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Elsa: a Coordination-free distributed KVS for the cross-region architecture
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Abstract: As a distributed storage solution with high performance and high scalability, key-value storage systems have been widely
adopted in recent years, such as Redis, MongoDB, Cassandra, etc. On the one hand,the multi-replication mechanism widely used in
distributed storage system improves system throughput and reliability, but also increases the extra overhead of system coordination and
replication consistency. For the cross-region distributed system, the long-distance replication coordination overhead may even become the
performance bottleneck of the system, reducing system availability and throughput. The distributed key-value storage system called Elsa,
which proposed in the article is a coordination-free multi-master key-value storage system that designed for cross-region architecture. On
the basis of ensuring high performance and high scalability, Elsa adopts the conflict-free replicated data types (CRDT) technology to
ensure strong eventual consistency between replications without coordination,reducing the coordination overhead between system nodes.
In this paper, we set up a cross-region distributed environment spanning 4 datacenters and 8 nodes on aliyun platform and make a
large-scale distributed performance comparison experiment.The experimental results show that under the cross-region distributed
environment, the throughput of Elsa has obvious advantages for high concurrent contention loads, reaching up to 7.37 times of the
MongoDB cluster and 1.62 times of the Cassandra cluster.
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FAAE TR e 2 38 I 38 55 (R T 46 I 1) 8K startTs A48 52 IR (] 8k commitTs Skt A7 310 5 1, i LAFRATTHE 3 93 5[]
BT 5 S EHEAME] 7R R T W S b)Fos B SCRFRIE A B K CRDT A% 458 84, 2 3 55 AT 2
AT, B4 HE A T 55 1) I T A 5 5 R A At o P ) B8R S 2 7 A A 1 R, B T A A B 24 T o 55 75 T LA
R

F55 AR SSE AN EIE 3 R, 70 9 TR SN 5 N B PSP B AE TR A2 B T — 2R H AR,
i ) D L T3 X1 2 75 5 0 A i T PR 5 I TR 8RR XA A o 5% I R R — 2R 5 LD SRAF AR R U o
PRI R (3-7 A7) A5, 2 55 T A 1 oy, 108 N "5 N8 e B 1 5 R A o AL BB b (8-10 7))
EEE T L 2 BT AR SR TR 4 ) 0 T 55 4 S0 B Elsa AR 8 S R R RR S 114 9 55 B B UM AR TE
B, T IS ORAIE AR G 0 T A R AT 30 g 1, P9 3 5% A8 B AT I I A 2 i s FL ARSI Y b A SR AT
Merge #1F .t 2 Ud, AS (A1 38 18] 57 5 A9 55 7 LAJE B 8 b 3 5, b RV it AN 5l — Bkt CRDT S #y ok b
Mo GRAIE. T LA, Elsa 22 Gt J 45 10 bR R SRR 25 20 o 0 L v 7 SRR it b 37 5 A A L, T3 Py 5 55 CRAIE PR R 5
), 1) Hi 6 A2 9 A 22— UM

BiE3 ETHREMNESREIES.

N BIRRZHHES tid, FEIFMEITEEL startTs, F 553238 [AEL commitTs
1. writeSet — writeBuffer[tid] // SREXEE 45 T BT M S HRIEES
2. for record in writeSet then // prepare B %
3 result < preCommit(record.key, startTs, commitTs)
4 if result = FALSE then // Ti42758 2k W, e /> 5 55 4 1 57
5. return FAILED
6 endif

7 endfor

8.  for record in writeSet then  // TR#&AZ 1, 1E 22 AT B 55 B R S5 u I FE AT NG5 R
9. persist(record.key, record.value, startTs, commitTs)

