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Generating Java Code from the Dynamic Model
Based on Object Modeling Technique

JAUHAR ALI' and JIRO TANAKAf

Implementing the dynamic behavior of a system is a challenge for object oriented software
developers. Most of the CASE tools can only generate header files from the static structure
of a system, usually refered as object model. In Object Modeling Technique (OMT), the
dynamic behavior is represented by dynamic model, which consists of a set of state transition
diagrams. This paper describes a new method to convert the dynamic model into executable
object oriented code. Object oriented approach has been used to make the implementation
code simple and easier to extend in case the dynamic model changes. In our approach, each
state of the state diagram is given the status of an object, which encapsulates all the transi-
tions and actions of the state. Transitions become operations of the state object. OR-type
state hierarchy is implemented by inheritance and AND-type state hierarchy is implemented
by using the concept of object composition. A system, dCode, has been developed that im-
plements the proposed method and generates executable Java code from the specifications of
the dynamic model. First the system transforms the state diagram representing the dynamic
model into a table and then it generates actual code from the table. A comparison between
Rhapsody and dCode has been performed, and it has been found that the code generated
by dCode is approximately 40% more efficient and five times more compact than that of
Rhapsody-
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Fig. 1 Remote control device for cassette player.
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Fig. 2 Object model of the remote control device.
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Fig. 3 State diagram of the Controller.

H 3 DIKEEMIZ, Controller DIRFE V%R L T
A, /—Fi3iREL, A7 -2 BB RT. BB
BV AR P2 ERR, BEICLoTERLHY
ETHEED LD L. ARV MRIIBBH EICER
ShD. BRLEOBMEINT S8RER, ¢hries T
ARY M EOBICHEE < LEEORR T HT TR
T, &z, M3 I2BWT powerBut, playBut 7%
EDANY Msd Y, setPowerOff &\ ) EifEdd 5.
B LoBEOMICREEF I GBI L BHEELSD
b, AGEMER, REEFRY 7 AW “entry /7 LEEL
TZDRIEBRENS. RALPOBRIZL>THS
REBICA-BIZ, TTABIESETENS. B
B, RERY 7 2AHiC “exit/” LERLTFDRIZ
RBEN, ZALDPOBRIZL o TRERS B BB
EfFsNB, 12k 2, Play iRE2SH L T startPlay
&) ABEIME L stopPlay &\ ) BIBEMEN S 5.

Z ZITIZELY ) BIREEDT2 D (PowerOff, PowerOn)
H5BH. ThbHDKEIR powerBut 1 XY M ASFE L
LE, EL00—FWT 7747 % %, PowerOn Ik
HEiX 2 DOWFIKEE (B B\ AND Kfg)1D12):15)
DAY (Thbb, Player & Speaker) THbB. I
N o DML PowerOn REVT 77 4 Tl oiz b
ERIBHCT 2747 L%, KADOEFIREEL, #E <
O OR FhHLARAE 1112:19) %4> 721 213, Player
i¥ Stop, Running &\29 2 DD TFRREELRFL, F
72 Running % Play, Forward, Rewind £\*9 3 D
DTIREZFD. ORKREOHFT, 77747 L%
NI5bDX1 277 THE. BEA»OEBID LK
BIIZORENST 7+ Vb THELV)I T EERLT
w5,

3. KEROEZ

REER (K 3) 2R & 912 Contoller 1%, o+
TIx7 NPLERPHLLE, BEOREICX-T
R ol EE TS, 728 213, playBut & W HEKR
W23 LT3, Stop IREMMHIDORETH 202 L 5T
ErollnExrT 5.
RERZEETLLDIIRAIREBZ S ZADTS
o—FEHWE Thbb, HELORBICHLT, K
ROBHVEEETLI7I5A (REZIFR) 2165,
INEDTTARIREZ FALIES, RLAeDT SO~
FIZBITBF—7 47 7, Controller DIREER KT
72912, Cstate LWIHHBRIL I S AZEA LT &
THh%. Cstate iTTXTOREY T AIHk@AR A >
Y7 r1—AREFLTWA. ZOHMIL, KEEZ 52
PRERCBITLITRTDOANY F2ZHTEL LS
e 7:0TH 5B, 4T “Controller” &\ HEE
BRTEOIZCT LV BEELH VS,

