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Introduction
• Current Development Method:

• ISSUES:
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– Requirements errors permeate through all development stages...
– Requirements changes domino effect affect all development stages...



Introduction (cont.)
Software Development Cost 

Breakdown

Component                    Percentage
Problem comprehension  27%
Requirements analysis 24%Requirements analysis  24%
Design                  18%
Implementation          18% 
Testing                   13%

[Grady, Hewlett-Packard][ y, ]
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Introduction (cont.)

Components of a development iteration:
(in estigated in o r approach)

Components (cont.):
4 A t ti d i(investigated in our approach)

1. Formal requirements model specification
2. Requirements specification tools
3. Requirements model validation

4. Automation design
4.1. Architecture composition
4.2. Component selection
4.3. Model semantic annotation
5 Design model validation
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5. Design model validation
6. Code generation & testing



Methodology
• RDDA (Requirements-Driven Design Automation) 

methodology flow:
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Architecture
Translation

UML2 Editor
(Rhapsody/Eclipse)

UML 2.0
Models XMI

SysML Editor
(Rhapsody)

Translation 
Rules: SysML

XSL File Translation 
Rules: UML

XSL File
Ontology Extraction
(XSLT Processor)

DesignDesign

Requirements
SysML Models

Model Transformation
(XSLT Processor)

Requirements
Ontologies 

ODL/OWL

UML Structure
Ontologies 

ODL/OWL
M d l T f ti

Component 
Annotations
Ontologies 
ODL/OWL

INPUT

Translation Rules

Model Transformation
(XSLT Processor)

Req. Validation
Rules

Requirements
Model INPUT

Other Sources XSL File

Architecture
Synthesis

Rules
Project Toolset  (Jena/Java)

Knowledge 
Base

Reasoner

Synthesized
UML 2.0

Models XMI

UML Structure
Ontologies 

ODL/OWL

Component 
Configuration

XML

7

OUTPUT
Model Translator
(XSLT Processor)

Translation 
Rules: ODL/OWL

XSL File
System
Boundary

Requirements-Driven 
Design Automation 
framework architecture



RDDA Architecture
• The OPP Design Language (ODL)
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RDDA Architecture
• The Requirements Domain:

– defines concepts, relationships, and properties 
t d ib i tnecessary to describe requirements
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RDDA Architecture
• The Design Domain:

– ODL Ontologies describe UML and SysML structural 
d lmodels

• The Component Annotation Domain
Specifies semantic descriptions for component– Specifies semantic descriptions for component 
annotations

• Component capabilities, constraints, QoS, design elements 
(i.e. provided and required interfaces)

– Covers platform-specific information (i.e. hardware 
platform, OS, programming language)platform, OS, programming language)
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RDDA Architecture
R i t S ifi ti E l• Requirements Specification Example:

Textual Requirements:
“1.1  The GPS provides a location accuracy of minimum 10m, a query response      

ti f i 10 ”time of maximum 10s.”

ODL-based Requirements:
<RqReqStmt rdf:ID = “ReqStmt_1.1”> 

h V i df “#R V i 0 1” /<hasVersion rdf:resource = “#ReqVersion_v0.1” />

<rqTracks>
<RqSubsystem rdf:resource = “#Subsys_GPS”>

h C bilit df “#GPS P iti i ” /<hasCapability rdf:resource = “#GPS_Positioning” />
<hasConstraint rdf:resource = “#QoS_minLocationAccuracy_10m” />
<hasConstraint rdf:resource = “#QoS_maxQueryResponseTime_10s” /> 

</RqSubsystem>
/ T k</rqTracks>

<reqStmtText>
1.1 The GPS provides a location accuracy of minimum 10m, a query 

response time of maximum 10s
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response time of maximum 10s. 
</reqStmtText>

</RqReqStmt>



RDDA Architecture
• Model Translation:
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RDDA Architecture
• XSL transformation rules for UML Interfaces from XMI code:

l t l t t h "UML P k /UML N dEl t/<xsl:template match = "UML:Package/UML:Namespace.ownedElement/
UML:Interface">

<odl:MSwInterface rdf:ID="{../../@name}.{@name}">
<odl:hasName rdf:datatype="~xsd;string">

<xsl:value-of select="@name"/>
</odl:hasName></odl:hasName>
<odl:inPackage rdf:resource="#{../../@name}"/>
<odl:relEndVisibility rdf:resource="#{@visibility}"/>

dl h X iId df "#{@ i id}"/<odl:hasXmiId rdf:resource="#{@xmi.id}"/>
</odl:MSwInterface>

</xsl:template>
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RDDA Architecture
• Knowledge Base and the Reasoner

– ODL Ontologies are loaded into a knowledge base 
– KB is supported by:

• The Jess framework 
• The OWLJessKB semantic web libraryThe OWLJessKB semantic web library

– The reasoner component, provided by Jess, implements a 
rule-based interface engine

• Supports backward and forward chaining

– Knowledge processing is guided by a set of rules
• Requirements Validation RulesRequirements Validation Rules
• Architecture Synthesis Rules
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Related Work
• Software Maintenance using Semantic Web [2].

• Requirements processing using Ontologies [3].

• CASSANDRA – assist and guide developers 
through the software development process [4]. 

• Dynamic composition of Web Services [5], [6].

• Semantic Streams framework – use declarative 
t t t t t k [7]
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statements to query a sensor network [7].



Conclusions
• Framework for improving design 

productivity through automation
• Main idea: describe product requirements 

and component semantics using a 
l (ODL OWL b dcommon language (ODL – OWL-based 

language)
OWL t t t d i• OWL supports automated reasoning

• The reasoner performs:
– Requirement validation
– Matching requirements with components

UML di th i
16

– UML diagram synthesis
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