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ABSTRACT INTRODUCTION

The problem of sharing data has many facets. The need to share The emerging Standard for the Exchange of Product Model
data across multiple enterprises, different hardware platforms, dif- Data, a project of the International Organization for Standardiza-
ferent data storage paradigms and systems, and a variety of nettion and commonly referred to as STERddresses the need to
work architectures is growing. The emerging Standard for The share data in a complex computer environment. STEP will provide
Exchange of Product Model Data (STEP), being developed in the a basis for a common understanding and communication of data,
International Organization for Standardization (ISO), addresses thus allowing it to be shared. STEP includes definitions of infor-
this need by providing information models, caliggblication pro- mation models and mechanisms for representing the models and
tocols which clearly and unambiguously describe data. The valid- related data. The information models communicate the structure
ity of these information models is essential for success in sharing and the semantics of the data necessary to inter-operate between
data in a highly automated engineering environment. different computer systems. The validity of these information
models is essential for success in sharing data in a highly automat-
ed business environment — the models must be shown to be both
useful and usable for their intended purposes. Demonstration that
the information models support the needs of applications is the
most direct method of validating these models (Mitchell, 1991).

This paper describes the Data Probe: a tool for examining, edit-
ing, and managing EXPRESS-based data. The Data Probe tool
supports the validation of STEP application protocols. The paper
includes a description of the software architecture, the initial im-
plementation, and plans for future enhancements. The software is
designed as independent components which can be incorporated The information models within STEP are integrated and orga-
into other STEP-related systems or software requiring general pur- nized into application protocols An application protocol
pose editing tools for structured information. addresses a specific application area and contains an information
model written in the conceptual modeling languagerREss(1SO,
1992b). The information model describes the data in the applica-
tion area. TheData Probetool described in this paper is being
developed to support validation of these application médete
Data Probe is a tool for editing data and is under development at
the National PDES Testbéd

The initial version of the Data Probe tool is based on two imple-
mentation mechanisms defined within STEP: the conceptual mod-
eling language EXPRESS and the STEP exchange file format.
Future work will focus on integrating a database system into the
software. The software architecture and the use of object-oriented
techniques enables code reusability and system extensibility and
has been instrumental for a phased implementation.

The software is under development at the National Institute of
Standards and Technology and is in the public-domain. The soft-
vyare supports the Validation Tgstlng System, part of the Applica- cal Committee on Industrial Automation Systems (TC184) Subcommittee
tlon. Protocol Development Environment, at the CALS-sponsorgd on Industrial Data and Global Manufacturing Programming Languages
National PDES Testbed. (PDES, Product Data Exchange using (sca). For an overview of the standard refePant 1: Overview and Fun-
STEP, is the U.S. effort in support of the international standard.)  damental Principle§lSO, 1992a).

1The Standard for the Exchange of Product Model Data (STEP) is a
project of the International Organization for Standardization (ISO) Techni-



The background of validation software at the National PDES emerges. Such a standard can be specifiediafamation model
Testbed is presented in the following section. Subsequent sectionswhich captures the meaning of the information in the context of a
describe and discuss the design of the VTS software architectureparticular usage, application area The validity of such a stan-
and the Data Probe tool. Further details of the methodology useddard is based on the usefulness of the coateafithe
for validation and requirements for automating that process are de- computability of the presentation format. In this case the tools
scribed in  other documents (Mitchell, 1991)(Morris, used to prepare the standard and to produce the evidence that it is
1991a)(Morris, 1991b)(Mitchell, 1992). capable of supporting its intended usage are of the utmost impor-
tance. If the proposed standard is not demonstrated to support the
computerized sharing of data, it will never be used. Furthermore,
due to the complexity of the standard, tools are necessary to assist
people in analyzing the completeness and accuracy of the specifi-
cation.

