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2ecosf = d-2e, §=60°
e 1 1
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1
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2(1+ E)

—MRIZIEZ A (regular polyhedron) D& THRD HIE Y 2% LWE I 7ZT810 Bto
THIE A SR Z U YEIE Z /A (truncated semiregular polyhedron) & FES2Y, v
A — AR —/UIEIE 20 EARIZ R L TIT 72 o T2 BB YEIEZ R[5, 6, 6]1& LTHLND,
SFD, 12OIES AL 20 OIE6 A CHENTETH D, [1]

[1] —#ME TTELmEIEZEL | p.95-145 , HEXRFHRE (1997).



2. YIMHEIELEALS, 6, 6] DIESEEDEH
SERD 2 SDTE S &
Va: (Xa, Ya, Za)
Vb: (Xb, Yb, Zb)
LTrlE, Fokoictbe : dTHIFTHRELTHIDELGINLD
A Ve Xm, Ym, Zm)
& Vn: (Xn, Yn, Zn)
DFEFEITIRD LD ITFHE SN D,

Xm = Xa+ g(Xb— Xa), Ym= Ya+ g(Ya- Yb), Zm= Za+ g(Za- 7b)

d°¢ Xb- Xb). Yn- Yat dc;e(Ya- Yb), Zn= Za+ d;le

KT DI Da—T 4 o TIEOXD X I D,
midvtx2 =: 4 © 0

Xn= Xat

(Za - Zb)

VA VB’ =. .

e d = x

VM =. VA + (e%d) * VB — VA

VN =. VA + ((d-e)%d) * VB — VA
VM, : VN

)
3. Yo B—FR—NTS57 497 AD JO0penGL 7’12 /5 A
J-OpenGL 7' 11 7T A DOEXDOFEHMII I OHRE[2] 2 R T2 720,
2] wIFIE [JDgl3-0penGLIZ L AT T 74w 7 A—FD1 |

HARRNZIT, ROHEEP ORI LD,
require ‘gl3’
(7 +— L DERR)
A=:3:0
pc a closeok;

)

(74 —LDFATT 0T T L)
a_run =: 3 : 0

glaRC

)
(EENE EHICFE TSN T v T T 4)
a_paint =: 3 : 0

<

draw_picture

)

(ETNAE T v 7T L)

draw_picture =: 3 : 0
KT ST A, T—ERNEIND
)



J @D OpenGL TnfHOTHRD GRS n AT Z#i < 121X, ROEFEBXZH WD,
glColor (RGB a7 —%)
glBegin GL_POLYGON

glVertex VO: (VOx, VOy, VOz)

glVertex V1: (Vix, Vly, Vlz)

glVertex Vn—-1: (Vn-1x, Vn—-ly, Vn-1z)
glEnd
L)L, WG L T570, ko k57 ] O] polygon 2 EFHE L T,
polygon=: 4 : 0
glColor 4{.x.,1
glBegin GL_POLYGON
glVertex vy.
glEnd *’
)
PO X 512979,
(27 —%) polygon (nfEODFELEE)

L7z T, Yy —R—/L®D O0penGL D71 T ALKIZUFIRELEZLDOEFD
FEFFALC, HELAEEAOEEST — 2 2 AN S 2T kv,

F9. LD IE 20 HARDTESEREEIX, RD X DT85,

Vs =:! icosa 2

(i.#Vs) ,”7(0 1) Vs
0 0 0 1.90211
1 1.7013 0 0.850651
2 0.525731 1.61803 0.850651
3 _1.37638 1 0.850651
4 _1.37638 _1 0.850651
5 0.525731 _1.61803 0.850651 1
6 1.37638 _1 _0.850651
7 1.37638 1 _0.850651
8 _0.525731 1.61803 _0. 850651
9 _1.7013 0 _0.850651
10 _0.525731 _1.61803 _0. 850651
11 0 0 _1.90211

