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It all begun with Parnas!

Modularity and its benefits

Independent development
Independent maintenance

Independent understanding

Programming R. Morris
Techniques Editor

This paper discusses modularization as a mechanism
for improving the flexibility and comprehensibility of a
system while allowing the shortening of its development
time. The effectiveness of a ‘“‘modularization’ is
dependent upon the criteria used in dividing the system
into modules. A system design problem is presented and
both a conventional and unconventional decomposition
are described. It is shown that the unconventional
decompositions have distinct advantages for the goals
outlined. The criteria used in arriving at the decom-
positions are discussed. The unconventional decomposi-
tion, if implemented with the conventional assumption
that a module consists of one or more subroutines, will
be less efficient in most cases. An alternative approach
to implementation which does not have this effect is
sketched.

Key Words and Phrases: software, modules,
modularity, software engineering, KWIC index,
software design
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On the Criteria To Be
Used in Decomposing

Systems into Modules

D.L. Parnas
Carnegie-Mellon University

Introduction

A lucid statement of the philosophy of modular
programming can be found in a 1970 textbook on the
design of system programs by Gouthier and Pont [I,
910.23], which we quote below:!

A well-defined segmentation of the pro‘aect.eﬂ'orl ensures
system modularity. Each task forms a separate, distinct program
module. At implementation time each module and its inputs and
outputs are well-defined, there is no confusion in the mlcnd'ed
interface with other system modules. At checkout time the in-
tegrity of the module is tested independently; there are few sche-
duling problems in synchronizing the completion of several tasks
before checkout can begin, Finally, the system is maintained in
modular fashion; system errors and deficiencies can be traced to
specific system modules, thus limiting the scope of detailed error
searching.

Usually nothing is said about the criteria to be used
in dividing the system into modules. This paper will
discuss that issue and, by means of examples, suggest
some criteria which can be used in decomposing a
system into modules.

A Brief Status Report

The major advancement in the area of modular
programming has been the development of coding
techniques and assemblers which (1) allow one module
to be written with little knowledge of the code in
another module, and (2) allow modules to be reas-
sembled and replaced without reassembly of the whole
system. This facility is extremely valuable for the
production of large pieces of code, but the systems most
often used as examples of problem systems are highly-
modularized programs and make use of the techniques
mentioned above.

! Reprinted by permission of Prentice-Hall, Englewood
Cliffs, N.J.

Communications December 1972
of Volume 15
the ACM Number 12

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!

Modularity in the New Millenium: A Panel Summary

Premkumar Devanbu, (Panel Chair)
Bob Balzer, Don Batory, Gregor Kiczales, John Launchbury, David Parnas, Peri Tarr (Panelists)

1 Introduction (Chair’s Statement)

Parnas’ seminal work [2] on separation of concerns
in design has led to diverse innovations in programming
language design, to support modularity. However, there
has been a growing sentiment in many quarters that there
are some concerns that stubbornly resist tidy confinement,
when using established modularization mechanisms in pro-
gramming languages. A diverse set of new approaches have
emerged in response: aspects [1], monads [5], mixin lay-
ers [3], and multi-dimensional separation of concerns [4].
These approaches arose more or less independently of each
other, and have (to varying degrees) developed technical
maturity, real-world credibility and strong user bases. We
are also now beginning to see strong scholarly comparisions
of the intellectual foundations and practical utility of these
different aproaches. This panel aims to support this trend.

In this panel, we bring together leading experts (Profs.
Batory, Kiczales, and Launchbury, and Dr. Tarr) in these
different areas. Each represents a particular perspective on
how to evolve and adapt the old idea of modularization to
deal with new challenges such as security, fault-tolerance,
distribution, and auditing. In addition, we also have two
pioneering researchers (Profs. Balzer and Parnas) to pro-
vide us with a historical perspective on the evolution (sic)
of program modularization and evolution techniques.