This paper is directed at software designers, developers, and
project managers. Developers of tools relating to STEP and, in
particular, to the validation of application protocols will be inter-
ested in the architecture and the approach taken to software
development. This architecture is also relevant to similar software
projects which involve the presentation and manipulation of struc-  Two aspects are important for validating such a standard:
tured data. An object-oriented approach is used for the

. . . ! the meaning of the standard must be clear and complete,
architecture, design, and implementation of the Data Probe soft- g P

and
ware.
» the standard must be in a format which allows for the
computerized sharing of data.
BACKGROUND

These two aspects combine to effectively communicate and suc-

This section provides a brief background of the needs for valida- cessfully implement the ideas presented in the standard. Judging
tion testing software for the reader unfamiliar with the validation the first aspect — theontentof the standard — is much like the
process for application models. For further information on these judgement the reader of a paper makes as to its quality. However,
topics the reader is referred to (Mitchell, 1991) (Morris, 1991b) the second aspect — themputabilityof the standard — is only
(Mitchell, 1992). An overview of the need for validation software tested by representing the information in a computer and demon-
is presented here. A discussion follows of prior experience with Strating that the representation is capable of meeting the data
software used for the validation of application models at the Na- access needs for the applications involved in the sharing. The
tional PDES Testbed. computerized implementation of the standard information model
also helps the person who must judge the content to analyze the
The Need for V alidation T esting Software clarity, accuracy, and completeness of the model. This assistance
—he Teed for - alcalion 1 esing 0tware - is necessary for a person to be able to reliably evaluate complex

People have many means of communicating ideas and informa- information models.
tion. When someone writes a paper to convey a point, readers of
the paper can judge the position presented and determine WhetheliD
or not it is valid. The validity of the point raised in the paper is not
judged by the tools which were used to prepare the paper. The «  to assist users in tracking and manipulating the vast
writer could use pencil and paper or a sophisticated word process- amount of complex information involved in validating
ing system to prepare the manuscript — the tools used would not the content of the application models, and
matter to the reader in judging the validity of the point raised. The
validity of the paper is judged on the evidence provided to sup-
ports the point that the paper raises.

The software used to validate application models at the National
DES Testbed serves two purposes:

to demonstrate that the models can meet the needs of the
computer applications which they are intended to sup-

port.
On the other hand, a means of sharing information between

computer systems must be very rigidly defined, hence a standard APPlication protocols are validated by simulating the data ac-
cess needs for the particular application area (Mitchell, 1991)

which they are intended to support. This strategy addresses both
aspects necessary for validating an application model. It provides
domain specific information model which is being evaluated. The applica- a mearls fqr people to judge the C_O_me”t of a model, and at the
tion model may be part of an application protocol or any other information same time it demonstrates the usability of the model on a comput-
model such as an application resource model (also in STEP) or a similar €

model which is not included in the international standard. Assistance in managing the information in the model and the ad-
ditional information involved in validating the model is necessary

°The termapplication models used throughout this paper to refer to the

3The National PDES Testbed is located at the National Institute of Stan- due to th molexity of this information. Th lication of soft
dards and Technology. Funding for the work described in this paper has ue to the complexity o S information. The application of Soft-

been provided by the Department of Defense’s Computer-Aided Acquisi- Ware tools to assistin these tasks greatly increases the prodL_Jctlvny

tion and Logistic Support (CALS) Office. The work described is funded ©f the people validating the models. Furthermore, the quality of

by the United States Government and is not subject to copyright. the tools can also impact the testing process. For instance, the
project schedule for the validation of one of the early application
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INTERIM SOFTWARE AT THE NATIONAL PDES TESTBED

models for configuration controlled design data was severely im- Validation T esting Software at the National PDES
pacted by the lack of reliable and efficient tools (PDES, 1990a). Testbed

In addition, the content of an application model can be more re- The software to support validation simulates the data access re-
liably judged with the aid of software. Initial rounds of validation —quirements of an application afeds stated earlier, this strategy
testing uncovered significant flaws in information models which addresses both aspects necessary for validating an application
had been proposed for standardization. One specific example ofmodel — it supports validation of the content of a model, and it
such flaws was found in the Geometry model in STEP: the pro- demonstrates the computability of the model. The simulation re-
posed model did not require objects to be founded in geometric flects the intended usage of the application model and is essential
space. This flaw created ambiguity in the meaning of data ex-
changed according to that model. By simulating the application
needs, teSter,S were able to analyze the r_nOdeI, and u.ncover thISlOther software requirements for validation (Morris, 1991a) include sup-
flaw — after it had gone undetected by visual inspection of the

port for clerical aspects of the process, such as preparation of documenta-
source text for over two years.

tion. These aspects are not addressed in the architecture. These
requirements can be supported using commercially available software,
such as word processing systems.
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FIGURE 2 : THE VALIDATION TESTING SYSTEM SOFTWARE ENVIRONMENT

for validating the model. The method allows people to fully ana-

The National PDES Testbed has been used for STEP validation

lyze the content of a model against requirements for an application testing since 1989. The early software which supported the testing
area. Furthermore, the testing process is not verifiable if the testsprocess, thinterim systemconsisted of a set of tools which were

are not computer processible and repeatable.

