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2.2.4 Picture Language (BRI BR)

1. Square-limit

2. Square limit variation, TIEAOMREE
3. Space Padding Functions

4. Fractal (Self-Similarity)

i. Hilbert curve

2. Koch snowflake SH(T

3. Sierpinski's Gasket DiETY
4. Peano curve

5. Circle limit

12A218 PREBRERE

BR: tustk2 OFAHIETS—
. JAKLD TIXE&ZHYERA.

I5—Hyt—U
> (load "zorro.scm)
Loading zorro.scm. ..
Error: Compile error.
] is not a pair.
To print debugger commands, type :H.
Debug[1]>

« cygwinE®DTUS: BATH nl (\n) THLEWLITFEL
— od THTH "cr nl" N nI"FEHFIEFIVY.
od -a 27AJL | more
- tcr nl” BBIE, “nl” 2%
tr \r ‘< IEAIL > FHLWLWIFAILE
xR

[ EBER Picture language i3

B m=msEE Picture languagetis

HfESETOFEER
1. ERREOHFREDES

2. REFICEFERET, 757481, ZERFEEEH?
fERTESRDBRE

& EMEBOML (JAKLKD-READMEjp.bet)

% java —Xss1m —jar d:/java/scheme/jakid.tar HBHLE
% rlwrap java —-Xss1m —jar d:/java/scheme/jakld.tar (a<>ri78&Es%=)
> (load “init.Isp”)
CC T, (start-picture) & show DES, frm1, frm2, frm3 FDRE.
> (define orida (image-> painter “orida-sensei.qgif”))
> (orida frm1)  ; REIL—LRAF Y/ R frm1 THE
> (clear-picture) ; HLV=#ZEBKICRT
> (orida frm2)  ; BAEFYI/AR frm2 THIE
> (clear-picture)
> (load “wave.lsp”) ; wave DEHEEZHAAD
> (wave frm1) ; AeEE
> ((square-limit wave 4) frm1) ; square-limit ZH4E
> (save-picture “wave.jpg”) ; $cZFjpeg77MIL~NH A




& init.Isp for JAKLD

;55 sample init file for JAKLD Picture Language

(start-picture)

;; Standard frame

(define frml (make-frame (make-vect 0.0
(make-vect 1.0
(make-vect 0.0

I—‘OO
OOO

-0)

-0)

-0))

;: Shearing frame

(define frm2 (make-frame (make-vect 0.0 0.0)
(make-vect 0.66 0.33)
(make-vect 0.33 0.66)))

;; Compress to left

(define frm3 (make-frame (make-vect 0.0 0.0)
(make-vect 0.5 0.0)
(make-vect 0.0 1.0)))

;; Compress to bottom

(define frm4 (make-frame (make-vect 0.0 0.0)
(make-vect 1.0 0.0)
(make-vect 0.0 0.5)))

Z BEREEROfEL2 (README]p.txt)

> (set-color <color>)
> (set-bg-color <color>)
<color>::=black | blue | cyan | dark-gray | gray | green |
light-gray | magenta | orange | pink | red | white | yellow |
#xrrgghb
> (clear-picture) ; Vs> FoDOBAMKIE
> (show-picture) ;1R DEHRE
> (hide-picture) ;I UFOEET
> (save-picture <file>) ; HiEEShT=#cZETI7/ILICH A
<file>::=*.bmp | *.jpeg | *.jpg | *.png
> (point->painter <x> <y>) ; ESRIL(xy)I<AEHE
> (procedure->painter <function> [<arg>]) ; E/tILERE

picture.Isp 4> sample.lsp [ZZ2#DE R HY.

7 EREREOMR (README]p.bt)

> (point->painter <x> <y>) ; E&wIL(xY)ICAEHE

> (procedure->painter <function> [<arg>]) ; EStILEZRE
> (vertexes->painter <vertex-list> <fill?>)

> (segments->painter <segments-list>)

> (image->painter <image-file>)

> (draw-line <absolute-start-point> <absolute-end-vertex>)
> (draw-polygon <absolute-vertex-list> <fill?>)

picture.Isp 4> sample.lsp (T2 DE R HY.
TATSLVTTCIIADOI—FERD L.

1. &£%EE, XEZEYT, REELS, ...

2. Copy&paste TIEAzL NI &I25EE (B3 plagiarism(EFF])

Procedure->painter in JAKLD

(define (circle z)

(let ((r (+ (expt (- (car z) 0.5) 2) ////
(expt (- (cdr z) 0.5) 2) )))

(if (and (>= r 0.245) (< r 0.250))

#x000000 ; black
#XFEFEFF ) ))  ; white

((procedure->painter circle) frml)

-

¢ BEBEREOMEL (README.tustk)

% tustk

> (load ‘/usr/local/lib/tustk/demos/picl)

> (load '/usr/local/lib/tustk/demos/picl-test)

> (make-canvas frm1) ; BEIL—LAXY I ZADER
> ((square-limit wave 2) frm1)

> (tk:update) ; EF %ﬁ'ﬂ"ﬁ Shizhof=iga+»
BB ADEGEE(CRT

> (clear) : ?&L\T:ﬁéiﬁ?'

