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Abstract

In this paper, we propose the reference implementation of WIPI runtime engine supporting various platforms such as
REX 0S, Qplus and Windows. We describe the architecture of WIPI runtime engine according to each platform, and
introduce the method for avoiding repetitive development. And we explain the implementation of a linker and a loader on
REX OS and describe the runtime engine structure on Qplus, a kind of embedded linux. And we introduce the
implementation of the Jlet/MIDlet emulator based on a Java virtual machine and the Clet emulator based on Windows.
Finally we verify the interoperability and the perfection of the proposed reference implementation through the result of the
HCT and the PCT and the normal operation of the example programs.
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M_Boolean MH_pltEvent(MH_Event event, void
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a=b+c iload_3 12 = iv3;
’ iadd i1 =1l + i
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Table 2. Example of implemented native APIs.
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Runtime pubh'c nan.ve lor}g freeMeory();
public native void gc();
public static native int activeCount();
Thread public final native boolean isAlive();
public synchronized native void start();
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System public static native long currentTimeMillis();
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Resource . .
getResource(String name);
native public String toString();
StringBuffer |native public synchronized StringBuffer append
(String str);
& Z=E W3 A3 dAE B2t
Ak A% ARl 7zel AL Foludies

88317] Y3 JNI(Java Native Interface)E 2| 3ttt
¥ 28 ¥ =%dA 7ET YolHE AP 4%
£ RAEh
#9)-Java £& MIDPS 225
INIZ ©] &3l vloJEH APIE ThiS
= YlolEl B API 7} F&EE o] gloje
Zzade] EHer AL

7
N~
bl

2. Jlet/MIDlet O SR0]& HA

Jlet/MIDlet el E@ol8lE dH2=ayg PCA
Jlet/MIDlet& vlg] S23AA & F JE =itk &

Mo N JleyMDlet BB A2e Tz F2
3%, 282 7%l el 2R,

7t MAH ZE

REX OSolA Jlet/MIDlet& APAZ wje Java2C
ARl o &s] At FHAE diolvg Z=E2 W
33 F o8 FYste AY dxlo] BasA T, AE
dolEHE olzd B3 FAE Zo] WE ToE #
o}, dEHoIHE Jlet/MIDlet 3-8 /L7 7R &
2 FEE Y=AA FHEE BF IUE H2ad
PCol APAA FH =He Aot



Jlet

a2 8 Jet/MDiet ol E2l|0[E{Q] A|AR T=x
Fig. 8. Architecture of the Jliet/MIDlet emulator.

£ =EdA e 99 A48 a7 Al zpbt 73 oAl
£ =934 Jlet/MIDlet Sl JdS APAL 5 gl
EF AAEAT olgA FoEN, B3 dAE AX
A &3 Jlet/MIDlet-2 A1 4 gt

TS, Znk 7P wale] gAlE & AAAME o
dEdole A8l 758l Jlet/MIDlet o &3l 0] €]
AN2® T2 1Y 837 2

JdEHoIHE EYH Teagozn Ao sk
& 29 ofe, o]2Had AFsd 22 IE A
2 g Ae] 7t5EE A

gl
=

Lt OISOl LS 25 X
I8 9¢ dEdelHY R 729 Jlet/MIDletS
AYATE AL e,

Aasdol s BEL 55

CEE e

# Jlet/MIDlet 22 HEE
B 3 N2 ZZAEI] A4 JEHH
z713}, Jlete] 48E AEFE FFAIIE 7%
TRt 4R #EYa 2E BAEY £4&

=z
=

Lo xEF
\_.

=9
o=

VETEYS TS
TEHE gol
(M9, 231, AW

l—g
;-

CgBmeR
Zaue
2e gM

* T

TEHE
! 3@ 2l l
B Omos \ HAL g_amm,«
Al

Ol 2018 ¥
—_—

£2 2§

[

% Jlet’MIDlet %llll I-
AL2R 3| DIYWE R2|
i mel Lcp £ i«
N2 ~/
% 9. olSaolee MY HA}
Fig. 9. Execution procedure of the emulator.

