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Goal orientation  

ÅWhat are goals? 

ÅThe granularity of goals and their relationship 

to requirements and assumptions 

ÅGoal types and categories 

-Types of goals:  behavioral goals vs. soft goals 

-Goal categories: functional goals vs. non-functional 

goals 

ÅThe central role of goals in the RE process 



What are goals? 

ÅGoal =  prescriptive statement of intent the 
system should  
satisfy through cooperation of its agents 
- "prescriptive statement":  in optative mood                             
ñshallò, ñshouldò, ñmustò, ...  

-e.g.  ñTrain doors shall be closed while the train is 
movingò  

-ñLoan periods shall be limited to 2 weeksò 

- formulated in terms of problem world phenomena 

- "system":   system-as-is, system-to-be                                    

software + environment 

- "agent":  active system component                   

responsible for goal satisfaction 



Goal satisfaction requires agent 

cooperation 

Å  Maintain [SafeTransportation]   ª 

 on-board train controller  +  tracking system  +  station 

computer +  passenger +  train driver + ... 

 Achieve [BookCopyReturnedToShelves]  ª  

      patron +  staff +  library software 

ÅAgent =  role, rather than individual 

-must restrict its behavior to meet its assigned goals 

-must be able to monitor/control phenomena involved 

in assigned goals 

ÅAgent types 
-software  (software-to-be, legacy software, foreign 

software) 

-device  (sensor, actuator, ...) 

-human 



Goals vs. domain properties 

ÅDomain property =  descriptive statement  
                                                       about 

environment  

-indicative mood:  ñis", ñare", etc   --not prescriptive 

-  e.g.   ñIf train doors are open, they are not closedò          

ñA borrowed book is not available for other patronsò 

ÅThe distinction between goals & domain 

properties is essential for RE ... 

-goals can be negotiated, weakened, prioritized 

-domain properties cannot 

-both required in requirements documentation 



The granularity of goals 

ÅGoals can be stated at different levels of  

abstraction  

-Higher-level goals:  strategic, coarse-grained  

- "50% increase of transportation capacityñ  

- òEffective access to state of the artñ  

ÅLower-level goals:  technical, fine-grained  

- Acceleration command sent every 3 secsñ  

-  òReminder issued by end of loan period if no returnñ  

ÅThe finer-grained  a goal,  

the fewer agents  required for its satisfaction 



Goals, requirements & expectations 

ÅRequirement =  goal assigned to single agent in 

software-to-be 
 "doorState = óclosedô while measuredSpeed¸ 0"    ª  

TrainController  

òAcceleration command sent every 3 secsò    ª  

StationComputer 

ÅExpectation =  goal assigned to single agent in 

environment 

-prescriptive assumption on environment 

-cannot be enforced by software-to-be  (unlike 

requirements) 

         òTrain left when doors open at destinationò   ª  

   Passenger 



Statement typology revisited  

in the presence of goals 

Cf. general terminology introduced in Chap. 1 ... 

Åsoftware requirement  ª  requirement  

Åsystem requirement  ª  goal involving multiple 

agents   incl. software-to-be 

Å(prescriptive) assumption  ª  expectation  

Å(descriptive) assumption  ª  hypothesis 

 Statem ent 

Prescrip tive  D escrip tive  

M ulti-agent goal 

Subtype  

Single-agent goal 

R equirem ent Expectation  

G oal 

D om ain property  D om ain hypothesis  



Goal types 

Behavioral goals:  prescribe behaviors 

vs.   

