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A Survey of Key Techniques on Cloud-Native Databases

DONG Hao-Wen, ZHANG Chao, LI Guo-Liang, FENG Jian-Hua
(Department of Computer Science, Tsinghua University, Beijing 100084, China)

Abstract: The virtualization, high availability, high elasticity, and other characteristics of cloud infrastructure provide cloud databases
with advantages such as out-of-box, high reliability, availability, pay-as-you-go, etc. Cloud databases can be divided into two categories
based on the architecture design: cloud-hosted databases (aka database as a service) and cloud-native databases. The cloud-hosted database
deploys the database to the cloud virtual machines, bringing the advantages of low cost, easy operation and maintenance, and high reliability
to database users. Besides, the cloud-native databases take full advantage of the elasticity feature of the cloud infrastructure. They adopt the
compute-storage disaggregation architecture to realize the independent scaling of computing and storage resources, further reducing the cost

of the database. The disaggregated architecture influences traditional data processing flows, which brings new challenges to cloud-native
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databases. This survey focuses on cloud-native databases, considering both the OLTP databases for transaction processing and OLAP
databases for data analytics. First, we categorize the architectures of existing cloud-native databases according to the disaggregated resource
management methods and conduct horizontal comparisons for advantages and limitations. Second, based on the disaggregated architectures,
we explore the key technologies of cloud-native databases by functional modules: data organization, replica consistency, synchronization,
recovery, HTAP in OLTP systems and storage management, analysis processing, serverless, data protection, Al for DB in OLAP systems. At
last, we summarize challenges in existing works and outlook the future development in this field.

Key words: Cloud databases; Disaggregation of Computation and Storage; Database-as-a-Service

AR = RS BRI B R SN T i AU =oAL R = IR TF AR R . #2712, sk gs
SR U P AR G AR T SR T A T I R AL R R 22 ) AN b S B P R 4 A ) i B LA
T HHBRE 2022 T E R R IRBAE N T I IARL N 653 123 700, H A s B B IR 45 (Database-as-a-
Service) 4RI ML) N 135 12502, HELZR 20.7%. 3% 18 B T 1 K& R a3k Rk JUEE N = B0k 1=
T A (1) 384 4 T BE (A~ I 3 K SR TN 15.7%) 0 5 T A PR 0HE 2 T 3 WA 1 K o BF (4P 38 3 K R T N
10.8%).3% R — 24 K 2 i di P 2 G E A HIOHE P AT b 1 T 3 5 B 1 28 T IR BRI R R T S8 K B
SR B e A W BUAR T B R T 38 K AE T 3 0 UM T 3 RE 45 U7 T D408 P I L 2R Oracle.
IBM %54 G 54 122 R 48 B Sk A FICLIR Uk, 2 5088 2 R G0k 7E N — ARS8 8 B R G0 1K R v oy 3 E T £

2 B R G PR R AR T BT B 10 22 O T B ).k e 3 AT DU 2 B B AR G A A AR
BER PN F B REAT 20 BT
> MNTFaHEEEFHAENS, R EREHBETERAREERGRL 4 AT ()BT

CAZEF T AR S8 LB A Sh 46 28, 45 5 B 9 Y54 FH B8 st B DU IR A 6 28k, 08 4[R2 38 3 B RS 2 3K

(9l 28 75 B RS (2) 7T FH 1 2 s 2 [ it 447 22 AN TH SRR Gk B AR DAARAIE 2 St 1 e m] L, TR B IS 2 2 2

Tith 4% T s b 40 356 28 7 2 0 A A0S o B — A O PR AR o 2 L(3) R 9 M T R B ORI L P T

S22 OB P 3 8 AR R G0 S B B A BB TR, A FH P (0 2 B 1 0. (A) MR B AR 4% 75 TE S A AR Lk i

AT 2 S YR P AT B i AR A% G0 10 T B R . 46 A S B AR S B sl 1, 2 B R KR A P

(A F BAR
> MFaHEEERLEENS, R ERFAHKTEREREERGRL 3 AT :()TH 0 Y Kb

5 R HHE AR I 15k, 5 AL B TR SR A ol T, 25 BN R R 5| R = b s PR A2 4 [ A PR /N A AL, AR

T 1 JE T 1 7% 2 AR . (2) BRAER ST 35 B AR A 30 T, KRS P 5040 v o e AR A B4 A5 8 4 7 90 1 22 12 A DA

TRV AR AH 71 PR A P (1 B T 1 R L ] A R0 B P 35038 4 AR . (3) B v 8 U R FH 200 o= B T &%

G BR3P G0 T 4% R AR SRS A A B 4A A 7R SR R IR L, B 44 7 AT DK — 470 A R R

43I BEHL A L 45 20 F P S8 B I S LA 3 G PR R I N B

] &2p) &2 s A A
TR 1 TR 2 TR 3 T RS
N
= i+nm_}::>| e
e o> itER R ’*RMMI ﬁ h |
RS
LR HHAR R ESESSEES
CHREMBERR EREBIBERS

B 1 AT S SRR 5
LI 1612 B DR, 25 0 e AR T 5 0 A R R B (1) S0 A 2 00 ) 5 G M0 R 5



2206 Journal of Software ¥FZFIR Vol., No., July 2022

(Amazon RDS for MySQLE, Azure SQL Databasel®l, Google Cloud SQLI7IZ5), DL K (2)1H H A7t 43 B B 1) = R A=
¥ FE 7 45 (Amazon Auroral®), Snowflakel®), Google BigQuery!'1%5) = L8 $i 8 FE R4 H W L S 5 FE T %
Bz BRNUN S A i KRR B 52 O % G B I 28 A0 e o AT ARRE SE B R AR 98 F P 75 SR 37 R AL A
{14 R DU B B AT B, L 48 R FUOWTL 0 o P o e 5 0 08 B e 70 G R AR BB AE T RIS (B SM F R i As  BD A 75 22
K HASE B ) 1% G B4 2 4 1A AR S Ll e 008 5 s 38 A AN At 381 2 o P 30 % AL 2 R UL % 03] ) % R
W BRI DR G0 2 A P AR ol 2 1) T SR ARG A BRI 78 40 R IR RS8R 2= IR 45 1) e 8 B2 e ) e Ak,
2 YA JE Bl R4S L A7 5 B [ PR B R 3 %o 1 3 3 )5 B4Rt 7 ™08 B B IR U110 T R R B IR ) 1) R,
J AR B4R e B 5 B AE R B AN [5) 28 3 2 Bl IR 2% 2 S AP 4 1) 4R A, LIS B0 SR TR BE R T L 45 TR UEOR F 280
1 B BB LR, s R AR P R G R T B AR 2 B AR B T B AR S S A AL B SR, IF
RPER . AW SR R AR, 1 = o SR S8 SRR AP R A S AL B ) AP . AR B A5 DA
2 EA BT TAR, B = AR IR 25 S o AR 2 B8 I Tk NI T A% 0 1 2 40 0 s 8 A =0, L 4
F & S AR A T 2 SR BRI SRR B S I, SR AR E R R T — RUIDCEER,
WIEEREEE . BEERP RS BT RN E . RS T SR TR TS

B RS b )E N 3 B A SR A 8k, B S (1) T ) S 45 b #1355 ) OTLP(online transactional
processing) T AE £ A1 (2) 1 [ £ 35 4 HT3% 5: 1 OLAP(online analytical processing) T{E %, — 3 & 52 &AF
FIHF I, BT B AL %5 1) ACID(atomicity, consistency, isolation, and durability)RFE 15 55 11 & AL PR AE 71,11 5
e E A K AU 5 B0 23 BT 1R 25803 A L, 2 S5 AR 500 122 TT 4RI Ay PRI FR R L (1) = AR OLTP Ul 15 &2 4, 4
Amazon Auroral®] Azure HyperScalel'¥] fif B PolarDB Serverless!'S1%5; UL 2 (2) = JR £ OLAP %4 E R 4,0
Amazon Redshift!!®!7] Snowflake!,Google BigQuery!!%%, BRI RG0SR T HAZAE 2 B 224, B T &
AT AN [ ) AR 355, BRI bk — 35 75 2 ) b BRI AR AAZ 0 10 /B EAFAE B B 2 7. = JR 28 OLTP B e fE T H
HERUFFE S ACID 7P, RIZE S 5 b B FR h ZRARIE 5 5 T-PE . FrAtE. BIA—S0E . Rk & e
SEORBRRF I A, = S A OLTP #0040 J2e 1A% o 1n) RBPE T o] B R R FH 1 547 i 20 128 28040 B s SR IR AL 35, SR [
B BEAR 1/O FFAH . I 324845 S 20 . DL RN Mk & . = )5 A= OLAP ¥ e B 7R 2 T & bkt A7t
PSP R mratE . & B S A e 0, R AT B T S AR AT OB . U AR Bk, DL
BB R R 2 FoAZ O ) L I b B 7 T IR 55 38 IR S L8 2 S RIS 22, 2 R A OLAP H48 i b ] g — 2B 4R
AW IRS I RAR 5 3803

A EETTERE T3 F = F AKX R BEIEE RGIA W TAESAT 7 &m0 AR 2838 . UL = 5 AR B
B E BA7A 43 B A0 HE R R B B T 0 DG SR R T A B TR 4R 40 W I 1Y) = J5 42 OLTP A1 OLAP %z
BE R R A = JR AR OLTP i 2RI 43 = 2R R 844 FEEAT R g % L (L6 1 749), 2 /5 BB 127, Rl A —
FhE. EZFD. WK E L& HTAP(hybrid transaction and analytical processing)iX A~ 77 THI R A #IHT H B A
(I 2 ). R = AR OLAP RGN AW R FZEM (LA 3 39), 2 Ja MAFEEE . &b, Tk
FKABA BRI LML 22 SR I AN J7 T JR P 0 F R R A5 (LA 4 9.5 5, A SO & G 8LA TAE
TG 1) 2 ZE R R PRk e B8 = T AR B 5 R A B AR AR SR A5 W 3 B R AE 2 SR . TR 1850 1) B2 R 1A
JE. HTAP 7 EA6 LRI 7] 2 = B B B R RIX 4 DN ARSRICEE I 7807 mI(LEE 5 9. Bk E AR ST 42
R AR P4 FE R IR T B A = )R 4E OLTP Al OLAP #¥8 FE R 48, Ui HAF 4 B st IR A R R TILE
KRB 2 S5 A s PET 2 A I A5, 905 T AR SR 92 U7 Il b AT JR 22,

1 Z=E4 OLTP HIBFEZEH

OLTP ¥¥ff i R Gd I 1 4 55 Wb BRI 5, R G EAE GRAIE S 55 A B IR ZEAC ACID #EN (3L AT $2 F S vy
F5 REER I AR HERE 7. 1 S, A SU B e (LA K = AT IR ) 1 SR TR, R AT TH S4B & 1 it 7 S AN e
SCAF HL— SR GRS A ST B2 R b B T i B R R T A R RS 9 o R A e R A
(K77 2, SEBUAS R R A BN A 45 B IR 17 A LK A% G 3t e (VA S = ¥ 8 000 ) 1 BT e, 5 200



DIRERERER B AL L 2207

H A & (redo log) AT 35 UL IR 247 fif A 57 v, 1 22 - U D) 28 48 47 ek 50 1) 7 e e 7 B 1) 5 T80 1)
(8200 75 AN 2% 1/O DS 2 PR rpofis ™ SR i R gt B AR BEROL DN 1 A R S TCK W L, = JR A2 OLTP R Gt 8
T RS B AR, R R R B4 H RS M T AN 18] B R AL, ELAE A2 AN [R5 s S 2 (e i f
251 77 30k 58T 10 5% DT

IR T AR SRR 2 A 55 70 B BB A 22 5, BT = JR A OLTP Hidie 2 A 48 AT LA 20 o R = 28 28 ¢
(D) T 5174 7 B A (2) T 55 H RS- A7 % 73 B 2R 5 (3) T AR - G A7 - 17 0k 70 18 R 5 SR 1) = AN /N1 K SR
BOHIBIHL. B S EAR. RIS S IRE] . I R SRR VYA 2 AR R LI = SRAN TR R M) PR 21 4%
REEH Z RV S [F) 2 AL

ooog|| (|oooo|| ||oogo
0000)| |(D000O)| (IBo00

(a) OLTPItH-Zf D BWHH

itHE ,_| FEIE

ET T A
25 HHE Rt
w5 | | —— wH
2ER mape| | [mmma| 25
DOO ™ [DDD]| &5
wE | — |

¢ =z y
il

¥
BEEM EEE TEFHE
a1 o} f | o | el

(c) OLTPIT M -EF-T#HES WA

K 2 =JEA4 OLTP H¥s JFE =248y it

1.1 OLTP i+ E-FiEnE5HM

SR B A OLTP e R 2 G R v 55174t 70 10 O A B AR SRt ] 2() BT

(DBt S BT EIHLR T, 55— AR B4 0 R =N () AN B8k T 10 2% 18, T 55 52 Y AN A7 fi B2 U5
AT UASE A ST U P2, 36 G RE FUTL A B A7 A 15 7 2R 1 DR IRTR 24 (i) N RICR J7 T 25 8, 10 AL A7 14 5 3 K
T H & BB T ST 2 15 1 HE DT A o, S A 5 TBOK TR i) A AT P 77 T 5 18, R GER L T 22 R KT
W P 2, SR AN T S AT A 1T 2 ) R P R, L e LI G A i e RS 42 R T e SR 3 i
SEMAERE R P R E ST E i . 5B IR IR UL A A S AR T KR s
THEEIRSS SCRF AR R A DT H AT B A7 8 B DA S o6 0 MW B S5 A7 i 4R A R R ol = AP0 R 55 S

()8l 'S B AR A 5 ON B AR T T, 274 AR B WS S A 0 A pons I ) A8 R EL g A [l )



2208 Journal of Software ¥FZFIR Vol., No., July 2022

P4 2 T 22 BOIR B A4 s, BRI B N A 58 . AR 5 S 20 5 i T 51 A RD 25 DA B A7 719 st ) ) 1R 25 T AR
FEIX IS BENE) T A7 1 A P (5 T A i 34l 1 R DA R i DT, 3 S 240 5 i 1 2 250008 194 T 0 5 0 13 e 42 Jy T, o
SRR R S 8 A b A7 SRR, 24 G A7 % KON 170 77 i 2 5 SR B T AR AT i 1 A 3 0 s 1 RS s 3
TUTHT, [F) I 15 A SCRe ELAEAR AT 2R 56 B IEDRC 5 30008 1 4o PR 28 1 580 J2 IR S U oK.