3.1 IESAMS (BWEE) OHiE
1 DODOTERD B H 28R D BHETHR OF FHE TN ETNIRD X S IZED D,

TWOVX =: 0 1;0 2;0 3;0 4;0 5
TWOVX =: TWOVX, : (1 0;1 5;1 651 7;1 2)
TWOVX =: TWOVX, (2 0;2 1:;2 7:;2 8:;2 3)
TWOVX =: TWOVX, (3 0;3 2;3 8;3 9;3 4)

TWOVX =: TWOVX, (4 0:;4 3:;4 9:;4 10;4 5)



TWOVX =: TWOVX, (5 0;5 4;5 1055 6;5 1)
TWOVX =: TWOVX, (6 1;6 5;6 10;6 11;6 7)
TWOVX =: TWOVX, (7 2;7 1;7 6;7 11;7 8)
TWOVX =: TWOVX, (8 3:;8 2;8 7;8 11:;8 9)
TWOVX =: TWOVX, (9 4;9 3;9 8;9 11;9 10)
TWOVX =: TWOVX, (10 5;10 4510 9;10 11510 6)
TWOVX =: TWOVX, (11 6;11 7;11 8;11 9;11 10)

WIZ, 1 OOEEN LD 5 EOMETES E OO TR OEEZ RS, 2z
AT, ESABEIED,
MD =: 3
ME =: 1

midvtx =: 4 : 0

VA VB’ = .

e d = x.

VM = VA + (e%d) * VB — VA

)

twovtx =: 3 ¢ 0

y. { TWOVX

)

NB. Pentagon Vertex of Succer Ball
soch =1 3 : 0

(ME, MD) midvtx “1 <"1 > (twovtx y.) { L:0 Vs
)

DX LT 12D IE 5 MIETHREEEICEAT — ¥ 2R A TET A5l 7 a
TIMILLTOLHIITHESEN D, DF Y EIBROD draw_picture 1ZIRD XL 912725,

BLAK =: 000

draw_soccerb =: verb define
BLAK polygon  sochb 0
BLAK polygon  sochb 1
BLAK polygon  soch 2
BLAK polygon  socb 3
BLAK polygon  soch 4
BLAK polygon  sochb 5
BLAK polygon  socb 6
BLAK polygon  soch 7
BLAK polygon  socb 8
BLAK polygon  soch 9
BLAK polygon  socbhb 10
BLAK polygon  socb 11
)






3.2 IE6AEHS (BWHEK) OW#E
1E 20 R 2R 5 1E 3 AL O TESERK OFZB ST 2RO L HITED D, 2B, Hi
E®§vﬁfki9b%£%ﬁoto
IND_ICO =: 01 2;0 2 3;034;045;05 1
IND_ICO =: IND_ICO, 172;,283;394;4105;56 1
IND_ICO =: IND_ICO, 6 7 1; 7 8 2;8 9 3;9 10 4;10 6 5
IND_TICO =: IND_ICO, 6 7 11;7 8 1158 9 11;9 10 11;10 6 11

pairvtx =: 3 : 0
t0 =: 0 1{L:0 y.
tl =: 1 2{L:0 v.
t2 = 2 0{L:0 y.
t0, tl, t2

)

XYZ6 =: (pairvtx “(0) IND_ICO) {L:0 Vs

midvtx2 =: 4 © 0

VA VB’ =

e d = x

VM = VA + (e%d) * VB — VA

VN = VA + ((d-e)%d) * VB — VA

VM, © VN

)

IO OTEAEZE HWT, BT & FEERIC LT, 1E6 A OB 41T 9,
GRAY =: 0.7 0.7 0.7

GRAX =: 0.8 0.8 0.8

GRAZ =1 0.9 0.9 0.9

draw_soccer6 =: verb define

MXYZ6 =. (ME, MD) midvtx2 L:0 XYZ6
GRAY polygon 6 3%, >0{MXYZ6
GRAX polygon 6 3%, >1{MXYZ6
GRAY polygon 6 3%, >2{MXYZ6
GRAX polygon 6 3%, >3{MXYZ6
GRAZ polygon 6 3$, >4 {MXYZ6
GRAX polygon 6 3%, >5{MXYZ6
GRAY polygon 6 3%, >6 {MXYZ6
GRAZ polygon 6 3%, >7{MXYZ6
GRAY polygon 6 3%, >8{MXYZ6
GRAZ polygon 6 3%, >9{MXYZ6
GRAY polygon 6 3%, >10 {MXYZ6
GRAZ polygon 6 3%, >11{MXYZ6
GRAY polygon 6 3%, >12 {MXYZ6
GRAZ polygon 6 3%, >13{MXYZ6



