_—_— -

Non-Functional Requirements. From Elicitation to
Modelling L anguages

Luiz Marcio Cysneiros Julio Cesar Sampaio do Prado Leite
Department of Mathematics and Statistics Departamento de Informatica
Information Technology Program PUC- Rio
York University e-mail: julio@inf.puc-rio.br

cysneiro@mathstat.yorku.ca

YORKQ

Us I VEREITE
Us I ¥VERSSTITY

« NFRs are also known as Quality Requirements
[Chung 93] [Boehm 96].

* Functional Requirements -> What
* Non-Functional Requirements -> How

* Non-Functional Requirements are always related
to a Functional Requirement [EAGLE 95][Chung

00].
° Satisfice
* NFRs are rarely 100% satisfied X
Satisfy
2
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o Adaptability

» Architectural integrity
» Cost

» Corfigurability
» Efficiency

» Maintainability
» Flexibility
 Profitability

» Performance

» Usahility

* Understandability
* Risk

* Resilience

* Reusability
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Timeto Market
Reliability
Seaurity
Moduarity
Portability

Size

Safety
Testability
Mobility
Standard compliant
Robustness
Complexity
Leanability

Why Care About Non-Functional Requirements




Nowadays, the market demands more and more non-functional
aspects to be implemented in information systems besides its
functionality.

Recent works [Dardene 93] [Mylopoulos 92] [Chung 00] have
shown that complex conceptual models must deal with non-
functional requirements.

Errors due to omission of NFRs or to not properly deding with
them are among the most expensive type and most difficult to
correct (Mylopoulos 92) (Ebert 97) (Cysneiros 99).

One case of Failure Dueto neglecting non-functional
requirements (NFRs)

H@ The London Ambulance System was deactivated just after

its deployment because, among other reasons, many non-
functional requirements were neglected during the system
development

e.g. reliability (vehicles location), cost (emphasis on the best
price), usability (poor control of information on the screen),
performance (the system did what was supposed to do but he
performance was unacceptable), [Finkelstein 96] [Breitman et all
99].
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L Flicitingisnot. Enoudn.

* Integrating NFRs into conceptual models can
help to get software deployed faster and with
lower development costs [Cysneiros 99].

* We propose a strategy to deal with NFR since the early stages of
software development

» The first part presents some heuristics to elicit NFR and a systematic
way to search for interdependencies

» Uses the Language Extended Lexicon (LEL) [Leite 93] as an anchor for the
definition of the non-functional model

» Extendsthe LEL to dea with NFR
» Extends the OORNF Tool to support NFR €licitation
e The second part presents some heuristics to integrate NFRs into
conceptual models
» Also uses the LEL as an anchor to build the functional model

» Extends the scenario model [Leite 97], the class, sequence and collaboration
diagrams [Rumbaugh 99] to deal with NFR
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The Proposed Strategy

Functionall Perspective »| Sequence
’\ Diagram

Collaboration
Diagram

New Episodes,
Resourcesand
Actors

Attributes

New; Classes,
and messages
NFR and its
impacts
Non-Functional Perspective
10
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* A NFR can be classified as Primary and Secondary
ones where the secondary once is a decomposition
of a Primary one

e For Examples—
» Accuracy Primary
¢ Numeric e Secondary
< Write information
at the right time
* Dynamic NFR
» Are those that demands an action to be taken
« Static NFR

» This type of NFR always demands some information to be
used, usually in a persistent way

| anguage Extended L exicon(LEL) . (0|

e Aims to register the vocabulary used in the UofD

e Itis based on a system of symbols composed of Notions
and Behavioural Responses

¢ Notions specify the meaning of the symbol (denotation)

e Behavioural Responses register the results driven from the
symbol utilization (connotation)

e Its construction is based on the minimum vocabulary and
circularity principles

12
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We now register Primary NFR in the notion of the symbols
We register the fact that a notion or a behavioural response
is stated for satisficing an NFR from another symbol
(eventually from the same symbol)

We can now show what notions and behavioural responses
are necessary to satisfy an NFR

L _pPblulldinhg.the Non-r~unctional IV[_@_BI

Add NFRs Identify and
tothe LEL New Notions

New Behavioral Responses

New Symbols

Changes due to Conflict
Resolution

Knowledge on

the Problem Positive and Negative Influences

Conflicts
Design Decisions

LEL
Symbol

Primary NFR

Interdependencies
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e To each symbol of the LEL

necessry in this symbol

Reponses to this NFR

Language Extended LExicon

Symbals
Symbol

|Samp|e } Samples
Categony

Obijeta -

Naotions

® |15 arecipient after it has been tagged with a bar
code label.