GVRA SRR AT = EHIRE, W E A8 B30 = J5 4 OLTP e 5 B4 il F =AML 55: (D) BRAIG
A 55 HE BN 51l 5 U [R5 58 75 B (G 22, Bl AR 18] (110 5% DI [F) 20 A 23 B 28 55 N 1 (i) Jk 2D 5 T
K I 8L 5% G R FH Rl I A T 0 S A i J22 1 5 LT 1940 00408 B0, 2 S v BR A A 2 1) (0 U 0TG4 A A T 9320 )
28 T8 (1) 32 s L R B B8 77 v At SR A R = IR 2%, B R R i PR 58 200 1. R G i R BRI E T3
B2 AT RO AT R RN L EAE N G vy, 75 I A 2 0 SR A 0 e TE A ) R OR e B SO T B
A 57 T T 35 BOCKRHAR , 7% B T WG 72 4R A BT 11 5 3R B 7 0408 W A 41 A I

(DB RGBT - AE o0 B 2R T 1 = SR AR 508 5 R G040 & Amazon Auroral®l, Google AlloyDBI2!.
TR T RN B HeTh, F E X LE T IR ) Se I ERA TN E IR Aurora $098 B2 AN R H
R I 2 AR O 12 B[R 5o TR 2 AR LA T BUA 19 Quorum AL, RUIE T 38 i@l A 8 =48 i T 766 2
] AN HE e /7 R T T Quorum FE-G LI SR 4EY Bl AZ AT IRAS L2 SR BRI #% R B AR & 7 b
(1 2 FE . AlloyDB $35 FEYS N T R G0 T HTAP LAE S8 K S iF Ul i v 82 N B 3T A5 57 1) 7 20k
PR T BRI B
1.2 OLTP HH-AE-FioBERA

R JFEA OLTP ¥ e RGUR M T 11 5- H &7 70 5 I 2840, B AR Z i an 1 2(b) s,

(BB BINLRE, 3 REM AT 5 — R 2EM T 5 A 20— 2R v B S =
PR T AT 2, AR T R Gu s itk v B B AT 2o FH T TR A7 i 2 43 ) A B B R D T PR A7 i B 4% £ DA R
Rk 52 55 TAE. LUK Azure SR LI 4746 IR 25 9122 IEAA i A 208 32TB G UL A T4t HDD(Hard
Disk Drive)f#fif I 5%, {2 it SSD(Solid State Drive) 7 fif IR 55 7 B3 ATE 3 A5 IAAA# AR TR HEZ 10 15 1) #r it
PLE 1O BB TR N B &R 5 N A4, WK sl = A AR S (B in SSD 76 Bk 55), T — N E RS
N THRER] I LT A fifh ] SR P AR XS B 19 = A7 0 IR 25 (B 1 HDD A7fif IR 45 ) R FRAICRUA B8 — R B & I R
ANRE RGN R TS T 2% 18, B AR K F A i ] AR A B 5 NI 0T PR IC R G 'S A I (i) AN 3 1
T 2% 18, A AN DU R FH S [RS8 AL I A7 A IR 55, P R A7 i S5 UR AL 43 IS, 30— 2B 4 & T R R s vk R FE e

(B S B AR R B ONERAE T TR R M B NS RS 58 — R R L RRER AR O &
(1) 75 1 56 B 45 R 300 BE T AR A R T 28 — R0 M A TE T, 58 2R 40 Ml B GG A7l A0 DL T A7 i 0 39, LA E
B RE AL B s 1) B E AR = IR 58 A, BRI R G BN AL I BE A 72D Ab B i H A7 2 7] T A7 i o A%
o oA 1 A5 BB TR A Y s e BREE i AR ) [ G R B e B AR T, T R A S i A b 2 A SR,
AT I BN ) T T AT 2 v SR B S B A5 B 2 B0 s B R v v B2 A 2 B U I B B A7 AT
. 2 B BB R A FD B T AZ I, v 52 2 S5 R A7 % )2 56 A B 2 i

G E R IR AR T 5 — R0 5,75 -H S0 B2 = )5 A OLTP il =2 & PR3 (1)
TR EE S T 01X 3 B8 55 T B EAF 0K 0 S0 = A7 R8s, R R G BN E I Be 8 3F— B B A% (i)
i PR R FEE e 0 R g I A R T A R FH A TR 2 284 1) Ak AR 5%, B W8 VR R 52 AR R ST B A e — 25 5 A
LR P R 77 R, 2 G AT O BT B IS SRR A BT 5 — SR AR M B B R I B i, X2 TR D U 2 TR AR AR LT
A7 Aifs B3O Al 1 A5 b, 0 LT () 4 8 A 0 T M B 2 2 ) o o Wk 2155 5 A9 0 B LTI A 19 i 3 R 2R vk
] A& X e A AR E ) 5 X 8 T W S BRI 2R

GO RG BT HE-HE-FES BB =R AR E RS S Azure HyperScalel'¥l, #£4
Taurus?3). =2 %M T R LA 3R B0, E T X AILE T35 51 KA BT I SE I, B T A B A2 5 A A7 085 7
R A TR A M AU TR AT 0 2 IRAS, U R BE A B A7 i B DT T AT i 1 [ PR A 38 R XA D R A
Yy s Bl 2R A T A H 7 &R . HyperScale 78 iH 5 2RI 2 2 [MEIAMNRIT XLOG RSS2 1 50X &84 Thig.



DIRERERER B AL L 2209

Taurus HUHE 2 7E V52 RN 58 B INASM A7 i 52 SR 47 5212 ) BE. RT3 A7 1) Th e A He v oA R T
PEAT A, T 5 2 D) 2 SO B ) Ak B T 77,38 o 0 2 A 3 R R G
1.3 OLTP HH-E&F-Fi 5 BEEE

FZREEA OLTP B R T - A7 170 43 B3 (1 3840 AR 2R ] 2(c) T

(DB B =R 28R A T 10 P SR A 1T 5, 1 B T @ 72 AR IR S oM B 7 Fr g TH B L 2 i
FEGRAT, SEIL T X T A A7 8 78, 38 3 7 AR I A7 i h 2R AN B T 42 A7 X B AT A v 1 L 2 AR 5
A7 s TR R I M ThRe A =R AR B & T =ANRE RGO T TS R, RS I R = 47
A7 L2 G A P 030 3R TUT AR T A7 J2 P9 0 DT 7T 5 4% S AU P 0808 3 B AEE I 5 (1) AN Pt T 2% S8 A /2
L E ) H i W] DUAR B AE L AR A T e T A RO A A (R R RN R 2 RS O 5 EEAE A A 2 A ALY 1)
R, N T 42 75 2 0 15 B I A 75 () A SFR A R 82 7 T 2% 88, 3 =2 2 o i P 0 722 P A T DA T ARt B 3hd
RS, RGN T X T A A B IR O O R S

(2)BL 5 B2 A0 BN IR AR 5 T B0 R 20 M I B NI AR5 T S A AU, R SR F e A MG LAl H & v
56 R 55 B EHE B T R [ 2 AR AE T, 2 B T B AT A T R G AT I, 75 R I B 5 e BN B AR L = 5047
BT 7 AN T 28 2R e, B B A7t 7 0 K A A TR B O T A i T TR A T e PN 0 58 R A T
b AR B S U AR U T SRR G AT A 9 AR L G AT AN T8, 2 At 52 A7 2 280 AT DL T o R A7 SR AU . 2 A
5T RRERAT Y R B A 2 4k 82 ) A7k J2 SR B0 B4

QG E S R AR T JI P R 28T & T - A7 -2 B 22 MM = R E OLTP B E 24 A& T =
AN (1) FEAIC 0 B 152 2 P L SR R A G EH S R P A S e, B U 1 P o T R A IR S5 R I R B
AT 1) 5 0 133 S I 5 (i) B vy 1) B P B 7, T B A e R A A 9 e e B SR I A A 2 B i i) E T AR
R BE 77, (1) 5 ey BB 1 R 7 R IO T I AR N AT SR VRD 4 25 1 SRR L R B R e AR T
62 2R G I ik AR B K ) L S G AF N 45 T 77,3 2 TR A B L 2 G2 A7 350 U5 ] [R) — s 72 o9 A X 08, 25 2 1 &R
RIS B A1, e T2 A7 75 B L 5 WAL (1) PO 24 SaE B[R] 1 0% 2314 722 7 3% RDMA (remote direct memory access) X 5 4F
A S, AT 1M X 258 238 28 14 A B 1.

G RGBT -H E-F 60 B B BT = R A B E R R ST PolarDB Serverless!!™1% %
G fil B v] SR R R I I AR S AR IR SS E & R AR E RN T 2 A B RO R R A B TR ]
DAIE I S S 52 A7 AN =19 R 0 300 4 70, AT 2 18 % 19 o PR B 13 BRUSS  E IR e v — AN I R R AR
TETARIE I A7 5 32747 S Hds — £k
1.4 =Y OLTP HMiBELEMRLE

T BET =)FEA OLTP Uil R A W ZE M T FRF I, S AR S kRt 7. RAEmT . #rEy &
fit 77 LA B B 38 1) AR A FE HEAT 3 4T

F—RRALE G H 2RSS 542 RS AR AR 355 T8 3 R AR T A E S iR AL,
R RGN FE R EM B ERFHEENS AR eI s m EER P HEE R ER, A& RIFNER
B8 77 A7t 2 v B 28 S0 RN DT H00HE R A A7 8 R R A7 i, I L A D A 3 A R B SR DU
[ 3O R 22 F Al 0% 50 A3 TR £ B 580 T e, 9 e 7 LR AT 1 S A i R A R i L B o s . | T 1
AT I AR B N HHE S L G I, AT — e AR B BRI T R R EE AR

B RRAFRFEL ST B RS LR AT = IR X 280 5 35 — 28 M 1 %O X I TE T 4706 = IR 5k
— P i H EAF = DL R T AT i 2, B & S A0 T T s 0 ST A7 il T 0 L A7 IR 55 1 s b S T
F A0 DT T HHE 1) 43 B A7 A S e 2 T 0 3 T A7 2=, 6 T DT A7 i P IRt (IR 15 B e 2B i B
S B AREIE I H & H B = K & S A8 IR 558 AR 5 N IE I B, B A7 2 03 B AR
WE B AT RO TR ZL K A7 i 25 1, B4R i AE X B B 1) v A7 Al IR 35 A P AR (E R AR Z IR T H &G
S5 TR, 2R 5 BR B 5 1 10 S5 B SR TH YT A TR S N ) AR R R B 1A 2 A DU AT A T s BT SR s HL



2210 Journal of Software ¥FZFIR Vol., No., July 2022

IO, 2 B 2 58 0 (R0 A1) DT TH] A7 15 s 16 S 0 B, S B0 SR 0 200 4 57 L o DL THI A7 il 10 A SE R ERL AR H B 10
B A X PR 1) T SR R G S A kR

FBERRGE G HERE GRS DRI R AF RS 5 B 3L 5 7 B R B A T 51 s L R
I A [50 F9 P9 A7 DX 35k, DR O o R0 4 15 5 7 P A SRk A e 22 P A7 ) B 75 B2 L A U e SaE B 00 4R 1, 74 R R Y 4
N A ST AR (] v A R DR b N A IR S T s I AE B 1Y RDMA P 465, L 4% 38 i 114 I 45 341
BB T e ) e TR R AT PR AR T B T T AR Y A B A Y A R B T [ G B[R] I B AR 2 A Y
AT 21 SR R AR 10 10 R, R R R B R R B BB R S A T R AE . RS = Y RO
JE DAL M 2 430 TT A SR B AR R ) R B

