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• Why Digital Engineering viewpoints
• The INCOSE DEIXWG DVM reference model
• OSLC as a framework for a digital back bone
• Specifying viewpoints over the lifecycle graph

• Lifecycle graph and OSLC TRS
• The jazz reporting service
• Engineering insights

• Summary and additional resources
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Digital Engineering 
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an integrated digital approach that uses authoritative sources of 
system data and models as a continuum across disciplines to 
support lifecycle activities from concept through disposal.

• Transforming document centric processes

• Eliminating “air gaps”

• Key principles

o Facilitate digital continuity across providers to form lifecycle 
information models via digital threads

o Enable data exchange across domains and providers to foster data 
consistency and automation

o Ensure data consistency validity by managing  “trusted” data sources

o Enable cross lifecycle digital viewpoints to support the necessary 
insights from the data

“…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

IBM Engineering / © 2022 IBM Corporation 1. DoD Digital Engineering Initiative: 
https://www.acq.osd.mil/se/initiatives/init_de.html



INCOSE Digital Engineering Information exchange WG 
(DEIXWG)
Define a conceptual framework for digital engineering
- SE use cases: what information is needed to 

support certain SE decisions and processes?
- A conceptual Digital Viewpoint Model (DVM) to 

model the concepts defining both Digital Artifacts 
and Digital Views and how they are related via 
Digital Viewpoints

- What standards can be leveraged to enable the 
necessary viewpoints
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Some example challenges for digital viewpoints 
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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 SW 
component?
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The siloed nature of lifecycle artifacts…

• Key challenges

How to maintain consistency 
across siloed models
How to establish traceability 
(linking) across artifacts

How to produce necessary digital 
viewpoints to support effective SE 
processes
How to maintain authoritative 
source of truth in such a siloed 
environment 

Requirements 
Management

Test Management

PLM

Systems Engineering Applications

System
Analysis & Design

Agile SW Apps
Electrical & Mechanical

E-CAD

M-CADEWM

Digital domain tools exist but siloed, 

Simulation
tools
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INCOSE DEIXWG DVM Conceptual data-model 

• Challenges..

• Digital Continuity: How to realize links 
across models and artifacts 

• Baselining: How to establish “technical 
baselines” and configuration control 
across “models” and digital artifacts

• Lifecycle Views: How to specify a digital 
view from a collection of artifacts in a 
“digital” manner?

Is linked to

Requires a digital engineering backbone!
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Approaches for digital engineering backbone
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• Centralized  (“PLM approach”)
o Centralized repository that manages all 

the data
o Often challenges to authoritative source 

concept, domain tools isolated
o Proprietary

• MBSE backbone
o Import various domain data to MBSE –

act as centralized repository
o No ASOT data management
o Does no scale

• Link management applications
o Centralized link repository across ASOTs
o Limited ability to support a DVM

• OSLC (Linked data Federated) 
o Supports ASOTs and DVM

Requirements 
Management Test Management

Electrical Design
PLM

Systems Engineering Applications
System
Models

Multi-domain 
Simulation

Agile SW AppsVariant 
Management

Electrical & Mechanical

Open Federated Standards based lifecycle integration 

IBM EWM
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OSLC to address these digitization challenges

Complete lifecycle  
traceability

Reference implementation: 
Eclipse Lyo

Modern HTTP/REST 
integration architecture Modular Systems Approach

A service-oriented lifecycle integration approach based 
on W3C semantic web stack

OSLC is an open and scalable approach to lifecycle integration.
It simplifies key integration scenarios across heterogeneous tools.

Does not replace other data interchange standards.

Standard Domain 
vocabularies

Open Standard and Open 
Source community
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Data and UI/workflow 
integration

W3C Linked data 
architecture
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The foundation: Linked data (w3c)

Requirement

System model

Task

Mech Part

Simulation

SW Component

http://dengineering.org/rm/sys/r1

http://dengineering.org/ccm/sys/t5

http://dengineering.org/am/sys/s17

http://dengineering.org/plm/sys/mc501

http://dengineering.org/am2/sys/sc281

http://dengineering.org/sim/sm55

• Generalizing the idea of linked web documents for data
• Lifecycle objects (resources) are identified by http URLS
• Data containers provide http services to access and manipulate 

resources
• Best on http RESt architecture
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A digital backbone architecture based on OSLC

• Collaborative linking
• OSLC linking services

• Global configuration 
service

• OSLC Global 
configurations

• Lifecycle Graph
• OSLC TRS

• View applications

Analysis and Design 
Models

Requirements 
ManagementTest Management

ECAD
MCAD

Lifecycle 
Graph

(Index)

Software 
implementation

GraphAnalysis

Reporting

Systems Engineering Applications

HW Disciplines

UAV 
System

Air Vehicle

Avionics CoMMS

Ground Stn.

Global Configuration 
Management

Multi-domain 
Simulation

View applications

Lifecycle 
Links

Digital Engineering Backbone

Dashboarding
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Requirements 
Management Test Management

Systems Engineering Applications

System
Analysis & Design

Collaborative linking across domain applications

Multi-domain 
Simulation Agile SW Apps

Electrical & Mechanical

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

• Leverage OSLC linking services 
to establish links 

• Selection service via 
delegated HTML 

• Storage (HTTP put) 

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

PLM

E-CAD

M-CAD
IBM EWM

Digital continuity
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Realizing domain information models with linked data 
Example: Automotive SPICE 

.

