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• Today’s complex systems challenges
• Digital threads and how they can help
• OSLC as a framework for a digital back bone

• Digital continuity
• Global configurations
• Data exchange
• Cross lifecycle analysis

• Summary and additional resources



The need for engineering digitization
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• Technology of smart products is evolving fast and 
somewhat unpredictable way...  This imposes multiple 
challenges for the manufacturers with current
engineering practices…

• Dealing with increasing complexity with unpredictable 
technological disruptions

• Autonomous functions

• Electrification

• The need for speed – responding to competitive and 
environmental changes

• Meeting growing industry regulatory demands in areas 
like safety and cybersecurity

• Lack of skilled engineers requires higher efficiency –
doing more with less

The premise of engineering digitization is to  increase  engineering efficiencies to better meet these challenges!



• Engineering data is siloed across 
teams and applications (ASOTs)

• Implies deficiencies of key engineering 
objectives and activities:

• Continuity and consistency of data across 
related artifacts

• Proper assessment of impact and manage 
changes across all ASOTs

• Gaining the right insights to conduct 
engineering assessments by enabling joint 
digital viewpoints

• Management of configurations baselines and 
branches across all datasets

• effective collaboration across all stakeholders 
to foster agile engineering

The challenge – effective engineering in context of 
multidisciplinary development environments…
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Industry vision: Digital Engineering, 
Digital threads
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“…such engineering environments will 

allow DoD and industry partners to evolve 

designs at conceptual phase, reducing the 

need for expensive mockups, premature 

design lock, and physical testing.” 1

Digital threads is "a data-driven architecture that links 
together information generated from across the product 
lifecycle and is envisioned to be the primary or 
authoritative data and communication platform for a 
company’s products at any instance of time." 

Digital threads architecture supports the broader vision 
of digital engineering

Incose IS 2023

Singh, V., & Willcox, K. E. (2018). 
Engineering design with digital 
thread. AIAA Journal, 56(11), 4515-
4528.



Key digital threads related use cases
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How do I make sure 
that my design is 

consistent with my 
requirements?

What is the impact 
of modifying this 

requirement across 
all disciplines?

Is my electrical design 
baseline consistent with 
my software baseline?

Is my system stable 
enough to add more 

functionality?

Have I propagated 
this change to all 

software and 
hardware artifacts?

How do I prove that 
my test plan covers 

all the 
requirements?

Which variants 
use this 

component?
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Approaches for digital engineering backbone
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• Point to point tool integrations
• Does not scale, consistency challenges
• Does not support cross domain digital viewpoints

• Centralized approaches
• Centralized repository that manages all the data
• Data replication and consistency with the domain 

tools
• MBSE backbone

• Import various domain data to MBSE tool
• Data replications, consistency challenges,  does not 

scale
• Link management applications

• Centralized link repository across ASOTs
• ASOTs not part of the linking model

• OSLC (Linked data Federated) 
• Collaborative management of  ASOTs
• Fosters data consistency across lifecycle
• Enables digital views points 

Requirements 
Management Test Management

System
Models

Multi-domain 
Simulation

Federated Standards based  modular open architecture 

Agile SW Apps Mechanical

E-CAD M-CAD
EWM

Electrical
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Key digital threads enabler capabilities
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• Digital continuity: establish digital information models 
based on standard resource types and relationships 
across all domains tools

• Enable cross domain data exchange through 
standard data representations

• Global configuration management:   manage 
consistency across all engineering data sources 
using cross tools configuration management

• Cross lifecycle analytics and viewpoints: produce the 
necessary insights and evidence from across all 
domain tools

• Integrated change and  process management across 
all engineering data and tools

information model required by DO178 DALs 
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Open Services for lifecycle (OSLC)

• Specifies standard lifecycle information 
models based on W3C ontologies

• Standard resource representation
• Linking across resources

• Open world assumption: minimal 
assumptions on data models and services

• Enable discovery 
• Enable collaboration across tools based on 

standard REST services for complete 
modularity

• Enable integration of existing tools with no 
assumption of how they are implemented 

