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Study on Effectiveness of Quality Objectives and Non-quality Objectives for Automated Software
Refactoring

GUO Ya-lin, LI Xiao-chen, REN Zhi-lei and JIANG He

School of Software,Dalian University of Technology,Dalian, Liaoning 116600, China
Abstract The cost of software maintenance increases as the continuous iterative development of software. To reduce this cost,
automated software refactoring is proven to be an effective solution. One of the most typical automated software refactoring ap-
proaches is the search-based refactoring. This approach refactors software according to some predefined objectives. Existing stu-
dies show that the selection of objectives plays a decisive role in the search process. Although many quality objectives and non-
quality objectives are proposed,there is no research to analyze that in the same evaluation framework which objectives can guide
the software refactoring to achieve results that meet developers’ expectations. Meanwhile, whether the combination of quality ob-
jectives and non-quality objectives will have better results is not analyzed. To answer these questions, this paper designs a search-
based multi-objective software refactoring evaluation framework. Under the framework. this paper investigates the impact of the
combination of seven different objectives on software refactoring with six open-source software projects in different scales; the
software quality before and after refactoring is evaluated using a variety of indicators,and the effectiveness of different objective
combinations is also analyzed. Experimental results show that the combination of quality objectives and non-quality objectives can
better improve the effectiveness of software refactoring than using one single type of objectives,and the combination of the ‘qua-
lity” objective and the ‘similarity with recorded code changes’ objective is important to the improvement of software refactoring
effectiveness.

Keywords  Software refactoring, Multi-objective optimization, Software quality, Search-based software engineering, Software

maintenance
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Table 1  Objectives used in related literatures

Objective References
QMOOD [14,20-22,24,26-27]
Quality- OO metrics [5,17]
objectives Cohesion [16,23]
Coupling [16.23]
Number of-code smells [6,10,15,19,25-26]
Refactoring efforts [6,10,26-28]
Similarity with- Recorded- Code
. [6,19.25.28-29]
Changes
Non-Quality-
on. Qu‘\ 1 User feedback [11.,18,29]
objectives
Security-critical code [24,30]
Priority objective [22]
Refactoring coverage [22]
Element recentness [22]
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Table 2 Refactoring operations

Low-level refactoring

Highlevel create delete add delete add delete redirect ret%lrect add remove rename rename rename
refactoring class  class method method field field method field parameter  parameter method field class
call access
Move Method 1 1 n n
Move Field 1 1 n
Pull Up Field 1 1 n n
Pull Up Method 1 1 n n n
Push down Field 1 1 n n
Push down Method 1 1 n n n
Inline class 1 n
Extract method 1 n n n n n
Extract class 1 n n n n n n
Move class 1 1 n n n
Extract interface 1 n n n n n n n n
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Table 3 Objectives of quality attributes

Calculation

=—0.25% DCC+0.25 * CAM+0.5 * CIS+

Quality attribute

Reusability .
0.5 % DSC
e =0.25* DAM—0. 25 * DCC+0. 5 * MOA+
Flexibility ~
0.5 * NOP

=—0.33 % ANA+0. 33 * DAM—0. 33 * DCC+
0.33* CAM—0. 33 * NOP—0. 33 * NOM
—0.33 % DSC

=0.2* ANA+0.2 * DAM+0. 2 * MOA +
0.2 * MFA+0. 2 * NOP

Understandability

Effectiveness
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4 PhbE vk E AR TR B I

Table 4 Metrics for quality attributes

Design . L
Property Metric Description
Design size DSC Design size in classes
Complexity NOM Number of methods
Coupling DCC Direct class coupling
Polymorphism NOP Number of polymorphic methods
Hierarchies NOH Number of hierarchies
Cohesion CAM Cohesion among methods in class
Abstraction ANA Average number of ancestors
Encapsulation DAM Data access metric
Composition MOA Measure of aggregation
Inheritance MFA Measure of functional abstraction
Messaging CIS Class interface size
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Table 6 LLR weights
LLR weight LLR weight

create class 2 redirect field access 2

delete class 3 add parameter 1

add method 1 remove parameter 2

delete method 3 rename method 1

add field 1 rename field 1

delete field 3 redirect method call 2
rename class 1
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Table 7 Similarity weights between refactoring types

Move Move Pull Up Pull Up  Push down  Push down  Inline Extract  Extract Move Extract

Method Field Field Method Field Method class method class class interface
Move Method 2 1 0 1 0 1 0 0 0 1 0
Move Field 1 2 0 0 1 0 0 0 0 1 0
Pull Up Field 0 1 1 0 0 0 0 0 0 1
Pull Up Method 1 0 1 2 0 0 0 0 0 0 1
Push down Field 0 1 0 0 2 1 0 0 0 0 1
Push down Method 1 0 0 0 1 2 0 0 0 0 1
Inline class 1 1 1 1 1 1 2 0 0 0 0
Extract method 1 1 1 1 1 1 0 2 0 0 0
Extract class 1 1 1 1 1 1 0 1 1 0
Move class 1 1 0 0 0 0 0 0 0 2 0
Extract interface 0 0 1 1 1 1 0 0 0 0 2
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Table 8 Different non-quality objectives/combinations
Objectives/ Code Refactoring Similarity with
Combination smell Effort Recorded Code Changes

C N
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RQ3 EFE R EAE B H AR M HA A% 5 it H bR (Q) 7 58
PREF R0 . Deb SFHE B T NSGA-II F k% & % 31 H
FRECE R B R B R B R 3 A, W B G  E Hok
WS . 525 SCHRL22 ] 0 SE BRI AR SOH 2Z R 1 4 A4S BT S
HARE I — AR H AR (RQ1 B SEBR 45 SR R WL 8% 4 A4
i S e E AR AR R R A AR (Q) MR R T
H AR 3R B H AR 4G 052 AR B AR /4 A gk 9 g,

#9 AR HR/AHE

Table 9 Different objectives/combinations
Objectives/ X Code Refactoring Similarity with
. o Quality Recorded
Combination smell Effort . .

Code Changes
Q N

QC N N

QE N, NG

QS N N/
QCE N v N
Q-C-S v J v
QES / N ~/

4.2 TENBEE
ARICEFET 6 A A LA B9 IT PR AR A T 52 5 sk, £
$5 Xerces-J", JFreeChart” , GanttProject” , JHotDraw" ,

D http://xerces. apache. org/xerces-j/
» http://www. jfree. org/jfreechart/

® www. ganttproject. biz

Rhino” Fll Apache Ant® £/ [6] 45048 19 4% 44 . B A1 4 Java
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Table 10 Programs statistics

nttProject z&

System Release Classes Kloc  Code-smells Refactorings
Xerces-] v2.7.0 991 240 61 80
JFreeChart v1.0.9 521 170 51 96
GanttProject vl.11.0 245 41 60 63
JHotDraw v6. 1 585 21 22 36
Rhino vl.7R1 305 42 79 50
Apache Ant vl.8.2 1191 255 61 74
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Fig.5 RP and RR of quality attribute objectives
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Fig. 6 RP and RR of non-quality attribute objective
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Fig. 7 RP and RR of different types of objectives combinations
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