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- A family of software-intensive systems sharing a common, managed
set of features developed from a common set of core assets in
prescribed way

A feature is a prominent or distinctive user-visible aspect,
quality or characteristic of a software system kang e al. 1990]

& Product decisions
—2 >—’@

Production

Core assets
Basics SPL concepts [Charles Kruger 2006]
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Software Product Line Engineering Framework
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» Variability represented in FM as
- Optional features
— Feature groups
» Exclusive alternative (XOR)
» Inclusive alternative (OR)
» Inclusive (AND)

» Feature groups are variation points (VPs)
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] Software product variants

v" A collection of similar software products
v Developed by ad-hoc reuse techniques

v" Share some features and differ in others

] Drawbacks of ad-hoc Development
v Reusing features (resp. their implementations) is time-consuming
v Changes made to code of common features must be repeated

v" Evolving product variants lack prescribed planning
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] Product variants versus SPL

A
Accg:;lsated Single Systems
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approx. 3 Systems Number of
(Software Engineering) Different Systems

Accumulated costs for SPL development and traditional development [Phol 2010]
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U Traceability is the ability to relate software artifacts developed during the life
cycle to describe the system from different perspectives and at different levels of

abstraction
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Problem1: Finding Traceability Links between Features and their
Implementing Source Code Elements [1/2]

Implementation of Bil/lPayment Feature

public class PayPartially
{

private Date PaymentDate;

PayPartially()

private void monthlyPayment (String
month)

------

------

public class PaymentMethod
{

private String price;
PaymentMethod ()

oooooo

ooooooo

private void printPaymentReport (int
billNo)

private void Postpaidbilling ()
{

}

public class BillAccount

{

private int accountType;
private double taxBill;
BillAccount ()

public void pricingPllicy ()
d

}

public double taxesComputing ( )

private void telephoneBill (int BillID) private void PrepaiBilling () {
{ { return taxBill;
...... e }
h } h
} ]
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Problem1: Finding Traceability Links between Features and their
Implementing Source Code Elements [2/2]

1. Traceability links between features and their implementing source code
elements for:

» Understanding source code of product variants

» Reusing right features (resp. their implementations)

» Facilitating and Automating new product derivation from SPL’s core
assets

Context ®Problematic  Feature Location = Change Impact SPLA Conclusions Perspectives 9




Problem 2 : Feature-Level Change Impact Analysis

» Change management from SPL manager point of view

Featyre Leve]

Legend:
C: Class
F: Feature
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Source Code Leyg
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Feature Location in a Collection of Product

Variants with Information Retrieval
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] Textual matching between feature descriptions and source code information

. Using a threshold mechanism for selection code documents

Feature space

A Given Software System

_________________________________________________

Textual Matchingi 1 {
| { {
’ -

Source Code space:

{ U
} }
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Feature Location with IR
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J Exploiting only variability and ignore commonality across product
variants pair-wisely /Rubin and chechik 2012]

Feature Location with IR
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The Proposed Approach

 Two strategies to improve the effectiveness of IR-based feature
location

1. Reduction the IR search spaces into minimal disjoint sets

2. Reduction the abstraction gap between feature and source code

Context  Problematic @®Feature Location = SPLA Change Impact Conclusions Perspectives 15




] Four product variants of a software bank system
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1. Determining
source code 1

common and variable partitions at the feature and
evels

—  Textual similarity computing

Vorant | Feaures

Bank V1.0
Bank V1.1
Bank V1.2
Bank V2.0

Common Partition =———3 | cqre (CreateAccount, Deposit, Withdraw, Loan)

Core (CreateAccount, Deposite, Withdraw, Loan)
Core, OnlineBank, Transfer, MobileBnank
Core, OnlineBank, Conversion, Consortium, BillPayment

Core, OnlineBank, Transfer, Conversion, Consortium,
BillPayment, MobileBnank

Variable Partition =

OnlineBank, Transfer, MobileBank, Conversation, Consortium, BillPayment
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levels into minimal disjoint sets
E [ e[ %
S| 2| 5|5|52
Viz2-V1.0 X X X X
V1i.0-V2.0
V2.0-V1.0 X X X X X X
Vi1li-V1.2 X X
V1iz2nV2.0 X X X X
Formal Context
Variants-differences A @
— Bank_V1.2 - Bank_V2.0
— Bank_V2.0 - Bank _V1.2—>

— Bank_V2.0 N Bank_V1.2\®

Strategy 1: Reducing IR Spaces [2/2]

Fragmentation of the variable partition at feature and source code
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] What is a code-topic?

