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Abstract.

This rarer focuses on requirements inter
derendencies. i.e. how revuirements may relate to
and affect each other Due to  these
interderendencies. reMuirements cannot be treaded as
stand alone artifacts. which affect various activities
and decisions during develorment and maintenance.

The aim of this raver is to rrovide an overview of
current state of research. as well as defining a
research azenda for the area of revuirements
interderendencies. The rarer also includes a first
ster towards a neutral classification of revuirements
interderendencies.

In order to rrovide a sound foundation for
research within the area of revuirements
interderendencies. the first ster should be to further
investizate the different tyres of interderendencies
found. The classification presented in this raver
needs further elaboration and it also needs to be
validated on several different revuirements sets. The
research azenda continuous with research issues
concerning identifying. documenting and using the
requirements interderendencies.

1. Introduction

This prarer focuses on a rhenomenon called
requirements interderendencies. Most reduirements
cannot be treated inderendently. since they are
related to and affect each other in comrlex manners
1. 21. Actions rerformed based on one revuirement
may affect other revuirements in ways not intended
or not even anticirated. Interderendencies may also
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affect various decisions and activities durins
develorment. e.&. reduirements change manazement
[3.4]. release planning [2.5].  revuirements
management [6l. and revuirements imprlementation
L7]. Desvite this. little is known about the nature of
requirements interderendencies. and further research
is needed in order to understand this rhenomenon
better [5.8.91.

The amount of literature addressing revuirements
interderendencies is fairly small and it arrroaches
the area from fairly different rersrectives. Pohl |41 as
well as Ramesh and Jarke 6] discuss revuirements
interderendencies as rart of  revuirements
traceability. focusing® on revuirements manazement
as well as change manazement The effect
reMuirements interderendencies have on
reMduirements selection or release pPlanning is
discussed by Karlsson et al [5]. Carlshamre and
Reznell (8] and Carlshamre et al [2]. Robinson et al
L7] rerorts on revuirements interaction manazement.
which deals with identifying how revuirements may
affect each other s achievement.

The aim of this raver is to rrovide an overview of
the current state of revuirement interderendency
research. and to comvrile the different views found.
The aim is also to take the first ster towards
develoring an  intezrated classification of
interderendencies. which will surrort further
research into this area and also helv identifyinz
fundamental  prroblems when  dealing  with
interderendencies in the systems develorment
Process.



2. Traceability: a Basis for Understanding
Requirements Interdependencies

Revuirements traceability has been acknowledzed
as an imvportant part of software and information
systems develorment (4. 0. L L1) surrorting various
activities during the life of an information system.
The toric is well exvlored. Judzing by the larze
amount of literature describing both theoretical and
emvpirical studies (see e.x 4. 12, 10. 13", 14. 15, 16.
171, Ramesh and Jarke 6] present an extended
overview of the current state of research within the
area. based on several years of research.
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Figure 1: Different types of traceability

There are several definitions of the term
traceability lsee e.z. 6. [8. 19. 4. 20]. In this ravrer.
we have chosen to define traceability as the ability
to describe and bllow the lik oJa requirement. in
both Jorward and backward direction. ideally
throush the whole system lik cycle [21. vp. 32.
based on 13l. The definition indicates that
reMuirements traceability can be divided into two
main tyres: pre traceability and rost traceability
(Fizure | ). Pre traceability refers to those asrects of a
requirement s life before it is included in the
reMuirements specification L[13] and is focused on
enabling a better understanding of the revuirement.
Post traceability. on the other hand refers to those
asrects of a revuirement s life from the point in time
when it has been included in the revuirements
srecification L13] and is focused on enabling a better
understanding and accertance of the current
system/software.

POST TRACEABILITY

. This praver has also been published as a book chavter in Arnold.
R. and Bohner. S. Software Chanse Impact Analysis. IEEE
Comeuter Society Press. 1996

Revuirements pre traceability is hence concerned
with revuirements rroduction and focuses on the
domain with which we interact when the
requirements are develored and in which the systems
is to be installed. Revuirements rost traceability is
concerned with revuirements derloyment and is
focused on the sofware that is develored based on
the revuirements. Pre and pPost traceability may also
be divided into four traceability tyres. which are
presented in [221.

According to 6] traceability information rrovides
important surrort within revquirements enzineerinz.
desizn systems evolution and test procedures.
Traceability can be used to ensure that each
requirement has been satisfied. as well as to
demonstrate that all system comvponents can be
related to some revquirement.

