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Abstract

STEP, or ISO 10303, is a unique and innovative solution to the problem of product data
representation and communication. This paper focuses on information modeling in STEP.
The data description language EXPRESS is presented, alathga discussion on the
modeling of information rather than just data. The prodesshe construction of Integrated
Resources and Application Protocols, STEP's information models, is outlined.
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1. Introduction

The STandard for the Exchange RPfoductmodeldata (STEP, ISO 10303) isumique and
innovative solution to a very complex problethe representation ancommunication of
product databetween different CAx systems.STEP isdivided into several documents
organized in classes that conform to a database architecture.

The use of STEP depends ontwo main kinds of documents: applicatiepecific
information models andhe implementation methodased in STEAmplementations. This
paper focuses on the developmentSatEP information models. STEP's datadescription
language EXPRESS, is presented|ong with a discussion othe nodeling of information
rather than jusdata. Thegeneric, non-implementable information modelse Integrated
Resources (IRs), are presented. Dhéeding of application-specific informatiomodels, the
Application Protocols (APs), igdescribed. The integration of Applicatid?rotocolsusing
Application Interpreted Constructs is outlined, and ttedationship of STEP information
models to the rest of the standard is summarized.
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2. STEP background

STEP (STandard for thexchange oProductmodeldata, ISO 10303) was preceded by other
product data exchange (PD&pecifications. The mostidely known are Autodesk's DXF and
the standards IGERUnited States), SET(France), and VDA/FS (Germany). These
specifications focus mostly dhe exchange of geometritata. STEP is amternational effort
that goedeyond geometry and thaims torepresent product data throughout a produie's
cycle. Laurance observes that

“a central tenant in thBTEP credo is that IGES d@eficient in that idoes notontain
the semantics othe informationpnly the data. Hence, theb of STEP is to capture
the semantics. STEP doeghis by focusing ornthe use of thanformation in the
productdesignprocess: thas, onthe context irwhich theinformation is to be used.”

[1]

Data vs. information
The termsinformation modelingand data modelingare usednterchangeably at times, and
their difference may be subtle. Wilson [2] defines information and data modeling as:

+ Information model is “an implementation independent specificaticinefentitiesdefining
individual pieces of information necessdor some enterprise, threlationships among the
entities, and the constraints on and between the entities and relationships.”

- Datamodel is “an implementatiodependent specification tfie entitiesdefining the data
for some enterprise, threlationships amonghe entities and the constraints between the
entities.”

STEP development architecture

From thebeginning of STEP's development it was acknowledged that the standard was going
to be very large.STEP isbeing published as sevelarts grouped inclasses of documents
according to the ANSI/SPARC database framework [3]. The ANSI-SPAREER-level
(external conceptualinternal) architecture is paralleled in STEP, respectively, by:

« Application layer: Information models specific to an applicatiosa, developed by experts.
These are thépplication Protocols (APs)being the 200 partseries, and theecently
introduced Application Interpreted Constructs (AICs), being the 500 part series.

« Logical layer: A library ofproductinformation models callethtegrated Resources (IRs),
beingthe 40 and 10@artseries, dedicated to descrigédomains of interest in a unique,
unambiguous way.

- Physical layer: A series of implementatimrethods beingthe 20 parseries, dealing with
the mapping of the application schemas onto a specific computer technology.

In addition to these documents, there @iteer classes oSTEPdocuments dedicated to
introduction, description methods, and the testingnplementations. This article focuses on
information modeling, which comprisé¢ise logical and application layers, atide EXPRESS
language which is a description method.



EXPRESS is: EXPRESS is not:

a Data Description Language (DDL) a Data Manipulation Language (DWIL)

technology independent a methodology

object-flavored (but not restricted to object-oriented systenps) a programming language

human-readable, computer-processable (but non-executable)
Table 1 - EXPRESS characteristics
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Figure 1 - Classification of EXPRESS data types

ENTITY path
SUPERTYPE OF (ONEOF(open_path, edge_loop, oriented_path))
SUBTYPE OF (topological_representation_item);
edge_list : LIST [1:?] OF UNIQUE oriented_edge;
WHERE
WRL1: path_head_to_tail(SELF);
END_ENTITY;

Figure 2 - Example of an entity in an IR

EXPRESS

EXPRESS, or STEP Part 11 [4], isRascal-like, declarative, object-flavored information
modeling language built iaccordance with Wirth's syntax [5]. It was designed to be STEP's
modeling language because other language seemed to be appropriate to represent the
richness of product data models. Table 1 outlines EXPRESS characteristics.

