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1.1 POV-Ray

POV-Ray(http://www.povray.org/) [ 1, 2]

1.2 POV-Ray

1. http://www.uib.no/People/nfytn/mathgal . htm

2. http://www.ipfw.edu/math/Coffman/steinersurface.htmlEquations
3. http://abulafia.mt.ic.ac.uk/Bulatov/gallery/

4. http:/ /www.asahi-net.or.jp/ nj2t-hg/ilpovj.htm

1.3

1. http://www.ne.jp/asahi/nishimura/takashi/jyugyou/graduate/mapping.html
2. http://www.ne.jp/asahi/nishimura/takashi/jyugyou/ensyuu01.htmfsakuhin
3. http://zugaku.mae.osaka-cu.ac.jp/, http://e-www.akashi.ac.jp/ ynakai/Gallery /index.html

1.4 POV-Ray

1. http://xray.bmc.uu.se/markh /notes/howto/molray_gallery.html
2. http://tech.millto.net/ yoichiro/
3. http://163.130.33.11 /nakamura/3DHistology /index.html

4. http:/ /www.geocities.com/anomalocarid /make.html [ ]

ot

. http:/ /www.oita-h.ed.jp/laboratory.html
. http://www.arch.oita-u.ac.jp/a-kse/96/sk1996.htm

=]

1.5 IRTC

IRTC Internet Ray-Tracing Competition POV-Ray

IRTC


http://www.povray.org/
http://www.uib.no/People/nfytn/mathgal.htm
http://www.ipfw.edu/math/Coffman/steinersurface.html#Equations
http://abulafia.mt.ic.ac.uk/Bulatov/gallery/
http://www.asahi-net.or.jp/~nj2t-hg/ilpovj.htm
http://www.ne.jp/asahi/nishimura/takashi/jyugyou/graduate/mapping.html
http://www.ne.jp/asahi/nishimura/takashi/jyugyou/ensyuu01.htm
http://e-www.akashi.ac.jp/~ynakai/Gallery/index.html
http://zugaku.mae.osaka-cu.ac.jp/
http://xray.bmc.uu.se/markh/notes/howto/molray_gallery.html
http://tech.millto.net/~yoichiro/gallery.html
http://163.130.33.11/nakamura/3DHistology/index.html
http://www.oita-h.ed.jp/laboratory.html
http://www.arch.oita-u.ac.jp/a-kse/96/sk1996.htm
http://homepage1.nifty.com/burgess/
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1. http://www.irtc.org/ (IRTC)
2. http:/ /www.irtc.org/stills/1997-06-30/view.html (Physics and Math.)

1.6 POV-Ray

[ 1, 2] [ 1] 3.0 POV-Ray
3.1 3.1 3.0
3.0
[ 2]
[ 1
[ 1]
° (sphere.pov)
cameraf{
location <0, 5, -3>
look_at <0, 0, 0>
}

light_source { <10, 20, 0>
color rgb <1.0, 1.0, 1.0>
}
sphere { <0, 0, 0>, 2
texture{
pigment { color rgb <0.8, 0.2, 0.7> }
//normal {bumps 0.6 scale 0.1 }
finish {
ambient 0.2
diffuse 0.4
reflection 0.4

specular 0.5

}
plane { y, -4
texture {
pigment { checker rgb <0.3, 0.6, 0.3> rgb <0.1, 0.3, 0.7> }

° (nandaro.pov) POV-Ray

3.1


http://www.irtc.org/
http://www.irtc.org/stills/1997-06-30/view.html

#include "colors.inc"

camera {
location <30, 0, -60>
angle 45
look_at <0, 5, 0>
}

light_source {<50, 100, 50> color White}
light_source {<20, 30, 18> color White}

#declare Oleaf = intersection {
sphere { <1, 0, 1.732> 2.01 }
sphere { <1, 0, 1.732> 2 inverse}
box{ <0, 0, 0> < 2, 2, -2> rotate x*-10}
box{ <0, 0, 0> < 2, -2, -2> rotate x*10}
}

