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> 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
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Presenters’ profile

> Luis Javier Munoz

> Sales and Consulting Engineer, > Cecilia Karlsson

The REUSE Company > Marketing & Communication

Cecilia Karlsson
Luis J. Munoz cecilia.karlsson@reusecompany.com

luis.munoz@reusecompany.com
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About The REUSE Company (TRC)

Ol

WHEN

The company was
created in 1999

As a spin-off of a

local university in
Madrid (Spain)

02

WHO

System +
Software
Engineers

Smart combination
between Company

staff and R&D
from Academia
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Introduction to The REUSE Company

&

WHERE

Head Quarters:

Madrid (Spain)

International
offices:
London (UK)
Stockholm
(Sweden)

04

WHY

Offering a
knowledge
centric approach
to leverage system
engineering
activities in our
customers
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Research and innovation in our DNA. Public projects

Research and Innovation in our DNA
Spin-off of Carlos Ill University of Madrid

TRC’s headquarter is in the Legatec Technology Park of the University
=|0% of revenues are devoted to R&D |l TEAZ=

TRC is actively involved in severallarge EU research projects
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Who is using our technology?
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Luis Javier MUNOZ > Sales & Consulting Engineer at The REUSE Company.

> Luis Javier has experience in Aeronautics Engineering
and systems design in different industrial sectors such as
aeronautics, defense and space.

> Luis Javier’s main missions are: international sales of
our systems engineering solutions, consulting of our
customers and account management.

> His main interests include knowledge management,
aerospace engineering, requirements engineering, and
System Engineering processes.
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Writing requirements based on the
@ TRC WE BI NARS 2020 NASA Systems Engineering Handbook
NASA SYSTEMS ENGINEERING HANDBOOK

After some events and reports NASA Office of the Chief Engineer (OCE) took
the initiative to improve the overall Agency systems engineering infrastructure
and capability for the efficient and effective engineering of NASA systems.

As part of this initiative the initial writing of NASA/SP-6105 was in 1995.
Latest version is NASA SP-2016-6105 Rev2 supersedes SP-2007-6105 Rev |.
Objectives highlighted in the handbook:

“to provide general guidance and information on systems engineering that will be useful to
the NASA community.”

“to bring the fundamental concepts and techniques of systems engineering to NASA SYSTEMS ENGINEEH'NG
personnel in a way that recognized the nature of NASA systems and the NASA environment” ANDBOOK

o

NASA defines Systems Engineering in the Handbook as:

“a methodical, multi-disciplinary approach for the design, realization, technical
management, operations, and retirement of a system. A “system” is the combination of
elements that function together to produce the capability required to meet a need.”

13 | All rights reserved © The REUSE Company 2020
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Requirements at the NASA design process

.

Handbook section 4.0 System Design Processes
identified 4 design processes.

l\temte ConOps Iterate Requirements
Iterate|

Bwpectations) | Stakeholder Expectations Requirements Definition

Inconsistencies - Iterate

Needs, No - Iterate

Goals and
Derived and
Objectives Allocated

Requirements

:L::;:‘:‘v y DC:E:;? > + Functional
« Performance

* Interface

* Operational
Success « safety
Criteria « “ilities”

No = Recursive Cycle

Decomposition

od . Develop

To Product i

rod Criteria o Develop . Functional Flow
Realization esign Architecture

Processes =« Temporal Flow

«Behavioral
* Data Flow
- States and Modes

FIGURE 4.0-1 Interrelationships among the System Design Processes

Source: NASA Systems Engineering Handbook SP-2016-6 105 Rev2

Writing requirements based on the
NASA Systems Engineering Handbook

“The Technical Requirements Definition Process transforms the
stakeholder expectations into a definition of the problem and then into
a complete set of validated technical requirements expressed as
“shall” statements that can be used for defining a design solution for the
Product Breakdown Structure (PBS) and related enabling products.”

| Analyze scope of problem ‘

From Stakeholder / \

Expectations Definition : P
and Configuration Define design and <~y  Define functional and To L:[s]l:j::lg?;;o:;z:z;tmn
Management Processes product constraints behaworal.expectatlon in and Interface Management
technical terms P
. rocesses
Baselined Stakeholder Ly *
R Validated Technical
—_— | Define performance Eal Requirements
requirements for each .
Baselined Concept of > defined functional and
Operations behavioral expectation To Logical Decomposition
- 00— and Technical Data
Management Processes
Baselined Enabling V.
Support Strategies ™ - - = Measures of
Define technical require- Performance
- ments in acceptable .
“shall” statements
To Technical
l\‘ Assessment Process
i § EN Technical Performance
Measures of Validate technical Define measures of Measures
Effectiveness > requirements performance for each L.
T of effectiveness

\/‘l’

Establish technical Define technical
requirements baseline performance measures

Capture work products from technical
requirements definition activities

FIGURE 4.2-1 Technical Requirements Definition Process

Source: NASA Systems Engineering Handbook SP-2016-6105 Rev2
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Writing requirements based on the
NASA Systems Engineering Handbook
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Requirements at the NASA design process

L

Handbook section 4.2.1.2.3 Define Requirements in Acceptable Statements

L

“the requirements should be defined in acceptable “shall” statements, which are complete sentences with a single “shall” per
statement. Rationale for the requirement should also be captured to ensure the reason and context of the requirement is understood.”

L

Appendix C: How to Write a Good Requirement— Checklist

i G: How to Write a Good Reqy

Appendix C: How to Write a Good Requirement—
Checklist

C.1 Use of Correct Terms
O Shall = requirement
O Will = facts or declaration of purpose

O Should = goal

C.2 Editorial Checklist

Personnel Requirement

O "The requirement is in the form “responsible party
shall perform such and such.” In other words, use
the active, rather than the passive voice. A require-
‘ment should state who shall (do, perform, provide,
weigh, or other verb) followed by a description of
what should be performed.

Product Requirement
O The requirement is in the form “product ABC shall
XYZ.” A requirement should state “The product
shall” (do, perform, provide, weigh, or other verb)
followed by a description of what should be done.

O The uses consistent o

not the solution. Ask, “Why do you need the
requirement?” The answer may point to the real
requirement.)

O Free of descriptions of operations? (Is this a need
the produc should satisfy or an activity involy-
ing the product? Sentences like “The operator
shall...” are almost always operational statements
not requirements)

Example Product Requirements
3 The system shall operate at a power level of..

O The software shall acquire data from the. .
O The structure shall withstand loads of...

O "The hardware shall have a mass of...

C.3 General Goodness Checklist
O The requirement is grammatically correct.

O The requirement is free of typos, misspellings,
and errors.

refer to the product and its lower-level entities.

0 Complete with tolerances for qualicative/perfor-
mance values (e.g., less than, greater than or equal
t0, plus or minus, 3 sigma oot sum squares).

O Is the requirement free of implementation?
(Requirements should state WHAT is needed,
NOT HOW to provide it i.e., state the problem

NASA SYSTEMS ENGINEERING HANDBOOK

O The requirement complies with the project’s tem-
plate and style rules.

0 The requirement is stated positively (as opposed to
negatively, Le., “shall not”).

O The use of “To Be Determined” (TBD) values
should be minimized. It is better to use a best

estimate for a value and mark it “To Be Resolved”
(TBR) with the rationale along with what should
be done 1o eliminate the TR, who is responsi-
ble for its elimination, and by when it should be
eliminated.

O The requirement is accompanied by an intel-
ligihle rationale, including any assumprions.
Can you validate (concur with) the assump-
tions? Assumptions should be confirmed before
baselining.

D3 “The requirement is located in the proper section of
the document (e, not in an appendix).

C.4 Requirements Validation
Checklist

Clarity
O Are the requirements clear and unambiguous?
(Are all aspects of the requirement understand-
able and not subject to mi Is the

as TBDs or TBRs and a complete listing of them
maintained with the requirements?

O Are any requirements missing? For example,
have any of the following requirements arcas
been overlooked: functional, performance, inter-
face, environment (development, manufacturing.
test, wansport, storags, and operations), facility
(manufacturing, tet, scorage, and operations),

(among areas for
assembling, delivery points, within storage facil-
ities, loading), training, personnel, operability,
safety, security, appearance and physical charac-
teristics, and design.

O Have all assumptions been explicicly stated:
Compliance
O Are all requirements ar the correct level (e, sys-

tem, segment, element, subsystem)?