> ((square-limit wave 4) frm1)

> (clear)

> ((squash-inwards wave) frm1)

> (forget-canvas) ; BEOX v N\ REHIBR

> (make-canvas frm2) ;AL —LRF YU NADER
> ((square-limit wave 4) frm2)

> (output-canvas 'wave.ps) : ¥&%PostScriptZ7A/ILAHA

K ERROME (README. tustk)

« *bg-color* ; EREOER

« *line-color* ; HEROTEER

« (set! *bg-color* <£>) ; BORTEEEE

. <£&>; B4 ( blue, "red”, ...), RGBHE ("#RRGGBB™)
« E(& painter TES

- R (make-vect <x-coordinate> <y-coordinate>)
- R (J AUR) (make-segment <from-point> <to-point>)
— fRE (segments->painter <list-of-seguments>)

EAM (RYTY) (vects->painter <list-of-points>)
(vects->painter <list-of-points> <smooth-or-not>
<degree-of-smoothing> <filling-color> )
— (pgm-file->painter <file-name>) ; GIF/PPM/PGM
(define sicp (pgm-Ffile->painter
"/usr/local/lib/tustk/demos/sicp.ppm™))
((square-limit sicp 4) frml)




m wave DEH

BERLHEHTIL

(define wave
(segments->painter
(list (make-segment (make-vect O.
make-segment (make-vect 0.

D))

(make-segment
(make-segment
(make-segment
(make-segment
(make-segment
(make-segment
(make-segment
(make-segment
(make-segment
(make-segment
(make-segment
(make-segment
(make-segment

(make-vect 0.00
(make-vect 0.20
(make-vect 0.30
(make-vect 0.40
(make-vect 0.35
(make-vect 0.60
(make-vect 0.65
(make-vect 0.60
(make-vect 0.70
(make-vect 1.00
(make-vect 0.65
(make-vect 0.60
(make-vect 0.50

N/

5 0.
5 0.

000000000000

(make-vect O.
(make-vect 0.

) (make-vect O.
make-vect 0.

(make-vect 0.
(make-vect 0.
(make-vect 0.
(make-vect 0.
(make-vect 0.
(make-vect 0.
(make-vect 1.
(make-vect 0.
(make-vect 0.
(make-vect 0.
(make-vect 0.

3
3

20 0.55))
30 0.60))
40 0.60))
35 0.80))
40 1.00))
65 0.80))
60 0.60))
70 0.60))
00 0.40))
65 0.50))
75 0.00))
50 0.20))
40 0.00))

5 0.50))
0 0.55

B filled-wave 0%
JAKLD

(define filled-wave

(vertexes->painter
(list (make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect

#t )

[eNeR _NeoloNeoloNoNoNoNe]

ONONODABPNOWN
oQuuoouUooocoou

0.0
0.2

0) (make-vect 0.35

5) (make-vect 0.20

0) (make-vect 0.00

5) (make-vect 0.30

0) (make-vect 0.35

0) (make-vect 0.60

0) (make-vect 0.60

0) (make-vect 1.00

0) (make-vect 0.65 0.50)
0) (make-vect 0.60 0.00)
0) (make-vect 0.40 0.00) )

REDBWT, RUITUEERL, BEES.

Tustk

(define red-wave
(vects->painter
(list (make-vect

(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect

“red ))

filled-wave OER

.25

.00
.20
.40

.65
.70
.00

OORrROO0OO0OO0O0O0OO
IN
IS

.50

.00)
.55)
.60)
.55)
.60)
.00)
.80)
.60)
.20)
.00)
.20)

OO0OO0O0OO0ORrROO0OO0OO

(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect
(make-vect

.35

OO0OO0OFrROO0OO0OO0OO0O0OO0O

.00
.30
.35

.60
.00
.65

.40

0.50)
0.45)
0.80)
0.60)
0.80)
1.00)
0.60)
0.40)
0.50)
0.00)
0.00) )

REDIEWLT, RUTJUZEERL, BEE5.

#F 0

B letterlambda DE#

(define letterlambda
(segments->painter
(list

(make-segment (make-vect
(make-segment (make-vect
(make-segment (make-vect

(make-segment (make-vect

(make-segment (make-vect .
(make-segment (make-vect .
(make-segment (make-vect .
(make-segment (make-vect .
(make-segment (make-vect .

