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Abstract
The current embedded devices are growing rapidly in the multi-core, and these demand fast boot time. But
method of previous boot uses core only one. The method includes parallel techniques and modification of CPU
Frequency policy. Parallel methods, after analyzing the Android boot process with analysis tool, applied to location
where a lot of CPU operation. CPU Frequency policy is modified for high performance of core. The proposed
method was applied to S5PV310 dual core and Exynos4412 quad core embedded system. As a result of the
experiment, we found that the proposed method makes boot time fast about 20.71% and 31.34% in dual core and

quad core environment as compared with the previous method.

2 o
A4 Qulte J7)e BEamdE FAST Qo mE vy S5 asn vk AW J1Ee] g ]
%o Fhte ok AlRaElm Ul Wb B =R s BA ©1E2 Ej) dEgolm HE ZEA|AZ REA
F, CPUQe] @ ol WE /WS Agsts Pust Be molo 45e Az Fouly] 98l CPUTFH4
PAe WAFoM WElmo] AWl A FEFolE Y HE Fg gl o AABrh B =Eo] Aok W
2§ 3ol S5PV3I03} A= Fo| Exynosddl2e] 7kt H8A7 ¥ B€ ghw A%e SAsgon Ee] u
Wk Sk el A wad Ast Fodsolst Aol 2z o 2071%, °F 3L3U%] £E H5FYE
A g

Key words © multi-core, embedded system, android boot, Bootchart, CPUfreq governor
| M= R, Aerg BUuts 3 2o g Qdudss]y)
9o AT B3 4B F AL AR W
Qo] WEEoR AY Fu Ak oA vhd Gl
* Dept. of Computer Engineering, Hanbat University =771 Alge] F7F 55 7]7] b gAEE &
( 010-5343-7692 , heaveninj@naver.com ) ZEYoll= QTAEo] WolAd uwlel FR7F AA
* Corresponding author AR T Qo o] Tz A7 HEE yer
( 010-3404-6954 , jhlee@hanbat.ac.kr ) i - O]U% - Lia} e ] 1/} N 13] - = o;
% Acknowledgment ol U}, o] uwiio] HS A|=®S %7|3} 3}
This research was financially suppoerted by the v A0 FEAY E=I v e dAolrh
Ministry of Education (MOE) and National Research olalEl o =70l HE Zwo] o FHAO FAF
Foundation of KoreaNRF) through the Human ]j o Zﬂﬂlq# ]9]/] ;r? 2 ‘j ]EL:;: o;
Resource Training Project for Regional Innovation olfr= F-7tEol sta wEAA AE siAs]
(No. 2012HIB8A2026119 ). 3 HAHE 7)&e I ARYEL AdEE 2otk
Manuscript received Dec. 12, 2013; revised Dec. 27, axm Aeldaaa Aokl oldd HAs e

2013; accepted Dec 27. 2013

(564)



An Improving Method of Android Boot Speed in Multi-core based Embedded System

X
o
]
>
I
E
2
o,
K
¥
X
=
fiu)
o
4 Mz
)
Ar
[
riet

S H
%r&?&
& 2l
T s

>
)
>
Ry
2
o,

o
°
<
+r
AN
lo 4 —r

)
Hy
=2
R

m
&
o
X

0% §2
X2

o

x

4
bt
ox
O

o Q@ rir
B A o
2,
o
X0
o
[r
fru
o
1o,
"
o,

X

Y
o
%
i)
Y
o,
o
i |
rlo

e

ol |m

[ [k

fu

Y

> >

o 2 i oE pg

R ey

ol
oE
& o

TN N
Lo,

O

gel

c

W

&

B

CPUZT T % HA

O
X,
|
o
~
2
o
e
rlo
o

Ao o
=, forkOg+=

H7|He x

2
oo
ol
rr
2,
s
fr ol =
o o, =3
S

fr

oy

o o ¥ |0 &
Mo B

7]

4
o
ey

2
oo
]
o
=2

[kl
¢

do to [y 4o

&40 Erh Wl

ol ol A Hw HA

Ak, olH @ ZAo] ¥

AA RYAe] i

M ALt s T

s o] Bas
FE ZZA A

sLo}7]Rke] ofHy

©
Woso e
iz oo ot
3
X
Y

d

o

i)

