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VPSE: An Evaluation Environment for Parallel Discrete-Event

Simulation and Its Case Study on Time Warp

MASARU OKUMURAM* and TOSHINORI SUEYOSHI!

In Parallel Discrete Event Simulation (PDES), the execution can be speed up by exploiting
the potential parallelism of the target simulation. However, choosing the appropriate imple-
mentation method and programming algorithms for the target simulation is crucial. Further-
more, because the implementation of PDES is strongly influenced by the target computer
system and programming environment, there is the need to verify the influence of the basic
technologies comprising PDES in its performance and the need of an environment testbed to
verify the status of PDES. We developed the Virtual Parallel Simulation Environment (VPSE)
in an attempt to satisfy these needs. VPSE emulates the execution environment and provide a
flexible PDES environment to the user. In the software emulation, the user can parameterize
the number of processing elements, communication latency and computation granularity. In
this paper, we described the organization and functions of VPSE and examined the charac-
teristics of a queueing network based on Time Warp algorithm. We measured the speedup in
relation to the number of physical process (PP) and message density, timestamp increment
and message density, communication latency and message density. Finally, we discussed the
relation of these factors with Time Warp.
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IRABRER] */

vtime = start_time /¥ vtime :
while (vtime <= end_time){
if (not_empty(recv_list)){
/* Insert msg to event_list x/
Execute Recv_Primitive
}
if (GVT Interval elapsed)q{
Calculate GVT
Barrier Sync
vtime = GVT /* GVT:Global Virtual Time */
Garbage Collection /* BEEFHMOBKIE »/
}
first_event = min_time_event(event_list)
if (first_event scheduled for anti){
Execute Rollback_Primitive for Anti
} else if(first_event scheduled for rollback){
Execute Rollback_Primitive for RollBack
} else {
/* Execute first_event */
Execute Server_Primitive

}
}
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Fig.5 The scheduling of the primitives based on Time
Warp.
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Table 1 Execution steps of primitives.
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Table 3 Execution efficiency of event processing.

Tiatency x0.01 x0.1 x1 x10 x50
Efficiency 79% 68% | 49% | 12.5% | 4.3%

Bo7 ) 3747 ETEBOTFHEEE L TIC1 O—
WXy 2B ) DEESRLZBEOESOEYEE R
F. &b, K11 b0 Sz, 7oxy 64 GO
B % Server_Primitive DETEIRTH 5.

Y, Tiatency VERUBEORE L ) S KEL DY
Ao, BUE LEEE 5 N Server_Primitive
DEFTEBISBHL TS, THLBEEENERL
BREL)OKRELLDHE, B12(a) KWRT LI
A= UPREINTILERETS Iy FTRE
ENBEFCET)ITATHOEREET L &h
B, TUF - Ay =V EURERAOMLEIENR
BEL, BICHYETI LI ARELERNELE]
XEITLOLHERTEE. TOHICOVWTI, @11
L F—%&B B} 5% Server_Primitive ®FELTH|
B0 2FMETRE (T—VNy 7 Shikdrorz
Bl#) OEE&ZRT, X3 OEIPLOEMTI LS.
7, Tiatency WBRLBORE LY /A ELRD
B, TUIFATIBITE Ay -V ORENEIT
X 12(b) WRT LI IfTbRE. T4bb, 73
FATETPCRHEL Av =T, ShED 1
TYIFATRT I CRZEREIBESELNE D
DD, Tiatency VWERMBONE LY bR EVHEIT
W, RPN RENEEINE D, K3 IZHALN
55D ICARERRE LB R E R % 553 5 5h5%
Wb, 12720, Tatency B DRIRIITAZ MBI
RILENR TN RS, x0.1 & x0.01 DEITLS
BREFBN TRV E25, ’10 Ho (d), (e), (D),
E) 2L bHRTE 5.

