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Introduction to The REUSE Company

The REUSE Company,a spinoff company started in 1999

Expertsin:

s

s

> Requirements Engineering,
> Systems Engineering,
> and mainly Reuse and Quality around Requirements and Systems Engineering

Solutions and services related to these topics
Creators of RQA and RQS

s

s
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Requirements Quality
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Requirements quality: Successful projects

Chaos Report, 2004

yii,fe:‘“"""Sﬂ:tchceeded ;29%
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Requirements quality: Successful projects
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Requirements Quality: source of defects

Project Success Factors % of Responses

1. User Involvement 15.9% 15.9%
2. Executive Management Support 13.9%
3. Clear Statement of Requirements 13.0% 13.0%
4. Proper Planning 9.6%
5. Realistic Expectations 8.2% 8.2%
6. Smaller Project Milestones 7.7%
7. Competent Staff 7.2%
8. Ownership 5.3%
9. Clear Vision & Objectives 2.9% 2.9%
10. Hard-Working, Focused Staff 2.4%
Other 13.9%

(Source: CHAOS Report, 2004)
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Requirements Quality: source of defects

Study in the scope of RAMP project (Requirements Analysis and Modeling Process) in
partnership with Airbus Group, RENAULT, EDF, ADN, CORTIM, ENSTA, IRIT, PARIS |

UNIVERSITY

(end 2010 over 22 industrials in several domains worldwide: interviews and questionnaires)

Most common requirements defects

Requirements not good enough for tests and fabrication 1

Requirements not traced 1

Derived requirements not justified 1

Semantic contradictions 1

Use of synonyms or words with multiple meanings 1

Not identified as requirements 1

Lack of input data (vague needs, non mastered scenarios...) 2
Confusion betwee validation of needs and verification of the product 2
Too much details 4
Not understandable (complex sentences)
Littérature 6
Not verifiable 7
Not precise enough
Serveral requirements in a single requirement
Not consistency
Not complete 10
Ambiguity 10
Requirements expressed as solutions 14
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Requirements Quality characteristics

» |EEE Std. 830: » SMART:

Correct Specific

Unambiguous Measurable

Complete Aligned

Consistent Realistic

Ranked Time-limited

Verifiable

Modifiable "I believe that this nation should commit itself

Traceable to achieving the goal, before this decade is out,
» ESA PSS-05: of landing a man on the Moon and returning

him safely to Earth"

Pretty much the same

characteristics
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Requirements Quality characteristics

» Good characteristics to check but...

» Can we measure how correct,how complete,how consistent,how
measurable... a specification is??
» Are those characteristics SMART?
Are they specific?
Easy to measure? From a objective point of view?

Is it realistic to ask for those characteristics?
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Requirements Quality Metrics

» Differentinitiatives to use a set of easy-to-measure metrics/rules instead of
the former fuzzy characteristics:

ARM (Automated Requirement Measurement) by NASA — )

H*JDICﬁTGJRS OF QU&LIT‘E ATIRIEUTES @ Y Mesmisnent Tocl
i H Qt;allt? ,._‘I:";,tm b_uies Software Assurance Tec,imulngy Center

Welcome to the SATC
ARM Tool

 vatcrougs [ conme |

Categories of
Quality
Indicators

2. Consistent
3. Correct

ko ko | 4 IWlodifiable

6. Testable

5. Fanked

Imyperatives

. Continuances
 Directiwves

. Options

. Weak Phrases
. Gize

. Text Stracture
 Bpec. Depth

. F.eadability

bo o | 7. Traceahle

o
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Requirements Quality Metrics

» Differentinitiatives to use a set of easy-to-measure metrics/rules instead of
the former characteristics:

Artemis EU Projects:
\4

A\V 4
@ cesar

Classifying a number of different measurable rules into three main clusters:

Correctness:mainly for individual requirements
Consistency: mainly for whole specifications, but also with SysML models

Completeness: mainly for whole specifications, but also with SysML models
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Requirements Quality Metrics

» Differentinitiatives to use a set of easy-to-measure metrics/rules instead of
the former characteristics:

INCOSE Guide for Writing Requirements

Matching among characteristics and easy-to-measure rules

IN@OSE

International Councnl on Systems Ehgmeermg
\ ;m\‘,{. : t_);;

= /

—
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Requirements Quality Metrics

» Differentinitiatives to use a set of easy-to-measure metrics/rules instead of
the former characteristics:

Génova et al. g
- :- a
B 15} E Hy ﬂ E é -] 5 5 _'E
AR IEAR AR REIEARAEIERE
AN IR I AR AR AR E AR RE
A FIAR IR EARAE
Indicators Function -
Bize Convex X . . . L] . L] . . L]
Feadablaty Imex Daex x . .
Punctuaton Convex X . .
Acron. & Abbrev. Decreasing X . -
Conmective terms Diecreasing X X . L X X * X . . .
[mprecive terms Dacreasing x . . . X . .
Diesign terms Deecreasing . .
Imperative verbs Convex X . . - . . . . . . .
Conditonal verbs Decreasing x * o * . . -
Passive voue Deecreasing X . . . . . .
Domain tarms Convex x x L] - L] L] L] L] L] - L]
Versions Drecreasing X X
MNesting Comvex e * N
Dependencies Convax » L] L] [ ] x ] x L] L ] ] L]
Oreerlappinps Deecreasing X . . L X X X . * i .

Measurable indicators and related desirable properties:
x = direct influence; -+ = indirect influence
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Requirements Quality Metrics: a “perfect”... bad requirement
£TA

® °
9@ ‘G

Q Whatever the context, the 5@1 should be able to switch-off as quickly as
© 0 possible, to restart without inducing any perturbation and at the same time to
@ inform the operator in a friendly an}i (gderstandable manner... _@@_

NOt SO SMART I’equirement (Specific, Measurable, Aligned, Realistic, Time-limited)
Ambiguous (What System ?)

Several unclear requirements (switch-off, restart, inform)
No use of shall

Not measurable (quickly, sametime,,..)
Not testable (friendly, understandable,..)

=>» Need to perform a Requirement Quality Analysis against all the set of the system
Requirements to improve the requirement quality before any delivery
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Requirements Engineering Process

Requirements development

‘ Elicitation |

‘ Analysis |
‘ Specification |

| ‘ Verification | |

Requirements
management

> It’s good to automate the verification process but...

» ... it’'s even better to provide such a help to requirements authors

» 16 From Requirements Quality to Requirements Authoring September 3,2014
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Requirements Authoring
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Requirements Authoring

Experiences shown that about 25% of system Requirements are critical and can
grammatically be improved

» No Shall: 8 to 10%
» Forbidden words: 10 to 15%
» Subject, multiple objects, design: 1 5%

> Incorrectgrammar:50%, ...

> Requirements error costs are high

s

Fixing requirements after delivery may cost up to 100 times more than fixing in the requirements
definition stage

Training, best practices and verifying requirements by reviews can help to get SMART
requirements:

y But the process is costly and time consuming

> Introducing quality analysis during the authoring activity:

L4

Reduce the number of iterations between System Engineers and sub-contractors and
improve the verification activities

18 From Requirements Quality to Requirements Authoring September 3,2014
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Requirements Authoring

Cost of fixing defects

16
14
12
10
8
6
4
- = B

Requirements Design Coding Testing After deployment

W Cost of fixing defects

> Classical figures for software engineering...
> ... Butclearly too shortin case of safety-critical systems
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Requirements Authoring

> Authors of the specifications can be empowered b

Terminology layer

Thesaurus layer

Patterns layer

Formalization layer

Inference layer

» 20 From Requirements Quality to Requirements Authoring September 3,2014 LESTYOITRnOWIeage retsents
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Requirements Authoring

»
y

to their types (e.g. performance information)

\

\‘

'<Compon’ent77 To_be // VERB

in less than NUMBER y FTIME_UNITS>
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Requirements Authoring

> ldentification of inconsistent information:
> Duplicated requirements:by using a semantic search engine
> Inconsistent content among requirements:e.g. inconsistent unit systems

