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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

\

Integration

1970 1990 2010

Information AND Communication Technology (ICT) to provide:
Universal Access, Integration, Coordination of Engineering Services

P . .
Courtesy of Professor Gio Wiederhold r,%‘% Stanford University / EIG
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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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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

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

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 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
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Data Exchange Standards

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

Application

.
>

Data
Exchange
Kernel

CAD Tool Application

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

Domain specific standards provide product data level semantics
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Product Model

H i
S =

Product Model: {form, function, behavior}

e
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Product Modeling and Process Specification
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Process Model

Activities : {Tasks, Schedules, ...}

Resources: {Equipment, Organization, Labor, Skills, ...}

Resources + Activities
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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

T 00 o o110 2 T30 a
Frame House 15 Frame Roof B Inztall Dryweall 20 .
T : 5| | Example Schedule in
0SAUGOZ | 238002 264002 | 02SEPO2 OSSEPDZ | 020CTO2 Primavera P3
T 20 0
In=stall HY &C g

g

26AUG0Z | D45ERDZ

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:

o PSL Outer Core: subactivity, activitity occurrence, state

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

Actor Group

NI

Wite Activities

Extensions for Organization
Vite (VDT) —a
Project Simulation
Tool on Resources
and Organization

[

)’PTOL

P2l Outer Core

T.

F=l-core

Extensions to Current PSL Ontology




Process Information Exchange

. Microsoft
Primavera Project
P3
Translators:
Wrappers:

O(n2) -> O(n)

RA: Primavera Automation Engine
DAO: Data Access Object
VBA: Visual Basic for Application
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Information Exchange among Applications
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Product + Process Models:
Integrating CAD and Scheduling

todesk Architectural Desktop 3.3

[# primavera Project Planner - [MCDO]

3 Fie | Edit visw Insert Format Tools Data Window Help

BB File Edit View Insert Format Tools Draw Dimension Modfy Image Concept Design Documentation Deskbop  Window b
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08 [Hardscape St 17 [10SEF0Z I 7 Hardsc o

3 [Farking Structure 75 [250CT0Z ; Parking Structure iclin|

(o= L anicts caping 46 (250CT02 Landsci

o1t [Superstructure Framing 130/ 07FEB0S ! a |

C10 SR Install 132 |07FER0S i 57 7 SWPP | |

D14 Irteriors 112 |08AUGO3 2 Interior L) .’C

[ZE [Foot & Skin 66 |DBALGDS ROOT &€

012 [Exterior Trim & Trelis 10[08ALGES e -}E«enur =) =

15 [Funch & Close Out, Buiding | 7| 2280603 457 7 Punéh B o

D16 [Punch & Close Out, Stewvark: 7 [13JAN04 3 hFIln h . [}

17 Firish 0 [2208H04 : H Finish P

Project Schedule in P3 3D Model in Architectural Desktop

SimaAL 3D Yiew Service - Microsoft Internet Explorer

File Edit Wiew Favaorites Toaols  Help

Back + = - (D A | Qhsearch (G Favorites  §FMedia Ql B S =

Address I@ http:fipsl. stanford.edu: 8080/ CAD)serviet/ CADService

SimAL 3D View Service

Please enter the follwing information for the 3D View Service:

Zelect Project: IMCDO

Zet Target Date: IQDD}U‘H 7

Display 30 hModel
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Ubiguitous Services: Access, Integrate, Coordinate

Communication Devices

Mediators (content and a
Information Exchange (P

Btk il e Fowt Fymar Dok Dot W ek >
DFR alhs Ihl"' = l =8O OB |- AT ed.
i s S L ) SIS R E ISl LRk

AN R LR R o

Bre MnNION ThuztEE

Autonomous Engi’neerlng nd Online (Web) Services

a
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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)

WTE-XML, XPDL, XLANG

_;”:ig‘ﬁ Stanford University / EIG
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MegaService: Composition and Coordination of
On-Line Engineering Services

