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Introduction: Webinar rules

Webinar rules:
You’ll be muted all along the Webinar

There’s a chatting box to ask your questions or send your comments when you want
Please address these comments and questions to the user “The REUSE Company” and not to the 
presenter directly
If you have any technical issue please use this chatting box, or mail us at: support@reusecompany.com
The Webinar will be recorded.  A link to the recording will be sent to you in few days

mailto:support@reusecompany.com
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About The REUSE Company (TRC)

The company was 
created in 1999

As a spin-off of a 
local university in 
Madrid (Spain)

01 System + 
Software 
Engineers

Smart combination 
between Company 
staff and R&D 
from Academia

02 Head Quarters:
Madrid (Spain)

International
offices:
London (UK) 
Stockholm 
(Sweden)

03 Offering a 
knowledge 
centric approach 
to leverage system 
engineering 
activities in our 
customers

04

WHEN WHO WHERE WHY

Introduction to The REUSE Company
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Research and innovation in our DNA. Public projects

Past
ARTEMIS CRYSTAL

Requirements
Engineering

Current
Celtic+: IoD

Future
ITEA3: EMBRACE

New Control

Research and Innovation in our DNA
Spin-off of Carlos III University of Madrid
TRC’s headquarter is in the Legatec Technology Park of the University
≈10% of revenues are devoted to R&D
TRC is actively involved in several large EU research projects

Introduction to The REUSE Company
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QUALITY

TRACEABILITY

REUSABILITY

Leveraging Systems 
Engineering activities

Introduction to The REUSE Company
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Who is using our technology?

Aerospace and defense

Energy

Automotive

Healthcare

Other industries

Introduction to The REUSE Company
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Christer Fröling
Christer worked in the Medical and Defence 
sectors at either industrial organisations or as 
business entrepreneur for over 20 years at 
various operational and management levels. 
Currently he is the CEO of REUSE 
Scandinavia in Sweden which specializes in 
requirements quality services and tools within 
the Scandinavian region.
Christer is a driven change facilitator and has 
successfully adopted and implemented 
international process frameworks and standards 
within industry. 
He has in recent years specialised in 
organisational learning, change management, 
process improvements, LEAN and Systems 
Engineering (SE) and Requirements Engineering 
(RE). 
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The value in Requirements quality
Calculate potential project cost savings using the 
COSYSMO model

Christer Fröling
The REUSE Company
christer.froling@reusecompany.com
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The reason for project failure or success
The need of mutual understanding 
The COSYSMO model
The simulation – Improving requirements quality
The simulation – Improving the SE process
The cost of change
The RoI - Summary

Applying AI and NLP to enhance the definition of requirements
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The reason 
for project 
failure or 
success
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The purpose of requirements

Form the basis of system architecture and design activities.

Form the basis of system integration and verification activities.

Act as reference for validation and stakeholder acceptance.

Provide a means of communication between the various technical staff 
that interact throughout the project

Source: www.sebokwiki.org/wiki/System_Requirements
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You will not get what you asked for…

You will get what the receiver of the 

information THINKS you asked for!
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We have all seen them…

The small annoying things that makes us mad: 
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We have also seen…

The large things that makes us scared:
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Why projects FAIL?

Source: The Standish group Chaos Report, https://www.projectsmart.co.uk/white-papers/chaos-report.pdf
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Why projects FAIL?

The second largest reason for project 
failure is BAD REQUIREMENTS

Also high correlation between bad 
requirements and failed test (3rd reason 
for project failure)

If you add that “unrealistic goals” are 
part of low-quality requirements work 
and think about WHY the projects have 
massive schedule overrun…. Source: Improving Software Project Outcomes Through Predictive Analytics, 

Gina Guillaume-Joseph, 2016
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Why projects SUCCEED?

Source: The Business Case for Systems Engineering Study: Results of the Systems Engineering Effectiveness Survey, 2012
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The whispering game – we are only humans
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The meaning of communication between stakeholders

Validability Verifiability Modifiability

Completeness Consistency Understandability Unambiguity Traceability

Precision Singularity

RECEIVERSENDER

Abstraction

Correctness
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INCOSE GfWR
Characteristics of individual and 
sets of needs and requirements, 
provides rationale and guidance for 
helping understand the 
characteristics.

