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Abstract

STEP is an 1SO standard (1S0-10303) for the computer-interpretable representation and
exchange of product data. Parts of STEP standardize conceptual structures and usage of
information in generic or specific domains. The standardization process of these constructs is an
approach which can be applied to a data-based integration.

Platypus is a STEP-based meta-environment. From the data integration point of view, the STEP
technology is primarily used for management. A key point is the automatic generation of a SDAI (a
functional interface for STEP-modelled database independently of any particular system and
language). Then, at the end of the complex process of defining standardized conceptual structures
for the applications to be integrated, the STEP framework will provide a seamless access to data of
different applications. Moreover, Platypus can be used to the development of a specific meta-
environment intended to solve specific problems related to the legacy and new systems to be
integrated.

1 Introduction

D. S. Linthicum dates that the need for a method of integrating disparate applications in a unified
st of processes has emerged as a priority [1]. For a long time, a key issue in computer-aided
software engineering (CASE) environments has been the desire to link tools that address different
aspects of the development process. A. |. Wasserman categorizes five types of tool integraion
issues that must be addressed. These can be termed platform integration, presentation integration,
data integration, control integration, and process integration [2]. Lessons learned from tools
integration should be useful for gpplication integration.

Enterprise Data Integration ams to share data and processing power from very different computer
sysems. The mgor benefits of integration are achieved when it is used to support a well-defined
business process, but practicdly it is easer to share a consensus on business data and their usages
rather than business processes. Hence, in this paper we address the problem of application
integration from the daa integation point of view, reying on our experience in CASE
environments. We argue that gpplication integration could be issued through a data-based
integration process.

STEP is an 1SO standard (1SO-10303) for the computer-interpretable representation and exchange
of product data [3]. Parts of STEP standardize conceptuad dructures and usage of information in
generic or specific domains. Standardized parts are defined with the EXPRESS language. The
STEP design framework and the standardi zation process are presented in sections 2 and 3.

Patypus is a metacase tool which embeds within a Squesk sysem a moddling and meta
moddling environment based on the STEP standard. Models and meta-models are specified with
the EXPRESS language. The tools set of Platypus provides a strong support to the standardization
process. Platypus together with the help provided to dataintegration are depicted in section 4.



2 TheSTEP standard

21 Overview

ISO 10303 provides a neutrd mechanism for describing product data throughout the life cycle of a
product, independent of any particular computer-aided system. ISO 10303 is suiteble for file
exchange and for implementing, sharing, and archiving product databases. The development of 1SO
10303 is based upon the use of information models, a framework for product data modelling, forma
data specification languages, and an architecture that separates information requirements from
implementation methods,

STEP description and implementation methods

The EXPRESS language [1] is an object-oriented moddling language. The gpplication data
are described in schemata. A schema has the type definitions and the object descriptions of the
goplication cdled Entities. An entity is made up of attributes and congtraint descriptions.

The STEP physical file format defines an exchange structure using a clear text encoding of
product data[2], for which a conceptud modd is specified in the EXPRESS.

The Standard Data Access Interface (SDAI) [3] defines an access protocol for EXPRESS
modelled databases and is defined independently from any particular systemn and language.

The five main gods of the SDAI are: (1) to access and manipulate data which are described
usng the EXPRESS language, (2) to dlow access to multiple data repostories by a sngle
application d the same time, (3) to adlow commit and rollback on a set of SDAI operations, (4)
to dlow access to the EXPRESS definition of al data dements that can be manipulated by an
gpplication process, and (5) to dlow the validation of the congtraints defined in EXPRESS.
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2.2 TheSandard Data Access I nterface

The SDAI defines an interface between an application and the environment in which entity
ingances exi<.

From the physicad point of view, entity insances are stored into repositories. A repodtory is a data
dorage facility and may be implemented in memory, as a sngle database, multiple databases, a
gngle file, a collection of files, or any other method. Within a repogtory, a diginction should be
made between the different collections of ingances (technicdly caled SDAI-modes) and schema
indances. A SDAI-modd is a logicad contaner within which rdaed entity indances exit. A
schema indtance provides the relationship between an EXPRESS schema and SDAI-modds, and
then defines the domain over which references between entity instances and rule vaidaion are
supported. A schema ingtance adlows applications to have access to the information about the
schema defining their deta (data dictionary).

The SDAI operations are divided into severa categories.

- sysemleve operationsthat alow an application to manage the transactions, repositories, ...