In addition, the software assists in managing the complexity of
the information involved in the testing process. This information
includes

e product data associated with an application model,
» relationships within the data,
» the application model as defined in EXPRESS, and

» the english description of the application model.

not integrated:l GURE 1 taken from thé&/alidation Testing Labo-
ratory User's GuidgBreese, 1991), illustrates the problems of the
interim system. The tools in this system were collected from a va-
riety of sources, and, as a result, they operated on a variety of
hardware platforms and in a variety of software environments. In
the interim system the user needed to be familiar with a number of
executable programs and their interfaces. In addition, the method
of sharing data throughout the testing process was through ex-
change of data files between the different tools. The data was
represented in memory in one of a number of different types of
data structures depending on the tool.

The Data Probe tool assists in preparation of product data to be ¢ pata probe integrates the functions supported by the set of
used in testing an application model. The software supports the y,q i the interim system. The integration of the functions more

editing, browsing, and formatting of product data, and browsing of

the structure of the application model. Planned future enhance-

ments include support for the execution of the actual tests.



efficiently automates the testing process. The Data Probe software The architecture is designed to isolate changes to the system.
improves on the existing system in the following areas: This allows the software to be extended with additional function-
ality as available and as new requirements emerge. For example,
the initial implementation has focused on the implementation of a
data editor. The next aspect to be addressed is the integration of a

» the number of errors is reduced by reducing the frequency
of data translation and human intervention;

» the amount of time needed for the testing process is database system into the software. The integration of the database
reduced by improved performance and automation of the system should be transparent to the users of the data editor; how-
workflow; ever, the integration will enable the expansion of the functions

. . . supported by the tool.
« the time needed for learning to use the software is PP y

reduced by providing a single user interface to the sys-

tem;
THE VTS SOFTWARE ARCHITECTURE

The VTS software architecture integrates modular software li-
braries which are incorporated into a single system to provide the
+ the potential for errors is reduced through better and more functions needed for the validation process. The use of object-ori-

extensive error checking. ented techniques and standard interfaces enables software
reusability. The system uses as much software as is available from
was moved between activities in the testing process. The transla—external sources. When such software is y_navaﬂable, the neces-
sary software has been developed. Specifically, support for the

tion process introduced errors or inconsistencies, and the implementation methods specific to STEP were developed
associated manual steps, such as importing and exporting the data, P P ped.

were time consuming. With respect to data editing, the interim  Since STEP is a developing standard, the mechanisms for its
system did not track which portions of the data were complete and implementation have not been stable. Furthermore, these mecha-
which needed further development. Manual support for this func- nisms have been developed concurrently with the application
tion was extremely difficult, given the amount of data, and lead to models which the VTS software is used to validate. These mecha-
inconsistencies in the data. In addition, the manual configuration nisms include the ¥PResslanguage in which the application

of the different versions of all the intermediate data files was error models are specified and the data interface formats, such as the

* inconsistencies in the data are reduced by providing more
sophisticated support for data editing and creation; and

The interim system required data translation every time data

prone. The Data Probe software, illustrate&liGURE 2, allows exchange file format (ISO, 1992c) and the STEP Standard Data
users to operate through a single interface, rather than with eachAccess Interface (SDAI) (ISO, 1992d). The software at National
tool separately. PDES Testbed must be quickly and easily adaptable to new

Planned future enhancements to the Data Probe include the useversmns of the mechanisms.

of a database system, rather than exchange files, as the primary The following goals have influenced the design of the VTS soft-
means of data shariign the interim system, data was assembled ware:
from the various tools and manually integrated using exchange

files to create a single data set. This manual process forced the
testing process to revolve around the availability of data and tools

to provide the data, rather than the needs for testing particular as-
pects of the application model. The use of a database system < to provide a single end-user program,
which can be shared by the different tools will make the process
smoother, thereby allowing the user to concentrate on the valida-
tion activities.

to minimize the need for data translation by providing an
integrated system which supports a broad range of func-
tions,

e to easily transition the software to support a new applica-
tion model,

The remainder of this paper describes the software which sup- ° [0 enable different style user interfaces to be developed,

pOftS the Data Probe tool. The Data Probe tool is based on the . to allow for the integration of externa”y deve|0ped soft-
Validation Testing System (VTS) software. The VTS software is ware into the system, and

composed of reusable software libraries which support the differ-

ent functional areas for automating the validation process. These *  to develop reusable software.

libraries are combined to create a Data Probe tool which supports The previous section described the high-level design of the sys-
the validation of a specific application model. tem — an integrated software system with a single user interface.
This design is reflected in the first two goals listed above. The re-
maining goals on the list above have influenced the modular
organization of the VTS software and are discussed throughout
this section.