#declare Cno =12
#declare Cn =0 #while (Cn <Cno)
#declare Xr =Cn/Cnox*50
#declare Yr =Cn*210
#declare Xp =0
#declare Yp =-Cn/10
#declare Zp =0
#declare Cto =30
#declare Ct =0 #while (Ct < Cto)
#declare Xr =Xr+3+Ct/Cto*2
#declare Yr =Yr

union{
cylinder {<0,-0.05,0>,<0,1.05,0>, 0.3%(1-Ct/Cto)+0.05 scale z*0.7}
object { Oleaf scale <bxsin((15+155%Ct/Cto)/180*pi), 5,
B5xsin((15+155*%Ct/Cto) /180*pi)> rotate z*Ct/Ctox70}
object { Oleaf translate x*-2 scale <b*sin((15+155%Ct/Cto)/180%pi),
5, 5xsin((15+155%Ct/Cto)/180%pi)> rotate z*-Ct/Ctox*70}
rotate <Xr,Yr,0> translate <Xp,Yp,Zp>
pigment {color rgb <0.4+0.4*Ct/Cto-Cn/Cno*0.2,
0.6+0.4%Ct/Cto-Cn/Cno*0.3, 0>}
finish {
ambient 0.3
crand 0.1
reflection 0.3

specular 1.0



bri
}
}

lliance 1.0

#declare Xp =Xp+sin(Xr*pi/180)*sin(Yr*pi/180)

#declare Yp
#declare Zp
#declare Ct =
#declare Cn = C

sky_sphere {
pigment {
gradien

=Yp+cos (Xr*pi/180)
=Zp+sin(Xr*pi/180)*cos (Yr*pi/180)
Ct+1 #end

n+1 #end

ty

color_map {

[o
[1
}

scale 2

.5 color LightSteelBlue ]
.0 color White ]

translate -1
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2.2 POV-Ray

R’ - R?
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Cl

T. Nordstrand

#declare
mesh

{

#declare iu

#declare iv

#declare

#declare vv

surface

counter

3.1

mesh

(parametric.inc)

(parametric.inc)

0

vmin

#while (vv<=vmax) //outer loop

#declare uu

= umin

#while (uu<=umax)

//POINTS
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare

#declare

x1=#include
yl=#include
zl=#include
uu=uu+tiu

x2=#include
y2=#include
z2=#include
vVV=vv+iv

x3=#include
y3=#include
z3=#include
uu=uu-iu

x4=#include
y4=#include
z4=#include

VV=VV-1iv

"yuvv.x
"yuvv.

"uuvv.

"yuvv.x
"yuvv.

"uuvv.

"yuvv.
"uuvv.

"uuvv.

"yuvv.
"uuvv.

"uuvv.

(umax-umin) /uiter

//increment per step

(vmax-vmin) /viter

//inner loop

//Calculate the

//four points in

//the rectangle defined
//by uu,uu+iu,vv,vv+iv
//Uses uu and vv because
//u and v are built in

//constants.

3.5

POV-Ray

3.5



//NORMALS
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare
#declare

//Here is wh
#declare
#declare
#declare
#declare

#declare

used for smoothing triangles

VV=vvV-iv //Calculate surface normals
nxl=#include "uuvv.x" //to the nine rectangles in
nyl=#include "uuvv.y" //the immediate neighbourhood
nzl=#include "uuvv.z"

uu=uu+iu

nx2=#include "uuvv.x"

ny2=#include "uuvv.y"

nz2=#include "uuvv.z"

uu=uu+iu

VV=VV+iv

nx3=#include "uuvv.x"

ny3=#include "uuvv.y

nz3=#include "uuvv.z"
VV=vvV+iv
nx4=#include "uuvv.x"

ny4=#include "uuvv.y

nz4=#include "uuvv.z"
VV=vv+iv
uu=uu-iu
nxb=#include "uuvv.x"
ny5=#include "uuvv.y"
nzb=#include "uuvv.z"
uu=uu-iu
nx6=#include "uuvv.x"
ny6=#include "uuvv.y"
nz6=#include "uuvv.z"
uu=uu-iu
VV=vv-iv
nx7=#include "uuvv.x"

ny7=#include "uuvv.y
nz7=#include "uuvv.z
VV=vVV-iv
nx8=#include "uuvv.x"
ny8=#include "uuvv.y
nz8=#include "uuvv.z
uu=uu+iu

ere normals are calculated.
nil=vcross(<xl-nxl,yl-nyl,z1-nz1>,<x1-nx8,y1l-ny8,z1-nz8>)
n2=vcross(<xl- x2,yl- y2,z1- z2>,<xl-nxl,yl-nyl,zl-nz1>)
n3=vcross(<xl- x4,yl- y4,zl- z4>,<xl- x2,y1l- y2,z1l- z2>)
n4=vcross(<x1-nx8,yl-ny8,z1-nz8>,<x1- x4,yl- y4,zl- z4>)

