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e Desafios na Qualidade de Software# «ssman 2010
o Manutenibilidade e Legibilidade (vartin. 2008).
= Desafios da Refatoracao (Fowler 2018)
e Manter a integridade da aplicacao
e Métodos longos e complexos

o Ferramentas de Analise Estatica
= SonarQube, Pylint, Flakes etc ...
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e Surgimento dos Modelos de Linguagem de Grande Escala(LLMs)
o O que sao LLMs?

» Modelos treinados em grandes volumes de texto e codigo
» Capazes de compreender e gerar linguagem natural e programacao

o ChatGPT, Copilot Chat (OpenAl/Microsoft)
o Gemini (Google), LLaMA (Meta), Mistral, DeepSeek
o Impacto na Engenharia de Software

e Estudos Recentes

o Muitos estudos em geracao e explicacao de codigo
o Poucos estudos sobre refatoracao

o Existencia de lacunas
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Objetivos

Esta pesquisa tem como objetivo investigar, por meio de um

estudo empirico, a eficacia dos Modelos de Linguagem de Grande
Escala (LLMs) na refatoracdo de cddigo Python, com foco na
correcao de problemas de manutenibilidade identificados em
cenarios reais de desenvolvimento.




Objetivos - Questoes de Pesquisa ¢/

RQI - Até que ponto os LLMs séo eficazes na refatoracédo
de cédigos Python com problemas de manutenibilidade?
) RQ2 - Quais tipos de erros os LLMs cometem com mais
( @ frequéncia ao tentar refatorar cédigos Python com
problemas de manutenibilidade?
RQ3 - Até que ponto os desenvolvedores consideram as
solucodes refatoradas pelas LLMs mais legiveis?
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Metologia

e Abordagem Quantitativa e Qualitativa
o Correcao de Problemas de Manutenibilidade
o Refatoracao de Métodos Python
e Ferramentas
o SonarQube
> VsCode, Pytest, Tox
e LLMsS
o Copilot Chat (40)
o Llama 3.3 70B Instruct
o DeepSeek V3
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Testabilidade

Aleatoriedade

Testabilidade

Variabilidade
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Tabela 3.3: Quantidade de Problema por Projetos Tabela 3.4: Numero de Problemas Identificados por Regra e Projetos

PROJETO QUANT. DE PROBLEMAS SIGLA | REGRAS PROBLEMAS | RECORRENCIA
anngo 1.101 PROJETOS
DJangc:—Rest 144 CCM Cognitive Complexity of functions should not 30 10
Fastapi 152 be too high
g[eltliliﬁxy 53367 FMP Functions, methods and lambdas should not 12 6
Ri(?h 140 have too many parameters
FNC Function names should comply with a naming 9 d
Scrapy 240 .
Sqlalchemy 1670 convention
B(CI Boolean checks should not be inverted 7 4
Pandas 2.735 . . .
p SLD String literals should not be duplicated 13 7
oetry 108 : :
LVN Local variable and function parameter names 6 D
Total de Problemas 7.583 . . :
should comply with a naming convention
UFP Unused function parameters should be remo- 13
ved
MIS Mergeable "if’statements should be combined 16 8
ULV Unused local variables should be removed 14 8
SES 'startswith’ or ’endswith’ methods should be 5 D
used instead of string slicing in condition ex-
pressions
BSV Two branches in a conditional structure 11 D
should not have exactly the same implemen-
tation
TUT Track uses of "TODO"tags 14 7
Total 150
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Zero-shot

Few-shot: Treinamento

You are a software engineer specialized in code refactoring to improve

maintainability, readability, and quality. I ........................................................................................ o
n this class, the method 'def

Your goal is to identify and fix maintainability issues in Python code, following best g

software engineering practices. to_internal value

The main metric to consider is the cognitive complexity of functions, as defined by K . .

the 83776 rule of SonarQube: (self, value):' has the following issue

"The cognitive complexity of functions should not be too high." 'Cognitive Comp]exity of functions

To help you understand the desired refactoring pattern, I will provide examples of - 1

code that violate this rule and their respective refactorings. should not be too hlgh . Can you

After that, I will provide you with a piece of code with issues, and you should ide Iltify and /le it? :

refactor it fOllOWing the same principles. feeeteeeeeeeeeeeeeneeneueeteetnetnn e eaean ettt taeantetntatanaaeeeetaannaeaeeetnntnean e tentaneenetentenetetnetntnntnnenns :

Ex: 1, Ex: 2, Ex: 3, and Ex: 4

Now that you have seen examples of refactoring, identify and fix the
code below to improve its maintainability and readability by issues,
keeping the original behavior, without adding new features. Analyze
the def inserted_primary_key_rows(self): method, which presents
Few - Shot: SOlicitagﬁo the issue 'String literals should not be duplicated' Your task is to
identify and fix this problem by following good programming
practices.