The various types of traceability links presented in
Fizgure | surrort different situations and activities
during the develorment and maintenance of the
software or information system. None of these will
alone =zive full traceability surrort (see [31).
Different stakeholders are also usually interested in
different tyres of traceability information. Desrite
this. current literature and standards provide few
guidelines rezarding which tyre of information
should be cartured and used in what context [6].

Fizgure 2 describes the associations between the
terms related to  revuirements traceability.
Traceability is defined as the ability to describe and
follow the life of a requirement. This is ensured by
recording traceability links. which shows the various
relationshirs that exists between the information
oblects in the develorment information. Traceability
can therefore be seen as a vprorerty of the
develorment information.
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Figure 2: The terms traceability, relationship,
and dependency.
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Relationshirs can be defined as connections.
associations. or derendencies between information
oblects. for example precondition. refines. is based
on. and describes. The term derendency is used in
fairly different manners by different authors. Pohl 4]
has a broad view of the term and has defined 8
different derendency tyres (see Fizure 3). Ramesh
and Jarke [6]. on the other hand. use the term in a
more srecific sense. distinsuishing between
derendencies and other tyres of relationshirs. This
implies that the term derendency can either be seen
as a synonym for the term relationshir. or as a
stronzer connection between two oblects. where the
oblects affect each other in some wav. e.&. in case of
chanzes. In this prarer. we will not distinguish
between derendency and relationshir. We are
interested in exrloring the different manner by which
reMuirements can relate to each other. which mavy
mean that they affect each other as well We have
also chosen to use the term inferderendency to
emvrhasise that the relationshirs that we focus on are
those that exist between information oblects of the
same tyre namely requirements.

3. Requirements Interdependencies -
Current State of Research

This section aims at prrovide an overview of the
current state of revuirements interderendencies by
outline the findinzs from the literature as well as the
findinzs from the interview studies.

3.1. Revuirements Interderendencies a
Literature Review

Revuirements interderendencies is a fairly
unexrlored area Judzing by the relatively small
amount of literature discussing it. However. there are
some milestones within reMuirements
interderendency research.

Within the early days of traceability research. Pohl
4] develored a traceability framework which
included a derendency model defining 18 different
tyres of possible derendency links (see Fizure 3).
Pohl s model describes derendency tyres that can
exist between any tyres of information oblect. We
focus revuirements interderendencies. but there are
most certain some correlations between these zeneral
derendencies and revuirements interderendencies.

which motivate why this derendency model is
relevant for our investization.

However. Pohls derendency model must
somewhat be adarted and srecialised towards
revuirements interderendencies to be useful in this
context. There are some derendency tyres included
in Pohls model that clearly cannot exist between
requirements (see (23] for descrivtion of the
catezories and derendency tyres in the model).
These are the catezory Documents and the
derendency tyre Compare . These are therefore
excluded from further discussion rezarding this
derendency model. In the other cases. the term trace
oblect in the descrirtion of the derendency tyres
may be rerlaced by revuirement and we will use this
interpretation during the forthcoming discussion.
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Figure 3: The dependency model [4]

Even thouzh Pohl s model is a valuable startinz
roint for this investization the catezories and
derendency tyres presented in Pohl s model are
sometime difficult to clearly distinguish form each
other. There are also additional revuirements
interderendency tyres found in subsevuent literature.

Pohl also mentions that knowledze about how the
requirements have evolved. and hence relate to each
other. is considered to be important when dealins
with chanzes and chanze intezration. Kotonya and
Sommerville 3] azree with this view and states that
requirements interderendencies are one of the most
important tyres of traceability. from a chanze
manazement perspective. These derendency typres
are a considerable rart of Pohls model (both
abstraction and evolutionary). Pohl also identify
requirements interderendencies as an enabler of
identifying reusable software comronent. If similar
requirements are detected when the stated
reMuirements are comrared with revuirements of the
existing revuirements. this indicates a reusable



compronent. Similar is one of the derendency tyre
included in the model.

Karlsson et al |51 have develored an avrroach for
reMuirements selection. through pairwise comparison.
They state that requirements Prioritisation arrroaches
must include means for manazing revuirements
interderendencies in order to fully surrort
develorers. Due to these interderendencies.
reMuirements cannot be treated as stand alone
artefacts. For example. if you chose to imrlement a
hizh priority. low cost reMuirements. you may have to
also imrlement a low priority. hizh cost requirement.
Revuirements can hence not be selected based on
priority solely. Karlsson et al |51 concludes that there
is a lack of surrort for revuirements
interderendencies. where the impact of including or
excluding requirements can be observed. They have
identified an initial set of interderendency types.
which they considered as relevant in the context of
reMuirements selection (see [231).

