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2.2.4 Picture Language (RS ER)
1. Square-limit
2. Square limit variation, F1EHORL
3. Space Padding Functions
4. Fractal (Self-Similarity)
1. Hilbert curve
2. Koch snowflake

RN BE if mod FEES DTN, 3) = 0 A R
L X# if mod FEES DT, 3) = 1 3. Sierpinski's 6asket < H ‘E" H\ﬂ%: !
“; fEIF if mod(ﬁ*—%ﬁ%U)TSﬁ, 3) = 2 4. Peano curve 0)- ﬂ \-g_
NoStudent .4 5. Circle limit
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A5 HR: tustk2 ORAHMIS— D tostmtont [ EMEE Picture language &id @B Nostudent &

- JAKLD TIXEZRHYFEEA.

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

« cygwinEDTUS: HITH nl (¥n) TELELMFEL
— od THTHA "cr nlI" M nI"FElIIMhEFIVy.
od -a 274 )L | more
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BB Picture languagetid

Ei @B THFERE
1. IBEEORMRILDER

NnStudent 2
Left Behind =

A= £

E#EEOHL (JAKLKD-READMEjp.tet) ~ @Nstent

% java —Xss1m —jar d:/java/scheme/jakid.tar HHNE
% rlwrap java —Xss1m —jar d:/java/scheme/jakld.tar (o< F{T#REER)
> (load “init.Isp”)
CC T, (start-picture) & show D ERE, frm1, frm2, frm3 FDERE.
> (define orida (image-> painter “orida-sensei.gif”))
> (orida frm1) ;EEIL—LAF v/ X frm1 THE
> (clear-picture) ; HEUL\-IcEBRICRET
> (orida frm2)  ; BATEF v/ X frm2 THE
> (clear-picture)
> (load “wave.lsp”) ; wave DEHEEFRAHAL

2. ERICEIFEEEET, 7574%2)L, ZRIFTIEMEN > (wave frm1) s N HE
fERTESHITDIER > ((square-limit wave 4) frm1) ; square-limit 34 E
> (save-picture “wave.jpg”) ; #&Zjpeg77 A IL~HH
init.Isp for JAKLD N et B BB \2 (README]p.ixt) s et 4

;5;; sample init file for JAKLD Picture Language

(start-picture)
;5 Standard frame
(define frml (make-frame

;5 Shearing frame
(define frm2 (make-frame

;; Compress to left
(define frm3 (make-frame

;; Compress to bottom
(define frm4 (make-frame

(make-vect 0.0 0.0)
(make-vect 1.0 0.0)
(make-vect 0.0 1.0)))
(make-vect 0.0 0.0)
(make-vect 0.66 0.33)
(make-vect 0.33 0.66)))

(make-vect 0.0 O.
(make-vect 0.5 0.0)
(make-vect 0.0 1.

(make-vect 0.0 O.
(make-vect 1.0 0.0)
(make-vect 0.0 O.

showlZ
fEHLELY

> (set-color <color>)
> (set-bg-color <color>)
<color>::= black | blue | cyan | dark-gray | gray | green |
light-gray | magenta | orange | pink | red | white | yellow |
#xrrggbb

> (clear-picture) ; Vs FoDBERIE
> (show-picture) ; Vs FODHEE
> (hide-picture) ;D4 FDZEET

> (save-picture <file>) ; HWESh=#ZTI7 ILICH A
<file>::=*.bmp | *.jpeg | *.jpg | *.png

> (point->painter <x> <y>) ;EZRIL(XY)ICEEHEE

> (procedure->painter <function> [<arg>]) ; EYILZEHE

picture.Isp 4> sample.lsp [CZ#DEFHY.




E i B B {#(\3 (README]p.bxt) (%) NoStudent £

> (point->painter <x> <y>) ; E2€IL(xy)ICAZRHE

> (procedure->painter <function> [<arg>]) ; EVtILEHE
> (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.lsp 4> sample.Isp I:%%ﬂw)t‘zb&‘;u.