- data dictionary-leve operations that dlow an application to manage the association of SDAI-
models with schema instances and vaidate EXPRESS rules and references,

- datalevd operations that alow an application to creste, manipulate, delete and vaidate
instances.

2.3 Anexampleof a STEP use

In the three-dimensiona Cartesan coordinate system, a point P n the xyz-space is represented by
a tuple of three components (x,y,z2). Any goplication working with Cartesan points should store
points as tuples of three numbers in ASCII, binary or dedicated format. When n applications need a
point-to-point  communication, n*n pieces of software (format adapters) are required. STEP
promotes the use of a standardized interface, able to read/write data in a neutrd format. Thus, each
goplication only needs an import and an export component, reducing to 2*n the number of required
adapters.

A STEP environment, such as Platypus, provides a standardized management of schemata and
ingances. Moreover, the implementation of the SDAI in one or severa programming languages is a
maor component of the environment. A re-enginesring of an exising application for enterprise
integration leads to devel op the import/export adapters (depicted in grey on figure 1).
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Figure 1: Application ar chitecturewithout or with STEP

Without standardized interface, an gpplication holds data in its own data structure. An application
using STEP describes the gdructure of its data in an EXPRESS schema. From this schema, the STEP
environment generates a SDAI in the application programming language. The SDAI provides a
sgrong APl which helps to develop import (respectively export) component able to read
(respectively write) neutral data and load in (respectively extract from) the application.

SCHEMA Cartesian_coordinate_systems;
ENTITY 3D_Cartesian_Point;
X : REAL;
Y : REAL;
Z:REAL;
derive
? I REAL:= sqQrt(x**2 + y**2 + z**2);
END_ENTITY;
END_SCHEMA ;

Figure2: Schemafor the Cartesian coordinate system



|SO-10303-21;

HEADER;
FILE_NAME('coordinate_systems.step', '25April 2006 4:58:11pm’);
FILE_DESCRIPTION(("),";
FILE_SCHEMA((‘coordinate_systems"));
ENDSEC;

DATA;

#1=3D_CARTESIAN_POINT (0.1, 0.1, 0.2);
#2=3D CARTESIAN_POINT 3D (0.2,0.2,0.2);
#3=3D_CARTESIAN_POINT 3D (0.3,0.3,0.3);
ENDSEC;

END-1S0-10303-21;

Figure 3: Exchangefilefor the Cartesian coordinate system

Another application could be reengineered in the same way. If both applications are usng the
same doman entities, goplications can share the same EXPRESS schema which defines common
entities, relationships and condraints. Each gpplication is able to import/export a STEP file of
ingances and agrees on the same semantic of data Thus, data integration is accomplished through
schema sharing and neutrd file exchange, as depicted on figure 4.

STEP environment

EX PRESS
schema

Applicatior A

Ex
. po | SDAIfor A
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Figure 4: Integration of applicationsthrough schema sharing and neutral file exchange

Applicatior B

3 The STEP integration framework

3.1 Roleof application protocol

This section isadigest of excerptsfrom [4].

A fundamentd concept of STEP is the definition of gpplication protocol (APs) as the mechaniam
to specify information requirements and ensure rdiable communication. An gpplication protocol
defines the context, scope, and information requirements for designated application(s) and specifies
the STEP resource constructs used to satisfy these requirements.

The STEP integration framework establishes an explicit architecture for the conceptua modes
that are part of 1SO 10303. This architecture provides the structure for the integrated resources and
gpplication protocols. The integrated resources provide congtructs that are independent of a specific
product data application context.

Application protocols employ three types of models.: an gpplication activity modd, an gpplication
reference model, and an gpplication interpreted moddl.




Application activity model (AAM): a mode that describes the activities and processes that use
and produce product data in a specific gpplication context. The AAM shdl be defined in IDEFQ, a
forma process moddling language [5].

Application reference mode (ARM). a modd tha gpecifies conceptua structures and
condraints used to describe the information requirements of an gpplication. The ARM ghdl be
documented in formaized moddling language such as EXPRESS. Each information requirement
has a normative definition.

Application interpreted modd (AIM): a mode of sdected integrated resources which are
condrained, specidized or completed to satisfy the information requirements of the ARM. The
AIM shdl be defined in EXPRESS.

3.2 A conceptual integration framework

An application is related to a domain (such as manufacturing, avionics). Each domain may dispose
of one or severd application protocols which define the form and the contents of the data used by
the business activities of the domain.

The god of an AP development process is the definition of an AIM. The AIM specification is
based on the reuse of generic resources. an AM is an EXPRESS schema that sdects the gpplicable
congructs from the integrated resources as basdine conceptua eements. Then, this schema is
specidized with additiona congtraints, relationships and ertities inheriting from generic congructs.

