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Abstract: Cloud-native databases have emerged as a hot topic in the field of database development in the era of cloud computing, thanks
to their advantages such as out-of-the-box functionality, elastic scalability, and pay-as-you-go pricing. However, mainstream cloud-native
databases only support a single master node to execute write transactions. This limitation hampers the system's ability to handle
write-intensive workloads, making it difficult to meet the demands of businesses with high write requirements. To address this issue, this
paper proposes the D3C (deterministic concurrency control cloud database) architecture, which achieves cloud-native multi-writer
capabilities by designing a transaction processing mechanism based on deterministic concurrency control. D3C splits transactions into

sub-transactions and independently executes them on various nodes according to a pre-defined global order, ensuring serializable isolation
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for transaction execution on multiple read-write nodes. Additionally, this paper introduces mechanisms such as asynchronous batch data
persistence mechanisms based on multi-version to ensure the performance of multi-writer transaction processing, and proposes a
consistency point-based fault recovery mechanism to achieve high availability. Experiments have shown that D3C can achieve 5.1 times
the throughput of a traditional single-master architecture in write-intensive scenarios, while meeting the key requirements of cloud-native
databases.

Key words: cloud-native databases; deterministic concurrency control; transaction processing
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Aab ¥R 5% 9 LA A2 R B ) B SR (A S RA b ] B AT AR AR B B ), i DR R R S5 IR R, DL
R R4S B I 3 45 Re.
Hul, FEARM T RRLUZE.
B R BT BIR A P (two-phase commit protocol, 2PC)PIFI 2 5 HIAR. ZH A& I B
SrRZABES R, IF AN E TS A IR RO 4 B bR S 55 i SRR AR B AT s AL A PR
%. Rk, J—MEEHRZFEV NSNS F EREEN, XM REZSER SN THS,
FEAZ FHAS [R) 4T ke AL HE BB e o B g, (R [R — AN 35 55 S [R5 4 A AN R A B R
ITEERATREAIE, F52 2PC RN HR LT HEMPATE R, WARIEF ST 475 s kA
R, ZALEE S F %S H SR TR 5SS PR AL, T Re il B & BB AIE ST A e
AT i o — Bk

B R R TIENAEE Y W E AR (remote direct memory access, RDMA) £ 5 AR 10161 3% R
LR AEARZE AR 7 T8 A B0HE b Y 2% v, K I R 2 0 T BN 4R P E R T s N S, I
I\ RDMA HARREAT SV N A, AT 0] LA LT L 55 b 3 n oy X, EEE
it RDMA F [E] AN 9 R 4 il 1) 70 2508 SR U R0 Ach B b 5% TG AiE 3R v 7 6 PRI P 28 IR B2 (8 18 R A TE A
DB EHE SR, ZBERE T RE AL WA (persistent memory, PM)PL K Z L& HIJ530, &
WET AU I B s F FH SRS A= R R

IR RAEMEREBOE M B BRG], 7 R — R ER P B AR AE h BCR R [E — NS
ANFEF S BT HESRBEEANFESWE T, B THFEZ DRI, SHEHFHSZML, FS5MER
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HARAE, AT 2 P B AT BB B O I Bk, BAARSRBE, 1€ D3C 1, FHEMLHEMFLL R 8k, 5T
BWER B E T F45E R, FRIE ST BRI T N EHE T . FTE 8. Bk, 5T Aakx—
LE S 2N EB AN, 25, KRS SRIEEAE I A IR0 N2 AT 55 97 RIE B0 B35 45 S
L, BRJE RS A HE R S U % MO B AT IR S S 5 1) T 4

