30 2= EREHIA WRIE ZIRER| fEF HAL (Handsat shatraction Layer) O£

=2 2003-03-05

o= A

2H4ollA WIPIE X[ &

Si7| @lst HAL

(Handset Abstraction Layer) O|Al
(Poring of WIPI HAL in Embedded Linux)

HI'DEI'
r=d )

I:IJI:I

el S, U Ao

{wWwioo— Ram Park, Tas—'Woong Kim, Chare |k Park)

Zhstract : Thiz paper persentz how to port HAL (Handset Ahstracton Lawer) on embedded Linux
to auppart WIFI (Wireless Intemet Flatform for hteropershilite) As smart phones are widespread
nowdays the opersting svatem iz cheansing from a simple kernel like Cuslcomm BEX OF to more
festure-rich Linux kernel, For thiz resson we investizste the internsl structhore of HAL oo FEX
02 and desizn how to port it to embedded Lioue, Cereful snslvsiz leads ue to identify seversl
porting izmes auch az thread support srephicsl vser nterface n addition, we describe some
problems dizcovered during the implementsfion process sod propose alternsfive architecture of

HAL for WIFI oo Linu,
Eewmrords ¢ WIFL Linmx, HAL

I
W1 (Wireless Internet Flatform  for
Interoperabilite )= ZHIY FHUHY SHE
Edd HH0AS MTBoEY Dujyd
2] Al 22xs FE2F 2HACLE
4 4 0 0Y¥E WIRE WFI 9y 93z
HAL (Handset sharscion Laver)® 324 T4
M oW, HALZ WPI HElE 93 D2l
0322 Z£3d TAH0 L% UHANAE AF
BOoRY WP SHES 0AE of EYES AY
stz =it
dAA nugd EoY B s W EYE
2l FE- < 3% 1 > T} BEX (Real-Time
Exeoutive) OF ddld WEI SYE0 E2512 3
SW, WIPI HAL< BEX O2dl @A E=E=HON 51T

19
L=
=

M M HU

A} Corresponding Anthor)
: 2008 03 13 A9=A . 2008 03 149
=, AdE, uEal o EFREngEn FEH

)
-I}- ﬁ

! Ho kI
Ao o E

i)

#oof 2o *

e
Lo
-4
=
El

A R BE21 AR A
HEAAR W FEEHATATH dF TATA
H A aghs] d7dEzE L33 s,
(IT&-2008-C1090- 0801~ 00453

sSAT ZHIT REE E d450 BAEWEA
EEX Of 4 25428 nuld Es O3 83
o =T OEd HMHAE §&Ac=z A F52d
2 ST Jd w2 LiMo[1]2 22 A% A7
7 23y, nEY E AzdA47 AFE9 2Ax
4 mEpg E2] :'H’Eﬂl AP ST [2-4]

P ( MIDlet ) 3

WIRE A== rrmeeeees e
WIPI ."'1|)p|||:.a[| n M&ndEEl

’1 Clat. “‘m “Net

e

; | WIFl Hun-time Engine

| WIFI HAL

[ Hardware l

39 1 WPl 9 E=] #+=2
Fig 1, WIFI Flatform Architectore

Jdofl 924 Zupd FHYHY SHEY WFIE
g Fyez AH7E sdop 2 Fad0 3
S0, REX Oz} 2522 Aojd o 98g -
Sl EAEE mEH g2z s Fddy



CHERIHICI=EE= ==l

WL 43 2o gl 2100 8,

0] =Zdlds ARM 71912 HdalgE A E2
DHld SUE Bl WP HALES HE2A 223
2, thread A1¥ 2} Graphic User hterface (GTI)
g HUA AYsE A dElg dE=ind @
O, Yot o @dud 988 £ 0 EAE
HOoR FYEA Fd A WP HaL2l 2Ed o 51y
Tna fir

