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[aHHbIn OOKYMEHT MOCBALLEH Tekylwlen peanusauun mexaHusma TpaH3akuui B Apache

Ignite.

Mbl:

A A

OyeHb KpaTKko BCNOMHMM OCHOBHbIE MOMEHTLI apXMUTEKTYpbI Ignite

lMoroBopuM 0 npoTokone 2x hasHon domkcaumm TpaH3akLumin

Y3HaeM Kakue pexmmbl 6NoknpoBkM nogaepxunsaeT Ignite

PaccmoTpuM Kak BbIMOMHAETCA TpaH3aKums

Kak obpabaTbiBaloTca cuTyaumm, korga "TepsitoTcsa" ya3nbl Ha pasHbiX 3aTanax
TpaH3aKuuu

[ns Havyana paccMoTpuM onpeaeneHne n OCHOBHbIE CBOMCTBA Ignite.

1.

Introduction to Apache Ignite

1.1.  Apache Ignite

AkTyanbHbIM on4a Ignite Ha TekylWMin MOMEHT ABNSETCA crneyolee onpeaenexue: "lgnite -
3To pacnpegeneHHas, memory-centric CYB".

Kak pacnpegeneHHas cuctema, OHa Mony4yuna napbl KrO4Y-3HAYEHUEe AONs XpaHeHus
AaHHbIX. Bce anroputmbl ee paspabatbiBanvicb M ONTUMU3MPOBANNCh NOA NapansnesnbHble
Bolumcnennd. Kak CYB[, oHa no3BoONnseT MepexumBaTb MNepexmnBaTb Mnepesarpysky, U
npegocTaBnseT NogaepXKKy pacnpeneneHHbiX uHgekcos n SQL 3anpocos no Bcemy Habopy
AaHHbIX B ONepaTUBHON NaMATU U Ha OUCKE.

Bonee nosHo Ignite, aTo cMcTtema ¢ BO3MOXHOCTbIO:

1.

cosfaBaTb  9MACTMYHbIA, TOPU3OHTanNbHO MacwTabupyembin Data Grid ¢
MacwTabupoBaHMEM Ha ThiCAYM Y3roB, C pacnpegeneHneMm [OaHHbIX 4epes
adPPUHUTU PYHKLMIO ONS YMEHbLUEHNS M3ObITOYHOrO nepemMelleHnUs AaHHbIX npu
nobaBneHnun unu yganeHum yarnos.

ucnonb3oBaTb co3gaHHbl Data Grid ons BbINONHEHUS NapannerbHbIX BbIYUCIEHUI
B Compute Grid. lNpuyem kopn BbINOMHAETCS HENOCPEOCTBEHHO Ha yanax, rae
cogepxatcs Heobxoaumble AaHHbIE.

ucnone3oBaTb Durable Memory ansa xpaHeHnsa AaHHbIX He TOMbKO B NaMsTK, HO U Ha
ancke.

BbINONHATL pacnpegeneHHble SQL ANSI-99 3anpockl no BceMy Habopy AaHHbIX,
HaxoOsALWMXCA Kak B NamMATW, Tak 1 Ha Ancke noboro ns y3nos.

cTpoutb, o0Oy4yaTtb, TectupoBaTb Machine Learning anroputmbl u Mogenwu,
crneunanbHO ONTUMU3NPOBAHHbIE Ansi paboTbl Ha COBMECTHO pacnpedeneHHbIX
OaHHbIX.



1.2. Cluster/Cache/Partitions

Node 0

Cluster

Knactep Ignite npeactaensietr cobo MHOXECTBO OObEeANHEHHbBIX B KOMbLO CEPBEPHBIX U,
NOAKMOYEHHBIX K HUM, KIMEHTCKUX Y3r0B.

N cepBepHble U KNMEHTCKME Y3nbl MOTYT BbINOMHATL abcontoTHO Bce 3agadqn Ignite API,
cTapToBaTb TpaH3aKuMu, y4acTBOBaTb B BbIYMCNEHUSX U 3arpy3Kax.

OcHOBHOE OTNMYMEe Mexay HUMW COCTOUT B TOM, YTO Ha KIMMEHTCKUX y3nax He XpaHsaTcs
AaHHbIE N OHN TPEBYIOT HanM4Ma cepBepHOro y3na Ans NOAKNI0YEeHUs K KnacTepy.

