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Analog, Document-based Specification Compliance

Specification Policy Plan Execution Retention
Development and Management of Planning for Implementation Execution Cycle Evidence /
Maintenance Specification via Proxy of Policies via Procedures (Instance of Plan) Documentation of
Standards & Requirements and Standard Processes

Compliance
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Hybrid: Document-Attributed Model-Based Compliance

Specification Policy / Plan / Execute / Audit Retention
Development and Unified model-based plans & policies Model-based digital archive
Maintenance use INSTANTIATION to enable for reporting, auditing &
Plan to Batantion synchronization for continuous audit & improvement proof of compliance
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Hybrid Example:

Specification
Development and
Maintenance

@B EXTERNAL ancior INTERNAL

INTERNAL

Transform
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/ Attribute

Model-based
Proxy Policies

Web App
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Boeing / Spirit Aerosystems

Policy / Plan / Execute
Unified model-based plans & policies
using INSTANTIATION to enable

execution

SPIRIT
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Transformation Activity:
* Model Content

* Requirements

« Parameters

 Operators / Qualifiers

* Model Context
« Applicability
* Logical / Conditional

Benefits:
» Content Related /
Reuseable

* Transparent / Explainable
» Executable / Traceable

during instantiation




Transform Analog Documents — Digital Models

Authoritative DOC Provision Persist & Report

Codify

Product Development
K-PAC Types

Unitize Documents into Metadata (EE) & Sets Model-Based Requirements
Knowledge Packets Parameters Model-Based Compliance
Model Frameworks OmniBridge / SmartCAD

IMPORT
EXPORT

Re/Compose Documents
SysML, OWL, QIF, ReqlF

Design Review

Attribution Cycle Learning
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General Al Classifications — context

Class Differentiators . Usage / Data

Rule-based reasoning using explicit symbols . Execute, Rationalize

Symbolic « Models’ logic and knowledge declaratively . Sumbolic
* Human / Machine Readable / Explainable y
: + Transform, Synthesize,
Generative Learns patterns from data to produce new content Summarize

Lacks explicit rules for reasoning . Text, Image, Audio, Code

Combines reasoning, learning and action to
9 9 « Automate, Govern

Agentlc achieve a goal : : » Text, Image, Audio, Code
; May use symbolic and or generative ;

Implicit discovery by mathematical convergence  Classify, Recognize
Supported / adapted with learning * Numeric

Computational

@EHEINE



General Al Classifications — context

Class Differentiators . As Presented

[ Parameters & Model Tables]
:| » Process Models

* Rule-based reasoning using explicit symbols . Collection Models

SymboIiC * Models’ logic and knowledge declaratively . Orchestration Models @
i+ Human / Machine Readable / Explainable .+ Processing Engine dh

* Provisioning
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» Learns patterns from data to produce new content * Write Assist

Generative  Lacks explicit rules for reasoning i + Search, Find & “X’
i (+ Propose Ingestion )
: + Combines reasoning, learning and action to * Propose Attribution
Agentic i achieve a goal {| + Propose Iteration
: » May use symbolic and or generative i | « Propose Parameters
: i\ Propose Models )

Implicit discovery by mathematical convergence

Supported / adapted with learning - Not currently used

Computational : .
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Quantification — what effort was involved?

Global Product Data Interoperability Summit | 2025

Deliverables AVG Effort (Manual) EST AVG Effort (LLM Assisted)
Modular K-PAC + Classification (175) 5 min / K-PAC (14.5 HRS) 0.5 min / K-PAC (1.5 HRS)
Parameters (54) 5 min / Parameter (4.5 HRS) 0.5 min / Parameter (0.5 HRS)
Modular K-PAC + Classification + Model (34) 30 min / K-PAC (17 HRS) 15 min / K-PAC (8.5 HRS)
Orchestration Model (1) 60 min / Orchestration (1 HRS) 60 min / Orchestration (1 HRS)
Validation & Rationalization (206) 1 min / K-PAC (3.4 HRS) 0.5 min / K-PAC (1.7 HRS)
TOTAL:. 40.4 HRS | 13.2 HRS

This is the effort and complexity of modelling 1 paragraph of an SAE specification and 12 pages of an ASTM specification
7 INTEROPERABILITY
W SUMMIT 2025
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@E TEING Bending Spec Pilot AE!P’ % “ma Hvecad . s aurOS‘Q