. & =
LB SRR W

1. WIFl on Linux Mwol)el $=
WPl STES Ay 227 944
7t FRd FAF Hals AE s ©A A
Y AE2clA AEIE MuAE Zajde=z
WPl HE] da gE 29 HEUEdY A2
o £ 312 E ool #@o,

1287 WPl HaLD 48 FAEWUES AW
H3Y gibe FTH(G] o2zt T2 FJx2
BojEyE & £riE og e FHEn

DA We R Qhopis[ 6] F 01231 GUIE A
FEom A5~ SETRIWY WE] LE2Z =23
U 719 gElZRAqY B3 FHdE0 ¢ 18
2 >% A3 FEE WPl on Linux SHED] 72

ne e

o — ——
WIF Run-time Eﬂg:r.e | : Gtopia
- | ; Servar
WIF] HAL [or liras) | '
e || G | cre wbeaey |

AR Linux Kermel 26,58 |

Hardware |

3% 2 WPl oo Linux SYHE2] 72
Fig 2. "WIFI on Linnx Flatform Architecture

2 WP on Unuxzl 5

EEX oSdlid E3E WPl HALS dE 2=
EEFHI FHHME $£4 HaLdld AMEIHE AP
Z REX 03dl 21&4% FlAE APIE FEFE A
o] "edn, guola (BALY U0y, =g
HE, AZd ST AAE dyd FHE APlE
WPl 23 E0] 3 Egde =245 713
T APIR FZgM Tulola EI0HE 52 ¥

H 3 A= 20084 52 3

Aoz HFEELzH 44 25 A0 AEd

a

Zd Mulazl dizZa] FBE, BolHd FEF
2 REX Oz 21&4E 7132 [ls APIR T
oA A= fHAME A1E£2] WIFI HALS
#Hopf #n, w2 @z} BoHs BEX 02
AE A~ 112 "4 Blgoly g Aoy g2
AE g0l g2 gid 0F +3FHAE22Y 4
A oAga e wE g MElAE BEX O3
2l 2E2dA Agss Tid A0 M2 o=
A oEd WP 20 BEE[7]9 T2} HALE AT
d #E£Hop 20, o] of REX o2l fEA 11E]
Eid HE 32 AoEd d#H d3E slHap @
O dEdez REY 032 Ff 2190 open IH
e W, remove THHEO EFHE HEF
STATUSBUSYE widAsDn aAF 52 &2 sz
E DA fEx22] #A2 Y0 open T
e AR FH mccessE 9EE H, =0
close @ Z #% H0] 239N AAENEE 3]
D oHg oM A WPl EHES HY fAx
HEME 45 M1HE £ 317 "o locko]
U awep 218 EF 012350 EAE HA@IH0}
o,

TH WP SUHEAA AEEE task T weait A
AAY wakenpdl FIEFIEER AFAFE AP
REX oOzd =&4F 732 g o0 BEZ
scheduling®} WE T FAE 712 [1oW, 44
AEUEM A AlEsln e nzer-level
zchednling® A= H=5H AE£% PTH =0
B E o251 A s,

s ZE2EZ2IWD WP S£=Z23W 7
° HE|ZRAAE BT Zoldez aped £ o3
R Ctoplemarm SAWAE 01259 o1 B3

ok

ry

-

£ 2217 898 WPl Otopia Applicetions
AsdEng, o 2E£Z2IWHE EHAANH Qtopia
zerverd event block slsnal® AEFH qtopia®
A OHES JizEcz wopy WERE 0
HET £8 A=< AS Wol+0, 1 £ WFI
WES EZHNAA HO £ WIFECoAH
cpia SEZ2IWH0] E2ED 13T A AW
¥y Az HAE WPl ££Z2I300 2
AA =0, 0HAE Ctopiadld A5
kernel-level schednling 24012 212]9] pthreadz}
WIPI oo Linmxdld 2235 user-lewel
schednling 01EF PTH o2 HIz] £&

