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Abstract: With the rapid growth of application data and the continued development

of distributed database systems, data storage in physical independent nodes has become

a trend. In this trend, when the application needs to perform complex join queries, it

inevitably generates a lot of network traffic. Therefore, improving the efficiency of join

query in distributed system is a hot topic. Based on the analysis of the nested loop join,

Hash join, semi-join in the OceanBase, this paper puts forward the optimization idea of

using hardware resources reasonably and using multithread to execute join operations in

parallel. We implement experiment on OceanBase with nested loop join algorithm, Hash

join algorithm, semi-join algorithm respectively. The experimental results confirm that

the efficiency of join algorithm is positively related to parallelism in a certain number of

threads.
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0 Ú ó

OceanBase[1]´Cpnnúimu�©Ùªêâ¥, Ù�O8I´|±êz TB �êâ

þ±9ê�� TPS!êz� QPS ��¯þ. Ïd, XÛ¢yéXd
�êâ�¯��ÎÑ

Ö, �·��ó�JÑ
��ã��]Ô.

ÏLé©Ùªêâ¥XÚ OceanBase �e�©Û, �±��, �, OceanBase kõ�ê

â�;!:Úõ��Î?n!:, �´, 8c���Î?n!:3?n join (ë�)ó��ÿ

�Ã{¢y�Óó�. Ïd, Ã{ÏLò?Ö©)�õ��Î!:�Óó���ª¢yp�

¯��Î. d	, 3�Î?n!:¥, éu join �Îö�, OceanBase �´{ü/¢y
G1

z�1, ¿vkÜn|^M�]
ÚêâP{�;�A5, dd��Î�5
4���äD

ÑÚ join �m, ��XÚ3?n�Lêâ join �Î��Ç�~$e. �éù�":, ·�J

Ñ
�«=�k�/¿1ë�`z�Y: òêâ?1���©, �âêâõ­�°A5, �

�õ�§Ö�êâ; z��§ÕáÖ�êâ, êâ���Õá�1 join ö�. l
¢y
�

��Î!:¥ join ö��¿1z�1, 4�/Jp
 OceanBase �E, join �Î��Ç. �

©�ïÄ­:´ nested loop join!Hash join!semi-join � join �{�¿1z�O±9êâ

©¡��©�ª.

Ø©�SN|�Xe: 1 1 !{�0�OceanBase êâ¥��N(�9DÚ� nested

loop join, merge sort join!Hash join � join �{Ú semi-join!©Ùª join �{; 1 2 !0

�OceanBase ¥DÚ join �{��Î�nÚÄu semi-join �DÚ join �{�Î�n; 1 3 !

0�3 OceanBase ¥é nested loop join!Hash join!semi-join� join �{�¿1`z�O;

1 4 !l¿1Ýé�Î�Ç�K�!¿1Ýé� join �{�1�Ç�K�,±9¿1ÝéÄ

u semi-join �{�� join �{�1�Ç�K�� 3 �¡?1�¡�¢��y; 1 5 !é�

©?1o(.

1 �'ó�

OceanBase ©Ùªêâ¥�Ne�Ì�©� 4 ��¬: Ì�ÑÖì RootServer(±e

{¡� RS)!êâ�;ÑÖì ChunkServer(±e{¡� CS)!OþêâÑÖì Update-

Server(±e{¡ UPS)±9�Î?nÑÖì MergeServer(±e{¡� MS). RS KI+n8+

¥�¤kÑÖì, �����Ì��ü� RS; UPS Ì�KI?nXÚ�Oþêâ�#, ��

����Ì��ü� UPS; MS KKI�ÂÚ)Û^r� SQL �¦, ²Lc{©Û!�{©

Û!�Î`z��X�ö��=u��A� CS ½ö UPS; CS Ì�KI�;XÚ�ÄOê

â, ÄOêâ���;ü�n°, ���.

DÚ�ë��{ki@Ì�ë�(nested loop join)�{!8¿üSë�(merge sort

join)�{±9MFë�(Hash join)�{. ù 3 «�{�JÑÑkA½�¯K�µÚ·^�¹.

��X©Ùªêâ¥�uÐÚÊ9, Bernstein �[2]qJÑ
 semi-join (�ë�)�{, d�{

��Ì~� join L§¥êâ�DÑ�d. d	, 3©ÙªXÚ¥, ��X MapReduce!Spark

�XÚ�uÐ, �5�õ�©ÙªXÚm©æ^aq Map/Reduce[3]�O��., ùaXÚ

�3ÏL?Ö©)��ª, ~� join O��d. e¡{�0�ù
�{�A:±9ïÄuÐ

�¹.

