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. [lepeBof OeHer co c4yeTa Ha cyeT

. 3aKka3s aBnabunneToB c nepecagkamMmu
. Perncrtpauunsa bpaka (aByxdpasHbin
KOMMMWT)

. [lpooaxa gooma (spheres of control)
. CkaHgMHaBCKUW ayKLUWOH —
HepaBHOMEPHOE BpPeEMH
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ObpaboTka TpaH3aKLnn

Cnocob 0b6paboTkn AaHHbIX/BbIMUCNEHUN MPU
KOTOPOM paboTy ApOoDAT Ha OTAENbHbIE
HeAernuMble onepaunn, HasblBaeMble
TpaH3aKUNAMM
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N3 onpepeneHuns

. HacTn4HO BbINOMHEHHAA TPaH3aKUNUA - 3TO
He paboTa, a noBpexaeHne OdaHHbIX

. 3aBepLlUeHHasa TpaH3aKkuua nepesoanT
CUCTEMY B APYyroe CoOCTOAHUE C
COXpaHEHMEM NTOMMYECKUX OrpaHNYEHNN
(constraints)

17
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N3 onpepeneHuns

. [1Be ooHOBpeMeHHbIX TpaH3aKkuuu Bceraa
BbIMMAOAT Kak o4Ha BbINOJIHEHHAA 3a
apyron (HeT OencTeBun B cepeaunHe)

. Cnaboe orpaHunyeHune: TpaH3akuumn
OTpaXalT pealibHbI MUP, HENBL3SA TEPATL
3aBepLueHHyto (committed) pabory.

17
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ACID

. Atomicity: nsmeHeHue nnum obIno
NONMHOCTbLIO UK ero He BbINo

. Consistency: KoppekTHOe n3MeHeHne
COCTOSIHUSA CUCTEMBI

. Isolation: 'pn ogHOBpeEMEHHOM
MCMNONTHEHUN TpaH3akuuun T, ocTarnbHbIE
TpaH3aKUuMmM ncnonHaTea nnn go T nnu
nocne, Ho He ogHOBPEMEHHO

17
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ACID TpaH3akuuu

Isolation: kaxxgas nporpamma nsonupoBaHa oT paboThl U
cboeB napannensHou paboTbl APYrux

Granularity: 9ddrekTbl OTAENBHbLIX TPAH3aKUUA MOXHO
oTkatuTb (rollback), auckpeTHocTb cboeB

Consistency: Rollback genaet Bce CTpyKTypbl

corfnacoBaHHbIMU
Durability: nocrne commit Hukakas paboTta He TepsaeTcs
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Consistent

ITO He ToXXe camoe, 4YTo B Teopeme CAP
[1pocTO, AaHHbLIE HE CNOMaHbI
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BHYTpu TpaH3akuum

. Statements . Internal actions for

. Save points rollback

. Nested transactions . Actions to block other

. Resource managers transactions
coordination modifications

. Maintain WAL
. Sync with replication

log



| i PGpm i
| RUSSIA

17

B MySQL

. HeT BNoXeHHbIX TpaH3akuum (HO MOXHO
aMynmpoBaThb Yepes save points)

. He Bce pencrteuna TpaH3akUNOHHbIE
- DDL (6onbwon war B MySQL 8.0)
- HeTpaH3aKUMOHHbIE ABWXKN XpaHEHUS
- bnoknposka Tabnuy (lock/unlock table)
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HeTpaH3aKUuMOHHbIE OBUMXKA

. MyISAM, Merge, Memory, CSV, ARCHIVE
. Blackhole (He durable :D )

. Federated (MoxeT ObITb aTOMapHbLIM 4114
TpaH3aKLUMOHHbIX OBMXKOB)

. MariaDB: Aria — crash safe & atomic
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OcHoBHOU - INNnoDB

. [lonHas nogaepxka ACID
. KOHCUCTEHTHLIN C noramm pennukaymm

. MVCC

. Save points
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InnoDB Atomicity

