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Linearizability vs Serializability RO HINFERANERNTS. EASTZEE, BERRE
MNIXERE,

AN DHARSRE-HHINES (P35%)

BEAWME

Linearizability

Linearizability (tEFfR{Eatomic consistency, strong consistency, immediate

consistency) HIARNIR (FHERENME) HEEBEAN. EAPTRETNR, FiFRE
BEITHURN'ES". e MEFIARF, ERTHEREXN, RENEEE.

ClientB % -—|read{x) [ >1Hca5{x,l,2}] )ok‘ _______

Client C %
Client D %

Database || ——— ——— |

x=0 x=1 read read x=2 read read x=4 read read

Y

(IFEzLinearizabilityfy7=l, B H3EDesigning Data-Intensive Applications [1] - 328TQ)

LinearizabilitySZ#5RF4E: £, 5—ME. WERIEXSZIFCAS (compare-and-set) , B
SEERH (HEsED) .

Linearizabilityf®RilERecency ., —EHEAFME, 1ZEMRIEM, FMEIZEZAIREIFTE. 1E5
ENZSHFME. LinearizabilityPAUIR{ERELFEH (total ordered) , &BFH KB,
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Serializability

Serializability 2##EESESS (Transaction, Tx) HEERA. EREHEEFELIX, 5
Linearizability F2iEAE,

SerializabilityfgiAZNESS., —INEFEERIES IR,

FBUBRBECTAHITHITES (LARFHTIRIE) . Serializability{RIEEER SEEMBITIRR
(serial order) HITESHER.

SerializabilityFF ABE(RIUE_LiA" BT fFSRecency. ZINFEIge5EFSHITHIEAR.
Blan, Tx1 LE ™x2 FFaBR, BEREBWEF G ™x2 & X1 ZaihiT. 52, AHE
Serializability, BALL—MaIgeHRITRE.

PLSL T IR
Serializability SE53AEE

EHIEET, SerializabilityBHEHESHERBNRRR. FSEREHTHRITH, BER
BENRRT ERRYSRTIRFRIT—HE.

SerializabilityBKESHFE L (total order) , FE(AHHER—ITEE (IRZATEEL) H
THIEE, [BEEERBRE (Snapshot Isolation) &1, AAFESHEARRIE. SHE
B. (& Cockroach 18X (2] - 3.3%2, B XmEXEBIFEIHEA. )

Linearizability 55553

IR EEESISMVCCHIRBIRE. EERSERAE, MARRNE. AT
Linearizability @ 21E&#1{E (Recency) . &M, LinearizabilityESEEHALAK,

{B"Recency"{BAR B LS. Spanner €li&E T IPEB—EME (External Consistency) &,
B4 'Recency" & ESerializabilitydh (RE Spanner I EIZEHER
J3"Linearizability”) ,

BISIRE!, Serializability SRPFAFTSERRAVERITINE, HIAIARERY Tx1 RIISTFEREL Tx2 B
T, XIEZIME—EEBRREENER, WK, TRIFHA—, ™I ™x2 1718
B, BT RKET—PRBE (BEXR) RRASEE (commit timestamp) . fF5IRED
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mCLE, ™ BE®ETF x1, E X IRENNEHER (B/)) .

B
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(E/RIMER—EUERI )

Spanner 18]Y Commit Wait (25
.

Linearizability 5 QuorumisE

Dynamo[6]XA&RIQuorumE /2SI 72 7] — BRI —F IS 734,

lﬂLo lu\__l-L/LZ_j—:E— 7

\_I_

X2

= (Abnormal)By

. XEZ[SHERESA

B2, WTFE (N=3, W=3, R=2) , IEEAENER, EFim A (XEBoERFHE
1, {BEFim B AEZFIB{E 0. Linearizabilityf g o tiER T .
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) setx=1 time
Writer ‘- - : - -

Replica 1

Replica 2

Replica 3

(QuorumigEiE iz Linearizabilityfy7=~f5l, BlF3HEDesigning Data-Intensive
Applications [1] - 334 TQ)

B AT RENERNNHINHASAN, STEEINEZ,.
4 # (Total Order Broadcast) #13it7R (Consensus)

I BFER SLinearizability ZHJHE%. HEBRITEEZ Linearizability+CAS" <=> ¢
FI 1 <=> iR, BIEFMNH.