FE G 2 iR AR 0 e SR B G B 0 AR, RIFE =5 55 BT 46 IR R e A (B R RE 55 I RE AT
71817y A 2 (6] 25 HH 000 5 ONAEAE, AT CRAIE 1 S 55 BAT RO, 28T, D9 7 ORIIE = 55 I 358 AP RD 3 55 3huAT
MG E P, D3IC WEAAFLHPATZANCREHEE. BT ZHEHEMCRELSIPITEE, 7+ H s REHE
JEF R AL R R AT R R A8 BT SR ROk RO A H &, TR 45 T AN L BAT &5 R A 2D 5 N7, X —
MU 23 72 B 20 S 45 BT PR RE. DIk, ASCHR T 2T 2 AR 1) F 5 it B0 R AL R SL LR 25 1 50
BN, IIRIE RIS PAT . ok, RSCERETT 2T 2 W E 81055 45 4 0 5 T 20 — 3otk
SRS, 3B 3ET D3C MITERE.
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55 AL BRI RE.
BB TET B SR YR E AL R SE I D3C B S S R R R, ORIE R G R T .
B X D3C LAAHEE R VI A F ) 2 B2 e e g 55 A BRI EAT T e SR, SRIR AR R Y
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WAL RAEZ GRS D3C. 5 4 140 D3C T =FF SRR, 5T 2 MUA IR 53 20 ik 2 40
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R A R IR R LS. S 6 WA AASTIN ARG KB, B 7 AT B SEI IR UE T D3C A R A T R
BRJa BE 4.
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HRIAT 56 5 55 R BB Bo A BRdE NS S BAT B B I 1 55 B IR . PW VIS AR UL 5 14 3 R I il 4 th 1 4 i
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WEHLEL. XT38 = AN ) 8, i 1 9 A 4% B R 4R R R © 8 SR OW B4 & FIUI (Optimistic lock location
prediction) R 77k, RS PATHINERFT LS ML EE.
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55 S HAREE S5, HAT S 9 RO R 05T 00 ISR 55, R MRS D% 2 O I 14 a0 1)
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2R B S N R AT e R H S B AL R R R G KRR . RS R IR S5 B R A
REARE T M. KRN SE AR AT, AT R 0 ST R 0 e e AR AR R 55 ARl
TR R, HART R DA 12 R T U0 R A HE AR BT, AR 8 BB, Ny A N R R A
No X N2 Bs $44T Ba A1 Bs. IFH, WR—AFFBA 7350 Kby sl, WA 5575287 LT MR L,
AN AR BLZE. FE & 8 HIB T A, No ANy AT BASRAT Bo AN B No 1973855, TR ) No 1) 7 F 55 BHLZE. 75
By AN [ No (117 S 55 AT SE I, ZREEPAT Ba P AN K No I 73 55

FERRHCH 5Btk s, BE 3h 1055 5 w7 ZOA AT L 1D i H S — Sk K H A, I 4Ed H
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ALE S I H &, R BRI X 55 R S R AL, IR BOA RO g A T R ST, AR R
A2 Rz H 5 AT, DR R R a5, DU 8 DA, iR sh S N R SR H &
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6 HRFEELI

HAT, &6 2 J5 A Hs P i IR SR B R 4. Deneval*OJ& — AN 132 T 9 R 4 1 R UK 1 R I 7D 1Y
A7 o3 A B R A R 48, SkBL T AHE Calvin ENIOVFZIFREER]. JFH, ZRGIE R RS, 5T
J&. DAk, ASCFRE B Deneva Sk 25 5 A HUHE B (158 R 4E Cloud-Deneva', SCHLT —'5 % 41 D3C #
B )
6.1 ZRIGSHIEE

Cloud-Deneva 7 — /NI [7] OLTP [z J5U A $de e IR R AR 48, thse oo, 1 5509 s M i 09 s 41K

) ST RGN AL R 5 R, R RGBT IR B E F SRS ENFSHERRAUTE
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 https://github.com/dbiir/Cloud-Deneva.git
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R SSCHE SR R A A P I, AR G0 S g 2 500 T O B R i B BE R 1Y) R o
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—ANFHSIRE] x MZAF IR, SRR TR I x GA7 M FH FITIGIAT. HF SR b A7 )q, FEE
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it — U R — 5055 AT il 1 sl SR AT O B B T8 G A7 6 30 s T T B30T s RO TR 335 5K, AT
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—HLEM DIC KMEFHER. £ 5L M D3C WA ARRIZEM D, R R R T H 5 A7
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55 R 2k AT ik 2 AR OB O S5 45 BB e A7 3R BUS DD, FFAERRIR G AT R A vh IS, 005 28 b iy A8 2 3R
WO L. DT, S8 B0, b RBAR, — 5 23 EH SRR L NI AR SR AT b, S A7 3R
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AAREEIEZAF P REGE DL B8, T D3C EFSHAT AT e AT F AT L. F 55000 78 R I Ao 7 HL ik
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"
"
"
W