Position statements of some of the panelists follow, pre-
sented in alphabetical order of their names:

2 Panel Statement: Don Batory

The future of software engineering lies in automation.
Perhaps the most successful example of automated soft-
ware engineering is relational query optimization (RQO). A
query is specified in a declarative domain-specific language
(SQL), mapped to an inefficient relational algebra expres-
sion, optimized by rewrite rules, and then an efficient query
evaluation program is generated. RQO is also a great ex-
ample of the holy grail problem of automatic programming
transforming a declarative specification to an efficient pro-
gram. Feature Oriented Programming (FOP) aims to gen-
eralize this powerful paradigm to other software domains.
An FOP domain model is a set of operators that define an
algebra. Each operator implements a feature that is charac-

0-7695-1877-X/03 $17.00 © 2003 IEEE

teristic of programs in that domain; compositions of these
operators define a specific program. FOP is ideally suited
for product-lines and program generators. AHEAD is both
a model and tool suite for FOP that is based on step-wise
refinement, the paradigm that builds complex applications
from simple applications by progressively adding features.
The AHEAD tool suite has been bootstrapped, where its
150+K LOC are being generated from simple, declarative
specifications. Optimizations in our tool building process
are now being introduced to make it like RQO.

3 “It’s the cross-cutting’’: Gregor Kiczales

The idea of separation of concerns is not new; it is a basic
element of modern thought.

We are however, constantly renewing our tools for sep-
arating, composing and otherwise operating on concerns
throughout the lifecycle. We have seen several such evo-
lutions, including the most recent major success, object-
orientation.

The critical idea in aspect-oriented programming (AOP)
is that no single decomposition can capture all the concerns
in a complex system in a modular way. This incredibly sim-
ple idea is, in retrospect, nearly obvious. But until AOP
we spent countless hours (days, weeks...) refactoring a sys-
tem over-and-over trying to get a structure in which all con-
cerns are modular. The frustration of working with single
decompositions of complex systems led to the realization
that choosing a nice structure for modularizing many con-
cerns inherently means that some others cannot be modular,
if they have to live within that primary structure. We call
such concerns crosscutting, because they cut across the nat-
ural lines of the rest of the system.

The rapid uptake of AOP in industry is because develop-
ers find that adopting AOP tools like Aspect) is simple and
natural their own experience helps them understand cross-
cutting concerns at a deep intuitive level.

4 Panel Statement: David Parnas

To a man with a hammer, everything looks like a nail. To
a Computer Scientist, everything looks like a language de-
sign problem. Languages and compilers are, in their opin-
ion, the only way to drive an idea into practice.

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 oo L
® modules
® with well defined

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

® developed by separate
® work assighments
® design elements
® modules

® with well defined
interfaces

http://static-c.frankwatching.com/wp-content/uploads/2010/12/

SNS-Reaal-Scrum-board.jpg
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A modular system is...

® split into separate ® developed by separate
® code units ® work assighments
® language elements ® design elements
® modules ® modules
® with well defined ® with well defined
interfaces interfaces

new (old)
vision




We should go beyond the more
restricted, and dominant, code
modularity vision
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Task structure is often derived
from requirements structure
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Tasks are often
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Tasks might involve changing
classes and components iIn common

8 Todo

@ Student help analysis based on low

threshold
-
©,
NP

#252 opened by pauloborba ! !

® Import student list from excel file e 3 Ecr
#250 opened by pauloborba ,
L4

enhancement

(O Final grade computation and visualization °**

#249 opened by pauloborba
enhancement @

@ Class performance report
#248 opened by pauloborba

enhancement

(V) Close subscriptions after usage
#2571 opened by pauloborba

| S | 2

—Application

[
Stuglents’

o

—— |

/ll

StudentList- Student
StudentList udent) — ne
Iniport remgve(Student . ema~il
/" 1 \enrolments
Grades

Import
Service

/ N

Class

- *» semester >~
fdent
udent Classes
synchronize

~ auto-evaluations |, |
e ' Evaluation

Grade [EmailSender .

