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Study on Collaborative Data Persistence in NewSQL Databases

ZUO Shun', LI Yongkun® and XU Yinlong®
1 School of Computer Science and Technology, University of Science and Technology of China, Hefei 230026, China

2 Anhui Province Key Laboratory of High Performance Computing, Hefei 230026, China

Abstract To ensure high availability of data,modern NewSQL databases often create several copies of data so that it can be ac-
cessed from other copies in case one copy is not available. With multiple data copies,it is essential to consider data consistency be-
tween them. This means that the results should be the same when different clients read the same data at a particular moment.
Therefore.a transaction processing mechanism is introduced. In the interactive transactional process with multiple write opera-
tions,each write operation must be performed on both the primary and backup copies of the data,since there are multiple copies.
However, the primary and backup replicas are typically located on different machines,resulting in increased latency when writing
to remote replicas,which in turn can ultimately lead to an increase in the processing latency of the entire transaction. In this pa-
per.we present a collaborative data persistence scheme where the client caches the transaction write logs locally. When the trans-
action is finally committed, the client firstly persists the write logs of the transaction and sends the logs to the coordinator node of
the transaction to allow the coordinator to distribute the log data,so as to achieve the purpose of the two cooperating in persist-
ence of the transaction data. Experimental results show that in comparison to the synchronous persistence scheme, cooperative
persistence scheme can not only reduce the latency of interactive transaction processing, but also improve the system limit
throughput rate by roughly 38%.

Keywords Distributed database,Concurrency control,Data persistence,Data consistency, High-contention workload
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Fig. 16 Transaction abort rate at different levels of data competition

M 16 sl LU L fEHE 23 18]/ T 1000 I, 9 & 5 07 3
TR S R R KRR T IR T RS I R RIE B
a8 ST AR s[RI, SC s 45 Rt R B B IR) o AL 7 56
HS 20 5 F A TT S RE RS TR i Bl s 4+ 8T R TAE
5.3 AEIFALTRETHEFE RS I E Xt

T X S TR R A 7 58 T I R G 2 e T L R A
TR B3~ 6 RS . 4 AP e RSP R R g
50 1A HES N HAEH 30 ANFHRE, B T 2450 /5T
REIRIRIIRE , R 7 R ST IE W B 4T 55 W, il 1 BEAL
R BEAN IR 55 Y R SRR TR SRR S5 AL BT IR S T AR
faf i A el o B AR #EAT IR AT, LK B kAR . AR T
FAEITE . M TRLEHTRAIFRE T EZIBABRIRA
WA AR R RGE T IR 25 5 T R AN [ 3 A T 3R T R
Wk 52 B I

K17 25 0 7 X PIRR T =AY SRR S IR . T LU B, B
) 457 A AL 7 S8 B9 S I [ LG [ 20 5 O /A X R R o R B S
7RSI IRE ABRAEN K S A B AR AL, X
TR 5575 s HLIE 0T DL B IR A O B AR H AR
IR s MR U R AL T b B I8 S 5 H IR AR, b T
HR B HAL Y R 6 B, &R RSS2 commit-
ted {H AR B finalized 19 55, QR AFALE I 4 B0 5 2 H Rk A
XL E IR K S A H BT EE N ARG L
. AT B B i T R R ARIEIR 75 H 74 A3
HE BRI (] 5 A S BOHK BN 1] AR X K

660 1| o~ AFEHALT £
-=- BEHAR TR -

640

____________
e

620

600

KA B E] /ms

580

IS S

640

& RHE

B 17 ORIRE 77 %8 W ek 52 p ) %o L [l
Fig. 17 Comparison of fault recovery time for different write

designs

M 17 s T LU L BE A& AR 55 9 S8 B8, B 1)
Fi AL 7 S8 094 S I [8] 22 28 38 i T 7] 25 5 7 58 9 4K 52 1 (8]
I 2 A PR A7 A L 33 TR A () 5 5 T S I A O o R A