"
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— 5 Z 318 F WAL(write ahead log) H B WERFF AT ZHIPATE R, % WK WAL HEET L=
P U H A DUH B RS Eokid R F S E I B, FFTH LSN(log sequence number) KB B 4 T IR AS. 18
Cloud-Deneva 1, —EZ 0 7 WAL HE, HZK N Cloud-Deneva {4 F 2 B AE X /748, AN SCHRRIFR
TRURH A 0 3= S AR HUR 1 A WAL H & R 80s TUIFRIR; AT BT D3C DAL 9 B SR 38 B3 R A FH A {7
B —8M:, AT 52O, ASCR L ID B T LSN, F DAk B 0ORT {52 B B A B0 T
I, Y HE PRI T WA FEENA D, FH5 ID, UAFEHFME MK BMEEILTE THIER
HKE, BmER. BdEm. 5, DB EAME R, K it ID 2 F S5 ACR, il T EAETF
RMGF HAREL. N T e — 5 23 N Re s ML EEE — SO R, AU 75 4.2 T B0n s — 5
PR, BARKUL, A S8 M — 3551 B AR, e TR B 2 F I V.

EHRHEENE R ILFK THESWEE, HTHE S P80 EREAARE S, kst 4652
TPC-CPUH1 24 ) NewOrder F55. HEM f5idx 7 AT FAME R FER TG L. 2201R8, X T
YCSB(Yahoo! cloud serving benchmark)lP!147 &, #4 H H¥4 10 5 F 5 AN B 07 10 I EUHE TUH key, 3545080
PO R B AR B/ B R AF), DLEKT T H 15 BAE F Zl xR B ZEE W E. X T TPC-C 713K,
BT Pl B A7 e b C Rl s T M S 50 T A R P R DU R8T, (Hith, 20 EK RidxH
S I AR TR, DL S 45 B AT B P B HoAh S 40 H o R B)-6 E ID(WID), X ID(DID) AT 5 ID(OID).

7 SERSTAR

TEIX—77, ARIAE Cloud-Deneva 15t b T 4L 10— 5 2352 D3C 4 GG, Hrp—5 28
T SiloPSME S 3R IEH], I R EVEE AL E BE BT RS,
7.1 LWKE

WRFEE. AR 7.4 WAL, BIEEE 6 BT ik, Hrb 2 AT S 12 #4724 282 9F Hi
H 32GB WAFH T B THEA R, HR 4T AES 4 12/8 &85 HARE 32GB WAEH T-#08 % 7 i A1 A7
WL AR 7.4 AT RN, AR R FEET 6 4 ecs.c6.8xlarge SEF, MALFIFLA 32 ki
64GB W17, BB Y &3 E — AR AT, —ANE A — AT . R L R E Y, T
B 16 MR APAT S ER . 1 ANREEE e 588 DU T 90 53710 5 (Rl R 55 B I 2R T
B PP AR 4 ANRFEH T A R E S, HARGR AT ARG, AP ER 1 MREATTERHE, 3
AERFRFH T HAR R, 59 A 35 T 202 6 300 s ) E A

TAESER. MR YCSB 1 TPC-C Wi i3k, YCSB 2T 2 7 JFIR (1 5030 & R 45 45 i I 790t
TR, BT HRS S EELG), RS TSR, 507 m R Zipf 24, B %
WK E VK B A, WIRIETE 0 2] 1 2 (8], MEEL 1 BRI ook, TR KRG F R
TR, BOABH T, ACREB T 576670 M AR F REHE 2 B, BAEEES RS 2023, 49800 71
FioxE. BAFHSPAT 10 KB HAE. BOAMEIRIZER 0.3, Tkt 0.3(RF 30%32 5 F 545/ 70% R i3 5%).
TPC-C W& —FmATH OLTP ik, MM T —MOETRAHMNHRET. HPaE& 9 kR EGMCELS
100MB FIEHE RN, BB, AR SCHBAEEE > i E 32 M. FHAEMRH]S TPC-C Frifk—2L,
RS N 8%.

BCE AL, ASCHSNGINT AR AN FE SR BATHE. DIC HREREE. shlHLsERE
ARGV 1] 5 2 A1 s BUE 355 L, BRI IL T, A0 YCSB AR St o0 A N 55 R L B A 20%.
M7t TPC-C 7#H, Hrh 10%H] NewOrder T4 Ml 15%H) Payment F 45 N0 A\ 45, HAWT S H A HpLH
%, SATATHECE R T AR R S S el P AR ROE I RATF KD, RSB ERFAT R R E N 200 7. A
BN FRORENTE AR 16 M THATRRFRERNLRE G 2 DN ERREE RS, AR
BT BE N 2. AL EGIATT 5K, BRRAEMRSE, RERR =GR FIME. A
SRR SR TR AT HCA — A 60 PP TRARY B, B2 60 B HIEHR AL EX.
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7.3 TPC-C3lizt
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BARTTARAE. T 14.e AT LAE H, D3C 1953555 (K7 35 I 8 DA R 838 4 o L JF R R AR R KA1k,