[na nonb3oBaTens OCHOBHasi LIEHHOCTb KnacTepa 3akn4aeTcsi B BO3MOXHOCTU XpaHWUTb
[aHHbIE U BbINOMHATb HA HUX BbIYUCIIEHUS.

[laHHble XpaHATCs B BuMAe Map K4 - 3HayeHune, a crnocobom obbeauHEeHWUst Takux nap ¢
0BLWMMM HACTPOVKaMM BbICTYNAIOT KELLWN, KOTOPble 06beANHSAIOTCS B Pynny KeLleun.

Mpn xpaHeHun B Kelue BonblOoro obbemMa gaHHbIX, OH pas3fenseTcsl Ha HECKOSTbKO YacTen
napTuuun - partition.



Cluster

Cache Group
Cache A

Partition #73 Partition #17 Partition #222
Partition #12 Partition #109 Partition #29

Partition #201 Partition #1 Partition #21

Cache B

Partition #13 Partition #17 Partition #2
Partition #112 Partition #82 Partition #9
Partition #24 Partition #11 Partition #18

C uenbto obecneveHns COXpaHHOCTU OaHHbIX, KpOMe ocHOBHoM (Primary) konum co3gatoTcs
ee pesepBHble (Backup) konuw.

Kaxablh y3en B knactepe (M CEpBEpPHbIN, U KIWMEHTCKUIA) "3HaeT" O pasMelleHun BcexX
Primary n Backup konuin naptuuumn. 3Ta uHGopmaumss cobupaeTcsa KOopaMHaATOpOM
knactepa u paccbinaetcs B Partition Map Exchange coobLeHun Bcem yanam.

Ona nonb3oBaTensa Bcs paboTa ¢ kewem (M put, n get onepaunn) BbINOMHAETCHA TOMbKO
yepe3 Primary partition (3a wucknioyeHnem crydaeB, Korga $IBHO yKa3aHO BbINOSIHEHUE
onepauum yteHna ¢ Backup partition).

Ecnn Primary pasgen He JocTyneH (Hanpumep y3en neperpyxaeTcs), TpaH3akums goSmKHa
AoXaaTtbCsi CMeHbl Tomomorun  (T.K. OAWH U3 Y3MOB Bblwen wu3 obcnyxunBaHusa) wu
onpegeneHnss HoBoro ysna ¢ Primary naptuumen. [locne atoro TpaH3akumsi nonpobyet
BbINOMHUTL ONepaLmio eLle OAuH pas.

2. Transactions
2.1. Two-Phase-Commit Protocol

B pacnpegeneHHbIXx cucTemMax oOfHa TpaH3akuMs MOXeT 3aTparMBatb [AaHHble
pacnonoXeHHble Ha pasHbiX y3nax, YTo HaknagbiBaeT (ans cobnogeHns npMHUMnoB atomic
n consistency) gononHuTenbHble TpeboBaHusa. Heobxooumo oTcnexuBaTb U KOPPEKTHO
obpabaTbiBaTh CUTyauun, Korga U3MeHeHus 6yayT NnpMMeHeHbl TONbKO YacTbio y3roB. Mnn,
KOorga 4acTb Y3M0B BbIMAET U3 06CNyXnBaHUS.



TpaguMUMOHHBIM anropuTMOM ANSA pelleHnsa Takmx 3adadv BbICTynaeT anroputm 2x-¢pasHou
dumkcaumm wmnamMeHeHun. B opakne TakuMe TpaH3akuMm HasbIiBalOTCA pacrnpeneneHHbIMu
(distributed), oHM BbINONHAOTCA B HECKONbKNX 6asax, cBA3aHHbIX Yepes dblink.

rlpOTOKOJ'I 2X-Cba3HOFO KOMMUTA, KaK 1 cnenyet n3 ero Ha3seaHuA, BbIMNOJTHAETCA B ABa Lara.

