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0 Ú ó

�Xè�+nXÚ+nÚ�o�êâþ�5��, �õêè�  ¬�\@Ï��

��;XÚ3¦^�ã�m���´¶�(¸. �Ð, �[Ñ´ÏL�XÚO�S��

�!CPU �õ���5)ûùa¯K, �´ù«O���XÚ�)û�YÑ¤��d�©

p[. �5, ��X�äÏ&EâÚ©Ùª�;nØ�¤Ù!uÐ, ©Ùªêâ¥Åì�þ


���Í�. �'DÚ8¥ªêâ¥, ©Ùªêâ¥äk�~lÐ�*Ð5. Ïd,�
S

�!��!$¤�/�;Ú+nù
°þ�êâ, ·�ÅÚÀJòù
A^=£�©Ùª

êâ¥¥�.

3û�A^Ú�?ó�¥, ²~I��â,
�Ý�&EÚOÚ©Û. 'X, úiI�

ÚO���¬��Èþ!E��!|d; è�I�ÚO�/«�E��!|d�¹; Ä7ú

iI�
)��Ä7�ÂÃ�¹; �?Ü�I�ÚO��/«�Iå'~!��c#ã�

NÄå�¹!zc�#)�Ñ)Ç�¹. ù
I¦Ñ��·�Ø�;��I�N^©|Ú

àÜ�ö�5¢y. ©|ÚàÜ®²¤�êâ©ÛA^¥ÑyªÇ�õ�ö���. Ïd,

XÛJp©|ÚàÜ�ó��Ç®²¤�·��ÚO©Û�­¥�­. �©ïÄ�­:B

´XÛ3©Ùªêâ¥¥Jp©|ÚàÜ�$��Ç.

Ø©�SN|�Xe: 1 1 !{�0�
©Ùªêâ¥�Ä�(�±98c©|Úà

Ü�ïÄyG. 1 2 !�[0�
�©JÑ�ü«ÏL Hash �{?1©|àÜ��Y, ±

9�«�âÚO&EÄ�ûü Hash ×ê8Úùü« Hash ©|àÜ�Y�üÑ. 1 3 !Ì

�0�
XÛ|^©Ùªêâ¥A:¢y Hash ©|àÜ!:?�¿1�Y. 1 4 !lêâ

©Ù!´Ä¿1!¿1!:�ê��¡é Hash ©|àÜ�Ç?1
�¡�¢��y. 1 5

!é�©?1
o(.

1 �'ó�

1.1 �µ0�

�X�äÏ&Eâ©Ùª�;nØ�¤ÙÚuÐ, êâ¥�uÐÅì?\
©Ùª�

�ã. �'DÚ8¥ªêâ¥, ©Ùªêâ¥�±ÏLÄ�O\�;!:5¢y�;Nþ

�î�*Ð. ¿�, ©Ùªêâ¥�
�yêâ�S�Ú���;,   ¬æ^�°�ü

Ñ. êâõB��;Ø=U
Jø��!S���;, ��±JpXÚ�Î�¿uþ. d

u©Ùªêâ|±î�*ÐÚõB�S��;�A5, �5�õ�è�m©æ^©Ùªê

â¥��gC�êâ�;©Û²�. ©Ùªêâ¥��©�Ônêâ�;!:Úêâ�Î

O�!:. ± OceanBase[1]©Ùªêâ¥�~, êâ�;3 ChunkServer ÑÖì!:(±e{

¡ CS). �
Jpêâ�;���5, ����õB�, ©O�;3ØÓ CS !:þ. �Î�

��d MergeServer(±e{¡�MS)?n. Ù¦üa!:, UpdateServer(±e{¡ UPS)Ú

RootServer(±e{¡ RS)K©OKIXÚ�Oþêâ?nÚ8+¥¤kÑÖì!:�+n.

