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1. Introduction – Telephone Game
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1. Introduction – The ITER Project
F4E is the European Union 

organization managing 
Europe’s contribution to 

ITER
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30 m wide

23 000 tonnes

1 000 000

150 million °C

Tokamak Dimensions
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Tokamak Components

500 MW, Q = 10
Fusion Energy Output
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1. Introduction – The RMV Process

Requirements Management and Verification (RMV) Process

Analyze 
requirements

• Identify Applicable Documents 
(Level N)

• Identify Requirements (Level N)
• Analyze Requirements (Level N)

Propagate 
requirements

• Author Requirements (Level 
N+1)

• Trace Requirements Level 
N+1 to Level N

• Justify Requirements

Verify 
requirements

• Maintain Compliance
• Verify Requirements (Level 

N+1)
• Verify Requirements (Level N)

700+
Technical Specifications

80 000+
Technical Requirements
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1. Introduction – The RMV Process

RMV Process - Quantify Progress
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1. Introduction – The RMV Process

Image Source (URL): RabbitDuck

https://www.pinterest.pt/pin/533887730806503906/
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1. Introduction – The RMV Process

RMV Process - Quantify Quality
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2. Traineeship Scope & Schedule
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Tailor the F4E Quality Belts F4E Requirement Quality Report

Systems Engineering 
Literature

MASTeR Patterns by SOPHIST Systems Engineering Suite (SES) 
by The REUSE Company (TRC)

Level of Detail

Life-Cycle Stage

Level of Criticality

IO Document

F4E Document

Supplier Document

ITER Plant

ITER Plant
(Defined

Requirement)

F4E Major

F4E Minor

Specifications / Requirements

0%

20%

40%

60%

80%

Basic  Beginner  Intermediate

Specification Quality Analysis

9 months
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3. Systems Engineering Literature

Documents:
• Guide for Writing Requirements (v3, 2019) by INCOSE Work Group
• BIG EARS (2010 paper) by Alistair Mavin
• ECSS-E-ST-10-06C (2009) by ECSS
• A Short RE Primer (1st edition, 2016) by The SOPHISTs
• Schablonen für alle Fälle (5. Auflage, 2019) by The SOPHISTs

Requirement Quality – Knowledge Libraries
Knowledge Libraries

Patterns Metrics Glossary

Quality Belts Ontology

https://connect.incose.org/Pages/Product-Details.aspx?ProductCode=TechGuideWR2019Soft
https://www.researchgate.net/publication/224195362_Big_Ears_The_Return_of_Easy_Approach_to_Requirements_Engineering
https://ecss.nl/standard/ecss-e-st-10-06c-technical-requirements-specification/
https://www.sophist.de/fileadmin/user_upload/Bilder_zu_Seiten/Publikationen/Wissen_for_free/RE-Broschuere_Englisch_-_Online.pdf
https://www.sophist.de/fileadmin/user_upload/Bilder_zu_Seiten/Publikationen/Wissen_for_free/MASTeR_Broschuere_5-Auflage_Komplett_Lesezeichen_Update_web.pdf
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4. Requirement Patterns
Based on the SOPHIST “MASTeR 

Patterns” and corresponding 
TRC’s Knowledge Library
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5. Tailoring Quality Belts

3-Dimensional Requirement Quality Space
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5. Tailoring Quality Belts

3-Dimensional Requirement Quality Space
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5. Tailoring Quality Belts

3-Dimensional Requirement Quality Space
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5. Tailoring Quality Belts

Workshop: Systems Engineering Group on Tailoring Quality Belts

15
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5. Tailoring Quality Belts

Workshop: Systems Engineering Group on Tailoring Quality Belts
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5. Tailoring Quality Belts

x

Generic

Specific

Workshop: Systems Engineering Group on Tailoring Quality Belts
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5. Tailoring Quality Belts

Requirement Patterns available to the requirement author from the start.

Requirement Patterns enforced to the requirement author at advanced belt.

Quality Belts Requirement Patternsvs.
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5. Tailoring Quality Belts

19

G  Generic Ontology S  Specific Ontology (Domain) GS  Generic + Specific Ontology X  Exclusive Metric Set Baseline C  Compound Metric Set Baseline (Union)
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5. Tailoring Quality Belts

Metrics Weight vs Mandatory Metrics
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6. Methodology

• Batch [A-]: The weights of metrics belonging to previous belts have weight 2 wrt. to metrics of current belt.
• Batch [A+]: The weights of metrics belonging to next belts have weight 2 wrt. to metrics of previous belt.

• Batch [B-]: Metrics belonging to Basic belt weigh 3, Beginner belt weigh 2 and Intermediate belt weigh 1.
• Batch [B+]: Metrics belonging to Basic belt weigh 1, Beginner belt weigh 2 and Intermediate belt weigh 3.

• Batch [C-]: Metrics belonging to Basic belt weigh 10, Beginner belt weigh 5 and Intermediate belt weigh 1.
• Batch [C+]: Metrics belonging to Basic belt weigh 1, Beginner belt weigh 5 and Intermediate belt weigh 10.

• Batch [E-]: Metrics belonging to Basic belt weigh 100, Beginner belt weigh 10 and Intermediate belt weigh 1.
• Batch [E+]: Metrics belonging to Basic belt weigh 1, Beginner belt weigh 10 and Intermediate belt weigh 100.