Phase 1 Prepare. Acquire locks

Backup

2 Prepare "
i partition

Primary
partition

Backup
partition

Transaction
coordinator

Backup
partition

partition

Backup
partition

1. KoopanHaTtop TpaHsakumn, NearNode B TepmuHonorum Ignite otnpaenseT sBcem Primary
y3nam, y4acTByHOLIUM B TpaH3akuun, "Prepare" coobuieHme.

MonyunB Takoe coobuieHne, y3en CUHXPOHHO MbiTaeTca "3axBaTUTb" Bce Heobxoaumble
GnoKMpPOBKN U, B Criy4ae ycrnexa, oTnpasnseT cooblieHne, NoATBepxaaloLLee CBoe y4acTne
B TpaH3aKLuW.

2. KoopaunHaTtop, nonyyns NOATBEPXKAEHNE OT BCEX YYaCTHMKOB, oTnpasndeTt "Commit".
Mocne atoro y3en "dukcmpyeT" TpaH3akuuio.



Phase 2 Commit. Write to cache

Backup

5 Commit "
partition

Primary
partition

Backup
partition

Transaction
coordinator

Backup
partition

5 Commit

Primary
partition

Backup
partition

Takoli MeToh rapaHTMpyeT, YTO BCe y4acTBylLIME Y3rbl OQHOBPEMEHHO COXPaHAT WUnu
OTMETST U3MEHEHNS TPaH3aKLN.

B panbHenwem, Mbl paccMoTpuM Kak Ignite noctynaeT B cny4vasx "oTkasa" Ha pasHbIx warax
NOATBEPXAEHNUS.

2.2. NearNode/Remote/DHT

Ecnu paccmatpyBaTbh CUCTEMY C TOYKM 3pEHMSA TpPaH3aKuuW, TO HEOOGXOAMMO BBECTU eLle
OfHY BaXkHyo cyLHOCTb - NearNode.

B anroputme 2x ¢asHom mkcauumn ons Kaxaon TpaH3akumm OOSMKEH CyLecTBOBaTh y3ern,
KoTopbIi BygeT BhicTynatb B ponu ee "koopguHaTtopa”. OH n 6yget HasbiBaTbesa NearNode.
C TO4YkM 3peHus Ignite - aTO y3en, raoe TpaHsakums 6bina UHULMKMPOBaHA W Obin Bbi3BaH
tx.start. Takon y3en "oTcnexumBaeT" COCTOSHUE TpaH3aKLUUKN, 3aTPOHYTLIE €10 KINKYKN, BEPCUIO
TOMOMOrMM cTapTa TpaH3aKuuK, yanbl ydacTBylLMEe B TpaH3akuum 1 gpyrne atpubyThbl
KOHTEKCTa TpaH3aKumu.



Near/Remote Node

Remote Node

4 Prepare/Commit
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Remote Node

B npoTtuBononoxHocte Near, yy4acTByowmne B TpaH3akumm partitions HasbiBaoTca Remote.
OHun xpaHsaT "cBow" YacTb Kewa. Puandeckn Kaxabli y3en pasmewaeT y cebs yacte DHT
(Distributed hash table) n, yepes adpmHUTK DyHKUMIO, NMOOON YHACTHUK TPaH3aKUMM MOXET
onpefenutb ee naptvumm u ysnel. Hago 3ametutb, UTo DHT XpaHuT GakeTbl OO ypPOBHSA
napTuuun, a ganbelle ucnonbdyetcq B+ tree.

3. Lock mode
3.1. Pessimistic

B MHorononb3oBaTenbCKMX CUCTEMAxX pasHble Mofb3oBaTeny MOryT OOHOBPEMEHHO
MOAMULMPOBATL OOHM U T XKe AaHHble.

[na KOppeKTHOro paspelleHus TakMx CUTyauui CyLecTBYyeT ABa OCHOBHbIX mogxoda -
ONTUMUCTUYECKAS M NeccummncTyeckas b6rokMpoBka.

|_|pl/l NeccUMUCTUYECKON 6J'IOKI/IpOBKe cucremMa BHa4ane BbICTaBIIdeT 6J'IOKI/IpOBKy Ha
OaHHble, KOTOpble OHa MNNaHunpyet WU3MeHUTb, 3aTeM BblHUCNAET HOBble 3HaA4YeHUA WU,
rapaHTMpoBaHHO, NAMEHAET AaHHbIE.

