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« Patrick is arecognized expert in Boeing for the use of Industry Standards for
Interoperability, Business and Information Architecture modeling, and BCA
Electrical Standards.

* He is currently the chair of the PDES Technical Advisory Committee, the co-
leader of the ISO AP239 edition 3 project, and the vice chair of the ASD DMEWG
PLCS TT working to integrate the data models of AP239 with those of the S
Series Common Data model.

 His prior work includes managing business taxonomies for Boeing’s digital
transformation, developing XML management systems for CATIA automation
projects, and developing solutions for Electrical part selection systems for the
787 program, including integrations with the Boeing Product Standards systems.
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What is AP2397?

Global Product Data Interoperability Summit | 2022

« |ISO 10303-239 (AP239) is a ISO 10303 standard application protocol that
defines the context and scope for product life cycle support (PLCS). It supports
data exchanges and the integration of product support information needed to
sustain fielded products in an operational condition.

* |t references a companion AP module (AP 439) that specifies the information
requirements and integrated resources necessary to support it.

* The main purpose of AP239 is to address the key business problem “How to
keep the information needed to operate and maintain a product aligned with the
changing product over its life cycle in a heterogeneous organization, process
and system environment?”
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AP239 Vision — The Big Idea
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In AP239, lifecycle data consists of:
« Assured set of Product and Support Information (APSI), with configuration management
« Related information such as feedback on product, activity, and resource history data.

Change Directives
— AP239 can standardize interfaces for
Product Structure Commercial software applications in this context,
Tran ion
Product Properties ansactions fOI‘ example:
Product Pauls & Failure « point-to-point interfaces between
S — Lite Cycle | ' [Vaintain/ Dispose systems with similar capability
and different application software
Maintenance Instructions l. se . ] ]
— [ A TR L * point-to-point interfaces between
Required Resources o . . -
eroctione to systems with different capabillity,
Support Performance Maintainer but some common data
Support and Operational
Feedback

AP239 provides a series of interfaces to realize integrations across many different systems
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AP239 Basic Concepts
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AP 239 has three central concepts, Product, Activity, and
Resource.

Life cycle phases

Each concept can be associated to Properties, States, or
Locations, to which Conditions can apply.

AP239 entities, attributes, and relationships can be qualified by Properties States
applying: Products
Activities
 Classifications, with options to use external class libraries or Resources
reference data _ -
Locations Conditions
« Characterizations, to capture who defined a value and under

what circumstance

Business Qualifiers

AP239 is a container for Product, Activity, and Resource data throughout a product’s lifecycle.
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« Justifications, to capture the rationale for a value or a
relationship. Justifications can be classified and characterized.




AP239 Scope and Business Concepts
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PROJECT: IS0 10303-239 fanex F REV: 2109/2004 DRAFT

RECOMJENDED TOP
AP239’S SCO e Covers the OSt NOTES: 1 234567 89 10 .PUBL!CATION
p l I I y . operating life cycle WEWPOINT: The life-cycle owner who
BURPOSSS Tomprasint the activies antl schedule directive ® acquires the product-in-focus and strives to

information flows supported by Application Protocol 239 o =
complex products and support Erauce e le SucparPL L) ot produc, oy kg wh st 5tons
The set of products to be supported is krown 35 o7 L1 prouat, B TG e dRVer aeiions
are necessary to deliver the required

