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Scope and Outline

• Engineering industrial interoperability standards
• Product data exchange
• Process information exchange

• Expanding application functionalities through 
interoperability
• Integrating Product Data and Process 

Information
• Engineering Web-based Services

• Brief discussion on further interoperability needs
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Paradigm Shift in Software Development
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Information AND Communication Technology (ICT) to provide:
Universal Access,  Integration, Coordination of Engineering Services

Courtesy of Professor Gio Wiederhold



Data Exchange 
A Mechanism for Software Interoperability and 
Communication within and between Companies

STEP: STandards for the Exchange of Product Data
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Part 221 Functional Data and Schematic 
Representation for Process Plans

Part 220 Printed Circuit Assembly Manufacturing 
Planning

Part 222 Design Engineering to Manufacturing for 
Composite Structures

Part 223 Exchange of Design and Manufacturing DPD 
for Composites

Part 224 Mechanical Product Definition for Process 
Planning

Part 225 Structural Building Elements Using Explicit 
Shape Rep

Part 226 Shipbuilding Mechanical Systems
Part 227 Plant Spatial Configuration
Part 228 Building Services
Part 229 Design and Manufacturing Information for 

Forged Parts
Part 230 Building Structure frame steelwork
Part 231 Process Engineering Data
Part 232 Technical Data Packaging
Part 233 Systems Engineering Data Representation
Part 234 Ship Operational logs, records and messages
Part 235 Materials Information for products
Part 236 Furniture product and project
Part 237 Computational Fluid Dynamics
Part 238 Integrated CNC Machining
Part 239 Product Life Cycle Support

STEP Application Protocols
Part 201 Explicit Drafting
Part 202 Associative Drafting
Part 203 Configuration Controlled Design
Part 204 Mechanical Design Using Boundary 

Representation
Part 205 Mechanical Design Using Surface Representation
Part 206 Mechanical Design Using Wireframe

Representation
Part 207 Sheet Metal Dies and Blocks
Part 208 Life Cycle Product Change Process
Part 209 Design Through Analysis of Composite and 

Metallic Structure 
Part 210 Electronic Printed Circuit Assembly, Design and 

Manufacturing
Part 211 Electronics Test Diagnostics and Remanufacture
Part 212 Electrotechnical Plants
Part 213 Numerical Control Process Plans for Machined 

Parts
Part 214 Core Data for Automotive Mechanical Design 

Processes
Part 215 Ship Arrangement
Part 216 Ship Molded Forms
Part 217 Ship Piping
Part 218 Ship Structures
Part 219 Dimensional Inspection Process Planning for 

CMMs

Data Exchange Standards for 
Various Engineering Applications 

Do Exist
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Data Exchange Standards

Data
Exchange 

Kernel

Product Data Technologies
(DBMS, OO systems, STEP-tools)

Data Exchange/Product Model Standards
(IGES, STEP, XML, IFC, IFCXML, CIS/2, ...)

CAD Tool

CAD Tool

Application

Application

Domain specific standards provide product data level semantics
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Product Model

Product Model: {form, function, behavior}
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Howie, Kunz and Law, 1997



Product Modeling and Process Specification
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Process Model
Activities : {Tasks, Schedules, …} 
Resources: {Equipment, Organization, Labor, Skills,  …}
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Ref. VDT or Vite Software



Process Information Model 
Process Specification Language (PSL)

PSL : Interchange Standard  for Process Information

• Initiated by NIST

• Major components: PSL-core,  core theories,  and extensions

• PSL-core: based on a precise mathematical first-order theory 
(Object, Activity, Activity Occurrence and Timepoint)

• Syntax based on KIF (Knowledge Interchange Format) – terms, 
axioms, relations, functions, .. (FOP useful for detecting conflicts)

• Manufacturing  Industry -> Other Industry (Construction)
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Ontology Mapping between PSL and Application 
Concepts

Example Schedule in 
Primavera P3

Concepts in Primavera P3 PSL terms

Activity Activity occurrence

Predecessor, Successor Activity occurrence, before-start, before-finish, 
after-start, after-finish

