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PG-RAC: PostgreSQL-based Database with Shared Cache for Multi-write Transaction
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'(School of Data Science and Engineering, East China Normal University, Shanghai 200062, China)
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Abstract: Single-master multi-slave is the mainstream architecture of cloud-native databases. In the cluster, slave nodes can share the read-
only requests of the master node, while write requests are handled by the master node. Based on this, to further meet the demands of large-
scale transaction expansion, some cloud databases attempt to implement multi-write transaction expansion. One possible approach to multi-
write expansion is to introduce shared cache among computing nodes to support cross-node data access. For shared-cache database
systems, the overhead of cross-node remote access is significantly higher than that of local access. Therefore, the design of cache protocol

is a crucial factor that affects system performance and scalability. This study proposes two innovative improvements to the coherence
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protocol and implements PG-RAC, a shared-cache database, which supports multi-write transactions based on PostgreSQL. On one hand,
PG-RAC proposes a new distributed chained routing strategy, which disperses routing information among computing nodes. Compared to
the routing strategy that utilizes single-node directory management, it reduces the average transaction latency by approximately 20%. On
the other hand, this study also enhances the duplicate page invalidation mechanism by separating invalidation operations from the
transaction path, reducing the latency of the critical path in the transaction. Based on this, PG-RAC takes advantage of the characteristics
of multi-version concurrency control (MVCC) and further proposes to delay the invalidation point of duplicate pages, which effectively
improves cache utilization. TPC-C experimental results show that for a cluster with 4 compute nodes, the throughput is nearly 2 times that
of PostgreSQL and 1.5 times that of the distributed database Citus.

Key words: cloud-native database; shared-cache database; cache coherence protocol; transaction processing
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FBARTZ I, FT AR SRS X —AT . MR T Hr 955 5 RS R IEAEIE T, o UE SR B2 IR, s m b, 50
SRR L BT o B 5% 45 O, AR R ZORAS O . X R R, PG-RAC SEIL T & /855, I PostgreSQL 1
B BN PR DA E AR B SR 22 R PE R S A8 P A2 IR, R it 4 JR IR 5% A 2 R M RSB
224 FEEALIE

AL HFE T PostgreSQL H ] BEMISEAIIE UL, FF1E PG-RAC HSIL T AH B (I SEA AL B 7. Bl dn, 3545 t1 F
5% 2 I RPAT, 11 FEAT ol BATHL, 355 2 BATBH. ©2 FEE 1T o2 AT 8, JE 8 ol AT X RIS DUk P2 4 28
B LEARTT I R AL 5 DA 2 H, PG-RAC & KA E 58 H 1077 WA ERAT G 58 . 7538k Gt S (1 [R] B, 17T DA
FR4s bR HE A 1% 50 .
2.3 HEER
23.1 CSN H:&

PAZIFS CSN bRl —ANFH 5 K& RIASIFE, 1 CSN H & 7 37 id k9% 5 M CSN KIS Rk R, $UAT LR
A DAZE A FE45 PRIRAT CSN &, W7 4038 (0 3 — FRAC & B ] .. AR HGE B9 1) CSN H A TERR 2SI T 51 GTM,
LTM JoiE A AR T B m 4R 15 0L, R OE f5 E— A2 R [P B AS . AT 1 &5 5 CSN H B 58
— R, MREFESITHI R LR CSN HEFER. AT AidFE M EE R Hi CRBHAE, X
HAR T LI FE A2 3 K.
2.3.2 CSN Hilukis

FEHWHHATIE A0, 7 EFIEA M O & FD LR CSN H & AR 1ML CSN H B — AN % E (3R 1,
FHRE R TS B K2 Lo B SRR A IR 3G I, ATk — 2D R S5 YR 4+ A 1) @ PG-RAC & iR A — AR
JH[Y) CSN $i EYZE A2 FFER B CSN H &, X5 3REL CSN H & #1E B = 55 %A% rh 40 B8 H k. 1 45 SRR R
B, oA S R P R A Z 4 R B B CSN B AL E, i RA B R E S, W5 RSP, X —RiTid

