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INTRODUCTION
Project Motivation

« Complexity of engineering systems is on the rise.

« Strategic approaches to design will employ semantic descriptions of
application domains and use ontologies and rule-based reasoning to
enable validation of requirements, automated synthesis of potentially
good design solutions, and communication among multiple disciplines.

Tenet of our Work

«  Semantic Web concepts and technologies can provide assistance in
the model-based system engineering and design of modern-day
systems. But how?
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MOTIVATING DESIGN PROBLEM

Prototype implementation: Satisfaction of requirements & components
selection for a Home Theater Design Problem
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! J com ponents System Design Alternatives
[ Environmental Model |:|
Configurator [ 1]
[ User Requirements
Outcomes:

1st Search procedure will find combinations of components that satisfy requirements
2nd Design requirements stated in such a way that no feasible designs exist
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OUTLINE

Questions

* What is the Semantic Web?
« What technologies are provided by the Semantic Web?
« Which technologies in the Semantic Web will be useful for design?

« Can Semantic Web Technologies be used to create a chain of transformations
for the synthesis of design alternatives?

« What parts of the design process can be handled by Semantic Web?
« What parts of the design process cannot be handled by Semantic Web?

« Can the limitations of Semantic Web be overcome through the use of Java/
Python software?

» To what extent is it possible to simplify the design process?
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WHAT IS THE SEMANTIC WEB?

Goals of the Semantic Web
. ) ) Layers of Abstraction Sem antic Web Technology Stack
* Facilitate communication of y

knOWIGdge Applications Applications and Interfaces
« Automated discovery of new e
knowledge
Ontology and reasorning erock
layers Unafying Logi
. nfymg Logiwc
How can Semantic Web help
design? Ontologyz OWL || Rules: RIFSWRL
=
« Validation of requirements 4 RDFS £
. Data layers g
« Automated synthesis of ' Data Intexchange: RDF i
design solutions
« Formal design Represenion / syniex o
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WHAT IS THE SEMANTIC WEB?

Resource Description Framework

» Graph-based data model for describing relationships between objects and
class in simple, but general, way.

secret identit

RDF Triples and Graphs
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SIMPLIFIED DESIGN WITH RDF AND PYTHON

USING SEMANTIC WEB ... NO ONTOLOGIES ...

Basic Reasoning Capability
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{ RDF ]—»[ Jena ]—»[ Protege Ontology Editor ] Python Reasoning

Reasoning with Ontologies and Rules

Add inferred facts to knowledge base

__________________________________

—— Ontology
Design — Knowledge base

« Smaller graph size
Jess Rule Engine J » Practical design solutions can be

e . >@ |  Straightforward and uncomplicated

Problem )
Rules in Jess

SWRL
— Rules

\

— Inferred knowledge base

. ; ingin obtained

» Save

Ontology—enabled
OWL format Application
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DESIGN METHODOLOGY

Synthesis of design solutions from RDF graph representations of requirements
and design components

Problem Definition

RDF Graph Models Inference—Rule Driven Graph Transformations
Design Architec FuFe Com poz?ellat- Fea 51-ble S}l/stem
Components Connectivity Compatibility Configurations
Design Problem i Requirements Feasible System Trade—Space
. (O — . e
Requirements O Verfication Designs Analysis

Explore: RDF graphs for representation of requirements and design component
properties. Python for implementation and sequencing logical reasoning and
inference mechanisms.
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CASE STUDY: HOME THEATER DESIGN PROBLEM

Requirements Home Theatre System

— I need a home theatre system.
— The total cost must be less than US § 2,100

| T T T T g T W T T A T T T 1

I
I I
: : Speakers Amplifier Flat Screen TV
' | Target ... Target ... Target ...
| — Cost < US $400 — Cost < US $400 ‘ — Cost < US §$1,300
I

~ 7 Interface requirements.