WE, B ldah—5ZHEELE 0.9 FRIZIN TR, ZFEARSHRT AR A% 2R 7%
N, UEATEEE R AN FES, BT E 5 RIS TR S YCSB MR R KT 0.9 I, 5N A
KEFERESES, BREMNREHESBRET RS W AP, WHE P mOAERES T EaRE — M HEEA
LRIFET—MEEHELSN A HES. Fik, ARG, X YCSB MR AT 09 J5, 5 HERER, $#
FEm B, TR RO AUE RS T SRS TS A R A AT R E %, R ARG A E N E )R
[A.

YCSB B LR, 6%, A SCilfid if % YCSB ik (M S 3 L S5 0 B 1 SR M B — 5 £ 3 /1 D3C
ik B AR AL

152 1, BEESEIN, —5 2 R0 EL R N, XDMRRN-EZETEP Rk
A A UPATIR S F5, BEEIRS S RN, RSESREHE D, —5 25 0 R S kAT
B HL, FRIATHFESEZEI >, Wi SFEERE TR, 1 D3C i i3 T8 e v A 45 ) 1 2 45 b
HALFIL LR 2 S, Wikt aediRefase. [N BT sCh 2 i 561 Sl — 8otk s e 54k, D3C &
R Ry, SN on, BaEARE—5ZEEE 2.3 4.

R 150, —5 2P A BHERE SN 0.4 K F 0.6 I, KA T — R EFHIRTE, XEFENY
HiEkWA 0.4 B, RGN RIEFSEENAS T IREFHEE, KR RS0 R st 54 sz
REfs () 1 B M. 145 S e T3 0.6 B, RGN F AR ST S5 T A ) o, SRS
B R i E T ES IR, AE 15 R AT DUE Y, B S T s F R T S O 2 IR R
WINTE T SRR AT I 7] I

FEB 15.¢ 1, 99 P 207 SE IR AE S E A 0 B8 F1 0.2 I kAL T B IR TE, XA BUAERL S HN 0 I,
RGN A HIES, MEEHN 02 i, RENHBEEFS, NS SHNERRES S, Hiiks %
F i TR IER.

D3C —— —HZE ——
80 S I B B B S — 1.2
——
—~ 70 1
g8 60 - N g
el i 2 08
= =4
¥ 40 g 0.6
et
g 30 Z 04
w20 +
10 0.2
0 0
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.90.99 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.90.99

YCSB fiif}R YCSB flif%

(a)F & (b) Az FE IR



HRR FETHENFATHNSERRESSLIERA

99E /MVLEIR (sec)

IR (sec)

M (K txn/sec)

60 T T T T T
50
40 -
30
20
10

0 4 " "
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.90.99

YCSB iR
()99 B 4rfir AL

SEEERN T HERAL

037171 1 1T 1T T 1T T T 1
0.25 —
0.2 —
0.15 -
OO0 0UDAR-
0 20900009090
0.10.20.30.40.50.60.7 0.8 0.90.99
YCSBf#iAR
(e)D3C H55 IR 3

2227

100%
90%
80%
70%
60%
50%
40%
30% I -
20% —
10% |- .
0% | | | | | | | |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.99

YCSBYhii R}

(d)3R A H 55K W [al IR L 2R
HIEHIT WEMHESEE O

PRAZH S AR EIREER

IR (sec)

SO R N W~ U1 NN @
I

InNfnnAm
0.10.20.30.40.50.60.70.80.90.99

YCSB{#iRR

()5 ZEF IR

Kl 14 YCSB {8} 2=,

D3C —— —HZHE ——
80 T I I 0.6 I |
0 7 0.5 - _
60 B 2
Z 04 F _
50 —
)
40 B E o 0.3 .
= i &
30 S 02 .
20 . 3 /,—_'/
10 L N 0.1 7
0 | | | | 0 | | | |
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
YCSB Hitt YCSB 5kt
(a)FFntiE (b) AL B HEIR



