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A Study on UML based Modeling and Automatic Code Generation
for Embedded Software
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Abstract Recently, embedded environment suffers a huge change, by growth of hardware and turning to be
software-controlled. This has improved embedded software complexity. It also brought us the limit of the old
development way to resolve the problem. Model-driven development is one solution to solve the limit common
software development by previous way, and it became a one uses for embedded environment also. In this
paper, we propose model based development approach for embedded software, witch consists of diagram editor
and automatic code generator. The diagram editors are implemented by GMF, which include additional
functions to solve memory restrictions and concurrent execution problems without OS environment to a
automatic code generator. In order to verify the generated code, it will be tested in main control model of
UAV by replacing existing module with generated one.

Key Words : Model based Development, UML, Code Generation

*

W AIA ZAHwoojin@mail.knu.ac.kr)
Ard(2012904915%), HAREE U(20121306 407 )

33



27| |=8Eets ==X M2 MiE

o,

®
ot
b

ZEgols] BAYS
A Helup] 91 ofel
A g e
1% shpolek. ol o

Wl tisto] dolri ofF ¢

R =)
=

>
2o H 1o

L
L

o,
1o,

A% mY APYETS BE A4 YL A% =

371 Alketal, ol sk IS Bl of

to |l

e o] mel AEE Astel A sh=dolel gt
AA B2 OB gk

2.

§3

2o 7= B
A= A7 o
A2 thojo] 19
tholof 15, e

d

o] =ito] AL e
2 7|gke] Wik wdS o
3t a7fskar 33l = UMLY]
Q1 FrAo) 2 tholo] g3}
WAl tholol 2@l #}  Fclipse® Graphical Modeling
Framework(GMF)E ©]-&-ato] o]& #sh= tholo]
A BYE T B Wtk 4Gl = AAE
tholol g AR7IE Fall ol BdS o] §sto] A=
g AdsE B S Bl ofge 3= AbE A
oA ut= S A 27k 7S SR He

T, 58 A = o] =iolA AAE mTES o8t F

r

=)

AT UHE

maTl =

=

Q) BYYFI|E TAST 1 AAES BT vHIT 6
FANE AR GF AT DA hstel s

34

Sudls AZEg o] B o 7|Ee] FHE HE
A E S Aol 2d 7)uke] S whe] &
Z43-S ko gk @A) AHEEE CASE EFE2 ofn
7} Rolol] B3l Wo L7} 1o} 9o vhers] wdl
S ARsa 222 A 715 W 2T Eg o
A ZZA 2 AR A 4o dAES A2 Adstal
29 2ke] A9 w5 Vs Alwshs Agd o=
Atk
2.2 XIS IS MM 7|H

FE 2E A tigk BAlel| ol ulef ofe] &
TEO] AMEHI glow TIFdAE 489 IBMC

2 7P dx4%] =750 |t} Rational Rhapsody+ o
FAQ S 2dy 8l 2= Ay Y=TEA C Cy
JAVA, ADA 59 td 349 <dofs Ads,

A=A 9l

il
a4

e
om

=
=
gt

2

[ D oft
O]
©

>

o tolojglow o]
LTFAGS AT
FARO A
Aol% AEUE, Fe)2 tolo] st )
Sglolt, WAl A o] F tholoj1gle] 54
choloj1ge] AL 918 BH)E PRk B

Ak

2

>
X

O

>
o
o
2

]

PER

=

P
a

=)

>,
il

%
o 2

o
©

v



UML 2 7|5t elfic|E ATDEY 0 ZEal

H IE xS ¥y 71E A7

3.1 2ZEQ 0] 2TAIES UML 2R
frAllolz tholojagle UMLY ofe] tholo]1g)

F QTR Aeahe Al ~§}ﬂ Cholof1gio]
Ao frrlols tolol 1A ALEA F& 5
A3tg oulshi oeish Zzte) 1 a3 AEle} )
= 71%?% 715Ake1e] BAE 3 ?{4_ e Aoz A
ofglrh 2% 12 e} 75 Alele] #AE rde] 1
bl °é?ﬂ°lé thololzzgholct. 13 12 tholo)T)
& F3te] 2709] 9E 5 EdoldE WA} &S W
 Aola v dAE At 75, Edelde
ARe e, e ek Ve 7 9o
m o] 9] 75 BF G QA )5 X
A L)
=8

I} Select ‘

D*Maruuss

= Diagram Ele... *|

> Use-Case

% Actor

ot %

A Generalization

£ Include Manager

£ Extend

““"<< inehude 2> ./ -
%/ ClnsheS 7
T rice Deal u

3 1. 5 742 AlAHe RAA0IA CHoloi2

Fig 1. Use—case diagram of Stock trading system

o9} Zo] fo] 2 tholo] 17l QA TR
N 763 1716 Atolel €24 g Relakn okgel T
A YA 1 g @4 E RS 5 Alolo] HE
e Aoz 7 oidel gk a7 AERS st