LN

R



32 2= EREHIA WRIE ZIRER| fEF HAL (Handsat shatraction Layer) O£

T 0 HE 722 0| WMz 38 2AE
A=A,

3 HaL =E ol

WIFL HALES Ex 22 EEHA A#H4E 24
thread AHZ GOT AHEd =1y 2HE 1ol
g,

EEX 03l & thread® AH 13 227 of Bo
JE9 WPl S8 9704 threadd FE32
0% nzer-leveld M zcheduling 12 30T WY
A5 2 H T thread?) kernel-lewel schedoling®
AHEE2 27 WEA doL] YL 2ETET
W2 pthresdzl E2 0lBZIAFE 01£51H 0] 7
T AHEgn g

WIFT B A2 FRE0 @A E 1A
1 FAE2lAH neer-level schednlings A HE

PTH =02z E AE£:H WPl oo Linux

£ FE=1ET 0lF A FH4 gibe
£ A5 pthresd WY PTH Z01EYIE 2}
FZE ¥WAEH £00f §iT, HKE AAETE
2222 3WH0] 0] WIPI on Linux?}
EaEl WPl S£Z2IWS E 2]
kernel-level achednlin=®l £&0] 902
#7 WEd EAF0 220 e,

T oAeAddA 20 #WId AHAAF
12, B2 S2Z2 090 WPl 22220
20 gA BTEHE2AAH7 A5 Otopiaz
AxA A GUIE AEEZA sE,
kerrnel-level?} nser-level schednling 3t £5&
g 4oy HF3E9 shedolingd] £38E 3 s
247 &340 2%9 2o pthread 2H0] 2
A5 AE32E 3T Otopia serverdld FE A
2=Z=2]%0 FTH ojEyzs stz 3
WL oo Linnx® HE] Z2AA 3517 g HE
2] £E5E U ARy WPl S E£EZ203E
22717 Aol Qtopia SEEZR2IYE JAHo=R
anzpend AAFM0} fT) J22 WPl oo Linux
ZWE a0 gr" Zdz 29 dHER B
FAASHO 517 W2 Chopie server®) 2 =2
SEZRIYES BAF muspend AI F TA F
27z ol ol odfE= gHEnE ol
1 EAZ2RH JA JE HHER EFHE £ 3

e
o

Fove T 1 O o 1 T I
ot
w B
o A1
o 1=

'|':'§
Moo

7

2
—_

2

Wi oo A
rlo fp ol

o e oejo

pa

4. WIP on Linux=2] 2 ghe

23N AFHAEN WEL oo Linnx SHE
odld WPl ££=2Z2]% 2 352 22227
£ 522 AN s EAI AT F 3
2] "HEzZ=E440 Zed F2dE user-level
zchednling®} kernel-lewvel scheduling 312 £&0]
@A EA 2O, 032 1€ WPl £9E0] BEY 03
Aol EEE o @A dFo HE £ g0 WIFI
HAetY WAAAA achedulinsS AEHO s £
W 2o $EFE0E F £ 300

ol on

v

e, 0 ter 3wl
W H,a,,—,_..‘.;.'........_..:.T........:..—..T...._ :
; v W Run-time Engine | 1
i [ Theead Manager | [ :::,Tf;":, | | z. LRpp. )
E Utier-tevel ] [ Fvent iarcdar ] .,I,-
E [ MHH:"'H J : Crogia
1 — T Server
| WIPL HAL [for linus) HR
L PTH | Gibc | OT/E Library |

r ARM Linux Kernel 2618 !