N

N

o

b )

Y

o (o & 1 I

[

At} o] rawdlolE & PCE7
=9 AAE 7EE A
= B9 AAY 7 F oA
T3 B3 Ayrt b Ftely ZrAAE A
HgE A3

tol 4= Bootchartets =75 A&-g
GNU/El %2 59 0S¢] HE Z=A
9 A ZelE 913 = EA ey
A g8 9 A JEE S

B O jo ut b oAz
=

(565)

173

‘ Target board ‘ HostPC

—r
om

[Target Board]

oo A&t

- |

Ho[E 24

[Tool]

0] & =2 (raw
HE TapAbH £7 AR

Fig. 1. A method of boot process analysis
azl 1, BEE Z=2AMA EA ot

toly 27 fFEeHe A28 2 &8 gk A
BE PNG, SVGS Y 22 19 gddgez A&
= Al7te fFEEEE 2838t vk Bootcharto]
°olH EAE initZEAL il ddEHw wWoses
A F&et proc Y A" e CPU &4,
CPU I/O%} Idle Azt Y2~z &8 B &4 224
2 #d AH 5& AEd ke
zEapdelolty, AMEHE AAH dA € v 7+
o]l & Bootchartll £&® AlZts FEIZEE ALE
sto] B8 2o AR oA sdR FAst= of
a2t 22 AE B g JEe] 37k LA
2 Zddd.

192 3 & T3¢9 CPU 48|22 CPU
AP FEEEA) S TO(H2A), [dles YERZ 3,
= AP T8 Al Tt aa ARGl ik A
BE el mpx et QA 2E 84 =
A= #d AR sld ZEA =Y CPU AE %S
ERIT

o

t

U} teEZole RE ZTZAA BA

B CPU (uSers sys) Bf O Qwrain)
@ M s
= DSk Thwrowghpt Disk utihzation
LN /F\-f\ P i, 4
B Funming Cecpu) Unint. skeep (1709 Sleapang Zombie
€)
ucdeed
Fig. 2. Component of Bootchart
T2l 2. Bootchart #A 24



174

HE A Aoy ZEA~AE AAST] 93 7
d  F:o] S5PV3I0Y A= Fo]  Exynosd4129

BootchartZ 2 &3&to] 21939} & ZAx2 A

W CEL (user—sys] 1113 iwar)

= Disthro.ghout [ Disk et

UI'EQO\E t:l%! \‘7

e

T CPU (useresys! 170wl

<ok Froughp ik Alatn
=

BRI e U0 kg )

Zygote & A 7t
mm l

bosta“irat

Quad core Exynos4412

Iﬁ

Dual core S5PV310

Fig. 3. Android boot for each board
g2l 3. HEH ot=Ez0|E BEE

Bootchart®] ZA3E HW F HIZ9o HE FEZo
Msd G wel: 9l FEHOR Zygotezh:
ZZA2A CPUS A& o] Bohe As &+
ATk Zygote TRAM2E HAA HY A7 T oH
25726% A8 AAsta Ytk

ZygoteZZ A 2~ QtE2olE o Zg Aol d S mE

A TFEst71 A wE forkEolde ZEA~R
Alzdlel A exec() &S T3 54 oAl S
Agstazr a7 A7AE FHAD FEHE FA
o ZygoteZ R M| 2= 149} 2ol U] 7EA9 7]F
T2 TAE glen Zhzhe] Ylwel wE daEel

T3 ¥ o] glt}. Socket BindingS M 2L o Z gl o]

Ao Adg 8H& FAlsteEd & 2AS vl &
. Preload= ol EEAlo)lAd ZHdae] x3d &

ok APS R AA A
Package Manager Service,

71t} System Server

p

L

Activity Manager
ZFnp
npx et o 2 Loope Al

Service, Location Manager Services ¥ Z&
/\] < Eﬂ /\1 H] /\EE_.O_ Al 33 —5}1;}

2 dERE ofZ gl A e wow
ol& A& gt [5-6]
o] W S A =A AT preload) ol A

77.85%~85.70% =2 71 =& H&S AAIT= A
S o 4 A} Preload)E AlRAH o2 frameworks
g9 oF 23000] 7HA 9]