Based on Metrics Weight

[A]

[B]

[C]

[E]

Tailoring and Depoyment of SES in F4E - Aldo Schaaf & Ivan Bénilan

Based on Mandatory Metrics

• Batch [D]: The metrics belonging to previous belts are set to mandatory.[D]
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6. Methodology
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Technical Specifications - Sample

Technical Specifications Technical RequirementsProgram Teams

The ... shall ...



23

7. Results

Basic  Beginner  Intermediate

High (A-) 67% 65% 60%

Medium (A-) 14% 17% 27%

Low (A-) 19% 18% 14%

High (A+) 67% 66% 55%

Medium (A+) 14% 20% 30%

Low (A+) 19% 14% 15%
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20%

30%

40%

50%

60%

70%

80%

Metrics Set Baseline

RQA Analysis [A+] vs [A-]
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[A]

Batch [A-]: The weights of metrics belonging to lower quality levels have weight 2 wrt. to metrics of current quality level.
Batch [A+]: The weights of metrics belonging to current quality level have weight 2 wrt. to metrics of lower quality levels.
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7. Results

Basic  Beginner  Intermediate

High (B-) 67% 65% 62%

Medium (B-) 14% 18% 23%

Low (B-) 19% 17% 15%

High (B+) 67% 66% 60%

Medium (B+) 14% 20% 26%

Low (B+) 19% 14% 14%
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RQA Analysis [B+] vs [B-]
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[B]

Batch [B-]: Metrics belonging to Basic belt weigh 3, Beginner belt weigh 2 and Intermediate belt weigh 1.
Batch [B+]: Metrics belonging to Basic belt weigh 1, Beginner belt weigh 2 and Intermediate belt weigh 3.
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Basic  Beginner  Intermediate

High (C-) 67% 67% 64%

Medium (C-) 14% 16% 19%

Low (C-) 19% 17% 17%

High (C+) 67% 69% 59%

Medium (C+) 14% 17% 26%

Low (C+) 19% 14% 15%
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RQA Analysis [C+] vs [C-]
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[C]

Batch [C-]: Metrics belonging to Basic belt weigh 10, Beginner belt weigh 5 and Intermediate belt weigh 1.
Batch [C+]: Metrics belonging to Basic belt weigh 1, Beginner belt weigh 5 and Intermediate belt weigh 10.

7. Results
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7. Results
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Basic  Beginner  Intermediate

High (E-) 67% 67% 63%

Medium (E-) 14% 12% 16%

Low (E-) 19% 22% 21%

High (E+) 67% 70% 60%

Medium (E+) 14% 16% 25%

Low (E+) 19% 14% 15%
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70%

80%

Metrics Set Baseline

RQA Analysis [E+] vs [E-][E]

Batch [E-]: Metrics belonging to Basic belt weigh 100, Beginner belt weigh 10 and Intermediate belt weigh 1.
Batch [E+]: Metrics belonging to Basic belt weigh 1, Beginner belt weigh 10 and Intermediate belt weigh 100.
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7. Results

Basic  Beginner  Intermediate

High (D) 67% 56% 35%

Medium (D) 14% 12% 1%

Low (D) 19% 32% 64%
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RQA Analysis [D]
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[D]

Batch [D]: The metrics belonging to lower quality levels s are set to mandatory.
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7. Results
Project Team
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7. Results
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8. Conclusion

Metrics belonging to 
lower quality belts to be 

set as mandatory in 
higher quality belts.

Make the Requirement 
Patterns available as 

soon as possible.

Requirement Quality Belts 
can be managed as union 

of exclusive metric set 
baselines in RQA.

0%

20%

40%

60%

80%

100%

Basic  Beginner  Intermediate

Team A – With Mandatory Metrics

Future Work:
• Develop Domain Specific Ontologies;
• Familiarize more project teams with the Systems Engineering Suite; 
• Increase specification sample to assess evolution of requirement quality over time; 
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3. Deployment of SE Suite

Local Testing and Development Deplyoment

Tailoring and Depoyment of SES in F4E - Aldo Schaaf & Ivan Bénilan

FlexNet
(v11.14.1.0)

Licensing

TRC Vendor Daemon
(v18.4)

TRC Token Manager
(v18.4)

SES Server
(v18.4)

Microsoft SQL Server Express
(2012 SP4)

SES Management

Ontology DB Server

SES Clients

KM
(v18.4)

RQA
(v18.4)

RAT
(v18.4)

SES Db Migration Tool
(v18.4)

RQA Batch
(v18.4)

RAT Plugin for DOORS
(v18.4)IBM Rational DOORS

(9.6)

Workproduct DB Server

F4E Laptop
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3. Deployment of SE Suite

Production Deplyoment
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Microsoft SQL Server
(2012 SP4 Enterprise Edition)

Ontology DB Server

F4E Ontology DB Server
F4E

FlexNet
(v11.14.1.0)

Licensing

TRC Vendor Daemon
(v18.4)

TRC Token Manager
(v18.4)

SES Server
(v18.4)

SES Management

TRC Db Migration Tool
(v18.4)

RQA Batch
(v18.4)

F4E Remote
Desktop

F4E SES Server F4E Laptop F4E DOORS
DB Server

IBM Rational DOORS
(9.6)

Workproduct DB Server
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