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SELECT * FROM t user WHERE uid=0;
SELECT * FROM t user WHERE uid=1;
(a) Before Data Sharding

SELECT * FROM t uesr WHERE uid=0; |uid%2=0

SELECT * FROM t user WHERE uid=1; |uid%2=1
(b) After Data Sharding

RERE

UESiERE | —

g

i1 0

EHEES R

WA AT R ARZAAKIEEG 2R LEELAZ ] 5 8 PR 4+
O stFseXsdy AIETER, Fldr: 2R A

H‘
2

DS,

DS,




RS RIS

0 S E o)t
QA 22X RABLIEE
O RE a3 F2SQL7 =
d ~RE#SQLE a) £ A&

O selection, aggregation, table join

0 ZR(G)ER
QA # KiK. S8R w R4

=55 A)RR
AR R KB AN RNF %
H LA TE G5 XNE 5

QA RE 5> XF 518 F 77 E B

O O ym

0 =4 A 5h
O 2 1 B 4 5 2
O FHECE RIS B 4E




F{i1897532: Apache ShardingSphere

Adaptors 0 Ij] ﬁg;&% Q/
ShardingSphere-JDBC ShardingSphere-Proxy 0 6#'RDBMS. % 4SQL-924%:k

’ =3 ‘

B & o -
SOUEIIne a 3:‘1’7Fﬂ G0 T K F 5
4z
Parser Router Rewriter Executor Merger . T)‘ E_‘T_$ = 897 e o
0 xﬁz+.% N
Beaturics SOV Q #A#tiEmE: JDBCA=Proxy
Shard RW-Split Shadow Config Manage 0O %48 BT B ek

D-transaction Encrypt Scale Health Detect 3 __H:ﬁj:ﬁ&__ﬁif' 1=I \03

5 QA A FSPlsAei%it4E X
ata Sources

e R a e, #Mix, A8 Li—Jéﬂ/\I]flﬁg
Postgre- SQL open- | ...| . .
3L 2] (o] posn] (] o P

PNV Q Gk W’ﬁi?"ﬁn )% i)
ApacheEE B HEEWED FAHY 0O DistSQL + AutoTable & 314 %

TR FHRIN




=) Apache ShardingSpheref3%i#Ei7i

ShardingSphere-JDBC ShardingSphere-Proxy : =
Usage Scenarios Usage Scenarios - %ha;img}S}%h;:g:ﬁgZZC{iﬁﬁiﬁﬁ
____________ 5Javarm R 4253 —
Java Application i Data i _ Application O sHF % AR &Y
G| | o ¢ | 8 —[JAppeeae)| | O ShardingSphere-Proxy(EFEiziS
| ] A o3 P
ShardingSphere-JDBC —% DS, ~._! b — O % ﬁi@ﬁ’% o -
' . g Application Q shsbRAH #* ARSI E
' ' 2) Q I HEfTHRAZES
Java Application v A DS, ! Cgﬁ « _ O HDBAX & '
| o v—
i< . e
| i = A RIEfER
Shard , DS , = |, MySQL/Postg b % AT S
ardingSphere-JDBC i n | reSQL Cli/UI Q AR REALIE
. 0 LEHBR, AT
Y Q kyFEERSE
) Governor

10 ShardingSphere-JDBCIEFE =3




N _=
n
|

EHR S F RO ) e |

DS & . .
t_user t_order Table Sharding Data Source Sharding
t_user uidy | namey | agey |gender oidy | uidy | ty
t_order uid, |name; | age, |gender oid | uid; | t \¥DS/ DS 5 DS 5
(a) Original Data Source with Two Tables é t user v0 t user_vl q
t user t order
t user v0 t user vl t order vO0 t order vl ; t order v0 t order vl
uidy | namey | | uidy | ageg | gender oidy | uidy oid to - D
uid; | name; | | uid; | age, | gender, oid; | uid; oid, H
~— DS | DS 5 DS
t user hO t order h0 =
uidy | namey | ageq | gender oid, widy o § t user hO t order h0 t user hO t user hl
= T !
t user hl t order hl é E t user hl i t order hl t order h0 t order hl
: . = - @@ — - = - @~
uid, name, age| | gender; oid uid, I8 o
(b) Data Records in the Split Tables B3R (c) Types of Data Sharding
Fe——————— [ m—————— =
N3 /\ N2 I 1 1 , 1 I
Q FiEp HAYRE SELECT * FROM!t uesr!WHERE uid=0 ;[ w20
| — ! I I DS,
Q THREMDREX : | F-m | =
* 1 1 1 : .
O BiEEESTE SELECT * FROM E_t_us er WHERE ,_gi_d_;:l,ii DS,
SN e I -------
SR = (Eh - e '
QA #HIET A, 540 - DS,.t_user_hO yEtEsE NP SEEE