O Are requi free of ion specif-

requirement free from indefinite pronouns (chis,
these) and ambiguous terms (e.z. “as appropri-

ate” “etc..” “andfor” “but not limited t0”)2)
O Are the requirements concise and simple?

03 Do the requirements express only one thoughc per
requirement statement, a stand-alone statement as
opposed to multiple requirements in a single state-
ment, o a paragraph that contains both require-
ments and rationale?

3 Does the requirement scarement have one subject
and one predicate?

Completeness
03 Are requirements stated as completely as possiblet
Have all incomplete requirements been captured

ics? (Requirements should state what is needed,
not haw to provide it

O Are requirements free of descriptions of opera-
tions? (Don't mix operation with requirements:
update the ConOps instead.)

O Are requirements free of personnel or task assign-
ments? (Don't mix personnclitask with product
requirements: update the SOW or Task Order
instead.)

Consistency

D Are the requirements stated consistently without
contradicting themselves or the requirements of
related systems?

O Is the terminology consistent with the user and
sponsor's terminology? With the project glossary?

- NASA SYSTEMS ENGINEERING HANDBOOK 198 -
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03 15 the terminology consistently used throughout
the document? Are the key terms included in the
project’s glossary?

Traceability

3 Are all requirements neededt Is each requirement
necessary to meet the parent requirement? [s cach
requirement a needed function or characteristict
Distinguish between needs and wants. If i s not
necessary, it is mot a requirement. Ask, “What is
the worst thar could. happen if the requirement
was not includecds”

3 Are all requirements (functions, strucrures, and
constraines) bidirectionally traceable to high-

O s each performance requirement realistic?

O Are the tolerances overly tight? Are the tolerances
defendable and cost-effective? Ask, “What is the
worst thing that could happen if te tolerance was
doubled or tripled?”

Interfaces
O Are all external interfaces clearly defined?

O Are all internal incerfaces clearly defined?

O Are all interfaces necessary, sufficient, and consis-
tent with cach other?

erlevel requi or mission or 2
terest scope (i needs) poals, objectives,
constraints, or concept of operations)?

3 15 cach requirement stated in such a manner that i
canbe uniquely referenced (e.g. each requirement

is uniquely numbered) in subordinate documents?

Correctness
O Is cach requirement correet?

O Is cach stated assumption correct?

O Have the requiremenss for maininability of the
system been specified in a measurable, verifiable
manner?

O Are requirements written so that ripple effects
from changes are minimized (ic.. requirements
are as weakly coupled a5 possiblel?

Reliability
O Are clearly defined, measurable, and verifiable
reliability fied?

should be confirmed before the document can be
baselined.

O Are the requirements technically feasible?

Functionality

1 Areall described functions necessary and together
sufficient to meet mission and system poals and
objectives?

Performance

O Are all required performance specifications and
margins listed (e.g., consider timing, throughput,
storage sire, latency, accuracy and precision)?

NASA SYSTEMS ENGINEERING HANDBOOK

O Are there error detection. reporting, handling,
and recovery requirements?

O Are undesired events (e.g., single-event upset, data
loss of scrambling. operator ertor) considered and
their required responses specified?

O Have assumptions about the intended sequence
of functions heen stated? Are these sequences
required?

O Do these requirements adequately address the
survivability after a software or hardware fault of

the system from the point of view of hardware,
saftware, operations, personnel and procedures?

Verifiability/Testability

O Can the system be tested, demonstrated,
inspected, or analyzed w show that it satisfies
requirements? Can this be done at the level of the
system at which the requirement is stated? Does
a means exist to measure the accomplishment of
the requirement and verify compliance? Can the
eriteria for verification be stated?

O Are the requirements stated precisely to facilitate
specification of system test success criteria and
requirements?

NASA SYSTEMS ENGINEERING HANDBOOK

O Are the requirements free of unverifiable terms
(e flexible, casy. sufficient, safe, ad hoc, ade-
quate, accommodate, user-friendly, usable, when
required, if required, appropriate, fast, portable,
light-weight. small, large, maximize, minimize.
sufficient, robust, quickly, easily, clearly, other
“Iy” words, other “ize” words)?

Data Usage

O Where applicable, are “don't care” conditions
truly “don't care’? (“Don't care” values identify
cases when the value of a condition or fla is irrel-
evant, even though the value may be important
for other cases) Are “dorrt care” canditions values
explicily stated? (Correct identification of *don't
care” values may improve a design's porabilicy)
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Cost Effectiveness Considerations Costs expended vs. cost committed

o« 100% —
£
NASA Handbook points: 5 90% ]
‘ . . . . . 5 80% - 500-1000x 100%
The objective of systems engineering is to see that the s
. . . & 70% Operations
system is designed, built, and can be operated so that S oo% / ]
it accomplishes its purpose safely in the most cost-effective g 50%
way possible considering performance, cost, schedule, and risk”. g 0%
8 30% of Prod/Test
REQUIREMENTS are the reason for S 20%- e [
FAILURE P | Deveer
When errors are introduced vs. when they are discovered & 0% A A A A A A A A
during the system life cycle MCR SRR SDR PDR CDR SIR ORR DR/DRR
80% 70% Time

70% =
60% l 51%

3% MCR Mission Concept Review CDR Critical Design Review

30% 0% 20% SRR System Requirements Review SIR System Integration Review

20% f SDR ORR

10% - 8% 9% System Definition Review Operational Readiness Review
0%, 16% 1 12 PDR Preliminary Design Review DR/DRR Decommissioning/Disposal Readiness Review
Requirement Design Phase Test Phase System Operational Adapted from INCOSE-TP-2003-002-04, 2015
Phase Acceptance Phase
Phase
—Defect Introduced Defects Discovered FIGURE 2.5-1 Life-Cycle Cost Impacts from Early Phase Decision-Making

Source: NASA Systems Engineering Handbook SP-2016-6105 Rev2

According to J. Stecklein (NASA JSC.) “The cost of fixing a requirement error discovered during the Operations
phase ranged from 29 to more than 1500 times the cost for addressing that error at the Requirements phase”

I i All rights reserved © The REUSE Company 2020
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The consistency problem in systems engineering: NASA 1999

A disaster investigation board reports that NASA’s Mars Climate
Orbiter burned up in the Martian atmosphere because engineers
failed to convert units from English to metric.

The $125 million satellite was supposed to be the first weather
observer on another world.

A NASA review board found that the problem was in the software
controlling the orbiter’s thrusters. The software calculated the
force the thrusters needed to exert in pounds of force. A separate
piece of software took in the data assuming it was in the metric
unit: newtons.

"People make errors," Gavin said. "The problem here was not the error. It
was the failure of us to look at it end-to-end and find it. It's
unfair to rely on any one person."

https://www.wired.com/2010/1 I/1 | | Omars-climate-observer-report/
http://edition.cnn.com/TECH/space/9909/30/mars.metric.02/

18 All rights reserved © The REUSE Company 2020
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The consistency problem in systems engineering: Schiaparelli lander

LIVE: HISTORIC
MARS LANDING}

400.000.000 € loss

Schiaparelli lander’s crash landing on Mars
on Oct. 19 2016 - ESA

http://spacenews.com/esa-mars-lander-crash-caused-by- | -second-inertial-measurement-error/
http://spaceflight|01.com/exomars/exomars-tgo-enters-orbit-lander-falls-silent/

All rights reserved © The REUSE Company 2020
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What is an Ontology and a knowledge library

v
> A combination of Knowledge items, ( 9

of different nature,

\

i

at different levels of abstraction
> Representing a specific business domain or area of knowledge x Ll

> With the aim of improving the way projects are managed, including:
the promotion of the principle: quality right the first time,
enabling semantic search portals to archive and retrieve assets,
thus providing tools to reuse assets at different level,
and reducing time to market,

improving the way engineers generate (author) new assets,

SYSTEI\IIS ENGINEERING

enhancing the way items are inspected and verified, HANDBOOK

enabling real interoperability mechanisms and services,

reducing time to elaborate documents, systems and projects

25 All rights reserved © The REUSE Company 2020
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What is an Ontology and a knowledge library

Controlled Organizational and
Project Vocabulary for a common
understanding among
stakeholders

05 Reasoning

A combination of rules,
and actions to infer
information from
valuable assets and to
control the behavioural
part of the knowledge
library

02 SCM/Architectures

Capture the system architectures
represented in views and models.
Stablish relationships among
system and system elements, and
among other system entities.

Classifying information by
'}I\’: I"“"" meaning, nature...

