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Abstract

With the concern of global warming and energy shortage, the study of computer
energy consumption becomes quite important nowadays. The consumption produced
by hardware has been widely discussed, while the consumption caused by software is
less explored. Therefore, in this thesis we choose browser as the target software to
find out the energy consumption of different browsers under different execution
modes. This research shows that the energy consumption is at least 20% more when
comparing the browser in JavaScript execution mode and idle mode. The results also
show that when performing the same JavaScript, the energy consumed by different
browsers can be 300% different. Our research points out that in order to reduce
energy consumption, a new way of software design cannot be ignored.

Keywords - Energy Consumption - Web application ~ Browser - JavaScript
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var | = document.forml.inputl.value;
for(var i=0; i<p ; i++)
{ var =document.getElementByld('myTable").insertRow(1);
for(var j=0;j<I;j++)

x.insertCell(j).innerHTML="value";

-

AR EPT JavaScript shd * p 2R 2 F 0 gd bRy 7 T VB e
Kraken &5 f % > L&A H 072 K> R 1 FPM 2 TV A » &% p 3 0 5o
FEREF AT N A AHTER Y it JavaScript £25% 0 LA PRG B
?%ggfﬁqAg@mﬁﬁg%¥§Mﬂwﬁmm%ﬁ°@ﬁ’E@EW@
JavaScript % o &7 b i E ka2 T ERKET > K HREL TR TERE Y

EEU T

21



4, REBFELPH

AR R LT EAA R TE AT EFERHLEF T LR R
FRRATIEOER 2 B E 2 DT E BN SN Fa Lt AT RATAE L D

fo  BoH Tiagiyy L TR R RA D R ’“f."zizk“?ﬁﬁﬁ%ﬁﬁﬂfﬁ@?%ﬁ’i

X

PTE A FE LA T ERT §W+ R SRl P SR
BhRmYY B %A SHRFATED P R 2 Ak T E

3 b T i R B o

41 V8 R =%

u"u'

411 V8P R FATEZ kb (T¥ J34ei

V8 F 5 » pl¥ IE -~ Chrome ~ Firefox 7 Windows 7 ¥ Windows XP

(\

S
\

b=

' BA1 5 IE A7 R iFE kRan VBTt » 2415 IE 7

V8 5% T 157 & o Bl 4.2 5 Chrome a7 F iT% 4 e V8 F 2%k T 35

;
i

~

i 0 % 42 5 Chrome &7 p iT% k 3uen VB F 5% T 357 £ » B 4.3 5 Firefox

BFFIFE Lam V8 F kT4 > & 4.3 5 Firefox &7 F 17 ke VB F

W

&L 3

h
U

=k

22



9
8
7
6
<5
= 4 mIE
3
2
1
0
Windwos 7 IES Windows XP IE8
B 4.1 IE V8 2§ 2% T 124L 3¢
% 4-11E &7 7% s 5uen V8B F s T 157 £
oS Windows 7 Windows XP
I 3544 50 (Wh) 3.66 8.45
I o i pF F (sec) 191.87 399.15
Tag E(W) 68.6 76.25

%gv} Bl % 4> 12 Windows 7 %t &) > Windows XP z_ T 242 it % Windows
72 231 % ¥ % IES g FlITE & en7 B R84 50 > Windows 7 T 3545 5 $ie
Windows XP -]- < @ Windows XP L 2% € < 3> Windows 7 » »r{EpFr R 2 2 2.1

i—‘:—, s ’:"-i-éi g‘f’!%i’-;;‘;b' ﬁ’{"\ o

23




Chrome

0.5
0.45
0.4
0.35
0.3
=
= 0.25
M Chrome
0.2
0.15
0.1
0.05
0
Windows 7 Windows XP
B 4.2 Chrome 7 V8 2. F % T 24< 5y
% 4-2Chrome &% | i ¥ ke V8 F % T35T £
oS Windows 7 Windows XP
I 3544 50 (Wh) 0.42 0.42
I ¥asr i pF F (sec) 21.29 21.36
Tag E(W) 70.36 70.65

2 Windows 7 3+t %] » Windows XP 2_ T 3542 3¢ 2 Windows 7 2z 1.007 &

I

AZFE] 30 1% 0 ¥ Un G Chrome 2 424t 2 (F % ke @ Pl > 3 f 1 &
PREALRE - &V8F%® > Windows7 L3537 & £ Windows XP L 35F & fo#7