Notification send(Strin Liort

evaluations
*



Task structure often does
not match code structure
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Modular development is not always possible,
no matter the investment in code modularity
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Good code modularity
s 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
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) e e 0t toVeconcsir . tudaents reature : Import
] ‘Q. e e e . eI N EEEE NN NN NN NN EENEENEENEENENEEEEN, 0 Service
EEEEEEEEEEEEEEEEEEEEEEEEEEEEES
(] . 0 . 0 0
, % Final grad tat d lization ***
" Y ot e inal grade computation and visualization | :
! . s sergefor concepes MPA.MPA 2! ass \ tudent
Given The student “Joio Vasconcelos™ has achieved "MPA, Given The student “Joio Vasconcelos™ has achieved "MPA, z I « stuaen
[] MPA, -* for th luated learni al PA, MPA" for d o riny | | . \
! B oo AL = #249 opened by pauloborba — 1 /" Semester -
l When | ask the system to compute averages When | ask the system to compute averages 2
n Then I'm at the "grades” page L l e es
l . And | see "Not available™ at row "Jodo Vasconcelos” L ] l
‘ I as S e S fe atu re - and column "semester average” N " enhancement
C o - -
] ApEEEEEEEEEEEEEEEEEEEEEEEEEEER® : evaluations
" ¢ I N EEE NN NN NN NN NN EEEENEENEENEENEENN, : to-evaluations | 0
e . :
0 n Scenario: see average for concepts MPA, MPA, - Scenario:see average for concepts MPA,MPA,MPA a " . | Eva I uatlon
u Given The student "Joio Va los" has achieved "MPA, ven b scelos™ has achieved - E IS d
B o e e g . Class performance report o MalSoNaor goal
l n And I'm at the "grades” page And I'm at the "grades” page ] Notlflcatlon
When | ask the system to compute averages When | ask the system to compute averages ] grade
| = Then I'm at the "grades” page e o ot Gconcelos*and con - ]
¢ " And e Not sulbe”ac row “ldoVasconcelos e e . #248 opened by pauloborba
[]
[} ™ ] ]
l [} Scenario: see average for concepts MPA, MPA, MPA Scenario: see average for concepts MPA, MPA, MPA n ' enhancement
l [ ] Given The student "Jodo Vasconcelos™ has achieved "MPA, Given The student "Jodo Vasconcelos” has achieved "MPA, u '
- MPA, MPA" for the evaluated learning goals MPA, MPA" for the evaluated learning goals 1
And I' the “grades” And I' he “grades”
| - When | 25k the system o compute averages When | 25 the system o compue averages ] ]
l Then I'm at the “grades” page Then I'm at the “grades” page
| | And | see at row “Jodo Vasconcelos” and column And | see “7" at row “Jodo Vasconcelos” and column u '
[ S o |
| |
-

#2571 opened by pauloborba
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This is not an issue to be solved
only by language mechanisms

Proportion of dependencies

that cross-cut Cognition and

coordination problems
100%

Dystopian vision:

Modularity alone will never fix the problem.

language
modularity

Number of language-based
modularizing mechanisms

James Herbsleb, http://aosd.net/201 | /files/keynotes/Herbsleb-AOSD-201 | -v | -dist.pdf



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

Accept the limits of
language and pattern
modularity
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Fluid, negotiable, emergent
Interfaces

/
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Objects
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Reuse




Task, non language, modularity

lTools 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

ﬂ/’\f\

Eclipse IDE - Bob's Workspace

Active Context Rectangle.java’ Task List
> Polygon Project
Shape.java

import jJava.io (:\ 181

_ public class Rectangle extends Shape TB? - 40
+ " Rectangle java ' =

Square.java 83

5 Related Tasks
Lﬁs Alice 1 30 1
Rectangle.java 13.4 - MC

1 Shape.java 16.7 : BF

Bakhtiar Khan Kasi and Anita Sarma. Cassandra: Proactive conflict minimization through optimized task scheduling (ICSE 201 3).



