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Abstract: There are a number of performance testing tools, like Sysbench and OLTP-

Bench, that can be used to benchmark the testing of database performance. However,

because the standard benchmark workload is fixed and application scenarios for users are

not always representative, it is impossible to accurately determine system performance.

Moreover, if users are required to use a high-level programming language to implement a

test workload separately for each application, this will undoubtedly introduce a substantial

amount of repetitive work, resulting in inefficient testing. To address these issues, this

paper designs and implements a user-defined performance test workload tool. The main

benefits of this tool can be summarized as follows: It is easy to use and expandable;
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it provides a test definition language (TDL) for efficient construction of test cases; and

it offers flexible control for mixed execution of transactions, data access distribution,

lightweight and granular statistical information collection and analysis, and support for

multiple mainstream DBMSs and other databases that provide database access interfaces.

We highlight the tool’s features through a detailed set of customized workload experiments

running on the mainstream DBMS.

Keywords: database; performance test; customized workload
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MySQL Test Framework[4]´ MySQL êâ¥m
��@êâ¥ÿÁµe. Ì��é

MySQL XÚ?1�{ÚõU·�, §kXr�� SQL õUÿÁ!{'p��ÿÁ�{Úÿ

Á¤�$�`:, �TóäØ|±5UÿÁ, MySQL �5UÿÁI/Ï1n�ÿÁóä. 8

c(��o
 1 200 õ��9ØÓõU�¬��£8�ÿÁY~.

Sysbench[5]´��m
�!�¬z�!�ª²��õ�§5UÿÁóä, Ø=|±

CPU!S�!^� I/O!ö�XÚ�§m��ÿÁ, �|±êâ¥�5UÿÁ. �é5Uÿ

Á, ÿÁ<
¦^ Lua ���ó?�ÿÁÜ6, ��½õ|ÿÁ�§ê!ÿÁ��!ÚO&

Em��ëê. Tóä3Ì��þMï
eZ�©Ù¼ê, �=g½ÂK1¥�|±Ì�þ

�¯©Ù�g½Â, êâA�½Â"y(¹5.

OLTP-Bench[6]´kFÄr��Æm
�5UÿÁµe, TµeKÜ¿¢y
 19 �

OLTP a.� Benchmark(TPC-C[8]
!YCSB[9]

!SmallBank[10]�), �éØÓ� DBMS, Tó

äò SQL Úêâ¥?1·�, ¦êâ¥�m��{�Éß²z. Tóä|±ÿÁL§¥Ä

��K1CzÚ[âÝ�ÚO&EÂ8, �TóäØ|±g½Â5UÿÁK1.

éu�¯�ÿÁµe——Woodpecker[7], ´duÀ���ÆêâÆ�gÌïu��@

Ï^�êâ¥XÚÿÁµe, kXûÐ�ÿÁ case E^5Ú|±pØ�¸e�õUÿÁ�

`:. �Ù5UÿÁ=|±O!í!U!���½K1��Ü6�èÍÜ, �ÿÐ5�f.

2 Woodpecker ÿÁµe[7]

Woodpecker ÿÁµe´1��Ó�|±êâ¥õUÿÁ!5UÿÁÚXÚõUÿÁ�

Ï^êâ¥ÿÁµe, �'uõUü��ÿÁóä, TµeÿÁCX¡�2; d	, §�|±

{ü¯��gÄz£8ÿÁ, ~�ÿÁ<
�Zý; ±9U
gÄ/Â8ÿÁ(J¿)¤n

Ü�w, éu©ÛÿÁY~��1L§ÚuyXÚ´¶Jøk�&E.

Woodpecker �O¿¢y
�@Äu'�i��Â´L!´^!�p�?�ÿÁ?Ö�

ÿÁ½Â�ó(TDL). �Ä��c�NõÿÁóä¦^p??§�ó5£ãÿÁ?Ö, ùÙ

¥�3�þ­E5ó�, ±9ØÓ�êâ¥XÚ3¤|±� SQL �{þ�3�É, ÿÁY~

3ØÓ�êâ¥þ$1I�?1�	�·�ó�, ùÑòK�ÿÁ�Ç. ¤±'�i�3ü

$ÿÁ<
�EÿÁY~�¤�, �'uÿÁ?Ö�äN?§�ó�½��ª, '�iPk

�Ð�ß²5, ÿÁ<
ÃI'5ØÓêâ¥XÚ�m��É, óä��|±ÿÁY~�õ

«êâ¥XÚ�·�, ¦�ÿÁY~��“�g?�, �?$1”.