10. endfor
11. return SUCCESS



I T SZ B B
function preCommit(key, startTs, commitTs)
oldLattice ~— DB[key] // BCHREHEAF i Ak 4544
if startTs > oldLattice.commitTs then // & &5 ¥ A A7 75 B (AR X 1) 3 58, T4 58 B )
return TRUE
endif
return FALSE  // T3S kI
15 NEAE e B B N 25 SR 5 ONJIR 45 i A2 1
function persist(key, value, startTs, commitTs)
oldLattice — DB[key] // iStEUEUIRE 476t b OKE 4544
oldLattice.value < value
oldLattice.startTs < startTs
oldLattice.commitTs < commits

L A

AN

24 BIA—HHEMBRALR

T ¥R Elsa RS0 Fr kBRI AT 30 R Elsa R GUHE U Ty — B SRR I 2 0 1 2 rpol Ak 0 2R, AN T 1
ety (RS AT 05) FT CAIRI I 3232 FH P R R B 32 55 1 oK, &1 A 1A e 451 3 32 A 52 R AU 8 8 5 18
F YR BRI A 7] — S0 BT 5% 2R Elsa K] state-based CRDT 45 14 3 £ 11F &l A% 7] Fr) 58 fi 2% — S k.

BT IR 5 28 1 A5 X6 S5 0 96 2R, B DA IR 55 25 4 A 7 B WK AR b P R S e CLARE S R [ R 40
RIZGERF R A O Z A BT AT 2RI B B2 BT A 25K K IS S I 5 A Hh 1 B AT A
I LUK B A Fo RS 1) — BOHIR 2SR 45 ot 49 s 1B) O B0 A ORI AR AN S 4 s X Im AR Y AR R I B el R
(A3 AN A 45 440, 5 A HILAF- g R P S IS 85 A B3 AT 6 R B AT & R R IE I #5 1.1 AR BT, AT DAAR 4 Mk 55
FEYAT B T I RIER 2 ACI =4 MR ENAT 49k 4 451 T 2T R IR R (last-commit-win) KL 1) & A &

BE4 BEBEDRENBESHER

FUN s 278 v IR 55 o T AR R B AR A2 U £R remote_changeset

1.  for lattice in remote_changeset then

2 key < lattice.key

3 if lattice.commitTs > DB[key].commitTs then // J& 3252 1A & 40 )
4 DBl[key].value < lattice.value

5. DB[key].startTs < lattice.startTs

6 DB[key].commitTs < lattice.commitTs

7 endif

8.  endfor

2.5 IERBMEIERR
state-based CRDT &5 #4175 16 SC A e Yot 372 H, 48 H o T B 4% B 2 A% 1 3R B s R T e . W] A2 e A
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TGS A PR I B0 S8 Y B Bl A 5 0 UK B T R 2 FLAR B AR I AT & I, RV AT DAGRAIE B A% 1) ) 9 e 2 —
Bl

X T ARSI H AR SR BRS04 S BT B P A M S5 H T R SILy AT SIL, BEAT & 9F, 24 SILy = SIL,
IITRAY

SIL: U SIL2=SIL: =SIL:

T 23 A5 1A A5 IE . 75 T2 150 B 00 0, 2 T A () 5 R R AT T R I A 2 T AR B PN 48 B (update) 1 $HE , BV R 3k T
T4k 5 4R BT HEAT A FF (B W E) BRI 1T B 05 R 0E T 25 14 X R 36 IR 45 (state-based) (1 [7] 25 AH ¢ 13 T
24 (op-based) (1 [7] 25 J7 ¥ (1 4 Ab 76 T+, 5% T — 26 6] B 63, 2 152 155 (9 48 A (91 G ) 3 84 ), 1 BB 06 £ IE R S5 k(1
& IX AT B84 T B A BRI AT LAYE AN R I AE R A M AT B R, T LA ok A% 3 52 4E (read  set) SR fiF LT 24
SILy AT SIL, ANAHZERF, B T 4% 45 #4110 & 018 18 2 228 I TR CcommitTs) K IR 45 4 5 N R, T84 Ay 48 15
SIL;.commitTs < SlL,.commitTs. Al &5 BRI E G R EBEINF LR GEaRiEt) i H 588 ME
commitTs J& ¥ AH 5%, 1l 15

