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Analysis of Energy Efficiency for Code Refactoring Techniques
Jae-jin Park’ - Doohwan Kim" - Jang Eui Hong""

ABSTRACT

Code refactoring focuses on enhancing the maintainability of software to extend its lifetime. However as software applications were
varied and the range of its usage becomes broaden, there are some efforts to improve software qualities like performance or reliability
as well as maintainability using code refactoring techniques. Recently, as low-energy software has become one of critical issues in
mobile environment, developing energy efficient software through code refactoring becomes an important one. Therefore this paper has
its goal to investigate whether the existing refactoring techniques can support energy efficient software generation or not. That is to
say, the existing code refactoring techniques can cause the minus of energy efficiency because they did not considered the energy
consumption in their refactoring process. This paper experiments and analyzes to check whether the M. Fowler's code refactoring
techniques can support the energy efficient software generation or not. Our research result can give to software developer some
informations about energy-efficient refactoring techniques, and can support the development of software that has high maintainability
and good energy efficiency.

Keywords : Code Refactoring, Software Quality, Energy Consumption
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Table 1. Target Platform Spec. of XEEMU

Intel XScale 80200 processor, 266 to 733

Gy MHz in 66MHz
Architecture ARM pipelined RISC
RAM 32 MByte Micron SDRAM, 100MHz

Cross Compiler arm-elf-g++ 4.1.1

CPU core current, IO current, System

M t t .
easurement tap peripherals
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Table 2. Energy Consumptions for “Composing Method™ Technioues
Consumption ( uJ )
No. Code Refactoring Techniques LOC Diff. Effect
Original Refactor
R1 Extract Method +3 83.077 83.622 b
R2 Inline Method -3 44.059 43.980 1
R3 Inline Temp -1 43.599 43.394 1
R4 Replace Temp with Query +2 44589 44872 Iy
R5 Introduce Explaining Variable +4 45.846 45.265 1
R6 Split Temporary Variable 0 44729 44729 -
R7 Remove Assignments to Parameters 0 43.767 44.216 1
R8 Replace Method with Method Object +10 44.681 48.363 1
R9 Substitute Algorithm -5 58.440 59.893 1
Table 3. Energy Consumptions for “Moving Features Between Objects” Techniques
Consumption ( uJ )
No. Code Refactoring Techniques LOC Diff. Effect
Original Refactor
R10 Move Method 0 70.066 69.786 1
R11 Move Field 0 47.029 45.663 1
R12 Extract Class +23 72.361 74.780 i
R13 Inline Class -23 74.780 72.361 1
R14 Hide Delegate +3 43.125 43.659 I
R15 Remove Middle Man -3 43,659 43.125 1
R16 Introduce Foreign Method +4 44.131 43.916 1
R17 Introduce Local Extension +5 43.916 44.137 I
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Table 4. Energy Consumptions for “Organizing Data” Techniques
Consumption ( pJ )
No. Code Refactoring Techniques LOC Diff. Effect
Original Refactor
R18 Self Encapsulate Field +6 43.565 44.032 i
R19 Replace Data Value with Object +14 52.241 53.685 Iy
R20 Change Value to Reference +3 53.685 55.372 )
R21 Change Reference to Value -3 55.372 53.685 1
R22 Replace Array with Object +24 53.884 55.622 {4
R23 Duplicate Observed Data +31 52.364 53.063 &
R24 Replace Magic Number with Symbolic Constant +3 43.893 43.893 -
R25 Encapsulate Field +7 53.970 53.128 1
R26 Encapsulate Collection +8 90.200 84.104 1
R27 Replace Record with Data Class +1 48759 48.759 -
R28 Replace Type Code with Class +29 51.533 52.188 &
R29 Replace Subclass with Fields -1 44.590 44475 1
Table 5. Energy Consumptions for “Simplifying Conditional Expressions™ Techniques
Consumption ( pJ )
No. Code Refactoring Techniques LOC Diff. Effect
Original Refactor
R30 Decompose Conditional +11 45.981 46.387 )
R31 Consolidate Conditional Expression +1 44,138 44,368 Iy
R32 Consolidate Duplicate Conditional Fragments -1 45.600 45.278 1
R33 Remove Control Flag -5 47.853 46.597 1
R34 Replace Nested Conditional with Guard Clauses -7 43.730 43.730 -
R35 Replace Conditional with Polymorphism +24 56.738 58.530 )
R36 Introduce Null Object +4 65.987 65.758 1
R37 Introduce Assertion +2 43730 47.009 4
Table 6. Energy Consumptions for "Making Method Calls Simpler” Techniques
Consumption ( pJ )
No. Code Refactoring Techniques LOC Diff. — Effect
Original Refactor
R38 Rename Method 0 43.730 43.730 -
R39 Add Parameter 0 44.222 44.748 &
R40 Remove Parameter 0 44748 44.222 1
R41 Separate Query from Modifier +3 44552 44.351 1
R42 Parameterize Method -3 45.151 44.278 1
R43 Replace Parameter with Explicit Methods +3 50.075 51.579 )
R44 Preserve Whole Object 0 43571 44.445 )
R45 Replace Parameter with Method -1 44747 44.148 1
R46 Introduce Parameter Object +9 45,029 44.771 1
R47 Remove Setting Method -3 49.985 49.327 1
R48 Hide Method +]1 43.902 43.902 -
R49 Replace Constructor with Factory Method +9 43.422 43.552 {4
R50 Replace Error Code with Exception +11 44.379 44.489 iy
R51 Replace Exception with Test -3 43.104 43.389 1
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Table 7. Energy Consumptions for ‘Dealing with Generalization” Techniques