» each sample has a unique number

Behavioral Responses

® samples may be aliguoted.
® Samples are placed in analyzers
® Samples are sent to different sectors

| e fmf+]-|v|x]|

— Ched if any NFR belonging to the Knowledge Base may be

— If itistrue, represent it in the Notion

— Evaluate the possble amnsequencesin this ymbol and in ather
symbols due to NFR satisfadtion

— Establish a dependency link between these notion and behavioural

/' Choose Primary MFR

Choose NFR

portatility
quality
reliability
safety
SecUrity
traceability
usability

Close Cancel

16
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Language Extended | Exicon

= each sample has a unique number.
* Has NFR fraceability. o

Behavioral Responses

Symbols Symbols
Symbol Symbol
|Samp|e } Samples |Aliqu0te Sample § Alicote Sample/Aliquoted ﬂ
Category Category
Dbieto - erbo -
Motiohs Motiohs
= |tis arecipient after it has been tagged with a bar. = task done in the a sector in the process area
code label

* consists antaking part of a sample and place it in
another sample.

* Has NFR traceability

Behavioral Responses

s samples may be gliguoted.

* Samples are placed in analyzers.

* Samples are sent to different sectors

* Employee has to scan samples when samples arrive to

the sector NocaoOrg MocaoOrg [Sample /
- Samplesidraceability&E0871]

* emplovee tags the new sample.

* employee takes part of the material of the original
sample and places it in the new sample

® LIS keeps arecord of what samples is originated

from another NocaoOrg [Sample /
Samplesidraceability®80871]
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Client

Changes due to Conflict
Resolution

Knowledge on
the Problem

Positive and Negative Influences
Conflicts
Design Decisions

Add NFRs
tothe LEL

Identify and
Solve

New Notions
New Behavioral Responses
. New Symbols

1
;)I/Erlr-lbol w N

Interdependencies

* We propose the use of the NFR Framework
* One system can have (usually does) n graphs

* Some proposed extensions
» Always use a symbol of the LEL to represent an NFR
Topic
» Represent above the graph the actor(s) responsible for
the knowledge represented in the graph

» Introduces the concept of Dynamic and Static
Operationalizations

20
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Facility Manager <=======m Actor who wasthe sourceof the Knowledge

Safety
[Room] <= Topic hasto be.asymbol of the LEL

Safety
Safety [Room. Safety
[Room. Malfunction] [Room.

Light scene.
Current light scene >=
Safe Illumination]

Control Panel]

Safety
Safety Safety ., Safety [Located
[Malfunction. [Malfunction. ¢ S [Malfunction. Near the
Safety Malfunction of OLS Motion Detector] %, FM . Door]
[Light Scene. Get informed]
Safe lllumination>=14
Lux] e
S = Satisficed
P = Partialy
A, D = Denied
S~ Safet; o, Safety
. : oy [Malfunction of OLS: & [Malfunction
S‘tatIC- . “** Al CLG set on] N+ User. _ Dynamic
Operationalization Get informed]

Operationalization

ico Ampliade da Linguagem [ ]
— Simbolog
Simbolos

Iruums 4 room

Categoria
ISuiEitD -
 MNogBes

+ Partof a hallway section,
* aoom can be a computer lab, an office, & hardware section a meeting room and

of a peripheral roor.
o HarWFR gty Safety [Room] @

— Impacto:

+ Al rooms in @ hallway section can be accessed via & connected hallway section.

= for each room. the chogen light scene can be set by using the room contral panel.

+ for each room, the defsult light scene can be sset by using the room contral
panel.

» for each room, the walue of T1 can be set by using the foom control panel.

wl<lvlm]+]=[v]x]

e
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Language Extended LExicon

Sumbals
Symbal

Category

Sujeito v

LR=¥is| * Visualize An Specific Motion or Behavioral Response !E
Sec d

® Hag

Texto |Simbolos :
L
4 g
8 ) 2
Behavi Hehavroral Respopsas Arean| f1am Selectad WER
» for 3
?5" default lig ne far all ro i control system =
-
uOSr" alled near a dorr leading to the halky room control panel
o for [t can not establish less then a safe illumination. NocaoOrg [Hallway section ceiling light grocurrent light scene
e If amy outdoor light ensar or the motion detector of & room does not work correctly, the use User
- if the outcorr light sensor does notwork correcthy, the default light scene for all rooms is thas malfunction of the outdorr li

|~

‘ 3

char =

Safety
@ [Room]

@ Safety
[Room. Safety .w, Safety
= H A > q Safety
Light Scene. Y S [Malfunction of OLS. & S [Malfunction.
Safe lllumination=14lux] “+=*" All CLG set on] *¥ User. e ) e Qi (e

Get informed]
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Facility Manager

Safety
[Room]

Safety
[Room.
Malfunction]

Safety
[Room.

