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Abstract: Since the 1970s, there has been considerable progress in hardware development;

in particular, high-performance servers are now equipped with TB-level memory capacity

and dozens of physical cores. Traditional OLTP systems, however, are still based on

disk storage and designed for hardware with a small number of physical cores; hence,

these systems are unable to effectively and fully exploit the computing power offered by

new hardware. With the development of the Internet, applications commonly have high

performance requirements for transactional systems. In extreme cases, some applications

service millions of concurrent access requests, which traditional database systems cannot

satisfy. Hence, the redesign and implementation of a transactional database system on

high performance hardware has become an important research topic. In this study, we

ÂvFÏ: 2018-07-10

Ä7�8: I[ 863 Oy�8 (2015AA015307)

1��ö: å�9, I, Æ¬ïÄ), ïÄ���S�êâ¥¯Ö?n. E-mail: hxlongecnu@163.com.



108 uÀ���ÆÆ�(g,�Æ�) 2018 c

focused on recent work on transaction database systems on large memory and multi-core

environments. We used OceanBase, an open source database developed by Alibaba, as an

example to analyze the design of a new OLTP system.

Keywords: transaction processing; concurrency control; log and recovery; multi-core

scalability
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kæ^Àâ-��-�2�üÑ. ��¡, ù´Ï�êâ£�¢y�{z
, ��o£�G�&E,

Ø�o�¦ó; ,��¡, ��üÑ¬E¤þe©���. �gþe©��òI��1þZg�

-, ùòE¤ CPU �m�L¤¿O�¯Ö��1ò´. Ren �[19] Ñæ^ NO-WAIT �üÑ, £

E�c\£�}�¯Ö, \\?Öè�¥��­#NÝ. NO-WAIT üÑ@�3S��¸e­Á

¯Ö��dò��u�o¯Ö����d. d	, du?Û¯ÖÑØ¬±£��, ¤±Ø¬�3

k£, ØI�?1k£uÿ. ,
, �ÀâÇ�p�, ª��¯Ö£E¬���þ� CPU ]
�

L¤. Tu �[14]é��Àâæ^
 NO-WAIT �üÑ. �u)Ö�Àâ�, ÏL#NÖ���£

�o�êâ (?U�Ö£�o�êâ), ;�
¯Ö{l±9þe©��, Ó�ïáÀâ¯Ö�m

�J��6, (�±k£�¯ÖJ���g\£�}�¯Öâ¬J�, ù�y
�(�G1z^

S. ¯Ö�m�J��6�U��k£�u). �d, Tó�¦^ Tarjan �{&ÿ¯Öm���

ã, �ä´Ä�3rëÏ©|±(½´Äu)
k£.

2.4 OceanBase��O

OceanBase�¯Ö+n´3�S��¸e?1�, æ^�¿u��Eâ�ü�ã£�õ�

�¿u��Eâ.

�
¢yõ��¿u��, XÚæ^8¥ª���Ò+n�ª, �o���Û4O���

Ò, ±9�cuÙ��#��Ò. Ö�¯Ö3ýJ��, ��Û��Ò����#���Ò, ¿

ò��Ò�\�#êâ¥. 3�¤F��^��ÓÚ�Å�, �#�cuÙ��#��Ò. �Ö

¯Ö3�1c¼��cuÙ��#��Ò, ¿Ö�T���êâ. õ��¿u���y
Öö

�Ü©I���Ö£, O�
XÚ�¿u5.

�
¢yü�ã£, XÚ3êâ�1Þ�;êâ£[19] . du OceanBase¢y��l?O

� Read Committed, 3¯Ö�1L§¥, �ö�3?Uêâc¬¼�1£, 
Öö��â�#

uÙ��ÒÖ��#®J�êâ. ?\ýJ��ã, 3�¤����ö�¿òêâ�\S�L

�, º�¤k�êâ£, ,�m©�F�.

3¯Ö�1L§¥, �u)\£Àâ�, \£Àâ�}� SQL �¦ò¬£E­Á�

g SQL �¦, =æ^
 NO-WAIT[20]üÑ)û\£Àâ. d	, XÚæ^��Å�;���¯Ö

��mÓâ£, ��k£��).
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OceanBase æ^�¿u��Eâäk±e`::

(1) õ���ü�ã£·Ü�¿u��üÑk�/�l
Öö���ö��m��¯Àâ,

JpXÚ�¿u?nUå.