�é GroupBy õU�¢y, �Ü©'X.êâ¥æ^�´�«üS©|��ª. êâ

²LüS��, �Óêâ���|¬ü�3�å, ØÓêâ��3�g>.�Ñy. �´, ü

Xéu©|5`, |^üS?1êâ©|´¯�õ��ö�, ò¬��êâ©|±9©|�

��àÜö��Ç$e. Ïd, �éù�":, ·�JÑÏL Hash �{��ª�¢y©|:

Hash �{�±òá5êâN�����êa.«m; ,�ÏL��$�ò�.�©a�Ø

Ó×¥, ù��Óêâ�Ò¬N��Ó�×S, =¢y
Ä��©|õU. Ïd, ¦^ Hash
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�{��O GroupBy �f, ò4�/Jpêâ¥�©|ÚàÜ��Ç.

1.2 �'ïÄ

NõïÄ<
�
Jpêâ¥��Î?nUå§l�Î�9�¯õ�¡?1
�\�

ïÄ. Aggregation!GroupBy ���Î�é¥ÑyªÇéõ, �Ñ¤XÚ]
ÚÓ^�Î�

m�õ�õU�áÚ
éõÆö�'5. ¯õÆöl���Ýé Aggregation!GroupBy J

Ñ
`z�Y.

Ho[2]JÑ
 SUM Ú MAX ùü«àÜö��¯��{. Roussopoulos Ú Gupta �[3-4]@

�ÏL�oT��ÔzÀã�±\� Aggregation!GroupBy �f�$1. �´, ïá��

ÔzÀãéuXÚ5`, I�Ó^�þS�]
. ¿�éuI�ª��\!?U�XÚ5

`, �oÀã�êâ¥�êâ��5¬öú�\Ú�#��Ç. Govindarajan �[5]JÑ��

CRB-Tree ¢Ú(�, Feng Y �[6]JÑ Ag+-Tree ¢Ú(�, Sellis �[7]JÑ
 BR+-Tree, ¦�

@�ïáÚ�o��p��¢Ú(��±Jp©|àÜ�Î��Ç. ïá¢Ú�'ÔzÀ

ã, �,�±~�S��Ñ, �´�ÔzÀãäk�Ó�"�: �XÚ´����8.�X

Ú�, �o¢Úòöú�\Ú�#��Ç. Ïd�é��8A^, ÏLïá¢ÚÚÔzÀã

��{\�©|à8äk�½�Û�5.

Tao �[8]©ÛDÚ©|àÜ¯K�A:, ò��8Ü$�¥ÑyÓ��é�½Â�

RASS¯K, Jøk�)ûT¯K��Y. Condie �[9]3 Hadoop MapReduce[10]µeÄ:þ

?U¿JÑ
 HOP, ¦� Aggregation ¼êØ=�±dõ?Ö�Ó?n, 
���±w�®

²�¤?Ö�£�êâ(J, 4�/Jp Aggregation ��Î�A�Ý. ±þ�{, Ñ´lm

©|ÚàÜ�äN¢y5�Ä¯K.ÃØ´l¢ÚÚÀã��Ý`z, �´ÏL¿1`z,

Ñ´3©|ÚàÜö��þ�?1�Ä¯K. ïáÀã, �ï MapReduce µe?1¿1O

��`z�{�.��´I�N^©|�f. 3ùp, ·�l©|ÚàÜ�f�äN¢y

�ÝJÑ#�`z�Y, ¿��©¢y� hash ©|àÜ�Y��oN¢ÚÚ¿1�`z

Ãã.

2 Hash GroupBy �ó��n

Hash GroupBy ¦^ Hash �{?1©|. Hash ¼êÄkO�êâ Hash �, ,�éO�

�� Hash �?1©«. 'X: GroupBy c1, Hash ¼êÄkO� c1 �êâ� Hash key, ,�

ò Hash key ?1©«. duN^� Hash ¼ê�Ó, Ïd�ÓêâO�Ñ� Hash key ��

Ó, ©«��Ó. �´��U�3ØÓêâO�Ñ5� Hash key ��Ó�¹, ·�3�O�

I�AO�Äùa�¹. d	, �é Hash Àâ�¹, ùp·�æ^mó{?nÀâ.