T35 L0 TIEIADI—FEHED
1. BZEE, XEE2E79, HzEL5, ...
2. Copy&paste TIXAELZ&ITTEE (BIZ3 plagiarism (XA T])

Procedure->painter in JAKLD @5 NoStudent £

(define (circle 2)
(let ((r (+ (expt (- (car z) 0.5) 2)
(expt (- (cdr z) 0.5) 2) )))
(if (and (>= r 0.245) (< r 0.250))
#x000000 ; black
#XFFFFEF ) )) ; white

((procedure->painter circle) frml)

i BEOML (jakid) (D Betimient

% java -Xsslm -jar jakld.jar

> (load “picture.lsp”)
> (load “sample.lsp”)
> (start-picture)

> (wave frm1l)

> (wave frm2)

> (wave frm3)

> (clear-picture) : windowZ B#RICRE Y

> (show-picture) : window# &R

> (hide-picture) : windowZ 29

> (save-picture “filename.png”) : #&&png77AILAtHA
> ((right-split wave 4) frm1)

> (letterlambda frm1)

> ((right-split letterlambda 3))

> ((corner-split letterlambda) frm2)

: picture windowHHN L MEEELT
; BEIL—LRAF YU NZADERK

B EEO&L (README.tustk) (%) NoStudent

% tustk
> (load ‘/usr/local/lib/tustk/demos/picl)
> (load ‘/ust/local/lib/tustk/demos/picl-test)

> (make-canvas frm1)  BEIL—LBAX YU NRDERK

> ((square-limit wave 2) frm1)

> (tk:update) ; LERETTRESNGNTIHZEEO
. BRENDEGEE(CEST

> (clear) ; BEWVGEET

> ((square-limit wave 4) frm1)

> (clear)

> ((squash-inwards wave) frm1)

> (forget-canvas) ; BEDX YU N\RZEHIR

> (make-canvas frm2) BV IL—LBAX YN RDER
> ((square-limit wave 4) frm2)

> (output-canvas 'wave.ps) : #a%ZPostScriptZ7AILAH A




4 B BIEOMEL (README. tustk® st -

. *pbg-color* ; BRABDESE
« *line-color* ; REROTEE
(set! *bg-color* <£>) ; BORTEEERE
<&&> ; & (blue, "red”, ...), RGBIEE ("#RRGGBB”)
- BRI painter TER
- R (make-vect <x-coordinate> <y-coordinate>)
— (5 AUF) (make-segment <from-point> <to-point>)
— $RiE (segments->painter <list-of-seguments>)
ZAF (RJT>) (vects->painter <list-of-points>)
- (vects->painter <list-of-points> <smooth-or-not>
<degree-of-smoothing> <filling-color> )
(pgm-Ffile->painter <file-name>) ; GIF/PPM/PGM
(define sicp (pgm-file->painter
*/usr/local/lib/tustk/demos/sicp.ppm™))
((square-limit sicp 4) frml)

E wave OE#K

WMERRELOTLK

(define wave
(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
(make-segment (make-vect
(make-segment (make-vect
(make-segment (make-vect
(make-segment (make-vect
(make-segment (make-vect

)]

N/

0.25 0.00) (make-vect 0.35
5 0.50 30

gmake—seiment imake—vect 0.3 . i imake—vect 0. ii

0.00 0.80) (make-vect 0.20 O.
0.20 0.55) (make-vect 0.30 O.
0.30 0.60) (make-vect 0.40 O.
0.40 0.60) (make-vect 0.35 O.
0.35 0.80) (make-vect 0.40 1.
0.60 1.00) (make-vect 0.65 O.
0.65 0.80) (make-vect 0.60 O.
0.60 0.60) (make-vect 0.70 O.
0.70 0.60) (make-vect 1.00 O.
1.00 0.20) (make-vect 0.65 0.50))
0.65 0.50) (make-vect 0.75 0.00))
0.60 0.00) (make-vect 0.50 0.20))
0.50 0.20) (make-vect 0.40 0.00))
NoSIudent
Left Behind %=

filled-wave OIEH
JAKLD

(define filled-wave
(vertexes->painter

(list (make-vect 0.25 0.00) (make-vect 0.35 0.50)
(make-vect 0.30 0.55) (make-vect 0.20 0.45)
(make-vect 0.00 0.60) (make-vect 0.00 0.80)
(make-vect 0.20 0.55) (make-vect 0.30 0.60)
(make-vect 0.40 0.60) (make-vect 0.35 0.80)
(make-vect 0.40 1.00) (make-vect 0.60 1.00)
(make-vect 0.65 0.80) (make-vect 0.60 0.60)
(make-vect 0.70 0.60) (make-vect 1.00 0.40)
(make-vect 1.00 0.20) (make-vect 0.65 0.50)
(make-vect 0.75 0.00) (make-vect 0.60 0.00)
(make-vect 0.50 0.20) (make-vect 0.40 0.00) )