3.1 OR 217 DiRKERE :
RERICBWT, FREBIETHREERZRES, T
REICHBELBRLHOHEC LT LIEENS, 72
& z2iE, K3 128 T EALIREE Running (3 TALKEE
Play, Forward, 3 XU, Rewind %## %, stopBut
ARV P W) B BB L RET 5. Ko LRER
WBWTORERBIIA T Vs MR T TS 5 412
BIIB7 ARG LEOELH-TWAI LR HERL
7z BIEICBWC, FAIRESZ O EALREDOIRE
EMATLH IO, BEIIBVWTD, V775 A%
DA=INT FADRBNEFKRT S, ReDT T 0—
FTIE, BROKELFHOI/FADKREIIZI AL



Vol. 39 No. 11 OMT KETKBWET VLD I — NAERK 3087
class Controller{
static C_State state;
Controller >} C_State void playBut(){ state.playBut();}
N\ C Statestate |  |epryg | 000 v c
Runni enw() static void startPlay(){...}
unning playBut() exit() }
fwdBut playBut) | ¢
N ut() fwdBut() claS§ C_State{
playBut Play stopBut() stopBut() void entry()(}
entry startPlay() void exit(){ }
IstartPlay stopPlay() void playBut(){ )
exit statFwd) ¢+ |
stopBut | \/StopPlay ) stopFwd() class C_Stop extends C_State({
l _l_\__l void playBut(){exit();
Controller.state=new C_Play();
b J C_Stop C_Running Controller.state.entry(); }
orwar - void fwdBut(){...}}
entry g‘l:gg u:(()) stopBut() class C_Running extends C_State{
odbut sfgftFwd Y voCid sto;l)lBut(){ exit();  ston0
ontroller.state =new C_Stop();
/stopFwd ) ] Controller.state.entry();} }
* class C_Play extends C_Running( }
\ J C_Play C_Forward void entry(){ Controller.startPlay(); }
void exit(){ Controller.stopPlay(); } }
enw() en.Lry() class C_Forward extends C_Running{
exitQ exit0 void entry(){ Controller.startFwd(); }
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void exit(){ Controller.stopFwd(); } }
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Fig. 4 Implementing a state diagram having state hierarchy.
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class C_PowerOn{
static C_Player player= new C_Stop();
static C_Speaker speaker = new C_Left();
playBut(){player.playBut();}

stopBut(){ player.stopBut();}
speakerBut(){ speaker.speakerBut();} }

(a) BIUREDH 5 RAER

SN
Player ‘
1 playBut ICJ’lay;I C_Speaker
. stopBut
e e
speakerBut
@ speakerBut

(b) 279 Ak

class C_Player {
playBut(){ }
stopBut(){}}
class C_Stop extends C_Player {~
playBut(){C_PowerOn.player=new C_Play();}}
class C_Play extends C_Player {

class € extenas L _rlayer {

stopBut(){ C_PowerOn.player=new C_Stop(); } }
class C_Speaker {speakerBut(){}}
class C_Left extends C_Speaker {

speakerBut(){ C_PowerOn.speaker=new C_Right();} }
class C_Right extends C_Speaker {

speakerBut(){ C_PowerOn.speaker=new C_Left();} }

(c) Javaa—F
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Fig. 5 State diagram with concurrent states and its implementation.
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class Controller {
int mainState = 1; // 1=PowerOff, 2=PowerOn
int playerState = 1; // 1=Stop, 2=Running
int runningState; // 1=Play, 2=Forward, 3=Rewind
int speakerState = 1; / 1=Both, 2=Left, 3=Right

public void speakerBut(){
switch (mainState){
case 1:{
... ;break;}
case 2:{
switch (speakerState){
case 1:{
speakerState = 2; setLeft();break;}
case 2:{
speakerState = 3; setRight();break;}
case 3:{
speakerState = 1; setBoth();break;}
}
}
}

}

e REZEROMETERLKEDEE
Fig. 6 Implementing a state diagram using data values to
represent states.
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OSTD(gl)[nodes{n1,n2,n3,n4,n5,n6,n7,08,n9,n10,n11,n12,n13,n14,
nl5},arcs{al,a2,a3,a4,a5,a6,a7,a8,a9,a10,al1,a11}];

