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Dimensions of Software Complexity

Higher technical complexity
- Embedded, real-time, distributed, fault-tolerant
- Custom, unprecedented, architecture reengineering
- High performance

Lower technical complexity
- Mostly 4GL, or component-based
- Application reengineering
- Interactive performance

Higher
management 
complexity
- Large scale
- Contractual
- Many stake holders
- “Projects”

Lower
management 
complexity
- Small scale
- Informal
- Single stakeholder
- “Products”
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Software development 
has been, is, and remains hard!

Grady Booch
IBM Fellow
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Development Tools and Development Environment

� Development Tools
� support activities of development, maintenance, management in 

the process of software development

� Development Environment
� a set of closely integrated tools

� The Role Of Development Tools:
Automation�ÈSupporting
� Automate the creation and transformation of software artifacts
� Analyze, reason about, explore within, and trace among artifacts
� Automate and reduce the tedium associated with the processes 

associated with creating and transforming artifacts
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Development Environment Epochs
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Platforms Naked HW -> BIOS -> OS -> Middleware -> Domain-specific

Languages Assembly -> Fortran/COBOL -> Simula -> C++ -> Java

Processes Structured -> Object-oriented -> Iterative/asset-based

Paradigm Procedure-oriented->Object-oriented->Service-oriented

Tools Early tools -> CLE -> IDE -> XDE -> CDE

� The entire history of software engineering is characterized 
by rising levels of abstraction

� Development environment is constantly in evolution: more 
complete, more resilient, simpler

� To improve software productivity and quality is always the 
main goal in the field of software
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Development Environment Epochs
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Early 
tools
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tools CLECLE IDEIDE XDEXDE CDECDE
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Development Environment Epochs
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Integrated Development Environments 
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� GUI tools

� Syntax-directed editor

� Developer experience

� Complex development function
…

� GUI tools

� Syntax-directed editor

� Developer experience

� Complex development function
…

Early 
tools

Early 
tools CLECLE IDEIDE XDEXDE CDECDE

1945 1960 1980 2000 2005



��

IDE Examples (Early Generation )

� Xerox Smalltalk (1983)
� Languages: Smalltalk
� Host: various

� Microsoft Visual Basic 
(1983)
� Languages: Basic
� Host: Windows

� Rational Development 
Environment (1987)
� Languages: Ada
� Host: R1000
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IDE Examples (Present Generation) 

� Microsoft Visual Studio
� Languages: C#, C++, VB, .NET
� Host: Windows

� IBM Websphere Studio
� Languages: Java
� Host: various

� Sun Studio One
� Languages: Java
� Host: various

� Borland JBuilder
� Languages: Java
� Host: various
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eXtended Development Environments
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� Lifecycle development tools

� Multi-Users

� Unified development environment

…

� Lifecycle development tools

� Multi-Users

� Unified development environment

…

Early 
tools

Early 
tools CLECLE IDEIDE XDEXDE CDECDE

1945 1960 1980 2000 2005
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� Eclipse
� IBM RAD

� BEA WorkShop
� JBuilder07,08
� MyEclipse

…

� NetBeans

� …
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XDE Examples
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Collaborative Development Environments
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� Virtual workspace

� Virtualization of the team

� Collaborative Development
…

� Virtual workspace

� Virtualization of the team

� Collaborative Development
…

Early 
tools

Early 
tools CLECLE IDEIDE XDEXDE CDECDE

1945 1960 1980 2000 2005
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CDE Examples (1)

� Collab.net
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CDE Examples (2)

� Jazz
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A New Development Environment�Û
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� Domain-oriented development environments

� Domain-specific development process

� Integrate people, tools and artifacts
…

� Domain-oriented development environments

� Domain-specific development process

� Integrate people, tools and artifacts
…

�û�û�û�û�û�û�û�ûEarly 
tools

Early 
tools CLECLE IDEIDE XDEXDE CDECDE

1945 1960 1980 2000 2005
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Software Production Line
--Internet-Oriented Software Development Environment
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InternetInternetInternet

Internet-Oriented Software Development Environment

� Software Production Line (SPL)
� Coordinating people, tools and artifacts in a well-

defined process
� Internet-based, integrated, extensible, collaborative

Manufacture Process

Manufacture 
Step 1

Manufacture 
Step 2

Manufacture 
Step 3

Manufacture 
Step 4

Artifact C

ArtifactArtifact

�¹�¹�¹�¹Tools
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Process 
Model

Artifact A Artifact B

�¹�¹�¹�¹Tools �¹�¹�¹�¹Tools �¹�¹�¹�¹Tools
PeoplePeople ToolTool
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Software Production Line Concept Framework

� SPL is driven by manufacture process
� Artifact data flowin SPL
� Task control flow in SPL