FEAE B R, F A5 SRS () R DA 2SN T 3) kG T 2R FEH RAB AR CSN H 2, b g,
233 ik WAL HE

SREL WAL I35 5 — N R AR R A, A — 2 BAT BT 1) SQL 1A mT Re 0 & 45 T 2% H &1l 3%, Ht el
BN RS540 L H S S R R AN 2 PR . PG-RAC %E4E Lamport 32 48 B i B SEARGRAIE 42 = 1 H B0 — .
AfeRit, HES 0 A HES MR HES, A HES e A B EE SR IOALE, &1 S07 5 A FA
BWBEEX. 2R AESHEAFRY SR BEMINT LR, BFAEERTEENMERALS. 2RAES
()3 T AR ) — 5 s = AR 0 A ey B &5 3, TR S /I 4 )= B 5 R TR AT, X s e T R —
ANTURLG BE A S5 H 3507 — 2
24 HPERE

EHObHEMGAHES td (&R ES, AMBES) FREH BT, A HES yuhaath H £S5 N7
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H, &R HESHEERESNT. 55NN HER, ANfEEAMH S5 52R/RHES, BeRHES 54
BT AT WU, R, i 4R H S S5 BT F2D . RO B9 i 2R H B S S50 H &
X35, IF ST AR H B R AT TR FP 2 R HET S N H I 42 R H RS IR SR KT R A A H i T
AT A ST ST oL AT AT DAORALE, W SR PSR AR 2 IR AEAE i R, B4 4R H 5 SE/N 0 H S AR L 1
B KRR
R RIS, AR 4R H S50 & R A H ST SRR, 8 E M B SOT IR KR R #R A2 AT
SR, ARAE TR R DU F RSB B R T e MR I TE A B2,

3 DB REE

DU 75 R AR AR B, 5 2 USSRy 2B A R 1 s, DA )5 2R mT UM TR (19407 B SRECTT . s Iix
—H0, FEHET) AT H R A7

BT TR AE 37 SR T R A 7 2 R AT TH R R, AR S A SR T B SR L
THFRRBEFRE BFICFERNMBEGER. B T ERME H 3. 75 B fEvr m e, Ui i) B 5% DURIGEAE B
JBALE.

PP Z T, BRI A7 — S U SOE S 2R SEIL) 4, AE SR o R B A o o R e . Tk
L SRR A, S X8 SEE T S  SAETE A ML i 5, TR AR R AR R ROR, BRI, W
48 K AT R ORI, FoR, — IR s R B T USRI BT T A B AT, S AT AT A I 4 8 B 2 PR
e I )RR AT, M S R R M . TR T E S0 7 32 B W 4 g 5 N, B SR AT R

TR R B, ARSCRA SR #1007 NG B A7 — Sk, 2 %5 AL T B R A — SO B AR SCSEI T
HOOEEAEE B, FFTERCEA BT T — @ IR R, QIR iR T B SRR
3.1 FOEGFEIEREE

TEFFUR— YRR U7 A B, THE Y s a6 e SR E DU 1 H AR A B A S = G2 A7 B P K 6 el L ) 15 v 2k
K EZHTET HRNEA SR B B RGBS — S ARG B, it vy )% H 3%, CPU B3I A21T
0 BAF ., AT IR IEH B, B4 H RO MG AFAT AL 1254 I E AP HR P 1 A5 i o, mTRLS Bl
P H R ZAFE RS, H MRS 1) F ZE TR R L0 o R 5%, FF45 I UM (436 & 17 . -A117E PG-RAC L3k
LT X PRI I 26 EH SRR, FRRR R O R L

FRAE O A B, — R B R U I B 3 NP IR

(1) Xt GCS 19 T T 0 = s HE B, RISt R, K 32 D07 B VR A SR [ 45 1 57T R

(2) VREAT AR N RURIETE SR, F 1 R R SR I T A A

(3) THEAT RSB DT, FRIX A GCS KIXRBTAE K.