1.1 nested loop join �{

Blasgen �[4]3 1977 cJÑ
 nested loop join �{. T�{·ÜuüLêâþ��¿
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�S��±����¹. �5, 3��S�e�e, Zhou �[5]qJÑ
|^ SIMD Eâ`z

i@Ì�ë��3«�ª: E�	�Ì�; E�S�Ì�; ^=�ª. 3Ã��e�e, Spark

(�¥æ^2Â/ªòêâD�Ù¦!:þ[6].

1.2 merge sort join �{

�éi@Ì�ë�?n�êâ��Ç$�¯K, Blasgen �[4]JÑ
 merge sort join �

{. T�{ÄkéüÜLüS, ,�?1^S×£; �Ù¥�ÜL×£(å�, �{�á=(

å. ùQ²�@�´�Ð�ë��{[7]. 3��é8¿üSë��{�ïÄ¥, Kim �[8]�

Ñ
8¿üSë��{��Ç� SIMD °Ýk'.

1.3 Hash join �{

Babb[9] 3 1979 c1�gJÑ
±MF(Hash)¼ê�Ä:�ë��{. ��Lêâþ�

���3S�¥��L�ë��äk�~Ð�ÀJ5�, �ÇéÐ. �XM�Eâ��#�

�, Boncz �[10]JÑ
 Radix ë��{, �{¿©|^
M�]
, 4�/`z
ë��{

3S�¥� Cache "�Ú TLB "�.

1.4 semi-join �{

Bernstein 3 1981 cJÑ
 semi-join �{. T�{�é�Ü�LÚ�Ü��L�Së

�, 8�3u|^�L�ë��é�L?1LÈ. �´ semi-join �{I��ïLÈL�ª±

9�g�	�êâDÑ——òLÈL�ªD��L¤3�;!:. Ïd, Ù·Au�Lêâ

LÈ��k�þêâ��¹.

1.5 ©Ùª join �{

�'DÚêâ¥?n join �Î, ©Ùªêâ¥?nE, join �Î�, �òjoin ö�©)

�õ� join ?Ö©��õ�ÅìÕá�1, ��2ò�Ü© join (J®o. ~X, ©z [3] ï

Ä
XÛò join ö�©)¤õ�?Ö3 Map/Reduce �.¥�1. ùa©Ùª join �{�

nÑ´ò����� join ö�©)¤õ��� join ö�, �3õ��Î!:þ¿1�1, �

ªò�äDÑ�d!join O��d©��õ��Î?n!:.

2 ©ÙªXÚ OceanBase ¥ join �{�ó��n

2.1 nested loop join!merge sort join!Hash join �{ó��n

ã 1 � nested loop join!merge sort join!Hash join 6§ã, Ù¥, R L��°ÄL, S

���°ÄL, MS ´�Î?n!:, CS ´êâ�;!:.

join ö�Î�m�k�� Sort ö�ÎÚ�� RpcScan ö�Î, Ù¥ RpcScan KI� CS

�;!:�¦êâ. 3�;!: CS þ� Project!Filter ö�Î, ^uLÈ�;!:êâ. �

join �Î�)�, join �{��mü�fö�Î RpcScan Ó�� CS �¦êâ, XJLêâþ

é��vkN�¿©�LÈ^�, ò¬�)�~��êâ�äDÑ�d. �¦���êâ3

join �f??1Å1 join ö�.

2.2 Äu semi-join � join ó��n

ã 2 �Äu semi-join � join 6§ã, Ù¥, R L��°ÄL, S ���°ÄL, MS ´�

Î?n!:, CS ´êâ�;!:.
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nested loop join, merge sort join, Hash join

Sort

RpcScan

Sort

RpcScan

MS

Project

Filter

Project

Filter

R S 

CSCS

ã 1 nested loop join!merge sort join!Hash join �1Oy

Fig. 1 Nested loop join, merge sort join, Hash join execution plan

nestet loop join, merge sort join, Hash join

Sort

RpcScan

Sort

RpcScan

MS

Project

Filter

Project

Filter

R S 

CSCS

semi-join

ã 2 Äu semi-join � join �1Oy

Fig. 2 Execution plan of join based on semi-join

Äu semi-join � join �{Ú½Xe.