Tak e, Ona MOMEHTa nonydyeHus ONOKMPOBOK UrpaeT posfib U YPOBEHb W30MALMU
TpaH3aKLmK.

[nsa Havyana paccmoTpum pessimistic pexxmmbl.

Ona ypoBHss Read committed 6nokmpoBkM npuobpeTtaroTcs nepen onepaumen 3anucu (put,
put_all).
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B pessimistic pexxume gaHHble ocTaloTcsa 3abrIOKMPOBAHHBIMU 4O OKOHYAHUS TpaH3aKuuu.
[ns cokpalleHnsi BpeEMEHU yaepxaHusi ONMOKMPOBOK MOXET WCnonib3oBaTbesl optimistic
pexum.

3.2. Optimistic

B atom pexunme, BHa4dane BblHYUCNAETCA HOBOE 3Ha4YeHwue, 3aTeM MnpoBepAeTcd, YTO 3a
BpeMA BbIYMCIIEHNI He NPOUN30LLITIO KOHKYPUPYHOLLNX n3MeHeHuin. Ecnn 3To AencTBUTENBLHO



TaK, OaHHble 6J'IOKI/1pyI'OTCFI n MOD,I/I(*)I/ILI,I/IpyI'OTCFI. Ecnn 6bino obHoBneHue, HeobGXxoaAMMOo
npoBeCTU BblHYNCI1EHNE eLle paas.

Ons ypoeHsa m3onauun Read committed n Repeatable read 6nokupoBku nony4darorcs B
MOMEHT BbINOMHEHNN a3kl "prepare”, npyu 9TOM NPoBeEpKa, YTO BEPCUSA HE M3MEHUnach C
Hayana TpaH3aKuum He BbIMOSTHAETCA.
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Mpwn ypoBHe Serializable, 6NOKNMPOBKM Tak e co3galoTcs B Ha hase "prepare”, HO NpoBepka
HEN3MEHHOCTM BEPCUN BbINOSHSETCS.
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4. Transaction flow

Tenepb nonpobyem paccMOTpeTb BECb XXM3HEHHbIM LMKN TpaH3akuum B Ignite. [Ons
NPOCTOTbI NPEANOSIOXKMM, YTO TOMOSOrMs Kracrtepa ctabunbHa, U He MEHSIETCS.

—_—————— —— — —

Transaction flow i s, topoloayversion, s .

concurrency, transactionNodes

f \/ 11 ACK
_ 13 Igniteinternal Tx
,,,,,, 12 Write(K1) :
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L st / B e e e e e e e 2
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]
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J
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, ]
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Havanom TpaH3akuuu siBnsietca onepauus ee crtapta tx.start. NMpu aTom, Ha KoopanHaTope
TpaH3akumm (NearNode), cosgaetcsa CTpyKTypa Ofs ynpaBleHUs KOHTEKCTOM TpaH3akuuu
(vHTepdpenic IgnitelnternalTx).

Mpw 3TOM, ANA TPaH3aKLNUW:

reHepupyeTcsl YHUKanbHbIA MOEHTUUKATOP TpaH3aKLUuK,

3anoMuHaeTcsl BpeMsl Havana TpaH3akumu,

aKTyarbHas Bepcusi TOMOoruu,

YPOBEHb M30NSLUMMN N KOHKYPEHLIMW, onpeaeneHHbl AN TpaH3akuum, 1 T.4.

CraTtyc TpaH3aKuuMM yCTaHaBNMBaeTCs B “aKTUBHbIN”.

[anble anropMt™, B 3aBUCMMOCTM OT YPOBHS M30NALMN Y KOHKYPEHLMM TPaH3aKuun, MoxeT
oTnnyaTbCs.

Hanpumep, Ons TpaH3akuum C ypoBHEM pessimistic, TpaH3akumsa cpasy npoBepsieT
BO3MOXHOCTb MONy4nTb ONOKMPOBKY NO Krto4y, a npu optimistic, 3To NponcxoantT B MOMEHT
commit.