Rules for individual and sets of needs 
and requirements that help to 
formulate them. Included an 
explanation of the rule and examples 
of the application of the rule.

Attributes that can be attached to a 
need or requirement statements to 
form need or requirement 
expressions. Also included is guidance 
on the use of attributes.

 Att CodeAttribute

Attributes to 
Help Define 
the 
Requirement 
and its Intent

Attributes 
Associated 
with the 
System of 
Interest (SOI) 
Verification

Attributes to 
Help Maintain 
the 
Requirements

Attributes to 
Show 
Applicability 
and Allow 
Reuse

A01 Rationale* 1
A02 SOI Primary Verification or Validation Method* 1
A03 SOI Verification or Validation Approach 1
A04 Trace to Parent* 1
A05 Trace to Source* 1
A06 Condition of Use 1
A07 States and Modes 1
A08 Allocation* 1
A09 SOI Verification or Validation Level 1
A10  SOI Verification or Validation Phase 1
A11  SOI Verification or Validation Results 1
A12  SOI Verification or Validation Status 1
A13  Unique Identifier* 1
A14  Unique Name 1
A15  Originator/Author* 1
A16  Date Requirement Entered 1
A17  Owner* 1
A18  Stakeholders 1
A19  Change Board 1
A20  Change Status 1
A21  Version Number 1
A22  Approval Date 1
A23  Date of Last Change 1
A24  Stability 1
A25  Responsible Person 1
A26  Need or Requirement Verification Status* 1
A27  Need or Requirement Validation Status* 1
A28  Status (of the Need or Requirement) 1
A29  Status (of Implementation) 1
A30  Trace to Interface Definition 1
A31  Trace to Peer Requirements 1
A32  Priority* 1
A33  Criticality or Essentiality* 1
A34  Risk (of Implementation)* 1
A35  Risk (Mitigation) 1
A36  Key Driving Need or Requirement (KDN/KDR) 1
A37  Additional Comments 1
A38  Type/Category 1
A39  Applicability 1
A40  Region 1
A41  Country 1
A42  State/Province 1
A43  Application 1
A44  Market Segment 1
A45  Business Unit 1
A46  Business (Product)Line 1

46 Attributes

Type
Rule 

Number
Rule name

C1
 - 

N
EC

ES
SA

RY

C2
 - 

AP
PR

O
PR

IA
TE

C3
 - 

U
N
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G
U

O
U

S

C4
 - 

CO
M
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E

C5
 - 

SI
N

G
U
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R

C6
 - 

FE
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LE

C7
 - 

VE
RI
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C8
 - 

CO
RR
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T

C9
 - 

CO
N

FO
RM

IN
G

C1
0 

- C
O

M
PL
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E

C1
1 

- C
O

N
SI

ST
EN

T

C1
2 

- F
EA

SI
BL

E

C1
3 

- C
O

M
PR

EH
EN

SI
BL

E

C1
4 

- A
BL

E 
TO

 B
E 

VA
LI

DA
TE

D

Accuracy R01 Sentence Structure 1 1
R02 Use Active Voice 1 1
R03 Subject Verb 1 1 1 1 1
R04 Use Defined Terms 1 1 1 1 1
R05 Use Definite Articles 1 1
R06 Units 1 1 1 1
R07 Avoid Vague Terms 1 1 1
R08 No Escape Clauses 1 1 1
R09 No Open Ended 1 1 1 1

Concision R10 Superfluous Infinitives 1 1
R11 Separate Clauses 1

Non Ambiguity R12 Correct Grammar 1 1
R13 Correct Spelling 1
R14 Correct Punctuation 1
R15 Logical Condition 1
R16 Avoid Not 1 1
R17 Oblique 1 1

Singularity R18 Single Sentence 1 1 1 1 1 1
R19 Avoid Combinators 1 1
R20 Avoid Purpose 1
R21 Avoid Parentheses 1
R22 Enumeration 1 1
R23 Context 1 1

