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Bounding Space Management for
Real-time Visual Simulation of GK-DEVS

Moon Ho Hwang

Abstract

This paper presents bounding space(BS) management for real-time visual simulation when
using GK-DEVS models. Since GK-DEVS, extended from DEVS formalism, has information of
3D geometry and 3D hierarchical structure, we employe three types of bounding spaces: BS of
its own shape, BS of its children GK-DEVS, and total BS. In addition to next-event scheduling
functionality of previous GK-Simulator, its abstract simulation algorithms is extended to manage
the three types of BSs so that BSs can be utilized in the rendering process of a renderer, so
called GK-Renderer. We have implemented the method and evaluated it with an automated
manufacturing system. In the case study, the proposed BSs management method showed about
2 'tjmes improvement in terms of rendering process speed.

Key Words: Real-time Simulation, Rendering, Bounding Space, GK-DEVS, GK-Simulator,
GK-Renderer
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Procedure GK-Simulator::when_receive_(*,t)
1 if t == tNr then
2 if tNg < tm or (INs == tNym

and this is selected by SELECT) then

3 y = A(s)

4 send (y,t) to influencee simulators;
5 s = Omls)h

6 ths == &

7 tNs = tLe + ta(s);

8 YT := pareant’s T * T,

9

'G:=G*"Ty

11  else

12 find the imminent child simulators;
13 select one,i*, and send the (*t)to it;
14 resort children by their tNt ;

15 tNm = minimum of children’s tNy;
17 end if

18 Nt = MIN(tNg,tNm);

20 else

21  ERROR;

22 end if

Algorithm 1. GK-Simulator Procedure for (*t)

Algorithm 2% Q¥ =23EH AddE oWEY
A AA4E HAFa o VAR FrtE R
B2 A9 FA ¥z 0 Iy 9433
BSc$} 78213} A FF3 BSre] AARE)
th, 104 &).

Procedure GK-Simulator::when_receive_(x,t)
1if tl; < t < tNr then

2 e :=tth,

3 s:= Oelsex)

4 tes=t

5 Ns = tl + ta(s);

6 tNr = MIN(tN;,tNw);

7 T := pareant’s "T * T;
8 'G:=G=*"

11  send (done, tN) to parent simulator;

12 else
13 ERROR;
14 end if

Algorithm 2. GK-Simulator Procedure for (xt)

Algorithm 3& A e28E Hr2 AdHe
jag aste HAAZE £ | Aste 3
g Belx vk A9 Wi} Ae=g =
Ag ARE 9T BSye AT A A
F3 BSre 784de] FIHHATGA, 64F).

Procedure GK-Simulator::when_receive_(done,t)
1 if tLs <t then

2 resort children by their tNy ;

3 tNm = minimum of children’s tNt;
MIN(tN,,tNm);

4 tNt

7  send (done, tN) to parent simulator;
8 else
9 ERROR;
10 end if
Algorithm 3. GK-Simulator Procedure for
(donet,)

Algorithm 4t &4 FH¥sgE Los
AR &€ 0 HPsts #HE Hola Ut
A7IME AAle Wste wE Y 4RI
BSc9l 787, AA 9 W] mE A4 AFF3
BSwel 784 R WA g3t BSre] 7o) F
7HA AT, 8, 9AE).

Procedure GK-Simulator::when_receive_( @ ,t)
1ty <t < tN then
2 e=t- tle
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“T := pareant’s "T * T;
\IG ._G* N

hild simulators,send (@,t) to m;

10 else
11 ERROR;
12 end if

Algorithm 4. GK-Simulator Procedure for (@ t)

413 837 B 9

A <2 9> 2708 oM Pusher:
24 FELFL 3= 84olth webA Pusher
7t FEXTE k= Tl ol HAS oI E
e A% A" <39 6>2 Pusherd] oj%
of Mg QHgFzte] WHEE HAgFEI ot o
ol A= Pusher?] o]F9 watA ConnerFrame
o] BSy7t 7A=Y ol welA BSpE A
Hi gl

4.2 GK~Renderer

421 GK-Renderer®) 7%

GK-Renderere & =84 AJRo] A7y
T 52804 <29 7>¢& GK-Renderery &
71989} 97 dARE AFdYgoer Holz g
o YR E <ad 2>94 d9gg dlvigle] 5}
Al F7HViewing Frustum: VE)¥ 7}A 9 %0)
WS ogA =¥ EAd dg Ay
(Containment Flagicf € {CONTAIN, OVERLAP,
DISJOINTHE 7193t} vAA Y FHE Ay
g WAA (r, sm) FRoIY 47 A sme 19
N4 GK-Simulatorg& @3tt},

l(r, sm)