. HacTnyHble N3MeHeHusa He BUOHbI U3-3a
MVCC

. VIameHeHnsa TekyLlen TpaH3akumMm MOXKHO
oTkaTuTb ¢ Undo log

17
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InnoDB Undo logging

. CTpoka ykasblBaeT Ha npeabiayLyto
BEPCUIO JaHHbIX

. peabigylime Bepcmn ob6pasyoT LEMOYKY
BCEX M3SMEHEHUWN 3anuncu

. DELETE: nomeyaeT 3anuck pnarom
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InnoDB undo logging2

. HaknagHble pacxoabl 1 6ut n 7 6ant
DB _ROLL _PTR gns kaxaoon CTpoKku
. PeanunsoBaHo kak 128 cerMeHTOB OTKaTa
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TokuDB MVCC

He Takoe, kak B InnoDB

HeT undo space 1 notokoB Purge
OuuncTKa, Kak YacTb HOpMarsibHbIX
onepaumu

NTepaumns no leafentries noka He nony4veHa
HY>XHasi TpaH3aKLU s
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TokuDB rollback

. Kaxkpgasa TpaH3akuua noagepXmBaeT nor
oTKaTa npu onepauunsax Ha Fractal Tree
Index

. Cnunwkom 6onbLion rollback log
nomMmeLwlaeTca B dpoaun
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InnoDB Isolation

. PeannsoBaHa Ha b6rioknpoBkax

. REPEATABLE READ

- MNO-YyMOMYaHuIo

- CHanwoT Ha4ynHasa ¢ NepBOro YTeHUS

- [nga yHUKanbHbIX MHOEKCOB N YCIOBUU
ONOKMPYIOTCS TOSbKO HanOEeHHble CTPOKM
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InnoDB REPEATABLE REAL

. [na HeyHUKanbHOW BLIDOPKK

- brnoknpyetca gunanasoH CTPOK

- Bknrovaga npomexyTku mexay cTpokamu (gap,
next-key locking)
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InnoDB READ COMMITTEL
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. Gap locking BbIkNtOYEHbI
. bnoknpoBku Ha HecoBnasLLME CTPOKU
oTnyckatoTca nocne nposepkn WHERE

. UPDATE: semi-consistent read

- YTeHune nocnegHen Bepcumn
- [lpn coBnageHnn — NOBTOP YTEHUS C
6NOKMPOBKOW
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InnoDB READ UNCOMMITTEL

. Takoun xe kak RC

. SELECT crapaetcsa BepHyTb camyto
NoCnenHo BEPCUto

. HeT cyleCcTBeHHbIX yNy4dLlleHUA
NPOnU3BOANTENBLHOCTHU

17




PGDAY"
' RUSSIA

InnoDB SERIALIZABLE

. lTakon xe kak RR

. Bce SELECT B TpaH3akumsax cTaHOBATCH
SELECT ... LOCK IN SHARED MODE

. OaunHoyHble ¢ autocommit=1 kak RR

. O4yeHb Nnoxo MacwTabmnpyeTcs

. ObbIYHO Nerye ncnonb3oBatb RR 1 ang

Hy>HbIX 3arnpocoB LOCK IN SHARED
MODE

17




InnoDB peanusaums

. Multiple Granularity Locking

- “Intention locks” Ha Tabnuubl

- OTO He ToXe camoe 4TOo 1 insert intention gap
lock

. Gap locks — nsberaem goaHTOMBI
. 100k cTpok — 44Kb onepaTtnBHON NaMATH
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CepBuCbl NOACUCTEMbI OITOKMPOBKU

Co3aaTtb, Noy4YnTb, 0CBOOOANTL
BNOKMPOBKM CTPOK

brnoknpoBku Tabnuy

CTpYyKTYpbl AaHHbIX A1s1 MOUCKa
BITOKNPOBKU

byanTb nNoTokm crnawmne Ha 6nokmupoBKax
Deadlock detection

17
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Lock bitmap

struct lock _rec t{

ulint space; [*1< space id */
ulint page no; [*1< page number */
ulint n_Dbits; /*1< number of bits in the lock

bitmap; NOTE: the lock bitmap is
placed immediately after the
lock struct */
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TpaH3akunn n briokKMpoBKn