normall=nl+n2+n3+n4



#declare nl=vcross(<x2-nx2,y2-ny2,z2-nz2>,<x2- x1,y2- yl1,z2- z1>)
#declare n2=vcross(<x2-nx3,y2-ny3,z2-nz3>,<x2-nx2,y2-ny2,z2-nz2>)
#declare n3=vcross(<x2- x3,y2- y3,z2- z3>,<x2-nx3,y2-ny3,z2-nz3>)
#declare nd=vcross(<x2- x1,y2- yi1,z2- z1>,<x2- x3,y2- y3,z2- z3>)
#declare normal2=ni1+n2+n3+n4
#declare nl=vcross(<x3- x2,y3- y2,z3- z2>,<x3- x4,y3- y4,z3- z4>)
#declare n2=vcross(<x3-nx4,y3-ny4,z3-nz4>,<x3- x2,y3- y2,z3- z2>)
#declare n3=vcross(<x3-nx5,y3-ny5,z3-nz5>,<x3-nx4,y3-ny4,z3-nz4>)
#declare n4=vcross(<x3- x4,y3- y4,z3- z4>,<x3-nx5,y3-ny5,z3-nz5>)
#declare normal3=nl1+n2+n3+n4
#declare nl=vcross(<x4- x1,y4- yl,z4- z1>,<x4-nx7,y4-ny7,z4-nz7>)
#declare n2=vcross(<x4- x3,y4- y3,z4- 23>,<x4- x1,y4- yl,z4- z1>)
#declare n3=vcross(<x4-nx6,y4-ny6,z4-nz6>,<x4- x3,y4- y3,z4- z3>)
#declare n4=vcross(<x4-nx7,y4-ny7,z4-nz7>,<x4-nx6,y4-ny6,z4-nz6>)
#declare normal4=ni1+n2+n3+n4
//TRIANGLES

smooth_triangle {

<x1, y1, z1 >, normall,

<x2, y2, z2 >, normal2,

<x3, y3, z3 >, normal3

}

smooth_triangle {
<x1, y1, z1 >, normall,
<x3, y3, z3 >, normal3,
<x4, y4, z4 >, normaléd

3

#if (tofile > 0)

#debug concat("smooth_triangle{<",

str(x1,0,-1),",",str(y1,0,-1),",",str(z1,0,-1),">,<",
str(normall.x,0,-1),",",str(normall.y,0,-1),",",str(normall.z,0,-1),">,<",
str(x2,0,-1),",",str(y2,0,-1),",",str(z2,0,-1),">,<",
str(normal2.x,0,-1),",",str(normal2.y,0,-1),",",str(normal2.z,0,-1) ,">,<",
str(x3,0,-1),",",str(y3,0,-1),",",str(z3,0,-1),">,<",
str(normal3.x,0,-1),",",str(normal3.y,0,-1),",",str(normal3.z,0,-1),
ST
#debug concat("smooth_triangle{<",
str(x1,0,-1),",",str(y1,0,-1),",",str(z1,0,-1),">,<",
str(normall.x,0,-1),",",str(normall.y,0,-1),",",str(normall.z,0,-1),">,<",
str(x2,0,-1),",",str(y2,0,-1),",",str(z2,0,-1),">,<",
str(normal3.x,0,-1),",",str(normal3.y,0,-1),",",str(normal3.z,0,-1),">,<",

10



str(x3,0,-1),",",str(y3,0,-1),",",str(z3,0,-1),">,<",
str(normal4.x,0,-1),",",str(normal4.y,0,-1),",",str(normal4.z,0,-1),
">}, "\n")
#end

#declare uu = uu+tiu

#end //inner loop
#if (tofile = 0)

#debug concat("Looping on ",str(counter,0,-1)," of ",str(viter,0,-1),"\n")
#end

#declare counter = counter + 1

#declare vv = vv+iv
#end //outer loop
} //mesh

2.3

POV-Ray Singularitist
(http://www.ne.jp/asahi/nishimura/takashi/POV-Ray /katachi.files /frame.htm)

2.4 fo(z) = 22
f(x):ax(l—a:) T x,f(a:),fof(a:),fofof(a:),~--
[ ]
f(z) 0 + 0 + 0 — 0
f@) || - | fl) | 2] flae) | 2] fls) | N | f(a)

flx)>0 = f =
flz)<0 = f =

3 (Iterated Function System) [B] [ ]

11


http://www.ne.jp/asahi/nishimura/takashi/POV-Ray/katachi.files/frame.htm

fi(@)=0 f
f/
fl(x)=0 x f x
f
fo(z) = 22 z T, Y
z=x+ 1y
2% = (z+iy)* = 2® — y? + 2zyi
w = fo(2) fo(2)
(z,y) = (2° = y*, 2zy)
R? R? Jo fo
Jo
fo
fa(z) = 22 4+ 27
Jo fa R?
{(@y) |2 +y* =1} fo fo
f2 r
f2 22 ,
f2 2z
2.1 T
fQ(may) = ({172 - y2 + 2"1:? 2(13y - 2y)
3
3.1 s
R
n R"

f(.’l?l,...

