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In software engIneerIng, a 
tight relationship exists between non-
functional requirements (NFRs) and 
software architectures (SAs). As early 
as 1994, Rick Kazman and Len Bass 
asserted that SA is intimately con-
nected to NFR achievement.1 This idea 
has pervaded software development 
over the years and explains why devel-
opment projects invest a lot into fulfill-
ing NFRs.2

This general statement becomes 
more concrete when we consider how 

the concept of SA has evolved from a 
simple structural representation to a 
decision-centric viewpoint.3 In this 
perspective, NFRs serve as selection 
criteria for choosing among myriad 
designs and implementations.4 For 
instance, we can justify choosing a 
layered architectural style in terms 
of maintainability or portability, or 
choosing a particular database tech-
nology in terms of efficiency.

Software architects must continu-
ally deal with NFRs as part of their SA 

design responsibility. They must know 
a system’s NFRs and how architectural 
decisions affect the NFRs’ fulfillment.

Here, we present an empirical study 
that uncovers relevant practices for 
software architects dealing with NFRs 
during decision making. This study is 
based on a two-part survey. First, we 
analyzed NFRs from an engineering 
perspective, specifically in relation to 
three requirements-engineering activi-
ties: elicitation, documentation, and 
validation. Then, we investigated how 
NFRs influence architectural decision 
making.

the survey
We conducted semistructured inter-
views regarding a single software de-
velopment project in which the re-
spondents had participated as software 
architects. Compared to other qualita-
tive research strategies such as struc-
tured questionnaires, semistructured 
interviews provide more flexibility 
and let us better investigate interest-
ing issues that appear during conver-
sations. Furthermore, considering a 
single project instead of a general per-
ception of the architects’ rationale lets 
us better interpret and assess contex-
tual information.5

The Respondents and Their Organizations
The survey involved 13 respondents 
at 12 software-intensive organizations 
covering a variety of business areas 
and application domains (see Table 
1). The organizations comprised three 
types of business:

•	 Software consultancy companies 
that primarily perform software 
development tasks for different 
clients.

•	 IT departments that usually per-
form or outsource software devel-
opment tasks to meet the organiza-
tion’s internal demands.

FOCUS: Twin Peaks

Non-functional 
Requirements 
in Architectural 
Decision Making
David Ameller and Claudia Ayala, BarcelonaTech—Universitat Politècnica 
de Catalunya

Jordi Cabot, École des Mines de Nantes

Xavier Franch, BarcelonaTech—Universitat Politècnica de Catalunya

// A survey of software architects addressed how they face 

non-functional requirements from an engineering perspective 

and how these requirements influence decision making. //



62 iEEE SoftwarE  | www.coMputEr.org/SoftwarE

FOCUS: Twin Peaks

•	 Software houses that develop and 
commercialize specific proprietary 
solutions.

The projects were diverse in terms of 
functionality and team size.

Although all the respondents per-
formed as architects in their respec-
tive projects, their organizations had 
no specified software architect role. 
Instead, the organizations chose 

architects for each project on the basis 
of technical knowledge or experience. 
In all but one case, the respondents also 
played other roles (project manager, 
consultant, or developer).

Execution
We created an interview guide and 
tested it with two researchers and two 
software architects to ensure its effec-
tiveness. We then sent the guide to the 

respondents in advance, which let them 
become familiar with the topic and 
choose which project to discuss.

We conducted the interviews face 
to face; each interview took about one 
hour. We recorded the interviews and 
prepared them for analysis by manually 
transcribing the audio records into text 
documents. Then, the respondents vali-
dated them. In a few cases, we explicitly 
requested clarification of certain aspects.

Ta
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 1 Overview of the organizations.