GRAY
GRAZ
GRAY
GRAZ
GRAY
GRAZ
)

polygon
polygon
polygon
polygon
polygon
polygon

6 3%, >14{MXYZ6
6 38, >15 {MXYZ6
6 3%, >16 {MXYZ6
6 38, >17 {MXYZ6
6 3%, >18{MXYZ6
6 3%, >19{MXYZ6

I TCTHBRT—HXIIEEE DX D, 3FFED 7 L — (GRAY, GRAX, GRAZ) T L7-.

4. by h—FR—=)v (FBLEW T —) OEITHR

Help

— WOV v H—HR—)
(e/d = 1/3)

120 108 O

BIH v h—HR—L —

(e/d = 1/2)

12 3 0




Py H—R— L DMPEINZIE, R T I AT — e T57—DIF T w7 « R—AIZ
fEbNnT=v =T 4 v 7 ZHIENRHDHN, HHTZD TIROESITRC TIRIZU,



Tur7Z b JRE

NB. Dodecahedron and Icosahedron

NB. OpGLN_Polyh. ijs

NB. 1st v 2009/9/1 by T. Nishikawa

NB. rev. 2009/9/14

NB. using revised polyhedron program 2009/11/7
NB. Soccer Ball - added 2009/12/20

NB. run 0 / run ’’ => Dodecahedron
NB. run 1 => Icosahedron
NB. run 2 => Soccer Ball / Semiregular Polyhedron [5, 6, 6]

NB. polyhedron vertex imported from polyhedron. ijs
NB. polyhedron. ijs

NB. 1F 12 fifA & IE 20 MR D TH R JEEE 2R 5

NB. 2009/11/2

NB.  2009/11/9 —il=2a ZEHET 5

load ’trig’
polyh =: 3 : 0

a= x. %2 NB. IEZE{REZMEART D IELAEO—
'pd = . NB. =7 UD/IRTA=H

K= % 1- ( ((cos 1pl%p) 2) + (cos 1pl%q) 2 )

NB. R = [EZME{KOIEEERD 48

R= ax (sin Ipl % @) % (K)

1 = ax* (cos Ipl % p) % (K

NB. r = [EZMHEONEERD 42

r= a* (% tan 1pl % p) * (cos 1pl % q) % (K)

NB. r5 = 1E 5 AEDIMEM D

r5 = (a) % sin 1pl % 5

h5 = % ([R2) - (x5°2)

NB. h5=r: IE5AEORDE S =1E5 A & H.l & OIRE=EZ EIRONEERO 5
R, r, rb

)

NB. 1E 12 iR TH SRR

dodec =: 3 : 0

a =. vy.

'Rr r5 = apolyh 53

'pqg = 5 3

NB. R=IE 12 E{RDIEER D 1%

NB. r=1F 12 RO NEEER D E=1F 5 A O & FE.O & O REEE
NB. rb=1F 5 I OIEM O£



TH = (2pl % p) * i.5

DA =. (5 * (cos TH),. (sin TH)),”(1 0) r
DO D1 D2 D3 D4 =. DA

DO =. 0{DA

’DOX DOY DOZ =. DO

sin_alph = (a%2) % R

%: 1 - sin_alph 2

sin_2alph =. 2 * sin_alph * cos_alph
cos_2alph =. (cos_alph™2) - (sin_alph 2)
D5X =. (DOX*cos_2alph) + (DOZ*sin_2alph)
D57 =. (-DOX*sin_2alph) + (D0Z%cos_2alph)
D5Y =. DOY

D5 =. D5X, D5Y, D5Z

DBX = (D5X * cos TH) — (D5Y * sin TH)
DBY =. (D5X * sin TH) + (D5Y * cos TH)

DB =. (DBX,.DBY),” (1) D5Z

D5 D6 D7 D8 D9’ =. DB

NB. xfiffriz sk, NEF 2% 2% 09/11/11
DCO =. —|. DB

DC1 = 1 _1 1%”(1 1) DCO

cos_alph

DC =. 1 |. DCI1
D10 D11 D12 D13 D14’ =. DC
DDX =. —|. DA

DDY =. 1 _1 1%”(1 1) DDX

DD =. 1 |. DDY

D15 D16 D17 D18 D19” =. DD
DA, DB, DC, DD

)

NB. IE 20 A0 TH miFEAR

icosa =: 3 : 0

a=. vy.

