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▪

▪ He is Systems Engineer Model-Based Engineering, Boeing Research & Technology. As part of the 
Model-Based Engineering (MBE) team in Boeing R&D, Juan Carlos has been leading as a Product 
Owner several projects with focus on Data Interoperability and Digital Thread, digital 
collaboration with suppliers using Technical Data Packages (TDP) and Data Interoperability 
Standard Implementation. He has led multiple initiatives for commercial and defense products 
and customers with the end goals of transitioning to Model Based Systems Engineering (MBSE) 
and Model Based Development (MBD) at Boeing.

▪ Learn more: https://www.linkedin.com/in/jcmendo/

▪

▪ He is Associate Professor within the Department of Computer Science and Engineering of Carlos 
III University of Madrid (UC3M). He is Master of Computer Science (2007) and Bachelor of 
Computer Science (2005) by the University of Oviedo. He has also participated in more than 30 
research projects in different competitive programmes and he is the author of more than 80 
publications and other research works. He is member of some standardization bodies such as 
ISO (Artificial Intelligence working group), OMG, ProSTEP, LOTAR, INCOSE (ontologies working 
group) and INCOSE. 

▪ (Spain).Learn more: http://www.josemalvarez.es/web/
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Digital thread: digitalization of the engineering lifecycle

▪ https://www.researchgate.net/publication/340649785_AI4SE_and_SE4AI_A_Research_Roadmap
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Digital thread: digitalization of the engineering lifecycle
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Mats Berglund (Ericsson)
http://www.ices.kth.se/upload/events/13/84404189f85d41a6a7d1cafd0d
b4ee80.pdf

Engineering (and corporate) 
environmentLifecycle processes

Source: https://www.nist.gov/system/files/documents/2019/04/05/14_delp.pdf

http://www.ices.kth.se/upload/events/13/84404189f85d41a6a7d1cafd0db4ee80.pdf
http://beyondplm.com/2014/07/22/plm-implementations-nuts-and-bolts-of-data-silos/
https://www.nist.gov/system/files/documents/2019/04/05/14_delp.pdf


Digital thread: digitalization of the engineering lifecycle
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Digital thread: digitalization of the engineering lifecycle
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Digital thread: digitalization of the engineering lifecycle
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Automation

Requirement identification and generation

Model population

Documentation and compliance

Traceability

Recovery traces

Consistency checking

Management

Models

Integration and exchange

Link  logical (descriptive) →physical (analytical)

Reuse

Simulation

Configuration

Orchestration

Link

V&V

Quality (CCC)

Information sharing with providers

Configuration Management

Evolution and information sharing



Digital thread: digitalization of the engineering lifecycle
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Capturing the collaborative systems engineering context
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-Problems & opportunities
-Solution space
-Rationale and assumptions
…

Business / 
Mission 
analysis

Stakehold
er &
Requireme
nts

System
Req.

Architectu
re design

Design
Definition

Others

-Expectations
-Goals & needs
-Quantified objectives

-Operations
-Operational needs
-System requirements

-Study management
-Interfaces
-Assumptions & decisions

-Requirements
-Physical, functional and logical
models

-System analysis
-Integration
-Transition
-Verification and validation



“Modelling and Simulation information in a collaborative 
Systems Engineering Context” (ISO 10303-243 – MoSSEC)
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Similar works

https://download.afnet.fr/ASD2019/ASD2019-07-MouadhYagoubi.pdf

https://hal.archives-ouvertes.fr/hal-01184938/document
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https://download.afnet.fr/ASD2019/ASD2019-07-MouadhYagoubi.pdf
https://hal.archives-ouvertes.fr/hal-01184938/document


Overview of LOTAR activities

▪
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Source: Mark Williams (Boeing) 
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Source: Mark Williams (Boeing) 
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Source: Mark Williams (Boeing) 
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Source: Mark Williams (Boeing) 



Case Study: linking requirements and physical models
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Define requirements
(e.g. DOORs)

Link requirements
(e.g. OSLC trace)

We assume for now a LOTAR process for requirements is in 
place 
(format could be .reqIF, sysML1, sysML2, etc)