A gt
3.2 GMFE 0|23t zHal =719 13
GMF(Graphical Modeling Framework)+ Eclipse 2+
73 7Nkl A g AR Feagl AFs fe gxd
Z Aol a7 2% o]F o] g3t tholojdl W3
7] AATHAS Boltl GMFE o] &3 mdlg) =5ro]
& /1Mo nags e wdo| vep nd, =
= o9 P 7479 ofd A A=
MFE o]-83to] Aejstar gojd
Aojsta AR 7| A AR e

I

z}z}

N

O_I;I_EIE]_Q_/\

re

o

35

248 34T F AFA02 o FIS B3I o
o719 MY71E Aoz AP ol A 2)Ee

Variable
Editor

StateMachine
Diagram Editor

Component
Diagram Editor
\orapHicAL
| HoDENGS
Structural rAMEwoRK
Model

Behavioral

Constraint Model

Template Optimizer

Statemachine

Templates Templates

¢
= Java

Code Generator

Source File

3% 2. GMFE 0|88t Chojo{ad HE7| Mo obd
Fig 2. Generation process of diagram editors by GMF

3.2.1 HdmHE pdlgl £710| 15

ATUE tholojad e 5 245 AR FANA ALE
He gy 2] x4 HRE 7 thojojaseltt
ol 7| o7 AXVES] AXUET} AFsH= 2
Fo] =9} o] Q| Fo]2E AMgeh= HEUE ko] o7
Z Aojdrt. shte] HEUE: sht o]k 2lE w9
25 Al AL, sk ol el AXAETL Algs =
AeF o] 25 AFEE 5 Qlth ob&e Z47te] HAWE
TRl = UE AXUES 2% & Jln 2 7]
FUE Aol QEjsjo)s AFd} AHERAE 1 o9}
gglol B sdsith dwrdo g HAWE tlojo]
Pl AEAEE 7154 B3l M d9j2 g

—Palette — 7]
[Iy Select

(> Standard »

] Component
[ Interface
= Flow *

= Required

test] test2 £

Interface

O 3, AZHE crojo{ad HE7|
Fig 3. Component diagram editor

=24l ofujel ] 54 7)ol A2 w 1ol )



Yok AEAES} 120 Y8 157k 715H
A AALEE 5 9ee ol

-
olgh e oleld BalelA T

A
o Az WA Belo] i Ae it AEdEs
F3, A% o] gl AL WEe] AXVER Qo8
£ e AEAE Gold qlof 7Hg 71Ro] HE A
o)tk At ox Fzte] AXUEEE = A5 A4
R EEEEREE ERIEEE R P
& shtel a2 me Pejz FAHY

(= Nodes *

O 4, MEfHA Clojo{la@ HE7|
Fig 4. State machine diagram editor

3.2.2 ZEUE N DY =70 7
AEIE tholoj 1ol

2

B

e EERSEEDE!
stof el el

rEo

i)

o

ol 4o
rlr o o K
ox 1 2
o

N
Jm
o,
e

T
=2
>
rir
=
ot
rl
X
T
O
il
% 1o
oo
o o
fil
%
1%
ot
O
AN
H

O_‘_‘lt

o
lo
e
Ju
e}
f

=Aol B9k

36

Bm41 tholoj1glo] ele] wzje}
olokat A91Z Aolgrhy, A4

2E7EE oA 2= AFAEL o
Ao tholo] 13l tho]o] 17}
Ui-o] g9 E Aolsh=s AEimAl tholoj
2 o]Foj), Z=

=5
)
(o

1> 1o op (T L
e fm N

AT HE

mal =

-

BN
o N

e o Qe
N
o

i

u

o

ki
rLoox

o
al
rlr
o,
i

o

m
1o

Jou it

=
[>
|

rlo

0,
o
i
1o
B>
[>
1%
e
fr
oX,
1o
™

=
oy
bl

I
ut
)
1o
1o

Sequence,
Branch,
Iteration

Sequence Template }

[ Applying ]
Template

[ Simple lteration Template ][ Branch Template

Y

Generating
Code

08 5. AATC XS MM MY

Fig 5. Automatic generation of source code

N

N O EE R DR CEEISS



UML 22 J|gt QHClE AZEY0 2

[=1F=1]

al
=23

% It

)

» m o
k)
o

X
2
>

o aele g g5

groll wheh 715 AL

B
e

(m
S

=
X
2

e 'W ,
e

5]
tlo
ox

2= stef o
bl

[}

o o

il
tjo

-

{m
rir

e
ot o

[ N

g
Y
° ©
= lo
lo hu

[
o
w4 Koo

=2

dlo
rlo N o

o

g

H

[

d
o

T
>

fu)
=)

2]