R 1 AL OLTP ¥ 4

ZJ5/E OLTP A4 HH Y b Skt AT it A

B 12 B B e i i E E i

N = - S HyperScalel'], = = = it

THE-B S A7 %5 B 580 Taurus!23] 15 LY M e e 4

WA BN | PoaDR B = B B %
erverless

2 R4 OLTP HiEEXERA

BRI,z R A OLTP 448 2 1) B B AR, B B H AR . R4 ZRI A —BMEEAR . E&THFDH
R R E A HTAP BAR HAEE W0 3 Fin.38 2 Sl T B AR — 3000 10 9B AR IRk 7 6] LU [F] 284
AR 2 B R L B H U AR R o R AR B AT 2 B R SR B (H A B D B AR (I
2.1 A ERIAE B AR R = R AR 24 2 MR RIA — BRI 2.2 3%, 24 A
AR 2 JE A B P T 52 R TR R s 35S BT R B AR (L 2.3 ). IR E AR R B A
B SRS [ S A e TR T 1 22 JE OB IR B BRI 2.4 719). HTAP B2 = J5 A HdR FEAE R OLTP
RG22 LHISHT HTAP AR AR 2.5 3).

| OLTP T{Efidi + OLAP T{EfaE I HTAP
vi v
3. X&EL

PR #OR BEUR
@) #E R RiE

2. BllA—Ei

® oo

B 3 =JFA4 OLTP $udl i e R A % %
Fz 2 ZJRAE OLTP HUE & g BAR Y 5 Itk i Lk

HA%H KBLHA fREIT A EEIRA EEBA
FI - T 5 1 68 Auroral® N EE T

IS A
8 FI - U 5 0 S HyperSeale™ | sptymncie | IEREHRL




RIRESIRRE R BRA LA 2211
e £:F Quorum Fik A PrX Auroral824] EiV- &k RAM R [0 5 AR
BIA—BUERAR T Paxos ZEHE VLML PolarFS[25] EEC3EXq SEHLE I
FT R A ARG [ 2D Auroral®] EERET [F] 25 ZE I
3 %ﬁﬂﬁfﬁ X T AR AT R P HyperScalel'*] [7] 282 S I A1 AR 7T & 1
102725 5" |
I3 R L AR sl B AE B Gt — Bt o
erverless
U VR A TERH A
R A ERA W ISR Auroral® Redo i £ 7&1H Redo [E /1
o ) # 2 ARIES 245 P LegoBasel26] A B AT
- T2 R AR E AT 5
T H RN ESAT 5B A7 AlloyDB[27] REEORER  Andl] BIAF 5 35 0k B K
HTAP H R TEA# JZAT FIR AT B Bl A TiDBI28] i 5 T B 3 0 P A
WA BT A IR A AT AF SinglestoreDB[2] L5 A A WA TF 8K

Tz J7 A2 OLTP %k e b 04 4 2UH R 2 5 476 /2 4 2 F 450 H RN 10 3% T THD 1 28 AS TR) 5 O BRI 2
ARARYE A LT 1) 22 S R 1 £H 2R B0 , DA SR [R] B SHE A7 i )25 50808 B AN S B R . R I R R R 2
S NPRZE:(1) B & -TU A A A7 it SR LK (2) B 38 -TUT 23 15 A7 SR s SR (DR BEER — S T B &-TT
TR G 2840 3X K R G P A 20 FH 8 — IRAE A IR 55, B — A7 A 19 R P [ B A i 1 25 R T T 9 X 2R 484 N A
TELE B A7l IR 55 W B A% i, OB RORAE T- DL A B A RO MR A 0 A R e E i A A &
B E R TR EMIEA AN B M8 QB E AR — R H T 0 E-TUH 40 5 280, 1X K R G 7182
K FH A [R] RA7 0 IR 25 78 B R 000 B — (A1 RUUAR B b 22— X A0 T 3 55 00 1) [ 20 75 B AT I8 A7
fith AR 55 1 B8 A B, L OB B AR TE T BRI B 87 (R0 20 1R S I DA 2 S04 A% i 1, DA O B B AR AT i 2 (R i UAE I ] T
2G5 R B R AN I T T A i 5 BOCERCHRE R b R G 5 100 0 5 AR AT P B [ 4.

TE 2z A2 OLTP #U4 i b A7t — B BR B4 A28 2 H T 49 2 80l B A — B A CE AR R BHEA
— W T A% G o A R G AE SS T TR SR A SRS B AN Ik T = IR B IR 5 A AR SO IR R R BV X 28
FARK A NFZE(DFET Quorum FH LML (2)FET Paxos ZREIEMI Y. B (DEFAREE T JH IS Quorum
HEETE.Quorum BVEBO BT & SRR AR LA AR F5 1 I R B8 77, (F = A B 2 TR M AL AR AIE 8 40 A7 A T AU
% T 3T I AT 2 4k SR IS AT IR 08 BT B S 0 AR 2 AN AE A R BV O TR X — e LI R R TR A A
Gossip P 577 2URIRBEFT LR AL RFIE 55 ()R H AR EE T Paxos KA VLB, HE PaxosBULL K RaftP5y% K
AR FR3334 33 8 vk H 4 AT 28 AL R AR (H L 2 4% 1 2R P AL SRR PR ) 1 B 46 S0k 1 IR R RE 71 IR I 8 R
B4 B IR B I R PR 0B iR 4R B I 9 K e

1E 2 J54E OLTP 4 e v FE T RIP R R AR v 52 3705 s S 55 I TE T A 709 s A0 3 R 4 19 s i
ARAX B ARTR R GAE RIS — B AT R N, G A 719 00 [5] 25 ZE B 3X 28 45 R W] DA% 8 ) 28 i A ] LA
SNZF(D)ETRHFAMEME RS Q) T E S A F B ML EG)E TR E A HL ()R
R B HEA M E L T R AEE =836 — 5 2 30 T Be 8 (RAIE R — S0 AE R EZERRRBIE TS FA
AT R EUCEE T ZE A I 4 1/0, 17135 4 i A 5 S I 458 i 38 (2) S R T 226 T A b 2 A7 30 AT B8 397 W) 20, 279 o
TR 1 T A i B A A SR T T A b B 3k S A R T A e 7 T R o) X % A e DA e P 48 R 3L B (3) 5
REET A FE R LT AR AR AT [R5, 3799 S0 T3 5 N B I AR 5 &9 s T DL B R 323X
FEHAR MM SUAE T ORAIE 19 A5 IR G AT 1) — B0 8 o 45 71 s L B 4 AR B 1 48

TE 2 A2 OLTP 04l i b b ik 52 1 A2 H8 R G0 BT 22 Fh 7t 0 15 D 1 T 1R 22 2 U0 i Wk 5 SR s 2 2
()RR e L BN 1 3R G A [R] V2 4% 1) B0 A4 0 110 X 8% F A o T e (1 Rl 45 40, TR MG 7 g e Pk 5 3t 2 v i o
TE 2 N BEAT 5 RV 5 SR e %5 IR 25 100 D90 28 A A L 1, o 5 () 224t RIS 4L T S B R B P (R i o SR AR A 0
THREA R S AR X — AR HE U0 R B (D) TR E TR E M R UL R Q)T B R AT E N B
Pl B8 ()RR AR T 1151748 70 B 10 B2 4, AN [B] % G B4 o &R G0, o= B 2 b 0808 1 1 56 4 B A7 2 AR
E. B e 52 AN 75 B A 0 SR BRI R T 1R G A7 RS T X — B B T HE B A7 )2 72 28 56 A, B A



2212 Journal of Software ¥FZFIR Vol., No., July 2022

SR R B R R A I BB (2) R R T -G AT 4 S R SR R 2 AT 2 AR ST SR A R 7 R 3
B NT R K FE S SR AE S SN A5 1 AT SR A oM S R R AR, [ I R A ARG AR T SR R B A2 1)
AT SEATA, DR IR 380 [R] I S35 T 1) e 1 52 e 7103k b 8 )22 25 1 77 X mT DA AR T B80T ) 1 2 g o 52 (1)
76z JR 45 OLTP 4 e v JHTAP $ AR SR H67E R OLTP Rl FiRinx T OLAP TAE AL AT
HRURTE T2 B S Al B (% HTAP A SCHAR, T LRI 4 S =2 (1) T 52 B AT A 5L BT AP 24T DI TRAT
Bl B AR DL K (B) N AT BUAT A INHE A BT B8 (D) R E AR S T 52 B8 A6t 2 5 N BN A7 )5 mT LA B
AT AR FUATAS 2 TN OLAP G 45 F) A 16 B2 B AR S U 7E TR0 38 75 226 B B b i B 71 DA &
B R BT B A S QBB AR TR FA7E 2, R G0 [F I YR30 47 17 R0 5 A7 B30 B A, 47 17 5008 720 7 210 41
A7 Hdl R FH B A7 B0 00 A 23 B 289 255 i) B R RC7E T4 w5 91 A7 008 100 B 32 5 () R R i Je B WA A7 2R 0 e
MemSQL B R GETE P 77 1% IRAT 17 4% kAT 35 55 Ab B, Rf A A A7 Gk vl T 322 FR 270 A7 49 2032 47 21 4 800 X R =
LA R AT A7 A% R B A B 5 A 9 T AGAT B 1 B A7 A S BB TE 4 A A A 9 v sk
MR BE . FHSE A X AN 32 BR HI7E T A A7 1047 784 B 2R AL A7 6% 1 51 A7 4% 50
A % A T4 TR I 2R S ST BB AT v B SR A S TT BB T T N A Sk P A TR B R A R AR,
T34 7= 26 35 v R P A TR 4.
2.1 =EHOLTPHIEEMSIEALARK AR

R4 OLTP HU¥8 B (19 50 4H 21 o b R 22 4 i K 28:(1) B - TUIHI#R & (1 77 it SR B LA & (2) H & -
TUTH 43 B3 (77 il SR B T R B I 2R A
2,11 HE-TURE A FIA704 G

TE OLTP #ud &b, H B S 10 53 9525 77 AR 1 a8 A0 e 72, T 0 T 1 S) R 5 T 100008 P 1) 52 B A7 A IR S
H &- U B 00 77l SR IS8 FH 48— (9 77 il IR 45 7 B0 T 2R 5003

Auroral ™V EUHE PEA7A# )2 R FH T E B A7l R B IR A7 SR A% O IR VE PT DA S« H B D BR0H I 28 g
1 B8040 3 RN 5 N 351 DA H 7608wt A [ G 30 e o el ok T s B s 1 07 2, R o H B S 4 2 Rk
HERILAIE R H E8E. H E8ERAFIC T OV 5 10 BT A 2R A R, m] LU AR AT HE AT R B0 RS R 1 s 2.
Bl 5 NI AR P ARG T s TR AR R A TS A B 0 B A H R AR DU v B2 R T A T AR
PRI S5 20 A B R g P [l ok P Ty 2l G T G S U R 28K T SR 1 DL T 0 A i, SR T LS
FIAT it )2 2 18] P I 268 s 6 8 . TR0 RTS8 39 1 [ Ot R A 2 B 28 3 R B (R 000 5 N B I 500 15 0 e o 77 i T
HREREESPRASEHERE BT TRAER AN EMEE B TFERN IS5 HE8NEK
FEAH G, DR T A T B R 4 H R B K B DL T 2 W) R T A 3R 2R SR o s SO H B BE I R AR A AT A
7T A PR 9555 B I 14 B AH H AR DR B AR AR 1 5 PR SE E  p T e a Fe BE e 2 4k
0 DLTH N ER 4 H B85 18 I8 AT R 3 4577 A I 0 58 0 3 AR B3 7 H B E IR k32 4T AR 35 45 1 U 32 5
Wi 5 ) ) 7 T CR A7 [ 50 5 o PR B 1 3%, BT B T (1 25 1 DG P

B 4 JER 7 IR B A 4V T i K 5 5 Se ) M AT A T A C A S8 H GRS Logoo I HFE AL FE, 11
IHEFEX TR T TUH k(A 1000), 17N H 55 H B985 Ly g1 2 Loggoe I H A B8 E T 3¢ 0L % T $35 5 A5t
2,705 RARUCHT I B NG R I BRI BN 5 Logo W B A H EFATREAMN, B A BF AN S T M EZE A
JRI) AP 5E 6 5P 5 i H ERERR AT 5 A 3 H 7B Lygo1 B Lok M BEIE B R 47 B H H X R 45 O
CRHEAT NG A FEIX 00 H 7 I (9] Ji5 ) T T e, SIS O T K PO 50 K BE T B 20x0 RRAS FRIR A 6 T B S U R,
4 BRI B 6 X ISR I SR B, 2 A 0 S A SR RV 45 (R AR G 5 T A T AN B I L 48 58 J R A fb 1) T T
FRA 1000 H, 35 20k B Rz 2R [ T kP A7 A RO XS 32001, 0 R THE 7 B4 58 BURE A 4k 7 T TH il
A 1000, 0] 75 28 Ik 1 5 B0 HE W RSCAS T Ik 20 1 ) X IR DR AS (GHE BT 52 o 3 2 2B R R 28 45 1K s i), I 1) | ik
[H] AR AST PR X X7