INTERNATIONAL INTERNATIONAL. A Consortium of SAE ITC




Transform Analog Documents — Digital Models

Discover

Community of Practice: American Society for Testing and Materials (ASTM)

MOdUIq rize ﬂk Designation: E290 - 22

= ASTM-127 08.01.01 Sampling [Requirement]
Standard Test Methods for

. . area 1
Bend Testing of Material for Ductility . DETALS RELATIONS' TEAMS_ DISCUSSIONS N\ | S

This standard is issued under the fixed designation E290; the number immediately following the designation indicates the year of
original adoption ar, in the case of revision, the year of last revision. A number in pasentheses indicates the year of last reapproval. A

superscript epsilon (#) indicates an editorial change since the last revision or reapproval vl
« Begin GRS gratRnis s S Snemesd St pescription  Full-cross-section Specimens —If the smallest dimension of the cross-section is equal to
evaluation or less than 38 mm (1172 in.), the specimen can be of the full thickness provided there is
8. sufficient specimen len o permit bending to the specified angle of bend.
Test Specimens ff tsp length to p t bending to the specified angle of bend
* Deconstruct 8.1 Specimens shall be selected from the material to be
analog tested using one of the following procedures:
information 8.1.1 Full-cross-section Specimens—If the smallest dimen-
. . sion of the cross-section is equal to or less than 38 mm
into logical (1'% 1in.), the specimen can be of the full thickness provided Document Section  Test Specimens
discrete there is sufficient specimen length to permit bending to the [‘Ocumi:;:;;icst:’;z 030108
reusable Un|t5 spectﬁed angle of bend. Specification ID E290-22
Specification Name Standard Test Methods for Bend Testing of Material for Ductility
e Consider Use SUMMARY OF CHANGES Superseding ID  E290-14
Case COnteXtS Committee E28 has identified the location of selected changes to this dard since the last issue (E290-14)

that may impact the use of this standard.

E”E "G s = DIGITAL Qo®
@ 2L Bending Spec Pilot <Y % oA AN .'...O.aurOS‘Q
10
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Transform Analog Documents — Digital Models

Discover

Modularize Classify

* Likeness
* Art & Science
* Begin

evaluation * Foundation of

learning and
» Deconstruct understanding
analog

information * Top down and

into logical bottom up

discrete

reusable units * Contextual
Frameworks:

+ Consider Use Owner,

Case contexts System /
subsystem,
responsible,
domain, etc.

@ﬂﬂf]ﬂﬂ

ASTM-127 08.01.01 Sampling [Requirement] Requirement°

. DETAILS RELATIONS TEAMS  DISCUSSIONS m 'F + -
.

vl
pescription  Full-cross-section Specimens —If the smallest dimension of the cross-section is equal to

or less than 38 mm (1172 in.), the specimen can be of the full thickness provided there is
sufficient specimen length to permit bending to the specified angle of bend.

Document Section Sampling
Document Structure 08.01.01
Process Step Sample
Specification ID E290-22
Specification Name Standard Test Methods for Bend Testing of Material for Ductility
Superseding ID E290-14
Test Method Bend-and-flatten Test, Free-bend Tests: Type |, Free-bend Tests: Type 2, Guided-bend, Guided-Bend, No-Die,

Semi-guided Bend Tests: Arrangement A, Semi-guided Bend Tests: Arrangement B, Semi-guided Bend Tests:
Arrangement C, U-bend Test, V-bend Test, V-bend test for cold-rolled sheet

INTERNATIONAL INTERNATIONAL. A Consortium of SAE ITC

i . DIGITAL Qo
Bending Spec Pilot ki % “wan S ANDARDS & :.aurOS‘Q
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Transform Analog Documents — Digital Models

Modularize

* Begin
evaluation

* Deconstruct
analog
information

into logical
discrete
reusable units

* Consider Use
Case contexts

Discover

Classify

* Likeness
* Art & Science

* Foundation of
learning and
understanding

* Top down and
bottom up

 Contextual

Frameworks:
Owner,

System /
subsystem,

responsible,
domain, etc.
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Parameterize

« Difference

 Foundation of
Modeling

* Define for re-
use across
enterprise

* Name,
Description,
UofM, Kind,
Data Type,
attachments,
Metadata -
more than a
label