g product infoous™ ot i operational capability at minimun life cyole

requirements

product needing support - supported produc1
support element disposed element
Wissiles Business Aircraft Military Ship ) | TTTTTTTTTT T O T mm e s [rreTeeeammaemaIRRee ¥
Satellites Special Ind. Equipment | Commercial Ship allocated support requirements o APS| and related information
£ | ordinance Telecom Switchgear Military Aircraft ] i L2 - %
T Aircraft Engine Commercial Alrcraft transaction replies o rejected issue or chaﬂge
Avionics Submarine =] : . =
Fower Plant feedback | Provide through life support for product transaction request
il Production Rigs = i
g‘ . product & support element information | information to system opergtor ®
E Computers Automaobiles Fower Turhine operator feedback * request to life cycle owner
= Leisure Wehicles Transmissions Mining Equipment bt at
g. = Radio/Radar Special Mic Tools Trucks information from other systems change directive
= . -
8 2 Agricultural Machinery Landing Gear L e
Engines Elevatars 20
Process Plant (4) @ F
Army Vehicles i - NOTE 2: AN tunrelled amows in this mode!
NOTE 1: Cashed (----)amows ' 1 : s :
HE_ represent physical tems {Dilue ! ! zﬁf:y to all decompositions of the applicable
Domestic Appliances Boats Pumps where diagrams are | ) :
Consumer Electronics Lawn Eguipment Yalves f:omi“:dm“:::t‘bm‘fgﬁ;?’ ! : NOTE 3: APS! = assured pmduct &
. | Biciles Rail Cars Filters cAE : : : stipport information
g Exhaust Systems Transformers Brakes ! ' sard
! ! support standa
information technology service mf : - inf',)-fstmm,m commercial
infrastructure ' transaction set
. NEDE SILE: Provide through life support for product HEMRE:
Law Mediurmn High A0 —
Support Complexity

Z
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AP239 Major Use cases start with Managing Information
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USED AT: AUTHOR: PLCS, Inc DATE: 3071072001 WORKING READER DATE | CONTEXT:
PROJECT: 150 10303-239 fanex F REV: 21/09/2004 DRAFT -
: RECOMMENDED =
There are 4 major use cases for AP239 i R e 0 Zo
1 1 life cycle information
- Manage information to support a product ﬂ |
directive
- Generate support solutions R :
feedback g:h:?‘r;:gummn ] -
« Commission support system iy [T e sgesegnasises s
hi
- request for { information need * e
* Provide support. e N e e
H | Manage identification PIF structure R
product & T
support ] A2 ’
glemem_ y L 3
infemasion related ; pradust ; = information
information information :tsriec‘r?liy PIF scope — j——= management
update > rules ®
]f J et hanage inf i J é -
support solution definition :
PIF task set il -
deployment environment J| o
e A13 J\hﬂpm and
related
formatio
HODE; TE  Manage information to support a product RUMBER:
Al —

“Managing Information To support a Product” defines how AP239 supports Digital Threads
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Managing Information using PLCS Platform Specific Model (PSM)
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AP239 in SysML
Since 1ISO 10303-239 is maintained using the EXPRESS data modeling language, the PLCS PSM

was created as a transform to SysML of the original EXPRESS to support application software

Implementations
1. EXPRESS is transformed

iInto SysML to make the
PLCS PSM

2. The SysML can then be
transformed into XML

150 10303-239

EXPRESS

Schema

3. XML Schema will then
define the XML-based
format for the data
exchanges at interfaces or
other translator
technologies.

Transfarm

PLCS PSM
SysML model

PLCS PSM
AML Schema

System A PLCS PSM = System B
SysML model 1 PLCS PSM
= f XML Schema .
| = - ! o =
- I .
i . - .~
- - ! .
Definition of system / Definition of S}ESrsm“
translators
Translator| ~[ransiators ! Definition of Translator
ninformation to be
T '{ exchanged
XML file

AP239 edition 2 adopted OASIS recommendations, AP239 edition 3 directly incorporates SysML models
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AP239 reference approach for PLCS Data Exchange implementations
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The key components to implement an PLCS e

based data exchange are: - ey
- Capabilities 4 o N u&
- Data Exchange Specifications (DEX) ) e et o sy | Tarse
e ? | =

Reference Data

File exchange format
{structured text or XML)

Capabilities provide usage guidance, each capability specifies Templates and DEXs for use.