XEEARM EEHEE T HESE AL SR FERE T HEROKE G 6K EM A ES IR T AT
HEEMN A ISR BT AR H B B A = B A S PE 30 5o 2 T 765 2 H & B e B



DIRERERER B AL L 2213

A b TR SRHEAR (DL I AE T (1) 388 S JUE DT 1178, B AR T 55022 19X 2 e 9 1 77 5(2) 8 e K0 55 N B0 T, 328 1y 3 55 1)
AR RE ) R A BRI E TS O R h SN TS 5 AR A 8 e 15 A

IRENX{E (RRAST)
11001 |- [LVerT |+ L9009
TIE k
- X: 32001 .
FETR ﬁ) Y- 23002 |:>7BIEIX{E(HEZST)
A&L1001 | ... | B&L9009 Z el
ez ] em EHXEHn(EA010)
T 1 TUE k [L1001 |-{L20x0 |- [ L9010
A:10001 | ... |X:32001
B: 20002 Y: 23002 ?i;m M @
C: 30003 Z: 34003 : ;4 A
= (|5 55002 BRI
Z: 34003
uﬁﬁﬂﬁa#, ETASHKE
|L20x1 || |_901o|
TIH k
X: X_20x0
Y: Y_20x0
Z:Z_20x0

Bl 4 0 &-TURRE G A7 S T 3R 3 S 1A

2,12 HE-TUH S B BAF G

H - TUTH 43 B 1A S 43 ol 8 B B Al 1 A A0 s DT 7 2R 3800, — MR X 4 3 IR R vk 40 456 AN )
A IR 25 . 0 SR Sl 27 (0 SSD = A- IR 55 )R8 & 5 & ik B 77 1A [R] I, DT T 40048 15 FH — M = 47
fifi (1 HDD 2 A7 IR 55 ) SR 428 Sl 470l B AR . 8% A7 IR 25 30 S 18 82, B 0 3t R 2 6K )2 2 A IR 25 1 i ek 1 2 e

HyperScalel'), Taurus!Z ¥4 A7 it 2 R T 0 S- 174l 00 B8 BOAF 0 S % D Re PR T USRS “FT RS
FEANESY RS . B R A 1 H A ORALE, P 0 ey DT A i R IE . 3 552 SR B s g B g H &
A7 fith A% e B A 1 2 VS BN TU) A i J2 () DT A7 i P T 1 5 73X 28 U V2 IR R e e T U DRI 38 7 A 1)
B JROK 0] . [F I A B AR & s AR IR 25 1R o 0 B AR, R G R & TR R S & I (5] i 0T T %
i R — W 25 A7t R 55, B AR B 122 2 G 2 A ) R A X b s A R 0 T B e S R il 5 s Sl 5
NIRRT B RN FE ) H A7 AR 5 A 0 ST (B Bl 1 H B A7 IR S5 Re BRSSO\ 35 1IN 1) 1 4.
s u B FE b T H B2 7R A LT A 3 I SR R BORN BN (A s DX S (R, BTt 35 17 i 75 2 AN I ) DT
70k e i 2 A 1) 25 DA SE I D T 50 e T DT A A e DR R B R AP, e W Ak I R A I, T A i T
AN BER A B DA T H BT AUR R TR AL SRS R SOX Be  35, R VP R o 5 R, DUk i 40 1 IR R Bl
W3R G HEAR L ZE. DU A5 AN B2 T Gossip 3 R I i FoA 49 kb4 B SR W E i 0 &85,
2 FTE DU A it 19 3558 i A 35 180G % 3 2 0098 AP T LA B DU A7 R UE, T3 R E & m A s ) B
EAFME P LB gk B S A7 0 2 TR P ok PRI vamod A i I 55 100456 P A

XA F BRI AL T A7 )2 P9 B A A5 00 T RS A A 380 TR A7 i OB T~ P 2% /O, [7] bf 75 2 2% S8 3|
T A7 i 98 T R B B K] s T A i A D 90 A8 ) A B DI 8L 9 &85 DT 19 A0H). Gossip FIMSURIEE 4 H 35
[ O P PE 28 R SIS AT B B X R ER LA AL T (DA i A7 97 5t H S RSN PR AR e 5\ 5E
I 527 fiff )2 A TG BHL 28 1) 1 35 R T80 R s St 5858 1 1) 20 G = S ) PR 6 T bt 3 30 20 DT =1 Rl e e R
AL S S B 0 0 R 2 T R A T i 5 S EH 2 AR T e A, — e R PR S T U A i



2214 Journal of Software ¥FZFIR Vol., No., July 2022

[ BESATE ]

58%

Ep— pem—— [ AEEHPREETE ]
5 TESSMBSFERRENR S

) e

?ﬁ [SEZ=ES
— N
Vv
EHEHER
ERMETAET AL YRR

BuEn | mne TET
mgﬁmﬁﬁ @ u @@
q
EE
BEFE Page Storage

Bl 5 H - T 49 B A7 i S ms b i i 5 4%
2.2 ERHOLTPHIBERBIA—EMEIHRAR

= JRAE OLTP Hfs M 30 — B et B R 2 B0 P K20 (1) 2T Quorum VARG LA R (2)FT
Paxos ZREVEII IR TR 2 A BIX P RFA.
2.2.1 FT Quorum H vk — B PN

Quorum 2 AN R G T ORUE SR — Stk B AR S0k i i S R S A0 5 ONBE 52 ML BR 1) 73 A 20 &
FIZITE R IERE BT U RS S BT, A MR T 385 s R LR S 5 SR L = U E R AR 2
9T ARUE R HHE 1 1 T P A AT SR AT A7 2 7 R FH 4 A 2 2 B A AR A 14 SR, 1T Quorum BV W] LAJRAIE
TEJR)Z 2 B AR5 A 3 5 — Stk

Aurora®27EAEEZ KM T Quorum HIEIE N T 2 AT T 404k, 2 B IUAE T F M A0 2 7
T — 77 T, PTR80S ok T S s A0 B AR 55 28 1) 2 17 2 6 3 0 oG 2 0 ) 3 vt 38 R 128 1) T B,
AR 8 2 8] R A W5 PR T B 58 A ST, DA - R X T Fl . MR L KL 938 R S5 i ity 7 A o) R E 508 7 A
ERH TG RGN 3 Bl Quorum HIE WA HEBE 7 52 IR 1L SR 288 45 0 ) (1K A e b 5 34 s 0 A S o It
B FERGA T A 1T FPIRES . Auroral®V B & RN T 85380 I RIS TU 4R, 18T 6 BIA Y Quorum H¥%: AL
BEERES1E B “FHEAL” AR ). 51— 7 T, N ER  E U5 T 25 )8, Auroral? 2 1 T Quorum R RE S 1)
AL : 15 )& AH 1R Quorum 43 2H {47 il B A ZH i — /N Quorum ¢ REE A A7l Bl A H I35 8 I 2 40 J8 3 i @l A IR A%
TR REA RGFIH K RE SR E B2 4 Quorum 341, i AT 3 40 20k il A 1) 5 5 $E 22 0 /] 76 X o7
B2 B ATt 1) AR BRAT X L 458 1 2 R L ) O U A7 79 s 0 e B ] L I L 8 4D 7 468 38039 P A At ) A, BRI A i )2
F14) 30 i K S S

X — FE B 1) 2 T 1) AR T B WO 5 2 T 2 MR AG AR AE 7R 30 431 s O3B 2 TE T IR 00 T B /MR AT T
DA A2, AT 4 35 R G 4k 8218 4T AB TR IR K 18 B R 48 B 40 B AR E AL T A — VRS, B SRR 2 R ™ i %
PRI B8 2 P TSR 1) 2 A B AS O SR, % T R G0 i s B ek R 7 7= A 47 T s T R b A7 2 PN 08 75 T 7 TR A
AN INATA B AR [R]1¥) Gossip T SCRIEHMNX 43 R e (14 58 2, 5 ) A% ] 1) — 3501
222 HT Paxos REIER—E ML

Paxos KREEME T Paxos. Raft UARAHIAEFN R T — AR A W IR b ARUF S0 — BUE M B R a6 5
TE A F RE Y Bt J AR AR 2, 2L 4% T 2R PR AR AL 2 S8 22 IS 2 A7 )2 [FU R TT LUK Paxos 2RSSR ARAIE 4L

BRI AR (] () — BME X — R R0E I 22 T el B T LR AR B AR I R M AR AR IR ] T R I K Be 7. R TR

BT HIEE RA )L b, T B G T3 o — 2 IR 26 AR Sk 18 s Sk F K e



DIRERERER B AL L 2215

PolarFS[251/& PolarDB 17 )2 5| %, HA i 2 5 7 & /O I BRAR 55 28 R 8 04k A% 48 Raft 550925 45 ), 3
T ParallelRaft HERARIRAESE Raft F5 I K A AN B W 0] L% BIREAE S8 Raft Bk £l F 2 fr 24
B BE I R A, 0 VF A A 1 5 AR I 308 e I e i o i H A, R SRR AR A A B i BB H B R B R AR AE —
SE 5 B IR P ARAIE 3B 20 H A% Sy 10 L ZE R 45 BU i) R G0 B AR IS AT RIE T R I 3F R AL BERE 1. IR, 7 mk
&5 0 E D HERE, R G0 I S B4k (1 B 35 R USSR W I AR [ 25 T B
2.3 ERHOLTPHIBEMNEZR LA

= 54 OLTP $u¥n & 8 — S S BB R 2T A= KB T AT ;)3 T4
HOZEAF I 37 25 LR (3) 3 T i R L AP B H 25 B 6 R 7 A [FIZR A T 3 5 =C R [ 0o L 32 R ok
IR HIX 3 EAERIE D TR

FHA &HA || e &HA H ER &HA “
[ &% | [ &7 | [ 2% | | &% | [ &% | [ &7 |

A A \ N A ‘_» HE | ]
 / &7
BANERE BANEE BAERE

@ BETFHAMAEFMENERRYS 0 BEFAMEFNERES (o) ETaRAZEFNENRY

Bl6 E &7 s B DB I =7 2(

2.3.1 HETHE AAGAT A 10 T [ 25

2 JEAE OLTP £5040s B v 530 J2 v 3271 h 380 4715 s (0 36 — 28 [R5 7 UK T e A A7, 0 T 6(a) . B T &
G F 7 RUSCRF IS A U, AR AT AR AN SRR R A — B TR SR AR T R AATE AN AEAE S S p
SRR RENE, X T B RS A ML AF, 4% T T B IR SR S A T BN R A ER AT G S O X
Tl 77 20 S B85 15 M 28] 32 710 s %) 4 S A5 S IR Lk, 4 YT S I RE A AR A SR IR SR R R B A
B AR [ 58 BT [R) 20 77 3R 70 A7 J2 B30 T A M R0 R AN B2 R0 ) R 25 B IE S [R) 25 L £ T S 1tk

B R T T RE A ACAF i S 0 S T 1R 25 1) 77 R 4% B 1 ) (R B 0K — 3R A5 1 T R D AT RUR
.45 AR SRR A AT 75 BT 6] T S A7 J2 2 1) 0 48 A5 36 1 1/O AR 13-4 2 35 AL TR 2 UG 170 AR A,
DA S5 AR5 5719 AR 5 N DA P S B AN AR T 3 o [ 25 T X, A 0 A i DA B s v ) S B 1 £ 5 R )
AFAEIRZI, R 1 1% 77 3 — AR Sy e R 15 00 T 1 00 — SO R e
2.3.2 FET AL TE N E

Z=JAA OLTP ¥ 82 b 145 A B4 3 f0 88 — 2R FH 7 SR T 275 AR G247 1 s RS )
P 6(b) TR JE T RE A AT fif (¥ T 5 R0 ok F2 22 1 SR A7 T 2 (AR Ak, 24 4 19 s A HR 5 4 0 —
Bt Ay DLE Bz FH A b 28 77 10 06 G A7l 2 150 BB 08 AR T 5 3 AR A7 i 1 5 20 5 AT DA 3 B R 20
B HUAE I DL T 52 55 07 2 22 T8 1A 58 A i o3P (81 25 J7 2R 28 2 () A AR IE 32T S R SRR
HOHRAS 1 — Bk, 26 FURAIE 517 2558 BTE BT 5 4% 797 s BRI R B 5 22 A7 1 3 A48 X — i) /AT DLE i
TR AT B A B B A ) R OR AR U % YT R T [ T WA ) B A R R AT 5 B AT P9 T A B R

XA 75 LA = AN SBR R (1) B8 U 17 2 P 308 3o A 1t 2 77 5 B 00 PO HE IS I T R A7 i 2 3K
U 5 (2) D6 P (A5 4 B0, 5710 A 1A 48 YT s AR S A H AR SE A AR S D i (S TR L& A 2. AT
G NT RURE ), DR AN 3G 0 A 7 B 5 A T 5 R R AT G ORI A B R TR T B R R 2B (3) R B I AR
B AL ST 55 NIRRT )E N T 38 0 2 N 2R B8 R 28 A S 3, 0 s se i A H S B2 )5,
B A7 J2 o0 AT QAT 19 0 H AR 21 45719 R
2.3.3 BT Rk O AT (0 R ) D

Z=JFEA OLTP $d i iH 5 )2 rf 295 A B0 40 s 28 = 28 020 07 UM T i 3000 i L 2 1 im R 42 A7, T P



2216 Journal of Software ¥FZFIR Vol., No., July 2022

6(c) PR JX — R [A L T7 A ZHRM T T3 RIS G A7 AR S Pr RSt h 5 AR Z 5 RDMA [ 4% I
LIS ) B R 55 % (R0 T8 R P A7 V75 T ) B S A A 8 R LU T 3 T AR ML G2 A7 1 R AP LR SRR AR IX R 7 5 U &
AN T BB T R AT i 1 T RO SR S G A7 O A T U0 R T T 4 A i B3 G A (XK
BIVAT, 8 719 AT DA B e = 8 A SR T i s TR e B v [ 22 7 3L 2% SEAIGF) B[R] 20 S8

RRFEDTT RS 3 BRI = A AF SR I ROR A SE m 8 R b i TR B ALY
i 220 2 T 748 2 A 55 4 P9 A B U PR B A G OO0 D e o e S G A T DA ORI X — 8 20 TR B R UL () M1
BB IRID AR I, 525 1 R R B A% AT 55 B B IE A7 2 AT A7 0= L o SR AR S B 3) L 2 G 7 A
o TR AFfik J2 5 [0l B, 31 LB IR A7 i J2 5 N EELAM RS SR ORAIE Bt 45 A1 3R 2 2 A7 UM TR m s
AN B 283 DL ISR aE S JE 0S5 [0 9T 368 85 TBOKS T i, D 3L R R AP R I 4 S .

