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Abstract

This paper suggests to adopt MDAModel Driven Architecture) into embedded s'w development. On an
embedded soflware development  there is a hig problerm which 15 dependent on H'Ws, operating syslems,
programming  languages, and platforms, S0, we cannot reuse any code on the helerogenous  embedded
systems. To solve this problem, we attenpt to adopt a high-level software process development, that is,
MDA with target independent  and target dependent mechanism for reusability of resqurces such as
design and source code. Also, we use executable UML instesd of UML 1x. embedded UML, and UNMLZ0,
As a resul, we can produce an executsble software through model-crented development, that s,
conversion from tarpet independent model o tarpel speciiic model. Also, we suggest a refined Vomodel
for the embedded software development. 1L will enhance interoperability of embedded software,

Keyword: ¢ 0] =, MDA(Model Driven Architecture), xUMIL(Executable TML)

I.M & Wolaly 4¥E 2 nAlFHst AGHH o
AE Y dio] st=do] 44 7iEiA

Ho] IT 7|&L vlelazT 2 A|xe] 71Ho] LEES e R 7le2 olFsie HYYE 2
‘—%wﬂﬂ SEUAARN AEE AT oldle] Qulde AzEgolr} gaAlEl AEY 7}
ALk 006113, $H L2912 006315 A7t stEdolits LZEdole] 23 95

- B7 -



MDA Z|83] RO AZEH0 M0 Ojft HY

£ /e B delos gk o
HE AZEdeles IHHR Ao
2 A48 71718 Alojged o3
- HEjuit]e] e £o Hi H

i # "3 2 JEf= f]‘c-
+ #AFd= Y= O5(Operating System)Z

E=]

o

|e
i
i
fLl
2
4o rir |-'1J Bl

olRA B34E 715 S AFde Yvite &=

Edols % o Wa2n gHo)y 4EQ 7)

gete] Bs) B 97Ee] WYH Yk
A sesiole] F4HE YAgE AxEsol

8] BN At HE FAHE] Jdo] AHFeR
A& 2EZEgeis] ArpEe FAS ZT g
JUM st=deist 9AA, 1En T a4
diofo] HHH<¢l H4AE A MDA (Model
Driven Architecture)iHyl S ¢lujole 4 Ege
el Fgsimat Fich MDAE A7) $3o
Az FHHo)4] g LAZEHE s}
7 813 71zt aehy 7)22) MDAE A
@ AAe Fashed AgE opyd e
Zdla MDATIe 2= e 22 ede]s] g
A =93e] 447} A4 gk 2dq B =
ollMs gldE LAxEHNE 7ledle FY
3§ 7l <dejEM 7|Ee] UML (Unified
Medeling Language) 4] 48 7158 xUMLZ
e =
ERddE gt AT Ego]e] vy
£ 7leshenl He ¢lojgl  xUML{Executable
UML) ALgslnal sich azl3 o) 2 58 it
dAZA Z79] Mulliple V-Model2] 938 B
g MDA 7)9ke] Multiple V-Model @ 7 o
AE Agkgict. o] AE GAE F5 el =
#32 gMid= A~EEs o] S A &
824 £xEgole] HAES o3 11 AHal
2 A4 ulge] d47s S U B =R
9 F4& g5 2o 23 AT EH
MDAS] FMHad 2 533 MDA ML =24

2 o3 depic) aglm xUMLY =3¢ s
28 AiE ik 3aeAE 7)E Ydcs &
xEgde] melg WHdl Multiple V-Modeld] dl
3l sholch 43t e xUMLE A8 MDAV
vko] olycie AT Ego] tjajele] Yjsk 4L
S8 ide fxEde] weldl Wets 7 AL
Yz ggsin) oo 5o A2 B &
F A7drge] s slEdck

n. #sg3

1. MDA(Model Driven Architecture)

Zzedelzt A3 o BEiAz dFs) o
Foldo| wa} ol EAE sidstua Haz
# 7l 2= Ay AT Edo]g] A4
B4 FAEFAE F4A77] S8 HA s
o 2 @482l HEJEE AAlasEy] §8 Bx
dE A e desug’. asyg A%
SHE2] gUsts Qe HE FHo] Qo] B
& oEgo] U AEF FH HeAE gl
offich A 2d SEAMY AreE stz
Medel Driven Development (MDD)7} dlfF=%
3, OMGHjA g3 CORBA(Common Object
Request Broker Architecture):= IT ‘?i?ﬂﬂﬂ A3
Nge 9, ol 719 4& 849 B
Fo2 A7 Fud AT /l‘ﬂ‘*ﬁ/‘l Cib
CORBA shHite] ohst ojF2] FAFE 7=
3l MDAE= 7] 840t Al2sle] F£530]
A g3 AZESCE AEsir) Yt AlEen,
MDA= HEY A ojsiy & ZL2 Algte] &5
=8 24E 5849 2d(Platform Independent
Model) & S EZ F£3H9 Ed(Platform Specific
Model)2 w#H#sla, o] Z4E ££39 v
TEE2E d#sie Aotk oz <A
MDAE S4YFd 5d49 273 7122 AF
A gEsm A