2.1 �Y�×SüS©|�n

XJêâ8ØÓ��êéõ, = GroupBy ���(J8éõ. d«�¹e, ·�ïÆ¦

^×SüS. kO�¤kêâ Hash key ¿�\×¥, ��éz�×Sêâ?1¯�üS. d

u�UÑyØÓ row �O�Ñ5� key �Ól
��©��×�Ó��¹. ·�I�3��

Hash key �Ó���T���. äN��è��{ 1.

(1) ÄkO� row � Hash key, �ï <key, row*> ��é, ¿�\ Hash table ¥.

(2) ­E�1 1, ��¤k row � Hash key Ñ�\� Hash table ¥. 3dL§¥, ¦^�

�ê| vec ��¤kØ­E� Hash key.
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�{ 1 ×SüS©|

Ñ\: ÚO&EÚÐ©êâL

ÑÑ: ©|��êâL

1: bucket num = statis info; //�âÚO&E(@Hash×ê

2: Hash table.create(bucket num); //�ïHash×

3: while true

4: �Ñ��row, ¿O�rowéAGroupBy��Hash key;

5: res = Hash table.set(Hash key, &row);

6: if resØ�0 then //¿�XHash keyØ3HashLS

7: vec.push(Hash key); //òHash key�\vecê|¥

8: end if

9: end while

10: while true

11: if vecê|Ø��then

12: �Ñê|¥Hash key;

13: ����ê|tmp sort array¥¤k��;

14: while true

15: �âHash key�ÑHashL¥éA��, \\�tmp sort array¥;

16: end while

17: �Ü���, é��ê|üS;

18: end if

20: ò��ê|tmp sort array¥��\��Ûsort arrayê|¥;

21: end while

(3) l vec ¥�Ñ�� Hash key, ��T Hash key éA×¥¤k� row*, ������ê

|¥üS. ò��ê|¥üS�� row* Ñ\\���Ûê|¥�, º���ê|. ­E�1�

�¤k Hash key éA�×êâÑ\\��Ûê|¥.

(4) d�, �Ûê|¥�Óêâ����;, ��Û¿ØkS. ,�, �âàÜ¼ê���Ó

êâ�1àÜö�.

�,� MergeSort GroupBy �f�q, Ñ´ÏLüS?1©|, �´ùp�´�1×Sü

S. � MergeSort GroupBy �', üS�þ?l��Lêâ~����×Sêâ. Ïd, T�Y

�Ç�×S�|�ê�', ·��±ÏLÄ��� Hash ×ê8N�Ó�×S�|ê8, �[�

2.3. �T�Y×S¬�;­E��, �­E�����Ó�×S��ê8)äÃ{ÏLÄ��

� Hash ×)û. Ïd, T�Y¢S�ÇÉêâ©ÙK�. XJêâ�Ó�éõ, KÓ�×S��

�ê¬éõ, ¬O\üS�m�Ñ, ÏdT�YØ·Ü?n�Ó��õ��¹. ù«�{·Üu

êâ©Ùþ!��¹.

2.2 �Y�ªê©|àÜ�n

XJêâ8�Ó��ê�õ, = GroupBy ���(J8Øõ. d«�¹e, ·�JÑ�Y

�, éz�^êâ row, �Î Hash table, XJ Hash table S®²k�Ó��KP¹ªê. ·�

3×S���Ó�©|S��^P¹. ù��±4�/~� Hash L�S���. ��×S�ê

â���ê�à8��(J8�ê�Ó. äN��è��{ 2.

(1) éz�^ row, O� row � Hash key �, ,�(½T row éA� bucket pos.

(2) XJT bucket pos éA�×��, K�\T�|, ¿N^àÜà8L�ªO�T�|.