/ 03 Patterns

Representing a set of agreed-

upon templates (grammars) to
create and maintain consistent
textual artifacts

04 Formalization

Representation of assets
semantic through SRL —
System Representation
Language

All rights reserved © The REUSE 2020




@ TRC WEBINARS 2020 Knowledge Ontology

: Domain Common English
Example of Knowledge Library . ——) &
( N
é\ Vocabulary[ Aircraft ] [ A380 ] [ A350 ] ﬁ System ][ Operate ][Temperature] [Environment][ Pressure ]
(g A J
oa ( \
A “Operation Range “ [ : ]
{%p [Temperature] > g [ [-609C, +60°C] ] Envnrqnment
N o ‘l\
Architectures - [ System ]

[<Operation>] [Temperature][ Pressure ]

Conceptual model

' { Aircraft ]

I

“Greater than (>) “

) \[Fuselage][ Wi'ng ]:Landir:g gear] [ A380 ] [ A350 ] [O&te ] )
(" ~N
v Patterns : System (*) ][Shall][Operation (*)][ At ][ «Minimum» ][ Environment (*) ][ Of][ NUMBER][ MEASSI\RIE_MENT ]

-
-

The A380 shall be able to operate at a

o . [ Temperature
minimum temperature of -702 C

Formalization [ -70 ] [ °C ]
“Greater than (>)’

Reasoning IfLowerthan (<)[ -602 [ °C ]Or Greaterthan (>)[ +602 I °C ] 3 x

All rights reserved © The REUSE Company 2020
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1. Vocabulary: NASA Handbook, Glossary, etc

"

"

"

Terms from the Handbook glossary have
been included in the library

Provides a consistent way to name
and understand all the concepts
across the industry

The system can highlight and link
references to these entries in the
body of the documents

ra

w 4

All rights reserved © The REUSE Company 2020

NASA SE Handbook Knowledge

Library

< e KNOWLEDGE Manager - o x
Terminology | Conceptual Mods Pattems  Formalzation  Inference  Configuration management  Btensioity  Assetsstors  Semings e @
sl RN SRNORNIE N - 4 00N O
[ b ® sis p—
T Special  Infegrty  Generate tems Tegs Languages Mult-anguage Tokenization Test st Spe Test

~ () importfrom Excel  sentences - and frequencies

Canfiguration

@ Substitutes

Terminology Management Terminology Discovery | Term Tags Languages Tokenization Normalization
Search fields:
Identifier: Relationship filters:
erm|
—— | [tqualste: |m] Belongs to domain
Term ng‘l g 5 |m] Belongs to SCM
Clusten | <NASA TERMINGLOGY Q% Greater than: W] Revised
I W] Is synonym
Relationship type‘l Q X oD [W] Has synonyms
L!nguage‘l English (United Kingdom) QX

checker @ Tags probabilities
Disambiguation

Flags: Advanced filters:
] Flag 1
W Flag 2

) Search in a new window

|

Terms:

Identifier Term

® 57 sigma

@ 57,176 A Concept & Technology Development NOUN
(1] 56,557 Acceptable Risk NOUN
@ 56558 Acquisition NOUN
@ 56550 Activity NOUN
@ 56560 Advancement Degree of Difficulty Assessment NOUN
@ 56808 Aireraft NOUN
@ 56561 Allocated Baseline NOUN
@ 56773 Altemative Space NCUN
@ 56562 Analysis NCUN
@ 56826 Analysis and support NOUN
@ 56563 Analysis of Altematives NCUN
@ 56564 Analytic Hierarchy Process NCUN
@ 56565 Anomaly NCUN
@ 55061 Approval NCUN
@ 54265 Architecture NOUN
@ 57268 Arcsec MEASUREMENT UNIT
@ 57361 Ariane NOUN
@ 57386 Arianespace NOUN
@ 56566 As-Deployed Baseline NOUN
@ 56810 Antitude control NOUN
@ 56567 Automated NOUN
@ 56568 Autonomous NOUN
@ 57,177 B Preliminary Design & Technology Completion ~ NOUN
@ 57,367 Back-up NOUN
~

CKg Term

- m] X

~ Term configuration:

ldentifier: MName:

| 56,557 | ‘ Acceptable Risk

Belongs to Domain: v/ ﬁ

Term tag:

Ignore accents (diacritics) exception: Dﬂ

[ Syntactic and semantic configuration:

[ nouN

QX

Cluster(s):

& <NASA TERMINOLOGY=

1 cluster(s)
Relationship type:

_Qlx

Language:

367 term(s)

‘ English (United Kingdom)

ISYES

Keep the original format of the term: ﬂ

10.000000

Gender: Number:
A Invariant
Changes gender Changes number
Synchronizes: Flag1:[ | Flag2:[ | Flag3:[ |
[ Statistics:
TR DF:
| 0000000 | | 0000000 |
TFxDF:

Synonyms ‘ SCM Relationships
Documentation Translations

~ Documentation information:

Classification code:

Scope note:

The risk that is understood and agreed to by the program/
project, governing authority, mission directorate, and other
customer(s) such that no further specific mitigating action is
required.

History note:

Sources:
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2. Conceptual Models: NASA Handbook, Clustering the terms of the glossary

. . o @ KNOWLEDGE Manager - 0 X
> C I u Ste rl n g: acco rd I ng to th e Terminclogy Conceptual Model Patterns Formalization Inference Cenfiguration management Extensibility Assets store Settings & ﬁ
. . . x‘ » [¢ import |2 Exort ‘) [ import Q D
semantic of the terms in the librar 8N @ mrences 2o ¢ €
«Organizationale «PBSs (Qther = Advanced Clusters All relationship Relationships Lessons Dashboard
vigw~  search 0 Horizental Import from Excel suggestions  leamed
Hierarchical Views Toels Semantic Clusters Relationship Taxonomy Suggestions Dashboard
r Searching fields:
> Provides m to fit the textual i i
rOVI es ean S o I e ex u a Identifier: | 0 |§|| kM Code: ‘ 0 @| Clusters with terms: |i|
t d hel th hil
paterns and help authors while
° ° r Cluster:
€ write requirements or otner 4 CROSS DOMAIN VEWPOINTS:
4 ‘]«NASA:» Cluster: | «NASA PLANS= [ "] Include terms included in child relationship
types of textual assets A e
& NASA PLANS :
‘] «NASA TERMINCLOGY Term Term Tag Cluster Relationship type Language
4 ‘“‘«REQUIREMENTS» @ Activity Plan NOUN aMASA PLANS» < Ne «Relationship type English (United Kingdem)
— » @ <RSHP CLUSTER= @) Baseline Plan NOUN aMASA PLANS» < Ne «Relationship type English (United Kingdem)
"«SysML ENTITIES= @ Build Plan NOUN aMASA PLANS» < Ne «Relationship type English (United Kingdem)
@ Closure Plan NOUN aMASA PLANS» < Ne «Relationship type English (United Kingdem)
(@ Configuration Managerr ~ NOUM <NASA PLANS» < No «<Relationship type English (United Kingdom)
@ Cost Account Plan NOUN aMASA PLANS» < Ne «Relationship type English (United Kingdem)
() Data Management Plan NOUN aMASA PLANS» < Ne «Relationship type English (United Kingdem)
Q (1] Deplayment Plan NOUN aMASA PLANS» < Ne «Relationship type English (United Kingdem)
(@) Earned Vslue Managem:  NOUN aMASA PLANS» < Ne «Relationship type English (United Kingdem)
@ Engineering Plan NOUN <NASA PLANS» « No =Relationship type English (United Kingdom)
@ Implementation Plan NOUN aMASA PLANS» < Ne «Relationship type English (United Kingdem)
@ Installation Plan NOUN aMASA PLANS» < Ne «Relationship type English (United Kingdem) E
44 terms)
174 clusters

All rights reserved © The REUSE Company 2020
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2. Conceptual Models: NASA Handbook, Taxonomy of terms and other relationships

. . . S e s KNOWLEDGE Manager - O x
> Bas e d o n S O m e re I atl O n S h I P S S h Owe d I n th e h Terminclogy Conceptual Mode Patterns Formalization Inference Configuration management Extensibility Assets store Settings o @
H an d boo k X' X' :%' :::: from Excel L2 e 5 IET::: 69 Q _:Q:_ GD

<Organizational» «PBS» (Qther Advanced Clusters All relationship Relationships Lessons Dashboard
view + search Herizontal Import from Excel types~ suggestions |eamed

Hierarchical Views Tools Semantic Clusters Relationship Taxenomy Suggestions Dashbeard