(2) {z�£¢yü$
�oü�ã£�Æ�m�. d	, ù«¢yüÑ;�
8¥ª�+

n, k|uJpXÚ�õØ*ÐUå.

(3) Ã{l�Àâ)û�ª. duÓ�S�êâ¥3¯Ö�1L§¥Ø¬u) I/O {l, X

Ú=I��ÔnØê����1�§, ��¡;�
éÄLõ��§, ,�¡�±k�/~�þ

e©���gê.

±þ¿u��üÑÓ�äk�
":, ~X3?n Begin . . . Commit a��¯Ö�, e

¯Ö�m��¯Àâ�p, du¯Ö±k�êâ£Ø¬3á�mSº�, Àâ� SQL �¦ò

3XÚSÜØä�­Á, ùò�� CPU O�]
�ÓâL¤, K�XÚ�ª�óéÇ. Ïd,

OceanBase �¿u��üÑ�·^u¯Ö�á!¯Ö�m�Àâ����/.

3 F�N��¡E

�c��õêêâ¥XÚ�6u�cF��yêâ�N��¡E[7] . §Ì�3êâ�

\^�c�\ Undo F�½ö Redo F�. Ù¥ Undo F�Ì��Ø�\^�¥��J�êâ,

Redo F�¡E��\^��J�êâ. �cF�#N¯Ö3vkr¤kêâ?U�\^�cJ

�. ù«EâI����Û�F�+nì. �
;�ª��^��\ö�, êâ¥Ï~�¢y


|J�üÑ[25]. ù«üÑònÜõ�¯Ö�J�êâ, ¤|�\^�. 3S�êâ¥¥, êâ´

3S�¥�;+n�, �
¢yN�, I�±Ï5�òêâ�\^�, ¿�P¹¯Ö?U�F�.

·�òÄk0�DÚêâ¥XÚ��F�6§, ,�0�3#M��¸eéF��o�`z.

3.1 DÚ�F�¢y

± PostgreSQL�~, 0�§��F�6§ (�ã 2).

(1) Äk�1�§3�/O�ÐF�.

(2) �1�§¼�F��À«�ü§£, ¿�F��À«�\F�. º�ü§£.

(3) �1�§>��ã�m, ��v
õ�¯Ö?1¤|J�.

(4) �1�§�2, �w�c�\^����F�Ò, �ä�c¯Ö�F�´Ä®�\^

�. e�\, K�¤J�.

(5) e�c¯ÖF�ÿ��\^�, ��¼��Û�cF�£, ò�c�À«�F��\^

�, º�£,�¤J�.

(6) �¤J��, �1�§º��g¯Ö���]
, º�êâ£, �A�rà.

ã 2 F��¬«¿ã

Fig. 2 Diagram of log module

,
, ±þ�cF��O¬é¯Ö�) 4 «a.�5UK�[26].
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^̂̂��� I/O EEE¤¤¤���òòò´́́. 3XÚ�A�ràc, XÚ7L�yêâ���´�5��;0

�. ,
, ^��\¬E¤Î¦?�ò´. ��^��\d�þ�á�F��, �\5Uò?�

Úeü. �éù�¯K Alpern�[27]æ^
p5U����;0�. Helland �[25]JÑ�¤|J

��±1þ/�^��\F�, ;��þáF���\.

OOO���±±±£££���mmm. 3DÚ��cF�e, ¯ÖÄkI�ò¤k�F��\^�, ,�º�ê

â£. ùO�
¯Ö�±£�m, ¯Ö�m�ÀâòOõ, l
¬ü$XÚ�¯Ö¿u.

���			���þþþeee©©©������. du�F�E¤� I/O {lò¬��¯Ö��1�§?\��G�.

3F��\^����2�1. �gþe©��I�þZ��-ö�, ùòE¤ CPU �m�L

¤. ,��¡, ÔnØê�Oõ¦�XÚI�NÝ�õ��§, �A/, þe©��êþ�¬O

\, ��XÚ?1�§NÝ�Øå½O.

FFF������ÀÀÀ«««���¯̄̄ÀÀÀâââ. F��À«dÓÎ£�o, (�Ó�����k���§3�\F

�. �XÔnØê�,p, ¿1�§éÓÎ£��öòE¤�þ� CPU �mm�.

