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Abstract: The concurrency control algorithm is a key component to guarantee the correctness and efficiency of executing transactions.
Thus far, substantial effort has been devoted to proposing new concurrency controls algorithms in both database industry and academia.
This study abstracts a common paradigm of the state-of-the-art and summarizes the core idea of concurrency control algorithms as
“ordering-and-verifying”. Then, the existing concurrency control algorithms are re-presented following the ordering-and-verifying
paradigm. Based on extensive experiments under an open-source memory-based distributed transaction testbed called 3TS, it is
systematically demonstrated the advantages and disadvantages of the mainstream state-of-the-art concurrency control algorithms. Finally,
the preferable application scenario is summarized for each algorithm and some valuable references are provided for the follow-up research
of concurrency control algorithms used in in-memory databases.
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H, S T RO PRSI0 v ) JRUR R G R D IS R AN T R ST . ACID BT SUT
PE R G55 I BRI B AR, WD B R S 45 i TR A 4 FRPE: JRFPE(A) —BUE(C) FEE PE(D A +f
APED). ST HEZERH 55 R AE A i, TEARAMG — B0k 2Rk 45 I AT 0 24 B s e N — A — Bk
REART BN 5 — =R, A SV AR D HEAE 3545 (K1 B B8 Bl U7 1005 Bl 29 1k 225K 35 25 I AT AN BB I
HoAth 55 AN REHE H AR 55 52 ma; RF ANEZE SR BOE R AL A6 DA FH 5B ANMEUE. BURERSGN T 1
IE ACID FifE, SIANMBEKE T RECRRIE R TR A, JF5IATFRIZHIT RGURRE SO0 R & 1.

R ARG E DR R PRI R BT RA N0, LA PR 45 04T & S A, I ORIE 355 30T I 1E
k. RIS EVE M BOR R WA 55 A0 BRI PR RE, PR U v IR S IE A Bl s sk i I R I L, —E
S B 1 R G AR D R . 2, B IR AR ST AR R LA LS RS T I B BBk .

o EHE, IFREEHIFIETE GUE T AT AL RS GO AT T, PRAE S5 AL B s A A B T R

AT AR R AR 3 45 TE A U 10 2 v T2 LBk o0 45 1) 9 R AT 45 S 5 X S T 45 1) S A SR AT AT
SERARF. R TARUF ] AT Ak, R S T B J 4 2 M e R K R AT I B e, 5 HIE
T IX LA BN 55 T LR AS. Tl AT AR A B HE P SR, LR BB & 1 IR RS
TR, FEMBNRZE LT G, o AT IR R R SR R R L R TR R I R

o R, BHAT AT EUE FE I IRAIE R, A A I Ak S A 7 A K R T P A R B R A

TR, AL TG B e, WA BB EE (N2 e R 2 T T . R 1 DL e R % I Sk i

TGRS HUE A7 L

> EJL, TEHAREURE D, BRIURR G| W EAAAETE R T R s Bk, T A AR O R A%
AR Y BE T 35 B U MBI . RO DO TSN e, [Nk, fEmi ol vk, 14
MRINR R AR D4R R, nl DLRACHESL 1/O ST IEBEMISE . P50l e oh T e e i e b A5
WO o, BRAR T TR0V B3R RN 9 e JBE 5 v B () 2 . CPU AT S AR B P 8 S 11T s Ky PN A7 04
B RS, PR, I A4 v AR L 0 A BT S R VR MR AR AN k. LUK
i, A8 R e 4 O R A0 85 T Bk o 2D 0 L, PR A7 500 gt ml DA R M
LS (10 A ik 2> S 48 19 V- 5 .

> JLIR, WESE B B b G BN WA R T A7 R SRS AR B, IR A R AT S A R,
TESRBOCAT DI B A7k — B W TTAY. A7 B0 Fe T 308 70X — [ 8, G AR S B 45 A7 il 7E 4L
I S BT S, AT ks> T A % 44 R R G A5 B I 4.

FEVN AL, MATSEIE R S M M B, I F N A 250 T DU e 3 P Ak 1 42 sl B30 R 2 6,
BRI N AN T B2 26 R N AME /O IR 2R, T3 05 A s I BB B P vk re i R TR 25, R, IR R#E B AR
RENE T 30T IO AN ) 2R 8 B (03 PR AN T v 2 o R P PR A 50 2 L 45 10 5 B s T (A AR i, v IR
A R A, R AR o — Rk, B, T TR s B R T T R A A R s B i (R, TR
oA 3 77 BB 2 R S A7 AR N B oy FE A BE LS, M7 3 30T 45 A TR AT,

MCHER, THT 1) P9 A7 5000 PE 14 1 % 2 s SV 0 90 30 22 A ik 1 Bk . Bambool™ 44 Wi B B 33 (two-phase
locking, 2PL)SVAMSILAE L3> 7 BUEAF i ), ik 1 2PL MEPGBH, BT 750 RE, M Tk
fit; MaaTUUE ik 51 A Zh A A RR AR, FRAG TR 45 MR &, Hdb T 5k W I % 42 (optimisitic concurrency control,
OCC)SLy 1245 Sundial™ 5] N T Cache HLHI, 7E M9 AEHL o A 2 1 FARILOEF5. 10 B AT KB 22 I R 4
FIEVEIAR I, BRI K, T RO R B2 RS I AR L BRI, A8 AR FE v
SEHLEE, BRSSOt HE R R AT R B WAR U M HE. A 20 THEAD 80 ARG, 1R £ SRR FUN I R
BISVEHEAT T 20 MRS, Bernstein 78 1981 4EPVghoxl 24 N £ 6 3 10 I A& 2 I ST BEA 7 2508 RS 45 Agrawal 2%
AP Carey %5 A1 Huang 25 N TARWZE A 45T VL 0 3ERE b, 8RR S o 7 4 R 5TE MM fE. I
W) TAE Deneval MBI MT 1 6 FhIF & 5B B0 A A 5L F IR IAF L. 2020 4£, Huang 5 APTRI
Tanabe % NUUAE HLI% 50T SE80 /04T 7 SR IO PE R, RIS IE 9 17 5% W 50325 Pk R I 3 28 DR 3 RO A% Ty 2.
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Huang 2 NS T 7 PR ZE0) 3 Fl OCC B8 Silo!™, Tictoc'®, Cicadal' M B8 1 5% M f vt IFH4t %) B v
SR OCC BELIEE AR 22 (R UL 45 HY T PRI Ak J732 . Tanabe %5 AU A2 38 5st Sz 08 o0 M1 T 7 Bl A 4 i S ik
7 BhEE A O TT I, S T AN RS VE AL

KA S UL B TARR AR b, R I R 4 sl Sk i) oA AR g 2 2 8 e fm . BRI R 4a il 853wl LA
Gt PR N S A5 HEAT )T —— W8 RE B SR B H S PATI) T 2 5Kl = 5% 52 B I AT A 75 T AL XA 8
FFEER, WMARTG, WIS E NI, BT AR, AR SOGIAT B IF AR ST A AT TR, BT
PIAE T 53 A QT4 MR R 3TSUS s BL 1 W 3+ BB S0, AR T A 3 N IEAT 1 S 38 k. 7
SR b, BATERE 7B BRI W IE L R B R (timestamp ordering, T/O)> 'L HE f B
(snapshot isolation, SI)P"%% bigi % 45 (5135 L A MaaT. Calvin?V45 30 4 S 38 3R 20 LR AT M 4400 i
FhamE B, A SCRAT R L) A I R AR i g 222 Bk 2PL AR w e v
WAL STl B B N R R R B AT IR OCC Sk AR 232029320 | SR A 9 ks S L IR AR
PEBOL B — RS, IR A S IS P AR SO 2 5 T SR AR S HE AR AR £

FRA K 50 A 2K A A7 B P b 4280 R B TR A B S RE 3 R 4h in R - (1) 2PL. T/O. MVTOP?L
MV2PLEIBL ¢ Silo SLVEIE G RIS N N5t (2) Calvin #5200 5 52 LKL 'S 25 45 A9 5%
N, EE T R RERN A R F S B 3 5 (3) SRR i (write snapshot isolation, WST)PHEIJAR op i b 58
Y5 RN B A RN (4) Sundial FILRVEREAR, &4 b mrh 584 5

