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ABSTRACT

This paper proposes a multi-level product modeling framework for long-term lifecycle prod-
ucts. The framework can help engineers to define product models and relate them to physical
instances. The framework is defined in three levels; data, design model, modeling language. The
data level represents real-world products, The model level describes design models of real-world
products. The modeling language level defines concepts and relationships to describe product
design models. The concepts and relationships in the modeling language level enable engineers
to express the semantics of product models in an engineering-friendly way. The interactions
between these three levels are explained to show how the framework can manage long-term
lifecycle product information. A prototype system is provided for further understanding of the
framework.
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Fig. 1 Multi-level information modeling framework
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Knowledge Template #01
=X Artifact= musthave <N:number= <Y:sub-Arifact=.

Rule for the template #01
IF X, N, Y exist in the template #01,
THEN define the following OWL sentence.
<SubClassOf=>
<spmmArtifactiRI="#X"f=
=0bjectExactCardinality cardinality="N"=
=0bjectProperty IRI="spmm:has_subArtifact’s=
<spmm:ArtifactIRI="#Y"/>
</ObjectExactCardinality=
</SubClassOf=

Fig. 5 An example of knowledge template and OWL
conversion rule

M1 model <<RequiredBehavior> is_involved_<<ExtemalEntity>
) t_enti
<<ExternalEntity= <<PPen=
{Artifact,
<<RequiredBehavior= =<Arifact=> === SpecifiedFeature,
is_involved_ Giving | ™™ Landing 22 Geometry,
ext_entity impact Gear Material,
DesignedBehavior,
TestBehavior}
Legends =<SPMM Class Type=> =<SPMM Class Type=>
relationship
Class Selected
Name Class Name

Fig. 4 An example of design information modeling guide
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Fig. 6 Prototype system architecture
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 Active Onfology | Ertiies | Classes | Obiect | Data

| Infermed class hisrarchy |
Asserted class hi

[ Class Annotations || Class Usags |

I | owaviz | DL Guery |

|

[ ] et
¥ @ Thing
-~ Artitact

@ ExternalEntity

is a formal r
by a runway when an airplane lands on. "*Literal

qui Al i the impact given

® FormalRequiredBehav
®mMiAttribute

@ AirPlane
@ Break_System
~ @ Expected_lmpact
® Expected_Landing_Sp
“ Giving_Impact
@ Landing_Gear
@ Landing_On
® Runway
@ shock_Absorbing_Sy
O Tire
- BWheel
@wWheel_System

@ MO_has_attribute some (Expected_Impact and
(MO_has_wvalue some float[>=1000, <=1200]))

@ MO_has_attribute only Expected_Impact

Inherited anonymous classes

Fig. 8 OWL representation in Protege for the SPMM design model example
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