D))

.4
.2
.2
(make-segment (make-vect .2
(make-segment (make-vect .3
(make-segment (make-vect .5
(make-segment (make-vect .7
(make-segment (make-vect .8
.8
7
4
3
3
3

5 .6) (make-vect .25 .2))

5 .2) (make-vect .2 .2))
.2) (make-vect .

2
.1) (make-vect .3 .1))
.1) (make-vect .5 .5))
.5) (make-vect .7 .1))
.1) (make-vect .8 .1))
.1) (make-vect .8 .2))
.2) (make-vect .75 .2))
5 .2) (make-vect .4 .9))
.9) (make-vect .3 .9))

-9) (make-vect .3 .8
.8) (make-vect .
5 .8) (make-vect .45 .6))

[ filled-letterlambda D%k

JAKLD

(define filled-letterlambda
(vertexes->painter
(list

#t

make-vect .45
make-vect .25
make-vect .20
make-vect .20
make-vect .30
make-vect .50
make-vect .70
make-vect .80
make-vect .80
make-vect .75
make-vect .40
make-vect .30
make-vect .30
make-vect .35

)))

.60
.20
.20
-10
.10
-50
-10

10

make-vect
make-vect
make-vect
make-vect
make-vect
make-vect
make-vect
make-vect
make-vect
make-vect
make-vect
make-vect
make-vect
make-vect

B filled-letterlambda M5E#k

Tustk

(define red-letterlambda

(vects->painter

(list
make-vect .45 .60
make-vect .25 .20
make-vect .20 .20
make-vect .20 .10
make-vect .30 .10
make-vect .50 .50
make-vect .70 .10
make-vect .80 .10
make-vect .80 .20
make-vect .75 .20
make-vect .40 .90
make-vect .30 .90
make-vect .30 .80
make-vect .35 .80

#F 0 “red ))

mal
mal
ma
mal
ma
mal
mal
ma
mal
mal
ma
mal
ma
mal

ke-vect
ke-vect
ke-vect
ke-vect
ke-vect
ke-vect
ke-vect
ke-vect
ke-vect
ke-vect
ke-vect
ke-vect
ke-vect

ke-vect

.25 .20
120 120
120 110
130 110
150 .50
170 110
180 .10
180 .20
175 120
140 190
130 .90
130 .80
135 80
145 160) )




12A78-ABDOAZ1—
1. 2.2.4 Picture Language (EI7 E58)
1. Square-limit =

2. MEFRECLIER
3. RMBHETHRE
2. Square limit variation
fED: MERX—TEAME R, WebICH.

3. Space Padding Functions

14 square-limit n

hbi
square-limit

155,

ElFLAR)L2

4. Fractal (Self-Similarity) F7, PR
5. Circle limit
B flipped-pair (HE2EER)
(define wave2 wave2 Shhvid
(beside wave (flip-vert wave)) ) square-limit
(define wave4 (below wave2 wave2)) (L
(define (flipped-pairs painter)
(let ((painter2 ElxL~)L2
(beside painter
(flip-vert painter) )))
(below painter2 painter2)))
N RiE,

- 4
(define wave4 wave

(flipped-pairs wave))

C right-split n

(define (right-split painter n)
(if (=n0)
painter
(let ((smaller
(right-split painter (- n 1))) )
(beside painter
(below smaller smaller) ))))

right-split
P I 5 5 3 0 F =
. . (below bottom top)
identity (beside left right)
right-split

n-1




B square-limit n [ corner-split n

SRS (d?fin? (cog;er—split painter n)
- i =n
square-limit painter
%63 (let ((up (up-split painter (- n 1)))
: (right (right-split painter (- n 1))) )
(let ((top-left (beside up up))
(bottom-right (below right right))
S (corner (corner-split painter (- n 1))) )
ZE(:I:I/\)I/Z (beside (below painter top-left)

(below bottom-right corner) )))))

up- | up- | corner-

split | split | split
n-1|n-1 - e

SEL A n-1 REBDOFHE

right-split (below bottom top)
identi n-1 (beside left right)
Identity right-split
n-1

B square-limit n

hbs
square-limit

Z1E5.

ElFLR)L2

““““I"“I"“1"“1!"“1"’-;

RE&X, £

PEPVIPVIPPIPIPIPIL

& Ex.2.44 up-split

(define (up-split painter n)

B square-limit n

(define (square-limit painter n)

(if (=n0) (let ((quarter i )
painter (corner-split painter n)) )
(let ((smaller (let ((half (beside
(up-split painter (- n 1))) ) (flip-horiz quarter)
(below painter quarter )))

(beside smaller smaller) ))))

(below (flip-vert half)
half)))) —

up-split | up-split
1 1 REBDF M=

(below bottom top)

(beside left right)

-
identity \ .




