PR EIEEE S-Percolator

1. &7
BNHIEEESEE— TR LTHN, 2 MEESESEEZ M amATR. N7 #E ACID,
DHANSIEEELNESNEEEZEFTZEFRE,

M EEHR3Z (two-phase commit) B— A FEMBEL M T RNRFESRINE L, BMWERAET
RIERHAMETRFLE

2. Percolator
XEBNEB—PEARRMER 2PC AL Percolator,
2158

Percolator @ 8#7E 2010 A FRHILX «Large-scale Incremental Processing Using Distributed
Transactions and Notifications» TR DR E SN

Percolator ¥9#1F Bigtable Z £, FIf Bigtable FYEE1TESSEE/IF TSO LI T Snapshot Isolation
fRERANNET REITES.

& MEUBIEEMAE, Bigtable ATLURMNE—MREK, SHMNBAWNRE Map, —1
BEXNRBIVAT:

(row:string, column:string, timestamp:int64) -> string

FAF$8E /M Percolator FEY— Column 7£ Bigtable F=BRESEIGAT 24 Column:

Column  Use

c:lock An uncommitted transaction is writing this
cell; contains the location of primary lock

c:write  Committed data present; stores the Bigtable
timestamp of the data

c:data Stores the data itself

lock I FEHEBE R, write JIBFEMHEIRIIH start_ts, data FIEFEE values

row cl c2

rl 123 abc


https://www.usenix.org/legacy/event/osdi10/tech/full_papers/Peng.pdf

r2 321 cba
row cl:data cl:lock cl:write c2:data c2:lock c2:write
rl 6: 6: 6: data@5 6: 6: 6: data@>5
rl 5:123 5: 5: 5:abc 5: 5:
r2 6: 6: 6: data@5 6: 6: 6: data@>5
r2 5:321 5: 5: 5:cbha 5: 5:
3 a
2.2EFZRIE
Begin

—PMESZHBRSM TSO FREX—1 timestamp {EJ9 start_ts.

Set

ES8FE Write IR ZAERR AR FERNTE, ARERIME—RIESN, XMHMAEIIRN
Buffering Writes until Commit,

Get
ESEIREE, FEELEKREXR lock FI7E [0, start_ts) Z BIeBFEBEE. MEBIFEE, NLER

Dt HR, GNRIIHEAN cleanup 8, BNIPEE, WMERBMATEE, FoiE write FI7E [0, start_ts) ZiEl&xH

=
IET

By start_ts fE AR WERKhlkads, ik data FIBYA] MR AMRAEIEHREL,

Commit

1.

Phase 1: Prewrite

a. 1&E—" Write fE79 primary, HE Write lI;Z secondaries; primary commit fEAEHFER
#Y commit pointo

b. 5t prewrite primary, FXINEE prewrite secondaries, XfF&H— Write:

i. KEXTRZAEY write FI7E [start_ts, o) Z Bl @B EFEHIE. WMREE, MIiHBEE write-write
conflict, E#Z abort 1553,

ii. TeEXYVAY lock FITE [0, o0) ZIEJREFEBIE S SAREFE, HiZ abort B1MES, X
SRR FE R T LB R .

iii. A start_ts fE79 timestamp, ¥ Write £3i: LA {primary.row, primary.col} {73 value,
SN lock 5, HIEEIES N data 5l HTFULES write FIEEREN, EILHETEEESS
Bl W,

Phase 2: Commit



a. M TSO JREX—~ timestamp E9 commit_ts,
b. 5t commit primary , SARKEKN abort F53,

i. ¥ZE primary lock @&FE, MRELRECERSFIE (E3BNTURSERZER , M
abort 1N%£5,

ii. LA commit_ts fEJ0 timestamp, LA start_ts {E9 value 5§ write 51, B#iIB& locko

c. TEbHWEKRESEZERAHY, WNALLUREIESERZMIT, BEP commit
secondaries.

2.3 {5
TEZRT Alice [@ Bob %% $7 HI S 72

L.start_ts=7 2. prewrite secondary
0. init state @ prewrite primary @ E data # lcok
5 data #1 lock
row data lock write row data lock write row data lock write
. X X X . . T:1am . . . T:lam .
Alice 6: 6: 6: data@5 Alice 7:$3 primary T: Alice 7:$3 primary T
Alice 5:$10 5: 5: Alice 6: 6: 6: data@5 Alice 6: 6: 6: data@5
Bob 6: 6: 6: data@5 Alice 5:$10 5: 5: Alice 5:$10 5: 5:
X X i 3 X X b T:primary| -.
Bob 5:%2 5: 5: Bob 6: 6: 6: Bob 7:%9 @Alice T
Bob 5:%2 5: 5:%2 Bob 6: 6: 6:
Bob 5:82 5: 5:%2