2228 Journal of Software TR{EFHR Vol.32, No.7, July 2021

1.6 | . [ [ 100%
14 - _ 90% -
5 80% g
2 1'? /—\f 70% |- -
2 B 7 3% 60% -
2 oos . & 500 - .
= 0
E 0.6 - . gg/o B 7
| B % -
x 04 - 20% g
0.2 7 10% 7%1//
0 | | | | 0% 1 1
0 02 04 06 0.8 1 0 02 04 06 08 1
YCSB Histtt YCSB 5Lt
()99 H /r-hitEiR (d)[E1R
FREBRANS T H&FAL 222 HEWT WY EENESEE O
0.3
1.4 —
0.25 - A 12 L R
~ 02+ N N 1L Z .
B
< 015 - i < 08 -
= = 06+ N
= 0.1 - - =
— 0.4 - -
0.05 - - 02 L _
0 = 0
0 02 04 06 08 1 0 0.2 04 06 0.8 1
YCSBE ikt YCSBE it
(e)D3C F & HEIR 4 HT (—5 23 F 5 LB
K 15 YCSB 5L b il
7.5 AIRM

FEZIN A, A SCH B SR AR YCSB 7 Ml 7 D3C Ry etk M 16 _ERTLLA £, D3C
(K15 55 A T R B3 2 RV T R, HB S SEIR BEARIF AR, ST O 2 KB 6 I, REGEVEREIE K
29 2.4 1. DN D3C R T F T8 52 PRI A3 il () 2 JEL 2R Bodle e = 55 AR BN LA, 3 95 A S DR Dl I 42 1 i [l
R, PITASCAEIZ S 4 g 1 BRI

8 SHENREE

AR 2 R AR B — 5 2R IR, 3R T D3C =R A B AN, IS e M B R T
BT 2 IR AP A 2 SR AR Bl R 55 A B A DR S 5 IR T g%, IR AR TG R 4 SR B
FER A GANLHAT, DREZ NS R B S H S AT, K2 5HLH. thsh, D3C Bt 17—k T2
FRCAS (¥ 57 2 i B B0 1o A LR SE B R B o Ak, DAERIE SR 55 AT AR, AN, D3C 3 ASME 1
T 2L A S S A5 AT I T B e S 0 R S AL P AR LA SR, 3BT D3C 5%
KPR ERE. fe)m, D3C PR 1 AT Bobk sl i sk R AL O 1 7 bl SR A 55 Bodis 1 — B AN =
SSIIERATE. SEIR I, D3C (R AL = JFU A B e c i P R TR AR I RN, B S TR TREEH 521k 5.1
iRt



HRR FETHENFATHNSERRESSLIERA

2229

ARSCAFAEPINARKIOTAR. — 51, RS 5 ABE 5 EAR ATA5 R 3 55 I S AT SRR B R AR W L 2
(K. 8 H AT QA7 SRR R GEMX A A, PRI R 55 AR SERR AT, HR S 8R4 T AR, A
55 W JUEH AT DU A . W R A RN 55 B S AR I AT SR R BOR e A S AN E M AROR TAE. 55—
T, AR L AR R GERE AN, RIS 7T 2 A IS HS AR R G RE. A
T FE fiff R JEE 25 RIS R, 78 7 2R SO T I R G, S o] A5 45745 o BE 08 S5 AL B THRAT R, i

TR WA R LR, KR AT 55— TR R TAE.

HHA (K txn/sec)

References:

140
120
100
80
60
40
20

REPE

()&

99FE IIEIR (sec)

0.6
0.5
0.4
0.3
0.2
0.1

D3C ——

AR EEIR (sec)

0.6
0.5
0.4
0.3
0.2
0.1

REICY

(c)99 H kiR
Bl16 AR

T
| | l
2 3 4 5 6
REbY
(b) Az F AL IR
6

[1] Global database management system (DBMS) market outlook. 2023. https://www.expertmarketresearch.com/reports/database-

management-system-market

[2] Database-as-a-service (DBaaS): Global strategic business report. 2023. https://www.researchandmarkets.com/reports/4804281/data

baseas-a-service-dbaas-global-strategic

[3] Database Development Research Report. 2023. (in chinese) https://13115299.s21i.faiusr.com/61/1/ABUIABA9GAAgrrmOpQ

Yojvvn7AQ.pdf


https://www.expertmarketresearch.com/reports/database-management-system-market
https://www.expertmarketresearch.com/reports/database-management-system-market
https://www.researchandmarkets.com/reports/4804281/databaseas-a-service-dbaas-global-strategic
https://www.researchandmarkets.com/reports/4804281/databaseas-a-service-dbaas-global-strategic
https://13115299.s21i.faiusr.com/61/1/ABUIABA9GAAgrrmOpQYojvvn7AQ.pdf
https://13115299.s21i.faiusr.com/61/1/ABUIABA9GAAgrrmOpQYojvvn7AQ.pdf

2230 Journal of Software Ly las==ic] Vol.32, No.7, July 2021

(4]

(5]

(6]

(71

(8]

[9]
[10]

(1]

[12]

[13]

[14]

[15]

[16]

(7]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Verbitski A, Gupta A, Saha D, Brahmadesam M, Gupta K, Mittal R, Krishnamurthy S, Maurice S, Kharatishvili T, Bao X. Amazon
aurora: Design considerations for high throughput cloud-native relational databases. Proceedings of the 2017 ACM International
Conference on Management of Data. 2017: 1041-1052.

