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It all begun with Parnas!
Modularity and its benefits

Independent development


Independent maintenance


Independent understanding

David L. Parnas. On the criteria to be used in  
decomposing systems into modules (CACM 1972).



“In this context module is 
considered to be a  

responsibility assignment  
rather than a  

sub-program”
David L. Parnas



In this context module is 
considered to be a  

task (implement, fix, improve…) 
rather than a  

class, package, component…



It all begun with 
Parnas… but was  

popularized by 
language designers!

Premkumar Devanbu, Bob Balzer, Don Batory, Gregor 
Kiczales, John Launchbury, David Parnas, Peri Tarr. 
Modularity in the New MiHenium: A Panel Summary 
(ICSE 2003).



A modular system is... 
(code modularity view)

• split into separate 

• code units

• language elements 

• modules

• with well defined 
interfaces http://docs.google.com/Doc?docid=0Aeq-cxjLYT32ZGRicGpuYl8zM3d0cDI0NmRr&hl=en

http://docs.google.com/Doc?docid=0Aeq-cxjLYT32ZGRicGpuYl8zM3d0cDI0NmRr&hl=en


A modular system is... 
(work modularity view)

• developed by separate

•  work assignments

•  design elements

•  modules 

• with well defined 
interfaces

http://static-c.frankwatching.com/wp-content/uploads/2010/12/
SNS-Reaal-Scrum-board.jpg

http://static-c.frankwatching.com/wp-content/uploads/2010/12/SNS-Reaal-Scrum-board.jpg
http://static-c.frankwatching.com/wp-content/uploads/2010/12/SNS-Reaal-Scrum-board.jpg


A modular system is...

• split into separate 

• code units

• language elements 

• modules

• with well defined 
interfaces

• developed by separate

•  work assignments

•  design elements

•  modules 

• with well defined 
interfaces

new (old) 
vision



We should go beyond the more 
restricted, and dominant, code 

modularity vision  



Collaborative software 
development



Task structure is often derived 
from requirements structure

System requirements specification

NFRs



Tasks are often 
crosscutting



Tasks might involve changing 
classes and components in common



Task structure often does 
not match code structure



Modular development is not always possible, 
no matter the investment in code modularity 



Good code modularity 
is a relative concept



Code modularity depends 
on what you intend to 
independently develop, 

maintain, and understand!



Depends on what more 
likely changes or varies!



Different tasks (evolution, 
integration,  customization) 

are favored by different 
modular designs 

Fernanda d’Amorim and Paulo Borba. Modularity analysis of 
use case implementations (JSS 2012). 

Fernanda d’Amorim, Paulo Borba. Modularity Analysis of Use 
Case Implementations (SBCARS 2010).



The limits of code modularity: different 
modular structures  for different artifacts

System requirements specification

NFRs



Modularity

Independent development, 
maintenance and

understanding

Objects
…

Components
Architecture



Modularity

Independent development, 
maintenance and

understanding

Objects
…

Components
Architecture

Reuse



This is not an issue to be solved 
only by language mechanisms

conjectureJames Herbsleb, http://aosd.net/2011/files/keynotes/Herbsleb-AOSD-2011-v1-dist.pdf

language 
modularity

http://aosd.net/2011/files/keynotes/Herbsleb-AOSD-2011-v1-dist.pdf


Accept the limits of 
language and pattern 

modularity 



Modularity

Independent development, 
maintenance and

understanding

Objects
…

Components
Architecture

Reuse

?



Modularity

Independent development, 
maintenance and

understanding

Objects
…

Components
Architecture

Reuse

Fluid, negotiable, emergent 
interfaces



Task, non language, modularity

Tools enable modular development, 
understanding, and maintenance by 

supporting task scheduling and 
independent task realization



Task scheduling

schedule tasks so that 
collaboration conflicts can be 

avoided



Cassandra: optimized task scheduling, 
for experienced developers

Bakhtiar Khan Kasi and Anita Sarma. Cassandra: Proactive conflict minimization through optimized task scheduling (ICSE 2013).



Taiti: scenarios and tests, in BDD 
contexts

scenario test code task
interface

Thaís Rocha, Paulo Borba. Using acceptance tests to predict merge conflict risk (ESE 2023).

Thaís Rocha, Paulo Borba, João Santos. Using acceptance tests to predict files changed by programming tasks (JSS 2019).

João Santos, Thaís Rocha, Paulo Borba. Improving the prediction of files changed by programming tasks (SBCARS 2019).