- Service Composition and Integration
(Scalability and Performance):
==p 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)

;{gﬁ 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!
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Event Dependency Graph:
FICAS Model - Distinct Control and Data Flows

Centralized
, QYRFDW.RQUO D6HUYLFH, 192. ( 00
_Control Flow
, QYRFDW.RQD CBHUYLFHOO, 192. (00 ~
$0 0, QYRFDW.RQY ; 75%$&7 01 1 e
/_\ Mega

%61 0, QYRFDW.RQIY ; 75$&7 000

@ Service

, QYRFDW.RQID TBHUYLFHD, 192. ( 0$0410
&0 0, QYRFDW.RQI ; 75$&7 000

, QYRFDWLRQ] 6HUYLFHLO, 192. ( L&

' 0 0, QYRFDWL.RQY ; 75$&7 010 * 2

/ Distributed
Execution Sequence Data Flow

of a MegaService

FICAS: Flow-based Infrastructure for
Composition of Autonomous Services

e
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Service Specification:
Simulation Access Language
@ 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.)

Stanford University / EIG
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MegaService Simulation Utilizing (Wrapped) Web-
based Services

M -
MS P%\Desktop PC

P« FICAS
Primave o Active Mobile Class
e SIMAL

* (Information Exchange S
RFI's , . .
Submittals |$ﬂ Kernals — XM L’ PSL) x' Online Information

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

Timberline

) ViFe_ CostWorks
SimVision
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Scenario: Incorporating Online Information into

Workflow
— Construction Project
Online
Weather Information
Information of Vo Re-Schedule,  Re-Simuate | Noify
Weather Impact | the Project the Project | | Participants o0
Scheduling
Information PS
(e.g., P3, MS Project,
or Database) # f

e
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Embedding SImAL Program Segment in Excel

EAd Microsoft Excel - SimAL_1.xls

J@ File Edit Wiew Insert Format Tools Data Window Help

IDEeES | SR Y | & EET o- |@ = A& 2L Z Ml 3 2| Frome
L34 =l =]
C I D I E | F I
1 [Project Hame RO
2 |Location wWwest Palm Beach, FL
3 |Zip Code 33410
4 |[Services FPrimawvera P3
5 Microsoft Project
=] Wite Simision
i Weather Service
8 |Simulate Program 7 Enter the simulation code in the textbhox:
=
10
11 Simal WeatherDemo
12 i
13 p3_swc = SETURPM"ServiceP3")
14 psl_svc = SETUR"ServiceFP=sI1")
15 vite swec = SETUP("Service ite™)
16 notification_swvec = SETUP("SemiceMotification™)
wiorecast sve = SETUP("ServicefeatherFaorecast™)
::; wprocess_sve = SETURP("ServiceeatherProcess™)
12 psl = psl_svo. INYOKEMo-psl”, %6%)
20 wf = wiorecast_svc. IMNWYORKE("RetrieveForecast”, %%
21 wp = wprocess_sve INVOKEProcessForecast”, wi_arho,
22 arho, %%
23 p3 = p3_svc. MY OKE(Mreschedule”, wp_arho, 2%%0)
24 vite = wvite__swc NS OKE("simulate”, arhol, %690
25
o5 notif = notification svc. IMNWVOIKEMpsl. stanford. edu”, G250,
27
28 . . . File Hame:
25 2 SizlEe Simuletion e CADevelopASimALY 3Arg_ 10 tt
30
31 Simulate |
32