SO W E SR IR KRS, RS T IR REHIEE e o iz o AR, 58 2 -
5 W AT 2PL AL OCC 2BHVE. T/0 5k LA & 2 WA If & #51il (multi-version concurrency control,
MVCO)FIEP AT T AW USRS, 55 6 35 WIRHE BB I 52 MR IF R4 Ak, 8 7 iR oA R R F s

BFF FUATER I, TR, 4 1 HH T 4 20t R BT AR KR,
#1 BB

IR AL fai i

PRI B it 2PL

IRWLFF KA occ

I ) kAR P T/0

PR B 25 SI
ETE SV s o4 MVCC

A £ AT 4k B KR 2 (serializable snapshot isolation, SSI)P¢7) SSI
5 PR R WSI

1 HEEFAENREZNELER

IRy W R Y UK 35 45 AT A B8 B, ORUE S PAT I IERAPE, U S, 20 S S R s
FER—SUE R B DA mE 1 PR, UEREH T EPONE, KX YA AR 100 T, TFERANTS T
Ty, HE TR X B 100 g6, HE T RS X £ 50 o6, 1R WA FHS AT R, WP X1
RN A 250 6. W 1 22300 Fros, WERGRZ 6 H5 T f T, -G B, PANHSIATRE, X RECY
200 7T, S T A NARYE B2k, T I T AT B m . AR IF A 4a ) 5k v DAL @ £ 9 5%, DA 2PL
FENG, L AR BN, $545 Ty RSO X BTN, w S B I X e, 3145 T 18 S T X
SRITCIEXT BRI X I, I $55 T, oikdRas, MRl £ = k4.

PEAS — Pl R A5l LB o BT B 5 10 B Gyl R nl BB AT 4k, RIVHIRT F & S 45 I T 45 R R 5 5 4
AT AT IR L T A5 (A AN A S, WA A ST R B S W I e TR 45 41 T L3 e I H R .

T I R R STIER S L, TRATR MR N T W e B AR A PP LR (A, 4RI Y T MR LA sk T
Pk, (BRI E], A WEVEIERAF A ILE. B0, 2PL M e K 25 55 B 4F by ml B AT {1 52 o = 4%
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IRV S S Iy, 3 B AT KL T T/O HAE LA 55 T4 InF 1 £y vl o AT 4 8 2 v = 55 1) 20 i Ly, 3 A

55 2 TR) BRI SR Iy < 95 8 73 T s AT 40, BRI, A ST M Hs I A 28 T S0 PR A 00 JEARLUH 0 DA <<
Fe Jm K.
FoH R PR ER
T T b i T,
BEGIN :
EEE&JX] READ(X) =, N Tback X
BEGIN BEGIN |
WRITERQ WRITEX) = . Falled
oM WRITER) | WAIT i
WRITE(X) COMMIT— resse : + T Unlock X
() 2
COMMIT COMMIT ..TQ Lock X
X=200 ' X=250

1 EREFH 7 ol

1.1 & F
TR N HRFEE A ST BATW E R TS5 5 WU, AR w5 I S s g5, mr Ll
R 2.
#£2 TmsErer AR
SR Ay 2K IF R L SEF T
BTt S 2PL §i3k R S TR 10 50 J5 MR 0 2 D7
ST B SV MV2PL LA SR BB 149 5 I G A 22 D
RS 0CC 517k LR 215 45 380 6 9 B 0 I o 52
T N 1) 38 1 S T/O 83 R0 0 45 5 o i) B 1 2
BT I IR P A MVTO R 415 2445 48 168 10 3k 4 a2 P
BT I TR P AT SSI R 1 4% 04842 TR T ek
e T I PR 4 0 WwSI LA 245 4R I i) Bk A 72 D
SRS MaaT R 28 25 HAT IN 1% Bl ) AR 20 75 0 2 U
RS Sundial R 2 25 AT I T 10 11 B A0 080 75 1 2 DL
IR Silo R T 45 380 0 9 B £ I 3 2 5
SRS Cicada L8 =45 FF U8 T 10 3k s 2 )
o s Pk S Calvin LA 2 55 T 0 1) B 0 2 DU

Har, FmmItEsdlse 7 A LB R (1) §8ER; () ST 7.
WA TP, B BE S 55 20 N AN A B B2 000 5 i P SRt s I, A FH %7 VR i R0 T/0. OCC
GRE DERBUSRE I, M T/0, % T % TFHS% T TR, Wik T/O Fikas Ay He T HETE T, Z Wi,
SR, AT T I 7 il T, SR T3 45 (R 4R AT I 4 2005 TS A o R 38—l e A7 1P 90 S5 ). T 3 46 S B
PATIEFR A, T 00 355 26 G U AR AT W] REAG 45 5y — B R AT IR 81, 1 AN A 5 e 0 (R, M 3 80
SRR, R, SRUTR 455, W MaaT. Sundial 25595, YR THBERNT . hETF 2
fa: RIBPAT IR PR G B, B AR T 45 R e R AT AT P AU P IS 5 D6 2R B A BI04 4
SR T 3 R SR S RIS B R0,
o EEMKML: W R(Xo)Wa(X)) (% T, BRICEUHE I X 1R2E k5 IRAAR IR R(X), 55 T, "5 5l X
FARCA 5 R ke BT IRAKR WA Wu(Xy), RIHSS T ST BRI A X, #5515 T —Bihieas
X, Wayidis% LIRS HBTHS T, T—>7T,.

o SRR W Wi(X)RAXY), VS TS T MR BUH A X, FH5%5 T B TIRANFIRA X,
WA ES T, 5K FS T, T—2>T,.

o S W WX WX, BIHS TS5 T — MR A X, £ LZES TIXAEIEIT)
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A 3 PR SOl BUR H, £35S OO 'S B h, 259 W] W i) e SR IWRe . 825 KM ) 1) 1
Ri(Xo)Wo(X)h, 455 Ty AR EHE RS T 2y, W), B85 T i B H % T, SRR, 5o
HIB5 Wi(X)DR(X,), F55 T R EHAE S5 T L/, W55 T ARz B F 5% T B oA, Bk,
LRI R AR o, 2 5% ) DURR B 152 5 AR AR 5 82 A Ak ) A Ml s o 55 1 58 R INURR

BN SE Fr (177 2 98 75 BE8G I 4% 2 55 2 TAVROR T JF 48, LR B R0 1K) 345 U 25 7 SR AR I IR 46
H A T T IRy 0B SR TE AR 0 e P R 5 O T B, (R BN R BRIk, IF AR LT A
BNASTE TR A E IR, W T B AU
1.2 #® I

AE 46 i A 18 5 55 (1) S B B AR A2 T 2 8 5 A TR P (R 55 S8 R 0T . A (A% O A4S (1) el s
95 (2) ATETAST . FRATIE L AT R I AR L, AN S AR PO A AZ L B 3 T
1.2.1 Wl k58

FEX U AT R I 1) 1) R, H BT R B IR T LR G 3 A (LR 3): (1) KBRS (2) BRIk (3)
LR

R3O BRI RSB TR T

IR K 75 X
2PL &9 [T AN
MV2PL (LSRN
OCC &k e v 5
T/O $ik 6 8 H
MVTO 0 56 44 8t

SSI WEL S
WSI 6 4 5
MaaT 0 56 44 8
Sundial W& as
Silo [ oRUIEN
Cicada LS RUEAS
Calvin 6 6 5

Horp, KRS ik b R e, OGRS PAT R R T KRR LM R BIES A S UiR T4
B . 25 IR B AE, W I SE R B PR R AR, AR G0 SERRIRE L FE T B O 5 9 R T 45 T Ak
MG R A&, X R IR QSR (1) REREMSEMESE; Q) SHRMEZ M. HEr, FR 2PL ML&
OCC SSEVIRA TR g o 17720, 2PL B0 S S AR, @i B R S TS B 5R
OCC HENRFEFHBALZ AR R TAAERT S, WEELSRETEHMIFLEET ASHEE Reet.
VLB 1 E KRBT AF, OCC Hikh, H4 T R UM BURILE S T80 7 08 T X(T, 1) 5 4E Wset
FAAE X), M Ty Z 00 SR IOSE B0 T X(T, (30 4E Rset HFAF4E X), fE4Ei'5 s, Rk, IR T) DU G5 R IE
SEHCWE 2 JTR).

