
Analysis of Coupling Evolution on 
Open Source Systems

Bruno L. Sousa (DCC - UFMG)
Mariza A. S. Bigonha (DCC - UFMG)
Kecia A. M. Ferreira (DECOM - CEFET-MG)

XIII Brazilian Symposium on Software Components, Architectures, and Reuse



XIII Brazilian Symposium on Software Components, Architectures, and Reuse 2

Introduction

Complexity Quality
Software 
Evolution



XIII Brazilian Symposium on Software Components, Architectures, and Reuse 3

Coupling
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Investigate how the internal structure and quality of 
Java software systems evolve in the aspect of coupling

Goal
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Research Questions
RQ1: How does coupling evolve in open source Java software 
systems? 

RQ1.1: What kind of model better represents the coupling 
growth pattern in open source Java software systems?

RQ1.3: What is the percentage of classes contained in the 
software that directly interfere in the coupling growth/decrease?

RQ1.2: How does the relation between fan-in and fan-out behave 
throughout the evolution in open source Java software systems? 
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Comets Dataset

[COUTO et al.]
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Behavior Analysis

Global Measure

SUM

Data Normalization Data Modeling Error Modeling Models Evaluation
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Linear Regression

Evaluated Models
❏ Linear
❏ Quadratic
❏ Cubic
❏ Logarithmic

12

Behavior Analysis
Data Normalization Data Modeling Error Modeling Models Evaluation
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Autocorrelation Treatment

Durbin-Watson test

Autoregression

13

Behavior Analysis
Data Normalization Data Modeling Error Modeling Models Evaluation
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Behavior Analysis

Metric

Adjusted R²

Statistical significance checking

Wilcoxon signed-rank test

Data Normalization Data Modeling Error Modeling Models Evaluation
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Trend Analysis

Removal of -1 values

Removal of ghost classes

Time series Reorganization Application of Trend 
Tests Trend Identification Trend Type 

Assessment
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Trend Analysis

Mann-Kendall

Cox-Stuart

Wald-Wolfowitz

Time series Reorganization Application of Trend 
Tests Trend Identification Trend Type 
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Trend Analysis
Time series Reorganization Application of Trend 

Tests Trend Identification Trend Type 
Assessment

Reorganize the 
time series

Apply trend 
statistical tests

Identify doubtful 
cases

Analyze the existence 
of autocorrelation

Is there 
autocorrelation?

Apply Mann-Kendall
with Block Bootstrap

YESAnalyze the trend 
tests results

Apply the trend 
criteria

NO
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Trend Analysis
Time series Reorganization Application of Trend 

Tests Trend Identification Trend Type 
Assessment

Upward Trend

Downward Trend

Undefined Trend
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RESULTS
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RQ1.1. What kind of model better represents the coupling 
growth pattern in open source Java software systems?
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Coupling Evolution in System Level
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Coupling Evolution in System Level
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Coupling Evolution in System Level
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RQ1.2. How does the relation between fan-in and fan-out 
behave throughout the evolution in open source Java 
software systems?
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Evolution of Fan-in/Fan-out Relation
Concepts

Necessary Coupling Unnecessary Coupling
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Evolution of Fan-in/Fan-out Relation
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RQ1.3. What is the percentage of classes contained in 
the software that directly interfere in the coupling 
growth/decrease?
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Coupling Growth/Decrease Analysis
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Coupling Growth/Decrease Analysis

fan-in fan-out

fan-in fan-out

fan-in fan-out

fan-in fan-out

Case i

Case ii

Case iii

Case iv

Legend
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RQ1. How does coupling evolve in open source Java 
software systems?
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Coupling Properties

3. Unnecessary coupling is greater than necessary coupling

1. Growth pattern modeled by a cubic function

2. Increasing complexity and declining quality are applied

4. Complexity is introduced into the first software version

5. A small group of classes influences the coupling

6. Legacy classes mainly contribute to the coupling evolution

7. The evolution of fan-in and fan-out are not associated
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Conclusion
❏ Focus: Investigate the evolution of software internal structure and quality 

based on coupling aspect.

❏ Contributions

❏ Coupling evolution pattern in Java systems
❏ Coupling evolution properties
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Future Work
❏ Define a global model to predict coupling evolution

❏ Replicate this study for other software aspects and metrics

❏ Investigate the metrics evolution in other systems domains

❏ Propose a large time series dataset
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