> I n C I u d i ng P BS vi ews | English [United Kingdom) ‘ &y Show clasification code [ T % = = E .
| Q I~ ‘ ‘ | X | Refresh ‘ Term Transiations | | Synonyms | |Relationships| | Properties | | Visual representation
4 @ JWST System - Term configuration:
4 @ Ground segment NOUN

@ Common services

® Ground networks [0] Cluster(s):

> Provides means to propagate queries R i = g

Documentation information:

@ Tracking and ranging [0]

in further reuse stages or just for 8 i int

® Institutional systems

Y ° ° [ ] Integration and test facilities [0] Scope note:
information retrieval e
4 @ Mission control centers 0]
® Analysis and support [0]
[ ] Commanding [0] b
® Staffing [0]
O Telemetry processing [0] History note:

@ Remote terminals [0]

® Science and operations center
4 @ Launch segment

@ Launch site services

@ Launch vehicle

9 Payload adapter Sources:
4 @ Obsertory segment

@ Integrated science instrument module

@ Optical telescope element

® Spacecrait

Breadcrumb
1 »

45 terms in the «PBS» view
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1. Patterns: NASA Handbook,

> Patters for enabling the Handbook
mapping metrics have been included in
the library

> Represent requirements similarities

and enable formal representation,
automatic recognition and aid
authors

N

4

NASA SE Handbook Knowledge Library

1326 [METRIC: ranges from-to]

<generic number> °C to <c

0 English {United Kingdom)

[

"N KNOWLEDGE Manager - O x
Terminology ‘Conceptual Model Patterns Formalization Inference ‘Configuration management Extensibility Assets store Settings (2] e
see e E‘O Q ° 0
Sentence Add new Complex Add complex  Patterns Pattern Patterns Test
patterns pattern  patterns pattern suggestions Groups Integrity
Textual Patterns Patterns Groups Patterns Test
Search fields:
Identifier: Attributes: Contains restriction:
Name:| |
[] Equals to: W] Enabled [ Text: Both, cluster and term tag
Battern gmup:‘ | lz‘ [ Indexable restrictions
[] Greater than: W] Flag [ [ Cluster:
Pattern example: W Revised -
[] Lower than: W] Used as subpattern Q% = X
] Hae RSHP: [] pattern: [ Term tag:
W] Has examples QX
Patterns
Identifier Mame Example -We\ghl Times used as subpattern Language Indexable Enabled Flag
[wee 1306 [METRIC: Passive veice detector] be activate 200 1 English (United Kingdom) O E
1305 [Condition detector: When + * + SYSTEM + SHALL | after * system a.d. can 300 0 English (United Kingdam) O
1307 [METRIC: Passive voice after the madal verb] shall not be activate 400 0 English (United Kingdom) D
+ modal verb] system ad. can
[roe 1308 [METRIC: Indefinite article + <entity>] a big ack 1875 0 English (United Kingdom) O
[wee 1309 [METRIC: <System> + MODAL VERE] element a.d. shall 2,525 0 English (United Kingdam) O
i 1310 [METRIC: shall <main action verb>] shall not a.d. abort 3155 0 English (United Kingdom) O
[wee 1311 [ACTION VERE] abert 4337 2 English (United Kingdam) O
i 1312 [METRIC - Number without units or qualifiers] <generic number> 5188 3 English (United Kingdom) O
\ndd 1313 [METRIC - Number with units or qualifiers] <generic number> ° active 6,195 3 English (United Kingdom) O
o 1345 [METRIC - Number range with units or qualifiers] <generic number> - <gene 6500 0 English (United Kingdom) O
o 1314 [METRIC Units Requiring Tolerance] <generic number> *C 7103 2 English (United Kingdom) O
it 1315 [METRIC: Numbers without units (100%)] 100% 7801 0 English (United Kingdom) [}
e 1316 [Numbers withaut units (100% v2)] 100% 8520 0 English (United Kingdom) O [
[wee 1317 [Condition detector: When * PROP + Shall] after * the maximum capaci 10,008 0 English (United Kingdom) O
[eae 1318 [PROP + of the + SYSTEM + SHALL] the maximum capacity of a 10,820 1 English (United Kingdam) |
. 1319 [<System>] 3 system 12236 1 English (United Kingdom) O
i 1320 [METRICS - AMTIPATTERN 1 - There/lt shall be] there shall be 13,195 0 English (United Kingdom) O
[wee 1321 [METRIC: Imprecise quantifiers + NUMBER + UNIT] arcund 6 RPM 14478 0 English (United Kingdam) [}
\ndd 1322 [METRIC - Conjunction "both X and Y] both approval and compen: 16,046 0 English (United Kingdam) [}
e 1323 [METRIC: Unit with tolerance 1] <generic number> celsius 4 17,001 0 English (United Kingdom) O
[wee 1324 [METRIC: Resolution of x Unit] resalution of 0.1 n 18,205 0 English (United Kingdom) O
[ae 1325 [METRIC: tNUMBER UNIT] = <generic number> " ¢ 19,720 0 English (United Kingdam) |
e 20521 i [}
—
[

[«

41 pattern(s)
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@ TRC WEBINARS 2020

1. Formalization: NASA Handbook

> Formalization extracts relations and
properties for enabling the metrics that
have been included in the library

> Representation of assets semantic
through SRL - System
Representation Language

NASA SE Handbook Knowledge Library

o | e~

Terminclegy

]
—_—
: oo H
Sentence Complex Relationships Sentence Complex
patterns view  patterns view view patterns view  patterns view view

Relationships Formalization

Conceptual Model Patterns

Properties Formalization

Formalization

=

Properties Test

KNOWLEDGE Manager

Inference

G

Formalization Test

Configuration management

= 0

Extensibility Assets store Settings

Formalization

x

> @

— Properties:

Search.

Pattern identifier

(=3 1323
(=3 1330
(=3 1330
(=3 1330
(=3 1330
(=3 1331
(=3 1331
(=3 1331
(=3 1332
(=3 1332
(=3 1332
(=3 1332

Property

Tolerance = { <generic number> } { % }

AbsoluteValue = { <generic number> } { celsius }

{block } { element } { system } { length } = { <gen...

Subaytem = { system }

UsedUnit = { kg }
PhysicalCharacteristic = { length }
PhysicalCharacteristic = { length }
UsedUnit = { kg }

Subsystem = { system }

{ system } { system element } { colour } <= { <gen...

PhysicalCharacteristic = { colour }
Subsystem = { system }

Subsystem = { system element }

Pattern description

METRIC: Unit with tolerance 1

METRIC: Unit with tolerance 1

Physical property

Physical property

Physical property

Physical property

Physical property with restriction

Physical property with restriction

Physical property with restriction

System Physical Characteristic Requirement
System Physical Characteristic Requirement
System Physical Characteristic Requirement

System Physical Characteristic Requirement

Pattern example

<generic number> celsius + <generic number> c...

<generic number> celsius + <generic number: c...
the maximum length of the system shall be <gen...
the maximum length of the system shall be <gen...
the maximum length of the system shall be <gen...
the maximum length of the system shall be <gen...
the length of the system shall be lower than <gen...
the length of the system shall be lower than <gen...
the length of the system shall be lower than <gen...
the system colour shall not exceed <generic num...
the system colour shall not exceed <generic num...
the system colour shall not exceed <generic num...

the system colour shall not exceed <generic num...

