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NASA Requirements Checklist Library

The source : 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
personnel in a way that recognized the nature of NASA systems and the NASA environment”

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.”
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What is a Knowledge Library ?

What is a Knowledge Library

> A combination of Knowledge items,
of different nature,

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

> 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,
enhancing the way items are inspected and verified,

> Enabling real interoperability mechanisms and services,

reducing time to elaborate documents, systems and projects.
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What is a Knowledge Library ?

What is a Knowledge Base

Controlled Organizational and

] Project Vocabulary for a common

O 5 Reasonin g understanding among
stakeholders

A combination of rules,

and actions to infer

iInformation 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

W HIHH 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

TH=
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What is a Knowledge Library ?
Domain specific {m— mmmmmss) Common English

( )
Voca bulary [ Shuttle ] [Columbia] [Discovery] ([ System ] [ Operate ] [Temperature] [Environment] [ Pressure ]
. ! J
[ P\
“Operation Range ‘ [ Envi t]
[Temperature} [ [-2602C , +1600°C] J nvironmen
Architectures - [ System ]
Conceptual model ( [ <Action> ] [Temperature][ Pressure ]
. . ¢ Shuttle ]
“Greater than (>) “
[Fuselage][ Wing ] Landing gear] [ Columbia ] [ Discovery ] l Operate l
\ - )
( , )
Patterns <System> ][Shall][ <Action> ][At][ «Minimum» ][ <Environment> ][ Of][NUMBER][ MEASSSEMENT ]

N ) )
g )
. The Columbia shall be able to operate at [ Temperature [ 63 15 ][ o ]

L Formalization a minimum temperature of 102 K P “Greater than ()’ ! )
f )

Reasoning If Lower than (<){ -260°2 I eC ] Or Greater than (>) [ +160091 oC ] x

TH=
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NASA Requirements Checklist Library

KNOWLEDGE Manager - 0

Vocabulary

sioility

. . . _ dentifier Relationship filters: Flags: Advanced fitters
ferm:
been included in the librar ot || Bl iodori || @y
Term tag QX
g “w ) Belongs to SCM ) Fiag 2
Cluster:| <NASA TERMINOLOGYs Qi Greater than: L=
] Is synonym
Relationship type QX Lower than: W] Has synonyms
Language: | English (United Kingdom) Qlx
S h in ind
. P ° ° &, Search in a new window
» )y
: rovides a consistent way to name Z ~ o x
Terms:
Identifier | Term : Term Tag Term configuration:
and understand all the concepts T o T et e
57,176 A Concept & Technology Development NOUN ‘ JR———
56,557 Acceptable Risk NOUN ceeptable fust
° 56,558 Acquisition NOUN N -
B ain : i v
ac ro ss t h e I n d u st r 56,550 Activity HOUN 3 0 Ignore accents (diacritics) exception: ﬂ Keep the original format of the term: ﬂ
56,560 Advancement Degree of Difficulty Assessment  NOUN Syntactic and semantic configuration: Synenyms SCM Relationships
56,808 Aircrait NCUN .
' Term tag: Documentation i
56,561 Allocated Baseline NCUN g istations
" T o L [ 56,773 Alternative Space NOUN NOUN Q x Documentation information:
. he system can highlight and lin e
g lassification code:
“ Y 56,826 Analysis and support NOUN Cluster(s):
56,563 Analysis of Alteratives NOUN ¢
° ° 56,564 Analytic Hierarchy Process NOUN «NASA TERMINCLOGY» Scope note:
references to these entries In the
55,061 Approval NOUN project, governing authority, mission directorate, and other
54,265 Architecture NOUN customer(s) such that no further specific mitigating action is
57,268 Arcsec MEASUREMENT UNIT required.
ody of the documents rraae?
57,386 Arianespace NOUN —
56,566 As-Deployed Baseline NOUN
56,810 Attitude control NOUN 1 cluster(s)
56,567 Automated NGUN
' Relationshi e :
56,568 Autonomous NOUN s S loryinct=]
57,177 B Preliminary Design & Technology Completion ~ NOUN QX
NOUN
. Language:
]
367 term(s) English (United Kingdom) QX
[, || gencer: Number:

N/A ™| | Invariant o

V| Ch v v Ch b
v anges gender anges number Sources:
‘ Sy s Flag 1: Flag 2: Flag 3:
Statistics:
TR DF:
TFxDF:
a m OK Cancel
\ / TH=
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NASA Requirements Checklist Library

Conceptual Models

w

Clustering: according to the
semantic of the terms in the library

=R KNOWLEDGE Manager = 0 X

Terminology odel Patterns Formalization Inference Configuration management Extensibility Assets store Settings @ 0