R PRt @ PR A R o e i s Aot o

24



Firefox

0.5
0.45
0.4
0.35
0.3
=
= 0.25 M Firefox
0.2
0.15
0.1
0.05
0
Windows 7 Windows XP
B 4.3 Firefox 7 V8 z_ 9 2 T 124< 3¢
% 4-3Firefox &7 F iT% s 3enV8 9 % T 57 £
oS Windows 7 Windows XP
I 3544 50 (Wh) 0.45 0.45
I o i pF F (sec) 71.34 71.28
Tag E(W) 22.66 22.77

2 Windows 7 3+t %] » Windows XP 2_ T 3542 3¢ 2 Windows 7 2z 1.004

-

ZEE 3t 1% v i n s Firefox 2o 4200 X (5% k307 b en@ i) 0 3 L
BAR - Chromespl » VB8 F % ¥ > Windows 7 T 35% £ ¥2 Windows XP
TERT e TR PRI AP LR > i dopt o

HiEApFETE 7 e iTd diifoiz i v U VB E %Y ",ﬁ% =
z_¢ > Chrome 2 Firefox 2. 424t 2 R E o7 A2 X (T k2 R B E @

IEz 45 ~ 7 & %2 7o % 2 Windows 7 -] * Windows XP -
412 V8 Y dple 15k A 307 I il T RAL

AR TR ARG R ERL LY T EPLE - BAL LR

F T E & Windows 7 2 V8 1 s T 3a4L i B 45 5 7 i E & Windows XP

25



V8 P kT ¥afl iy o

3.656

Wh

0.416 0.449

Windows 7
W IES MWIE9 mChrome M Firefox

Bl 4.4 Windows 7 % V8 z_ F % T 54~ iy
Windows 7 & V8 4 s F & ® > 11 IE8 4+ ] IE9 5 IE8 2z 13.46% > Chrome
% 11.38% - Firefox 5 12.28% o ¥ 185> At 4Lt F 5% 7 » |IE8 2 42 av i+ %

H e = —‘F‘a‘ v Hd ot eh o) 4 IE8>IE9>Firefox>Chrome o

9 8.454
8
7
6
5
=
= 4
3
2
1 0.419 0.451
0
Windows XP

M IES M Chrome M Firefox

B 4.5 Windows XP % V8 z_ F 5 T 154~ iy
Windows XP % V8 42 @ 2% ® » 12 IE8 %+t &) > Chrome % IE8 2 4.96% -
Firefox 5 5.34% > ¥ 1 ifav. fytfen %7 P IE8 2 i g~ &= F - 4

P oo fEi enk o] 5 IE8>Firefox>Chrome o d pt ¥ &> & VB8 F % ¥ 2 P AT ¥
26



SR HE R A LR LR

4.2 Kraken 7 5%

421 Kraken ® 1k T X7 b iTE F 5320

2 Kraken § % ¢ - #|#F IE ~ Chrome ~ Firefox 7 Windows 7 ¥ Windows XP
b2 T35l o Bl 4.6 5 IE A7 FITE ke Kraken § % T i54c i 0 & 44 %
IE &7 7% kst Kraken § 5% T 357 € > B 4.7 5 Chrome &7 F iT% % %
e Kraken § &% L 59425 » % 45 % Chrome &7 F T % x ¥t Kraken § % L 15
% %@ 4.8 L Firefox &% I (T % % st Kraken § & L #2485 > & 4.6 5 Firefox

h7 T ¥ & sieh Kraken F % T i0% £ o

IE
55
50
45
40
35
30
25
20
15
10

Wh

mIE

Windwos 7 I[E8 Windows XP IE8

B 4.6 IE & Kraken z. F 2 T 24< 5

27



4 4-41E 27 e iT¥ k suenKraken 2 % L 57 B

0S Windows 7 Windows XP
T 3242 v (Wh) 50.72 50.52

I 3247 T pF Y (sec) 2685.75 2690.58
Tiag (W) 67.98 67.60

2 Windows 7 & &) > Windows XP 2. T #24< 5 5 Windows 7 2. 99.62% > %

BE-] 3T 1% 0 70U s IE8 2 4Lt X v kA7 B k] > A %I AP A
£

P o & Kraken # % # > Windows 7 L 35¢ € ¥2 Windows XP T 357 £ fos7 i pr &
Fiens a P AL R > fdla Fdopt o
Chrome
1.4
1.2
1
= 0.8
= M Chrome
0.6
0.4
0.2
0
Windows 7 Windows XP
B 4.7 Chrome # Kraken z_ 4§ 2% T 2L 5
# 4-5Chrome 7 F T % % stem Kraken 9 % T 397 &
0S Windows 7 Windows XP
I 354L 50 (Wh) 1.38 1.37
I o i pF F (sec) 66.63 66.10
TIiag (W) 74.75 74.82