Use only the provided code as a reference, without making
assumptions or adding nonexistent details.




Metologia - Interagdo com LLMs 11/21

Copilot Chat 40 DeepSeek V3

Hi, I'm DeepSeek.

' g How can | help you today?
In this class, the method '_get_all_referenced_sources' has the following issue

‘Cognitive Complexity of Functions should not be too high'. Can you identify B 8 GPTdo~ B
and /Fix it?

el el -l Close v
a Used 1 reference

To reduce the cognitive complexity of the @ _get_all_referenced_sources method, you can
refactor it by extracting some of the nested logic into a separate helper method.

K3 DeepThink (R1) @ Search

@ 8 GPT4o-~

www.huggingface.co

# split(",") which throws in an empty string
if value is not None:

Llama 303 7OB value.discard(™)

return value

return process
In this class, the method ' get all referenced sources' has the following issue 'Cognitive Complexity of functions
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Categorias de Resultados

o Resolvidos

> Nao Resolvidos

> Erros de Execucéao
o Erros de Testes

> Degradados

> Nao sugeridos




Resultados Preliminares

RQ1 - Até que ponto as
LLMs sao eficazes na
correcao de problemas de
manutenibilidade em
codigos Python?

Resultados Gerais

B NotFixed [J] Fixed

100,00%

65,33% 46,67%

73,00%

30,00%

253,00%

Porcentagem
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" DeepSeek Zero-Shot

Copilot Zero-Shot
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Lhama Few-Shot

v DeepSeek Zero-Shoi «r

Q2 - Quais tipos de erros as
LLMs cometem com mais
frequéncia ao tentar corrigir
problemas de
manutenibilidade em cédig

DeepSeek Few-Shot -

51,33% ; 34,67% ; 53,33% ) Mnux/'
Not Fixed S~—T57% S~——7567% S~——700% 7335 ~—s33% ~—00%
Degraded 1,33% 2,00% 1,33% 0,67% 2,00% 1,33%
Execution efror 36,67% 25,33% 39,33% 32,00% 28,67% 26,67%
Test error 4,67% 6,67% 16,67% 10,67% 6,00% 6,00%
No suggestion 1,33% 0,00% 0,00% 0,00% 0,00% 0,00%
100,00% 100,00% 100,00% 100,00% 100,00% 100,00%




Resultados Preliminares

2 - Quais tipos de erros as
LLMs cometem com mais
frequéncia ao tentar corrigir
problemas de
manutenibilidade em cédigo

Semaﬂ}tgﬁ_ Erros e Syntax Error

50,00% B Semantic Erros

42,00% B Syntax Error

40,00% 36,6 7%
3267% 32,00%

29.33%
30,00%

20,00%

Porcentagem

10,00% 4 67%

2 00% l,33% 1,33% 0,67%
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Copilot Chat Copilot Chat Lhama 3.3 Lhama 3.2 DeepSeek DeepSeek
Zero-shot Few-Shot Zero-shot Few-Shot V3 W3

Zero-Shot Zero-Shot

Types of Errors




Discussao: Exemplo de Sucesso - EX. 01

Original

(def Llookup field(name, obj, model admin=None): N

opts = obj. meta
try:

name)

oreignKeyColumnName) :

e value 1s elither a method,
via a callable.

f = get non gfk field(opt
except (FieldDoesNotExist, Field

# For non-regular field values,
# property, related field, or retu
1Tt callable(name):

attr = name

value = attr(obj)
elif hasattr(model admin, name) and name /= "

attr = getattr(model admin, name)
value = attr(obj)
else:
sentinel = object() 3776 E CCF
attr = getattr(obj, name, sentinel)

1f callable(attr):
value = attr()
else:
1f attr is sentinel:
attr = obj
for part in name.split(LOOKUP SEP):
attr = getattr(attr, part, sentinel)
if attr is sentinel:
return None, None, None
value = attr
if hasattr(model admin, "model") and hasattr(model admin.model, name)
attr = getattr(model admin.model, name)
T = None
else:
attr = None
value = getattr(obj, name)

return ¥, attr, value
,
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. Refatorado

def lookup field(name, obj, model admin=None):
opts = obj. meta
try:
f = get non gfk field(opts, name)
except (FieldDoesNotExist, FieldIsAForeignKeyColumnName) :
return handle non reqular field(name, obj, model admin)
else:
attr = None
value = getattr(obj, name)
return f, attr, value

~

>:Ef handle non regular field(name, obj, model admin):
if callable(name):
attr = name
value = attr(obj)
elif hasattr(model admin, name) and name != "
attr = getattr(model admin, name)
value = attr(obj)

else:
attr, value = get attr value(name, obj)

str ":

if hasattr(model admin, "model") and hasattr(model admin.model, name):

attr = getattr(model admin.model, name)
\_ return None, attr, value -/
fﬁ&ef get attr value(name, obj): <‘\
sentinel = object()
attr = getattr(obj, name, sentinel)
if callable(attr):
value = attr()
else:
if attr is sentinel:
attr = obj
for part in name.split(LOOKUP SEP):
attr = getattr(attr, part, sentinel)
if attr is sentinel:
return None, None
value = attr
\¥7 return attr, value 44)