cyTn) €U



(1, ,&n) flze,...,zn) O

U — RP p

flxa,.oyzp) = (filxe, - szn), oo s fp(@, .o x0))

. fi(ml,... ,xn) (O 5
f:U—=>RP (C*=

31U,V R» . fU=SV 1 1 LUV
LV U f ) f:U—>V
L v=uU Jf UV
R U RP

f:U=RP, f(x,...,20) = (filzr, ... 20), .o, fp(@1, ... 20))

xelU
0f1/0x1(x) Of1/0xz(x) -+ 0Of1/0zn(x)
iy | ) 0t - ot
Ofp/0z1(x) Ofp/0x2(x) -+ Ofp/0n(T)
f T . n=p ) f
x , detJ f(x)
3.1 ( ) R™ U R™ f:U—>R"
poeU 0 s detJ f(pg) # 0. Do V C

1) W=fV) flpo) .

(2) flv: VoW

13




3.2 ( 1) Rrtk 0 U R?
f:(fl?"'?fp):U*)Rp f(O):() 0eU p
,RPHE 0 V(cU) Ryt 0 W
h:V->W
fl(h(mla 7xp+k)):-77i, (Zil, ,p)
F=0U 1 forr): U =R £(0)=0 0cU
n . Rn+k 0 v Rn+k 0 1174

h=(h1,...  hosi) 1 V> W

hz(f(ml’ 7xn)) = Ty, (1:17 ?n)

hi(f(x1, - ,z,)) = 0, (i=n+1,...,n+k)
[ 3.3 | f=f1 s fagr) : U — RTE 0eU n
) f f17"' 7fn+k n
0f2/0x1(0)  0f2/0x2(0) -+ Of2/0x,(0)
Ofn/021(0) Ofn/0x2(0) -+ Ofn/0x,(0)
. f:U— Rtk F=(F,...,Fo):UxRF =
Rn+k
Fi(z1,...,Zpnyk) = fi(x1,...,2n), i=1,...,n,
Fi(z1,...,Znvx) = fi(z1,... ,zn) + i=n+1,...,n+k
F 0 € R** JF(0) :
0 € Rtk w Flw : W =V =FW)

Ch=(Flw) V> W

h(F(21,,... ,2pn,0,...,0))
(1, yZn,0,...,0)

h(f(x1y... ,24,))

14



3.2 A-

f:R—>R fl(x) #0 f:U—
R* (U R" )
320 R" f:U—RP zeU f
Jf(x) min(n, p) z f
fo, f2 fo(z,y) = (z* — 42, 2zy)
| 2z 2y
(z,y,) = (0,0)

f2(zay) = (I2 - y2 + 2;17,2,17y - 2y)

20 +2 2y
Jfo(z,y) =
fa(z,y) 2% 2172]
{(z,y) e R? | 2” +9* = 1} r
r=1
4
[}
[ ]
[ ]
33U n R” 59 U P
RP T,y U T f y
g A- T Yy
s flx) 9(y) t tof=gos
A-

15



34U R" : U f:U S RP

! f I+ x

T f Yy [+ A-
z f x f z f
3.3

3.5 (1)

(2)
1980
[ ] 10 [N]
(N]

16



Mather

3.1

fQ(x’y) = (m2 - y2 + 2{17,2{17y - 2y)

Thom?® 6

C=(N, P) C=(N, P)

20 Mather 8
(na p) ) )

(n,p) . 1960 . Thom

51923
61958
7

81942

17
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Mather

, Mather
, Mather
IC-
9 , Mather
Mather
[ ]
K-
IC-
K-
IC-
IC-
U R" f=0U1,,f):U—>RP
4.1 f u e U p
§01,QOPIRn—>R ala"'aa’ruﬁllf"aﬁpp:Rn—>R
1oy cp €ER (p+1) mod (p+1)
u reU
[ ] 3.3 (d) 101
fa
f2
4.1 (1)

(2) gl(x7y) = (l’,y2)
(3) g2(z,y) = (z,9° + zy)
9Mather Damon

,  Mather

18



(4) 93($’y) = (a:,yQ,xy)

4.1

h(z) - SL(a) ) ( o (z — ) )

@) o () an(z — u)
Bii(x —u) - Piplr —u) fi(@) — fi(w)