(1) � R L¤3� CS ¿1uÑ�¦, ¼�êâ, ùp¼��êâ´²L Project Ú Filter

LÈ�!ë��þ�!ÎÜ^��êâ.

(2) ò(1)¥¤���êâ�E¤LÈL�ªux� S L¤3� CS, ��¬3 S L¤3

� Server þ�1ù�LÈö�, LÈK S L¥ØÎÜ^��êâ.

(3) mL� RpcScan ö�Îm©.�LÈ�� S Lêâ.

(4) R LÚ S LLÈ��êâ�� join ö�Î�, ?1G1zÅ1 join.

3 ¿1`z�O

Äu1 2 !£ã�G1zÅ1 join �¹, ·�JÑ¿1 join `z�Y. e¡·�òé

OceanBase êâ¥¥� Hash join!nested loop join 9 semi-join ?1¿1`z�O.

3.1 Hash join �¿1`z�O

Äk, ©��§©OéüÜL�êâN^ Hash ¼ê?1©«; ,��â©¡ê��?
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n�§, z��§Ö��|éA©¡êâ��ë�ö�; ��òÑÑ(Jux�ë��f.

äN6§Xã 3 ¤«.

a

1

2

3

 n

b

R

S

R1

S1

S2

S3

Sn

R2

R3

Rn

Input R1, S1

Input: R2, S2

Input: R3, S3

Input: Rn, Sn

R.c=S.c

ã 3 Hash join �¿1�O

Fig. 3 Parallel design of Hash join

1. Äk©�ü��§, �§ a Ú�§ b, ¦^�Ó� Hash ¼ê, ¿1/é R LÚ S Lê

â�âë��?1©«?n, ò R L©«¤ R1, R2, R3,· · · ,Rn �õ�(J8, Ó�ò S L

©¤ S1, S2, S3,· · · ,Sn, ©«�ê�ûuäN� Hash ¼ê. du R L� S L�êâ8��

ØÓ, ©«�1��m�ØÓ. Ïd, ���ü��§©«ó�Ñ�¤âUUY. XJÑyü

ÜL����é��, �±?�Ú©�õ��§é�L?1©«. ù�, �±k�~�©«

�m.

2. du¦^� Hash ¼ê�Ó, éu©«��(J8, ·�ò R1 � S1 éA, R2 � S2

éA, Ù¦aq.

3. ¿1�¬��õ�?n�§, �§ 1, �§ 2, �§ 3,· · · ,�§ n, ©OéA 2 ¥��|

©«. z��§¿1/����;!:.�éA��êâ, ��?1 join ?n, ~X, �§ 1

KI〈R1, S1〉. õ��§ÓÚ�1, �±4�~�?n�m. ?n�§äNÚ½Xe, ±�§

1 �~.

(1) é R1 ©«�ë�á5�, ¦^ Hash ¼ê�E Hash L T .

(2) é S1 ©«¥�z��ë��êâ, ¦^�Ó� Hash ¼êé(1)¥)¤� Hash L T

?1uÿ.

(3) XJ S1 ©«¥�ë��êâá3 Hash L T ¥, KòéA1êâ?1ë�ö�, )

¤¥m(J8, ¿ò(J8ux�ë��fö�Î.

(4) ?n�§(å, º�S�]
, ���¸&E, ¿­#!å�§.

4. ë��fö�Î�Â?n�§uxL5�¥m(J8, �3ö�ÎSÜ���«.

��¤kêâ8�Ü?n�, ¿�Â�¤k¥m(J8, ,�ux��rà.

±þ� Hash join �¿1¢y6§. ¿1�ONy3: Äk, éuë�LêâÖ�?1¿

1ö�; ,�?n�§¿1�1ë�ö�.

3.2 nested loop join �¿1`z�O

� Hash aq, Äk, ©��§é R L�êâ?1�©; ,��â©¡ê���§, z�

�§©OÖ�êâ�òêâ� S L�ë�ö�; ��òÑÑ(Jux�ë��f. � Hash
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join �«O3uÃIé S L?1�©. äN6§Xã 4 ¤«.

a

1

2

3

 n

R

R1

S

R2

R3

Rn

R.c=S.c

Input: R1, S

Input: R2, S

Input: R3, S

Input: Rn, S

ã 4 nested loop join �¿1�O

Fig. 4 Parallel design of nested loop join

1. Äk©����§, ò R L©��©�õ�Ü© R1, R2, R3, · · ·, Rn, äN©�õ�

Ü©d R �(J8Ú�^��§ê(½.