(3) XJ×¥��, KÅ�|¢×¥�|¿'�. XJk�Ó�|, Ø�� óL¥�\

row �, òT row éAªê\ 1.

(4) XJvk�Ó�|, K�\T�|, ¿N^àÜ¼êO�T�|.

(5) ­E 1-4, ��¤k�|Ñ?n�. ÑÑ��L�äªê, e�1, K��ÑÑ; ÄK, N

^àÜ¼êO��ÑÑ.
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�{ 2 ªê©|àÜ

Ñ\: ÚO&EÚÐ©êâL

ÑÑ: ©|àÜ��êâL

1: bucket num = statis info; //�âÚO&E(@Hash×ê

2: Hash table.create(bucket num); //�ïHash×

3: while true
4: �Ñ��row, ¿O�rowéAGroupBy��Hash key;
5: pair<&row, count>; //ò<&row,int>|Ü¤��pair
6: count = 1; //��z�row�Ð©��1
7: res = Hash table.set(Hash key, &pair);
8: if resØ�0 then //¿�XHash keyØ3HashLS

9: vec.push(Hash key); //òHash key�\vecê|¥

10: ��N^àÜ¼ê?nTrow;
11: else if res�0 then //¿�XHash key3HashLS®�3

12: pair.count++; //Oê\1
13: end if

14: whileê|Ø��

15: �Ñê|¥Hash key;
16: �âHash key�ÑLS��;
17: if pair.count == 1 then //count�1, KàÜ(J�Ò´Trow�

18: result row = row
19: else //countØ�1, KàÜ(J��row*count
20: result row = row * count;
21: end if

22: end while

T�YØI�?1?ÛüS, �3?nz^ row êâ�ÑI�é Hash table ¥�¤kêâ

?1�gH{'�. Ïd, XJz�� Hash key ��9�õ�êâ, Kù«Å�'�Ñ¤�m

�p. �´T�Y×SØ¬k­E�|. ¤±, XJ·�Ün�� Hash table 3Ð©z� Hash

×�ê8, B�±4�~� Hash ÀâÇl
ü$ù«Å�'���d. Ïd, ·�3ùpJ

Ñ�âÚO&EÄ���×ê, dd��z�×S���ê, ~�Ó�×S���ê, �[�

1 2.3 !.

�Ä�O�!:þk��S�, �êâoþ�LS�þ��XÛÐ©z Hash ×B¤�


��JK. �éù���^�, �©JÑ�«�Y: Äkéêâ8N^ Hash ¼ê, éêâ?1©

«ö�, ©«ö��±òêâ�þ?~�. ,�é©«��©«L�ï Hash L. XJ©«��

�êâ�,é�, @oÒ?148©«, ��êâ·ÜS���. ù�, ·�é��êâ8�ö

�ÒC�é©«���©«Lö�. 'X group c1, XJ c1 �êâ�~õ, K�â c1 òêâ8

D y©� D1, D2, · · · , ,�©Oé D1, D2, · · · ?1 Hash GroupBy ö�, ��2®à=�.

2.3 Ä�ûü

duN^ Hash GroupBy �, ×ê8Úêâ©Ù¬K��ª� Hash ©|àÜ�Ç. Ïd,

·�JÑ�âÚO&EÄ��½ Hash ×ê8±9Ä�ûü�ªæ^� Hash GroupBy �Y. �

d, ÄkI�3XÚ¥Â8ÚO&E, ©OÂ8L!��ÚO&E. L�ÚO&ESÌ��¹L

Sêâ�1ê count. ��ÚO&ES�¹��Ø­E��ê distinct col, T�¥pªÇÑy�

10 �ªê� top[10].