13 properties
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1. Reasoning: NASA Handbook, Glossary, etc

> Reasoning for enabling the

.
a va n C e S e I I l a ntl C eatu re S t e (@ Parameterized custom-code metric configuration - [m] > | ) Source Code Editor - [m] e
[~ Metric i File Edit Build
. . Metric: A )
andbook mapping metrics e dson v ||V Tmpers 4
‘ TRC-MS525 Ensure tolerance value are in an adequate value range | 1 ArtifactAndEvaluation metricEvaluation = new ArtifactAndEvaluation() ~ 1 using System;
Rationale: 2 2 using System.Collections.Generic;
3 Artifact indexingArtifact = nullj 3 using System.Ling;
M M M This metric helps to ensure the tolerance value for a unit is set in an adequate value range. 4 bool destroyArtifact = false; 4 using System.Text;
I n C u e I n t e I ra r The ratio betwieen the nominal value and the tolerance value must be kept under control. This metric retrieves the following value: 5 try( 5 using Cake.Engine;
6 & using Cake.Indexer;
Weigh Custom Metric Identifier Generate | Enabled 7 7 using Cake.RBS.Conpiler.Rule;
8 & using Rga.IndividualMetrics;
9

[~ Custom-code metric 10 Meta metadbsoluteValue = null;
1 Meta metaTolerance = null;

e 12 Meta metaAbsoluteValueQualifier = nullj
‘Typeﬁ:;« c ion TYPEG(CustomCodeC 13 Meta metaToleranceQualifier = null;
14 bool evaluate = false;
[ [ External library file: 15
16 List<Tuple<Meta,Meta,Meta,Meta>> evaluateSet = new List<Tuple<Mc
. ° ° Assembly: 17
> A combination of rules, tasks S e et ey
19
’ 20 if(inputInformstion != null & inputInformation.Formalization !=
21 const string AbsolutevalueConstant = "AbsoluteValue";
* 22 const string ToleranceConstant = "Tolerance"; oo

°

23 -

and groups to infer L e ,
25 if(inputInformation.FilteringPattern != null)}{ Cardinality |Ty|=e ‘Name |P~|
25; destroyArtifact = true; . . Element  Rgalndiv... inputinfo.. X
27 indexingArtifact = new Artifact(inputInformation.Indexer

. ° [~ (® Built-in code editor: 28 inputInformation.Indexer.RefreshPatternsTree(inputInform

I n o rm at I o n ro m va u a e ) 29 inputInformation. Indexer. IndexText (inputInformation.Requ:

Cade the metric in C# language using the programming envirenment built-in in ROA: i T royareiract = fanses

32 indexingaArtifact = inputInformation.Formalization;

- ) ) ) ) ¥
ety e e s T S i o I i i 34 List<List<Meta>> complexdletas = indexinghrtifact.Complexiet:

assets e "o e e
b G 36 bool continueloop = true;

i S
\—1 Q (X | sting " | 38 while{complextetas != null & complexetas.Count > @ && cont:
39 foreach(List<Meta> metas in complexMetas.ToList()){

— Apply only on requirements matching a pattern group, a pattern or both at the same time: 40
PRy enyen e R group=pe 41 if(metafbsoluteValue == null && metas.Any(m => strin
Pattern group: Pattern: a2 alue = metas.FirstOrDefault(m => st
< >
‘ @ ‘ [METRIC: Unit with tolerance 1] ‘ @
Megate filter: [ ] @@ 1 selected, requirements matched by filters will not be applied by the metric _
[Test custom-code

All rights reserved © The REUSE Company 2020
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E d
Knowledge Libraries [CiISAS\Sa’l:

Glossary, patterns and
rules

ECSS and NASA
Writing Libraries
Requirements

INCOSE EARS ISO 26262 MASTER

~
Quality rules for the Requirements ‘ Glossary, patterns and Quality rules for
analysis of textual patterns ‘ rules requirements and
requirements requirements
u patterns

Knowledge Base

Eaageis

The REUSE
'JSE
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The TRC Systems Engineering Suite

> The Systems Engineering Suite intends to tackle requirements quality management by offering a set of tools and
processes

> Automatic measurement of requirements quality metric
> Support to Requirements Authoring

> SES Suite models requirements quality metrics using the CCC approach (Correctness, Consistency and Completeness)

8
|OF ) =
I % L®_ > Quality Studio (RQA): to setup, check and
0; - @< r% o manage the quality of a requirements specification
Systems InTeg rl’ry '
@ integrity enowledge - . .
kR E Excel > Rich Authoring Tool (RAT): to assist authors

while they are creating or editing requirements

e oo
~——

—

Excel i
.

@ > Knowledge Manager (KM): to manage
Systems Systems knowledge around a requirements specification:

Knowledge Base  Assets Store
(SKB) (SAS)

j* - MATLAB dictionaries, glossaries, concept maps, knowledge
Oﬁ SOUIIE models, ontologies, patterns...

All rights reserved © The REUSE Company 2020
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Mapping with metrics i
| | in the SES Suit
Requirements quality metrics: CCC Approach m

CCC - i
C — Correctness, Consistency and Completeness

/-@ SYSTEMS ENGINEERING

Individual requirements Requirement: The agreed-upon need, desire,
want, capability, capacity, or demand for
personnel, equipment, facilities, or other

resources or services by specified quantities for

specific periods of time or at a specified time

expressed as a “shall” statement. Acceptable

v form for a requirement statement is individually
\ clear, correct, feasible to obtain,
unambiguous in meaning, and can be

(T3 — validated at the level of the system

i / structure at which it is stated. In pairs of

requirement statements or as a Set, collectively,

they are not redundant, are adequately related
with respect to terms used, and are not in
conflict with one another.

Sets of
requirements

Sets of requirements

Source: NASA Systems Engineering Handbook SP-2016-6105 Rev2

46
All rights reserved © The REUSE Company 2
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Examples of requirements metrics: Correctness

> Metrics based on information coming from the RMS: - = Computer

> Attributes, links, versions... = : : o .

= - I Main unit Monitor Mouse Keyboard

> Metrics based on lists of terms: F ; - =

> Forbidden: ambiguous, pronouns... e Bl e r

> Restricted: negations... —— [Catoterr| ([ e

¢ y ¢ 112 ¢ ’ drive
> Mandatory: ‘shall’, ‘will’, ‘should’...
 [Video card | Electronics | Electronics
> Metrics based on linguistic algorithms:
. . ol: Maotherbozrd
> Text length, misspelling, readability.... ]

> Detection of passive voice, imperative tense...

> Metrics based on the conformance with models:

> Concepts in your requirements coming from PBS, FBS...

]

> Metrics based on patterns:

> Compliance with different types of requirements patterns

. . e . w"ﬂ'f’ f&e’ﬂ[c«mdition]ﬂ <Subject> Jt Shall ﬂ <Action> Jt <Object> ﬂ[c‘mstuim]
> Detection of specific structures within the requirements
All rights reserved © The REUSE Company 2020
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Examples of requirements metrics: Consistency

Are your requirements consistent with each other?

Are your requirements consistent with the models of your projects?

Do you have duplicated requirements in your specifications?

Are the values for the mentioned signals within the expected ranges!’

Are you using the proper measurement units in your requirements!?

Are all the properties property allocated along the system decomposition?

Are your requirements describing wrong transitions in a state chart?

Howfo check req!u'remem*s consistency
with RQS and IBM DOORS

:i All rights reserved © The REUSE Company 2020 V | ’
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GTRC WEBI NARS 2020 Mapping with metrics in the SES Suite

Examples of requirements metrics: Completeness

> Completeness at specification/project level:
> Are all the expected requirements types involved in your specifications!?

> Are all the key concepts (from the ontology or from other models, e.g. blocks, states, signals, properties...)
properly covered?

> Does the whole set of requirements documents include requirements for all the elements of the system
according to a block diagram (architecture)?

> Does the spec. include requirements mentioning all the signals?

> Does the spec. include requirements describing the behavior of the system elements in any of their
possible states and modes!

> Are your requirements properly linked? At the different levels?
> Are all the properties stated for every system element!
> For those properties in a model whose value is to be provided in the spec, is the value actually provided?

> Completeness at requirement level:

> Does every requirement include all the agreed parts (condition, subject...):
following patterns

> Are you stating the values for the mentioned properties with tolerances: [2V+0.5V

[T Ig wcv illE-m ‘p'e'quﬁﬁi ‘ ess
RQA and IBM DOORS
All rights reserved © The REUSE Company 2020
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OTRC WEBI NARS 2020 Mapping with metrics in the SES Suite

Patterns

> Represents the structures every correct requirement should meet

> Different types of requirements > different patterns (templates)

> Customizable for every domain, customer and content of each requirements document
> Libraries with sets of patterns

> Represented as a sequential set of restrictions: placeholders

[Wh;arlifli\fter} [ [Condition] } [ <Subject> } [ Shall } [ <Action> } [ <Object> } {[Constraint] ‘

> s Y = = WEBINARS 2020
- Requirements Zaﬁlerps{‘f:; :eq::::::::: \(}/:ﬂ::y Ensuring Completeness, Consistency, and Correctness with
nay; eq 9 the MASTER Patterns by Sophist and RAT — Authoring
Tools

ii All rights reserved © The REUSE Company 202


https://www.reusecompany.com/webinar/ensuring-completeness-consistency-and-correctness-with-the-master-patterns-by-sophist-and-rat-authoring-tools
https://www.reusecompany.com/webinar/requirements-patterns-for-requirements-quality-analysis-and-requirements-writing