2. ò 1 ¥ R L�©�)� R1, R2, R3, · · ·, Rn ©O� S éAå5,~X 〈R1, S〉, 〈R2, S〉.

3. ¿1�¬��õ��§ R1, R2, R3, · · ·, Rn, ©OéA 2 ¥��|©«. z��§¿

1/����;!:.�éA��êâ, ��?1 join ?n, ~X, �§ 1 KI〈R1, S〉, õ�

§ÓÚ�1. ?n�§äNÚ½Xe, ±�§ 1 �~.

(1) R1 ��	�Ì�L, S L��S�Ì�L.

(2) ò R1 ¥�P¹Å�� S L¥�¤kP¹é'. XJéAë�����, K)¤#

��y��¥m(J8, �1ù�ö�, �� R1 L¥êâ�ÜH{�, ¿ò(J8u�ë�

�fö�Î.

(3) ?n�§(å, º�S�]
, ��XÚ�¸, ­#!å�§.

4. ?n�fö�Î�Â?n�§uxL5�¥m(J8, �3ö�ÎSÜ���«.

��¤kêâ8�Ü?n�, ¿�Â�¤k¥m(J8, ,�ux��rà.

±þ� nested loop join �¿1¢y6§. ¿1�ONy3: Äk, õ��§¿1/l�

;!:Ö��A���êâ; ,�?n�§¿1�1ë�ö�.

3.3 semi-join �¿1`z�O

Äk, ©��§é R L�êâ?1�©; ,��â©¡&E���§, z��§©OÖ

�êâ¿�ELÈL�ª, ��òÑÑ(Jux��ë��f. äN6§Xã 5 ¤«.

a
1

2

3

 n

R

R1

R2

R3

Rn

Input: S In R. c

Output:  S In R1. c 

Output: S In R2. c 

Output: S In R3. c 

Output:  S In Rn. c 

Input: R1, c

Input: R2, c

Input: R3, c

Input: Rn, c

ã 5 semi-jion ¿1�O

Fig. 5 Parallel design of semi-join

1. ò R L(J8ë�á5��©� R1, R2, R3, · · ·, Rn, äN©�õ�°�ûuXÚ]


±9 R L(J8��.

2. ¿1�¬� R L(J8z�©¡Jø���§, ��?n�§©O.�éA��ê
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â, ¿�âë�á5�&E¿1�1LÈö�. d��ÑÑ¿� join (J8, 
´ S L¥Î

ÜLÈ^���|. ��J���ë�ö�Î. ?n�§äNÚ½Xe.

(1) �âÑ\ R L©¡&E�ELÈL�ª. ùp�±�âêâÑ\� R L(J8�

��Ä�E In L�ª½ö Between L�ª, äN�E=«L�ª�ûu R LÑ\&E.

(2) òLÈL�ªux� S L¤3�;!:. S L¤3�;!:^LÈL�ª�âë�

á5�LÈ S Lêâ.

(3) S L¤3�;!:òÎÜ^��êâ��ÑÑ(J8ux��ë�ö�Î.

3. �ë��Â?n�§ºYu5�(J8, ¿ò(J8�3ö�ÎSÜ���«. �

¤kêâ?n(å�, �ë��fö�Îò��¥�êâux�ë��fö�Î. d�, ë

��fö�Îâm©ý�� join ö�.

±þ� semi-join �¿1�O�Y. ¿1�ONy3: �â R LÑ\¿1�ELÈL�

ª; õ�§¿1Ö��©¡éALÈL�ª&E, ��¿1^LÈL�ªLÈ S Lêâ; �

ë��f¿1� join ö�.

4 ¢�©Û

Äk, ÿÁØÓ¿1Ýe, üLÖ�êâ��Ç; Ùg, ÿÁ3ØÓ¿1ÝeDÚ join �

{��1�Ç; ��, ÿÁØÓ¿1ÝeÄu semi-join �{�DÚ join �{�1�Ç.

4.1 ¢�^��¸

�©ÀJ OceanBase XÚ��¢�XÚ�¸. ¢�¦^ 5 �ÑÖì, OceanBase �¢�

��� 0.4.2, Ù¥Ì�!: RS � UPS �^��ÑÖì, Ù{ 4 �ÑÖì©OÜÝ CS �

MS. �� OceanBase êâ¥8+¥ 3 � CS, 1 � MS. ¢��¸�OceanBase 8+ÔnÿÀ

Xã 6 ¤«.