�
ü$F��o�)�ò´�Àâ, �cÌ�k±eó�.

¤¤¤|||JJJ������ÉÉÉÚÚÚJJJ���. DÚêâ¥ÊHæ^¤|J��ÉÚJ�5)º�F�~�^�

ò´���£Àâ, ~��§þe©���. ¤|J�[25]\Oõ�¯Ö�F�Ó��\^�, J

p
üg^���\þ, U�\k�/|^^��\�°. ÉÚJ�[27]#NF�ÿ�±Èzc

J�¯Ö. du¯ÖJ�ØI���F��\^�, Ïd�±�@/º�£, ~�Àâ. ¿��

1�§Ø¬Ï�^� I/O 
{l, l
;�
þe©���. ,
, �u)XÚ�æ�, ÉÚJ

��Uduÿ�òF��\^�
��¿�Ü©®J��êâ. duÉÚJ��5
���5

U`z, õêû�êâ¥�m
êâ¥Ñ¢y
T�Y.

FFF���±±±ÈÈÈzzzcccººº���£££. ¯ÖJ��I���F�±Èz�º�£. ù´�
(��Y¯Ö

ö��êâ7,´®J��êâ. ,
, ^� I/O Ï~äkÎ¦?�ò´. ù��
\£�m�

ò�, ¯Ö�m�\£Àâò¬\ì, �ªK�XÚ�óéÇ. Dewitt �[6]*	�, �÷v�½

��åJ��, ¯Ö�£�±3F�±Èzcº�. l¯Öº�£��¤F�±Èz��ã¡�

�ýJ��ã[28]. e�Y¯ÖÖ�
ýJ�¯Ö�êâ, KI�Ó���ýJ�¯Ö�¤±È

z�2�A�rà. ©z [28] /ªz/Øã
TEâI�÷v�^�. �XÚ?n��¦d�þ

�á, Ó�ÀâÇ�p�¯Ö�¤�, 3±Èz�¤cº�£òäk­��¿Â. Wang �[12]¢

�uy, 3?n TPC-B A^�, e¯ÖÀâÇ�p, Jcº�£ò�5ê���5UJ,.

666YYY���ªªªJJJ���. �¤�g¯Ö�¦Ì�²L
¯Ö�1, ¯ÖJ�Ú�A�rà 3 �L

§. du¯ÖJ�L§¬Ï�^� I/O 
���§{l, >uþe©��. �XO�ÅÔnØê

�ØäO�, dd���XÚN^ò¬Óâ�½'~� CPU ]
. yk�êâ¥XÚÏLÉÚ

J���ª5;��F��)��§{l, �d´�U¬¿�J��êâ. Johnson �[26]JÑ


6Yª�?ÖNÝ�ª: �¯Ö?\J��ãI��F��, �1�§ò�c¯ÖØ\è�,

=
�1Ù¦�¯Ö; d���J��§òõ�¯Ö�F�¤|�\^�, ¿Ï��1�§®

²�¤±Èz�¯Ö; �1�§ò¯Ö�1(J�A�rà. T�Y;�
�1�§Ï��F

�� I/O {l
>uþe©��. ,
, ?Ö3õ��§m���NÝòO\?Ö��Nò´.

Johnson�[26]ÏL(Ü Early Lock Release Eâ, ;�ò´O\���\£Àâ�Oõ.

���***ÐÐÐ���FFF������ÀÀÀ«««. 8¥ª�F��À«�3*Ð5�¯K. ÔnØêOõÚå�¿

1ÝO����¯F��À«�Àâ�ØäO�. �
�)é8¥ªF��À«��¯Àâ,

Johnson�[26]æ^
ü«�ª: �Äk~�
�¯F��À«��.«�Ý, ò��À«��

êâ�ö�£Ñ�.«; �æ^ Elimination based backoff Eâ¿1Ü¿õ�¯Ö�F��¦,

~��¯�.«�gê.
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ÄÄÄuuu NVM ���©©©ÙÙÙªªªFFF���. Wang �[12]æ^�´�5S���F�, du3XÚ�$�F

�EÎ�±3S�¥��, Ïd¯ÖJ��ØI�á=òF���^�, =I�F��À«÷�

�\^�. �öÄudJÑ
 passive group commit üÑ. d	, 8¥ª�F��3*Ð5�´

¶. Ïd, �öJÑ
Äu NVM �©ÙªF�. du3DÚe�þ, ©ÙªF�3¯ÖJ��¬

�)�þ�áF��^��¦, ùò���p��\�d. 
æ^ NVM �, F�=I3z�F

��À«÷��\^�, Ïd�±k�/;�©ÙªF�p[��\�d.