20069 38 HI0EUYIFMTVEE =FX A6E A=

7. MDA Zig E24A

g2 MDAE gHdE AT EMoE 9% AL
shlch MDAE 7184 OMG7} &3 of g 717
EFEE 7t 53 Me 54 E4F4 75
A s EUE S5HEc 2 g F4og i
A2y B3 2 d4FE s T faen
MDAAE 22Hd2dre e Z§H3Q
PIME Al4&3, PIMME #RFo F53<
of2] 7j2] PEMo 2 HfEl HFHoz IEF
wisheic) 2ulziel Highe 7jEs] HEHe) Ao
T2422 b A AT MDAsME Rdo]
UMLEZZ 502 2445 7] dlEef, PIMoA PSM
22 Hilo| 5% vjy 74 o5 A58 HE=
Autate) e Higgt

MDA
ZEN:

8 1, MDA 2l Z2AMA
Fig. 1. MDA development process

MDAAY TzAXdMe ZUF] Sg389
ARE 7} e PIMe| F2 2HE Lol
Alggc. o 18 MDAJE Z2AlXold. ¢l
A PIME 98 UML Profile® o] &a)4]
functionality®} behaviore] Z#HS& g+ PIME
sdgsc a8n ggos PIMS SE3q ¢
© E9F PsMoz H@sher, o] of Pad
zlo] PSM AL $)@ UML Profiles} PIMz}

PSM Atel8] v s3] sjgs e 29 HE 5
Ho|t}. -0 % Rational Roses} 7+& CASE &
& ol &AM PsMelN S g dojd g H%
592 3= WL A3, Processel|q 713 F
FE Folof T i PIME PSMOE e
FEo

2. xUML(Executable UML)

Executable UMLE UML(Unified Modeling
Language) H7|He] 4dille] #PA s
(executable semantics)E# A7t FEH 73
(timing rules)2 W Zo|ch 1¢ 2+ xUMLE
71¢ g velbdoh Executable UMLE o8-8}
o, Eilzsl AEse HH RAZ olFelF,
Execuizble Mi§ Z2#5 wE + (G
Executable 4|2 2~9¢ shle] ghagh 83
YAY A48 7E ~%8 el Executable
ZHe d¥3 HiE, q¥Ze] 7y, =4
(2ol digt e|2E7] £, o|E B 3=
(target code)2 HE {translate)¥ 4 9Uch

Executable UML-2 2]QElg] A A29E 9% 2
=g e g4 2ee 9d TN 87
oA d8E 4 213, o 7je ZEHMER o
Fol3 Z2AA dEYR §4-4 4949 +=
9lc}. 7182 UML3} 2, Executable 292 A]
{o| BEE 243 w78k #dE 24, 17
Il Afe] HEH oo HFHH FAESE A
3] Mg

I8 2 yuMLe 72 Hal
Fig. 2. Basis of xUnML

7k 21E UMLEF xUMLDS] B R
£ 15 §3) 71¥2 UMLE} xUMLE ul=als]
o xUML-Z 7|2 UML# u]usle] Bghd of

- (K9 -



MDA 7|8 OIS LTEQ0 HA0 st

FEHAA veve FE2 283 AEd o
7 H=E 3§, WAy Fiojh 44
HEe BdE vz A8 shsgoad wE A
g 9 AZe] yEEla A #E FEE gy
£ Alad B4 A7 2249 geE Ay
3 §17] wiEe] A B8 252 asigion,
zelo] Ha] Z2 gAY A9 7Hss] AE
AEAY H2E7) 78 28 RUS ookst
walo g i) Z(deployment)dt 4 slo=2E 24
ol A== BAd SHHo|