5Note that the database environment will not preclude the use of exchange
files as a means of importing and exporting data into and out of the system.
In particular data files are used to import data from external CAD systems.

Exchange files are also used for sharing data until a database has been inte-
grated into the system.



Establishing the T esting Environment

An application model is represented in many formats through-
out the validation process: EnglisliAREssand ExPRESSG (ISO,
1992b), other graphical modeling formats, one or more program-
ming languages, and computer memory formats. From the
perspective of the end user the interface to the VTS software is
through the EPReEssdescription of the application model; howev-
er, from the perspective of the software developer the
programming language format is of primary importance (Clark,
1990). In the interim system many different programming formats
are used by the various tools; however, in the VTS software a sin:
gle format is used: C#+ (Stroustrup, 1990). The C++
representation of the application model can be automatically gen:
erated from an ¥PREssdescription.

FIGURE 3 illustrates the VTS software development method-

ology for producing a testing environment for a specific applica-
tion model. An application model, as represented in a library of
data structures and access functions, is integrated into the VT
software. The application model, described HPEESS is trans-
lated into a software library (the upper-left sideFOGURE 3.)
This library is then installed in the VTS software to generate a new
testing environment for that model. (See the description of the
Data Probe tool in the following section.) This library changes for
each application model being tested. In order to minimize the diffi-
culty in the transition to a new testing environment it is important
to be able to automatically generate these libraries.

The pieces above the center lin€IGURE 3reflect system re-
quirements, or inputs into the software development process; the
pieces below the line illustrate the structure of the VTS software
for a runtime system. The representation of the application model
used by the software results from the direct translation ofxan E
PRESS schema into a library of C++ class definitions.

Requirements derived from the STEP specifications and the needs

of the VTS are also represented in component libraries; however,
these libraries are not automatically generated.

Much of the general functionality needed to support the applica-
tion model is implemented separately from the application model.
This software, represented in the figureCase Access Opera-
tions implements the STEP specifications fotPRessand the

STEP exchange file format. The other software needs of the VTS,
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FIGURE 3: VTS SOFTWARE GENERATION

The component libraries of the VTS software are integrated to
support the functional requirements for the validation process and
are accessible through a single user interface. The interface pro-
vides mechanisms for initiating the functions. A representative
sample of these functions is shown in the bottom rolal GURE
3. Together the libraries and the functional interface make up the
VTS software. This figure only shows a select subset of the com-
ponents of the VTS software. The composition of the software is
explained in more detail in the remainder of this section and the
functions supported by the user interface for the Data Probe tool
are described in the following section.

also supported as separate software libraries, are based on analysis

of the validation process and users’ needs (Morris, 1991a).

VTS Software Layering

The VTS software libraries can be decomposed into four layers
based on specialization with respect to the needs of the VTS sys-

C++ has been chosen as the programming language for implementationtem and a specific application model. This design is intended to

because it provides the following features:

. good performance in interactive situations,

. programming language constructs which support those found in
EXPRESS(i.e. hierarchies and networks of data structures),

. interfaces to externally developed software (specifically, a user in-

terface toolkitinterViews(Linton, 1991) and several object-oriented data-
base systems), and

. object-oriented features which enable code reuse.

foster the reuse of code and the integration of external software
into the systemTable 1 shows the software components of each
layer. The four layers focus on different functional areas and are
named accordingly.

The first three layers represent functionality that is tailored to
the VTS needs. Most of these software components have been (or
are being) developed for the VTS and are based on externally
developed software. The components of the last laeneric



TABLE 1 VTS SOFTWARE LAYERING

VTS Layer Software Components

Multiple application model ExpPrEssto C++ translator
Data Converter

Application model specific Application Model: Schema Class Library
Application Database
Data Probe tool
Translators from CAXx, IGES, etc.