ÜÜÜ 666 FFF ���. Malviya �[29]ï Ä 
 � é VoltDB Ú H-Store � � þ ? � ê â ¡ E Å

� Command Logging, ÙÄ�g�´3F�¥==��¯Ö��, 
Ø��¯Ö¤�9�

�|�UcÚ�U��G�. ù´Ï�ùaXÚ¥õ�¯Ö´G1�1�, ¯ÖmØ¬��N

Ý. Ïd, P¹¯Ö��1^S=�¡EÑ���ö�{¤. ¢�(JL²ù«¡EÅ��m�

��, ·Üæ^(½5�1üÑ�S�êâ¥XÚ.

±þnã
�c�#ó�éF�J��Æ¢y�`z, 3L 2 ¥o(
ù
EâéXÚ�

)�K�.

LLL 2 FFF���`̀̀zzzüüüÑÑÑKKK���

Tab. 2 Impact of log optimization strategy
ü$^�I/Oé ;�J�L§ ~�J���� ~�éF��À

5U�K� ¥Óâ£ þe©�� «�Àâ�¯

¤|J��ÉÚ�
√ √ √

F�±Èzcº�£
√

6Y�ªJ�
√

�*Ð�F��À«
√

ÄuNVM�©ÙªF�
√

Ü6F�
√ √ √

3.2 OceanBase �F��¬�O

OceanBase æ^�´ ARIES F�, 3XÚ$1¥P¹
¤kêâ?Uö�� Redo F�.

3F��¬¥, OceanBase æ^
�þãïÄó�ØÓ��O, ¿��
p��¯ÖJ��Ç.

3yk�ó�¥, ¯ÖJ��ÏL¯Ö��1�§�Ó�¯F�+nì, �F��À«�

�F�, ±Ï5�>u�^�5�¤�. éF�+nì�ü¦5�¯±9^� I/O ö�Ñ¬�

��§�{l. ©z [12] �`z�Y�,;�
^� I/O ö��{l, �==´�)
éF�+

nìÀâ�¯�)�{l. OceanBase æ^�.��Y;�
J�E¤�{l.

OceanBase �O
üÕ�J��§KI¤k¯Ö�J�, �./6Y�z
¯Ö�J�L

§, 6§�ã 3. ¯ÖJ�L§Xe:

(1) ¯Ö3�/�§�¤ýJ�ó�. ����Ò, ò��Ò�êâ�\S�L, ¿æ

^ Early Lock Release �`zJcº�£.

ã 3 OceanBase ¯Ö�1ã

Fig. 3 Transaction execution diagram of OceanBase
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(2) ¯ÖUì��Ò�^S?\J��§è�, ?\J��ã. ¯Ö��1�§òUYNÝ

Ù¦��¦. ��Ò�^S(�
 Early Lock Release ��(5.

(3) J��§�gòz�¯Ö�F����F��À«, ¿±Ï5�>uF��^��Ó

Ú�Åö�.

(4) J��§±Ï5/�ä�c�\^����F�Ò, (½®²�¤J��¯Ö, ¿�#

XÚ�uÙ��Ò, ¿ò¯Ö\\�A�rà��§³¥.

(5) �A�rà��§KIº�¯Ö�S�]
, ¿�A�rà.

ù���O��¡;�
¯Ö�1�§�{l, ,	��¡~�
XÚSÜé��êâ�

Àâ�¯. ,
, T�Y��³�3uü�§��O. �J�?ÖLõ�, J��§�?n�m

ò�Ñ¦, J�?Öò3è�¥��. 3��Ìª 2.00 GHz �ÑÖìþ, OceanBase 3?nz¦

� 14 �� �J��¦�, J��§ò��?n5U�4�.

4 êâ±Èz

�,S�Eâ3C
c��
�v�uÐ, ,
�'u^�, S��Nþ�,k�, 3éõ

|µe�U¬Ñyêâ���uS�Nþ��/. d	S��d�Ï~��pu^��d�,

�S���;�ª¿Ø²L. lA^��Ý, �þ�A^K1´���, �þ�“9”êâ¬�ª

�/�¯, �þ�“e”êâ4��¯, “e”êâdu?UªÇ�$, ¿ØI�©ª�;3S�¥.