> Inconsistent content requirements vs. SysML: e.g. MTBF, weight of
components...
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Requirements Authoring

> Authors of the specifications can be empowered by (4 of 4):

> Semantic reuse of requirements among previous projects

|
URO044 : Thqezhalll[u:hantlfyr hits ht a minimumIrate f T]ﬂlnits per second

—

;T::: — — o -:ﬂ:\
URBSZi Target_s Ishall be|det tea by the Iectrnm;énetic sensorpt a {rea[lency not |ower

tha units per secon

Semantic equivalences:;
Identifies
Find
Distinguish
" Discover
UR044 >
R
System
— Repository
Symonyms
System Target
Electromagnetic device i
Electromagnetic senser
Radar
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RQS — Requirements Quality Suite
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Requirements Quality Suite

> The Requirements Quality Suite (RQS) intends to tackle requirements quality
management by offering a set of tools and processes.

> RQS defines, measures, manages and improves requirements quality

> RQS models requirements quality using the CCC approach (Correctness,

Consistency and Completeness)
Reguirements Quality Analyzer (RQA):
to setup, check and manage the quality of a
requirements specification.

RA Requirements Authoring Tool (RAT):
I F to assist authors in the process of creating
Requlrements  requirements with the right level of quality

Authoring Tool
knowledgeMANAGER (kM):

to manage knowledge around a requirements
specification:
4 knowledge - the ontology it is based on
\ MANAGER - the structure of the requirements to be used in
the project

- the communication between authors and domain
architects.

Requirements
Quality Analyzer
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Requirements Quality Suite

> Metrics

Correctness

(individual

metrics)
Consistency Consistency - Completeness Completeness
(semantic) (inconsistent (missing req.) (missing links)
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Requirements Quality Suite

> Types of metrics:

&

&

&

&

Automatic metrics
Parameterized metrics
In-house coded metrics
Manual metrics

»  Metric customization:

&

&

&

&

&

Which metrics to use, metrics weight

Metrics limits/thresholds

How to parameterized some of the metrics: e.g. named links
Can include new in-house coded metrics

Manual metrics to support the further verification process

textLength()

> Customization according to: g
Med
> The maturity of every company or team Low

&

27  From Requirements Quality to Requirements Authoring September 3,2014 AL UTGRITURT LEUYE TELSE L
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Requirements Quality Suite

I

28

Example of correctness metrics:

I

From Requirements Quality to Requirements Authoring

Requirements size/length
Readability

Conditional vs. imperative sentences
Active vs. passive voice

Ambiguous sentences

Optional sentences

Subjective sentences

Implicit sentences

Abuse of connectors

Negations

Speculative sentences

I

Use of false friends

Design terms

Flow terms

Number of domain nouns and verbs
Acronyms

Hierarchical levels

Volatility

Number of dependences

Forbidden Words

Standard Requirement (match pattern)

September 3,2014 AL VLT ANUITIEUYE ARG Le
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Requirements Quality Suite

»  Other features:

»  Connectors:

v/sure ‘
requirements» @ REQOTIFY”
=% | Rational
N

> Languages:

29  From Requirements Quality to Requirements Authoring September 3,2014 LCSOUT O eUGEATENSent:
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RAT : Requirements Authoring Tool

» Main features:

Assisting authors while they’re writing requirements

Following a agreed upon set of patterns

» Other (on the fly) features:

Quality assessment (correctness based
on individual metrics) on the fly

Consistency analysis on the fly

Missing links on the fly

Inconsistent units analysis on the fly

30

Requirements Authoring Tool = | G |
File View
Select your patter or pattem group to help you writing your requirement:
7z - Gen | [« Selecta pattern > -
Pattem c < Nane >
@ Editing requirement description: mmary:
B I U Value
The system shall warn about low quality re s 1
t 1
Real - P
Really
Receiver
Recently
Regularly LY
Relaxed
Reliability
Reliability critical item
Relieved
Matching patterns elements: ~~ |Remain

Other quality elements:

Correctness quality metrics _Similar requirements  Unit conflicts ~ Matching patterns

