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Design and Implementation of Real-Time Parallel Engine
for Discrete Event Wargame Simulation

Jin Soo Kim'- Dae Seog Kim'- Jung Guk Kim'*- Keun Ho Ryu'!

ABSTRACT

Military wargame simulation models must support the HLA in order to facilitate interoperability with other simulations, and using parallel
simulation engines offer efficiency in reducing system overhead generated by propelling interoperability. However, legacy military simulation
model engines process events using sequential event-driven method. This is due to problems generated by parallel processing such as
synchronous reference to global data domains. Additionally, using legacy simulation platforms result in insufficient utilization of multiple CPUs
even if a multiple CPU system is under use. Therefore, in this paper, we propose conversing the simulation engine to an object model-based
parallel simulation engine to ensure military wargame model’s improved system processing capability, synchronous reference to global data
domains, external simulation time processing, and the sequence of parallel-processed events during a crash recovery. The converted parallel
simulation engine is designed and implemented to enable parallel execution on a multiple CPU system (SMP).

FIRE : HWAEl(Parallel Processing), AR AHY AIBHOIM UE(Army War game Simulation), &lA|ZH HEl AIEHO/M HF
Real-Time Parailel Simulation Engine)
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old Alztel {dH|O]EY} o]Fo] Hof dt7] wjiolt}. wje}
A oE 9 AAA oMEA ANZo] wAsE oWE
o Al A EF Bl EE oHE AOZRH
A E o R

3.2.4 AR A oWES X33

Log®] flag7} H]AAA oWIER wmlaHd gty o %
EE fHolE HolHE E A ARTIE) =Hojzith oHE
o YT AHAM E0 YHE ¢E(commit) T F
Ae AEHR 71282 Commit-SyMel Al HAAE Bz
TMO(Engine)oll 93] th& o|WlE A#slA o} NEZL
olHlE ¥ rescheduled & o|WlES] At BT HzA} o)yl
E9] 7|7to 2 RE #4 sHold HARA olWEY H$
T2 279 ALE doy 219 e HzlEx g
o et £, Commitstate(flag) @40l o] 23 oJHIE
T FE Z/EHAYE A& BAAFL oHEE WaitQR
Al YolF:d #br} o]%F Commit-SvMel 98te] Logodl
dololi= R& Hrjdrh

3.2.5 Commit-SvyM9| 7%

Commit-SvM¢] o|HIE 43 F8 ¥ Xg Adslc
SvyMe.g wf ojfiES A3 7 Alrith Ao LogQel
EAEE oHEE F F59 AE A} £22 #E(com-
mit) =& B (rollback) $th LogQe olMES] A7k &0
2 Y=o gler2 ol scandld AE entryREH %
Hoz 7y AwE Y4B (commit) F¥ EA(rollback)
th =& FEHA ¥ Ao A P& FAE
% FEHA & oMEY Ho Ux oWES FIHS
t gdets ole ofd RE(commit) Al717} ohEE o]
g drjsd.

O oHEY &R (commit)E 27 (rollback)e] &7
oJHIE A FEAY P oWEI} & 2PL

e
3t & (commit) g},
[1] LOgQ—O’] 7]';((} gk‘o’] entryo]—‘—l (Elug_front)
(2] tour >=H(EHY W
o|WME Az FRAN AT oWES} g 2PE WF

3tH ¢8 (commit) & J7|g}

[1] LogQ®l 7} 9] entry©l 3L (E q,.,)
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(2] s < t(E)OIA
(B8] Ejpome St AF 40| §lo

oOME AZ FE Ao AT olWE} Ty AL BE

3t oWl EE =] (rollback)#tt.

(1] LogQ®] 7H <] entryol it (E g, )
[2] u/mt < t(Ek)O]_L
(3] Epon®t A8 F440] glow

4= (commit) A 8] B9 A7t ANL The He mol
- el A AoA dE V=i

3.2.6 B9 A7F #E7Y

Bo] A7 e 4L ugd #rh

olHIE AlZlo] FHE = oMIEES WYY Ay
g dedozgE FUF B Aol fAHool i
olg} &7 o|HIEMEE o[HME AT RO ATHOHE A
Zhol 24 golol g} o[HIES] HFFHE R A|7ho|
Al2El AZEEC 2R S woe o]WET} gl Ao
ide & woll o] BAGC o] Y 3o 2o A7
By F EEA dojuved 2 sy Dispatcher-
SpMol & sl ghE(commit)A el F9 AIzE 73Al
Fiolch 7t @Al Y Bof AZF #E] 97 9 dndF
& U g