» : » ¥ import |2 export 0:‘) [ import Q \6, GD
() Import from Exce! [A Export ‘et

[ )
> Provides means to fit the textual
‘ view~  search OHDrlzcnta\ mport from Excel types~ suggestions  leamed

paterns and help authors while sowcout oy s :
H H Cluster: x
the write requirements or other e T = B —

types of textual assets

i,

Clusters:

& «CROSS DOMAIN VIEWPOINTS
4 4 =NASA
& NASA ACRONVIMS:
& <NASA PLANS»
& NASA TERMINOLOGY»
b 4 SREQUIREMENTS:
b @ cRSHP CLUSTERw
& <SysMILENTITIES»

Cluster:

Cluster:

Terms:

Term

Activity Plan

Baseline Plan

Build Plan

Closure Plan
Configuration Manager
Cost Account Plan

Data Management Plan
Deplayment Plan
Eamed Value Managem:
Engineering Plan
Implementation Plan

Installation Plan

44 term(s)

174 clusters

rved © The REUSE Company 2020

Term Tag
NOUN
NOUN
NOUN
NOUN
NOUN
NOUN
NOUN
NOUN
NOUN
NOUN
NOUN
NOUN

Cluster

«NASA PLANS»
«NASA PLANS=
«NASA PLANS»
«NASA PLANS=
«NASA PLANS»
«NASA PLANS=
«NASA PLANS=
«NASA PLANS
«NASA PLANS=
«NASA PLANS»
«NASA PLANS=
«NASA PLANS»

Include terms included in child relationship

Relationship type Language

< No «Relationship type English (United Kingdom) | =
« No «Relationship type English (United Kingdom)

< Ne «Relationship type English (United Kingdom)

« No «Relationship type English (United Kingdom)

< No «Relationship type English (United Kingdom)

< No «Relationship type English (United Kingdom)

4 No «Relationship type English (United Kingdom)

< No «Relationship type English (United Kingdom)

« No «Relationship type English (United Kingdom)

< No «Relationship type English (United Kingdom)

« No «Relationship type English (United Kingdom)

< Ne «Relationship type English (United Kingdom) [
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Conceptual Models

Based on some relationships showed in the
Handbook

Including PBS views

Provides means to propagate queries
in further reuse stages or just for
information retrieval

74

~ o

NASA Requirements Checklist Library

H - = KNOWLEDGE Manager -
Terminology Patterns Formalization Inference Configuration management Extensibility Assets store Settings
¥ import [ export [« import Q \6f ‘D
(D Import from Excel [? Export ‘e
«Organizational> «PBS» QOther Advanced Clusters All relationship Relationships Lessons Dashboard
view - search 0 Harizontal Import from Excel types + suggestions  leamed
Hierarchical Views Tools Semantic Clusters Relationship Taxonomy Suggestions Dashbeard
English (United Kingdom) L % Show clasification code [ =]
*e =]
Q - Refresh Term Translations Synonyms Relationships Properties Visual re
4 JWST System
4 Ground segment NOUR
Commen services
Ground networks [0] Cluster(s):
- Ground stations [0] NASA

Passes [0]

Tracking and ranging [0]

Transmission and reception [0]
Institutional systems
Integration and test facilities [0]
Launch facilities [0]

4 Mission control centers [0]
Analysis and support [0]
Commanding [0]

Staffing [0]
Telemetry processing [0]
Remote terminals [0]
Science and operations center
4 Launch segment
Launch site services
Launch vehicle
Payload adapter
4 © Obsertory segment
Integrated science instrument module
Optical telescope element
Spacecraft

45 terms in the «PBES» view
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Patterns

