KIPS Tr. Software and Data Eng.
Vol.5, No.5 pp.209~220 pISSN: 2287-5905

Energy Bad Smells 7|2t 2~2 st A= 2IHEEZ 7Y

e}

Code Refactoring Techniques Based on Energy Bad Smells for
Reducing Energy Consumption

Jae-Wuk Lee" - Doohwan Kim"™ - Jang-Eui Hong™"

ABSTRACT

While the services of mobile devices like smart phone, tablet, and smart watch have been increased and varied, the software embedded
into such devices has been also increased in size and functional complexity. Therefore, increasing operation time of mobile devices for
serviceability became an important issue due to the limitation of battery power. Recent studies focus on the software development having
efficient behavioral patterns because the energy consumption of mobile devices is caused by software behaviors which control the
hardware operations. However, it is often difficult to develop the embedded software with considering energy-efficiency and behavior
optimization due to the short development cycle of the mobile services in many cases. Therefore, this paper proposes the refactoring
techniques for reducing energy consumption, and enables to fulfill the energy requirements during software development and maintenance.
We defined energy bad smells with the code patterns that can excessively consume the energy, and our refactoring techniques are to
remove these bad smells. We performed some case studies to verify the usefulness of our refactoring techniques.
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Table 1. Representative Code Smells by M. Fowler [10]

Code Smells Characteristics

The code of same logic appears multiple

Duplicated Code .
times

The length of method is long and has many

Long Method functions

Large Class A class has a lot of functions

Long Parameter | The number of parameters for method call
List is large

A bunch of data is used to call at the same

Data Clump time always

The temporary variables to support complex

Temporary Field algorithms

Client takes several steps to reach a

Message Chains particular object

Functional and structural imperfections in
class library

Incomplete
Library Class
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Table 2. Energy Consumption for Energy Code Smells [19]

Energy Code .. o
Smells Description Impact (%)
Parameter By Passing parameters to the
. -0.09
Value function
Self Assign Assign the V;ilue with own 011
value (e.g., x=X)
Mutual Exclusion |OR operations has always 0,03
OR TRUE value '
Switch Redundant | The switch statement without
. 0.17
Assign break
Dead Local Store |Never used local variable 0.60
Dead Local Store |Local variable that is not 007
Return assigned to return '
Repeated Redundant check of condition 0.18
Conditionals statement '
Non Short Circuit | 0S¢ the operators &&, | 008
instead of &, | operators
Control statement does not
Useless Control change the path flow 0.22
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Table 3. Inspection results for C open sources from
‘planet’ open sources site
Control # of Names Of .
Type | Sources Representative Findings
Source Codes

- key press - General assignment

event handler statements are simple.
Sequence 15 . .

- a prime factor | - Some expressions are
program a little bit complex.

- absolute - Some branch paths are
recursive confusing to follow.
factorial - Difficult to follow the

Branch 30 . .
function recursive call path,

- 8 queens on a| especially not easy to
chess board know returning point.

- network port |- A few index variables
scanner are abuse.

Tteration 24 - lexical - Superfluous nested loop
analyzer is used in simple

- small RSA processing
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Table 4. Definition of Energy Bad Smells

Energy Bad Smells Description

Complex The codes that contain highly complex

Expressions

expressions

Common

Sub-expressions

The multiple codes that contain the same
operation

Tail Recursion

The codes that is called recursively

Loop Structure

The loop that can be optimized with
restructuring

Dead Code

The codes that will not be run at any
condition

3.2.1 Complex Expressions

e mas ibgol Fig 19 ol AuAA
3, AWE AT Yo7t ol 44
1

o
23 3718 4+ ek 53 ol

if{(A == B) &% (B == C)II(A + O == 0)){
//statenents

}

else if(!1{A == B) && (B == C)II(4 + O <03}
/istatements

}

else{
/istatements

}

Fig. 1. An Example Pattern of the Complex Expressions
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Fig. 2. An Example Pattern of the Common Sub-expressions
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3.2.3 Tail Recursion
AN 5& T | u £ AHE
o2 AR AYE TV F Ak A 2F e
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Ll =

4 4 gtk o
A

int func{int al{

if (a=>0
Alstatements:
return func{a - 13;
Y oelse {
féstatements;
return 0:

¥

Fig. 3. An Example Pattern of the Tail Recursion

3.2.4 Loop Structure
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Table 5. Energy Bad Smells of Loop Structure

Energy Consuming factors Description

Many increment variables within

Induction Variables
loop structure

Nested Loop Loop with a nested structure

A loop that has multiple read/write

Global Variables accesses for global variable
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3.2.5 Dead Code
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void scorsCalculate (StdInfo stdInfo){
int calculatedScore =

if (stdInfo.grade = 'Z' || void function(){
(stdInfo.position = undergraduate && //statements
atdInfo.attend !'= FAIL && stdInfo.report = '4'))
{ _ " .
calculatedScore = (stdInfo.scors + 20) * 2 4 10; a = (x* v/
}else if(stdInfo.grade =— '2' || b=x %y +
(stdInfo.position = undergraduate &&
1= = 5" ‘o
. stdInfo.attend != FAIL && stdInfo.report E')) //statements
calculatedScore = (stdInfo.score + 20) % 2 + 10;: i
}else if(stdInfo.grade = 'C' ||
(stdInfo.position = undergraduate &&
atdInfo.attend !'= FAIL && stdInfo.report = NCHNE))
{ void function(){
calculatedScore = (stdInfo.score + y * + /fstatements
lelse{
calculatedScore = (stdInfo.score + 20} * tmp = x * v
¥ a = tmp/2:
L b = tmp +
//statements
woid scoreCalculate(StdInfo stdInfo){
int calculatedScore = 0 }

int score = stdInfo.score +
bool isPoshAtt = FALSE;

Fig. 5. Applying Example of Eliminate Common
1f (szdInfo.position = undergraduace & scdlnfo.accend 1= FAIL)( Sub-Expression Technique

isPoshAtt = TRUE;
}

if (stdInfo.grade — 'A' || (isPosAtt && stdInfo.reportc — '4'))

! 4.3 Transform Recursion
calculatedScore = score * + B

}else if(stdInfo.grade — 'G' || (isPosAtt && stdInfo.report — 'L'))

{

calculatedScore = score * 2 + 10;
}else if(stdInfo.grade =— 'C' || (1sPosAtT && stdInfo.report = '5°))
{

[Definition] A% 7% HEE So 22 A7-%3

calculatedScore = score + 10; ?‘SJ—D]—
Jelse
{

calculatedScore = score;

, [Motivation] A|+1%+= ¢ure5<
> 2E7} ﬂﬁsﬁmh Mcﬂ Atk e @ 5%
Fig. 4. Applying Example of Simplify Expression Technique Hgo] = =
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int countDown (int n){

if (n=10) {
printf("Completed!™);
return;

}

printf("zd ", n);

countDown(n - 1)

N

wolid countDown(int n){
while(n > C){
printf("sd + ", n);
n-= _7

}

printf{"Co

}

Fig. 6. Applying Example of Transform Recursion Technique

4.4 Transform Loop Structure (TLS)
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#define SIZE = 100;
#define sizeM = 100;
#define sizeN = 100;
int sum;
woid main () {
int il, i2, i3
int i, j;
int a[SIZE], b[SIZE];
int arrayA[sizeM] [sizeN];
for (il=0, 4i2=0, i3=0; il < SIZE; il++){
a[i2+4+] = b[i3++];
}
for (i = 0; i < sizeM; i++){
for (j = 0; j < sizeN; J++){
arrayAli] [3]
}
}
for (i = 0; i < size; i++){
sum += af[i];
}
}
#define SIZE = 100;
#define sizeM = 100;
#define sizeN = 100;
int sum;
wvoid main () {
int il
T T
int a[SIZE], b[SIZE];
int arrayAl[sizeM] [sizeN];
T for (i1 = 0; i1 < s1zE; 41+0){
a[il]l = b[il];
¥
for (i = ; i< sizeM; i++) {
for (j = ; J < sizeN; J++) {
arrayalil [3] =
}
}
for (i = 0; i < size; i++){
sum += ali];
¥
}
Fig. 7. Applying Example of TLS: Reduce
Increment Variable Technique
4.4.2 TLS: Simplify Nested Loop
[Definition] W&t +ZoA Nested Loopdll 23 o5 F
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#define SIZE = 100;
#define sizeM = 100;
#define sizeN = 100;

int sum;
void main () {
int i1;
int i, j;
int a[SIZE], b[SIZE];
int arrayAl[sizeM] [sizeN];

for (il = 0; il < SIZE; il++){
a[il] = b[il];