Dispatcher-SpMe] 2oJA[zt 7449 €32 &3 g2t

o o|WIEY} LogQ7t ¥l AFEjel A #HZ patch® & Ro|H
OWIEQ] AZho R Hop AIZF A7

® LogQ7t 9= AHME oWES] patch7t A $17
2o Az Bw
o A 01‘%11‘55 %3 patch® §1& Hole AlAd
Alrog weol AZF A

m{

A9 Ze Fo 93 patchAl o 2o A3k BAL ¢
&3 2t

patch 218 wEHahe olEr} gle B9, d4 43
FQ oHIEVL LogQdl o, ¥ ) o|HlETL A% g
=9l Azt AAel AN o8] E(commit)7} Ui
uf R AJZto] AAsER FARME 29 ARE A
o gA doh LogQrt Hlojslel 28 F< oWlET}
A 7] oflETE QIZu Ag AlRbo] o}

7

ohel AolmE wed Aad AOE B AL A

£

o, g

%
tfo
o,
o
2,

Ir
o

[}
ot
)

if (no LogQ entry) Sim-time = Sys-time ;

else no action ;

e patch oJHIEZ} 948 W] = Al7F 734l

patch 21& &k olWET} IS A9k, 84 A
E2l olHIET} LogQell 1oW, A3 F<l olHE}L Az}
g o 2o A dAo] UNUL ]9 ¢HE(commit) o
do] & w) 2 Azto] FAHEE FAHEAE 2o At
Jalol o gl fth LogQ7) Wl e A%= ¢4 o
7] 01@57} Hz2E AYHE Aol patch o|ME S A

o AZhe dATT

if (no LogQ entry) Sim-Time =t »

else no action ;
R (commit) A1¢) E2] A|ZF BAIA I HA L ofefe} P

Case (no more entry in LogQ and no entry in WaitQ) :
Sim_time = Sys_time,

Case (no more entry in LogQ and entry exists in WaitQ) :
Sim_time = min(Sys_time, twai)

Case (entry exists in LogQ and no entry in WaitQ) :
Sim_time = t(Eiog_ron)

Case (entry exists in LogQ and entry exits in WaitQ) :

Sim_time = min(t(Eig_front), twaic)

3.2.7 )MIE A& #54 8 7Y

oMlES AF FEHAHL A HFow uleh ol 3 ol
E9 Ao ofgF dH A5 FHo| vhE o|WlEe] A5
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3.2.8 o]WEY] roll-backg 3% Local copy 71

BZAARA oWEY F9E A3 AF} GAdE F540]
AN A3 F A ojyiEde] FEAo] WA 5 ¢
ong, on AHg oWEE & (commit) 3t7] o] Hd
TR A BTE £ UAEE oo} g} oyEYY
Ay dAE AGAE Wgsx Fu |2yl @8
(commit)7} AAHE HYG Az wrdstn 5+ (rollback)

OlHARZ 24 MENOIME QT HAIZ e lFo) My Y 78 119

Alel= 9471817] 98 oHE ¥ E,, 9 Local copyE At
8%} Local copye W€ oHlE £FHE t2rng B
AFA HyY AP oWER AFH olFH ¥XE 9%
Local copy°ﬂ & 7@t Og ofES X EFE
I 3F0] Aerit d2Eg Algse H9 wSE g
AA fc E}“} o|MES EE FFd Uy A HE9
Local copy® #ASHEH 1 Z7|7} Wis)x Hagx e
A8AEY Local copy®] A7 o & 2H&=7) Hoz
& d7dA olsd @A Local copy2 AHEE AF ®
T MHNE 2HAsE oME AY AN B o iaA
£ 93 Heg

copy®] Wj&ojct.