AT 565 40 50 YO 0 ok A 6 T 45 BIAT 8 4 7 21 P B AT D% R R T S R e R 2 5 A I, A ) WG e 5 7 2
B, RHZ 73S 24 T/0, MaaT 5LiE%. T/0 Sk L& TR I g Iy, &0 B 1 e+, B3
RO TFOR N #H4% T 70 S 50R 0 X I, S8 5o 50 B0 res Z540 R DUECHE I X © 20 n TR $H S T 168, 1t
B 7, —2s Ty, 55 T/O SR AL %, Rk 7, PR, sefls T1 B FF e By 5, T2 MR AR E Rk
7, ) HoAth b B B (R I 532401 7 SR H X AMIR %

PPGEFNA I YRR 2, AR AR B T IR R A A B0 T AT AR T, (R X R S AR — 2 I
B g DG I 4445 0 T3 A-AE 0 AH R B0HE T ih S84 AR, AR DG W9 AN 8 45 2 ) (1 48 )5 T FEIR
PR 54 DA B0 R B AN [, AR, 38 e 5 2 o el N R A8 e S = 45 (1 b S48V SR ) E3 AT Ak, A 2 R 2
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HAE 3 B U AR DL I 2 55 S5 Ja % R ORBE B AT HAT AP 31, 35 A 455 2 R 7 58 4 A R MO,
WP 2 s ZRIEN A RIS BT AT AL T RN ) 5% 2 Lok, MO AT DA B A DAy 6 o 5% 0 Atk L 1
TSR 855 MU (1 Ak B, 5 A K A0 A o T8 55 JEAT R A AR O R 5% 2 TR AR A AT Pt e 2 4 o SRR
AR ER. WAS 6 i AT 46 A5 1) D ik K T, A6 b SR R 6 2 A LU AR o, S B A, (H— ey T2 ko 1
A% 25 AU 22 (KRR 5% KL TG AR 1 VAR IR R B, 7T DAl AR 22 AN SR TR, (EL R A T B2 A2
i, i B A B SRR P I A

T/O
oce
2 z T
Rset Wsat
’ BEGIN wis s

X | =3 READ) Rsat Wsat = —_— . BEGIN 3
[ hix | ek o ) A X 0 |05 “ READ(X)
Ml ] — WRITED) = ML S |___ '__[_'_l| ) BEGIN w-ts rts

Rsot  Waat Validate LT | [ X | WRITE) > [X [ 0>7 | 6
= COMMIT COMMIT PR ERI—
[Flx  [X  lilwaren wts  rts | WRITERQ
[T B3 !?5';‘? [X] 7 [ 5 | ]ABoAT

HRHT, SR | 7 > T,.start_ts
K2 OCC 5kl 7 B3 T/O STk B T

BRI, 5 30 0 — 26 R P R B2 (U Sundial) 5 3 FHAS 56 v SRR 36 AR AR 45 &5 1) 7 sUHEAT R 36 JEF
B

o XTI EEIIE, FF TR

o XTSI, FHIE R M. MB35 RG9S N A S TF Hois o, DA S s A A

SRAETE AT HE Y ORI S H 45 2 ), FI T2t 2

o TR AR, U EE I 4 1 I T R AR R SRR A B AR AL
1.2.2 iR

T AT A 20 S5, AN R EVE IR B I B 5 A0 U0 B BE AP A AN ). X T B8 Calvin DLAMFIS, FATAT BOKE
Z AT AR 23 A 3 BB

(1) S EAEM Bl (read-write phase), 24575 X MY BLAT 325 1R

(2) B UFF Bt(validation phase), £ AT Z W, KT 552G v DIRAS. R OCC I SLA VLS, HALS

R WAL B

(3) &5 KW Bt (finish phase), AT 55 1F2 A B IR,

o FAE H A PAT AT A B v 52X — W, — BT 3 B RE: (1) S EAE B, (2) RiEM BRI,
(3) WE L. T/O HILAE S HAEM BOdk T A 56, AT DU RS 6 A v B AT (IR 57 45 4 L IR OCC vk
TUIEE 36 U By BE SRR P o8 B0 HOBUEEAT KL 38, $em T F SR BIN I K&, AT 4EmA s Xt s, &
W — e R R R B T I 454175 0. Eein, Sundial 4% T 7E BRI S 5P 5, (ERAFH B
S B 152 55 .

1.3 EFAREREARXATaENES

ISR e 7 AR R B RS, AT LS B AN ARER R, K LA 1 3R R s R A
£ B e LA S 4 25 AL

o F—ZRIBEFAEF S AL S, XM EIE B 1T B — AN RS T, AR

S A S gt HH 000 5 AR O AR R A AL WU X R AL DR R G 1 B A T T AU T A,
N R W R R I Ak > TR R SR, BRI T/O STV LA & WST SR T XA 4
&)=
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o B ZMEFHACTERK RN S, KHHAE R TR R BIE LA, ARSERRZH
abss. HX—A &M %RE, W 2PL 513k, OCC KELEA Calvin 517,

o F_ZBRH, hEEFERE MM G RAREN, BAhE E I IR 34 2 015 55 1O,
IS0 M BTG5k B 25 T8 P 3R (U T ¥ 75 ).

o ABIEFE A B A T FIBERILE F AU, 28 DU R B g Aow T o KGR 7 2L B R AR N4 &,
M TT DL 5 S T R — Pl AR gl R AR AR o 45 T P R R S I, SRR R A R R

AFTEIR . AR A £ 5 45 s 1 1) 7 =0 T-RE I, DR O3 2 A B30 e 8 17 0 o I 1 7 ok
GIXFEITTE. AL, BT TAE MaaT @ik it & BN 72, — @R Byl T g 3 4 K0
.
BaER
2PL. MvZ2PL WS
0OCC, Calvin ssi T/O MVTO
Silo, Cicada
DAFRBZERE - T ARSI AR
Sundial MaaT
NTERF

B4 TSEE R AL G

KGR 4, G @ SSIv Sundial FEEEE T RFNKMIR ST S 172X, £56 T 1040 O 1A
55 p1 P A 3.
SR BVEZ K D54 CAS WL https://github.com/yqekzb123/yqekzb123.github.io/blob/master/CCAppendix.doc.

2 MMEBRHEHIEE

2PL & H AT 52 I RIS, &5 T i g R it R4 &, 2PL B EZE R R
PP SIS IR 58 )5 HE e S 45 BT, I IR AR A T 45 Z R h 9. AR R AR I VR I B (RL) « B Ak
IR INEB(WL), FEHCBE MIRI RSO A8, Hrb, S8 E iz . B8RS MAHT 5.

OB L IR S, U RS SR PR AR A B, AT R AR, WKl 5 R, HH55 T s X, R
DUt RL(X). F45 T BRI Y, JFR st RL(Y). 2 )G, Ty ER B Y, K Y O T A sl 2
SR LW, T, 223 B0 X, (B X O T3 Inisedl, fesissry I a5, ML T T 86 Ty T, %6 T 1) JRiTH.

Do T BT HARERSERN, 2PL $24E T 27K (1) NO-WAITF (2) WAIT-DIER?; (3) WOUND-WAIT®);
(4) ZEBUHD). NO-WAIT PLHLZ AR M IBUR A ph s, 2R M AT 55, (.S 1Bl 1rh, 55 T, 4o
WY IS BURIS 22 L 20 B, RS AT SR B S8 RL(X).

WAIT-DIE WL Al 2 o), 48 35 55 2 ML e gk B b # 7 2, HI45 48 (WAILT) B¢ W% (DIE).
FETETTUR I IRE— AN TTUR I TR Tostare_ts, P& ELAE N AW IS0 5E g0 ficdls . ZERL DU oo, Jdal b
DB 55 T, MBIA = O 1 start_ts /N RN EMIETT 20 47 Tistart_ts<O.start_ts, W) T, F555555; K0, T;
HEGRIR. R LR T, 45 T uVE SR 0 Y I, BT Ty T AR I TR/ T T 1 TR R R [R] 3R,
T 554 T340, B85 LAESSRSEIET X N, HT T FIFFGEN KT T MIF G M E, T, F IR, Re
HEL T, A TR, BEAR T AEBE B B 6 JTR).