• Enable services for cross lifecycle 
viewpoints and analytics

A lifecycle integration framework based on open data model and 
services standards across a federated set of tools
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OSLC Member Section
http://oasis-oslc.org
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The foundation: Linked data (w3c)

Requirement

Task

Mechanical Part

Simulation

SW Component

/dengineering.org/rm/sys/r1

/dengineering.org/ccm/sys/t5

System model

/dengineering.org/am/sys/s17

/dengineering.org/plm/sys/mc501

/dengineering.org/am2/sys/sc281

/dengineering.org/sim/sm55

Domain tool 1

Domain tool 2

Domain tool 
3

Domain tool 4

Domain tool 5

Domain tool 6

• Lifecycle objects (resources) are identified by http URLs and 
described using vocabularies (ontologies)

• Enables lifecycle information models with relationships across 
all resources independent of their containers

• Data containers provide http services to link access and 
manipulate resources
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A Digital Thread architecture based on OSLC services
Traceability/Impact

Analysis (ENI)

Reporting (JRS, Pub)

UAV 
System

Air Vehicle

Avionics CoMMS

Ground Stn.

Global Configuration 
Management

Lifecycle Analytics

OSLC 
Links

Lifecycle 
Graph  
(LQE)

Linking Service

Requirements 
Management Test Management

System
Analysis & Design (MBSE)

Agile SW Apps Mechanical

E-CAD M-CADEWM

Electrical

OSLC Digital Engineering Backbone
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Domain tools provide/consume OSLC APIs

OSLC OSLC OSLC

OSLC OSLC OSLC
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Requirements 

Management

Test Management

System
Models

Agile SW Apps
Electrical Design Mecanical Design

IBM EWM

• Domain tools (ASOTs) extended 
with OSLC service (adapter)

• Leverage OSLC linking services to 
establish links 

• The linking is a federated concept 
based on collaboration across 
tools

• Enables Link discovery

• Enables Link validity

Collaborative linking across domain applications Digital continuity

validates

verify
satisfies

elaborates

realizes realizes

realizestracks
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How OSLC linking works?
• Services OSLC providers (tools) 

offer other providers to create 
links

• Selection service
• Delegated HTML page that allows 

selection of an element in the 
provider tool for linking. The requests 
returns a URL of the linked element.

• Element preview service
• Delegated HTML page that provides 

information on a linked element in the 
context of the source tool

• Element view service
• The requesting tool switches context 

to the element page in the hosting 
tool

A requirement with a preview page to a Jira issue
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Link validity: ensuring data consistency

Validity markers in a requirements tool

Validity indicators in an MBSE toolwww.incose.org/symp2023 #INCOSEIS



Data exchange to enable process continuity
•Why data exchange? 
• Propagate information across domains and levels of 

abstraction
• Parametric and structural information in the form of a model 

transformation
• Automation of change propagation across linked artifacts

• OSLC establishes standard domain vocabularies as common 
artifact representations that enables automation of data 
exchange

Data exchange

OSLC domain vocabulariesSoS Model

System 
model

Subsystem
model

Software 
model

Electrical  
models

Update

Update

Update

itsSuD
1 «block»

itsSS_A
1 «block»

pSS_BpA1

itsSS_B
1 «block»

pSS_ApA2
pA2

pA1
itsA1

1 «Actor»

pSuD

itsA2
1 «Actor»

pSuD

itsSuD
1 «block»

itsSS_A
1 «block»

pSS_BpA1

itsSS_B
1 «block»

pSS_ApA2
pA2

pA1
itsA1

1 «Actor»

pSuD

itsA2
1 «Actor»

pSuD

itsSuD
1 «block»

itsSS_A
1 «block»

pSS_BpA1

itsSS_B
1 «block»

pSS_ApA2
pA2

pA1
itsA1

1 «Actor»

pSuD

itsA2
1 «Actor»

pSuD

itsSuD
1 «block»