Start to Start Before-start

Dependency Lag before-start-delay, before-finish-delay, after-
start-delay,  after-finish-delay
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Ontology Extension for Related Applications
Current PSL Ontology: 

• PSL Outer Core: subactivity, activitity occurrence, state

• Examples of extensions: Ordering relations, duration, 
nondeterministic activities, reasoning about state

Extensions for 
Vite (VDT) – a 
Project Simulation 
Tool on Resources 
and Organization
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March 14, 2006



Process Information Exchange

PSL 

Primavera 
P3

Microsoft
Project

Vite

RA
VBA

Vite
Extensions

D
A

O

Translators:

O(n2) -> O(n)Wrappers:

RA: Primavera Automation Engine

DAO: Data Access Object

VBA: Visual Basic for Application
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Information Exchange among Applications

CPM Diagram In Vite
Gantt Chart In Primavera P3

Gantt Chart In Microsoft ProjectGantt Chart In Vite
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Product + Process Models: 
Integrating CAD and Scheduling 

 

Project Schedule in P3 3D Model in Architectural Desktop

+
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Ubiquitous Services: Access, Integrate, Coordinate
Communication Devices
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Autonomous Engineering and Online (Web) Services

Mediators (content and access), DBMS, 
Information Exchange (PSL, IFCXML, XML, …)



Many Proposed Standards for 
Web Services and Workflow

Examples:
SWSF (Semantic Web Services Framework): {language, ontology}
FLOWS (First-order Logic Ontology for Web Services)
ROWS (Rules Ontology for Web Services)
WSDL (Web Services Description Language)
BPEL4WS (Business Process Execution Language for Web Services) 
UDDI (Universal Description, Discovery and Integration)
OWL-S (OWL ontology for web services)
PSL (process specification language)
WSML (Web Services Modeling Ontology) (WSML – OWL, WSML)
BPSS (ebXML’s Business Process Specification Schema)
WSFL (Web Services Flow Language)
Wf-XML, XPDL, XLANG

Stanford University / EIG
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MegaService: Composition and Coordination of 
On-Line Engineering Services

- Service Composition and Integration 
(Scalability and Performance): 

Distributed Data Flow and Centralized Control Flow
Active Mediation and Mobile Class (Objects) 

– device independent applications
- Service Specification and Execution 

(Ease of composition):
Simulation Access Language

- Data Interoperability:
XML-based (for product data), PSL (for process data)

Stanford University / EIG
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MegaService: Composition of Online Services
Service Specification + Data Communication

• Software Program  : 
Execution Sequence + Data/Messages

• Workflow/Process Management: 
Activities/Work-items + Information Flow

• Service composition: 
Control Flow + Data Flow

Engineering Services deal with Large Data Sets!
Stanford University / EIG
March 14, 2006



Centralized 
Control Flow

Event Dependency Graph:  
FICAS Model - Distinct Control and Data Flows

Distributed 
Data Flow

Service 
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FICAS: Flow-based Infrastructure for 
Composition of Autonomous Services



Service Specification:
Simulation Access Language
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A Simple Easy-to-Use High-Level Language
– Coordinating Services and Managing Information Flow

– Simulating and Comparing Scenarios

Major Components
– Invocation Statements (SETUP, INVOKE)

– Operation Statements (QUERY, UPDATE)
– SELECT, to query information from the simulation results

– SET, to update project models in simulation tools

– DELETE, to delete objects in project models

– INSERT, to insert objects in project models

– Control Statements (IF-THEN-ELSE, WHILE)

– Decision-support Statements (SCENARIO CREATION, SCENARIO 
COMPARISION, etc.)