SIL: U SIL2=SIL2 U SIL: =SIL:

AR e AR E L B F 6 T =AM 454 SIL, SIL, #1 SILy BEATH & 3F I, AN i % SIL;.commitTs <
SIL,.commitTs < SILg.commitTs, 384 MR 5 J5 $2 58 Bk )& 40 ), AT %0«

(SIL: U SIL2) U SILs=SIL2 U SILs=SILs
SIL: U (SIL2 U SILs) =SIL: U SlLs=SILs:
45 A PERILE.
26 ZthE—HMRENEE
BRI eh oG T T RRBO ISR,y T T R, A DR S SR VLR 3 1) SRR i 2 A
DR R EE 1552 55 5 155 S I AL, A o 5 e A 35 B 1 Y S A 0 HEAT AR 5 O AR A WL ) 5 R0 A7 i
DEET RGY FE.2) KA CRDT & 45 K R AG TN AN M I 5 5 5 b 5% AR T A5 I BBL 1, im0 O i KK B
16.3) F:T 70 T BRI A G LAY 254 CRDT 1 ACH R, T BR B0 A% ik 72 ¥ L PP 58 55 1 J i e 1) AL,
PRAIE 22 J5) Bl AS 10 5 e 24— S0k
ATLLE ST CRDT 70 o — S PE SR AL SE 2 I8 . 3R B iSO AIL ) A RE 8 Ak 1 O 55 T 1Y)
B PR B — Ok 1) (H AT B R AR AE 2
AETUAVHIL A — ot Bl U 2 55 9 S o R (RO AL A, JE A 5 (900 A0 0 At A2 3R A5 B 1) 3 55 T LA SR AT T L At = 55 T 75
TG I — FMT A R 75 0 A S I ) A T — et B, BB . R AR A A SRR IX TE B I T
RGBT R 0 RO A I RE 5 EEAAM I 58 =5 BUE BEAL DR AT G % A LT Paxos 55
SR B IR IR BE 08 DR UE 20 A7 3R A [0 55 — S0P, SR T £E — L85 35k f) 70 A7 2P B B2 06 8 A — Bk ZOR B
2 3755 R SR UM A K IE .
M5 F CRDT SR, 3 145 b HuHg v S04 Ak 1 B (merge B 450) 8 28 70 H0H08 &5 440 o, BT 0000 A7 it R 502 4
HLR T — AL B A AT AN 375 L5 =7 D R AL A, (0 5 2 AT 3 A5 S e BV AT KR R AR 1 3 A KR 4
TR B R T, £ S S A I PR B R U

3 AL

RARY I RARZER I 6 Brs, £ E 2 % i (user client). AT (proxy) AR 45 i (server) = AN He, T~ [,
FAVHE 1 S G A 5 2 TR AR B SR X 2R Gt ) S 45 Ak R AR R A B A 3R AT i B
B B HR A SS F P U iRl Elsa RGN 2 FiEE 11 U SR LS S5 R R T B e o A S i A e AL i A R
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I 7 i MR 5% i B e 1B, 3 B A S B A L R O A s ) A T e AR B 4 R IR 2L 2% (smapshot
manager) 72 5 PN 3 55 15 5 I R 1 ) 1 B AL A, 3 AL S SR SR AF AN S G A TS TR BR, HLx 1 b T A 2
W2 PSR 1A 2 o SN 55 IR ST R AR B AR A B e 6 R 1) 55 5 N B I 5% S A A o TR T
Il ) £ i 55 i A, 75 B2 Gossip ISR GE ) #4845 CRDT 4l R 7 A0 1 PRAIE SR e 2% — Sk N i AT TR
XX 3 A H B PRGN BT 23 ) AT A