�©�5UÿÁ£ã'�iÄu Woodpecker �ÿÁ½Â�ó¿?1
�þÿÐ.

3 5UÿÁ'�i½Â

Woodpecker+ �5UÿÁ'�i´�Ä�ÑK�êâ¥5U�êâA�, L 1 ¥�'

�i|±[âÝ��êâA��êâ)¤��\.
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LLL 1 êêêâââ)))¤¤¤������\\\'''���iii

Tab. 1 Data generation and importing of keywords

TABLE[tbl_name; tbl_size; col_name, col_type; ;
, PK ( ) FK ,

INDEX , 

PK(col_name, , auto_increment );

FK(col_name, ref_tbl_name, ref_col_name ); ;

INDEX(index_name, col_name, ); ]

Column[col_name, null_ratio, cardinality, range1, range2];

IMPORT_TBL[ tbl_name; ]

CLEAR_TBL[ tbl_name; ]

Table ^u�[£ãL�ª. Column ^5�½,á5�êâA�, êâA��):

��'~!�­E��ê(Äê)!���Ú���(éuê�.)!²þ�ÝÚ���

Ý(éuiÎG.). IMPORT TBL KI�¤L�MïÚêâ)¤, ��gö�õÜL.

CLEAR TBLv^5íØ®Mï�LÚ��Lêâ.

L 2 Ð«
¯Ö£ã'�i, ù
'�i�±éÐ�÷vÿÁ<
éØÓ5UÿÁ

|µ�£ãI¦. 3�Ñ«~�c, ò?Ø'�i¥­��ëê——ö��êâ�¯©

Ù(distribution type).

LLL 2 KKK111ööö���'''���iii

Tab. 2 Load operation keywords

TXN[ ratio; txnName ] transaction body; 

END_TXN

TXN_LOADING[thread_number; thread_run_times;

load_machine_number; sync_or_async ]

MULTIPLE[ min, max ] operations; 

END_MULTIPLE

BRANCH[ ratio; ] operations; END_ BRANCH

BRANCH_DELIMITER

INSERT/REPLACE[ tbl_name; is_prepared;

distribution_type ]

DELETE[tbl_name, ; is_prepared; distribution

_type; FILTER]

UPDATE[tbl_name, ; is_prepared; distribution_

type; col_name operator updated_value, ; 

FILTER]

SELECT_FOR_UPDATE[tbl_name, ; is_prepared;

distribution_type; select_expression, ; FILTER;

APPEND(statement) ]
FILTER(col_name operator, &/, )

APPEND(statement)

, ratio , 

txnName 

, 

(

)

 while ,  min 

max 

, ratio 

BRANCH 

( ) , 

, FILTER  where , APPEND 

having order by group by 

, : c1 += 7 => c1 = c1 + 7, 

operator = += ++

, , 

 SELECT 

where  , : (c1 =, 

&, c2 =)  c1  c2 , 

, operator 

=,>,<,!= 

group by order by limit having 

SELECT[tbl_name, ; is_prepared; distribution_

type, select_expression, ; FILTER; APPEND

(expression) ]
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�é OLTP A^, ö��ØÓ�¯©Ùé5U(Jké�K�. Woodpecker+ �'�i

|±õ«�¯©Ù5�[¯Ö�Ö�'~©ÙÚÀârÝ. 8cóä|± 4 «�¯©Ùa

.: unique(min, max), uniform(min, max), normal(min, max, sigma), zipfian (min, max, size,

skew). 4 «©Ù¥� min Ú max (½)¤êâ���(K�).

(1) unique����©Ù, §^S)¤ min Ú max m�¤k�.

(2) uniform��Å©Ù, §3 min Ú max m�Å�)êâ.

(3) normal���©Ù(pd©Ù), X*N(µ, σ2) ¥�ëê µ (þê)%@� 0, σ(IO

�)I�dÿÁ<
�½.

(4) zipfian ©Ù�àÅ©Ù, size��½���êþ, skew��ê, T���`²�¯©

Ù���, ¢S¦^¥ size Ú skew �������(X size = 10, skew = 2).

