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OFAG)=(0OF)A(OG)
F and @ are both always true iff F' is always true and G is always true.
Another way of saying this is that O distributes over A.
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\/ Get(c)
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\/ Prewrite(c)
canLockKey
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1ockKey A1 DT mar -

commit_ts = next_ts’
\/ Commit(c)
commitPrimary /AL HEEPrimary
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key_write' = .. Append ]
key_lock' = [ ¥R
\/ Abort(c)
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[Spanner Paper](http://research.google.com/archive/spanner-osdi2012.pdf)
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Spanner 3 I~ 1% Percolator # # F BigTable £, 2 # & /= {# F Colossus (Google
Filesystem) | JFECERELIEES.

HIEEFIMEAT E=E3-Way Replication, &#I3/&E|IA (Replica) ; m3&EIA[E—E%
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| ] |
' Colossus i ' Colossus ' Colossus i
|
e e s g Lo oo o oo o o oom oo o o b o oo oom o o oom oo o omm om
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3
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=
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& n/Directory, 1/ Directoryf & £ Table Partition, g1 ZEDirectoryid kx, N<IE
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L 1
dir4 dir2
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[

. L di I
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iviicData Placement, s FAREAZE, TUEERE T ARBEBREBRNRS
BT EIE. XN EECephiyCRUSHE AR XK. BthERIG, BRERT ANS
SIEAMELHIBT I, EREMUMFEANPlacement i, RMEHBTETRLETESH
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A EREESE, (EARTELE (Time Reference) FKEREIKE D HIFEHAT (8], X AR FEE 4,
JUEHEARNEMNEERN (Failure Mode) | EEHNEEESHTRNEST AN
(Availability) H9IRA, HEHLOARFRELH S B Masterfg 88, FAFTENFRE
RS SB[ EBRFHRESE, HAHAS,

BHEZ E, TRUBRE#— SR ERS . SpannerfyfitiaMasterf§ 4254 H4A
RIEHRAE, HEBRSERS . Spanner® M in s 18 A Hb #1481 5048 /0 19 2 B [e]Master

R8s, XLLHEBR M EPR S 22, Spannerz 9y, WA XMNTPRERESHER, BIRS
R OHEBERIERNEZER (Time Drift) .

ELREEAA—BHEER

SpannerX fiSerializablefg & % 7 F1External Consistency, F& RN iZz=Spanner#is| A\

BHEA, HEEZE@MAEAMPM O HAETF, Serializable XX EKRELK EE E F I 1L E
(Serialization Graph) AR, TMAFELZHCommit Timestamp)x HFEK, Fik

THESOTIUREEFHNNEE, SESnapshot ReadiRIEHEIE L #FEdE. AL, SIA

External ConsistencyfJ#l:, it XHArid, HEXE: MRFBSFTX2LLTXTEFRR

ATX29Commit Timestamp A K FTX1, MB—F®EZE, External ConsistencysLfr

R EELinearizability 9l s, BAZZREERANBESF,

TXHEXEELinearizability f§ — 2 AR B TN 28 55 [ 55 2% A1) 09 52 ZE R

[EX- —& - TiDB BEfEE](https://zhuanlan.zhihu.com/p/47445841)

X HE EXfSpannerfgExternal ConsistencyfyfZis

[k mE- T ERNEENAB -—SIEMIMET - M- M F]
(https://www.zhihu.com/question/56073588/answer/519284998)

*%FCommit Wait

Commit WaitZSpannerfysrEigit.
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FICommit Timestamp, ZE&GH 2B Commit Timestamp s, Commit Wait EE &1+
F|TrueTime.after(s) Htrue, Bl EAHEL . XHFEXR, TrueTimels 8] & frkH5
#, Commit WaitR i/, XthESINFERKEGFNTrueTimeyREA

Commit Wait a0 o] 4R iF % J§ & & 9 Commit Timestamp i 18 ? & 48 7% B Commit
Wait, ?HRAESTUEZNEHEENE S AERWTT, ERFENNTIRFEANEET,
SHINFRXNES, AAFAHZESHNNEE, ~MEE E /DA Commit
Timestamp( &z, MmiE & 7 External Consistency., I TEFFx=, b=<b2,110>F1%
X, BrfEEI10xMm/NFEIRIZMb=<b1,120>45120,