��, �
�yXÚU
¯�/¡E, Ó�I�±Ï5/òêâ¥¯ì±Èz�^�¥. Äu±

þù
Ï�, S�êâ¥XÚE,I�|±^��;, ¦êâ�;3^�¥. 3ù�!¥, òÌ

�0�yk�S�êâ¥XÚé^��|±.

4.1 S�êâ¥�êâ±Èz

�^� Stoica �[30]ïÄ�Ñ�þ� OLTP A^K1�¯êâªÇ´���, ò�þ�4�

��¯�“e”êâ�;3^�òk|u~�S��¦^, ¦�êâ¥XÚ�\²L. �öJÑ


�«�éêâ�¯F��l�©Û�{, æ^ Exponential Smoothing Cq�Oz^êâ��¯

ªÇ, òpª�¯�êâ�;3S�¥. T�{�A^3 Hekaton XÚ¥[31].

3 H-Store XÚ¥, Debrabant �[32]JÑ
 Anti-Caching üÑ, Ó�´r�
“e”êâ�

3^�¥��, ÚDÚ���üÑ��, H-Store XÚ¥S���Ì�, ^���9Ï�;. �¯

ÖI��¯^�þ�êâ�ÿ, ò´�1d¯Ö
3��?1Ö^�ö�, �¤IêâÑÖ��

S��2�1d¯Ö.

©z [33] �é(½5êâ¥XÚJÑ
Prefetch üÑ5|±^��;, Ùg�Ú Anti-

Caching �Ó, ÏLò´¯Ö��1, �y¤I��êâÑ®²Ö\S�¥.

±þó�3ØÓ�XÚþÌ�)û±eA�¯K: XÛ«©“e”!“9”êâ±(½I�¦

^^��;�êâ, êâ´XÛlS�=;�^�, ±9XÛòêâl^�Ö��S�. 3e�

!¥, ò­:0� OceanBase ¦^�êâ±ÈzüÑ.

4.2 OceanBase�êâ±Èz�O

OceanBase�êâ±ÈzÌ�´ÏL±Ï5�zFÜ¿òS�¯ÖÚ�¥�Oþ?Uêâ

�©Ùª©�XÚþ�Ä�êâÜ¿�;.

OceanBase«©“e”!“9”êâ�üÑ�é{ü. 3zgêâÜ¿�, S�¯ÖÚ�¥¤

k�êâÑ��“e”êâ�©Ùª©�XÚþ�êâÜ¿�;. 3e�gÜ¿u)c, ¤k�

?U�êâò��“9”êâ2g�o3S�¯ÖÚ�¥.

OceanBaseòêâlS�¯ÖÚ�����;!:¥Ì�ÏLzFÜ¿�¤. �Xêâ�

\�ØäOõ, S�¯ÖÚ�¥�êâ¬ØäO\, �êâ�����½K�½öXÚ��ý�

È(�m��ÿ, OceanBase ¬>uzFÜ¿L§, È(�cS�Ú�¥�êâ, òÙ�©Ùª
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©�XÚ¥�;�Ä�êâÜ¿. zFÜ¿�¤�, S�¯ÖÚ�¥È(�êâ=�º�, ÙÓ

^�S���£Â.

OceanBase Ö�±Èz�êâÌ�´3�Î½ö?Uö��1c, �âI��¯�êâÌ

�l�;!:þÖ�I��Ä�êâ.

±þüÑ�y
 OceanBase U
Â ¯ÖÚ�¦^�S�Nþ, ��²L/¦^^��;,

¿\�XÚ�/J¡EL§.

5 ( Ø

�©Ì�0�
3�S�!õØ�¸e¯Ö.êâ¥XÚ�'��#ïÄó�. �þ�ó

�L², êâ¥XÚ�OI�ü$XÚSÜ�o�m�, ò�õ�O��m^u¢Sk��êâ

?nó�. I�¢yXÚ�õØ*Ð5, ±·A�c CPU ÔnØêØäOõ�ª³. Ó�, XÚ

�±Ú\éK1A:b�5UõSÜ�O, ÏL�O;^�¯ÖXÚ5¼��p�5U.
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