Tasks with non-disjoint TestI interfaces 
more likely modify files in common

They are 2.07 times more likely to change a file in common



Test-first context
&
significant test coverage

Test-based task interfaces as an additional factor 
to consider for scheduling programming tasks 

⟹



Independent task realization

bring context, dependencies 
and risks to the attention of 
developers so they can act 

appropriately



Mylyn: task context, fluid modules, 
but no interfaces

Kersten, M., & Murphy, G. C. (2006). Using task context to improve programmer productivity.



Emergo: feature modules, task 
dependencies and emergent interfaces

Márcio Ribeiro, Paulo Borba, Christian Kästner. Feature Maintenance with Emergent Interfaces (ICSE 2014).

Márcio Ribeiro, Humberto Pacheco, Leopoldo Teixeira, Paulo Borba. Emergent Feature Modularization (Onward! 2010).



Hidden Code (Sorting feature)

Hidden Code (Copy feature)

Claus Brabrand, Márcio Ribeiro, Társis Toledo, Paulo Borba (2012). Intraprocedural Dataflow Analysis for Software 
Product Lines (AOSD 2012). 

Eric Bodden, Társis Toledo, Márcio Ribeiro, Claus Brabrand, Paulo Borba, Mira Mezini. SPLlift: Transparent and Efficient 
Reuse of IFDS-based Static Program Analyses for Software Product Lines (PLDI 2013).



A significant (3x) decrease in 
code-change effort (time) by 

emergent interfaces, when faced 
with interprocedural dependencies



A reduction in errors made 
during code-change tasks when 

using emergent interfaces



Visualizing dependencies and interfaces for 
code contributions 



Inferring, negotiating  
and managing interfaces

authenticate()

passwords
logins

Authentication

encrypt()
decrypt()

keys
Encryption

feature F in encrypt() being changed by Blue. 
Interface changes: x != null

encrypt() being changed by Blue. 
Interface changes: new parameter y

freeze
 interface

request previous
 interface

propose
 interface

don’t
care

you are changing encrypt()  interface,
impacts interface items: x != null

hide non task
elements

infer and
changes task

interfaces

your commit possibly conflicts
with Blue’s commit



Modularity

Independent development, 
maintenance and

understanding

Objects
…

Components
Architecture

Reuse

Interference detection tools



Task, non language, modularity

Tools enable modular development 
and maintenance by supporting the 

integration of task results



  class Text {
    public String text;
    …
    void cleanText() {
      removeComments(); 
    } 
  }

  class Text {
    public String text;
    …
    void cleanText() {
      removeComments();
      removeDuplicateWords(); 
    } 
  }

  class Text {
    public String text;
    …
    void cleanText() {
      normalizeWhitespace();
      removeComments();
    } 
  }

  class Text {
    public String text;
    …
    void cleanText() {
      normalizeWhitespace();
      removeComments();      
      removeDuplicateWords();
    } 
  }

merge



  class Text {
    public String text;
    …
    void cleanText() {
      normalizeWhitespace();
      removeComments();      
      removeDuplicateWords();
    } 
  }

Text t = new Text();
t.text = "the␣the␣␣dog";
t.cleanText();
assertTrue(t.noDuplicateWhiteSpace());

resulting text has 
no duplicate  
whitespace

resulting text has 
no duplicate  words

FAILS!



Feature interaction is a 
particular case of this problem

#ifdef NewFeature
 x++;
 …

#endif
…
#ifdef AnotherNewFeature
 x--;
 …

#endif
print(x); testing or 

production issues!



Detecting interference 
with static analysis

Galileu Santos de Jesus, Paulo Borba, Rodrigo Bonifácio, Matheus Barbosa de Oliveira. Detecting 
Semantic Conflicts using Static Analysis (arXiv 2024).


Roberto Souto Maior de Barros Filho and Paulo Borba. Using Information Flow to estimate interference 
between developers same method contributions  (arXiv 2024).


Matheus Barbosa, Paulo Borba, Rodrigo Bonifacio, Galileu Santos de Jesus. Semantic conflict detection 
with overriding assignment analysis (SBES 2022). 