VTS specific STEP Core library
VTS Interface library
Data Editor library

Generic systems Generic User Interface libraries: X Windows, InterViews
Database management system
Abstract Data Type libraries
C++ compiler and standard libraries
Operating system: POSIX (FIPS151, 1988)

systemsare available from external sources and do not need to be TheData Converterconverts data to a new version of an appli-
developed specifically for the VTS. The software components are cation model. It takes as input the data corresponding to an
briefly discussed here; the VTS design document (Morris, 1992) application model and a listing of changes to the application mod-
provides a more extensive description. el and outputs data corresponding to the new version of the
application model. Initial work has been done in the design of the
system and the language for specifying some of the changes to a

Multiple Application Model Libraries.
model (Kohout, 1992) (Clark, 1992).

The multiple application modelayer provides the software
needed for handling more than one application model. This layer Application Model Specific Libraries
supports the configuration of tools, application models, and test Application Model opecilic Libraries.
data to support the validation of different application models. In  The application model specifiand theVTS specifitayers con-
the current system many of these functions are manually con- tain the data structures needed to support the computerized
trolled. The software components in this layer are external to the manipulation of data based on a common schema or application
VTS run-time environmertt. model. Theapplication model specifiayer represents the compo-
nents that are tailored to the application model undergoing
validation. These components are updated each time the applica-
tion model changes.

This layer includes theExPRess to C++ translator
(McLay,1990), part of the NIST PDES Toolkit (Clark 1990). The
tool automatically translates an application model into the C++
class definitions used to represent it in the VTS software as illus- The Schema Class Librarig the representation of an applica-
trated inFIGURE 3. These class definitions are referred to as the tion model in C++ and provides the data structures, functions, and
Schema Class Library dictionary specific to that model. Most of the changes to support

the validation of a new application model are limited toShke-
ma Class LibraryOther libraries in this layer — thigpplication
"The Data Convertershould ultimately be integrated into the VTS run- Databaseand theData Probe tool— only need to be re-installed

time environment; however, this integration is beyond the current scope of {0 reflect their interaction with the ne8chema Class Librafy.
the project. This design enables the creation of tools which can be tailored to a



particular application model by linking with the library for that contains the names of entities and other descriptive information.
model. Support for theSchema Class Librang provided through a set of
abstract classes which support the basic constructs foung in E
PRESS These classes form the basis for $ithema Class Library
and allow the other libraries in this layer to manipulate the con-
tents of theSchema Class Libraiy a general way.

The Application Databasés the database system that has been
installed with a particular application modeThe schema defini-
tion for the Application Databaseis provided by the class
definitions in theSchema Class Libraryhe installation process
involves preprocessing the class definitions from Suhema The Data Editorlibrary extends th&TEP Cordibrary to sup-
Class Libraryto generate the database. The preprocessor is pro- port data editing. This library includes functions for editing
vided by the database supplier. In this way the database can usénstances of product data and functions for manipulating groups of
the same representation form for the data that is used by the othelinstances. The latter functionality includes merging STEP ex-
components of the VTS. change files, searching sets of instances, and checking sets of
instances for completeness with respect to the application model.
Some of this functionality may be migrated to 8iEEP Cordi-
brary should it prove to be more generally useful.

EachTranslatorfrom a specific CAX system is a separate soft-
ware component. A translator functions by accepting data from
the system being translated and creating new instances of the

classes in th&chema Class Library The VTS Interfacdibrary is designed with the potential for
multiple types of display. The strategy for this is to encapsulate
VTS Specific Libraries. the functional content of the interface so that it is not tightly
coupled with the display functionality. The initial version of the
The VTS specifidayer of the software architecture includes li-  jnterface uses the InterViews (Linton, 1991) toolkit. TWES

braries to support the general functional requirements of the VTS |nierfaceis built on the InterViews library by extending it to

software and is independent of the application model being tested. s pport the specific interface of the Testbed tools. The extensions
This layer contains software to support the following functional include classes for displaying data instances, groups of data

areas: instances, and an application model.
* data storage,
e user interface, Generic Systems

The generic systems are completely independent of the specific
needs of the VTS and are available as self-contained packages ei-
This software is divided into libraries based on its dependencies ther in the public domain or as commercial systems. The software

» data editing and data and schema browsing.

