e 3 o513 Glp p Sliwlons pole s w8 S ©

e Gl 655 BT waares LSS 1,150
Skl glas )8 53 L S glawlis

Ssbial Sl el lslil 5T DLt A gpalS e L3 b3S M anga sile
zamzamen@email.KNtu.ac.ir - ol 1= 0 g = o sb pll ods |t iis L5135 gralS vdige sdSCiSls
sedighian@Kntu.ac.ir - &l = O = wsb il el el mis oK1 - 5 penlS nilige ouaSCils |

. . - T . . N - . . - . F . . < s
-J\ﬁy-d\ﬁy&;&ﬁ-ﬁ&)ﬁ cu\ﬂ\_q\ﬁ_w}b el s 4’-“)";;""‘*‘°KM~’"—;’}::‘SWJ‘~€‘ 0SSl

nikanjam@Kkntu.ac.ir - 5L

Sl MRS 5 Arme 5 (4o 53 55 Fam Jol 58 1 (6551 S0 IBlE S edige 055 Ll Olos 53 Te S
3 ol esls JUs a1y 15l 5 (iS5 0y 4 1 5153005 a3k plol ol Jlags Sl selSins 55 Lo puases
Sl Dy Sl Ly 5 by (65 1 sy el e T3k (sl Khas Jlasl o 5,15 oo i 5l (sl fasy
Bly 2 1y lalr /s gyl 580k 5 b A8 LS et Bl 5 215150 ST i cpl 3 3 pd amie (s gyl (sl Sl
3 50% ShaEl Sl s 5 el s 5 b pll (6l oS 0 s XS AS Slaskae 5 (6551 B e
5 oSl (1 ot Olny (85,51 B e Olee (8 i el pI8 55 033, 03lial coddonls a5 (5 g5kl eS| S
SRS 4 e 35150 (B p 53 2150 dlesl des e OLE S 03 S amlons 5150 Pl 51 5 S 15 A S slaslns
Syl sl g3 ¢l s ol 033 03,5 15 Sk sl D) 5 5531 S rae Sl Res (s s 1l O 5 8551 O s
3 el 03l (5Ll (S 5 0dd o3l 2l o150 sl Shes Obe 51 215150 sla Klas 51 (las sazma slgniy
NSGA-) wsdin b (55lawip b dbdad> K5 p-’-uﬂ‘ (ol e sl 0l &l Blads LSS gleang S,
ol oA 2 O 425k sl e plmil AN Dlse 5 (5551 D e ol Ol 5 gy Ba e 35,5 50 L1 (I
5 La Rl LFY ala gbasy 5 Aas 50 1FO 5 /VF able 33 b 1y (6551 O man 5 1ol Olo) Ol e ol il 5 5 503,

ke Dby gh gl sla i Sl 55 sddesls jasdd L IS slaailis

N blp s kige o0 ki b (5l o b Wakir S5 rg,,f\n (eSS ‘_;u(.:i,,in (IS slaesl

Ll 0L b e (553 oy 45 S (BIol g 1 e 215k ey e

sedighian@kntu.ac.ir . s\8 Ol dsw



e 3 o513 Glp p Sliwlons pole s w8 S ©

Energy-Aware Evolutionary Multi-Objective
Refactoring for Bad Code Smells Correction of
Android Applications
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Abstract: In software engineering, energy efficiency is an influential factor in the software development and maintenance
especially for battery-limited devices. While refactoring can improve the quality of software, recent studies suggest that some
refactoring operations may lead to conflicts with energy consumption and execution time of Android applications. In this
paper, we analyze the impact of code refactoring for eight Android/Java bad code smells and anti-patterns on a testbed of five
real and one synthetic Android applications. We measure energy consumption, execution time and quality design of
application before and after refactoring. We then propose a novel refactoring recommendation approach based on
evolutionary multi-objective optimization that accounts for energy consumption, execution time and refactoring effort for
Android/Java anti-patterns. For this purpose, we use Nondominated Sorting Genetic Algorithm-11 (NSGA-II) with three
objectives: 1) energy consumption, 2) execution time, and 3) refactoring effort. The obtained results show that this approach
can generate refactoring recommendations with a median precision of 65% and 76% for improving energy and execution time
respectively while the median of removed antipatterns in testbed applications is 42%.

Keywords: Software maintenance; Refactoring; Android applications; Anti-patterns; Energy consumption; Execution time; Search-based
Software Engineering; Design quality

* Saeed Sedighian Kashi, sedighian@kntu.ac.ir
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& Open Source

? Synthetic

1% Optimization problem

1 Non-dominated Sorting Genetic Algorithm (NSGA-I1)
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! Refactoring

2 Reusability

3 Extendibility

* Anti-pattern

> Bad code smells

® Metric

" Evolutionary algorithm
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¥ Maintainability
1 Test case
'® Search-Based Software Engineering (SBSE)
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2 Hyper Volume (HV)
1% performance indicator
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% parent selection
22 Cross over

23 Mutation

24 Fitness function
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7 Quality attribute

18 Extensibility

19 performance

20 Search-based refactoring (SBR)
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