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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 visua simulation when
usng GK-DEV'S models. Since GK-DEV S, extended from DEV S formalism, has information of
3D geometry and 3D hierarchical dructure, 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-Smulator, its abstract smulation algorithms is extended to manage

the three types of BSs so that BSs can be utilized in the rendering process of a renderer, so
caled GK-Renderer. We have implemented the method and evaluated it with an automated
manufacturing sysem. In the case dudy, the proposed BSs management method showed about
2 times 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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[5]
Procedure GK- Simulator::when_receive (*,t)
1if t ==tNr then
2 if tNs < tw or (tNs == tNwu

and this is selected by SELECT) then

3 y =A(s);

4 send (yt) to influencee simulators;
5 S = fn(S);

6 tLs =t

7 tNs = tLs + ta(s);

8 ‘T = pareant's ‘T * T;

9 ‘G =G*'T;

10 BS: = GetBS('G);

11 else

12 find the imminent child simulators;
13 select oneji*, and send the (*t)to it;
14 resort children by their tN: ;

15 tNv ;= minimum of children's tNr;
16 BSw = GetBS(M);
17  end if

18 tN+ = MIN(tNstNu);

19 BS/ = GetBS(BSe, BSw);
20 else

21 ERROR;

22 end if

Algorithm 1. GK- Simulator Procedure for (*)

Algorithm 2

BSe BSr
(9,10 ).

Procedure GK- Simulator::when_receive (xt)

1if tLs < t < tNr then

2 e :=t-tL;

3 5= fexi(seX);

4 tLs =t

5 tNs = tLs + ta(s);

6 tNr := MIN(tNstNu);

7 ‘T :=paeant's ‘T * T;

8 'G=G*'T;

9 BSs = GetBS('G);

10 BSr := GetBS(BS:, BSw);

11 send (done, tN) to parent simulator;
12 else

13 ERROR;

14 end if

Algorithm 2. GK-Simulator Procedure for

Algorithm 3

B Swu

BS: G ,6

Procedure GK- Simulator::when_receive (done;t)

1if tLs <t then

2 resort children by their tN+ ;

tNv ;= minimum of children's tNr;
tNr = MIN (tNstNw );

BSyw = GetBS(M);

BS: = GetBS(BSs, BSu);

send (done, tN) to parent simulator;

~N o g A~ W

8 else
9 ERROR;
10 end if

(x1)

Algorithm 3. GK- Simulator Procedure for

(donet,)

Algorithm 4

BSe ,
BSu BS:
6,89 ).

Procedure GK- Simulator::when_receive (& t)
1if tLs £ t £ tN then
2 e =t - tLs;
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a. Pusher

BSr := GetBS(BSs, BSw);

b. Pusher =225 c. Pusher =45.0

< 6>
3 e s L) Jr‘:f(d)(t')/dt'; 4.2 GK- Renderer
4 ‘T = pareant's 'T * T; 421 GK-Renderer
5 ‘G =G * T, GK-Renderer
6 BSs = GetBS('G); < 7>  GK-Renderer
7 ¥m in child simulators,send (& t) to m;
8 BSy = GetBS(M); < 2>
9
10

else
11  ERROR;
12 end if

Algorithm 4. GK- Simulator Procedure for (t)

413
< 4> Pusher
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® @

< 7 > GK-Renderer

422 GK-Renderer
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[3] , Algorithm 5
GK - Simulator
(recursive) ,
GK - Simulator BSr
CONTAIN BS: BSw
Rendering (14
). BSr
OVERLAP (5~20 ),
BSs BSw
DISJOINT Rendering

Procedure GK-Renderer:when_receive_(r,sm)

1if cf == CONTAIN then
2 Y g in smG, render g;

3 ¥ sm in children simulators,

7 if cf '= DISJIOINT then

8 Y g in sm.G, render g;

9 endif

10 cf = contain(VF, BSw);

11 if c¢f == CONTAIN then

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

14  else if cf == OVERLAP then
15 ¥ sm in children simulators,
16 begin

18 cf := contain(VF, smBSr);
19 if cf I= 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)