2.4 TREEOLTPEIEEHIERE A

ZJFE OLTP #5405 P 1) e Pk 52 1) SR B R T2 53 9 W K28 (1) Jo BRI T 55005 OV A B () 1 B- 22 47
U A B UL T R 73 A X R ER.
241 TEMOSRRTE RIKE

1R #0035 R H ARIES(algorithms for recovery and isolation exploiting semantics) 7% 338 1T i Ak 521361, ¢
PRTT LA A AT B B = AN B R B RO R R AR R S B A A G R U DR, A AT T AR X e
DU 55 TR A SR e 3R 40 b 10 A A7 ik 1 D TED SE I ARSI A 48 81 b = 9% SR (R RF IR 5 A M 22
PR AR K 0 ZiUPK 521X B8 VAT 56 JAr A FR) JIE DR A e 3t e 3 55 BT 25 2Kk R) I A% G B8l e R rh e A AL
FAAE AN B2 VSRR 0, AN RS SR ST AT I 35 0 S0 e, DX e v 350 2 1) B (O R AE A% S0 e R AN T R .

B 7 Xf b T AR GBI PR R G5 o i AR e P e SE T 7 SN 22 5 2 T A i P o 5% ST I A7 A 2 A i
i H EATATIE LT A AR TR, = 5 A RR AW S B % — & IR 7, 7T DUC 3 A 3 5088 9 7
A [ T8O 1 57 DT A DT PR 7 A1 5 ARt 2 A A5 I8 58 A T BRI v BB AR R B AR 2 A (0 TUIRA,
A CABKIS AL 48 ARIES 550923 1) 3 Al R8T IX — 350 404 T HEBIAA 6 2 B A7 A% 1 S A 0 e 0 b B

X —FARM FEZRGILE T B TR I FEA T TR AU M 28 AR, Wk B0 R0k 5 T ¥4 22 47 1) R AR
REIBBNZIFERG — K 2 BRI, B2 2547 2 WAL Bk, F 795 SN A7 (B R L= 4%
1F ATFNEZ AT ) A 2 Bl T B30 ot 30 1T ) BT e R b 6 5 47 T AR AR 58T R R B T R A7 1) 7.

HEHS
i
54 31%
s e
3
BE5E
E7F {}
e TFhET S
bt
Baf B“§§$@m
kaxid
B :

B 7 RGeS = R A O B T
242 THE-FEAERNZ R
X TSGR AT AT 70 25 S 1) 2= S AR B e R 40, S ) T B A R 0 )2 R R T8 2 P A7 IR 55 07381 45040 8 J2 4
(107326 2 P9 A7 R 4% T DU B0 R AR A P R e e ) A P A7 5 30, TR L 0B . T B R R Z N A7 R 55 1) 9 A%
W TERS. BT 2 BT SRS R 2 N A7 AR 55 — B el AS T 10 52 B P 30 iR 55 385 2 L K1 b [ i 2 A i o 1 A
BUNFET LIRS LegoBase 1 H T W 2 2 DG 28 — 2N I FE N AFVE TS0 s AT A7 50 — R R A
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AU AR AE B s Iz FE PN A7 BT S A7 i A D e R PN A7 3 M T 458 2 Ak B Bl U [l S I ZE A B Ak AR
AR B, T AR A e LB 5 — 2 A WA, B R MG RE PO A7 rP R S BURG A A 45 R, TR I KR B ARG T e Bk
A5 s Ti). T B A T 0 S5 5 AN Iz R P A R R RS 0, I R A A S B AR T DA B
RS,

P2 2 W L A5 80 T P AN I (1) AR T 52075 5T 1 B R 5 S I - e T B AR S S B A M B R
B 15235 T L AR AR T 4 ATk (0B U7 1) ZE IS, AT DS B0 8 I I) 114 42 B B K 525 (2) PR E e IR 15 4
R B A R AAAT A TR I TS RS A AR SR B R A I A R B T S AL R Y
) i B S 5 0L (R TH B @ it 28— 2 S A5 AL ARAE R R IEA B HE BF A MEAS 2 R0,

2.5 R4 OLTPHIEERHTAPIAR

=R /E OLTP $¥E FE I HTAP B R F 89008 3 K3t 2B BAT IR FITE, Q)71 Z 1T FIR TS

WEEIA; LA RGN A BT A NEE A HITE. B 8 R T AR AR MR 52 L3 N RGN 4HIX 3 28 HTAP HiR.

HETR HETR HETR

e e

L mE

1713 S1F

HH:2

TR
K—1FHASH

(a) ITE BT ERIIEF (b) FHERITIRFEIRRIA (c) WET IS 5T

B 8 o I AR s P A4 2 B 2R R R HTAP HiR

251 WHHEENEATE ST

2z JR A B R R 28 HTAP BUAR (1 SE 97 200 T 01552 s A8 S s 50 Ak, 10 B 8(a) B s A7l )2 R i 4%
HRAT A7 A SR AT I RS U T H 2 AT 2 B BT A7 3 25080 5, 2 55 1 R0 U B 28 25 20 7 20 30 43 i
H B Ak R B At 3, U8 a4 47 o 25 R R A W 57 13T RN A T 38 S B4k 5 OLTP T4 713k %2 3
S, 8 G0 SR A TE N AT P9 [ B £ B8 AT A7 R0 51 A7 78 P 50008 A Q0 25 AR BB Dy AT o Jall ) 70 0 B e
BT R B s I — R 1 S PR AR AE T2 MR A 2 A ) e v A28 75 R T A R e R
S A7 K T B AL N BT T A7 % SRR A0 2 o7 SRR P A7 0 U, DRI 5% v 2 ) s Al i S [ it
P A 38 75 BN [F) 28 AL A G BRI v 55 147 47 B0 5001 47 B0 B AT R 5 B0 7 (s 2 1) T BT AT 77,
FAETT W T T BIAF), SR 1 24 75 9 A9 FAAT T30 25 IRVAR K358 L — AN eIt (0 AT R =l 5 R o
2.5.2  AFREEAT B AT HE F A

Zo S A B R 5 2 HTAP HR (K 528 7 0BE T 17 i J2 [R1 IS A7 Gk A0 1 5000 ) A, 2 1 8(b) s AN Al -
55— TR AT 2 R I A7 AT A7 A% QN 20 A7 A 2P Bl A b 23 o BT O T AN (R 45 S AL v 1) A L 4,
1 5T AL HE 55 B AT ) (1755 s U7 AT A7 A% QR AR, T 670 B 20 A B 285 ) (9045 s A U7 1) B0 A7 A 2C I A% R 1 OLTP 471
IO AL FE R FE AT OLAP 47 2R [ b HH 3o 72 52 4 [ 28, B AN T4 OLTP 04 50 9 2 I isf 535 2% A7 P9 00 T 44 - [ 25
BT A7 =X B B A ATk 2 P 30 Ak B 00 B8 T 75 I AR 1] ) [ 25 B 48 47 A7 4% SR A 2 18] BA R AT A7 4% 2030 51
171 302 1] 1 Kt 171 25 B AR R U8 AT A7 1) A 2 TR 4k 5 JUA 11— S50 3, 31K 51 A7 A X A A 1 S 2 31 3 it
oAb T BT A B AS BB T X — SRR I L PR E T OLAP % (1 B s i 7 v i phy 47 77
AR5 BN AF B A 2 18] (14 (5] 25 S B, 5 55028 5 7 A T 3 e 280 2 4 o 45000 3 £ PS8 A1 £1 ) f
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2 J AR B TP B8 = 28 HTAP $5 R 1 SE I 7 KO8 A7 AT Al R AAG B A6, an B8] 8(c) s aX — R EER
BH A A7 BB R R T SR R G A A % R AT AR U BRI I AL 2Rk 2 (skip list) A BS54 Uik 9 A7
H B S BRSO\ R G I R AAZ OB B N R B B 7 LR AR R & X T OLAP
TR . A 5500 B B A0, 508 P R RIEATAE 2 N BR3P I A7A% X e S e IR 4 B 4
P B (segments) JFEAT 4121, LU AL 2143 b7 B4 25 1) Sb A1 4748 J2 N TE D7 A 20 B0 R A BV n — &% 51 Rl p5
W 0 B 2 DA R B8 S N AT P AT AE R QB ORAIE T S 45 B A 9 PR 80 T AN R 2 A7 A S ARAIE T 4%
BT B A9 (1 300, R RS HTAP fh gk kb 3P B8 IX — 2RI R BRI AE T W AZ T8 1 T A7 R A48 P ) S di
6 A F], B AE B AT BUS 8 i 38 B2 BN s SN A AR, &7 F T B BT R TR I 2R 4 23U T e gk
ZHZ R BAR A e AE SERRIBAT R, R G A F R 0 A A 2 ) ORAUIE KR A VB IR A R A A RE 4R R R
G = BB AT

3 =/E4% OLAP ¥IBEZEWM

mIFEA OLAP ¥4 & 4014 3 T ) KAUBEELHRE 43 B A7) 55, 1X 28 ) 5 LAy A Y 41 380 =, IR s 19,3 47 DA
FEIHER T M E T H . 5451 MPP(massively parallel processor)Z £ #5 6; FE JE B LL, = J A=
OLAP %5 1F R G0 R AAF -7 B AWM AUIR &S T RA#HME,EE T 2 FEN M EN SR — a7
i SEIL T RS & AT F 2800 K Ui, A8 i 1) MPP RS -G F2E SR B AH B G B 109 A R R AL 3 A5 9 (L 2 15 Rl
i B 5 BT 1 R ION S, R Go R s ST R 2, B BTG T AT B e R (shuffle) 354, X 386 i T 1R K &
ST .M = R A OLAP 48 e T R IR 25 0 R 11 mUCK AN F (10 71 5 85 R IE & (W1 CPU #3805 AR &) LA
&M AR B0 BT 55 BT S SR BT 55 ) AR ) b, O 5 T 5 A7 fi ol O T 50 K1) 0 B A
R A AT g R T A7 0 55, A7 VA v U 2 A7 oI s 00 s 2 A7 TR 55 U 3 B85 DX 3k 1 22 1 A 350
BARUE T A7 1 v T B R SEI0 T X6 F P 3% B 4 L

H AT 2 A OLAP B4 e Z2 48 B & P K 28 () TH -0 0 B I J2 284, 5 )t - N -1 i r B I =
JEBER R A A B AR, A5 F BRI, A RPAT RN H 5 RR, LR IR R 4.
3.1 ZREOLAPHE-F#SBEHMELRN

W 9(a) iR, K m R A OLAP $udi e R GER M 1 iS5 776 7 B A J2 380, 1 5502 S A7 i J2 2 TR
JH e X 208 HEAT JE 4%, R I R ) EEANR R SE0Y Amazon Redshifti OVl Snowflakel?) B AR, 1X F4EH
M SEEE T RS EBRBMTHE GTE LB RGN RN 08 7 ouBdEA . RIREHE. Tl
s Mz e PR LR R H R T2 LA Z ST 2 AT 5T ROMTHUT BRI B AR

AL SSD A7 Ai# I T G A7 K JF 1 IR Bde 70 i 70 BEAE 55, S0 AT 579 S AE i R b R AR BE B B 1) ol
I3 P A B A A A BRI ORAT o (R0, AT 7 45 IF A v 2 A T 5575 a8 A5 DR EAT Bods 5 F A7 0 LA SR
387 Fr 9 rhe Bt A s LA R JZ AT A AN B H R a0 A2 DASSHE 20 P AR D 08 1% i AR J2 77 Bk 1) A 28
T M A7 A 2 0 A 5 T SRR R, N B RO AL TR T TS R R A A B B B O B s A R 3 R
RS SR B B AR 55