ASTM-127 08.01.01 Sampling [Requirement]

Requirement°

¢ DETAIS )

RELATIONS TEAMS  DISCUSSIONS

XA

vl
Description Full-cross-section Specimens ( BT_Specimen_Selection_Procedure_CHOICE ) —If the smallest dimension ( BT _Material _Thickness_DIST ) of the
cross-section is equal to or less than 38 mm (11/2 in.), the specimefican be of the full thickness ( 8T_Specimen_Thickness_DIST ) provided
there is sufficient specimen length ( BT _Specimen_Length_DIST ) to pefmit bending to the specified angle of bend.
Additional
Information Parameters
BT_Specimen_Selection_Procedure_CHOICE
BT _Material _Thickness_DIST
BT_Specimen_Thickness_DIST
BT_Specimen_Length_DIST

ASTM-247 BT_Specimen_Selection_Procedure_CHOICE

. DETAILS  RELATIONS TEAMS  DISCUSSIONS

XA

Description The procedure (Choice: Full-Cross-Section, Full-Thickness) used to select the specimen to on which any bend test is conducted

Value Table (O

"Full-cross-section”
“Full-Thickness"

Reference

' ¥~ . DIGITAL 0e®
Bending Spec Pilot \GJEIP) % “ma. STANDARDS ‘.aurOS’Q
INTERNATIONAL INTERNATIONAL. A Consortium of SAE ITC e 12




Transform Analog Documents — Digital Models

Modularize

* Begin
evaluation

* Deconstruct

analog
information

into logical
discrete
reusable units

* Consider Use
Case contexts

Discover

Classify Parameterize

e Likeness
* Art & Science

* Foundation of
learning and
understanding

* Top down and
bottom up

* Contextual
Frameworks:
Owner,
System /
subsystem,
responsible,
domain, etc.

gﬁgﬁuzezma7

« Difference

 Foundation of
Modeling

* Define for re-
use across
enterprise

* Name,
Description,
UofM, Kind,
Data Type,
attachments,
Metadata -
more than a
label
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Transform Analog Documents — Digital Models

Discover Build

\STM-127 08.01.01 Sampling [Requirement] Requirement
- v,
| I ¢ DETALS  RELATIONS  TEAMS DISCUSSIONS (\ | o —
Description Full-cross-section Sp« if the smallest dimension (BT_Specimen_Width_DIST )( BT_Specimen_Thickness_DIST ) of the cross-section is equal to or less than
Mo e 38 mm (1172 in.), the specimen can be of the full thickness provided there isstifficient specimen length (BT_Specimen_Length_bIST) to permit bending to the

Modularize Classify Parameterize e

Based on Figure 10 the Specimen length must be 5x the specimen width since the spec makes no other mention of length requirements
applying this to all bend tests (not just free-bend)

Value Table (O

* Likeness
* Difference » Abstraction o R : r s
* Art & Science using defined reference 7ange Default value Masimum Masmur T
* Begin * Foundation of parameters 87_Material_Thickness_OIST) (BT_Specimen_Selection_Procedure_CHOICE) ~ (BT_Specimen_Thickness _DIST) (BT_Specimen_Width_0ST) (B
evaluation * Foundation of Modeling
learning and « Structured
« Deconstruct understanding * Define for re- neutral e m—
analog use across representation
information * Top down and enterprise
into logical bottom up * Intent: usable
discrete * Name, in any process
reusable units * Contextual Description, or tool
Frameworks: UofM, Kind,
» Consider Use Owner, Data Type, » Cause/Effect
Case contexts System / attachments, or Input /
subsystem, Metadata - Output of prior
responsible, more than a two steps
domain, etc. label

"
INTERNATIONAL INTERNATIONAL. A Consortium of SAE ITC

: =2 DIGITAL
L BOEING gending spec piot 4 HE Bl <7-auros/O
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Transform Analog Documents — Digital Models

Modularize

* Begin
evaluation

* Deconstruct

Discover

Model

Classify Parameterize ..., onents

e Likeness
* Art & Science
 Foundation of

learning and
understanding

analog

information * Top down and

into logical bottom up

discrete

reusable units * Contextual
Frameworks:

+ Consider Use Owner,

Case contexts System /
subsystem,
responsible,
domain, etc.