Light scene.

Current light scene >=
Safe Illumination]

Safety
[Room.
Control Panel]

Safety

Safety Safety ., Safety [Located
[Malfunction. [Malfunction. & € [Malfunction. Near the
Safety Malfunction of OLS Motion Detector] . FM Door]
[Light Scene. Get informed]
Safe lllumination=14
Lux]
e Safet: b, Safety
2 O [Malfunction of OLS: [Malfunction
“**" All CLG set on] “. 3 User.
Get informed] 25

L _puldinhg.the \Non-~unctional IV[_@_B__I

Changes due to Conflict
Resolution

Knowledge on
the Problem

Positive and Negative Influences
Conflicts
Design Decisions

Identify and
Solve

Add NFRs
tothe LEL

New Notions
New Behavioral Responses
New Symbols

LEL

Symbol Primary NFR

Interdependencies
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e Compare graphs with the same type (ex: Performance)

e« Compare graphs with conflicting types (Ex: Security and
Performance or Usability)

e Pair wise graphs

For each of the above heuristics:
— Register positive and negative interdependencies
— Trytosolve possble mnflicts (negative interdependencies)

Manager of the Medical Bureau Manager of the Processng Area
¥ Reliability
Op. Redtriction Ttest]

[ Patient’s Reporf

Y] Claim [As soon as al the results Reliability
*?  are ready and reviewed the report [Medical Bureau.
must be printed & Manually Review All Reports]

Time Restrictions
[ Print Patient’s Repor{

Time Restrictions
[ Results Ready]

Time Redrictions
[Results

to Inspect]

. . 2 ~ .+, Time restrictions
Time Redrictions -~ Sy h
[Admitted 7 L [ Medical Bureau.
Testy i Eletronicaly Signs
s Patient’s Reporf]

Time regrictions
[LIS.
Printing queuefor
Patient’s Reporf]

Time redtrictions
3 [ Medical Bureau. .
: Time regtrictions Eletronical Signaturg
e’ LIS

Eletronicaly Signs

Patient’s Reporf]

28
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Manager of the Medical Bureau

Op. Redtriction
[ Patient’s Reporf

‘i Claim [As soon as al the results
are ready and reviewed the report
must be printed

Time Restrictions
[ Print Patient’s Repor{

Time Restrictions
[ Results Ready]

TN Time redtrictions

Time Restrictions Time Restrictions -~ |
[Results [ Admitted 7 LS [ Medical Bureau.
to Inspect] Testy o T Eletronicaly Signs

&7 Patient’s Reporf]

Eletronicaly Signs
Patient’s Reporf

Reliability
[Rangetobe ‘ansif
Eletronicaly signed signsi

57 Time redrictions
[ Medical Bureau. :
Time regtrictions Eletronical Signaturg
[LIS.

Manager of the Processng Area

Reliability
[test]

Reliability
[ Eletronicaly sign
Patient’ sRepor{

e Reliability
LD LIS,

all resultsare
within range]

Time redtrictions
[LIS
Printing queuefor
Patient’s Reporf]

« We propose a strategy to deal with NFR since the early stages of
software development and to integrate them into the conceptual models

e Part of this strategy shows how to elicit NFR and define some heuristics
on how to systematically search for interdependencies among NFR

e Integrating NFR into conceptual models contributes to better visualize
the impacts that NFR will have on conceptual models

e It also contributes to keep software engineers attention on NFR
e Allow to evaluate designs of ongoing systems or even legacy systems

30
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Extending Functional View Models
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Every use case or actor included, due to NFR satisfaction, must
be followed by an expression using the pattern:
{NFR_Type[NFR_topic]}.
Represent Special Conditions that must prevail to an Use Case
as a note linked to this Use Case, using whenever possible OCL
to describe these conditions

— Ex:InaLight Control System

— The Use Case Turn Off Lights after T3 Secmust have aspedal

conditi on saying that thiswill only happen if the room is empty
— We should them represent it as: Pre: room.number_people=0