2 Windows 7 %+t &1 » Windows XP z- T 24L& Windows 7 2- 99.35% > %

BE-] 3t 1% > ¥ U zn i Chrome 2o X 18 % A 5% b e il > 3 «‘F‘]"

v

F]’J

‘ﬁ\

28



WAE -2 V8F%IPK -

Windows XP L 5¢

% Kraken g % *

» Chrome #%

BAcH TR R AP B A R o &S Aot

A Windows 7 L 5% & &7

o

Firefox
2
1.8
1.6
1.4
1.2
£ 1
= M Firefox
0.8
0.6
0.4
0.2
0
Windows 7 Windows XP
B 4.8 Firefox 7 Kraken z_ § 2% T }94< 5
% 4-6Firefox .7 I (7% % sienKraken 9 % L 57 £
0S Windows 7 Windows XP
I 3534 50 (Wh) 1.83 1.83
T gaer i pE Y (sec) 92.50 92.18
T Eag £ (W) 71.31 71.25
2 Windows 7 % ¢ &) » Windows XP 2z T #5242 5 5 Windows 7 2. 99.62% > £

e 3 1% 0 7 1

2

dARF T EA TR AT IS 2 O T

Chrome % Firefox z_

% Kraken ¥ = *°

e
RSO

» Firefox 7

%3‘131: X f%‘#’;

Bend B A AR 5 LA Aot o

Firefox 2. 4= &v 7]

i SR WD

Windows 7 & & ¥7 Windows XP &

29

\15 f,l"

AR R R B B A

Pl BT R A

# Krakeng =% # |IE ~
V8 F &k »

Bt io R e




422 Kraken ® 4pk ¥ ¥ 2 302 R AT B4

B R a o BEAETE AR RPETERFZN 0 RA
Kraken % % HIF EehZ £ - B 49 2 7 FF T % & Windows 7 7 Kraken ¥ %
Tiajii o B14.10 5 7 FIFT® & Windows XP = Kraken § 2 T 3248 i o

60

50.715

50
40

=

= 30
20

10
4.307
1.383 1.832

Windows 7
WIES MWIE9 mChrome M Firefox

B 4.9 Windows 7 # Kraken z_ § & T 354~ iy
Windows 7 % Kraken 4= s @ 2% * » 12 |E8 % +- & IE9 % IE8 2. 8.49%>Chrome
% 2.73% > Firefox 5 3.61% c ¥ @4 p b % °  IE8 2 £ v g+ >t 2
= Jﬁ o H ¥ s dgy e o) & IE8>IE9>Firefox>Chrome -

B 4.10 Windows XP 7% Kraken z. §F 2 T ¥24<

30



60

50.523

50

40

30

Wh

20

10
1.374 1.825

Windows XP
mIES mChrome m Firefox

Windows XP 7 Kraken 4< iy & % # > 12 |[E8 & +* &]>Chrome % IE8 2. 2.72% -
Firefox 5 3.61% > ¥ i8> Aptfai Tk » IE8 2 it~ 30 H &= —‘ﬁ v H
¢ fog e o) 4 IE8>Firefox>Chrome - d 4 ¥ &> & Kraken § 2% ¢ % # i *

PRITE R R LR X L BV R R RERR o

4.3 FPM 4§ =%

431 FPM ¥ R R 7 b 1T F J R

& FPM 9 =% ¢ > B|#® IE ~ Chrome ~ Firefox 7= Windows 7 &7 Windows XP _}
2 Tyadig > B 411 5 IE A7 b iF¥ kA FPM F % 3944 > £ 47 % IE
Bh e iTE LR FPM P %2353 £ 8 4.12 2 Chrome &7 F iT ¥ % sLenFPM
BT 0 £ 4.8 5 Chrome o7 it % s sLenFPM 9 % T 353 £ 0 B 4.13