. MaccuB BrioKMPOBOK AJ151 KaXKO0W
TpaH3aKuuu
. ['nobanbHbIN XewWw no (space _id, page no)

. Implicit Row locks

- Bbeluncngaemblie x-locks Ha 3anucb
. He kacaetca gap 6noknpoBok

17
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TokuDB Isolation

. Two-phase locking
- ®a3sa pacmpeHunsa — nosiydaem Bce HYXXHble
ONOKMPOBKKU, HE OTIMyCKaeM NoJSTIy4YeHHbIE
- ®asa cxnonbiBaHUA — NULLHWE OTMNYCKaeM,
HOBbIX He nosfiy4daem
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TokuDB Isolation2

. BNoKnMpoBKM Ha YTEHMNE — BKCKIIO3UBHbIE
- bblna peanusauunsa c pasgengaembiMm

. Ha 3anucb — aKCKNO3nBHbLIE
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TokuDB Isolation3

. Serializable

- Insert select
. [lony4nTb BCe DITOKMPOBKM YTEHUS
. [lony4ynTtb HeobxoaMmble BOKMPOBKU Ha 3arnmcb

- Create select
. Bce yteHune
. bnoknposka Tabnuubl Ha 3annUcb

- Select, select lock in shared mode — Bce
YTeHUd



| i PGpm i
| RUSSIA

17

TokuDB lIsolation4

. Repeatable read

- Insert select, create select
. Kak u serializable

- SELECT: cHanwoT, HeT 6nOKMPOBOK

. Read committed
- Insert select: Bce 6noknpoBku 3anucu
- Select: Takon xe kak B RR

. Read uncommitted: create select kak RC



TokuDB Isolation5

- PGDAY*
RUSSIA

. Ha Bcex ypoBHAX nN30ondauunu:
- Select for update — 6nokMpoBKK 3anncu
- Update, delete:

. YTeHuna Ha Bce ananasoHbl
. 3anucm — Bce MoandnLMPOBAHHbLIE KITHOYU

17
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TokuDB 6noknpoBKu peanu3auus
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. Lock tree
- CTpyKTypa B ornepaTtuBHOW NaMsATH
- Bce ONoKNpOoBKKM XUBbIX TPaH3aKL NN
- Bce TpaH3akummn KoTopble XayT OSIOKMPOBOK



TokuDB lock ranges

. Tvn TpaH3akun n BrI0KMPOBKU
. Konuga nesoun 1 npaBou rpaHuLbI

. Takas e Kak ToueYHasd, ecnuv rpaHunLbl
pPaBHb
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TokuDB Lock tree escalation
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. CkneuBaHune gnana3oHOB ONOKNPOBOK
o4YeHb BoNbLUMX TpaH3aKLUUN

. Bknoyaa npomexyTku

. Ona 6onbliunx TpaH3akumn (1 ecnn Vs
namsaTn nod 6TIOKUPOBKU 3aHATA)

. Opyrne bonbLline TpaH3akumm XayT Ha
B6noKnpoBKe,

. ManeHbKkue TpaH3akuun paboTatoT
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MyRocks Isolation

. Tonbko Read committed & Repeatable
reads

. Vlcnonb3yoTca cHanwoTbl (OObEKT
RocksDB)

. SELECT — Bcerga Ha MOMeEHT co3aaHus
cHarnwoTa

. INSERT, UPDATE — owubka, ecnu 3anucb
N3MEHEHa OpYyron TpaH3akuuen rnocre

17
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MyRocks Isolation2

. Repeatable read: cHanLwoT XXMBET BCe
BpeEMSA TpaH3aKuuu

. Read committed: cHanwoT obHOBNsSIETCSA
nocrie KaXaoro 3anpoca

. CHanwoT co3ngaeTca Kak MOXXHO rnosaHee —
Npyv NEPBOM YTEHUWN OAHHbIX



MyRocks lock manager
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. OJKCKMNIO3MBHbIE U pa3aenaemble
B6NOKNPOBKA

. BNOKMPOBKY CTPOK MOXHO BbIKIMHOYUTL
yepes unique_check=0, Hanpumep ons
NakeTHOW 3arpys3ku