Venfy Access
{Secunty[lnput Results

Processing Area Pick Up a Patient
Employee
LIS

{pre:
(employeesedor=test.sector
AND test.result in est.saferange)
OR employeepaosition=“SM"}
{Security[Input Results]}

/Set Result \&

heck Secto{Security[Input Results]}

Check If results are in Range
{Security[Input Results]}

34
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e Every change in a scenario due to an NFR satisficing must be
followed by the expression :

Constraint: {NFR[Topic]}

e Reason: Traceability between models

35
e

R —————————— 4}

A Cenarios [_ [O] %]
Titulo
IDefine Light Scene. Ij;:l
Obijetiva

D efine user preferred light scene.

Contexto

Ath floor of building 22, user in poom.

Ltores

uzer, control sustem,.

Becursoz

default light scene value, control panel.

Episddios

1. uzer places himself/herzelf near Control Panel.

2. uzer retrives cdefault light scene.

3. uzer changes desired values for his chozen light scene.

4. Control System determines how much lue does this ight scene reprezents
Constraint: {5 afety [Room]}

5. If light scene < safe illumination then system issues a warning.

Constraint: {5 afety [Room]h.

\

| e[ ofe]=]]]

B6
e —————————————————————————————————
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L _EXiending.tne Class lé

e Every class will be named using a symbol of the LEL

e Classes created due to an NFR satisficing will be follwed by the
same traceability pattern used in scenarios.

StatusLine
{Usability [ Room Control Panel]}

Place : Integer
CLG1 : Boolean

CLG2 : Boolean

% S«CLGON (Number) {Usability
[Room Control Panel]}

#§  SelCLGOff (Number) {Usability
[Room Control Panel]}

L _EXxtending.the Class Diagram.(cont.). ...

» Operations that are in the class due to an NFR satisficing will
always be followed by the same kind of expression used in
scenarios : {NFR[Topic]}

*  We may have to represent special conditions that holds for an
operation. These conditions will be represented between {} and
must use, whenever possible, expressions written using OCL

» If these conditions impose a significant loss of space, we might
represent them inside a note

38
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Place

‘AdviseuserofMalfunction() {Safety [Room]}

$AdviseFMofMalfunction {Safety [HS]
GetOL SValue() {Op.Cost [ Control System]}
SetRoomA sOccupied() {Accuracy [ Room] }
Increment_people() { Accuracy [ Room] }
Decrement_people() {Accuracy [Room]}

4§ TurnOnEmergency() : void

4 Quit() : void

SetRoomAsOccupied()
pre: malfunction off Msensor

Increment l
Pre: Motion sensor sends; signal
Post:NR_i_people=NR_i_people@pre+1

Decrement, |
Pre: Motion sensor sends signal
post: NR_i_people=NR_i_people@pre-1

4TurnOff() : void

L= XtendingtheCilass

Luiz Marcio Cysneiros

Attributes included in class to satisfice an NFR will be preceded of NR_
in its names

If the Req. Eng. finds it is necessary, the attribute may be followed by
the same kind of expression used before to add traceability:
{NFR[topic]}

Place

timetoTurnOff: int
defaultLightLevel: int

descriptio: String
defauttimettoTurnOff. int

NR_ i_Peopleint {Accuracy [Place]}
NR_OLSValue: int
NR_TurnOffBoolean

Fo P PEPP

20



The Proposed Integration Method

1

Pick up a
Use Case
Diagran

Luiz Marcio Cysneiros

6 |
Pick up New decisions on
next grap_h NFRs satisficing
that applies

—_—

/-’\ T

Dynamic Oper ationalizations

FR graph where
The symbols appears 4

Analyze possible impacts
duetoinclusionsmadein
the Use Case Diagram

>

Evaluate necessary inclusionss 5
to satisficethisNFR in the
Use Case Diagram

4 Evaluate again

New Use Cases or actors

Identify LEL symbolsthat appears Special Conditions
2 in Use Cases Names and

Actors

New scenario

Use Cases Names Doit until thereisno Use Case
Acotrs Diagram left to analyze

7 42
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6
Pick up New decisions on
next g’aPh NFRssatisficing ——
that applies \
o
Dynamic Oper ationali zations
NFR graph where ——
The symbol appears 4
V Analyzepossibleimpacts
duetoinclusionsmadein
the scenario
3
4 Evaluate agan
Evaluate necessary inclusions s 5
to satisficethisNFR in the
scenario
New episodes,
\ Analyzecenérioswith actorsand resources
2 titlesthat hasL AL symbols .
which appearsin an NFR el
1 el New scenario
Pick up a Scenario title
scenario Doit until thereisno scenario
4 |eft to analyze
——
7T a3