Examines AIP -
(retrieves model)

AIP – Archive Information Package 
(including link information)

Consumer

AIP

P520

P510* 
(assumption)

*Part 510: Long term archiving and retrieval of 
Requirement management “text, graphics, 
table based” and “parameter based” 
information



Case Study: linking requirements and physical models

▪
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Key Aspect ReqIF OSLC RM SysML Requirement
Diagram

FMI/FMU

Communication protocol File

(distribution as a zip file)

HTTP Service File /

HTTP Service in SysMLV2

File

(distribution as a zip file)

Syntax XML RDF/XML

(and other RDF serialization
formats)

XML

(serialization may change
depending on the tool)

JSON (SysML V2)

XML and other formats
depending on the content of the
package

Semantics XML Schema

(depending on the end user)

OSLC RM Shape

(common attributes)

SysML metamodel XML Schema

Identification Unique global identifiers

Managed by the tool

HTTP URIs

Managed by the service
provider

Unique identifiers

Managed by the tool

Unique global identifiers

Managed by the tool

Linking Local/Global Local/Global Local/Global Local/Global

Content Defined by the tool (e.g.
enriched text)

OSLC RM Vocabulary +
Defined by the tool

(e.g. enriched text)

Defined by the tool

(e.g. enriched text)

Defined by the tool (parameters,
variables, etc. required for the
simulation in the different
configuration files: model
description, etc.)

Non-functional: maturity,
evolution, community,
etc.

Mature, Standard, Community



Case Study: linking requirements and physical models

• Define and use a core P5XX metadata set, extracted from P520

• Add OSLC RM as initial subset of extended requirements properties

• Add Requirements quality and requirements V&V metadata based on 
relevant standards such as ISO/IEC/IEEE 29148
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Case Study: linking requirements and physical models
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 Inherit elements and properties of the previous P5xx (e.g. existing P520)

 Inherit elements and properties from existing standards/specifications like OSLC 

Requirements Management for Requirements Collection

 Consider the key elements of the Requirements Engineering Process (types and 

properties)



Case Study: linking requirements and physical models 
(P510 Manifest high-level structure)
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Case Study: linking requirements and physical models
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✓Traces created and stored in P510 and P520 manifests, subsystem level. 

✓Complete use case with requirements information in reqIF/SysML format. 

• Extend to include system level P520 (SSP) and P510 (ReqIF) linking.

System reqIF

Controller reqIF Actuator reqIF

Link A Link B

Controller FMU Actuator FMU

FMU

Manifest
FMU

Manifest

“reqIF” 

Manifest

“reqIF ”

Manifest

“SSP” 

Manifest

“reqIF ”

Manifest



Case Study: linking requirements and physical models
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Example linking P510 (ReqIF) to P520 and 

bidirectional link. PLM Archive

Archive linking 

process

Traceability table from PLM
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Demo: execution 
Assumption:

Specification and behavioral 

models exist in the ARCHIVE 

before linking resolution.
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Consistency checks

▪

▪

▪

▪

▪



Making your engineering lifecycle sustainable
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Development 
Sustainability
Tree

Reuse of existing:
-Work products (knowledge & effort)
-Software libraries & infrastructure

Reuse
work 

products

Reuse 
Technology

&
Tools

Knowledge
Management

Strategy

Reuse 
infrastructure

Use of
Standards

Context-
based

Interoperabi
lity



Conclusions and further steps

D A T E  2 8SESE TOUR 2022 _ May 9 to 11    "Systems Engineering in a 
Sustainable World"

Conceptual
Standards

Technical

Sustainability

Family of standards P5xx under 
development (some of them already 

approved)

Reuse of other existing specifications for 
OAIS

Make your engineering process  and 
work products properly available in the 

long term

Take advantage of technologies & tools

Automate tasks and consistency checks

Capture your System lifecycle 
through interoperable Manifests

Use of P5xx standards (and others)

Traceability as a first-class member 
of your lifecycle

Provide traceability mechanisms

Avoid vendor-lock in

Utilities to check P5xx

Future extensions to cover any 
work product
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