
Jet Propulsion Laboratory
California Institute of Technology

Exposing Hidden Parts of the SE Process: MBSE 
Patterns and Tools for Tracking and Traceability

Maddalena Jackson

Marcus Wilkerson

Jean-Francois Castet



Agenda

• Introduction
• Why do we need tracking & 

traceability
• Case studies
• Conclusions



Jet Propulsion Laboratory
California Institute of Technology

INTRODUCTION



Introduction (who is talking to you?)

• Me: NASA’s proposed Europa Mission for 
~2 years

• MBSE for 7
• Roles:

– Practitioner
– Systems Engineer on FS requirements team

• Do requirements engineering, happen to use MBSE 
as tool of choice

• SW developer for query, automation, tool, 
visualization, and any other as-need infrastructure

– Model System Engineer for PSE 
• One interface between SEs with more traditional 

skill sets and system model
• My particular role is software management
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MBSE ON THE EUROPA PROJECT



Europa

• How do we solve Europa’s mysteries? By potentially sending a 
spacecraft and instruments to collect data for our investigation!

• Europa Project:
– Early phase
– Dual focus on system/design architecture and closing big trades and

requirements derivation, analysis, and flow-down.

“Europa, with its probable vast subsurface ocean sandwiched
between a potentially active silicate interior and a highly
dynamic surface ice shell, offers one of the most promising
extraterrestrial habitable environments, and a plausible
model for habitable environments beyond our solar system”

“Visions and Voyages”, 2011 Planetary Decadal Survey 



MBSE on the Europa Project

• Europa is fully MBSE mission concept 
(Project and SC level)
– We use MBSE to do our SE
– MBSE is not the product

• Specifically, for our phase:
– MELs, PELs, resource allocation and analysis, 

system decomposition, etc
– All systems engineering activities

• Requirements (derivation, justification, traceability, 
analysis, maturity, history, verification, document 
generation, metrics, etc.)

• This talk will focus on the SE aspects 



Custom 
visualizations

Spreadsheets

What does the Europa Project do with that?

System Model

Other 
engineering 
analysis tools

Web Portal 
(read-write)

Model validation: 
completeness & correctness 
reports; metrics

Modeling client 
(read-write)

Gate Products for 
Release (read-only)

Resources and 
MarginsMEL

PEL

Spacecraft and 
Project Requirements 

Documents

Automation and 
query plugins and 

libraries

Burndown, 
work to go, 
quality, and 
other metrics



MBSE and SE Process 

• Assertion: MBSE can enable better 
(clearer, more automated) SE process

• Particularly in areas:
– Maturity of requirements (and other 

elements)
– Evolution of maturity and design
– Metrics generation, tracking, reporting
– Model V&V, confidence, and integrity



The problem

• Situation 1: 
– A: We have over a thousand requirements. 

How do I keep track of my work? Can the 
model-based approach help?

– B: Someone allocated a requirement to me. I 
want to be able to reject or accept it. I also 
want to be able to propose a requirement to 
my parent. Can the model help me keep 
track of the agreement?

• Situation 2:
– A: We know elements should be related in 

certain ways for the model to be “complete” 
and patterns to be “correct.” Can I check 
the model against assertions?

– B: How many of x, y, z are there? How does 
that compare to last week?



MBSE + SE process – what we did

• These are common questions in any SE effort.
• Often have to answer these questions during 

reviews, in reporting to managers, for own 
confidence, or as part of modeling 
engineering role.

• What we did:

System Model

Current maturity and 
history of maturity 

evolution

Execute maturity 
state changes and 
record metadata

Maturity Tracking Tools

Model audit reports 
and historical data

Execute model 
audits and record 

results in model and 
publish

Model Audit Tools
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CASE 1: MATURITY EVOLUTION 
AND TRACKING



Maturity Evolution

Requirement Derivation Process & Maturity Flow

++REQ
. Q

UA
LITY &

 REV
IEW

 LEV
EL



Allocation and Negotiation

Technical Discipline Area
Responsible SE

Technical 
Discipline Area
Responsible SE

constraint

Constraint Allocation
• Parent allocates constraint
• Constraint is addressed by child
• Parent and child both approve 

the allocation
We want to track the 
state of agreement 
about the allocation

This is the machinery: abstracted 
into a simple UI by code



Negotiation tracking

• Queryable: work to go, what 
needs attention, what is 
stale, what a responsible 
engineer has on plate

• Notifications
• History
• Metrics
• Negotiation status is live-

linked in documents
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CASE 2: METRICS, MODEL V&V, 
AND HISTORY



Model V&V

• Need ability to make, check, 
and track assertions about the 
model and content

• Rules are written at the 
framework level

• Extract elements to verify from 
model

System Model

Systems Engineering 
Ontologies, Architecture 
Frameworks, Patterns

Is everything modeled 
completely?
Correctly?
Does my modeled 
information conform to 
my framework and 
patterns?



Europa Validation Framework

???
Problem: wasn’t this 
supposed to have 
one of these?

Rule 2
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Model/Data 
Integrity Reports



EVF Generic Execution Example

• Compose rules into “RuleSets”
• Model the configuration (simple pattern)
• Execute Generically

Check things in 
this document

Filter out 
everything that’s 
not a requirement

Check each requirement 
against these rules Skip anything that’s 

not a requirement

Rule maps to reviewed 
rule in code library



EVF Interactive In-Model Report

Successfully fetched all 
895 requirements from 
document on server

Rule code found 
and initialized

Summary section (violations)

Summary section (all pass)

Launch rule-fixer (batch mode)

Detailed report of elements that 
violate the rule. Can navigate 
to element to fix manually or 
can fix with fixer tool.



EVF Web Reporting

Summary of validation rule set

Detailed results for each rule 
(ID for finding element quickly)

Easily 
adjustable 
web report 
template

Automatic EVF 
execution and 
web publication



History
Inside of our Spacecraft Requirements 
Document…

Each of these History 
Entries…

Contains Pass/Fail/Skip records for 
each requirement for each rule

History can be queried and used for
- Metrics
- Trending
- Generating historical reports
- Individual element history



Results

• Lightweight
• Minimal software development
• Model reusable rule configurations
• Code is easy to review and unit test

• In use:
– Modeling team internal quality checks
– Metrics for burndown, management, 

trending
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CONCLUSIONS



Conclusions

• SE process can easily be supported (and 
enriched) by MBSE
– Tracking maturity, negotiation state  work 

to go, situational awareness, historical 
traceability

– Rules-checking in model  confidence, 
metrics, simple reporting, easy fix interface, 
history

• SE process needs not always well 
understood until runtime

• Most time spent hashing out patterns and 
rules (code is easy once algorithms 
agreed upon)



Recommendations

• Maturity definitions and rules in SEMP
• Explicit study of SE process 

requirements for infrastructure
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