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Abstract :

In this thESlS, a method of generating soft cobjects in
computer graphics is presented. The method is based on the
idea of Blinn (1982) and Wyvill et al. - (1986). According to
their research results, suitable choice of a field function
and a set of key points with different radius of influence
i en————-Can -be-used to-simulate-soft- objects;wwSoft—object—shape——is ~—~-"Lm
the iso-surface, . i.e., every point on the surface possesses .
the same field .value. Under. this péint of- v1ew, -the- shape of---— - -
" 'an iso-surface constructed by a key point is a sphere. When
two key points come closer, each of their shapes will be
changad when their radius of influence intersects with each
other. . Therefore, number of key  points and their spatial
relations control the shape of the soft objects. .. That is, -
when these spatial relations are altered with time, then the
shapes are also changed softly from timé to time.

However, Blinn =and Wyvill consldered the change of
shpere—form iso-surface only on the area with field wvalues
which are affected by another key point when two key points
come closer. The shape of cther area remains unchanged. But
in real situation, +the shape of isoc-surface changes at all
areas, the only thing that remains unchanged is the total
volume. Thus we conclude that the gen®ration of iso-surface
should put the condition that the final stablized surface ‘ .
creates no volume change in the soft object representation.

our method is to let users to alter soft-object shapes
in response to external forces, while. keep total volume
unchanged. We consider polyhedra. objects, when they are’
depressed or streched the shape, of polygons will be changed
with  the condition that the wrapped ° volume  remains
unchanged. Some experimental results will be illustrated to
show the feaseability of this approach.

our experiment environment includes E & S PS300 and SUN
MICRO systems and two software packages : THREE-D and
ANTMATOR.
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3.
3 " ¥or each face-of'cube {
_ : create edge;-according to fig 4-6;
- .
| while edges remain {
start:'= any edge; polygon @ =.staru ;
remove start from edge array;

E 3 next : = successor of start ;
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while next != start {
polygon : = poTygon + next ; '
remove next from edge array;

3

output polygon;
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11:31 1989 Part_Z.mak Page 1 ;

:rl
o
H

xS

o}

CFLAGS = -0 -w |
BIN = ,,/bin ; i
3ACKUP = ../soft_backup I
SNH - SINICA: /usr/users/os300/student/snh/soft H
ADRS = header.h ' ﬁ

[
0BJ1 = object.o _ il
0BJ2 = seed.o : I
OBJ3 = table.o i
OBJ4 = volume. ,
0BJS = $(0BJ1) ${CBJ2) $(0BJ3) $(0BJ4) i

animator: 5 {HDRS) 5 (OBRJS) .
cc ${OBJL1) $ (OBJ2) $(OBJ3) $(0OBJ4) ~1lm -0 part_2
mv part_2 $(BIN) . i
cp *.mak *.h *.c ${BAC£UP) I
rcp *.mak *.h *.c $ (SNH) _ : w
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/* subprogram : EEADER.H - header file for soft obiject « */

$¢include <math.h>

#include <stdio.h>

#define RADIUS ie

#define GRID 2

$#define LENGTH 80

¢define STACK_LIMIT 16

#define NULLCHAR . N0

#define X _SIZE i¢6

vdefine Y SIZE 16 _

#define Z_SIZE 16 : ]

#define X 1L 0 :

#define X R 639

#define Y I 479

#define Y O - 0

wdefine 2_U 479 ) A i

#define Z_B 0 : ’

#define ON 1 . . . : .

#define QFF = 0. - ] ‘ . K ‘ . i

#define P T T 3,1415962° T T o o mmmL !

#define CIRCLE ' - (RADIUS/GRID) *4 , : ' |
. #define ESC -  Qxip 777 TIUTImomommmmmommmmmoaommommmmmommmme :

#define ESELON . 0.01 : : _ |

#define CTRLsignature 020000 : ' _ N

#define PLGNsignature. 0x0002 i

#define PONTsignature 0x0003

" #define VTXPsignature 0x0004 :

#define NULLCTRL © " (struct CTRLdata *)}0

tdefine NULLPLGHN ) (struct PLGNdata *}0

$define NULLPONT - {struct PONTdata *)0

#define NULLVTXP {struct VIXPdata *}0

#define SQUARE (x) {({x)*(x))

/* structure declaration for control point. : */ :
I

struct CTRLdata {
struct CTRLdata *down, *next;
unsigned fingerprint;

double x, y, z, radius; y

- int sign;

-3 )i

» .
/* structure declaration for polygon. */ .

struct PLGNdata

; . struect PLGNdata *down; . .
| 1 unsigned fingerprint; H
|
|

‘2 int first, second, third:
| | }i ; :
/* structure declaration for point of polygon. */ ‘
struct PONTdata | ‘
gt struct PONTdata *from, *next; ‘«
unsigned fingerprint: ' ‘H

int order: double x, y, z: |

K | - |

l
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May 1 15:02 1989 header.h Page 2

/* structure declaration for vertex.
struct VIXPdata
struct VTXPdata *down:
unsigned fingerprint;
int i, j, k, done:

double field, hd fld, wk_f£1d, ps_£fld:

¥

/* declare in table.c

void ctrllt_add ():

void ctxllt write ():

void ctrl_ add ()

struct CTRLdata *ctrl _alloc ():
int e¢trl_check (}:

int, ctrl insert (}:

void ctrl release ():

void ctrl_write ()

" void plgn_acd ()

struct PLGNdata *plgn alloc ():
int plgn_check (}:
void.plgn_release ();

void plgn_write ();

int Dont _add {(); : ‘
struct PONTdata *pont alloc ():
int pont_check ()7 .
struct PONTdata *pont_=find (};
int oponi_insert {};

void pont_release (),

void pont_write ()7

void table_initial ():

void vixp_add ():

struct VTXPdata *vtxp_alloc (};
int vuxp_check (}7

int vtxp_corner (};

struct VTXPdata *vtxp_Iind (}:
int vexp_insert ();

volid vixp_g_ 2 ()

void vixp_qg d (};

void vexp g w ():

void vixp_ “release ():

void vtxp write () :

void vtxp_w_check ()

/* declare in seed.c
doukle fieldvalue (}:
douple field func {):
int hash_func (}):

*/

*/

*/
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void poly_edge ()

int poly_head (): 4
void poly_vtxp (}:

void seed_cube (}:

void stage_one ()’

void stage_two ()’

void standard ():

void stripe_write {():

void test_seed (}:

double value_tract ()

/* declare in volume.c */
void examine field ()

void get_bound (}:

void pass_edge (};

void spread_field (}:

void spread_error ():;

void true_field ():

/*-declare in object.c _ ' . */
void data_read (}; : ' : ' ‘ .

/*345678901234567890123456789012345678901234567890123456789012343678 /
rrrrrr Ko Y 3 . a4 s 6 */
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/* subprogram name : object.c */

#include “header.h" '

struct CTRLAzta *CTRLpont [X_SIZE*Y_SIZE*Z_SIZE], *CTRLlist, *Raylzace/
struct PLGNdata *pOLYgons [X_SIZE*Y_SIZE*Z SIZE]; -

struct PONTdata *PONTlist:

struct VTXPdata *yTXPpont {X_SIZE*Y SIZE*Z_SIZE], *Queue, *Q_Rear;

double Magic; int volume, gridﬂsnh{CIRCLE][Z];
/* MAIN - . ‘ 2 */
main {)

{

char fname [LENGTH];

table initial ():
data_read (}:
printf ("volume unchange. 2 (¥Y/N) : ")
fgets {fname, LENGTE, stdin};
~volume = fname [0]; :
if. (volume == ‘n’) { _
- -- printf ("Please wait\n"y ;-
examine bound {(); '
e -grue field ()T '
printf ("volume change\n”) ;.

}
stage_one {):
standard ();

}

/*DATA_READ - read control point from file - tctrllist.snh’ _ .o*®/
/* o | Y
void data_read ()

{
FILE *input: char fname [LENGTH]), strg[LENGTH]: int sign;

double %, ¥y, 2z, radius;

strcpyl(fname, totrllist.snh™};
if ((input = fopen (£fname, nwenyy == NULL)} {
printf ("\ndata_read () : unable to open %s\n", fname);

abort (}:

)

CTRLlist = ctrl_alloc ()7
CTRLlist->next = CTRLlist->down = CTRL1ist:
fgets (strg, LENGTH, input):; Magic = atof {stzg):
while (fgets (strg, LENGTH, input)} != NULL) {
if {strg(0] == "#°} {
printf ("%s", strg): continue;
} H

sscanf . (strg, "%101f %101f $101f %81f %24",

&x, &y, &z, &radius, &sign);

ctrilt_add (%, ¥, Zr radius, sign, OFF):/

¢ctrl_add (%, Y. 2. radius, sign):

printi ("x=%12.8g y=%12.8g 2=%12.8¢ r=%8.4g s=%2d\n",
%, vy, z, zadius, sign); '
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)

fclose {input):

}

/*345678901234567890123456789012345678901234567890123456789012345678*/
/* 1 2 3 4 5 ) */
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/* subprogram :

SEED.C

#include "header.h"

seed.c Page 1

construct polygeon mesh * /

il
s
3!
§
gl fdefine EDGE_NUM 10 i
i |
H extern struct CTRLdata *CTRLpont[X STZE*Y_ SIZE*Z_SIZE]., *CTRL1ist; i w
;E extern struct PLGNdata *POLYgons[X SIZE*Y _ SIZE*Z  SIZE]; g
5 extern struct PONTdata *PONTlist; ‘
5? extern struct VIXPdata *VTXPpont[X_SIZE*Y_SIZE*Z_SIZE], *Queue;
3 extern double Magic:
] extern int volume;
; int edge_vix[EDGE_NUM+EDGE_NUM] {3], edge cnt, stripe[EDGE_NUM];
g
; /* TPIELDVALUE - calcunlate field value, (x,y,z) is real coordinate */
g . double fieldvalue (x, ¥y, Z) .
¥ double X, Y. Zi
A : g
§ : double value=0.0, dist, tempx,. temoy, tempz, dtemp, £temp:
: - "7 Tint 'z, s, t, sx, ex ,Sy, ey, 5z, &z, i, 3, k/ entry, itemp; T
¥  str gg;ngRLdata *p _down, *p_next; -
r = (int} (x} / RADIUS; S _ L
sx =r - 1, ex = ¢ + 2; itemp = abs (X R-X_L+1) / RADIUS;
if (sx < 0) sx = 0; if (ex > itemp) ex = itemp;
‘ = -{int) (y):./ RADIUS; o - _ :
sy =s - 1, ey = s +.2; itemp = abs (Y_I-Y_O+1) / RADIUS;"
if (sy < 0) sy = 0; if (ey > itemp) ey = itemp;
« = (int)(z) / RADIUS: . : _
sz =+t -1, ez =-t + 2; itemp = abs (Z_U-z_B+1) / RADIUS/
if (sz < 0) sz = 0; if (ez > itemp) ez = itemp;
for (i=sx; i<ex; i++) {
for (j=sy; j<ey:; J++) |
for {(k=sz: k<ez; k++) {
entry = hash_func (i, J, k}: itemp = ON;:
! p_down = CTRLpont [entry]:
while (p_down I= NULLCTRL} { .
if (p_down->x% == 1 && p_down->y == J &&
p_down->z == k) { .
itemp = OFF; break;
1
. p_down = p_down->down;
}
if (itemp == ON) continue;’
i p_next = p_down->next; -
d while (p_ next != NUDLCTRL) {
i tampx = (p_next- ->x - x) * (p_next->x - X):
: : tempy = (p_next->y - y) * (p_next->y - vy
? ) tempz = (p_next->z = Zz) * (p_next->z - z);
‘ dist = tempx + tempy +tempz;

| 4 dtemp = p_next- ->radius * p_ next->radius:

if {(dist > dtemp) {
p_next = p_next- >next; continue;
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}

ftemp = dist / dtemp; ’
dist = field func (ftemp):

if (p_next->sign == ON} value += dist;
else value -= dist;

p_next = p next->next;