Firefox &7 I (T % 4 5o FPM 9 3 T #9425 » 4 4.9 % Firefox &7 b (7%

F RS

G FPM B % T 307 £

31



0.78

0.72
0.66

0.6
0.54
0.48
0.42
0.36

0.3
0.24
0.18
0.12
0.06

Wh

Windwos 7 IE8

mIE

Windows XP |IE8

Bl 411 1E & FPM 2.9 2% T 354L it

% 4-7IE &7 F iv¥ 5k 5enFPM g s L 353 £

0S Windows 7 Windows XP
I 3534 5 (Wh) 0.76 0.75

I 3o O (sec) 41.61 44.12

T £ (W) 65.97 65.93

2 Windows 7 3 ¢ 5] » Windows XP z_ T 354

FEHE1.5% ¥ 11

7t % Windows 7 z_ 98.56% > %

WEIE8 2 45it g FIFE kA A B LB Ao VB

2 £ o A FPMF 5% ¢ > Windows 7 T 57 £ &2 Windows XP L 5% € ¥ &

PMELE > EFREROLER & IE8 i Kraken § 5 & 4 fL i 7

32

1.5%: 4 §E o




Chrome

0.39
0.36
0.33

0.3
0.27
0.24
0.21
0.18
0.15
0.12
0.09
0.06
0.03

Wh

M Chrome

Windows 7 Windows XP

B 4.12 Chrome % FPM z_§ 2% T }24< 5

% 4-8Chrome %7 F iT¥ % 5LenFPM § % T 357 £

0S Windows 7 Windows XP

T 3242 v (Wh) 0.37 0.37

I ¥asr i pF F (sec) 19.93 19.91

I 3=

i
g

(W) 67.03 66.98

533
w

\!

2 Windows 7 5 vt ] >Windows XP z_ T 3542 i &2 Windows 7 & & p? &g £ B >
FOUBITE KT A BN o T —‘g Z4p I > Chrome # Windows 7 L 35

T E 2 Windows XP L 35% E{esr vl fkend @ P B L B > fedt e & dopt o

33



Firefox

0.2
0.18
0.16
0.14
0.12
=
= 0.1 M Firefox
0.08
0.06
0.04
0.02
0
Windows 7 Windows XP
B 4.13 Firefox # FPM z_§ 2% T 354< iy
4 4-9Firefox &7 F (T% % %en FPM 9 5% L 357 £
0S Windows 7 Windows XP
I 3534 50 (Wh) 0.18 0.18
I ¥asr i pF F (sec) 9.86 9.86
T Eag £ (W) 64.97 65.01

2 Windows 7 % +* &) Windows XP z_ F 3542 5¢ 22 Windows 7 ¥ g p* &g £ £ »
FURITE ART 3 EBEN R B S J““" 2 40 > Firefox 7= Windows
737 £% Windows XP L 35F £ fodr o B e thand B P B A B > wdia »
4ot o

d #EFE:E‘J%%% Fo iT 3 % Loy 2 v i ¥ Y & FPM 7 2% ¢ IE ¢ F]i®
¥ hpEa e LR 2 15% @ Chrome 2 Firefox 2_ 424 # £ (£ % % 5L7

5 -
432 FPM ¥ jpke fE 8 4 367 gl B B 45
Bed R SEAR P A R R T R

FPM %@ T i £ oM 414 5 7 kT F & Windows 7 FPM F % T 45
34



#ic 0 B 4.15 5 7 kg F & Windows XP 7 FPM & T 359425 o

0.9
0.8 0.764
0.7
0.6
= 05
= 0.4
0.3
0.2

0.1

0
Windows 7

mIES mIE9 mChrome M Firefox
B 4.14 Windows 7 7 FPM z_ § % T ¥24< i
Windows 7 % FPM 425 9 2 ® » 2 |[E8 5 vt &> IE9 % IE8 2. 17.28%> Chrome
% 48.56% - Firefox 5 23.30% - ¥ V8 {vr Kraken § % % F > |E8 e3fL it B2 4p f& 1
A H AR o R IEQ AFPM B 4Ei S0 o B P o ik o]
IE8>Chrome>Firefox>IE9 -

0.8 0.753
0.7
0.6
0.5

0.4

Wh

0.3
0.2

0.1

0

Windows XP

M IE8 MW Chrome M Firefox

B 4.15 Windows XP % Kraken z_ & 2 4< ¢



Windows XP # FPM 4 i g % # » 12 IE8 % +- &) Chrome 5 IE8 2. 49.27% -
Firefox 5 23.64% > ¥ r1 84w e %7 0 IE8 2 i g < 4o o
HP o geaans ] & IE8 >Chrome>Firefoxe & FPM § % ® > 2 s m AT ¥ & 3>
FHipenk @ LF Ak o ¥ VB r Kraken 7 > At F 5% ©® IE9 e it 5] -