@!afl,va

« Difference

 Foundation of
Modeling

* Define for re-
use across
enterprise

* Name,
Description,
UofM, Kind,
Data Type,
attachments,
Metadata -
more than a
label

* Abstraction
using defined
parameters

* Structured
neutral
representation

* Intent: usable
in any process
or tool

* Cause/Effect
or Input /
Output of prior
two steps

«

Build

Qa

General Temperature Shock

DETAILS RELATION

TEAM

ress test gloss lid/gloss ponel thermol shock test §

nomenon that occurs when glass broal

Auros

pieces of eoch glass variant must be subjecte

w »1 B %

® 9 & :

Model-Based Policy@

¥ +

v2

d to the following tests in
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Transform Analog Documents — Digital Models

Modularize

* Begin
evaluation

* Deconstruct

analog
information
into logical
discrete
reusable units

* Consider Use
Case contexts

Discover

Classify Parameterize ..., onents

* Likeness
* Art & Science

* Foundation of
learning and
understanding

* Top down and
bottom up

* Contextual
Frameworks:
Owner,
System /
subsystem,
responsible,
domain, etc.
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« Difference

 Foundation of
Modeling

* Define for re-
use across
enterprise

* Name,
Description,
UofM, Kind,
Data Type,
attachments,
Metadata -
more than a
label

Model

* Abstraction
using defined
parameters

* Structured
neutral
representation

* Intent: usable

in any process
or tool

* Cause/Effect
or Input /
Output of prior
two steps

Build

Model

Groups

* Group into
logical sets

* Function like
individual
components

» Enables
component re-
use in different
contexts

* Leverages
Component
Models

Bending Spec Pilot ﬂmmy

INTERNATIONAL

Egsicllemonts : K-PACID Document Section  K-PAC Type
Author Mullis, Terra(terra.mullis)
Description
Type
Allowable ()
Fiter Criteria

Definitions (5)
Mode Dynamic

CoPs scope_All

Filter String_(Process Stepl2403=(samplell67603)) and
(Test Methodi2395=(Free-bend Tests: Type
1) or (Free-bend Tests: Type 2)) and (type=

Information (4)

Requirement (16)

(Allowable) or (Definitions) or (Information)
or (Requirement))
K-PAC Filter Mode Dynamic

Multimedia

Support Document

Dynamic Model
Grouping

° sen e °
Rocqurement

¥~ . DIGITAL
STANDARDS
ﬁ : .FT' ALLIANCE”

INTERNATIONAL.

A Consortium of SAE ITC

auros

Description

Bending
Product 0275 inch (6.98 mm) and under in nominal
thickness (87_Specimen_Thickness_DIST) (SAE-52) shall be
tested in accordance with ASTM 280 (S1545) using a
sample prepared nominally 0.75 inch (18.0 mm) in
width (ASTM-215) with its axis of bending parallel to the
direction of rolling and shall withstand without cracking

ASTM-234) when bending at room temperature through
the angle and bend diameter shown in Table 3. In case
of dispute, the results of tests using the guided bend
test of ASTM E290 (51545 shall govern.

Table 3 - Bending requirements

Nominal  Nominal
Thickness Thickness
Inch  Millimeters

Typeof  Angle  Be
Bend  Deg.Min Fac
ASTM-238)) (ASTM-221) (SAE

SAE52)  (SAE-52
Upto

Upto
o::;a, 4760,1nc1 Fre@Bend 180 1

Over  Over 4760
01874to  t0698, FreeBend 180
0275,incl incl

Q

16



Transform Analog Documents — Digital Models

K-PAC 42 - BAC5602 Table IV K-PAC 108

Input Input

* Alloy * Alloy

* MaterialForm Return

Return * ColdStorageDelayMaximum
* ProcessTemperatureMinimum

* ProcessTemperatureMaximum

K-PACs 110 - 113 — Work Centers
Input
GlycolOK
PartFamily
QuenchDelayMaximum
ProcessTemperatureMinimum
ProcessTemperatureMaximum
Length
Width
Return