FE ¥7)¢} & oWE ¥ Local

® E.,° ¥% local copy

* MESHS izl A%, A2e ojdES] A%

° Er.9 43 oJdE(Event Timeo] 7125 t}),
Ep® el

* E7t 234 F& v EAYAA YehiE flag

® o] F 9 local copy

* M= BAFE detectSet

« AjRo] o]FF o] FHE

o AR oMEANN 0]FFQ Unit

e &9 Jocal copy

» Aj2o] A4 E CombatSet

< 2419 CombatSet

« & o|WES DetectSet

« Al AttackSet flag(DetectSetol A
A AJAFE A$)

e o|F 9 B oWlE X2 5ENA local copy AHE
719y

« Ho|E o] HHo|ET} o|Fo|AE FENM E, 7S
e 95 AddLog(d7ZHOENE Fdlo 7|25 o]
&t ket AA7L o] Fold H 9 AddLog(H Al
ol¥], Add), AddLog(BZdlo|El, DeD2X T@= Y}

* Local copyel 7158 AlEHE A AL A& W&
=9 sEEe ELE YAFAN EL, 7129 §e
AR EE g

R A& Attack

lo

Event Rollback-log
Event A 5 +As= 44 289
Fae 27 g F
Event &} & AA ¥ Event 52
IGI A¥2 R UX*= Flush bufferel
A3E Ug

(32! 5) Rollback logel Xt =
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3.2.9 ojHlE A% Local copy T wWE ojdE
HE e FE9
Bye] A9 BE ARE Asts 5 oHE(4E E

¥ balance £%)% WEEd oE overhead?t ¢ ATh
olejgt o|WiEE HEAEE TAE i HWEE #aH F
gog thA AlFsA #Hu) olde FE ¥V dunyFL
(29 6)3 Zoh

1. Er,g8) el vpAARE oilE o]ojo} gt

2. Local copy® 71& o] ewla=rt & A EL YHE
‘Delete’ & 7] &3tc},

3 E. % oJHIES G243 o[WER FAFCL

4, Ep,9 oHES waitQol Fofdct

5. Epe® EventZ NULLEZ dAgtc},

6. Idle SYM9) A5 F74A171th

7. Dispatcher-SvMell Al WA A& Bich

(J8 6) ZE=®I| ¥12E

4 NH % 45 BY

A B9 AxY el 4FE FE F P FR
ot oAEAD At MEY EdRel 285% A

E, Az A AR 4E A Aro)v]
ool Age =
FAlol o] %0177

% 80%7} o]
olF T0%7} “HA"olHE 2| AlZko]
213 EAA, 3 79 g4 oET}
uj F-o] ot

ollE Az #HNA & o E 4749) CPUE
AL o 50%9 M AN FarH 2Ey ofF
g g EAQ 2 Az Tradle BFsta AYert %
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41 HE@xE H5 24
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}%ﬂ o CPU
A 2=g(SMP) AellA Fof B4 F f,ﬂoﬂﬂfé olF Al
& o 9E(commit)5 & olWE F7F 100077 € w7
A7 AHE SvM AeEE F33
agln A A A HolAdE 3 712 oWlE e
At 0528 Yt 89 F AT 1 9 Ads
<E > ZYsrct
AEEAAT SYM 14 AHE A 71E A2
dral)zh JelAzho] Hl skl o, (17 7ol Mizuieh 2
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]

7} Hol AEdeld Azl @Eeh dauA Eah: 4
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M
i
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g5 AA & F e TEHY A2d Fdol Thesiiith
600
I 40 - 13
F S e U | .
a 28
2 30 --- a8
=
o \ —-— 4%
i 200 —-- 58
100 \‘\A; -
e
Q 1 i 1 i 1 1 i 1 1
SvM SvM SWM SvM SvM S SvM SvW SvWM SwM
F 20 3 4 57 6 7 8 9K 10M
(38 7) HEAHZ|(TMO 0I8) ds BY
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218 olE-TE|E B og 2aE AR YA

@A oA £8FYD X

(F 1) gEHel H5EA

lo,
X
olf
o
%
>
2
>
)
N

| siafo] wEolE B4 4

SvyM SvM SvM SvM SvM SvyM SvM SvM SvM SvM
1A 27 37 47y 574 674 7 874 97 1074
13] 521.5887 27277447 193.8007 150.8236 123.2167 107.2237 93.63762 87.35371 80.64973 73.1608
28] 524.1957 2747512 190.4649 150.7856 123.1766 107.6006 94.60165 87.17081 79.94467 73.05697
33 521.5839 272.1559 190.6497 149.4873 123.3479 107.458 95.07191 88.55906 80.0467 74.1671
48] 524.6039 274.15%6 193.9568 151.2027 123.1507 108.2117 96.84454 88.55786 81.47463 72.04493
53 520.5523 272.7689 192.2437 150.7626 123.6787 108.4478 94.54158 8591367 78.39086 7268363
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