#t )) HnStudent

:#\%O@L\_@’ 7":”: >§1’EE‘ZL' E%hﬁél_““ Behind

filled-wave DZER

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 ))

OOPFrRPOO0OO0OO0OO0OO0O0OO0
N
o
[eNeNololaol JololoNoNe)

REDIEWNT, 7R3

.00) (make-vect 0.35 0.50)

.55) (make-vect 0.20 0.45)

.60) (make-vect 0.00 0.80)

-55) (make-vect 0.30 0.60)

.60) (make-vect 0.35 0.80)

-.00) (make-vect 0.60 1.00)

.80) (make-vect 0.60 0.60)

.60) (make-vect 1.00 0.40)

.20) (make-vect 0.65 0.50)

.00) (make-vect 0.60 0.00)

-20) (make-vect 0.40 0.00) ) #F O
HnStudent

Left Behind

VEERL, BZES.
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I letterlambda DE#K

(define letterlambda
(segments->painter
(list

(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-segment

(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 .

WWWHANOONUITWNDN

.2) (make-vect

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

.45 .6) (make-vect .25 .2))
.25 .2) (make-vect .2 .2))
.2) (make-vect .
-1) (make-vect .
-1) (make-vect .
.5) (make-vect .
.1) (make-vect .
-1) (make-vect .
-2) (make-vect

WW: ~NMO~NUTTWN
[EEN
v/
v/

filled-letterlambda M5 &
JAKLD

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

make-vect .45 .60 make-vect .25 .20
make-vect .25 .20 make-vect .20 .20
make-vect .20 .20 make-vect .20 .10
make-vect .20 .10 make-vect .30 .10
make-vect .30 .10 make-vect .50 .50
make-vect .50 .50 make-vect .70 .10
make-vect .70 .10 make-vect .80 .10
make-vect .80 .10 make-vect .80 .20
make-vect .80 .20 make-vect .75 .20
make-vect .75 .20 make-vect .40 .90
make-vect .40 .90 make-vect .30 .90
make-vect .30 .90 make-vect .30 .80
make-vect .30 .80 make-vect .35 .80
make-vect .35 .80 make-vect .45 .60) )
#t ))

anmdem
Left Behind 1

(flipped-pairs wave))

” @ rosuient @B esuten 4
= ° i ° ° NoStudent 2
filled-letterlambda M7 ¥ B flipped-pair (Hh3ELR)
Tustk
(defin% rgd—!e%terlambda (define wave2 wave2
(V%?iézkpa'” ir 45 60 y R (beside wave (flip-vert wave)) )
make-vect . . make-vect . . -
make-vect .25 .20) (make-vect .20 .20 (define wave4 (below wave2 wave2))
make-vect .20 .20 make-vect .20 .10 - - . _
maEe—vec% %8 %8 mallée—vec% gg %8 (define (flipped-pairs painter)
make-vect . . make-vect . . -
maEe—vec% .?8 .?8 maEe—vec% .58 .%8 (let ((painter2
make-vect . . make-vect . . i T
make-vect .80 .10 make-vect .80 .20 (beS|Qe palnter:
mallée—vec% gg %8 ma&e—vec% 1718 68 (flip-vert painter) )))
make-vect . . make-vect . . - -
make-vect .40 .90) (make-vect .30 .90 (below painter2 painter2)))
make-vect .30 .90 make-vect .30 .80 .
make-vect .30 .80) (make-vect .35 .80 ko X B Y s
make-vect .35 .80) (make-vect .45 .60) ) (define wave4 waved
#f 0 “red ))




s right-split n

(define (right-split painter n)
(f (=no0)
painter
(let ((smaller
(right-split painter (- n 1))) )
(beside painter
(below smaller smaller) ))))

right-split
1 | EEEREES
_ _ (below bottom top)
identity (beside left right)
right-split
n-1

NcSludenl -
Left Behind 3

B right-split n OE)E

[_1C]=]