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

NASA Requirements Checklist Library

H A KNOWLEDGE Manager - 0 X
Terminology Conceptusl Model Formalization Inference Configuration management Extensibility Assets stare Settings > @
L] L] Q
Sentence Add new Complex Add complex Patterns Pattem Patterns Test
patterns  pattern ~ patterns  pattern  suggestions Groups Integrity
al Patterns Pattet Patterns Test
Search fields:
Identifier Attributes: Contains restriction:
Name: |
[ Equals to: [m] Enabled [ Text: Both, cluster and term tag
s g Q x @ Indexable: restrictions
[ Greater than: ] Flag [ Term: [ Cluster:
Pattern example: W] Revised
[ W] Used as subpattern
W] Has RSHPs [ Pattern: [] Term tag:
[m] Has examples
&, search
Patterns
Identifier Mame Example “Weight  Times used as subpattem Language Indexable Enabled Flag
1306 [METRIC: Passive voice detector] be activate 200 1 English (United Kingdom) 0o (=
1305 [Condition detector: When + * + SYSTEM = SHALL ] after * system adl. can 300 0 English (United Kingdom) O
1307 [METRIC: Passive voice after the modal verb] shall not be activate 400 0 English (United Kingdom) O
1304 [NOUN + modal verb] 000 1 English Kingdom) _
1308 [METRIC: Indefinite article + <entity>] abig ack 1,875 0 English (United Kingdom) O
1309 [METRIC: <System> = MODAL VERE] element a.d. shall 2,525 0 English (United Kingdom) O
1310 [METRIC: shall <main action verb>] shall not .d. abort 3,155 0 English (United Kingdom) O
1311 [ACTICN VERE] abort 4337 2 English (United Kingdom) O
1312 [METRIC - Number without units o qualifiers] <generic numbers 5188 5 English (United Kingdom) O
1313 [METRIC - Number with units or gualifiers] <generic number> ° active 6,195 2 English (United Kingdom) O
1345 [METRIC - Number range with units or qualifiers] <generic number> - <gane 6500 0 English (United Kingdom) O
1314 [METRIC Units Reguiring Tolerance] <generic number> °C 7,102 2 English (United Kingdom) O
1315 [METRIC: Numbers without units (100%)] 100% 7801 0 English (United Kingdom) O
1316 [Numbers withcut units (100% v2)] 100% 8520 0 English (United Kingdom) O
1317 [Condition detector: When * PROP = Shall] after * the maximum capaci 10,098 0 English (United Kingdom) O
1318 [PROP + of the + SYSTEM + SHALL] the maximum capacity of a 10820 1 English (United Kingdom) O
1319 [<System>] asystem 12236 1 English (United Kingdom) O
1320 [METRICS - ANTIPATTERN 1 - There/It shall be] there shall be 13,195 0 English (United Kingdom) O
1321 [METRIC: Imprecise quantifiers + NUMBER + UNIT] around 6 RPM 14478 0 English (United Kingdom) O
1322 [METRIC - Conjunction "both X and Y'] both approval and compen: 16,046 0 English (United Kingdom) O
1323 [METRIC: Unit with tolerance 1] <generic number> celsius 4 17,001 0 English (United Kingdom) O
1324 [METRIC: Resolution of x Unit] resolution of 0.1 n 18,205 0 English (United Kingdom) O
1325 [METRIC: sNUMEBER UNIT] = <generic number> " ¢ 18720 0 English (United Kingdom) O
o 20621 O
—

41 pattern(s)
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1326 [METRIC: ranges from-to]

<generic number> *C to <¢

0 English (United Kingdom)
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NASA Requirements Checklist Library

Formalization

= -5 KMOWLEDGE Manager - 0O X

> Formalization extracts relations and it ron
& > &

Properties for enabling the metrics that sentence Complex  Reltonsnips  Sentence Complex  Properties Test

patterns view  patterns view view patterns view  patterns view view

Inference Configuration management Extensibility Assets store Settings & 9

Relationships Formalization Properties Formalization Formalization

have been included in the library

Pattern identifier | Property Pattern description Pattern example

it with tolerance 1 <generic number> celsius

Y M ° 1323 AbsoluteValue = { <generic number> } { celsius } METRIC: Unit with tolerance 1 <generic number> celsius + <generic number> c..
s Represe ntatlon Of assets semantlc 1330 :hlac(}{element}{ssystem}{Ie"gt"} Physical property thgs maximum length of the s:,.ljsm shall be <gen...
1330 Subaytem = { system } Physical property the maximum length of the system shall be <gen...

th ro u gh S R L f— Syste m 1330 UsedUnit = { kg } Physical property the maximum length of the system shall be <gen...

1330 PhysicalCharacteristic = { length } Physical property the maximum length of the system shall be <gen...

° 1331 PhysicalCharacteristic = { length } Physical property with restriction the length of the system shall be lower than <gen...

Re p rese ntat I o n Lan gu age 1331 UsedUnit = {kg } Physical property with restriction the length of the system shall be lower than <gen...

1331 Subsystem = { system } Physical property with restriction the length of the system shall be lower than <gen...

1332 {system } { system element } { colour } <= { <gen... System Physical Characteristic Requirement the system colour shall not exceed <generic num...

1332 PhysicalCharacteristic = { colour } System Physical Characteristic Requirement the system colour shall not exceed <generic num...

1332 Subsystem = { system } System Physical Characteristic Requirement the system colour shall not exceed <generic num...

A 1332 Subsystem = { system element } System Physical Characteristic Requirement the system colour shall not exceed <generic num...