TX1 Commits TX2 Commits
Commit Timestamp = 120 Commit Timestamp = 110
B o B b e e I
5 A b 1) a=<al, 120> r
—'_| } - - -
EVEr A " ime=80], | TTime=120 Time=130
] X1 B! Fm——-- . |
1 I, b=<bl, 120> ) , 1 b=<b2, 110>
SERUERD Time=60 | I 1 Time=100 I I Time=110
____________ ] I
I | | X2 11
S C : ' 1 1 1c=<c2, 110> _
erver Time=40  Time=80 | I | Time=90 -
I ]
I ] I
- I ] I
World Time —c-55 ; Time=90 Tme=100 ..
i e, Mie el

S TE T

TEZEMNT Commit Waitz FHESHITIER. TXT Commit Wait/g, FSBH
TX2H g FF 45, WWASFTE 4 mmTimestamp#E K FTXT1HCommit Timestampy, BEMmE
WIX2HITHEE Bk, #B7FL%#E KkExternal Consistency, H%, —VIMNBREEXHE,
BB R TR I
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TX1 decides X1 corn.mits TX2 decides TX1 commits
Commit Timestamp =120  and visible Commit Timestamp = 151 and visible
U | | ] ]
| a=<al, 120>
Server A Ll - ! 2 ! 1
Time=801" :lTlme:120 I Time=161 ITime=171 1Time=212
11 1 | [ I
11 X1 y by s e EREmcEmEem [ I
Server B | | 1 1 b=<b1, 120> ! ! 1 L h:<b2, 151>L
Time=60 | "1 Time=100 | Time=141 | ;1 Time=151  Time=192
b= == L i { T I
| I | I I
1 [ c=<c2, 151>
Server C ! e ; ! A : k.
Time=40 | | Time=80 1 Time=121 | L j 1 Time=131 ;Time=172
I ] | | |
. | | | I I
World Time —qre=sp Time=90 | Time=131 Time=141 | Time=182
| I I I I
l_ ) () Aol 7B F
Commit Wait Commit Wait

TXHXSpanner, TrueTime, Commit WaitsE ¥4 a9 13 2

[ B 3 52 7 7 - & 22 2 % Spanner i TrueTime A P H X EE T W 5 B ]
(https://zhuanlan.zhihu.com/p/44254954)

i TrueTimeFfICommit Wait, o[ pliHFE—F XK, EBES—HMEREEZL: TrueTimei®
EE LMK RE, Ki2Commit Wait; Vector ClockN#h 7 LAY {a], 1EFE R
X BX, PlCausal ConsistencyfRiRBI&., TEHRXEGMW&KKLZL, K Spannerd 1
Commit Wait#l#|#t—5 k. Blan, LEFEF, EATXTFITX2EE FServer B,
Vector Clock{Z E& /A& SServer BANTX1£ 3 ETX2;, MmAI#E%E Commit Wait, TX2
thARSEHNFTXTHCommit Timestamp.,

[Beyond TrueTime: Using AugmentedTime for Improving Spanner]
(https://cse.buffalo.edu/~demirbas/publications/augmentedTime.pdf)

S{FNpEZE

ALMHHRESH, FELBAGHEI M, MSpannerigxxr, o ER HEME
PIAME G, @F2PC Locking (AWM L) , s, #RE2PC Commit (FHTEXIR
) , LI SerializablefgBEHANNES ., TR FEE,

5Percolatorf S MIRBERAES B AE, SpannerfyEEESF, HOkEESF
5. HEMAWound-Wait757%, BIZESTURSHESNPEEEER, MHESHFHR
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EEFEZESHND . Wound-Wait2—Ffsie T (Preemptive) HESER L, 52
HF R AY2Wait-Die, SpannerXXHuiE, a2 T BRLYFSFRETHENES, 4
mikx.