WOUND-WAIT #Lii] 55 WAIT-DIE HLHIAHEL. oA I B b ST, MR 3 55 2 8] IR0 5 G ik e 4k 24 U7 o,
R 4545 (WAIT) 2036 7 8{(WOUND). 757 417 $ 45 IR Je A wn, WM A7 S5 4548 B BR 2 i i a &, &
W, 24 g 5% s AR A
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TR WAIT DIE
T, T, T Ta
BEGIN
BEGIN _ READ(X) = -~ Ty LockX
READ{Y) : o Ty Lock X BEGIN
BEGIN READ(Y) — "Ta Lock Y
READ{Y) — T, Logk ¥ WRITE(Y) = : "Failed
WRITE(Y) . ! Failad WAIT |
WAIT WRITE()— “Failed
WRITER)— A Failed ABORT — T, Unlock Y
WAIT WRITE(Y) =, - 1:-1-‘ Lock Y
COMMIT
K5 ZES Kl 6 WAIT-DIE L

2.1 it it

%of Lk 2PL i e (1 3 P B A 31 77 X, No Wait 777 (R0 a5 2 SEILM] A, R s 2 K 0 45 U LAt = 45 7= A= e
SR REVERR K, A I He kR FE. Wait Die A1 Wound Wait 3 =t 1900 B8R 2 24 14 7 20388 0 T 248 TR 8 1 15 0,
HBRE TR BP9 SRR IR .

MIEE PR, 2PL AF4E VLT, AR AR Jofs B4EF /X 3 MR, R AFTAE
JPHRE U6 v 5 5 S i R R ) L B 7 W IR 45 R W B Wait Die (1 2PL SRR Bk RERRAR,
{EEAE M R T MEfE T R ™ &, R, 2PL REIEAGEH F iR R S 5.

3 RUFREHEE

OCC fr L AE 1981 4EVNRH, MIELF 2PL 1R IE & 1H, OCC IXAEIRAT 2 W AT I AE, Ky &5 M ui2H 4552
TEHLFSAETS/BENIR. RINEST OCC HiktERekE, MNMILFE S T2 HE %k, W Silo.
Sundial. MaaT. Cicada &H.¥%.

31 FEHREUWHFHLEHEZE

528 OCC ATl 4 s — %R, 2B T §3S 8 P+ 1 58X — 41 & m R Z I 55 . 4448 OCC
FE: LU 553 NI UE Y B OO I () H e, AR50 E Y BRI I R 55 2 R B AL R, O T AN IE R 4155
Z I 5E, 4F OCC W, B F4r 8 FH Yy start_ts (F 55 WIFFHAI B end _ts (555 HE NI UE I RIS )
B, AT AW URr G SRS ADFERETIHK. Mo, EFELEY Reet(BH) I Wset (54E): Rset K JHT 3
S5-I B T X ARG, e AN JGER Reet (X1 BB MBI data; Wset AR 0T H 55 Uk 4516 o) 54l
X, AN ICHE Wset [ X)ES MRS N EN data.

il 2 vy, 555 T e BRI X, R AR I X AE N AR, 25, T, WA BRI X, S
DACEHBIRTEANGE, AL BRI X, T BN KDL H I R FH S ATFAEGE, Nk T RS
A GEP IR SAEIRE. )G, T ERAEERER, w4 10548, RS T fAERsSms,
T Ty RIE, A& R R

R Z BRI A G B, R SRR TR, KK, FEERG DM KREFHET
BRI AT A, R TR KN TE TR RIGIE R4S, Ik, 1%t R 4G OCC Fyfk £, Harder 5357 19 44 %
Bk, B A4 ok BOCC (backward validation), [RIHF#2H T FOCC (forward validation) &y, JLEGUERY B R
KA 2T 45 10 S R TR R 45 (B S B B 55 55 M 241 ActiveRset /71284, #HE T BOCC, FOCC
) RS2 55 AU AL, Ak B TSR R TT A, Sl il 7 b R RAE U S, FOCC S, T, B ik i Ja ok
W F s R4 AR, RIS 45 Ty ArfEe S P s, Kk A CERR, A fRIET Hi4744.

LA E PR BOCC 1 FOCC [1) 36 3iF A 45 SR B B #8000/ I X FP AT, B4, I 51X 25 B =5 45 Bk
(K96 R EE; A, th 80X w7 A LLY BT AR Ge R, ik, SR SCER T IR REGIER oCcC Tkl
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BT H 5 5L N History( DR H % B )R Active(K AL B H 5 548), PR B 3% ML
AN G B LA IR R . 45 THAEFTRTE S 1 MR AR N A S EELEN Active, TRIET] LUK 5 #E A4
WSS IR, H45 W — AT History M Active. Z )5, T4 T il 54Xk, WA AN 54,
WA R, PG 2 MRS, BB DM Active TR FH S N History.

FOCC
it T
Rset  WSet
D L L ol BEGIN
TIx T . |Rean ..o
1 = BEGIN T |
LT | WRITE) =, oy |
Validate i L |

o ;?E?_ _x.‘_'.'?!'?.'??. = | ABOAT
r——{ S ] e RUBEHPS
s . COMMIT TiEhEX

K 7 FOCC fr5 - 1

BT I REAN) OCC FHILTIRAFAE L R8s 14, A€ P+ I vh R0X — A & 3 BURR A5
=, OCC HILTR S MR B A B E A, 5 =, OCC HLUUER B [T 3 4 sl B AR M TR AR, o8
VO, W FF D) EAAAERE P AR T SRR RE. I, (%480 OCC RELALE S bn i Tl b FAZ .

3.2 Silo

H T4 OCC AL Z k4, 2013 F4 1 T OCC ML Hi% Silo. Silo HIEALTE 4 i %W, &
B N TS AR PRI N S8R B B 1 IR R e T, A S0 R B BRI A O A R T LA T 45 18 it
TR, AUk, Silo 75 B2 AF ot 00 b 4E 30 s U SO B wes T IWT S ph 58, HGAMEY oon_id 58
TS e, RS T B SR Reet A5 AR Wser, 3RS I (15045 T

Silo BVE NI S #5658 OCC BEAHR], (F T BA A d S 3 I B8 T ) o fs 2, 50 E B B 14
b, AEUUERT B, Silo H¥kLIFFZAF 5 H RMATHAL. A T Mg R B UEATAE T T 5 P52 1) 8, 50 R B,
31 PHWEX B LSRN b T B L AU R R AEBEE, 0B AT 7 N AR W AR AT HE . G 2
W, KA A A R A A A B e wes A5 B R A B, DAL SR F W R A A A S PR AR IR S i
Jo, FEBUIE S NHTEOE. Wk 8, 145 T AEARAS IHE SUER T wes, Ty S iR IR T X 1) wes L5 5
VEWFANIA], AT B,

Silo
T T
wts  ten_id BEGIN )
% | 0 READ{X) BEGIN — .t.xn,_id
ot Ly o o5t ]
wts  txn_id WRITE) COMMIT : wts  txn_id
X[ 7 0 |7 validate T X7 [ =0 |
e I s 1 |
XwisEETEE, EiR

K8 Silo #:41+
Silo i H Hs WK IR P2, KR T AR EY BEAT 77 4, LR, Silo BIE N2 NHIER KR, $#2
BT HESPAT IR EE. B, M TAE 45 OCC, Silo fEtEBE I AR K42 T, 4R T, Silo 4G4 H 5415 F 4 4
BHE, EXFFRE T, W ER N AR TR R Bk,
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3.3 MaaT

MaaT J& OCC (155 —M Ak, KR 1 shas i & B 77 LR AR T 45 B . A T/ 4
BUGR, KT A ALK A, T8 AR AR 555 2 ) 04 6 45 MO o = 45 1T AT (b T B2
TR SEJGBUY, FTERRUE Y B, T8 R 45 I TR S AR 5T S I

PETE MaaT &35k, 8 TR TS MRS Sk, BAEIE X FEEY: readers, {325 EI%
Hs BUH R AR I I F 555 writers, FRBMESR S AE DUHRIBAZ M F 55 wes, RERG—IRE BarFsmm
PRATH S I (R res, ARG — IR AT B DU D AR A S5 I R, REDN S5 TR T i Rser (B4R ) FI
Wset(‘5 )41, B THEYEY N 3575 [ [lower,upper) (W Ui 40 F1[0,400)), H T AR S B 5E 5 T ; before, 1R
e PNAE T B 55 Z TR AT K R AT F 5 BAA; after, AR PNAE 2 BT S 55 2 5 #EAC I R AL FE 55 FAF; other_
writes, ARFEHN 5518 SO 17 B 20010 R 2 58 3595 BA A max_res, ARZE Y5 il i (1 B0 5000 35K (W res; max_
wis, AUV )i R T b B K wrs.