on STEP or external systems. TBEEP Cordibrary supports re- in this layer isolates the rest of the VTS software from dependen-
quirements specific to STEP, while &S Interfacand theData cies on a particular hardware platform. The generic systems refer
Editor libraries support other requirements specific to the VTS to toolkits or other external software which is directly integrated
tools. This division is illustrated iFIGURE 3 as separate re- into the VTS architecture and include the operating system and
quirements. Dependencies between the libraries in this layer arecompiler used in developing the software. Other generic systems
minimized to enable their reuse. used in the VTS software include:

The STEP Cordibrary provides functionality for supporting the * InterViews user interface toolkit for the X11 (Scheifler,
Schema Class Librargind for accessing a dictionary of informa- 1989) environment;

tion about the application model at run-time. The dictionary Open Object-Oriented Database Toolkit from Texas

Instrument&? (Wells, 1992); and

S e C++ streams library for system i/o.
8The impact of a change to tBehema Class Libraryn the translators is

dependent on the particular changes in the application model. Resolving
such changes will probably be more difficult than re-installingSttteema Summary

Class Library The VTS architecture is based on a decomposition of the func-
tional needs for validation of STEP application protocols. The

®This term is used to distinguish it from the generic database system soft- . . . - .
' s U ISUngUIsh | g ' 4 object-oriented techniques of encapsulation and abstraction are

ware which is independent of an application model.

1%cAx is any Computer-Aided operations/processes, including: MCAD

(Mechanical Computer-Aided Design), e.g. drawing/drafting; ECAD

(Electrical Computer-Aided Design), e.g. PCB layout; MCAE (Mechani- !The initial version uses the InterViews toolkit. Another potential inter-
cal Computer-Aided Engineering), e.g. solids modeling; ECAE (Electrical face is to an ASCII terminal.

Computer-Aided Engineering), e.g. logic design; CAM and CIM (Com-

puter-Aided Manufacturing and Computer-Integrated Manufacturing), e.g. 1?The Open Object-Oriented Database Toolkit from Texas Instruments is a
NC processing. research prototype.



used to define reusable software components which support theExPrReSsschema as input and outputs a new Data Probe specific to
functions needed for automating the validation process. that schema.

The structure of the software enables code reusability and sys- The Data Probe tool consists of five types of windows:

tem extensibility. The software developed for the VTS can provide .
. . 1 Data Probe management winddwGURE 4),

the foundations for STEP-related systems or general purpose edi- 9 ¢ )
tors for structured information. The architecture defines a structure 2
for attaching new software components as the VTS expands to . . .
cover broader functional requirements. The new functions can be 3 Entity Instance List windowH| GURE 6),
integrated into the system without disturbing the existing function- 4  STEP Entity Editor (SEE) windows (small window in
ality. FIGURE 5), and

In particular, theCore and Schema Class librariesan be used 5  STEP Entity Descriptor (SED) windoWwIGURE 7).
for other implementations based on the STEP models or any mod-

els written in Express. These libraries represent the data structures 11€se windows may be manipulated in the typical ways (move,
for a particular application model. For example, a stand-alone OPen, close, hide, expose, resize, etc.) supported by the X window-
translator for extracting data from IGES (IGES5.1, 1991 a ing system. Any number of temporary SEE and SED windows
proposed STEP format for geometry was prototyped using an ini- May bg creatgd and degtroyed as the editor is being used. A single
tial version of these libraries (PDES, 1990b). A translator such as SEE window is shown in the left side BFGURE 5, partly ob-

this is not dependent on tNE'S Interfacdibrary which may re- scuring the Entity Type List window.

quire a sophisticated windowing system. However, the translator  The presentation of these windows is implemented in the VTS
shares the functionality for representing the application model |nterface library; The underlying functionality is implemented in
with the VTS software. Therefore, it is able to directly access the the Data Editor library; and the data is represented and stored us-
VTS database using the interface provide®amema Class Li- ing the Schema Class Library.

brary. The interface to the database is transparent to a translator
based on this library and should not need to be updated when theData Probe Management W indow
Schema Class Librarg integrated with a database.

Entity Type List window (large window iRl GURE 5),

The Data Probe management window provides the user with
system functions such as saving or appending files, clearing the
Entity Instance List, and quitting the editor. There is also a line for
brief messages to the user. FA\GURE 4 the status window
provides feedback to the user that there is one incomplete instance
in the list of instances. This particular message would appear
THE DATA PROBE TOOL when a file is saved or when the user asks to verify the instances.