Firefox =< z_ -

44 TV R =%

441 TV iR HTEES I e 58400

TV F &Y > plE IE ~ Chrome ~ Firefox 7= Windows 7 ¥2 Windows XP _}
2 T3ajii > Bl416 5 IE 272 B ivE ke TV %I93 > £ 410 5 IE
A iR LTV R THTE > B 417 2 Chrome 2% k(T2 4 seen TV
BT 0 & 411 5 Chrome 27 kB iT% s e TV 2 % L3593 £ 0 B 4.18
% Firefox &% (7% s 50 TV F 5% T 045 > £ 4.12 % Firefox &% (7% %

BTV R 5% L30T £ o

Wh
~
o

mIE

Windows 7 IE8 Windows XP IE8

B 4161E & TV 2. 7 % L 54 5

36



% 4-10 IE %

BAARITE xS TV R % TiaT £

0S Windows 7 Windows XP
T ¥aic i (Wh) 152.49 152.63
T radr 1 pF Y (sec) 7420.92 7428.29
Tiag (W) 73.98 73.97
2 Windows 7 3+t 1] » Windows XP 2_ T 3542 50 5 Windows 7 2. 1.001 # >

£ B R 1%z p

=7 >z Y
F J’Z \:p\}fa‘

TV fF =% »

IE8 2_ 4= i¢ % 11

TE kT e R R o B

> Windows 7 T 325 & 2 Windows XP L 5%

RoEFRFDLERF 01% > R A2 i AP HOLR o

Chrome
0.06
0.055
0.05
0.045
0.04
0.035
=
= 0.03
0.025 B Chrome
0.02
0.015
0.01
0.005
0
Windows 7 Windows XP
B 4.17 Chrome 7 TV 2.9 5 T 124< 3¢
% 4-11Chrome &7 I (% % 5eh TV @ % T 0%
0S Windows 7 Windows XP
I 354L 50 (Wh) 0.06 0.06
I o i pF F (sec) 3.08 291
TIimg (W) 69.17 71.33
2 Windows 7 & ¢ &) » Windows XP 2. T 324< 50 5 Windows 7 2. 99.10% > %
BE-] 3t 1% > ¥ U gn i Chrome 2o 4540 X 18 % 5 507 anfe il | » ?‘7 -

37




AR o edBm = —‘ﬁ 2 7 > Chrome & Windows 7 L 3527 & # Windows XP

TR E M m A ERrRE > A fRIFER T AP REALAR -

Firefox
0.05
0.045
0.04
0.035
0.03
=
= 0.025 M Firefox
0.02
0.015
0.01
0.005
0
Windows 7 Windows XP
B 4.18 Firefox & TV 2z 9 2T 15945 5%

% 4-12 Firefox 27 B (T2 s e TV 5% L3937 £
0S Windows 7 Windows XP
T ya42 i (Wh) 0.04 0.04
I ¥asr i pF F (sec) 2.15 2.12
T £ (W) 70.18 70.55

2 Windows 7 & ¢ &) » Windows XP 2z T #2425 5 Windows 7 2. 99.05% > %

BBl 22 1% ¥ 23 G Firefox 2 4% ay F1E % k527 B R MOl > A H T m PR

aﬁlki"a‘i—g B 4p e > Firefox & Windows 7 L 327 £ £ Windows XP L 2% ¢

[

T R R tRen T &P AL R o Fdhan e ot oo
d AR TR P EE a2 o v B TV 2 % ¢ IE~Chrome

% Firefox 2. J2it 3 X 174 k53 B R o
431 TV VY 4pk 15 A 507 BT ER L

Bt bRz 4L 0 BEAR ITE A RAT FHT R ALN 0 R
38



TRy ATENLLE-B 419 572 FEATE & Windows 7 0 TV § % T 359480 >
B 420 = 7 ki 0 ¥ & Windows XP 1 TV 7 & T 39425 -

180

160 152.49

140

120

100

80

60

40

20

0

Wh

0.0582 0.0419

Windows 7
WIE8S MIE9 mChrome M Firefox

B 4.19 Windows 7 & TV 2.9 % L 354 it
Windows 7 & TV #£i @ %% ® » 11 |E8 4 vt &2 IE9 % IE8 2 43.76%  Chrome
% 0.04% - Firefox 5 0.03% o ¥ B> At 4L F % ¢ > IE8 &2 |E9 2 4= it i&
<3t H A= dﬁ o H P g ek o] 4 IE8>IE9 >Chrome>Firefox o

180
160 152.63
140
120

—g 100
80

60

40

20

0

0.0577 0.0415

Windows XP
W IE8 M Chrome M Firefox

Bl 4.20 Windows XP A TV 2. F % T 1545 i
Windows XP % TV 425 F 5% » » 12 IE8 5 +* & » Chrome % IE8 2. 0.04% -