Respondent
Main business 
area Main domain* Project description

Team 
size Roles

A Software 
consultancy

Domain-specific IS 
(lottery)

A Web application for managing 
transactions over mobile phones

15 Architect, developer

B IT dept. Domain-specific IS 
(university school)

A Web application for managing 
organization members’ activities

3 Architect, project 
manager

C Software 
consultancy

General-purpose IS A system for the management, sales, 
accounting, and logistics of a growing 
fast-food chain

5 Architect, consultant

D Software 
consultancy

Aerospace IS A geographic information system to 
manage launch sites

≈10 Architect

E Software 
consultancy

General-purpose IS An application to manage a public-
sector body’s processes and documents

6 Architect, developer

F Software 
consultancy

Web IS An e-commerce system for a company 
selling motorcycle items

5 Architect, developer, 
project manager

G Software 
consultancy

Geographic IS A Web system to support shipping 
logistics

1 Architect, developer, 
project manager

H Software 
consultancy

Web IS A Web system for personal data 
management

≈20 Architect, developer

I Software 
consultancy

Document 
management IS

A system to manage a bank’s 
accounting activities

8 Architect, developer

J Software house Domain-specific IS 
(insurance)

An integral system to support insurance 
company tasks

50 Architect, developer

K IT dept. Domain-specific IS 
(university school)

A system to manage staff research 
activities

8 Architect, project 
manager

L1 IT dept. Domain-specific IS 
(university dept.)

A Web application to manage students’ 
and teacher’s activities

5 Architect, developer, 
project manager

L2 IT dept. Domain-specific IS 
(university dept.)

A Web collaboration system 8 Architect, developer, 
project manager

* IS stands for information system.
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We used NVivo software (www.
qsrinternational.com/products_nvivo.
aspx) to assess the collected data. The 
team met several times to generate cate-
gories by grouping sentences or phrases 
describing the same idea, action, or 
property. Finally, we analyzed the data 
according to the organizations’ and 
projects’ characteristics.

Limitations
We knew our sample wasn’t random 
and therefore didn’t necessarily rep-
resent the broader population of soft-
ware development projects. So, we tried 
to mitigate possible bias by letting the 
organizations choose respondents and 
letting the respondents choose projects. 
We recognized that respondents might 
be inclined to select the more successful 
projects. To mitigate this, we explained 
that our study didn’t aim to analyze 
best practices but to learn how things 
are done. We also stated that responses 
would be kept confidential.

Most of the organizations were 
small or medium sized, and all were 
in Spain. These factors certainly might 
have affected the survey’s results. Fur-
thermore, most of the projects dealt 
with noncritical domains. However, 
because we sought to reveal industrial 
practices used in the analyzed projects 
rather than to formulate general theo-
ries, this isn’t a fundamental weakness.

How architects  
Deal with nfrs
We asked software architects for de-
tails about how they elicited and docu-
mented NFRs and how they later vali-
dated systems against them. This is 
important for understanding the con-
text of architects’ decision making in 
the projects.

Details on this part of the study ap-
pear elsewhere,6 and the list of ques-
tions is at www.essi.upc.edu/~gessi/
survey.pdf. Because we implemented 
semistructured interviews, the 

questions served as a guideline, but the 
interviews evolved depending on the 
conversations. Topics such as require-
ments elicitation, documentation, and 
validation naturally emerged during the 
interviews.

Who Elicits NFRs?
Requirements elicitation obtains sys-
tems requirements from stakeholders 
and other sources and refines them. 
Both researchers and practitioners 

consider it one of the most challeng-
ing parts of requirements engineer-
ing. Numerous techniques (surveys, 
creativity workshops, and so on) help 
express requirements precisely and un-
ambiguously. These techniques assume 
that stakeholders on the customer side 
(end users, managers, and so on) con-
tribute the most to elicitation. Some 
respondents acknowledged this as-
sumption when referring to functional 
requirements. For example, respondent 
A said, “[The business analyst] writes 
a detailed document reflecting all the 
[functional] requirements specified by 
the customer.”

However, this assumption didn’t 
hold for NFRs: in 10 projects, the soft-
ware architect was the main source 
of the NFRs. Some clients never men-
tioned NFRs. Respondent E said, “[The 
client] never mentioned [a requirement] 
that webpages could not take more 
than two seconds to load, but he com-
plained about it afterward.” The other 
clients provided only broad indications, 
usually in the form of cost or efficiency 
constraints. Respondent L2 said, “The 
client mentioned a basic [NFR], and we 

added others based on our experience.”
This number exceeds the already 

high rate (60 percent) Uwe van Heesch 
and Paris Avgeriou reported of archi-
tects significantly involved in require-
ments elicitation.7 Judging by our re-
spondents’ answers, it appears they 
consider themselves the real experts (at 
least relative to customers) when de-
fining efficiency, reliability, and other 
similar aspects. Respondent C said, 
“The same way I do not recommend 

to my customers how to implement ac-
counting procedures, I do not expect 
them to tell me how to organize my 
architecture.”