Integrated resources constructs are the conceptud structures and congraints widely accepted in
ay doman. These integrated resources congructs are interpreted in each gpplication AIM by
specifying globa rules, for example, to modify optiona attributes of entities to be non-existent or
mandatory or to condrain entity behaviour; and by specifying subtypes of an entity to specidize the
meaning of an attribute, localize a condraint on an entity and so on.

4  Working with the Platypus environment

4.1 Features

Patypus [http://cassoulet.univ-brest.fr:8000/Platypus] is a meta-case tool which embeds within a
Squeak system, a modeling and meta-modelling environment based on the STEP standard. Let us
depict some features.

A STEP environment. Frs of dl, it is a STEP environment, dlowing precise data modes
specification with  STEP/EXPRESS moddling language and implementation of exchange
components for modds data which are described by EXPRESS modes. From this point of view,
Patypus is a typica STEP based tools with an EXPRESS editor and checker, and a STEP file
reader, writer and checker.

A hybrid data and object oriented development tool. Playpus is implemented ingde Squeak, a
free Smdltak environment. Thanks to Squesk, Platypus is an hybrid tool. On one hand, it dlows
very precise data specification and manipulation of grong typed objects. On the other hand,
asociated with Squesk code generator, it dlows rapid system prototyping and efficient code
maintenance.



A data schema mapping environment. Platypus is developed to be a schema mapping tool
alowing the specification of mapping rules between source and destination schema

Now, mapping rules are desgned with EXPRESS and can be interpreted or used by a code
generator.

4.2 Usages

We work with Platypus at two levels : gpplication-level and case-tool levd.
At the application-level, building an application follows three main seps

?? data modds are desgned, including data types and vadidity rules definitions, these data
models are referenced as domain moddls;

?? components relaed to doman modes are generated in target programming language;
these components not only include classes with data accessors but dso al expliat rules
and derived atributes (computed vaues) implementation;

?? generated classes are then enriched with gpplication specific functiondities.

At the case-toal level, data handled are meta-data. Handled models are meta-models and the main
goplication is code generation. We desgn and implement our code generators with Patypus,
following amethod that we have named Eugene (see, for example [6] about Eugene).

4.3 Back tothe application integration

Enterprise Application Integration (EAI) is defined in [7] as the use of software and computer
sysdems architectura principles to bring together (integrale) a set of enterprise  computer
gpplications. It is pointed out that EAI is not just about sharing data between gpplications; it focuses
on sharing both business data and business process.

Our approach is redtricted to the data. Desgning the data schema is a kind of mode integration.
While data semantic is the sound of this integration, we should not forget that each application
protocol relies on an application activity modd (a functiond point of view reaed to the domain)
and that the SDAI defines a set of data management operations. Hence, there are a lot of functiona
services expressed in the data mode by the underlying services and operations expected.

The SDAI is a functiond interface for EXPRESS-modelled database and is independent of any
particular sysem and language. The SDAI dlows daa sharing (through a common repository) as
wel as data exchange (through the use of a neutrd format). The key point is that a SDAI is
automaticaly generated from the EXPRESS schema of the application database (as long as a SDAI
generator has been made for the target database management system). Then, a the end of the
complex process of defining an Application Protocol for the gpplications to be integrated, the STEP
framework will provide a seamless access to data of different gpplications. This ability is a first but
fundamenta step through the way of EAL.

4.4 A practical integration framework

Egablishing an Application Protocol within a domain requires long-term efforts. Ultimately, the
AP provides the framework for data integration because it provides a consensus on data definitions.
But if this AP does not exist, we dated in section 2 that a common schema should provide a strong
support to data integration.

A vey common dtudion aises when two applictions A and B have been developed
independently from each other. We have to ded with a variety of different overlapping models, and



a mgor chdlenge is to provide a way to describe the semanticd reaionships of different models
and to support the transformation of instances from one mode to another one.

I ntegratl ng applications as depicted on figure 4 requires efforts a two different leves :
moddling : the god is to define a schema which contains the concepts common to both
underlying models,

- programming : the chalenge is to be ae to transform data from an gpplication into the
neutra representation; even with the hdp of the SDAI, this task is much heavier then

moddling.

It could be envisaged to work with two EXPRESS schemata, one close to the application A

modd, the other close to the application B modd. Thus, programming the transformation of A

(resp. B) data into a neutral representation $ made easer because the EXPRESS schema for A

(resp. B) is as close as possble from the own gpplication data structure. The main problem is to

migrate instances from a neutral representation to another.

