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Reusability Mechanisms are essential during Software 
Evolution and Maintenance!



Design Patterns

Reusable solutions for common problems 
that arise during the design and 

development of software



Code Smells

A symptom of poor design that can lead 
to increased effort during maintenance 

and evolution activities
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Most of previous work investigated on the relationship 
between Design Patterns and Code Quality without taking 

into account Code Smells!
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Two medium projects have been analyzed from an evolutionary standpoint

The authors consider 7 kinds of code smells principally related to Coupling

, 

The ratio between the relative number of Smells in classes participating in Design Patterns 
and the relative number of Smells in other classes is approximately the same
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Limitations

No investigation on the relationship between 
Design Patterns and Code Smells that 

impact Understandability and Code 

The paper considers only two 
medium size projects



Why is it important?

Design Patterns are commonly used facilitate the 
Maintenance of source code 

 
For this reason, it is essential to understand the possibile 
relationship with specific Code Smells that can impact 

the Understandability and Code Comprehension



Goal

Investigating whether and how Design 
Patterns instances are related to the 

emergence of Code Smells instances that 
impact Understandability and 

Code Comprehension




How do we assessed our goal?

We conducted a large empirical investigation by 
considering over 540 releases of 15 projects, on 

the relationship between 
Design Patterns and Code Smells 
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What are the co-occurrences in terms of classes
between Design Patterns and Code Smells?

To what extent does the presence of Design 

Patterns affect Code Smells?
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GitHub Source 
Code

Research Process

We selected projects with at least one Design Pattern and 
based on the popularity in terms of number of stars

We mined 15 popular Java projects



GitHub Source 
Code RepoDriller Releases

Research Process



GitHub Source 
Code RepoDriller Releases

Research Process

We used as experimental objects over 540 releases
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Research Process

We set up Decor to extract Smells that impact 
Understandability and Code Comprehension i.e., 
Complex Class, God Class, and Spaghetti Code 
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Code RepoDriller ReleasesReleases

Decor

D.P. 
Detector

Research Process

We considered all the Design Patterns detectable with the

 tool of Tsantalis et al.

Due to the constraints of the tool, we selected only projects 
buildable without errors
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Adapter/Command

Bridge

Singleton

Template Method

Proxy

State/Strategy

Decorator

Factory Method

Component

Observer

Due to the identical UML, the tool is not able to detect 
differences between “Adapter” and “Command” 

and “State” and “Strategy”
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We calculate the frequency of classes that participate to 
design patterns and simultaneity are affected 

by code smells

We normalize the data using MIN-MAX and then 
plot the results

We calculate the frequency of classes that participate to 
Design Patterns and simultaneity are affected 

by Code Smells
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GitHub Source 
Code

Source 
Code RepoDriller ReleasesReleases

Decor

D.P. 
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Data 
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Co-occurrence 
DP and CS

Answer 
RQ1

Statistical 
Model

Answer 
RQ2

To assess the results of the RQ2, we use the 
Generalized Linear Model
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Control 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Variables of our model

A positive coefficient indicates a positive correlation 
between the independent variables and the  

dependent variable
A negative coefficient indicates a negative correlation 

between the independent variables and the 
dependent variable
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54% 
projects contain instances 
of classes that participate in  

Design Patterns 
and simultaneously 

are affected by Code Smells
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In all projects where exists a  
co-occurrence between Design Patterns 

and Code Smells, the classes implementing 
State/Strategy are affected by God Class

In 8 projects the Design Pattern 
State/Strategy was also affected by 

Spaghetti Code, while in other 4 projects 
Complex Class was identified 

Results might be due to State/Strategy implementing 
several responsibilities
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Co-occurrence of Design Patterns and Code Smells

60% 
of projects are characterized by a statistical 
correlation between Design Patterns and  

Code Smells
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Adapter/Command

God Class

Bridge

Component

Singleton

Factory Method

Template Method

State/Strategy

Observer

Proxy

Decorator

+ Low Positive Statistical Correlation 
++ Medium Positive Statistical Correlation  
+++ Strong Positive Statistical Correlation
- Low Negative Statistical Correlation 
- - Medium Negative Statistical Correlation  
- - - Strong Negative Statistical Correlation

+ + +
+ + +
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- -

-
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+ + +

Although the findings of the RQ1 show the co-occurrences 
between several Design Patterns and the Complex Class, 

the results indicate that there is no correlation 



Co-occurrence of Design Patterns and Code Smells

The presence of Design Patterns does not 
necessarily guarantee a high quality, as they 

might be correlated with Code Smells



An abuse or misuse of Design Patterns can 
lead to an increase the Code Complexity 
and a decrease of Code Comprehension
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Co-occurrence of Design Patterns and Code Smells
Future Work

Extend the dataset

Summing up

We analyzed over 540 releases of 

15 Java projects

Out of 10 Design Patterns analyzed, 7 showed 
a positive correlation with the presence of at 

least one Code Smell


Classes participating in Design Patterns are 
often affected by Code Smells themselves 


Understand how developers implemented Design 
Patterns to evaluate the correctness

Understand the developers’ perspective on 
the impact of Design Pattern on Code Smells
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