Soft goals:  state preferences among alternative 
behaviors 

G oal

B eha vio ral g oal S oft go a l

M aintain/A voidA c hie ve

Sub type



Goal types:  behavioral goals 

ÅPrescribe intended system behaviors 
declaratively 

- implicitly define maximal sets of admissible agent 

behaviors 

ÅCan be satisfied in a clear-cut sense:   

YES or NO 

-  goal satisfaction,  formal analysis 

ÅUsed for building operation models to meet 

them  

    òWorst-case stopping distance maintainedò 

 ñReminder sent if book not returned on timeò 



Behavior goals prescribe  

sets of desired behaviors 

DoorsClosed 
WhileMoving 

moving 
closed 

stopped 
closed 

moving 
closed 

stopped 
closed 

stopped 
open 



Behavioral goals:   

subtypes and specification patterns (1) 

ÅAchieve [TargetCondition]:  

- [if CurrentCondition then]  sooner-or-later  

TargetCondition   

ÅAchieve [BookRequestSatisfied]:  
- if a book is requested then sooner-or-later   

a copy of the book is borrowed by the requesting 

patron  

ÅAchieve [FastJourney]:  
- if train is at some platform then within 5 minutes it is at next 

platform 

Current

Condition

Target

Condition

tim e

éé é

Achieve



Behavioral goals:   

subtypes and specification patterns (2) 

ÅMaintain [GoodCondition]: 
-  [if CurrentCondition then]  always  GoodCondition  

-   always  (if CurrentCondition then GoodCondition) 

Maintain [DoorsClosedWhileMoving]: 

- always (if a train is moving then its doors are closed) 

Maintain [WorstCaseStoppingDistance]: 

- always (if a train follows another then  

-              its distance is sufficient to allow the other to 

stop suddenly) 

tim e

Current

Condition

Good

Conditioné
Good

Condition

Good

Condition
é

Maintain



Behavioral goals:   

subtypes and specification patterns 

ÅAccuracy goals are usually of type Maintain 

Maintain [AccurateBookClassification]: 

- if a book is registered in the library directory then  

-      always its keyword-based classification reflects its 

covered topics 

ÅAvoid [BadCondition]:   dual of Maintain ... 

- [if CurrentCondition then]  never  BadCondition 

Avoid [BorrowerLoansDisclosed]:  

     never patron loans disclosed to other patrons 

Many security goals are Avoid goals 

Behavioral goals:   

subtypes and specification patterns (3) 



Goal types:  soft goals 

ÅCapture preferences among alternative behaviors 

ÅCannot  be satisfied in clear-cut sense:  

more satisfied in one option, less satisfied in 

another 

-goal satisficing,  qualitative analysis 

ÅUsed for comparing options to select preferred 

ÅOften take the form  

-Maximize / Minimize,  Incresase / Reduce,  Improve, ... 

 ñStress conditions of air traffic controllers shall be educedò 

 ñThe workload of library staff shall be reducedò 

ñThe bibliographical search engine shall be usable by  

non-CS studentsò 



Goal categories 

ÅClassification into functional, quality, 

development goals 

ÅCategories may overlap;  boundary not always 

clear  

-unlike goal types 

ÅFunctional goals  
-prescribe intended services to be provided by the 

system  

-used for building operational models of such 

services  
- use cases, state machines  (see later)  e.g.    

- Passengers transported to their destinationò           

- ñTrain acceleration computedò   

- òBook request satisfied" 



Goal categories:  non-functional 

goals (1) 
ÅQuality goals (not to be confused with soft goals,  

cf. book p. 271)  

about quality of service ...  
-security   "info about other patrons kept  confidentialñ  

-  safety    "worst-case stopping distance maintainedñ  

-  accuracy  òmeasured speed = physical speedò                     

òbook displayed as available iff there is a copy in 

shelvesò 

-performance  òacceleration command sent every 3 

secondsò 

-usability 

- interoperability, ...  

ÅDevelopment goals 
-about quality of development é 

cost, deadline, variability, maintainability, reusability, etc. 



Goal categories (2) 

goal 

functional 

satisfaction information security 

quality 

accuracy 

confidentiality 

... performance 

integrity 

usability 

time space ... ... 

... ... 

availability 

development 

safety 

... 