E square-limit n
-t e & 1 “hT
*“* square-limit

ASSERL.

4 splitBEEMBIE
(define right-split (split beside below))
(define up-split (split below beside))

(define (split opl op2)
(opl half (op2 quarter quarter)) ))

v ZaV/
right-split up-split | up-split
n-1 n-1 n-1
identity
right-split identity
n-1
square-limit n O®WE 12A78 -FZHOA=1—
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2.2.4 Picture Language (B R I&)

1. Square-limit

2. Square limit variation, F1EOfERR
3. Space Padding Functions

4. Fractal (Self-Similarity)

1. Hilbert curve

2. Koch snowflake S HIEWERE
3. Slerpinski’s Gasket DELEATY .
4. Peano curve

5. Circle limit

B Square Limit #&Dii& 1t

(define (square-of-four tl tr bl br)
(lambda (painter)
(let ((top (beside (tl painter)
(tr painter)) )
(bottom (beside (bl painter)

(br painter) )))
(below bottom top) )))

tl tr
RERDFHE
(below bottom top)
bl i (beside left right)

B flipped-pairs®3I 05

(define (flipped-pairs painter)
(let ((combine4
(square-of-four
identity flip-vert
identity flip-vert )))
(combine4 painter) ))

ident | Tlip-
87| et REBDFHE

(below bottom top)
ident | Tlip- (beside left right)
ity | vert




B square-limit O%I0%E#H
(define (square-limit painter n)
(let ((combine4
(square-of-four
flip-horiz identity
rotatel80 flip-vert )))
(combine4
(corner-split painter n)) ))

flip- | ident
horiz | ity
2
\ _
rotat | flip-
el80 | vert

& TRON @A—A ASAS on Lisp

Craig W. Reynolds (I1l): Computer animation with scripts and actors, Computer
Graphics, V.16, No.3, pp.289-296.

(defop arch-fractalizer
(param: arch-element top-color bot-color levels
fractal-ratio height width leg-width)
(local: (total-levels levels)
(offset-dist (half (dif width leg-width)))
(sub-tower-offset-1 (vector offset-dist 0 0))
(sub-tower-offset-2 (mirror x-axis
sub-tower-offset-1)))
(arch-tower levels))

(defop arch-tower
(paran: levels)
(if (zerop levels)
(then nothing)
(else (add-arch-level (arch-tower
(dif levels 1))))))
(defop add-arch-level
(param: sub-tower)
(grasp sub-tower
(scale factal-ratio)
(move (vector 0 height 0))
(rotate 0.25 y-axis))
(grasp arch-element
(recolor (interp (quo levels total-levels)
bot-color top-color)))
(subworld (group arch-element
(move subtower-offset-1 sub-tower)
(move subtower-offset-2 sub-tower)))))

#5 TRON Disney MH (1982, 2010)

m A masterpiece of breakthrough CGl ingenuity, Disney celebrates the
20th anniversary of TRON, a dazzling film at the flashpoint of a
continuing revolution in its genre. This special collector's edition
showcases an epic adventure inside a brave new world where the
action is measured in microseconds.

= When Flynn (Jeff Bridges) hacks the mainframe of his ex-employer
to prove his work was stolen by another executive, he finds himself on
a much bigger adventure. Beamed inside by a power-hungry master
control program, he joins computer gladiators on a deadly game grid,
complete with high-velocity "light cycles" and Tron (Bruce Boxleitner),
a specialized security program. Together, they fight the ultimate battle
with the MCP to decide the fate of both the electronic world and the
real world!

= Tron Legacy (Dec. 18t 2010)

12A22H-FBDAZ1—

2.2.4 Picture Language (B4 R I&)
1. Square-limit
2. Square limit variation, fIEOMRE
3. Space Padding Functions
4. Fractal (Self-Similarity)

1. Hilbert curve

2. [Koch snowflake

3. Sierpinski’s Gasket

4. Peano curve
5. Circle limit

B Frame coordinate map
/’/“\ (011)

__(_(Xy)
-Efﬁ imagetF |
ﬂa“\e ) ;

0.0y (1,0)

frame edge,

vector frame edge, vector

frame origin vector
(0,0) point on display screen

1. coordinate: unit squarelZ{E R

2. framelZB{&

Origin (Frame) + x - Edge , (Frame) + y - Edge , (Frame)

E Frames

(define (frame-coord-map frame)
(lambda (Vv)
(add-vect
(origin-frame frame)

(add-vect (scale-vect (xcor-vect v)

(edgel-frame frame) )

(scale-vect (ycor-vect V)

(edge2-frame frame) )

))))

((frame-coord-map a-frame)
(make-vect 0 0) )

DRYfE: (origin-frame a-frame)




E Frames

(define (make-frame origin edgel edge2)
(list origin edgel edge2) )

(define (make-frame origin edgel edge2)
(cons origin (cons edgel edge2)) )

EFRELICHT HBRFEEIT.