} /* while (p_next != NULLCTRL} */

} /* for (k=sz; k<ez; k++) */
} : /* for {(3=sy: j<ey; 3J++) */ _
! ' /* for (i=sx; i<ex; i++) */ s
fremp = value; i
value = value_trnct (ftemp):; |
ftemp = Magic - value; $
dtemp = value trnct (ftemp): |

if {(dtemp <= 0.01 && dtemp > 0.0)
value = Magic; .. i

return value; ' ' : il
Al

A e b1 1. A T R 1 Ty ey Ve b T T A S i, et et _~-

switeh (face) |
case 0 : /* 0, 1, 5, & */ :
gd(0110)=g_i ,gd(i}[Cimg_i+1,gd(2}[0)=g i+1,gd(3}(0]=g 2 |
gd(0][1l=g 3 .gdlil){li=g_3 .gd[2j{i}=g_] fgd[3][11=g 3 : -
gd(0](2]=g_ k ,gd(1]1(2)=g_k ,gd[2]{2)=g_k+1,gd[3](2])=9 _k+ ?

break;

b :
: S \ : _ : . |
: ‘/* FIELD _FUNC : field -function . = ~-iw-- -0 = oo SR YA |
1 A L | - */ it
¥ double field func-{value} . - . ) il
- double value’ _ - C : 1
o ‘ . . h
% : double work, temp; - : ‘ - . 1l
g , L ' o
H work =.value; . Tl i
% . temp = (work - 2.0)-* work + 1: |$
% return temp; _ : . o : ‘!
: } = ~ : Al
L il
§ y /* HASE _FUNC - calculate entry of hash table, (g_i, g_3J, g_k) *J :
§ ‘ /* is grid point, not real coordinate. ' */ il
e /* : */ I
$ int hash_func {(g_i, g_3, g_k) ‘ ih
; int g_i, g_ 3, 9_%; - i
i { . :
: return (((g i%X_SIZE) * Y_SIZE+g_Jj%Y_SIZE) * Z_SIZE+g_k%2_SIZE); |
% ) \
/* POLY EDGE - compute polygon edge on specific face of cube */
/* */
- void poly edge (g_i, g_j. g_k, face) 7 : il
. ¥ int g_i, g_Jj. g_k, face;
. 3 {
struct VTXPdata *p_ work; double d_c_£;
int gd[43 (3], cn{4]{3], count, corﬁe~, i, 3, k, flag(8], snh{2];
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case 1

gd[0]) [0)=g_i+1,gd[1] [0)=g_i+1,gd (2] {0}=g_i+1,gdt3}{0)=g_s
,ga[l][1] =g_ 3*1 gd{2]{l)=g_3+1,gd(31({1i=g 3
(gd(1l] [2])=g_k 2i=g k

gd[C][1l]=g_3
gd[0) [2]=g_k
break:;

case 2

gd[0] [0]=g_i+1l,gd[1][0]=g_i-
gdf0][1])=g_3j+1,gd[1l] [1]=g_j+1,
(gd[1l] [2]=g_k

gd (0] [2]=g_k
break;

case 3
gd{0]} [0)=g_i

gd{0] [2]=g_k
break:

case 4
gd[0][0]=g_1i

gd[0][2]=g_%k
break;
‘case 5
- gdf0][0)=g-1
cad [0} ([2]=g_]

break;
default return;
} .
corner = count = 0;.

for (i=0; i<4; i++}
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i ,gdi{1]{0]=g 1
gd{0] [1)=g_j+1,gd(l] {1l]=g_j]
(gdil){2)=g_Xk

(gd{l]i0]=g_i+1
gd[0])[1)=g j+1,gd{1]{l]l=g 3+1,gd[2]{1l]=g_3
,gd111{2]=g_k

,gd{2] {2i=g_}

,gd(2]{0}=g_.
gd[2){1l}=g_
:gd[2][2) =g_

»gd(2][0}=g_
(gdl2]{l}=g_
(gd[2]{2)=g_

.,gd[2]{2]=g

(gd(2][1)=g_

:Tag[OE = i; dc £ =0.0;

,gd[2]110]=g_
;k (ga{3]I[

,gd[2}[2]=g

/* 1, 3, 7, 5 */
g_i+1;
x+1,gd {311 g_kt+l;
/* 3, 2, 6, T */
i ,qgd[3][0)=g_i+1;

Tt bmd bt

j+1,gd(3} (1i=g_j+1:
k+1,gd[3] [2}=g_k+1;
/* 2, 0, 4, 6 */
,gd[3][0]=g i
3 (gd[3] [1]=g_Jj+1:
k+1,gd[3] [2]=g_k+17;
/* 2, 3, 1, 0 */
i+1,gd{3] 1 g ;

0]=¢ i
(gd(31(1)=¢g_3J
2]=g X

/% 4, 5,7, 6 %/

,gd[1] [0}=g - a+1,ad[2][0]—d 141 chB][O] =g i 7o
(gd[1] [1i=g_3
gd [0} [2}=g-k+1 ,cd[l][23 =g_k+1

3+1,gd[3] [11=g_j+1;
k+l,gd[3][2]=¢ k+1;

/* switch (face) */

p_work = vtxp find (gd[1]{0}, gd(i] [1], gd[ 1123}
d_c f += p_work->field:
if (p_work- >field > Maglc)

Llag[O] *= 2;
}

if {count

if {count =
corner != 10)) {
switch (corner)
case 1 : case
flag[0]=3,

break;
case 2 : case
flag(0]1=0,
break:;

case 4

case

flag{0l=1,

break;

case B8 case

flag(0]=2,
reak:;
case 3 :
£lag[0]=3,
break;

0 |} count =

1 |] count

I

31

{
14
flag([1)=0,

13 :
flag[l]=1,

il
£lag([l]=2,

r

{ corner += £

/* £

4) return;

{count == 2 &

flag([2i=1, fl
flag(2])=2,
flag(2]1=3, f1
flag(2]=0, £l

flag(2}=2, £1

flag(3]=

lag{0}; count++; }

or (i=0; i<4; i++) */
& corner != 5 &&

ag{3)]=0, snh{0)=0;
snh{0]=1;
ag[3)=2, snh[0]=2;
snn[0]=3

ag[31=3,

ag[3i=1, snh{0}=4:

1
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case 6 :
flag{0]=0, flag[i}=1i, £lag[2]=3, flag(3)=2, snh([0}=5;
break:;

case 12:
flagl0l=1, flag{il=2, £lag{2]=0, £flag[3]=3, snh(0}=6
break;

case 9
flag[0j=2, flag([l}=3, flag{2]=1, flag(3]=0, snh[0}=7:
break: : .

} /* switch {(corner) */

for (i=0; i<4; i++)
for (3j=0; 3j<3; 3++)
en[il [J) = @d[£flag{i]][Jl;

count = face * 10 + snh(0]:
poly vtxp (cn, count};
} /* count == 1 or 3, count == 2 && corner != 5 and 10 */

if (count == 2 && (corner == |1 corner ==-10}) {
. if (d c_f > Maglc && ccrner == 5} i = 1;.

"“':“”“else if {(d_c £ <= Magic &&corner == 5}
}

else if (d c_ f > Maglc && corner == 10
else i = 4; : _ B

switch (i) |
" case 1 : case 4 1 o : '
flag([0]=0, flag[l]l=1l, flag([2]=2, flag{3]=1l, snh[0]=
‘flag[4]=2, flag[5]=3, flag(6)=0, flag({7]=3, snh(ll=
reak; - K .
case 2 : case 3 : - - Co :
.flag{0]=3, flag([1]=0, flag(2]=1, flag{31=0, snh([0}= O:
flag{4)=1, flag([5}=2, flag(6)=3, flag{7]=2, snh(l}= 2
brezak;
} /* switech (i) */

for (k=0; k<2; k++) {
count = k * 4;
for (i=0; i<4; i++)
for (3j=0: 3j<3:; Jj++)
en[i} [j] = gd[flag[count + i]]{j];
count = face * 10 + snhl[kl:
poly vtxp (cn, count}:

} /* for (k=0; k<2; k++) */
} /* if (count == 2 && {corner == 5 || corner == 10)) */

)
/* POLY_HEAD : get start point of stripef} */
/* , */

[

int poly_head (g_i, g_3, g_k)
int g i, g 3, g_k: :

{ p
int i, j, flag, head, count:; T

flag = OFF;
for (i=0; i<edge cnt; i++) {
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izf (edgeﬂvtx[i][Z] == ON) continue;
read = edge_vtx [i1]{0]; count = 0} 4
for (j=0; Jj<edge_cnt: j++) |
if (edge_vtx[j][2] == QN) continue;
if (edge_ytx{j][O] == head) count++7
)
switch {count) {
case 1 : flag = ON; break:
case 2 : return i; break;
default: stripe_write (g 3, g_J« g k, 0): : i
pont_write (998); vtxp_w_check (g_i, g_J« g k}:

plon_write {(899):
printf (“Error in finding polygon head\n");

abort ()¢
} ) /* switch (count) */ i
} /% for (i=0; i<edge_cnit; i++) ¥/ I
if (flag == ON) { |
1= 0; L ' FH
-while (i < edge_cnt && edge_vtx[i] (2] == CON} i++: ‘M
, return i; . : . ) ) , ‘ y“
) else . : . ' o R
T oreturn. -1l - - st - e e e o ﬂﬁ
- . . .;|h1
/* POLY VTXP : compute vertex of polygon on specific position */ ﬂH
) ' . ‘#/ j“::‘l

*
void poly_vixp. (cn, post})- C _ . ‘
int cnil 3], post;. . o ' e ' |
. _ . _ W
{
1

double £4(3], vt[2]([3]; struct VIXPdata ™p_wozks.

for (i=0; i<2; i++) | ' :
= 1 * 2; . :[
_work = vtxp_find (ecn(] 1001, enfd 11l en{j 1021):; W
£d(i). = p_work->field; i
p_work = vixp_find (cn{3+1110), en(3+11(2], en(j+11 (2]} Il
£d{2] = pﬁwork—>field: ‘
£ (fd[i) > Magic && fa[2) <= Magic) { ) |
(Magic - £d12]) / (£dfi] - £d[2}): ﬁ