'TRC WE BI NARS 2020 Mapping with metrics in the SES Suite

Advanced semantic techniques base in Patterns

T

> Example of intelligent passive voice detection

(%) Editing CoRSS - RQA - | X
File View Log
— Authering without patterns — i Correctness metrics summary:
| < Mo pattern group > Iz” Mo selected pattern group implies no writing assistance Low Qlla“ty 20.00
. e e — — _ Metric e
BAUB S EEREZAE=E= =155 #[Nom BENCNY i d RO2 Precission - Passive voice (avoid)
{ Font | Arial [v] FontSize [12 [v] ‘A= UUS S X X Aa-@-A-A
is acti i be redirected i : 2
when the alarm is activated, the train gnall to the closest station | etric: 2 Precission - Passive voice
(avoid)
N/A
w
Edit manual assessment Reagy
B
lzl lzl | n Create report v O Reload | E Recalculate quality m Open object in DOORS | | k=l Save in DOORS | | e Cancel |

d © The REUSE C oy
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Advanced semantic techniques

Parts-of-spesch.info - POS tagg: X +

. <« C @ parts-of-speech.info W ® 0 {'. o
System Requirements Spec. e h EOLOEUGANES ] Husspotlibond.. [ sz 01 ONG

This website uses cookies of Google. By using this site you are agreeing to this.

SyR-088: xxx Parts-of-speech.Info
SyR-089: The rotor shall turn around the POS taging. | about Parts-ofspeech.ifo

CO re at a_ m i n i m u m S Peed Of arou n d 70 rm P Enter a complete sentence (no single words!) and click at "POS-tag!". The tagging works better Adjective

when grammar and orthography are correct.

SYR'O90: XXX Text: Conjunction
- rotor shall t core at . minimum speed @ rmp

Noun

G Edit text Ve English v
Preposition
. R — [m} X

(&) Editing CoRS227 - RQA E—
File Vi L
ile View Log Verb
— Authoring without patterns — O Correctness metrics summary:

< Mo pattern group > ™ Mo selected pattern group implies no writing assistance

. _ N ™~ A . Metric : Value N

B < 82 iT i EE = == == |5~ - Sq N 1

B B < == EEd -2 A Noma A o 55 i RO5 Precision - Imprecise quantifiers (Avoid) >

¢ Font [ Al Font Size | 12 ‘AAB B I U X Aa- - A A /

The rotor shall turn around the core at a minimum speef of around 70 rmp

Metric: ROS Precision - Imprecise quantifiers
(Avoid) ’

N/A

Edit manual assessment Ready

- > w Create report v c) Reload 5 Recalculate quality m Open object in DOORS =l Save in DOORS o Cancel
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Requirements at the NASA design process

Mapping with metrics in the SES Suite

Handbook section 4.2.1.2.3 Define Requirements in Acceptable Statements

“the requirements should be defined in acceptable “shall” statements, which are complete sentences with a single “shall” per
statement. Rationale for the requirement should also be captured to ensure the reason and context of the requirement is understood.”

Appendix C: How to Write a Good Requirement— Checklist

Appendix C: How to Write a Good Requirement—

Checklist

C.1 Use of Correct Terms
O Shall = requirement
O Will = facts or declaration of purpose

O Should = goal

C.2 Editorial Checkli

not the solution. Ask, “Why do you need the
requirementz” The answer may point to the real
requirement)

3 Free of descriptions of operations? (Is this a need
the product should sarisfy or an activity invol-
ing the product? Sentences like “The operator
shall...” are almost always operatlonal statements
not )

Personnel Requirement
1 The requirement s in the form “responsibl party
shall perform such and such.” In other words, use

Example Product Requirements
3 "The system shall operate at a power level of ..

the active, P . A require-
‘ment should state who shall (do, perform, provide,
weigh, or other verb) followed by a description of
‘what should be performed.

Product Requirement
O The requirement s in the form “product ABC shall
XYZ.” A requirement should state “The product
shall” (do, perform, provide, weigh, or other verb)
followed by a description of what should be done.

O The requirement uses consistent terminology to
refer to the product and is lower level entires.

O Complete with tolerances for qualiativelperfor-
‘mance values (e.g., lss than, greater than or equal
1o, plus or minus, 3 sigma root sum squares).

Os the requirement free of implementation?
(Requirements should state WHAT is needed,
NOT HOW to provide It e, state the problem

o data from the...

0 The structure shall withstand loads of.

O The hardware shall have a mass of...

estimate for a value and mark it “To Be Resolved™
(TBR) with the rationale along with what should
be done to eliminate the TBR, who is respansi-
ble for its elimination, and by when it should be
eliminated.

O ‘The requirement is accompanied by an intel-

ligible rationale, including any assumptions.
you validate (coneur with) the assump-
tons? Assumptions should be confirmed.before
basclning.

O ‘The requirement i located in the proper sction of
the document (c.¢. not in an appendix)

C.4 Requirements Validation
Checklist

Clarity

O Are the requirements clear and unambiguoust
(are all aspects of the requirement understand-
able and not subject to misinterpretationt Is the
requirement free from indefinice pronouns (chis,
these) and ambiguous terms (e, “as appropri-
ate)” “etc.,” “and/or,” “but not limited to”)2)

0 Are the requirements concise and simple?

O Do the requirements express only one thought per
a stand-al as

C.3 General Good! heckli

3 The requirement is grammatically correct.

0 The requirement is free of typos, misspellings,
and puncruation errors.

3 The requirement complies with the project’s tem-
plate and style rules.

0 “The requirement i stated postively (as opposed to
negatively, Le., shall not”).

O The use of “To Be Determined” (TBD) values
should be minimized. It is better to use a best

opposed to multiple requirements in single state-
ment, o a paragraph that contains both require-
ments and rationale?

O Does the have one subject

a5 TBDs or TBRs and a complete listing of them
‘maintained with the requirements?

O Are any requirements missing? For example,
have any of the following requirements areas
been overlooked: functional. performance, inter-
face, environment (development, manufacturing,
test, wansport, storage, and operations), faclity
(manufacturing, test, storage. and operations),
transportation (among areas for manufacturing,
assembling, delivery points, within storage facl-
ities, loading), training, personnel, operabiliy,
safery, security, appearance and physical charac-
eristics, and design.

O Have all assumptions been explicidy stared:
Gompliance

Are al requirements a the correct level (e, sy5-
tem, scpment; clement, subsystem)?

o

O Are requitements frec of implementation specif-
ics? (Requirements should state what is needed,
not how to provide ic)

O Are requirements free of descriptions of opera-
tions? (Don't mix operation wih requirements:
update the ConOps instead.)

O Are requirements free of personnel or task assign-
ments? (Dorlt mix personndlask with product
requirements: update the SOW or Task Order
instead)

o

and one predicate?
Completeness

O Are roquirements stated as completely as possible?
Have all incomplete requirements been captured

NASA SYSTEMS ENGINEERING HANDBOOK

o

Are the requirements stated consisently without
contradicting themselves or the requirements of
related systems?

O I the terminology consistent with the user and
sponsor's terminology? With the project lossary?

Appendix G: How to Write a Good Requirement— Checklist

00 Is the terminology consistently used throughout
the document? Are the key terms included in the
project’s glossary?

Traceabi

O Areall requirements needed Is each requirement
necessary to meet the parent requirement? Is each
requirement a needed function or characteristic?
Distinguish beween needs and wans. If it is not
necessary, it is not a requirement. Ask, “What is
the worst that could happen if the requirement
was not includedz”

O Are all requirements (functions, strucrures, and
constraings) bidirectionally traceable to. high-
erlevel requirements or mission or system-ofin-
terest scope (ie. meed(s). goals, objectives,
constraings, or concept of aperations)?

O 1 cach requirement sated in such a manner chat it
can be uniquely referenced (e, cach requirement
is uniquely numbercd) in subord nate documents?

Comrectness:
O 1 each requirement correct?

O s cach stated assumption correct? Assumprions
should be confirmed before the document can be

baselined.
0 Are the requirements techically feasible?

Functionality

O Areall described functions necessary and together
sufficient to meet mission and system goals and
objectives?

Performance
O Are all required performance specifications and

margins liseed (e, consider timing, throughput,
. latency, accuracy and precision)?

NASA SYSTEMS ENGINEERING HANDBOOK

Appendix G: How to Write a Good Requirement— Checklist

the system from the poinc of view of hardware,
sofiware, operations, personnel and procedurest

[Testability

O Is each performance e

O Are the wlerances overly tight? Are the tolerances
defendiable and costeffective? Ask, “What i the
worst thing that could happen if the tolerance was
doubled or tripledz”

Interfaces
O Areall external interfaces clearly defined?