Bce BbinonHsaemble get onepauun (B pexvme REPEATABLE READ) npvBogaT K YTEHWIO
JaHHbIX M3 Knactepa M COXpPaHEHUIO KMYen M 3HaYEeHUN B KOHTEKCTe TpaH3akuum B java
heap NearNode.

Bce BbinonHAemble put onepaumu Takke NpUMBOOAT K KELUMPOBAHMIO KITHOYEW U OaHHbIX B
KOHTEKCTe, ToXe B java heap NearNode.
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TX Rollback

Ecnu nonb3oBatenb OTMeHSeT TpaH3akumio (BbinonHsetca tx.rollback), 1o, B pexunme
pessimistic HeobxogMmo “OTNYCTUTL” NOMNYYEeHHble ONOKMPOBKW, M yAanUTb KOHTEKCT
TpaH3akumn. B pexume “optimistic” GnokupoBku npuobpeTalTcsi TONbKO B  MOMEHT
BbINOSIHEHWS onepauuMm commit, NO3TOMy, [OCTATOMHO MPOCTO YyAanUTb KOHTEKCT
TpaH3akuum Ha NearNode.

B HacTosiwee Bpemss nnaHupyeTca obssatenbHoe pobasneHuwe timeout gns  Bcex
TpaH3akumn. YTto obecneynmt OTMEHY, €Cnu TpaH3aKuusi NPEBbLICUT YyKa3aHHOE BpeMs
BbINOSIHEHMS.

TX Commit

Ecnn nonb3oBatenb dukcupyeT TpaH3akuuio (tx.commit) To, Ha OCHOBaHMM KOHTEKCTA
TpaH3aKLmMK1, co3gaeTcs 3anpoc Ha BbINOMHEHWE LWara prepare.

Mpyv 3TOM Ha Kaxabli primary ysen oTnpaBnseTca WHdopMauMs Mo HOBbIM UMK
N3MEHEHHbIM KIoYaMm 1, ecriv 3TO BaXXHO, MHGOpMaLMs O Nopsiake nosyvyeHust GrioKMpOBOK.

Primary yanbl

® [POBEPSIOT, YTO BEPCUM TOMOSOMMN TPpaH3aKLMK 1 y3na cCoBNagatoT;

e nony4varT HeobxoamMble GNOKMPOBKMY;

e cosgatoT DHT kOHTEeKCT Ans TpaH3akuMm K COXPaHslT B HEro HeobxoAumbie
[OaHHbIE;

e B 3aBUCMMOCTM OT pexuma B KOTOPOM paboTaeT Kew, OOXMOATCA WM HeT
noaTeepXxaeHus 06 ycnewHoCcTH Wwara prepare ot Backup y3nos;

o VHAOOPMUPYIOT KOOPAMHATOP TPaH3aKLUK O TOTOBHOCTM BbIMOSTHUTL commit.

NearNode otnpaBnsieT commit cooblueHne, OoXnaoaeTcss NOATBEPXAEHUS U NepeBoauT
TpaH3akumto B ctatyc COMMITTED.

Ewe pa3 BaxHO 06paTnTb BHUMaHWe, YTO BCe AaHHble TpaH3aKuMu OOSDKHbI MOMeLaTbCs B
heap namatn NearNode. B npOoTMBHOM cry4ae TpaH3akumMs 3aBepLUNTCA OLUMOKON

OutOfMemory.

MNMocmoTpyMm Tenepb kak obpabaTbiBalOTCS HE NO3UTUMBHbBIE CLEEHAPUMN.

5. Failover/Recovery

[ns coxpaHeHns paboTocnocobHOCTM Knactepa, 0CO6EHHO B cucTeMax ¢ O0MbLINM YUCIIOM
YYaCTHMKOB, HEODOXOAMMbI MeXaHW3Mbl MPefoTBPaLLEHNss WM UCNPaBIEHNS OTKa30B
no6oro U3 aneMeHToB.
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Backup Node Failures

CambIM NpocTbIM criydyaem oTKasa siBnsieTcs oTka3 Backup ysna B xoge dasbl "Prepare” unu
"Commit". B crniyyae Takoro cobblTus BbINOSTHEHUS CneumnanbHbIX AeACTBUN He TpebyeTcs.
[aHHble coxpaHaTca Ha Primary u octaBwuxca Backup yanax. [danee, BHe ckoyna
TpaH3aKkumK, 4ns napTMumMm co3fgaeTcs HoBas pesepBHas Konus.