13 properties

TH=
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Reasoning

Reasoning & advanced semantic
feature the Handbook mapping
metrics included in the library

A combination of rules, tasks
and groups to infer
information from valuable
assets

i,

)

NASA Requirements Checklist Library

Para n — a et
Mietric Information:
Metric:
TRC-M525 Ensure tolerance value are in an adequate value range
Rationale:
This metric helps to ensure the tolerance value for a unit is set in an adequate value range. "
The ratio between the nominal value and the tolerance value must be kept under control. This metric retrieves the following value: v
Weight: 1[C]  Custom Metric Identifier: N/A [O] - Generate  Enabled: /]
Custom-code metric configuration:
Type:
Type 6 : ArtifactAndEvaluation TYPEG(CustomCodeCorrec i v
External library file:
Assembly:
Class:
Method:

®) Built-in code editor:
Code the metric in C# language using the programming environment built-in in ROA:

Apply only on requirements holding this expression over an attribute:

Attribute: Type: Operator: Value:
Q|| | sting v |= v

Apply only on requirements matching a pattern group, a pattern or both at the same time:
Pattern group: Pattern:

Q|| 3| | METRIC: Unit with tolerance 1] Q%

Negate filter: @ 1 selected, requirements matched by filters will not be applisd by the metric

Test custom-code oK Cancel

All rights reserved © The REUSE Company 2020

Source Code Editor
File Edit Build
2 x
1 ArtifactAndgvaluation metricEvalution = new ArtifactAndEvaluation()

3 Artifact indexingArtifact = null;
4 bool destroyArtifact = false;

try(
s

1e Meta metadbsoluteValue = null;

1 Meta metaTolerance = null;

12 Meta metaAbsoluteValueQualifier = null;
13 Meta metaToleranceQualifier = null;

4 bool evaluate = false;

ListcTuple<teta,Meta, Meta, Meta>> evaluateSet = new ListcTuple<H:

18 HashSet<double> results = new HashSet<double>();

19
20 if(inputInformation != null & inputInformation.Fermalization !=
21 const string AbsolutevalueConstant = "AbsoluteValus";

22 const string ToleranceConstant = "Tolerance”;

23

24 int index = @

if(inputInformation.FilteringPattern != null){
destroyArtifact = true;
indexingArtifact = new Artifact(inputInformation.Indexer
inputInformation.Indexer.RefreshPatternsTree(inputInform
inputInformation. Indexer. IndexText(inputInformation.Requ
jelse{
destroyArtifact = false;
indexingArtifact = inputInformation.Formalization;

List<List<Meta>> complextetas = indexingArtifact.Complextet:
bool continueloop = true;

while(complextietas != null 8% complexMetas.Count > @ && cont
foreach(List<Meta> metas in complextetas.Tolist()){

if(metafbsoluteValue == null && metas.Any(m => strin

42 metaAbsoluteValue = metas.FirstOrDefault(m => sty
< ) ) >
Compiler Errors
Save and close|
Ready

Using / Imports a2 x
using System;

using System.Collections.Generic;
using System. Ling;

using System.Text;

using Cake.Engine;

using Cake.Indexer;

using Cake.RBS.Compiler.Rule;

2 using Rga.IndividualMetrics;

e

< >
Using / Imports
3 x

Cardinality | Type MName R

Element  Rgalndiv.. inputlnfo...

US=
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NASA Requirements Checklist Library

The rules to automatically run the checklist

Implementation into the CCC model of the TRC Systems Engineering Suite RQA (quality metrics)
42 metrics mapping the NASA SE Handbook requirements checklist (Appendix C)

. i <

Individual requirements
Appendix C: How to Write a Good Requirement—
Checklist
C: ‘Use of Correct Terms :,( de s ::‘ pr—
> . —

Sets of requirements

SYSTEMS ENGINEERING

H/—\NDBOOK

-

Sets of requirements

The implementation into the TRC tools consists in converting
each characteristic of the checklist into quantifiable sets of
metrics in order to create a quality assessment baseline.

TH=
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The checklist : 4 main characteristics

NASA Requirements Checklist Library

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—
hecklist

C.1 Use of Correct Terms sot de sodution. Ask, “Why do you seed the
mquinmene’” The atmwer may poin o the real
0 Shall « requisement sequifcmene

3 Will o facen oo cecluration of prarpote 3 Foce of descriptions of opeesticas (I this 4 need

the product shoukd sarisfy or an activiry imvaly

3 Sheud « goud ing the pooduce? Sentences Mhe “The opersne
whall..." are almest abways operational staoomenns
C.2 Editorial Checklist RECRin-—