4 when_receive_(r,sm); 422 Rendering
5 else if ¢f == OVERLAP then < 8>
6 cf :=contain(VF, BS:); <

a. LS1

BSs

8>
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43.1 Root- Coordinator
[5] Root - Coordinator
BS
rd < 9>

(* lt) 1
(a1 GK-Simulator sm
(donet)
GK-Renderer rd

4.3.2 RootCoordinator
RootCoordinator

BS
(*1) (Algorithm 6.a 13 )
(done, t)
(Algorithm 6b 3 ) BS
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DISJOINT GK
-Renderer rd rendering
(r, sm) sm Root
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OBRO,
@ ® @

("t

< 9> Root- Coordinator

Procedure Root- Coordinator::run(T imeT ype 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 sm;

7 t =t + tci;

8  end_of_while

9 send (& MIN(tne, tnv)) to sm;
10 if tne < tnv then

1 send (*, tne) to sm;

12 tne := smiN;

13 BS = smBSr;

14 else

15 rdcf= contain(rd.VF, BS);
16 if rdcf != DISJOINT then
17 send (r, sm) to rd

18 end if
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a. 3
< 10>

19 tnv = tnv + tvi; . 5
20 end if , 2 ( 3
21 end_of_while ), 3 ,

(&) Main Loop Procedure 1 . < 10.b>

Procedure Root- Coordinator:when_receive_(done,t) B Se

1if t < INFINITE then .

2 tne:=t; < 10b>
3 BS =smBS; (Navigation)

4 else .

5  PASSIVE 104 GK-DEVS Model

(b) Procedure for a done message . 104 3
Algorithm 6. The Root- Coordinator Procedures 55842
(HBSM)
5. (VFC)
55842
Ct++ , < 11a>
Microsoft VC++ . < 11b>
Toshiba Satellite 3000 79 : 160 ! 0.1
. 10 3

GHz CPU, 256 MByte RAM, 16 MByte
NVIDIA GForce2 Graphic Card ) ;

< a> . .
1a View Frustum Culling
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GK- DEVS

-Renderer  GK- Simulator
, BSM
Sphere GetBS(Set<GKDEVS> M)
1 Sphere BS((0,0,0), 0);
2 Real radius_sum = 0;

3V s, sis simulator of m in M,

Navigation , 4 begin
2 . 5 BScp = BScp + sBSr cp;
6 radius sum =radius sum + sBSrur;
7 end
8 if (radius sum > 0)
) (Cost)' . 9 BScp = BScp/ radius sum;

) 10 V s, sis simulator of m in M,
, (Axis  Aligned 11 BSr = MAX(BSr, |BScp-sBS: cpl+ sBSrr);
Bounding Box), (Oriented 12 return BS;

Bounding Box) . Algorithm A2. BS of Set<GKDEVS> M
Algorithm A3
BSs BSwu BSr

(Collision Detection)
Sphere GetBS(Sphere A, Sphere B)
1 Sphere BS((0,0,0), 0);
2 Real radius_sum = 0;
3V bsin {A, B},

4 begin
Algorithm Al 5 BScp = BScp + bscp;
6 radius sum = radius sum + bsur;
BG 7 end

8 if (radius sum > 0)
9 BScp = BScp / radius_sum;
10 v bsin {A, B},
11 BSr = MAX(BSr, |BScp-bscp|+ bsr);
12 return BS;
Algorithm A3. BS of Sphere A and B

Sphere GetBS(Set<Polygon> G)

1 Sphere BS((0,0,0), 0);

2 Y g in polygons set G

3 WV v in vertexes set of g

4 BScp = BScp +v;

5 BScp = BScp / no_of vertexes of (G);

6 V¥ g in polygon set G,

7 ¥V v in vertexes set of g,

8 cpr = MAX( cpr, V-BScpl);

9 return BS; 3

Algorithm A1 BS of Set<Pologon> G , 3

Algorithm A2  GKDEVS ()

(

)
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