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Presenters Bio
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Diverse Engineering Roles

Held positions as Manufacturing and Process Engineer, Digital
Manufacturing and Product Owner, providing a broad technical
and process background over 15 years.

Driving Continuous Improvement

Visualizing process flows, identifying inefficiencies and
optimizing processes to uncover the hidden factory.

Education:
B.S. Mechanical Engineering, University of California, Riverside
M.S. Systems Engineering, University of Connecticut
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What is the Bill of Process (BOP)?
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Digital Manufacturing Plan

A Bill of Process (BOP) in manufacturing planning is a detailed Parts Process Steps 3D Model
document that outlines the specific steps, procedures, and Frame Fasten | Torque wrench
operations required to manufacture a product. —

Attach Torque wrench

Handelbars @ Attach Wrench

It provides a comprehensive roadmap of the entire production
process, ensuring consistency, efficiency, and quality control. Process steps I hiesource ESSeoce

1 Boit trame to bose Fasten

2 Attach wheel to frame Attach

Other terms for BOP: 3 Install handelbars Wrench
« Manufacturing Planning
* Routing Sheet

« Work Instructions

The Recipe for Building Products
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The Problem: Manual BoP Creation
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Why Manual Planning Hurts

OMNG® &

Slow Error-Prone Costly Not Scalable

« Slow — Days to weeks
* Error-Prone — Human mistakes
* Costly — Rework & downtime

* Not Scalable — Thousands of parts overwhelm

GLOBAL PRODUCT DATA
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Current Manual Process
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How Factories Plan Today

1. Check parts list
2. Study design drawings
3. Check factory resources [gi—b] [@] [D::} [ [ } [Dﬂﬂ}
4. Write steps manually PLC" il e TS EJRP
5. Double-check for compliance N
6. Enter into systems
This creates delays, rework, and
loss of design intent downstream
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The Bottleneck in Manufacturing: “Enter into systems”
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Tools
CEI'[“_'_ICatiDﬂ Process Cycle Time
Requirement Spec D )
Work Quality
Work Center
- Checks
Consumables
Name
Operation
1D

E ;buttleneck
BOP Parts List—’!-—-—n—o Final Product

Part A Part C

Part D FPart F
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Al-Driven Solution
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A Smarter Way to Plan

BoP output

\.

 Interprets meaning (semantic Al) ’

« Connects data (parts, 3D, factory)

» Generates steps automatically

* Presents plans visually for review Al/ML
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Vision for Al-Enabled BoP Automation

Global Product Data Interoperability Summit | 2025

From Upload to Automated BoP

Upload =p | Al

Processing

BoP Output

Upload parts list
Auto-collect design & factory data
Al generates steps (e.g., drill, fasten)

Verify with 3D visualization

a > e nh =

Review & save

INTEROPERABILITY
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Why It Matters
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Manual vs. Al-Driven BOP Creation

Time Days to weeks Minutes to hours
Errors Medium-High (based on Low (Al checks)
experience)
Cost High (reworks delays) Low (faster, fewer mistakes)
Ease of Use Tedious typing, file juggling | Simple upload & visual review
Scalability Struggles with complex Handles thousands of parts
products, limited

INTEROPERABILITY
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Digital Thread & Digital Twin
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Connected Data Makes It Work

Dynamic Digital Thread

Embedding Al in the Bill of Process transforms static documents into
dynamic, intelligent data elements connecting the entire manufacturing
workflow.

Intelligent Automation

Al-powered automation analyzes patterns and interprets engineering
data, allowing for smarter, adaptive decision-making in manufacturing

operations.

Autonomous Plan Generation

Al can autonomously generate and update manufacturing plans,
adapting to complexity beyond the limits of traditional methods.