) Hi
=
P ’(""’Ead Table
/ —
Hash
{ e
X (o (o |
Thread e
Wy Kﬁ Table

\ Serverl Server2
A
N\
N ~
e —————————
sna
Timestamp
Generator | - <
HER —» -
HRERE - > oy
BEEE ——->
FEIES — - >

6 Elsa 415814

3.1 BFuh

& i T P RO s 1T a5 10 58 L AR 2 it AR i SR FH 17 R - B 110 38 45 A 2R SR AT SRS ORAIE T
FH P SR ) B B i B
3.2 KiEim

AR s i 5 P ity IR 55 vt A L 0 o TR L4, 2 47 5T S 55 I O R A i R SE A L

1) RIS (snapshot manager): 7 57 3 55 P IR 10 A48 BN B L & iR 25 A7 RS R A7 PR 30 40 i e i s
AR H S A IR R B S RN T 4 e R G I T 0 R T 3 45 1) 9 R 4 ) A B R B a0 A7 i B i
177 F B BIE 55 10 I R 42 o) 1 A T 0 B30 A7 o R 5 A B AT 40 78 IR 55 3

2) I AR A= B 2% (timestamp generator): FH 145 i 4 J= M — B0 330 B8 1) i 1038, 9 b 25 #4  1) Start TS A
CommitTS J& P I E.

3) BE B4 (router): T 5% R FH P R SR IS 5 13 SR B %F 2 10 IR 45 0 0 AT AT, B AR 67 A8 f7 AR 55 [) it
N T SRR BE U I B0 AS AT R R e R R AR A 6 Bt SR TN AU ELE R AU B A IO L IR 55 v
FURAS MR . HHL AR R
3.3 PR

P 55 it A2 2R 8 AT SERAE A% 4 0, 32 B A ST AR A R R AR AT

1) &35l Elsa SCRHET WAR ISR E A7 04, BT 2 0 0 FR9E N 5030 A0 ok 45 5L A (R B 4 BT DL 2R 51 45 4
BT A0 5 o b (PP S B B ] A A 2 T BN R 2% 1 B AR Bl A 22 5

2) HESPATHEEL: 7 7840 FI F £ RIS A0 I 1 SR A B fA R s RSB BB A f40 R 9 R 1k BRATT A SR
5 B8 1t N A7 B SRR T SR A 3 I R A Actor R TII627) Actor S £ 4 B/ B SRR A BT,
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HH— 2 VH LR FE A — R B 9 A7 DX 38 . Actor 2 8] 3t 1 5L A5 538 34T 3845, T N RE ELBE U7 MW 7 I FA A Y
AE MR T L AR RUAE S R R B O B T 2R A2 4 1T 3 S50 M R R B i) L

[ 2 7 396 2 T W R 1 150 0 75 3R % T B B 152 5 0 SR, AT T e AN T A A Actor B AT RITAT IR [
S5 IR 2 H P A 2 77 SR P AT &5 R R 25 45 BT A 1 81 A (6 48 A 04T  wait-free). 2 J5 78 — & WIS 8] [X. 1) /5 35
GossipS M3 ok 535 4 ) 6 BEHT I (0 0HE LA B Bl A 1] 1) 55 £5: 22— Btk . Gossip buffer 542 i T 176 A b 57
S5 R — H N A7 DXk, 7E T AR I B S TR S S S .

3) AR SEIA: T INERF AT IR FTT —A server P IELHE 2 UL Actor N BT 3E(T 4 FCE 1,
1M 2 /> server [A] I H5HE & 4% 4% 403 1), AR IIE SR eI i v AR X 98 R 2 A0 I 55 SR Il iR s B B i i
SRR IIE 3555 09 J5 7 1.