Fortunately, EXPRESS provides some support to schema integration and indances migration
Any schema can use congructs from another schema (with the USE of REFERENCE clauses) and
derived attributes can be specified with procedura and queries features.

44.1 Anexampleof derivation

In the spherical coordinate system, a point P is represented by a tuple of three components (?,2F).
Usng terms of the Cartesian coordinate system :
?? 0= 7?(radius) is the distance between the point P and the origin,
?? 0 = F = 180 (zenith, colatitude or polar angle) is the angle between the zaxis and the line
from the origin to the point P, and
?? 0 =7 =360 (azimuth or longitude) is the angle between the postive xaxis and the line
from the origin to the point P projected onto the xy-plane.

zl

o Y

Figure 5: Cartesian and spherical coordinates (from Wikipedia[8])



We can define a schema for the sphericd coordinate systems and express its rdationship with the
Cartesian coordinate.

SCHEMA Spherical_coordinate_systems;

ENTITY Spherical_Point;
? . REAL;
? I REAL;
F : REAL;
END_ENTITY;
END_SCHEMA ;

SCHEMA Cartesian_coordinate_systems;
USE Spherical_coordinate_systems;
ENTITY 3D_Cartesian_Point;
X :REAL :=? * cos (F) * cos (?);
Yy :REAL :=? *cos (F) * sin (?);
z:REAL :=? *sin (F);
END_ENTITY;
END_SCHEMA ;

Figure6: An exampleof schemafor coordinate systems

4.4.2 |mpact on gopplication integration

When a schema B uses (or references) another schema A, A condructs are available within B
hence the SDAI for B is able to read/write instances conforming to A schema If the derivation
mechaniam is used to indicate how B congructs rely on A congtructs, the STEP environment is able
to load a neutrd file of A ingtances and to compute the indtanciation of corresponding B instances.
Hence the transformetion between A and B representations is automatic and provided by the SDAI
generated from A and B schemata.

STEP environment

$CHEMA Spherica

« Spherical »

Application A « Cartesian »

Application B

-
SDAI for A |

Figure 7: Integration of applicationsthrough schematransformation

The figure 7 shows the process of integation gpplied to an application A usng sphericd
coordinates and an application B usng Cartesan coordinates. Little effort has to be made to
devel op import/export adapters because :

- the EXPRESS schemafor each application is very close to the data structure used;

- thegenerated SDAI provides a strong support to handle the gpplication data.



45 Advanced features

As pointed out in [7], if integration is gpplied without following a structured EAI approach, many
point-to-point connections grow up across an organizeion. It could often happen that an ad-hoc
solution to integrate data between two gpplications should be applied to the whole st of
applications (for example, trandforming indexed files into relaiond tables). The generic solution no
more liesin dealing with a particular indexed file to be transformed into a particular table, but inthe
concept of indexed files and the concept of relationa tables.

Working a a generic levd often means that we are working with meta-modds rather than with
models. The process works on a source and a target meta-modd which are the description of the
source (i.e. indexed files) and the target (i.e rdationd tables) language condructs. The generic
solution is described through generation rules specifying how to trandate source congructs into
target congtructs.

The trandation between the reference mode and application models is not sraight forward and
we need a modd transformation environment. All the modeds are specified with EXPRESS and the
corresponding meta-modd is the EXPRESS meta-modd (defined itsdlf in EXPRESS). In a meta
model, the entities specify the definitions of the concepts of the doman. The condraints specify
thar semantics locdly or globdly. As entities and dtributes mapping rules can be specified by
derived attributes, Platypus can be used as a schema mapping tool and as a code generator builder.

Metamodels used are specidization of the EXPRESS metamodd. Thus, tools of the Platypus
framework (taxonomy browser, structured editor, andyser, code generator ...) can be reused and

speciaized.
5 Conclusion

STEP is an 1SO standard (1SO-10303) for the computer-interpretable representation and exchange
of product data. A fundamenta concept of STEP is the definition of application protocol (APs) &
the mechanian for specifying information requirements and ensuring relidble communication The
dandardization process of these APs is an approach which can be applied to a data-based
integration.

Patypus is a STEP-based meta-environment. The STEP technology is used for meta-models and
modds management. As a STEP-based environment, Platypus provides a support to data exchange
and data sharing. Moreover, Platypus can be used for the development of a specific meta
environment intended to solve specific problems related to the legacy and new systems to be
integrated.
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