OSTDN(n1)[loc(35:35),size(3:3),0stdnAttr(name:START)];
OSTDN(n2)[loc(30:50),size(20:10),0stdnAttr(name:PowerOff)];
OSTDN(n3)[loc(63:18),size(90:70),0stdnAttr(name:PowerOn,
concurrent{n4,n11})};
OSTDN(n4)[loc(63:25),size(60:70),0stdnAttr(name:Player,
substates{n5,n6,n7})];
OSTDN(n5){loc(44:70),size(3:3),0stdnAttr(name:START)];
OSTDN(n6)[loc(65:58),size(12:14),ostdnAttr(name:Stop,
entry/setStop)];
OSTDN(n7)[loc(90:35),size(25:55),0stdnAttr(name:Running,
substates{n8,n9,n10})]; )
OSTDN(n8)[loc(95:43),size(20:13),0stdnAttr(name:Play,
entry/startPlay,exit/stopPlay)};

OSTDAC(al)[from(n1,side:BOTTOM,off:1),to(n2,side: TOP,off:5)];

OSTDA(a2)[from(n2,side:TOP,off:10),to(n3,side:LEFT,off:25),
ostdaAttr(name:powerBut)];

OSTDA(a3)[from(n3,side:LEFT,off:45),to(n2,side:BOTTOM, off:10),
ostdaAttr(name:powerBut/setPowerOff)];

OSTDAC(a4)[from(n5,side:BOTTOM,off:1),to(n6,side: TOP,off:3)];

OSTDAC(aS)[from(n6,side: TOP,off:6),to(n8,side: LEFT,off:6),
ostdaAttr(name:playBut)];

& 7 DSL B T#H» N7 Controller DIREER]
Fig. 7 State diagram of the Controller in DSL format.
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State | State Name | Super | Substates . Transitions
i) state Entry Exit .
*=default *=concurrent Event Action Next State
n2 PowerOff* powerBut n3
n3 PowerOn nd4,nll (*) powerBut | setPowerOff | n2
n4 Player n3 | n6n7
né Stop* n4 setStop playBut n8
[fwaBat | | wo |
wase | w0
n7 | Running n4 | n8n9,nl10 stopBut n6
n8 | Play n7 startPlay | stopPlay
n9 Forward n7 startFwd | stopFwd
n10 | Rewind n7 startRwd | stopRwd
nll | Speaker n3 nl3,nl4,nls
n13 | Both* nll setBoth speakerBut nl4
nl4 | Left nl1l setLeft speakerBut nls
nl5 | Right all setRight speakerBut nl3

B 8 Transformer €V 1— VIt o TEKEENR
Fig. 8 Table created by the Transformer.
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Fig. 9 Class structure of the generated code for the cassette player.
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class Controller {
public static C_State state;
public void powerBut(){ state.powerBut();}
public void playBut(){state.playBut();}
public static void setPowerOff(){...}
public static void startPlay(){...}

class C_State {/* Empty declarations for entry(), exit()
and all methods of the subclasses of C_State*/}

class C_PowerOn extends C_State{

static C_Player player; static C_Speaker speaker;

void entry() {player=new C_Stop(); player.entry();
speaker=new C_Both();speaker.entry();}

void exit(){ player.exit();speaker.exit(); }

void powerBut() {exit();Controller.setPowerOff();
Controller.state=new C_PowerOff();Controller.state.entry(); }

void playBut() {player.playBut();}

class C_Player {/* Empty declarations for entry(), exit()
and all methods of the subclasses of C_Player*/}

class C_Stop extends C_Player {
void entry(){ Controller.setStop();}
void playBut() {exit();C_PowerOn.player = new C_Play();
C_PowerOn.player.entry();}
void fwdBut() {exit();C_PowerOn.player = new C_Forward();
C_PowerOn.player.entry();}
void rwdBut() {exit();C_PowerOn.player = new C_Rewind();
C_PowerOn.player.entry();}
}
class C_Running extends C_Player {
void stopBut() {exit();C_PowerOn.player = new C_Stop();
C_PowerOn.player.entry();}
}
class C_Play extends C_Running {
void entry(){ Controller.startPlay();}
void exit(){ Controller.stopPlay(); }

10 v P T ULATYDEDICERENZI—F O
Fig. 10 Part of the generated code for the cassette player.
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Fig. 11 Sequence of operations when the Play button is pressed.
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Fig. 12 A conceptual view of the execution sequence in code generated by Rhapsody and dCode.
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