3% 3 WFI oo Linux Scheduling EFE
Fiz 3 WPl on Linux Schednling Flosr

< A% 3 »& @A 74" WIFL oo Linnx
WE2] ghediling ESE0ITH WIFL UEIY
ol threadzt schedulines A1H2 A% O
manager?t AW, EFH thresdd FE5 2
=W, WP SHEANY AEE memoryd T
T memory mansger?t TG SHAT 0] 7
T2 @A 52 AEdA 48 FEPEN EY
i MElAE AEFE2 317 WEd 0H S W

re
[ A A

Mz WIPI HaLol 3+ task AFIZ 23310
WEI 2222332 zchednlings ST HA
JHE E2AFH nger-lewel  schednling®}
kernel-level scheduling {1l 83 255 &
My 7ol 2 Ao,
01z} 20l WIFI on Linnx2] HALS HAEAELR
#H Mg EEd8 THREE ZHE £
&9



CHERIHICI=EE= ==l

s ; ——
O fler 3 Mer 3 MDler  Qapp. )
l‘-"m'?ﬁl'-'-'-'f'ﬂl'm'l' ................................. g
+ ;
| H ‘WIF] Run-time Engine | '
! - WIF] HAL ffor linus
TaskaFL |
| Qropia Server |
. &
Glike CIT/E Likrar
¥

kemel vel ARM Lirnus Kernel 26,18
sthEduh:"

3% 4 WPl on Linux STE2] @3 42
Fig 4, The development directon of WIFI oo

Linwx
. 8 =
0 =2y es 2oz A5 2Hpd E 2] 32
ozl WEY WP EWED FAE 2

=
042 "agdEd LD 0F ARM BRI
A FHEAE, WP oo Linux SHES 79E
W £2% 0 £ slUs REX 038 A5~ 9]
AWM Fo], 3D AlEEls ORI &0
of T2} HALS = A 2520 A T2H A
Aloig, 322 HaLE 2EH 3 A€ WP &
HEANY WFI E%EEJE“D] Eag oz fi
AU 22 F4E A5 2Y £ IEE U9
sl #0] ®asn,
T U] ol WPl £2=Z2089 52
ZE1Y 7o) "HEZR4A0|T HEZ A
B3 EII%-‘,—-M:ﬂ]A-] qo" Od 2=z
Z2JWa Fo] LI ME 3R
A 20 gt MElAE AL dA
1 A% FHoid, =A% "@ WIFl
TE2H 22T uzer-level scheduling2}
kernel-level scheduling®] £&E2 7Y EH7
wedsg |alr mo) 3 1 dEd JE2E
WL on Lionx2] 93 23S AAEozY 2O
EEHND YxAd FHRE0] 22 WF m
Linux SHES 0] = 2ol A Agslz 51T

l
- %I'HI:CI
o &
i le
c.|.ruo

HH X il A g ofo
El
i

e I
I'H 0
12 rir

[1] Lilvle Foundstict,
hitkpef o, limnof cundebion, o gf

H 3 A= 20084 52 33

[E] 4834, H=L BHpY FHE EEAHET A
AR, #007.01,26,

3] LEEAYLY, "FHEY 1A FH&F 287
AARME, ED0Y.06,10,

[4] Jeehe Lee, Sunje Eim, Sengwon Lee, Woosik
Fim, Hwengo Lee, Traplementing SWIFD for
Litwsz-kesed  Smertphone”,  [CACT 2006,
Wolume 1, pBBE-EOE, 2006,

[E] GNIUI Fth - The GNU Foctekle Thresds,
ittt e, g, of gf sofbwe e prhy

[E] Gtogeie - Trolltech,
bbb fbrollbec by cotny produc bsf gbopda)

[7] ESVISE, WIEL £.0 Specification,
btk s, sl o b

200y THy HEH
dh Tkl way, =TREC
FHET EEAA
Ernail:

wlgrampaE postech, ac kr

ot 14

20079 ETEW HFEH
prpet el i i W et
W FFES L A,
Emall:

ehot ol postech, ackr

198349 MEW HAEH
TRAL 19859 KAIST #A}
R=7128 HAL 19854
KAIRT AARAI] ST BhAL
[a A ETET W
Ernail:
dpark@postech.ackr




