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Background and motivation 
In previous work [Ramil & Smith 2002; Smith & Ramil 2003] we applied qualitative 
simulation methods to model the evolutionary trends of a set of five commercial software 
systems. In that study, we concluded that qualitative simulation and qualitative abstraction 
were useful tools for breaching the gap between empirical generalisations in natural language, 
such as Lehman’s laws of E-type software evolution [Lehman 1974; Lehman & Belady 
1985], and empirical data reflecting the evolutionary behaviour of software [Ramil & Smith 
2002; Smith & Ramil 2003]. In this paper, we apply similar techniques to study the evolution 
of a number of open source (OS) software systems.  This study investigates a number of 
research questions: 

•What are the differences and similarities between the long-term evolutionary 
characteristics of OS and proprietary software? What is the support for Lehman’s 
laws of software evolution in OS domains? 

•What are the difference and similarities between the OS process simulation models and 
those reflecting proprietary environments? 

•What are the implications of the tendency to increasing complexity [Lehman 1974] and, 
in general, the software ageing phenomenon [Parnas 1994] in OS and how is this 
issue tackled at the process level? Is software continually refactored or is it subject to 
massive re-structuring at particular moments of its lifetime? 

•What lessons can be applied to software process improvement in general, from the study 
of OS processes? 

The full paper aims at exploring how qualitative reasoning techniques, already justified and 
presented in [Ramil & Smith 2002; Smith & Ramil 2003] can be useful in tackling the above 
questions. 
 
Results 
 
We have extracted metric data on the growth over releases and the number of files touched 
for seven different OS systems [Capiluppi 2003]. We have analyzed the trends for these 
systems using our previously-developed abstraction techniques [Ramil & Smith 2002], as 
presented in table 1 below. We have compared this results to our previous work which 
focused on proprietary software [Ramil & Smith 2002]. We have found that OS and 
proprietary exhibit very similar behaviours, but there are two systems in the OS set which 
exhibit differences, such as the presence in one of the OS systems of a significant decline in 
size (LCRZO) and one system with a very singular stagnated growth pattern (Ghemical). 
Moreover, four other OS systems (Arla, Ganymede, Gwydion and Sip) display growth 
stagnation periods. Both stagnation and decline were absent from the qualitative trends for the 
proprietary systems studied so far. The qualitative simulation models we have studied in 
[Ramil & Smith 2002] did display stagnation periods, not as a single segment  as in LCRZO 
system, but as a follow-on to a period of excessive growth. For the rest of the OS systems, the 
outputs of the qualitative simulation models do replicate the observed behaviours. This 
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provides further support to the view of the software evolution phenomenon which is 
encapsulated in the models, and in particular to the Lehman’s laws from which they were 
derived. 
 

System Full Pattern Simplified Pattern 
Arla ?    /  /    ?  ∩ – /  /  / ?  – / ?        –  – / 

Ganymede ?  – /  – / 
Ghemical – ? – 

Gist ? /   / ?   
Gwydion ? /  /  – ?  –  

Lcrzo / – ∪   /   /  /     \  / / –        \   / 
Sip ?  /   –?   – 

Table 1 – Qualitative trends extracted from growth data for several OS 
systems 

In any process simulation attempt, it is important to determine the boundary between the 
system to be modelled and the rest of the world. Given that some OS systems are almost 
literally evolved by the world, process modelling would appear to be an almost impossible 
task. However, rather surprisingly, in spite of this and other differences between OS and 
proprietary software evolution which are discussed in the full paper, initial results suggest that 
the simulation models we have studied and developed so far [Ramil & Smith 2002] will not 
require fundamental changes in their structure. On the contrary, OS systems appear to display 
some of the behaviours predicted by the models and not found in the proprietary systems 
previously studied. The qualitative models we have studied so far represent the process at a 
very high level of abstraction and reflect only a few attributes: functional size, effort applied 
and productivity. One of our previous modelling assumptions, the application of constant 
effort for evolution, may have to be changed, just simply because OS systems can receive 
input from an almost unlimited pool of contributors. In this work we are addressing how to 
measure the level of effort applied by using files touched as a surrogate for effort. 
 
Further Work 
In other to address the set of research questions indicated at the beginning of this extended 
abstract, we need to test the simulation models which consider software ageing effects and the 
possible impact of refactoring and restructuring work. In order to so we need some measure 
of both the complexity of the software and the amount of work applied to control such 
complexity. Classifying evolution activity into types is not a trivial issue. In particular, we 
would like to identify the portions of the code which have been subject to restructuring and 
refactoring [Fowler 1999]. At the total system level, we can use structural analysis techniques 
[Capiluppi et al 2004] and study the patterns of the evolution of the architecture, in search for 
clean-up and restructuring events. At the module level, we believe that we can make use of 
techniques for the identification of modules which would benefit from refactoring. In 
principle one would wish to examine the code directly [Fowler 1999] but given the size of 
some of the systems, this is not feasible, so one will have to use indirect approaches, such as 
those which are metrics-based2. 
 
Final Remarks 
Given the availability of raw data in the form of code repositories, for example, for the study 
of OS evolution, the authors are confident that they will be able to pursue the questions 
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indicated in the introductory section to an extent which has not been possible in the study of 
proprietary systems. The authors wish to participate in the ProSim 2004 workshop in order to 
reporting on the status of their investigation into the evolution of OS systems, its impact on 
previous findings in this topic and also discuss with the process simulation community how 
several measurement, analysis and simulation issues – described in the full paper – mentioned 
above can be successfully addressed. One of the long term goals of this line of study is to 
better understand the OS evolution phenomenon and, in particular, to determine what are the 
main characteristics of the evolution dynamics of OS software, in its various modalities, how 
they differ from those observed in conventional proprietary software and how the findings 
can, in general, contribute towards extending and refining the body of knowledge about the 
software evolution phenomenon. 
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