Requirements

Workitems

Test
Legend

Link types(s)
SWE.5 BP 7
SWE.5 BP 8

Bi-traceability BP
Consistency BP

Validated By
SWE.4 BP 5
SWE.4 BP 6

Derives Arch Element
SYS.5 BP 5
SYS.5 BP 6

Satisfy or Refines Arch 
Element
SYS.5 BP 5
SYS.5 BP 6

Satisfy or Refines Arch
Element
SYS.5 BP 5
SYS.5 BP 6

SWE.1
Software Requirements

SWE.2
Software Architecture 

Design

SWE.6
Test Spec/ Cases (Software 

Qualification)

SWE.4
Test Spec/  Cases (Software 

Unit Verification)

SWE.5
Test Spec/ Cases (Software 

Integration)

SYS.1
Stakeholder Requirements

SYS.2
System Requirements

SYS.3
System Architecture

SYS.4
Test Spec/ Cases (System 

Integration)

SYS.5
Test Spec/ Cases (System 

Qualification)

SWE.3
Software Detailed 

Design

ArchitectureSatisfies

Implementation

SYS.2 BP 6
SYS.2 BP 7

Validated By
SYS.5 BP 5
SYS.5 BP 6

Validated By
SYS.4 BP 7
SYS.4 BP 8

Validated By
SWE.6 BP 5
SWE.6 BP 6

Validated By
SWE.5 BP 7
SWE.5 BP 8

Tracked By
SWE.3 BP 5
SWE.3 BP 6

Implemented By
SWE.3 BP 5
SWE.3 BP 6

Satisfies
SWE.1 BP 6
SWE.1 BP 7

SUP.10
Change Requests Affected work products

SUP.10 BP8
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Common artifacts representation using OSLC vocabularies

• Establish standard domain vocabularies 
as common representations across 
different tools based on a common 
metadata

• Enables a common representation of 
data for digital automation

• Enables data exchange across domain 
applications to maintain consistency

• Transform data from one domain to 
another based on standard vocabularies

• Propagate changes across linked 
artifacts

Data exchange

OSLC domain vocabularies
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RDF – Cross lifecycle ontology and data representation

• Part of w3c semantic web stack
• Can describe any set of resources and 

their inter relationships across all domains
• Does not require a fixed schema
• Can be augmented by schema definitions 

to check consistency and apply reasoning
– RDFS

SPRQL query languageRDF Graph expressed in Turtle notation
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Global configuration management
Cross lifecycle baselines and configuration control

• Realizing  “technical baselines” and 
“configuration control” across digital 
artifacts as per DVM model

• Establish a global configuration from a 
set of federated tools and models

• Orchestrating tool specific local 
configuration controls into a set of 
consistent configurations 

• Global configurations are hierarchical 
recursive 

• Key concepts
• Global Streams (“branches”)
• Global baselines

Global baselining

Cfgm

A  Global Configuration of UAV assets

UAV Baseline 1

UAV Requirement

UAV System 
model

UAV Mechanical 
Model

UAV Source Code

Baseline 2 Baseline 3

Baseline 2

Baseline 3

UAV Base

Hummingbird B

avionics 1.1Rotorsv3.1

B Watcher 1

A hierarchical global configuration
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Synthesizing digital viewpoints 

• Digital views are produced by 
dedicated reporting applications 

• Reporting applications leverage a 
central lifecycle graph to generate the 
necessary views

• Lifecycle graph is continuously 
maintained using OSLC data tracking 
(TRS)

• The lifecycle Graph is an RDF graph 
and provides a SPRQL query API for 
view applications

• Supports decision making such as 
change impact analysis

• Generates necessary evidence for 
regulatory compliance

• Produces necessary KPIs for 
continuous process improvement

Requirements 
Management

Test Management

Workflow Management

Architecture & Design

Simulation Tools

Traceability/Impact
Analysis (ENI)

Reporting (JRS, Pub)

Metrics (JRS)

Lifecycle Analytics

Lifecycle 
Graph 
(LQE)

Electrical & Mechanical

PLM

E-CAD

M-CAD
IBM EWM

Cross lifecycle viewpoints and analytics

OSLC TRS



Example: ELM Engineering insights – graph visualization
• An application that renders Graph like 

views to study the relationships across 
lifecycle data based on view templates

• ENI view templates are custom “self 
serve” defined by “drag and drop” 
gestures of element categories to the 
canvas

• Common usages for such graph like 
views are

• Impact of change analysis based on a 
certain origin node (e.g. a 
requirement)

• Coverage views that show how 
downstream elements realize 
upstream, elements

IBM Engineering / © 2022 IBM Corporation



Lifecycle KPIs

Drill down



JRS: Evidence Reports and KPIs
• An application that renders tabular reports 

and data aggregation graphs
• Reports are defined based on “self serve” 

templates using an interactive query builder, 
translated into SPARQL queries   

• Reports are produced from actual lifecycle 
records fetched from LQE

• Common usages of JRS reports
• Traceability coverage tables
• Requirements Test coverage tables
• System readiness metrics reports

System requirements to test traceability report

Subsystems verification summary



Summary: Realizing Digital Viewpoints with OSLC

OSLC enables a digital fabric with:

• Connectivity across lifecycle models and Heterogeneous 
environments – digital threads

• Orchestrating “authoritative sources” for the entire system: OSLC 
Global Configurations

• Enabling cross domain data exchange based on standard 
vocabularies and queries

• Enabling cross lifecycle analytics and reporting: maintaining 
lifecycle graphs based on OSLC TRS
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See it in 
action….

• Come by the IBM Expo Center booth
• Engage our team in conversation

• Products
• Challenges
• Strategy
• Trends & direction
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