Cao W, Zhang Y, Yang X, eLi F, Wang S, Hu Q, Cheng X, Chen Z, Liu Z, Fang J, Wang B, Wang Y, Sun H, Yang Z, Cheng Z,
Chen S, Wu J, Hu W, Zhao J, Gao Y, Cai S, Zhang Y, Tong J. Polardb serverless: A cloud native database for disaggregated data
centers[. roceedings of the 2021 International Conference on Management of Data. 2021: 2477-2489.

Antonopoulos P, Budovski A, Diaconu C, Hernandez Saenz A, Hu J, Kodavalla H, Kossmann D, Lingam S, Farooq Minhas U,
Prakash N, Purohit V, Qu H, Sreenivas Ravella C, Reisteter K, Shrotri S, Tang D, Wakade V. Socrates: The new sql server in the
cloud. Proceedings of the 2019 International Conference on Management of Data. 2019: 1743-1756.

Depoutovitch A, Chen C, Chen J, eLarson P, Lin S, Ng J, Cui W, Liu Q, Huang W, Xiao Y, He Y. Taurus database: How to be fast,
available, and frugal in the cloud. Proceedings of the 2020 ACM SIGMOD International Conference on Management of Data. 2020:
1463-1478.

Cao W, Liu Z, Wang P, Chen S, Zhu C, Zheng S, Wang Y, Ma G. PolarFS: an ultra-low latency and failure resilient distributed file
system for shared storage cloud database. Proceedings of the VLDB Endowment, 2018, 11(12): 1849-1862.

Bernstein P A, Hadzilacos V, Goodman N. Concurrency control and recovery in database systems. Boston: Addison-wesley, 1987.
Zhang M, Hua Y, Zuo P, Liu L. FORD: Fast one-sided RDMA-based distributed transactions for disaggregated persistent memory.
20th USENIX Conference on File and Storage Technologies (FAST 22). 2022: 51-68.

Wei X, Dong Z, Chen R, Chen H. Deconstructing RDMA-enabled distributed transactions: Hybrid is better!. 13th USENIX
Symposium on Operating Systems Design and Implementation (OSDI 18). 2018: 233-251.

Binnig C, Crotty A, Galakatos A, Kraska T, Zamanian E. The end of slow networks: It's time for a redesign. Proc. VLDB Endow. 9,
7 (March 2016), 528 - 539.

Wei X, Shi J, Chen Y, Chen R, Chen H. Fast in-memory transaction processing using RDMA and HTM. Proceedings of the 25th
Symposium on Operating Systems Principles. 2015: 87-104.

Chen Y, Wei X, Shi J, Chen R, Chen H. Fast and general distributed transactions using RDMA and HTM. Proceedings of the
Eleventh European Conference on Computer Systems. 2016: 1-17.

Barthels C, Miiller I, Taranov K, Alonso G, Hoefler T. Strong consistency is not hard to get: Two-Phase Locking and Two-Phase
Commit on Thousands of Cores. Proceedings of the VLDB Endowment, 2019, 12(13): 2325-2338.

Yoon DY, Chowdhury M, Mozafari B. Distributed lock management with RDMA: decentralization without starvation. Proceedings
of the 2018 International Conference on Management of Data. 2018: 1571-1586.

Gray J, Reuter A. Transaction Processing: Concepts and Techniques. Burlington: Morgan Kaufmann, 1992, 9(3):466-473.

Wang S, Sa S. Introduction to Database System[M]. 5th edition. Beijing: Higher Education Press, 2014

Ziegler T, Binnig C, Leis V. ScaleStore: A fast and cost-efficient storage engine using DRAM, NVMe, and RDMA. Proceedings of
the 2022 International Conference on Management of Data. 2022: 685-699.