AR 71 Y3

» HAL

]

e
M
o

(327)

oY dx B3x FE o|ME 9
HAsE 7%, Z2AES] &S DBl AstAL

DBEZRE 9oleE 7%, Jlet/MDlet A 3le] T3
o2 Aol A FASS PALH 0|22 Yol
2E 75 5& FYwck
2ES E 4599 W ZHd A=
o %iﬂ] 2% THFE 7%, AHAE AF% vk
E& 71RE {18g wolx HAL UE#o]2d] A
st 7%, AR EXE Jlet/MDletS AA7=
LEDY mdo] Edlojo] & E AYES AA
FetAl vlaas PC 8t 3 29Ad &8ss
& T

A o)L HEL & Yulo]x REZRE ¢
E ”c‘—fi— HAL °JEE HAL AZd HAgsle 98¢
g} o]2 B3 LCD 3H8 72, AHEAL 7] 4, ol
E AY, 293 927 AL ARgo] 7bssith

dEgdolHE AYAIE, JA2Hol2 2EFY A
Hidgeld REe 43 ENS}‘IW Jlet/MIDlet 4 3}
of Had 7|8 ARE F4%th o] ARE wigon
E 4=$7F 7599, AEdold E&3% HAL ¢H
doja7t 3% H&sHA T2 FAE S B
o &t

LCD 39 718 a7)e

A

Fal
23
=
71,
SEF
T
T
]

N

3 $a
= =
©

l

143x175 o|% T% Z7]4
Aol 7hgsith AAl & w2vldA AlFskE LCD,
Weto|E) LED, AF, 28la ndo Zgolojs e
227] garrgd AFL dyvoelda PC A9AS
8 ANEHolHoE FHHYEE HASI

dEdolEE YA Z2adog Fabo] sHsdt
o &, 4 39 ML ES o83 Jlet/MIDletS FEF
T dEgdolHE F33 & 5 sick x|z A A
dx FAlZ2 Z=E FAH}HEA 1 AHE vlE Buz}
o, At B3 B SEHE Ao H$-
Hesirh AtE JAEdolHe MY 5 At =7
% o]EYxe FYa-oT BEAA AREAIY] He
g =r24

Als

oe

v. v &

A9 EFRES JLsted 24 HAL A8 AR, §)
3 golBny(YF-C, 9¥-Java, JZME)E T-&#3}d
of git}. 183, REX OS, g5, 95$2 5 g
FAES AUSEE AL o, TREY WE Y
o] Hast d & JUEE MASE Aol FL3}

2 =xdMEe 93 olredEe #AHA ¢,

= T’e



20074 78 HASEE

HALS} 23 d7e) £3wez 3y SHES XY
F IEE AANAR o] A FREFL Adste ¥
EFRES AU

1. REX OS K¢ <o SHE

REX OS AdA 749 79 2ri9 3 &U9&
A3 “Hello world” gt #A44& st &83ts

9o Z2aYPs AP

g2y PCAA ARM ZHTLeE o] &3 A=A~
Aod < 393, helloelf e Fd-& BASA o]
& JTAG % o438 Fd 94272 Afstd 4
PatArh. 28 10& EAEo] s Az #Yd&
AL BoFEe)

P79 2o 4 F4&
g 2938le Clet T2 AEs) E40. 29 112
‘%}‘Qﬂoﬂ %‘xﬂ% -°rlr47} Clet Z2I13& AHE 537

€ AT F gl olnA

g 10 2 ¥ S5 2H =5 A
Fig. 10. Operation experiment of a
dynamic linker.

loader and a

a8 11, Clet ol
Fig. 11. Clet example on REX OS.

2. Qplus A|¥ 2u SHEF

B =EoME A RE=Q Kingfish R 48 o
Z7]91 YOPY-3700 ©27lel Qplus®t 9 EHES
gAeted H4Z9 Clet TE2OHRE AP AR 19

==X H 44 H CI H

(328

H4z

17

(a) Kingfish 2 & (b) YOPY~3700 £tet7|

32 12 Qplus AtollA{ef Clet Al
{a) Kingfish board (b} YOPY-3700 terminal

Fig. 12. Clet games on Qplus.
12914 B 4 gJ%o] o] AYEe] Qplus AlAE A
2 T3 29T 5 YU

3. 3= X& ol=dolH

(1) Clet ofj 22/ 0|&

Clet d&dclele &3 e A HEH: A
Cleto.2 Tdg F 0|8 AYANA Hioh 39 13
HEZ2X Ade] AFHoe FA4S HAET

o
a2
o
L

a8 13, Clet ol
Fig. 13. Clet example.

(2) Jiet/MIDlet ol S2/|0|E

%g]-Java  API=  MSF(Mobile  Standard
Foundation)$} MSP(Mobile Standard Profile)2 T35
o] Ql3, J2MEE CLDC¢ MIDPE FA4Ho Stk
MSF¥ CLDC$t ti§o] 52 MSP= MIDP$ o3¢
g3 & F 3tk "3 PCIME J2ME Al J2SE
(Java2 Standard Edition)& AM&sfef 322 J2SE9]
CDC(Connected Device Configuration)& ©|-&38] CLDC



(a) Jlet (Spcae Invader H|2l) (b) MIDlet (Hanoi #)

a2 14 AY oflH
(@) Jlet (Spcae Invader game)
{Hanoi game)

14, Game example.