L 3 Ð«
XÛ|^�½�'�i½ÂLêâA��Y~. Student L�Æ)Ä�&

E, TLk 100 ^êâP¹!4 �á5�!Ù¥Ì�� STU ID. �
{z, score�,��§

��NÆ)¤1, Ì�� STU ID. COLUMN��½��êâA�, éu COLUMN �c 4

�ëê, ©O�L¶!á5¶!��'~ÚÄê(�­E��ê). ��ü�ëê�á5��,

éuiÎ.á5, ©O��á�ÝÚ���Ý; éuê�.á5, ©O����Ú���.

LLL 3 ggg½½½ÂÂÂLLL Schma ���\\\êêêâââYYY~~~

Tab. 3 Customized table schema example

1Ò ö �

1 TABLE[student; 100; STU D int, STU NAME varchar(20), STU AGE int, STU DEPT int;

PK(STU ID)];

2 COLUMN[ student; STU NAME; 0.0; 100; 4; 16];

3 COLUMN[student; STU AGE; 0.0; 20; 18; 38];

4 COLUMN[student; STU DEPT;0.0; 10; 1; 10];

5 TABLE[score; 2000; STU D int, SC AVG Decimal(4,2), SC GRADE char; PK(STU ID)];

6 COLUMN[score; SC AVG; 0.0; 30; 50; 100];

7 IMPORT TBL[ student; score];

L 4 �¹ü�¯Ö, z�¯Öþ�½
�1'~Ú¯Ö¶, Y~¥�9�L� score. 1

2—4 ò�Å�1SELECT FOR UPDATE eZg(MULTIPLE ), gê� 1∼100 �m��Åê.

SELECT FOR UPDATE ö�± STU ID�LÈ^�, Uì��©Ù(NORMAL ���� 1,

��� 100, µ %@� 0, σ � 1)�¯ score L, ¿ò�Î(JUì SC AVG üSü�. 1 9 òé

score L¤k SC AVG �u 90 ©�Æ)�?��� A, �¯©Ù�UNIQUE ����©Ù. 1

10—13 �©Ù(��¹ü�©|(BRANCH ), z�©|��1VÇ©O� 0.8 Ú 0.2, 1 15 ±

ÉÚ��ª\1¯Ö(TXN LOADING), 3��K1Åþmé 10 �êâ¥ó�, z�ó��1

100 g.

4 Woodpecker+ e�

Xã 1 ¤«, Woodpecker+ oNþ�±©�ü�Ü©, �ràÚêâ¥ÑÖìà. Ù¥�

rà�¬k 5 �Ø%|�: )Ûì!êâ¥·�ì!K1©uì!K1ÅÚÚO&EÂ8, êâ

¥ÑÖìà=��ÿ� DBMS ÑÖìÚ]
i�ì.

ÿÁ6§��Xe: )ÛìÄkÖ�ÿÁ�¸���©�ÚÿÁY~, )¤K1?Ö(�U

kõ�)D4�K1©uì. )Û�L§¥êâ¥·�ìòÿÁY~¥�,
êâa.½�{·

��8I DBMS ¤|±�a.. �XK1Å(�Ukõ�)�ÂK1©uìux�K1?Ö¿±
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õ�§��ªòêâ¥ö�ux� DBMS �1. �1L§¥, ÚO&EÂ8�¬¢�Â8K1

ÅàO��5UÿÁ(JÚêâ¥ÑÖìà�M�]
�Ñ�I, ¿3ÿÁ(å�)¤nÜ5

U�w. K1+nì3ux#�K1?Öc, I(�þ��K1?Ö�Ü�1�¤, ÚO&EÂ

8�¬�Ï�K1+nìþ��K1?Ö´Ä®�¤, K1©uì2û½´Äux#K1.