QA FEAERNES | RE=MRENSHAES

O XAE 5 THGACID, HEH R4
O AXESH: HAEM KRS, 1B —& M
O BASEF 4 At +, AL —H K%

Q ERZEESD R RIS mIUERER

A RRARASHARXNEFLFE AL —, FIHEF
O ShardingSpherefiL FIF 5 P B IR 55— RN 5205

Application Program (AP) Apps | | ShardingSphere | | DS, | | DS, Apps | | ShardingSphere | | DS, | | DS, Apps
A A A ' ' ' ' ' 4
T v v ¢ J‘ML prepare L _ i ShardingSphere
K’ > Transaction ( T[ commit | | oo A
Resource | € > Manager A " 4%
Manager(RM) *ﬁ} (TM) Phase 1 pri,pljre commit ] {] Transaction Manager (TM)
(a) DTP Model e rollback | 3:; v v
( lIback :
: k o Transaction
Apps <> Sphere ¢ » M comlimt rollback . (RN% » (TO)
L SOK N
AP|[TM | T* T T Seata Transaction Model

(b) ShardingSphere Acts as AP+TM (c) XA Transaction (d) Local Transaction (e) BASE Transaction Model




DistSQLAYEL B 18

d DistSQL

10. shardingAlgorithms:

Q a7 FANNES [ omdes: E

O BRAZEARER . 3. tables: :

: —b 45 - L 4 t order: '

= ';’k‘}é —f—zjj é’}% = ﬁﬂﬁi'ﬁ" i 5. “actualDataNodes: dsS${0..1}. t order hS$S{0..1} E

O X7 A A R A2DBAR AT . 6. tableStrategy: )

P S SR : 7 standard: :

Q 2XEFRZT e AR (8 shardingColumn: oid :

: 9 shardingAlgorithmName: tOrderShardingAlgorithm :

| )

% 5= ' 11. tOrderShardingAlgorithm: '

- %SQL% - 112, type: INLINE :

H fi?ﬁi’?ﬁ : 13. props: :
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SQL Dialect Parser Impl Micro Kernel Merge Decorator Impl
MySQL Dialect Parser Sharding Merge Decorator
Postgres Dialect Parser > st sd D dsrsh P % ;arser . Encrypt Merge Decorator
And more ... And more
SQL Binder
l Result Merger -—tJ Merge Decorater =2
Route Decorator Impl —> Route Decorator SQL Router
Sharding Route Decorator l — -
. gy
RW-Split Route Decorator a re1dyr s ssabiisnd, ¥ SQL Rewriter 22 E_ngme 2
‘ Simple Executor Engine \
And more ... J I - Enci
T ‘ T SQL Executor = i Transaction Executor Engine
And more ... \
Rewrite Decorator Impl
Sharding Rewrite Decorator
'T‘_' Ab \ S Y
Encrypt Rewrite Decorator 0 EFANTLRSLH Q FrETREERART RIERID TUINA RS
= . \ = N N /\
And more .. 1 ZShardingSpherefyfZz/) Q XEFRRBNSQLUEaEIED H




SRAYSQLE|E

d SQL Parser m ‘ ORACL €

O KSQLiE 5 #4 i Ah %15 =4 MySOlL: . ., DATABASE
O MET Z4SQLF &

1 SQL Router ﬂ @ fﬁ

OOOOOO

O J4:Z34SQLAH P HIET &b MariaDB  openGauss SQL Server
d » %

O / #%%d: DDL; DCL; TCL; K &4 % k46 DQLADML

Q 2h#%d: WwERHEFRED

SELECT x FROM t_ user u JOIN t_order o l SELECT * FROM t_user_hO u JOIN t_order_hO o

ON u.uid = o.uid WHERE uid IN (1,2); ON u.uid = o.uid WHERE uid IN (1,2);
,%,%ﬁ:SELECT * FROM t_user_h0O u JOIN t_order_hl o

‘ﬁ}&é%i%%da 4 ON u.uid = o.uid WHERE uid IN (1,2);
SELECT x* FROM t user hl u JOIN t order hO o
SELECT FROM hO IN h : o i : e o
* £ msem k0 m JOIN € iondern U © ON u.uid = o.uid WHERE uid IN (1,2);

ON u.uid = o.uid WHERE uid IN (1,2);
SELECT x FROM t_user_hl u JOIN t_order_hl o

ON u.uid = o.uid WHERE uid IN (1,2);

SELECT * FROM t_user_hl u JOIN t_order_hl o
ON u.uid = o.uid WHERE uid IN (1,2);
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SELECT * FROM t_uesr WHERE uid=0;
. [P

SELECT * FROM t_user WHERE uid=1;

t_score( t_scorel t_score2 ( PriorityQueue (ordered by the first names) ()

namej|score name|Score namej|score t score() t scorel t score2

Tom| 100 | |Jerry| 95 John| 99 name|score| |name|score| |[name|score

Jerry| 90 | |Tom| 85 | |Mary| 8 | [yery[790 | [Jerry| 95 | [John| 99

Mary| 80 | |John] 75 | [Tom| 70 | InNfary[ 80 | [John| 75 | [Mary| 89

SELECT name, SUM(score) FROM
t _score GROUP BY name ORDER BY name Tom) 100 Tom| 85 Tom| 70

(a) Data Records in Data Sources (b) Get (Jerry, 185)