* OK468, OKWHF, OKWXW,
K-PAC 46 - BAC5602 Table ViII OKWXV

Input

* Alloy

* ThicknessMinimumHT
Return

* QuenchDelayMaximum

K-PAC 40 BAC5602 Table IX
Input

* MaterialForm

* Alloy

* TemperFinal

* ThicknessMaximumHT

Return

* GlycolPercentMaximum
* GlycolOK

K-PAC 150

Input

* MaterialThickness
Return

* ThicknessMinimumHT
* ThicknessMaximumHT
* ThicknessMaximumINSP

K-PAC 49 — Work Center
Input
GlycolOK
0OK468
OKWHF
OKWXW
OKWXV
Return
* WorkCenter
* QuenchMedium

K-PAC 51
Input

K-PAC 88

Input

* HeatTreatSpecification
Return

* ProcessDocument

K-PAC 43 — BAC5602 Table V

»  WorkCenter Input

Return

* ThicknessMaximumHT

» HeatTreatAtmosphere * HeatTreatAtmosphere

K-PAC 52
Input

* MaterialCondition
Return
* ProcessTimeMinimum

* QuenchMedium * ProcessTimeMaximum

Return

* StepName

@aaflma
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Transform Analog Documents — Digital Models

HEATTRT S311 Heat Treat Operation - BAC5602 Not Extrusion, Block, Forging, Casting or Weld Assembly

Chatin

/' Edit History MyStuff Copy + -

Basic Elements

Author

Description

Type

Filter Criteria
Mode
CoPs Scope

Multimedia

Support Document

@Eﬂflﬂﬂ

Petersen,
Darwin(darwin.w
.petersen)

Heat Treat
Operation - All
Except Forgings,
Castings and
Weld
Assemblies

Static

local

Options ¥ Build v Reports v Filter v Views v [+ [= No Grouping v N

v .
K-PACID Vit # K-PACStatus K-PAC Type

HEATTRT
2 L= Active
150
HEATTRT
2 EALIR =] Active
113
HEATTRT
2 EAIR =] Active
112
w HEATTRT g Active
11
w HEATTRT g Active
110
w HEATTRT g Active
108
v A E Active
88
TTRT
2 HEATIR £=] Active
52
HEATTRT
2 - £=] Active
51
HEATTRT
2 £=] Active
439
HEATTRT
2 P~ | Active
486
HEATTRT
2 L= Active
43
HEATTRT .
2 ®= /s Active
42
i setve

K-PAC Title

Convert Material Thickness to Thickness Minimum
HT, Thickness Maximum HT and Thickness Maximum
INSP

OK WXV

OK WXW

OK WHF

OK 468

Cold Storage Delay Maximum - BAC5602 Section
8.24.2h

Specification to Process Document

Step Name from Quench Medium

Heat Treat Atmosphere from Work Center

Work Center - Heat Treat Operation - Not Forging,
Casting or Weld Assembly

Quench Delay Maximum - BAC5602 Table VIII

Process Times - Not Forgings - BAC5602 Table V

Process Temperatures - Not Forgings - BAC5602
Table IV

Quench Medium - BAC5602 Table IX - Glycol Quench

OK

K-PACs Found: 14

Description

Convert Material Thickness to Thickness Minimum
Thickness Maximum HT and Thickness Maximum 1

OK WXV

OK WXW

OK WHF

OK 468

Cold Storage Delay Maximum - BAC5602 Section ¢

Specification to Process Document

Step Name from Quench Medium

Heat Treat Atmosphere from Work Center

Work Center - Heat Treat Operation - Not Forging
Weld Assembly

Quench Delay Maximum - BAC5602 Table VIII

Process Times - Not Forgings - BAC5602 Table V

Process Temperatures - Not Forgings - BAC5602 T

Quench Medium - BAC5602 Table IX - Glycol Quet

18



Transform Analog Documents — Digital Models

Modularize

* Begin
evaluation

* Deconstruct

analog
information
into logical
discrete
reusable units

* Consider Use
Case contexts

Discover

Classify

¢ Likeness
* Art & Science

* Foundation of
learning and
understanding

* Top down and
bottom up

 Contextual
Frameworks:
Owner,
System /
subsystem,
responsible,
domain, etc.