MegaService Simulation Utilizing (Wrapped) Web-
based Services

AutoCAD
ADT

MS Project

MS Excel

4D Viewer

CostWorksVite
SimVision

Timberline

Primavera
P3

Desktop PC

Server

Laptop

PDA

RFI's
Submittals Online Information

( e.g., Weather Forecasting
and Price Quoting)

• FICAS
• Active Mobile Class
• SimAL
• (Information Exchange 

Kernals – XML, PSL)
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Scenario:  Incorporating Online Information into 
Workflow  

Online
 Weather Information

Information of
Weather Impact

Process
Weather
Impact

Re-Schedule
the Project

Re-Simulate
the Project

Notify
Participants

Scheduling
Information

(e.g., P3, MS Project,
or Database)

Construction Project
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Embedding SimAL Program Segment in Excel
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Dynamically Acquire Online Information

<?xml version="1.0"?>
<WeatherReport>
<weather date="2003-9-23">
<location>
<zipcode value="33410" />
</location>
<conditions value=" Isolated 
thunderstorms early, mainly cloudy 
overnight with a few showers" />
<temperature>
<templow c="23.3" f="74.0" />
<temphigh c="32.2" f="90.0" />
</temperature>
……
</weather>
……

Stanford University / EIG
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Translate into XML



Comparison of Original and Updated Information
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Original Schedule in Primavera P3 Updated Schedule in Primavera P3

Original Backlog Chart Simulated 
using Vite and Displayed in Excel

Updated Backlog Chart Simulated 
using Vite and Displayed in Excel



Interoperability with 
Online Resources

Autodesk’s i-drop :
• web page modified HTML file
• enabled object XML package file
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Generating Procurement Lists
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Workflow/
Supply Chain



Next Step:  Interoperability and Supply Chain
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Owner

Subcontractors

General
Contractor

Architect/ Design
Consultants
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Interoperability Issues
Multiple Domains : 

• Engineering, Manufacturing, Business, … 

Heterogeneous Representations of Ontologies

• Term Difference: (Elevator vs Lift) 
• View/Contextual Difference: (Transportation vs Equipment)
• Schema Difference: (BPEL vs PSL vs SWML, etc..)

NSF/NIST Collaborative Research Proposal:
Interoperation, Mediation and Composition of Engineering Services 
(Focusing on Supply Chain Applications)
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March 14, 2006



Stanford University / EIG
March 14, 2006

Schema Integration
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Uniform Federal Accessibility Standards
4.13.9 Door Hardware 
4.13 Doors 
4.13.1 General 
... 
4.13.9 Door Hardware 
Handles, pulls, latches, locks, and other operating devices 
on accessible doors shall have a shape that is easy to grasp 
with one hand and does not require tight grasping ... 

... 
4.13.12 Door Opening Force 

 
British Standard 8300 
12.5.4.2 Door Furniture 
12.5.4 Doors 
12.5.4.1 Clear Widths of Door Openings 
12.5.4.2 Door Furniture 
Door handles on hinged and sliding doors in accessible 
bedrooms should be easy to grip and operate by a wheelchair 
user or ambulant disabled person ... 

Ontology Matching: 
Relatedness Analysis – utilizing domain knowledge, text 

mining and organizational structures
4.13 Doors 12.5.4 Doors

4.13.9
Door Hardware

12.5.4.2
Door Furniture

12.5.4.1
4.13.1

4.13.3

4.13.2

4.13.12

UFAS BS8300

parent

sibling

Regulation 1

Regulation 2

Discover Related Concepts 
among Heterogeneous Ontologies

for Interoperability?
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Regulatory Compliance and Engineering Standards

36” 30”

36”

Prescriptive- (Technology-) based Regulations
• Specify exactly how regulated entities conform
• Information needs:  Product Model{form, 

function}

Performance-based Regulations
• Specify a required outcome but not the means
• Information needs: Product Model{form, 

function, behavior} + simulating/testing …

Stanford University / EIG
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Management-based Regulations
• Engage regulated parties in planning and management of processes

to fulfill targeted outcome
• Information needs: Product Model{form, function, behavior} + 

Process (workflow) Specification + Simulation/testing/validation …

Ref. Prof. Coglianese, Harvard’s Kennedy School of Government



Summary and Remarks

Interoperability Standards
• More than just exchanging data
• Extend application functionalities

Future Works:
• Need to look beyond domain specific application
• Supply chain – life cycle operations, outsourcing, 

virtual market, …
• Regulatory environment – e-government services
• Preservation and longevity (digital data, standards,..)
• Impact on next generation CyberInfrastructure

Stanford University / EIG
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