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Background

The continuous Change Requests and the 
stringent time-to-market force developers to 

release immature products, putting aside best 
practices to decrease the delivery time 




Code Smells

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

evolution activities



State-of-the-art
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Java is not the most 
used programming 

language nowadays!
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Developers tend to use flexible programming 
languages to combine multiple paradigms 

Programming languages like Python can be easily 
used to build Artificial Intelligence-Enabled Systems

The core of most Artificial Intelligence-Enabled 
Systems (e.g., ChatGPT) is written in Python!



State-of-the-Art



Limitations

Previous work focused only on  
Traditional Systems!

Previous work did not consider AI-Enabled 
Systems from an evolutionary standpoint!



PySmell



PySmell

Complex Class 

Long Parameter List

Long Method

Long Message Chain

Long Scope Chain

Long Base Class List

Unless Exception Handling

Long Lambda Function

Complex List Comprehension 

Long Element Chain

Long Ternary Conditional 
Expression



Complex List Comprehension

numbers_str = ["24", "15", "21", "27", "35", "40", "45", "50", "121", "363"] 
filtered_numbers = [int(num) ** 2 for num in numbers_str if (int(num) % 3 == 0  and len(num) >= 2 and "5" not in num 
and str(int(num) ** 2) == str(int(num) ** 2)[::-1])] 



Complex List Comprehension

numbers_str = ["24", "15", "21", "27", "35", "40", "45", "50", "121", "363"] 
filtered_numbers = [int(num) ** 2 for num in numbers_str if (int(num) % 3 == 0  and len(num) >= 2 and "5" not in num 
and str(int(num) ** 2) == str(int(num) ** 2)[::-1])] 

Refactoring Strategy
numbers_str = ["24", "15", "21", "27", "35", "40", "45", "50", "121", "363"] 
filtered_numbers = [] 
for num in numbers_str:  
       num_int = int(num) 
       if num_int % 3 == 0: 
           if len(num) >= 2: 
                if "5" not in num:  
                     square = num_int ** 2 
                     if str(square) == str(square)[::-1]:  
                        filtered_numbers.append(square) 



Goal

We aim to investigate the diffusion of Code 
Smells in AI-enabled Systems over time and the 

activities performed by developers that can 
induce Code Smell proliferation
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Sub-Research Questions

What is the frequency of  
Code Smells in AI-Enabled Systems?

What is the density of  
Code Smells in AI-Enabled Systems?

What is the survival of  
Code Smells in AI-Enabled Systems?
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How we identified the smell introduction

Release 1 Release 2 Release NRelease 3

We calculated the number of smells for each 
release for all the projects

We marked the release Ri+1 as “Increase” if the 
difference in terms of the number of smells 

between the release Ri+1 and Ri is greater than 0 



Research Process

Answer 
RQ1

NICHE PyDriller

Code Smells 
Diffusion

Random 
Sampling

Activities that 
arise Code 

Smells

Releases

PySmell

Analyze 
Commit 
Message

We automatically analyzed the commit 
messages and labeled them into 4 categories
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Labels commit messages

Label

Bug FixingEvolutionary 
Activity Refactoring Other

We removed the commits labeled as “Other”

If a commit message referred to more than one 
operation, we labeled it with multiple labels 

(e.g., Bug Fixing and Evolutionary Activity)



Research Process

Answer 
RQ1

NICHE

Answer 
RQ2

PyDriller

Code Smells 
Diffusion

Random 
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1.465Code Smells related to Object-Oriented 
programming languages (e.g., complex class) are 

never detected

The most two frequent smells are related to 
syntactic contractions to reduce the lines of codeThe results partially confirm previous work



Co-occurrence of Design Patterns and Code Smells

80%
Of the projects were affected at least once by a 

Complex List Comprehension 



Co-occurrence of Design Patterns and Code Smells

On the density of Code Smells in 
AI-Enabled Systems



Co-occurrence of Design Patterns and Code SmellsOn the density of Code Smells

We observed that the 
density of Code 
Smells does not 
follow a specific 
trend of increase/
decrease over time

Code Smell density for the project MindMeld



We observed that the 
density of Code 
smells does not 
follow a specific 
trend of increase/
decrease over time

Code Smell density for the project MindMeld

Co-occurrence of Design Patterns and Code SmellsOn the density of Code Smells

The presence and removal appear to be 
influenced by external factors
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Co-occurrence of Design Patterns and Code SmellsOn the survival of Code Smells

In some cases, we find 
code smells survived for 
a time period of 6 years!

 Survival of Complex List Comprehension

Complex List Comprehension is not only the most 
frequent but also one of the longest-lived



Co-occurrence of Design Patterns and Code Smells

On the activities that led developers to 
introduce Code Smells in 

AI-Enabled Systems
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Co-occurrence of Design Patterns and Code Smells

70%
of Code Smells has been introduced due to 

Evolutionary Activities 

In most cases the introduction of code smells is 
due to merge operations
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The practices used by 
Python developers to 

build AI-Enabled 
Systems combined with 
the best practices used 
to write Python code can 
arise the proliferation of 
specific Code Smells


Developers should 
adopt quality assurance 

tools for monitoring 
code quality attributes  
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Co-occurrence of Design Patterns and Code Smells
Summing up

Complex List Comprehension is the most 
frequent and longest-lived smell


Future Work

Assess our results  
increasing the number of projects

Analyze the developers’ perception on Python 
specific Code Smells

The Code Smells trend seems to be project-
dependent


We analyzed 10,600 releases  
of 200 AI-Enabled Systems
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