Taiti: scenarios and tests,
contexts

scenario test code

Scenario:
VIR Then(~'“the system article list content is not modified$') { ->
assert Periodico.findAll() .size() ==
assert !'periodicoNoExist('Modularity analysis of UC
implementations')
assert !'periodicoNoExist('A theory of SPL refinement')

Scenario: re

}

Scenario:
e
aScenario: re nu ple article b Scenario:
Given I at th C Given I

‘Scenario:
line refinement"

reasoning for

analysis of use case

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

in BDD

task
interface

PeriodicoController.groovy

Periodico.groovy

PeriodicoController.groovy
Periodico.groovy
PeriodicoSpec.groovy
Periodico/_form.gsp
Periodico/_navigation.gsp
periodico/create.gsp

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

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



Tasks with non-disjoint Testl 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



'S
Fi

but no interfaces

Demo - ResourceStructureBridge.java - Eclipse SDK

le Edit Source Refactor Navigate Search Project Run Window Help

.
v 9 -

-

“ "o -
v..})lvt/“v 1w v . v v v

+ Package Expl... Navigator J| ResourceStructure...

ResourceChangeMonitor. ja
U1 ResourceChangeMonito
setEnabled(boolean’
- 4y ResourceStructureBridge. i
- U3 ResourceStructureB
CONTENT _TYPE
2. getContentType()
plugin.xml

» getContentType()
® CONTENT_TYPE

” DOS_0_LABEL
>+ o DOS_1_LABEL
” DOS_2_LABEL

String - IMylarStru
String - IMylarStru

< >

Press ‘Ctri+Space’ to show Template

public Object getCbjectForHandlw

2. getChildHandles{Str

o

Problems | =" Synchronize
CVS (/org.eclipse.mylar, /org.eclipse.mylar-feat...|

v =&

- -

e R e

- InterestManipulationTed| — A

3

Writable

I'l: Refactor ResourceStructureBridge

J® ResourceStructureBridge.java - /org.eclipse.

>

Smart Insert S0M of |87M

String - IMylarStru

& )
& Demo
Task List

% v

I'1: Refactor Re

| Description

T1: Refactor Resout
All Mine [bug:
People - Rob [bugs.e

M',‘la' -

Products - Eclipse

Outline | <1 Active Search (...

. v

- & ResourceStructureBridge

@. getChildHandles(String)

. emo - SynchronizeReportsAction.java - Eclipse SDK

~

Edit Source Refactor Navigate Search Project Run Window Help

v b Y W vO,/‘v wr v v

Package Expl... Navigator J] SynchronizeReport...

org.edlipse.mylar.bugzilla.ui [dev.e

& ore
- |44 SynchronizeReportsAction.
- g SynchronizeReportsActi

Q

e run()

£

Problems &Y Synchronize
CVS (Jorg.edipse.mylar, forg.edipse.mylar-feat...lar.ze

w ~

T1: Refactor R
& ResourceStructureBridge.java - forg.ec
I'2: FIX NPE In SynchronizeReportsAction

I® SynchronizeReportsAction.java - /org

SOM of 87M

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

5] Task List

._\.-

-

5

12: FIX NPE In

Description
12: Fix NPE in Synchn
T1: Refactor Resource

Mylar - All Mine [b

People - Rob [bugs.e

>

Mylyn: task context, fluid modules,

2

~

v




Emergo: feature modules, task
dependencies and emergent interfaces

O O 0O Java ME - Bestlap/src/com/meantime/j2me/gui/GameScreen.java - Eclipse - /Applications/Eclipse...