Carlshamre and Reznell (8] azree with [5] and
conclude that release rlanning is a very complex
task. due to revuirements interderendencies.
Manazement of revuirements interderendencies are
considered as esrecially important when the
requirements are fostered asynchronously in a life
cycle model . since it connect the revuirements
frasments. Future research is revuested concernins
the different tyres of interderendencies that exist
between revuirements. Carlshamre and Reznell (8]
describe some tyres of interderendencies (see [231)

Carlshamre et al (2] have continued the work of
5] and [8]. and conducted an industrial survey on
requirements  interderendencies  within  release
vlanning. Six different tyres of interderendencies
were defined (see [23]). vartially based on the tyres
presented in [5]. and analysed in relation to 20 hizh
priority  requirements  within five  different
compranies. The findings from this survey include
that there are few sinzle revuirements. i.e.
reMuirements with no relationshiv to other
reMuirements. It was sometimes fairly difficult for the
respondents to choose interderendency tyre for a
relationshiv between two reduirements. because more
than one interderendency tyre could be used. There
was hence a need to prioritise the interderendency
tyves. It was also concluded that revuirements
interderendencies are rarely identified exvlicitly.
There are several reasons for this. The large amount
of interderendencies makes them difficult to identify
and manaze. Redvuirements interderendencies are

also fairly fuzzy. meaninz that the relationshiv they
describe can be more or less critical. If Rl increase
the imprlementation cost of R2. it could be a larze
increase or an insiznificant. This rroblem is also
discussed by 61. who states that it is fairly difficult
to identify the strenzth of an interderendency link
Even thouzh prairwise analysis of redquirements also
surrorts identification of other rroblems with the
reMuirements. it requires much time. It is important to
find ways of reducing the assessment time and
Carlshamre et al discuss some arrroaches.

Ramesh and Jarke 6] have taken the first sters
towards reference models for revuirements
traceability. They do not focus on revuirements
interderendencies. but. as we stated above.
requirements interderendencies is a traceability
rroblem. Documenting traceability links between
requirements in order to model revuirements
traceability is done even by the comranies with a
very simple traceability practice. Most of the
interderendency tyres discussed within Ramesh and
Jarke 6] are related to revuirements manazement and
reMuirements evolution (see [231). They state that the
decomvrosition of high level revuirements into more
detailed requirements. are important to keep track on
e.s. in order to manaze the exrlosion in number of
reMuirements as well as facilitating understanding the
reMuirements by maprring them back to their sources.

Ramesh and Jarke L6l also emvhasise that it is
neither feasible nor desirable to maintain linkaze
between all related revuirements and outrut rroduced
during the develorment process. due to the overheads
involved in maintaining traceability links. Instead. it
is more feasible to identify the critical revyuirements
and concentrate on storins the relevant traceability
information for those.

Robinson et al [7] rerort on an area called
reMuirements interaction manazement. This area
focuses on manazing relationshirs  between
reMuirements. which may interfere with each other s
achievements. The idea is to identify revuirements
that cannot be satisfied simultaneously. Robinson et
al. has hence taken an imrlementation or realisation
oriented view on revuirements interderendencies.
The main aim is to manaze conflicts between
requirements., and identify the problems with
satisfyin® revuirements at revuirements definition
time. Robinson et al have defined a number of
different revuirements interderendency tyres (see
(231).



3.2. Findinss from the Interview Surves

This section prresents some prreliminary results
rezarding revuirements interderendencies from an
onzoinz interview survey. The survey focuses on
current practice and challengses concernins
reduirements enzineering in Swedish software
industry. and one prart of the survey is focused on
reMuirements interderendencies. For more
information about the survey we refer to [24.251.

Generally. most of the resrondents acknowledze
that requirements do relate to and affect each other.
However. manasing reduirements interderendencies
is not considered as an imvortant Problem more as
an overhead. Not many of the particirating
comvranies were documentins reMuirements
interderendencies explicitly. Instead. the
requirements were clustered. usually with resprect to
which revuirement that should be implemented
tozether. This could derend on e.z if they were
dealing with the same part of the system if it would
be cost efficient to imprlement the revuirements
tozether at the same time. or if they should be
imprlemented by the same rerson.

The interderendency tyres mentioned by the
respondents  were  conflict and cost of
imprlementation. Conflicting requirements affect each
other s achievements. and the main work is to make
trade offs rezarding how to implement the different
requirements. Cost of implementation is concerned
with identifying revuirements that can/should be
imprlemented at the same time. since it decreases the
implementation cost. Duvplicates and similar
reMuirements were also mentioned.