2.3.1 Hash ×ê8�Ä�ûü

¢S©ÛA^�, ·��U�I��â��á5�©Û, ��U�âõ�á5&E?1©

Û. Ïd, ·��â©|����á5½õ�á5©a?Ø. �©|^��ü��, �âXeú

ªû½ bucket num.

avgnum =
count − Σ10

i=1top[i]

distinct col − 10
, (1)
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bucket num =

{

distinct col
N

, XJ avgnum 6 N,

distinct col, e avgnum > N.
(2)

�éü��¹, ·��±°[z/�â�¥ØÓ��ê?1 Hash ×ê8�ÀJ, ¦�

Hash ×�ê8���uT�ØÓ��ê. ùÒU�y Hash table ¥z�×S=�;éA�. �

´, �
;�õê×S�k������¹u), ·��âmu²�ý�Ñ Hash table ¥��

êâ��­Eê8(avg num). �
;��Opª�Z6, ·�k^×So1ê count ~�ÚO

&E¥P¹� 10 �pª� Σ10
i=1top[i], ,�Ø±ØÓ��ê distinct col−10, ù�B¦Ñz��

²þê8 avg num. ¿����²�ëê N ��é', N �±d¢���. ~X, �� N = 3.

XJ avg num �u 3, K·�@��âØÓ��ê distinct col Mï×�U���Ü©×�k�

þ��, $��k��. ¤±·��� bucket num=distinct col/3. ��, XJ�u 3, ·�@�

z��×S��éõ, K���� bucket num=distinct col.

�©|^��õ��, du����m�pÕá, ü��mØÓ��ê�¿Ã'X.

ÏdÃ{�â,�ØÓ��êû½×ê. 'X GroupBy c1!c2 Ú c3, ·�Ã{�â dis-

tinct colc1!distinct colc2!distinct colc3 ���ª�ØÓ�ê8 distinct col. Ïd, Ã{�ü

�@�°[?n. �·��±�âL1ê?1 bucket num �oÑ�O. Ó�, ·�I��Ä�

�²þ��ê avg num. ;�·�k 100�êâ, �k�A�ØÓêâ, �·��� 10��×�

4à�¹. ± GroupBy c1, c2, c3�~, ·�©O¦Ñ avg numc1!avg numc2 Ú avg numc3. �

â c1!c2 ©|¦Ñ�|S²þê�½�u�â c1 ©|¦Ñ�|S²þê avg numc1, Ï�©|

^��õ, ©|©��[, = avg numc1!c2!c3 < min(avg numc1!avg numc2!avg numc3).

ÏdÀJ min(avg numc1!avg numc2!avg numc3) �� avg num. ��²�~ê P ��é',

P �±d¢���, äNO�Xúª (3). � avg num é��, ·�@�êâ­E��õ, Ïd·

�I�^êâo1êØ±���, ·�~� buckt num; ��, � avg num é��, =z�êâ

­E���, K·��±��¦^ count ��×ê.

bucket num =

{

count
P

, XJ avgnum > P,

count, e avgnum 6 P.
(3)

2.3.2 Hash GroupBy �Y�Ä�(½

du·�JÑ�ü«�Y�éØÓêâ©Ù�kA:, Ïd, ·�JÑ�âÚO&EÄ�

ûüäN� Hash GroupBy �Y. � 2.3.1 !Ä�û½ Hash ×ê8�Ó, �âü�Úõ�?1

©O?Ø.

Äk, ·�©Ûü��¹, � 2.3.1 ¥ü��¹e Hash ×ê8Ä�ûü��{�Ó. �â

úª (1), ���±��z��²þê8 avg num. 3¢S¢yL§¥, �âXÚ�O²���

��²�ëê M , ù� M äN��±ÏL¢�¦Ñ. � avg num> M �, `²z��Ñk�u

M �­E�. d�, ·�@�L¥êâ�Ó��õ, ÀJ�Y��Ç�Ð. � avg num6 M �,

`²z��Ñ�k�ê�Ó�, ÀJ�Y�×SüS�Ç�Ð(M ëê�äNê��±ÏL¢

�Në��).