LLL 4 ggg½½½ÂÂÂêêêâââAAA���¯̄̄ÖÖÖYYY~~~

Tab. 4 Customized data characteristics transactions example

1 TXN[0.4; "AddScores"];

2   MULTIPLE[1, 100];

3     REPLACE[score; true; NULL;];

4   END_MULTIPLE;

5   SELECT_FOR_UPDATE[score; true; NORMAL(1, 100, 1)

6   SC_AVG, SC_GRADE; FILTER(STU_ID =); APPEND(ORDER BY SC_AVG)];

7 TXN_END;

8 TXN[0.6; "OperateScores"];

9   UPDATE[score; true; UNIQUE(1, 2000);  SC_GRADE = 'A'; filter(SC_AVG > 90)];

10   BRANCH[0.8; 0.2];

11     SELECT[score; true; ZIPFIAN(1, 100, 10, 3)  "*"; filter(STU_ID =); append(GROUP BY SC_GRADE)];

12   BRANCH_DELIMITER

13     DELETE[score; true; UNIFORM[1, 2000];    FILTER(S_AVG = 0)];

14 TXN_END;

15 TXN_LOADING[10, 100,1, asyn]
 

DBMS

1

2

n

ã 1 Woodpecker+ e�

Fig. 1 Architecture of Woodpecker+

4.1 )ºìÚK1©uì

)ÛìÚK1©uì´�rà¥­���¬. )ÛìÖ�ÿÁ<
½Â�ÿÁY~(�)

L�ª!äN¯Öö�!\1¯Ö��§ê!z��§�1gê!K1�ê�)ÚÿÁ�¸�

�©�(�) DBMS à IP /�Úà�Ò!K1Å�ê9 IP /�8Ü!Netty Ï&à�Ò�),

¦^ JavaCC[11]�¤c{!�{)Û)¤K1?Ö¿D4�K1©uì. K1©uìK1?Ö

Å�©u�K1Å, duK1Å�U�õ�, �ØÓK1Å��¤�¹´ÉÚ�, ¤±ÚO&E

Â8�¬æ^ÓÚö�5�y¤kK1Åþ¤õ�"þ��K1?Ö��1(J, ¿Ï�K1

©uìþ��K1?Ö®�¤, ù�K1©uìâux#�K1?Ö. ��, �¤k�K1?Ö

þ�1(å, K1©uìÏ�'4¤kK1Åþ�if?§, (å�/�rà?§. eu)É~,
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KJc(å.

4.2 K1Å¢N

5UÿÁ�8�´3pØ�¸eÿÁXÚ�5U¸�. K1Å´ë�K1©uìÚ DBMS

XÚ�¥m�¬, ^5�¤p¿u�êâ�¦ö�. �
Ø4uxö��¦��Ý¤�ÿÁ´

¶, ÀJméõ�K1Å, z�K1Å±õ�§��ªÓ�uxêâ¥ö��¦. 3¢y�z�

�§éA��êâ¥ó�. ¿Ø¿�X�õ�êâ¥ó�Ò�±ÿÁÑ�pêâ¥5U. ¢�

uy, ��êâ¥ó�ê�Lêâ¥�k���ó�ê(¦+�ÃÄòT�N�), XÚ�óéþ

eü, ò´�ÌÝO\. �Ï��,�����¦�Ç¦�êâ¥���Z5U�, ���þ�

�¦ò{l3�¦è�¥, ù�êâ¥?nUå®��þ�, �þ�?n�ö�O\
ö�ò

´, ��XÚ�óéþeü. d	, K1Å�KIO�ö��1�5U�I(XóéþÚz©'

ò´), ¿¢��"�ÚO&EÂ8�¬.

4.3 ÚO&EÂ8�¬

du5UÿÁ�UÑ���, XJ3��ÿÁ?Ö��1L§¥, ÿÁ<
Ã{��

ÿÁ?Ð, ùéÿÁ<
´J±=É�. ¤±ÚO&EÂ8�¬KI®o��K1ÅO�

�5U�I, X�c�3�1�¯Ö ID!K1�¤?Ý(100%��¤)!]� TPS!ÿÁ�

�!50%!90%!95%!99% ò´!z�ö��²þò´�; T�¬�Â8êâ¥ÑÖìà�M

�]
¦^�¹, duÿÁ?Ö�U�¹õ�K1, 
z�K1d¤kK1ÅÓ��1, ùò�

���K1Å�ÚO&E��´ÉÚ�, ¤±ÚO&E�¬Â8�¤kK1Å�ÚO&EâÏ

�K1+nìuxe��K1.

4.4 êâ¥·�ì

duêâ¥�¬�õ�5, Nõ DBMS 3|±�êâa.Úêâ½Â�ó(DDL)þ�3

é��É, �
¦'�i?��ÿÁY~U
±¦�U���dE^uõ«êâ¥XÚ, óä

Jø
êâ¥·�ì�¬, T�¬gÄòÿÁY~¥��
êâa.Ú DDL ö�=��8I

DBMS |±�a.Ú�(��{�ª. ù�ÿÁ<
�I;5u�EÿÁY~, 
ÃI�Ä.

�êâ¥XÚ,
[!þ��É. ù4�/Jp
ÿÁ�Ç.