E 1. 718 UMLZ Executable LML B
Tablel, Comparison with the existing UML and xUML

- Ll 1% L 20 Embaddad L Exnousabic Uk
28 0 zEoE sneg e an
e oAMN | zaEm e TR
=53 28 = 22 =8
HE M 0y s s s s
mimEEsEnY | danw =g FETT =z
U e Fe Hz s = SR 3wy MR
By
{anmeealion & uE 4 ] uEEE
00 lpec. e iE s ey
- Laneos}
s | o saz AR s WA 43 48 R

3. Embedded Z23 9

ZF Multiple V—Model

Multiple V-Model&- 7]& dujt= g2 v d
o]t} Multiple V-model-2 7 2] 3 V-mode2 7]
gto @ §ic) fF3os I (Y, Z2E

ElRl HF 42 E)e Ay, U= Jga Hi
ERES TEs 94 VAL F)E5 gl

Multiple V-2 92 J#j]E AlAF e F
Y 290z 7|E VEYSL v Z2 g9
HET A Fel gt A 7R Y] 98 Ede]
Th. Multiple V-Rd2] 32 9421 25 SAl=
PCE B8] 8748 Al=99 #9E 29 g5
Aol 221 o|FHF =d B AYsida

gA5E T2E g9 dAdME vz 5E
2acg gsin 4948 'ﬁht_-ﬂcﬂoﬁ EE
Aeste] gaHoz 44 dedelz Ags 7t
A4 AF AFez Ads) 3 a2z 2 3
B Oagl, 34, g5 £33 A $37e
Fgslo] gtk a2ze a9 33 2o

|
W

Final Product

y & f’f

rodel Frototvoel=]

2 3 mMulliple V-Model 7H =7
Fig. 3. Multiple V-Mode! life cycle

Multiple V-2d2 = Al=g e
of Hftslck sviabd ok diEd upgh Lol
Multiple V-24 & Wt A]29] 71 &4
¢l Bd, T2 EEG, HAE AEH YA A
@Az R 4 BA 9 FA4e ud grE
Al ZiYely g 2E 9H & 38 5 4l
7] WjFelck. =G 27 A ‘?_1-‘51"-1' PRz ¢
¢ o] 47 AL HE HEE NOE Z2E
Etgl &, 22n =2 EEly] gEcE 2H
Al HAGed At HEL 25 Th
Adle 5% 7lgE £ gdn

. YHICIE AZEH o T 2ot

1. ME V-Model

71&2] Multiple V-Model2- 332 &4 g4
Zdtg S4og woeldc], ohet 7le molo
OE epld HE3hy 88 o FHEe| YEce
Gyo] gtk i B =FdAME ol TAH
& #ldatnal MDAS Bl 372 848 7}
Aspr HEshe AE AUt o] v

=70 -



20061 38 F=RUEHYHSEMTVEY =27 Hed H1x

TIM(Target Independent Model)-2 E3 Hgb3d
¢ RUE & F TSM(Target Specific Model)
£ E& 54 A4 9439 Rdg gEd
o]RA WrEold TSME 53 2 e %= =
EE ukEo| dick 7|&¢ Multiple V-Model3}
sl 7jEe] Bde e 53 &gl =
AolA wdg A4 & 5 i FAHw
A= V-Model2 o8] ook =w 1] gale]
M RUE AAE ¥ 5 e A3 Ak o
£ 3% 4= A48 V-Model & Jepdth T2
I HE F4gd 9lelA AwE d Eo] fide
wae] gt

i TEkA CODE

a8 4, ZiEE Y-Model
Fig.4. Extended Revised V-Model

2. MDA Z|eH i = AT EQo] A TA

M =Ro|Me =8 MDA Yuk oJuds Ak
Egdlo]s] 24 GAE AT AA A A=
olffeidi=d, 3 WA dAcdME Blale] 9
ol pelals Fagogd g EHA vde
THEI L &ld] 3719 2R oA Jdd 1
S 825 B4 8] fE Fds
tleloj a3 & =g gt} 129A sl M Hae
e Y& 9st A delojaB g FHHe)
1-3g7d M= o AalEe] AT Fae] oz}
A 4E oF HJHS 'S4 g
o] o} xUMLE AHgdle] g3 a 48 7153
2d F58 9ok O 5 94 gA2 57 gl
of Hae RdPE F5E g} o] o Tlis]
waFel THS 7] A A A &8 GA=

sk el 3 g4 Al vhsiAz 2dE
z@s}7] flal A 7HA dolola e AMgdch
spRiet 4 WA AR 2= 44 e sled
¥ =E9AE xUMLE ARE R MDA u]
HE Lz Ede] gale 38 FE2 At}
Wi =44 disl A 49 oA 8
o AR dyels a2 E(skeleton) 2=
THE AAg geidEe 2xesel 44 BA=
ot .

