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Goal-Oriented Requirements
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The KAOS approach (cont.)



Goal Model and Patterns

 Requirements patterns

 Reqs can be obtained through interviews or docs.

 An efficient way is to reuse patterns

 KAOS consists of modelling generic patterns of reqs.

 They are progressively built
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Generic Goal Pattern3

Refinement



Generic Pattern: Expectations 

and Domain Properties
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Expectation 

Domain properties 



Application of the pattern to 

the elevator system
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Domain properties in AND-refinements

in the train example

DoorsClosedWhileMoving

Moving Iff
NonZeroSpeedDoorsClosedWhileNonZeroSpeed

domain 
invariant



Responsibilities of an agent
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Generic NFR Goal for a Safe System
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HOW ?
WHY ?
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10 Safe elevator system



Safe elevator system: 

Refinement of NFR: No move in 

overweight conditions
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Concrete model for NFR Safety: Elevator

System protected against power failure
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Conflicting goals

 When it is not possible to completely satisfy two 
goals simultaneously

 Performance goals may conflict with safety goals

 Information goals may conflict with security and 
privacy goals

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

 to build a more complete requirements document 
and 

 To build a more robust system

 Obstacles prevent goals from being achieved

 Defensive approach
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Conflict management

When conflicts are 
detected:

Negotiation to conflict 
resolution

Select alternatives or 

Re-evaluate the priorities or 

Revise requirements
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Conflict Identification: Generic goal 

for economic aspects of a system
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Capturing potential conflicts among 

goals

Avoid [TrainCollisions]

SafeTransportation

FastJourney DoorsClosed
BetweenStations

SignalPromptly
SetToGo

SpeedBelow

BlockLimit

Avoid [TrainsOn

  SameBlock]

SignalSafely
KeptToStop

… … …Evacuation

WhenAlarm

DoorsOpenWhen

Alarm&Stopped

RapidTransportation

 potential conflict

FastRunToNextBlock

If GoSignal

TrainStoppedAtBlockEntry

If StopSignal
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Alternatives19



Analysis of the button based 

interface with NF goals
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Elevator called with selected 

alternatives
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Capturing options:  alternative assignments

 An OR-assignment of goal G to agents A1, ..., Am states that G can
be satisfied by behavioral restrictions of any of the alternative 
agents Ai

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

 Pros/cons to be evaluated against soft goals for selection of best 
option

FastJourney

FastRunToNextBlock
If GoSignal

SignalPromptly
SetToGo

TrainControllerTrainDriver

EffectiveBiblioSearch

AccurateBook
ClassificationByTopic

Comprehensive
LibraryCoverage

AutoClassifierLibraryStaff

 alternative assignments



What are obstacles ?

Motivation:  goals in refinement graph are often too ideal,  

likely to be violated under abnormal
conditions

(unintentional or intentional agent behaviors)

Obstacle = condition on system for violation of

corresponding assertion  (generally a goal)

• {O, Dom } |= not G obstruction

e.g. G: TrainStoppedAtBlockSignal If StopSignal

Dom:   If TrainStopsAtStopSignal then DriverResponsive

O: DriverUnresponsive

 For behavioral goal:  existential property capturing

unadmissible behavior (negative
scenario)



Risk analysis can be anchored on goal models



Obstacles
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Link de Obstrução

Link de 

Resolução



26Robust and reliable elevator system



Exercise

 Mobilise Ambulance at incident in time

 Obstacle: Mobilise Ambulance NOT at incident in time
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Obstacle diagrams as AND/OR refinement trees  (2)

MobilizedAmbulance

AtIncidentInTime

MobilizedAmbulance Not
AtIncidentInTime

AmbulanceLost AmbulanceStopped TrafficDeviation

…

AmbulanceCrew
NotInFamiliarArea

 AND-refinement

In-carGPS
NotWorking

…



Object model29



Objects
30



Operation Model (simplified)

 This model describes all teh behaviors 
that agents need to fulfill their reqs.

Behaviors are expressed in terms of 
operations performed by the agents

Operations work on objects defined 
in the object model

Operations are used to 
operationalize or fulfill reqs
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Responsibility-

Operationalization-performance
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Operationalization 

Reschedule
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Goals and UML34



KAOS tools and other goal-

oriented approaches

KAOS tools

Grail

Objectiver

i* (istar)

Tropos

GRL
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Exercício

 SmartHome

 Para satisfazer a area de consumo de energia é preciso 

configurar e minimizar o desperdício.

 Pode-se configurar  ar-condicionado e luzes

 Contra o desperdício pode-se controlar luzes e 

termostato e controlar máquinas como máquina de 

cozinha.
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