4.5 ]
i�ì

éu DBMS ¤3�ÑÖì, K1?Ö�p¿u�1��XÚM�]
?u;ÜÓ^G�,

Woodpecker+ ¦^�þ?�m
XÚi�óä——nmon[12] , éXÚ� CPU!S�!^�Ö�

�Ý!^� I/O Ú�ä�°�]
?1i�. ù
XÚ�IU
�Ð/�ÏÿÁ<
n)K1

��1L§¿�uyXÚ´¶Jøk�&E. ]
i�ì3ÿÁ(å�ò¤k�ÚO&Eux

��rà�ÚO&EÂ8�¬.

5 ¢ �

5.1 ¢���

Äk, ±A«~^�IO OLTP a.� Benchmark ��¢�é�, '� Woodpecker+ �

OLTP-Bench óä[6]éù
 Benchmark ¢y��è1ê, Ð«�©ó��p�5Ú^rlÐ5.

Ùg, ÏL'� Woodpecker+ � Sysbench óä[5]éÿÁY~�|��{, Ðyóä�(¹5.

2ö, Ð« Woodpecker+ é©Ùªêâ¥XÚÿÁ�¡|±, LyÙÿÁõU|±��¡5.

��, Ð« Woodpecker+ 3K1)¤þ��*Ð5.

¢�¦^
 3 «êâ¥�¬, ©O´m
8¥ªêâ¥ MySQL 5.7.18 Ú PostgreSQL 9.6

Ú©Ùªm
êâ¥ CBase 1.2[13]. §�ÜÝ3Ó�8+�¸e� 4 �ÑÖìþ, z�Åì

CPU�ü� Intel Xeon(R) E5-2620, � 12 Ø 24 �§, S� 128 GB, 1 000 Mbps ±��, ö�

XÚ CentOS 6.8. Ù¥ MySQL Ú PostgreSQL ÜÝ3Ó��ÑÖì, CBase du´©ÙªX
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Ú, ��
ü$��!:(RootServer)Ú¯Ö?n!:(UpdateServer)�Øå, §�©OÜÝ3

ü�ÑÖìþ, Ä�êâ�;!:(ChunkServer)Ú��ÑÖ!:(ChunkServer)ÜÝuÓ��

ÑÖì.

5.2 TDL ÿÁY~�E�dé'

±A« OLTP a.� Benchmark ��¢�é�, '� OLTP-Bench ¥ Java ¢yù
K1

¤I���è1êÚ Woodpecker+ ¥ TDL ¢y¤I��è1ê, uy Java I�þZ1�è�

�K1��1�&EÚO, 
 TDL ?��ÿÁY~�IA�1�èB��Ù£ãK1?Ö, ¢

�(Jé'�L 5, ��ü$
üüü���êêêþþþ???�ó�þ. �'u Java ?Ö£ãu�è�½��ª,

Woodpecker+ ¥ TDL �ÿÁY~äk�Ð�E^5Ú(¹5. ù4�/ü$
ÿÁ<
�E

ÿÁY~��d.

LLL 5 TDL ÿÿÿÁÁÁYYY~~~���EEE���dddééé'''

Tab. 5 Comparison of the cost of generating a test case with TDL

Benchmark Java TDL

TPC-C 9 5 6223 84

SmallBank 3 6 4575 39

SEATS 10 6 7364 48

Voter 3 3 4278 13

YSCB 1 6 4368 12
 

5.3 K1|�Y~

T|¢�é'
 Woodpecker+ ¥� TDL � Sysbench Jø��{éÖ�8.K1|�

��O, �L 6 ÚL 7. SmallBank �k 6 |¯Ö, Ù¥k 1 |XÖ¯Ö, ,	 5 |¯Ö=�¹

Select Ú Update ö�, Ù¥k 4 |¯Ö=k�^ Update ö��þ����^ö�. �
�O

Ö�8.K1, T|¢�£Ø
 SmallBank ¥¤k¯Ö¥� Update ö�, ¿�±�k¯Ö��

1'~, ÏL Woodpecker+ ½Â�'�i|� SmallBank ¥�K1¢yéÖ�8.?Ö�½

Â, XL 6. Ù¥¤k�¯Öþ±ý?È��ª�1, 3 ÜL��\ 300�^P¹, z^ö��ê

â�¯�ª� unique(0∼999 999), LÈ^��ârLÌ�.