Consumption ( pJ )
No. Code Refactoring Techniques LOC Diff. — Effect
Original Refactor

R52 Pull Up Field -1 51.781 51.579 1}

R53 Pull Up Method -3 51.579 51.456 1)

R54 Pull Up Constructor Body +2 49.627 50.368 I

R55 Push Down Method 0 51.827 51.827 -

R56 Push Down Field 0 50.164 49.673 1

R57 Extract Subclass +7 51574 52.204 4

R58 Extract Superclass +5 54.885 55.967 i

R59 Extract Interface +6 51.410 52.212 &

R60 Collapse Hierarchy -6 52.400 51.967 1

R61 Form Template Method +10 45.843 46.585 4

R62 Replace Inheritance with Delegation +5 43.522 43.754 iy

R63 Replace Delegation with Inheritance -5 43.754 43.522 1
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Table 8. Techniques that improve Energy Efficiency

No. Code Refactoring Techniques
R2 Inline Method
R3 Inline Temp

R5 Introduce Explaining Variable
R10 Move Method

R11 Move Field

R13 Inline Class

R15 Remove Middle Man

R16 Introduce Foreign Method
R21 Change Reference to Value
R25 Encapsulate Field

R26 Encapsulate Collection

R29 Replace Subclass with Fields
R32 Consolidate Duplicate Conditional Fragments
R33 Remove Control Flag

R36 Introduce Null Object

R40 Remove Parameter

R41 Separate Query from Modifier




R42 Parameterize Method

R45 Replace Parameter with Method
R46 Introduce Parameter Object

R47 Remove Setting Method

R52 Pull Up Field

R53 Pull Up Method

R56 Push Down Field

R60 Collapse Hierarchy

R63 Replace Delegation with Inheritance

Table 9. Techniques that has unchanged Energy Efficiency

No. Code Refactoring Techniques

R6 Split Temporary Variable

R24 Replace Magic Number with Symbolic Constant
R27 Replace Record with Data Class

R34 Replace Nested conditional with Guard Clauses
R38 Rename Method

R48 Hide Method

R55 Push Down Method
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Table 10. Descriptions of Example Systems

Name Huffman Algorithm Data Encryption

Algorithm
Function Compressing Encryption
Applications | Smartphone Camera Mobile Banking
Language CH+ C++
LOC 861 59
Source Site ActiveState Code Cprogramming.com
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class Queue

{

void reheapup(int bottom, int root);
void reheapdown(int bottom, int root);

(a) Original Code

class locInfo_int{
public:
int bottom, root;

35
class Queue

{

void reheapup(locInfo_int param);
void reheapdown(locInfo_int param);

}

(b) Refactor Code

Fig. 4. Original and Refactor Codes of the Huffman
algorithm
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Table 11. Energy Consumption of Refactored Huffman algorithm

oA Al F FENE duE]Ee 9 R3 Inline Temp,
R40: Remove Parameter, R46: Introduce Parameter Object
£ A8 F dx dHoly du3 dudyse] 4F R
Inline Method, R42: Parameterize MethodS A8 4 9l
th Fig. 4= dol8 ¢33 dagFoa g2 o7 AL
He Agox 1S Az thAlstE R46: Introduce

Parameter Object?] & dAlo|t}. Fig. 4.(a)E 453 &

Type Energy Consumption

Original Code 5098.649 uJ

Apply R3 5041.133 pJ

Refactor Apply R40 5044.928 11J

Code

Apply R46 5096.593 uJ
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Table 12. Energy Consumption of Refactored Data encryption
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