140

Com puter Science TEHELZ  Vol. 52,No. 1,]Jan. 2025

TR, R EECA Sl Ay R AT R D
AT 5 10 B R 45 Ak D7 8 0 W &2 et T 32 3800 AR 3 A At R 55
T RT3 BB RE  L S BOHR BR] 3

GERIE A SCHE S AR M BT M R S5 b R e Y R S
LHEAT T 55 R W AT T AEAE TS A AR
FFEAALKER 0], &1 % 5 A6 AE 3R 0] 80, 8 B Tl 5N R )
ML R IR E R RET HEME N IGEAS TR
S R X e AT AL, B0, I KT SR 7 I 2k
75 7 20 NOTE R 55 2 AV BOHE i 4 A B 5 /NI I 0 T A
B A I R T TE 38 5% 22 ) A B A R R RO A R 23 i
OB IRHIR B 5 5340 B P AR S IR IE A 22 BN 55
A # 3 BR ) T 5 8 0 R g s B RGE A TR B
SRR G B 4R BRI AE AR S R R
TR T IEH AR R MR FRAES HFEIA T H I
SRR J7 PR 0 76 AR BR 97 30 R S PRI R R B kR,

XS IA T R ATAENY 7] B, AR SO T — o A A
fr B— R R AT B %07 WL AR e Ry A MK AE IR
B B A 8 55 b B R SE S R e B, SRE DR IE R 5 7E ABR
TR IRATHE RB AR T 5 59 Ah L AE 15 55 22 1) BRHE 55 4 A K I
T3 55 Bl b b R S 7 A AN IR A TR B L RIE T AR R
PR R T WARA R RIN., Rad, Tz Z i n
TP i (0 455 AN ARG £ A A SR P i R U Ak IR 4 &
T %% 7 v e B 45 Ak B A AE R xR, HEIER B &
Uit (1 ) e LA B — , AT LUAR O (i b 7E 3% 2 S 3K 7 L LU
BRYMRRE AL R & P i B RS . 53 A0 B IR RE AT O R iR
FH T 4b 305 85 4 DL KA R vh R 1 R 45 k.

FoR M TAE B E LT ILAJr i

DEFSCH BRI 52 E B NG R A7 ek 1y, 5
B L FRATTT LA 25 R A 1 B SR i R AL CR L il RDMA
IR IATRE AR T % . BRI RDMA £ 246 B A5
35— P2 A RDMA $2 415 (4 P9 A% 55 B H R, 52 0% B 19
28 R IR 5 9 P 5 AT Dk 2 SoF A i G s CPU % 5 AY 5 FH 5 48
AU R G AR A A PR B T R R R A e R 55 A Y
CPU fi#. RDMA B33 5K #E 17 R A A6 1 5 48 1 R HE S0 1%
R . RDMA 30 525 $ AR AT F LSO 81 M FE Ak %
o, — 7 T AT IR R T R A ERAE P X R TE BEAT R A
PRERAE AT, T2 % T 4R 4 RDMA 32 72 5 #2E B AT, X
B TR A7 A 3T A0RE R S A Ak B 4 A AL SR Y R AT AT CPU,
KRBAR T A7 65T 550 CPU 38 55 — 5 i - T LUK He g A
T P B 3R A B8 R IO 3 I 45 1 R CPU R4
ARz Ak vl BT BAE O 55 W s RS 454, LI RE
b 37 RDMA B30 3 B 4R 4E

DLFE L E LR E PR A TR D HFEE
FUI SR AE B OO 7 R AE G S ) R AT 4R AR SRR T
AHOCFE AR BB 0 & b, Lk B 83 Y R ATREA
b, BB R AR 0 B R T U . SEBR L &P o T L
HEBBENFESNSEMAEDE—ELE AWM E A, 1k
YA AT R AR B AT O L S R 2R R
AT H B K XM TRk MR S T —
R A B B, AT LA — 25 B AR R 55 19 b 2 A o9 2D

b=

RGN CPU FM 45 FF 45 .