Syntaxanalysis _ Links _Additional attributes | Lessons leame:

Metric Quality  Value Summary

" Ambiguous sentences 1 Ambiguous sentences

Out-of-domain concepts

23 - Parenthesis 0 To be defined
m

must be avoided

1 The numbsr of concepts not recognized by the system...

M

September 3,2014
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RAT : Requirements Authoring Tool

Pattern choice

» Author assistance on the fly (typing requirement)

~
Reguirements Authoring Tool T‘ I7 = | [
File View
Select your pattern or pattern group te help you writing your requirement:
ZZ - Generic Requirements v] I < Select a pattern » V]
Pattern comments: < Mone >
@ Editing requirement description: ¥ Correctness metrics summary:
B I / ) Metric Value
w Domain concepts 0
The sys
ymem Ontology terms to keep ¥ Domainverks 0
System element S . w Imperative mode 1]
fulfilling the selected patterns of patten mtching 0
¥ Text length (words) 1
-
Matching patterns elements:
element - [OPT] + NOUN | e
if B [OPT] + At |
in a2 [OPT] + NOUN «STAKEHOLDER= | 1
manager r [OPT] + At| g
if ! '/ [OPT] + NOUN «SYSTEM: |
system [OPT] + At . .
wystem - |orm-nomssemaewene”  Valid paths to fulfill the selected patterns
< ] 4 Sl EE— TE—
s ety et - - and pattern examples
er quality elements:
Correctness quality metrics  Similar requirements  Unit conflicks  Matching patterns  Syntax analysis  Links  Additional attributes s learned
T Metric Quality Value Summary 1Y
w Domain concepts 0 At least one domain term must be used l':'
w Domain verbs 0 At least one domain verb must be used
W Imperative mode 0 At least one imoerative verb must be invelved T
. ] v
Save and close '] [ Cancel l
L

o o o e e
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RAT : Requirements Authoring Tool

» Author assistance on the fly (fulfilled patterns)

33

r

Requirements Authoring Tool

File View

Select your pattern or pattern group to help you writing your requirement:

ZZ - Generic Requirements - ] [< Select a pattern >

@ Editing requirement description:

B I U

@ Correctness metrics summary:

Metric Value

RAT shall store requirements |

Matching patterns elements:

Out-of-domain concepts 1

NOUN | MODAL VERE «MODAL COMPULSORY= | VERB «F-CAPABILITY» | NOUN| -
NOUN | MODAL VERB «MODAL COMPULSORY= | VERB «F-CAPABILITY= | NOUN | (2
NOUN | MODAL VERE «MODAL COMPULSORY= | VERB «F-CAPABILITY= | NOUN |
NOUN | MODAL VERE «MODAL COMPULSORY= | VERB «F-CAPABILITY» | NOUN |

1 1|NOUN | MODAL VERE «MODAL COMPULSORY= | VERB «F-CAPABILITY» | NOUN |
NOUN | MODAL VERE «MODAL COMPULSORY= | VERB «F-CAPABILITY= | NOUN |
NOUN | MODAL VERB «<MODAL COMPULSORY= | VERB «F-CAPABILITY» | NOUN |

NOLIN | MODAIL VERB ~MODAL COMPIISORYx | VFRB ~F-CAPARTITTYw | NOLIN 1
Ll m 2

Other quality elermnents:
Correctness quality metrics  Similar requirements  Unit conflicts  Matching patterns

Syntax analysis  Links  Additional attributes  Lessons learned

Pattern name

() Generic Requirement

1 X

\, Pattern fulfilled |

Save and close 'H Cancel l

September 3,2014




L REUS=E

RAT : Requirements Authoring Tool

» Quality assessment on the fly

 Requirements Aulhcllnng Tool ama -

Suggestions  Quality View
Requirements Authoring Tool Edition Module \/
|

By The REUSE Company Bad qua|lt)’ (red)