The organizations of respondents 
D, H, and I were the only ones with  
client-led NFR elicitation. Interestingly, 
they were also the only ones in which 
the respondents were working on out-
sourced projects (managed by an aero-
space company, a software company, 
and a bank). This situation is due to the 
subordinated role of the respondents’ 
organizations in these projects. Even 
in these cases, however, the architects 
played an active role in defining the 
NFRs. Respondent D said, “Our client 
was an aerospace system department. 
Therefore, all the NFRs were very well 
defined. We also added other NFRs 
based on our experience.”

How Are NFRs Elicited?
NFRs’ elusive nature can make them 
difficult to elicit up front. In accordance 
with this general belief, all respondents 
agreed that NFR elicitation is an itera-
tive process that expands along the sys-
tem life cycle. This could be because 

Architects consider themselves  
the real experts when defining efficiency, 

reliability, and other similar aspects.
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part of the system’s expected behavior 
might not be uncovered until a certain 
milestone (typically, a prototype) has 
been achieved. Respondent J said, “We 
determined first some relevant NFRs—
for example, compatibility with other 
systems—and then developed a proto-
type and analyzed alternatives.”

Furthermore, we can’t consider 
NFRs complete after the first develop-
ment. They’ll require corrective main-
tenance to fix some misbehavior that 
wasn’t originally expected. Respondent 
K said, “In relation to efficiency, we 
had to make changes because the neces-
sary level of service was not specified at 
the beginning of the project.” Such ac-
tivity is justified. Some NFRs, such as 
those related to security, can’t be com-
pletely checked until the system is de-
ployed in its expected environment and 
unexpected conditions arise.

How Well Are NFRs Documented?
Academics and standards organiza-
tions have proposed many notations 
and templates to write system require-
ment specifications to make documen-
tation more efficient. However, nine of 
the 13 respondents acknowledged that 

they hadn’t documented the NFRs. Re-
spondent H said, “[Functional require-
ments] came in UML, using conceptual 
models and use cases, but there was no 
mention of NFRs.” Some respondents 
said that documentation is only neces-
sary if the client or the critical nature of 
the domain require it.

The four respondents who explic-
itly documented their NFRs used 
different methods. Respondent D’s 

organization uses a domain-specific 
language. “Since we work in the field 
of aerospace, our NFRs had to be 
clearly stated and verifiable. We have 
special templates, and we use differ-
ent techniques from other engineering 
disciplines, such as risk models, failure 
trees, etc.” Two respondents used nat-
ural language with a certain structure. 
Respondent B used Volere templates 
that provide a high degree of structure 
to the requirements; Respondent K 
used plaintext classified under the ISO/
IEC 9126 quality model. Respondent J 
simply wrote a plaintext document.

Respondents B and D were the only 
ones who maintained up-to-date re-
quirement documentation; J and K 
documented only the initial NFRs. 
Respondent K said, “At first, we wrote 
down some initial ideas for NFRs in 
natural language, … but afterward, 
we did not keep track of any of them 
or of any other NFRs arising during 
the design process.” It seems natural 
to think a relationship exists between 
measurability and continual (or at 
least regular) documentation updates, 
but confirming this link will require 
further studies.

So, we can see that NFRs are more 
tacit or even hidden than documented. 
When they are documented, their ac-
curacy and timeliness are seriously 
compromised. This situation can be 
explained in terms of cost and ben-
efit. Respondent C stated it plainly: 
“I rarely appropriately document my 
projects, basically because it costs 
money.” If practitioners don’t perceive 
a clear benefit from shaping NFRs into 

fully engineered artifacts, NFRs will 
remain elusive.

How Are Systems Validated  
against NFRs?
Validating system behavior against elic-
ited NFRs is difficult. Because every 
NFR differs, the appropriate methods 
differ. Nevertheless, 11 respondents 
claimed that all NFRs had been satis-
fied by the project’s end, although there 
was always room for improvement. 
However, when we asked how they 
validated the NFRs, their answers were 
vague. Respondent D said, “Compli-
ance with some [not all] NFRs is only 
informally discussed with the client, 
since it is not easy to test.” So, the need 
exists to distinguish the perception of 
NFR compliance, which 11 respon-
dents (85 percent) achieved, from real 
validation, which eight respondents (61 
percent) achieved for only some types 
of NFRs. (This is in line with a previ-
ous study that reported 60 percent.8)

Eight interviewees performed some 
validation, but against only one to 
three NFRs. They considered only a 
few types of NFRs:

•	 Performance	 efficiency. Respon-
dent H said, “We ran load and stress 
tests to evaluate performance.”