Stanford University / EIG
March 14, 2006




Dynamically Acquire Online Information

Bveds 3|5 o= 2

ml

| @ | 9310 blocked  YE| Autoil B | EOptiDns S | @gwernment @mle E
5 Day Forecast

Today Tomorrow Thu Fri Sat 6
.:3!:"';' o &?': j: u/r'?.: &?.: E
Scattered Scattered |zolated Scattered Scattered F_a
Thunderstarms Thunderstorms Thunderstorms  Thunderstorms  Thunderstarms we;
High: 90 High: 849 High: 88 High: 8F High: 87
Lo 74 Lo 74 Low: 75 Low: 74 Lo 74
Featured Forecasts atweather.com: Yacation Planner | Garden Conditions
Pollen Counts | Golf Conditions | Desktop Weather
More Current Conditions
“eels Like: a4 Dewpoint: 73®
Jarometer: 2991 in and rising Wind: SE8m
Jumidity: B9 % Sunrise; 709 arr
visihility: Lnlimited Sunset: A6 prr

Translate into XML

<?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 ¢="32.2" f="90.0" />
</temperature>

March 14, 2006
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Comparison of Original and Updated Information

Primavera Project Planner - [ARHO]

EF“B Edit “iew Insert Format Tools Data Window Help

[#@ | primavera Project Planner - [ARHO]

EFile Edit View Insert Format Tools Datz ‘Window Help
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D Description | Dur | Start Finish A 8 A5J3 296 A3 037 3 A AT FAA § A5 7795 A2 A9 J6.7 3 n Description  |Dur | Start | Finish A & 1522296 13,2027 3 A0 AT 241 8 15,72 295 12 1926,2 9
100 |Start 1|01SEPDS  |01SEP3 Start : 00 |Start 1|01SEPO3  |01SEPO3 Start . ' :
D110 |Grace Lot 4|025EF0s  |DRSEFS Grade Lot : D110 |Grads Lot 4 |025EPD3 | DGSEPS Grade Lot : : :
0120 |Lay Foundstion 25 |083EPO3  (100CTO3 ieeesssmmmml7 | ay Foundation 0120 [Lay Foundation 30 (08SEPOD3  |17OCTO3 Lay Finundatinn : :
D130 |Foundstion Complete 0]130CT03  |100CT03 H Foundation Complet: D130 |Foundation Complete 0|200CT03  [170CT03 E Foundation Complete :
D140 |Frame House 9|130CT03  |230CT03 \ Api7 Frame Houge D140 [Frame House g|200CT03  [300CTO3 AmmmE) Frame House :
D170 |install Plumbing 10[240CT03  |0ENOYOS N\ Agmmmi7 Install Plumbing D170 |In=tall Flumbing 10[310CT03 [13N0Y03 AEi7 Install Plumbing ]
L1180 |Frame Roof 10[240CT03 |DENOYES dgmmmiy Frame Roof 180 |Frame Roof 10[3N0CTO3 |13M0Y03 A7 Frame Roof :
D160 |install Blectrical 3|240CT03  |280CTN3 {357 —¥ Install Electrical C1ED  |Install Electrical 3[310CT0S [04NOYES /97— Install Electrical 5
D150 [Instal Heating 2|240CTO3  |270CTO3 : Install Healling D150 |Instal Hesting 2 3OCT0S  |03MoY0S ﬁg_mns(a“ 'Hea“ng 5
L1580 |Ready For Drywal 0[07NOV03 |DENOY03 : For D 50 |Ready For Dryveal Ol EneTos " X Ready For Drywall '
D200 |Inatal Drywall 28 |0TNOWOS |1BDECOS ' T i A — Inbtall Drywal i
:g;;g :’Z‘:“HA g 2 ;QBEEE: gigiggg 5 aint _J: D210 |Paint 5 [24DECOZ  |D2JaND4 i i Jmmmi7 Paint i
netal Appliances : Install ! D220 |install Appliances 2|05JEN04 | DBJANDS : : & Install Apgliances
D230 |Finish 0|31DECO3 |30DECO3 : Finish : o Wl Sl e Gl ' ' Fr

Original Schedule in Primavera P3

Ed Microsoft Excel - SimAL_1.Hls

| File Edit Yiew Insert Format Tools Data Window Help
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Backleg Chart - Project Build House
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[——Electrician — Finish Carpenter Foreman Framing Carpenter — Masan — Painter — Plumber |