E Painters

(define (segments->painter segment-list)
(lambda (frame)
(for-each
(lambda (segment)
(draw-line
((frame-coord-map frame)
(start-segment segment) )
((frame-coord-map frame)
(end-segment segment) )))
segment-list )))

(foreach <procedure> <list-of-items>)

m Transforming and combining painters

(define (transform-painter painter
origin cornerl corner2)
(lambda (frame)
(let ((m (frame-coord-map frame)))
(let ((new-origin (m origin)))
(painter
(make-frame new-origin

(sub-vect (m cornerl)

new-origin)

(sub-vect (m corner2)

new-origin)))))))

m Transforming and combining painters

(define (Flip-vert painter)
(transform-painter
painter
(make-vect 0.0 1.0) ; new origin
(make-vect 1.0 1.0) ; new end of edge,
(make-vect 0.0 0.0))) ; newend of edge,
(© 1) . © 1 >(1 1)

m Transforming and combining painters

(define (shrink-to-upper-right painter)
(transform-painter
painter
(make-vect 0.5 0.5)
(make-vect 1.0 0.5)
(make-vect 0.5 1.0)
© 1

e

(0.5 0.5)

(1.0 0.5)

© 0) T ‘

e e e — e e gy

E painters

(define (rotate90 painter)

(transform-painter

painter
(make-vect 1.0 0.0
(make-vect 1.0 1.0
(make-vect 0.0 0.0

o\

© 0




m Transforming and combining painters

(define (squash-inwards painter)
(transform-painter
painter
(make-vect 0.0 0.0)
(make-vect 0.65 0.35)
(make-vect 0.35 0.65)))

R RPN
(define frm2
(make-frame
(make-vect 0 0)
(make-vect 1.0 0)

©1 (make-vect 0.5 0.5) ))

© D t
(.35 .65) © 0.5)
(-65 .35)
© 0) (0 1) © 0) / 0ol > © 0 5(1 0
m fr‘ansfor‘m-pain‘rer‘ (FEWH) GiflclH 7, animated GIF{ERE
(define (half-vert painter)
(transform-painter (transforn-painter
painter painter
(make-vect 0.0 0.0) « 0.0 1.0
(make-vect 1.0 0.0) « 1.0 1.0)
(make-vect 0.0 0.5)) ) (ake-vact 0.0 .05 )
(define (half-horiz painter) (define (shrink-to-upper-right painter)
(transform-painter (transform-painter
painter painter
(make-vect 0.0 0.0) (make-vect 0.5 0.5)
(make-vect 0.5 0.0) (make-vect 1.0 0.5)
(make-vect 0.0 1.0)) ) (make-vect 0.5 1.0)) )
(define (rotate90 painter)
(transform-painter painter (make-vect 1.0 0.0)
(make-vect 1.0 1.0)
(make-vect 0.0 0.0) ))
o
B beside m Ex.2.51 below
(define (beside painterl painter2) (define (below painterl painter2)
(let ((split-point (make-vect 0.5 0.0))) (let ((split-point (make-vect 0.0 0.5)))
(let ((paint-left (let ((paint-lower
(transform-painter (transform-painter
painterl . painterl
(make-vect 0.0 0.0) left | right
split-point
(make-vect 0.0 1.0) ))
(paint-right i b)) upper
(transform-painter (paint-upper .
painter2 (transform-painter split- lower
split-point split-point painter2 point
(make-vect 1.0 0.0)
(make-vect 0.5 1.0) )))
(lambda (frame) ))

(paint-left frame)
(paint-right frame) ))))

(lambda (frame)
(paint-lower frame)

(paint-upper frame) ))))




above m:n C4#%#l

(define (above painterl painter2 . a)

(let* ((m (if (null? a) 1 (car a)))
(n (if (or (null? a) (null? (cdr a)))
1 (cadr a)))
(r ¢/ n (+ mn)))

upper

(split-point (make-vect 0.0 r)) ) split-
(let ((paint-lower pomt

lower

(transform-painter painter2
(make-vect 0.0 0.0)
(make-vect 1.0 0.0)
split-point) )
(paint-upper
(transform-painter painterl
split-point
(make-vect 1.0 r)
(make-vect 0.0 1.0) )))
(lambda (frame)
(paint-lower frame)
(paint-upper frame) ))))

B stratified Design (mmmt)
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—Square-limit
—below, beside