3. get commit_ts=8

4. commit secondary commit brimar
55 write Bl lock m e wrife E}]ﬂljylock

row data lock write row data lock write
Alice 8: 8: 8: data@7 Alice 8: 8: 8: data@7
Al 7:$3 K T Al 7:33 : T
ice S ice S primar

Alice 6: 6: 6: data@5 Alice 6: 6: 6: data@5
Alice 5:$10 5: 5: Alice 5:$10 5: 5:

X X X . T:primary| .
Bob 8: 8: 8: data@7 Bob 7:59 @Alice T
Bob 7:%9 SAt I Bob 6: 6: 6:
Bob 6: 6: 6: Bob 5:$2 5: 5:$2
Bob 5:$2 5: 5:$2

iR [EIRTh

2.4 —LEn])

2.4.1 B RTTIE)

i

b



1. prewrite f§ panic

t T1 T2
1 begin
2 prewrite a
(lock a)
3 panic
4 begin
5 prewrite a
(lock a failed)
6 abort

1. 3FPmREIE, tEH

RITREZBEZHIA,

2.4.2 5 HZE R

MR a=1,ts=0

2. 5E8
t Tl T2
1 begin
2 prewrite a
(lock a)
3 begin
4 prewrite b
(lock b)
5 prewrite b
(lock b failed)
6 abort
7 prewrite a
(lock a failed)
8 abort

KRR ESFHENG, MXTREEREIESENGE, 78Rl
FERREBER, XRIBM T HEHFLAITHESZES HREEIRIILE,

2. FINEFEEBER, P2 T1 M T2 BEAHRKEEGH,
XfF google BY web index &K%, AIaEHIMARITRILREV), BEXF@EAR DBMS i,

t Tl T2 t T1 T2 t Tl T2
1 begin 1 begin 1 begin
start_ts=1 start_ts=1 start_ts=1
2 prewrite 2 prewrite a=2 2 prewritea=2
a=2 (lock a) (lock a)
3 commit_ts=3 3 commit_ts=3 3 commit_ts=3
4 begin 4 begin 4 begin
start_ts=4 start_ts=4 start_ts=4
5 read a=1 5 read a (wait) 5 read a (wait)
commit commita=2
6 a=2,ts=3 6 (unlock a) 6 abort
= - wait until T1
7 reada=2 X 7 reada=2 timeout
RINE RIEHZEIR e 10 reada=1
SRR RIS EES




Percolator B9I&1+ T, H—MEESZEE lock WRHEFREERF resolve lock Z G BE#HITIREN, TN
A REREIMIRIBIRE. EABEIENMHEG EMBE SR T commit_ts B/NFXMEESHY
start_ts, 1B commit #2{EIRRTH. ZOBEERZ: M TSO BX commit_ts F1 commit 2 1EXFH N2 B
HAZRFH.

3. TiDB 9HRAES
3.1 BAENE
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1. TiDB: SQL B, AR ImNIERE, 1T SQL MMM, RELEMRSHRRITITR, FE
SR EEUE R E R L RENFMET = TiKV,

2. PD(Placement Driver): ¥/ TiDB £&8HtE EEEER, AREMEEN TIKV B RENHEHIES
mIBERMERNRBAIRINGY, AP HNESHEES ID.

3. TiKV: KV 7f#5|%, FHESIENELRE[IZ Region, 81 Reglonﬂl
StartKey %I EndKey ARG FXE]) HIEIE, 810 TKY TRahR

TFf#E— Key Range (M

% Region,

3.2EENA

TiDB 7£ Google Percolator BYE M BT —4ekzh, SEMT SIRBERAINNSHRES, RERUES
S5EMESHHESEE,

3.2.1 Optimistic Transaction
FMESHMM IR IR T



G P wWe b

Client TiDB TikKV PD

i begin o ;
, » getstart_ts o
. doread L
: > : get data with sta rfi:ts :
; or ge‘-t data from cache
(.. eturn read _r?-?y!t‘ """ :
© do write ‘ ;
" r,__y\fr_lge in cache '
'« _r_et&'_rt'_v_v_r'_t_e_r_es_ql}* """ |
commit o
prewrite with sta rtﬁits
get commit_ts o
: ) ! commit primary '
Commitsuccess | >
i _async commit secohdaries
\4 \4 \4 \4

Client FFts— 155

TiDB [[@ PD FREX ts fF U HR1IE55RY start_ts,
Client X &2=HE5EK,

Client &2 commit.