itsSS_A
1 «block»

pSS_BpA1

itsSS_B
1 «block»

pSS_ApA2
pA2

pA1
itsA1

1 «Actor»

pSuD

itsA2
1 «Actor»

pSuD

itsSuD
1 «block»

itsSS_A
1 «block»

pSS_BpA1

itsSS_B
1 «block»

pSS_ApA2
pA2

pA1
itsA1

1 «Actor»

pSuD

itsA2
1 «Actor»

pSuD

itsSuD
1 «block»

itsSS_A
1 «block»

pSS_BpA1

itsSS_B
1 «block»

pSS_ApA2
pA2

pA1
itsA1

1 «Actor»

pSuD

itsA2
1 «Actor»

pSuD

itsSuD
1 «block»

itsSS_A
1 «block»

pSS_BpA1

itsSS_B
1 «block»

pSS_ApA2
pA2

pA1
itsA1

1 «Actor»

pSuD

itsA2
1 «Actor»

pSuD

itsSuD
1 «block»

itsSS_A
1 «block»

pSS_BpA1

itsSS_B
1 «block»

pSS_ApA2
pA2

pA1
itsA1

1 «Actor»

pSuD

itsA2
1 «Actor»

pSuD

Change
Management

Configuration 
Management

OSLC Core

Requirements 
Management

Architecture
Management

Quality
Management

Asset
Management

Product
Structure*

Automation
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Resource representation with the RDF data model 
• RDF – Resource Definition Framework
- a standard to describe structured data on the 

web.
- Generic description of linked data  as a set of 

triples
- RDF triples inspire a graph

• Basic structure of information: a triple
- consists of a subject, a predicate and an 

object.
- The predicate denotes a relationship between 

the subject and object.
- Graph nodes are resources  or literals (values)

• RDF predicates are defined in RDF vocabularies 
identified by namespaces 
- e.g. rdf:about

Work item1 
38759

Requirement1
28465

implements

subject objectpredicate

Serialization in turtle format

<http://example.com/Workitems/1> a oslc_cm:Workitem ;
oslc_cm:implements <http://example.com/Requirements/1>. 
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Example: Transforming a system model to electrical model
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Transform
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OSLC configuration management:
Standardizes access of versioned data across applications
Component - a configuration item; a container of resources 
Version Resource - a particular version of an engineering artifact
Configuration - determines the version for each artifact  in a component
Stream - a mutable configuration; Baseline is an immutable configuration

Common element

Modified element

Added element

R5.2

R2.1

R4.1

UAV [platform]
R3.1R1.1

R5.3

R2.1

R4.2

UAV [Customer A]
R3.1R1.1

R5.3

R2.1

R4.2

UAV[Customer B]
R3.1R1.1

R6.1 R7.1

Versioned 
resources

Configuration
s (local)

Streams

Baselines

Global configuration management

Example: multiple configurations of a UAV requirements module
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Global configurations:  managing configurations across the 
digital thread

• Global configuration (GC) orchestrates configurations of 
multiple components across applications

• GCs are hierarchical and can represent the logical 
structure of lifecycle data 

• GCs can also be streams or baselines

• GCs are managed by a global configuration service

UAV
stream

A  GC UAV
RM Stream

UAV
AM Stream

UAV
QM stream 

Test

Design

Requirements

JTS

Example: A hierarchical GC of a UAV

UAV 
System

Air Vehicle

Avionics CoMMS

Ground Stn.