BAR, RO E B R AEE AN R 1528, H O IR — BRI, BORIRE T RGN TR, K
W, —VGEREVE S T [E 2 K 3 WARIRIEAE, 4L K. N T SR OISR, 559 REExT GCS #E4T 2 A Ab B,
"D EBREREAAN—ADTE, RE— TR LM T 1A R SRMEE 88 & 10 1 AR T E S 3
fif PR, J9itk, PG-RAC $& H T —Flgi B 14 341 2 B AL, BT B A e 77 moo A 2 A7 B T 1 A BRI
3.2 $EBEERTRER
3.2.1 AT

WP 3 Fio, TEEE SR B, AT 05 I AF R O — 0 SE B R R 3R, I R SR AT A TR 5 P R A
SRR BRI T AR BITRE BB, Fa 1A R —ANE NI B L B SR ANAE E TR s B — Ik
T TR IR AR AL, B RS A (R 3 TR ) 0B 3 TR RS, A5 S M R 2R, 4 DU X R 32

THECY ST ) DU AT, T ST A A 2R QRO K S RO A L, R AT IR Y 0, T AT
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B S R B O AR ), YR A1) R AR 1) ) S AR DU RS T SR, MHIRARES T, AR it i R A A F
TUH B AR S, W) GCS RIETE R (42 R TUH B 5 1 kU5 [ M 2] GCS). ik GCS A HifE R, &
B 2 UAEAR ff— AN 19 b, 75 ML AR5

MRS IR PRI ORI, A F) % 1 45 A2 7T A I D, SEBn ) 35 0 AT R L8 i e A% 8 LA 4 e, BRI B 1
BRI T — A R, RS T TSP L & BLE RN 5 el R mT BAg B 45 <8 X7 . i 3 P,
T pO FirJ& 95 SRS T 5 1, 2, 3, BRI AR T 181 3 A 3R, 9 0 1 M sk e i, D7 19719 5 2 IR 79
FOTU AR BT a0 3, B R BT A0 3 Je i & o711 1 3 3 [l 5 DU

/ AT 1 \ / TR R 2 \ / TR R 3 \

Ay | JUH | ETR| | L— g | DU | EHR | iy | DU | A
T 0 2 1| O | s o 3 1| @ T 0 3
% Eh 1 1 1 1 % Fh 1 1
=R . (BT S
PO pl p2 |
NG J
B 2o
E s
[ mriget

B3 gk L
3.2.2 AU R

B — N9 e R T 20U ), K5 T SR B S s AT, #A A — NI R S R BIA . X R IR A I
TR ETWOAWFR T, W AN HE S IR T0E 4 Sk, X FpyLk N B7E S %7 N —2E TR L. PG-
RAC I RGP T4 T3 — ) 8 258 2217 SRR R SR ST R — DS RRAIER. 2797 s 37 A 3 4515
PR ARG R, F TR ET, 14 £ TUMERH R — R B 9 0, S5 2L £ mi B SR 0%, ETHB U E
P il — YRS DT )5 NBRAE, TR I 3 DGR 14 3t AR L e 3 ph TS 36k R R T AT B 21 R R S AR U ) 1 SR
AR NERFHNR, AT AL B,

323 HEkb#

PG-RAC SEIL T 8% FH IV, LA il o 45 Hh 328 B0 5 R 17 10 A DT i o2 — 9% Pl 0. 2% P T A A Ath
PRI IR, AR ST SR A T 6 th 3R, DRk L 2280 A 55 1 SR I 75 6 i ph IO HE A 8. DR T 8k b SCER
DV IR, ot % FH U S T SE R A, E DU RS I DU ATRA B — R k. B E DB R, REBUR IR A &
A HA IR, AN B FE A 24, TR TG 5 AT SR R .

FERE TR BT @A B R, U7 0T SRR R B0 1T 05, 1% s a0 DT P A RIS AE A BT 0 R R R A A

3.3 HERBEML

FEERBETH Y R RO OU T, B 2B R AL BT PO PR 8. 200 TS IR S 0L T, BRIR
TEFE VT ) ER R S — IR IR IEAE. 4 1T RAETFIZAT Sysbench S5 VR A 61, AT LAGRIE 1 21 2 Bk Py A5z B2 v 1] o B
BT 85% LA L. SR, SEFELRELME F I R S (5 D0 A A 2503 22 AR ) LT R S A8 e B ) B A K
JE, W] REAE AR VS i A 2 TF A R O B E LA R Y 3 UK. BARAE I G A B R AR R B 2 S R
AP, XA R AT IR ASRERC AL, Rk, ASCICEL T 4 0 I BEBR AR ) TLANLA, LA I R 1) RO AR VKL

DAL a. T R S FAEER G, BE U7 A i R b AT RE 2@ AR AR Y . WEAE R R h T LIRS v )5 A % e
RAEB SOOI 1. IXHE, U P )1 UG 5 1 SR AN 75 25 622 R bAL . ILAL MR E 2 IR A T
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iR, REDIRE BN T L EIFETT R E TR, )5 SR Ry 15 2 1 BELZE.

