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Goal-Oriented Requirements
Engineering

The KAOS approach (cont.)




Goal Model and Patterns

®» Requirements patterns
®» Regs can be obtained through interviews or docs.

» An efficient way is to reuse patterns

» KAOS consists of modelling generic patterns of regs.

» They are progressively built




Generic Goal Pattern

/ System satisfying stakeholders'

needs

«— Refinement

System satisfying functional System satisfying
needs non-functional needs

/ Safe system

/ Laws in force respected /

/ Cheap system /

/ Environment preserved /

/ Usable system /

/ Efficient system /




Generic Pattern: Expectations
and Domain Properties

/ Service request satisfied /

Domain properties

7
/ Service requested /

Service request maintained
until executed
/ Service executed according to
_ request
I iﬁectatlon

Infrastructure available




Application of the pattern to
the elevator system

/Transpnrtatinn requests satisﬁed/

/ Elevator called

! Call request not canceled /

Passengers brought to
requested destination




Domain properties in AND-refinements
INn the train example

/ DoorsClosedWhileMoving /

¥
\

_ Moving Iff domain
/ DoorsClosedWhileNonZeroSpeed / NonZeroSpeed  /Mvariant




Responsibilities of an agent

Elevator equipped with floor

doors / Fireproof cage /

Way to escape provided

Equipment to protect against
fire ava/lable inside cage

Software secured

Emergency power available

Elevator Compan

Cage button panel includes a
stop button (Expectation?) Elevator equipped with a
breakdown alarm

( Elevator cage has a door / Button-based interface
4 provided
‘ Resume button provided /




neric NFR Goal for a Safe System

A

/ Robust and reliable system /

/ Secure system /

WHY ?
ow

/ Privacy preserved /




/ Safe elevator system /

Mo intrusion

MNo casualties

Robust and reliable elevator
system

Software secured J

/ Control room lockable

/ Control room Iut:lr.ad/

/ Safe stay inside the cage /

Mo door apening while moving /

/Hn paszenger locked in fnrw&r/

contact between

[ers and moving parts

73 / Lights always on /

e

Mo move in overweight
conditions




Safe elevator system

Mo move in overweight
conditions

Weight conditions checked
before next move

Elevator kept on current floor,
doors open, until overweight
conditions disappear

Overweight conditions reported
to the passengers




Safe elevator system:
Refinement of NFR: No move In
overweight conditions

Mo move in overweight
conditions
.1'

Weight conditions checked
before next move

Elevator kept on current floor,
doors open, until overweight
conditions disappear

Overweight conditions reported
to the passengers




Concrete model for NFR Safety: Elevator

System protected against power failure




Conflicting goals

» When if is not possible to completely saftisfy two
goals simultaneously

» Performance goals may conflict with safety goals

» |nformation goals may conflict with security and
privacy godals

» Dealing with conflicts (or more generally, with
obstacles) allows

» {0 guild a more complete requirements document
an

= To build a more robust system
» Obstacles prevent goals from being achieved
» Defensive approach




Conflict management

»\When conflicts are
detectedq:

»Negofiation to conflict
resolution

®Select alternatives or
®»Re-evaluate the priorities or
®»Revise requirements




Conflict Identification: Generic goal
for economic aspects of a system

Cheap system
A

/ System cheap to buil d/ /sputem heap to run / /" System cheap to maintain

iiiiii
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Capturing potential conflicts among
goals

/ RapidTransportation/ / SafeTransportation /
//O\
N / FastJourney / / Evacuation / DoorsClosed /Avoid [TrainCollisions] //SpeedBeIow /
//6\ WhenAlarm/ / BetweenStations $ BlockLimit
FastRunToNextBlock/ [ SignalPromptly, $ / / Avoid [TrainsOn /
If GoSignal / / SefToGo / DOOfSOpe”Whe“/ SameBlock]
Alarm &Stopped

potential conflict ---~ SignaISafer/ / TrainStoppedAtBlockEntry

KeptToStop If StopSignal




Capturing potential conflicts among
goals

/ RapidTrans portation / / SafeTransportation /
/ FastJourney / / Evacuation / DoorsClosed /Av0|d [TrainCollisions] //SpeedBeIow /
/6\ WhenAlarm/ [ BetweenStations $ BlockLimit
FastRunToNextBlock/ / SignalPromptly, $ / / Avoid [TrainsOn /
If GoSignal / / SetToGo / DOOrsOpenWhen/ SameBlock]
Alarm &Stopped

potential conflict ---~ SignaJSafer/ / TrainStoppedAtBlockEntry /

KeptToStop If StopSignal
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Alternatives

/ Eutton-based interface

Panel with all destinations
provided on each floor

/ Mo selection panel inside cage ; / Infrared cell on each floor
Single call button on each
bidirectional buttons on each floor
floor

Destination floor panel inside
cage




Analysis of the button based
iIntferface with NF goals

Infrared cell on each floor

Panel with all destinations
provided on each floor

ch
age o
Single call button on each \
floor
Qualitative goals have been \3\'\ i
added to th J
i clent elevator s

e previous diagram
in order to analyse several
alternate desians.