( PriorityQueue (ordered by the first names) 0 ( PriorityQueue (ordered by the first names) O

t scorel t score2 t scoreQ t score( t score2 t scorel

name|score| [name|score| |name|score| |[name|score| [name|score| |name|score
Jerry| 95 John| 99 Jerry| 90 Jerry| 90 John| 99 Jerry| 95
John| 75 Mary| 89 Mary| 80 Mary| 80 Mary| 89 John| 75
Tom| 85 Tom| 70 Tom| 100 Tom| 100 Tom| 70 Tom| 85

(c) Get (John, 174) (c) Get (Mary, 169)
Group—By#=0rder-By 48 F], & X A& FF 7
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O TPCC: 200/ ~warehouses (1.212 510 K)

Q XELESE

O #4X ZBRIEE

O MySQL v5.7.26 (MS), PostgreSQL v10.17 (PG)
Q HAuLIES A R A

Q Vitess v12.0.0, Citus v9.0.0
O #2228 &

O TiDB v5.2.0, CockroachDB v21.1.11 (CRDB)
Q =43 %

O Aurora MySQL v2.07.2 (Aurorays), Aurora

PostgreSQL v4.2 (Aurorapg)

Q EEfRE

Q 34k k8t 18] (AvgT)
ad 99t/90t" Percentile Response Time (99T/90T)

A LGNSR E

Q 7> X%k
O 1286 %A = & m
0 CentOS 7.1 64bit, 32-vCore CPU, 64GB RAM and
1TB disk, Linux Multiqueue Networking Enabled
Q =K E R EHIRE I
O 56 & 5=
O Red Hat Enterprise Linux 8.3 64bit, 8-vCore CPU, 64
GB RAM and 100GB SSD
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COMPARISON WITH DISTRIBUTED SYSTEMS IN DIFFERENT SCENARIOS (SYSBENCH)

System

Point Select

Read Only

Write Only

Read Write

Update Index

Update Non-index

Delete

TPS [ 99T [AveT

TPS | 99T [AvgT

TPS | 99T [AvgT

TPS | 99T [AveT

TPS | 99T [AvgT

TPS [ 99T [AveT

TPS | 99T [AveT

SSIars

250929( 1.32 | 0.8

50367 | 4.93 | 3.97

21163| 24.58 | 9.45

19953| 32.54 (10.03

50736 | 14.82 | 3.95

50632 (15.06| 3.95

51843

14.9 | 3.86

SSPurs

185154 2.54 | 1.08

13165 |22.69|15.19

14463| 31.37 |13.82

7959 | 48.09 |25.12

46207 | 15.74 | 4.32

47130 |15.09( 4.24

49049

14.64 | 4.07

Vitess

155797| 491 | 1.28

11806 |24.38|16.94

5189 [167.44|38.51

3175 |189.93|67.87

NA NA | NA

18638 |74.46|10.73

13813

112.67|14.48

CRDB

49225 (17.01| 4.06

4350 [71.83|45.97

2250 (404.61|88.86

1611 |442.73|124.1

2347 [520.62|85.16

23249 [38.25| 8.6

8380

2274 |23.86

TiDB

141796 7.56 | 1.41

12140 |27.66|16.47

4939 | 92.42 {40.49

3877 (101.13|51.58

12171 | 41.1 |16.43

16819 |27.17|11.89

27587

28.16 | 7.25

SSTpe

271562| 1.49 | 0.74

171390 1.08 | 1.18

61015 15.04 | 3.28

54580 14.63 | 3.67

100187 13.46 | 2

156226(12.78 | 1.28

174267

12.15 | 1.15

SSPpo

180357( 2.49 | 1.11

12055 |24.09|16.58

25474 19.65 | 7.85

9121 | 36.67 (21.91

04429 | 13.94 | 2.12

138355(12.23| 1.45

156271

11.24 | 1.28

Citus

31929 112.52| 3.85

4288 |73.13]46.62

6750 |223.34)|29.62

3129 (277.21|63.89

29584 | 34.33 | 6.76

31838 (21.11| 6.28

37445

17.32 | 5.34

e 99T, 90T and AvgT are measured in milliseconds, and the best values are marked in bold.

COMPARISON WITH STANDALONE SYSTEMS (SYSBENCH)

The same below.

e Vitess does not support updating indexes.

0 B
Q *FT& A4 3% & Sysbench#=TPCC, A FTSS#7% A A£TPS. 90T/99T. AvgTH#r=47/E T & A1+
O SS-JDBC7 & aJAvgT b At & 2 H2~101%

4

System | TPS| 99T | AvgT || System |TPS| 99T | AveT | _ »
MS 574 | 1401.61 | 348.55 PG | 1287 337.94]155.27 %2'2
SSTars | 4751 | 15275 | 42.27 || SSIpc | 3674 | 224.11 | 54.61 2 13
SSPss | 380 | 601.29 |555.04 || SSPp | 333 | 816.63 | 600.23 ..
Aurorapsg | 621 | 1533.66 | 289.13 || Aurorapq | 2043 | 150.29 | 97.89 '
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