15tep: TIM(Target Independent Model) 5idlg
7%

11 XUML 7198 2 goloj1d B4

12 xUML 7]gte] ~6|o|E gojo]ay =4
1.3 xUML 7jule] o A]=] AlEA te]o]al 244

2-5tep: TSM(Targel Specific Model) 298 75
21 XUML 7|sbe] B2 cholol g 24

22 xUML 7|glg] ~HolE clojo]dl =4
23 xUML 7]gk2] o] x)=] A|fA thele]lod =hd

3-5tep: Code HE
v, At & 3

At 24 Hapdale] dis 4o o] AdE
8 2ddd =g A R4 diE
AFE Aot 4 A= a¥ 55} 2e] 7
7ol AalE - Interface Pamel, Door, Cooking
Element, Timer, Thermal Sensor, Light, Rotating
Base - 2 4%} Interface Panel2 BlE 5 2
o]~ RES AAs ¥t Deore HAH
21Ae] & Mas # Fe]x Cooking Element
= MicrowaveE WAEle] 243 783 F&
2 AAs FHn, Timers AlZke] WE 58
i@ A3, “12)2 Thermal Sensors £ ¥
#3E #REE 2% A4S AAF #9ch Light

-T71 -



MDA 7|¢H2] MO £ATEQ0 A0 ofs HY

rr
618
flo
J2
!
&
bt
=

£ AR Bre uE
Rotating Base= #A1A] 1
7] §x= HAsh= HAD

o
i
1z
ofe
de
L 9,
|
=’
i

il
=
o
)
oS
o

i
o

o e el el )

Femting

JE 5 FMAE|e HHSe FA
Fig. 5 The structure of the obiect of microwave

g 'l'!ﬂll'l’lprlli""
|llll
f I B, Cookiea
VlSebm WDl el |
paiad i s | W2 Timm g

Viloor operned Gararan L 3Ten off gyt

m\\"m

ez FIDe-ensigine
Farwer fube

Gengrain | 1T an gt

8l g MEgEie| AE|0JE Clojoja
Finf State diagram of microwave

3O og Ao MAAMA A9 Abef HE
Z R4dty] g5 AHoE thejelage ad
th 2 AEo]EE Fo] B olo]E 4, &
2 F719 2718 4, 2z F719 4 4,
sEigtg A, o] delz ofalE9l A, 84
=% EYE A2 Wsgc o)zl ¥ 6
4 3t

o] e delola@E T3 Z=F 24 AL
T floy FAgA wasa) s tin] 2

olE g8 [cE A, ol ¢l 2xEY

Lo] golalE EA ok M o) R
£ # 29 Po] Afe]E el 55 gr] A
HolEE ol O gl yrujx| ¥ES 3=

ste] mE HFHE Fck

o

# 2 FAHEZ State TabletjMde S8 g3
Tabke? A commonness part aea of & micowave state e

Vi Buiion W Timar W3: Do Wq: Doos
Fusod Timed Doened Clagad
it
1. 1dle With . Can't Tant
Door Clopsd P Happan[1] 5 | Harganlal |
| |
2 tninal — S cavt |
Cosking rigppan[i] |
Pariad 2 o L
3, Cenking | Can't |
Pariod El 4 5 Hapean[3] |
swiandes | |
4. Ceohing Evem Cary Eant
camplaln ignered HMappan[1] 8 Harpsn[1)
B. idie with Ewvani Carnn (=3 1in}
dear apen fanored Hapoenit] HapoenlE] 1
SRR A L e L
B. Codhing Evani Can't Sant |
imbmrrupl lgnonsd Hapoan(t] Happonlz) || 1

1] Timar is not running , 2] Door |5 alfeady opan
[3] Doar s alraady o losed

a3 7& ZHE HojBdM Hu] Zg9lE
® §id ¥ & CASERelth 7} 2de|Ed
Qe CHEES Ac|AE e =z e

F oAE B4 2 Blel g 2EE BN
4 9ot

CASE
+State 1: Event Action/Code
*State & Event Action/Code
*Siate 6: Event V3{State2 or Stated)

