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Background

• Worldwide DBMSs in China

• National DBMSs in China



Background

• China national DBMSs R&D Projects
("863”Program)
– 2001~2005 Finance support decision:

“Measurement on behalf of expert comments”
• Undertakers of database testing

– China Software Test Center

– Tsinghua University

– What metrics
• Functionality: user-requirement driven

• Compliance: SQL/ODBC/JDBC/OLE DB/ADO

• Quality in use: Field research and user survey

• Performance



Background

• Performance Evaluation

– 2001-2005 indicators ("863“ Program)
• TPC performance in labs: TPC-C、TPC-W

• Porformability in production systems: TPC + DBMS
reliability (availability) facilities

– 2006~2020 indicators (“HeGaoJi“ Program)
• ISO 9126:

– Efficiency metrics (Internal/External quality)

– Productivity metrics(Quality in use)

– End-user requirements(in production systems):
• Grasp detailed and authentic system status

• Authenticity of emulating different realistic application
environments (domain specific)
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Motivation

• Comparability of various testing results

– Based on performance benchmarks: TPC, SPEC

– Configuration of SUT and TS (user-requirements)
• Data models and data characteristics

• Database scale (Scale factors in TPC-H/DS)

• Transaction types(plug-in) and mixed ratios

• Authenticity of emulated application Workloads

– Workload characterization: transaction relationships

– Workload implementation: SQL statement, stored
procedure, Middleware(Web service), …

Objective: Open, flexible, multi-purposes
performance test tools
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Design philosophy

• BTMF: model-driven + configurable

System
Under
Test

Test
System

Configuration files

Database

Transaction

DB Engine

Client emulators

Workload
dispatcher

Database manager

Performance
Measure Collectors



BTMF Prototype Implementation

Controller

Transactions

Statistic Collector

Database

Workload ManagerData Generator

Configuration Files

DB enginesData models

TS

Testing Prepare Phase Testing Phase

SUT



• Data manager in CFG files( two mapping)

– Logical design
• Data model

• Data characteristics
– min/max

– Distribution

– formula, iteration

– Physical design
• Database: DBMS

• Data: Plugin functions

Test Database Management

ER-Relation Mapping：table names
Attributes：a，Datatype：datetime

Constraints: PK,FK,checks

ER-Relation Mapping：table names
Attributes：a，Datatype：datetime

Constraints: PK,FK,checks

User requirements
driven

<Table Dbtablename="A” >
<Attribute DbAttname=“a”

datatype="datetime">
...

<Table Dbtablename="A” >
<Attribute DbAttname=“a”

datatype="datetime">
...

XML CFG
File

Oracle
mapping file

Oracle
mapping file

DB2 mapping
files

DB2 mapping
files

First Mapping between users and XMLFirst Mapping between users and XML

Table：A
Attribute：a
Type：datetime
SQL: truncate
table A,…

Table：A
Attribute：a
Type：datetime
SQL: truncate
table A,…

Physical
Storage/
Operation

Table：A
Attribute：a
Type：timestamp
SQL:alter table A
activate not
logged initially
with empty
table, …

Table：A
Attribute：a
Type：timestamp
SQL:alter table A
activate not
logged initially
with empty
table, …

Second mapping between
XML and DBMS

Second mapping between
XML and DBMS



Test Database Management

• Data generator

– Row dependencies

– Column dependencies

a1a1 a2a2 a3a3 a4a4A

b1b1 b2b2 b3b3 b4b4B

c1c1 c2c2 c3c3 c4c4C

A B

C

a3 a2

a4

a1

c1 c2

c3

c4

b4 b3

b2

b1

Each attribute has a data generation method according to data characteristics
predefined in test system(generation constraints: plug-in functions)