3 AR SCH M Ak 32 B AT X 0 2 5 LR 45 A B L 1Y
A K% TS R G T ST R0 A5 S0 X BB mE R . A T 2R
B R — 2% R AT ARAE Ak SR AT 45 B AR B B
IEFHSBAE, Thr b AR HER TR F S A MR A RE
AR It 40 b SCHR B % P I B AR S 7 &, s L B g
5143 M b BEAL ), 40 Calvin £ 481%°) . FaunaDB % 41 4,
L s b 7 B AL B A T 45 AT T4 A A B L AR U i BRI A
AT DA AT 55 R R B I A = 55 i) ) 250400 5 4

DA Ak 3 B T AR AR A0 ] B AR 5 55 v () 5 R A B A
I IR AR NewSQL $UH5 2 /Y 28 48 28 44 9 45 % 187 #4181k
SR L S XA — R TS 5 B AR L e v I B R 5
AR E L B AEAE I X FETE S — R T E R
NG Y U S 7 [ — 3 a5, LA R 45 L 7 BT B 3
HERLBHFITUES ERE . REEEE &5 AR
A B RIE T A 3 A B A0S A BRI, AT B A s D B A
HEWPATHEE, XL EFAL TN EEEK, HEETFR S
AR R ol T RO AN S R R R 1 4% Y L 0K L
BB S AR GE B, % A B3 B B B R G R LA
oAb %ot AT A n I UL R AR A A O S TR AL
P 2 45 19 p999 R AL IR AE — AN ) 55 [l 9 7L ol 7E
H PSS H S I A R — B ], DA S B 0 A R R AR
K W IS R AEAE I 2 A /NG R B AR — A KT R AR
ZTEREIZRE S, UK AL R G855 ik R 8

£ % X

[1] DANIELSEN A. The evolution of data models and approaches
to persistence in database systems[J/OL]. https://www. fing.
edu. uy/inco/grupos/csi/esp/Cursos/cursos _ act/2000/DAP _
DisAvDB/documentacion/OO/Evol _DataModels. html.

[2] FATIMA H,WASNIK K. Comparison of SQL,NoSQL and Ne-
wSQL databases for internet of things[ C]//2016 IEEE Bombay
Section Symposium(IBSS). IEEE,2016:1-6.

[3] BINANIS,GUTTIA,UPADHYAY S. SQL vs. NoSQL vs. New-
SQIL.-a comparative study[J]. Database,2016,6(1) ;1-4,

[4] MONIRUZZAMAN A, HOSSAIN S. Nosql database: New era
of databases for big data analytics-classification, characteristics
and comparison[]]. arXiv:1307.0191,2013.

[5] TAFT R,SHARIF I,MATEI A,et al. Cockroachdb: The resi-
lient geo-distributed sql database[ C]// Proceedings of the 2020
ACM SIGMOD International Conference on Management of
Data. 2020:1493-15009.

[6] HUANG D,LIU Q,CUI Q.et al. TiDB:a Raft-based HTAP
database[ ] ]. Proceedings of the VLDB Endowment, 2020,
13(12):3072-3084.

[7] CORBETT J C,DEAN J,EPSTEIN M, et al. Spanner: Google’s
globally distributed database[ J]. ACM Transactions on Com-
puter Systems(TOCS),2013,31(3):1-22.

[8] Hewlett Packard Corporation. The machine: A new kind of com-
puter[ EB/OL]. https://www. hpl. hp. com/research/systems-
research/themachine/.

[9] Intel Corporation. Intel rack scale design architecture[ EB/OL].



JGE, &5+ T 17 NewSQL £ H5 5 £ B [F) 4:5 A 4k i BF 58

141

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(191

[20]

[21]

https://www. intel. com/content/www/us/en/architecture-and-
technology/rack-scale-design-overview. html, 2021,

MARCOS K A, NADAV A,IRINA C,et al. Remote regions:a
simple abstraction for remote memory [ C] // 2018 USENIX
Annual Technical Conference. 2018:775-787.