O Areall internal interfaces clearly defined?

O Areall interfaces necessary. sufficient. and consis-
tent with each other?

Maintainability

O Have the requirements for maintainability of the
system been specified in a measurable, verifiable
manner?

O Are requirements written so that ripple cffects
from changes arc minimized (i, requirements
are s weakly coupled as possiblelz

Reliability
O Are clearly defined, measurable, and. verifisble
reliability requirements specified

O Are there error desection, reporting, handling,
and recovery requirements?

O Are undesired evens (.. single-cvent upser, data
lossor scrambling, operator error) considered and
their required responses specified?

O Have assumptions about the intended sequence
of functions been stated? Are these sequences
required:

O Do these requirements adequately address the
survivabiliy after a sofeware or hardware fault of

OCan the sysiem be tested, demonstrated,
inspected. or analyzed to show that it satisies
requirements? Can this be done at the level of the
system at which the requirement is stated? Does
2 means exist to measure the accomplishment of
the requirement and verify compliance? Can the
crteria for verification be stated?

0 Are the requirements stated preciscly to facilitate
specification of system test stceess crieria and
requirements?

O Are the requirements free of unverifiable terms
(eg. flexible, easy, sufficient, safe, ad hoe, ade-
quate, accommodate, user-friendly; usable, when
required. if required. appropriate, fast, portable,
light-weight, small, large, maximize, minimize,
sufficient, robust, quickly. casily, clearly, other
“Iy” words, other “ize” word)z

Data Usage

O Where applicable, are “don't care” conditions
truly “dont care”? (‘Dont care” values ideniify
cases when the value of a condition o fla i irel
evant, even though the value may be important
for other cases.) Are “don't care” conditions values
explicily stated? (Correct identification of “don't
care” valzes may improve a design’s portabilicy)

R ———— m | |

All rights reserved © The REUSE Company 2020

C.1 Use of Correct Terms

C.2 Editorial Checklist
Personnel Requirement
Product Requirement

C.3 General Goodness Checklist

C.4 Requirements Validation Checklist
Clarity
Completeness
Compliance
Consistency
Traceability
Correctness
Functionality
Performance
Interfaces
Maintainability
Reliability
Verifiability/Testability
Data Usage
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Metrics for Quality Analysis & Authoring of Requirements

C.1 Use of Correct
Terms

C.2 Editorial Checklist
Personnel Requirement

Product Requirement

Shall = requirement
Will = facts or declaration of purpose
Should = goal

Use the active, rather than the passive voice. A requirement should state
who shall (do, perform, provide, weigh, or other verb) followed by a
description of what should be performed.

The requirement is in the form “product ABC shall XYZ." A requirement
should state “The product shall” (do, perform, provide, weigh, or other
verb) followed by a description of what should be done.

The requirement uses consistent terminology to refer to the product and
its lower-level entities.

Complete with tolerances for qualitative/performance values (e.g., less
than, greater than or equal to, plus or minus, 3 sigma root sum squares).

Is the requirement free of implementation? (Requirements should state
WHAT is needed, NOT HOW to provide it; i.e., state the problem not the
solution. Ask, “Why do you need the requirement?” The answer may
point to the real requirement.)

Free of descriptions of operations? (Is this a need the product should
satisfy or an activity involving the product? Sentences like “The operator
shall..." are almost always operational statements not requirements.)

Tackle TRC Metric

Yes

Tackle TRC Metric

Yes

Tackle TRC Metric

Yes

Yes

Yes

Partial

M365

M0O40

Mo10

M360
M220

M6E30

M150

M520

M525

M450

M500
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Metric Name

Avoid the use of Banned Modal
Verbs

Metric Name

Avoid the use of Passive Voice out
of the condition part

Metric Name

Enforce the use of a complete
structure sentence

Check the number of Modal Verbs
Avoid Out of the Dictionary Mouns

Enforce the use of Define Terms by
avoiding Synonyms

Detect inadequate Unit for a
Characteristic

Force to include tolerance value for
the units that required tolerance

Ensure tolerance value are in an
adequate value range

Avoid stating a solution

Avoid the use of Flow sentences

C.3 General
Goodness
Checklist

Mapping with metrics in the SES Suite

1. The requirement is grammatically correct.

2. The reqguirement is free of typos, misspellings, and punctuation
errors.

3. The requirement complies with the project’s template and style
rules.

4. The requirement is stated positively (as opposed to negatively, i.e.,
“shall not").

5. The use of “To Be Determined” (TBD) values should be minimized. 1t

is better to use a best estimate for a value and mark it “To Be
Resolved” (TBR) with the rationale along with what must be done to
eliminate the TBR, who is responsible for its elimination, and by when
it must be eliminated.

6. The requirement is accompanied by an intelligible rationale,
including any assumptions. Can you validate (concur with) the
assumptions? Assumptions must be confirmed before baselining.

(e.g., not in an appendix).

Tackle

Partial

Yes

Yes

Yes

Partial

Partial

No

TRC Metric

M230

M240

M260

M250

MO10

M285

M300

M4G0

Metric Name

Avoid inadequate grammar
structures

Avoid Incorrect spelling
Review incorrect

punctuation
Facilitate readability

Enforce the use of a
complete structure sentence

Avoid the use of Negative
Expressions out of the
condition part

Look for TBD expressions

Enforce attribute type is not
empty
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C.4 Requirements
Validation Checklist
Clarity

Tackle TRC Metric

1. Are the requirements clear and unambiguous? (Are all
aspects of the requirement understandable and not subject to
misinterpretation? Is the reguirement free from indefinite
proncuns (this, these) and ambiguous terms (e.g., “as
appropriate,” “etc,” “andfor,” “but not limited to")?)

Yes

2_ Are the requirements concise and simple? Yes

3. Do the requirements express only one thought per
requirement statement, a standalone statement as opposed to
multiple requirements in a single statement, or a paragraph
that contains both requirements and rationale?

4. Does the requirement statement have one subject and one
predicate?

Yes

Yes

M130

MO70
MS50

545

M560

M330
M350

M320

M340

M340

M350

M370

M340

Metric Name Completeness

Avoid the use of Indefinite Articles before
Entity

Avoid the use of Pronouns to refer to nouns
Avoid the use of Vague Terms

Avoid the usage of Imprecise Quantifiers
apply to a property

Avoid the use of Temporal Indefinite
keywaords out of the condition part

Check the text length by counting words
Check the number of Modal Verbs

Check the text length by counting
paragraphs

Control the number of Acticn Verbs out of
the condition part

Compliance

Contral the number of Action Verbs out of
the condition part

Check the number of Modal Verbs .
Consistency
Multiple subject detection

Contral the number of Action Verbs out of
the condition part

Traceability

All rights reserved © The REUSE Compan

Mapping with metrics in the SES Suite

1. Are requirements stated as completely as possible? Have all
incomplete requirements been captured as TBDs or TBRs and a complete
listing of them maintained with the requirements?

2. Are any requirements missing? For example hawve any of the following
requirements areas been overlooked: functional, performance, interface,
environment (development, manufacturing, test, transport, storage,
operations), facility (manufacturing, test, storage, operaticns),
transportation (among areas for manufacturing, assembling, delivery
paints, within storage facilities, loading), training, personnel, operability,
safety, security, appearance and physical characteristics, and design.

3. Have all assumptions been explicitly stated?

1. Are all requirements at the correct level (e.g., system, segment,
element, subsystem)?

2. Are reguirements free of implementation specifics? (Requirements
chould state what is needed, not how to provide it.}

operation with requirements: update the ConOps instead.)

1. Are the reguirements stated consistently without contradicting
themselves or the requirements of related systems?

2. Is the terminology consistent with the user and sponsor’s terminoclogy?
With the project glossary?
3. Is the terminology consistently used through out the document?

4. Are the key terms included in the project’s glossary?

1. Are all requirements needed? Is each reguirement necessary to meet
the parent requirement? Is each requirement a needed function or
characteristic? Distinguish between needs and wants. If it is not
necessary, it is not a requirement. Ask, “What is the worst that could
happen if the requirement was not included?”

2. Are all requirements {functions, structures, and constraints)
bidirectionally traceable to higher level reguirements or mission or
system-of-interest scope (i.e., need(s), goals, objectives, constraints, or
concept of operations)?