EXPRESS has a rich data type system which Kiekenbeck et alagsS]fy aggeneralized,
simple,aggregated, constructed, andmed. Figure 1 presentchassification ofEXPRESS
data types in EXPRESS-G, tlgeaphic version oEXPRESS(generalizeddata type is not
shown).

The concept oéntity type INEXPRESS isimilar to that in arentity-relationship model,
and to a class in an object-oriented model. The inheritaechanism has similaritiegth that
of object-oriented programming (OOP), and multiple inheritance is allowed.
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Figure 3 - Some geometry entities in Part 42

3. Information models in STEP
Information models ISTEP arebuilt using abottom-up approachAccording to Yand7],
STEP makes use of abstraction #ge principle integration me@mnism. Thisresults in a
hierarchical conceptual schema that perntitda constructs to be “re-used” different
contexts.

STEP product datemodelsare normalized, which gives themfme level ofgranularity.
Hardwick et al. consider that

“Normalizing the objectmodels in STEP is necessarybut expensive--necessary
because manufacturirdataneeds to be shared by @sny applications as possible,
and expensive because normalization often makes a model harder to process.” [8]

Integrated Resources

IRs, thefirst class of information models IBTEP, aredivided into Generic (40 partseries,
generalpurpose) andipplication (100 partseries, concerning a range of applications). The
collection ofall IRs is a set ofreusable, interconnected, unambiguous schemassingle
concept is represented only once within the IRs.

Figure 2 shows amxample of ageneral-purpose geometric entity presenthia IR
Geometric and Topological Representatidrart 42 [9]. Here theentity path inherits
properties from the entitigpological_representation_item , and it is a supertype for three
other kinds of specializeghathns . It has a list ofedges as attribute, and thkuseWHERE
specifies a rule that makése end vertex of each edge equal toittit@l vertex of the next
edge.

Part 42has three mn sections--geometry, topology, and geometric models. EXPRESS
modeling power allows for the representation of information beyond pure data structures:

“Although many modelinglanguages can descriliee data structures needed to
represent topology, EXPRESS is one of tee languages that describdee rules
needed to make sure that a topology data set is correct.” [10]



SCHEMA associative draughting;

USE FROM aic_advanced_brep; --1S0O 10303-514

USE FROM aic_draughting_annotation; -- 1SO 10303-504

(..)

USE FROM date_time_schema --1S0O 10303-41
(date_and_time);

USE FROM geometric_model_schema --1SO 10303-42

(edge_based_wireframe_model,
geometric_curve_set,
shell_based_wireframe_model);

(..)
ENTITY draughting_pre_defined_colour
SUBTYPE OF (pre_defined_colour);
WHERE
WR1: SELF.name IN ['black’, 'red’, 'green’, 'blue’,
'vellow', 'magenta’, ‘cian’, ‘'white’;
END_ENTITY;

(..)

END_SCHEMA;

Figure 4 - AIM short listing in AP 202 [13]

Figure 3 presents a hierarchical viewpait of thegeometry section iRart 42: theentity
curve and its specializations.

IRs serve as théasisfor the building of ApplicationProtocols, the secondass of
information models in STEP.

Application Protocols

There are more than 20 STEP APs currently under development by ISO. The largest document
will probably be AP214 [11], which is a verybroad specification dedicated to automobile
industry applications.

APs are the most important and, by far, the larglests ofSTEP parts [12].They are
the STEPinformation models thaare intended to bémplemented. APs definall the
information requiredor aspecific application domain, and thaseideally independent of each
other [2].

The concept of APs was developed to avoid arbitraplementations of onlyparts of
the standard, as it is the case WIGES. Without APs,CAx vendors would be free to
implement translators comprising non-standardized subsets of STEP.