Yang X, Zhang Y, Chen H, Li F, Wang B, Fang J, Sun C, Wang Y. PolarDB-MP: A Multi-Primary Cloud-Native Database via
Disaggregated Shared Memory. Companion of the 2024 International Conference on Management of Data. 2024: 295-308.
Depoutovitch A, Chen C, Larson P A, Ng J, Lin S, Xiong G, Lee P, Boctor E, Ren S, Wu L, Zhang Y, and Sun C. 2023. Taurus MM:
Bringing Multi-Master to the Cloud. Proceedings of the VLDB Endowment, 2023, 16(12): 3488-3500.

J.N. Gray, R. A. Lorie, G. R. Putzolu, and I. L. Traiger. 1988. Granularity of locks and degrees of consistency in a shared data base.
Readings in database systems. Morgan Kaufmann Publishers Inc., San Francisco, CA, USA, 94-121.

Bernstein P A, Goodman N. Timestamp-Based Algorithms for Concurrency Control in Distributed Database Systems. VLDB. 1980:
285-300.

Yu X, Xia Y, Pavlo A, Sanchez D, Rudolph L, Devadas S. Sundial: Harmonizing concurrency control and caching in a distributed
OLTP database management system. Proceedings of the VLDB Endowment, 2018, 11(10): 1289-1302.

Tu S, Zheng W, Kohler E, Liskov B, Madden S. Speedy transactions in multicore in-memory databases. Proceedings of the

Twenty-Fourth ACM Symposium on Operating Systems Principles. 2013: 18-32.



pans

17N

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

(371

[38]

[39]

[40]

[41]

[42]

[43]
[44]

[45]

[46]

(471

(48]

[49]

[50]

RR FETHEMHAEHNESERRESSMERA 2231

Hatem A. Mahmoud, Vaibhav Arora, Faisal Nawab, Divyakant Agrawal, and Amr El Abbadi. 2014. MaaT: effective and scalable
coordination of distributed transactions in the cloud. Proc. VLDB Endow. 7, 5 (Janary 2014), 329-340.

Lim H, Kaminsky M, Andersen D G. Cicada: Dependably fast multi-core in-memory transactions. Proceedings of the 2017 ACM
International Conference on Management of Data. 2017: 21-35.

Berenson H. Bernstein P, Gray J, Melton J, O'Neil E, O'Neil P. A critique of ANSI SQL isolation levels. ACM SIGMOD Record,
1995, 24(2): 1-10.

Zhao HY, Zhao ZH, Yang WQ, Lu W, Li HX, Du XY. Experimental Study on Concurrency Control Algorithms in In-Memory
Databases. Ruan Jian Xue Bao/Journal of Software, 2022, 33(3): 867—890 (in Chinese). http://www.jos.org.cn/1000-9825/6454.htm
Fekete A, Liarokapis D, O'Neil E, O'Neil P, Shasha D. Making snapshot isolation serializable. ACM Transactions on Database
Systems (TODS), 2005, 30(2): 492-528.

Cahill M J, R6hm U, Fekete A D. Serializable isolation for snapshot databases. ACM Transactions on Database Systems (TODS),
2009, 34(4): 1-42.

Thomson A, Diamond T, Weng S, Ren K, Shao P, Abadi D. J. Calvin: fast distributed transactions for partitioned database systems.
Proceedings of the 2012 ACM SIGMOD international conference on management of data. 2012: 1-12.

Faleiro J] M, Abadi D J. 2015. Rethinking serializable multiversion concurrency control. Proc. VLDB Endow. 8, 11 (July 2015),
1190-1201.

Qin D, Brown A D, Goel A. Caracal: Contention management with deterministic concurrency control. Proceedings of the ACM
SIGOPS 28th Symposium on Operating Systems Principles. 2021: 180-194.

Faleiro J] M, Abadi D J, Hellerstein J M. High performance transactions via early write visibility. Proceedings of the VLDB
Endowment, 2017, 10(5).

Nathan S, Govindarajan C, Saraf A, Sethi M, Jayachandran P. Blockchain meets database: Design and implementation of a
blockchain relational database. Proc. VLDB Endow. 12, 11 (July 2019), 1539 - 1552.

Dong Z, Tang C, Wang J, Wang Z, Chen H, Zang B. Optimistic transaction processing in deterministic database. Journal of
Computer Science and Technology, 2020, 35: 382-394.

Lu Y, Yu XY, Cao L, and Madden S. 2020. Aria: a fast and practical deterministic OLTP database. Proc. VLDB Endow. 13, 12
(August 2020), 2047-2060.

Lai Z, Liu C, Lo E. When private blockchain meets deterministic database. Proceedings of the ACM on Management of Data, 2023,
1(1): 1-28.