(DT LB LTI H IR LR B 3 NS R BBk AR 55 B 1 552 S5 A7 ik =
K 58 A fPAR, SEBL 1 VS50 5 A7 A 0 o RS 37 A S LA, A 45 P RTRR B 11 S 10 v 545 A £ 7 SR L A
FE SR PR IR 55, DT AR R 1 45 249 A (i) i T IR 5% R G0 PT DA T 4R B R 1) = A7 A IR 55 SE B v vl . — D7 T,
AFAESEIL T X3 22 K0 ) A 0, 24 20 DX R AR e b B e, e 5% 2 04 e T AR P A A ) 2
e R ASE AR 55 55— 77 10, vHRT s ASHUAEA OUH T S A7V F 2 T S50 s R 2 i o A 0 9 R 2
W IR, 22 48 00 7 HE AT H030 2 20 E B R, R 5 00 AR I e 1EAT 8 10 G A R P B AT i) R T SR 55 R S AE T
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(a) SREOLAPHIHHE-T254 8224 (b) EEEOLAPHIHE-RE-T2iE5 BE4
B 9 =54 OLAP $UHE FE 2u i)

QEWHPATIIE B T IX R DM W E WL LT =P RO BRI = 55 B8 5 2 i R
JA, ﬁl@ﬁﬂﬁc%ﬁé miﬁlﬁrﬁﬁﬂ’lfﬁlﬂ Jﬁﬁﬁw’ﬁﬂﬁ ’—TJ 'ﬁﬁnﬁc Fiﬁiﬁﬁ%wﬁhﬂzﬂ (n)ﬁT%‘zﬁE’Jﬁl’]k

)”\Jﬁrﬁ%f%*ﬁ’ﬁi(m)%?T?ﬁE’J%l@ifi ﬁﬁ%zqﬁﬁmik): U‘Jlﬁlﬂﬁfhlﬁﬁﬂﬁiﬁ: Fﬁﬁ?*’ﬁﬁ“ﬁﬁ
AEfl SO e 5 1R B 8 5 I 45 R . (i) & A I 5 IR B AR & I S AT S R 45 RFAE shuffle
), 55 A IR I s RS S H AR B .

QYA SRR AL TAE RN MPP BUEHE O i 31X S H M BE % HR A B v 1wy 1, B8 4 1 1, A R TEAIG I
A 32 TR 49k 5 A A sk 2 v 552 5 T 4% J2 2 T PR D 285 A B — g T B 5 2 5 4% 2 2 1 v T
DX 265 (EL A b AR b 22 A7 10 7 5 3 B I 2 B S R ZE R 5 — 5 T, = AR S5 BT 2% 5 3 1 508 & R0 A% i i 41
HEIA K, Fﬁu%gﬁiﬁ/'\ﬁﬁﬁ’lﬂé%%%u

(DIMBIRG T = A OLAP THHEAFME 7 B 28 I R 48 3 B L Redshift“Olf Snowflakel 3. — 2 #if
KA T B R, FZE X R TR E 2 %ﬁﬁ%);’“”ﬂﬁﬂfﬂﬁwm Snowflake fEIFEERMN T S—HIJC
HEEH AR ERRENAE RS EERS RS, N ERRS T — P, B R AR R
BT E S AR ARG RS T AR AE SRR @ i a7 U AT IR R AR L e AT AL A Wb
PR T2 3 1 7] AL AT, SRR ) = 4766 00 TH 52T HE Redshift &I MPP B304 6 FE A S == J AR 208
JERO H BT AWS(Amazon web service) A ERSTETHH 2 5768 2 2 3G 0 T I 2,608 78X B4 M 3 &
WHIE 1) Specturm ££5E,45 A FPGA #HT1HE THEM AQUA (advanced query accelerator) 85, DA K TH] ) 4 B 4K
D247 1¥] CaaS (compilation as a service) IR 55 F A3 0 7 A Hh i — (7% R %5 RMS (redshift managed storage),
TISZFFE 16PB A A Hh SSD 2247 A i) Ab BEEE T+ C+-IARIE A i, I ad 3ok [R] dh =0 3233 A7 43 A U & e 4k

32 TRZEOLAPHE-NE-FEHIBN=ELM

W 9(b)FR, 5 KB OLAP il e RGURH 1 H - AT -1EE 0 B I =R 5 R . WAFIE
A7t 2% 2 T [ B R P vk ) 4 AT 4 2R T IR R SRR 1) T EARR R G WA Ak BigQuery'0), 5 57 — SR ALK 2K
LR RG2S T 2 RS E B AT 5 2, T 57 AT A (1) SSD A7 1 B A7 AN (1 72, ﬁ?ﬂr
SRR — A gt — R B2 0 77 s U8 BT AT (9 AR 19 . 53 A6 g i 1 — 2 A AL = A A7 2 M T A B R
) (0 B0 Ve R (shuffle) B R 8 S b I 45 RS ARG R /0 AU K2 E’Jﬁﬁ%zﬂﬁﬁfﬁﬁTﬂ%SﬁﬁE’Jiﬁ
PE A7 Gt e 55
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(M FERI BN 5 —REE AR X R THE W S B 2 s Tt N2 H T 2410
B R ANEAT B G AR A S (R B8 3R < TR (e 4 5 R A as B A BT X R 3L S A Ry AT
G IR, BT ARG T B R AT & SRR R M i S A 1O, 38 & A0l I BT 380 ) A d i
S — P AERF TR B, I R SR AT B8 I SR URR FH L B T A2 2 0T DA — S O i, R gt AR =,

QEMPAT R X R Z R B WAL A LR AP RO BN, = RS BB EZE MG RE,
B S A o IR A I g5 BT B E S 504, 9 A4 BT AT BRI G 2 T A7 1 A v b 2
W T U R R IR BT AR BRI A T B AL R AR A P U BRI A E AR AR B R RIS LN R R
2, A7 25 i SR B (i) 2 T N AT BB B R AR T H B0 s AT 2 I 3 B 80 ), T 5 1 %o B2 79 1) S
i, I T HETH B BT SO, B S T R S S R Rk G L N AE 2 L N R I 2 B B B e
A J5 ¥ A [F) B AE 1) B8 IR 45 TR — 19 A (V) & R A IS IR BT HAE R & I & TR s R [ &5 SRR A7AE
shuffle i %), 5 J5 & I 45 A H = RSB HLAR IR 45 H .

QYA SRR AL TR M MPP BUEE O & 31X R EH [FFF R 42 (L 70 & (1) R G A ik =, B4 1) e, DA
T B v 1) B R R A e 3 T (0 PR g AT 4 2R R A 1 [ B R PRI A W B AT Y B . — D T A R
LN A D R 2 it IR 45 1) 2l PG . 53— D THD, 4 T P S 52 PR A7 2 T R /N 2 B s o o, o ) 4 SR 2
BN At 25 38 BOK B REAE 1O AN AR 2 AL AN

@MY ARG ET B4 OLAP HH-NAF-Fi 0 B MM R 5 EZE DL BigQuery MK . HLIEH T
Google MR HAEU RS Dremeltt 2l M H UG N = 5 ARG G-I THEZNFE UINEE & H s
1Ef L IAE Google 14345 LA RSt Colossus &, SEI T HiE 1 =0 v F A7 il SRS UK T BV IR B A7 4%
. Capacitor, 3 #7775 & 45 204 L 34T EEPAT 400 A sUE W A B, FOR H 5 5 I AR 7= 35 -9 8 3 AT
2, 77 N WA ORI IR 43 IX 34 R 45 R IR 9 s b AT BE A0 3, b shuffle SRR I AR 3L 2 A A7 )2 34T
TS, 2 2 5720 M s A IR (9719 03 HE 45 S 06 B A6 0 5 FE At 3T SREERE i R A E WA B2
& AT R,
3.3 AEIEMOLAPRSFE B4

%= 3 =E4 OLAP HUIBELEWH

ZVEOLAP RAMM | REMAL i Ak W Atk Wk
50 89 B A Redshift ©% # i # 7 i
TR AE A7t BigQuery('] R e [ LY e 2%

R 3 RE T RIRA OLAP b i R i AN R SRR BEH A4S, 20 590 N W b BE g A ik 8 0 L B B B 2L
L GRUEMIRR B SR RE S LU EE I A A B AT

B RARGUERM T2 0 B 2N, 76 B 5 B IR 55 A S A7 5 R 55 1R S0 28 00T OLTP (it 55-17 fik
I B AR I R GBS AN A Z AR T OLAP 28 4 ] 1) KU K s 7 B, FL 476l 2= 9 U4 IR Mt 7 v AT B B, A
i o3 BT H 35 s ORAIE 1 B 20 i i R A e A vk R e b, B R TSR T AR X T RN A T AT S
B TSR R A AR Y RS A PR A Bl o A I e TR 55, HAE SRR (A B R AF R s 1k R 55
FEUE SRR Ak 10 AR Je LA i 1 380 B 5E A 52 R 0 AT X ) e 55 B AR

FRARGERA TS WA - 1708 0 B S, R B S DRSS . WAF R 55 A LA Bk 2 R 55 1A S 2R 8L T
OLTP Z G5 -G A7 - 17k 70 B G AN TR LA AE T, WAF IR 35 AN ) T B A7 iR 2 4708 2 B o 2 AN )
TS R (AT b A O A G 0 P A B AR A & O I DK 79 o R 28 A5 30— P vy 1 B 0
45 L BE 70 AR, 19 s 1] O L 2 A7 BRI 17 AN [0 T B4 55 10 £ o 28 . A9 A A A7 2 A 95 1) 50 N SRR 2% K
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P, R e JEL 4% B A 0 4 O O i
4 Z=FEE OLAP HiEE BB

=54 OLAP Bl FE B R T BEA S A EE B AR, Sl AR, TR 2T (serverless
computing) A . BRI EAR . HLEEZ I B AR TATTH.AE 10 FiR, 2 A7 8 B 2 5008 PE 10 i 8, S 4
# LR B MRS T RS 3 AT H S A W A B U 2ok B LR Z R SQL R, IRl 5 B AAE A B LA
R P 1 2 ) R 55 s B R A A HR KT Ak 2 R 55 AT iy B0y () R AP WL 2% 25 S R — 7 T 2= a4
ATARAN, 5 — T3 T 5 T R 2 £ 2 5000 2 R 55 330 AT L B AL 2 2] A B

SQL SQL SQL SQL

I IS S

& Al4DB —
2 wEmr] 0 (3 xmssite )( 2 mwam (— 5;’5;

I%] U TT i/ /U DB4AI I

> BEFSQLMIML

Kl 10 = J5 42 OLAP Hii e G B BOR B0
x4 FIHTH—ADHEARLER BB A UK EAILER . % A S B AR Rt & . LR
R DA G R R R A WAL B R 4y N EE G T FHETES. Shuffle WA7)E . BLR A7 41 5
R Z B TR S 3 AT B E T4 B T 808 FE 291 1Y) Serverless DA 3 T-34E B2 SEHIIY Serverless;
BHRARA o B T 25 A L RE A (R 52 T IS TH IR “ kML (Enclave) 13U (R4 M85 2% ST HOR
Gy PRSIy e TR 5 I 1 2 S5 AR O P B ARORTHD ) 2= o AR 0808 1V B L8 2 o).
F 4 =R OLAP R B G R B W0 5 A0k i LA

HARZ G KB AR REMETAE FEM A F Tk A
T BRI, $#I15 MVCC Snowflakel?! A Hol s AR
TR & B A Tt B ) 0% R BUE R Redshift(40] [ K &AW AN
FET BIAE 1) 2 45 W A EUE R R BigQuery(!% TR AR
FIAX RS & THE PushdownDBI43] AR BH G R
I Ab R R FIX 45 4 Shuffle N7 Z BigQuery(!% [EEEL mARA
SIS & THAT E A7 FlexpushdownDB[44] [EEEL AR
FE T 04 FE SE B 1Y Serverless Athenal*3! [EEEL mARA
To 4 a8 B 5 —
! HET BB Serverless Starling[46] e P %izigﬁifiﬁ}@
FE T3 B H R I R R Snowflakel®! Y Rt B SCHHE A A
HAE Ry A - - - Azure SQL — -
4T Enclave IR 5045 (R 47 Databasel*” e JE 22 ax WA
FETHLA 2 ST o= J5 A B R R R Redshift(40] T R FE S P L) 3 B MG
L& S HAR — — - - — - — —
THI 7] 2 J5 2E 40048 22 1) E B P A5 2 2] Sagemaker!48] I FEY R Sk BRI ZR A