GK-Renderer

® @

<Y 7 > GK-Renderer?] 7)1

42.2 GK-Rendererd] ¢33 %
7EA 9ol g de TFHE Ao i A



GK-DEVSS] MAZE AlZt AlgdolME st 2A2t37ie] Hz 9

ApEye [3]&  #Fawped,  Algorithm 5%
GK-Simulatorg tide= 3 A6y FH S B
oqgFa Utk A4 FE & e B A9y
AL AAA(recursive) FHAolgk= i}, oA
GK-Simulator®] e qH#EFE  BSwh
CONTAINe|Zt 1 o}at BSe$ BSm= 7HA
Aol LFHEE o o) X HIEE T
d8 7t flo] Renderinge 3ohE ZHo|tH(174H A
Z). T BS7t /RG] AAGE
OVELELAPY] Z9ol=(G20M4 2), 399 9
TG BSeo BSwE Al WEH/IEAM E3dA
HAeE s, 1 A3} 7FA g dho] gl
¥ DISJOINT® 7Z %9+ Renderingg 8}#A &

1

T

Procedure GK-Renderer::when_receive_(r,sm)
1 if ¢/ == CONTAIN then

2 v g in smG, render g;

3 v sm in children simulators,

4

when_receive_(r,sm);

(o}

else if cf == OVERLAP then
6 cof := contain(VF, BSg);

7 if cf != DISJOINT then

8 V g in smG, render g;

9 endif

10 cf := contain(VF, BSw);

11 if cf == CONTAIN then

12 ¥ sm in children simulators,
13 when_receive_(r,sm);

14 else if cf == OVERLAP then
15 Y sm in children simulators,

16 begin

18 cf := contain{VF, sm.BSt);
19 if cf != DISJOINT then
20 when_receive_(r,sm);

21 end if

22 end

23 end if

24 end if

Algorithm 5. GK-Renderer Procedure for (r,sm)
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4.3 Root-Coordinator

4.3.1 Root-Coordinator®] +%
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<a¥ 9> Root-Coordinatord] 713

Procedure Root-Coordinator::run{TimeType tf,
TimeType tvi, TimeType tci)

1 TimeType tne := its child simulator's tN;

2 TimeType tnv = tvi;

3 TimeType t := tci;

4 while (MIN(tne, tnv) < tf) begin

5  while( t < MIN(tne, tnv) ) begin

6 send (&, t) to smy

7 t=t+ tci;

8  end_of while

9  send (& MIN(tne, tnv)) to sm;

10  if tne < tnv then

11 send (*, tne) to sm;

12 tne = sm.tN;
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19 tnv = tnv + tvi;
20 end if
21 end_of while
(a) Main Loop Procedure
Procedhire Root-Coordinator::when_receive_(done,t)
1 if © < INFINITE then

2 te:=t
4 else
5 PASSIVE

(b) Procedure for a done message
Algorithm 6. The Root-Coordinator Procedures
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Algorithm A12 F431<Q ddA Jge o
Huol oAL AL TE Tae FueSol
. o]t BSG F3}=d AHg-ETh
Sphere GetBS(Set<Polygon> G)

1 Sphere BS((0,0,0), 0);
2 V g in polygons set G
3V v in vertexes set of g
BScp = BSep + v;
BS.cp = BS.cp / no_of_vertexes_of(G);
V g in polygon set G,

~N 3 Ul

V v in vertexes set of g,

3 cer = MAX( cpr, Iv-BS.cpl);

9 return BS;

Algorithm Al. BS of Set<Pologon> G

Algorithm A2E GKDEVS 2d 3@ 49
wol ojRe WHE FE Tt Iasoln.
ol BSME 3= A&drh
Sphere GetBS(Set<GKDEVS> M)

1 Sphere BS((0,0,0), 0);
2 Real radius_sum = 0;
3 V s, s is simulator of m in M,
4 begin
5 BScp = BScp + s.BSr.eps
6 radius_sum = radius_sum + s.BSrr;
7 end
8 if ( radius_sum > 0)
9 BS.cp = BS.cp / radius_sum;
10 V s, s is simulator of m in M,
11 BSr = MAX(BSr, IBS.cp-s.BSr.cpl+ s.BSt.r);
12 return BS;
Algorithm A2. BS of Set<GKDEVS> M

Algorithm A32 ¥ 719 78 {lfwo} o]g
ANE 7E TIE dagEelth o guyE
€ BScSt BSwE AL =T BSrE T3
=H AH&E
Sphere GetBS(Sphere A, Sphere B)

1 Sphere BS((0,0,0), 0);
2 Real radius_sum = 0;
3 V bsin {A, B},
4 begin
5 BS.cp = BS.cp + bs.cp;
6 radius_sum = radius_sum + bs.r;
7 end
8 if ( radius_sum > 0 )
9 BS.ccp = BS.cp / radius_sum;
10 V bs in {A, B},
11 BSr = MAX(BSur, |BS.cp-bs.cpl+ bs.r);
12 return BS;
Algorithm A3. BS of Sphere A and B
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