Backup Node Failures

Remote Node

Primary
Remote Node

. 4 ACK
2 Prepare/Commit

Backup
Remote Node

3 Prepare/Commi

Near Node

l Session l

Backup

2 Prepare/Commi Remote Node

Primary
Remote Node

Backup
Remote Node

3 Prepare/Commi
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Primary Node Failures on Prepare

Primary Node Failures on Prepare

Primary:
Remote Node
2 Prepare

Backup
Remote Node

Backup
Remote Node

.
l Session l

5 ACK 3 Prepare

Backup
Remote Node

Primary
Remote Node

Remote Node

[ns ncnpaeneHus "oTkasa" Primary yana TpebyeTtcsa anroputm 6onee CroXHblii.
Ecnn oTtkas cnyuuncs nepeg nnu Bo Bpems "Prepare" ctaguu, n KoopanHaTop TpaH3akuum
He CMOr MOAKMYUTLCA K Primary, TO OH MHULMUPYET UCKIIOYEHNE, U KITMEHT OIMKEH SBHO
NpUHATL danbHenwee peweHne. 1o OTMeHe WM MNOBTOPHOW MOMNbITKE COXPaHUTb
pesynbTaThl (HO y>Ke B HOBOW TOMOMOrMn 1, criegoBaTenbHO, HOBOW TpaH3aKumu).

Primary Node Failures on Commit

Ecnn otkas cnyuuncsa nocne "Prepare" ctagumn, TO KoopAuHATOP TpaH3akuuu, onpeaenus
HegocTynHocTb Primary y3sna 6yaet oxupgatb (NodeFailureDetection) otBeta ot Backup
Y3r0B.

Backup y3nbl, onpegenus "nponaxy" Primary, oTnpaBnsoT coobLieHne KoopauHaTopy
TpaH3akumm (MHopmaunsa o6 uHMumMaTope, U BCEX YYaCTHUKax TpaH3akuuu BKIOYEHa B
coobLLeHne nony4yeHHoe Ha cTagun prepare).

Tononorusa knactepa npu 3TOM He MeHsieTcs, T.K. AN CMeHbl HeOBXOANMO NPOXoXAeHune
coobueHns PME, a oHo byaeT oxungaTb OKOHYaHUSA aKTUBHbIX TPaH3aKUUNA.

KoopaunHatop TpaH3akuum NOATBEpXOAeT ee, TpaH3akuums nepectaeT ObiTb aKTUBHOWM,
N3MEHSIETCS TOMOMOorus.
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Primary Node Failures on Commit

Backup
Remote Node

Primary:
Remote Node

2 Commit

Backup
Remote Node

1 Commit

Near Node

l Session ]

Backup
Remote Node

Primary
Remote Node

Remote Node

Coordinator Node Failures

Mpun "oTkase" koopanHaTopa TpaH3akumn TpebyeTtca 6onblue AencTBUA. Kaxablin y4aCcTHUK
pacnonaraeT MHopmaumnern ToNbKo MO foKanbHOMY CTaTyCy TpaH3akuuu U, CKopee BCero
3TOT cTaTyc ByAeT pasnuyHbIM Ha pasHbIX y3nax. Bo3MOXHO, YTO KTO-TO U3 y4aCTHUKOB YyXe
nonyyun "Commit" coobiieHne, nnu kto-nnbo He nonyunn "Prepare”. NoaTomy, Bce Primary
y3nbl OTNPaBNsAT cooOLEHNs C MHOpMaLMA O TeKyllem cTaTyce. Ecnu ognH 13 yanos
OTBETUT, 4YTO coobuieHne "Prepare" Kk HEMy He nocTynano (MnuM He OTBETUT BooOLle), TO
TpaH3aKLMsa OTMEHSIETCA Ha BCEX y3nax.

Coordinator Node Failures

\\
Near Node

Remote Node

Remote Node

Have you seen?

=

Remote Node

Backup
Remote Node

. _l__ .'—\—\_\_\
4 ACK

l Session

Have you seen?
Have you seen?

Backup
Remote Node

15