DEXs were defined in the OASIS PLCS specification to define constrained and implementable
subsets for use in implementations, since the scope and data model are wider than those of typical
software applications

Templates are a named group of PLCS objects to instantiate a business object representation

Reference Data is the result of a SysML-based classification scheme to enable semantic precision
when extending or specializing the definitions of classes or objects in the data model.
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What are Capabilities?
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Capabillities provide guidance on how the PLCS information model and associated
Templates and Reference data should be used. The concepts represented in the
Capabilities are generic business level concepts (such as a "part" or an "approval") with

an agreed to meaning. —_— |
Cap abilities: T::j:;ss Gt | Capability1 Capability2
* ensure a common interpretation by using ||[rem o sofine (1mamy
templates ll | ‘ "/\ \
 avoid multlple dialects | |Dependent Capabilies | Template Template2 Template3
* reduce the amount of guidance [Rotted Cpavites |
documentation for those wishing to use :“’ } W
only parts of the data model — DEXT1 DEX2
« simplify instantiation [vocues |
[Entes |

p

Part of OASIS recommendations per Annex H of ISO 10303-239 edition 2
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PLCS DEXs, Templates, and Reference Data

Global Product Data Interoperability Summit | 2022

Using Capabilities, DEXs select a subset of PLCS PSM information model needed for
the specific activities of the exchange, using templates and extending selected entities
as needed by using Reference Data.

OrganizationA | pata Exchange Specification (DEX) | Organization B
LN Py 777;.\; ____________ .
. . . QR ) D S T T 7
A Template is a named grouping of objects > Exchange process [specifies . =
e : e N \'*’w."—""ﬁ- e | < Re PLCS Applicatiomy ASI§ i o e PLCS Applicatiomy
< == SN - - = & ! m H d ¢ o H
SysML quck: Business object &< -- e N/ el : E : ’,/ \“ : E :
L?ﬂéii?" tﬁl\ntgev:)']apt;[aet? o Business Dbjects \ o E - E E - E
Model ) i : Ve 3 Iin_p_le_mems i Defined in T Lo Son 3
e ) 7_7 & DEX translator - { e DEX translator
........... S —— 0 > Y T N
= Templates \ - — gE <1::k>>5afely Critical </isA> | Ciassification '
[Eenrescksonect | e ecnaiRwrsnce )
BNt | i Sl |
“blocks blocks B A
Pattern of objects to be x.l.... — i, — " - ﬂ‘.\i‘ <= '-.‘.:,\’\_\ ﬂ Data exchan ge file
i iated by th =" s e -
It’;fprl‘:tzte b mmmf;iﬂmwm,m PLCS PSM ™__ ¢ L Reads/ Wiites L)< ReadsT Wriles
i £ ; 3 . — ; :
l\ P = \\\, e _J Transformed Syst del Implements 1 : = %
- — = System-mggel L g e “Defmes s of||-DEX Sohma |
e et PLCS PSM XS -~ > :
| - i =" Reference data enable using
g o = . N |
= ’Jf,gns,m, ) dpsioorT” == o semantics for specifying types of core
Syt —— model classes

Part of OASIS recommendations per Annex H of ISO 10303-239 edition 2
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AP239 edition 3 Project Objectives, geared to improve Product Support
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1. Strengthen the STEP architecture approach to 1)
ensure interoperability between STEP standards and 2)
provide unambiguous implementation methods (including
for new information technologies, e.g. OSLC).

2. Ensure that 3D visualisation format standards
used in the industry are consistent with STEP

standards

P 4

PLM § Bl Visualisation

\lc‘-l "o

|\ \ Swatics - Terminole
S\

Informatl% content/co onentsl
\ | s a<che

Archiving ILS Supply chain

| e

testing

PC S-saries < BoostAero ¥

N Qrise data and methdata

2
el | |z Sl
3. Ensure the common data model for ILS S-Series g E-g g, S Lellss 2
specifications is consistent with STEP AP239. g gg ,ﬁe A e @Mn: ~ 5
4. Promote the ASD-AIA ILS suite of specifications and seek i E % g i — =
to manage coherence with ATA specifications where . § °]3 < PLMsenvices 3
needed by the industry. e g § Part 21 X Part 28 A®A® 7
5. Participate in the development, and interoperability testing of the 5 Transport options ”§
next generation of PDM/PLM web services.
6. Facilitate data interoperability in the Aerospace and PiWstial (orrosaniation
Defense Supply Chain and align business process between
ASD Guidelines (Design, B Rec practices >

Supply Chain stakeholders.