Completeness R24 Avoid Pronouns 1 1 1
R25 Use Of Headings 1

Realism R26 Avoid Absolutes 1 1 1
Conditions R27 Explicit 1 1

R28 Explicit Lists 1 1
Uniqueness R29 Classify 1 1 1

R30 Express Once 1 1 1 1
Abstraction R31 Solutionfree 1
Quantifiers R32 Universals 1 1 1
Tolerance R33 Value Range 1 1 1 1 1 1
Quantification R34 Measurable 1 1 1 1

R35 Temporal Indefinite 1 1 1
Uniform Language R36 Use Consistent Terms 1 1 1 1 1 1

R37 Define Acronyms 1 1 1 1 1
R38 Avoid Abbreviations 1 1 1 1
R39 Style Guide 1 1 1 1 1 1

Modularity R40 Related Requirements 1 1 1
R41 Structured 1 1 1 1

CHARACTERISTICS OF NEED AND 
REQUIREMENT STATEMENTS

CHARACTERISTICS OF 
SETS OF NEEDS AND 

REQUIREMENTS

41 Rules / 14 Characteristics
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The cost of defects..

https://www.medtechintelligence.com/feature_article/using-root-cause-analysis-for-powerful-defect-prevention/

https://www.medtechintelligence.com/feature_article/using-root-cause-analysis-for-powerful-defect-prevention/
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The COSYMO 
model
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The COSYSMO model

COSYSMO Developed by MIT and calibrated 
with more than 60 projects since 2005 
from companies like:
§ Raytheon

§ Lockheed Martin
§ BAE Systems
§ Boeing
§ Northrop Grumman
§ General Dynamics
§ BAE Systems

§ L-3 Communications

Source: http://cosysmo.mit.edu/
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COSYSMO Scope

• Addresses first four phases of the system 
engineering lifecycle (per ISO/IEC 15288)

• Considers standard Systems Engineering Work 
Breakdown Structure tasks (per EIA/ANSI 632)

Conceptualize Develop
Oper Test 
& Eval

Transition 
to 

Operation

Operate, 
Maintain, 
or 
Enhance

Replace 
or

Dismantle
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How is Systems Engineering Defined?

} Acquisition and Supply 
} Supply Process
} Acquisition Process

} Technical Management
} Planning Process
} Assessment Process
} Control Process

} System Design
} Requirements Definition Process
} Solution Definition Process

What is included from EIA/ANSI 632 “Processes for 
Engineering a System”?

} Product Realization
} Implementation Process
} Transition to Use Process

} Technical Evaluation
} Systems Analysis Process

} Requirements Validation Process
} System Verification Process

} End Products Validation Process
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The COSYSMO model – Effort multipliers

COSYSMO research gives validated 
data that REQUIREMENTS 
UNDERSTANDING is the single 
most important aspects and cost 
driver in a project.
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The 
Simulation
Requirements 
improvement
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n 329 Requirements
n 438 Requirements

n 66.26% Modified Requirements

Modified Specification

% of 
Requirements

Original Specification

% of 
Requirements

Example from a large railroad project

Source:  Your Wish, My Command – Speeding up Projects in
the Transportation Industry Using Ontologies, Hugo Guillermo Chalé Góngora, et.al., 27th Annual INCOSE International Symposium, 2017
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COSYSMO – System Requirements
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COSYSMO – System Interfaces

10

Static value in
the simulation

30 10
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COSYSMO – Algorithms

25 20 5

Static value in
the simulation
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COSYSMO – Operational Scenarios

Static value in
the simulation

4 24
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Improved 
requirements 

quality

Reduced effort: -17,5%
+/- 30% uncertainty
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The VALUE of high quality requirements – 15% potential cost saving!
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The 
Simulation

- Improved SE 
process
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Example of application – Nominal Values for efficient SE process

𝑆𝐸 𝐶𝑜𝑠𝑡 𝑓𝑜𝑟
𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑉𝑎𝑙𝑢𝑒𝑠 = $9,454,288.00
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COSYSMO – Requirements Understanding