"Rr r5 = apolyh 35

'pq = 3,5

NB. R=1E 20 iR DAMEEK D -2
Co=.0, 0 R

"COX COY C0Z =. CO

sin_beta = (a%2) % R

cos_beta = %: 1 — sin_beta 2

sin_2beta =. 2 * sin_beta * cos_beta
cos_2beta =. (cos_beta 2) — (sin_beta 2)
C1X =.  (COX*cos_2beta) + (COZ*sin_2beta)

Cl1Z =. (-COX*sin_2beta) + (CO0Z*cos_2beta)
Cly =. CoY
Cl =. C1X, ClY, C1Z

-10 -



TH (2pl % 5) * i.5

CA = (CIX * (cos TH),. (sin TH)),”(1 0) C1Z
’C1 €2 C3 C4 C5" =. CA

CAXY =. 0 1{”(1) cA

NB. XHHEs A RD7-1%. NEFZHEET S 09/11/11
CBO = (_1* CAXY),” (1 0) (-C1Z)

CB = 2. CBO

6 C7 C8 C9 C10” =. CB

Cll = - 0
C0, CA, CB, Cl11
)

NB. Distance for Check
NB. eg. D1 dist D6 => 5, D6 dist D12 => 5, D6 dist D13 => 5
dist =: 3 : 0

“ax ay az’ =. Xx.

"bx by bz’ = y.

%: (*: ax-bx) + (*: ay-by) + (k! az-bz)
)

NB. OpenGL Graphics

require ~gl3’

A=: noun define

pc a closeok;

menupop “&Help”;

menu help "&Help” 7”7 77 77;

menupopz

xywh 0 0 220 200;cc g isigraph ws_clipchildren ws_clipsiblings rightmove
bottommove;

pas 0 0;

rem form end;

)

Tun =: a_run
a_run=: verb define

N =:!y.

select. N
case. 0 do. Vd =: dodec 1.5
case. 1 do. Ve =: icosa 2
case. 2 do. Vs =:! icosa 2

-11 -



MD =: 3
ME =: 1
case. 3 do. Vs =: icosa 2
MD =: 3
ME =: 1.5
end.
wd A
glaRC’’ NB. enable gl3-OpenGL
R=:000

glaFont "arial 30’
glaUseFontBitmaps 0 32 26 32
wd ~ pshow;ptop’

)

a_g _char =: verb define

R=:360 | R+ 3% xyz =0 { sysdata NB. key_in
R=:360 | R-3 %’ XYZ =0 { sysdata NB. key_in
glpaintx’’

)

a_g size=:verb define

wh=. glqwh’’

glViewport 0 0, wh
glMatrixMode GL_PROJECTION
glloadldentity’’

NB. gluPerspective 30,
glOrtho .33 33 _33
)

(%/wh),5 15

a_g paint =: verb define
glClearColor 1110
glClear GL_COLOR_BUFFER_BIT + GL_DEPTH_BUFFER_BIT
glEnable GL_DEPTH_TEST
glMatrixMode GL_MODELVIEW
gllLoadldentity’’
glTranslate 0 0 0

NB. glTranslate 0 0 _10
glRotate R ,. 338§$1000
NB. glPolygonMode GL_FRONT_AND_BACK, GL_LINE NB.
glPolygonMode GL_FRONT_AND_BACK, GL_FILL

select. N
case. 0 do. draw_dodec ’
case. 1 do. draw_icosa ’’
case. 2;3 do. draw_soccer5 '’

draw_soccer6 ’’