MaaT 7Eff G ST, BoEsEgedh, Mgy Fs & EE I readers, writers F1H45 1]
before, after G5 MK KI5 2 M MARISOC KR, Wikl 9 vh, 45 Ty AR EUE 10 X )5, K B ok A s X i)
readers. 2. )5, To AF BEIEI X I, Wil readers K Ti—=T, KSR, RILAERIEI B, <% T, (1R 7]
AL A[0,1)s T Y0 RN [1,+In)RAKILPI & B Je R &R Ty NIRRT BUG, R lower KT 045 I X 1 wis,
BT LA B i )k v B R 4 R [2,1), I RN Ak, RIS T MR

MaaT
T Tz
wis rts  readers writers BEGIN wis s readers writers
(X[ o] o | READX) | peginy | b
_I L] = WRITE[X) | X ! O_I_B | T | T?-._i
wts rts readers writers \FalidateT AT, ->T.AIEF
XT 1T 1 T, T, ] < WRITER) C‘:’MM‘_\ lower upper
:;l.g:; [T, 0 [ +ini>1 |
lower upper [ T3] 0->1 | +Inf |
Bﬁ I 3 wis rts readers writers
Elo=aesy | 15 1

K9 MaaT %45 r

MaaT 38 i3 70 F00H T 440 2 25 1 U5 DR, dsk T T A IR R 3055 2 [5G )5 R &R, MM 8l 25 Mo 2 45 5%
Z BN, BEAR T 55 (MR MR 2, (IR LB 48 by 1) S 4 LA R st T K 3 L) 0 48 2 s SRR K (R T 4.
3.4 Sundial

Sundial FVEILFE T & & )P HRA RS A A, RASNE RIS W80 7 X sh e )y, #idk g
G OCC Al 2PL [ 5 AR5 5 55 & 15 9 A2 56 U, I3 ik 7 000 T b 4 470 249 CERCH 330 m 4 5 17) (1 .55 1 ]
BIGED U B W 55 2 M 2EJE R &R W T E'E/55 M5, Sundial £/ OCC IAF 5 Fl'E Sk, it
IR RS Bl 5¢. Sundial HE, AL DT EZFSMET BRI CE R an_id (81, HTELE S5
M2 (logic-lease, FXREE TUT LGS HL A N (RIER DX [R)). FHLT RIS wes Fl res PB4 wes AR EE Dl R 'S
N BT 8], res AR 2 TTH0H ST RT DA 152 B0 o W0 o U] 24 255 11D IF () BBKWE A2 wes << Tcommiit_ts<<rts W}, =
25 0] LR IGZ B . A 55 T B commit_ts (F55 T shZSTHEIIRASHT (818 LK Rset (245)F1 Wset
(B55), T8I e ZE AF H0Hs Tl 13 B ZI I FH 2945 5.

Fe Rk, TATTLLE 10 4148 Sundial 515 F T4, Bk BT EERT X KRLL T wes 1 res FTUGH N
2, BRI Y L wes A pes HOA 1. 158, $5%5 T ERBCEUE T X K938 3 QPRSI B commit_ts 4
2 (KFET Xowes DURIES S48, 0k LLid B 0 X 05 BAENSRSE. A TIEFIX 5, BATESREFE
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T e s AT tmp 5TAN tmp_rts). 25, T, 280800 X, RWAEBIRAIN RN 3 KT Xots DURIEC

AT 55 1 BRI, BB X rxn_id RN B SR, B R, T AREE ORI Y,
SEIS B T, FOARSEIN TR T2 T Yowrs, ECHEREMUIRIR ¥ (UGHT BAEA T 4.
Sundial
T, T,
_ committs wis rts ten_id BEGIN wis rts ter_id commit_ts

__ B o WEITTE T 1qRe (, METE T e T T o

\ Rset ADPY) v LY | .

et ooty e bl RS T 8 | | <= WRITED) g:qanlﬁ'r S [X[2=3] 223 | \72“5:'9“ trprts  tmp_ten jd

oAl 2 [ F I e— ABORT (Y] 1 | =3 | v | Y |

K 10 Sundial %11 F

Ty ME NI R B, 3 40 GE 5 A ke b BRI 4 2 M I S AR, Tk T IR A8 I AT Oh 3, KT
SEFRACH Yoaomp res, RIE Ty U AU AEEIE TN Y 1 rts RARIE To.commit_ts<Y.res. BEE, HHF AP0y Ry H
S EHE U, WAL IFRES I T AFTE S WM, T, 7 LURAME Y 8 res. )a, T, BEANTRH B, Bk
B 0 X 10 wes Blres O 30 4TSS T B2l X, RIE X K wes 5P AE tmp_wes AR, T IRIE.

Sundial AEFAE T Zh A& & 7 LI T BACH IR &, fEmph o8~ RILTEAL. AT MaaT, Sundial 7557
S5 FB By i o s B, /NN A TR,

35 i it

KA ET OCC 5Lk B HAMAST . Horb, %48 OCC Sk B iR, AR EEE. Silo Sk S
K6 F0 i P B G5 B TR REDS, (A IR = A T[RRI R B, AT i 3 R P9 17 2 IR A7 A s g
A EG S 7.2 71, Silo HUEFE H] T R R BAR 0 5. MaaT 5L AAE Tl & e e /e — e % Ly
THESMME, BREIR TR F 55 4 10 K o s Bk TR ey JTRY, I HIIER B, A&
2% I V) R TES FBL F) 48 V6 0 AR KRR BE 56 Wi T 1 ¥, Sundial 5535 eI T 30 A% i I35 (A1 B0 9 TRV 5 0 6 1) 70 2
K, AETPEIISER T RE MR, SR 7.2 T, him el 584 R, Sundial [ BB H AT I Silo [R5 £
Aid, Sundial i IIGHE BANARE L, RIARM SRR ST MK L Silo H¥kZE, WiEs 7.5 750 TPCC
NewOrder H555t. &5 LTk, FAEIF AR ETAEH] Silo S0k, 789 R % Tk £% Sundial 57%.

MR B, OCC Sk b, WA IE ARl oS Sundial 579, A AP RS R Silo Fik.
DRI, (3 R b AR 4 b 5 6 P B ST VR G 56 08 4, AT A AR K MR 5T ).

4 FEBEHFEZE

T/O JEEE T A IF Scdm ik, W T PR Ao A &0y X B E R RSN
I, A GO BCTT AR (8, JF 42 RO 46 T 1R Bt S 55 EATHE P, AEPRAT 1525 B3R AR I, RS0l =24 10 < 55 1R S B 4R AT
MR 52 A 35 7 P I (K G R TR WP ANAE, 4 T2 55 i 22 PR sl BN S5 5. O 1 Se Bl — D g,
T/O SEks BAE 55 B K P ey 5 1) seart_ts, RIS TR A8, B0l b ey in ~ 7 BL data, X
R IMIE; wes, ACRT N 1B TR 355 I IRV res, AR I Jm - DI Wi 5080 3000 2 55 I 1)

55530 3 2k 5P B U wes A1 res K0S 555 0 B B T, M er 2 55 2 TR RR 2. Wil 3
BB T T, IS B B4 5 AN 7. 55 Ty ARSI X I SEW res, TS5 X W R DUF AR B 5
55 B X, (B 7 I IRRCGE R, TRAGRERAT, JHEW wes 7. 24 Ty FIREIT ST X I, RIS wes
RAER T, —>T WEGUBCR, IFRIZKIOCR S I REINY Ty— T AR .