White 
Belt

Yellow
Belt

Orange 
Belt

Blue
Belt

Requirements CORRECTNESS

RQA RAT
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COSYSMO – Architecture Understanding

White 
Belt

Yellow
Belt

Orange 
Belt

Blue
Belt

PLUS adding:
• Patterns
• Tool interoperability
• Traceability
• Knowledge reuse

Black 
Belt

Requirements and Architecture CORRECTNESS,
CONSISTENCY & COMPLETENESS
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Example of application – High Values for efficient SE process

𝑆𝐸 𝐶𝑜𝑠𝑡 𝑓𝑜𝑟
𝐻𝑖𝑔ℎ 𝑉𝑎𝑙𝑢𝑒𝑠 = $5,896,640.00

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐶ℎ𝑎𝑛𝑔𝑒
𝑵𝒐𝒎𝒊𝒏𝒂𝒍 𝒕𝒐 𝑯𝒊𝒈𝒉 = 𝟑𝟕. 𝟔𝟑%
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The supporting standards – An overview

Source: www.sebokwiki.org/wiki

ISO/IEC 26551:2016
Product line Requirements 

Engineering 
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The Product Line Knowledge Base is formed by all types of Knowledge

Stakeholde
r needs and 
requiremen

ts

Operation
Business or 

Mission 
Analysis

Maintenan
ce Disposal

System 
requiremen

ts

Architectur
e

Design

Validation

Transition

Verificatio
n

System 
Analysis Integration

Implementation

Knowledge Base
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The supporting standards – Product line engineering

Extraction of requirements from the product-line assets
§ Automatic allocation of assets from the solution space to requirements 

document

Identification of the variant features in the requirements 
§ Patterns and Thesaurus to cover commonality and variability

Coverage of the specific system features 
§ Knowledge interfaces with Product Lifecycle Management software 

tools
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Example of application –Very High Values for efficient SE process

𝑆𝐸 𝐶𝑜𝑠𝑡 𝑓𝑜𝑟
𝑉𝑒𝑟𝑦 𝐻𝑖𝑔ℎ 𝑉𝑎𝑙𝑢𝑒𝑠 = $3,687,172.00

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐶ℎ𝑎𝑛𝑔𝑒
𝑵𝒐𝒎𝒊𝒏𝒂𝒍 𝒕𝒐 𝑽𝒆𝒓𝒚 𝑯𝒊𝒈𝒉 = 𝟔𝟏. 𝟎𝟎%
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𝑆𝐸 𝐶𝑜𝑠𝑡 𝑓𝑜𝑟
𝑵𝒐𝒎𝒊𝒏𝒂𝒍 𝑉𝑎𝑙𝑢𝑒𝑠 = $9,454,288.00

𝑆𝐸 𝐶𝑜𝑠𝑡 𝑓𝑜𝑟
𝑯𝒊𝒈𝒉 𝑉𝑎𝑙𝑢𝑒𝑠 = $5,896,640.00

𝑆𝐸 𝐶𝑜𝑠𝑡 𝑓𝑜𝑟
𝑽𝒆𝒓𝒚 𝑯𝒊𝒈𝒉 𝑉𝑎𝑙𝑢𝑒𝑠 = $3,687,172.00

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐶ℎ𝑎𝑛𝑔𝑒
𝑵𝒐𝒎𝒊𝒏𝒂𝒍 𝒕𝒐 𝑯𝒊𝒈𝒉 = 𝟑𝟕. 𝟔𝟑%

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐶ℎ𝑎𝑛𝑔𝑒
𝑵𝒐𝒎𝒊𝒏𝒂𝒍 𝒕𝒐 𝑽𝒆𝒓𝒚 𝑯𝒊𝒈𝒉 = 𝟔𝟏. 𝟎𝟎%

-€ 50,000 

€ 50,000 

€ 150,000 

€ 250,000 

€ 350,000 

€ 450,000 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
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T
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Return on Investment with SES v18 - Pilot Project

EFFORT Current State EFFORT Future State SE STUDIO (SES) COST NET SAVING WITH SE STUDIO
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The Cost of 
change
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P

C

Pros
Reach high level of quality, for requirements and other assets
Reduce time of inspection and re-work

Cons
Reaching the full CCC approach requires help from ontologies

Key elements of the CCC approach
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Building a new capability requires resources

Change Process:

} Pace?
} Focus?
} Goals?