Harding R, Van Aken D, Pavlo A, Stonebraker M. An evaluation of distributed concurrency control. Proceedings of the VLDB
Endowment, 2017, 10(5): 553-564.

Chen Z, Zhuo H, Xu Q, Qi X, Zhu C, Zhang Z, Jin C, Zhou A, Yan Y, Zhang H. SChain: a scalable consortium blockchain
exploiting intra-and inter-block concurrency. Proceedings of the VLDB Endowment, 2021, 14(12): 2799-2802.

Qi X, Chen Z, Zhuo H, Xu Q, Zhu C, Zhang Z, Jin C, Zhou A, Yan Y, Zhang H. SChain: Scalable Concurrency over Flexible
Permissioned Blockchain. 2023 IEEE 39th International Conference on Data Engineering (ICDE). IEEE, 2023: 1901-1913.
FaunaDB. 2024. https://fauna.com/

Costa C H, Maia P H M, Carlos F. Sharding by Hash Partitioning - A Database Scalability Pattern to Achieve Evenly Sharded
Database Clusters. Proceedings of the 17th International Conference on Enterprise Information Systems. 2015, 1: 313-320.
Venkateswaran N, Changder S. Simplified data partitioning in a consistent hashing based sharding implementation. TENCON
2017-2017 IEEE Region 10 Conference. IEEE, 2017: 895-900.

Cao T, Vaz Salles M, Sowell B, Yue Y, Demers A, Gehrke J, White W. Fast checkpoint recovery algorithms for frequently
consistent applications. Proceedings of the 2011 ACM SIGMOD International Conference on Management of data. 2011: 265-276.
Liu M L, Agrawal D, Abbadi A E. An efficient implementation of the quorum consensus protocol. 1994.

Diks K, Pelc A. Almost safe gossiping in bounded degree networks. SIAM Journal on Discrete Mathematics, 1992, 5(3): 338-344.
Mohan C, Haderle D, Lindsay B, Pirahesh H, Schwarz P. ARIES: A transaction recovery method supporting fine-granularity
locking and partial rollbacks using write-ahead logging. ACM Transactions on Database Systems (TODS), 1992, 17(1): 94-162.
TPC-C. [n.d.]. http://www.tpc.org/tpcc/.


http://www.jos.org.cn/1000-9825/6454.htm
https://fauna.com/

2232 Journal of Software TR{EFHR Vol.32, No.7, July 2021

[51] Cooper B F, Silberstein A, Tam E, Ramakrishnan R, Sears R. Benchmarking cloud serving systems with YCSB. Proceedings of the
1st ACM symposium on Cloud computing. 2010: 143-154.
[52] Thomson A, Abadi D J. The case for determinism in database systems. Proceedings of the VLDB Endowment, 2010, 3(1-2): 70-80.

B FR 3252 SCRiK:

[3] HdE)ER B AR, 2023 htps:/13115299.521i.faiusr.com/61/1/ABUIABA9GA AgrrmOpQY ojvvn7AQ.pdf

[18] EH, B=mkE. &l RGMEIB[M]. 58 5 . JEa: &% #0E K, 2014.

[29] BXBAZR, BARETE, MEERG, 71, ZRIEA, FL/NE. N RO O R B A I LI R L. AR R, 2022, 33(3): 867 - 890.

http://www.jos.org.cn/1000-9825/6454.htm

HBRR (1997 —), 55, 1L Ak, 3 B AU
H 39 A 03 A7 B R 2R G A SE O R 4%

il
B PhE(1997 —), 5, Wk Ak, 3 BEE T4

ﬁ 1509 o3 A B P 2R e A 55 AL B

~ e
—T-
&
N
.
=
- ¥
-
) &
1
a

FEZ 71999 —), F Wi+ A4, 3 B 5T
WO E TR R R G S b B

SE 3 (2001 — ), 4 B s AR, 3 EEATT 5O
I 75 DA B P A g 55 S

g
@.

AI(1981—), 5, W+, ¥, 1 £ R,
CCF i JF £ 2525 1. 3 BT FU A0S 0 8
i P Tl B, K0 R e, A
0N AU A RN 5 B R R GRS A

s (1984 —), 5 Wi+, kX A K& F
SR AR A MR 2 B 4 TR, E 2T
P 5% A Bt P T A S i R
e IR

B (1979 ), 5, ik, b ARECE
SBORB A A PR 7] 580, 3 2 T AR U5
N R Z B B 7 i R TS SR


https://13115299.s21i.faiusr.com/61/1/ABUIABA9GAAgrrmOpQYojvvn7AQ.pdf