•	 Correctness. Respondent A said, 
“For each hour of coding, we spend 
one hour testing for bugs.”

•	 Usability. Respondent K said, “We 
made a prototype just to ensure cli-
ent satisfaction with the interface.”

•	 Reliability. Respondent J said, “We 
have enforced some errors to see 
what happens and [to] control loss 
of data.”

No one mentioned one highly relevant 
type of NFR: security.

Respondent F represented an ex-
treme case of nonvalidation: “We wait 
for the client to complain. He will no-
tice when something goes wrong.” 

NFRs are more tacit  
or even hidden than documented.



 March/april 2013  | iEEE SoftwarE  65

Although this response is unsatisfac-
tory, it shows again (as in the case of 
documentation) how budget and time 
considerations can interfere with ideal 
engineering practices.

In contrast, respondent D used for-
mal techniques based on statistical 
analysis and simulation to check the 
system’s reliability. Of course, this vali-
dation approach was likely because the 
project involved an information system 
for aerospace, a critical domain. This 
observation aligns with a previous sur-
vey that suggested that the evaluation 
approach depends on the evaluation 
goals.9

One finding of our study that might 
align with previous results is the link 
between documentation and valida-
tion. As Andreas Borg and his col-
leagues said, “When expressed in 
non-measurable terms testing is time-
consuming or even impossible.”10 Only 
two respondents expressed the NFRs 
in a measurable form, which could be 
one reason for the overall low level of 
validation.

How nfrs Influence 
architectural Decisions
Not surprisingly, the respondents all 
agreed that NFRs influence their deci-
sions. The details of their answers re-
vealed some nuances, though.

Types of Decisions
NFRs drove four types of decisions.

Architectural patterns. Given the types 
of projects, a layered architecture was 
the natural option for most of the re-
spondents, although some of them 
explicitly justified the decision. Re-
spondent J said, “We used a layered ar-
chitecture to support later changes.”

Implementation strategies. Several types 
of requirements might require strategies 
at a detailed architectural level. The situ-
ation could be a general design decision. 

Respondent L1 said, “We opted for sin-
gle sign-on to improve the integrability 
of different subsystems.” Or, it could be 
a detailed decision about some compo-
nents. Respondent A said, “The tables 
of a database were duplicated because 
the access time was too high.”

Transversal decisions. Some NFRs 
carry the weight of affecting the whole 
architecture. Respondent L1 said, “We 
prefer to use technologies we have al-
ready mastered.” One recurrent matter 
is the use of third-party components 
and especially open source software 
(OSS). Respondent D said, “We wanted 
to have access to code for maintain-
ability reasons; thus, we opted for OSS 
solutions.”

Technological platforms. NFRs might be 
satisfied by technological choices in the 
database, the middleware, and so on. 
In this case, they can be system-wide. 
Respondent K said, “We need high 
availability, and this requirement was 
ensured only by Oracle.” Or, NFRs can 
be more localized. Respondent H said, 
“One of the queries was implemented 
directly in JDBC [Joint Database Con-
nectivity] instead of Hibernate due to 
efficiency reasons.”

Diverse Decision-Making Processes
One particular aspect of decision mak-
ing that emerged from the survey was 
the intertwining of technological and 
other decisions. We found three types 
of responses. Four respondents said 
that nontechnological decisions come 
first. Respondent C said, “The archi-
tect should manage which technologies 

are appropriate to cover the previously 
designed logical structure.” On the 
other hand, four said that fundamen-
tal technological decisions come first 
and subsequent decisions should adapt 
to it. Respondent H said, “We had 
some limitations from the client—for 

example, architecture based on OSS 
and Java.” The remaining five argued 
that both types of decisions overlap 
and feed each other, which could be 
considered a local twin peaks model11 
at the SA design level.