UAV
RM Stream

Model P
AM Stream

Model P 
QM stream 

AV
Requirements

C Architecture

PT Test

PT Code

Comms
Requirements

Architecture

Test

Code

A GC consists of multiple domain configurations
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• A GC stream may represent an 
evolution of a system variant

• GCs enable component reuse 
across variants

• Changes to a variant can propagate 
to other variants

Using GCs to manage system variants

20 TestDesignRequirements Code

Aviary “base”

Aviary “payload”

Aviary Variant 2

Aviary Variant  3

Time
Dom

ain assets 

reuse

Update Assets

Retrofit

Aviary Base

Aviary w 
Payload

1 2 3 40
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UAV Base

Hummingbird B

avionics 1.1Rotorsv3.1

B Watcher 1

UAV Payload 

Hummingbird P

Avionics 2.1Rotors v3.1

B watcher 1

Variants Reuse across hierarchical configurations

Example: Aviary Variants
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Central Reporting and Analysis 
• Central lifecycle graphs enable 

digital viewpoints across the 
digital thread

• Such digital viewpoints enable

• decision making such as change 
impact analysis

• necessary KPIs for continuous 
process improvement

• provide necessary evidence for 
regulatory compliance

• Lifecycle graph are continuously 
maintained using the OSLC data 
tracking (TRS) service

Analytics & Reporting

Requirements 
Management

Test ManagementArchitecture & 
Design

Traceability/Impact
Analysis (ENI)

Reporting (JRS, Pub)

Metrics (JRS)

Lifecycle Analytics

Lifecycle 
Graph 
(LQE)

Mechanical

M-CADE-CAD

Electrical Agile SW Apps

EWM
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Impact analysis based on lifecycle graphs visualization
Example: Engineering Insights (ENI)

• ENI is an application renders 
Graph like viewpoints to study 
the relationships across lifecycle 
data

• ENI viewpoints are based on 
view templates that specify the 
content of the view

• Conceptually view template 
represent queries of the lifecycle 
graph and rendering details

• Impact analysis visualizes the 
downstream dependencies of 
an origin node Impact of extending the range requirements for “Aviary”
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Example: Evidence Reports and KPIs based on 
lifecycle graph
• All necessary  evidence is produced 

from actual lifecycle records 
• All necessary reports automated by 

predefined templates
• No need for special certification 

record tracking work!

Prove it!

Aviary System requirements to test traceability report Aviary System verification report

Subsystems verification summaryLifecycle traceability coverage metrics

+Using ELM reportingwww.incose.org/symp2023 #INCOSEIS



Extending the span from engineering to operations with 
operational providers

Traceability/Impact
Analysis (ENI)

Reporting (JRS, Pub)

Metrics (JRS)

Lifecycle Analytics

Predict

MES

Asset Management/IoT platform

Monitor AI inspection

Systems engineering

PLM

Electrical Mechanical
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Example: tracing operational data to product design

Maximo IoT 
Monitor  Maximo 

APM

ELM

www.incose.org/symp2023 #INCOSEIS
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• Open source system to develop OSLC servers 
• Streamlines creation of OSLC adapters to existing tools
• Includes an IDE (Lyo designer) and an SDK

Eclipse Lyo – automating creation of OSLC APIs

http://eclipse.org/lyo

OSLC AM 
& TRS
Adapter

OSLC AM
Legacy/In-house
Non-OSLC 
Architecture Tool

Lifecycle 
Index

OSLC TRS

OSLC RM 
Enabled 
Tool

OSLC RM

Proprietary
Tool API 

Specify tool domain model

A typical flow of an OSLC adapter creation

Lyo Designer

Lyo SDK



Summary: Digital threads benefits and best 
practices
• Digital threads provide engineers with the data, insights, and collaboration 

needed to optimize a product's environmental impact across its entire 
lifecycle.

• OSLC is an open standards-based architecture that enables key engineering 
capabilities:

• Traceability throughout the product development process

• Data-driven decision-making: provide engineers with access to real-
time data throughout the development process

• collaboration and transparency across different teams and 
stakeholders, allowing for more efficient and effective decision-making 
around sustainability

• continuous improvement - allowing engineers to identify areas for 
improvement incorporating operational data

• Foster reuse through global configuration management
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Where to find out more….

• Open-services.net

• Eclipse LYO – https://www.eclipse.org/lyo

• Jazz.net - https://jazz.net

• W3C Linked data   -
• https://www.w3.org/standards/semanticweb/data

www.incose.org/symp2023 #INCOSEIS
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Thank You!