TiDB FéamaPiEEHR3L :

a. prewrite:

i. TiDB MHBIEE NBIEUIBHIEE— key ENHFIE S primary key, AEFH &M
BB TIKV &#2 prewrite 153K,

ii. TIKVIKZ prewrite I5KE:
1. & key REEHHNBIRREN;
2. 1075 key BB B HEMEBESZ NG,

3. MMRGEMERIEANELKEREMESMB, MENDFMEHE, SN prewrite K
e

b. commit:

i. TiDB UREIFRE prewrite M BFrE prewrite #3ALIN/E, A PD KEX ts fEAHAIESH
commit_ts, [A primary key FR7E TiKV &i2 commit &K,

ii. TiIKV Y Z| commit 1&Ef5:



1. KT key WBIREAEETE;
2. 107 key IS owner RBENHRIES;

3. WX key BINATEER owner HEFIES, MIRRIIBEHMERD, TN commit 5k
8

6. TiDB @ Client 1R [E]ZE SRR A .

7. TiDB &% commit secondaries,

3.2.2 Pessimistic Transaction
55XMESAENZE, ENESE _LBIRIEIYIIREIE DML Hfjal,

Client TiDB TikKV PD
i begin o ' :
, » getstart_ts o
i doread L ) ‘
i » . getdata with sta rfhts :
: . _or get data from cache
' return read result€---*- ' '
IS S e _mxA P
do write ‘ '
" » getfor_updatets o
' : _y\{r_ige in cache '
acquire lock ‘
i return write result :
o e :
v v v v

X EREMBEIE N RIMESFBLF—E, ERXMHRR—1N G, FE commit BB
fix, BRXEAEIHCAE AT Percolator IREIRIE, [EEURIEMRFRIT—EENA, ME—RICIED
B XWFIRIEK, BEXEEMHAI R, FTRGRUSSHESFARD, BiEREIR] SRR,

3.3 Percolator 1t

3.3.1 Parallel Prewrite
TiDB R&1% Percolator %¢ prewrite primary, Bz prewrite secondary,

SR —NESH, BESPIRM keys = ALZ 1 batches, &4 batch 7E prewrite i =FH 1T
HiTo REEXZF primary key 2B E— prewrite B,

3.3.2 Short Value in Write Column

ST —RIRIER, FERM write FIIKE key XN ERHfhRAS, FAFEM data 7IFEI EARYEIE, 0
R—"value EEBUNYIE, BBAEIFIRFF SHEX KR LEAR Ko



AT G short values X E, TiDB T —MLt. #0R value b3/, 7E prewrite FER, £
¥ value T E| data 57, MERBEKTE lock 5, FASTE commit FHEL, X4 value =M lock 51#%
shE write 5IFR, SAFTEIARIX A short value BY, FERFEEIHIR write FIFLAILL T, BT —KRE
o

3.3.3 Point Read Without Timestamp

AT RL—x% RPCIABMBE TSO £/, NFERIE, HAFEIRE timestamp,
FAERIEAEFEEBRT BRI, P BEEALOEERFEIEIEEN AT,

3.3.4 Calculated Commit Timestamp
TiDB BY Async Commit M ARKRNE 7 EHIERHER, ¥ TiDB 5 TiKV 89 2 R BRIV E] 1R,

TEIZ Async Commit EEMIRRAIE:

Client TiDB TiKV PD
commit

»
Y

get min_commit_ts

( _______________________________________
prewrite with
min_commit_ts

»
v

return max(max_tsf 1,
min_commit_ts)

commit success

async commit
\ 4 \ 4 \ 4 \ 4

5|\ Async Commit Z /i, FEH primary key XA BHEX N ESHIER. Async Commit 5t
EERE S SRS ERRIEISER prewrite BUBTE, 1LEMERME MRS HiHETT. B2
W, IFF Async Commit EB55, I EBRSZFREM keys #PAI prewrite, FLEKE B SR,
FEATEW SIBYRREFE (repeatableread) , commit_ts EEHFREMES Z/RIRBNER—HF
. FBA commit_ts A HMH SR ERX Y.

o HthHSMAHEFABR keys ##ATH prewrite

TiDB BIMMERTE primary key L1Zf#FfE secondary keys B9%51%, (BEE/A, MNB—1NESEEW
keys U E4551%, BT BEIRENI2Z7EE] primary key £o FrLL Async Commit BSREEARK
QB EREIL 256 1™ keys BFFE keys IA/NSFI AT 4096 FHEIESERA Async Commit, 1T
ANESHRRMEASREK, BL—RMEREHRIERIZAREE, FAUBAREELL Async
Commit ZHRFEANES,



T1
i ndar ndar
writea=1 secondary secondary
b b
writeb=2 o
: . H L ndar
write c=3 / ;
'l " C
BEFAIE a , BT key list}
TEEHE b. © - ME b ¢ |
T2 ; T2 ;
. o HefEa. b .
! i i !
read a / THEMATE ¢ read a
BT a B key list
read b read b %Ecm Yy

o WEIAHEESH commit_ts
{RU0 2 7E prewrite BIFREX commit_ts, MAHIESLIE, &M SI:

t Tl T2 t Tl T2
1 begin 1 begin
(start_ts=1) (start_ts=1)
i = get
2 |getcommit_ts=2 2 min__commit_ts =2
3 begin 3 begin
(start_ts=3) start_ts=3
_ reada=1
4 reada=1 4 max_ts=3
5 prewrite a =2 5 prewrite a=2
(commit_ts=2) (commit_ts = 4)
6 reada=2 X 6 reada=1
RS commit_ts #S commit_ts