£4[i] =
f£d[i} = 1 - £dfi]; ;
} else ‘p
£d[i] = (Magic - £d4(1)) / (£d12] - £4I0i]): 1&
£d4[i] *= (double) (GRID): i
B } /% for (i=0; i<2; i++) */ I
. _ for (i=0; i<2; i+%) | ]
x = 1 * 2; w
| for (4=0: 3<3; 3+ .
w_; ve{i1 (3] = (double) {en[k] [j] * GRID} : I
| } ’ Ll
switch (post) { I
case 0 : vt([0)[2] -= £4(0); vt[:}[0] -= £4[1]; break: j
case 1 : vt[0][Q] += £4[0); vt[1)(2] -= £d[1l); break:
case 2 : vt[0]({2) += £4{0); vt[11{0] += £d([1]; break; |
case 3 : vt{0}([0] -= £4{0}: veil] (2] += £4[1}; nreak:; li
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case 4 : vt{0](2} -= £d4[0}; vt(1l]([2] -= £d[l]; break:
case 5 : vt[0][0] += £4[0]; vt[1][0] += £d[1): 'break:
case 6 : vt[0][2] += £d4[0]; wvt(1][2] += £4[1]); break:
case 7T : v£[0](0] -= £4[0}; vt([1]({0] —-= £d{l); break:
case 10 : vi{0]([2]) -= £4[0]1; vt[l][1l] -= £d([l1l]; break; ‘M
case 11 ;: vt[0]([1) += fd4[0]; vt[1]1([2) -= £2[1l]}; break: H
case 12 : vt[0][2] += £d4[0]; vit[1l] (2] += £4(1l]}; break:; h
- case 13 : vt[0]{1] -= £d([0]; vt[1l])[2] += £d[1]; break:; W
3 case 14 : vt[0] (2] -= £4([0]; wvt{l1]([2] =-= £d[1l]; breazk: il
1 case 15 : vt [0]({1] += £4[0]: vt[1][i]) += £d4([1]1; break; ° fH
. case 16 : vt [0]12] += £d4[0]; wvt[1][2} += £d4[1]); break: il
fé‘.l case 17 : vt [0][1) -= £d(0]); vt([l][1} -= £d[1]; break; }H
£ case 20 : vt [01[2] -= £d4[0); vt[1) [0} 4= £d4[1]; break: .ﬂ
F case 21 : vt ([0][0] -= £d4[0]); vt[l){2} —-= £d[1l]:; break; ‘
g i} case 22 : vt ([0]1[2] 4= £4[0]; vt{l){0] -= Zd[1l]; bzreak:
' case 23 : vt[0][0] += £d[0]; vt({1}[2] += £d4{1]; break; ,
¥ - case 24 : vt[0]1[2] -= Fd4[0]; vt{ll{Z] -= £d{l]; -break: ;
t M- case 25 : vt[0}[0] == £4([0); vt[11[Q] -= £d4{1]; break; ‘
: B case 26 : vt[0][2] += £4[0); vi([1}{2] += £d[1]; break; . Il
; .i- - -case 27 : vt[0]]0]) 4= £d(0]; vt{l}{0] +=-fd{l1l]; breaks; = - - ‘”
Z ] T . : : : . |
5 i - -case 30 - vt[0]1(2] -= £4{0):; vtl[l3fl] += £dfl]}. break; e e !W
. | case 31 : vt([0}[1] -= £4[0]; wt(1}{2] —-= £d[{1]; break: :
v case 32 : vt [0][2] += £d[0); vt[1}{l] -= £d4(1l]: break; ' |
case 33 : vt[0][1) 4= £d(0); vt([1l}1{2] += £d[1l]):; break; . ) i
: case 34 : vt[0}[2] -= £d([0]); vt[1}{2] == £d4[1]:; break: : i
‘ o - " case 35 : vt [0][1). —= £d4(0); vt{l}{l] -= £d4(1]; break:; : *w
C case 36 : vi[0][2) += £4[0]; vo{1112]) += £d4([1]; break; — &w
case 37 : vt[0][1] += £d4[0); vt[1l]{1l] += £4[1]; break: ‘w
case 40 : vt[0][1] += £4[0]; vt[l} [0} —= £d4[1]):; break:; M
case 41 : vt[0][0) += £d4(01; vt[l}{l] += £d[1]; break; Il
case 42 : vt([0)[1] -= £d4[0]; v£([1}{0] += £4(1]); break: il
case 43 : vt(01[0] -= £4[0); ve[1]{l] -= f£d[1]; break: '
case 44 : wvt[0)[1) += £4[0]; v:{ll[1l} += £d[1]}; break;
case 45 : vt [0][0] += £4[0]: wvt[1l}{0] += £d[i]; break: |
case 46 : wt([0][1l] -= £d4[0); wvt[l}{1l] -= £d{:): break: |
case 47 : vt£[0][0} -= £4[0]; vt[1}{0] —-= £d[1]:; break:
case 50 : wvt[0][1] —-= £&[0]; vt[l}[0] -= £d[1]:; break; |
case 51 : vt[0][0) += £4(0); ve([li[1l] -= fd[X]; break: i
case 52 : vt[0][1] += £4{0]; vt[l}[0] += £d4[1]: break: !i
case 53 : vt[0][0) -= £d4[0]; vt[l]1{1] += £d[i}l: break; il
case 54 : vt[0][1] —-= £d4[0]; vt[1l}[1} —-= £d[1]}; Dbreak; ‘ :
case 55 : vt[0][0] += £4(0]; vt[1}([0] += £d4[1}; break; :
case 56 : vt[0][1] 4= £4[0]; ve[li[1l]} += f£d[1}; break; Ik
case 57 : vt([0])[0] —= £d[0]; wt([1l)[0] -= £d[1}; Dbreak:; ?
} } /* switch (post} */ w
. e
p_work = vixp_find {(en(1][0}, en(1])[1], en(1l][2)); il
iF (cnfi] [0] == cn(3) (0] && cn{l][1l] == en{3]([1]) s&& |

enf{l][2] == ¢n([3)[2] s& p work->field <= Magic)
for (i=0; i<3: i+*+} { :

‘ l{ | H
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£d2] = vt(0)[i], vit[0){i] = vt[1][1]), vet[1l](i) = £d4(2}:
} . *

if (vE[0)110] == vt{1)[0) && vt{0}([1} == vt[1][1] &&
v£[0][2] == vi[l][2]) return; .
for (i=0; i<2; i++)
for {(j=0: 3<3:; j++)

vt{i] {j) = value_trnct (vt[i]{3])’
i = pont_add (vt{0}{0], vt [0] (1), ve([01(2]);
3 = pont_add (vt[1][0], vt([1][1], vt[l)([2]);
edge vtx[edge_cat][0) = i, edge_vtx[edge_cat][1] = j:
edge_cnt++;

}

/* SEED CUBE : insert all seed cube to VIXPdata-type Queue */
/* o/
void seed cube {) :

{

+ CTRLdata *ct 1 head, *ctrl tail;

E T St uctT
B , int g_ i, 9_ 3 g ke

o

|| - ctrl tail = CTRLllst} ctrl head = ctrlzﬁéil:>nextr”;, SOOI U U
: [ T . while (ctrl head != ctrl _tail) { : - I
: ‘{ ) g i (1nt)(ctrl head->x) / GRID;- - - v o oo e e

ll ]

- - . g3 (int) (etrl_head->y) / GRID'

: 3;{ ' g_k = (int) (ctrl_head->z) / GRID; o

f i for (i=0; i<6; i++) test_seed (g_i, 9 3. g k. i)-

! ctfl_head = c;rl head—>next, - ,

Sl o /* while (ctrl head != ctrl_tail) */- i

} _ g _ o C ' |
/* STARGE ONE : find all cube.intersected with iso-surface, then */ 4
/% call STAGE TWO generating standazd file Cx/ B

‘ 1]
V void stage_one ()} '
3 { . Bl(
struct VIXPdata *p_wozk:; .
} int i, j, k, sx, ex, sy, ey, sz, ez, itemp, count:
j seed cube (}; . ;
(4 if (Queue->down == Queue) { : i
' printf ("stage_one () : queue is empty\n"}; i
abort (): i
|
|
|

vexp_g w ()

while (Queue~>down = Queune) {
p_work = Queue=->down;
5X = D_ work >i - 1, ex = p _work->i + 2; ' ;
itemp = abs (X R - X_L + 1) / GRID; il

itemp; il

if (sx < 0} sx = 0; if (ex > itemp) ex
sy = p_work->j - 1, ey = p_work->j + 2;
itemp = abs (Y_I - Y O + 1) / GRID:

~

if (sy < 0) sy = 0; if (ey > itemp) ey itemp; 1
sz = p_work->k - 1, ez = p_work- ->k + 2; : )
itemp = abs (Z_U - Z_B + 1) / GRID;

|

{ez > itemp) ez itemp;

Hh

E if {sz < Q) sz = Q; 4
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for (i=sx:; i<ex; i++)
for (i=sy; j<ey; J++)
for (k=sz; k<ez; k++) {
p_work = vtxp_ find (i, j, k):

if (p_work != NULLVTXP && p_work->done == ON)
continue:;

count = vtxp_ corner (i, j, kj:

if ({(count == 0 || count == 8) continue;

vtxp g a (i, j, k):
p_work = vtxp_£ind (i, Jj, k):
p_work->done = ON;
)
p_work = Queue->down;
stage_two (p_work->i, p_work->j, p_work->k):

S A T g A s A Fg e e i e s i

void stage_two (g i, g 3, d;k}'
int g_i, 9_ 3. g_k:

i vixp g 4 (); .

: 3 } /* while (Queue->down != Queue) */
) '
!;. /* STAGE. WO generating polygon ' I o x/

{ - e e s . oo T
; int-i, 3, count, start, next, center, i_temp;
; ‘ double & ¢ %, d_c_y, d ¢ z, d _temp; struct PONTdata *p work:
'E .. struct VIXPdata *vtxp work double d f[2], int v_i,v_3,v_k:

for (i=0: 1<EDGE _ NUM+EDGE NUM it+) .,_ : . : - |
for (j=0; 3j<3: j++) edge VLX[l}[J] o N - -~
edge_cnt = 0; : ‘ : , . j
for (i=0; i<b6; i++) poly_ edge (g i, g 3, g_k, iy: '
count = edge_cnt; i
|

o s

for (i=0; i<edge_cnt; i++)
p_work = pont_find (edge vtx[i]([0]):
if {p_work == NULLPONT) {
stripe_write (g_i, g¢_j, g_k, 4); pont_write (999);
vixp_w_check (g_i, g 3, g _k); plgn write {988);
printf("stage_two{):Error in deciding point number/n"};:
printf("Press any key to continue\n"): getchar():
return ; .
} /* if (p work == NULLPONT} */
} /* for (i=0; i<edge_cnt; i++) */

while (count > 0} { ‘
- for (i=0; i<EDGE_NUM; i++) stripe(i] = 0: ‘
i = poly head (g_i, g_ 3, g k): Il
if (i = -1) { .
stripe_write (g_i, ¢_3j, g_k, 1); pont_write (999);
voxp_w_check (g_3i, g_3j, g k):; plgn_write (999);
_ rintf ("Error in construction polygon, N\nM) s
] abort ({); : .
{ b
, start = stripe[0]
next = stripe(l]

edge_vtx{i][@];
edge vitx([i][1]:

i
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= 2, count-—, edge_vtx[i}[Z} = ON;
while (start != next &8 3 < 10Q) {
i = 0;
while (i < edge_cnt && (edge_vtx[i][Z} == 0ON ||
edge_ytx{i][ﬂ] '= next}) i++; - :
if (1 == edge_cnt] { -
stripe_write {g_i, g_ 3. 9_k, 2); pont_write (3999);
vtxp_w_check (g_i, g_3« g_k): plgn_write (999});
printf ("Error in construction polygoen, 2\n"}:;

sbort ():

’

1
next = stripel(j] = edge vtx[i)[1];

edge_vtx[i] {Z] = ON; count--—; J+t+i
’ /% while (start != next && 3§ < 10} */

}

switch (3) |
case 3
for (i=0; i<2; i++} |

p_work = pont_find (stripe(i]};

if (p_york == NULLPONT) {
st;ipe_write_(g;i, g_ 3. 9_k:

- vtxp_w_check (g_i, 9_J g_k); ,

pont write- (999), plgn_wri g(989) T

"Error in coastruction polygon, 3\n"};

i+l);

printf {
e -abort (Y- o R
} ' .
v_is= (int) {p_work->x) / GRID;
v_i = (int){p_work—>y):/ GRID;
v k = -(int) (p_work->z} / GRID; -

vExp _work = vtxp_find (v_Z, v_ 3, v.X)i
if (vexp_work == NULLVTXP) { - .
stripe_write {g_i, g_3« g k, i+l);
vtxp_w_check {a_1i, g_3c g k)i
pont_write (699}, plgn_write (999):
printf ("v_i = $ad, v_3 = %4d, v_k = $44\n",
v_i, v_J3, v_ki: =
("Error in £inding vertex, 4\n"):

printif
abort (}:
1
d £[1i] ='vtxp_work—>field; ' ”
) - /% for (i=0; i<2, i++) */ Jw
if (d_£1(0] == Magic && ¢_£{1] == Magic) ¢ Hy
else { X li
stripe_write (g_3i, g_ 3. g ks i+1):

vtxp_w_check (g_i, ¢ _Jr g_k):
pont_wzite (983}, plgn_write {299
("Exrror in construction polygon, 5\n"}:

printi
abort (}:
} |
break; 'y
case 4 : ' ' fw
plgn_add (g_i,g_j,q_k,st,ipe[ﬁ],stripe[l],stripe[Z]); ‘
» break; ‘

‘case 5 : case © : case 7 : case B:
dcx=dcy=4d¢cz*= 0.0; i _temp = J — 1: - Ey

for (i=0; 4<i_temp; i++) {
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p_work = pont_find (stripelil}:

if (p_work == NULLPONT) { '
stripe_write (g_i, g_3. g k, i+1);
vixp_w_check (g_i, g_ 3, .9_k);
pont_write (889), plgn_write (889);

printf ("Error in construction polygon, 6\n");
abort ():

= p_work->x, d_c_y += p_work->y,
= D’WOrk->z;

Ay o

} /* for (i=0; i<i_temp, i++) */ i

d temp = (double) (i_temp);

c x /= d_temp, & c y /= d_temp, d_c_z /= d_temp;

enter = pont_add (d_c_x, &_cC_Y. d c_z}:

or (i=0; i<i_temp; i++) 1

plgn_add (gﬂi,g_j,g_k,stripe[i],stripe[i+1],center):
\
Il

break;

defaunlt .
‘stripe_write (g_i, g_3. g_X. 3); pont_write (998}
vtxp -w_check (g_i, g_j, g_k}; plgn write (899});

printfZ ("Error in construction polygon, 7\n"};

abort (Vi oo oo e et e e e B .
: . . /% switch (3) */ f

L eraramate e aw e

w/#_wnile . (count. > 0)-F/[e
}

/* STANDARD : generate fstandard’ file suited animator
x . ’ .

*/
.- . ' ’ : */ gy
‘void standard () IR ) R . ' ‘

{ a . ' S Coe
struct PONTdata *pont work; struct PLGNdata *plgn_work;
FILE *cutput; char fname [ LENGTH], fwork [LENGTE]; - _
int i, check = 0, pont_cnt, plgn_cnt, count; ‘

double d x, d_y, d_z, t_ %, t_y, t_z/

1 struct CTRLdatz *ctrl_head, *ctrl_tail;

ctrl tail CTRLlist, ctrl_head = CTRLlist->next; 1
dx =dy=4dz=0.0; count = 0; |
while (ctrl head != ctxl tail) {
if (e¢trl_head->sign = QON) {
ctrl head = ctrl_head->next; continue; _ ‘
= ctrl _head->x, d_y += ctrl head->y, |
z = ctrl_head—>z, count++, !
ctrl _head = ctrl head->next; i
/* while {ctrl head != ctrl_tail) */ ‘

!
if {(count ==.0) { ,
£ ("At least one key point should be positive\n"}:

i

} o /* if {count == 0) */ ‘
d x /= ((double) (count)), d_y /= { (double) {count)), '
z /= ({(double) (count)): {

-% printf ("File name for ’‘standard’ £ile : "}; L _ @
fgets (fname, LENGTH, stdin}; - !
while (fname[check] != ‘\n‘ && check < LENGTH) check++;
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fname [check] = NULLCEARR;

if (volume == ‘n’)

strcat {(fname, “_c"}:
elise

strcat {(fname, "_n"):;

pont_work = PONTlist->from; pont_cnt
plgn cnt = 0;

= pont_work->order;

for (i=0; i<X SIZE*Y SIZE*Z_SIZE; i++) {

plgn_work = POLYgons [i];
while (plgn_work != NULLPLGN} {

plgn_cnt++; plgn_work = plgn_work->down;

}
}

for (count=0; count<2: count++) |
strepy (fwork, fname);
if {count == §)
strcat (fwork, ".std"):
else '

"r' : if. ((output = Lopen(fwork i) )=
: unable to open fs\n" fwork)

printf ("\nstandard () :
abort (}: .
}

if (count == 0O)

else {

- . streat (fﬁork..“.nf@ypa:__;

= NULL)- {. ot e s

fprintf (outﬁut, “data“%Sd'%Ed\n",_pont_cnt, plgn_cnt);

fprinﬁf {output, "ball\n"jf

fprintf (output, "%6d, $6d\n", pont_cnt, plgn_cnt):

!

pont_work = PONTlist->next;
while (pont_work != PONTlist) {

t_x = pont work—->x - d_X,
Ty = pont_work->y - d_ V.
t z = pont_work->z - d_z;

if (count == 0)

fprintf (output, "%12.6g %12.6g

else
fprin
- pont_work

——

§12.6g\n", t_x,t_y,t_z)7

ntf (output, "%¥12.6g, %12.%g, $12.6g\n",t_x,t_y,t_z}
= pont_work->next;

for (i=0; i<X SIZE*Y_SIZE*Z_S5SIZE: i++} {

plgn_work = ?OLYgons[l]
while (plgn work != NULLPLGN}

{

fprintf (output, "3 %5d %64 %3d\n%, plgn_work->first

plgn_work->second,

plgn_work->third):

plgn work = plgn_work->down;

} 2
}
fclese (output);
} /* for

(count=0; count<2; count++) */
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i

/* 'STRIPE WRITE
/* -

12

4

: write edge vtx[][] for examining error */

*/

void stripe write (g_i, g j, g_k, flag)

int g i, g_3j, g_k, £flag;
{

struct PONTdata *p_work: FILE *output; char fname [LENGTH];

int i

strepy (fname, "stripe.998");

i1f {{output = fopen (fname,

printf ("\nstrlpe wrlte (} -

abort {):
H

AT

fprintf {output, "POINT ON
switch (£lag) {
case 0 =
_ fprintf (outpu;,
: ‘.break
- case -1 oL T
fprlntf (cutput,
break;
case 2 : : -
'~ fprintf {output
break:; :
case 3 :
: fprintf. (output,
break: '
default : oo
! fprintf (output,

}

"w"}} == NULL) {
unable to open %s\n", fname);

POLYGON and its ORDER\n");

"Error in poly_ head ()\n")

"Error in. FJ.T'st '1 == edge ent! \n")

"Errox in second ‘i == edge_cnt’\n");

"point out of concerni\n%);

“point not in- 1:>ONTlJ.st, %d\n", fiag),‘
/* switch {Llag) */

fprintf (output, " small cube (%4d, %4d, %4&)\n", g_i, g_j, g_k);

fprintf (output, "\n- start next

for (i=0; i<edge_cnt; i++)
fprintf (output, "

flag\n"):;

%5d %5d %$5d\n", edge_wtx[i} (0],

edge vtx([i) (1], edge vtx[i)[2]):

b b

print
or (i

hid
i=Q; 1i<EDGE_NUM;: i-++)
fpr

fclese (output):
}

/* TEST SEED

/-k

void test_seed (g i, g_3. g9_k,
int g i, g 3, g_k, dzt;

P

{ :

struct VTXPdata *vixp_work;
int 1f, rt, up, da, in, ot,

find seed cube aleng x-, X+, y=-, y+, z-, z% ’ */

{output, "\npeoint order\n™):;

rintf (ovtput, " %3d ", stripe(i]):

*/
drt)

o_i, o_j. o_k, snh, £flag;

double 4 _x, d_y, d z, field;

o_i =
1f =

Je ok

[

- g

’ O_j’= _
= 0;

in

g,

= g k;
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rt = 2gbs (X R - XL + 1) / GRID;

ot = abs (Y. I - Y "0 + 1) / GRID; 4
up = abs (2 U - Z_B + 1) / GRID;

vtxp work = vitxp_find (g_i, g_3, g_ k}: .

if (v;xp work != NULLVTXP && v*xn work->done == ON) return;

if (vtxp_work == NULLVIXP) {
d x = (double) (g__ i * GRID};

d_y = (double) {(g_Jj * GRID):

d z = (double) {g_k * GRID),
field = fieldvalue (d x, d_y, d_z):
: vtxp_add (g_i, g_3j g_k, field)s
: j } else {

: field = vixp work->field;

}

if (field > Magic) {

_ flag = ON; snh = field > Magic:

} else {

' flag = OFF: snh = field <= Magic;

] while {snh} {° . : . .

14 . sw:.tch {dz-t)- { - N ol . e e e ot

T : case 0 : g_i~--; break o
T , - . case }_:_g i++; break: S e e e e e e e
. ‘ . case 2 : g 3*—; break; :
] case 3 g_3j++; break;
case 4 : g_k——; break;
; case 5 : g_k++, break;.
| } ' : ,
if (g i <'1f ) g & >rt 11 g3 < in [1.9_3 > ot [t
g k <dn ||l g k > up) { ' _ .
; printf ("ceénter (%44, %éd, $4d}, board- (%4d, %4d, %4d)\n",
o i, o_3j. o_ ¥k, g_i, g9_J. g_k}: '
return;

vtxp_work = vixp_Iind {(g_ i, g_3, g_k);
; - if (vtxp work == NULLVTXP} {
i d x = (double}(g_i * GRID)};
= (double) (g-Jj * GRID):
d z = {double) (g_k * GRID):
field = fieldvalue (d x, d_y, &_z};
vtxp_add (g_i, ¢_3j, g_k. field);

i } else
; field = vtxp_work->field;
; if (flag == ON} snh = field > Magic;
! if {flag == OFF) snh = field <= Magic; '
} /* while (snh) */

switch (drt} {

case 0 break:;:

case 1‘: g i--; break:

case Z : break .

case 3 : g_3—- reak = JfiLN

case 4 : break '{‘
* case 5 :




 : /* subprogram : TABLE.C - auxilary routine managing table operation*/
1 4 |

'3 ¢include "header.h" i

extern struct CTRLdata *CTRLpont[X_SIZE*YﬂSIZE*Z_SIZE], *CTRLlist;
extern struct CTRLdata *RayTrace;

extern struct PLGNdata *POLYgons{X_SIZE*Y_SIZE*Z_SIZE};

* axtern struct PONTdata *PONTlist:

I extern struct VTXPdata *VTIXPpont[X_SIZE*Y_SIZE*Z_SIZE],*Queue, *Q Rear;
; extern double Magic;