3L 6 �ÿÁY~¥, ½Â
 3 ÜLÚ 6 |¯Ö, L�ªÚ¯Öö�þ�g½Â, L�ª�

�½L��!á5¶!êâa.ÚÌ	���&E. ¯Ö��½�1'~, ¯Ö¥ö���¹L

¶!´Äý?È�1!�¯©Ùa.ÚLÈ^�.

L 7��ÓK1�é MySQL �{3 Sysbench ¥�¢y�Ü©�è, 1 2—23 MïârL,

�e�üÜLÚMïârL�q. 1 25—36 �11�|¯Ö, ¯Ö� 3 ^ö�éA 3 �Õá¢

y�¼ê. Sysbench %@�¢y
 Uniform �Å©Ù, Ù¦��¯©ÙI�	¢y. T�ªÿÁ

Y~��{�é DBMS ½�, 'X3L 7 ¥, CREATE TABLE ACCOUNT(custid INTEGER

NOT NULL, name VARCHAR DEFAULT ’0’ NOT NULL, PRIMARY KEY(custid))¥�ê

âa.·^u MySQL êâ¥. 3õ DBMS �·�þ�3"�, 
�õU�èP{, J±E^

3Ù¦K1þ. Woodpecker+ Jø�Y~|�ÃãK��B/��[£�Ù¦êâ¥þ?1ÿ

Á, Jø
K1?Ö½Â(¹5�Ó�ü$
ÿÁ�d.

5.4 ©ÙªXÚ5UÿÁL�Uå

©Ùª¯Ö´©Ùªêâ¥�OÚ¢y�J:��. 8cNõ� NewSQL XÚ(¡|±

©Ùª¯Ö[14], �©Ùª¯Ö�E,5¦�{ü� SQL õUÿÁØ�½U�¤�¡�©Ùª

DBMS �ÿÁ. Woodpecker+ Ó�Jø
´L�'�i±|±©ÙªXÚ�©Ùª¯Ö5Uÿ

Á, ÏL3MïL�ª�¦^ PARTITION BY '�i�MF©«¼ê�½5¢yêâ©Ù,
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ÏL�©«5KLÚ Paxos XÚL�\©«¼êÚ Paxos |&E5¢y¯Ö©|, ÏL��

INSERT!UPDATE Ú REPLACE ö���¯©Ù5Jp©Ùª¯Ö�u)Ç.

LLL 6 SmallBank ÖÖÖ���888...KKK111|||���-TDL ¢¢¢yyy

Tab. 6 Read intensive workload organization of SmallBank with TDL
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T|¢�é�� CBase1.2 ©Ùªêâ¥XÚ, T��ÿÐü¯Ö?ne�(ü Paxos |)�

õ¯Ö?n(:e�(õ Paxos |), �©'5õ¯Ö?n(:e�e�©Ùª¯ÖÿÁ. ©Ùª

¯ÖÿÁ  I�òêâÚK1?1N�[15], �©ÿÁ�{IÃóO�ÿÁ�¸, �)©«8

+ÜÝ!©«5KMï!L�ªMïÚêâ�\, ,�â$1K1, ÿÁL§J±gÄzÚ£

8. Woodpecker+ �gÄz©Ùª¯ÖÿÁ, ÿÁY~¥�Ó�oN SQL õU5�éÚ¯Öö

�, SQL õU5�é�|±U)ûÿÁ<
�0\¯K, Jp
ÿÁ(¹5.

LLL 7 SmallBank ÖÖÖ���888...KKK111|||���-Sysbench ¢¢¢yyy

Tab. 7 Read intensive workload organization of SmallBank with Sysbench

1 // 

2 function create_account_table(table_num)

3    local query

4    query = string.format(CREATE TABLE ACCOUNT(custid INTEGER NOT NULL ,

5    name VARCHAR DEFAULT '0' NOT NULL, PRIMARY KEY(custid)))

6    con:query(query)

7    if sysbench.opt.auto_inc then

8       query = "INSERT INTO ACCOUNT" .. table_num .. "name) VALUES"

9    else

10       query = "INSERT INTO ACCOUNT" .. table_num .. "(custid, name) VALUES"

11    end

12    con:bulk_insert_init(query)

13    for i = 1, sysbench.opt.table_size do

14       name_val = get_name_value()

15       if (sysbench.opt.auto_inc) then

16          query = string.format("('%s')",sysbench.rand.default(1, sysbench.opt.table_size),name_val)