@ﬂﬂf]ﬂﬂ

Parameterize

« Difference

 Foundation of
Modeling

* Define for re-
use across
enterprise

* Name,
Description,
UofM, Kind,
Data Type,
attachments,
Metadata -
more than a
label

Model

Components

* Abstraction
using defined
parameters

* Structured
neutral
representation

* Intent: usable

in any process
or tool

* Cause/Effect
or Input /
Output of prior
two steps

Build

Model

Groups

* Group into
logical sets

* Function like
individual
components

* Enables
component re-
use in different
contexts

* Leverages
Component
Models

Model

Orchestrations

* Arrange
Groups or
Sets into
logical
sequences

* Enables
process
definition,
control,
execution, and
tracking

* Leverages
Groups of
Models

19



Model Orchestration

SPIRIT

ACROSYSTEMS &

Precipitation Heat Treat

Solution Heat Treat N seta28 |

| set33o

Specification

Development and Set 375
Maintenance

wution

Hardness Values

Sot 281 || Set275 || set303

BOEFING

20



Model Orchestration

Measurement Plan V‘

[@ Method Output State:

Model-Based Quality - Plate Installation

OOLOOO 2%.

wheel to
zoom

Parameter Sheet

v‘

Plating Material Reset

Plating Material
@!afl,va
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Transform Analog Documents — Digital Models

Discover | | Build
I 1
dulari Classi . Model Model Model
Modularize assify Parameterize ..., onents Groups Orchestrations
) » Difference
* Likeness * Abstraction _ * Arrange
_ . o [BaieEEn G using defined * Group into Groups or
* Begin * Art & Science Modeling parameters logical sets Sets into
evaluation logical
+ Foundation of ion i
R T « Define for re- « Structured * Function like sequences
* Deconstruct understanding USe across neutral individual
analog enterprise representation components * Enables
information
X ) * Top down and process
into logical bottom up « Name, * Intent: usable * Enables definition,
discrete Description, in any process component re- control,
reusable units . lszontextuall( UofM, Kind, or tool use in different execution, and
rameworks: contexts trackin
. Data Type, g
« Consider Use gwrt]er' ; attachments, « Cause/Effect
Case contexts ystem Metadata - or Input / * Leverages * Leverages
subsystem, i C t
responsible, more than a Output of prior omponen Groups of
domain, etc. label two steps Models Models
@!afl,va

‘ Iterate

Rationalize

* Review/Refine
* Duplication

* Ambiguity

» Gaps

* Conflicts

* Discreteness

* Reuse

+ Consistency

22



Transform Analog Documents — Digital Models

Discover | | Build
I 1
dulari Classi . Model Model Model
Modularize assify Parameterize ..., onents Groups Orchestrations
) » Difference
* Likeness * Abstraction _ * Arrange
_ . o [BaieEEn G using defined * Group into Groups or
* Begin * Art & Science Modeling parameters logical sets Sets into
evaluation logical
+ Foundation of ion i
R T « Define for re- « Structured * Function like sequences
* Deconstruct understanding USe across neutral individual
analog enterprise representation components * Enables
information
X ) * Top down and process
into logical bottom up « Name, * Intent: usable * Enables definition,
discrete Description, in any process component re- control,
reusable units . lszontextuall( UofM, Kind, or tool use in different execution, and
rameworks: contexts trackin
. Data Type, g
« Consider Use gwrt]er' ; attachments, « Cause/Effect
Case contexts ystem Metadata - or Input / * Leverages * Leverages
subsystem, i C t
responsible, more than a Output of prior omponen Groups of
domain, etc. label two steps Models Models
@!afl,va

‘ Iterate

Rationalize

* Review/Refine
* Duplication

* Ambiguity

» Gaps

* Conflicts

* Discreteness

* Reuse

+ Consistency

Instantiat
& Reuse

* Expose or
publish as
service(s)

* Enables
insertions into
workflows

e

23



Instantiate & Reuse

BOEFING

SPIRIT;

AEROSYSTEMS

HEAT TREAT

View Records ME Launch Pad

Solution Heat Treat

@® Solution Heat Treat

Material Form
Heat Treat Specification
Alloy

Initial Temper

Debug

O Production

O Precipitation Heat Treat

| Select an Option A

I a

Select an Option

»

Bar
Block
Casting
Extrusion
Forging
Ring

Rod

Cartinn

O Inspection

Parameters
1st Set ID

Set ID

Values

312
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@EHEINE

Questions

SCAN THE QR CODE!

Please
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