/* CTRLLT ARDD: zdd item to CTRIL1ist. In CTRLlist, ’->dwon’ means */

*i /* from, not down. For making CTRL double_linked list. */
/* */

double x, y, z, radius; 'int sign, flag;
{
struct CTRLdata *p tail, *p_head, *p_work:
p_wofk = ctrl_alloc {);
if (p_work != NULLCTRL) { _
p_work->x = x, p_work->y =y, p_work->z = z; : U
.- .. p_work->sign ="sign,- p_work->radius.= rEAIUS e e e e e
. } else { ) ) ) L A
T b printf ("ctrllt add () : Sorry. No.room-for -data\n®);-- i meens - i
) ' abort (): ' ' :

|
|
!
!:
void ctrllt add (x, y, z, radius, sign, flag)

) - A
i : if (flag == OFF) p tail = CTRL1list; ' j
Z ‘else p_tail = RayTrace; : ' : : ' :
; o p_head = p_tail->down: : :

& _ p_work->down = p_head; p_work->next = p tail; - _

e p_head->next = p_tail->down = p_work; ’ _ ' - S 1

}

/% CTRLLT_WRITE - write content of *CTRLlist to file. */ |
/% . . ) : 'k/ ' }
void ctrllt write (sign) !
int sign;
{ - '
struct CTRLdata *p_work, *p_exit; FILE *out; char fname [LENGTH] ;
if (sign == OFF) stzcpy {fname, "CTRLlist.snh"); ™
else strcpy (fname, "RayTrace.snh");
if ((out = fopen (fpame, "w")) == NULL) ({
printf ("\nctrllt write {) : unable to open %s\n", fname);
abort (),

} :

if (sign == OFF) fprintf (out, "CONTROL POINTS in CTRLlist\n"}:
else fprintf (out, "CONTROL POINTS in RayTrace\n"):

if {sign == OFF) |{ i
p_work = CTRLlist->next; p_exit = CTRL1ist; }

} else { A :
p _work = RayTrace->next; p_exit =

}

while (p_work != p_exit) {-

RayTrace;
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fprintf (out, "%$8.6g %8.6g $8.6g %8.6g %2d\n", p_work->x,
p_work->y, p_work->z, p_work->radius, p_york->sign);
p_work = p_work->next;
}
fclose (out):
)

/* CTRL_ADD - add an item to CTRLdata-type hash table */

/* _ */
void ctrl_add (%, ¥, Z: radius, sign)
double ®, y, z, radius; int sign;
{
struct CTRLdata *p_temo, *p_work;
int entry, r, s, t, filag;
r = (int) (x)/RADIUS; s = (int)(y)/RADIUS: t = (int} (z) /RADIUS:
entry = hash_func (r, s, t):; p_work = CTRLpont [entry); flag = ON;
while (p_work != NULLCTRL} { '
1f (p_work->x == r && D_work->y == s && p _work->z == t} {
flag = OFF; break;
' -
_ p_work = p_work->dowWn; o
b ' : ' _ : S B
Cif (flag == ON) { . /* not found, (r, s, t).mot in */
' p temp = ctrl ailoc (Y7 7 77 '
if (p_temp != NULLCTRL) { o
p_temp->xX = I, p_temp->¥Y = 5, o_temp->z = t;
} else { : o :
' printf ("ctrl add () : no room for data\n"};
abort (), - ' . '
p_temp->down = CTRLpont [entryl: CTRIpont [entry} = p_temp;.
p_work = p_temp; '
)
p_temp = ctrl_alloc ()
if (p_temp != NULLCTRL) { I
D_temp->x=%, p_temp->y=y., p_temp->z=zI, p_temp->sign=sign; ‘
p_temp->radius = radius, p_temp->down = NULLCTRL:
} else | )
printf {"ctrl_add () : no room for datal\n"};
} .
if (ctrl insert (p_work, p_temp)) { |
printi ("c_a ()} : x = %8.4d, y = %8.44d, z = %8.4d\n",
p_work->x, p_work->y, p_work->z}; '
printf ("c_a () : x = %8.44, y = %8.4d, z = %8.4d\n",
p_temp—>x, p_temp->Y, p_temp->z);
abort ():
}
}
/* CTRL_ALLOC - allocate a CTRLdata structure and sign a */
/* CTRLsignature. x/
/* 2 =/
struct CTRLdata *ctrl_zlloc ()
{
struct CTRLdata *ptz; . o
--%h----i--i------------------iIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIiﬂl
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= (struct CTRLdata *) malloc (sizeof (struct CTRLata) }:
(p != NULLCTRL) { -

pt*—>F1ncernrlnt = CT

b
Fh f‘t

RLsignatire;
ptr->down = ptr->next = NULLCTRL:
ptr->sign = ON;

ptr->x = ptr->y = ptr—>z = ptr->radius = 0.0;
}

return ptr;

}

-/* CTRL_CEECK- check 1ntegr1ty of a CTRLdata pointexr. If OK, return */

/* a 0, else print message and return a -1. */
/* : */
int ctrl _check (ptr, msg)
struct CTRLdata *ptrz; char *msg:;
{
if (ptr->fingerprint == CTRLsignature)
return 0: '
printf ("Error.\n Pointer failure on gs.\n", msqg);
-return -1; ' : o : .
} . i ) 7' o e - .
/* CTRL_INSERT - insert a CTRLdata structure to. *CTRLDont[]ﬂ_ o ®f
/* " Return &7 0 if swccessful, and a nonzero if not . */
/* */
int ctrl_ insert (position, current)
struct CTRLdata *DOSltlon, *current;
1 A
© o Af (ctrl_check (pOSltlon, Yarg ‘position’ to ctrl_insert (}™))
return -1; T ‘ -
if (ctrl_check (current , "arg 'current’. Lo ctrl“;nsert (y"y)
return -1; ‘ )
current->next = position->next; position->next = current;
return 0;
}
/* CTRL RELEASE - release content of hash table to system */
*/

/*
void ctrl release ()
{
struct CTRLdata *p_down, *D Work:

int i;

*p_next,

=(0; i<X SIZE*Y SIZE*Z_SIZE; i++)
_do = CTRLDOﬂ*[l} CTRLpont{i]
while {p_down != NULLCTRL) {
p_next = p_down->next;
while (p_next != NULLCTRL) {
p_work = p_next; p_next
free (p_work):

for (i

o~

NULLCTRL;

UI—'

H

D_next->next;

}
p_work = p_down;
free (p_work}:

p_down = p_down->down;
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} /* for (i=0; i<X_SIZE*Y_SIZE*Z SIZE)
} '

/* CTRL_WRITE - write content of *CTRLpont{] hash table to file
/* .
void ctrl_wrlte (count)

int count;

{

struct CTRLdata *p_down, *p_next;
FILE *output: char fname[LENGTH],

int i;

strcepy {(fname, “ctrldi");
createfname (fname, count);

if {{output = fopen (fname, "w")} == NULL) {
printf {("\nctrl_write () : unable to open %s\n", fname);
gbort () :

} .

Lprlntf (output, YEASH TABLE OF CONTROL POINT\n"),
for (i=0; i<X_ SIZE*Y SIZE*Z_SIZE: 1++) { .
p_down = CTRLpont[ 1:

_while (p_down != NULLCTRL) { e

fprinti- {outnut,.“CTRLpont[%4d]\n", 1)
fprintf (output, " group. r = %8.6g, s = %8.°%¢g",
p_down->x,. p_down->y}:
intf (eoutput, ", © = %8. Gg\n“' p_down->z});
next = p_down->next; - - . : '
le {p_next != NULLCTRL} ¢{ : ‘ .
fprintf (output, ". - x = 8.6y, y = %8.6g",
' p next->x, p_next->y); .

br

£ '0 H

whi

fprintf (output, ", z = %8.6g “, p_next->z);
if (p_next->sign == ON)

fprintf (cutput, ", sign = ON\n"};
else

fprintf (output, ", sign = OFF\n"};
p_next = p_next->next;

}
p down = p_down->down;

}
/* for (i=0; i<X_SIZE*Y SIZE*Z_SIZE)

—

fclose (output):

}

/* CREATEFNAME - create file name.

/i—

void createfname (fname, count)
char fname[LENGTH}; int count:;

{

int i = 0, templ, temp2, temp3;
while (i < LENGTH && fnamef{i]al=s TANDT Y i+
fname{il = ".7; i++;

templ = count; temp2 = templ / 100; temp3 = templ %100;

*/

*/
*/
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fname [i} = {char) (48 + ftemp2); i++;

templ = temp3; temp2 = templ / 10 ; temp3 = templ %10 ;
fname [i] = (chaz) (48 + templ); i++;

fname [i] = (char) {48 + tempd); i++; )

fname [i] = NULLCRAR:
}

/* PLGN ADD - add an item to PLGNdata-type to *POLYgons[]. */
/* - */
void plgn_. aad (g i, a_ 3, g_k, first, second third)

int g_i, g_3, g_k, first, second, third:
{

struct PLGNdata *p_work; int entry;

p_work = Dlgn alloc ():

if (p_work l= "NULLPLGN} {
p _werk->first = first, p_work- >second = second,
D wo*k >third third;

} else .
_printf ("plgn_add () : no room for data\n"};

i

”ii_{plgn;check.{p;yozk,_ﬂarg;ipéworkL_to,plgn;add.(L%)L,#"““"._,:WM
abort (}; ‘ ' . : ST

entry = hash func {(g_i, g_J, g k)i = -+ et e T

D work=>down = POLYgons[entry} -

POLYgons [entry] = p_work;

} .

. /* PLGN_ALLOC - allocate a DLGNaaba sthuc ure and sign a o */
/* -'ULGN51gnabure o L : =/
T ) , o Y

struct PLGNdzta *Dlgn alloc ()

{
struct PLGNdata *ptxz:

ptr = (strzuct PLGNdata *) malloc (sizeof (struct PLGNdata) }:
if {ptr != NULLPLGN) {
ptv->F1ngerprﬂnt = PLGNsignature;
ptr->first = ptr->second = ptr->third = 0;
ptr->down = NULLPLGN;
}
return ptr;

}

/* PLGN_CHECK- check integrity of a PLGNdata pointex. If OK, return */
/* 2 0, else print message and return a -1l. : */
/* */
int plgn_check (ptr, msg)

struct PLGENdata *ptr; char *msg;
{ .

if (ptr->fingerprint == PLGNsignature)

return 0;
printf ("Error.\n Pointer failure on %s.\n", msg;;
return -1;

| : |
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/* PLGN_RELEASE - release content of hash table to system */
/* . P */
veid plgn_release ()
{

struct PLGNdata *p_temp, *p_work;

int i; '

for (i=0; i<X SIZE*Y_SIZE*Z_SIZE; i++) {
p_work = POLYgons([i]); POLYgons[i] = NULLEPLGN;
while (p_work != NULLPLGN) {
p_temp = p work, p_work = p_work->down;
free (p_temp);

/* |
void pign_write (count) . T
int count; » , i

} /* for (3=0; i<X_SIZE*Y_SIZE*Z_SIZE) */
}
;
/* PLGN_WRITE - write content of *POLYgons[] hash table to file */ ?%
*/ 'l
|

{

struct_?LGNdata 1';p_x».‘o::k.;_FILE *dutppt;'cha;‘fname[LENGTH]; _ ,
int i, £flag: = o it e SRR B
Cstrepy (fname, Yplgndt™)o-o—--

_-createfname (fname, count):

if {(output = fopen (fname, "w"))} == NULL}  { ,
printf ("\nplgn write ()} : unable to open %s\n", fname):;
- - abort () B '
], . .

