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INTRODUCTION

Excessive class coupling has often been re-
lated to the propensity for faults in software 
(Briand et al., 1997). It is widely believed 
in the object-oriented (OO) community that 
excessive coupling between classes creates a 
level of complexity that can complicate subse-
quent maintenance and represents a ‘stored up’ 
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ABSTRACT
Excessive coupling between object-oriented classes is widely acknowledged as a maintenance problem that 
can result in a higher propensity for faults in systems and a ‘stored up’ future problem. This paper explores the 
relationship between ‘fan-in’ and ‘fan-out’ coupling metrics over multiple versions of open-source software. 
More specifically, the relationship between the two metrics is explored to determine patterns of growth in each 
over the course of time. The JHawk tool was used to extract the two metrics from five open-source systems. 
Results show a wide range of traits in the classes to explain both high and low levels of fan-in and fan-out. 
Evidence was also found of certain ‘key’ classes (with both high fan-in and fan-out) and ‘client’ and ‘server’-
type classes with high fan-out and fan-in, respectively. This paper provides an explanation of the composition 
and existence of such classes as well as for disproportionate increases in each of the two metrics over time. 
Finally, it was found that high fan-in class values tended to be associated with small classes; classes with 
high fan-out on the other hand tended to be relatively large classes.

maintenance problem. In practice, a class that 
is highly coupled to many other classes is an 
ideal candidate for re-engineering or removal 
from the system to mitigate both current and 
potential future problems. A problem that im-
mediately arises however for the developer 
when considering re-engineering of classes 
with high coupling is: ‘Do those classes have 
prohibitively large dependencies?’ If so, then 
are those coupling dependencies ‘incoming’ or 
‘outgoing’ dependencies? In theory, it is more DOI: 10.4018/jismd.2011100101
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difficult to modify a target class with high in-
coming and low outgoing coupling, since the 
former requires detailed and careful scrutiny of 
each of the many ‘incoming’ dependent classes 
and the possible side-effects of change.

In this paper, we investigate versions of 
five Open Source Systems (OSS) focusing on 
two well-known coupling metrics - ‘fan-in’ (i.e., 
incoming coupling) and ‘fan-out’ (i.e., outgoing 
coupling). We used an automated tool to extract 
each of the coupling metrics from those five 
systems. The research questions we explore 
are first, is it the case that classes with large 
incoming coupling naturally have low outgo-
ing coupling and second, does this relationship 
worsen over time? In other words, does the 
potential maintenance problem become worse 
in terms of fan-in and fan-out values? Results 
showed a wide range of characteristics in the 
classes to account for high and low levels of 
fan-in and fan-out. Evidence was found of ‘key’ 
classes, comprising high fan-in and fan-out as 
well as ‘client’ and ‘server’-type classes com-
prising high fan-out and fan-in, respectively. 
We explore the composition of the classes 
and reasons for the existence of such classes 
as well as for changes over time in the two 
metrics. We also found that high fan-in class 
values were associated with small classes; on 
the other hand, classes with high fan-out were 
comparatively large.

The main message that emerges from the 
research is that every system is likely to contain 
classes with relatively large amounts of coupling 
(whether fan-in, fan-out or both). The task of 
the developer is to ensure that such classes are 
monitored and a proactive stance taken to the 
possible re-engineering or refactoring of those 
classes. A strong link has been found between 
excessive coupling and faults (Briand et al., 
1997) and it is widely acknowledged that too 
much coupling is harmful. The study presented 
is a first step to understanding the traits of this 
feature of systems at a broad level.