17       else

18          query = string.format("(%d,'%s')",i,sysbench.rand.default(1,sysbench.opt.table_size),name_val)

19       end

20       con:bulk_insert_next(query)

21    end

22    con:bulk_insert_done()

23 end

24 // 

25 function execute_trx1()

26    if not sysbench.opt.skip_trx then

27       begin()

28    end

29    account_point_selects()

30    savings_point_selects()

31    checking_point_selects()

32    if not sysbench.opt.skip_trx then

33       commit()

34    end

35    check_reconnect()

36 end
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�
�y CBase XÚ�©Ùª¯Ö?n5U, T¢��E
��·ÜK1, K1�)�|

¯Ö, ¯Ö�¹ 4 ^ö�: Ì��ü:�Î!�?¢Ú�þ����Î!Ì��ü:�#!�Å

Ì��O�ö�. K1©O3V Paxos |Ún Paxos |�¹eÿÁ, �
Jp©Ùª¯Öu)�

VÇ, êâþ!�©Ù3 Paxos |¥, ¯Ö¥ö���¯©Ù� Paxos |êâ�©«�±��.

L 8 �V Paxos |�¹e�©Ùª¯Ö, 1 1 Mï��êâ¥ó�, 1 3 �PaxosXÚ

L�\ Paxos |&E, 1 7 �©«5KL�\MF¼ê. 1 11 ¥ PARTITION BY '�i¦

USERTABLE L�êâUì�A�MF¼ê?1©«, 1 13 �\êâ, 1 15—20 �1¯Öö

�, 1 18—19 ¥ö���¯©Ùþ©
 0∼200�1�êâ, = UPDATE Ú REPLACE ü^ö

�©Oux�ü� Paxos |�ÌXÚþ?n, CBase ¦^ü�ãJ��Æ?n©Ùª¯Ö[16] ,

©Ùª¯Ö�'~�� 100%. eÓ��©Ùª¯Ö3 Sysbench ½ö OLTP-Bench þ�1, I

�kÃÄMïMF5K!� Paxos |XÚL¥�\©«P¹Ú�\êâ(ù�Ú½éAL 8 �

1 1—13), ��2�1ÿÁK1, Ø|±¯Öö�ÚÄ� SQL ö��·Ü, ÿÁL§Ã{gÄ

z.

LLL 8 VVV Paxos |||©©©ÙÙÙªªª¯̄̄ÖÖÖÿÿÿÁÁÁKKK111

Tab. 8 Distributed transaction workload of Double Paxos group

1 CREATE_CLIENT clt1;

2 // Paxos (‘par1#2’,2,2)

3 REPLACE INTO __all_all_group(group_name, start_version, paxos_id) VALUES ('par1#0', 2, 0), 

('par1#1', 2, 1);
4 // Paxos ’x%2’ ’x%3’

5 INSERT INTO __all_partition_rules(rule_name, rule_par_num, rule_par_list, rule_body, type) values

('func1', 1, 'x', 'x%2', 0);

6 // Paxos 300

7 TABLE[USERTABLE; 2000000; YCSB_KEY int, FIELD1 varchar(100), FIELD2 varchar(100), 

FIELD3 varchar(100)

8 PARTITION_BY(par1, func1, YCSB_KEY)];];

9 IMPORT_TBL[USERTABLE;];

10 // Paxos UPDATE REPLACE 100~200 200~300

11 TXN[1.0; “distributed_txn”];

12 SELECT[USERTABLE; true; unique(0, 9999999); "*"; filter(YCSB_KEY =)];

13 SELECT[USERTABLE; true; unique(0, 9999999); "*"; filter(FIELD1 >, &, FIELD1 <)];

14 UPDATE[USERTABLE; true; unique(0, 999999); FIELD2 = “tee”; filter(YCSB_KEY = )];

15 REPLACE[USERTABLE; true; unique(1000000, 1999999); FIELD2 =”tee”; filter(YCSB_KEY = )];

16 END_TXN;

17 TXN_LOADING[100; 12000; 1; sync];

5.5 K1�ÿÐ½Â

�
 � y K 1 � � ÿ Ð 5, T | ¢ � ¦ ^ YCSB Ö � · Ü K 1 ��¢ � K 1, 3

MySQL!PostgreSQL Ú CBase1.2 þÿÁ. �
¦K1Å¤UMï���ó�êØK�ÿ

Á(J, T¢�¦^õ�K1Å, z�K1Åþ©o�ó�ê¿��z��õïá 40 �ó�.