- transform-painter
—draw-line
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2.2.4 Picture Language (B4 R I&)

1. Square-limit

2. Square limit variation, fIE OB
3. Space Padding Functions

4. Fractal (Self-Similarity)

1. Hilbert curve

2. Koch snowflake 45 BI3inEs
3. Sierpinski’s Gasket

4. Peano curve

5. Circle limit

& Escher's square-limit

wFIE : BMER . [HRLE],
Vol.46, No.10 (2005) 1163-1171

mhttp://www.ecs.soton.ac.uk/ ph/pa
pers/funcgeo2.pdf
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2.2.4 Picture Language (B4 R I&)

1. Square-limit

2. Square limit variation, FIEDOMREE
3. Space Padding Functions

4. Fractal (Self-Similarity)

1. Hilbert curve

2. Koch snowflake S HIEWERE
3. Slerpinski’s Gasket DEREATY .
4. Peano curve

5. Circle limit

# Hilbert curve OERLH ik

(hilbert 5)




% Hilbert curve OHERE %

4 DODEXM

1. EXFA: D=>A=A=B
2. £X¥B: C=B=B=A
3. EARWC: B=2C=2C=D
4, EEAHD: A=D=D=C

HEApa  HEEAEBB  HEmc EFXWD
A B__ c D
3/ oHERB SEERC TTEmwU

“5 Hilbert curve DE#H#=

1. HEEXBITHLT, LRLOLLIBEZR-ODTERDY)
AERDSB.

2. RBINIE, NEREBRBICFEUHL, ERERDS.
3. [JAKLDIRF-F-TERURMS Hhifz:
vertexes->painter ZHERALTHER.

4. [Tustk]3RFE-SFTERY AR D Bsegment 3R
vectors->segment &

segments->painter&E->TERT 5.
(vectors->segment <list of vectors>)

(segments->painter <list of segments>)

# Hilbert curve DEHE

(define (hilbert-a p0 g0 pl gl i)
(let ((xs (/ (+ (* 3.0 p0O) p1) 4.0))
(ys (/ (+ (* 3.0 q0) q1) 4.0))
(xm (/ (+ po p1) 2.0))
m (/ (+ q0 ql) 2.0))
&I (/ (+ p0 (* 3.0 p1)) 4.0))
1 (/ (+ 90 (* 3.0 q1)) 4.0)) )
(f (=i 0)
(list (make-vect pl gl) (make-vect xs ql)
(make-vect xs ys) (make-vect xl ys) )
(append (hilbert-d xm ym pl g1 (- i 1))
(hilbert-a p0 ym xm q1 (- i 1))
(hilbert-a p0 g0 xm ym (- i 1))
(hilbert-b xm q0 p1 ym (- i 1)) ))))

(define (hilbert n)
(segments->painter
(vectors->segments (hilbert-a 0.0 0.0 1.0 1.0 n))) )

(koch 5)

£ Koch snowflake DR %
#HOHR

Lnsi,.,
P R mﬁmm mﬁmﬂ

Koch snowflake DF %

1. EEHIHLT, LAILOES, SABOEAYRFERD
3.

2. SHRTIIE, HEREFRMICEVTHEL, ERZRDS.
3. [JAKLD)RFE-ETEEYRMDS HiiEZE  vertexes-
>painter ZHEALTHER. [Tustk]sRE-FTERURL

Mibsegment #3R& vectors->segment &

segments->painterZE->THERT 3.
(vectors->segment <list of vectors>)
(segments->painter <list of segments>)




Koch snowflake ()

(define (koch-line pO g0 pl gl r i)
(af (=i 0)
(list (make-vect p0 q0) (make-vect pl qgl))
(let* ((r1 (/ r 3.0))

(x3 (/ (- pl pO) 3.0))
3 (/ (- q1 q0) 3.0))
xs (/ (+ (* 2.0 p0) pl) 3.0))

(ys (/ (+ (* 2.0 q0) q1) 3.0)) I W

1 (/ (+ p0 (* 2.0 p1)) 3.0))
Gl (/7 (+ q0 (* 2.0 q1)) 3.0))
m (+ (* 0.5 x3) (* 0.866 y3) xs))
(ym (+ (* 0.5 y3) (* -0.866 x3) ys)) )
(append (koch-line p0 q0 xs ys r1 (- i 1))
(koch-line xs ys xm ym r1 (- i 1))
(koch-line xm ym xl yl r1 (- i 1))
(koch-line x1 yl pl1 g1 r1 (- i 1))
D))

Koch snowflake DFE & (#§)

(define (koch n)
(let* ((h (/ 0.75 0.86))
0 (#/ (- 1.0 h) 2))
(p1 (- 1.0 p0)) )

