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Abstract  With the popularization of information technology, more and more attentions have
been paid to the quality of software systems. The demands on the quality of a software system are
named as NFRs (Non-Functional Requirements). Abstractness, subjectivity and uncertainty are
the remarkable characteristics of NFRs, which brings huge obstacles to requirements engineers to
model NFRs manually. Utilizing the cohesion and stability of domain engineering, a NFRs mod-
eling aided method based on domain knowledge is proposed. It mainly contains two parts:
(1) Uncertainty theory based domain knowledge acquisition and analysis module; and (2) the
NFRs modeling aided module based on NFR framework. In the first part, the NFADT (Non-
Functional Attributes Decomposition Tree) is constructed to guide the classification of NFRs; the
fuzzy set theory is adopted to perform the transformation between qualitative evaluation and
quantitative evaluation; and a transitive dependency calculation algorithm is proposed to discover
the implicit relationships between NFAs (Non-Functional Attributes). In the second part, formal

definitions and rationale rules of NFAs and NFRs are proposed, and the implementation based on
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RE-Tools is also presented. Case study shows that the above method is feasible and rational. It is

suitable to aid the modeling of dependency relationships among NFRs. Through the cross-

validation, it is shown that the method can improve the efficiency and accuracy of traditional NFR

Framework. At the end of the paper, the future research directions have been discussed.
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Background

As it is well known, °Non-Functional Requirement
(NFR)’ is a general term of various quality requirements,
such as security requirements, performance requirements,
and reliability requirements, etc. Due to its diversity, the
consensus of what NFRs are and how NFRs should be elici-
ted, modeled and validated are still not reached. In order to
elicit and model NFRs accurately and completely, Non Func-
tional Attributes (NFAs) must be defined firstly. To this
end, a NFA Decomposition Tree (NFADT) has been pro-
posed. The NFADT is primarily established based on the
features covered by ISO/IEC 25010: 2011 and ISO/IEC
15408, for ISO 25010:2011 defines an elaborate quality mod-
el of applications and ISO/IEC 15408 is a security evaluation
framework which is regarded as a good complement of 1SO/
1IEC 25010:2011. According to the definition of the NFADT,
there are 9 2-level NFAs and 38 3-level NFAs. Although
each NFA has an elaborate definition which can be found in
standards, it’s still very difficult for requirements engineers
to elicit and model NFRs manually because different NFA
often comes from a totally different field, and the same NFA
may have different features in different domain which means
it is context-oriented. Thus, a user-friendly and intelligent
NFRs modeling aided method is vital. It is well known that
the reuse of domain knowledge is an effective and efficient
method for functional requirements modeling. But due to the
abstractness, subjectivity and uncertainty of NFRs, it’s dif-
ficult to elicit and make use of domain knowledge to model

NFRs. Many strategies have been proposed to facilitate the
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reuse of NFRs. But most reuse strategies focus on the organ-
ization and structure of NFRs. How to reuse domain knowl-
edge to refine NFRs and discover implicit relationships
between NFRs still need to be resolved. In this study, a
NFRs modeling aided method based on domain knowledge is
proposed. The aided method is divided into two phases:
preparation and application. In the phase of preparation, the
NFADT is created firstly; and then, the global extended in-
terdependency relationship matrix between NFAs is estab-
lished by merging the domain experts’ evaluation matrix
based on the transformation between quality language values
and quantity fuzzy numbers. In the phase of application, after
eliciting the initial NFRs, the interdependency relationship ma-
trix between NFAs is used to guide the refinement of NFRs
and the discovery of interdependency relationships among
NFRs. Generally speaking, the proposed method is an analy-
sis and application mechanism of domain knowledge, which
can be regarded as an extension of the NFR framework.
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