®

NoStudent .-

Left Behind "=

PPV PPIPPIIPPD

corner-split n

(define (corner-split painter n)
(f (=n0)
painter
(let ((up (up-split painter (- n 1)))
(right (right-split painter (- n 1))) )
(let ((top-left (beside up up))
(bottom-right (below right right))
(corner (corner-split painter (- n 1))) )
(beside (below painter top-left)
(below bottom-right corner) )))))

up- | up- corner-
split [ split | split
n-1 | n-1 n-1

RKEBEDFHS

right-split (below bottom top)
denti n-1 (beside left right)
\dentity right-split

n-1 (%) Nostudent 4

Left Behind

E corner- spllt n OBE

Mi=E

®

NoStudent -

Left Behind "=




Ex.2.44 up-split

(define (up-split painter n)
(af (=n0)

painter *
(let ((smaller s,

(up-split painter (- n 1))) )
(below painter
(beside smaller smaller) ))))

B square-limit n

(define (square-limit painter n)
(let ((quarter
(corner-split painter n)) )
(let ((half (beside
(flip-horiz quarter)
quarter )))

NﬂStudent 2
Left Behind =

(below (flip-vert half)
up-split | up-split hal?))) |
n-1 n-1 *i%@%ﬁ%
(below bottom top) ///
(beside left right) \%
identity V§§§~\“\\\\
gt L
spliti¥ e R 1t @Brosniont * square- |lml1' n 0)!!1% @ osuaont

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

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

right-split up-split | up-split
n-1 n-1 n-1
identity
right-split identity
n-1

'E‘
E-d
b
b
b
b
a:.
a_-.
a_-.
a_-.
a_-.
w.
W.
W.
W.
a_-.
a_-.
a_-.
i

d|x




B Square Limit #XDii&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) )))

@ NoStudent .2
Left Behind “=

B flipped-pairsDZBiDE# @b
(define (flipped-pairs painter)
(let ((combine4
(square-of-four
identity flip-vert
identity flip-vert )))
(combine4 painter) ))

tl tr

bl br

KEBRDFHE
(below bottom top)

(beside left right)

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

B square-limit O%ID5%E &

(define (square-limit painter n)
(let ((combine4
(square-of-four
flip-horiz identity
rotatel80 flip-vert )))
(combine4
(corner-split painter n)) ))

%//\\§ flip- | ident
%{%& horiz i1-:y
§\§§/%//2 ‘6180 | vert

@ NoStudent .2
Left Behind "=

TRON ®A—2X ASAS on Lisp (@) NoStudent .+
Craig W. Reynolds (Il1): Computer animation with scripts and actors, Computer
Graphics, Vo.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
(param: 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 O 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)))))

T LT enp——
Figure % Solar Sailer Escape Soquence from TRON




: : NoStudent 2
Frame coordinate map
- (0,1)
__[_.(XY)
v aMe F& 4m2§émé
F (0,0) (1,0)

frame edge,

vector frame edge, vector

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

1. coordinate: unit squarel={EfK
2. framelZE{§

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

NoStudent .2

Frames (@) Nostudent .+

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

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

(edgel-frame frame) )

(scale-vect (ycor-vect v)

(edge2-frame frame) )

)))D)

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

DRI fE: (origin-frame a-frame)

! Frames

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

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

EFhENISHT HRIRFEET.

NoStudent g
Left Behind 1

NoStudent g
Left Behind 1

! Painters

(define (segments->painter segment-list)
(lambda (frame)
(for-each
(lambda (segment)
(draw-l1ne
((frame-coord-map frame)
(start-segment segment) )
((frame-coord-map frame)
(end-segment segment) )))
segment-list )))

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




Transforming and combining painters

(define (transform-painter painter
origin cornerl corner2)
(lambda (frame)
(let ((n (frame-coord-map frame)))
(let ((new-origin (m origin)))
(painter
(make-frame new-origin
(sub-vect (m cornerl)
new-origin)
(sub-vect (m corner?2)

new-origin)))))))

NnSIudent g
Left Behind 1

nStudent

lTr'ansfor'mmg and combining pamfer's.wn Beni

(define (flip-vert painter)
(transform-painter
painter

(make-vect ; new origin

-0) ;
) ; newend of edge,
))) ; newend of edge,

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

© 0

tudent
% Transforming and combining pam‘ters.wt Genind

(define (shrink-to-upper-right painter)
(transform-painter
painter
(make-vect O.
(make-vect 1.
(make-vect O.