Firefox 5 0.03% > ¥ 184w Ay i F %Y P IE8 2 friv g~ W H K- H - 4
39



AL eh s o] o IE8>Chrome>Firefox - d pt ¥ 4v > A TV F &Y 2 P fa it ¥

gl A LW AR e o

45 BEHFHEVR

Gd A% EEE % IE8PF > V8 FHKE FPM 7 %7 42ic € F]iT ¥
A Ea REOEATHTEAAALPAT SR A BITE L AP BAP
AR i*u{;m Chrome % Firefox sifLic % ¢ FIIT £ k583 i § 773 I
@ % 1 22 Firefox fv Chrome # #4755 & ot > IE9 #a i IE S ATerif| T B s 4 >
HALao» & RGP » Y oA EET 7 Windows 7 s & AAE TR 2 R

For et d ks e B IE8 Sk x bR K A d p LR IE8 2 |EQ 2 45

AS1HIF R * JavaScript # F E P2 T £5F

A& ESE 0 I E @ % JavaScript pren® E{ofI R A R P enT £ LR
APFETLRHATEALBRHRMFNTHTE A I N AADFEFLA
HFEHTEL AP LIRSS > AE R &% 7 Chrome & Windows 7
BPERTEFLI R N HE FTE AR * JavaScript pr > 3 & * pFZ 2

PO E c 2 A3 LHETERRY o2 # ¥ T B LFE

40



% 413 FIFER* {o2 & ¥ prenq £ LE
= V8 Kraken FPM TV
Chrome Chrome Chrome Chrome
I35 I s Iia I s
T T T T
T B T e T B T e
(W) | (W) | (W) | (W) |
128 28 123 3
(53.99W) (53.99W) (53.99W) (53.99W)
IE8 68.60 127% 67.98 126% 65.97 122% 73.98 137%
IE9 69.77 129% 73.54 136% 66.58 123% 82.87 154%
Chrome | 70.36 130% 74.75 139% 67.03 124% 69.17 128%
Firefox | 71.34 132% 71.31 132% 64.97 120% 70.18 130%
FEer JavaScript FHT ELFTEFEFZ LA &3 5 IE9 &
TV @ 5%, sHEF2 1542 > o &M P E_Firefox & FPM g 2% 255 1.2

Ry
Eprn
LSEL Y B

£

A 20%02 o om

N mbavAFTEL2 TR HKY > @ * JavaScript pFehT £

R

BTV &Y & fgg i AR A5 o

452 T ER ™ 2450 0

AR R RIS

2
£

N

FETE L L

L 8

v Sl 2 B R L e AP DU

il} -‘? A%E féw/kb" -ﬁ{ °

41

% i JavaScript § s FF gL sy o 702 Chrome i 5 A8 4ptfic o & 414 7 B




# 4-14 LI F %R FIT R4 R

7 % V8 Kraken FPM TV
T | g Tis | g Tim | e Tin | g
#£ i | Chrome | #£ st | Chrome | #£ i | Chrome | #% % Chrome
(Wh) | % (Wh) | & (Wh) | & (Wh) | &
Chrome | 0.42 | 100% 1.38 | 100% 0.37 | 100% 0.06 100%
IE8 3.66 | 871% 50.72 | 3675% | 0.76 | 205% 152.49 | 254150%
IE9 0.49 | 167% 431 | 312% 0.13 | 35% 66.73 111217%
Firefox | 0.45 | 107% 1.83 | 133% 0.18 | 49% 0.04 67%

d & B SRAL T

L.