A b. $ 4 IH DI 3= 3 SR AL 75 A M 28 A7 B R S A A 44— AN B A, bac DT A 2R 380 K% DT
TINBAF. J5 & BB 2 J) SR 1t A BA S B TH DT 3647 S8 380, X REORUE T 2 @I AR AR 6 2, vy LK AR b it p 26
R ERHURE. EH LR AEF F R, BRI AN 55 iR,

AL . 3T H—ATUH, A x RF TR, 5 LR 77 AEFT AR GCS M FE &, 21—l
U 1) R 149 s o — AR E y I, I8 I V5 1a) GCS W ASEI MR Bk A%, LIS/ U 1) 85 1K FE . x 1B R 445 72
—NEIRIE ], SN xS R BT RIER N, R x [ RE GCS L TR 5. [N, 7 Bi ke
B, SRR x < p. X —HL 32 BT T RO K AR s 1 L.

Rk 1 T RS, — e s R AR, o next_owner 7R HE AU I B — ANV 1]
HI75 05 id, local _id N8 875 /5 id, num_traverse 37~ 2411V In) Bk#% L.

25738 Wi v R AT

N TR T buf desc, Vil mode, TUTHTEEEFS x I HT—IR GCS, HLIR Y5 ] Fe KB IXEL y;
S v bt addr.

1. begin

2. next_owner «— buf desc.owner_id // SHUAHL % HH R, SRS H{E B

3. if next_owner == local_id then // U7 T A 221 X

4. addr < Hash(buf desc)

5. return addr

6. else /] AL TR G R X, R B =) )

7. num_traverse < 0

8. response < RemoteAccess(buf desc, next_owner) // KACIZLFEV 71 3R
9. while next_owner # response.next_owner // FENBkFE, B33 B HER AL E
10. if ++num_traverse <=y then

11. next_owner <— response.next_owner

12. else

13. next_owner < AccessGCS(buf desc) // flitk b: Il ges HHAT YL Bk L
14. response < RemoteAccess(buf desc, next_owner)

15. copy response.page — BufferPool // response PN 3R (19 T [HT N 25 % D1 21 A1 2% X
16. if mode == Read then

17.  buf desc.owner « next_owner

18. else if mode == Write

19.  buf desc.owner < local id

20.  buf desc.num_traverset+

21. if buf desc.num_traverse == x then

22. UpdateGCS(buf desc) // itk c: TBHi GCS B K
23. buf desc.num_traverse < 0

24. return addr

25. end

TEZE HBVERT, 1 Jent Oy ARAE A 19 B8 B0 an T 3RS, R4 Hash FI DD BB 50\ UL TH F IR 7, 5 1R A Hh R g
3%, IR EME 2 T EAL B addr. 31 RemoteAccess 1) RE 2SN TR IR T buf desc R E FR1T A id, KALIT
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FEV A, IR [AE response N H AR M HIEI EIHE. B3 AccessGCS ITNRE &M N TR TF buf desc, Vil GCS
Ja [ G P AR AL B

R — U R R S AR b 2R (B 2 47), SREUTHI 26 145 5. 40 S0 07 DT A T A< 2 i X, DU e ik
R A BRECR I TUTI SEPRALE (3-5 47), HR B &L, WA DU T AR 2 b X, WK — G2 v 1) (7-15 4T).
FRIEAR AL b, B 2Q7 il o R b S o R s 25 VB, F U i) GCS HEAT BRI Bk S (12, 13 47). @i 5 7 3R EX
IR TS, FRIECCARME R (16-23 1T). |G, IRIEDLIL o, BB 2 IR ETT GCS /78 (20-23 17).