Revuirements interderendencies that are easy to
discovere are also considered as easy to manaze
without documenting them. These interderendencies
are handled ad hoc throush an exverienced and
knowledzeable staff. Instead. it is those requirements
interderendencies that are difficult to identify as
week as difficult to identify they are affecting each
other that is the vproblem. Usually these
interderendencies exist between non functional
reMuirements.

4. Requirements Interdependencies -
Taking One Step Further

In trying to renetrate the ideas behind the different
contributions in the literature it has become clear to

us that the rersrective that the authors take on the
area results in slightly different classifications. In
essence. these classifications seem to be influenced
by what some stakeholder wants to do with the
reMuirements as rart of the develorment process. e.5.
reMuirements selection or release rlanninz. Also. the
various classifications overlar and the meaning of
certain terms. which denote derendency tyres. are
not clear in the area as a whole. E.z. the term
temproral derendency is ziven different meanings
by different authors. The comvrlete list of
interderendency tyres on which we base the analysis
can be found on [231.

A first ster forward from the current state could
be to classify the interderendencies found in the
literature from a more or less neutral rersrective and
then rerhars go further by adding classifications that
are focused on prarticular areas of interest e.z.
reMuirements selection or release prlanning. Takinz
this stance we have identified two catezories of
interderendencies that could be considered to be
more or less neutral We tentatively call them
STRUCTURAL and COSTV ALUE
interderendencies.

4.1. Structural Interderendencies

Structural interderendencies are concerned with
the fact that siven a srecific set of requirements. they
can be orzanised in a structure where relationshirs
are of a hierarchical nature as well as of a cross
structure  nature. Often  hizh level  business
reMuirements are zradually decomposed into more
detailed software revuirements. Also. revuirements
from different rarts of a hierarchy may influence
each other across the overall hierarchy. We find that
the following interderendency tyres fall into this
catezory:

Revuires

The fulfilment of one or more hizher level
requirements derends on the fulfilment of one or
more detailed revquirements [2. 8. 5. 71.

Exrlains

A eeneral revuirement is exvlained by a number of
more srecific requirements 6. 41,

Similar to

One stated revuirement is more or less similar to one
or more other revuirements (4. 7. 21.



ConJlicts with

A revuirement is in conflict with another requirement
if they cannot exist at the same time or if increasinz
the satisfaction of a revuirement decreases the
satisfaction of another revuirement [7. 4. 51.

4.2. Cost/value Interderendencies

Cost/value interderendencies are concerned with
the costs involved in imprlementing a revuirement in
relation to the value that the fulfilment of that
requirement  will provide to the perceived
customer/user. The following interderendency tyres
fall into this catezory:

Increases/Decreases cost oJ

If one revuirement is chosen for imrlementation then
the cost of imrlementinz another requirement
increases or decreases 5. 2. 81.

Increases/Decreases value oJ

If one reMuirement is chosen for imrlementation then
the value to the customer of another revuirement
increases or decreases L5. 2. 41

4.3. A Research Asenda

During the analysis of the current state of
research. several issues for future investization can
be identified. Before we can enter deerly in how to
manage reduirements interderendencies. we first
need to identify what typres of interderendencies that
may exist between revuirements. Judzing by the
discrerancies concerning the reMuirements
interderendency tyres presented in literature. there
are still some miles to go. Our classification is a first
ster toward develoring an overall. neutral model of
requirements interderendencies. This classification
however. needs to be further elaborated. and most of
all. validated on several different sets of
reMuirements. Since an exverienced rroblem is to
choose between different tyres of interderendency to
describe a relationshir between two reduirements. we
find it imprortant to identify a few. fundamental
interderendency tyres. These may later be adlusted
to different activities or decisions during the software
develorment process.

A vart from develoring a reference model on
requirements interderendencies. we can identify
three malor issues for reduirements interderendency
research:

- How can we identily revuirements
interderendencies? The malor rroblem with
reMuirements interderendencies are not Just to record
and maintain links between related revuirements.
These relations must also be identifies somehow.
Some interderendencies may be easy to discover
when analysing the revuirements set. but there are
interderendencies. which are difficult to identify. In
addition it can also be difficult to identify how the
reMuirements affect each other. esrecially rezarding
non functional revuirements. We need to investizate
how to identify revuirements interderendencies as
well as exrlore how revuirements affect each other.
Pohl (4] has prorosed a method for automatic
recording traceability links. Carlshamre et al (2]
describe how to use pairwise analysis of the
requirements to discover interderendencies. and
discuss several alternatives on how to decrease the
time revuired to rerform this analysis.