Personrel Requirement Example Product Requirements

[ "The requisement 1 in the form “respoasible parry [ The system shall opesate ot a powe level o,
shall perfiorm nach 1 such. In other weeds, e
the active, racher than the passive woice, A o
nent shoukd stare who shall (de perform. provide,
welgh, ce other verd) followed by 4 descripein of 03 ‘The structuse shall withatiad koad of
what shauild be performed

The saftwae shall acquioe dara from the

13 ‘The hardware shall have 3 mass of
Product Requrement

The squiremest & ln the form “geodact ABC hall @ 3 General Goodness Checklist
XYZ* A sequiremens should stane “The product
shall” ido, peefoem, provide, weigh, or othee verty T3 The equisenent b gramesaclly cormece
Followed by a desceiption of what should be done.
I3 The soquiremees s fice of typos, miupellings.
T The roquisement uses comsisent tesminobogy to e punciustios eoron
sefer 1o the prhict and i lowee-devel enckien

£ “The requirement o
Complete with toderasces foe qualieativeiperfor- late and wyle rules
mance vabues (g, bews than, greater than oc equal
o0, phus o minus, 3 sigma raot sum squares).

nplies wieh the project’s tem

3 "The rquuinemen is sased posieively fas spposed to
segueivedy, Le.. “hall not)

Is the mouiremers fre of Implemencation?
(Requiremears dould state WHAT & seedad The use of "To Be Determioed” (TED) values
NOT HOW o provade It L., wne the problem should be minimized It & bester 1o uw 3 bent

Appendix C: How to Write-a Good Requirement— Gheckist

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 unambipuouse
(Are all aspects of the requirement understand-
able and not subject to misi ? 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 areas
been overlooked: functional, performance, inter-
face, environment (development, manufacturing,
test, transport, storags, and operations), facility
(manufacturing, test, scorage, and operations),

{among areas for
assembling, delivery points, within storage faci

ities, loading), wraining, personnel, operability.
safety, security, appearance and physical charac-
teristics, and design.

O Have all assumptions been explicicly stated
Compliance

0 Are all requirements ar the correct level (e.g.
tem, segment, element, subsystem)?

requirement free from indefinite pronouns (chis,
these) and ambiguous terms (e.g. “as appropri-
ate?” “erc..” “and/or” “but not limited 10”)7)

O Are the requirements concise and simple?

o

Do the requirements express only one thought per
requirement statement, astand-alone statement as
opposed to multiple requirements i single scate-
ment, or a paragraph that contains both require-
ments and rationale?

o

Does the requirement statement have one subject
and one predicate?

Completeness

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

NASA SYSTEMS ENGINEERING HANDBOOK

O Are requi free of jon specif-
ics? (Requirements should state what is needed.
not how 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 personnelfiask with product
requirements: update the SOW or Task Order
instead.)

Consistency

O 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?

Appendix C: How to Write a Good Requirement— Checklist

03 Is 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 o meet the parent requirement? [s cach
requirement  needed function or characteristi
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 includecy”

1 Are all requirements (functions, strucrures, and
constraints) bidirectionally traceable 10 high-

O s each performance requirement realisic?

O 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?”

Interfaces
O Areall external interfaces clearly defined?

O Are all internal incerfaces clearly defined?

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

erlevel requi or mission or sy
terest scope (ic. need), poals, objectives,
constraints, or concept of operations)?

O Is each requirement stated in such a manner that it
can be uniquely referenced (e.g., each requirement
is uniquely mumbered) in subordinate documents?

Correctness
O Is cach requirement correet?

O Is each stated assumption correct? Assumptions
should be confirmed before the document can be
baselined.

3 Are the requirements technically 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 listed (e.g., consider timing, throughput,
storage size, latency. accuracy and precision)?

NASA SYSTEMS ENGINEERING HANDBOOK

All rights reserved © The REUSE Company 2020

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 (Le., requirements
are as weakly coupled as possible2

Reliability
O Are dearly defined, measurable, and verifiable
reliability requirements specified?

O Are there error detection, reporting, handling,
and recovery requirementst

O Are undesired events (e.g., single-event upset, data
loss ot 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

Appendix G: How to Write a Good Requirement— Checkist

the system from the point of view of hardware,
software, 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
2 means exist to measure the accomplishment of

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, suffcient, safe. ad hoc, ade-
quate, accommodate, user-friendly, usable, when
required, if required, appropriate, fast, portable,
light-weight, small, large, maximize, minimize,
suffcient, robust, quickly: easily, clearly, ocher
“Iy” words, other “ize” words)?