_12-

"X, rotate around x—axis
’X’, rotate around x—axis g

NB. for Perspective Projection
NB. for Ortho Projection

NB. back ground white

NB. for Ortho Projection
NB. for Perspective Projection

wire frame



end.
drawtext ’’
glaSwapBuffers ’’
)

NB. Color Data
COLA=: 1
COLB=:
COLC=:
COLD=:
COLE=:
COLF=:
COLG=:
COLH=:
COLI=:
COL]J=:
COLK=:
COLL=:
COLM=:
COLN=:
COLO=:
COLP=:
COLQ=:
COLR=:
COLS=:
COLT=:

S = O O

(2]
(@]

SO0 =0 == O =00

W W W W 1 3 0 = O

drawtext =: verb define

glMatrixMode GL_MODELVIEW

glloadldentity ’

glColor 0 0 0 O

glRasterPos _1.2 2.5 0

glCallLists 5 ”: R NB. indicate X, Y, Z rotated angles in deg
)

a_help_button=: verb define
wd’ mb OpenGL *Press x y z to rotate.’
wd ~setfocus g

)

polygon=: 4 : 0
glColor 4{.x.,1
glBegin GL_POLYGON
glVertex vy.

glEnd 7’

)

-13-



NB. Dodecahedron Vertex
draw_dodec=:verb define

COLA

COLB
COLC
COLD
COLE
COLF

COLG
COLH
COLI
COLJ
COLK

COLL
)

NB. TIcosahedron Vertex
draw_icosa=:verb define

COLA
COLB
COLC
COLD
COLE

COLF
COLG
COLH
COLI
COLJ

COLK
COLL
COLM
COLN
COLO

COLP
COLQ
COLR
COLS
COLT

polygon

polygon
polygon
polygon
polygon
polygon

polygon
polygon
polygon
polygon
polygon

polygon

polygon
polygon
polygon
polygon
polygon

polygon
polygon
polygon
polygon
polygon

polygon
polygon
polygon
polygon
polygon

polygon
polygon
polygon
polygon
polygon

o

B~ w N = O

18
17
16
15

15

Ol v W DN~ Gl > W DN = oS O O O O

O 0 3 O

10

© 0 3 O Ol

13
12
11
10

19

— O B W DD (SR N

© 0 N O

1

(e

© 0

6

11
12
13
14
10

C1 O 3 00 ©

18

— Ol W N

© 0

10

© 0

10

11
11
11
11
11

U1 © 0 N O
S W N =

10 15
14 19
13 18
12 17
11 16

17 16

{Ve
{Ve
{Ve
{Ve
{Ve

{Ve
{Ve
{Ve
{Ve
{Ve

{Ve
{Ve
{Ve
{Ve
{Ve

{Ve
{Ve
{Ve
{Ve
{Ve

NB.
NB.
NB.
NB.
NB.

NB.
NB.
NB.
NB.
NB.

NB.
NB.

{vd

{vd
{vd
{vd
{vd
{vd

{vd
{vd
{vd
{vd
{vd

{vd

NB.

NB.
NB.
NB.
NB.
NB.

NB.
NB.
NB.
NB.
NB.

NB.

BN

HEY

PS]

&

B

HED
bF

&
HFTNA
b &

[SEAAYS)
EHED
Hrte b XX
Wb
THWA

[EAVAYS

HTUNAS

EE SR
Honh
THED
Hrte b I X
Wbk

ThHhbns
(EAAVAPSY

NB.
NB.
NB.

NB.
NB.
NB.
NB.
NB.