IE8 7 3 i fE9 S ¥ 42 it d a2 0

»m 1E9 z_ 4= & B &2 Firefox

% Chrome i 5 #3157 3 #-IE8 7 » vv i © 11 |[EQ 1T 5 IE 2. 4240 2%

% -

V8 {r Kraken e % i@ * $i % e JavaScript 47 2 s kg o H b s i

B2 A FRRERAPR o R Chrome st &> Firefox 2 4

it = Chrome z- 1.07 & % 1.33 & >1E9 2 4£ s B %2 Chrome z 1.67 & %2

312 & -

i FPM v Bk ¥ i 47 19 40 0 IEQ I T B AL B i@ * S Pl h § cnif

T s 4La k" 0 5 Chrome 22 0.35 % o

f O S i 43 @ 4o Firefox 1 % i *

% » % Chrome 2. 0.67 & -

42

B3 T HAIER A0




5. BHmBAIARFEZ

A vLFIT R @ % JavaScript FEeRAL R AR AT o B S A B IFE K
BME 2 RHTERS T & AL F R F H T B4 JavaScript pF
HAERBRHTERE R 92002 o Flt 0 B 3 7 JavaScript B
HORE G BALE L SR MBI W R oS R A LI
Firefox ~ 72 2 Chrome- &3 %% 7 d >* [E8 2. L it i 3 2 H 4 dﬁu 2 |IE9: B
IE8 e F — 5 A IEQ % & 5 » 1t e s F]pt 4% 4 £ IE8 T » 12 V8 fr Kraken il
oGS Py o IE9 enfLit W 5 Chrome e 16 B % 32 R o & TV R %Y >
IE9 =4 ic { &_Chrome 71100 & -

AFTF A KR - 5 4345 JavaScript 4L sy 05 0 4 DR 3 web &t ikl B

ey KPR o A oAE MR RR B At 2 sy (client side) sgE it o

43



6.

[1].

[2].

[3].

[4].

[5].

[6].

[7]1.

[8].

[9].

24

Baliga, J.,Hinton, K., Tucker, R. S., “Energy Consumption of the Internet,”
Proceedings of 32nd  Australian Conference on Optical Internet , Melbourne,
VIC, 24-27, Jun, 2007, pp. 1-3.

Baynes, K., Collins, C., Fiterman, E., Ganesh B., “The Performance and Energy
Consumption of Embedded Real-Time Operating Systems,” IEEE Transactions
on Computers, Vol. 52, Iss. 11, 2003, pp.1454-1469.

Beckmann, A., Meyer, U., Sanders, P., Singler, J., “Energy-efficient sorting using
solid state disks,” Journal of Sustainable Computing: Informatics and Systems,
\ol. 1, Iss. 2, June, 2011, pp. 151-163.

Benini, L., Micheli, G., “System-level power optimization: techniques and tools,
ACM Transactions on Design Automation of Electronic Systems. Vol. 5, Iss. 2,
Apr, 2000.

Callou, G., Maciel, P, Tavares, E., Andrade, E., “Energy consumption and

2

execution time estimation of embedded system applications,” Journal of
Microprocessors and Microsystems, Vol. 35, Iss. 4, June, 2011, pp. 426-440.
Cano, M.D., Gines, D.A., “A secure energy-efficient m-banking application for
mobile devices,” Journal of Systems and Software, Vol. 84, Iss. 11, Nov, 2011, pp.
1899-1909.

Capra, E., Francalanci, C., Slaughter, S.A., “Is software “green”? Application
development environments and energy efficiency in open source applications,”
Journal of Information and Software Technology, Vol. 54, Iss. 1, Jan, 2012, pp.
60-71.

Capra, E., Merlo, F., “Green IT: Everything starts from the software,”
Proceeding of Information Systems on European Conference, 20009.

Cioara, T., Anghel, 1., Salomie, 1., Copil, G., Moldovan, D., Grindean, M., “Time
series based dynamic frequency scaling solution for optimizing the CPU energy
consumption,” Processing of 2011 IEEE International Conference, 25-27 Aug,
2011, pp. 477 — 483.

[10].Deng, Y., Wang, F., Na, H., “EED: Energy Efficient Disk drive architecture,”

Journal of Information Sciences, Vol. 178, Iss. 22, 15 Nov, 2008, pp. 4403-4417.

[11].Elnozahy, E.N., Kistler, M., Rajamony, R., “Energy-efficient server clusters,”

Proceedings of the 2nd international conference on Power-aware computer
systems, 2003.

[12].Fettweis, G. and Zimmermann, E., “ICT Energy Consumption—Trends and

44



Challenges,” Proceedings of IEEE WPMC, Lapland, Finland, Sep. 8-11, 2008.

[13].Kienle, H.M., “It’s About Time to Take JavaScript (More) Seriously,” Journal of
IEEE software, Vol. 27, Iss. 3, May-June, 2010, pp. 60 — 62.

[14].Lafond, S., Lilius, J., “Energy consumption analysis for two embedded Java
virtual machines,” Journal of Systems Architecture, Vol. 53, Iss. 5-6, May—June,
2007, pp. 328-337.

[15].Markovic, D.S., Zivkovic, D., Cvetkovic, D., Popovic, R., “Impact of
nanotechnology advances in ICT on sustainability and energy efficiency,”
Journal of Renewable and Sustainable Energy Reviews, Vol. 16, Iss. 5, Jun, 2012,
pp. 2966-2972.