4) FAMHE: N TR SR AR Elsa RS FRATEER NS N HE R T HAR
B TG SR AR AT R 1 o A R 2 O AR T 5 N R ) B 1A 3 4 R — BOIRAS J5 IR IE U 94 25 25008 10 10 e 14 R ] ik
St

T LU A IR R, FRATT A BT 5T AH AT 1 W B R A5 I R TR 1 B 1] 8] B, 2 SO — AN S0 A 9F
(merge epoch). T Elsa HITCZERFHAT HIHRF &0 BT DLEE — N4 91 8 1A P9 X140 R B0 E i AN [9) 81 AS /O 25 45 AT B
AELE P92 I B[R 42 28 i T, B TE & 5 I N 19 22 B A (8] (308 2 AN — 800 . O T R Jux AN 1) /R, FRAT 38 4
Gt R AT BRI 46 /N J7 25, TEARIE R G 2 TR T SRR A — B0 & Y, AT (RAIE 2 Bl AR IR AT
HEPIEMTE. A 5.7 SR ie & R AR E B 0 A0 NS T, & 9 T/ mT LR E Dy 100ms. A 7 AT
DAAR AR Ml 5532 %8 %of 25 45 o 25 A AR ) A — 50 1) 795 SROPR SR R B8 5 5 A B 2 0, T il J2 4 8 110k 55 75 K

4 R

Elsa [f] R % 520 22 7 Anna & 48 19 IFJ5ACED ARRD S AT 807E 4000 17 76 4. R G B AS B R 7E ZeroMQE!
T BN A P f BTt L A S A, [ A T R A e 3 R 4 Y S A R RATTSR A T ProtobufBF B4k
AR A i THTRE 43 50 AN 7 = s, QB8 i Rl 25 i =™ e o S (08 4 45 R R T SEE I 419 38 4 0 B
41 B

PB4 RS RGHHT R B, % P i i Jax P BN S T IE R AR B, i R A A7k
U 5 F P 75 DK 75 3R 3T 609 Protobuf 750 & 36 45 A B kAT AL B

Elsa 24 /732 % BEGIN. PUT. GET. DELETE. COMMIT 1 ABORT iX 6 F ¥ Z {1 #/E PUT #4E H 3k
ST B P 48 B B BT B ON B N PUT key value, B 4% T 4278 key ) I g B8 97 24 75 W) Ay 4 N\ 452
fE R P GET #RAE R s U Xy B 148, Ho 75 vE 4% 208 GET key.DELETE #5:4E 3T 4o G (R 08 1 NI, 1 V2 4%
N DELETE  key, H.fc Sk IR H BT I8 14D 4L 15 Ay 2 T AS S T2 465 A BSC0% E Hh  BE A0 5% Bl s [ B S 35 4 20
HE M %, 9 BEGIN f1 COMMIT 2 ABORT v & H#H 55018 B FH %, K w4 £ 4% PUT
A GET fiy 4. 10 T B K L PUT 1 GET i 4, R G AN B — S5 i & A i B U3 5% BOA BN 2.

BT AR B i R 15 B R A7 A2 DL 5 D B S R AT A BRI, B DU g TR AR AE AR M 5% 5 1 A R e — 7R )
— SN T W e R B AEIE B DN RAE AT IR F 5 U EATEE T H =24 I H B &)= tid =
ip_thread-id_counter, H1 1P ik, Z&F2 5 FIZFEFAA 1Y B 3G THEUE 4R 745 58
42 KRB

AR B0ty (1 150 5 2R AT SR WA A5 AT A2 BLRSE T SR B T C++ STL A%+ B2 (9 unordered_map 25 4.5
T 17 8% £E A% 2% (timestamp generator), 341157 7 24460 T PercolatorB®Y ) TSO 42 /) % 5 22 (1 48 b S0 S2 90 AH b 8%
F Google Spanner® i i (1) True Time AR & 2 45 i o HLCP 3 fhy R A& SEELMT A . 2K 8 5. SEBLRAS