LT prewrite BIFREX commit_ts A min_commit_ts [, EBEHITHSLIE, TERAA LT
BH— 1 R®ZH commit_ts:

1 max{min_commit_ts, max_read_ts_of_written_keys + 1} <= commit_ts <= now



TiDB &BEFIEREN key W AHIEENETE], MEIERE region BUERKIXENETE], FRAATEE
]

1 commit_ts = max{min_commit_ts, max{region_l_max_read_ts, region_2_max_read_ts, .

2. prewritea=1
with min_commit_ts
1. get min_commit_ts

3.1 store resp.min_commit_ts
=max(nodel.max_ts + 1, req.min_commit_ts)

-=""32return resp.min_commit_ts
32 return resp.min_commit_ts

3.1 store resp.min_commit_ts
2. prewrite b=2 =max(node2.max_ts + 1, req.min_commit_ts)
with min_commit_ts

BE: NATE prewrite BIER—XFHY min_commit_ts? REEEEH start_ts+ 1 {EA
min_commit_ts i5?

AR LA start_ts + 1 fE9 min_commit_ts, &E—HEFERENMER—HE 0TE:
YIRS (E) £, T2 kb T1 #4838, 1B T3 #DEEIEE) T1 A9,

iaiRSa=1,b=2
YIREREI L, T2 548 b2k 3, T1 A4 a 22

t Tl T2 T3
1 begin
(start_ts=1)
2
3 begin
(start_ts=3)
4 begin
(start_ts=4)
5 writeb=3
(commit_ts=5)
5 writea=2
(commit_ts=2)
6 reada=2
7 readb=2

3.3.5Single Region 1PC
X FEFRHRE— Region, APEHLEEEMNEE 2PCRIEN, HELL commit_ts =

——
BHZX

region_max_read_ts EIHSZAEIT,



4. CockroachDB 9H X ES
4.1 BRI TE

4.1.1 A&
B e AR LM

Range: CockroachDB EAEREIZ XA, HEeBiEIEHERFN K-V EIE, X157 64MB BE{AIK/)HY
chunk, #JK-VRange. Range Ri&H. FfE. EFINERERM, AEBIHORSEHIEES,
Leaseholder: CockroachDB F&EEMMIRZ—, I KE lease M, EHEXRIH, 15H lease HIE!
AT LASTIMEH KV B —EEIRE . IR — raft group FIVEANBIZEE lease, ABAZBIAFRTER
T R¥E A leaseholder TIm. #FH lease WEIZA, —fgthE raft group HFEY—> leaders

Gateway: gateway Ti=2#l leaseholder T RAEXTHIBE R, gateway T faSZfiEMT SQLIERK. F7£H
E55M coordinator, FH¥F KV 121ERH E|ERARY leaseholder TR Lo

Raft Leader / Log / Replica: Z’ 3 Y range AILIZARL— raft group, YFIMRIERS T A —E14RY
EE, raft PAleader. log. replicafFik%. HEEFIF, BT Raft E/EANEHE, XERBER,
Bgn, —> 4 TR CockroachDB 588, BT :

user'l” user2|-| user3 |
SQLEEHT iL JL N7
SQL3| % SQL3|Z | sSQL3 (% NNl SQL3 %
KViZfig * ‘ Mitlé‘ mit%
| e 1higE }* .
/_\

= = 5
S o S
=} =} =1
Q Q Q
[} ol @,
@ N =

o o o
> =} =}
@ Q Q
[ [} @,
IS @ )

4.1.2 BAGEH

CockRoachDB £i83 L35 &, MEFTRRZE:

1. SQLZ: f##tr SQL, ¥E{LAk KV 11

Transactional &: SRIFXNZ KV #ITRFIHELE

Distribution /& fATRERH, RKET =AY KVIRIERVAT, BEGE— TR LRIEE KV —#F
Replication B: EZTR—EMRLZ EH KV Range #iE, HERHE—BMIEEED