Action: De-enerlize power tube
Claar the limer
*Can’l happen: Error Code
*Event [ lgnora: Ho-0Op
END CASE

ag 7. HXExie 24 3=
Fio.7. Skeleton code of a microwave

V. d & 3 SxdA

A Yte Al=§E sl=do] 7lge] T

=72 =



200649 38 BRUEHYULSELTVEY =£X HEH HiE

ol whe} 42 HalsE T o 71F9 hgEn
AT AeTE s Al2HEe] AHgA
87 75l Eok4 el o) 1%y 75l &
TEHA ¢17] gifelrh. ARgAle] 7o wal w
£ YHts A=ZEde] Ads 7 faMe
A Z2dart Bgdhy O Eoate] g
A% @ o] a3

o] M YdidE AZEdoe Qs
MDA7|fte g 433848 47104 @k
7I1&2 Y= AZEHS] A A sl
549 B sas] s A 5849 A
u ubgel ool AT Edo] 3] MDA
(Model Driven Architecture)}® A}83}] sfaal
des  MDA®lA  TIM({Target Independent
Model)S AH8-8l g 533 2dg vhex
TIMezRE 2zt ehdlle] Al TSM{Target
Specific Model)& 7=} El7l WA wd&
58 = 448 3 gorg AokEgck

ag|x #]EL UMLe| gejdE 2xEgo|E
ZEat ool AR g1 Adrhsshe Ada
H 7lEdeE xUMLE Al&3le 28 Aoksiy
o A EZaAE 7122 Multiple V-Model2]
#E 54 # =l 3539 22E sigs)
gis] MDAMH-S Multiple V-Modele] 2 8-sle
sl Zdvebs AHotslaoh ol w23 okl
dHide LxEdo]e] S ] xUMLE A
&3 MDA7]EH] HAE flomd gAd 544
olZ d% 7% RdE ¢UE F IS Heoloh
o]7]¥s] A Ztzte] molely ARFEHE ¢
FE 447)e] F8e] EaFolg= FHeldh

B3 47 fAlz 2t 2dE Aleje] g wigt

£ AFE 8 58 B8 AEE 3o HY¥sHn
e o] SIS Sy Aulzz e g
AE Z2HAE HEAA ATEH0e TAL
Folc 97 R 3= A4 g A7 o
2del AR 9@ Age st Puids AxE
sio] Atz Eele #et AFE E 4 3l €4
2 wgelA ALY PHe 2998 4 A 2
T2 2 59 Add dig dyvl 29 Fejd

218 H

[1] Institute of Electrical and Eleclronics
Engineers. [EEE  Standard  Computer
Dictionary: A  Compilation of [EEE
Standard Computer Glossaries. New York,
NY, 1990.

[2] ). Poole, Model-Driven Architecture; Vision,
Standards And Emerging Techchnologies,
Position Paper Submilled (o ECOODP 2001,
2001.

[3] Jon Siegel and OMG Staff Strategy Group,
"Developimg  in  OMGS Model-Driven
Architecture”, Object Management Group
White Paper, Nov, 2001.

[4] Michael Guttman, A Response to Steve Cook,
MDA Journal, February 2004.

[5] A. Kleppe, |. Warmer, W.Bast, "MDA Explained;
The Model Driven Architecture: Practice and
Promise”, Addison-Wiseley, 2003.

[6] Mellor, Stephen ], Marc ] Balcer, "Executable
UML: A Foundation for Model-Driven
Architecture". Boston: Addison-Wesley, 2002,

[7] Bart Broekman, Edwin MNotenboom, "Testing
Embedded Software” Addison-Wesley, 2003,

fE AP RS ARELAATAEA A (B1220-0501-0821) 2 Sl gl

-?‘3_



MDA 7|20 2ifOjE ~ZEq0 S40 @ 63

UEE(EH)

£ 20004 TSR AFEHA
HEL SAF 29,

- 20054 FoU)tR LxE g
ol FEHAT 44} 24

+ 2005 Foijalm 2=EY
f#8 Ay @74

<3 ok A1EF 9 B4 HHE, ghlde
AzxEdo] AW YHE, T Fgk o]l
(MDA)>

HEHE=E)

= 2000d:; 9 2]k o] F o (uhA})

20000420004 LG b8 29
44 Embedded System 5
s

+2001-8A: Foldiga 3
TFHARE AT a5

<A Fek: A8 Y E4 WYHE, Use
Case H3E ¢ =4 7Y, FE X, duid
E 2o A Wie, H2E/45dd
A déw 2l TMM/IMM)>

X A2 7l

fo(Esd)
L2004 Foluittn ARHA
WEN A 2.
- 2006\; Fojulsm LEeq
ol 3UAT 44} 4.
- 20064 @A) EFeldga &
ool ge d7a sl
A

<@ Eof: AL #o] MM HlHE olgr]s
AzEo AW WYL, Bl 79 o= A
(MDA

=74 -