4.1 FREBERARTHEERE. RARKBARASFEHUREEE

R4 OLAP Hufls e 2 Gt A7 il ' B AL & (1) o 8t ' B (2) R R R HUE 4144, 5 3)F 45 M AL Bl i B =
AR 23 TTHE E B 2 SR A R R R G i B S AW AR AR L T R R OLAP K i B AR
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AR R G HERAE, B U o 30 T F T SCREEOHE BY b, 08 S R, DL K B4 1) 22 W AR %5 il (mwltiversion: concurrency
control, MVCC)-55 2 1) ¥ i), 3 3 B 1A A2 7T DA Ak 2 05 B i =8 B2 0 e R R AN 3 . = A7 1 AR
TR SR AT L P A IR 55 E 2 AR A T AR b B I G A R AT X F T R
FIEHE 1 2R 5 R BOR FRAT 1 B 3 T 12 B 1) 5% R ARl 4y LR B T 8 ke S ik e e st Uy &6, B
FER B R R LR T EBENIR A EENRN. &G, 0BT 2 FE L WA T2 4 m 30k, H
W AT HE 2257 & b 2 25 46 A EHE AT 8 B AR — AR B 0 o) L AT N BB TSI IR A i AR TR
411 FETICHERIITEL, ¥ LS 2 AR R IERI(MVCC)

TCHEUHE W AR O B s - BBy« BE s R EARAEBUE M AHE B S CRE BB B R AE OLAP 4
W MR, T RG BRI = IR 55 E FR2E N, T SCREAF0 8 B S Al A A, FE B AR S 3 — AR P 0 A1 =K )
E A7, AR IE &8 v 5 vl S, 0 Snowflake SR T 23 A7 =X 148 (B 2090 2 S 0 oo 8 /724 . S ARt
Htf B H ) = WOR B AR () B T o 1 BT A (0) T e BEHOR 5 (o) N TR IR A7 #8411 (a) Pl 3 T 3R
T, 7o M1 A7 7 FEB ] B Timestamp), % 243 IX I S22 GO 1 FISCA 2), LA R &SI Gk B (E IR ¥
FE). 0T SQL £ “Select * from T where uid=2" , 2 R 458 BRAR 7T & 56 U7 ) Ho oo £ M1 A 4R wid AO1E I
(1430 BBl PR SO 2 EAT B, KA SO 1R o e v LLSE I R e BE R W 1L (o) B R W T2 iR T 2
T2 1) DDL #:1E “Create table T2 clone table T” , = JIR%5 & PR JE A B E H1R T (WEHE 3 T2, i 28 %7 i —
A TEHEE M2 SRAC SRUFHE R B R ) 11(e) o 8 Te B 1O SR RS, 2 IS5 T SRRl i
MVCC HLEIEAT P 5 5088 Wi A 15 ), B X AN [5] hiAS 1) 308 33647 5 160 15 1)

BPRT TUENIE M1 M2
I:Ij TIMESTAMP: Mon, 01 May TIMESTAMP: Tue, 02 May A REN
i i b N Select * from T AT (TIMESTAMP=>
. Added: 1 2 Added: 1 2
1 Alice = X 1, Xt © XfF 1, 3XfE ’Mon, 01 May 2022’:: timestamp)
| L Deleted: Deleted: 2
2 Max | X#1 clete LA 2
- E s { Stats: Stats: 18336 B R — 59 HAET
| > | ::':r:le_ }\_-anf:'r ::':r;e_ 1A-::;I42T Select * from T AT (OFFSET=> -60*5)
4 Neil : ! ) ’
5 |Thomas| X2 saL ) DDL o ETFIFIDMER
6 |Florian Select * from T where uid=2 Create table T2 clone table T Select * fro&;;EFg%%éST:I:gENT»
ID: ‘8e5d0cag-005e-44e6’ ID: *b858-a8f5b37¢5726’ 008 0050-4408)
(a) ETF BB (b) TRERAR (c) AL EUERRAE

Bl 11 ot A i = o g R
4.1.2  FET RO R o)

X2 R A OLAP U 15,58 R B MGl /K Kb R 73 S 2 AT S04, AT U R T4 G808 R B 1 1)
B4 P B DU AR 2 BRI 3 1) SCAF — RS SR8 o, R RR I8 5 1) — 47 357 S A 1) g 0K B 3 R 4R BRI LE 87 3
At R AREAS ST A P 2 SR 1 XA B A AT/ AT A (S 3, SOAR Sk B — L e s DA B — B AT il w2
BRL 1, a5 2 v R 1) S R 38 40 51 30 0 52 BROSC A Sk (A5 S T DU BRI AH B 40 47 L T 6 7R AR A S
AT J5 AT LB 2 IR 55 BLIRARAEAE = AA 5 TP (A0 AWS S3 S RAFME = IR 55). AR == A7 0 8L 755 RE AR AIE B 10
PR E 5w T, 2 5 A OLAP S48 2 12 A M B2 3t ) 44 SR 43 X 5 BBCEE A 18] ) v 50709 s DU A 1 1)
G3 A0 AT R 43 B 04 07 0% — MOE i E Ok R AR IR B, AR S AR R 23 B 1 e A R AR X B ) e LR I
W T BE B R oh B0 s b 3R Oy A A5 A RS A (B 1 T 2 8 6 8 RAE AR UMD RE AR, T B /W R 2
(AT S0 . a0 B 12(a) B (B 1 B0 RS UG P N Ok R 3R R (c_ID, ¢_Name, ¢_Country,...)f1] L3
(0_ID, o_City, o_Country,...), L ENTEEWE T Country FIMGERIZH W 12(b)Frw, iR 88 Country FI/E N
B FE r X oy S A A 12 S I A RS A (B 1 DG AR S S 40 B0 B [F] — Y AU(CN B G ZE B s 1LFIN [
JCLHL BT A N)IXFEF R AE Country 1| (1) 218 FH W AE AP AT.
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RERY] [JERR]| (oo ocomn) (oo o camy
cIb 0D CN CN FIN FIN
c_Name o_City CN CN FIN FIN
c_Country| |o_Country CN CN FIN FIN
wAl BAN
(a) BIER (OF: ¢ 31p

12 BT B E R 3R R 45 7R 5

SR, I 7358 PO A 436 10 502 — A~ NP-hard 17) &, B G ] 76 46 12 1) v g 86— > s A0 10 K1) 40 7 S Al TR, I
R R ML E NN AR R R =0 TR E R M7 R NN H—FETERENR
3SR A 7 49, R A S AR R 1o e A5 Qe e e TR L v UM OE 3R BN B TR S 3 R
R 2 R e KT N P R 10 R H AR R R B LA R K D K 4 B ] T AT VR R R oy
i A 2 — A B Ak ) L AR S 2 2RO SR AT I R SR an B 13 BToR, BE X T {AB,C,D,E,F}
ISR, T A 2 18 (B2 1 3R R, 9F HL TS MR /NS = REROR T BRI B, 1 P I 7 3Rom T34
(R B B 00 2 IR AT A6 2 450(B D P T 2 14T b-d,bl-d1 B§25120). 5950 A WA B, 26 — P Brm it
B K UL TR B4 AN A AR AS BRI 4 R1={C.c, F.c}fll R2={F.b, B.b}.JLh,R1 1 R2 IR E 4> HIK4 4 Al 2,55
M BUEE ST O EEY R R IWEES RS R1={C.c, F.c, B.bl, D.d1},R1 (KL E R 6,115 2] — AT 10145

(a) EIEE (b) IREH6HIEIS
13 $H 4 )

4.1.3 BT A7 1S M B R R

AR 45 5% B0 P T 1) 1 R BV 45 3 35 N ARAT $ 45 R4t 5 42l ERP(enterprise resource planning) £ 4t,iX %
Y s BE A =0 L ] 52 T = JRL 4 OLAP 33 FE T [l 1V 22 B R i DL 7 A8 BRI 4 4 ) A SRy
g in HTML M50, XML 5 JSON SR, e AT B e AR R, o A R B 45 40, HANR I 48— WAL ) S dis
BT H AT 2 J5 AR B 1 22 TG W R 5 VR B G R A — S AR OB xR W SR A P B BT
R A 7 B AR i SRS HOHE  7E A 00 IR B B S R HE BT O 28 — b O i AR 45 e SO R UG 2
PR AR A BEFIE 57 M i 7= B I IR B ARl N s U i P B B oA B 14(a)gh B T MIRE
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] 7 B BT i B A By .Country 5 Url Jyml b7 B B 14(b) IR H B He L 208~ S5 M U R s i T
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Language FB HIEXR 1 W —MIBERE T 2 RE /M EER T 1 IGRER FBALFE Code Al Country.



2224 Journal of Software ¥FZFIR Vol., No., July 2022

™ Docld Name‘ Name.Url |
A XA - o ™ -
Docld: 1 Docld: 2 B |#mo s
Name Name 1 |TRUE 3 http://A | TRUE
Language Url: *http://C’ http://B | TRUE
Code: ‘CN’ 2 |TRUE 1 FALSE
Country: ‘China’ 3 6 Ea
Language Message Document { http://C | TRUE
Code: 'EN’ Required int64 Docld;
Url: ‘http://A Repeated group Name {
Name Repeated group Language { |Name.Language| Name.Language.Code| lName.Language.Country
Url: *http://B’ Required string Code; KE B | R & | #e
Name Optional string Country; 2 CN | TRUE China | TRUE
Language ) ) 0
Code: ‘FIN’ ) Optional string Url; . EN | TRUE FALSE
Country: ‘Finland’
ouniny: T } 0 FIN | TRUE Finland | TRUE
() ISR (b) EFFIEM L ERIERT

B 14 BT B4 (0 25 R AL B s R 4]
42 EHAEEETE THSHREEZFNERLE

= JEAT OLAP HUis FE F Gut 17 23 A M £ SR BT 55045 17 i 2 18 0 g, A SR BT 5501 S 5 A7 i1 s (1 48
oL FE S A 7 AR R TSR S AR 2 040 B, R I 10 R0 28 A% S R T, DR I G AT 9 T A% )2 B B2 1)
HHE AL Y B 2 = SR AE OLAP $i4 2 B2 Mgt v (V) — A~ 352 0] L. B A1 1300008 FE 2 BRIV 1 R R 45 & A Hh 22 47
P> X 28 A B e, S T LA A4,
42,1 HET SRR A kb

X KA AR BT HE R A7 2, LA B0 1 R 48 A5 5B N 0 D38 K S3 1Y Select ARSGHRAL T R A #:
PR O AR E R I e, S R RERAE H P iR e =764 S3 T R AT{E K (Bucket) 5 # (Key), 28 5 FI H
SQL iBAIN} 83 % kAT L I, H IR 0] 75 B HE. i T S3 Select AR 55 75 it 5%, A b 3= BBk AR S 7T B fi 1
FH 83 Select [I5 - F #Eyek /> Hi ¥ 4% 72, X Ag R & gD I S3 Select HIIREL.

FF S3 Select FRULAY R FHME, B AT SZI R 5] L &R, RESE IR EMNTF S3 Select 1E 51 528, 1 56
15 S3 i — N E T MM R IR AT ET R IIFRIT S3 X RIEFEE R IS T B N A B (D)%
T4 2 LR S3 Select BEFRZR 51 3K P HTAT AR 210 3% 3R [F1 45 TH 545 s (MR IR IR [F1 (0 A3 2 R 5108, i 5
W AR WA A FH HTTP 153K 7] S3 A7 3R BUEE 3 T % 51 3K 19 S3 Select I8 & T 4535 v 1) 2 1), 1T KRR ik
A7k i IR B AL i B X T S3 Select [ 2% H2 S B, B Sl AT X /)N 22 g N7 A o ot 9 3%, AR S K 49 B 1 ki
A S3 Select Kik4H 5 “ AN KRAEAT A v HEAT EHEBRAE 0T T 58 42 S A AT o AN B B S B, 11 2%t H A
Xt RARFARGIRAF R L F1 (1 A P — {8, 38 J5 # B — AN —{E K% 45 S3 Select HEAT R AE.
422 T Shuffle W17 JZ I i) b3

KT AREUEE T Shuffle N A7 2 EAT 25 1) A0 2R AT it 2 152 U9 =C80Hs 4 T SR R il N 4T 35 45 &
Shufffle Y772 347 B 1A I R AL B B AR UG, Hoks AR b YT 5 S B3R R 23 J5 2 R BIAS IR AR Y st 47 =
¥ Bt (Map-Shuffle-Reduce) i1 5. H v /R 8] 1) Shuffle i FE7E G — W AR JE 34T, X8 40 7 B0 (1) 2843 & DA K AR )

SE A2 R RN o SR 28 R AR A A7 R/, 75 B B v B A
423 SSEAMGEA S THE IR A A

PRI RGE & A MR AT 5 R AT IR A TR 40T 25 90 13 A2 A, — MR B A 22 36002 U - (1) A Hh 2%
A7 T HELE A7 08 HE T 3 R0 (1) 2 A7 T 8 BT S0 s BB 5 v S AL W 15 BRI S AR LR
R(A,B)FIZE S(C,D)#K & 1K1l 4 R WA 43 B R AT IR 2 A7 R A DU AN 51 43 B (R A1,B1,C1,D2). 24 i SQL
HMPWRBILARKR G SR AR C LS LLURJEYE B 5 D b 396 B8 ] (141 8. 25038 v & [R] i 1)
FIA MR A7 A = A7 AT 5 R4 b AL BI, D2 #R7EAHWEAFHEAT 1 58 i, A 4 BOARAE = 77 AT
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TR TR C1 2 BOFBCH MAZEAFIRIZ R 1T D1 AEGAT B LA HEAT T 5 #E; 53 40.C2 7)
BAE R At BB I D2 $EAT 1SR (EARYE 25005 0 (), 505 D2 RIEEE G272 on gk, it T A s 22 47 b oA
WEPANIRYE C RUSETE B K, A (i o 10 05 75 3 B SRR R A A T, T J e 5 Kl Ja 7 v 5
AT T ERERE.