Å  See book, Fig. 7.5 p. 269 

Å  Helpful for eliciting overlooked application-specific instances   

                                                              through taxonomy browsing 



Using goal types & categories 

ÅLightweight specification patterns 

ÅHeuristic rules for elicitation, validation, reuse, 

conflict management, ...  

- "Is there any conflict between Information goals and   
Confidentiality goals?ñ  

"Confidentiality goals are Avoid goals on 

sensitive infoñ  

"Safety goals have highest priority in conflict 

resolutionñ  

 More specific types & categories           

Ý  more specific heuristics 



The central role of goals in the RE process (1) 

ÅGoal refinement/abstraction as structuring mechanism 
-shows contribution links among goals 

-drives elaboration of reqs  (subgoals) 

-provides rationale for reqs  (parent goals) 

- rich traceability:  strategic objectives ­ technical requirements 

-can be used to structure reqs document  (cf. chap. 16) 

M aintain [S a fe Tra ns po rtation]

A void [ Train Collis io n] M aintain [D oo rs Clos edW hileM o vi ng]

A void [ Trains O nS am eB l oc k ]

A N D

M aintain [S p eedB elo wB loc k Lim it]

M aintain [D oo rs S tateCl os edW hile No n Ze roS pe ed]

C o n trib u tio n



The central role of goals in the RE process (2) 

 Goals support chains of satisfaction arguments  (cf. Chap. 1) 

     Req, Exp, Dom |=  G ,     SubG, Exp, Dom |=  G 

      ñin view of domain properties in Dom,  

       the reqs/subgoals in Req/SubG ensure that goal G  is satisfied  

                                                               under expectations in Expò 

    R:   doorsState = óclosedô  if  measuredSpeed  ̧0 

    E:   Doors are closed  iff  doorsState = óclosedô    (ª door actuators) 

               measuredSpeed = physicalSpeed                (ª speedometer) 

       D:   Train is moving  iff  physicalSpeed  ̧0 

       G:   Doors are closed if  train is moving 



The central role of goals in the RE process (3) 

ÅGoals provide a criterion for reqs completeness 

 set REQ of requirements is complete if for all goals G : 

      {REQ, Exp, Dom} |= G 

ÅGoals provide a criterion for reqs relevance 

 r in REQ is pertinent if for some G : 

      r is used in argument   {REQ, Exp, Dom} |= G 



The central role of goals in the RE process (4) 

Goal OR-refinement  ­  capture of alternative options 

Maintain [Safe Transportation] 
Contribution 

Avoid [Train Collision] 

Avoid [TrainsOnSameBlock] Maintain [WorstCaseStoppingDistance] 



The central role of goals in the RE process (5) 

ÅSupport for evolution management 

   higher-level goals  ­  more stable concerns  

Ý  multiple system versions within single model 

- écommon parent goals  

- different OR-branches  

ÅRoots for conflict detection & resolution  
(cf. Chap. 16)  

ÅAnchors for risk management   
(cf. Chap. 9) 



Avoid frequent misconceptions 

ÅGoal-oriented   ̧ top-down 
-bottom-up elaboration as well   (goal abstraction) 

ÅGoal-oriented  Ý   agent-oriented, scenario-oriented 

   the magic RE triangle: 

goals 

scenarios agents  
interaction 

responsibility coverage 



:Passenger :Train :Controller 

entrance 

doors 
opening 

doors 
closing 

move 

arrival 

doors 
opening 

arrival 

Scenarios as concrete vehicles  

for goal elicitation/validation 

G covers Sc:   
Sc is subhistory in set of  
behaviors prescribed by G 

DoorsClosed 

WhileMoving 

easy to get from or validate with stakeholders 



System Definition 
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Dell inspired example 

ÅStrategic goal ï online ordering 24 hours to 

get product 

ÅProcess subgoals ï 18 hours for produstion,  

6 hours for logistics 

ÅUp to individual goals 

 



Measurement scales 

ÅNominal 

ÅOrdinal 

ÅInterval 

ÅRatio 

 



Nominal scale 

At the nominal scale, i.e., for a nominal category, 

one uses labels; for example, rocks can be 

generally categorized as igneous, sedimentary 

and metamorphic. For this scale, some valid 

operations are equivalence and set membership. 

