} catch {
self.linkerSubscription = nil
print ("Failed to create Linker: \ (error)")

}

var isProgressing: Bool {
return isProgressingForCourse ||
isProgressingForSubscription

}
dynamic wvar isProgressingForCourse: Bool = false
dynamic var isProgressingForSubscription: Bool = false

class func keyPathsForValuesAffectingIsProgressing() ->
Set<String> {
return Set ([#keyPath(isProgressingForCourse),
#keyPath (isProgressingForSubscription)])

}
func update(errorHandler eh: @escaping ErrorHandler) {
isProgressingForCourse = true
linkerCourse?.update(errorHandler: { [weak self] error in
self?.isProgressingForCourse = false

eh (error)
}, completionHandler: { [weak self] in
self?.isProgressingForCourse = false
H
isProgressingForSubscription = true
linkerSubscription?.update(errorHandler: { [weak self] error
in
self?.isProgressingForSubscription = false
eh (error)
}, completionHandler: { [weak self] in
self?.isProgressingForSubscription = false

})