Manufacture Process

Source 
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Tool

Monitoring 
Requirements 

Modeling

Monitoring 
Probe 

Generation
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Code 
Topology

Monitoring 
Requirements 

Monitoring 
Probe

S
oftw

are P
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ArtifactsArtifactsArtifacts

�¹�¹�¹�¹Tools �¹�¹�¹�¹Tools �¹�¹�¹�¹Tools �¹�¹�¹�¹Tools

Control FlowControl Flow

Data FlowData Flow
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SPL Process Model and SPL Model

� SPL Model
� Based on manufacture 

process

� Process Model
� Manufacture process

� Manufacture steps
• Code Analysis 
• Monitoring Requirements 

Modeling
• Monitoring Probe Generation
• Monitoring Probe Injection
• …
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Process meta-model
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SPL Process Model and SPL Model
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SPL meta-model

Process meta-model

Each manufacture step is 
associated with a role, 
tools and artifacts

Each manufacture step is 
associated with a role, 
tools and artifacts
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SPL Process Model and SPL Model
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1

*
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SPL meta-model

Process meta-modelRole is designed to indicate a 
certain developer function in a 
project team.

� Code analyzer
� Monitoring requirement designer
� Monitoring probe developer
� …

Role is designed to indicate a 
certain developer function in a 
project team.

� Code analyzer
� Monitoring requirement designer
� Monitoring probe developer
� …
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SPL Process Model and SPL Model
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SPL meta-model

Process meta-modelToolset is designed to specify 
which tool will developer use in 
this manufacture step.

� Name : Code Analysis Tool
� URL: http://localhost…

Toolset is designed to specify 
which tool will developer use in 
this manufacture step.

� Name : Code Analysis Tool
� URL: http://localhost…

Requirement
� Encapsulation
� Modulization

Requirement
� Encapsulation
� Modulization
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SPL Process Model and SPL Model
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SPL meta-model

Process meta-modelArtifacts is designed to specify the 
input artifacts manufactured by pre-
step, and  output artifacts generated 
by its associated step. 

� artifact_input: svn://localhost/src
� artifact_output: 
svn://localhost/src_analysis

Artifacts is designed to specify the 
input artifacts manufactured by pre-
step, and  output artifacts generated 
by its associated step. 

� artifact_input: svn://localhost/src
� artifact_output: 
svn://localhost/src_analysis

Requirement
� Nonredundancy
� Interoperability

Requirement
� Nonredundancy
� Interoperability
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SPL Design and Initialization
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Software Production Line Example
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Use SPL

Personal
Workspace
Personal

Workspace
Personal

Workspace
Personal

Workspace
Personal

Workspace
Personal

Workspace
Team

Workspace
Team

Workspace
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T-Frame: SPL Integration Framework

P
ersonal W

orkspace
P

ersonal W
orkspace

SPL Instance
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Artifact
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RolesRoles

ToolsTools

ProcessProcess

StepsSteps

SPL Description File
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Personal Workspace

1.SPL user chooses 
his/her role

2.SPL user chooses 
tools

3. Download and install toolset 
automatically

4. Complete assembling the 
personal work space
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Task Management (based on T-Forge) 

Task navigation based 
on SPL
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Task Client & Artifact Client

1. Receive task by task client
2. Fetch artifacts based on location 
information in task
3. Commit artifacts after 
manufacture
4. Change task status

Artifact
Location
Artifact

Location

Task Status
Mgmt

Task Status
Mgmt

Artifact 
Output/Input

Artifact 
Output/Input
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SPL Instance Example (1)

Monitoring enabled SPL 
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SPL Instance Example (2)

Component-based SPL

Service-oriented SPL

Business Process-Centric 
Integration SPL

Embedded Development 
SPL

Process Management SPL

Data Processing SPL

…
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Conclusion

� SPL: Software Production Line
� Domain-specific construction of development 

environment

� User-defined development process

� Team-Oriented, Artifact-Driven and collaborative 
development environment
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Thanks for your attention

Question ?
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Domain-Oriented Tool Integration

� Domain-Specific
� Embedded development
� Process management

� Data processing

� …
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� Technical features
� Component technology
� Services Computing
� Aspect Oriented

� Reliability Analysis

� ��
Monitor-Oriented Development
� Code analysis tool

� Monitoring requirements modeling 
Tool

� Monitoring probe generation tool

� Monitoring probe injection tool
…

Monitor-Oriented Development
� Code analysis tool

� Monitoring requirements modeling 
Tool

� Monitoring probe generation tool

� Monitoring probe injection tool
…

Process-Oriented Development
� Business Process Analysis

� Business Process Modeling

� Business Process Simulation

� Business Process Monitor
…

Process-Oriented Development
� Business Process Analysis

� Business Process Modeling

� Business Process Simulation

� Business Process Monitor
…