Storage & 1EHLE B NFIREY KV ##E, BRIz Pebble #1 RocksDB F™ KV #2152

A



4.2 BSNER

CRDB f#t HLC SKIL T Serializability [REAINDHNES. I, EXRSINTREBMUELTE

SIRZIEER,

#t& CRDB RYEEARF I

»| TransactionRecord

TxnMeta

status

last_heartbeat

in_flight_writes

txn-keylid=1 TransactionRecord : TxnMeta
keylts=0 MVCCMetadata » MVCCMetadata id=1
keylts=9 value2 TxnMeta key
keylts=6 valuel timestamp =6 epoch
intent_history write_timestamp =9
min_timestamp =9
sequence=1
MVCCMetadata

e TxnMeta: RAZBIREE write intent,
e timestamp: key BRI EIRhRZS,
Transaction record
e TxnMeta
e status: RAEFKE, BUTEE:
o PENDING: RRESZNEHITH,
o COMMITTED: RREFERER.
o STAGING: EH parallel commit BHEA, RTEESARELTHAIERLTFERRIRS.
o ABORTED: ®RRFESEHILE,
e last_heartbeat: coordinator XZESZHIC\BE,
o in_flight_writes: BH parallel commit BI{FH, REFESSIEES AN keys 73K,
TxnMeta
o id: RTESME—IDARIR,



o key: RINEFEFHE—/XIEEEE NRY range B start keyo
e write_timestamp: RTEEFHIRIETEE, AJEK/EH,
e min_timestamp: FRESHFIEETEE,

4.2.1 ESHE

4.2.1.1 Phasel (writes and reads)

CRDB EFAEESFEXAHITE DML B EEUES NEEBEARIERLUE, RNSE
MVCCMetadata 8l TxnMeta, TEFE—XE NKIERIESE)E Transaction Record, FEEESEAIL
Bid key -> MVCCMetadata -> TxnMeta HEIBSHIFRIEZHIE,

SNESSEBRIMHEE NE— range BY start key {E Transaction Record B9 anchor keys
Transaction Record B9 key F94RE2H txn-{anchor_key}{txn_id} , EIALIME
TransactionKey A (XHERVEFER—1 range FRIFTE Transaction Record BIEFREE—IE, &
{E3XF & records) o

<

4.2.1.2 Phase2 (commit or rollback)

CRDB 7x3ZE| commit iFKfE, ¥ Transaction Record HUIREIZE S Committed, R[E|RFIHES
RN, SARRP#1T Cleanup 21E,

4.2.1.3 Cleanup
83 MVCCMetadata, 3§ TxnMeta i&Fk, HEFH timestampo

4.2.2 ESHKRIEH!

EHAIZHISE, CRDBFEEIEHFMN LM TEER, ERIE Serializability FRELHRIIE R i
—FIEK %R,

BRSIA—T (BIEERRME) X T2 M S A BHF R

1: EERRESEENES Ti AR AHSE— 1 ETiEE TS(Ti).
2: WFSTHED Q, #ME—ThRAFFF <Ql, Q2,...Qm> 522Kk, FEIEW Q B— 1 HEhR
= Qk, EEE=ESRZA, Bl:

a: IEERYEHEASA content

b: L EIBARZ Qk EIFEBYBTIE] W-Timestamp(Q),

c: FrB pIhIEY Qk BV E S B ABYiE)EL R-Timestamp(Q)o
EE TiITEIRIE Write(Q), 82 Q I— 1 #EUB A Qk, hRZSHY content FERREE NBIE,
W-Timestamp #1 R-Timestamp #3816 TS(Ti), HHES Tj iR Qk F B TS(Tj) > R-
Timestamp(Qk) BY, F3 TS(Tj) E# Qk Y R-Timestamp,
3 HEEFINFIZ, S2HFS Ti ki Read(Q) 5% Write(Q), BEENLFAEFHAVEIEIN Q BYRR
7 Qk, EP Qk 2B Q MERBRAh 5 B3{aE; W-Timestamp /NFZHTF TS(Ti) R A


https://github.com/cockroachdb/cockroach/blob/5fbcd8a8deac0205c7df38e340c1eb9692854383/pkg/storage/enginepb/mvcc3.proto#L33
https://github.com/cockroachdb/cockroach/blob/5fbcd8a8deac0205c7df38e340c1eb9692854383/pkg/keys/keys.go#L443

a: tNE Ti & Read(Q), AB4iIR[E] Qk, FHFA max(R-Timestamp(Qk), TS(Ti)) E# Qk BY R-
Timestampo,

b: 308 Ti & H Write(Q), & TS(Ti) <R-Timestamp(Qk), BB HEEHESELIE T XM EIE
ARz, M TiEER; &M, & TS(Ti) == W-Timestamp(Qk), MBEE \A value E3r Qk &Y
content; &M, WHELRE TS(Ti) > W-Timestamp(Qk), HBALL TS(Ti) i 5 By 8] 2 6l F AV 2B IN
Q HYRR AR,

HEtER, ERNEESNTH—FARTN:

keyl, rts=9, wts=9 valuel
keyl, rts=6, wts=6 value2
key2, rts=3, wts=3 value3
key2, rts=1, wts=1 vlaueb