Table dependence

Attribute dependence

Multi-thread database population



Performance Metric Management

• Measures: predefined&customized

– Name（string）

– ID（int）

– Success Flag（int）

– Log information（string）

– Request time（double）

– Commit time（long）

– Receive time （long）

– Commit number（int）

– Other information

Create orderCreate order

55

00

Create
success…

Create
success…

2.05432.0543

34786257383478625738

34786257383478625738

11

……



Performance Metric Management

• Measure collector

Workload
dispacher

Statistic Collector

Controller

Measure11

Measure12

Measure13

Measure14

。。。

Measure n1

Measure n2

Measure n3

。。。

Sorted by
submitting
time

Hash sorted by name

Get data timely
Draw picture timely
Generate metric timely

Get data timely
Draw picture timely
Generate metric timely

CFG Files
——

definitions of
various

measures

CFG Files
——

definitions of
various

measures

Measure n4



User Interface: Controller

• Controller

Controller

Configuration
files

Configuration
files Parser

UI
Interface

Measure
Collector

Workload
Manager

Thread
agents

Metric
manager

Client Requirements User interaction

Data
manager

Data
Generator

External
programs

External
modules

such ACID
test cases、

Report
components

Workload
dispatcher

Testing Phase



BTMF Implementation Tool
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Test project
management

Test system and SUT
deployment

Test Database
Characteristics

Database Scale

Test Database
Management

Database Initialization
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Test Database Data
Characteristics

User defined
Plugin

function

General
constraints,e.
g. Min/max
Distribution

BTMF Implementation Tool

Table
structure
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Test projects

Transactions
workload

Performance
metrics

BTMF Implementation Tool

Workload
Characterization
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Database Workload Modeling

• Database transactions with the following
characteristics(TPC workload)

– Mix of transactions with timing constraints:

• TPC-C/TPC-W/TPC-E (SQL->procedure)

– Stream of transactions: TPC-H/DS(QGEN)

• Configuration of database workload

– Customized transactions: SQL scripts/user
defined plug-in functions(DLL, Web service)

– Configurable mix of transactions and their timing
constraints



Business Workload Modeling

•• Why we need workflow workload?Why we need workflow workload?
√ Workflow patterns exist in real system.Workflow patterns exist in real system.

√ How will the workflow workload (customerHow will the workflow workload (customer

access patterns) will affect the performance?access patterns) will affect the performance?

√√ model themodel the relationship between transactionsrelationship between transactions in OLTPin OLTP

systemssystems

 for designing or modifying the OLTP performance
test benchmark

√√ Model theModel the relationship between workflow andrelationship between workflow and

transactionstransactions in OLTP systemsin OLTP systems

Dbtest 2009: Towards Workflow-Driven Database System Workload Modeling



Workload Modeling

• Mapping between business and database workload



Workload Modeling

• Workflow/Transaction Workload Modeling
with Granularity Measures

 benefit for designing or modifying the OLTP
performance test benchmark.
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Experiment Study



Experiment Study
Environments Configurations

Test
system

(TS)

Controller Machine
(Controller and Web

Server 1)

Intel® Core™2 Quad CPU Q6600
2.40GHz

8G memory，1T hard disk
Microsoft Windows Server 2003 R2

Web Server 1 (for
Statistics)

Internet Information Server (IIS) 6.0

System
Under
Test

(SUT)

Web Server 2 Machine

Intel® Core™2 Quad CPU Q6600
2.40GHz

8G memory，1T hard disk
Microsoft Windows Server 2003 R2

Web Server 2 (for
Transactions)

Internet Information Server (IIS) 6.0

Database Server
Machine

Intel® Xeon® CPU E5420 2.50GHz
8G memory，1T hard disk

Microsoft Windows Server 2003 R2
Database Server Oracle Database 10g home1 v10.2.0

Plat-
form

Development Platform
Microsoft Visual Studio 2005，C#

Microsoft .NET Framework SDK v2.0



Experiment Study

• BTMF Usability Test Analysis



Experiment Study

• BTMF Usability Test Analysis



Experiment Study

• Workload Characterization Test Analysis



Experiment Study

• Results with different transaction workflows

Workload
models

Scenarios in
TPC-App

benchmark

Scenarios
described by

Petri net

Scenarios
with transfer

matrix

Configured
EBs

10 10 10

Active EBs 100 100 100

SIPS 157.97 159.19 161.11

SIPS/EB 1.5797 1.5919 1.6111

90%RT(s) 2.04 2.05 2.05

50%RT(s) 0.64 0.64 0.65
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Conclusions

• Proposed a model-driven benchmark test
management framework

– applicable for standard benchmarks and
authentic applications performance
evaluation

– Petri net and transfer matrix used to
describe workload characteristics

 models for performability and analytical
methods for performance prediction will
be invested in the future
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