(b) MIDlet

Fig.

A

Tt

RIS AR
gl 15 o2& Ao E2{a9 E JletMDlet of E20[&
Fig. 15. JetMIDlet emulator plugged-in the Eclipse.

g 783 MSFs} CLDCE B2 REESo| A=
Z CLDCE ol&38 MSFE T83ew MSPSt MIDP
= A2 74dE ot

dEHH T3 AAE A A5 MDlet A

S TIA JleteZ EHG F APAA HyYth 1"%
14(a)l‘\: et 2 ¥ ¥ Space Invader 2t Aol A
dHom FAEL BoFEth a¥ 14()
Hanoi 2= MIDlet AlYol AYA o2 T3S Hol
9l

a% 155 o] &
o] Aysm
Jlet/MIDlet =221

Aol BF 7bs

L

T

ol.o. o
MAE=E

B7b ol29ze Z2129 H
BelETh o]2YxoA
B3, A%, vy, 292

o)

°]
2
MR 5]

1
LR
o
=2

-
ko
20
=

3.

4. Java2C ds &%
Java2CE W3 vlo|ug] Zert duht A S 3
ANREA 238 Bk 39 16& WaH7] A9

Soze] 53 AT BB Fo vloye) == 4

(329

4% ax 2z 7 ol4e 2
7

&

5

4

3 W Java2C
2 Azl
1

: L

Helloworld ’ Excepion l Thread #1 l Thread #2
Z208 ™A (D)

a7 16, Java2C ds Alg

Fig. 16. Performance evaluation of the Java2C.
E 3 Java2Col oJsf HEtE mES| 37|

Table 3. Size of the code translated by the Java2C.

Helloworld {Exception |Thread #1 |Thread #2

Java2C 446,339 418,342 421,182 421,540
=a 736 1,774 2,870 3,816
B Ak HZE Aot

Helloworld¥= 5}‘?‘; o 7+<k3] “Hello World" &= &3}
2 288 20|t} Exceptione WEYAS #
dd d9E H“M 7= Z2aolt}, Thread #1& 2
A28 2ANA B73E sPse ZEadYelq.

Thread #2= te] 2 =8 A4 |8 P17
ZRaolt I-AM & 4 gUIXe] Java2Col 3

HEE =2 ool 124f0lA 32587k 3 Ajgke]
gt

Java2CE H@3hd 8 A7k W) 3=
o] Z7lste EAA] gt AR Fuht FrtetER

% 322 Yepdrh

2d29 B 277k FrkshdeE waE mse
F& A Wol ggs & 5 Utk AN, Z= A

717v ¥ vlE AR eg 37] g A4 4§
glsted Au]2317]ol &

= mo H

= B2 A4S 9o Ut

5. 4%

£ =8dAE HAL, 48 3, aelan gojreg
o] 3IAE AZ3 ﬁaﬂ A% =7 HCTS PCT
2 olgstgt”. PCTE a2% 17@2%5]011*1 4
AFS VRS B ofH A9 FAAHA AF
AAE o] AMREL Yot EF HCTE PC’I‘EHE— 7d
2% & 9E 27 9AE Fohle 24 HAL
2 2o g =58 2t

Atd Fz FHE UiREe HAEANLE T
o, st=goizt A4 HA ol FEE R F



20078 78 HXISEF

3 28y, 28 S o)E AR o
2Ia9& FAANIE dE obFd A7

3)\31‘:]‘[19].

l:lE

OS, Qplus, ILE] 1 dx$=olt. REX 0S& ] 8171
Ja A Ao YR 2o B2 R4S ALHY
o, IAs% zhe 7E WHe s&aA 19T
o2 Qplusl TYo BozH e TaEd 47 of
A% 4 e FASAT. 2T GESE Aol
NetMIDlet& S2HAA & % 3l ol geolHE At
otk of dlBolHY o SAL Ay A A
Ak A4 SAS AHEET o2 Yad] 319 Y
Holtk, =3 A TIAL vholiy) =T W
B3l F& Javall FHAAE Ak

Ak 913 Byre w4 AE =7 PCTS
HCTS) HAEA02S 28 Eragon oA =
zade 4¥dos 4dd %osH TES ASY
& A -
FFolE Javall AHLH AHHE Ea vholy]
7 2=S e
¥ ojgolth. 221 CDMA & $3 AAZ 93 =
GUe GeRE wol AYY 4 Yk BAL TEE

0] -
T

—

i
¢

L

i

[e]

L

Folm 4% 58 FPAIIE

Aol
IR
(1] old&, Az, 2%, “FHAUHY 5F EHF
45 2.0", TTAA Y, E'""192E, 97-102%, 20043
[2] KWISF, Wireless Internet Platform for

Interoperability, www.wipi.orkr, 2004d
FFHEEFNeHE, Bod g3F EAE 71F
20, ¥&¥ 3 TTAS.KO-06.0036/R3, 2004.

o4&, AR, Agd, ‘= FAH A 2E
Y& g5 €% ¢ oA AW, o=
HJEsts] gz A202E Az FE AIT6E,
16- 23%, 2004
(51 JCP, www.jcp.org, 2007.