Bt T/O SUEAE IR N B B [l #5055 T B T Bl X, 25, T 7E Ty G L e X, B
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¥ T ARACT Ty 01, B TCIERE X N Y BRSO, BRHTE T/0 FEml L5 NP BeARAs, 0Tl 5 45710
AR IK - ) LRI 55 S A I AR B B N I, TR KR B AT, A A IN TR R U
N TS B A AR e 7 2 Ak B R (0 8, 2 5% W) A 100 1E 5 R T+ B T — A I I 38 K 1 s 3 4541
RIS 2 I — A W TR /N 00 5 S 25 MR B3, A 16 R B TR, 5 A AR A

ok, PRI LB A B min_pts, AREE 60O 0L AT TS 5 4 I BN TR, T A s
A A T A min_rts, AR BT SR T _L BT AT TS B 1 R BN B TR A, T 4 A 1
Ab, BTG EEAN S 3 A BB KD KSR TS5 read reqs, 1RFE MHT BN F SR K SRR, pre_regqs, 103
MRTEE I TS R AE; write_regs, ARFARTE I F GRS ERAE. Wi 11 BT, 4 T, AT AEREAT
HRAEN I O AT pre_regs, {E3EAS IS ALY IS 8085 56 J5 WU 56 A& S wes, IEKE T 800 "5 N BU0E 75T, 5
AL, T Ja $240).

T/O
T T2
| wts rts pre_reqs © | BEGIN
X| 0 | 05| | <=1 READ()
BEGIN L]
wis ris  pre_regs . WRITERG = x-l 0 5 1 7
[XT 0 [ 5 | Taly |S{WRITER e : :
:  COMMIT wts s pre.reqs
wts rts preregs - COMMIT -

S R Lt e % B
X[o>5] 5 | T Ele>7] 5 | '

B 11 5IANHS 1 T/0 H ik 567

e iR

AATERR T HEEN T/O FUHGINE Y B A0 T/0 Wik Ak, Ihdr, LAl T/0 BB ACE TR . 75 5 Bl
AH G AE 0 TC VA AL BE [T (O e B BN PR B AR AT B T/O SEvEALHAE T-M v 7 ) A B ) 3, [ I S 4320 A
KI5, HRTFEGIMEY 5SS T, JHFET BRI AR, ok T 58 2 4L b P44

Btk b, T/O HVER A 8 7R 50 40Oy P T 3555 (R 2R o5 B 4E D (W I8, 7T LAZEAIRnP o
Rl s A RIE BT tERE. (2 T/0 By TR THASTF, R RE T RRSAERINHELE
TAE.

5 BHRAFEREFEZE

A G I R R 7 A BB ph SN, AR BB IR BRI A S R R UL T AT L, A
RV BRI B DA AN TR, IX S I R S IR 2 PR S AR RR . AR, R
AR RS I H R 4 R Ok, % B A T DO i e IOIH R I BAT . X — IR ORI R ¥ A
(MVCQC), Bt 5 L 447 (R AME R FRAR A, MVCC 2 H T B 7 v 5 0 4 ] 10 9 R w80k, st qe
1978 4F: 11 David Patrick Reed™ 4 Hi. Hh T4 A S8l 100 43 2 AN FLARCAR (S M, MVCC W] LR 2 45 3 St
T PR3 1 3 1 D ) 50l TR RR A (R 4, AN s IR R B, BB S AP ZE B ). (A2 MVCC AR 8% A &b
BRI, BT A — T B4L & T/O 2PL. OCC KA F) w] Hr AT 4k
5.1 B EBHEFN IS BRAF &I F

£E MVCC H, o it 18] BRAE A 52 BOCHCR T 5 AN RRAS (KA 4 2 — AN ds i R, Rk, % Mvec 45 T/0 8
EE AT MVTO £ BN TBL A VEEF T @S r-- R qos ity =, A 85 T/O M H: EikF
G5 IR TT Uy I ) e o 845 0 ), FERL 3R AE I, A SEBRPAT ™ A2 161 3 b A A 75 338 5 I (1) 80 58 PR35, 7
MVTO %, AN F 45 4 SEHF IR i e o0 Wil — AN PR IS IRV BR stare_ts. X+ 50 0 (0 REAN A, 75 B2 44 LA
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TE SR AL A R & 2 MK OR R data, FOREARTUIE; wes, AAERT N AT 4555 I 1R, AR
BRRA LA TR, M S start_ts KT wes N, ZARASN ZH & W, res, AR LRI AR A B BT FH 5%
T IS DD BB P e KL, 245510 stare_ts KT A TRAS TR res I, %9855 W] 06 24 B B0 AT 16 24 oxn_id, AR324
B IEAE S NZ A 4545, af CLER AR 580, T3 4 ' ph 28

w12 fios, R MVTO ff i Z KRB SO E N, 5 T, M MVCC FEi AR AS Xy, IF5HT X,
WRA rts. 45 Ty MBS NN, HFFRRA X B REBKT 7 FIFG IR, 7 L ReliE.

MVTO
T Tz

wts  rs  txnid —
[%] o Jo->5] <=5 READ(X) ,
X . I BEGIN wis ris txn_id

WRITER) - 3] 0 5

wis s txn_id coMMIT ' [%e 7 z
g 0o | 5 l |, 4 WRITE(X)
o e R L

X,.wits>T, start_ts

K12 MVTO HiEA L] 1
T/O Fik45H MVCC JG, BSEAETAAMSE, Wk T H NI RE, WA TARERNFES R,

5.2 WM R+ Z AT R

MVCC ] LAM 4 2PL . iZJ7 k4l MV2PL, 38 it 26 Ja e 0 5045 w15, 4650 5 3 AEp B,
E BN AL B 55 2 (R 8. 55 05006 2PL (W DX 0 AE 17 20 RRAS I TR 330 55 B A A SR 24 s 50 o 1
ANEA L, AFE oon_id('580), read cnt(BEBUECE) AL wesCARTRCAS 5 NI Tl #%). 245 A0 304738 5 4 4F 2 1
TR A IR IR start_ts. 2J5, HEIFHPITILS HAE. FH6F KRB BORH, 2PL+MVCC it X 5
PRA A8 RS BN, W 13, Ty 45 X, BIe, T T, % X 3R 1B

MV2PL
Ty Tz
wis rts txn_id read_cnt BEGIN
%] o [ o | [ 0->1  [i=1READ)
BEGIN wis rts txn_id read_cnt
WRITE(X) o -
wts s txn_id read_cnt AEQmX] G 0 [ o | | 1 |
T = T 1 1 WRITEX,
X| 0 [0>5] 358 el N T, B4R EX, I T IR
X;| 0->5 | 0->5 0 |

K13 PIBY BOb 8+ 2 RO SB35 1

2PL SHyk &4 MVCC 5, S5 8AE EMAEE, 7

KT R MR, W AL EZREER.

F 1, MV2PL T84 32 N B T Postgres*!), Oracle 54k 172 R 4i .