(segments->painter

(vectors->segments
(append
(koch-line p0O 0.25 pl 0.25 1 n)
(koch-line pl1 0.25 0.5 1.0 1 n)
(koch-line 0.5 1.0 p0O 0.25 1 n)

M)
let* (& let &ELY, EHUEXZIEZE ST

8 2%Koch curve DFEH{E

(define (koch-fill n . args)
(let* ((h (/ 0.75 0.86))
(PO (/ (- 1.0 h) 2))
(Pl (- 1.0 p0))
(color (if (null? args) "red (car args))) )
(vects->painter

(append (koch-line p0 0.25 pl1 0.25 1 n)
(koch-line pl1 0.25 0.5 1.0 1 n)
(koch-line 0.5 1.0 p0 0.25 1 n))

#F 0 color )))

(define (fun-koch x)
((koch-Fill 5 "pink) x)
((koch-Fill 4 “while) x)
((koch-Ffill 3 “yellow) x)

((koch-fill 2 “green) x)

((koch-Fill 1 "pink) x)

((koch-Ffill 0 "red) x)

Sierpinski's 6asket o#mx

(sierpiski 6)

Sierpinski's Gasket DF#HE

(define (gasket pO g0 pl gl i)
(let* ((xm (/ (+ p0 p1) 2.0))
(m (+ ¢* (- pl p0) 0.866) q0))
(xs (/ (+ (* 3.0 p0) pl) 4.0))
I (/ (+ (* 3.0 p1) p0) 4.0))
(s (+ (* (- pl p0) 0.433) q0)) )
(f (=10)
(list (make-vect p0 q0) (make-vect pl ql)
(make-vect (/ (+ pO pl) 2.0) ym)
(make-vect p0 g0) )
(append (gasket p0 g0 xm g0 (- i 1))
(gasket xm q0 pl g0 (- i 1))
(list (make-vect p0 g0))
(gasket xs ys x1 ys (- i 1))

(list (make-vect p0 g0) )))))

(define (sierpenski n)
(segments->painter
(vectors->segments (gasket 0.0 0.0 1.0 0.0 n)) ))

8 D&Sierpinski's Gasket

(define (gasket-fill pO qO pl gl i color)
(let* ((xm (/ (+ p0O pl) 2.0))
(ym (+ (* (- pl po) 0.866) q0))
(xs (/ (+ (* 3.0 p0) pl) 4.0))
(xI (/ (+ (* 3.0 p1) po) 4.0))
(s (+ (* (- pl p0) 0.433) q0)) )
(f (=i 0)
(list (vects->painter
(list (make-vect pO q0)
(make-vect pl ql)
(make-vect xm ym) )
#f 0 color))
(append (gasket-fill p0 g0 xm g0 (- i 1) color)
(gasket-fill xm q0 pl1 q0 (- i 1) color)
(gasket-fill xs ys xI ys (- i 1) color) ))))

(define (sierpenski-fill n . args)
(let ((color (if (null? args) "red (car args))))
(do ((i (gasket-fill 0.0 0.0 1.0 0.0 n color) (cdr i)))
((ul1? i))
(G frml) )))




(peano 6)

¥ Peano Curve DFKE

(define (peano-a p0 g0 pl ql i)
(append (peano-a-1 p0 g0 pl ql i)
(peano-a-2 p0 g0 pl gl i) ))

(define (peano-a-1 p0 0 pl gl i)
(let ((xs (/ (+ (* 3.0 p0) pl) 4.0)) (ys (/ (+ (* 3.0 q0) ql) 4.0))
Om (4 (+ p0 pl) 2.0)) (ym (/ (+ g0 q1) 2.0))
ar EX[(/)(+ pO (* 3.0 p1)) 4.0)) (I (/ (+ qo (* 3.0 q1)) 4.0) )
i =1 [Pt

(list (make-vect xm yl) (make-vect xs ym))

(append (peano-a-1 xm ym pl gl (- i 1)) S
(peano-d-1 pO ym xm q1 (- i 1))
(peano-d-2 p0 ym xm q1 (- i 1)) | ‘
(peano-a-1 p0 g0 xm ym (- i 1)) ))))

(define (peano-a-2 p0 g0 pl ql i)
(let ((xs (/ (+ (* 3.0 p0) p1) 4.0)) (ys (/ (+ (* 3.0 q0) ql) 4.0))
O (/ ¢+ p0 pl) 2.0)) (ym (/ (+ 90 1) 2.0))
I (/ (+ p0 (* 3.0 p1)) 4.0)) (v} (/ (+ g0 (* 3.0 g1)) 4.0)) )
Gf =10
(list (make-vect xm ys) (make-vect xI ym))
(append (peano-a-2 p0 g0 xm ym (- i 1))
(peano-b-1 xm g0 pl ym (- i 1))
(peano-b-2 xm g0 pl ym (- i 1))
(peano-a-2 xm ym pl q1 (- i 1)) NN

B ERICERBERA

2
z,,=2,+C

0 =C

#mﬁtémc:mw
Mandelbrot Set

procedure->painer {#f

http://mathworld.wolfram.com/M
andelbrotSet.html

B EE:1R118E56Y

1. square-limit Z5ERMSHE 5.
2. letterlambdaf %1€k
3. square-limit IZEA.