17
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MyRocks 6noknpoBku

. /IameHeHne CTpoKK nocrne craprta

TpaH3aKuun

- Pa3peweHo 8 READ COMMITTED

- 3anpeweHo B Postgres u MyRocks RR
- InnoDB paspewaet ana RC n RR
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Consistency

. Innodb - transaction id + undo log

. TokuDB&MyRocks — cHanwoTbl Ha ba3e
cTpyktyp (FT n LSM)

. Non-transactional: 6nokupoBka Tabnuy

. DDL: metadata locking

. Replication & NDB — eventual consistency
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Durability

Peanuni3oBaHo Ha WAL

CBon Ang Ka)Xaoro ABuXKKa XpaHeHus
CBOW HACTpPOMKM cbpoca Ha AUCK nocre
TpaH3aKLUnK

XA-TpaH3aKkuun mexay OBUXKOM U1 JTIOroMm
pennmkaumm

17



InnoDB durability
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. Habop dannos dopmMmmpyoLmx
LKnn4decknimn oydep redo log

. Fuzzy checkpointing

- MoandunumpoBaHHble CTpaHULIbI
cbpacbiBaOTCA MareHbKMMU nopLnsamMm

- He Hapo ocTaHaBnuBaTb 3anpocChl

17
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InnoDB durability

LSN ncnonb3yeTtcs ans cosgaHus
transaction id

Double write segment: nuwem cTpaHuuy B
OBa MecTa — NekapcTBO OT YaCTUYHOU
3arnncun Ha KpuBbIX annoBbIX CUCTEMAX
[lo3nuyma pennukaunm Ha crnemBe MOXeET
ObITb BOCTAHOBNEHA

Group commit & 2PC ¢ norom pennukaumnm
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TokuDB durability

. Group commit nogaoepxmBaeTtcs

. Periodic checkpoint
- MoxeT pabotaTtb 6€3 6bonbLLIOoN NpocagKku

. MoxeT cbpacbiBaTb nor TpaH3akumn ans
BHYTPEHHUX HYXA

17




MyRocks durability
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. XA & group commit

. WAL ana onepaunn Hag memtable

. ApxuBauuga nocre copoca Ha ANCK
memtable

. WAL — Habop 3anuncen 6e€3 ynakoBKu U
cxxaTus

. Kaxpaga 32Kb n CRC

17
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MyRocks durability

. Heckonbko Mmogenen BocctaHOBNEHUS

He cTtapToBaTb Npu nocrnegHen outon 3anncu
B WAL

(ymMon4aHme) He cTapToBaTb Npu NMtodOOM
noBpexaeHunm

HakaTtbiBaTb WAL 00 noBpexgeHus
[lponycTnTb NoBpeXxaeHue

17
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Replication & clusters

. Global Transaction Id:
- N3ameHeHna kaxxgoro y3ana B nore pennmkauum
NoMeYeHbl YHUKanNbHbIM NOEHTUPUKaATOPOM
- To4yHoe onucaHme CoCTOSAHUSA CUCTEMDbI

. be3 GTID cocTosgHne ToXe TOYHOE HO
HaAUTU NO3NLMUIO CITOXKHO
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Percona XtraDB Cluster

. Galera replication isolation

- SERIALIZABLE — He nogaepxuBaeTcsi, HO
MOXET paboTaTtb Mexay TpaH3aKunusmMun
3anyLeHHbIMU Ha OQHOM Yy3rie

- RU, RC, RR — Tak xe kak n ana InnoDB

- COMMIT moxeT Bo3BpallaeT OLMNDKY rnpu
KOH(NUKTE (CTpoYKa moanpuumpoBaHa
pPasHbIMWN TPAH3aKLUMSIMMN Ha pasHbIX y3rax)



MHCTpyMeHTapun
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. verbose slow log: InnoDB_trx _id

. Performance schema: kakue 3anpochl
ObINn B TpaH3aKLUun

. INFORMATION SCHEMA: innodb_trx,

tokudb trx, rocksdb trx
- Tekywiune TpaH3akuum

17
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Championing Open Source Databases
= MySQL, MongoDB, Open Source Databases
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