¥

[}

<

BRIt ZIRell A Ko
¥

¥
2,
g N
o &

,,
=

oy N
b

Lot oo oo g M

ey

ki
i ol

E

d
N

7

-

o
4
2
2

ki

rlr

m
rlo
ot
fuj
)
i,
mu

» o
- I{N' 1
:‘_I,

N
S
o

o H

ot o

o
=
it
o

ol
-

N

A

o

oz

K}

o
S-S [ ")

e,
fo
e
ox
= e
=
>

=

7}

7}

2o FEHE A AAHQ] ZrAAE A9
Eof| 4] tholo] 13 He|R AolH

25 24719 d W g
HE 2} 2= 2 o) fort if-else
2= Py HglEck

LA

=

2xlo] 52
el shtel g 27) ol
Z47ke] gjefo] A= ThE ool
oz Ao FaEths olng gela,
1= ColA forkO3) 28 A ZzAss Adse
] R stk SR o) e =
7% Fe] e d Had
7] ol ols} e A5S A
A o), o)t FabAel B39
@73zre] Aol7} whasl B,
o4 ole] Tigk & Wl AA7
R 2d Aol A FH
Aol 4

€

A

o

ol

1o

Mo ot
o

=

>

¢

of
>

)
o

AN e

il
[

i<y

8

o

l_ﬂ—r—‘

L

A

fo
B>
il

Og‘:"‘
i)
r
=l
I o

ol
—_

8

roh fl

F ooy oE

o o o

o
o

i
12w N o

o=

=2
R
2

%

[distance
[distance >= 100m] distance_sven() state =

[ state = “cafe

< 100m] distance_svm0) | Check_distance(
“danger”

[distance < 100m)] distance_svm()
/ state = “speed down

/ state = "danger”

[distance < 100m] distance_svm()

==

O3 6. SEHHACIO[TMOM AL FE FE

g

Fig 6. Extraction process of source code from state machine diagram

37



=

| ==X M2# it

=
=
o]
2
o
1
ol
s
°o]&
3}
E
b

D‘I ‘_LLVO ‘_LL..O O\J' [
o ,_mr Mﬂr %o _wmo N Mo = 5 s
oju e Nfo ieg_ i 5 g
Jlo s o o= WP E i S
= i%%ﬂ HEH%@ o £
o7 ﬂtldﬂ‘ﬂl loof !
R i ] Mﬂwﬁk D
—_— £ N
i ﬂzﬁwo o @o%w.awmmmo all e
x TIEogM NS o B Mo o N £
. _— —_ ] =]
T X LlEw X EwEwo @ :
M . E_ﬂ_/o_mﬁ w| ﬂo.m MEMDHMMﬂ% "
[ el S S T < O )
el g g LT BT EE :
cEErREl " osiTicos
O S I A
TG 5 & SE AT Mg 5
e S FRg Rom :
™Mo o =5 W Ho ™~ o NF T N K o
T B @ O o T mgoggh T
W o oo = T w96 MR
FHFETOTNT PYEBETEYTETTTTRMAT G L o Zo o
wE o AW ooy MR e B RN ET g Moy ol Mo o
ﬂmﬂﬂM_dww]rummﬂm”?%mw?%gMM%HiHtE%ﬁ?% o
~ Al =T pi N —_
HER RS R ST L R )z
. EW..O%Ewﬁmoguﬁﬁﬁu&.ﬁﬂﬂ%oEa RN e x g ¥ o
™ T R Meom g B oE e TE PR T g PT oyl e® ooV ED o
B T pPT s LHET Ly =g W M oo yod P T o
ol 0 T w oy O — NSl ol AN S 2} o) e m o K ™o i
29 R do W m 2 o N %o 5 & I 5 = N B o ] = o
i I AR SRR R A G R S S N > Ew
il orr o 2N E@]nﬁﬁh]%?ﬁ?oﬂAmv_QqT_ FE o = it
Y S SEM o 2 e Bow — ek ok IDE 7w
d EERTpuPEITE T yro g W ao ey B Py X = ™
e @%%%ﬂ?ﬂmﬂ%hﬂﬂ@aﬂzwﬁ%% TS o b w =
° —_— = o~ ~ W = o0 9 ) — — o
B Moz%m%ﬂzo%wm%zuﬂ %quwrﬂ_@7@wrﬁea%ﬁu[A o
5 g_oﬁauwaﬂﬂ;%Wmﬂ«%ﬂ%ww%@% ENE S . BT
L 5 W MR 2 — N oy 27 ) o <~ ©° o W i i o 1h To) o
e M%%%ﬂ%wxm_x%_fﬂz%%aﬂﬁﬁﬂgg&ﬂq%A_ﬂw_t% 3y o
T NG 7 Pl asso st we LT = w R oy o
S R T R B T N RS B I i P B S o
oo Bl g T yrao Bag e e ™D s o o Ao o ) W
S SN I SRCHE G = DWE Do L2 N
pl N e e N~ <R TR : BPoE T Ne B T B
i < Towm AR MW N WA o T ode o oo o X e T W XM AR °

HE Ctojoja

Fig 8. A component diagram of UAV
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