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Maintaining Product Lines

- Maintaining software product lines are challenging
because code fragments are configurable and may not be
included in all product configurations;

- Developers need to reason about potentially different
control and data flows in different configurations;

- Rapid feedback by testing is often too expensive or even
not possible for all products;

Scenario 2: Fixing an Unused Variable

#ifdef CHOWN
GFileStatus status;
#endif

GFileStatus status;
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Introduction

- Developers often introduce errors into software systems
when they fail to recognize module and feature
dependencies;

- This problem is particularly critical for configurable
systems, in such context, developers can easily miss
cross-feature dependencies;

- In a prior study we found that cross-feature dependencies
are frequent in practice;

- To reduce this feature-dependency problem, we propose
a technique called emergent interface;

[
Scenario 1: Implementing a New
Requirement

public void computeLevel() {
totalScore = perfectCurvesCounter * PERFECT_CURVE_BONUS + ...
- totalCrashes * SRC_TIME_MULTIPLIER;

bifdet ARENA (D).

NetworkFacade. setScore (totalScore) ;

public static void setScore(int 5){
o
NetworkFacade.setLevel (getLevel());

score = (s < 0) 2 0 : s;
i

Emergent Interfaces (1/2)

String name = "...";

#ifdef COPY

PVC controller = new PVC(name);
nextcontroller = controller;
#endif

#ifdef SMS

smsc.setNext (nextcontroller);
#endif

COPY Feature
Mandatory Feature REQUIRES name SMS Feature
PROVIDES name PROVIDES nextcontroller ~ REQUIRES nextcontroller
[[Cname =" }-O){ new vC(name)

[pextcontroller = |-O){smsc. setNext (nextcontroller)

*Inferring Emergent Interfaces on Demand
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Emergent Interfaces (2/2)

tifdef ArEwA (P

Mandatory Feature ARENA Feature

PROVIDES totalScore REQUIRES totalScore
l totalScore = .. '—O)—‘ NetworkFacade.setScore(totalScore) l
I totalScore = .. l—o).l score = (s <0) 2 0 : s

*Abstracting Feature Code

*Avoiding Invalid Dependencies

[
Experimental Design

- Goal

- Compare maintenance of preprocessor-based product lines with

and without emergent interfaces
- Questions

- Do emergent interfaces reduce effort during code-change tasks
involving feature-code dependencies in preprocessor-based
systems?

- Do emergent interfaces reduce the number of errors during code-
change tasks involving feature-code dependencies in
preprocessor-based systems?

- Metrics
- Time
- Incorrect solutions

[
Material and Code-Change Tasks

- Two preprocessor-based product lines as experimental
material:
- Best Lap (15KLOC)
- MobileMedia (3KLOC)

- Tasks:
- New requirement for Best Lap;
- New requirement for MobileMedia;
- Unused variable in Best Lap;
+ Unused variable in MobileMedia.

20/10/2014

© O O Java ME - Bestlap/src/com/meantime/j2: i java - Edlipse - i i
Pa 58 =Eu’ = = 0| Emergo Graph View 52 =n)
BBl | 2
= I ;. m newState indicates the n = perfect
&sestiap ( s L
v @src private void gc_changeGameState(in
v i com.me int totalScore = perfectCurves -
> [0 Leve this.gc_tick = 0;  NetworkFacade.setScore(totalScore);
» (1) Mair this.gc_paint_end¥iniGame = fa
» (5 Mol .
> @ Resc switch (newState) { \public static void setScorefint 9.4,
> [A) sour case GC_GAME_STATE_LEVEL_1
v £ com.me MIDletController. getS = —
» [3) Gam this.gc_levelFinishedl =G <0705
> (5 air e ———
» i com.mc = =
» 8 com.me || Emergo Table View 33 s=g
» & com.me || pescription Location _ Feature. Resource
» & com.me int totalScore = perfectCurvesCounter 177 feature_arena_enabled  NetworkFacade java
» i com.mc int totalScore = perfectCurvesCounter 1495 feature_arena_enabled  GameScreen java
int totalScore = perfectCurvesCounter 1448 feature_arena_enabled  GameScreen java

e
Participants

- Pilot:
- 6 graduate students
- Round 1:
- 10 graduate students
- Round 2:
« 14 undergraduate students

- ~50% were part-time students with professional
experience in both rounds
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Hypotheses

- H1(Effort) - With emergent interfaces, developers spend
less time to complete code-change tasks involving feature
dependencies in both product lines.

+ H2(Error Introduction) - With emergent interfaces,
developers commit less errors in both product lines when
performing code-change tasks involving feature
dependencies
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Design and Procedure Results: New-Requirement Tasks

- Eclipse preparation with Emergo
and Time Plugins
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Results: Unused-Variable Tasks Threats to Validity

) 1. Limited to specific implementation technique and
e specific code-change scenarios
o 2. Tasks are too simple
Unusedvratlotak | . e o oo i " . ’

i o] 3. Recruiting students instead of professionals
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P-value: 0.016 unused-variable

Conclusion

- The study presents:
- Emergent Interfaces technique
- Emergo, a tool capable of inferring interfaces from data-flow
analysis on demand.

- Conducted a controlled experiment to evaluate what
extent such tool support can help achieving better feature
modularization

- The study also suggest that using this technique is
possible to decrease effort and errors made in code-
change.