SR 40 A SCE FUHS HH S R 2 PR 1B R . IREE B TR 2 3, AR P B 2URE tH RS 5, Bl 6 &
THE S PG-RAC S RI21T Sysbench LSRG H#k, AT LLORIIE 1-2 AR RS HIm A2 U5 1) & Eik 92% BL L,
SEEEAEAIR KRB 1.45, BEERT H O A B ARG 1Y) 3 JOBE EIR. [FIR, Bt BRI 2R T @2 17 00 1Y)
FEAEIR, 3-5 YATIRIBAF KI5 1] i HUAR 7%, AAFERAS BT 5 B fs vy i),

3.4 RREEHERE

FE 25 HR oAb DU B R AL R, BPASE IR B0 ol e, DR DA 1 R 7E e B FH R DG B A b, HA IE R 84771
WAF /R AL B, RA S5 RHETS RS 2R G A4 T B AR SS. EIA BTV, IR B 4 s i P
BEN S AEAIFERBER A E ST ES, AR E BT DU o A LR U R A5 5. 28T 52 bR
b W A R R ERE AR U R RO A R R TR R B, B R E A SRR R
1 H &3S E

TREH T UmERHE, ICF TN ZIEN. fE3T TR, BART S AT # 3 &, @5 =
TR H &, BI0Taf e s s B 3200, BRI T H B E MW7, DLURAEE MR HE R, T2,
S S R S TR R TR Bl s, T 2 D U 1) R B Ok A A AL U AR . AT 4 A
R ml H B HEMOE R, JF 405 R A T I ).

U5 R A B0 R IE 5 5 BAR W a8, RIFEEMH o/ B E S 54K B &5 ZndinE4)R
. MR TR, BART SRR ZA TS S ANTEHH, SRR B E WmER A EEHS RSN T
Ak, B A, BRAIETUI B\ H & — B IE T S SC BT R A, 0S8 N B BT R R AL, U003 DTS S =
FAATIARIRZZ, BT LA T TUANTE Z 8 BT b, 7R 2 BT b (Rt 2 S i A, S R TE Aff 1.

4 BIARTURHHH

L% R HIRAT — B SO e, TEBR A2 B S R 2e 2 AT, o CPU & B2 77 06 i [R] 25 M b i
KRR, VL ARIE B 1 — B0t R824 CPU 350 R, [R5 RN & T LB 32 14, A #: CPU fil(E
KR RESR AR A REIR . SR, o P X 4 2 I L SR A AR B, AT IRD R s PR B R R G MERE. AT IX —
] 8, PG-RAC &6 2 WA I A Fs il i, Sk ) AR 2 AL R AT T AL

TESE 2 Wi rh T 4R 3, PRERER B 25 N M 55 AETF IR AT 23K — MR AR X AR, — AN 55 (SR AE nT
REAE F T2 0 IH R . U 2 TR, RIS A7 BUAS /& BB ¥, Forh i m] BE 0 & 7 B A7 1 IH AR o F—
S B R 05 5%, X IH B BARAT R T WL, C TR R A7 0L, T DL R, AT L — P BGs Rl AR TR
B 15, A SCHRH T S 55 BRAR AN RN, B SRR E N 55 B AR R 40 B HE R, AT RN S5 R BRI B R 5
b, AR SCIRHE H 2 6 22 AR AR I R 1) J V2 A AR e, R T TG R AR AL, X — AL (5 45— i i) 1 D T R AT 14
B, BEAR T BIA [R5 (AR AN
4.1 BHEEIMEHY

A FR LR AT — B0 1 1 S AN R AR R, 2 2 R AR A8 e A S B i R AR AT AR X R B A
2 RRAS B PE, 2x it Rt K R RS AR 3555 B B M I R, RIZS F A MBSO T H A R H 55, A5
AT L P25, R AT DATE 55 54258 (R I 20 Gt — 0T R A0 5T AN S %%, PG-RAC #3545 B & ek
LT A o — Rk, VRN BRI, T BB S 5 MBS 5, IR o T A RT DURA 5 SR A S BT R T 4
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LB R AAT B 0B AR [R5 45 R (BN AR IR, #5457 J6 55 55 AT I IR PR [RD I 2t 1 5 255 2 TR K B 5 A, T
BARIET R G BANERE.