(J'IOO'I
I—\OO
OUTU'I
o &/ &/

)) L JINELD Pichirs (0.5 1.0) _I5ix

(0.5 0.5)

(1.0 0.5)

© 0

. o . - NoStudent .~
& Transforming and combining pamTer's.L*“ Seting o

(define (rotate90 painter)
(transform-painter
painter
(make-vect 1.0 0.0)
(make-vect 1.0 1.0)
(make-vect 0.0 0.0)

))

(0 1) Al

a0

© 0




: . . . NoStudent 3 NoStudent
Transforming and combining pamter':.Lf“ genine ' CIRY VTN D o3 inien
(define (squash-i1nwards painter) (define frm2
(transform-painter (make-frame
painter (make-vect 0 0)
(make-vect 0.0 0.0) (make-vect 1.0 0)
(make-vect 0.65 0.35) (make-vect 0.5 0.5) ))
(make-vect 0.35 0.65))) 1 -
© D t
(.35 .65) © 0.5)
(.65 .35) : ‘
© 0) OD 0o 0 0) TR >(1 0)
= R NoStudent 2 S oo . NoStudent
transform-painter (s  DHENS % GifiCHi, animated GIFHERE @retuin

(define (half-vert painter) (define (flip-vert painter)
(transform-painter
painter painter

(make-vect 0.0 0.0)

(transform-painter

(make-vect 0.0 1.0

(make-vect 1.0 0.0)
(make-vect 0.0 0.5)) )

(define (half-horiz painter)
(transform-painter
painter
(make-vect 0.0 0.0)
(make-vect 0.5 0.0)
(make-vect 0.0 1.0)) )

(make-vect 1.0 1.0)

(make-vect 0.0 0.0)) )
(define (shrink-to-upper-right painter)
(transform-painter
painter
(make-vect 0.5
(make-vect 1.0
(make-vect 0.5

= OO

.5)
.5)
-0))

o/

(define (rotate90 painter)

(transform-painter painter (make-vect

1.0 0.
(make-vect 1.0 1.
(make-vect 0.0 O.

(eXeNe]
o A\




4 o NoStudent 2 NoStudent 2
bes'de L.fl Behind i EX. 2 . 51 be|ow L_fl Behind
(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
?plit—point >
make-vect 0.0 1.0
(paint-right ) )) upper
(transform-painter f (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) (lambda (frame)
(paint-right frame) )))) (paint-lower frame)
(paint-upper frame) ))))
NoStudent 2 NoStudent .2
above m : n T‘ﬁ%] Le:fl Behind E s*rat|fled DCSlgn (mi&ﬂ-) Le:fl Behind
(define (above painterl painter2 . a) L == —mre .
(let* ((m (if (null? a) 1 (car a))) BN A EORSS AN £ 1973
(n (if (or (null? a) (null? (cdr a))) upper
1 (cadr a))) pp
r / n (+mn))) s <
(split-point (make-vect 0.0 r)) ) split- lower * ﬁ"/’\)b—c:a)%ﬂlﬁlﬂt
(let ((paint-lower oint
(transform-painter painter2 p
(make-vect 0.0 0.0) - -
(make-vect 1.0 0.0) — Square-limit
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) ))))

—below, beside
— transform-painter
—draw-line
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% Hilbert curve OFERAE "™ | ¥ Hilbert curve OFE B0

1. BEARBIZHLT, LRIILOGLIAREFEL-HDIEEDY

4D DEAEXF
1. EAMBA: D2ADASB AFERDS.
2. £X¥B: C=B=B=>A 2. SHGTNIE, HEBEZERBRMICFUHL, TERERDS.
3. £XW@C: B=C=C=D 3. RESETHEAURRAD segment ZHRD
4. EEXED: A=D=D=C
vectors->segment &

segments->painterZ#->THERKT 5.
(vectors->segment <list of vectors>)
(segments->painter <list of segments>)

BEAmA  EAXEB

vertexes->painter ZERLTIILMFEL.