MBOM

Parts,
assemblies,
structure

CAD

3D geometry,
tolerances,
materials

S

Knowledge
Graph

(=L @

MES

Work centers,

capabilities

Al/LLM Digital Twin
Process Process
Inference Simulation
Digital Thread —>
MES/ERP
Process
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The Al + Digital Thread Behind the Scenes
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The Technical Foundation
« Semantic AlI/ML

. PLM/ Al/ML Graph Scalable
* Interprets data meanin _ _
P J MES / ERP Understanding Models Architecture
* Understands context Engineering Semantic Linked data Interoperaple
« Aligns terminology & manufacturing processing relationships BoP generation
data of data

 Graph-Based Models
 Link relationships __g:} » » D »

« Connect systems

« Enable traceability

« Scalable Architecture Al-DRIVEN AUTOMATION OF THE BILL OF PROCESS

* Handles thousands of parts

« Ensures interoperability

INTEROPERABILITY
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How it Works: High-Level View
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PLM MES 3D CAD

MBOM strructure, Work centers, mchine Geometry, tolerances,
parts, configurations capabilities, materials, mating
execution history surfaces

[ ) . | J

\ 4

Al-Powered Proces Generatiori Data Harmonization W
\ 4

S

* Link relationships
e Connect systems
e Enable traceability

Al-Powered ‘ 1 LLM & Al Inference Engine
—F>
Beccomperation RueiiodgeOakh J Draft BOP(Process Steps,
‘ Machines, Timing)

Scalable, Interoperable Architecture

» Handles thousands of parts
« Cross-system compatibility

BoP Composer & Review Draft BoP

(Process Steps, Machines, Timing)

Digital Thread & Integration Review & Adjust Automateq
(Human-In-the-loop) BoP Generation

l l
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A Game-Changer for Manufacturing
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Faster Product Launches
» Automation in the BOP enables organizations to

\
- introduce new products quickly, significantly reducing
EET'S BUILD ~
" ‘SMARTER FACTORIES
-

time-to-market
S / L Improved Quality and Efficiency
" ' P « Automation reduces human errors and minimizes
= rework, resulting in enhanced product quality and
increased operational efficiency.

Enhanced Productivity and Cost Savings

« Automation brings better change management,
standardized processes, and higher productivity,

leading to lower operational costs.
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Click to edit Master title style

Global Product Data Interoperability Summit | 2025

Questions?

Thank you for attending the presentation!
ot G 2025




System Architecture for BoP Generation
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System Context From Documents & CAD to a Constrained Knowledge Graph

7

PLM MES ERP CAD : AN  Part

Ontology Rules

HAS _FEATURE ,
l « Every operation must

| S

y
Ingestion/Normalizer Dk DOUA Feature - Feature e ? AN
CAD Noretjy I\ J » And a quality step
, , J , i \:EXECUTEb;AT s d
) = , P
KG + Vector Store Parsing — 0 \
4§ J peratlon ‘
\ | Tool ‘
! [ Semantic |, [(nowedge \ ~
Inference Layer : md .
y . Enrichment | L . :QC_CHECK
[RAG] [LLM Templates] [Rules/Planner] ) — e “Quality-‘
T Normallzatlor}—’ ' Step

Validation Layer

[SHACL + domain rule engine Unstructured inputs are parsed, semantically enriched, normalized, and validated

v before being stored in a structured Knowledge Graph. Ontology rules ensure every
Composer Ul entity is consistent and complete.

“Enterprise systems feed into the ingestion pipeline and Knowledge Graph. Retrieval, LLM templates, and rules generate BoPs,
validated against domain rules, then exported back into PLM/MES.”
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From Request to Validated Work Instruction
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Guardrail Templates

Use deterministic templates the LLM Structured Templates Ensure

From Request to Validated From Request to completes only with retrieved facts Compliance
Work Instruction Validated Work Instruction

RA LLM Rules Generate .
= - : Egine Operation: {op_no} {verb} {part/feature}
| |
Request BoP :
=
]

“LLMs can only populate predefined

fields — such as tools, torque, and

| o Tools/Fixtures: {tools} Torque: {value}{unit)
! Validation :
| (Spec: {spec_id}/clause)

Retrieve Facts

»|

} ! . T QC steps — each backed by citations
: | Fill Template No Materials/Consumables: {material_id} Qty: ¢ Thi ¢

| — @ faty}iuomd Lot {traceLrod) o source specs. This guarantees

|

Validate compliance and auditability.”
Method: (method steps referencing
spec clause IDs)

Quality Check: {gauge/method} Acceptance:
(tolerance) Sample size: (AQL)

A

Safety/ESD: (requirements

Validate against spec and system checks
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