HEAEIBAT IR I W 2 AR E T, BT B, X SR IR A S5 B AT R, Db 55 A FR N T g
AT BB FH R PRI AT B, _E IR AL SR A XX — il ARG B DAL, BT IR B 58 A R FD S5 A BN AR IR,
A HL AT R B R (A, K™ TR I8 % 3 55 PR AS. DRI, ASSCHR 528 SR 2, W 4 P, BB R AT
J TG 5 ) 0 1 S5 A S A, A B PR RO B R, T BASE R 55 Rl RS TR — A Rl
LoRE, S TR B RO S AEREN SRS TT AR AT, 75 2 ORAIE AR A2 2 55 ) SR 20T JE L B A 1l 2k i A 2% et
[T FEGED"— A2 B current CSN, IX AR B RIS ARG B AL A A HE 0L P2 . 255 T 0 iy L e bR R Bl S I ) 38k
AT 2SI ()X, PRE 5555 RE T T A,

CSN=1
A
/ TR 2 )r ﬁEPO,Pl

Il W
E E J Wﬁgszljlzis

WIS | KA CSN current CSN=4

L ~lemesn-amgs s e S
! : . [ oz e i

TRIECSN>41101 245 55 T 4515
\\\ o - 4/) [0 S Sk

K4 FEBBINRBURER

T A5 R AT R RIA R AL, T R A AR S P [ 77 3K, PG-RAC T8 40K 2R AT 255 B 42 v 70 5.
55 GE R (N SRR I (R A2 2 55 OT AR AT, (E2 H S IR AT R AZ BOA TR SR T EUR, I A A R, BIA S
BELFE I 2 55 (M3 AT . S5 B4R SN R LRI AT R0/ N 3 55455 AT SRR I 1), 9D BEIR 4R, 327 T R AT J 1.
4.2 HEIRTIE KA

PRI B 25 ORALE 2 55 P HEAT 1O T AT S A B0 7 S 500 2 10— SO R, 3k A PR IEE R 25 (1 2 55, LT I
I EE VO FAE S 55 TT a6 I it D2 gl € . H 5T is Tl R T B A R A S5 B R 5L, X T3 55 2 AN mT L.
IRAEHT 4.1 75, RAOH B A AIE I HL Q2R B 55 5L 5 Z1. (H2, X F IR S, —#) Cbric N
SRAL M AT BEAR P15 e 55, BRA T i ) B R

LAIEL 5 D95, BIAS TR T /L (BT R0 AR U RN TS 355, T mB e T 188 1 e F5RAL, 248 AT
RIGHESSHI CSN A 5, AR5 SRR A B A 3L 75 . B s ZRHUIRIE CSN O 5, SR J5 &l 8 1 04T 14l
PostgreSQL [ A4z i SR B, i THT 3G FRCACH) CSN K T4 - PRI CSN, 3 — AR A T Il 75 5 48 55 A AN AT LI, S8
B AT WL IR AR (& P F=a IIAT) 75 I TURTHT U0 #1726, RIS 1A TR B A R 1 Sk iF (¥, B AR s 2 3945 2 1T
(g — Bt DR IR AN 55 B LR

HARSHLE, PG-RAC 1E X THE AT i 44— Mg Ay F 0 R AP IR . w] DA ek e 7y 2 72 0 3 D2 152 2 0
W A5 RIL AN R T B TR RS B, H A 64 ALBTBRIR, FRORRL CSN. R AR #2355 R A, K
AR FR R0 B WA R 2% H s i, SR A0 S5 R 1) CSN £ IR 4 1 45 28 R KD 2R 3 CSIN, T 488 1) 2K 200 R
AeE A HTEA.