Data Usage
O Where applicable
wruly “donit ca

are “dan't care” conditions
(“Dont care” values identify

cases when the value of a condition ot flag is irrel-
evant, even though the value may be important
for other cases) Are “dorrt care” conditions values
explicitly stated? (Correct identification of “dan’t
care” values may improve a design's portabilicy)

TH=
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The checklist : 4 main characteristics

C.1 Use of Correct Terms

C.2 Editorial Checklist

Personnel Requirement
Product Requirement

C.3 General Goodness Checklist

NASA Requirements Checklist Library

C.4 Requirements Validation Checklist

Clarity
Completeness
Compliance
Consistency
Traceability
Correctness
Functionality
Performance
Interfaces
Maintainability
Reliability
Verifiability/Testability
Data Usage

All rights reserved © The REUSE Company 2020
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e of Correct Terms

C.2 Editorial

Mapping TRC metrics vs.
Requirements Checklist

ecklist

Personnel Requirement

Product Requirement

Shall = requirement

ted?

TRC-Metric

C.3 General Goodness Checklist

NASA Requirements Checklist Library

Implemented? TRC-Metric Metric Na
1. The requirement is grammatically correct. Partially TRC-M230 Avoid inadequate grammar structures
2. The requirement is free of typos, misspellings, and Yes UGS bt IneaRes g
punctuation errors. TRC-M260 Review incorrect punctuation
TRC-M250 Facilitate readability
3. The requirement complies with the project’s template - TG Enforce the use of a complete sentence
and style rules. structure
4. The requirement is stated positively (as opposed to Avoid the use of Negative Expressions
) . Yes TRC-M285 "
negatively, i.e., “shall not”). out of the condition block
5. The use of “To Be Determined” (TBD) values should be
minimized. It is better to use a best estimate for a value
and rr_\ark it “To Be R (TB_R) _Wlth hs rationale a_long Partially TRC-M190 Avoid the use of Escape clauses
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, |'nclud|ng 4 ass_umptlons. Can- - date Partially TRC-M460 Enforce attribute type is not empty

(concur with) the assumptions? Assumptions must be

confirmed before baselining.

7. The requirement is located in the proper section of the No

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

Will = facts or declaration of purpose Yes TRC-M365 Avoid the use of Banned Modal Verbs
Should = goal
Implemented? TRC-Metric Metric Name
Use the active, rather than the passive voice. A requirement
should state who shall (do, perform, provide, weigh, or Yes TRC-M040 Avoid the use of Passive Voice out of
other verb) followed by a description of what should be the condition block
performed.
Implemented? TRC-Metric Metric Name
TRC-MO10 Enforce the use of a complete sentence
structure
The requirement is in the form “product ABC shall XYZ.” A
requirement should state “The product shall” (do, perform, Yes
rovide, weigh, or other verb) followed by a description of
P € ) v P TRC-M360 Check the number of Modal Verbs
what should be done.
TRC-MO50 Determine if the subject is a recognized
Agent term
TRC-M630 Enforce the.:.se of Define Terms by
The requirement uses consistent terminology to refer to the Ves avoiding Synonyms
product and its lower-level entities.
TRC-M150 Detect inadequat-e L_Jnit fora
Characteristic
incl f
TRC-MS20 Force t({ include tole_rance value for the
units that required tolerance
Complete with tolerances for qualitative/performance
values (e.g., less than, greater than or equal to, plus or Yes e
. . Ensure tolerance value are within an
minus, 3 sigma root sum squares). TRC-M525
adequate value range
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 Yes TRC-M490 Avoid stating a solution
the requirement?” The answer may point to the real
requirement.)
Free of descriptions of operations? (Is this a need the
roduct should satisfy or an activity involving the product?
P Y ¥ 2 P Partially TRC-M500 Avoid the use of Flow sentences

Sentences like “The operator shall...” are almost always
operational statements not requirements.)

C.4 Requirements Validation Checklist

Clarity

Implemented?

TRC-Metric

Metric Name
Avoid the use of Indefinite Articles in

TRC-M130
front of an Agent
1. Are the requirements clear and unambiguous? (Are all TRC-M070 Avoid the use of Pronouns to refer to
aspects of the requirement understandable and not subject nouns
to misinterpretation? Is the requirement free from Yes TRC-M950 Avoid the use of Vague Terms
indefinite pronouns (this, these) and ambiguous terms (e.g., TRC-M545 Avoid the usage of Imprecise
“as appropriate,” “etc.,” “and/or,” “but not limited to”)?) Quantifiers applied to a property
- T | -
TRC-M560 Avoid the use of empora! .ndeflnlte
keywords out of the condition block
Check the text length b ti
TRC-M330 eck the text length by counting
words
TRC-M360 Check the number of Modal Verbs
2. Are the requi t i d simple? Y i
quirements concise and simple es TRC-M320 Check the text length by counting
paragraphs
TRC-M340 Control the number of Action Verbs out
of the condition block
3. Do the requirements express only one thought per TRe-m3ap  |Control the number of Action Verbs out
requirement statement, a standalone statement as of the condition block
opposed to multiple requirements in a single statement, or Yes
a paragraph that contains both requirements and TRC-M360 Check the number of Modal Verbs
rationale?
TRC-M370 Multiple subject detection
4. Does the requirement statement have one subject and s ? J
one predicate? Control the number of Action Verbs out
B TRC-M340

of the condition block
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Mapping TRC metrics vs.
Requirements Checklist