— It is a cluster of similar classes that have common terms and they also
depend on each other.

] Why code-topic is introduced?

- Mainly to get more textual information descripting features
implemented by code-topic classes

Context  Problematic ®Feature Location = SPLA Change Impact  Conclusions Perspectives 19



» An example for identifying code-topic using FCA
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Legend:
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Locating Features by LSI

1. Linking each feature to their corresponding code-topics using LSI

- For each code-topic there is a document
— For each a feature there is a document

2. Decomposing each code-topic to its classes




] Case studies used
— Seven product variants of ArgoUML-SPL
» Large-scale system

» Well-known case study in our context.

— Five product variants of MobileMedia

» Small-scale system




 The effectiveness of IR is commonly measured by:

— Precision: the percentage of retrieved traceability links that are
relevant to the total number of retrieved links

- Recall: the percentage of retrieved traceability links that are relevant
to the total number of relevant links

— F-measure: to find the best possible compromise between recall and
precision
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J Comparing our approach (FCT) and conventional application of IR
(Conv)

ArgoUML-SPL

Precision Recall F-measure
K FCT Conv FCT Conv FCT Conv
0.01 51% 21% 99% 91% 68% 34%
0.02 52% 22% 86% 82% 65% 35%
0.03 52% 29% 85% 59% 65% 39%
0.04 52% 42% 87% 39% 65% 40%
0.05 63% 56% 73% 25% 63% 36%
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J Comparing our approach (FCT) and the most relevant work on the
subject (FL-PV) /Xue et al. 2012]

ArgoUML-SPL

Precision Recall F-measure
K FCT FL-PV FCT FL-PV FCT FL-PV
0.1 70% 34% 40% 29% 51% 31%
0.2 57% 07% 09% 04% 16% 05%
0.3 S57% 02% 05% 01% 09% 02%
0.4 62% 01% 04% 00% 08% 01%
0.5 57% 00% 02% 00% 03% 00%
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Feature-Level Change Impact Analysis




Stepl: Determining the Impact Set of Classes

(] Statically analyzing the source code of features

— Using abstract syntax tree (AST)

(] Determining coupled classes based on

1. Inheritance relationship
Method call

Attribute access

> P

Shared attribute access
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) Consider the impact set of classes consists of {DeositeAuthentication,
TargetAccount, PayPartially}
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T~ N
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We propose two metrics to support feature-level CIA:
1. Impact Degree Metric (IDM)

— To measure the degree to which the implementation of a given feature can be
affected.

2. Changeability Assessment Metric (CAM)

- To measure the percentage of features that are affected by a given change.

N N L N I

Concept 5 Transfer 50%
Concept 2 Withdraw 50% 1
Concept 4 BillPayment 40% 2

85%
Concept 0 CreateAccount 33% 3
Concept 3 Loan 33% 3
Concept_1 Deposite 25% 4
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(d Case studies

ArgoUML-SPL 8 515
MobileMedia 5 28
BerkeleyDB-SPL 25 227

Subject core assets and their respective information

— Evaluation measures

1. Precision: is the percentage of the estimated affected features that are
actually impacted to all estimated affected features

2. Recall: is the percentage of the estimated affected features that are really
impacted to all actually affected features

3. F-measure: to find the best possible compromise between recall and precision
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» Precision: [60% - 100%] - CSC : change set of classes
» Recall: [75% -100%] - EIS : Estimated impacted set of features

» F-measure: [67% -100%]

_csc_| fcsc] | [Eis| | Precision | Recall | F-measure | CAM_

MobileMedia
CSC1 5 5 60% 75% 67% 100%
CSC2 5 6 83% 100% 90% 83%
CSC1 8 6 67% 100% 80% 100%
AgroUML-SPL
CSC1 9 5 80% 100% 88% 62%
CSC2 8 4 75% 100% 86% 50%
CSC1 18 5 80% 100% 88% 62%
BerkeleyDB-SPL
CSC1 6 25 92% 100% 96% 92%
CSC2 5 25 100% 100% 100% 100%
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