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A Method of Solution of Differential Equation and Its Execution
Examples Based on the Object-oriented Message-Passing Model

MASAYUKI HATAKEYAMA, ! YOUSUKE IKEDA, 2
KEeisHI MiTsukaf? and Kazuo Karouar

The numerical calculations have been performed using the difference equa-
tions that are approximated from the differential equations for the dynamical
worlds. The similar calculations have been realized based on the Object Ori-
ented paradigm. These results have not always been satisfactory. In the present
paper, we will propose the following three models and schemes: (1)the mu-
tual interaction model of the difference equations, (2)the transportation model,
(3)the message passing model has been developed as the information transfer
mechanism in the program. We have also proposed a (semi)automatic gener-
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ation system of the computer program. The message passing model has been
applied using the Object Oriented description method OOJ, analyzed, designed
and implemented. Finally the Java program has been obtained throughout the
integrally consistent and similar processes, and executed. The processes of the
descriptions and their translation of the proposed model are reasonable. The in-
tegrities of the processes from the analysis up to the program and its execution
examples has been verified.
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Fig.1 Correspondence of Discrete Model with Object Oriented Elements
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Fig.2 Principle of Discrete Model and Pysical World
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Fig.3 Discrete Modeling and Its Structuration Principle in Object Oriented World
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Fig.4 Replacement of Differential Model with Message Passing Model
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Fig.5 Conventional Discrete Model using Analysis Stage Description Method
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Fig.6 Message Passing Model using Analysis Stage Description Method
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| BRI I TR - R R R-CN (R T30 7 - TR L R )
| BREEERT 5.
WREEEHT D,
| LRt ERREE ST S,
| ERREE
| Tt ERREE ST S,
| ERREE

void  world_shared

void  world_shared

PE#Hmp > HREETHTS.

void world_shared

Pmp R LREMCERREEESETD.
int slot_shared

Pmp» FREMCERREEESETD.

int slot_shared

7 EEEROTRETRI LA vE—T - RNy DU T ETILOFLIR
Fig.7 Message Passing Model using Design Stage Description Method

/IOPDIFEIR TD IV — L%, currentt? )b
class NDPw01_Pf015 {

private double NDPw01_Pf015 Ps03 Pss07; //OPDI_LTOD B {52 ek

private double NDPw01_Pf015_Ps03_PssO13;
private double NDPw01_Pf015_Ps03_Pss019;
private double NDPw01_Pf015_Ps03_Pss025;
private double NDPw01_Pf015_Ps03_Pss031;

//OPDIGE R TO ALY M 5 D F Jll 738 23k DB
public void NDPwO1_Pf015_Ps05(){

//OPDI_LTO @M 4 - A8 1 -2
//OPDILTO @M 4 A 5 1E 12
JIOPDILTO N £ ¢ 1t L 5% e 7 (o o Ao AT S i Py
JIOPDI_LTO N M £ « T it U582 o (o 2 Ao T S i Py

if( Main.world_variable.NDPwO1_Pf018_Ps02_Pss019==0 ){ //OPDJidik |- Tld = 4} :id:NDPwO1_Pf015_Ps05_Pss07
//OPDIF i ECI3 ELZeff: (725 1€ ] :id:NDPwOI_PfO15_Ps0S_Pss013
i LNDPwO1_Pf015_Ps03_PssO7=u[tz L% +5-+1];” //OPDIZlik |- CIZEH 7 A 0wk 1id:NDPwO1_Pf015_Ps0S_Pss019
)

}
else{ //OPDIGLiE b Tlkfh FfFHiiE :id:NDPw01_Pf015_Ps05_Pss025
NDPwOI_Pf015_Ps03_Pss013=0.5%(((1-Main.world_variable.NDPwO1_Pf018_Ps02_Pss025)*NDPw01_Pf015_Ps03_Pss25)+(1.0

+Main.world_variable.NDPw01_Pf018 Ps02_Pss025)*NDPw01_Pf015_Ps03_Pss07); //OPDIzlid ECIZEAY 7 20w

id:NDPw01_Pf015_Ps05_Pss031
)

j/OPDJEEkﬁTmXD‘VF H - WIS E R R DD,
public void NDPw01_Pf015_Ps06(){

NDPw0I_Pf015_Ps03_Pss019=NDPw0I_Pf015_Ps03_Pss07-Main.world_variable.NDPw01_Pf018_Ps02_Pss025*(NDPw0I_Pf015_Ps03_Pss013-

NDPw0I_P015_Ps03_Pss31); /OPDIFiif: L CIE#AHS 7 A vk id:NDPwOI_Pf015_Ps06_Pss07
NDPwOI_Pf015_Ps07(); /OPDJGilidt F: Tl AHvbmp#7 ALY b id:NDPwOI_P0I5_Ps06_Pss011

}
/IOPDIFEH CHOARY 44 - T 5 & AR5,
public void NDPw01_Pf015_Ps07(){

NDPw01_Pf015_Ps03_Pss07(NDPwO1_Pf015_Ps03_Pss019); //OPDJGtik b Cid#X+7 A0

:id:NDPwOI_Pf015_Ps07_Pss07

NDPwOI_Pf015_Ps03_Pss07(NDPwOI_Pf015_Ps03_Pss019); //OPDJici k- Cl&#(R+7 ADvh:id:NDPwOI_Pf015_Ps07_Pss021

v
h

8 Java 7/ I ATRELIZAYyE—D -

Fig.8 Java program for One-dimensional Shock Wave Flow based on Message Passing Model
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6. LB ER