fprintf (output, “HASE TABLE OF POLYGON EDGE\n"); :
fprintf (output, * FRIST SECCOND TEIRD\n"); :
for (i=0; i<X SIZE*Y_ SIZE*Z_SIZE; i++) { T
p_work = POLYgons[i]: flag = ON;
while (p_work != NULLPLGN) ({
if (flag == ON) {
fprintf (output, "POLYgons[%4d]\n", i)
flag = OFF; '

1
fprintf (output, " ‘$5d %6d %5d\n", p_work->first,
p_work->second, p work->third);
p_work = p work->down;
}
} /* for (i=0Q; i<X_SIZE*Y. SIZE*Z_SIZE) */

£close {output):;

}

/* PONT_ADD - whether (x, ¥, Z) is in PONTlist. If QK, return its * /

/* order. If not, add (x, y, z) at the end of PONTlist */
/* and assign an ‘order’, then return order. */
/* */

int pont_add (%, y, z)
double %, ¥, Z:

{




May 1 14:46 1889 table.c Page 7

struct PONTdata *p_init, *p_work;

p_work = PONTlist->next;
while (p_work != PONTlist) {
if (p_work->x == x && p_Work—>y ==y && p_work-»>z == z)
return p_work->order;
p_work = p_work->next:
) .
p_work = PONTlist->from;
p_init = pont_alloc (};
if (p_init != NULLPONT) {
p_init->x = x, p_init->y =y, p_init->z = z;
p_init->order = p_work->order + 1;
} else {
printf ("pont_add () : no room for data\n"):
}
if (pont_insert (p_work, p_init)} abort ({};
return p_init->order; ’

}

/* PONT_. ALLOC .~ allocate a PONTdata structure and szgn a */
/* 5 PONTSiQRatuTe. . o . e e S
/% : . - LT
struct DONTdata *aont alloc () i e 2
struct PONTdata *ptx:
ptr- {struct DONTdata *) malloc (SLZeof (suruct DONTdata) ) s

if (ptr l= NULLPONT) {
ptr- >£1ngerpr1nu'= DON’Psz,gnature, .
prtr—>x = DLr->y = PLI—>2 = 0.0; Dtr~—>order =0;
ptr->from = ptr->next = NULLPONT C

}

return ptxr;

}

/* PONT_CHECK- check integrity of a PONTdata pointer. If OXK, return */
/* a 0, else print message and return a -1. */
/* ) =/
int pont_check {ptr, msg)

struct PONTdata *ptr; char *msg;
{ .
if (ptr->fingerprint = PONTsignature)

return 0;
printf ("Error.\n Pointer Zfailure on %s. \n", msg);
return —-1;

}

/* DONT FIND - find a2 point which ’order’ is specified. If OK, */
/* return its address. If not, return NULLPONT. -ox/
/* Ny

struct PONTdata *pont_find (oxder)
int order:;

{
struct PONTdata *p_work: -




May

}

{

{

- p _work = position->nexti”
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p_work = PONTlist->nextc;

while (p_work != PONTlist) {
if (p_work->order == order) return p_work;
D _work = p_work->next; e

}
return NULLPONT;

/* PONT INSERT - insert a PONTdata structure to *PONT1ist. */
/* Return a O if successful, and a nonzero if not. */

int pont_ insert (position, current)

struct PONTdata *position, *current;

struct PONTdata *p_ work;

if (pont_check (position, "arg ‘position’ to pont_insert (}"))
return -1; .
if (pont_cneck (current ;. "arg ‘current’ to pont_insert ()"})

return -1;

position->next = current; current->from = position;
- current->next. = p_work; p_work->from =-currenty - T T e

- retﬁrnro;
} -
/* PONT_RELEASE - release content of hash_table‘to system x/
e R ! - _ x/
void pont_release  {)
; { S
: © struct PONTdata *p_temp, *p_work;
p_work = PONTlist->next; PONT1list~->next=PONTlist->from=PONTlist;
wnile {(p_work != PONTlist) {
p_temp = p_work; p_work = p_work->next;
free (p_temp):
}
}
/* PONT WRITE - write content of *CTRLpont{] hash table to file */
/* ' */

void pont_write (count)

int count:

struct PONTdata *p work; FILE *output; char fname [LENGTE] ;
int i, 3. k;

strcpy ({(fname, "pontdt"}:
createfname (fname;, count):

if ((output = fopen (fname, "w")) == NULL) { -
printf ("\mpont_write () : unable to open $s\n", fname}’
abort ()

}
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fprintf (output, %1, INKED-LIST OF POINT\R"};

p_work = PCONTlist->next;

while {p_ work != PONTlist) { 4
= (int) (p_work->x) / GRID, j = (lnt)(p work~>y} / GRID,
= (int} (p_  work->z) / GRID,

pr;ﬁtf {output, "%4d %8.6g %8. 6g %8.6g",s D_ wo*k ->order,

P_WOIk=>X, P_ WOLX—>Y, P_| work—>z),
fprintf (output, " (54d, %4d, sad)\a", i, 3, k):
p_work = P__ work- ->next;

i
X
=
z

}

fclose {output):

}

/* TABLE TINITIAL : allocate memory to pointer-tyoe hast table ®/
/* */
void table_initial ()
{
int i;
for (i=0; 1<X SIZE*Y SIZE*Z_ SIZE; i++)} CTRLpent[(i] = NULLCTRL;
for (i=0; i<X_ CSIZE*Y SIZE*Z TgI2E: i++) POLYgons(i] = NULLPLGN;
; ~ for (i=0; i<¥ SIZE*V SIZE*Z DIZL. 1**) VTXPpont[l} = NULLVTXP;
b ' Queue = vtxp_alloc ()7 Queue—>down = Q_Rear = Queue;
' PONTlist =-pont-alloc-{};-- co T .
L PONT1list->next = PONTlist- >from = PONTlist:
} .
/* v'rxp ADD - add an item to *VTX’DpontE} ) e Y
/* : C : */
void vtxp_add (g i, g 3. 9_ k 1'J.el.d) ' o ' .
) int g_i, g_3, g_k: double field;
A
struct VIXPdata *v_curz; int entry:
v_curr = vtxp_alloc O
if (v_curr 1= NULLVTXP) {
v curr->i = g_i, v_currc- >3 = g_J, V_ curr->k = g_k,
v_ T curr->field = field, v_curr- >done = OFF;
} else { ' -
printf {("vtxp_add () : no ToOom for datal\n"}:
abort (}:
}
entry = hash_func {(g_ i, g 3., g k)
vﬁcur:~>down = VTXPnoanen ry], VIXPpont{ent ry] = v_curr;
) ,
/* VTXP_ALLOC - allocate a vTXPdata structure and sign a =/
/* VTXPsignature. */
/* */
struct VIXPdata *vtxp_alloc ()
{ .
struct VIXPdata *ptI.’ L
ptx = (struct VTXPdata *} malloc (sizeof (struct VIXPdata} };
if (ptr != NULLVTXP) {




. int vtxp corner (g_i, g_3. g_ k)

- b mnan s s Rt - -
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prr->fingerprint = VTXPsignature;

ptr—>i = ptr->J = ptr->k = ptr->done = 0; '
ptr->field = ptr->hd fld = prr->wk_fid = 0;
ptr->down = NULLVTXP; )

}

return ptxr;

}

/* VTXP CHECK- check integrity'of a VTXPdata peointer. If OK, return */
/¥ a2 0, else print message and return & -—Z. : */
/* */
int vtxp_check (ptr, msg)

struct VIXPdata *ptzr: char *msg;
{ '

if (ptr—>fingerprint == VTXPsignature)

return 0;
printf ("Error.\n Pointer failure on %s.\n", msgj};
return -1; '

}

/* VTX?_CORNER'— ifput a grid point. Return number of “hold’ points */

/* S at -corner.-

. dint g i,-9 3. 9 ki Lo . e e
" gtruct VTXPdata *p work: double field, d %, d_y, d_z;
- int i,_j( k, i+ J__r Xx__, count = 0:

2, 3__='9g_3.+v.2, k__*= gk + 2;
i, i<i i+
g_3: 3<3i__i 3%
=g k; k<k__: k++) - {
work = vtxp_find (i, 3 k)
{p_work == NULLVTXP) {
(double} {i * GRID);
d ¥ {double) (3 * GRID);
d 2z (double) (k * GRID}:
field = fieldvalue {(d_x, d_¥, d_z};
vtxp add (i, 3, X, field);
} else
field = p_work->field;
if (field > Magic) count++;

1e]

i
W8
+

d x

|

}

return count;

}

/* VIXP_FIND - £ind grid point in *VTXPpont(]. If successful, =/
/* return its address. I1f not, return NULLVTIXP. L oxf
struct VTXPdata *vixp_£ind (g_i, g_3. g_K)

int g i, g_ 3, g_k:: '

b4

{ ‘
int entry; struct VTXPdata *v_down; "
entry = hash_func (g_3i, g_3j. g_k): v_down = yvTxPpont{entryl:
while (v_down != NULLVIXP) |

if (v_down->i == g_1i && v_down->j == g_3 && v_down->k == g_k}
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return v“down;
v_down = v_down=->down; P
}
return NULLVIXP:

)

/* VT¥P_INSERT - insert a VTXPdata structure to *VIXPpont(].
/* Return a 0 if successful, and & nonzero if not.
/* 4
int wvixp_insert (position, current)
struct V13Pdata *position, ¥current;

{
if (vtxp check (position, "arg ‘position’ to vtxp insert ()"))

return -1;
if (vtxp_check {(current . "arg ‘current’ o vixp_insert (}"))
return =-1: .

current—>down = position->down; position->down = current;
return 0; ‘

}

/% .
. void vtxp.g & (g_i, g 3. 9 k) e e e e
int g_i, ¢_ 3. g x; o :
{

struct VIXPdata *p_cur;

= vtxp-alloc.();'_

_p_cur R
if (p_cur != NULLVIXP} { . -
p_cur->i’ .= g_i, p_cur->j = g_3J, p_cur->k = g_X;
} else , : S
printf ("vixp g 2 (} : Sorry. No room for datai\n");
if (vtxp_insert (Q_Rear, p_cur)} {
printf ("ga () @ - i = z44d, § = %4d, k = %4d\n",
Q_Rear—>i, Q_Rear—>j, Q_Rear->k); .
printf ("g a () g 1= %4d, ¢g_J = $4d, ¢ _k = %4d\n",
g_i, 9_3, g_kis

abort ():

/* VIXP_Q D : add item to end cf queue
/%
void vtxp_g_d ()
{
struct VTXPdata *p work, *p_temp;

£ (p_work != Queue} {
Queue—->down = D_temp;
if (p_work == Q_Rear) Q_Rear = Queue;
free (p_work}: :

} else {

printf (*vixp_qg d () : Illegal Queue\n");

D _work = Queue->down, p_temp = p_work->down;
.;

_. S L 3

/* VIXP_Q A add,item"terhd_oquugueﬂ:,.f S W;J;“__mﬁﬁ‘__w“mw;

*/
*/
*/

=/
=/




{

{

/% VIXP Q W
/* T
void vtxp_q_w {}

1 [ }

; .

v /* VIXP RELEASE - release content of hash table to system =/
b /* o _ . ‘ - ‘

| void vtxp_release ()

{.