The Data Probe is the major application which uses the various S_uch _operations are initiated using the pull down menu under the
libraries described. It is intended to allow people involved with the title File Management
creation and testing of STEP Application Protocols to examine
and populate data files corresponding to those models. This sec-Entity T ype List W indow
tion of the paper describes the Data Probe tool and illustrates the
user interface to the tool. The examples used in this section are
based on the STEP models for geometry and topttogy

Likewise, parts of th&/TS Interfaceand Data Editor libraries
are useful for any general purpose editor of highly structured in-
formation.

The Entity Type List window contains a scrollable list of all the
entities defined in theXeressschema or schemas used to create
the editor. Instances of these entities make up a STEP exchange

Each Data Probe executable is specific to a particular informa- file. In FIGURE 5, the first few entities in this window are
tion model, and new versions of the Data Probe are automatically angle_measurearea_measureand axisl_placementThe circle
generated from anXBressschema. The creation of a new Data entity is highlighted in this window because the user has selected
Probe tool is a three step process. First tkeRESsschema is it.
translated into &chema Class Librapywhich is then compiled
and linked with the other libraries of the VTS. A UNIX shell script
called nkPr obe automates this processkPr obe accepts an

At the bottom of the window are two command buttons which
indicate the primary use of this window. When the user decides to
create an instance of an entity, the window is used to select the
type of entity to create. The user selects the name of the entity type
to be created (by pointing to the name with the mouse cursor and
13GES is the Initial Graphics Exchange Specification. clicking a mouse button) and then selects @Gneae command
button in a similar manner. This causes a SEE window to pop up

YThis is theEXPRESSschema from a early draft version of ISO 10303 In-  for a new instance of that type of entity. The example illustrates an
dustrial Automation Systems — Product Data Representation and EX- jnhstance of “Circle” has just been created.

change — Part 42: Integrated Generic Resources: Geometric &

Topological Representation. The second function initiated by this window is the display of

type information about a particular entity. As with the create func-



[2] Data Probe )

Data Probe
Ipim_Resources_Schema

[ GQuit | [ File Management |
Key Bindings & Button Codes for Step Entity Editor Windows:

Press a button or type control-= followed by the appropriate key below to execute a command.

closes existing window opens a new window get value from list

$ - save complete r - replicate instance m - select marked instance from instance list
i - save incomplete e - edit existing instance/ I - pop up list of valid attribute values

¢ - cancel edits create and edit new instance

d - delete STEP entity  t - describe STEP entity type & - describe attribute type

Messages:NeriFHInstances: 1l irvalid instances in list, |[ Clear ]

FIGURE 4 : DATA PROBE MANAGEMENT WINDOW

(] Data Probe Types List :

Entity Type List
|t

Shell

Edge_Logical _Structure
Geometry

Face_Logical _Structure

Eilindrical_ﬁurFace

Conic

Conical _Surface
Edge_Loop

Ellip=e
Elementary_Surface
Edzs [ dp - #1 Circle ]
Region
Toroidal _Surface @ #1 Circle [ type infornation ]
Vector
Flane Label: | |
Loop
Coordinate_System .

Vertex_Loop radius # Real
Loop_Logical _Structure pozition * Axiz2_Placement

[fﬁz Entity: Coordinate_System

fxis_PLacenent, M (e ) () (eJ (4] (o] (o) (] @

Transformation
Curve_Logical _Structure
Point

Axiz2_Placement
Direction

Surface

Clozed_Shell
Cartesian_Point

coordina Coordinat

<)

search Substring ® Search Forward (s}
| | O Reverse Search (v

[:—THpe Information <L} ]

FIGURE 5: ENTITY TYPE LIST WINDOW
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[z] Data Probe Instances Lis

Entity Instance List

7}

#1=CARTESIAM_POINT ¢,.0,0,123;
#2=VERTEH (#1):

#I=VERTEK_LOOP (#2) 2
#4=L00P_LOGICAL_STRUCTURE(#3,T )+
#5=CARTESIAM_POINT ¢.0,0,0}:
#5=[IRECTIONG,0.0,13
#7=AKHTS2_PLACEMENT ¢ . 45,46, 02
#3=SPHERTICAL _SURFACE(, 12,473
#9=5URFACE_LOGICAL_STRUCTURE (#8,.T3:
#10=FACEC, (#4149
#11=FACE_LOGICAL _STRUCTURE (#1072
#12=CLOSED_SHELL (#1132} ¢