2 A &}+= preloadClasses() ¢} =24, d o]

ob%, A AFE 59 YAazES AAse
preloadResource() & Aeltl2 S &3} wabx Ze
253 gr2E HAse gl BSFF Ao

vl atA 57k

/base/preload—classes©l
FH=EE

= =

CROEET

(566)

Journal of IKEEE.Vo0l.17,No.4,564 ~569,December 2013

| Zygote |
— Hi=
I Socket Binding I— .regis'terZygoteSocketO
007125
I preload I— Preload(
W 77.85% 85, 70%
I System Server l— startSystemServer( _
14.28%6—~22.12%
I Loop I— runsSelectloophMode)
Fig. 4. Zygote ZZAMA
O3 4. Zygote process

2. CPUF4 AA £4

R AU A1) A A e o
MY 77 daa g Zeagse) 2
Azl el e Be dge A3
FAet w25 % Aol FARAR A
) ABA g AN 3

2 WA olelgel Atk ek
ﬂé&ﬂﬂh}mﬁaﬂ;ﬁ%@ g

DVFS(Dynamic Voltage and Frequency Scaling)”’}

==
=
al
EPS
=7
pud [(e)
v
o

‘Ev‘xﬂ =

Uk o] VEe ZRAA Y Fugo HtE
2AFoEN dI oA AEFE Fole WA
=

g EzoAE DVFSZF H8d REQ CPUfreq
governor’k 2oli itk o] REL FFH2 26WMA
o] ZRH g = o] *F‘lﬂ Rom FHEas Ad U
of CPU¢ Fétell wel Fa4s5 F4ox dgsto
A FES 9T CPUfreq governors ofgl 295
o} Zo] AA 3RELE Y= F Ut

CPU-specific driveri= CPU9 Fu4= 27 Ao
3tal, CPUfreq module2 CPU-specific driver2}
CPUfreq governorAlelE& d43tH HyHPHo=z 5%
AFE=2 Y3} [8] CPUfreq governori= CPUfreq
modules &3] CPU F3+& @A 3 dntd

( Governor \ / \
performance |
on-demand |

interactive

‘ conservative |

powersave |
\ userspace ‘/

Fig.
=

CPU-specific
drivers

CPUfreq module

CPU

. J

Structure of CPUfreq governor
CPUfreq governor T+

5.
5.



An Improving Method of Android Boot Speed in Multi-core based Embedded System 175

F35E WATA o 4B A ok o
oA dgd 4Ae FAs] AHgAe] 8o
Weh AHgE + AES A9k AWAOR 6714
o A AHEEY T g the Ei% 2ok

H 0

Table 1. Type of CPUfreq governor policy

it 1. CPUfreq governor A 32 5

EE =4

performance | F34=2 52

watel] uhel 35 w7
on—-demand

- GAA 1A
(default) | 71"15(]] j : j}q]tg S
, , on-demand 7§41 A=
Interactive T4 A 7be] whel e shoh
on-demand W& 743
conservative |- JAX 1 @ @AM A
- AAA | S AE S

powersave |4 Fu42 T3

userd o] Tz aMe] o) ALgz}

userspace
S R

L QtERolE BY Al CPU F34 Ws}

ke gol=+= 529 CPUfreq governorZ} 7]
Ao & on-demandd A& A& Q17| wiiLel U=
Rol= mg o wHom mgur 2y =
on-demand® & Al&3 CPUFI¢ $x 58S
2452 A3} ol ey e g zZE ALY
=3

CPUY-a7t B 7 =
37 A& A FoFTE WolA A He A
HE EYoy H o
H FR ARAAA AR F
g 4 AT olH g #A

. B
ftilo
)
El
ol
ol
52
o

BEl = on-demand®| FIj4= M3}

1400
1200
1000 n n l
NEELE &S = /
£ o\ A /
400 \" I
J\—
4] T T T 1
Q 5 10 13 20
Fig. CPU frequency variation of on-demand on boot