Select your pattern or pattern group te help you writing your requirement:
|
[All patterns - ] [ < Select a pattern > rl l7 v]

i Editing requirement description: W Correctness metrics summary:
4 B3 @ o9 & B I U A & =
Whatever the context, the system should be able fo  Connectors
switch-off as quickly as possible, to restart without +'| Absolute conditional sentences
inducing any perturbation and at the same time fo inform  » | 1 |Relative flow sentences by total number of terms
the O,Def‘afor ina fr.iendfly and understandable manner /| Relative speculative sentences by total number of terms

Mame Value

/" Absolute ambiguous sentences

| Relative incomplete sentences by total nurber of terms
L /" Relative negative sentences by total number of terms
/" Relative imperative sentences by total number of verbs

o oo o ook n e
m

| Absolute imperative sentences

W, 5. 1
er quality elements:
Matching patterns = Syntax analysis ~ Correctness quality metrics  Textual assessment

Mame Value  Quality Recemmendation Affects overall gqu

o Absolute design sentences 0 oK [ c
‘/IjAbsquteﬂow sentences 0 OK = EI
2/ Absolute speculative sentences 0 QK =
‘:‘.’.Dependencwes 0 oK [
V" Valatility (Versioning) 0 oK 0
+ Readability 16 0K B
‘:‘/.Absolute negative sentences 0 QK | .

AT " N =1

Close and copy to the clipboard
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RAT : Requirements Authoring Tool

» Semantically similar requirements on the fly
r — — — N -

il Requirements Authoring Tool

Suggestions  Quality  View

Select your pattern or pattern group te help you writing your requirement:

[AII patterns vl [< Select a pattern » vl

i Editing requirement description: ¥ Correctness metrics surmmary:

@ o e B I UANLNSESES o= Name Value
. . ) il Absolute domain verbs 0|
The Requirements Authoring Tool shall be able to offer quality assessment - Relative negative sentences by to... o
I +/| Relative speculative sentences by... 0
+/|Relative flow sentences by total n... 0
| ' ol Relative design sentences by tota.., 0] L
| i Absolute dornain terms 0 3 ]
1] \.".Relativeincomplete sentences by... 0 L
Il ‘_".Relative domain terms by tetal n.. 0 [
N ‘_".Relative ambiguous sentences by... 20 [
| \_"'Relativeimperative sentences by.. 50 |
+/|Relative canditional sentences by... o _
Other quality elements:
E] Matching patterns  Syntax analysis | - | Unit conflicts | Correctness quality metrics  Textual assessment  Additional attributes  Traces
Code Author Description Similari—ty
209682 KR\blopez The RAT must be able to provide quality assessment 66

. There’s a requirement in the SKB very similar to the writing requirement [_]
ose - Cancel

I Save and cl
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RAT : Requirements Authoring Tool

» Inconsistent measurement units on the fly

36

|
371 Requirements Authoring Toor T o=

Suggestions  Quality View

Select your pattern or pattern group to help you writing your requirement:

[All patterns - ] [ < Select a pattern » vl

@ Editing requirement description: i Correctness metrics summary:
4 B9 e B I UA LS

The second rocket must be able to measure at least 20 inches|

Mame Value

i Relative flow sentences by total nu...
i Relative speculative sentences by t...
jr’-ReIative design sentences by total...
j.-’-ReIative domain terms by total nu...

» j.»’-ReIati\.re conditional sentences by t...
j.-’-Relative incomplete sentences by t...
i Absolute domain terms

o Relative negative sentences by tot...

[V T T T T o e R s Y

].»’-Absolute ambiguous sentences
| Text length
® = " Relative ambiguous sentences by t...

iy
1]

[
L
1

@ Other quality elements:
Matching patterns  Syntax analysis  Similar requirements  Unit conflicts  Correctness quality metrics  Textual assessment  Additional attributes  Traces

Code Description The plane must be able to fly at least 1600 kilometres without landing
d734fd7c-5129-44b( The plane must be able to fly at least 1600 kilometres without landing H

| Conflictive issue (kilometres VS inches)

\\ There’s a requirement in the SKB conflicting with the writing requirement -.

September 3,2014 LLSIOITnON edgenTetsent
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Thank you for your attention!!

Questions??
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