#13=5HELL _LOGICAL _STRUCTURE (#1273
#14=CARTESTAN_POINT ¢ .8,0.0%2
#10=VERTEX (#1d):
#16=CARTESTAN_POINT ¢ ,0,0.00;
#17=AKI52_PLACEMENT (. #16, 46, }:
#10=CIRCLEC, 3, #175:
#19=CURVE_LOGICAL _STRUCTURE{#18,.T3:
#20=EDGE (415, #15, #19);
#21=ENGE_| 0GICAL _STRUCTURE (#2073
#22=FDGE_| OGICAL_STRUCTURE (#20,F
#23=EDGE_LOORPCC#2100:
#24=FENGE_LOOPC (#2220 ¢

#20=1 00P _LOGICAL_STRUCTURE (#23,T3:

Search Substring

®5Search Forward (")
| OReverse Search (“r)

command button is selected with the mouse. If either viewing or
modifying is selected, a SEE window pops up.

STEP Entity Editor and STEP Entity Descriptor
Windows

The SEE window shown iRIGURE 5 is used to edit the data
values for a circle. The circle shown has 3 attributest_coordi-
nate_systepradius andposition The user can enter values for
these attributes into the editable fields in the middle of the
window.

The STEP Entity Descriptor (SED) window provides more
detailed information about an entity type. The SEBIIGURE 7
give more detailed information about the entdycle. This
window shows thatircle is a specialized subtype obnic curve
andgeometry The attributdocal_coordinate_systens inherited
from the parent supertygeometry®®

CONCLUSION

The most significant impacts of the VTS software architecture
are on the amount of time needed for and on the reliability of the
validation of an application protocol. The integration of the soft-
ware significantly reduces the amount of time needed for
validation and improves the reliability of the results. These im-
provements enable application protocols to be validated more

Each button executes its action immediately on the
selected instance. The ‘Execute’ button executes all
of the marks next to the instances. Use the key
bindings to mark the instances

f Save Conplete (=) ] f Execute {x} ] f Modify im?} ]

( Save Incomplete (i} ] f Urmark {u? ] f View fu? ]

Replicate (r}

( Delete (d) | | Close (¢} |

FIGURE 6 : ENTITY INSTANCE LIST WINDOW

tion, the user selects the desired entity type and presses the button
labeledType Information This action brings up a SED for that
entity type.

Entity Instance List W _indow

The Entity Instance List window has two main parts. The top
part has the appearance of the “DATA” section of a STEP
exchange file. Entity instances are listed, one instance per line.
(Lines that do not fit on the screen are truncated.) An indication of
the editing status (such a$or Incomplet¢ of an instance may be
displayed to the left of the instance.

The bottom part of the window contains the controls for a search
utility that may be used to find text strings. The bottom part also
contains a set of command buttons to perform actions on instances
such as: delete, modify, view, save, etc. To use the command but-

quickly and with less effort.

Several significant features of the VTS architecture support
responsiveness to the needs for validation testing. These features
include the following:

a structure for isolating changes to the system due to
changing requirements (i.e. the application model, differ-
ent software or hardware platforms, the evolution of
STEP, etc.);

a single format for data representation, thereby eliminat-
ing both the need to translate the data to a variety of for-
mats and the errors associated with such translations;

a single point of access for the user, thereby reducing the
amount of time spent in learning to use the software and
minimizing the impact on the user when new functional-
ity is introduced; and

a collection of reusable source code, which supports the
integration of additional functionality into the system and

tons, an instance is selected with the mouse, and then the desired®Multiple inheritance is not yet supported by the VTS software.
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X [z] dp - Circle F]

[ close | attributes subtypes
Geometry Ipim_Resources_Schema [Ocoollapse
local _coordinate_system : Coordinate_Suysten Axi=_Placement
Curve
Vector
Tranzformation
Surface
Foint
S Coordinate_Systen
Curve Ipim_Resources_Schema [Ncollspse
]ﬁ Conic ﬁ
Line
i i
Conic Ipim_Resources_Schema  [Oeocollapse
]ﬁ Circle ﬁ
Ellipze
i i
Circle Ipim_Resources_Schema  [Oeocollapse
radius ; Real fj
pozition 3 AxizZ_Placement
i i
attr. Type: | |

FIGURE 7 : STEP ENTITY DESCRIPTOR WINDOW
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