Original Backlog Chart Simulated
using Vite and Displayed in Excel

Updated Schedule in Primavera P3

[ Microsoft Excel - SimAL

|E] File Edit view Insert Format Tock Data MWindow Help
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Updated Backlog Chart Simulated
using Vite and Displayed in Excel

Stanford University / EIG
March 14, 2006




Fln Ed Vew Feote Tok e

Jprwors €0 - 0L B ¢ (3353

XML package file:

Carpenter
Twin-Size Off-
Twill Fabric P:

Mocdel SBA4ZITOWT

=Txml version="1.0"7=
=package

b =/proxy=

=gdatafile sre="TK.
=/datasrc=

=datasrc cHpM =4

=datasre clipformat="CF_IDROP dwg"=
=datafile sre="TK-CA-0789 dwg"/=

xmins="x-schemaidrop-schema xml ™
=proxy defaultsre="data’bedl jpg">

zultere="Portrait_K1456 max™=
IDROP.max">

=/datasre=
=/dataset=
=/package>

i-drop enabled Hﬁﬂ.:
<html= <body=
......... %
=object Block Reference | A8 [ §

name="1 " e -

classid="claid: 21EQCBS5-1198-4945-A3D2-4BF!

o5 F7e"

width="250" height="230"=
=param name="background" value="background.jpg
=parma name="proxyrect” value="0,0, 230 330"=
=param name="griprect” value="0, 0, 230, 230"=
=param name="package” value="data’bed1.xml""
=param name="validate" value="1">
=/object=

=/body=</html>

Autodesk’s i-drop :

web page = modified HTML file
enabled object > XML package file

B T PROPERTIES

DIMENSION
PRODUCTCODE
MANUFACTURER
PRODUCT
TRADENAME
MODELNUMBER
MATERIAL
SOLDBEY

PRICE

COLOR

65"x44" 6"
IK-CA-0789
Carpenter
Bed

SB4422TOWT
Wooden

IKEA

599.00

White

Interoperability with
Online Resources

Design

Extended Data l

=i/ March 14, 2006
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Generating Procurement Lists