}

for (i = 0; i < sizeM; i++) {
for (3 = 0; 3 < sizeN; j++){

arrayalil[j] —
}

for (i = 0; i < size; i++){
sum += ali];

[Motivation] ¥H&82 3&49 wwicth 22 I=5 gHEF
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#define SIZE = 100;
100;
100;

#define sizeM

#define sizeN

int sum;

void main () {
int il;
int i, 37

int a[SIZE], b[SIZE];
int arrayB[sizeM] [sizeN];

int *p = &arrayaA[0][0];

for (il = 0; il < SIEE; il++){
afil]l = b[il];

}

for (i = i < sizeM; i++) {
*ptt =

}

for (i = 0; i < size; i++){

sum += a[il;

#define SIZE = 100;

#define sizeM = 100;
#define sizeN = 100;
int sum;
void main () {
int il;
int i, 3;
int a[SIZE], b[SIZE];
int arrayAl[sizeM] [sizeN];
int *p = &arrayA[0][0];
for (il ; il < SIZE; il++){
alil]l — b[il];
i
for (i = 0; i < sizeM; i++){
bt =
}
for (i = 0; i < size; i++){

sum += a[il;

N

Fig. 8. Applying Example of TLS: Simplify Nested
Loop Technique

4.4.3 TLS: Transform Global to Local

[Definition] ¥ ¥HEE WiF E5e gdojd U
QS WAoo Fsh= Fxolh wEbd UF
E50 AxtelA F(Global) ¥FE AHESRAL QlTh

W2 g g

#define SIZE = 100;
#define sizeM = 100;
#define sizeN = 100;

int sum;
void main () {
int il;
int &, 3;
int a[SIZE], b[SIZE];

int arrayAl[sizeM][sizeN];
int *p = &arrayA[0] [0];

int sum loecal;

for (il = 0; il < SIZE; il++){
alil] = b[il]
i
for (i = 0; i < sizeM; i++){
rpbt =
}
””” for (i = 0; i < sizme; i++){ |

Fig. 9. Applying Example of TLS: Transform Global to
Local Technique



4.5 Eliminate Dead Code

[Definition] Z=o| Yehts dd A9 E7153 288
AAs 7 A8l ATx3} gt

[Motivation] Zz213¢] A= Tt Ao AP=A &

Fodete wEed AAEoe] dY ARE doZ

oAtt. o]# 3 Dead Code?] sHE-& Ao Had +

Unreachable Code®} 2713 23 3Eo] A

=
e FA %= Dead Store IEI1S E3H3ic)

o2 ¥ A rir
rlr

[Mechanics]
O LI E2FE AA 2 273 F AMSHA EE
WHag Adet
@ AdE WEE A7,
@ &223=29] Control Flow #4128 483t}
@ 3Z&5A ¥+ Unreachable MA=E et
® Zro}lzl Unreachable Wl AE=2 =73t}
® "MA=9 HF retunit oA gH& AgstARE AL

43h7 e A guge] wAgES AhA g,
WA Z9] FF return(i ol &8k Unreachable
CodeE A A3t}
7A9d 9 HAEES T3 A3 A9E st
[Example] ot o] <JAl(Fig. 100 =9 AARE 34 o)A
Uelts Agto a2 AlEEA e ¥ bet WE
o #t 30& wigste Z=E AAS Aotk

S

int fuctionl (void){ int fuctionl (void){
//statements //=tatements
return O; return

1 }

void function2(int a){ int main(int){

/fstatements int a =
1 int c;
int nalj(_rt}{ fuctionl () ;

int a =

int b = c = a <<

int e return c;

}

fuctionl():

c=a <<

return c;

c =

return

}

Fig. 10. Applying Example of Eliminate Dead Code Technique
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Table 6. Target Platform of XEEMU