} Resources?
} Implementation?

Resources

Management Support
& Attention

Processes

Knowledge

Tools

New Capability:

Systems Knowledge 
Base
(SKB)

Systems 
Assets Store

(SAS)

Systems 
Knowledge 

Repository (SKR)
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Correctness: 
Syntax Analysis

Ontology: 
Controlled 
Vocabulary

Ontology: System 
Conceptual 
Model*

Requirements
Patterns

Correctness: 
Semantic Analysis

Formalization & 
Relationships

Completeness
& Consistency 
Analysis

Ontology: 
Requirements 
Retrieval & Reuse

The Knowledge buildup

time

RQA

RAT

KM

* Functional models, States/Modes, Product Breakdowns, Specification structures, etc.….
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Rules

Patterns

Ontology

Rules

Patterns

Ontologies

AI + NLP
Reduction of time
Less help from SME

Manual definition
Requires time
Requires an intensive help from SME

Key elements of the CCC approach
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Efforts to build KNOWLEDGE

4.15
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0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Effort

Task Hours Person 
Month

Build Ontology (DB1)
(terms classification + PBS + patterns) 281.20 1.76

White Belt - Edit Requirements (approx. 350 
req.) 10.60 0.07

White Belt - Design Quality configuration 132.00 0.83
White Belt – Implement Quality configuration
(metrics elaboration + quality assessment) 9.64 0.06

Yellow Belt - Edit Requirements 120.00 0.75

Orange Belt – Design and Implement quality
configuration 20.98 0.13
Orange Belt - Edit Requirements 90.00 0.56

Total 664.43 4.15

SES Suite – real example
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The RoI -
Summary
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Project and department control over progress, risks and 
maturity

Key benefits observed by using the 
tools for a Project manager (PM):

1. Makes the team realize the need for a 
standardized workflow

2. Increased the team communication
3. Gave the PM a tool to manage risk 

and communicate progress
4. Increased the quality of the 

specifications (or everything analyzed..)

75

time

QA metric set
”white belt”

QA metric set
”yellow belt”

QA metric set
”orange belt”
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The Return on Investment - Summary
Adding the SES suite to your way of working with 
System or Procurement adds tremendous returns:

• Reduced time/effort for each Project/RFI/RFQ

• Decreased levels of misunderstanding

• Reusable information & knowledge

• Reduced project risk

• Increased overall system quality

• Increased customer satisfaction

• Lower project cost (as demonstrated with COSYSMO)
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Checking Requirements completeness with RQA and DOORS
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Next webinar

Writing Requirements with a Knowledge Library Based on the NASA Systems Engineering Handbook
The NASA Systems Engineering Handbook is considered as top-level guidance for systems engineering practices in the space 
industry. The REUSE Company has developed a knowledge library to be used in our SE Suite in order to follow the NASA 
guidelines in an easy way. The knowledge library includes glossary, acronyms, abbreviations, specific taxonomies, hierarchies, 
and terms relationships. It also includes guidance for well-formed requirements through rules and patterns.
In this webinar you will see how you can improve the quality of your requirements as well as your requirements authoring and 
checking process. Using this approach you will discover requirements errors in an early stage of the process and prevent extra 
costs and time for your projects.

Dates:
May 12 and 14
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Checking Requirements completeness with RQA and DOORS
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Reuse on Youtube

https://www.youtube.com/user/TheREUSECompany/videos

https://www.youtube.com/user/TheREUSECompany/videos
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Contact information

�
�

Christer Fröling – Reuse Company Scandinavia

christer.froling@reusecompany.com

+46 (0)72 232 24 63

@ReuseCompany

www.linkedin.com/in/christerfroling
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