7. Supports the setting-up of implementer forums (e.g. PDM
implementer forum) to test and validate the implementation of the
standards-based solutions.

Source: AP239 white paper “ISO 10303 (STEP) AP 239 edition 3 Application Protocol For Product Life Cycle Support (PLCS)”
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AP239 edition 3 Support for ASD ILS Specifications (DMEWG PLCS Task Team)
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AP239 support for ILS specifications is based on its integrations with the ISO 10303 STEP core
model, shared with AP242.
Integrations with ASD ILS S Series specifications is a project supported by the DMEWG PLCS TT

Concept | Simulation ! Definition i Manufacture | Support  Disposs - - T >
Process & Today: a diverging set of morrow: a common
use cases r ; ! ' ! standard for Logistic Support
: Standards for Engineering processes and methods not described " 1 standards . g - PP
— ; ; : interoperability
e | |structural Analysis | ! ' A Suite of H
Multl-dIS(:Ipllnary R 1 ! A
A e BB s o |
/f AP 242 ed\ Managed Model i poss ( ) E Business specs
Systems Based 3D : Basod | | OASIS PLCS OASIS PLCS PSM DEX1 '
Engineering 2 it des|gn| [Process plannﬂ] Engineering i on PLCS { DEXIib - PLCSlib [ 51 OQOD] E—ZOOOM] [ SSOOOL] [ SXOCOY] §¢§ :(;E‘Ii
- —— = STD-000/7
AP233ea i T - . BN : 4 SAE GEIA )
M e M,’“ B —— : [Support tasks| [Support history| [ ] ’{ ] STD-0007 L
information| ||E==m=me] ﬁ_ﬂa—ﬂ% panon SY1] | Witanance] Wesssging FORFEROR) O BOMRRE? e e
g ssues management | ronagement AP 239 edz 2 N &4 (PLCS) ed3
Analysis BD drawing] | | Machining AP 238ea1 Product Life Cycle Suppart Other STEP f
thape I Electrical orm Features| Integrated CNC Machining | APs AI I
Idealized Harmess (ed?)| :} urning|[Milling ed2: An Integrated model for H AIA-ASDILS
A:‘;:Y’:’ Workpiece| fools paths]|Manufactunng H Core Model SO AP239 OASIS PLCS
! Material | i [ 3D 1 ed1-2 PSM
] CULi~&
§ s k properties eometry P —— ! - ‘
- Bubstance] H [ 10000 | fooom] FQ,OOOL] [sxooov | Deprecate
g MAP 235¢ea1) |
(] modular STEP standara Engineering Properties |
[:] NON Modular STEP standard ilesscmect susseute| AT Oed?} for product design & verification | . i . .
‘ NG Bisctivets ety | e 9 ! ONE overarching standard, purposely adaptable to specific requirements and national legal contexts
[y - " B
Sy conamed i Ares2:eds Electroglc as‘»:emblydIntel'°°"f“‘-'ct ' T ONE standard to be implemented by IT Vendors (PTC, DS, Siemens, ...)
= icati packaging design nalysis one. : £ :
At sfericaion Erokecel * ONE key standard to support interoperability « Through Life »

AP239 scope enables integration with standards in design, manufacturing, and support phases of the product lifecycle
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AP239 edition 3 Architecture Framework
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|nf0rmati0n model Iayer iS Different « families .Df use cases }}] for PLM information interoperability
designed to support a variety ‘ s ‘ | " [egration / Sharig] [T Achving_] |
of business needs and — ’ 5 _
Im plementatlons g— . |D"Elt‘c'l dictionary }' AP 239 ED3 __,_..a.__!__,.--* Reference Data lerar|535|
¥information model ¥ »[Ontologies
model |Classificalion |- ) *['ﬂflugic;l view i}l 1 )