�©|^��õ��, Hash ×ê8Ä�ûüüÑ� 2.3.1 ¥J9�üÑ�Ó. Ï~�¹

e, êâL¥����m�pÕá. Ïd, ü�©O¦Ñ� avg num ¿Ã'é. ÏLúª(1)�

O�, ·��±©O��z��� avg num �, l
ÀJ��� avg num ?1oÑ��(ÀJ

min(avg numc1!avg numc2!avg numc3)�� avg num). õ��1�Y�ÀJ�ü��Ó, ò

avg num � M �'. e�u M , K@��Y��Ç�p; �u�u M , K`²z��Ñ�k�

ê�Ó�, ÀJ�Y�×SüS�Ç�p.
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3 ©ÙªXÚ¥ Hash GroupBy �¿1ó��n

©Ùªêâ¥8+��ÜÝõ�êâ�;!:, z�êâ!:KI+nÚ�ogC!:�

êâ¿Jø{ü�Ö�ÚO�õU. �©Ùªêâ¥�;�Ü�L�, XÚ¬ò�Lêâ�âÌ

�Y²�©¤�õ�©¡, ��©¡�;�Ü©êâ. �
�yXÚ�p��5, ©Ùªêâ¥

�¬��õB��;, =òÓ�°êâ�°�;3õ�êâ�;!:þ.

�Ä�Q,���;!:�±�¤{ü�êâ��ÚO�õU, ���!:�pÕá!p

ØK�. @o·��O Hash GroupBy �f����±ò�feØ���êâ�;!:þl


¢y!:m�¿1�1. 3�f�1L§¥, �Ôn�;!:�gÖ�!O�gC!:�©¡

êâ�, ©ON^ Hash GroupBy égC!:�©¡êâ?1©|àÜ. Ïd, ÏL�f�©u

�1B�±¢y Hash GroupBy �f3ØÓ!:m�¿1�1.

± OceanBase ©Ùªêâ¥�~, b�8+kn�Ôn�;!: CS1!CS2!CS3, B�

��� 3. duêâL R1 é�, êâ¥¬ò R1 �©¤n�©¡ R11!R12!R13. Ó�E�

R11!R12!R13 ?1B��°, ¿�âK1þï�{ò��©¡9B�©Ñ�;3� CS !:

þ. ·�¢yò Hash GroupBy �feØ� CS þ�õU, =¬3 CS1!CS2!CS3 þ©O)¤

�� Hash GroupBy �f.

b�k��©|àÜ SQL: select count(col1) from R1 GroupBy col1. n��¹e, �Î

ÑÖ!: MS ¬ò�Îêâ�¦þ!©u�n�!:. ~X, �¦ CS1 k' R11 ©¡êâ, �

¦ CS2 !: R12 ©¡êâ, �¦ CS3 !: R13 ©¡êâ. Hash GroupBy �feØ� CS ¿�

X, z� CS êâ�;!:3Ö�^�êâ±9Ù¦O�õU��, ��±�1 Hash GroupBy

�f, = CS1 þ¬N^ Hash GroupBy é R11 Ü©êâ?1©|àÜ, 3 CS2!CS3 þÓ�¬

N^ Hash GroupBy é R12!R13 Ü©êâ?1©|àÜ. �ª�!:òO���(J�£�

MS. MS þÓ�¬k�� Hash GroupBy �f^ué� CS �ª�£�(J8?1©|àÜ. ä

N�f�1�nXã 1.

CS

R11 R21

Hash GroupBy

CS

Hash GroupBy

R31 R12 R22 R32

CS

Hash GroupBy

R13 R23 R33

Rpc_Scan

Hash GroupBy
MS

NetWork

Range(s2,e2)Range(s1,e1) Range(s3,e3)

ã 1 Hash GroupBy eØ�1Oy

Fig. 1 Hash GroupBy push down execution plan

4 ¢�©Û

ÄkÿÁ�Åêâ©Ù�¹e, Hash GroupBy �' MergeSort GroupBy ´Äk�ÇJ,.