4. [FEE] square-limit-n (m:nlZ5HEl)
Program(ZDFEFENKL D) EH O D#E
sicp-9@zeus . kuis.kyoto-u.ac. jp

DON'T PANIC!

BN TRTFIvILET. BAGL, FEE
RIGHIZIE, TESETHEBL TV ZEET.

SBRE2: 2R 128 EF#Y

;‘1. painter# 1 FE¥E{ERL. -. _.
2. Th%square-limitEIZEA. We Can Do !
3. EREFEIHMRE 1R IER.

(Hilbert curve, Peano curve, ...)
4. 23953\ Ee—EHEER.
(Koch Showflake, Sierpinsky's Gaskef, ...)
LR—MEIAIL, HBLE, ETRE.
TS LIEA LT sicp-14@zeus. kuis.kyoto-u.ac. jp
Bl http://winnie kuis.kyoto-u.ac.jp/
BATLLT=17BICIE, BHETHL.
1FAERLTATS L ER (EETRE) THERL.

DONT FANIC!

%5 JAKLDOR (MIDIM »571—2

% java —-Xss1m —jar d:/java/scheme/jakld-sound.tar HBHLE

% rlwrap java -Xss1m —jar d:/java/scheme/jakld-sound.tar ({@seistse)

> (load “summer.lsp”)

> (load “theEntertainer.Isp”)

?=a7)UIZ, hitp://winnie.kuis.kyoto-u.ac.jp/
~okuno/Lecture/09/IntroAlgDs/index.html

- FEEERES-1: ERESENT7FIOP—LLT, %EEEEE/ZTAE—HEW

- [EEERES-2: MM EE (Sheperd Tone) ZERL

i1

2 >
&




(de zer))
define seqr (get-sequencer))
set-receiver seqr synth)

define trk0 (create-tracl ; track 0 (high part)
define trkl (create-track seq)) ; track 1 (right

detine sen (sequence 364
hand)
: track 2 (left hand (bass))

define trk2 (create-track seq

rarar:
05 q110d0g8 r8"8~16 rs"

5 :Melody

5 E70967r2 T4"16 codsecden16<b>d804"S"

(set-mml trkl
“'C1@0116k60t75™

;;Intro

"05 dec<a”16bg8 >dec<a"16bg8 dec<a”l6baa-g8r8"
*>q110g0b8 rg”g"16"

: ;MeTody
#7004 dd+e>cB<e>CB<e>ChANLE”
§05 c0e dOF G+0F+e0g cOe dOF e0gNI6 <b0>d dOfB coed3"”

t-mml trk2

200116k60t75"

ntro

4 12 dec<a16bg8 dec<a™16baa-g8ra"
110 g0<g8 ra"8 16"

elod
700318 gob <c >e0g0>c <<go>g §Ob-07c <<r- a0sc”
<<e0>e gO>c <<g >e0g0>C <<g >fOgOb c e0g0>c <<c0>e0g0c8. ."

(set-sequence seqr seq)
start-sequencer seqr) ; run the sequencer

gclosefde ce seqr)

B EROFER

+ Gallery 2188

« http://winnie.kuis.kyoto-u.ac.jp/
MrolEBERERRIZY )V

- HEVHDORFEEFTEHOETHLLET

DONT PANIC!

R —

KOFLVELT? (HISRBEDIERN)

4 TEEE D
8 of
p— & @i
= ey
S 8%
B EE &)

—=k=

AT AT
P
iy
L]
i

PTARAANARRRRLATG
EENXNRXTICICI

ZEJT b
ZnJLTCER
aEyAL 10 E
BEALALALICICIC S
ALEAAAABLILLLRLL L

|OF VDT ? (HI7RBEDERSE)

]

SIEITE LI LS.

e, MEEE3: 371585 R5REY
Y

~incle-limit £ &,

FOYSLIEAILT okunoCey
u.ac.jp




{__? Escher's Square-Limit(1)

H.G. Okuno M.C. Escher

N

k‘%&@

Y.Y. Huang M.C. Escher

Gl

5 WA BOCircle-limit

o3
s

(5 EscherCircle-limit IV (1960)
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