542 BB RIEHIF Y ABEL, CRDB BV AR ZSET BB HERR i 7 — Lo 2t :

4.2.2.1 RW #3348

ZHEMZRANEEHF, BdE2ERERTS LIE RW A5, AMESERE—MUNELIRK
BiR(E, THEN T TEHNDR:

1 create table t (a int primary key, b int);
2 dnsert into t values (1,1),(2,2);

3 #T1 #T2

4 begin;

5 dnsert into t

6 values (3,3),(4,4),(5,5);

7 begin;

8 select * from t where a = 1;
9 commit;

10 update t set b = b + 1

11 where a = 1;

AT R XM, £ CRDBH, —PNESHEIFRETEEL, B read_timestamp #ll
write_timestamp (EEZHBRE(1HEFE) , RIS forward f refresh #15, ik T1 B9[]
Rin)E,

e forward

BKiR, ESEEITERER, [IERTAEHNIEIEM key, ABREBEIGIA T1 &EHMIT update B9
HERY, T1 =BECH write_timestamp AEE] a = 1 X MERMBIERIL— X read_timestamp Z
&, SRS HEY write_timestamp S5 ANE3E, BAELIMEXE,


https://github.com/cockroachdb/cockroach/blob/5fbcd8a8deac0205c7df38e340c1eb9692854383/pkg/kv/kvserver/replica_tscache.go#L326

BRXFH=HHRE R
1. EESHITIRED, AIERIBEIZKX forward, BAEFENKIERBIBTIGERRZMRES,

2. WRESH read_timestamp F write_timestamp FHEZE, MBI X BEHNESE
(read_timestamp, write_timestamp) Z BT T G1R{EHIER, APFLATRESIRIR
Serializabilitys

NFE—NE, EFREARRUERE, AR—TEFESHATRIEEE TROVHIEH AR
MVCCMetadata BY timestamp, 1LFEEZE1IE NBIIEB write_timestamp #BULENEIE S REZRY
write_timestamp,

JFEZNaR, EEIEE refresh HHIZ=IHIERS,
¢ refresh

NREBSZIRN A IESH read_timestamp # write_timestamp FE%E, BBATLSREA refresh
1BE: LU write_timestamp YEAHTHY read_timestamp, BZATETH key EFTIE—IE, FEBTELIH
R FI IR S SIER S — M. NRA—, NWiHABEMIEIEENT , Fill refresh XK,
T1 REEELR/EiR; MNR—, WIAEXMXELSEMNEIEEN, refresh Ih, FFE T1 AJLUER,
BARSSIEXE,
4.2.2.2 WR Hh34big
HEZIFE— key BY, BEHEKETE key B9 MVCCMetadata 2ETFTE TxnMetas
o WMRARTETE, BIH/NFHEC read_timestamp BIERAEIBRRZS
o MREFHE, BFHEX TxnMeta EF2EHCE T

o YNRZE, FAIREX TxnMeta FHHYATE) B RBVAR A

o MRAZE, MBEEHIMT TxnMeta BIBYE]EF] E 28 read_timestamp

= 0R TxnMeta (RENENEIBIA, BAXEZBIRIERERRZAEIE]

= PR TxnMeta RIFHIBTEIE), HBAEIRENIEIBRRESOE, FEEXEE Transaction
Record IR7&:

e Pending: EIERFENATIESR

e Committed: Fi Transaction Record A {R77H) write_timestamp E# MVCCMetadata
B timestamp, EIBSMIEREE TxnMeta (roll forward) , SARFLRILUZER
read_timestamp £ T

e Aborted: fBf TxnMeta MEiEMAIEIE (roll back) , FEIRER read_timestamp 3REX
X N b 2
4,2,2.3 WW zibig

HEZE—1key B, MIERELEM, TEEERFTENE key B9 MVCCMetadata BB EE
TxnMeta,


https://github.com/cockroachdb/cockroach/blob/5fbcd8a8deac0205c7df38e340c1eb9692854383/pkg/kv/kvclient/kvcoord/txn_interceptor_span_refresher.go#L282

o WMREE, TEHEE AN, WMEEEKRZ TxnMeta $E@HY Transaction Record BIIRE :
o Pending: BiERHFENNIIFER

o Committed: H Transaction Record F{RTEH write_timestamp & MVCCMetadata BY
timestamp (roll forward) , BE NHH TxnMeta

o Aborted: ffilf& TxnMeta FIEismEIEIE (roll back) , BE AHHI TxnMeta

4.2.2.4 Uncertainty Interval
ESMEBEREASIN HLC IFEERHI Read In Uncertainty Interval 8@,

Time

\ 4

T1

T2

T3]

RHEREIEAQ

HLC ZEEZENEARTIZE, NTE, £ T2 NRXEESMNIRETRES T3 R ERIRE
SEEEE, MTEXSD T3 BEMNIZEE T2 IRHIEIE.