Completeness

Compliance

Traceability

NASA Requirements Checklist Library

Implemented? TRC-Metric Metric Name
1. Are requirements stated as completely as possible? Have
allincomplete requlr_en?ents been capt»uret_:l as TB_DS or TBRs Partially TRC-M190 Avoid the use of Escape clauses
and a complete listing of them maintained with the
requirements?
2. Are any requirements missing? For example have any of
the following requirements areas been overlooked:
functional, performance, interface, environment
(development, manufacturing, test, transport, storage,
operatiorTs), facility (manufacturing, test, storage, Partially TRC-M940 Ensure all requireme_n_ts tYpes are part
operations), transportation (among areas for of the specification
manufacturing, assembling, delivery points, within storage
facilities, loading), training, personnel, operability, safety,
security, appearance and physical characteristics, and
design.
3. Have all assumptions been explicitly stated? No
Implemented? TRC-Metric Metric Name
1. Are all requirements at the correct level (e.g., system, Partially TRC-MO55 Detect inappropriate subject at the
segment, element, subsystem)? document level
2. Are requirements free of implementation specifics?
(Requirements should state what is needed, not how to Yes TRC-M490 Avoid stating a solution
provide it.)
3. Are requirements free of descriptions of operations?
(Don’t mix operation with requirements: update the Yes TRC-M380 Avoid phrases that indicate the purpose

ConOps instead.)

Avoid overlapping among the

1. Are the requirements stated consistently without TRC-M480 I
e . . requirements
contradicting themselves or the requirements of related Partially Avoid mixing up different
systems? TRC-M160
measurement systems
2. Is the termlr?ology consl_stent wn:h_the user and sponsor’s Yes TRE-M225 Avoid Unclassified Terms
terminology? With the project glossary?
3. Is the terminology consistently used through out the Yes TRC-M580 Avoid the use of unknown acronyms
document?
4. Are the key terms included in the project’s glossary? Yes TRC-M590 Avoid the use. Of. unknown
abbreviations
Implemented? TRC-Metric Metric Name
1. Are all requirements needed? Is each requirement
necessary to meet the parent requirement? Is each
requirement a needed function or characteristic? No
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
requirements or mission or system-of-interest scope (i.e., No
need(s), goals, objectives, constraints, or concept of
operations)?
3. Is each requirement stated in such a manner that it can Ty e reluniqual]
be uniquely referenced (e.g., each requirement is uniquely Yes TRC-M930

numbered) in subordinate documents?

referenced
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Mapping TRC metrics vs.
Requirements Checklist

Correctness

Performance

Interfaces

Maintainability

Implemented? TRC-Metric Metric Name
1. Is each requirement correct? All TRC
2. Is each stated assumption correct? Assumptions must be *The whole set of correctness metrics
X K Yes correctness . R
confirmed before the document can be baselined. metrics* help in the correctness quality check
3. Are the requirements technically feasible?
Functionality Implemented? TRC-Metric Metric Name
1. Are all described functions necessary and together No
sufficient to meet mission and system goals and objectives?
Implemented? TRC-Metric Metric Name
Avoid the usage of Imprecise
1. Are all required performance specifications and margins TRC-M545 - g P
. . i ) . Quantifiers applied to a property
listed (e.g., consider timing, throughput, storage size, Partially . -
- Confirms the value for a property is
latency, accuracy and precision)? TRC-M530 "
within a controlled range
TRC-M430 Avoid l.machievabl.e Absolute:s
. _ expressions impossible to verify
2. Is each performance requirement realistic? Yes £ Numb fol d by Unit
nsure Numbers are followe nits
TRC-M140 - Y
or noun qualifications
3. Are the tolerances overly tight? Are the tolerances
defendable and cost-effective? Ask, “What is the worst Ensure tolerance value are within an
) . Yes TRC-M525
thing that could happen if the tolerance was doubled or adequate value range
tripled?”
Implemented? TRC-Metric Metric Name
1. Are all external interfaces clearly defined? TRC-M945 SCM PBS completeness
2. Are all internal interfaces clearly defined? partially TRC-M945 SCM PBS completeness
3. Are all interfaces necessary, sufficient, and consistent
) " ! TRC-M945 SCM PBS completeness
with each other?
Implemented? TRC-Metric Metric Name
TRC-M140 Ensure Numbers are fgllovyed by Units
or noun qualifications
' o Avoid the usage of Imprecise
1. Have the requirements for system maintainability been . TRC-M540 .
e s e Partially Quantifiers
specified in a measurable, verifiable manner? - =
Avoid unachievable Absolutes
TRC-M430 Lo . .
expressions impossible to verify
TRC-M940 SCM organization completeness
2. Are requirements written so that ripple effects from
changes are minimized (i.e., requirements are as weakly Partially TRC-M200 Avoid the use of Open-Ended clauses
coupled as possible)?