+ : : : +
ﬁpl(x_u) ﬁpp(w_u) fp(w)_fp(u)

e1(z — u)
= z ((mod(p+1) )
pp(T —u)

C1

Cp

f)

4.2
U R" ,f:U—=R . r ;o ou=(ug,...
U f r
104f o
(*) . Zal: TJ@(U)(SE*U)
,a=(ag,..., ap) € (NU {0}
al = ai!l--ay!
la| = a1+ +an
olel ¢ olel ¢
Oz~ (w) = ozt - Oxp “
(r—u)®* = (1 —u1)™ - (Tn —up)™
(x) f U r
3" f(u)
f:(fla"' ’fp):Rn%Rp
(" f1(0), -+, 3" fp(0))
f r- 3" f(0)

J'(n,p) ={j"f(0) | f: R" = RP }

19



J'(R™",RP) =R" x R? x J"(n,p)
J"(R™, RP) f=01,fp):U—RP
u (u, f(u),j" f(u))
U R" x RP x J"(n,p)

"f U = J'(R™,RP)

f
r r =00
f=(f - fy) :R* 5 R
i“filw)= u fi
3 f () = (% fr(w), -+ 5% fp(u) 7% f(u)
4.3
[ ] 102-107
4.2 ( ) S dimJ"(R",R?) — dimS > n
J"(R"™, RP) f:U —
R? (U R" )
J(f+e)U)NS =0
pe: U — RP f
S f S
4.4

20




4.1 M 'R 1

R- (R-module)

rac M (1) - (4)
(1) r(a+b) =ra+rd,
(2) (r+s)a=ra+sa,
3)  (rs)a=r(sa),
4) la=a
4.2 A , R 1 R ,
(5) ,A R- (R-algebra)
(5)  r(ab) = (ra)b = a(rd)
R-
R- . R-
1 R I R- , R—
R[[X]] R R-
U R® O~ (U,R) 1 R-
C*(UR") (p=2) R- C>(U,R)-
C>(U,R)-
4.3 R- M S R R- , S M R-
. R- A R- S R R-
,S A R-
1 R R- . R I R R-
1 R I R/I R- JICR
R R R/I R/I R-

21




R S M R-
R M M S={ai,...,ar} S
M , M R- , M R
M {ay,...,a} R- M = R{ay,...,ax}
, S={ai,...,ax} M R-
, S R- , R- ,R-
, A R {a1,...  ax}
A={ay,...,ak)R
Z Z- , m ,mZ mZ
{m} Z 7 , Z

4.1
5.1
5
5
5.1
U R" f:(fl,...,fp):U%Rp
_ R[[J;h ,.’En]]
D) = G0, % F )R o]
Q)

22




5.1 ( ) U R" f,9:U — RP
(1) f g A-
2) Q) =Qg) R-
Mather
, Martinet .
[ ] 4,7, 8
[ 9
5.2
Mather , Mather
(n,p) 10 . (n,p)
Damon . 1970
.A- , .A— 1,1
Damon Damon
(n,p) = (2,2)
Mather Mather  Damon
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C. R. Acnd. Sc. Paris, t. 287 (30 octobre 1978) Série A — 793

Fig. 34 Fic. 35
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Deux modiications (D3,) vont alors intervenir. et c'est la partie la plus délicawe a
Teprésenier, On a cherche & metire en évidence a 'aide des higures 1d et 15 les nappes gui vont
érre intéressées par M'un des (D). On reconnait la surface PH et le plan mobile evoguoes dans
Ia Mote ('), Le second {I3,) est masgqué par le modéle. On ferait apparaitre la zone en question
par simple rotation de 180°, Sur les figures 14 er 17 le changement de structure de la
courbe de seli-intersection ¢st ébauché (fléches). Sur la figure 14 une fléche blanche
Evoque un passage qui existe 4 ce stade & travers le modéle. Si 1"on coulait du platre dans

Ia cavité on obticndrait la igure 18, Cemte cavité communiquant avec extérieur par les
« entrées » E et E°.
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POV-Ray

ulabo/japanese/POVUSER.HTM)

3.1

(http://mmcs.ed.ynu.ac.jp/ nishim-

swallowtail(http: //www.uib.no/People/nfytn/stlgif. htm )

t (t2,83,t4)

4.1

R? 5 R?

(z,y) — (2% — y* + 22, 22y — 2y, 2% + o)

z—= 2" +nz

z—=2"+nz

z—=2"+nz

1-2

(n>3)

(n=3)

(n=3)

29


http://mmcs.ed.ynu.ac.jp/~nishimulabo/japanese/POVUSER.HTM
http://www.uib.no/People/nfytn/stlgif.htm