To build anAP, the structures in the IRs are reused and customiziédtbe needs of a
specific application domain. The building of an AP is comprised of four stages:

« Define scope

«  Specify information requirements

« Generate the AIM (Application Interpreted Model)
« Establish conformance requirements



ENTITY date_and_time;
date_component : date;
time_component : local_time;

END_ENTITY; -- date_and_time

Figure 5 - Entitydate_and_time

in the extended AIM schema in AP 202 [13]

Application elements

AIM element

Source

Rules

Reference path

2D_CARTESIAN_
COORDINATE_SPACE

[geometric_representation_
context]
[global_unit_assigned_
context]

42

41

6, 16

2D_ELEMENTARY_
GEOMETRIC_CURVE_
SET

elementary_2d_geometric_|
curve_set_shape_
representation

202

41

elementary_2d_geometric_curve_set_shape_representatio
shape_representation

2D_GEOMETRIC_
CURVE_SET

geometrically_bounded_2d_|

wireframe representation

503

41

geometrically_bounded_2d_wireframe_representation <

shape_representation

Table 2 - Mapping table for AIM in AP 202 (detail) [13]

In thefirst stage, the scope of tmeodel is defined in documentalledthe Application
Activity Model (AAM). It provides an initial evaluation of the standard.

In the second stage, the processdentified in the AAM have their information
requirements defined in documentcalled the Application Reference Model (ARM).
ARM specifiesthe context-specifimformation to be communicated ke AP. The IRs are
not considered at this stage.

The third stage consists ahappingthe IR andARM constructs to produce the
ApplicationInterpreted Model (AIM). An AIM is an interpreted subset of the general-purpose
IRs for use in thepecific applicatiorcontext of the AP. The AlNhcludes ashortform of an
EXPRESSschema. It referencelse constructs of the IRs that are used,sitfeema in which

eachconstruct isdefined, and additional constraints.
shortlisting in AP 202 [13]. Figure 5 illustrates how thentity date_and_time

The

Figure 4 presenesxe@rpt from the
, referenced

from IR 41 in figure 4, is representedtime AIM extendedschema. A mapping table shows
how each requirement in teRM is satisfied byEXPRESS constructs in the AlMTable 2

displays an example frotine mapping table in AR202: theApplication element

column

shows application objectamesSource is thenumber ofthe correspondin§TEP partRules
refers to numbered rules that apply ttee current AIM element or reference path; and

Reference path

“documents the role of an AlMlement relative tahe AIM element in the

row succeeding it[13], allowing for the specification of a referenceath throughseveral
related AIM elements. The connectet*in table 2 can be read as “is subtype of.”
In the fourth stage, tests based on the ARM and AIM are developeddntoverify the
conformance to constraints of the instances in the AIM.
The information model generated the above procedure is timermalized conceptual
model inthe AIM. It maytherefore be tested bycanformance testingpol. AlMs tend to be
very large documents aradten overlap. This creates a need for AP integratiahich will be

discussed next.



Application Interpreted Constructs

An AIC is a specificatiorfor a narrowdomainarea shared biyvo or more APs. It provides
semantic integrationfor common @nctional requirements. For instance, geometric
representation (B-rep, surfagaodels, etc.) may beused in several different application
domains such as automotive design, sheet metal toolinghgpizlilding[12]. An AIC can be
developed and used to fulfill this functional requirement, as observed by Fowler:

“The existence of an Al@entifies the potential for reuse ofimplementationcode,
and for thesharing ofdata betweerapplications. This lattepoint is particularly
important:sincethe dataspecificationfor surfacemodels is commoracross the three
applications identified above, data instances may be shared between them.” [12]

4. Conclusions
In this paper, we discussed the constructiomé@drmation models IISTEP. The development
of the concept of APs, the testing methodology, andiéseggn and use of a powerfubdeling
language,EXPRESS, are the begnprovements ofthe standard in relation to previous
specifications. Rather thdreing limited to plairdata, EXPRES&llowsfor the representation
of product infornation, includingdata, constraintsiules, functions and procedures to be
applied ondata. TheAPs define annterpretation of the IRs for gpecific application domain.
Coupled with standardized testing procedutésy favor soundmplementations ofSTEP
translators.

The normalized, technology-independeBTEP information modelsare conceptual
specifications that can be used by implementotsuilol applications thashare dataegardless
of database approach, network or operating system.
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