AREE i (10 % ph R R AR G5 1P R 7 85 14 (1 B A, T ARL AR e ER AL N 1% BE 0 15 B R G 1 B0A
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F) 5 25 1 AT e RALF A 2R GE f 2 %5 9 . Dynamo 2 1 Db #2 BB A A F 608 T 1R @ R G W 40 B
PN B4 47 A8 B T — Bk e A S35 (consistent hashing) B4R Sy B8 B B L. — BOME IS 7 BLVER R TAE GRS A
BE,— R key fH 6 b 2 PE IR £ 07 7] B i (1) R 5% 1 R IR V2 Re i LR UE 5 IR 55 4% 719 5 3 0 SR
A2 HL key EA A4 RIS AE Ve S0 T ORR S5 %% 1 B A T AR B L 5 — D THI 8 ek 8 R UL SO i R S
H, B e ETE LT SUR 95 K B0 TRAIE 51 30K 3 57 40 A Elsa ¥ i 0147 A W E v 1024,

7t Elsa 9 fAR 2H vy i b 24 o P 0 A key H B SR 28 St id i — B e A SR key {EFTB AT A
B A, 2 J5 3 3k B ATL I o v ofe 32 TG v 1) — AN AR O 364 3R I BAT . — T T 5 A R 0L S L ) — SO e A
PRAE T Bl AR 35 57 M 43 T 25 AR 55 3 1 o0, 59 — 77 T 368 3ok s 13 SR B ML 1) 0 BC 28 A — R A 1 BRAIE 7 1 3R F 21 K Al
Xt #5145
4.3 BR%im

CRDT A5 | Xof B0 48 o 9 Y04 AR S0 92 7 380 3 I (Y o 20 A ) A [) [ 205 5 s 1) — A T 1) 0903 &5 W TR 1 0
TG R L2 a0 4] S35 A e AR AR N S e BT DL IR SR 1 B 0 CME RN R TS M .CRDT N BB PR A7 Bl A i d, X
$24t Query. Update 1 Merge #: 1 54 R EATA B A T AR CRDT BRI 46 e M AR 55 1, FATR A 7 C++
HIBAR AN 2 A58 R, E SLT CRDT 45448 — 4 O A5 H: D VE AT L E 2 L2 Ff CRDT 4544,

1F Elsa f 83T H bx R R 55 Actor 2855 22 $i it 18] #0525 4 FH >k P 42 434 AR 55, Actor 22 T 6 B 1R B4 1 T A
17N T SEBLZ B AR AR %0 R T 25 F epoll (19 1/0 2 B2 R, i 3% socket F44 I fil 2 14 R AL HLIR AR 78 =
R EIAFAE K 1) socket 345 (HG BR 1T socket 52/0) 15 L T epoll A0 T select/poll AL 1 & i) v s 2 7t

Gossip 2z X F T A Hu B AR () CRDT B 37 25 S (1047, B B AR UK B BT o B 46 R E s N HE B B A Jd
Gossip P SCKE B HT 45 R R 44 H A EI AR . Gossip PMSUERIE T ¥4 B B & 4 S b Mg R US U R, LA B 4 R i AR
) Bt e 2% — B M 2R G0 b V) R 5 R 0 A A SR B ZeroMQ Y S BA B EE SR I A A Protobuf FEXd i B kAT
FEHUAR RIS 104k LAk 2 388 15 e, B ARS8 £ 4.

5 SW5HR

N T VPG Elsa (YRR, A SOF Elsa 54T 1095 R 2080 2 MySQLEL, openGauss MOTEO N 775 4 ¢
R4 R B MongoDBE IR B {5 17fi%  Cassandral®®\ 7 S HLIREE T #E4T 1 5 ik Xt b, I 46 B5 3K 1K 40 A IR B R
5 MongoDB #E#f. Cassandra AT T MEBEXS Lh. B b 2 Ab, A SCIB %) Elsa MERERE S TIELIE. RIAEE
RASHB I B8 AT A7 SR8 80T AH B 1) S5