CPU Intel XScale 80200, 266-733 MHz in 66MHz
Architecture ARM pipelined RISC
RAM 32 MByte Micron SDRAM, 100MHz
X-Compiler arm-elf-g++ 4.1.1
CPU core current, IO current, System
Measurement tap .
peripherals

Fig. 110 293k AA7 2 AdS Fg317] $3iA -2
= WA Original Code®} Refacor Codeol ™3t Functional
Equivalence® A3t} o] Refactor Code’} Original

Codedt &3 A8 Aas Aeds 2w 99 Aotk

Step 1: Acquire Original Source Codes |

v

Step 2: Apply Refactoring Techniques |

¥

Refactor Codes

‘ Step 3: Check Functional Equivalence |

v

‘ Step 4: Estimate Energy Consumption |

Energy Consumption of Energy Consumption of
Original Codes Refactor Codes

Fig. 11. Verification Procedure for Our Proposed
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Table 7. Energy Consumption Analysis Results for
the Given Example Codes

Techniques Energy (n]) | Difference | Efficiency
Before | After (n]) (%)

Simplify Expression 35277 | 33992 1285 3.64
Eliminate Common 6762 | 6115 647 957
Sub-Expression
Eliminate Dead Code 14556 | 14261 295 2.03
Transform Recursion 89375 | 85355 4020 4.50

{?d?mf“ 4939 | 4819 120 243
Transform| ¥ ariables
Loop Nested Loop | 945508 | 753183 | 192325 20.34
Structure

Global 6967 | 6590 377 541

Variables

4A) =
L omsg ggow andl BAS SS9 49 2
el AEAS Bol7] SAdl, AEA RHL WE =g A
Ek Adsge. T = A9

Table 8. Experimental Codes for Applying the Techniques

Exp. Codes Description
Huffman Code | Compression Technique with data Lossless
K-Means Clustering the given data to the k clusters

Location search of particular value in the

Binary Search sorted list

WA Huffman Codeol ™3t A% A= Fig. 129 2t}
Huffman Code®l= Eliminate Common Sub-Expression,
Eliminate Dead Code, Transform Loop Structure 7|WH<
Ags g AR 7|4 Transform Loop Structureol] t
A 7HA 9 FHEY YHE BT AE3te HAFEEA
o 24 7S Aee At AE Utsd EE UIHE

A Ay B2
2 Yeyth Fig 12(A)004 2E 7¥
Transform Loop Structure 7|H& @5
cRdE A7 gar P 2 A
12B)olM = BE 7]
o wol g
o] A7 W& HAQ ALE AT

5 A 248 K-means g Fol tate] Simplify
Expressions, Eliminate Common Sub-Expression, Eliminate
Dead Code 718 <& A &3le] 8319t} Fig. 139 A, B,

9400000

9300000
9200000

9100000

Energy (nl)

9000000
Original  Eliminate CSE  Eliminate Transform Al
Dead Code Loop Techniques
Structure

(A) Case of 10KByte Input Size

396000000

393000000

350000000

387000000

Eenergy (nl}

384000000
Original  Eliminate CSE  Eliminate Transform All
Dead Code Loop Techniques
Structure

(B) Case of 200KByte Input Size
Fig. 12. Experiment Results for Huffman Code

adga Ce= 2k 100, 1000, 10000718 4 diolE & AM&
sto] ARME FA4& FPYrh K-means &g 5o U3
= Simplify Expressions 7|HS F&3S v 252 AY
Fol 7H AaEen, e 7o A5 fF deolH
e 2wAY A3 Bol AR G & 5 29
174000
. 173000
E 172000
2
g 171000
{=4
i
170000
169000
Original Simplify Eliminate  Eliminate All
Expressions CSE Dead Code
(A) Case of 100 Input Data
4280000
- 4240000
E 4200000
&
@ 4160000
S
4120000
4080000
Original Simplify  Eliminate  Eliminate All
Expressions CSE Dead Code
(B) Case of 1000 Input Data
66400000
66000000
Z 65600000
& 65200000
£ 64800000
64400000
64000000
Original Simplify  Eliminate  Eliminate All
Expressions CSE Dead Code

(C) Case of 10000 Input Data
Fig. 13. Experiment Results for K-means algorithm
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