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provide to software development productivity
and quality. It also has the potential of reducing 
the development costs and the product’s time to 
market [1], [2]. Reusability can be introduced at 
different phases in the software life cycle. Most 
research so far has only addressed reuse at the 
design and implementation levels. At both levels, 
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in detail by 
it as “the set 

of activities directed towards the discovery, 
management, and disposition of critical 
relationships among a set of requirements” [3]. It 
is very similar to feature interaction management 
used in the telecommunication domain in that 
they both try to detect possible interactions 
between features or components and provide 

IREMENTS INTERACTIONS M

 
Mohamed Shehata              Armin Eb
artment of Electrical & Co

University of Calg
2500 University Drive N

rlein}@enel.ucalgary.ca 

 
 
 
 

KEYWORDS 
Software requirements, reusability, requirem
interaction management, requirements attrib
 
1. INTRODUCTION 
Reuse is a well-known practice in so
development. The attraction of software
comes from the possible improvement 

remarkable results have been achieved
algorithms at the design level and
libraries at the implementation level. Howev
is argued that reusability at the r
level can drive even more 

 
ABSTRACT 
The development of software based on re
requirements has received more attention
because of the benefits it can potentially p
for software development [1], [2]. Howeve
type of development is not an easy task to
is our belief that such development must be
in conjunction with careful management o
relations and dependencies that can arise
combining requirements of already ex
components. This paper deals with requirem
interaction management at different leve
complexity. We present a framework fo
detection of requirements interactions at t
levels. The first level of this framework c
used in situations where information 
known interactions is already available 
knowledge base. The second level ide
likely (but not guaranteed) interactions be
requirements based on requirements attrib
The third level requires the developmen
formal models of the system, which is v

t 
 
 
 
 
 

design and implementation levels [3
requirements reusability should r
attention to exploit all its potential b
Through our review of the current 
reuse at the requirements level, we 
identify a common procedure that 
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form or another adopted in various
that we had reviewed. This procedure 
understand how to create a reusable p
how to create a new system from tha
The first part of this procedure st
analysis of  
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domain that have numerous co
between them, i.e., it is promising
reusable platform for them (e.g. syste
part of a product line).  
The second part of this procedure i
building of a new system that bel
specific domain. The developer w
requirements of the common platform
the new system. Also, the 

feature intera
framework is to help developers 
interactions between requirements at d t 

 
 
 
 

introduce some new requirements, 
specific system needs. The aim is that
of requirements together w
implementations helps develop a 
specification in less time and with le
It is our belief that this type of devel
be done in conjunction with 
management of the relationsh
dependencies that arise between reuse
requirements. Requirements 
Management (RIM) was discussed 
W. Robinson in 1999 and he defines 

 



guidance on how to resolve these intera
However, so far research in feature interac
mainly concerned about telephony feature
has a very narrow view of requirement
addition, feature interaction in a telep
system has a well-defined domain an
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detect requirements interactions at three 
different levels. The developer can use any one 
of them or even a combination of them based on 
 
  
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

his/her needs. Therefore, we believe that this 
framework is very useful as it provides guidance 
on how to detect interactions between 
requirements ranging from inexpensive and 
quick methods, as in the first level of the 
proposed framework, to more complex 
approaches to interaction detection, as in the 
third level of the proposed framework. 
The rest of this paper is structured as follows: 
Section 2 gives details on our proposed 
framework for the detection and management of 
requirements interactions. Section 3 summarizes 
our conclusions and outlines our future plans for 
the enhancement and f this 
framework in an industrial case study. 
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attributes of the requirements. The third level 
requires the development of formal models of the 
domain, which is very time consuming but very 
good for the detection of feature interactions.  
A major benefit of defining these levels is the 
ability to detect simple interactions in the first  
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requirements of this domain are well unde
and researched.  
In order to understand the increased impor
of requirements interaction management in
context of requirements reuse, we hav
consider that there are paramete
requirements whose parameters need to
assigned specific values, which can 
interactions. Additionally, there are 
requirements that will be added to the s
and might negatively interact with the a
existing set of requirements. Therefor
question is how to ensure that the values th
were assigned to the parameterized require
or the new requirements that were added wi
interact with the already existing requirem
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2. PROPOSED FRAMEW

REQUIREMENTS INTER
MANAGEMENT 

 
Our aim is to develop a framework t
the detection of requireOf course there is no easy answer and it is 

that one has to continually manage
requirements for any interactions that mig
occur. 
The traditional way of detect
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different levels of complexity.  
The first level of this framework can 
the detection of already known 
which are stored in a knowledg
second level can be used to lo
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interactions is done by domain experts 
using formal modeling. However, the fi
method is error prone while the latter met
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Figure 1: The proposed framework overview 
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There is also another type of known interactions 
that can be detected by this level, which are 
interactions that are known to happen between 
certain requirements in a certain domain. For 
example, let us consider a certain domain like the 
telecommunication domain, which has numerous 
examples of known feature interactions. One 
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in likely interactions between two requirements. 
(I) First scenario:  
The current state attributes of both requirements 
are N/A and their activation attributes are the 
same.  
Explanation: Some requirements define dynamic 
behavior that the system should exhibit when a 
certain action occurs. This scenario detects 
interactions when there is a certain event that 
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the detection of known require
interactions. Many of the interactions that 
detected by this level are interactions be
quality requirements. Quality requiremen
very well researched and the intera
between them are well defined. More
resolutions for these interactions have b
suggested in the literature [5].  