} . /% for (i=0; <X SIZE*Y SIZE*2_SIZIE} */
}
/* VIXP_WRITE - write content of *VTXPpont[] hash table to file */
/* x/

void vtxp_write (count, f£lag)

write content of queuve which store seed cube */

*/

struct VTxXPdata *v_down; FILE *output; char fname [LENGTH} ;

strepy (fname, "gqueues.S299"); '

if ({(output = fopen (Lname, Wity }) == NULL) { ) !
printf (*\nvtxp_a w () unable to open %s.\n", fname);
abort ();

}

fprintf (output, "QUEUE OF SEED CUBEAN");
v_down = Queue->down;
while (v_down != Queue) {
fprintf (output, * %3d $3d %3d\n", v_down->i, v_down—>3,
' v_dqwn—>k); : ) ' ' '
‘v_down = v._down->down; - - Tt e ST C et

}

fclese (output};

*/.

struct VTXPdata-*v_down, *v: work: imt i

for (i=0: i<X SIZE*Y_SIZE*Z_SIZE; i++) {
v_down = VTXPpont{i]; VTXPpont{i} = NULLVTXP;
while (v_down 1= NULLVTXP) {
v_work = v_down; v_down = v_down">down:
free (v_work);

int count, flag:

struct VIXPdata *v_down; FILE *output; char fname [LENGTH];

int i, £lagv;

if (flag == ON) strcpy (fname, “yoxpdt') s
else ) strepy (fname, "gziddt"};
crezrefname (£name, count};

if ((output = fopen {(fname, "wW"}) == NULL) {

printf ("\nvtxp_write (} unable to open %s\n”, Iname}:

abort ()
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}

if (flag == ON} fprintf (ocutput, "HASE TABLE OF VERTEX POINTA\R");
else fprintf (output, "HASH TABLE OF GRID DPQINTANY) ;
for (i=0; i<X_SIZE*Y_SIZE*Z_SIZE; i++} ({
v_down = VTXPpont {i]; flagv = ON;
while (v_down != NULLVTXP) |
if (flagv == ON} { .
. fprintf (cutput, syTXPpont [¥4d]\n", i}
flagv = OFF;
}
fprintf (output, " ")
fprintf (output, i $3d, ", v_down->i};
fprintf (output, " j = %3d,", v_down=->3};
fprintf (output, ™ k = %3d,", v_down->k};
fprintf (ocutput, field = %8.6g ", v_down->field};
if {(flag == ON) _
fprintf (output, “done = %2d ", v_down->done} ; ,

1

if (v_down—>fiéld_> Magic) -
fprintf {output, " HOT "};
. fprintf {output, "\n"}:
.. v_down = v_down->down;
y e _ o -
/% for (i=0; i<X_SIZE*Y SIZE*z_SIZE) */

R ) .
felose {output}:

1

/* VIXP W CHECK. - check field value at the corner of specific cube */

Y TREA T O | o L

void wvitxp_.w_check (g_i, g 3, g_k) :
int ¢g-i, ¢_Jj. g9_k:

{ 7 . . ,

struct VT¥Pdata *v_down; FILE *subput; char fname [ LENGTH] ;

int i, 3, k, i, 3_. k_:

strepy (fname, "cubeck.989%);

if ((output = fopen (fname, nye"yy == NULL) {
printf ("\nvixp_wzrite {) : unable to open %s\n", Ifname}:;
abort({):
}
i =g i+2, j__ =93+ 2, kx__ =g k +2;
fprintf (output, "FIELD VALUE AT SPECIFIC CUBE\N");
fprinti (output, " small cube {%$3d %3d %3d)\n\n", g_Z%, g_Jr.g_k}:
for (k=g_k: k<k__: k++)Y |
for (j=g_j; I<Ii__:; 3+H) '
for (i=g_ i: i<i_ ; i++} | : ' !
v_down = vtxp_find (i, 3J. k)
fprintf {output, " "y ;

fprintf (ocutput, "(%3d, $3d, 334", v_down->i, v_down->7j,
' v_down—>k};

fprinti {(output, " field = %8.6g ", v_down—>£ield):
if (v_down~>field > Magic}
fprintf (output, " HOT "):

printf (output, "\n"}:

Fh
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}
fprintf (output, "\n"): g
} /% for (i=0; i<X SIZE*Y SIZE*Z SIZE) */
felose f(output); -~ - -

}

/*345678901234567890123456789012345678901234567890123456789012345678*/
/* 1 2 3 4 5 & */

i
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£include "header.h"
4

extern struct CTRLdata *CTRLpont [X_SIZE*Y_ SIZE*Z SIZE], *CTRLlist;

extern struct - -VIXPdata *VTXPpont[X_ SIZE*Y _SIZE*Z SIZE]};
extern double Magic; .
extern int grid_snh[CIRCLE] [2];

/* EXAMINE BOUND: examine the intersected area

/* '

void examine_bound ()

{
struct CTRLdata *p_head, *p_ tail, *p_work:
double dist p, dist_r, dist_g; int range[3]1(2];

‘p_tail = CTRLlist, p_head = p_tail->next;
while (p head != p_tail) { “«

if (p_head—>51gn I= ON) |
p_head = p_head->next; continue;

}

D work = P head->nexL,
: whlle (p_work 1= p_tail) {
1f (p work == p_ head) {

pﬂwork'='p work- >next, ‘continue;

)

SQUARE {p_head->x. - p_work->x),

dist_p _=

dist_p += SQUARE (p_ nead->y - p_work- >y),-

dist p += SQUARE (p_ head->z - p_ “work->z), .
dlst_r' =" SQUARE (p_:  head-— >*ad1us + D work- >rad1us),
dist_g = (double)(SQUARM(Z*GRID))

if (dist_p >= dlst_r || dist_g >= dist_p) {

work = work->next; continue;
P_ P_

1
get_bound {(p_head, p_work, range):
pass_edge (p_head, p_work, range) ;

p work = p_work->next:;

} a /* while (p _work != p_tail)

p_head = p_head->next;
) /* while {p_head != p_tai

}

/* GET_BOUND : get the boundary of intersected area.
/*
veoid get bound (p_head, p_work, range)

struct CTRLdata *p_head, *p_work; int range[3]) [2];

{ )
int i, i_temp; double work{2][4]:

p_head->y,
p_head- >radius,

work[0]{0] = o head->x, work[0][1]
work[01[2] = p_ head—>z, work([0] [3]

o

*/
*/

*/
*/
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work[1] [0} = p_work->x, work{1][1) =

D , - i p_work->y,
work({1] [2] = p_work->z, work[1]{3} = p_woxk- >§aa1us,
for (i=0; i<3; i++) | '

if (work([0](i] > work[1l](i]) {

rangef{i] [0] = (int) (work[0][i] -~ work(0)(3)) / GRID;
range [1]{1] = {int) {work([1][i] +-work[1i](3]}) / GRIDt
} else if (work[0)[i} < work([1][i]) { o
range{i1{0} = (int) (work(1]) (i) - work(1](3]) / GRID;
range[i][1] = (int} (work([0][i] + woxk{0]}([3}) / GRID;
; } else if (work[0]({3] > work{l]{3]) {
i range{i] (0] = {(int) (work{l][i} - work(1l][3]) / GRID;
; range[i] [1] = (int) (work[1]}[i] + work([1][3]) / GRID;
i } else {
g : range[i]{0] = (int) (work[0][i] - work([0][3]}) / GRID;
i range(i] [1] = (lnt)(work[O][l] + work[0]113]) / GRID;
| } /* 1if (work[Q]([i] > work([1l][1}) */
; switeh (i) {
i\ case 0 : i_temp = abs(X R-X _L+l) / GRID; break:
f case 1 : i temp = abs(Y_I-Y “0+1) / GRID; break;
f case 2 : i_temp = abs(Z_ ~U-2 B+1) / GRID; break; .
¥ . J ) ‘ ) /x sthch (1) */

if (range[z}[O] < 0) range[l}[O] =0; : S
range (i} [1]++; if “(range{i][1] > i_temp) "range [} [11=1i_temp:

oy o : /% for (i=0; i<3; I++) */
! } ‘
{ /* PASS_EDGE F édgé intersected with iso-surface - . _ T 4
] VA ' . ' _ - a o
| void ‘pass_ edge (p_head, p_ work range) - o
struct CTRLdata *p_ head p_work; Int range[3][2];

.
int g_i, g_3, g_k, i, min i, max_i, min_j, max 3. flag:
double d_x, d_Y. d z, d_ hd, d wk, T _hd, r_wk, d _sgl, d_sum;
struct VTxPdata *vtxn work; struct CTRLdata *ctrl work;

r hd = SQUARE(p head->radius), ©_wk = SQUARE (p_work->radius};
for {(g_k=range| (21[0); g_ k<xange[2][1] g_k++) {
dz = {double) {g_k * GRID);
Zfor (g_J= range{l][O] -1; g_j<= range {1} {1]; g_j++)
for (g_i= range[O][G] -1; g i<= range[O][l] gﬁi++) {
d x = {(double) (g i * GRID),
= {(double)(g_3j * GRID);

! d_y

I d hd = SQUAR?(D_head—>x - d x},
& hd += SQUARE (p_head->y - d_y),
d_hd += SQUARE(p_head->z - d z);
d_wk = SQUARE(p_ work->x - d_X).,
d_wk += SQUARE(p_work->y - ¢_y),
d wk += SQUARE (p_work=->z - d z};

-y

if.(d_hd < r_hd) {

d nd = d_hd / r_hd; d hd = field Zfunc {d_hd):
1 else d hd = T 0.0;
if (p_head->sign == ON) ;
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else d hd *= (-1.0);

if

{d_ wk < r_wk) { : ’
d wk = d_wk / r_wk; d wk = field func (d_wk);
} else d_wk = 0.0; B -
if (p_work->sign == ON)
else d wk *= (-1.0):

vixp, work = vtxp_find (g_i, 9_3, 9_k):

if {vtxp_work == NULLVTXP) {

vitxp_add (g_i, g_J, g_k. 0.0):

vtxp work = vtxp_find (g_i, g_i. g_k):

}

vtxp work->hd_fld
vixp_work->wk_fld
vtxp work->ps_f1ld

}

for (i=0:

else . _
if (ctrl_work->sign l= ON continue; . _ .

min_i =
min_j =
flag = OFF;

i<2; i++) |
if (i == 0) ctrl work

/% if (vtxp work == NULLVTXP) */

= d_hd,
= d_wk,
= d_hd + d_wk;
7% for {g_3 : : )} fox (g_i ; ;) */

_head; .
work; -

Relie]

" ctrl work

range [0]{1], max_i.= range[0][0], ..
range[1] (1], max_ 3] = rangefl] [0]);

- for (g_j=range{1](0); g _j<rangel1}[1]; g _3++)

}

- for (g_i=zange[0][0]: g _i<range[0] [1]; g_i++) {

vixp work = vitxp_find (g i, 9_3r g_k):

if

(L == 0) d sgl = vtxp;work->hd#fld:

. else : d sgl = vixp_work->wk_£ld:
d_sum = vtxp_work->ps_Z£ld;

if

if
if
if
if

flag = ON;

({d_sgl > Magic && d_sum > Magic) |1
(d_sgl <= Magic && d_sum <= Magic})

continue;
(g_i—l < min_1i) min_i =gi- 1
(g i+l > max_i) max_i =g i+ 1;
{g_3j-1 < min_3) min_j = ¢g_3 -~ L;
(g_3+1 > max_j} max_3 = g_J * 1;

/= for (g 3 : : ) for (g i ; i) */

if (flag == OFF) continue;

spread_field (ctrl_work,i,min_i,min_j,max_i,max_j,g_ﬁ):