Group-by

Hash Jom

SELECT R.B, Sum(S.D)
FROMR, S
[ A1 ] B1 A2 B2" rc1 D1
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R.B>10 and \ THTE | ﬁﬁ?}ﬁ wﬁﬂﬁ ﬁﬁﬂﬁ

$.0>20 |
GROUP BY RB _4JB£J_4J o] ‘ *%iﬂ *%is
A1 | B1 C1 ‘ D1
e (e [e2] [c2]o2]
LEE

K15 455 8R 2277 55T HER) 7 i AL R0
4.3 TRRFBBAVTE ETHEESOISETRHHEMEHE

To MR 55 25 AT (serverless computing) B IAA 2 F— R HEWEFTREX, K FEB R AINE —RE1h
B SR BS R G E A B R — A ST E 0L F P g FR 01 455 B e B R G I TG IR 45 2 R
TH5,DBA R T4 5 21 1M G 75 00030 e 1) SR UG B, 2 $R B 0 R AT 2 75 3R A8 i £ 1 IR B R R, H A 32 2
B W7 2 (DB T B8 e S0 3k 47 300 T B2 5598 LA & (2)3: T Lambda R30S T
4.3.1  BET Bl SR 0 0 i 55 A RN 5

TX A AR A0AATS UL T Yy 4 P S A HR A T IR 55 25 40 1) 208 51 30T B IR 55, 3 4% R AN S 45 1) JB 3 AN 1
BEAT HE AR IR VR, B S4B 5 B 38 AT I F HE T SR B, ST A5 I AT BRI RIS, AN P HEAT UR B AR TR SR T
TR E T SAE T BUE E R R B AT b BRI IR e I BB, an o] BEAIG R 48 5 15 7 AR R ARSI S8 B 23X —
W58 7V 10 . BT 3 510 308 1) g v R 2 T IR ) 7 21 ) SR AR R 471 B SR v, L T T SR T AR SR B 1] 471
LR A TR E R RIS RS A A P 00 AR SR 3 B Sk i 52 71 8 30 = B0 P IR 45 45 F P I S5 4+
ik SiE R ARG . 2 4 1) 8 A R 3 1B 3 N iZ AR A 242 18 R G0i2 47, R Dy L o] R i 2 Bl I B N PRAT 11
BRI RN 3R, A 2 A S X R R = A i) /2 AR G I B R A BEAL I XS F P A& B P RS R
2 ol e o R A A5 FH IR 55, DR b 55 T2 2 P [0 B 1 ALt Sk ORI B B
432 BT BRHURSS IO TCHR 55 A8 A T 5

PR £ R AR %5 (Function as a Service, FaaS) /& It 55K = B AR 55 40k % J 1 o — /N B R 1465253 il =
IR 2% BIAE B, 2R S Re F P BB T R FEAZ 0 e RN TG IR 45 28 I ok B0 R0 — 00 L) S D Re B i bl = IR
K TGS — R R BB 7 B A T o S 2 3 AT AR 7 v, IR B PT DS 2 A 4 ) IR )5 B0, 9
S v B VA FE R RE 0 (AT RN R 30 B RO R A s 0. H TR R = i R e i AR 2 T Lambda bR 4K
TehR 5 115,40 AWS Lambda. Azure Functions,Google Cloud Functions.{H &%} £ & 1 &) i1 5, 2E T Lambda
BRI T IR 55 28 I T E B P RHE L 2 A R BRI (2 5 ), TR R B — o B SR AR
AR R EOTH B S 1 45 SOIRES, LUK B LD HAT A THRI 8 B LR, 24 3 R AT 22 R B2 H RS 26 ek 4
TR Z 000 5 0T BB W T RIPRAT 2218, B AR 280 X‘J?%*AX’E,@,TLLEﬁﬁ%ﬂ%ﬁﬁﬂhIEﬂ'U(
AR T8 A S H AT E TR 33 R EHUE S T EOR LB 16 s, B PR A A P 2SR A
SQL 25 ify), Bip i & 0 2 1 HEAT AR AT I A2 A W TR, AR 5 K A v R B ARAD AR U A% B 2 o R UIR S5 (U0 AWS
Lambda). [7] I, B & 7] 2 i R 2500 95365 SR F 2 AN 9 B8 B AT 2 ). 22 3 bR B0 95 LA Lambda bR HUH BRA,



2226 Journal of Software ¥FZFIR Vol., No., July 2022
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Bl 16 T R EUR % 1 o R 5 B T

4.4 BWRIPERBETEHPEEEEHE T Enclave N HIBIRIP

H 7= 508 B R HoR BB SR () B TFEASHAENEE AT 2) £ FAETHA
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44.1 HETHEAGHEENEI R HEA

TXRBORR A IR A AN P B0 LGRS Bt . 1 4, Snowflakel R HI AES 256 A O Fon o ik 45
G 2 OB ) A R AR T BT 2 IR G R ) A A S AR B T R AR TR SR X
25 I AN 2 O % B AT 2, OO 3 I 25 R I AR S WL N 5 R AT T 4 X R B TSR R A T A
B a0 AWS) Rt 2 R4 AR R SN B, . 5 IR SE AR T I EOR A (78 250 Kb 3 i 757
BLARSE 5 T AT A3, A SR T TR % S B AT A v .
4.42 3T Enclave FIEHE R HA

TR RH A B TR AR R AR AT BE AR, B 7 B ST B A X35 P g A A B, e B O v ) 22 A A6
WL ) Azure SQL % T I {E 11 B 3 85 Enclave AT HUE (R BV AR EIE E R 415 2 RS IR HE R 2 AT
BIELE 5 Enclave X393 400 &) 40 38, F P i85S B & 10 % 5F I8 S0 IR 45 /5 , 1m0 0 2% S 4fs
PEFRAS U, A8 5 B0Hi DA S 7 S A8 5 ) Enclave )5 A 3#EAT AR 25 15 1 25 1 Adb B R4 AR M AT i) R ZEBR AR 9
U RS9 e 1 1) R, 2 ZE 2 BR T Enclave A7 K/NE 2 ] b B 8
45 MAECZFEERIEESHSHEZEIMEXREAR

A5 o R B R S LA 2% S B R (artificial intelligence, A& 4l = FEIRE N — M EEREBE
e — 7 TR 32 ) HR T DA TR 2 2 T AR 25088 e 00 S BT 45 0 48 (A 3808 10 3R R ik 4% & 51
. SHORR DS 5 — 7 L LR 57 ST BOR AT DLEE T 2 i AR 0 1 D P SR AR B AL I L2 27 =) IR 5, b,
B e A v BT SQL AT AR AL L S HERT, 5 i A T e T R I S T B S AR AT B LA S L
4.5.1 FETHLE 0= AR FE R

XRH AT H @R IHLES 2 ST BARMAL = 2088 P 1 IR 45460 Redshift 1) B 304657 #E B T H AutoWLM
45 XGBoost 52 TN 25 1) [ PN A7 VH #E 2 5 30T I 8], N T BE 0% E sh3th o F P 1 B8k 42 A 8 28 5k FE 1400,
SCHRISOMR H T R FH VR B2 S A 2 2] SRR o 2= 503 e 1) B0 ) 4 1) e 455 ) AL, R ) 4 B R O TR RRAE 2 R R[22,
AAER, SR — A ) &, 28 5 R F SR 25 ST AR R 5 R AL AT AN [F) R o B 20 148 R ORI TR F s
AT 2R E B R GIE R AT SR RIS R RET AN E R 5 A G kR IR R A G 1k B 2w i s A
J7 B BT SR U, T HLAR 22 21 1 o J AR O P R R R FH I3 S8 5000 11 25 o o 5 AR v R R, AT AR A IR 25
PEBE .2 HT X SEBEAR THIE FB R =2 A5 B 1) 3 7 1k L LAIR, DR T A e 70 8 S A e Ko A R oA A 2 s i, 31X 2R 43 AR A
TE 7 BN H P A — AN R AT — 8 S B I 25— AR IR e, SR ke 75 AR 58 1) 2 R AR B R
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T 1) 2 SR AR O R AT L2 22 2 R =AM 38 5 e, B4R T B4 T SQL LA 2= ) ik 442 [/ P T LA
B 7 A s 34T HL 2% 25 31 540, Redshift 32 FFH S iE T “ Create Model” ) SQL 18 g LAY i@ T 6 2 H
FRAVHEAT I ZR G F T 5 SR F0IAT 55 L IRk B T 5 J AR 2008 P R AT ML 38 22 ) T LU R “ BB A 3R 30~ Ak,
AR UINZRGT PSR W] DUE A b 3k A7 HE BT 800 T B0 A% 0 00 F 84 B S5 25 T = S AR 3000 R IR WL 28 2% =0 m DUR H
= J AR B e ) S T SRR AR A e 3R AT TE A (WL T B 3040 A5 0, B B A HLES 2 °) R4 Sagemaker UK HE
Redshift 7 3 37 2 AN A RIS, 35 75 250 NS [F] BT 55 B0 A (R 0 08 BE A AT BB 3% 5 A 301 2. T
= JE AR BN FE LA 2 ST R 3 BB R A R ) I R A i, R AR B AT WL A S 30 P B A S AR
= FIEER A6 BTN, DL RS T HE W 1) sl A ] i, 2 R 75 LA e dan i &85 6 FH P ) TS 8 A1 AR 45 1) 1 R

5 TREBEEXBERARRKRMRGESH L

= S AR PR R 7 4R 3, R T VR 2 B L2, TR B 0 T i 36 1/ 22 8 R Bk . A () ke 156, 1 B DU /N 7 T
IR FRERILA T () EAEZEHAR(2) 2T MRS A BT BRI E,(3) = A HTAP Ul EHA;
PA B2 ()T 71 2 2 I 0 5 B4 R
51 mREZEREAR

Yl JFi A OLTP #dl ERAMRA I —E 2 AREMEZ T m S NSRS Y et Z R4 6
XHREFRRKMBLH. 58,25 s i, 75 ) e B 47 5, V) o 72K 5 808D 9 85003 4 ol 25 Wk & I )
(recovery time objective, RTO). £t X tH HAFME 7 B AL 2 SR, H WA RS A Rt — DR R B —Fhoy 2k
T RDMA )% 524244, i@ i RDMA SRR 2 A5 1 2 T @ im L EAEE IR E B Mo B T REZ TN
B0 H 2 B Tl I R R O B AN Hh G AF, DAk D R 455845 A W, B R 2 B 2R M A TR I 55 A AR 1 1) A
RIAE K S B R AR WP TR 31 0 304 25 I6E, R e I 14 R 2 KR R B A SR 75 26 R B AR R iz Bk iR
52 ETERSF|HMATENEZREEAE

B 2 i A R PR T TG IR 55 2 R T RSOSSN IR AZ AR 2 HhAR . 1 O BN B T R BUIR S I RS
Al X AT ARSI RSS2 AT H 2 — D R EE. B TR MR E S LRSS, FE—
FCHT IR 25 T A7 IO ML AT RS S 22, 2 W0 22 T 2 A7 RS 38 AL 1) B A8 5 v, TE 20 2 SER T ) 7 3R 5
A1 an A g5 B E IR 25 7R AT R BT S 0 R AR B PR i o B AU T R S A 2 MOk R B
F T B 12 90 1 T AR 45 48 B v B T i o ot AT T 0 S T 2 DLk G R 5 AR LA PR
AN GG R S R U S AT IR S A B A AR — AN E B T ).
53 mIRSEHTAPEIEERAR

BT B S50 B 280, 2 JE AR B 22 3 FF HTAPD®001 3= T I 5 KB A% o o6, RS 1 =38 N it
AT RATE IR 28 AR A AT 76 o 55 )= 3 A5 T B2 B2 YR 43 Al 45 1 7). OLTP S Hi ) OLAP H 5T s AL 15 2= iR 553 2
SLA(service-level agreement) 1S I ZE sk B A 1R KBk AR . — 75 T, OLTP 7 38058 5 =1 i 2 5 2 OLAP f ki
CLHL R T FE AN . ) — 5 T A A R A BT B R 2 2 S BUIR 55 O T TR G TR EEAR SR SLA P i0E i Bt
VB B TR AR 55 1 6 5 504 BT 65 2 1A 3] — AN 4 a5 LR Qe 1 T PR A T QAT [ B 4 s S
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R AR 22 22 PR B BEAT RO 2L U BT E 22 2 A3 T REAT 77 4 B, DA AT 15 = A PR e i #
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