Elevator called with selected
alternatives

Elevator called

— //

Button-based interface / Button depressed / / Button command detected / Passengers informed of their
provided call's status

Elevator Controller

Destination floor button pushed
/ Up or down floor buttonn shd// . i

nel
f Destination floor " inside / Seiected button's light on until All button lghts off until a
requested lift arrive elevator gets called
/ bidirectional buttons on each
; assen
floor




apturing opftions: alternative assignments

» An OR-assignment of goal G to agents A,, ..., A,, states that G can
be satisfied by behavioral restrictions of any of the alternative
agents A,

Alternative assignments yield different system proposals
(e.g. different dggrees of automation)

Pros/coyis fo be evaluated against soff goals for selection of best

/FastJoumey/ [EffectiveBiblioSearch/
A
FastRunToNextBIock SignalPromptly / AccurateBook / Comprehensive
If GoSignal SetToGo ClassificationByTopic LibraryCoverage

\\{\ ({ \6}—-\—:— ~alternative assignments

TralnDrlver <ra|nControII> Q@LibraryStaD QutoCIassifitﬁ




What are obstacles ¢

» Moftivation: goals in refinement graph are often too idedl,

likely to be violated under abnormal
conditions

(unintentional or infentional agent behaviors)

Obstacgle = condition on system for violation of
corresponding assertion (generally a goal)

,Dom} |= notG obstruction

.G TrainStoppedAtBlockSignal If StopSignal

Dom: If TrainStopsAtStopSignal then DriverResponsive

O: DriverUnresponsive

behavioral goal: existential property capturing

unadmissible behavior (negative
ario)



Risk analysis can be anchored on goal models
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I Obstacles

FHS-EHEIII‘I informed of
elevatﬂr direction

l Link de Obstrugéo

e | L\ Elevator direction unreadable ™,
seconds before next stop ,//V K -
Bt

'\ Inadequate LED size \ \ E'“"":h'm“:‘:::“”' \1 N\ Unsuffcient display contrast

Ay

Link de T
Resolucéo
—
ﬁ LEDs at least Zin high ;

Elevator direction announced
by voice




t and reliable elevator system

Robust and reliable elevator
system
\Service Intem.l_pted\

AV
Self-reconfigurable system in /

case of partial failure

Maximum permitted time delay for
repairing failure enforced

Worn-out components
replaced in time

O

Maintenance program provided / Worn-out components replaced / Elevator system monitored /

/

‘ MTBF requirements specified / Maintenance program
executed ‘ Component wear reported /
/ Component wear detected 7
/ Maintenance program defined /




Exercise

» Mobilise Ambulance at incident in fime

» QObstacle: Mobilise Ambulance NOT at incident in time




Obstacle diagrams as AND/OR refinement trees (2)

/MobilizedAm bulance/
AtincidentinTime
A

MobilizedAmbulance Not
AtincidentinTime

5 o

\Am bulancelost \\Am bu|anceSt0pped\\TrafficDeviation\

AND-refinement---<_ _ f

N

AmbulanceCrew In-carGPS /ﬂgy
NotInFamiliarArea NotWorking » ;&\%
(A5



Object model

entities: they represent independent, passive objects. For instance, elevator doors, but-
tons, etc... ‘Independent’ means that their descriptions needn’t refer to other objects of the
model. They may have attributes whose values define a set of states the entity can transi-
tion to. They are “passive’ means they can’t perform operations.

agents: represent independent, active objects. For instance, elevator company, passenger,
and elevator controller are agents. They are active meaning they can perform operations.
Operations usually imply state transitions on entities (for instance, the “CloseDoor” opera-
tion implies the following state transition on the entity “Door”: status attribute changed
[rom “Open™ to “Close™).

associations: are dependent, passive objects. ‘Dependent’ because their descriptions refer
to other objects. For instance, the At association links a Cage to a Floor. .



Objects

No passenger locked in feraver
in case of breakdown

/ Elevator equipped with a

breakdown alarm //
/Braalr.dnwn alarm usud/

response

£ Emargency power available /

/ Guard appointed /

/ Alarm answered by guard /

Alarm cleared by guard’s /

Congerns




Operation Model (simplified)

®» This model describes all teh behaviors
that agents need to fulfill their regs.

®» Behaviors are expressed in ferms of
operations performed by the agents

» Operations work on objects defined
INn the object model

®» Operations are used to
operationalize or fulfill regs




Responsibility-
Operationalization-performance

Elevator stopped on calling
floor

Schedule —'“M—@cute s:thator Controller

| \




Operationalization
Reschedule

Closest elevator sent on
passenger calls




Goals and UML

object-oriented
programming

KAOS

I
UML
|
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KAQOS tools and other goal-
oriented approaches

»KAQOS fools
» Grall
»(Objectiver

= (istar)

®» [rOPOS

»GRL
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Exercicio

» SmartHome

» Para satfisfazer a area de consumo de energia € preciso
configurar e minimizar o desperdicio.

®» Pode-se configurar ar-condicionado e luzes

» Contra o desperdicio pode-se controlar luzes e
termostato e controlar maqguinas como mdaquina de
cozinha.