- 14 -
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NB. Soccer Ball = Truncated Semiregular Polyhedron [5,6,6] / 2009/12/22

Vs =: icosa 2

NB. Soccer Ball — Pentagon (Black Face)

twovtx =1 3 ¢ 0
y. { TWovVX
)

TWOVX =: 0 1;0 2;0 3;0 4;0 5

TWOVX =: TWOVX, : (1 0;1 5;1 651 7;1 2)
TWOVX =: TWOVX, (2 0;2 1;2 752 8:;2 3)
TWOVX =: TWOVX, (3 0;3 2;3 8;3 9;3 4)

TWOVX =: TWOVX, (4 0;4 3;4 9;4 10:;4 5)
TWOVX =: TWOVX, (5 0;5 4;5 10;5 6;5 1)
TWOVX =: TWOVX, (6 1;6 5;6 10;6 11;6 7)
TWOVX =: TWOVX, (7 2;7 1;7 6;7 11;7 8)
TWOVX =: TWOVX, (8 3;8 2;8 7;8 11;8 9)
TWOVX =: TWOVX, (9 4;9 3;9 8;9 11:;9 10)
TWOVX =: TWOVX, (10 5;10 4;10 9;10 11;10 6)
TWOVX =: TWOVX, (11 6;11 7;11 8;11 9;11 10)

NB. MD =: 3
NB. ME =: 1
NB. ME 1.

5 NB. if try, then another soccer ball !!

midvtx =: 4 : 0

VA VB’ =. y.

e d = x.

VM =. VA + (e%d) * VB — VA
)

NB. Pentagon Vertex of Succer Ball

soch =1 3 : 0

(ME, MD) midvtx "1 <"1 > (twovtx y.) { L:0 Vs
)

NB. Succer Ball - Hexagon (Grey Face)

IND_ICO =: 01 2;0 2 3;0 3 4;045;051
IND_ICO =: IND_ICO, 1 7 2; 28 3;3 9 4;4 10 555661
IND_ICO =: IND_ICO, 6 7 1; 7 8 2;8 9 359 10 4;10 6 5

IND_ICO =: IND_ICO, 6 7 11;7 8 11;8 9 11;9 10 11;10 6 11

-16-



pairvtx =: 3 : 0
t0 =: 0 1{L:0 y.
tl =: 1 2{L:0 y.
t2 =: 2 0{L:0 v.
t0, t1, t2

)

XYZ6 =: (pairvtx “(0) IND_ICO) {L:0 Vs

midvtx2 =: 4 © 0

VA VB’ =

e d = x

VM =. VA + (e%d) * VB — VA

VN =. VA + ((d-e)%d) * VB — VA
VM, : VN

)

NB. MXYZ6 =: (ME, MD) midvtx2 L:0 XYZ6

NB. Soccer Ball

BLAK =: 0 0 0

draw_soccerb =: verb define

BLAK polygon  soch 0

BLAK polygon  soch 1

BLAK polygon  socb 2

BLAK polygon  soch 3

BLAK polygon  sochb 4

BLAK polygon  soch 5

BLAK polygon  socb 6

BLAK polygon  socb 7

BLAK polygon  sochb 8

BLAK polygon  socb 9

BLAK polygon  soch 10
BLAK polygon  socb 11

)

GRAY =: 0.7 0.7 0.7

GRAX =1 0.8 0.8 0.8

GRAZ =1 0.9 0.9 0.9
draw_soccer6 =: verb define

MXYZ6 =. (ME, MD) midvtx2 L:0 XYZ6
GRAY polygon 6 3%, >0{MXYZ6
GRAX polygon 6 3%, >1{MXYZ6
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GRAY polygon 6 3%, >2 {MXYZ6
GRAX polygon 6 3%, >3 {MXYZ6
GRAZ polygon 6 3%, >4 {MXYZ6
GRAX polygon 6 3%, >5{MXYZ6
GRAY polygon 6 3%, >6 {MXYZ6
GRAZ polygon 6 3%, >7{MXYZ6
GRAY polygon 6 3%, >8 {MXYZ6
GRAZ polygon 6 3%, >9 {MXYZ6
GRAY polygon 6 3%, >10{MXYZ6
GRAZ polygon 6 3%, >11{MXYZ6
GRAY polygon 6 3%, >12{MXYZ6
GRAZ polygon 6 3$, >13{MXYZ6
GRAY polygon 6 3%, >14{MXYZ6
GRAZ polygon 6 3%, >15{MXYZ6
GRAY polygon 6 3%, >16{MXYZ6
GRAZ polygon 6 3%, >17{MXYZ6
GRAY polygon 6 3%, >18{MXYZ6
GRAZ polygon 6 3%, >19{MXYZ6
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