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ABSTRACT This paper describes a parallel processing scheme to simulate continuous-time dynami-

cal systems represented by a set of ordinary differential equations.

The proposed scheme is demonstrated

experimentally on a multi-processor simulator, IDDS-1.

This scheme allows minimal time execution with a minimum number of processors, which has so far

been considered extremely difficult.

It also helps increase processor utilization and cost/performance.

The proposed scheme begins with the representation of the simulation process by an acyclic directed
graph (task graph), followed by the scheduling of a set of tasks on the graph to respective processors

based on latest possible initiation time.
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Fig. 1 An example of task graph
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Fig. 2 Block diagram for simulation
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Fig. 5 An example of simulated system
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Table 2 Comparison of processor utilization and
data transfer amount

AFE | KA
BNEOREOERKET S R 4 16
v 3 (&)
7 e 2y v Fl A X% 91 23~45
7 o~ % & ¥ B ¥ (E) 10 20

EXBEALTFELERT v —2DF vt ,
FRHEAFRIC L > TR Y F0HE H YR BT
B5 — 2EEEK L RicHD, —HK L. Ok
DERNDEFFREME &1L, 7 — 2 EERRI R ESR Lk
AR o h A BN R/ NETRE (HE—-FT5) &
T5. R2OEZXMHEIZ O ZERTHORETS 7
vy T EFIAR

U= (1/np>z§z'l (ter/127) (14)
TR ta. 7ot i REILET LRI LA
7 DEFCET B IR

L, RIFREMHOFHETRRER Sh TV HREEDOET
TRYBELTH7~2DEXEREZEDLL TS,
ZDENSbLB LD, FA—OETRMEYERT
DI DRHEFRIGED S ety FEHEL-DIRK LAF
ERHWDL ALY, FTetv,+FlH XK $23%
(R#R) B2\ 345% CGERER) »H1% it
THERVEKMELELED - ENAEE 5.
LRI TRER LT - 2EXR B2 WT
b, EOFRTIEIBENAT » 7Y D20EDF — &
EXTETAORNLT, AFETIRIOEE 2HD1
ThY, ZOF— 2EXAMOBRRIIER S ety
SRS A& B F RV —BAE RO MIMD <=+ 7R
Ty VAT ATTHEEY 2V~ 5 VEAREL
T5.

6. LI

KHAXTCIE, BETIER VAT AV Ialb—20
T DDWFMMEFED, FEROFKED Y I 2 V— R
HRFEFECAHBD 7 » o 3 TRANDEFTREH 2 B
THZERWERTAEARE, Srvy vOFAR
- MREMMRS A BEE M 3w o LB TR
HEBOILF Tt yH o L& L THND
7.

i, Ar Y.~ vI/BRIERENCE > THE

B f+-1

ZATE28D Z R 2 75 7O

RICHRP T b TERLITFTHEN, KHFXO L
SIEAMIN LI TOBRR BV THAHR
XOBHIAZEVHDEETLS.
KESHBOFEELE LTL, Trty, HHOF — 28
BCEFT B/ (OSH ~ -~y FEEYL) 235
RN T BB, ArP.—Y) VYIFEREDX
SEBRTHIEI VA EWSHENET R X 5.

R

AEER MBI E*E{ BETERED F 5 HEH
B, MAESBIEER I D W AR B LB T 2T
Wi MRERRAFERIER GRERAZHE R 9%), &
WEE, PEREE, F5—EE, HFNRTIAELHDH
A= O— R BB L 7.
ft %