[16].McAfee Inc., “The Carbon Footprint of Email Spam Report,” 2008,
http://resources.mcafee.com/content/NACarbonFootprintSpam

[17].Newsham, G.R., Tiller, D.K., “The Energy Consumption of Desktop Computers
Measurement and Savings Potential,” IEEE Transactions on Industry
Applications, Vol. 30, Iss. 4, 1994, pp. 1065 — 1072.

[18].Potlapally, N.R., Ravi, S., Raghunathan, A., Jha, N.K., “A Study of the Energy
Consumption Characteristics of Cryptographic Algorithms and Security
Protocols,” IEEE Transaction on Mobile Computing, Vol. 6, Iss. 2, Feb, 2006, pp.
128 — 143.

[19].Roth, K.W., McKenney, K., ”Energy Consumption by Consumer Electronics in
U.S. Residences,” Consumer Electronics Association TIAX LLC Inc., January,
2007. http://www.ce.org/pdf/Energy Consumption by CE in U.S. Residences

[20].Sharafeddine, S., Maddah, R., “A light weight adaptive compression scheme for
energy-efficient mobile-to-mobile file sharing applications,” Journal of Network
and Computer Applications, Vol. 34, Iss. 1, Jan, 2011, pp. 52-61.

[21].Shnayder, V., Hempstead, M., Chen, B., Allen, G. W., Welsh, M., “Simulating the
power consumption of large-scale sensor network applications,” Proceedings of
the 2nd international conference on Embedded networked sensor systems,
Baltimore, USA, Nov, 03 — 05, 2004.

[22].Sivasubramaniam, A., Kandemir, M., Vijaykrishnan, N., Irwin, M.J.,
“Designing energy-efficient software,” Proceedings of International Parallel and
Distributed Processing Symposium, vol. 2, 2002, pp. 176.

[23].Somavat , P., Jadhav ,S., Namboodiri, V., ”Accounting for the Energy
Consumption of Personal Computing Including Portable Devices,” Proceedings
of the 1st International Conference on Energy-Efficient Computing and
Networking, Passau, Germany, April, 2010.

[24]. Statcounter, Browser monthly 2012-03:
http://gs.statcounter.com/#browser-ww-monthly-201203-201203-bar

45


http://resources.mcafee.com/content/NACarbonFootprintSpam
http://www.ce.org/pdf/Energy%20Consumption%20by%20CE%20in%20U.S.%20Residences%20(January%202007).pdf
http://gs.statcounter.com/

[25]. Statcounter, OS monthly 2012-02:
http://gs.statcounter.com/#0s-ww-monthly-201202-201202-bar

[26]. Taivalsaari, A., Mikkonen, T., Anttonen, M., Salminen, A., ” The Death of
Binary Software: End User Software Moves to the Web,” Proceedings of
Creating, Connecting and Collaborating through Computing, Jan., 2011, pp.
17-23.

[27]. Taylor, B.N., “The International System of Units (SI),”
http://physics.nist.gov/Pubs/SP330/sp330.pdf

[28]. Taylor, C., Koomey, J., “Estimating Energy Use and Greenhouse Gas Emissions
of Internet Advertising,” Feb, 2008,
http://www.imc2.com/Documents/CarbonEmissions.pdf

[29].Tung, M., Camdali, U ., Liman, T., Deger, A., “Electrical energy consumption and

production of Turkey versus world,” Journal of Energy Policy, Vol. 34, Iss. 17,
Nov, 2006, pp. 3284-3292.

[30]. Xiaobo Fan, X., Weber, W.D., Barroso, L.A., “Power Provisioning for a
Warehouse-sized Computer,” Proceedings of the 34th annual international
symposium on Computer architecture, Vol. 35, Iss. 2, May, 2007.

[31].Yu, X., Kalyanaraman, R.S., Yla-Jaaski, A., “Energy Consumption of Mobile
YouTube : Quantitative Measurement and Analysis,” Proceedings of Next
Generation Mobile Applications Conference, Services and Technologies
conference, Sep, 2008, pp. 61-69.

[32].Zhang, X., Wu, Z.D., “The balance of routing energy consumption in wireless
sensor networks,” Journal of Parallel and Distributed Computing, Vol. 71, Iss. 7,
July, 2011, pp. 1024-1033.

46


http://gs.statcounter.com/
http://physics.nist.gov/Pubs/SP330/sp330.pdf
http://www.imc2.com/Documents/CarbonEmissions.pdf