Analyze only the merged program 
version, annotated with the origin 

of the changes 

  class Text {
    String text;
    …
    void cleanText() {
      normalizeWhitespace();
      removeComments();      
      removeDuplicateWords();
    } 
  }



Detecting data flow between 
developers changes 
  class Text {
    String text;
    …
    void cleanText() {
      normalizeWhitespace();
      removeComments();      
      removeDuplicateWords();
    } 
  }

rd/wr

rd/wr

a path from a 
yellow to a red 

command, or vice-versa, 
indicates interference 

risk 



Detecting overriding assignments 
involving developers changes

  class Text {
    String text;
    int fixes;
    …
    int countFixes() {
      countDupWhitespace();
      countComments();      
      countDupWords();
      return fixes;
    } 
  }

write paths, without 
intermediate assignments, to a 

common target indicates 
interference risk 



Detecting control dependences 
involving developers changes

  class Text {
    String text;
    …
    void cleanText() {
      if (text != null && 
          hasWhitespace()) {
        normalizeWhitespace();      
        removeDuplicateWords();
      }
    } 
  }



Detecting interference 
with testing

Léuson Silva, Paulo Borba, Toni Maciel, Wardah Mahmood, Thorsten Berger, João Moisakis, Aldiberg 
Gomes, Vinícius Leite). Detecting semantic conflicts with unit tests (JSS 2024).


Léuson Silva, Paulo Borba, Wardah Mahmood, Thorsten Berger, João Moisakis. Detecting Semantic 
Conflicts via Automated Behavior Change Detection (ICSME 2020).


Toni Maciel, Paulo Borba, Léuson Silva, Thaís Burity. Explorando a detecção de conflitos semânticos 
nas integrações de código em múltiplos métodos (SBES 2024).



Changed behavior is 
not preserved



  class Text {
    public String text;
    …
    void cleanText() {
      removeComments(); 
    } 
  }

  class Text {
    public String text;
    …
    void cleanText() {
      normalizeWhitespace();
      removeComments();
    } 
  }

  class Text {
    public String text;
    …
    void cleanText() {
      normalizeWhitespace();
      removeComments();      
      removeDuplicateWords();
    } 
  }

Text t = new Text();
t.text = "the!the!!dog";
t.cleanText();
assertTrue(t.noDuplicateWhiteSpace());

✘

Text t = new Text();
t.text = "the!the!!dog";
t.cleanText();
assertTrue(t.noDuplicateWhiteSpace());

✔

Text t = new Text();
t.text = "the!the!!dog";
t.cleanText();
assertTrue(t.noDuplicateWhiteSpace());

✘

Text t = new Text();
t.text = "the!the!!dog";
t.cleanText();
assertTrue(t.noDuplicateWhiteSpace());

✔



Unchanged behavior 
is not preserved



  class Text {
    public String text;
    …
    void cleanText() {
      removeComments(); 
    } 
  }

  class Text {
    public String text;
    …
    void cleanText() {
      removeComments();
      removeDuplicateWords(); 
    } 
  }

  class Text {
    public String text;
    …
    void cleanText() {
      normalizeWhitespace();
      removeComments();
    } 
  }

  class Text {
    public String text;
    …
    void cleanText() {
      normalizeWhitespace();
      removeComments();      
      removeDuplicateWords();
    } 
  }

merge

Text t = new Text();
t.text = "...";
t.cleanText();
assertTrue(...);

✔
Text t = new Text();
t.text = "...";
t.cleanText();
assertTrue(...);

✔

Text t = new Text();
t.text = "...";
t.cleanText();
assertTrue(...);

✔

Text t = new Text();
t.text = ...;
t.cleanText();
assertTrue(...);

✘



Using LLMs to generate unit 
tests for interference detection



Interference detection potential to 
support modularity



Detecting interference 
with dynamic analysis

Amanda Moraes, Paulo Borba, Léuson Da Silva. Semantic conflict detection via dynamic analysis (SBLP 2024).



Modularity

Independent development, 
maintenance and

understanding

Objects
…

Components
Architecture

Reuse

LLMs



LLM’s don’t solve the problem 
unless you assume a context in 

which (human) collaborative 
development is not necessary!



Code generation and reuse timeline

Compilers
Code reuse

repos

GUI based
Programming

Components

Frameworks
 UML e
MDA

 DSLs,
Google,

SO

 bots,
code assistants 

in IDEs

 GitHub 
 Copilot

ChatGPT

4GL,
Code generation



Code reuse and LLMs 

Code Reuse Repos Copilot and Chat GPT

Curated limited repo The repo is the web

Specification based 
structured search

NL based non structured 
search

Functions, components, 
systems

Code snippets and 
combinations



Stack  
overflow 

replacement
Natural language  

coding

Risk

Generator of  
repetitive 

code

(no scientific evidence!)

Creator of APIs, 
abstractions, modular 

structures, etc. 
Interference  

detection
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