5.1 SLEEF

511 BXiEomLEINEgE

5 X A N se B Rt 4 MXIRK 8 BFTE = ecs.c5.2xlarge S22 %, 7 547 F b 5T (k) B (4B
&), YN (HETE), B ER (P9 5, A X 48 %% 2 A 5245 454 ecs.c5.2xlarge S & 8 % 2.5GHz [ intel 4L BE 2% . 16GB
21777+ 40GB SSD LA & 100Mbs PAK M #:F R 4545 H Ubuntu 16.04 LTS.
5.1.2 B ELHITE

NS FH T — A1 EHL B AMD Ryzen 5 2600X 3.60GHz 6Core 4L #%,100Mbs LK ,16G &
17 17,256G SSD, #:1E & 48K Fl Ubuntu 16.04 LTS.
513 RS

T FRA AR Elsa RGEHEH I JE T — B A B A TR A . SR IR R B IR MVCC ZEpL i g
%, 34115 MySQL. openGauss MOT 1 MongoDB &5 F AN [F] 43 AR LA SRR PR RE R 25 2 45 1 08l i R e kAT
TEREXT LIS F BN T AR Elsa R GRS I 0 A SR EE T (1 R Gi A k&= A AT #0 R 1, 34115 MongoDB 4
Bt Cassandra $EREHEAT 7 IR AT Ll Sz 56 T T, FRATTXF X 26 6] b 2R SE kAT 7 B A 4.

a) MySQL J&—3KIAT 120 R BEUE ) 2 R A T & K AR Ml R MVCC BIAR S T 32 24858
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A S A 1 B 4 TE SR I R BRATT MySQL R B DRI EE 5T A 1 B s 4 .

b) openGauss & H A F IR I ¢ R BYHIE BE , SCREAT FUAF A AN A7 56 2 PhA7 i 51 38 SE B0 R A 7 86 T OCC #
A SFe RAIE 3 45 3 K 42 Hl i openGauss MOT W17 5] 4.

¢) MongoDB & — 3k T SCR4 19 NoSQL ##% e, 3 Rfifg EEHUE 15’5 51764, 5550 R Al 7 H 2T MvCe
FEA S (1 PR R B 4 .

d) Cassandra & — IR AP 25041 20 NoSQL %4 2, B A B 15 19 40 JE 1k 3+ R B AS 1 fe & — B0k
514 HHRE

T 784y MR Elsa fEAN [F 5 R 4 S 8 T 19 R G nk &, R ATE YCSB MR AEZE (At b 3 kAT T
MK e SOE . AR B BN B E R LN EZ MEBIERARNFS IFQH - mHS, HKH
55 G RF IR AN B Re 8 T A T HLMN R G S S5 AL BERR 70, BR 208 YCSB-T. X - MySQL. openGauss MOT ¢ & %Y
ol 2 BATKE GET A1 PUT #AE# 4L ABIR R AIFI M. SELECT Al UPDATE #:1E RN T fRIE 5256 A9 A 7o,
TR Elsa 5 G0 = 55 08 B9 400 1 BN PRI R B9, 90X I R B #0005 R 51 LAl KA R Gt R,
52 BHAFRATENELEXLE

AT ERMRATE RIS T (zipf coefficient = ) R Fr it &8, B AR LA 613 i 10000 4
BISIERAR.E 7 B/RT Elsa (replica = 3),Elsa(replica = full),openGauss MOT,MySQL,MongoDB PL &
Cassandra [ % i & i 5 1 5K 4R A2 2= 10 B9 N 1) 2844, replica 43R Elsa [ &I A< %5 (Full AR 42 4 4, AR 5256
B4 16), 55 I R EFEF M T Ak B 5 KA E B A br S0 45 R BoR 1B I R R R BN T 14 B Elsa
(replica = 3)# Elsa (replica = full) i) 7 mt & A0 22 A K BAR T HoAth R8¢, W 78 I K iE R LA LK T5 T 14 1, Elsa
(replica = full) ffy 77 ik & 3ot 6 v F JoAth R 4.