Pick up
next graph
that applies

|

New decisions on
NFRssatisficing ——

Static Oper ationali zations
Dynamic Oper ationalizations

NFR Graph
where the name
of the chosen
classappears

4
Analyzepossible impacts
duetoinclusionsmadein
the dassdiagram

3 5 Evaluate agan

>

»

Look for NFRsthat
appliesto thisclass

Pick up a

Class '

1 <

<

Evaluate necessary inclusions s
to satisficethisNFR in the

classdiagram i
New classes, attributese

and oper ations

2

Class, Attributes N
and Operations Design
Class Doit until thereisno

classes|€eft to enalxze

7 44
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Special Conditions

New M essages /

Verify if operation
requiresany
messages or special
conditionsto beincluded
New Memges/

New Classes

Special conditions

A

Pick up
aclasse
with NFR

Operationsdueto
1 NFRs satisficing

Examples From a Case Study

46
e
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e Strongly based on the replication project principle [Basili 96]
« 3 different case studies

e 2invitro (Controlled Environment)

e 1invivo (Real Application Environment)

e In all the 3 cases we used conceptual models built by the other
teams and we applied the proposed strategy

— We built the Non-Functional View

— Weintegrated the NFRs from this view into the cnceptual
models developed by the other teams

Manager of Biochemestry
Manager of Hematology

Seaurity
[Check if is employee
isfrom the same sector

Verify Access L
'fy where the test is pr ocessed]

Seaurity

PICk Up a Patient [Check if 5
result iswithiy [Slgr%j;;;g;ee
¢ , ermited valu i
S Seaurity P &% Sedor]
»*" [Check if Seaurity Seaurity
employeeis [Employee. [Test.
authorized ] i g Safe Range] ;
Position="SM"] Sector]
Seaurity
[Acess Seaurity Seaurity
information] [Minimui [Maximum]
¢k Sector
ity[Input Results]}
{pre:
(employeesedor=test.sector
AND test.result in est.saferange)|
OR employeeposition=*SM"} i
{Security[Input Results]} Check If results are in Range
{Security[Input Results]} 48
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Medical Bureau Menege of theMetical Bureeus

~NR_EIetSignature {Op. Restriction
[Patient’s Report] }

Merege of thePrazessingArea
Rizhllity

[Beraicdysgn
Pdigt sRepart]

Op. Redridtion
[Ptient sRepart]

Y] Oam[Asma§Atrerajts Rty
$ReviewPatientReport) | | 7 ﬁ??:;ﬂe"e’m‘mw
$printDelayedReport() e " =
q a imeRedridions
QPnntI?romlssedReport() . EE PN
4 GetSignature {Op. Restriction b £~SFa|aunty
[Patient’s Report]} E’?ﬁ” [;;if
% SetSignature {Op. Restriction TimeRatridios retysgred el
[Patient’s Report]} TR
-, Timeregridias 5 5
[Anital 4 [MeddBreu steranms
tolnsped] Tety ElalrmdySgs " Pintingquasefa
e Pdiet sRepart] Petient sRepart]
Timeredridias
1 [Merical Bureeu Durtar.
h P Tineredridias Heraicd Sgeturd
W s
BeraicaySgs
Patient’ sRepart]

We propose a strategy to deal with NFR since the early stages of
software development and to integrate them into the conceptual models

Part of this strategy shows how to elicit NFR and define some heuristics
on how to systematically search for interdependencies among NFR

Integrating NFR into conceptual models contributes to better visualize
the impacts that NFR will have on conceptual models

It also contributes to keep software engineers attention on NFR
Allow to evaluate designs of ongoing systems or even legacy systems

50
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* We extended the Use Cases, Scenarios, Class, Sequence and
Collaboration Diagrams
e We validated our strategy over 3 case studies
» Errorsdue to not satisficing NFR are typically found only after the test
phase begins and are mainly found after deployment, and therefore, tend
to be expensive and difficult to correct
» The number of changesin the class diagrams used in the 3 case studies
(46% of classes were somehow changed, 45% more operations and 35%
more attributes), compared with the estimated overhead suggests that the
use of the strategy may lead to more quality and productive softwares

I
| ]
a1
=
(=
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