6] B. G. Bae, W. S. Kim, J. G. Yun, C. H. Ahn, S.

[3]
(4]

=X M 4 ACH

(330)

A 4=

I Lee, and K I Sohng, “Verification of
WIPI-based T-DMB Platform for Interactive
Mobile Multimedia Services,” in Proc. of
SPIE-IS&T Vol. 6074, pp. 60740W-1-60740W-8,
2006.

[71 B. G. Bae, W. S. Kim, C. H. Ahn, S. I Lee, and
K. L Sohng, “Development of extended T-DMB
platform based on WIPI for interactive mobile
broadcasting services,” Digest of Technical
Papers-IEEE  Intermational ~ Conference  on
Consumer Electronics 2006, pp. 259-260, 2006.

[8] N. M. Park, J. Kwak, S. J. Kim, D. H. Won,
and H W. Kim, “WIPI Mobile Platform with
Secure Service for Mobile RFID Network
Environment,” Lecture Notes in Computer
Science 3842 pp. 741-748, 2006.

[0] &4, dEd HE 494 “9y $8z2 a3
Near A 9 747, FFPE 2] es=Ex]
A12-CA 1%1533:(% B A101%), 745-756%, 2005

[10] 2%, 403, fe9 AL “TM0ed ST
°ﬂ"1 E]"é‘ —o‘%“i:’-"'“ FYPS AT =AY A
A’ AR A8 20049 FAgEed s, All
A A2F, 1759-1762%, 20043

[11] John R. Levine, Linkers and Loaders, Morgan
Kaufmann Publishers, 2000.

[121 ARM, ARM ELF Specification Issue A-08,
1990.

[13] AFY, olgAl, 334 o|A&E, A} “olsd
7] AN LEzZzaY 29 53 YA |
s g W aets] 20049 EASEE A3l
A|1E, 841-843%, 2004

[14] Jacho Lee, Sunja Kim, Sangyun Lee, Woosik
Kim, and Hwangu Lee, “Implementation WIPI
for Linux-based Smartphone,” in Proc. of the
7th ICACT, pp. 692-696, 2005.

[15] Jacho Llee, Sunja Kim, and Sangyun Lee,
“Embedded Linux-based smartphone platform
for sharing WIPI contents,” IT-SOC 2004, pp.
50-553, 2004.

[16] Todd A. Proebsting, Gregg TownSend, Patrick
Bridge, John H. Hartman, Tim Newsham, and
Scott A. Watterson, “Toba: Java for
applications: A way ahead of time(WAT)
compiler”, In Proceeding of the 3rd USENIX
Conference on Object-Oriented Technologies and
Systems (COOTS97), 1997.

[17] 0187, 794, o]4&, o35, Az, “99 &
Yz 9l E 7HHV’ z‘fli-ﬂii]a]fﬂ-:&] =78 [13
SarEd3, A11E #2353, 1539-1542%F;, 2004

(18] o] ¢&, <37, HWS, “2uid 5F FREE
) #F EF A4 2 WY, d5HRATI,
A13-DA AbZ, 731-740%, 20061



20 e ERES X¥sls 90 48 Ax &

=T
et

o|gE 2

[191S. Y. Lee and B. U. Choi, “Design and
Implementation of WIPI Runtime Engine,” 2006
International Conference on Hybrid Information
Technology, IEEE Computer Society, pp. 19-23,
2006.

x Kb A 7Y

ol & 2(438%)

| 19049 Boistm AREA
F83} 4} 24,
199613 SFThekaL A A
o3 HA 24,

EEECEEES

19739 SFeh e A3}
At 29,

19784 A& 7§94 (KEIO) o) &

| A% 44} 2

19099~ @A BFARAFANATH 19819 A£ 7% 9 %(KEIO) o) 8

JPEsWaTE dy I A71Z %3 WA 24,

A4 1981~ @A SFoim AR FA oo}

<FHPRor: muld FAE, dTE S/W> AREALE WS

<FBYRE: GgHe, AeE ol Foh>

(33D