3. Is each reguirement stated in such @ manner that it can be uniquely
referenced (e.g., each requirement is unigquely numbered) in subordinate
documents?

2020

Tackle

Partial

Partial

No
Tackle

Partial

Partial

Yes

Yes

Tackle

Partial

Partial

Yes

TRC Metric

MS00

Ma40

TRC Metric

MO35

450

M3BO

M4B0

M160

M220

M3E0

M550

TRC Metric

MI10

Mo20

M930

Metric Name

Look for TBD expressions

S5CM crganization
completeness

Metric Name

Detect inappropriate subject
to the document level

Avoid stating a solution

Avoid phrases that indicate
the purpose

Avoid overlapping between
the requirements

Avoid the use of different
Unit systems for the same
Characteristic

Avoid Qut of the Dictionary
MNouns

Avoid the use of unknown
acronyms

Avoid the use of unknown
abbreviations

Metric Name

RED Traceability - TRC - Qut-
links (Enforce)

RE0 Traceabhility - TRC - In-
links (Enforce)

Ensure requirement unigue
reference
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Correctness

Functionality

Performance

Interfaces

Maintainability

1. Is each requirement correct?
2. Is each stated assumption correct? Assumptions must be confirmed
before the document can be baselined.

3. Are the reguirements technically feasible?

1. Are all described functions necessary and together sufficient to meet
mission and system goals and objectives?

1. Are all required performance specifications and margins listed (e.g.,
consider timing, throughput, storage size, latency, ac
precision)?

2. Iz each performance requirement realistic?

3. Are the tolerances overly tight? Are the tolerances defendable and
cost-effective? Ask, “What is the worst thing that could happen if the
tolerance was doubled or tripled?”

1. Are all external interfaces clearly defined?
2_ Are all internal interfaces clearly defined?

3. Are all interfaces necessary, sufficient, and consistent with each
other?

1. Have the requirements for system maintainability been specified in a
measurable, verifiable manner?

2. Are requirements written so that ripple effects from changes are
minimized (i.e., requirements are as weakly coupled as possible)?

Tackle
Partial

Tackle
Mo

Tackle

Partial

Tackle
Partial

Tackle

Partial

TRC Metric
Metric set

TRC Metric

TRC Metric

M545

M530

M430

M140

M525
TRC Metric

M345
345

245
TRC Metric

M140

M540

M40

Ma40

M200

Metric Name Reliability

Metric Name

Metric Name

Avoid the usage of Imprecise
Quantifiers apply to a
property

Confirms the value for a
property is in a controlled
range

Avoid unachievable Absclutes
expressions impossible to
verify

Ensure Numbers are followed
by Units or noun gualifications

Verifiability/
Testability

Ensure tolerance value are in
an adequate value range

Metric Name
SCM PBS completeness
SCM PBS completeness

SCM PBS completeness

Metric Name

Ensure Numbers are followed
by Units or noun gualifications Data Usage
Avoid the usage of Imprecise

Quantifiers

Avoid unachievable Absolutes

expressions impossible to

verify

S5CM organization

completeness

Awoid the use of Open-Ended
clauses

All rights reserved © The REUSE Company 2020

Mapping with metrics in the SES Suite

1. Are clearly defined, measurable, and verifiable reliability
requirements specified?

2. Are there error detection, reporting, handling, and recovery
requirements?

3. Are undesired events (e.g., single event upset, data loss or
scrambling, operator error) considered and their required
responses specified?

4. Have assumptions about the intended sequence of
functions been stated? Are these sequences required?

5. Do these requirements adeguately address the survivability
after a software or hardware fault of the system from the

and procedures?

1. Can the system be tested, demonstrated, inspected, or
analyzed to show that it satisfies requirements? Can this be
done at the level of the system at which the requirement is
stated? Does a means exist to measure the accomplishment
of the requirement and verify compliance? Can the criteria for
verification be stated?

2. Are the requirements stated precisely to facilitate
specification of system test success criteria and requirements?

3. Are the requirements free of unverifiable terms (e.g.,
flexible, easy, sufficient, safe, ad hoc, adequate,
accommodate, user-friendly, usable, when required, if
required, appropriate, fast, portable, light-weight, small, large,
maximize, minimize, sufficient, robust, guickly, easily, clearly,
other “ly" words, other “ize” words)?

1. Where applicable, are “don’t care” conditions truly “don’t
care”? (“Don’t care” values identify cases when the value of a
condition or flag is irrelevant, even though the value may be
important for other cases.) Are “don’t care” conditions values
explicitly stated? (Correct identification of “don’t care” values
may improve a design’s portability.)

Tackle TRC Metric

Partial M540

M430

M340

Tackle TRC Metric

Partial M540

M430

M340

M430

M350
Tackle TRC Metric

Metric Name

Avoid the usage of Imprecise
Quantifiers

Avoid unachievable Absolutes
expressions impossible to verify

SCM ocrganization completeness

Metric Name

Avoid the usage of Imprecise
Quantifiers

Avoid unachievable Absolutes
expressions impossible to verify

SCM organization completeness

Avoid unachievable Absolutes
expressions impossible to verify

Avoid the use of Vague Terms

Metric Name
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Workbook configuration

.

Suggestions

Drag a column header here to gro y that colum

Project Worksheet ) ! Workproduct name Correctness | Score | M... Co Consistency | Is.

JWST regsxlsx  SyRS The Launch Vehicle shall place the Observatory on a traj...

WST regs.xdsx | SyRS VIR-4 The Observatory shall orbit the Second LaGrange Point...
reqs.xlsx yRS MR- After separation from the Launch Vehicle, the Observat
eqs.xlsx i VIR he opega g shall deliver to the S&OC...

archive a minimum o...

sensitivity perfor...

eqs.xlsx
reqs.xdsx
eqs.xlsx
reqs.xlsx iF MR-91 5 : on capacity of
eqsxlsx | SyRS MR-100 Any lad) ce enhancement or reduc...
regs.xlsx VR-102 After commissioning, the JWST sy 1 shall provide at 1.
eqsxlsx | SyRS MR-10¢ The Observatory Field rd shall be at least 35% of
regsxlsx | SyRS MR-10 The Obse y shall observe targets in 50% of the cel...
JWST regsxlsx | Sy MR-10 The Observatory shall have a continuous visibility zone,
WST reqgsxlsx -1 Over the FOV of the NIRCam, the observatory shall be d
MST rane ey | Sul MR-111 Witheut renuirina arsund-commandad corractinn_thar

Total requirements: 194

Hide non-requirement a Custom report a Short worksheet quality report v w Full worksheet quality report Assess quality v / Author work-product
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Next webinar

> A practical way to implement ISO 15288 V&V processes:The V&V Studio

> The ISO 15288 clearly defines what must be done when performing Verification and Validation processes.VVe
must use and manage verification actions and collect evidences. But how should we do it? How to integrate them all in
one environment! How to delegate V&V to specialized tools for specific work-products? How to deal with
interoperability? This webinar intends to provide insight for these kind of questions.

> Current systems engineering makes clear distinction between verification, validation and quality assurance processes.
As part of its knowledge reuse approach, The Reuse Company has created the V&V Studio as a software tool ready
to provide support to the ISO 15288 V&V processes by using (and reusing) information from ROA - OUALITY
Studio and the Ontology.The V&V Studio merges the three concepts (Verification,Validation and Quality) and
offers V&V by managing the corresponding verification and validation actions through quality and other measures.
Dates:

>  Jun02and 4

s -  a—— o
- - e e e : = S S
= — 7'——-‘M . = e

All rights reserved © The REUSE Company 2020


https://www.reusecompany.com/rqa-quality-studio
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Reuse on YouTube

The REUSE Company PRENUMERERAR ()

73 prenumeranter

HEM VIDEOR SPELLISTOR KANALER DISKUSSION oM O\

Uppladdningar ~ SPELA UPP ALLA = SORTERAEFTER

OTRC wEm.
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Implemen
— patterns inside TRC tools TRC integration: The
\é, {f‘/ Reqidroments Semantic Assistant Tool
8 - specifications
Pt
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How to install the SE Suite INCOSE Guide for Writing Ensuring requirements Getting Started with Applying Machine Learning Requirements Manager
54 ek Requirements: real-time... quality with the MASTER... Requirements Quality... Techniques to the Flexible... R2019x - Integration with...
for 2 veckor sedan 79 visningar * 38 visningar * 46 visningar * 53 visningar * 62 visningar *
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How to we achieve the goal!
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