)
}

-

/* SPREAD FIELD :

/*

/* for (i=0; i<2; i++) */

/* for (g_k=range (2] [0]; g_k<range(2][1]: g_k++) */

achieve total volumn unchanged */

%/

void spread field (ctrl_work, key, min_ i, min_j, max_i, max_j, level)
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struct CTRLdata *ctrl_work;
int key, min_ i, max_i, min_j, max_j, level;

int w_i, w_3, wW_k, count, ¢ i, c_J, s_i, s_3, s_k,,e_i, e_3j, e_k:
int 1_snh, i_temp, i _work, i, .3, u_i, v j, w k, t i, t_3: -
struct VIXPdata *vtxp_work; double d_sgi, d sum, amount ;

w_k = level,
c_i = {int) {ctrl_work->x) / GRID,
¢ j = (int) (ctrl_work->y} / GRID;

spread error (ctrl_work, key, min_i, min_j, max_i, max_3J, level);

for (w_j=min_Jj+1; w_j<max_j-1; w_J¥+)
for (w_i=min_i+l; w_i<max_i-1; w_it+) |
vitxp work = vixp_find (w i, w_3J, w_k):

if (vtxp work->done == ON) continue;
if {(key == 0) d_sgl = vtxp_york—>hd“fld;
else d sgl = vtxp_work—>wk_fld;

d_sum = vtxp_work->ps_£ld;

L if ((d_sgl -> Magic && d_sum. > Magic)y |l

(d_sgl <= Magic && 'd_sum <= Magic))

continue;-
if (d_sgl > Magic} count ='1;
else count = 0;
for (i=0; i<4; i++) |
switeh (i) { B
case 0 : t i=w i -1;t 3= w.] ; break;
case 1 : t_i=w_i ;t_j = w_j + 1; break;
case 2 : t i =w i+ l;t J=vw_] ; break; -
"case 3 @ t_i = w_1 Pt Jo=ow 3 - L break;’
} _/* switch (i) */

vtxp_work = vtxp_find (t_i, t_j, w_k};
if (vixp_work == NULLVTX®) |
printf (“spread field():This should not happeni\n®):
printf (" %4d (%44, %$4d) -—— (%4d, $4d, %4d)\n",
ir w_if w_jf t_i' t__j, W“_k);
printf ("min_i = %$4d, max_i = $4d\n",min_ i, max_i);
printf ("min_j %4d, max_3 = $4d\n",min_j, max_J):

abort ():

}

if (key == 0) d sgl = vtxp_work—>hdﬁfld:

else d _sgl = vixp_work->wk_fld;

if (d_sgl > Magic) count++;
} /* for (i=0; i<4; i++) */
if {count == | ] count == 5) continue;
count = abs (w_i - ¢ i} + abs (w 3 - ¢c_3):
if (count == 0) {

printf ("spread field () : count = 0\n"):

printf {("this should not happeni\a");
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continue;

! : /* if (count ==0)
i_temp = count * 2; i_snh = count * 4;
for (i=0; l<=i_;emp, i++)y |
if (i == 0} { !
grid_snh[i][0] = ¢c_i - count;
grid snh[l}[l] = ¢c_Jj;
} else if (i == 1 _temp) {
id_ snh[m][O] = ¢_i'+ count:
grld T snh[il[1l] = c_3:
1} else {
i_work = i_snh - i
t i= count - i; t j = gount - abs (count - i}
grld snh[i1(0} = ¢ i -~ t_1i;
grid_snh{i]{i] = c_j - t_3:
grid_snh[i_work] [0] = c_i - t_ i
grid_snh[i_ Twork) [1] = ¢_ 3 + t_3J/
}
} /% for (i=0; i<=i_temp; i++)}
amount 0.0, i_sﬁh = 0, i _work = count * 4;

for (i=0; i<= i_work: i+ { ) .
t_ i = grid “snh{i] [0}, t_3 = gfid sph{i). {1]);
VtxD work = vtxp_find (t_ i, t_ 3, w_kl:i-
if (vtxo work == TNULLVTXP) { =

vtxp add (t_3i, t_3, v_ k ¢.0});

continue; - _ . _
' ' /* if (vtxp_work == NULLVTXF)
if (t_i<min_31 1| t_i>max_ 1 [Vt j<min_3j || t_jemax_3)
continue: - ' L

vEXD_Work-— >aone = ON; .
if (key == 0) d_sgl = wvitxp work->hd_f£ld;
else ' d_sgl = vtxp work->wk_Ild;

d sum = d_sgl - VEXp_ WOrk~>DS__ f1d;

if (d_sum == 0) continue;

amount += d_sum, i_snh++;

} /* for ({(i=0: i<=3i work; i++)
if {i_snh == |{ i_snh == i_work)} {
printf ("spread_field ( : i snh = %4d\n", i_snh);
printf (" (%4d, §4d, %4d) --- (%4d, %4d, $4d)\n",
w_ i, w_3, w_k, c_3v c_j. w_ k)
continue;
} /* if (i_snh == || i_snh == i_temp)

amount /= ((double) (i_snh * 28)):;

th

i=0; i<i work; i++)} |
£ i = grid_srhii] [0], t_j = grid_snn(ilil];

or |

if {(t_ikmin_i || t_i>max_i (] t_j<min_3j || t_jemax_j)
s_i=t_i-1, e_ T=t_i+1, s_3=t_3-1. Te_j=t_j+i:
s k= k 1, e k=w TR :

=/

*/
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for (u_i=s_i; u_i<=e i; u i++)
fgr (u_3=s_3J; u_j<=e_j; u_j++)
for (u_k=s_k; u_k<=e X; u k++) |
vixp_work = vtxp_find Tu_i, u*y, uk):
if (vtxp_work == NULLVTXP) { -
vtxp_add {u_i, w_3, u_k, 0.0);
vixp_work = vixp_find (v i, u j, u k):
} /* if (vtxp_work == NULLVTXP) */
vixp_work—>field += amount;
if (u i ==t i && u_3j == t_J && u_k == w_k)
vixp_work—->field += amount; -
} /* for (u_i; ; ) for (u_j: : } for (u_k: ; } */
continue;
} /% if (t_i<min_i|l|t_i>max_i}l|t_j<min_j|lt_j>max_j) */

vtxp work = vtxp_find (t_3i, t_3j, w_k)’
if (key == 0) d_sgl = vixp_work->hd_fld;
else d sgl = vtxp_work->wk_fld;
d_sum = vitxp_work->ps_=Ild;

if ({d_sgl > Magic && d_sum <= Magic) |i
{d_sgl <=.Magic && d_sum > Magic)}

continue;
s i=t_3i-1, e i=t_i+l, s_j=t_j-1, e_J=t_J+1;
| s _k=w_k-1, e k=w_k+1; A s
! for (u_i=s_i; u_i<=e_i; u_i++)}
for (u_3j=s_3; u_i<=e_3j; u_3j*++)
for (u k=s k; . u k<=e ks u_k++).{~

vtxp work = vtxp_find (u i, u_j, u_k):

if (vtxp_work == NULLVTXP) {

vtxp_add {uv_i, u_Jj, u_k, 0.0);

vtxp work = vtxp_find (u_i, u_3. i k):

} : /% if (vixp_work == NULLVTXP} */
vtxp_work->field += amount;

if (u i == t_i && u j == t_3j && u k == w_X)
vixp_work->field += amount;
} : /* for (u i; ;) for (u_3:; ; for (u_k; ;) */
} /* for (i=0; i<i_work; i++)} */
} ' /* for (w 3 : ;) for {(wi : ;) */

for (w_i=min i; w_i<=max_ZIi; w_i++)
for (w_j=min_3j; w_j<=max_3i; w_j++) {
vtxp _work = vixp_find (w_3i, w_ 3, w_X):
vt¥p_work->done = OFI;

} /* for (w i : ; ) for (w i : ;) */
)
: /* SPREAD ERROR : achieve total volumn unchanged *;
i /* *

i void spread exror (ctrl work, key, min i, min_3, max_i, max_Jj, level)
L struct CTRLdata *ctxl_work;

int key, min i, max i, min_j, max_J, level;

~ i

FILE *output; char fneame[LENGTH];int i, J,-S_%« c_J:

|
|
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/* TRUE_FIELD : compute real field value for each grid point in
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struct CTRLdatz *vtxp work; double d_work:

strcpy (fname, "spread"};

creztefname (fname, level);

if ((output = fopen(fname, "w")) == NULL) ({
printf ("spread_error () : unable to open file $s\n", fname);
abort ():

—

c i = {int) {ctzl work=->x)/GRID, c_J = {int) {ctrl work->y)/GRID;
fprintf (output, "lower left corner : ($4d, %$4d)\n",min_i,min_3j};
fprintf (output, "upper right corner : (%4d, $4d) \n",max_i,max_3j):
fprintf (output, "key point (%8.4g, %8.4g, $8.4qg) - (%4d, %4d)\n",

ctrl_work->, ctrl work->vy, ctrl woxk->z, c_i, c_3):
fprin‘f (output, "\nfield value only by an key point\n"};

max_j; j>=min_3j:; J--) |

or (l=m1n i; i<= max_i; i++) |
vixp work = vixp_£ind (i, J, level):
if (vtxp_work == " NULLVTXP)

fprinti (output, " * "}:
else { ' '
if (key == 0) d work = vixDp_ work->hd_£fld;
e*se ' d work = VtxXp_ " work-= >wk de
{d_ work > Maglc) fpr rintf (output, T "y
o else , _ fprwntf {output, " C "y ;
} : /% if (vtxp_work == NULLVTXP) */
} ' - /* for (i=min_i; i<max_i; i++) */
fprintf (output, "\n"};
} : : /* for (j=max_3; 3>= min_j; J--) */

fprints (output,'"\nfieid valiue by two key point\n");

for (Je=max_j; 3>=min_j; J--) |

- for (i=min_i: i<= max_ iy i++) |
vixp_work = VIXp_ " find (i, J, level):
if (vtxp _work == T NULLVTIXP)
fprintf (output, " * "y
else {
d_work = vixp_work->ps £1id;
if {d_work > Magic) fprintf (output, " B "}
else fprintf (output, " c "):
! /* if (vtxp_work == NULLVTXF) */
} /* for (i=min i; i<mex_1i; i++) */
fprintf {output, "\n");
} /% for (j=max_j: j>= min_3; J--) */

fclose {cutput}:

*/
=yTXPpont {]

void true_field ()

{

a2,
int i:; double £iéld, d_x, d_y, d_z, £ _temp, d _temp;
struct VIXPdata *v_down;
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for (i=0:; i<X SIZE*Y SIZE*Z_SIZE;i++) |
v_down = VTXPDont[lj
while (v_down != NULLVTXP) {

d_» = (double) (v_down->i * GRID);

d y = (aouble)(v down->3 * GRID}; ,

d z = (dounle)(v down->k * GRID};

field = fieldvalue (d %, d_y, d_z):

field += v_down- >field;

é_temp = v_down->field = value trnct (field):

p = Maalc - d_temp; d_ temp = value_ trnct (£_temp);
if (d_temp <= 0.0l && 4 temp > 0.0}
v_down—->field = Magic;
v_down->dene = OFF;
v_down = v_down->down;

- Fh
ot
@
=
e}

} /* while (v_down != NULLVTXP) */
} /* for (i=0; i<X_SIZE*Y_SIZE*Z_SIZE; ie+) */

¥
/*355678901234567890123456789012345678907234567890123436789012345678 /
/* 1 2 3 4 5 6 */