CRDB EESFARIASIZE Transaction.GlobalUncertaintyLimit (ZRIA500ms) o TEIRRIAHIREE
KWERBIFE [read_timestamp, read_timestamp + GlobalUncertaintyLimit) FEMirZds, 08
EF7E, WEZEAEH read_timestamp,

4.2.3 -k

4.2.3.1 Transaction Pipelining
BRMERTES, ESERIFESHINREA pipeline AXN#1T, MMALDHITEZRE NHNESHE
Bo SNLLTFESS:

BEGIN;
INSERT into kv (key, value) VALUES ('apple', 'red');
INSERT into kv (key, value) VALUES ('banana', 'yellow');
INSERT into kv (key, value) VALUES ('orange', 'orange');
COMMIT;

o 0 b W N


https://github.com/cockroachdb/cockroach/blob/5fbcd8a8deac0205c7df38e340c1eb9692854383/pkg/roachpb/data.go#L962
https://github.com/cockroachdb/cockroach/blob/5fbcd8a8deac0205c7df38e340c1eb9692854383/pkg/roachpb/data.go#L1545

1. SWENGiR{E, Gateway AT Leaseholder XX iEXK,

2. Leaseholder EAME N#EG, REISHIN, HEITEH, RTHEHIN keys ERFE
Gateway B9 in_flight_writes #1,

3. EESIEXH, & in_flight_writes 5\ Transaction Record, BHEFR KM EIREEHITM.

4.2.3.2 Parallel Commit

Parallel Commit A] LU E S8R R HEIR MR EE consensus JF/ D E|—#, 454 Transaction
pipelining, —f%i&E X FEEE OLTP BSAIERIZFIEIC&R/IME: FRIEIRERAY/EH + —# consensus
HEIR,

1. Client FBZ%E%,

Transaction Coordinator
BEGIN; [—=

2. Client KE2E—151EK key = Apple , Transaction Coordinator 5 AIIRZAY write intent [
mERRE, AEFLESF writeintent,

BEGIM; k1
o — | Intent@edl: "Apple" I

Transaction Coordinator
Write["Apple"]; l—h -

Transaction Record |

3. Client &£ "15iEK key = Berry , M ZH—#*#, Transaction Coordinator 5 A\XI[Z
B write intent ERLERORE], AEFFEH] write intent,



BEGIN;

|Nrite["Apple"];

|Hrite ["Berry"];

—_—

Transaction Coordinator

‘ Intent@@Bl: "Apple" |—
K1
t——

K2

> —-| Intent@@@2: "Berry" |—

4. Client £#2 COMMIT 3i&E3K, Transaction Coordinator €/ Transaction Record, BiRidIREN

STAGING, FH¥EE—1 write key #35 N\ in_flight_writes,

BEGIN;

Write["Apple"]; |

Write["Berry"]; |

COMMIT;

|

Transaction Coordinator

K1

— | Intent@@Bl: "Apple" |—

K2

— | Intent@@B2: "Berry" |—

Transaction Record

State: STAGING,
InFlightWrites: [“Berry", "Apple"]

'y

5. Transaction Coordinator & in_flight_writes PR EREEHIERG, HiR[E Client EEER

B



K1
— ————b| Intent@edl: "Apple" \——
‘Write[“ﬁpple“]: ‘
Transaction Coordinator
‘Write[“Berry“]: ‘ K2
e ————b| Intent@d®2: "Berry" ‘——

COMMIT; ‘

I

L~ "The COMMIT
succeeded!"”

Transaction Record

State: STAGING, -+
InFlightWrites: ["Berry", "Apple"]

Y

—

Transaction Record BJIRZS A Staging, H in_flight_writes £ZEHI5em, RPESBERETIR
X7 o
2. Transaction Record BJIRA S Committed, REAEZEXETIRERX T

RE 1M 2 EZEB LEREND, 18 Transaction Record 2R 4 Transaction Record M Staging k7S
IS Committed IR, FNEMBESEBER Staging KESHWESEY, EEEEH in_flight_writes
EEEHITEN, AEBMEESRKES, MXTEFRFEHLERFENDN,

55, HEMEBSZBIAT Staging IREESEY, B 1= Transaction Record BY
last_heartbeat RICEFZEHNMEHITH, MREEHITH, WESEHTER. BAIL
Coordinator EMiE S RSB LLE W in_flight_writes 2B EHITRER, FAE—RBERLT, SR
SR E 12 1E7E Coordinator BHASA A,

5. Mz

5.1 Percolator {h1XH5

Transaction

class Transaction {
struct Write { Row row; Column col; string value; }
vector<Write> writes_;

int start_ts_;

1
2
3
4
5 Transaction() : start_ts_(oracle.GetTimestamp()) {}
6 void Set(Write w);