5 I G h DXPY R U A, S B R RS A 3R A SR S IR CSN /45 U (1 2R 2% CSN, i WIXS
TARSM S, HRA AR SCR AT ILE, AT LAGK SR A 0 TH DT, 52 3 I A H IH 00 %3 55 © 2R AL,
i L SRR R DU RS R DT IR, 402K e 75 R B 2R 2% CSN BN SRR CSN 928 3o LN Il A AN
TR .
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AR UL LRI, 2K 2% CSN S B b AT LUR 5 B AR T AE BEA I 8] 2k b 40 0 — Br. Jlid LR PRI CSN AR 2%
CSN (RN, i AT LU RE DT 7 5 55 J2= i B A 74

U Sk
R JEt CSN ekt
1 a 4 NULL
2 b 4 NULL
1) I a5 INFINEE %8
2) BB =1 G4, coll: a—>c 2) FRELPLHE CSN=5
3) #2232, $RAL CSN=5; 3) A F5=1 [1ICH,;
T Sk
R JEt CSN ekt
) i 4 O mrisss
/ E=rN e
7 b 4 (| N O s
] PR ey — G
/ w12 HIERHT T
P CSN Ny 5 (45 A AT L
Bl5  RIARRSHEE R R

5 SCIEHR

TUTHAHER RBWLEIR T 22 R AR I R fa i A Re M, B R Goxed — B0ME R B SR 28 A7 2 1HI 55 3 2 45 2 1, AR
Hi AR T [F) 25 B AR B FF 4. B I —HLi 09 R ST REIw 2 95 55 — Bk, AN i S DR HR I 5 11 7

AT R PG-RAC [FsEIR g . JATTR AT AEMNL (Sysbench, TPC-C) 34k PG-RAC B {4 1t ReFI W] 4
JEE. XL T PG-RAC 5501 PostgreSQL. % T PostgreSQL ({753 52 M MR FE Citus. BB SEIGI T A4S0
BT B %o A R ) RS .
51 XWWE

SERHEATAE A BT AT SRR I, AN SR 4 Tntel Xeon Gold 6240M 2.60 GHz
CPU (72 MEMZ) F1 376 GB [N FE, FFIBATLE CentOST ¥E RG22 b FE4k 5 A4 ATH L S A A (1 i B,
ARG SEBR SR A S AR E AT 2. JEFE 15 Gb/s (M4 IE1%, 5 S VLN &4 Infiniband M. #4641
TR S XK/ E SN 32 GB, [FIET BRI A R B 32 N, AR i B AR AT FE AT
(AR 5535 b, G o5 P T BT SRR A B IR LA B I A0 B R G R P v o AT 5 B S R, 3K — IR i i
REB 1268 K 2405 1 3F BAR S S BT I R, 7E DI g st iz L.

BAVEFHHAS OLTP kMR (Sysbench F1 TPC-C) X PG-RAC HEAT 7 A, 7 305 Hicdh 17 ol i b 2 256
REPEREMITLIN, 5T Sysbench {E T — 2 1A%E, W4 500 14 M8 = B (H 3 S Hbdb A7 R 4y, 30 )17 S, BT

X)), 1-X% BB 1) A3 & i B FA R DXIR, T 3048 —FRIZAS XAB 93 5 3, 0 3m] DL B 5 1) F)
PRI, JLE AR, Ui Ko R AR, Sysbench HISEE I EILA 100 D3R, FANK 50 711784k (3t 10 GB
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). 546, FAVEH BenchmarkSQL 1E MR T &, Wl PG-RAC 7& Tl g #EN TPC-C LRI, 5230 %
BT 100 MEFE, BAARIREE € FE 7 54740 X, [, MEGHEFERIEE S5 1 % SQL iBA MG, B HE W R K
IE BN L PG-RAC LA M T, B 2 B & V5 SR FEFE BAR RN A, Kk TPC-C gz 4T
feE i, BB T HdR R X,
5.2 ZEM4EE
&l 6(a) FIE 6(b) 43 7 JE7R T PG-RAC TE Sysbench 5 VRA 1%, Sysbench R 5 74k MR RIL. FHrh
K-QPS (T & WE) Ron KA REW A ISR, 1 K-QPS Ron KGR AT AL 1000 A2, - iH BT &
BON 1 ZETRE 6, AT R 3 32 MR, PUINR RGBT @ 1.
—— EHE A 10% LR ——20% L E R —e—40% JEEH
550
500
450
., 400
£ 350
< 300
¥ 250
200

150
100

Average latency (ms)

A LU O N 0 O

1 2 3 4 5 6 1 2 3 4 5 6
Rite A
(a) Sysbench 5 1R A FE

280 7
240
200
S 160
120
80
40

(o)}
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