Microsoft Excel - nventory (Feb) g@
@ Elle Edit ‘View Insert Format Tools Data  window Help  Adobe PDF .8 X
DNEedm SR Y 4 @~ <t @ = - 2] % [l 4% Updateinventory Compareinventory 100% - [3) ) LA
Arial -« B I U _ B % 5 %% LA
B27 - # Dishwasher
A B (o o] E F G H | J K L
1 Current Inventory Required Updated on 2/10/2006 16:39
Product Trade Model . N N q
2 Code Product Manufacturer Name Number Material Supplier Price Color Quantity Total # of It:
3 |IK-CA-0789 Bed Carpenter SBAZ2TOWT Wooden | IKEA $599.00 White 2 §1719800
4 |IK-CA-8034 Chair  Carpenter CIFE Wooden |IKEA $65.99 Khaki 7 $489.93 Total Cot
5 HD-CA-0029 Table  Carpenter Patricia 1219362 ‘Wooden HomeDepot $499.00 Dark Brown 1 $499.00 1
B |Ik-UN-3482 Table Tresidder  MOKS Plastic  IKEA $93.95 Red 1 $99.99
7 |HD-S0-7872 Sofa Softy Tri-soft Leather |HomeDepot  §2,399.99 Black 1 $2,399.99
8 |HD-50-9923 Sofa Softy Single-soft Leather  HomeDepot $099.99 Black 1 $099.99
9 |HD-50-8973  Love Seat Softy Single-com Leather  HomeDepot = §1,299.99 Red 1 §129999
10 |IK-CA-B723 Table  Carpenter Patricia  12188-04 Wooden | IKEA $149.99 White 1 $14999
11 [IK-UN-0093 Lamp PO3797989 Metal IKEA $129.93 Silvary 1 $129.99
12 | IK-UN-0020 Sink UNAKD  E121K Metal IKEA $100.00  Silvery 1 $100.00
13 [HK-MO-7890 lavatory  Mohla Comfort ~ 8337HK Acrylic  HomeDepot $340.00  Dark Blue 3 §1,020.00
14 | HK-MO-1121 toilet  Mahla Wh-E54 Acrylic  HomeDepot  $279.00  White & $837.00
15 HD-MO-2218 bath ohla RTA:23 Acrylic  HomeDepot $686.00  Dark Blue 2 §177600
16 HK-MO-6633 ~ Grab Bar  Mohla Franken  HYAM3I34 Matal HomeDepat $20.00 Silvery 1 $20.00
17 |HK-MO-B630  Grab Bar Mohla Franken  HYAM280 Metal HomeDepat $559.99 Silvery 1 $59.99
18 |IK-CA-9932 Table  Carpenter Jackson  TY99U Wooden | IKEA 525995 Brown 1 $269.99
19 |IK-CA-3434  Piano Chair Carpenter Jackson  TR3EA Wooden | [KEA $350.00 Black 1 $350.00
20 |HD-TP-3343  Refrigerator Trapot Tech KHLESDS7202 Metal HomeDepat $535.00 White 1 $535.00
21 |HD-TR-7784 Washer  Trapot HODHL2983 Metal HomeDepat $599.98 White 1 $599.99
22 |HD-TP-24578 Dryer  Trapot WAHDM7 7682 Metal HomeDepat $369.00 White 1 $369.00
23 |IK-5A-1200 Stove  Samo Safe K903 Matal IKEA $1,599.99 White 1 $1,599.99
24 |IK-05-7872 Desk OfficeSmart AKX¥EM3IBI Wooden |IKEA $230.00 1 $230.00
25 |HD-PO-2304  Television Paolar Crystal JJX48204H Plastic HomeDepot  §1,399.99 Black 1 $1,399.93
26 IK-05-3333  Bookshell OfficeSmart BRSEM337 Wooden | IKEA $150.00 1 $180.00
| 27 |Ik-2A-8573 DishwasherlSama Speed LL-802-38 Metal IKEA $400.00  White 1 $400.00
28 | |
29
an b
K 4 r v}y Current Inv {Temp / [«] | v
Ready UM
i Fetailer's
laci nits on Order shipping to
acin : :
placing with Supplier Irreeritary !
orders CUsTamer

& C— el O & Workflow/
Supply Chain

to retailer
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Next Step: Interoperability and Supply Chain

Architect/ Design
Consultants

Suppliers




Interoperability Issues

Multiple Domains :

 Engineering, Manufacturing, Business, ...

Heterogeneous Representations of Ontologies

« Term Difference: (Elevator vs Lift)
* View/Contextual Difference: (Transportation vs Equipment)
e 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)

;fgﬁ Stanford University / EIG
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Schema Integration

Integrated Schema

68&
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ontology Matching:
Relatedness Analysis — utilizing domain knowledge, text
mining and organizational structures

UEAS — ~~ B S8300 —_—
— \

-~ (12.5.4 Doors
7

/ parent
/ sibling

i Bror—— Regulation 2

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 ...

&% Stanford University / EIG
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Regulatory Compliance and Engineering Standards

Prescriptive- (Technology-) based Regulations  § Q: E%ﬁj
» 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 ...

Management-based Regulations

e 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 ...

;i;g‘ﬁ Stanford University / EIG
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Summary and Remarks

Interoperability Standards
e 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

jga Stanford University / EIG
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Disclaimer:

Any opinions, findings, and conclusions or
recommendations expressed in this material (1) are those
of the presenter; (2) do not necessarily reflect the views of

the sponsoring agencies and his collaborators; (3) nor
they serve as any endorsement of companies or products

Thank You
Comments and Questions
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