. . . J nowledage rnies
ThI.S IS .af.‘lhleved by ] Implementation view r.l:lilfrerta:i&r : IIIIIrlrlll;;:Ill;rrlL:'1t:at|t:'1 F‘E{I:Tm[aljon .:.: =rmertation
maintaining a clear separation o [ |

. . o ™, rWeb ‘Web
between the functional view Applications J STEP P21 | Iservices [gervices STEP P21
: i : & services XML ' |soAP [RESTHu XML
and the implantation views. \ | Linked cata OSLC
Exchange i Integration sharing LT

Archiving

‘ Infrastructure }
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AP239 edition 3 use of Extended Architecture

Global Product Data Interoperability Summit | 2022

Application Data

In IDEFO in SysML Planning Model

 Develop Core model and enhance Iy Applaton pctuy woael | B
the integrations with other STEP S o

standards >“_ AP Domin Mioce!
 Adopt Extended architecture use of | =V .
SysML Modeling L R
 This enables interoperability across %g« /m
application protocols and other : S Corg Mode!
standards {} 0

« Supports implementations to make use oot o
of xml and web services _—

EXPRESS

asx
015534d X3
82 ved

—_— e e ——————— -

=
S)
E o Domain
E - Model
EEj < Physical WEb_
§ Flle services
L T ]
Scope of initial Scope of Extensions to
STEP Architecture STEP Architecture V2
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AP239 edition 3 Core model work
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The Core model will be partitioned into a set of “Core Technical Capabilities (CTC)
Mapping to the ARM is in SysML, and is being released as a series of ISO Technical specifications

AP239 Activity model

STEP
AP239 Data planning model _ AP239
ed3
AP239 Domain model
Core model (Part 4000)
v
SysMLARM
y <« | EXPRESS ARM . SMRL
% .
(includes
EXPRESS MIM modules
B 4439 and
Integrated 439)
Resources )

In TS1: CTCs shared between AP239 ed3 and AP242 ed?2
or needed for AP243

In TS2: AP239 specific CTCs

In TS3: AP242 specific CTCs

‘ Activity

‘ Management resources
Incl.: Person, organization and

‘ Analysis

Address, Approval/Certification,
Information rights,
Contract and project

Breakdown

‘ Message

Collection

‘ Product Data Management

Common resources
Indl.; Classification, Date & Time

Effectivity, Property,
Condition, State,
Identification, name & description

Document Management

Product Specification and
‘ Configuration

Observation

Planning, scheduling

Probability

Risk

Slot

Representation and
‘ external element reference

‘ Requirement Management

Individual Part

‘ Resources

Interface

Task description

‘ Work Management

Composite Structural
Shape and Structure

Electrical Harness

Kinematics

Material

Mating

Shape Association
and Structure

3D geometry

‘ Delta change ‘
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AP239 edition 3 use of SysML
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Information objects are modelled using the SysML constructs block, properties (value, part, and
reference), constraints, and generalization.

Application_protocols:; AP243:;
Domain_model::BaseObject:

IdentifiableObject
Genersl
«block»ManagedObject
«block, auxiliary»AssumptionContextitem Core Model object “public” property - -
= parns ARM Tiv,
SOy AClassifiedAs * ExternalOwIClass [0. 5 object “private” properties
ontextitem Descriptions : ContextString [0..] Context of mapping
Names : ContextString [0..7] =
Context10.* identifiers : ContextString [1..] r N £Di Bi]]d.ing Connectur
ame o mgj:mn
reference 1
“CreatedBy : Actorltem [11 - - -
AModifiedBy : Actorftem [1] par [ﬂluck ExlernaIDwIDbjecl ExﬁmalleDbjectlJ externallt“m External_item_identification [1#.J_|
A " AOwnerDf: Actoritem [0..1]
AssumptionRelationship From PO ertllg m : External |1er'|1 identification [1]
consiraints 0.+ 1 values . i -
{self.From <> self.To} “CreatedOn : DateTimeString [1] i s Uri input [1] aconstraints id [1]
LL ALastlodified : DateTimeString (1] Approval Indjyidual : Uri [1] [ spiit: splituRi | external_id : String [1]
Jdo.» 1 referencss th 1 /
Actual&pprover - Person 0.4 LUV — — o o o = —
PlannedApprover: Person 0.4 | ~item : external_identification_item [1] |
Assumes |1.* Approvals (RationaleDocument : Documentic. 2y} ¢ | ¢ % v  § S | | - - - - - _— _ - _ _ 1
— Ob;ectW thApprovaIs %
wAuxiliary» = 0..
’’’’’’’’ valuss
Assmadhitem Authorisations - Approvai 0. PlannedDate * DateTimeString [0.7]
ActualDate : DateTimeString [0..7]
= zr url: String [1] = URL :
Application_protocols::AP243:: = = = " N
: e P 3 Application_protocols:: AP243:: o o
e Bhi i st Sodelnnagoment: Status |1 Constraint “private” property \ \
chitecture ProgrammeObject avalueTypes Reference Pr operty
Appr 1 Stat! n
Application_protocols::AP243::Domain_model:: ROPiCaRon D GiocoR AP2A3. planned g [dashed edge]
Hisbdowns:) B Domain_modek:SecurityTrust:: passed Constraint Parameter
BreakdownElementRealizationAssociation ey failed Part Prﬂ[mrty
‘ : Inherited Property “»”
IS (solid edge) b

ST = .

ot

SysML block definition diagram for an A parametric diagram mapping is “owned” by
application domain model the source model Block object
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AP239 edition 3 use of Extended Architecture and SysML models

Global Product Data Interoperability Summit | 2022

« Core model is in Express ) e P
- Everything that's relevant to T il
AP239 is in SysML oW L -
« SysML provides a standard * : AP / Usage Model 1
language format for: - - T
« Generating xsd schemas 2| = | i || T
- Generating Reference data N Core nformation Model
using OWL HEINN "1‘“""“““‘“ K&
- Enhances quality ease of il 0F18)¢ —
managing model content in SEES B 8 =
multiple formats 1YL drad e o possl
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AP239 edition 3 Core Model mappings to business objects
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AP 239 edition 3 will reuse the PLCS templates to support development of high
level business objects using the multi-layer information model

Business objects in the higher levels identify consensus across industry

stakeholders Multi Information Model layer and associate stakeholders

P we have a global consistent |
AP239 Activity model information model
Company specific
z STEP Level 5 Aerospace & Defence The core model is one
AP239 Data planning model __ AP239 specific layer of the
i ed3 European OR American or Asian European OR American Or Asian information model shared
Level 4 Aerospace & Defence Automotive by all the stakeholders
AP239 Doma In mOd el International International 2 ASD SX SERIES ? |
, Level 3 Aerospace & Defence Automotive
Core model (Part 4000 | P 209 \ Worldwide multisector
: ( ) Level 2 AP 242 AP 239 |50 concensus
v
SysMLARM [« EXPRESS ARM SHARL Level 1
- "~ (includes Core model | Gimuition > iT™"clec 5 Caeomeiny 3 @\ L block IR block_J
EXPRESS MIM modules
¥ 4439 and
Integrated 439) ARM
Resources ,

AIM

Business objects defined in the ASD S-Series data model can be represented as business objects at level 3
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Summary
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 AP239 provides a series of interfaces to realize integrations across many
different systems
« Can connect the data in the digital threads throughout the product lifecycle
 AP239’s scope covers the most complex products and support requirements
« AP239 supports Data Exchange implementations

« Supports numerous exchange formats
« Covers all aspects of the product lifecycle

* Integrations with other data exchange standards are implemented or in work
 Integration with AP242 through Core Technical Capabilities (CTC)
* Integrations with S Series Product Support standards in work with ASD DMEWG

« AP239 Edition 3 information model using SysML mappings to support many
exchange formats
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Finally,
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Questions?

References:

1ISO 10303-239:2012(E)

http://www.ap239.0org

http://www.asd-ssqg.org/through-life-cycle-interoperability

AP239 white paper “ISO 10303 (STEP) AP 239 edition 3 Application Protocol For Product Life Cycle Support (PLCS)”
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