»

Pa &3 — O |J] GameScreen.java £3 = O | © Emergo Graph View £3 - O

v

] ——— Int totalScore = perfectCurvesCounter * PERFEC
\'_A‘ tSt C,u

(23 src rivate void gc_changeGameState(in

; com.mt int totalScore = perfectCurves
Leve this.agc_tick = 9;

paint_endMiniGame = fa

NetworkFacade.setScore(totalScore);
Mair this.gc.
MIDI

> switch (newState) { public static void setScore(int s) {
esc

. S0us case GC_GAME_STATE_L
£33 com.me MIDletController.g
J| Gam this.gc_levelFinishedl
J| Mair a I T

score =(s <020 : s

£ com.m¢
. — . v
33 com.me ¢’ Emergo Table View 23 -

i com.me Description Location Feature Resource

o com.me int totalScore = perfectCurvesCounter 177 feature_arena_enabled NetworkFacade.java
1 com.me int totalScore = perfectCurvesCounter 1495 feature_arena_enabled GCameScreen.ava
int totalScore = perfectCurvesCounter 1448 feature _arena_enabled CameScreen. java

Marcio Ribeiro, Paulo Borba, Christian Kastner. Feature Maintenance with Emergent Interfaces (ICSE 2014).

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



MediaController.java

MediaData mymedia

Hidden Code (Sorting feature)

Emergent Interface X

Provides controller to Copy
Provides MMController controller=new MMController to Copy |Re

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

Eric Bodden, Tarsis Toledo, Marcio Ribeiro, Claus Brabrand, Paulo Borba, Mira Mezini. SPLIift: 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

Add multiple files oa right #187 cait | <> Code ~

$10penY Vinicius-resende-... wants to merge 1 commit into oa-files-left from oa-files-right (0]
J) Conversation 1 -0- Commits 1 Fl Checks 0 [£) Files changed 2 Dependencies +8 -0
| Deep mode

Diff

Files changed (3)

OA conflict (OAINTER)
in org.samples.OAlnterSample:6 — org.samples.OAlnterSample:8 [+] +7|-C
[¢] .
[+ +7
B src/main/java/org/samples/LeftAssignment.java |00 3 viewed
B src/main/java/org/samples/OAlnterSample.java |cHanceD (] Viewed
public static void conflict() {
=> i LeftAssignment.sum2(bar);
System.out.println(bar.x);
> + RightAssignment.subl(bar);
h
¥
B src/main/java/org/samples/RightAssignment.java | 00D & viewed




Inferring, negotiating
and managing interfaces

----------------------------------------------------------------- —; freeze
' feature F in encrypt() being changed by Blue. ! interface

Interface changes: x != null

<1————

hide non task 6 T T T T T T T T T T T T T don’t
elements : encrypt() being changed by Blue. ; care
ke keys | t Interface changes: new parameter y.
enCrypt() |y
L === B
changes task you are changing encrypt() interface, : nterface
interfaces . impacts interface items: x != null i
, your commit possibly conflicts | request previous

; with Blue’s commit ! interface



Interference detection tools

Modularity
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Architecture

Reuse

-_—eer e e e e - -



Task, non language, modularity

lTools enable modular development
and maintenance by supporting the
integration of task results



class Text {
public String text;

a void cleanText() {
& removeComments(); é
e } Y]
I3
class Text { class Text {
public String text; public String text;
void cleanText() { void cleanText() {
normalizeWhitespace(); removeComments();
removeComments () ;
I3 I3
I3 I3

\\quge

class Text 1
public String text;

void cleanText() {
normalizeWhitespace();
removeComments () ;



class Text {
public String text;

void cleanText() { 0 duplieat
normalizeWhitespace(); —~ whitespace™.
removeComments() :

1 resulting text has
1 no duplicate words

Text t = new Text():

t.text = "the_the_ _dog";
t.cleanText();
assertTrue(t.noDuplicateWhiteSpace());



Feature interaction Is a
particular case of this problem

#ifdef NewFeature
X++;

#endif

#ifdef AnotherNewFeature
X--;

ffendif

print(x); testing or
production issues!