% Hilbert curve DFEHZ

(define (hilbert-a p0O g0 p1 gl i)

(let ((xs (/ (+ (* 3.0 p0) pl) 4.0))
(s (/ (+ (* 3.0 q0) q1) 4.0))
Gm (/4 (+ pO pl) 2.0))
ym (/ (+ 90 q1) 2.0))
&I (/7 (+ pO (* 3.0 p1)) 4.0))
I (Z/ (+ 90 (* 3.0 q1)) 4.0)) )

(f (=10

(list (make-vect pl gl) (make-vect xs ql)
(make-vect xs ys) (make-vect xl ys) )

(append (hilbert-d xm ym p1 ql (-
(hilbert-a pO ym xm q1 (-
(hilbert-a pO0 g0 xm ym (-
(hilbert-b xm g0 p1 ym (-

(define (hilbert n)
(segments->painter

i 1)
i 1)
i 1)
i 1) )))»

HnStudent

Left Behind "
a—=20 W]

I 1 D?I
& £ e

A 18]
o

(vectors->segments (hilbert-a 0.0 0.0 1.0 1.0 n))) )
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% Koch snowflake OHEREA®E D0

X

(koch 5)

NoStudent .4

% Koch snowflake D{ERF % @t

W3 DR

3

% Koch snowflake DF s D=

.l

NoStudent .4

1. BEPITHLT, LRILOLES, ZAEOTBERUANERSD

2. SVHRITNIE, PEEZBEIBMICIFUHL, TERZERDS.
3. [JAKLD)KF--TERURMS ihfEE vertexes-

>painter ZHEALTER. [Tustk]kRFE--TER)RE
Miosegment K& vectors->segment &

segments->painterZ#>TERT .

(vectors->segment <list of vectors>)
(segments->painter <list of segments>)
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% Koch snowflake (#) o
(define (koch-line pO g0 pl gl r i)
(af =10
(list (make-vect p0 qO0) (make-vect pl ql))
(let* ((r1 (4/ r 3.0)) ETTTrE—

3 (/ (- p1l p0) 3.0))
3 (/ (- g1 g0) 3.0))
(xs (/ (+ (* 2.0 p0O) p1) 3.0)) A
Gys (/ (+ (* 2.0 q0) ql) 3.0)) —
&1 (/ (+ p0 (* 2.0 p1)) 3.0))
1 (/ (+ 90 (* 2.0 q1)) 3.0))
m (+ (* 0.5 x3) (* 0.866 y3) xs))
(ym (+ (* 0.5 y3) (* -0.866 x3) ys)) )
(append (koch-line pO0 g0 xs ys r1 (- i 1))
(koch-line xs ys xm ym r1 (- i 1))
(koch-Tine xm ym xI yl r1 (- i 1))
(koch-Tine x1 yl p1 g1 r1 (- i 1))

D))

e HnStudent
5 Left Behind "4

Koch snowflake DFE = (#)

(define (koch n)
(let* ((h (/ 0.75 0.86))
(PO (/ (- 1.0 h) 2))
(p1 (- 1.0 p0)) )
(segments->painter
(vectors->segments
(append
(koch-line pO0 0.25 p1 0.25 1 n)
(koch-lTine pl1 0.25 0.5 1.0 1 n)
(koch-lTine 0.5 1.0 pO 0.25 1 n)

)))))
let* X let &EUV, EHENZIREICFE

NoStudent
Left Behind "3

4 Bo%Koch curve DE

(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 pO 0.25 pl 0.25 1 n)
(koch-line p1 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) Xx)
((koch-fill 4 “while) x)
((koch-fill 3 "yellow) x)
((koch-fill 2 "green) x)
((koch-fill 1 "pink) x)
((koch-fill 0 "red) x)

))

NoStudent .2

::‘ SierpinSki.s GGSket DR E Lefl Behind 4.3

(sierpiski 6)
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Sierpinski's Gasket DD "

(define (gasket pO g0 pl gl i)
(Tet* ((xm (/ (+ p0 pl) 2.0))
(ym (+ ¢ (- pl p0) 0.866) q0))
(xs (/ (+ (* 3.0 p0) p1) 4.0))
&1 (/ (+ (* 3.0 p1) p0) 4.0))
ys (+ * (- p1 p0) 0.433) gO0)) )
(af =1 0)
(list (make-vect pO g0) (make-vect pl gl)
(make-vect (/ (+ pO pl) 2.0) ym)
(make-vect pO g0) )
(append (gasket pO g0 xm g0 (- 1 1))
(gasket xm q0 pl g0 (- 1 1))
(list (make-vect p0 q0))
(gasket xs ys xI ys (- i 1))
(list (make-vect pO0 g0) )))))