DU X Y,LI T,LU W, et al. Cross-domain Data Management
[J]. Computer Science,2024,51(1) ;4-12,

YAN X,YANG L,ZHANG H.,et al.Carousel:Low-latency
transaction processing for globally-distributed data[ C] // Pro-
ceedings of the 2018 International Conference on Management
of Data. 2018:231-243.

MU S,NELSON L,LLOYD W.,et al. Consolidating concurrency
control and consensus for commits under conflicts[ C] // 12th
USENIX Symposium on Operating Systems Design and Imple-
mentation(OSDI 16). 2016:517-532.

REN K, LI D, ABADI D J. Slog: Serializable, low-latency, geo-
replicated transactions[ J]. Proceedings of the VLDB Endow-
ment,2019,12(11):1747-1761.

ONGARO D,OUSTERHOUT ]. In search of an understandable
consensus algorithm [ C] // 2014 USENIX Annual Technical
Conference(USENIX ATC 14).2014:305-319.

LAMPORT L. Paxos made simple [J/OL]. https://lamport.
azurewebsites. net/pubs/paxos-simple. pdf.

YIZHOU S, YUTONG H, YILUN C,et al. Legoos: A dissemi-
nated, distributed OS for hardware resource disaggregation
[C]//13th USENIX Symposium on Operating Systems Design
and Implementation. 2018:69-87.

PENGFEI Z.JIAZHAO S,LIU Y.,et al. One-sided rdma-con-
scious extendible hashing for disaggregated memory[ C] /2021
USENIX Annual Technical Conference. 2021:15-29.

Futurewei Cloud. Chogori-Platform [ EB/OL]. https://github.
com/futureweicloud/chogori-platform.

General HBase tuning[ EB/OL]. https://www. ibm. com/docs/
en/db2-big-sql/5. 0. 27 topic = performance-general-hbase-tu-
ning.

Cockroachlabs. How Pipelining consensus writes speeds up dis

tributed SQL transactions[ EB/OL]. https: // www. cockroach-

[22]
[23]

[24]
[25]

[26]

[27]

[28]

labs. com/blog/transaction-pipelining/.

CARLSON ]. Redis in action[ M. Simon and Schuster,2013.
DONG S,KRYCZKA A,JIN Y,et al. Rocksdb: Evolution of de-
velopment priorities in a key-value store serving large-scale ap-
plications[ ] ]. ACM Transactions on Storage ( TOS), 2021,
17(4):1-32.

LevelDB[EB/OL]. https://github. com/google/leveldb.
THOMSON A,DIAMOND T,WENG S C,et al. Calvin:fast
distributed transactions for partitioned database systems[C]J //
Proceedings of the 2012 ACM SIGMOD International Confe-
rence on Management of Data. 2012:1-12.

FunnaDB[ EB/OL]. https://fauna. com/blog/inside-faunas-dis-
tributed-transaction-engine-dte.

CHEN Y, YU X,KOUTRIS P, et al. Plor: General transactions
with predictable,low tail latency[ C] // Proceedings of the 2022
International Conference on Management of Data. 2022:19-33.
ZHOU X,YU X,.GRAEFE G,et al. Lotus: scalable multi-parti-
tion transactions on single-threaded partitioned databases[]].
Proceedings of the VLDB Endowment, 2022, 15 (11): 2939-
2952.

ZUO Shun, born in 1999, postgraduate.
His main research interests include dis-

tributed databases and data persistence.

virtualized memory

LI Yongkun, born in 1986, professor,is a
member of CCF(No. 33184M). His main

research interests include data storage

and file systems, especially storage and
system problems in application scenarios
such as cloud computing and big data,

management, key-value systems, flash,

NVRAM.

(TR - T 47D