6.
a2 6. 8 % on-demandel Fubs His}

Bootchartoll 4 CPU2] I/OAl 7ol idler]ZFo] ol
Ao uwgl CPUR3SH ¢17] wWi&o] on-demand A %
B4 Fa57F JdEidn B 5 vk oEhA

CPUR8 ZAA7 4% AR Welrb] A7

=
we Forz BAsy] dRd PYsnd 9P
#th
. & =20 Wa 7Y Mg
2 CPUFIi% X4
199 7 A8

Preload¥4=9] <A A3 2 preloadClasses()
st49} preloadResource() & AdUZ2 TE3=
T2E 7HA I Ytk o] F 7HAY e sgel W¥E
78S Hegee WwHEeg fork(O$ thread’b lth.
Zygote= A} A2 wHEo(A 9l7] wlEo] AlE-3)
714l rAs Au 44 7Y Ml A &3S 8t
7] Wl A gAo] ZMRA fGrke wie] Stk
Iﬂrﬂ-/ﬂ L= Fol7] Haﬁ INIE  AF8-31
o] & Zygote
Z 2 A 2ol A /‘}*q“OLL% 1853

273 7o) preload?] preloadResource()-‘E l"i—
Ei‘ﬂ/\g pidE 7FA3 do] 71222 preload?]

Z 729 Y3ttt preloadClasses()9] 29 =42
i/‘ﬂioﬂ’ﬂ 27 98 fork()E ZEsoF 3o
kAR fork()= wE CglolB ot EAjste w
2 Mol o] JA 7] wWEe] JERoE W=
Z1 JNI NativeMethods T+Z Ao & &3]+ callfork
o} CelelBe g9 forkOE AZAAIACk grf. AA<]

Iﬁl foir 1

299 callforkst 94E fork()7} 5ZH o] 4
ZRAAE PAEa o] ZZ A 20| preloadClasses()
& AgstA Ak
E
Parent:
registerZygoteSocket() mj
frAaf::\l;v(:j(:k Preload() | m— Child process

call preloadclasseso
startSystemServer() fork

runSelectLoopMode()

C INI A
framwork NativeMethods ‘ﬂ‘

Fig. 7. Structure in the process to call a fork()
a2l 7. Preload Z2M 29| fork() $& F=

System Server




176 Journal of IKEEE.Vol.17,No.4,564 ~569,December 2013

2. CPUF 4 A A
71E JA] L5 AP

Z on-demand® 4 S

9} on-demandE &33F

pud

e o
qAo 55 198Y 2},

Governor Governor
[ peformance | [ On-demand |
@ @

Gavernar [user]
Governor_change

_:‘IZG -
ox
ofr
1o,
o
)
ro
9]
2
o
Q
5
1)
@

I~

Governor

On-demand

performance

On-demand

( A syscall
performance y l

[kernel]
Gov._syscall

Fig. 8. Modification of CPUfreq governor policy
a7l 8. CPUfreq governor Mol B

REvh $9g Al#g 5 CPUfreq governor®] 7
A2 W A5 performance® HAAFETH 1 § FHE
B Fo e AEAG Foll A CPUFIS AAE 7]EY
on-demand= W7 34 #Fu. CPUfreq governorQ]
e Ad UE Ao A gE AdG A T
at7] wiEel AF§R GGl A HZsHr] flE system
call& AR&3lfoF ghrh. wheba 1789 1~2H 7 o]
CPUfreq governor?] on-demand® # ol performance
o BEE F7F ot A WMAS s AFEAE A
9] governor_change()¢} Ad 392 gov_syscall)<S
Ay A &l AT

V. Mg 2 oE

l

1. 49 374

Ay FHL (PR FYE =Zo] S5PV3I0F
(F)A AR A= Fo] Exynosddl2E ©HAR HEE
AL-8-3F A Tk

F

¢

Table 2. Experimental environment
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kernel |Linux kernel 3.0.15
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S/W

Quad core Exynos4412
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kernel |Linux kernel 3.0.51
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