Reliability

Verifiability/Testability

Data Usage

NASA Requirements Checklist Library

Implemented? TRC-Metric Metric Name
‘ “ o TRC-M540 Avoid the usag<.a .of Imprecise
1. Are clearly defined, measurable, and verifiable reliability partiall Quantifiers
requirements specified? v Avoid unachievable Absolutes
TRC-M430 o ) A
expressions impossible to verify
2. Are there error detection, reporting, handling, and ol
' i E E Yes TRC-M940 SCM organization completeness
recovery requirements?
3. Are undesired events (e.g., single event upset, data loss
or scrambling, operator error) considered and their No
required responses specified?
4. Have assumptions about the intended sequence of No
functions been stated? Are these sequences required?
5. Do these requirements adequately address the
survivability after a software or hardware fault of the No

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

1. Can the system be tested, demonstrated, inspected, or

Implemented?

TRC-Metric

Metric Name

Avoid the usage of Imprecise

analyzed to show that it satisfies requirements? Can this be Partially TRC-MS40 Quantifiers
done at the level of the system at which the requirement is Avoid unachievable Absolutes
stated? Does a means exist to measure the accomplishment TRC-M430 expressions impossible to verify
2. Are the requirements stated precisely to facilitate
specification of system test success criteria and Yes TRC-M940 SCM organization completeness
STATETE lEL‘uIlE”lEclelqu:ilI::‘eCmUelnLtllsl—.\)IElIIIdUIE ETrms{eEg
flexible, easy, sufficient, safe, ad hoc, adequate, TRC-M430 Avoid 9nach|evabI-e Absolutgs
accommodate, user-friendly, usable, when required, if ves expressions impossible to verify
e o " TRC-M950 Avoid the use of Vague Terms

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.)

Implemented?

TRC-Metric

Metric Name

All rights reserved © The REUSE Company 2020




NASA Requirements Checklist Library
Mapping TRC metrics vs. Requirements Checklist

> PDF version :available on The REUSE Company’s website !

http://www.reusecompan

C.1 Use of Correct Terms Implemented?  TRC-Metric Metric Name

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

TRC-M365 | Avoid the use of Banned Modal Verbs

C.2 Editorial Checklist

Personnel Requirement Implemented? TRC-Metric Metric Name
Use the active, rather than the passive voice. A requirement
should state who shall (do, perform, provide, weigh, or Ves TRC.Modg | Avoid the use of Passive Voice out of
other verb) followed by a description of what should be the condition block
performed
Product Requirement Implemented? TRC-Met Metric Name
TRC-Mo10 | EMforce the use of a complete sentence
structure
The requirement is in the form “product ABC shall XYZ.” A
requirement should state “The product shall” (do, perform, ves
rovide, weigh, or other verb) followed by a description of
P € ) 4 3 TRC-M360 | Check the number of Modal Verbs
what should be done.
TRC.Moso | Determine if the subject is a recognized
Agent term
TReMe30 | EMforee the‘:‘se of Define Terms by
The requirement uses consistent terminology to refer to the Vs avoiding Synonyms
product and its lower-level entities.
TRE-M1S0 Detect inzdequat.e Unit for a
Characteristic
TReMs20 | FOTee to include tolerance value for the
units that required tolerance
Complete with tolerances for qualitative/performance
values (e.g., less than, greater than or equal to, plus or Yes -
] ) Ensure tolerance value are within an
minus, 3 sigma root sum squares). TRC-M525
adequate value range
Is the req free of i i qui
should state WHAT is needed, NOT HOW to provide it; i.e.,
state the problem not the solution. Ask, “Why do you need Yes TRC-M490 Avoid stating a solution
the requirement?” The answer may point to the real
)
Free of descriptions of operations? (Is this a need the
roduct should satisfy or an activity involving the product?
B Aty Y INOVINE Partially TRC-M500 Avoid the use of Flow sentences
Sentences like “The operator shall..” are almost always
i not req
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