High contention(zipf coefficient = 4)

35000 DOElsa(replica = full)

32520
OElsa(replica = 3) 31573 —

30000 mMongoDB 27290
O Cassandra =
§ 25000 gopenGauss MOT
g BMySQL 21148 _
S 20000 [
=
a 15152
<
S 15000
=1
2
= 10000  gppo
) [1
2 a 8 14 22 32

number of client threads

B 7 m RS T LA R X

TR R IE LT ,MySQL. MongoDB 4K I B WL K AR E B RIG R4 2 HBUSE SR 2 . 081 55 40
AR T4, AT S B T #F ki 5 T B .openGauss MOT SR I OCC HLHIA BT BN H), 1% & i £ i v 8 77
B8 IR R N R UL RIS 1Y Tt %A Elsa B TR T Actor Je R B IS T CRDT (#—2X
PEBEAY, 2R G5 1 W R T4 R OK AR 76 = 9k 4 IR A7 1 1k BB AR AT
53 RHALFATENELEXLL

TEAR I & 4% R (zipf coefficient = 1) R4t 1) & ki S0 56 25 L an B 8 B, 1 UG B, 78 R 1E SR REHUN T
14 iF,MySQL &&= T Elsa (replica = full) . Elsa(replica = 3),1H 2 FE AN KX A& B T b I 55 4% 19 3 0k 1 AR 6
i, MySQL At % H B AL 1) A S i R0, W 7= AR K = A B R R 45 AT PR R GE i ik i
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M il 2 51 & 2R FE A 38 i, MySQL 75 ik =4 FIT T F#,Elsa (replica = 3) A% T Elsa(replica = full), H F gl 4
B I 2 7 K B B AR A8 55 T84, T DA A ok B A X 2 v AR AR I R (R 5 0, 9 2 4 SR i 7 1 1140 8008 1 4
A8 N385, B AR B T 5 3 R SR 5 L T Elsa (3845 FF 84 25 M B2 A3 0, AT 5 8078 3 k1 SR 2 A 3N T
14 B Elsa 114 BERE % T MySQL.

Low contention(zipf coefficient = 1)
30000 BElsa(replica = full)
OElsa(replica = 3) 25827
25000 ©@MongoDB 23835 B
O Cassandra 21212 —
OopenGauss MOT ] ]
BMysQL 16824

20000

15000
12152

10000
7692 7

=~ il A

4 8 14 22 32

Throughput(ops/sec)

number of client threads

K 8 ARIF A 4 HI R B LA kX B

54 BEYNHAEHNELE
I 9 1 10 B, 20 5l 2 A8 5 38 1) 23 A1 ;3R 85 K Elsa 5 MongoDB 48 . Cassandra £ #E7F AN 7] 4+ FH RE
B R I e B X L PR T R IE S 58 A ST FRA T B AR B A s B A 8.

High contention(zipf coefficient = 4)

80000 EElsa(replica = 8)

70000 OMongoDB 69414
DOCassandra G‘EB
< 60000 54795
[ —
2
3 50000
S 40868 _
5 40000
Q
)
S 30000 26101
2
e
= 20000 15414
10000 |:|
. Lo BIEE B BIEIE B0 I
2 4 8 14 22 32

number of client threads

9 EE ISy AR TR BT e H R P A7 A A e X L

TE T 3R 4 A 503 an 8 9 BtaR, 7T LG 3 Elsa & Gt (10 7 k5= BB A 0 K 2R AR B0 3 n, #r ik &= 2 IR 21
b FH & H Himim T MongoDB #i1 Cassandra ££ 5. HH T~ MongoDB SR S #F 3 % 4244, K BB AE = B AR AT
EEAEIRDAEMNRBIA FTUCRERIF RS HASTARERINE . BEETHE. A5 R2aNHFELERKE
fi.Cassandra S H (1) Bl A2 S0 VR RIS 5255 11, T LA Ikt 2 2B BT i 3
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