7 void Get(Row row, Column col, string* value);

8 bool Prewrite(Write w, Write primary);

9 bool Commit();

10 };



Set

1 void Transaction::Set(Write w) {
2 /) BNFGMERF, LHRENTE Commit BYfit%k

3 writes_.push_back(w) ;

4 }

Get
1 bool Transaction::Get(Row row, Column col, stringx value) {
2 while (true) {
3 bigtable::Txn T = bigtable::StartRowTransaction(row) ;
4 /) 1. BEBREHE timestamp <= start_ts_ HIH
5 if (T.Read(row, col+"lock", [0, start_ts_])) {
6 // Cleanup primary lock:
7 /) BEEDER, WEEFITIWEE primary lock, ZHERF
8 // Cleanup secondary lock:
9 /) BE primary BIKE
10 // ¥R primary 8, #XRELIT commit point, M secondary lock
11 // WIE primary BHEKER, FiF
12 // W primary GHIEABEER!, HIf+ secondary lock
13 BackoffAndMaybeCleanupLock(row, col);
14 continue;
15 }
16
17 // 2. PAIFIEENFHR[E] commit timestamp <= start_ts_ BIRFTHIHIE
18 latest_write = T.Read(row, col+"write'", [0, start_ts_]);
19 if (!latest_write.found()) return false; // no data
20 int data_ts = latest_write.start_timestamp();
21 *value = T.Read(row, col+'"data", [data_ts, data_ts]);
22 return true;
23 }
24 '}

Prewrite
1 // Prewrite tries to lock cell w, returning false in case of conflict.
2 bool Transaction::Prewrite(Write w, Write primary) {
3 bigtable::Txn T = bigtable::StartRowTransaction(w.row)
4
5 // 1. 12& timestamp >= start_ts_ BIEIE
6 // WRELZE T HIEZERMESIER THIE, FXFESTH#ERTS



if (T.Read(w.row, w.col+"write", [start_ts_, «])) return false;
// 2. BE—TELEZKLIUT, WREHNZHIAE T HE
if (T.Read(w.row, w.col+"lock", [0, o])) return false;

10

11  // 3. B data fll lock FE

12 T.Write(w.row, w.col+"data", start_ts_, w.value);

13 T.Write(w.row, w.col+"lock'", start_ts_,

14 {primary.row, primary.col}); // BHF#t primary
15 return T.Commit();
16 }
Commit
1 bool Transaction::Commit() {
2 /) 1. FE—1T1ER primary, BMEITEA secondaries
3 Write primary = writes_[0];
4 vector<Write> secondaries(writes_.begin()+1, writes_.end());
5
6 // 2. % Prewrite primary, B Prewrite secondaries
7 if (!Prewrite(primary, primary)) return false;
8 for (Write w : secondaries)
9 if (!Prewrite(w, primary) return false;

10

11 // 3. M TSO FKBX commit_ts

12 int commit_ts = oracle.GetTimestamp();

13

14 // 4. % Commit primary

15 Write p = primary;

16 bigtable::Txn T = bigtable::StartRowTransaction(p.row);

17 // BF primary @&LEH, WRREWHFKELZEETIEIE, BiFRL
18 if (!T.Read(p.row, p.col+"lock", [start_ts_, start_ts_])) return false;
19 // Xt primary B write 7, &k lock %I

20 T.Write(p.row, p.col+"write'", commit_ts, start_ts_);

21 T.Erase(p.row, p.col+"lock", start_ts_);

22 // commit point

23 if (!IT.Commit()) return false;

24

25 // 5. B Commit secondaries

26 for (Write w : secondaries) {

27 bigtable: :Write(w.row, w.col+"write", commit_ts, start_ts_);
28 bigtable::Erase(w.row, w.col+"lock", start_ts_);
29 }

30 return true;
31 }



6. B&5

B LB 428 Percolator thiX @ HXIEIBM A= RKILITHY, M TiDB # CRDB FLIEE N
=T —Liish, BIERARNZSEMARRIZITHEE 9 HEN.

7. &%

https://www.usenix.org/legacy/event/osdil0/tech/full_papers/Peng.pdf
https://github.com/pingcap/tidb

https://github.com/tikv/tikv
https://cn.pingcap.com/blog/tikv-source-code-reading-12
https://cn.pingcap.com/blog/tikv-source-code-reading-13
https://cn.pingcap.com/blog/async-commit-principle
https://docs.pingcap.com/tidb/dev/optimistic-transaction
https://docs.pingcap.com/tidb/dev/pessimistic-transaction
https://tikv.org/deep-dive/distributed-transaction/optimized-percolator
https://github.com/cockroachdb/cockroach

https://www.cockroachlabs.com/docs/stable/architecture/transaction-layer.html
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