- How can we describe revuirements
interderendencies? When the different relationshirs
between revuirements have been identified we must
also provide survort for storins and manazing these
interderendencies. A common Problem within
today s traceability tool is that those provide means
to store a relationshir between the revuirements but
not the semantic with such interderendency L6].
There is also a need for mechanisms concerning how
to identify the most critical interderendencies
between revuirements. because it is not feasible to
link every related revuirements. It must hence be
rossible to show the strength of the
interderendencies 6. 21.

Revuirements traceability research include several
alternative aprrroaches for recording and manazins
traceability links. One imvrortant research issue is to
investizate which of those that are suitable for

recordings and managing reMuirements
interderendencies. Carlshamre et al [2] prresents one
arrroach for describing reMuirements

interderendencies. This arrroach is built at
visualisation. which is considered as an important
feature for this issue.

How can we deal with requirements
interderendencies? According to Ramesh and Jarke
6] literature and standards within revuirements
traceability provides few zuidelines rezarding what
tyre of information that must be cartured and used in
what context. An imprortant research issue within
reMuirements interderendencies is to investizate what
it mean in the different contexts when we state that



there is an interderendency. As indicated by
literature. different tyres of interderendencies are
important in different develorment activities or as
basis for wvarious decisions. Another important
research issue is to exvlore which tyres of
interderendencies that are imvortant in the different
situations. The first ster toward this is to investizate
what tyres of activities that are affected by
requirements  interderendencies. The following
activities are mentioned in the literature.

Revunirements Manasement is concerned with
manasing the larze amount of reduirements and
information elicited durin® revuirements enzineerins
9], Carturing revuirements interderendencies may
be useful in this Phase since it Provides an overview
of how the hizh level revuirements are decomrosed
into more detailed revuirements [6]. Keering track of
the derived revuirements is also a way of manazing
the fast increasing number of revuirements.

Chanse manasement. One of the malor
challenges in software and information systems
develorment is the constant evolution and chanze of
requirements 6], Revuirements interderendencies
are shown to be useful in this context since it shows
the evolution of revuirements. and rrovide an
historical record of the revuirements. Revuirements
interderendencies also allow us to view the malor
assumptions behind a revuirement. by relating it to
the orizinating revuirement. However. one of the
most important  benefits of  revuirements
interderendencies is that they show how
requirements relate to and affect each other. and.
hence. facilitate imract analysis of chanze rrorosals
(3. 41.

Release prlannins is an activity concerned with
selecting an ortimal collection of revuirements for
imprlementation in the next version of a system. The
selection is usually based on requirements priority.
However. due to the fact that requirements are related
to and affect each other. priorities cannot be the only
basis (8]. Knowledze about how revuirements
interact and restrict each other is also an imrortant
basis for these decisions.

Reuse of comvonents. If similarity between
reMuirements is documented. these interderendencies
can be used to identify reusable comronents by
compraring the stated requirements with the
rerquirements of the existing system 41,

Implementation. Software desizn is to a larze
extent concerned with decision making. Many trade
offS are made e to decide the score and

functionality of the system as well as between
implementation cost and other resources [6].
Revuirements interderendencies may suvrrort these
tyrves of trade offs and decisions. e.z. by revealing
interaction between revuirements which may
interfere with their achievement 71.

Maintenance. Few software and information
systems are stable once they are imrlemented in the
orzanisation. Most systems must continuous evolve
due to chanzes in orzanisation or users needs. or due
to errors made during the develorment [4].
Revuirements interderendencies are useful in this
context. since it shows how chanzinz revuirements
affect other revuirements already imvrlemented in the
software.

5. Concluding Remarks and Future Work

Revuirements interderendencies are essential in
surrorting several situations and activities within the
system develorment prrocess. However. there is little
known about the nature of revuirements
interderendencies. which is shown by the relatively
small amount of literature discussing the
rhenomenon.

This rarer exrlores the current state of research
and comvriles the different views of revuirements
interderendencies found in literature. A first ster
towards a neutral classification of revuirements
interderendencies are presented and discussed.
Revuirements interderendencies can be divided into
two main catezories, structural and cost/value
interderendencies.

A research azenda for reMuirements
interderendencies is outlined. The first ster is to
further elaborate and wvalidate the classification
framework presented in this rarer. Other issues is
related to identification documentation and dealins
with revuvirements interderendencies. There are
several activities. which may be affected by

reMuirements interderendencies. namely
reMuirements manazement. chanze manazement
release rlanninz, reuse of comronents.

imprlementation and maintenance.
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