eI
EF & (BRARTT %) B—METRZRERRINN, CHRE

o TEEIXIX (Reliability delivery) : MIRBEWEXRE TR, PBAECREZESHIXIAE
FIETR. IR—THRKZNER, IMAMMBETRREZHSKEIER. & Ek, I8
TRENZBAWRER., RATLAEIXEEE all or nothing BiEFE., JHEAREEIZRNE
A,

o 2FiXiX (Total ordered delivery) : IMMR—PERLEKEIMsg1, REBKEIMsg2,
A TEMT mBnmsiZEIMsg1, BRKEIMsg2, HRZXIARLSFN, HESNTD
RELMERRNIRFAEXX. o, EXRIRFEEEEN, ARTFEAIT REFRERBAEE.
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e Uniform Integrity: —&KBERZWE I TREN—R, YWIKEE BE. (LEMH
FEWiki[8]hBFRMEN, 1BARMFAIARTEDesigning Data-Intensive Applications [1] - 348
T, )

BaEREF BRE—NERE T RZEIAKILRIASE. BB LSN (Log Sequence
Number) HEFr. CORFUPIR—MEEDHNHZHERIINE.

SRBEHERNZ N T RIEN (Propose) , TREZLFESHEBRRENE, HREEH

Uniform agreement: &MU RRZHESHERRIE.
o STEM (Integrity) : WR—ITRRETE v, BEUMERKEEREERIE.

e 21k (Termination) : MR (MRIKEER) RERE—ENME.

BEBHIHREXR Viewstamped Replication[10] (VSR). Paxos[11], Raft[12] 1 Zab[13]
(ZooKeeper)

EFBEIUEERZRELR. A5 —RF, TREHT—FEREZNER, AEREHF
FE T —XERBEFEXANHEE, I, Paxos LIEEKBTHE, BETUEIERER
BURZEBNERFT &,

B 2PC (MMERIRR) B—MRTHEZE, BERER R B, —PHEPNRRGE
ERENE5FMNMEETIMA—NETA (High Availability) 9 Paxos Quorum,
Spanner[14],

Z{ft FLinearizability

M EETLUEHERNZF BEENHN, FAITUB—1REMB—1. Hlal, Paxos &
RERMBEFNEEER. £F 1B, A8—RERF, oLUERPaxos>kERERS &
JIRFFF0exactly once,
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o, 2RI #% FEREZEMN FLinearizability,

* LinearizabilityRJLABE £FI B, B—THZHE, EHEAZIBES, LE
BINFEBEE TR, EKTASNBEFERN. BT HEREREIRecency, ]
AT LUEEBIEAEIBEF, Hp LSN 2HITERIRER (XEE% Paxos FASCHY
Linearizable Quorum Reads [15189737%) . &, RN THBRIZEHIRecency, FfiJaTLA
B BIAA sync(), LIARTREEH. &, RMNREARSBEEEH.
Linearizability CASIREZ LI, AR EREEE M T RLERHEENE.

o 2FIERILAEE LinearizabilityflICAS REM. RISBKBEEEE—MEERY LSN,
SMEBENXE, PRCASHIRREEEMILSN+153EER LSN, XIFREEEST T 5%
HE (LSN+1) . X&, BT PRELUERNEFZEEERER. TUEHRRKEER,
BIIGIELSN, EENTRITUEKET—FRER, AETLKEIHEFESRESE.

e Linearizability®] LLEIZ AR, X5@E IR £ Linearizability—#, iR
B LAEIZ Linearizability>RSCH, Recency28 N1 REBXI B ANRIFHEIAREIR,

ESHFM

bR T _LiAZEM5E, Linearizability+CAS <=> £ & <=> iR, BEEZ5E11F NN
R, XEEMMERENDHRERRRAFISARFINNEZ—., (RITEIERERNA
BrR—H, F3741, )

S (Distributed Lock)

o SHNMATLABE AR, BiFEELinearizability: BN R ERGBOIAR—
}, XPEILRAFRIERY. 5, DHEiERELIEL) (Lease) BYFZIVEI, S8iAYH
BEminE, HOZH.

o LAALIET S HNMESEM. BEUNT RHiELeader, BEERZRELeaderfijt

A9—1). Leaderi&iE 2 etcd 8 ZooKeeper 12HI—INE ARUKRSS, kEHBSLI
Paxos FNEZ¥ M4,

ME—ME2U5R (Uniqueness Constraint)
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o IE—ELRAILIBES S mUEiREM., E—M2URHEB AR tEZESAF
Z. B, RAEBXYRLM. 5&F, Linearizability CAStHATLARRSEIME—IELTER,

o BHUNAILLES HE—TELYRFEM. EHEXIUNOME—RTEN, E—IELORBRAE
A RME—RY.