5.3 RUFEIZH+Z AT K I

Cicada A& OCC &5& MVCC HIIf &35, TR Silo 5k 45 A MVCC,IER T F 4w r+R 5 pl 58
W77 3. Cicada Y, ZF 45 3% B TF UG I AR A o2 007>, ZEBRAERY BORS A 2 5 A7 AE 3 Fholise.
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Cicada R RRAHE 1 R 8 A Ly AAL, SEAS RO IE 17 B4 1#] 14 1P ity 3 Fefs B (1) status, AR TR
AR A (PENDING 404 24 §ij ARAS 1 R 4242, COMMITTED 8% 24 i A L8348, ABORTED {84 24 iij flRAS
T RIR); (2) wes, AR AT RAS (B3I VB (3) res, AR SZEG 2 77 FR AN 1) 5 4258 38 55 1 B K 17 38

Ax1 Ax; Ax-1
rF——————————
I status:PENDING | status:COMMITTED status:COMMITTED
! wits:210 L wis:200 P wis: 180
: rs:210 : rs:210 rs:200
Bx+1 Bx Bx-1
status:COMMITTED status:COMMITTED status:COMMITTED
wis:150 wis:150 > wis: 100
=170 rts:150 ris:150

K 14 Cicada it A< 45 1)

Cicada PAT T4 FZRFRWE 15 FioR, 1956, SRR MRASEE o se O A2 i 1B A% (4 I RRAR, 5 4 iy
i A PENDING ARZ, WIZERRZIRAIRAS G T3, SEER &R IWGE 6 S AR, A 8RN s AT wis
YR AL I ) B T B 46, ) = 45 T ZE BIVR. Cicada [WIRIEMY B oy 4 3 25,
e Ti5E, 777G PENDING JRASIRA GO T B R A, HokHORZE & E 8 PENDING.
o RIFFEHREN res, AT LR R THE L.
o IBJA, PR ASEAR S S L &M RIS, ¥ PENDING JRAREEA COMMIMTTED;
75 W% ABORTED.

_________________ ¥ SEHRER

XS & : . v {BLPENDINGHEH: |
WET %, WERESEMAS = i APENDINGERA |—l EEikErs L mk— i }J e

‘ t === o = [Fevee '.'r!@mpmnwnmm|

Kl 15 Cicada HiER A
{£ Cicada FIR I IZ AT, X+ E RGBSR, K16 F1 T, BAEFRAS I 58T Xo MU res, IF4E N BTROA X
T, I UER BRI T, BN T HRA X, H Xowes KT Ty BIFFLRIN TR B, Rk T BB AN inlE, s F
FAE G H

Cicada
T Ta
wits rts status | BEGIN
%] o [ 0 [COMMITEDY, 'READX) G
WHITEX) wits rts ) status
Validate T >0GT 0 [ 07| COMMITED
Ws: s istatus COMMIT | [X,| 7 | 7 |PENDING->COMMITED |

%] 0 [ 7 |CoMMITED] | WATEN
(Xi| 7 | 7 [COMMITED || ;onar

X, wis>T,.start_ts
16 Cicada SyEK5H] T

Cicada H TR H T MVCC L, 5 AP, 520 15 808 7+ g oh 5y O AT 58 i 9 R
FACHI MR ZE. AHLL T Silo, HMEREFLIC AR

© 1A

FCAAFUFSERT httpy/ Www. jos. org. cn



RBATE T WG EI R AR FEE ) IR R 881

54 hEBREELEE
PR 35 (SO —Fh ik T MVCC M3E RIS, A ERBABmA s, L, msRs
&R B AT I VR L 5 AR T I T B G . 2 T e A 6 S S SR S A TR MR AT I R

il S FEEMSE, SIME: FARTURGE A H 5 RIS, IFEIG eI B IR e, R SEIRAs i
R, JEPEAS TS5 IR, SIAE MVCC 5Lkl b, A AP RS (S T 25 TR LR I 7956 — B RS 1 5
b RS E AR . PR, ST HAA i AP IEMARR. (02 i T3 X s S AR BT IR 2, ST HiEHA BB 2 nf
AT ET, TR B PIRNE B AT SR AT T AT SST AT WSLL
5.4.1 SSI

SSIAE I MR R : 224 ST JEA Folk e th I T, S SR 1~ T TSR T T, (S 00,k BE Ik 3 w] #R
T4, Dk, SSTAVERIRZ OB R 70 ST ISRl b RS I 2 1 S S AR M. BT PRE XA 1 SR B U3 4l 4 S )+l
BRI, SSTAEREAN BRI _LAE g NS0 (1) oon_id, JTHEG ST FEALBE'S 500 5% (2) SIRead-Lock, 3K
BB BAR U T F55, T 0B 355 AW & B AT S OB, AN OAS 75 Bl ARSI () 8 wes RIS
NEZAM T LT creator. TEATR55 T F 75 BLAEY TF UG W] (M B start_ts FIERE W R commit_ts. BEAL, N T
WS R, IR 75 B ANEY inConflict R outConflict, 5 WK TS WM T T 1055 Fidl 7525 MOt it = 4%
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XH, T4 T) W SIRead-Lock #5611 T\ — T, (LS O, (HRAAFAES 2 NS WD T,—>T, 8 T,—T,),
G T, T LAIE R 3228, AN Ty HE4 5 50 50 X IS, 23 DA R X0 RROAS TR wes KT B R FF 4 IF ] 8 iy (=0
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K 17  SSI Skt s 1

SSI BLVEAE P IR R 2 B Fa il LAgE) 7 T 8474k, 5 2PL 1 OCC Sk, IR S m, FhAE 2PL M
OCC HiE W A AVFH B BB, H2N T 45 08, SSI 75 Z4iHF 4511 inConflict 1 outConflict &5 44,
WINT 4EFOOTAY. H AT, Postgres R G 4Ky SSI N B T B, JEXE SST A8 4R b FREAT T gk
— Atk
542 WSI

WST H4506) 55 5 3 5 R0 U A A Ay 652 55 HORS F AG I, e o A 13552 5 0Tt Sk ik 28 T R AT AL

76 WS U BREAN 3555 T ZEYEY T AR B R stare_ts FNFEAEBS K commit_ts; FEASBUHETUT B4k 3 e K3 AL
B ML lastCommit. (¢ 3 PAKHRSC R MK o, 245 40 300k M B 30 SR AR BB TN lastCommit f& 45 K AL B
A AR SR, WA RS, WA SRR A S HS TN TR, AR5, A2 RR Y
TS, XS IA0o8, ST PP IS e i B Y AT 0 45 2 AT I L3RRS IR, fRIE T 5 & HEE B %5 2 di i
B O, 5, WSL A RIS BRI HLE], S BRI 2% 10 58 J5 T AMEZEK.

WSI SRR E RAE MR, Ty RIEESIEIN X (1 lastCommit A2k, #3450 A 7 BIRER K
18 Fi7R).
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K18 WSI Skl 1

e Ah, RS A B SR I o(E B, BBl WST i s &5 JOABIE. AH BT SSI AT, WSI A It
RS IS O R AR S5 R BOT = 1 R 2, H2 A TRE S S RA4EY inConflict 55451411
FRES. S5 8 7.2 =5 7.5 TSRS AT AN, WST L 1) M RE S A R B AR
55 1 it

AT HEFET MVCC &N, T/0. OCC. 2PL &EEAE L4 MVCC Jo BAR A R 4E 9 A BE 1 T
B AR T IR R EE, BART MRR. 55 7.1 4 MVTO Sk IR 45 BABIESS TiX— 4. HILAE Sz bR R4 H)
LR, B AT MVCC L.

MVCC EIL ML H S %A AR MVTO 7485 T/0 FMLIME A, HL T T/0 HikfE mh 58 &
THIFIL; MV2PL AGAL T S vh SR MG, {H 252 2PL b S S BR b, LR BE B8 LK T MVTO; Cicada
FIR 55 v S R R R RAIG, G i i WA TG A5 B I A5 8 2 S MGy 5 3 R B PE R D BRI B8 S B vk
. SST SVLAI AR A R0 B T mliR e, A S T A M A 46 07 xC L ASORURE, FLAT >k T 0K 0 4R 4P 46 7 1 45
WSI HE R A SO, Rt R 4e R D oo 5 B Shah, JE- RSSO0 7 sRRRE R AL, Ik, a0sh
7S 4 RPN, WSTELVE e R AR IR, 48 LN, HAT5 MVCC 454 ISR E P 7 5 & e P i
R, SR RERSELS MVCC RIS &b, T LR R AR SR 5T 7 7.