— § Cost of Speakers + § Cost of Amplifier +$§ Cost of TV < US $2,100

[:
I

Library of "Product” Descriptions —— Level 1 Requirements RO1

Design Space / i y \
—— Level 2 Requirements RO3 RO5
s a \ VAWA \W ,>Tl\

R14 R15

—— Level 3 Requirements | RO8 R10 R11 R13
Potential System-Level Designs:
Flat screen TV Amplifier Spealers
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RDF GRAPH MODELS

Problem Definition

RDF Graph Models Inference~Rule Driven Graph Transformations
Design o | Architecture | Component .| Feasible System
Components I 7| Connectivity 7| Compatibility "] Configuations
Design Problem I }) Requirements | Feasible System o | Trade-Space
Requirements ] Verification 7| Designs 7| Analysis

Modeling Requirements & Design Components as RDF Graphs

Subject = Requirement .7

Predicate = Property

Object = Value

T
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Problem Definition
RDF Graph Models Inference~Rule Driven Graph Transformations

—l

SYNTHESIS OF FEASIBLE SYSTEM o [ 1 Gy [ ot | g
CONFIGURATIONS '¢- —————————— I -

Design Problem
Requirements

(9

Requirements o | Feasible System o | Trade-Space
Verification 7| Desigs 7| Analysis

System Architecture Rules

Television

Component Compatibility Rules

Television F ﬁ Amplifier Speaker

Design Space

Potential System-Level Designs: -.
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Problem Definition
RDF Graph Models Inference~Rule Driven Graph Transformations

Component Feasible System

QUANTITATIVE EVALUATION OF [N e
DESIGN REQUIREMENTS === |

Design Problem I Requirements I Feasible System Trade-Space
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Requirements 0 I Verification I Designs Analysis

—— Level 1 Requirements RO1 R02
F
—— Level 2 Requirements RO7 I
— ——— E— —
r I I I = I I I
—— Level 3 Requi.rcmcntsl R10 R11 _‘ R13 |,R14 R15 I
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SYNTHESIS OF SYSTEM-LEVEL
DESIGN ALTERNATIVES

Feasible System

Requirement

Configurations

Design Space

System-Level Designs: ..

Verification
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Problem Definition

RDF Graph Models Inference~Rule Driven Graph Transformations

Design o | Architecture o | Component .| Feasible System

Components 7| Connectivity 7| Compatibility 7| Configurations
l ===

Design Problem Requirements | Feasible System Trade-Space
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Requirements 0 Verification Designs | Analysis
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TRACKING RDF GRAPH SIZE

Problem Definition

RDF Graph Models Inference~Rule Driven Graph Transformations
Design o | Architecture | Component .| Feasible System
Components 7| Connectivity 7| Compatibility "] Configuations
Design Problem l Requirements Feasible System Trade-Space
H (O — - »-
Requirements 0 Verification Designs Analysis

Requirement & Component Graph Merged Graph
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Problem Definition

RDF Graph Models Inference~Rule Driven Graph Transformations
T R A D E S P AC E A N A LYS I S Design o | Architecture o | Component .| Feasible System
- Components 7| Connectivity 7| Compatibility 7| Configurations
¢ _—— -
Design Problem Requirements Feasible System & | Trade-Space I
H () — L
Requirements 0 Verification Designs | Analysis I
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Python: Systematic comparison of Feasible System Designs wrt cost,
performance, and reliability

Trade-off Analysis: Maximize Reliability & Minimize Cost
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CONCLUSIONS AND FUTURE WORK

Benefits and Limitations

«Satisfy requirements and acquire good design solutions in a straightforward
and uncomplicated manner.

*RDF graph representations provide desirable balance of expressiveness and
flexibility.

*Not scalable: BUT during the early stages of development, design solutions
for component selection are usually based upon smaller numbers of
requirements and component options

So what about Jena, OWL and SWRL?

*RDF graphs are smaller — a lot smaller -- than OWL counterparts
*RDF graph storage can be simple — Strings. This works well with Python.
«Jena and OWL can represent and reason with physical quantities.
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Questions?
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