F 1 BT BT ONT

FT1ITERAZE10~200 DFAD 75 7R (#
A 7 HDEITHI « £ 2 A7 OMBERFR) oz A
2757 LTRET ARy o~V Vs e 70T
VR 2EBEHAL, TOBEMHELFHEITNS2, UTre
EOBRHYEBANCED X 5T O EFRTH

via.lb—vav H2A¥3E

NI | -El ectronic Library Service



Japan Society for Sinulation Technol ogy

151
P2 15 |8 2 9 1 21 3 4 ii/ 5 24 13 7 27
Pl 14 {16] 17 ]18[19[ 20, 28 10 22 ]23 I 12 [ 6 [ 25 J 26
0 5 10 15 20 25 30 35
@ 7=ty +¥2o0Lx
P3 8 2 1 3 10 4 5 6 27—‘
P2 15 9 1 28 12 13 7 26
Pl 14 16 ) 17 18119 20 21 22 23 24 25
0 5 10 15 30 %5 g
b Ym v %3 0L X
Bfgt-2 » » v o —~ y v J #F B
DI BB B I 2 FIV TS 5. 3) KK, HH:SEEEHY AT azk AR S EH &
Bft-1 2 x A7 280222 757D 1HT HD BEOET 227 2y 2oy v 7, BIHFRE
_ N - R R AREyvRY v AmIE, 5, 29/32 (1982)
ter=29[u.] T Z-Dé CO7TTRALTT ey 4) Yura, Yoshikawa, Nara, Kimura and Aiso: An
B2 B0 to RERTIRNOT vt FHET Approach to Parallel Processing for Continuous
TR TCAY P a— YV V7 e ATV A ARFEHRT Dynamic System Simulation with Microcomputers,
B, TRt HEE2EE DAY S . —) v Proc. of 2nd USA-Japan Computer Conf., 172/177
— . (1975)

& B2 BT - z . B4 AN
%%&ﬁ. 2(2) i( T E(]ij_ Sah5 L5 d 5) Lenstra and Kan : Complexity of Scheduling un-
2= V7R L D/ORICKITR TR ¢ 12 36Lu. 1] der Precedence Constraints, Oper. Res., 26-1, 22/
ey, ThERIXHRRLILW OO TFRO S S 35 (1978)

WHBOYD t,=36[u.t] & BT 5 EHE—-HKLEDL 6) T. C. Hu : Parallel Sequencing and Assembly Line
NEAFY . —ARRETHLI ENEDLRD. & Problems, Oper. Res., 9, 841/848 (1961)

i \- NN o 7) Coffman and Graham : Optimal Scheduling for
7wty 3 AOHE O KREY BF-2(b) win Two-Processor Systems, Acta. Informat., 1,200/
T. ZOHEEY t=t,=29u.t] LR VRETHD T 213 (1972)

ERHMD, IBIZDMEIL to & H—FTBHDTHR 8) Adam, Chandy and Dickson : A Comparison of

. . < List Schedules for Parallel Processing Systems
~ND s t ; IND 7 v, R )

! %Eﬁ?ﬁ;j (i’) TR 25 o TR C. ACM. 17-12, 685/690 (1974)
3THBL L AAMICI LS. 9) M 1 KEEELACIECHT DL 2~ ) A7 4

DED X5 chETc L b 2 2 7 BRB8DFADH AL 7Bk, {E2EE, 58-4, 416/423 (1975)

Fat 2 ¢« 3027 —RARXDOWTRERIED 10) Fernandez and Bussell : Bounds in the Number

RBC EREE S, ABNULEDT B £y #RENT of Processors and Time for Multiprocessor Opti-
- | 3 W
e - i ~ mal Schedules, IEEE Trans. Comput. C-22, 745/
7wy FRMERE T 58 510 TRAM O o o
EVED IR ELIME. 11) Kasahara and Narita : Parallel Processing for Real-
time Control and Simulation of DCCS, Proc. of
2 = ¥ B 4th IFAC Workshop on Distributed Computer
Control Systems, Pergamon Press (1982)
b L7 n MR ¢ <o 19 Abo Hopeolt and Ullman:The Deign and
2 VICHIT HATULE, FHNLHE, 21-4, 477/485 oy of Lomputer Agorithms, Addison-Wesley
1982
2) g\m,)z‘&;ﬁ}, SRE AT LA Ty e T LA 13) R. L. Graham : Bounds on Multiprocessing Ti-
BHGEERRY 2L~ DT —F F 0 F oy, i ming Anomalies, STAM J. Appl. Math., 17-2, 416/
al—av, 1-1, 42/49 (1981) 429 (1969)
FEFI58E11R —_— 25 —

_ NiI-Electronic Library Service