[RFESHER (Atomic Transaction Commit)

 SHABFSANBIRBEDRZBEERLRAMAZAETRER. HEAETR2F &,
RFEFSREXEBREZFIN T RUESREHPF LD HINSEZIER—E, R,

o 2FI BB RHNESKEM., B ERHE—NEBER., nHAFESZSE—
BB AKAEN, BHLESHUGFREENTRR., REFESEXUEEEF BHiEs
FIER.

XEEM MR T EMAHRESNEN, BIIBETFT—DBHEIEZHA.

HEASHRESL (Distributed Transactions)

MBIEEBRER DX (Partition) DAEZSINTR, EEBIEXE, BZN 0 X7

RBNoHNESEENkM., BERTISCIISRBTF 2PC: Percolator[16]. Spanner[14],
CockroachDB[17]. TiDB[18],

BITEE 2PC 25& (F9KX) /EAEATHRY Paxos Quorum i&1T, AJLARRR2PC A9
Livenessial@, tE#& (Coordinator) BILUEITHEEF—1E5E Quorum ELASCI S BT
F (Spanner[14]) , & MRAEBIESEESFIL (CockroachDB[17]) , EEMAEIE
THEREMSTRERS £ (TiDB[18]) L,

2PCAILIERIE.. HL.. iEEANIBE—RFIRYIA,
Bt BEHF (2 5) EEFIeinF?

e HiZ—, E¥H R (god node) | EFTRMEE—EFES, K REBEFSHIEN
B, IRBEERRRERS (Isolation Level) , P X mEBHRITERIE, AFEE
A, EFTIRAILAER Paxos HITEREEMD, ULMESTRH. MRSFETNAE
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g, L TRUFTLESSXFTERT B, B2, 2hAEZuREUARTRE
%, AEE2PCEE. HLRRBIE OceanBase V0.1[19] (FEHEIE v2.0? )
Calvin DB[20],

o BiEZ, EHME: RELTFTR, BEESECTHHEE. B BENEE. /58
(Intents) ZEl. XEBHEFRZ A8, SENKTZENNE. BAXBERNIESEST
REMES, eSS l/EdNERLE. ESFLNEER LNEEFIES
HA— B, BIERE (Write Intent), 2PCAGIEZTE,

ETR, SSFNTHERR? HARARR?

e OWELH: REESMNESE (Write Set) A #HMwtzE, ENAFEE, BAFEL
., XBEREERREREENTINA. REREFEW ite Skew[21A@, BFIRE_LBUE
5= (Read Set) , EFAHMEHBAIREEXN. BEBSerializablefgERBIIEIEELRTLL
R HAEE14] (Snapshot Read) “, AREBEE F#,

o YHEFNSHE LW : XBEESerializabilitylBERBIBISTIM SN, ZHHIBFR 2PL (F
e L8, BER, ©5 2PC TX, B&WUMLN22]) . LBiFBIERE, RiERE, B
MREAR{E, BILMERPredicate Locks[23]8%/ndex-range Locks[11{5 L SR MHIE,

* Serializable Snapshot Isolation (SSI): XE2—fi#H75i%, £ PostgreSQL[24] HsEL
M. SSIIRIEFEFHRIL/BRIMAR. AESER (commit) ZHI, ESMERERER
TRBEXRA. fli. B— x BER,; BIEWEEKRHXR, RIIRNZTESSZANE
BERETTN, BARINNEZEESHTEPLEHER. SSHIT2IEEE (Non-
blocking) B, BAZELZEBESIKESIREAD ", BFIRIEFE/Sikiitt. (FFLAE
B EBHA—ERH®REEE, BRERH. )

o Serial Safe Net (SSN): J2[25]. Z4TA126]. iFiE[27]. SI+SSNELH
Serializabilityf9E 7330, SSN 5 SSI K, BIEBRAZIEEMKIEINES. 5
SSI1HEL, SSN #4177 20#(28], BIEBE/PHIRIE (false positives) FRMHESHIF
KM, AWS Redshift [28]1E19 8 Bithevaluating certification3&iF /> CPU/ARIFEFE, M
X3 SSN 1T 7 BE U,
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LFEiRIOSIRIZHUR. SUURXXESTERIS (HIa0MySOL InnoDB[29]) , HiE/SEE
(5180 CockroachDB[17]) , BkREB—ANATEEL (140 Percolator[16]) , Bi—ME/BK
FHIRERES (SSI &iE) . SHRENIRM, FIREIIRESZEN'HER", ESFEAX
LRSS HERE, HRERESRIENIRF.

