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Introduction

• To design – we need requirements

– And to design architecture – we need architectural requirements

CS@AU Henrik Bærbak Christensen 2



But – let us start

with an exercise



Good or bad architecture?

 Question: Is this little C program an example of good or 

bad software?

 Exercise 1: Argue that this is a good program!

 Exercise 2: Argue that this is a bad program !

int a[1817];main(z,p,q,r){for(p=80;q+p-80;p-=2*a[p])for(z=9;z--
;)q=3&(r=time(0) +r*57)/7,q=q?q-1?q-2?1-p%79?-1:0:p%79-
77?1:0:p<1659?79:0:p>158?-79:0,q?!a[p+q*2 
]?a[p+=a[p+=q]=q]=q:0:0;for(;q++-1817;)printf(q%79?"%c":"%c\n"," 
#"[!a[q-1]]);} 
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(What does the C program do?)
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• Process

– Paste string

into file ‘m.c’

– Install ‘gcc’

– gcc m.c

– ./a.out

– Done…



Quality Attributes

• The problem about ”good” or ”bad” is that they are 

subjective measures...

• We need to measure our software. This requires

– that we define the aspects/qualities we measure

– that we agree on some kind of scale: a metric
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No such thing as good or bad

• We are engineers and scientists, not priests 

Quality Attribute

Metric

Measurement

Choose alternatives

Quality Framework
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Performance

Maintainability

Usability



Definition

• Bass et al. §3

– A quality attribute (QA) is a measurable or testable property of 

a system that is used to indicate how well the system satisfies 

the needs of its stakeholders beyond the basic function of the 

system.

• Often called ‘non-functional requirements’

– Which is a non-sense term… If the server is not available, will 

you then argue that the system is still functional?
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Contribution of Bass et al.

• Proposes uniform measurement template

– Quality Attribute Scenarios

– Key point: Same template for radically different qualities, like 

performance or security

• Anchors quality in specific context

– Quality Attribute Scenarios

– No quality is globally achievable
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Quality framework (Bass et al.)

• Quality attributes

– Availability

– Deployability

– Energy efficiency

– Integrability

– Modifiability

– Performance

– Safety

– Security

– Testability

– Usability

• Other Quality attributes

– Buildability

– Conceptual integrity

• Historical note

– 4edition names 10 QA
• 1ed only named 6 QA, those in bold
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A writing template

  Source of stimulus. This is some 
entity (a human, a computer 
system, or any other actuator) that 
generated the stimulus. 

  Stimulus. The stimulus is an 
event that arrives at a system. 

 Environment. The stimulus 
occurs within certain conditions. 
The system may be in an overload 
condition or may be running when 
the stimulus occurs, or some other 
condition may be true. 

  Artifact. Some artifact is 
stimulated. This may be the whole 
system or some pieces of it. 

  Response. The response is the 
activity undertaken after the 
arrival of the stimulus. 

  Response measure. When the 
response occurs, it should be 
measurable in some fashion so 
that the requirement can be 
tested. 
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Example: Availabilty

CS@AU Henrik Bærbak Christensen 12



Example: NemID

• Informal requirement on availability (“oppetid”)

– “NemID should always be available”

• QaS formulated requirement

– Source: Internal hardware error

– Stimulus: Server crash

– Artifact: Server/server program

– Environment: Normal operation

– Response:  Fault logged,  Recover

– Response time: 

• Fault detected within 30 secs, 

• Recovery completed within 5 minutes
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Key point

• The key point of the template is

• Some source generates some events (stimuli) that 

arrives at some artifact under some conditions 

(environment) and must be dealt with (response) in a 

satisfactory way (response measure = the architectural 

requirement)
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Generators

• Chapter 4-13 lists generators for the contents of these 

QAS.

– General Scenarios

• Consider them a good first attempt

• Feel free to elaborate and refine

– As long as you stay true to the given quality attribute and the key 

point of the template 

– And do not invent new, confusing, terms for those already in the 

generator!
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‘Sløvhed’ as new QA?



Example: Availability

 Concerned with the probability that the system will be operational when 

needed
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Example: Availability

 An internal crash occurs in the inventory database process during normal 

operation. The response is logging of the fault and recovery by repair and 

return to normal operation (inventory db up and running) within 5 seconds
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Tactics

• So – what do we do then?

Definition: Tactic is a design decision 
that influences the achievement of a 

quality attribute response
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The QAS General Scenarios



Availability

• Concerned with the probability that the system will be operational 

when needed
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Example
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Integrability

• Concerned with the costs and risks of integrating separately 

developed components (so the resulting system behaves correctly)

– Especially in the face of externally developed components
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Example

• (Bit weird this one?)
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Modifiability

• Concerned with the ease with which the system supports change
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Example

• (A bad example – ‘what UI change?’)
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Performance

• Concerned with ability to meet timing requirements
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Note: 4ed’s Table a bit more 
elaborate…



Example
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Security

• Concerned with ability to 

protect data and 

information from 

unauthorized access 

while still providing 

access to 

people/systems that are 

authorized
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Example
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Testability

• Concerned with the ease with which the software can be made to 

demonstrate its faults
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*)



Example
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Comment

• *) I find an important Response Measure is missing in the 

generator

• Namely: Time to express/execute test case

• To me, a testable architecture is one that allows me to 

express an automated test case easily (= in short time)

– I.e. having the ‘local method call IPC’ in Broker allows me to 

express full client-server roundtrip tests easily

• Compared to if I had to spin up a server every time…
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Usability

 Concerned with how easy it is for the user to accomplish a desired 
task and the kind of user support the system provides
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Example
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Deployability

• Concerned with the time and effort for software to be 

allocated to an environment for execution
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Example

• (A bit weird example?)
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Deployability is highly important for modern software systems. 
However, it is a major focus of my ‘MSDO’ fagpakke, so in this 

course – I will not address it further here…



The Last Two

• Safety

– Concerned with the system’s ability to avoid straying into states 

that cause or lead to damage, injury, or loss of life to actors in its 

environment.

• We will not cover safety in this course…

• Energy Efficiency

– Concerned with the system’s ability to conserve/minimize power 

consumption while providing it’s services

• We will cover that in much more detail in the second course…
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Summary



QAS

• QAS capture architectural quality attribute requirements

in a common format

– Some source generates some events (stimuli) that arrives at 

some artefact under some conditions (environment) and must 

be dealt with (response) in a satisfactory way (response

measure = the architectural requirement)

• The response measure is central – measurable!
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Discussion

• There are other frameworks, of course…

– ISO 25010 / SQuaRE

• Richards & Ford

– Architecture Characteristics
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