ã 6 OceanBase ¢��¸ÔnÿÀ

Fig. 6 Physical topology of OceanBase experimental environment

4.2 ¢�M��¸

�©ÿÁ¤^M��¸XL 1 ¤«, Ù¥^�� SSD(Solid State Drive).

LLL 1 888+++ÑÑÑÖÖÖììì������

Tab. 1 The cluster server configuration
�Ú CPU S�/GB ^�/TB �ä

CS 6 Ø 12 �§(Intel(R)Xeon(R)CPU E5-2620 V2@2.10 GHz)*2 64 3 Zî�

UPS/RS
6 Ø 12 �§(Intel(R)Xeon(R)CPU E5-2620 V3@2.30 GHz)*2 165 1.5 Zî�

MS

4.3 ¢�êâ8

�©ÿÁ^��¤kêâL��ªXL 2 ¤«.
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LLL 2 ÿÿÿÁÁÁLLL������ªªª

Tab. 2 The schema of the test table
á5¶¡ ´Ä�Ì� êâa. êâ��/Byte

ID ´ Int 4

Col 1 Ä Varchar 64

Col 2 Ä Varchar 64

¤k¢�êâÑ´d Sysbench �êâ)¤ì)¤. ¢����9 7 ÜL, êâ©Ù±9ê

âþXL 3 ¤«.

LLL 3 ÿÿÿÁÁÁêêêâââLLL&&&EEE

Tab. 3 Test data table information
L¶ êâ©Ù(Ì�) êâþ(1ê)/�

R1 ëY 10

R2 ëY 100

R3 ëY 1 000

S1 ëY 10

S2 ëY 100

S3 ëY 1 000

± R1 �~, êâ©Ù�ëY5´� R1 L�Ì�� ID �êâ´Uì,Sü��.

4.4 ØÓ¿1Ýe�ë��Î�A�m

¢�8�: üL�¹e¿1Ý±9êâLÈ�ªé�Î�A�m�K�.

êâ��: ¦^L R2 ��ÿÁL, (J8� 100 �, ¿uÝ©O� 1!5!15!20!25!

30!35, êâLÈ�ª�Ì�½ !In L�ª!Between L�ª.

¢�(JXã 7 ¤«.

120

100

80

60

40

20

0

/s

Between

In

100 100

1 5 10 15 20 25 30 35 40

ã 7 ØÓ¿1ÝüLêâ�Î��A�m

Fig. 7 Response time for single table query with different parallel number

l¢�(J�±�Ñ, �X¿1Ý�O\, �A�moN¥eüª³. ÏdÏL¿1��ª

5Jpêâ�LÈ�Ý, é~�ë��Î��A�m´k��.

4.5 ë��f��1�Ç

ã 8 ¤«�3ØÓ�¿1Ýe, �ë��{��1�Ç. 3¿1Ý� 1 ��¹e, nested

loop join 3?n 100 �^êâ�ë�O��s¤��m3 78 s �m. du�Ù¦ë��f�
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R S R S

R S R S

s

0.4

0.2

0
1 000 10 000 100 000 1 000 000

merge sort join

Hash join

nested loop join

1 >0.6 >78

merge sort join
Hash join

nested loop join

merge sort join
Hash join

nested loop join

merge sort join
Hash join

nested loop join

s

0.4

0.2

0
1 000 10 000 100 000 1 000 000

10 >8.46

s

0.4

0.2

0
1 000 10 000 100 000 1 000 000

20

s

0.4

0.2

0
1 000 10 000 100 000 1 000 000

30

>6.3

ã 8 ØÓ¿1Ýeë��{��1�Ç

Fig. 8 Execution efficiency of join algorithms with different parallel number

Between

Hash join

In

nested loop join

Between

nested loop join

In

Hash join

10
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40

s
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7.43
7.56

8.01

14.2
16

14
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6

4

2

0

10

20
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40

s

100 1 000 10 000 100 000

20

15

10

5

0
0.34 0.34 0.33 0.33 0.530.43 0.43 0.43

2.442.52
3.39

5.21

17.8

11.05

10.51
10.61

10

20

30

40

s

100 1 000 10 000 100 000

0.2

0.3

0.51

0.33
0.28

0.26
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Fig. 9 Execution efficiency of join based on semi-join in different parallel number
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