~ Discussao: Exemplo de Sucesso - Ex. 02
Original 17/21

def get context data(self, **kwargs):

view = self.kwargs["view"]
view func = self. get view func(view)
1f view func 1s None:

raise Httpdod

title, body, metadata = utils.parse docstring(view func. doc )

§ (

title = title and Utils.parse rst(title, "view", ("view:") + View)
body = body and utils.parse rst(body, "view", ("viegf:") + view) f d
~ for Kkey 1n metadata:
metadata[key] = utils.parse rst(metadatalkeyf, "model”, ("view:") + view) Re atora O
return super().get context data(
¥k I [IEW PREFIX = ("view:") :)
**kwargs,

def get context data(self, **kwargs):
view = self.kwargs["view"]
view func = self. get view func(view)
1f view func is None:
raise Httpdod
title, body, metadata = utils.parse docstring(view func. doc )
title = title and utils.parse rst(title, "view", self.VIEW PREFIX + view)
body = body and utils.parse rst(body, "view", self.VIEW PREFIX + view)
for key in metadata:
metadata[key] = utils.parse rst(metadatal[key], "model", self.VIEW PREFIX + view)
return super().get context data(
Fok f
**Kkwargs,
"name": view,
"summary": title,
"body": body,
"meta": metadata,
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"name": view,
"summary": title,
"body": body,

"meta": metadata,
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Original Ex. 01 8117 - L

def dump stacks(signal=None, frame=None, f%iiizgg;fzgguil.
id2name = {th.ident: th.name for th_jnH 1ng.enumerate()}

— [
4 for threadldmrrent_frames{ ).items():
""), threadId))

code.append("\n# Thread: %s(%d)" % (id2name.get(threadId,
for filename, lineno, name, line in traceback.extract stack(stack):

code.append('File: "%s", line %d, in %s' % (filename, lineno, name))
if line: o :]E:){; ‘:’:!
code.append(" %s" % (line.strip())) # QFIQIHSE
( print("\n".join(code), file=file) )
1T 05.gecenv( MITMPROXY DEBUG EXIT"): # pragma: no cover ( def EEﬁEarE auth{seﬁ ' aut
sys.exit(1) T c

# Refatorado por LLM
efatorado def prepare auth(self, auth):

"""Prepares the given HTTP auth data."""

def Qmp stacks(signal parameter=None, frame parameter=None, output file=sys.stdout): ‘I

ead id to name = {thread.ident: thread.name for thread in threading.enumerate{}}:) l
T []
for thread id, stack in sys. current frames().items():
stack code lines.append("\n# Thread: %s(%d)" % (thread id to name.get(thread id, ""), thread id))
for filename, line number, function name, line in traceback.extract stack(stack):
stack code lines.append('File: "%s", line %d, in %s' % (filename, Lline number, function name))

if line:
10

stack code lines.append(" %s" % (line.strip()))

( print("\n".join(stack code lines), file=fil
1T os.getenv(™™ . pragma:
sys.exitilﬂ
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o AlOmar et al. (2024) - ( Refatoracao de Codigo)
o Refatoracao de coédigo
o Somente 2,3% confiaram totalmente nos modelos
o Diversidade de interacoes
e Bo et al. (2024) - ( Refatoracao de codigo )
o Gemine(56,2%), GPT(63,6%) , Copilot Chat(53,67%), Llama 3.1(35,33%)
e Nunes et al (2025) - ( Refatoracao de Codigo )
o Java
o Avaliacdo com Humanos - 68,63% (melhorias)
o Resultados
= Jlama (few-shot) = 44,9%
= Copilot Chat (zero-shot) = 32,9%
= Llama (zero-shot) =30%
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» Potencial das LLMs
o Potencial promissor na refatoracao de codigo
codigo Python, com problemas de manutenibilidade
e Limitacoes
o Introducao de erros e novos problemas de manutenibilidade
o Necessidade de supervisao humana
e Contribui¢coes Parciais
o Contribuicoes relevante para Engenharia de Software
o Catalogo de exemplos de alucinacoes com analises detalhadas o

o Casos de sucesso ilustrando melhorias na qualidade do codigo. A I




Conclusao 21/21

e Limitacoes e Ameacas
o Numero de instancias

o Numero de regras

o Numero de linguagens de programacao

o Execucao por um unico pesquisador
e Trabalhos Futuros
o Ampliacao do conjunto de LLMs

o Ampliar o numero de Instancias

o Avaliar e catalogar as técnicas de refatoracao

o Estudo com Humanos ( Legibilidade )
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