�X, ÿÁØÓêâ©ÙÚü!:�¿1�¹e, ü«ØÓ Hash GroupBy �Y�' MergeSort
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GroupBy ��ÇJ,. ��, ÿÁA½êâ©Ù!ÚO&EÄ�ûü�YÚn!:¿1�¹e,

Hash GroupBy �Y�' MergeSort GroupBy ��ÇJ,.

4.1 ¢��¸

�©ÀJ OceanBase 0.4 XÚ��¢�ÿÁXÚ, ¢�æ^Ê�ÑÖìÜÝêâ¥õU!

:. Ù¥��!: RS Ú¯Ö!: UPS ú^��ÑÖì, �Î!: MS ¦^��ÑÖì!:, Ù

{n�ÑÖìÜÝêâ�;!: CS.

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

LLL 1 888+++ÑÑÑÖÖÖììì������

Tab. 1 The cluster server configuration
�Ú CPU SSS���ªªªGB ^̂̂���ªªªTB ���äää

CS/MS 20Ø40�§(Intel(R)Xeon(R)CPU E5-2620 V3@2.30GHz)*4 500 1 �î�

RS/UPS 20Ø40�§(Intel(R)Xeon(R)CPU E5-2620 V3@2.30 GHz)*1 500 1.5 �î�

4.2 ¢�êâ8

�©ÿÁ¤^��êâL�ªXL 2 ¤«.

LLL 2 ÿÿÿÁÁÁLLL��� Schema

Tab. 2 The schema of the test table
á5 ´Ä�Ì� êâa. êâ��ªByte

K ´ Int32 4

C1 Ä Int32 8

C2 Ä Int64 8

C3 Ä Double 8

C4 Ä Float 8

C5 Ä Decimal(15,5) 8

C6 Ä Varchar(50) 50

duØÓêâa.Ó^XÚS���!Ñ¤�äDÑ�mØÓ, AO´êâ'��mØ

Ó, Ïd)¤�êâ�¹õ«êâa.. �
¦�U��Cþ, �©ÿÁ
z«êâa.æ^Ø

Ó©|�{��Ç�É, ·��ÿÁ�é�±üÕ�?1©|ÿÁ, 'X, æ^ select count(c1)

GroupBy c1 ÿÁ int32. d	, du Hash ¼ê�3Àâ9 Hash ¼êN���mk���¹,

Hash GroupBy ¢y�Ç��×Sêâ�êk'. Ïd, ·��O
×SØÓêâ�ê©|àÜ

�¹. ¢��9�Ì�L!êâ©Ù�¹±9êâþXL 3 ¤«.

LLL 3 ÿÿÿÁÁÁLLL���������ÚÚÚ©©©ÙÙÙ

Tab. 3 Test data table information
L¶ êâ©Ù(×S�Ó���ê) êâþ(1ê)ª�

G1 1 20

G2 3 60

G3 5 100

G4 10 100

G5 30 100

G6 50 100

± G1�~, êâ©Ù��´ Hash ×S����ê, 1 �L Hash ×S�k���Óêâ

��, Ù¦a'. ×S���ê, ·��±ÏLUC Hash ×êN�, �´�Óêâ��7½ü�

3Ó��×S, Ïd, ·�7L�Äd«�¹. Ød�	, ·��Mï
 6 ÜL, êâþ©O�
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1�!10�!50�!100�!500�!1 000�, Ùêâa.� G1 ��Ó, �êâ©Ù��Å)¤,

ÎÃ5Æ.

4.3 �Åêâ©Ùe�Y�×SüS� Hash GroupBy �ÇJ,

¢�8�: ÿÁ�Y�×SüS Hash GroupBy �' MergeSort GroupBy ´Äk�ÇJ

,. êâ��: Hash ×ê� 80��m, êâL��©O´ 1�!10�!50�!100�!500�!