(F—2 WNREE B RS, ARBIARFIELLRAT BRHF R, & LIEET
H? B, BEFFLatch vs Locks[30], LatchE8iIIXEIkE#EEHX, EFSiHATSE
55, LatchBBTEUEEREMIE, MELBREHHER. EXERAIBF, cmtlock.Lock();
compare timestamp; do commit; cmtlock.Unlock(), cmtlock2ZLatch, MiXERIBEEATE
B, Bollk, XELMAIOCCESMY (FMLatch) . FMUZRIZHRYINEM, 5=
FEEREBASH, BILARLatchSEERFRFFIBEEITA. W, B-treetb2— MERERS
LatchB9itE 75, )

BTk, 3— 1 EFEIB—ITFEN, SHEEREARERE?

o MHZFEFH: XE2HMARIIEN EHISCIN, HIaIRERE (R#ME) , =& Serializablefd
B (2PL) .

o AEETM, BMNESEN: IRAEFFHN, MINREESZZ—MPLEHER (3F
EISHRMEER, "HFR", U0 CockroachDB Hf"Read Refreshes[17]") , BME/R
[RERA., XBESSE 0CC (Optimistic Concurrency Control, FWFFAI=S]) 8T
M. LABE-BiHze (write-write conflict) RTHIRERFRE AGI, ES 5% LAIERATEE
ALAEERNT N8, HIEESRERN, MEgEHE. BRIRMESEINEES T
BEiCIZaVrER, BRMEEEEFEFHEN, BMEFPLEAER. (XRIEXB1]R
BB Y MVOCC, ) Spanner wound-wait[32]@B—MMlF, ZRIBNESZERBET, "B
B'HESEHE" (Plh) BFEHOKIIIES.

o AEFEGFM, RIAMWESEINX: RFEIZE Percolator[16], AILABZIEHEIE (Get(o) KiEbkk
[EEHITHIBSESFAAIM (cleanupStaleLock(k, ts)) , XEFEAEHITHERESEIXE
"B E5. Blilftl, EAMWRHFINSESINEER. SR2IRHHNESP LRI
RUEESSAIReId FEuH. SCPRLETE Percolator 18 X[33]14, BackoffAndMaybeCleanup4l
BESNAT34], BRNESEER Chubby SEEBERIANSESERNAEE,
AREEIEEREPLIEE.
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LIREIEE eSS R SMER/AEFREE, B4, £ Spanner wound-wait[32]9, HT
NEFEZFEESFIFEE (RIAVES)  MRIBSESIZAIPLEIEFEE (B
E5) . flEn, CockroachDB[17TRMES-ERtBES THFFRIAES, PLEHESN
1779, a0, TiDB[18]SLIRY Percolator EEHRY Optimistic 0 Pessimistic fRAS.

BTk, pHSESWITFIRTRRAE? HMNMEERSEETFETRL.

e IRZRYEAL (Single point of commit) : Percolator EEEFEENBICRHIEE—
FIERE (primary) iBR. REMBICRERNG, EFICRLNSRIEK[ELS: 1)
N4 (secondary) IBRBIEBEMFICR. 2) NRFICRF LB, BSFSoILAEARE
BRI R ERISRIBIR TR, 3) NRFICRHIER, NENESFHAER
2, MHMCRNEEETLIRSEN (BT —MNEEWNT) . 4 SEALEHLSES
i, EESTEREICREM, XSRIFIEENES, BigTable (URHIEREK (BT
%) CAS (JRF ReadModifyWriteRow[35]) . IS¥PHIZE, UEICRIFANBRRRER,
Percolator F—MERKBINICASHERITTMA: MELTICRM (FHEER—IZICRIT
) |, FIRRERE (EXCRITHRHAINI—NMEFHERERE ) .

o IHAEFSFAE 2PC E5&RKES: 5ISUEE Spanner, CockroachDB, TiDB {3
2PC DHRES. 8105 5EETE Paxos Quorum B {TEFILISSIIE T A, ATES
STHIRR, MAEREBNSEBERXBRFFFQuorumTRET. IBRRMBERLET
AEFIA, SARICESHCOMMITTED, FRE, HFMIRES X1/ ™x2 @E—4HS
5&FRXERE (BDL#) B, R EBiNFRE, U Tx1 0 T™x2 ATaERFEEl.
Spanner{EF wound-wait EERIEH. CockroachDB {EFRED faTUFEHa NS LS
R