Detecting interference
with static analysis

Galileu Santos de Jesus, Paulo Borba, Rodrigo Bonifacio, 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 () :



Detecting data flow between
developers changes

class Text {

String text; rd/wr
v01d cleanTe::;;_;—-—-—j:;7
normallzeWhltespace
rd/wr

removeComments ()
removeDupllcateWords




Detecting overriding assignments
Involving developers changes

class Text {
String text;

int fixes;
1nt countF;:;;;;_;-_—i::;7
countDupWhitespace();

countComments():
countDupWords () ;
return fixes:

}




Detecting control dependences
Involving developers changes

class Text {
String text; -~ =\

void cleanText() { - /
if (text !'= null && 7 /
hasWhitespace()) { 4
normalizeWhitespace(); P,



Detecting interference
with testing

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

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

Toni Maciel, Paulo Borba, Léuson Silva, Thais Burity. Explorando a deteccao de conflitos semanticos
nas integracoes de codigo em multiplos métodos (SBES 2024).



Changed behavior is
not preserved




class Text {
public String text;

Coid cleanText() {

S removeComments();
I3
I3

class Text {
public String text;

v

Text t = new Text(); void cleanText() {
E.Eizgniexi??jthewdog ; normalizeWhitespace();
assertTrue(t.noDuplicateWhiteSpace()); removeComments () ;

L
¥

AN

class Text {
public String text;

void cleanText() {
normalizeWhitespace();
removeComments():



Unchanged behavior
IS not preserved



v

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

4

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

X

Text t new Text():
t.text C el
t.cleanText();

assertTrue(...):

class Text {
public String text;

Coid cleanText() {

i removeComments(); ‘
/ ) N\
¥

class Text | class Text |
public String text; public String text;
void cleanText() { void cleanText() {
normalizeWhitespace(); removeComments();
removeComments(); removeDuplicateWords();
I3 ¥
I3 s

W

class Text {
public String text;

void cleanText() {
normalizeWhitespace();
removeComments();
removeDuplicateWords();

}
}

v

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



Using LLMs to generate unit
ests for interference detection

Target

classesin :

project

List of target methods
method_A()
" method_B() L.t

List of generated outputs

00_branch_Classname. txt

01_branch_Classname.txt

tree-sitter extracts
method declarations
with annotations from

r—

\_ each output. /

a Import declarations B Oﬁ,“
rd N - =
. . | "-oo
Field declarations Used to create the .
{ prompt, which is then MLC-LLM sends
Constructor declarations stored in a .json file. each prompt to
| - g Codellama 7B to
\_ Target method declaration _ generate outputs.

ClassnameTest_0_0.java

@eefore )
eReforeClass Used to create
R individual tests, which |
@Beforeall are then stored in java
files.
@Test J

ort o
ort o
ort o

S

ort

5

.junit.FixMethodOrder;

)
=3
0 0

'I.
=
-3

o
[
g.junit.Test;
o

.‘.
2
-3

g.Jjunit.runners.MethodSorters;

'l.
=
D 0

tatic org.junit.Assert.*;

@F ixMethodOrder(MethodSorters.NAME_ASCENDING)
public class Classnamelest_@ @ {

@8efore

public void before() {}

0 testoe




Interference detection potential to
support modularity

Metrics Techniques

SA | SA TA | SA IF | SA VA
Precision 0.33 | 0.32 0.80 | 0.52 045 | 0.17 0.22
Recall 052|050 0.17 |08 - | 0.17 0.33
F1Score 040|039 028 |0.65 - |0.17 0.27

Accuracy 055|051 0.72 1058 - |0.67 0.63
Units 99 75 75 31 31 30 30




Detecting interference
with dynamic analysis




LLMs

Modularity
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understanding
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Reuse




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

bots,
Code reuse UML e code assistants
Compilers repos  Frameworks MDA in IDEs ChatGPT
4GL, Components GUI based DSLs, GitHub
Code generation Programming Google, Copilot

SO



Code reuse and LLMs

Code Reuse Repos Copilot and Chat GPT

Curated limited repo The repo is the web
Specification based NL based non structured
structured search search
Functions, components, Code snippets and

systems combinations




Stack Generator of

overflow  repetitive Natural language

replacement  code coding
Risk Creator of APIs
. ’ Interference
abstractions, modular detection

structures, etc.

(no scientific evidence!)
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