Nominal measures offer names or labels for 

certain characteristics. 

Variables assessed on a nominal scale are 

called categorical variables; see also 

categorical data. 

http://en.wikipedia.org/wiki/Nominal_category
http://en.wikipedia.org/wiki/Igneous
http://en.wikipedia.org/wiki/Sedimentary
http://en.wikipedia.org/wiki/Metamorphic_rock
http://en.wikipedia.org/wiki/Equivalence
http://en.wikipedia.org/wiki/Set_membership
http://en.wikipedia.org/wiki/Categorical_data


Ordinal scale 

Rank-ordering data simply puts the data on an ordinal 

scale. Ordinal measurements describe order, but not 

relative size or degree of difference between the items 

measured. In this scale type, the numbers assigned to 

objects or events represent the rank order (1st, 2nd, 3rd, 

etc.) of the entities assessed. A scale may also use names 

with an order such as: "bad", "medium", and "good"; or 

"very satisfied", "satisfied", "neutral", "unsatisfied", "very 

unsatisfied." An example of an ordinal scale is the result of 

a horse race, which says only which horses arrived first, 

second, or third but include no information about race 

times. Another is the Mohs scale of mineral hardness, 

which characterizes the hardness of various minerals 

through the ability of a harder material to scratch a softer 

one, saying nothing about the actual hardness of any of 

them. 

http://en.wikipedia.org/wiki/Rank_order
http://en.wikipedia.org/wiki/Horse_racing
http://en.wikipedia.org/wiki/Mohs_scale_of_mineral_hardness
http://en.wikipedia.org/wiki/Mohs_scale_of_mineral_hardness
http://en.wikipedia.org/wiki/Mohs_scale_of_mineral_hardness


Interval scale 

Quantitative attributes are all measurable on interval 

scales, as any difference between the levels of an attribute 

can be multiplied by any real number to exceed or equal 

another difference. A highly familiar example of interval 

scale measurement is temperature with the Celsius scale. 

In this particular scale, the unit of measurement is 1/100 of 

the difference between the melting temperature and the 

boiling temperature of water at atmospheric pressure. The 

"zero point" on an interval scale is arbitrary; and negative 

values can be used. The formal mathematical term is an 

affine space (in this case an affine line). Variables 

measured at the interval level are called "interval variables" 

or sometimes "scaled variables" as they have units of 

measurement. 

 

http://en.wikipedia.org/wiki/Degree_Celsius
http://en.wikipedia.org/wiki/Affine_space
http://en.wikipedia.org/wiki/Affine_line
http://en.wikipedia.org/wiki/Units_of_measurement
http://en.wikipedia.org/wiki/Units_of_measurement


Ratio measurement 

Most measurement in the physical sciences and 

engineering is done on ratio scales. Mass, length, time, 

plane angle, energy and electric charge are examples of 

physical measures that are ratio scales. The scale type 

takes its name from the fact that measurement is the 

estimation of the ratio between a magnitude of a 

continuous quantity and a unit magnitude of the same kind 

(Michell, 1997, 1999). Informally, the distinguishing feature 

of a ratio scale is the possession of a non-arbitrary zero 

value. For example, the Kelvin temperature scale has a 

non-arbitrary zero point of absolute zero, which is denoted 

0K and is equal to -273.15 degrees Celsius. This zero 

point is non arbitrary as the particles that compose matter 

at this temperature have zero kinetic energy. 

http://en.wikipedia.org/wiki/Kelvin
http://en.wikipedia.org/wiki/Absolute_zero
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Enterprise objectives ï balanced 

scorecard 