o 8/ 2PC E5FEEFRABREER]: XE CockroachDB Hr{ERRYParallel
Commit[36], OceanBasely—s X E[3717E2016FHIRE T HIURVEIE. KUTF".. FF
FrE2PCE5E ", EEFMMRAERBINSEERXBXK. FENZE, MWEAEIZEIRBF
BEFIRRIARRZ TR (STAGINGIAZE) . AESSHLETEENKIN (COMMITTED RZ)
L, XERTEE B8 2PC E5E&XLMNES". FREFLHN, KBIRRZRE
B, EEESFFEETHENER (RASSREREIRE") , Bag1 r&5F, L
ERI— M ESEREETNES (AIRINER) . ATERANMESEITEMER, hiE
FRRRIHEABLURINSE S ECRIIAS (COMMITTED RZ) . iE=E, Parallel
Commit B T AMAEHIEMSH2PCAM, EAMERIHEZECEBEASS
&.
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RE—NIRE, BIIMZIAED HXEIREPFFMEESICR (transaction records) ?
ESERSEHRTE, 540 COMMITTED, PENDING, ABORTED, UREMITEIE. ©1i]
BEMRAESICR.

e RREFFR: HEFIJLUEAPRESRKKFEFEFSZICR. XBIUBTHEEES
EFNEDFREN. PRESFRALUET Paxos EFISTIIETA, BidH Xt THEM
TR. EIURRS—IEER, UAASHEEFELRMAND XFEH.

o BBHRRESEER: DHAFIBERESH—1Y), Percolator (FRAFICRIENIRITHIER
=, EEEAREESESEIEFE,. CockroachDB[38] BEZRICRHESESHhE—NENE—
PXe, FENEEEEERIX NESICE.

 EFRIR: TLERAFPEARREGESESNS, BITARAS. BENRRE, IRE
FinBEik, FSLICWITEEHRILE, FIABABFESSRE.

KigfgR, BRPRETULMEARS. RBRERTLIEERNRITSHISES. 8
—EEBRIATREME

* 2PC ] Paxos #BRILIRRIAMILR., £HhISESERIER2PCHRIZRL (TIPaxosREAT
ZoXETH) . REdLMER Paxos RIBRREHES? Hlun, thEERFTERED
N/2+1 NESEEHERKERRIBR, MARMBEES5E, XD TEER (tail
latency) . B30, 1R A BREER, WHXAD XS LASIGREFEB.

s IHTRAKNBHT DHAEZSHNERE. BTETRARERY, SRNIZEFMREN

®., LEPRUMESSK#TH 818? ETRNBEREFTSRKTEARES, XMNiZ
=178,
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Components of a distributed trnasaction

Strategies

Examples

How to enforce ordering of
reads/writes?

God node masters all transaction reads & writes

Calvin DB (SIGMOD12), OceanBase V0.1
(or also V2.07)

Each transaction arrange by themselves (by timestamps,
read/write intents, locks)

Percolator, Spanner, CockroachDB, TiDB

How to determine what is a conflict?

Only write-write conflict. Lock write only

Snapshot Isolation

Both ww-conflict, rw/wr-conflict. Lock both read and write

Serializable Isolation. 2PL.

Serializable Snapshot Isolation (55I1) detects “dangerous
structure”. SIREAD lock to track read/write dependencies

PostgreSQL 55l

Should it wait on Lock (timestamp
mismatch, read/write intents, lock)?

Wait on Lock. Pessimistic locking implementation.

Spanner, CockroachDB serializable read-
write transaction

Don’t wait on Lock. Younger transaction abort & retry

OCC. Spanner wound-wait

Don’t wait on Lock. Older transaction abort & retry

OCC. Percolator clean stale locks.

How to determine commit is
finished?

Single point of commit. Percolator primary record

Percolator primary record

Single point of commit. Coordinator ack back after waited for
all participants finish replication. Transaction record marked
COMMITTED

Spanner, TiDB

No single point of commit. Need to examine each participant

actually finished replication. Coordinator ack back very
earlier.

CockroachDB Parallel Commit

Where to store transaction records

A central transaction table

Didn’t find example

No central transaction table. Transaction record resides at

one partition written by the transaction

Percolator, CockroachDB

At client-side. (If client crashes, transaction is aborted,
transaction record is safe to lose.)

Didn’t find example

Note: The "Lock™ here is not the common programming "lock”. Lock is the point where concurrent transactions exchange info. A Lock can be waited or not waited. A Lock can
be a programming lock, or just a timestamp. Actually, DB literatures use "latch” wording for common programming locks, while "lock" wording for transaction concurrency.

51 H

(DHAEFRBIER)

[1] Designing Data-Intensive Applications:
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plus/blob/master/Percolator/Percolator.tla
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