6 EIEFH EIZHEE——Calvin

Fiff o 2 19 R 43 RS9 Calvin BRI B FH AE 01 76 Jo it 56 90 508 S 33 45 190 4358 SQL By i3 e b, M3
SRR TSR N F ST, 2 J5 sm b3 i e 1 RP AT 35 %%, LLIRE S oA s I 4. Calvin 41
BTN 58 7 4% (sequencer) 1 & 4% (scheduler). LA, 58 P8 H T #2408 55 I B R i 2 =5 55 4 2 I,
RIS 45 3N 8 A B GURE ;8 255 4% £ B 4 FR S 25 P oy 45 DB, (R UE 9 45 AT PAATT T 4% e FEUAST 52 Ity

Calvin Fik, — ANFHSE TIPATIRIE N : 5 T € P 3RPIFN A batch 1, HEHE = 55 18R
Fedkre. el AN G, @ik 355 T UIER batch RIXGX NS 5% . 2555 A M
AN batch, MR batch H 55 DAL, LUK 19 A, Server, [ batch A 7EF 4 T) F1 T, HEER T, HE
T 200 Ko, Ty SHHR I A Bt Bdn il B, T, B8R A4 B5H5HR0 C. WEESS S 568 T i3S R AR n
(B 19 A2, BA T M SEEmS, e, BRI 4 OF T WSS, B T SR 4 1) WaitList
EREAA (19 AT, ZERAECRUE T SEBRPAT I, To 0% Rs Ty 45 A AT DL B R 100 4. I S8 iR, B
1T HAT batch T H S, FHADTHSMEGE, RTPITAM L. EAMBEHITE RS, AP AR
THEWEEE, DUREE WA RS S f P E AR S A R . RS iSRG, PAT A S AT,
SE RS TRHAT .

o itk

Calvin BVEARIBAE T 3555 P20 4% RUBUTF BAT, AAEAEIRRRF45; Lk, F55 70 Wi e i 1 425 91 R
A7, YW T HESPATIIR, Bl e+ Calvin BVEAAAL B 281X — 8NN, B G AT I8 A R oY,
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FLIK, Calvin {58 7 75K QB ACHE TG 501 9555 152 5 SR IO, K 80 480 e BT 2030 b i DL Y 54T (1) 58 7
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7%, . [Look[Owner| Waitlist | | 1, __[Look|Owner| Waitlist |
-f‘ A wWL ] T, | gy | Alwe | T [ T |
ime i 2 if
e [ | e ST |
: e C §
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K 19 Calvin B34 1
7 HEEHEEIZEIFM

HRHE I B s BIFE 14028, ARSCIEI T BRHFCKRIER 6 Fifik: Wait Dies Silo. Sundial. MVTO. WSI,
Calvin HHATVPAl, BT EAILE A s N AR B0 e b 5 R IROE TR, O 7 ORIESE 30 19 A V-1, FReAT T ik s i ik
G5 — TR AR A AR K 3TS (UL dE: https://github.com/Tencent/3TS) NHEAT T 5281, AU
MO TR, SEURIRE 1 4 AN s AL, BN RS 4 /8 &R, HF B 32 GB WA AR, &N A
Z T Z I ZE RTT KATE 0.3 ms A7, F—5IWIRSHAT 60 s, JF HAENRZ ATAFLE 60 s FITAE [A]. VT
ENER L FEEE N (1) FhiE, REFYT R FHEEG (2) BEZR, RREIRWFS G AT
M 4Lk
71 TiEfask

PEREIAL ] YCSB F1 TPCC 1 Ffi 471 %%

e YCSB (Yahoo! cloud serving benchmark)! )k p& 28 wi) 15 1 55 9 P I 4% s i TR Ak 1 L, g At
TR S S AR B o 5 5 Ui MU Zipf /3 A, B/ G B0 SR 15 K U5 I (94K B )
Hi. I3 B B(LFR skew factor)£E 0—1 2 J8], BEHEUT 1, BAHViR phosak, TR RS A vh o
R MERERIL. AL workload-a K BT BE MR (S #AE 7Lk 50%, iS4 0.5).

o TPCCHINIZE—Frfi T OLTP e, Ml T — N FEIT fALB N T, HPag oik®, S
A7 100 MB 1UEUE K/, BUARBOLT, BATAMA T ARE 32 MEE. TPCC BF 5 Fhigiss:
NewOrder. Payment. Delivery. Stock-level il Order-status, H:"1 145 NewOrder I Payment J2 7 i 2,
F45, T TPCC "4 AL 88%. fEHE RO, BTl -2 ] NewOrder fl Payment K
IR IR B9 AE TPCC Rl e k.

7.2 HERE

AR VE AT AR F Ph 583 5 F I F kR R R AR 4k, X2 OLTP RZMEAe MR %, Wit
% YCSB HIRM A S 0.0 ] 0.9, KSR R HIETEA P92 N i feAs{b.

M 20 tHETRLE W, RIS s, B S40hT 0.5 i), WSL Skt fe i, MVTO. Wait Die IX
AR, BTS04 0.5-0.7 Z [, MVTO Sk e AL, WSI. Sundial X2, E& Calvin #F, fit
AHEHSH I T BN TR, SR, WamSHHE 0.75 LLER, Calvin Bk HAE, iR Calvin 55
EAL, PEREFRRIUR 22, 10 Calvin BV BETT LLAEAT AR A i 240 MR RERR, R 3 /4> 1558, Calvin [T
THEL M HRERRSE N8, RIS INSURBOn PR, ME 20(0)H BT LI H, Calvin FVE R PIE R K
0; ILvR, 24455 REE 43R 10T, 3 nl LA Z0BRAT A R4 T R JBUBH, I Rk B RE A I R b, PR
T AR S H 55 W LA d5 ), Calvin &4 5K T 55 L [0 LT AT ZLEAT, b T 55 0 S0 19 28 3845
HOR I TFAY. (R, BAR Calvin JUAT DA FARE, H TR 5 2% 10 0 5 80, Calvin 78 M 58 BRI B N Pk BT
AR B AR
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MVTO gz B it HRBEA R Ak S5 TH, MVTO A g [R5 56 K PR e ol K. WST AR L T
¥ Calvin Ah i HABFIEHRAR, IXR A WSLIE TSI, REf A HE 2 IRA I PE#y, PN _F WST Y46 UE R B T 4
Wb, BRIETE S AN R 5t T WAL R 47, Sundial 5005 tH T80 7, 1R8N T Re &Il WS A4,
EETEAR R Z R 2 ) T B L i oo As Ry, PERER . B4t Silo SRR R I 5t R LR 2 i R I
B G b U RN, R 7304 sU37 3%~ 2PC 152, 1 T Silo Sk S50ur i dl, Dt
B A5 EHEAT 2PC, T LAR LA,
7.3 SEAELLHI

B2 T SRR 45 o 5 e LE IO AS R STAR PE e A e . Sl 1 38 YCSB S 381 5 4 EL I A 0.0 #1) 1.0 3R
HEATIAA. B, YCSB g 10 S 5% 28 0.5.

ME 21 e BAF H, Bk Calvin Fl Sundial LLAMAE L, Bt BH#BE 53455 Lol T i R L
AW 2 ¥52 WSI. Wait Die FI MVTO 5.y, Horp, WSIH LW RERE A B 4 LB 05]0.2 FRE T 18.8%, WSI
B K45 TRAEAE, B R P me . Sl E, Ridg ™, WS BT
Fi:. No Wait S35 U2 BR % 5 2% [ 2 B 5 5 L il ot s B 5 L7 (I&1 21(b)), AT S350k B R . MVTO 8%
Bl 5 2 45 LB 08 o, RS K 3 A8 K AT R AIG T 1525 2%0%. Calvin HE AR 25 LU Bl mn i >, (2 kg
i1 R JSE 2% R SO SHAS 4 #A. Sundial FVEITA ShA € P MRS, DIk S Lpl 56 mt L i/, R4
S HAHINT 0.6 B, )3 8 R 10148 i 5 8O se i 2.
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ARATVIE A RIS MGG, WA T 16 AR SRR 4 A PR BT, Tl M YCSB fuiih 45 e Kb
Je5 BRI 1 B 16, KA HTAN R SLIA K g R L.

M 22 T AR I, 4 AR BN 1 B 2 I, P S R P B B R R, A 2 T E
4 W, B EIRARA 24%-58% Mk RE N B X% N BEA Y AUE RN, FR4- T SUH AR E 2 AT T
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