ÏLØä�O\K1ÅÚ DBMS �m�ó�ê, ÚOK13­½�¤U����� TPS, ±9

d� DBMS ÑÖìà CPU �¦^Ç. ÿÁY~½ÂXL 9, 5U(JXã 2.

L 9�K1�ÿÐ½ÂÿÁY~, 1 1 MïL�ª!1 5 �\êâ, 1 6—11 �1¯Öö

�, 1 14 ´T|ÿÁ�­:, �ÿÁ<
�½
þã 3 �ëê�, Wood-pecker+ l���§ê

10 m©, ÅgO\ 10 ��§(Tm��?U)���u���§ê��$1õgÿÁK1, �§
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ê�½�, �§��1gê�uLoêØ±�§ê, K1Å�êK�â�§êÄ�N�. z�g

�$1(JòüÕ�<Ñ5, T|¢��< 12 |ÿÁ(J. Sysbench �,|±õ|�§�½,

�´3K1Åþþ©�§�´ÑyÉ~, =K1Åþïá�ó�êN´��ó�þl
���

ÿÁ(JØO(, Ty��Ud Sysbench ��§³üÑ��. OLTP-Bench Ø|±õ|�§�

½.

LLL 9 KKK111���ÿÿÿÐÐÐ½½½ÂÂÂYYY~~~

Tab. 9 Extensible workload test case

1 TABLE[USERTABLE; 1200000; YCSB_KEY int, FIELD1 varchar(100), FIELD2 varchar(100),

2 FIELD3 varchar(100), FIELD4 varchar(100), FIELD5 varchar(100), FIELD6 varchar(100),

3 FIELD7 varchar(100),  FIELD8 varchar(100), FIELD9 varchar(100), FIELD10 varchar(100);

4 PK(YCSB_KEY)];

5 IMPORT_TBL[USERTABLE;];

6 TXN[0.8; “read_txn”];

7 SELECT[USERTABLE; true; zipfian(0,1199999, 10, 3); "*"; filter(YCSB_KEY =)];

8 END_TXN ;

9 TXN[0.2; “write_txn”];

10 DELETE[USERTABLE; true; zipfian(0, 1199999, 10, 3); filter(YCSB_KEY =)];

11 END_TXN ;

12 // ; 

13 // 

14 TXN_LOADING[120; 10000; 3; sync];

ã 2 ��óéþÚó�ê�'X, CBase1.2 Ú MySQL 3¦^ 50 �ó�ê�, TPS Ä�®

��þ�, ��2O\ó�ê, 5UþÃ²wCz. PostgreSQL 3ó�êO\�L§¥, TPS Å

ìþ,, 3ó�ê� 90 �, ����óéþ. o�8¥ªêâ�5U�pu©ÙªXÚ. ù´Ï

�©Ùªêâ¥Ø
��yêâ��(5	, ���yêâ���5, XõF�ÓÚÅ�, õB

��°�, ùÑO\
XÚ�m�.
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Fig. 2 Throughput and usage of CPU with varing number of database links

ã 2 m� CPU |^ÇÚó�ê�'X, (Üã 2 ���, �Xó�ê�O\êâ¥�óé
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þÅìJ,, TL§ CPU �|^ÇCzÎÜýÏ, = CPU |^Ç�ó�ê¤�', ¿3êâ¥

����óé��±­½.

óéþÚ CPU |^Ç´ïþêâ¥5U�­��I, �'uÃÄ�ÚO&EÂ8, gÄz

�ÚO&EÂ8w�c�­�, T|¢�¤k�ÚO(Jþ5g Woodpecker+ �ÚO&EÂ8

�¬, T�¬)¤(�zF�, é©ÛK1�1L§9uyXÚ´¶Jø�Ï.

6 o (

�©JÑ
�ÄuêâA��g½ÂK1µÿóä——Woodpecker+, Jø
�Â´L,

{B´u�ÿÁ'�i, ±9|±(¹K1|��ª, ÿÁ<
?��ÿÁY~E^5p, óä

ÿÐ5ûÐ. ÏL¢��y
 TDL ÿÁY~��E�dé'ÚÖ�8.K1|�Ú©Ùª¯Ö

5UÿÁ±9�y
ü«a.êâ¥��ÿÐ5.
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