Amount of Influence
We asked the respondents which NFRs 
they took into account when making 
architectural decisions. We consoli-
dated their answers using the ISO/IEC 
25000 quality standard as a unifying 
framework.

Explicitness. Clearly, architects expect 
certain NFRs, even if they haven’t ex-
plicitly identified them as a require-
ment. Respondent I said, “I would 
never think of a system that it is not 
secure.” Often, these tacit NFRs per-
colate into architects’ minds owing to 
the current features of the technologies 
and platforms that they usually adopt. 
Respondent E said, “We didn’t think 
about the security of the documents be-
cause it is done by the management sys-
tem of SharePoint.”

Source. Some requirements come di-
rectly from the development team or 
architect. Respondent B said, “We 
were the ones that would maintain 
the system, so it was important for us 

The respondents all agreed that NFRs 
influence their decisions.
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relateD work  
In non-functIonal requIrements
We tried to consolidate our findings with previous empirical studies 
of non-functional requirements (NFRs), but not many exist. Richard 
Svensson and his colleagues reported on 18 studies somewhat 
related to our proposal.1 However, none of these studies addressed 
the relationship among NFRs and architectural decisions in 
research questions; this clearly differentiates our study. Although 
most of these studies focused on NFR aspects, others have 
explored software architecture (SA) issues in more depth; Uwe van 
Heesch and Paris Avgeriou specifically addressed relationships 
among NFRs and SAs.2

Some of our observations match previous findings—for 
example, software architects performed other duties. Other 
observations hadn’t been previously reported. For example, the 
participants in our study perceived NFRs complied even though 
they performed only light validation. A few of our observations 
contradict previous studies—for example, the NFRs’ measurability 
was poor, which contradicts some of the reported cases.3

We also analyzed the influence of the different types of NFRs. 
We found some similarities to previous research—for example, 
Jose de la Vara and his colleagues also named efficiency and 

usability as the most important factors.4 However, we had 
difficulty comparing the studies’ results with the necessary 
rigor. For one thing, the studies used different NFR classification 
schemas. In addition, the roles involved were often different, so 
the NFR types differed, too.1
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to ensure its maintainability.” These 
NFRs are closer to the decision-making 
process than those from the client be-
cause the technical staff already thinks 
in terms of the solution, compared to 
the clients’ problem-oriented thinking.

Nontechnicality. Nontechnical NFRs 
don’t refer directly to the software’s in-
trinsic quality but to the context of the 
system under analysis, such as license 
issues or cost.12 Architects consider 
these essential; approximately 40 per-
cent of the NFRs that respondents con-
sidered in their projects were nontech-
nical. In some cases, they considered 
these their highest priority. Respondent 
J said, “Money rules, and everything 
has to be adapted to it.”

Importance. We asked the respondents 
which types of NFRs they consid-
ered most influential. Licensing issues, 

usability, reliability, performance ef-
ficiency, and maintainability were 
mentioned most, whereas only two re-
spondents mentioned portability. We 
cross-checked this information with 
the decision examples the respondents 
gave during the interview; performance 
efficiency and maintainability NFRs 
drove most of the examples.

Terminology issues. We experienced 
terminological difficulties when talk-
ing about NFRs with the respondents. 
Some of them required additional clari-
fication (for example, about the mean-
ing of “availability” or “accuracy”). 
Others used terms inappropriate in the 
given context (such as “ergonomic” to 
mean “usable”). Some even used terms 
with incorrect definitions (for example, 
“Maintainability is very important, be-
cause when something is working, we 
can’t make changes”).

Another recurrent problem was the 
indiscriminate use of “performance” 
and “efficiency,” which required fur-
ther questions from our side. ISO/
IEC 25000 defines “performance ef-
ficiency” as “performance relative to 
the amount of resources used under 
stated conditions.”13 This definition 
could help resolve this confusion.

t o check whether the observa-
tions from this study hold, 
we’re conducting a new study 

with several big IT corporations. We 
expect to see improvements in the 
level of documentation and valida-
tion practices, and maybe differences 
in the importance of the different 
types of NFRs. We’d also like to ex-
plore how the explicit representation 
of the relationship between NFRs and 
architectural decision making (which 
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trade-offs are considered, which op-
tions are discarded, and so on) in-
fluences the final choice of system 
architecture.

For a look at other research related 
to ours, see the sidebar.
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