6.1 —REFEEFNDAVvE— - Ry VFTETFILIZDONT

B 713 5 ISR TRERDH DRELE L TWDIORATEND. WEZ LTS &,
Bl6 DHTBA Y=y v TOEBERLTEBY, MAEHETLLERETIIA yE—
VERELTWD., ZHREOMERIIE L TT—# 28R L, BEolbithis 3%, &
W) EDIREFRRETEDIEDDA v —VIRK DT —FBE LWV I A A—UTiER, H
HEM AT 5 current BANE LIS GHRAKDo12S), REREMLIZOTHLHNH
FHERE LT EE MBI D LW IHEZ L TWAEA A—UThHY, L OBX 2814
WEVIENWA A= TIRZTND E WD Z NSRS,

6.2 —RABFHERFNOEZEMBOEBRY Java TAYT S LOEBRDES
X 6 OB LR AR TIIE, IR OHE SN RS LEFRIIETEEN

TWARMIZA D, ZNER T OFRFHEMEGERIZ (FF AL —4 THEIMIZ) AL, T

W2 =Ty heFTHAT Vs MERT 07T I 7 ERE (BUEIL Java DA) #EE LT b

T A L—F THIMEB T, K8 D Java 70/ 7 AR GLNE. = H>0iiicB LT

13 R EE ORISR LRI IC oW THAICE AT LT SN 2SR RANC 22 > T

B2 EDBEICNRESNTE Y, ol &7 < &b R FFEI & ORI FLR O N D3RI

KOYEHTH D Z LIIRFEES TV 5.

Fiz, KWL THOW e —RAEHERERAOHEIZEN LR ETHEXT, Lab 00T 12

WU, 1ZR> TV AEDICERICHBERIN TS, Lo T,

(1) 6 O/MBA+THIUE, HEMRTROA A—V%FE LoD, M4 Ok
T rt AR THEBER S NIZERR (FITHRER, LWIRT) e s T AREE
ERENRTNDZ LIIHATH .

(2) FEELZOERBIOLE, RFHEMTEREORE T —4 M e T /e X @x, Fik
BYPERERIEOEMER W OB 2B L T D, £ IV I B TZORRFIOEA LY
HEVER TH D E WV ISR~ T

6.3 MHABRKDBELLTOAYE—D - RNy UTETILDEA
AT E OMy HRERE BERL GEo=Yk) L, ZhEFlic L iThhi=0T, &7
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LHIEWEANBIGEATE 2EE2RELIZbIF TRV, LavL, IR %~0mAns,

Wb SN RO TEIRO—> ) ([T 2V AIC THEZTHIT 5 &9 hid,

(1) RELEAEORNFIEZ follow U TATINE, BEBMY A B o i < 35
BN & DR RN 3 B RN F 72138 C & D TREME 2 LR D A

(2) BREETNERYE—T Ry TETIN, ZTLTENDLDET NVOMEHEZ,
LWVWOBZFIEILTLHEFHFLWNET LTI, LhL, ZTOXIRE2HITHL
BERDIET, NFETNOMGFTBRXDOBEEILET VO TTN G T 0 75 MTE
LIEMHBEGI AT D .

R EEARRID O OO R D &0 ) HTIHARRS 25 TIEensd 9 0.

6.4 BEEMERZE & O LLEETE

Modelica'® IHREFERIZHT 2WEETY vV &2FEREETV 7L LTERL L, Mod-
elica SaE TRk 972, MAEMEMIZ Y 2 5 EHEITHE S (connector) & A V& 7 = —ANEK b
HVEETH DD, ZORWBIEIC OV THEEE /M T XSS HIEE TR
o7z, (Modelica i3 O0J &R BIFHEFHLIT XE THAH 5. ) A7 V=7 MEMGHE
T3 R Jerry?) OEES LR TH Y, ARSTOBAENER & & 0L/ FE 8 2 2B
T LML TV AR KRR L L CEBO MBS R Ao 7.

7. WERESBRORE

IR IR Gt R 25 U, ZOMEBEERET VE LToOMy FRXA Bt L2570

BREEETTLELTHRRL, Avb—V Ry 7ETNE LTHARZ AT V2
MEMOMR TR T 5 2 & THYFRAXO T v 7T M E TOER E RS Il TRk

TEDLETNVERE L.

FORA =TV NRy T EFANEFT V= MEREIRE 00T ITHE-> TR L, £
BEREHE FHEEB AR T Java 70 7T AETEMRL, —B UIZBEAGMHEZ R o /o5l &
NMrbhizZ &, FHEBRENZYTHDZ ERNghoT-.

SHOBBEE LTUL, AvbE—2 - Ny U ZEFAE LD IEISML, &0 ZERMS
FREARLESFERAUGEH L OCHEHZ A HEICTH L E, IrrTa~E () B
W TE D EFIZHOLT, BEEMTTRR DT — A2 LI 2 2 2 A L.
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