1 000�. êâ�Ñ´�Å)¤, ÎÃ5Æ. ¢�(JXã 2 ¤«.
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ã 2 �Åêâ©Ùe�Y�Hash GroupBy�ÇJ,ã

Fig. 2 The efficiency graph of the Hash GroupBy under random data distribution with option 1

l¢�êâþw, éu�Y�5`, Hash GroupBy �' MergeSort GroupBy 
ó, ´k�

ÇJ,�. Ù¥, int32 � double �ÇJ,Ä��Ó, E,êâa.'X varchar(50)!decimal

(15,5), �ÇJ,c�²w.

4.4 êâ©ÙéuØÓ Hash ©|àÜ�Y��ÇK�

duØÓêâ©Ùéu©|�ÇK���, Ïd·��é�Y�×SüSÚ�Y�ªêà

Ü©|�O¢�, éØÓêâ©Ù�¹?1
ÿÁ. ¢�(JXã 3 Úã 4.

l¢�(J©Û5w, éu�Y�×SüS5`, �X×S�Óêâ��ØäOõ, ×Sü

S�ÇJ,�5��, $��Ó�×Sêâ��� 50 �, éu int64!double!varchar(50)êâ

a., �Ç®²ØX MergeSort GroupBy. éu�Y�ªê©|àÜTÐ��, Ó�×S���
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ã 3 �Y��ÇJ,

Fig. 3 The efficiency graph under option 1
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êé��, �ÇJ,�~[�. ��XÓ�×Sêâ���5�õ, Hash ©|àÜ�'

MergeSort GroupBy �ÇJ,�5��.
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ã 4 �Y��ÇJ,

Fig. 4 The efficiency graph under option 2

4.5 Hash©|àÜ!:?¿1�ÇJ,

du©Ùªêâ¥õB��°A:, z�êâ!:Ñ�±Jø�ÎÚ{üO�õU. Ïd,

·��é�©JÑ� Hash ©|ÚàÜ�Y©O�O
 1 Ú 3 ØÓêâ!:ê?1¢�, äN¢

�(JXã 5.
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ã 5 n!:ØÓêâ©Ù�ÇJ,ã

Fig. 5 The efficiency graph of three nodes with various data distributions

l¢�(J�±uy, �·��;!:��� 3 �, �' 1 ��;!:´k²w�ÇJ,

�, �é��êâa., �ÇJ,Ñ3 20% �þ. ¿�·�3i�ÑÖì CPU |^Çþ, uy

n� CSÔn�;!:òêâÖ�ÚO�Øå��²þ©Ñ3
n�ÑÖì!:þ. Ïd, ·�

�!:¿1�Y3�K1!p¿ue�'ü!:¬k�p��ÇJ,.

5 o (

�©JÑ
ü«3©ÙªXÚ¥æ^ Hash �{?1©|àÜ��Y, ¿�JÑ
�«|

^ÚO&Eéü«�Y?1Ä�ûü�üÑ. ��, �é©Ùªêâ¥õ!:A5, qJÑ�«

Hash GroupBy �f!:?�¿1�Y. 3©Ùªêâ¥ OceanBase þäN¢y
ù
�Y. ¢
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�(JL², Hash GroupBy �' MergeSort GroupBy äk4���ÇJ,; ¿��éØÓêâ

©Ù�¹, ü« Hash GroupBy �¢y�Y�k`:. Ïd, �â·�JÑ�|^ÚO&E?1

Ä�ÀJ�Y�üÑ, �±¦·�� Hash ©|ÚàÜäk�p��ÇJ,. �´T�Y�k?

�ÚI�`z��m. 8c�êâ�;!:é�!:Sêâ©|ÚàÜ�, êâ�Î!:ÿ�

I�®o�êâ!:�£êâ2��go�©|ÚàÜ, ùò´±�`z�­:.
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