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

5 D&Sierpinski's Gasket ®

(define (gasket-fill p0 g0 pl g1 i color)
(let* ((xm (/ (+ p0 pl) 2.0))
(ym (+ (¢ (- pl p0) 0.866) q0))
(xs (/ (+ (* 3.0 p0) p1) 4.0))
&1 (/ (+ (* 3.0 p1) p0) 4.0))
(s (+ (* (- pl p0) 0.433) q0)) )
(af =10
(list (vects->painter
(list (make-vect p0 q0)
(make-vect pl ql)
(make-vect xm ym) )
#f 0 color))
(append (gasket-fill p0O q0 xm g0 (- i 1) color)
(gasket-fill xm g0 pl q0 (- i 1) color)
(gasket-fill xs ys xl 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)))
((ull? 1))
(i frml) )))

NoStudent .2
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& Peano Curve DfERFE  ®we

] & | |3

(peano 6)

% Peano Curve DEh= ®

(define (peano-a pO g0 pl gl i)
(append (peano-a-1 p0O g0 pl gl i)
(peano-a-2 p0 g0 pl ql i) ))

(define (peano-a-1 pO g0 pl gl i)
(et ((xs (/ (+ (* 3.0 p0) p1) 4.0)) (ys (/ (+ (* 3.0 q0) q1) 4.0))
G (/4 (+ pO p1) 2.0)) (ym (/ (+ g0 q1) 2.0))
1 (/ (+ p0O (* 3.0 p1)) 4.0)) (¥l (/ (+ g0 (* 3.0 q1)) 4.0)) )
af (=1 0)
(list (make-vect xm yl) (make-vect xs ym))
(append (peano-a-1 xm ym pl q1 (- i 1))
(peano-d-1 p0 ym xm g1 (- i 1))
(peano-d-2 p0 ym xm ql (- i 1))
(peano-a-1 p0 g0 xm ym (- i 1)) ))))

(define (peano-a-2 p0 g0 pl gl i)
(let ((xs (/ (+ (* 3.0 p0) p1) 4.0)) (ys (/ (+ (* 3.0 q0) ql) 4.0))
OGan (4 (+ p0 pl) 2.0)) (ym (/ (+ g0 gl) 2.0))
I (/ (+ p0 (* 3.0 p1)) 4.0)) (vl (/ (+ g0 (* 3.0 g1)) 4.0)) )
af (=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 q0 pl ym (- i 1))
(peano-a-2 xm ym pl ql (- i 1)) ))))

NoStudent -
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4 BB ERECERMERA

2
=z, +C

n+1 —
, =C

b\ﬂlﬁ?‘émﬁ: (X, y)
Mandelbrot Set

Z

procedure->painer £

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

HnStudent
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DON'T PANIC!

.

B EE:12828BEF#Y)
1. square-limit ZE/MSE5.
2. letterlambdafa % E K.
3. square-limit (2.
4. [(EE] square-limit-n (m:nIZHE)
Program (ZDFEFECEL D) EH N DIc%E
sicp-9@zeus.kuis.kyoto-u.ac. jp

. TABBLEPMATARTFIvILET.

SR B TESUHACE, TEAFTARE Sic
L LTuEREEET

NoStudent
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DIERE2: 2A12BEF &Y

1. painter® 1AL,
2. Th#&square-limitF[ZEA.
3. ZHEFEEHBRT 1IFHIER.

(Hilbert curve, Peano curve, ...)

4. 7503 )NE—E2HEK.

(Koch Snowflake, Sierpinsky's Gasket, ...)
LR—KMIACIL, HBHLE, #TRE.
TOY S5 LIEAL LT sicp-14@zeus . kuis.kyoto-u.ac. jp

Bl http://winnie.kuis kyoto-u.ac.jp/ M SIEKEBIERE]
BATLoogEICE, BHEET 4L,
1EAERLTOT S L-E G (FEFM) FHEIRE.

Ne CanDo It!|

DONT PANIC!