common feature is Call Forwarding 
Line (CFBL), which is defined as “
company-activated feature that
incoming calls to a subscriber to 
when the subscriber line is busy
common feature is Call Waiting (CW)
defined as “a feature that inform
subscriber that another call is waitin
a tone” [6]. Obviously, these two 
negatively interact as they cannot be 
the same time. 
Three important issues must be cons
using this level of d

will be able to detect most of the intera
very early without the need to use f
methods which are very
consuming. However, our framework still
supports an in-depth analysis using f
methods, for instance to be used for mi
critical systems. Figure 1 shows a ge
overview of our proposed framework. 
procedure starts when a new system is c
(or a requirement is added/changed in an a
existing requirements specificatio  
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collection of known feature intera
second issue is the constructi
knowledge base that contains the kn
interactions. The knowledge base m
well structured and contain all the in
that are known. The third issue is the
continuously update this knowledg
new interactions that will be disco
future.  
2.2 THE SECOND LEVEL 
The second level of our framework
to detect likely interactions 
requirements based on their attr
second level indicates only likely 
and cannot guarantee the detec

developer uses a library of reusable require
to select a set of requirements and tailors the

the new system requires to form a compl
of requirements. At this point in tim
requirements are not yet checked for intera
Then our framework is used to detect and r
unwanted interactions. In the next subse
we introduce the three levels of our pro
framework in more detail. 
2.1 THE FIRST LEVEL 
The first level of this framework can be us
detecting interactions that are already know
stored in a knowledge base. This will be
using artificial intelligence techniques like
systems. The basic idea here is to capture f
domain experts all the interactions th
known and then store these interactions 
knowledge base of an expert system. Th
limitation of this level is that it will only 
those interactions that are already know
occur in certain scenarios. For instance, t
requirements “high reliability” and “low
negatively interact with each other and
must be some sort of resolution or trade-
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Table 1 shows some attributes that w
illustrate the usage of this leve
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First we start by explaining that an
table attributes (informal definition, cu
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Also, depending on the domain, the 
can add different attributes as colu
table. Very different kinds of requi
be represented in this table. Ho
anticipate further modifications to ou
of attributes as we use more example
In the following we describe scenari

handle this interaction. 
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2.3 THE THIRD LEVEL 
The third level is used to detect interactions 
between requirements that have not yet been 
identified by any of the other two levels. 
Although this level is expensive and time 
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Explanation: This is a more specific
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in Table 1, the event “pressure goes 
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Informal Definition Current state Activation Actor Action Feature 
involved 

Resource 
consumption 

The system shall  
increase the cockpit 

pressure if the pressure 
N/A 

inside the cockpit goes 
below the atmospheric 

pressure 

atm

 
Pressure goes 

below 
ospheric 

pressure 

 
System 

 
Increase 
cockpit 
pressure 

 
N/A 

 
N/A 

The system shall post a 
warning message if the 

 

cockpit pressure goes 
below the atmospheric 

pressure 
at

N/A 
 

Pressure goes 
below 

mospheric 
pressure 

 
System 

 
Post warning 

message 

 
N/A 

 
N/A 

 
The telephone company 
shall forward incoming 
calls to a subscriber to 
another line when the 
subscriber line is busy 

 
 

Line is busy 
(Subscriber X is 

connected to 
subscriber Y) 

Inco

 
 

ming call 
request 

 
 

Telephone 
company 

 
 

Forward 
incoming 
calls to 

another line 
 

 
 

CFBL is 
active 

 
 

N/A 

The system shall use 
CW to inform a busy 

subscriber that another 
call request is waiting 
by playing a tone…etc 

 
Line is busy 

(Subscriber X is 
connected to 
subscriber Y) 

 
Incoming call 

request 

 
 

System 

 
Play a tone to 
inform user 

 
CW is 
active 

 
Bridge 

(A piece of 
hardware) 

The system shall use 
word XP as word 

processor as part of the 
office tools 

N/A N/A System Use word XP Office tools N/A 

The system shall use 
EXCEL 2000 as a 

spread sheet as part of 
the office tools 

N/A N/A System Use EXCEL 
2000 

Office tools N/A 

The system shall use 
CW to inform an off-
hook telephone that 
there is another call 
request by playing a 

double click tone …etc 

 
Line is Off-hook 

 
Incoming call 

request 

 
System 

 
Play double-
click tone to 
inform user 

 
CW is 
active 

 
 

N/A 

If the user subscribes to 
3-way calling and this 

feature is enabled when 
the line is busy, then If 

he receives a call 
request, this feature will 
allow him to talk to both 
callers at the same time. 

 
Line is busy 

(Subscriber X is 
connected to 
subscriber Y) 

and 3-way calling 
feature is active 

 
Incoming call 

request 

 
N/A 

 
Allow the 

user to talk to 
both callers at 
the same time 

 
 

3-way 
calling 

 
Bridge 

(A piece of 
hardware) 

                                        Table (1): different requirements attributes 
 
 