MOTIVATION AND 
RELATED WORK

The research in this paper is motivated by a 
number of factors. Firstly, previous research 
(Mubarak et al., 2008) has shown that there 
is a trade-off between coupling types – in 
particular, that between coupling through 
imported packages and the introduction of 
‘internal-to-the-package’ coupling. In this 
paper, we explore the potential characteristics 
and trade-offs between fan-in and fan-out 
metrics over time. Second, we would always 
expect potentially problematic classes to be re-
engineered by developers through techniques 
such as refactoring (Fowler, 1999); however, the 
practical realities of limited time and resources 
at their disposal means that only when classes 
exhibit particularly bad ‘smells’ (e.g. excessive 
coupling) (Fowler, 1999; Mantyla et al., 2006) 
are they dealt with. In this paper, we explore, 
over time, whether smells given by too much 
coupling do become ‘smellier’ and, if so, in 
what proportions. Third, it is likely that there 
are special types of class with either large fan-in 
or fan-out values (or both). Understanding the 
nature of these classes could help to understand 
the reason for these characteristics and even 
how and why these classes evolve as they do. 
Finally, the research is motivated by previous 
research (Mubarak et al., 2008) which showed 
that the fan-in and fan-out metrics tended to 
be relatively small for classes removed from 
a system. In other words, classes with either 
high fan-in and/or fan-out may be difficult to 
move or remove from a system. This question 
has inspired further examination of trends in 
the two metrics presented. The original fan-in 
and fan-out metrics were developed in early 
software metrics texts dealing with coupling 
and cohesion and structured programming 
(Stevens et al., 1974). Yet, very few studies have 
used fan-in and fan-out as a basis for empiri-
cal studies of coupling. A key objective of the 



24 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage:

www.igi-global.com/article/longitudinal-study-fan-fan-

out/58643

 

 
Related Content

Atomicity and Semantic Normalization
Andy Carver and Terry Halpin (2010). International Journal of Information System

Modeling and Design (pp. 23-39).

www.irma-international.org/article/atomicity-semantic-normalization/43607/

Revenue Models in the Open Source Software Business
Risto Rajala, Jussi Nissilä and Mika Westerlund (2009). Software Applications:

Concepts, Methodologies, Tools, and Applications  (pp. 2599-2613).

www.irma-international.org/chapter/revenue-models-open-source-
software/29524/

The ForMoSA Approach to Qualitative and Quantitative Model-Based Safety

Analysis
Axel Habermaier, Matthias Güdemann, Frank Ortmeier, Wolfgang Reif and Gerhard

Schellhorn (2012). Railway Safety, Reliability, and Security: Technologies and

Systems Engineering  (pp. 65-114).

www.irma-international.org/chapter/formosa-approach-qualitative-
quantitative-model/66668/

Are Socio-Economic, Health Infrastructure, and Demographic Factors

Associated with Infant Mortality in Russia?
Carl Lee, Sergey Soshnikov and Sergey Vladimirov (2013). International Journal of

Software Innovation (pp. 56-72).

www.irma-international.org/article/are-socio-economic-health-infrastructure-
and-demographic-factors-associated-with-infant-mortality-in-russia/105632/

Threat Representation Methods for Composite Service Process Models
Per Håkon Meland and Erlend Andreas Gjære (2013). International Journal of Secure

Software Engineering (pp. 1-18).

www.irma-international.org/article/threat-representation-methods-composite-
service/77914/

http://www.igi-global.com/article/longitudinal-study-fan-fan-out/58643
http://www.igi-global.com/article/longitudinal-study-fan-fan-out/58643
http://www.irma-international.org/article/atomicity-semantic-normalization/43607/
http://www.irma-international.org/chapter/revenue-models-open-source-software/29524/
http://www.irma-international.org/chapter/revenue-models-open-source-software/29524/
http://www.irma-international.org/chapter/formosa-approach-qualitative-quantitative-model/66668/
http://www.irma-international.org/chapter/formosa-approach-qualitative-quantitative-model/66668/
http://www.irma-international.org/article/are-socio-economic-health-infrastructure-and-demographic-factors-associated-with-infant-mortality-in-russia/105632/
http://www.irma-international.org/article/are-socio-economic-health-infrastructure-and-demographic-factors-associated-with-infant-mortality-in-russia/105632/
http://www.irma-international.org/article/threat-representation-methods-composite-service/77914/
http://www.irma-international.org/article/threat-representation-methods-composite-service/77914/