F7, A4 BT R O— NNy 7 - TAD
Bl X 2508, K11 0 N & g O OETH



1580 TERLIE SR ER

ERYSELH, B TREND Server_Primitive
OEEKE LA BAoKE L LTHRETORRE L
TRAHZEILE S,

5. $bH ¥ IC

AL T, REMZEFIAERE T PDES O
EfTEYIab—-MTAUFHRERY Iab—-Ta
v EHiBRE VPSE OB L BRICOVWTH~RE L &
DI, ¥4 AT —FTRREIIOVWTHLTFIEET IV
B R LT OIMER 2T o7, COWERE DS
aggressive cancellation Z iV 724 1 A7 —7 /KT
X, () &7aty+dHizh O PP BROMEMAEVIE
FIMERREZERTL~HTH), S5IHRHOHE
SBBEOEMZ, RELEROBELZRRIIBEX
LERENDH B, (2) PP BB 5 Lookahead DIES
DENHEICHBEETEIEECT, ) BRAHED
PRI 2 EERBENH KR, u— Ny 7084
WixBELFIEEIT—HTHS, T Ialb—
VarERICIYVHEL L.

A%, YIial—YarRBROBEEEEDT, ¥
D L5 ERIUESIFIHROTH EH, HHVIE
HEETOERE % %0% VPSE 2{HH L TRE %
THITFETHS.

BB AEEZTHICEL, PDESICEHLCHER
b THBR RSB TR OB FE K,
LU IHHABAERBEEORRKICERH LT T,

2 E X ®

1) Reinhardt, S.K., Hill, M.D., Larus, J.R.,
Lebeck, A.R., Lewis, J.C., Wood, D.A.: The
Wisconsin Wind Tunnel: Virtual Prototyping
Parallel Computers, Proc. ACM SIGMETRICS
Conference (1993).

2) AR, # MB  AN-—FrAFAAIED
BFmEY Ial— Ty, HHRLBZEARICE,
Vol.33, No.3, pp.387-396 (1992).

3) WA B, KEEH  BHIMRESRY IV -
T a Y EMliZRE | VPSE, g%, CPSY97-58,
pp.55-62 (1997).

4) http://www.caciasl.com/modsim.html, CACI
Products Company

5) http://www.mesquite.com/, Mesquite Soft-
ware Inc.

6) http://www.wdn.com/bti-sim/, BoyanTech,
Inc. .

7) Bagrodia, R.L., Liao, W.T.: A Language for
the Design of Efficient Discrete-Event Simula-
tion, IEEE Trans. Softw. Eng., Vol.20, No.4,
pp.225-238 (1994).

June 1998

8) Martin, D.E., McBrayer, T.J. and Wilsey,
P.A.: warpd: A Time Warp Simulation Ker-
nel for Analysis and Application Development,
29th Hawaii Intl. Conf. on System Sciences
(HICSS-29), Vol.1, pp.383-386 (1996).

9) ME—#iEd> BEFIA 7 V27 M ERY I 2
L —3 g Y53 Osim, Proc. JSSST Workshop
on Object Oriented Computing, S3-2, MIESE
#1) — X No.2 (1996).

10) Jefferson, D.R.: Virtual Time, ACM Trans.
Programming Languaeges and Systems, Vol.7,
No.3, pp.404-425 (1985).

11) B4y, LM% . Virtual Time 7V I X
LRI HHHERY IV -V a Y OME
MEt, 5%, CPSY95-54, pp.33-38 (1995).

12) Gafni, A.: Rollback Mechanisms for Opti-
mistic Distributed Simulation Systems, Proc.
SCS Multiconference on Distributed Simula-
tion, Vol.19, pp.61-67 (1988).

13) Jefferson, D.R.: Virtual Time II: the cancel-
back protocol for storage management in Time
Warp, Proc. 9th Annual ACM Symposium on
Principles of Distributed Computing, pp.75-90
(1990).

(ERK 9 411 B 4 BSA)
(ER 1048 4 B 3 HiR$%)

Bt B (ERE)

1970 4E4. 1993 £ TEK
ZRHBH T DM TR TR E,
1995 R KSR REER T 058
PSR FE R LR REST.

. FIRFREL SRR L 2T, 1998
¢4H;bhmk%ﬁ%ﬁﬁt/7 G, SBFLE,
HEWT —F7 7 F ¥ OFFFICRE.

*EF BRI (GE&ER)

1953 fE4. 1976 LM KFE T
R TR R, 1978 FERIKEK
FRTEMERER THEE B
BIET. FEUNKETZRERT
FRPF. ARFEREETHNR
BB, UM IFERFBHRTEBAEERTERE
PR ERET. 1997 £ X DA RETHFHBEER S
AT ATHEMEEE. TEEL. SBR7 -7 75,
VRATAVIE 2T, BHE#ELAY T~ VISI Y
AT LEREN R EOBIRICAEE. EE BB V]
(32, *—2tt).