P E RICHEWE? Spannerd, Paxos Group iy Leader% & |+, 15 7 Lock
Table, AT 77#2PC Lockingd #y8{. H{AY5EE LRI Paxos Group™ EM#F AL,

XTHMEZE, FE90N—F, NOUEIBINSEEM? Spannerig X H{LFXFHIR
K. JENLIE FEFHREmmAILock Table, =&, HPiFEM A Lock Tabless &ix
B

D HAEFHILH

fRT TEMEE, ETRBEMNTUEFIEB, Spanneriifasiif SerializableF1External
Consistency®» H N E SR

NFEEES, ANEHMPiERN2PC Locking, X FiEgiMEd . B2, FEHHA
BI#EIREIRRZ A, RITESHEHF LSS, XpB T RKM" (Optimistic) W& IE
#] (Concurrency Control) .

HEEFEF R K % Paxos Group, E{1# R A Participant, 5 Percolatorz{il,

Spanner< i 4 H & — 4 {E & Coordinator, S| 8 N2PCid#E; Hleaderi R A4
Coordinator Leader, TEIE E R EHNEH
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Participant | Participant
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Replica Replica

Participant

THEHESpannerZEESHIREIFMI L X

1. Clienti® i Would-Wait# BUE i, $i1c % £ Paxos Group gy Leader 4 &5 i Lock
Tabled,

2. ClientiZER&#E . #1711 E, SHIEZFEClientd,
3. ClientFF#42PCitf2. &%, Clienti*Coordinator,
4. Clienti$Coordinator 5 fE 7095 £3E & 1% £ pfrF Participant Leader,

5. JECoordinatorgyParticipant Leaderi#_FﬁZPC Prepare., 3B E g, % #FPrepare
Timestamp, ¥Prepare Recordi@idPaxosiF Ak, &Em@HFCoordinator,

6. Coordinator Leader# B E i, £ #FCommit Timestamp, ¥ Commit Recordi@
iFPaxosHF A1k,

7. Coordinator LeaderZiECommit Wait, ZF BZEr8, HiTdiTPaxos@s.
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8. CoordinatoriCommit Timestamp % iX Z ClientffrF Participant Leader,
9. i Participant Leaderi@itPaxosi £ %4 RiF A 4L,
10. BTG Participant B 81,
TEEL T ERZHERNNFE

; Commit Wait done
Start Logging Done Logging

Prepared, send s

Each computes s

[Google Spanner Slides - James C. Corbett, et. al]
(https://cs.uwaterloo.ca/~tozsu/courses/CS742/W13/presentations/Chow-
presentation.pdf)

MNFREESE, TUETFSpannerfy i 8] Byl Hl L X H9Snapshot, M AT ZE NS,
X#£AEEE Snapshot Isolationgil s BEIHEMNSH T . MREBEZANE S, WEELFEE
RPTEEIEN—E (Strong Read, Consistency Snapshot) ;| EFZEF LIRS 8]
S read, MEEAFTERIPEACHELSRERIENR A EET safe,

ALttt X, Google CloudE T Xt4HE X SpannerizEEEMNEX T 7 ENHE
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[Cloud Spanner: Life of Reads & Writes]
(https://cloud.google.com/spanner/docs/whitepapers/life-of-reads-and-writes?
hl=zh-cn)

MFEE"DHANMEFFENPLE"FXEXSpanner# TE RN I EIE

[hellocode - Spanner—[g]](https://zhuanlan.zhihu.com/p/47870235)

2PC Locking gy =] 14 o] &5

PCESRBWRENRBMAET AN, WR—ParticipantixBmHY, RSBEBNES
*1E,

Spanner 30 o] #2 R X /> o) @ B ? & % Participant 2 Paxos Group, Mg & 5 o]
(Availability) |, ##ES 5% (Reliability) . #>k, CoordinatorflParticipantz [g @]
B EFERBEAFOE, #ER2PCIEMLiveness (TLA+FHDRREIAIME)
MRTXCELL, BNBEMRT S HRES LI RS AR B

T8

B2 4%Fd 7 Percolator, SpannertipHREFERIT. WTFAAXES, EHEESZH
SR AR K. TEXER, BIBEMRERXLE F—F# WEKMIRITERE
MAER SN AILE (Spectrum) | ERHEHMNEIDHRAEFHNAR.

O AXANARRBE, EEIETHE)
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