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2.2.4 Picture Language
B2 m

The First Commandment
When recurring on a list of atoms, lat, ask two questions about it: (nul1? lat)
and else.
When recurring on a number, n, ask two questions about it: (zero? n) and else.
When recurring on a list of S-expressions, I, ask three questions about it :

(nul1? 1), (atom? (car 1)), and else.
The Fourth Commandment
Always change at least one argument while recurring. When recurring on a list of

atoms, lat, user (cdr lat). When recurring on a number, n, use (subl n).
And when recurring on a list of S-expressions, I, use (car I) and (cdr 1) if
neither (null? 1) nor (atom? (car 1)) aretrue.

It must be changed to be closer to termination. The changing argument must be

tested in the termination condition:
when using cdr, test termination with nul 1? and
when using sub1, test termination with zero?.

(Friedman, et al. * The Littls Schemer', MIT Press)
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m 2.2.4 Picture Language

= Space Padding Functions
= Fractal (Self-Similarity)
m Hilbert curve

® Koch snowflake

B Sierpinski’s Gasket
® Peano curve

W Square limit variation
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E flipped-pair

(define wave2 (beside wave (flip-vert

wave)))

(define wave4 (below wave2 wave2))

(define (flipped-pairs painter)
(let ((painter2 (beside painter
(flip-vert painter))))
(below painter2 painter2)))
X Y=

(define wave4 (Flipped-pairs wave))

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

right-
Pt | e
identit ni (below bottom top)
g right- (beside left right)
split
n-1

E right-split n D&

(right-split wave 0)

(right-split wave 1)
(right-split wave 2)
(right-spl= — a2
(right-spl




m 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-1inll n-l REBEDFHE

(below bottom top)
(beside left right)

right-split
n-1

right-split
n-1

identity

E corner-split n MDEE

(corner-split wave 0)
(corner-split wave 1)
(corner-split
(corner-split
(corner-split

=
i!l Ex.2.44 up-split

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

up-split | up-split
n-1 n-1 REZEDFi=E
(below bottom top)

(beside left right)

identity
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W Ex.2.45 right-split
(define right-split (split beside below))
(define up-split (split below beside))

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

right-
split
n-1

up-split | up-split
n-1 n-1

identity
right-
split identity

n-1

square-limit n

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

7 x halft))))
%& : 4
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E square-limit n Q&=

(square-limit wave 0)

(square-limit
(square-limit
(square-limit
(square-limit
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m Higher-order operations

(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) )))

tli tr

REZDOFHE

(belc_:w bottom Fop)
bl br (beside left right)

E flipped-pairs

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

ident | flip-
ity | vert *EROFHE

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




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

7 w flip- | ident
\ horiz| ity
NV rotat | flip-
& é €180 | vert

m Frame coordinate map

AN (0.1)
J )
- & 5 imagefE
o b
frame edge, ¢ 0,0) (1,0)
vector frame edge,
vector
frame origin
vector (0, 0) point

on display screen

®m coordinate: unit squarelZ{ER
m framelZE{g

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

m Frames

(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) )

)

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

DRFE: (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)) )

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 )))

E 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 corner?2)

new-origin)))))))




E Transforming and combining painters

(define (flip-vert painter)
(transform-painter
painter
(make-vect 0.0 1.0)
(make-vect 1.0 1.0)
(make-vect 0.0 0.0)

; hew origin
; new end of edge,
)) : new end of edge,

E 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)

)

E Transforming and combining 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)

)))




E 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)))

E beside

(define (beside painterl painter2)
(let ((split-point (make-vect 0.5 0.0)))
(let ((paint-left
(transform-painter
painterl
(make-vect 0.0 0.0)
split-point
(make-vect 0.0 1.0)))
(paint-right
(transform-painter
painter2
split-point
(make-vect 1.0 0.0)
(make-vect 0.5 1.0))))
(lambda (frame)
(paint-left frame)
(paint-right frame)))))

E beside

(define (above painterl painter2 . 1)
(let* ((m Gif (ull? 1) 1 (car 1)))
(n (if (or (null? 1) (null? (cdr 1)))
1 (cadr 1)))
(r ¢/ n ¢ nn)y
(split-point (make-vect 0.0 r)) )
(let ((paint-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)))))




E frame coordination map

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

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

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

B waoroossses

(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 )))

(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) ))))))
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|.| Hilbert curve O{ER A%

(hilbert 5)

==
|.| Hilbert curve O{ER A%

4D DEXR

1. EEXA: D=2A=A=B
. EEXFB: C=2B=>B=A
. &EEXFC: B=2C=2C=D
. BEXWD: A=D=D=C

Expa HEABB HEwC EEXWD

A B C D

A wWN

7SEMA  SEMB  S@REC  SfERD

==
|.| Hilbert curve M=

1. BEARBISHLT, LRVOGSIRZEL
HDTERDVAMERD S,

2. SBLTIE, HEREBIRBICETHL,
HRZRDHB,

3. RFLFIERIVARLID segment R
painter # vectors->segment &
segments->painterZ{#->THERT S,

(vectors->segment <list of vectors>)
(segments->painter <list of segments>)
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(==
l!l Hilbert curve M) EfHE

(define (hilbert-a x0 y0 x1 y1 i)

(let ((xs (/ (+
(ys (/ (+
o (/ (+
om (4 ¢+
[CUNCAG:
ol ¢

(Gf (=i 0)

(* 3.0 x0) x1) 4.0))
(* 3.0 y0) y1) 4.0))
X0 x1) 2.0))

y0 y1) 2.0))

X0 (* 3.0 x1)) 4.0))
yo (* 3.0 y1)) 4.0)) )

] 1] [
tA 4Dy
[ ] B = 4
[ ] oy
‘A LBV
—ru & a

(list (make-vect xI yl) (make-vect xs yl)
(make-vect xs ys) (make-vect xI ys) )

(append (hilbert-d xm ym x1 y1 (- i
(hilbert-a x0 ym xm y1 (- i
(hilbert-a x0 yO xm ym (- i
(hilbert-b xm yO x1 ym (- i

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

5]
D)
)
DN

==
|!| Koch snowflake D{ERLE %

:

(koch 5)

ﬁfhﬁJiqhﬂhh

==
|!| Koch snowflake D{ERLE %
B fE
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(==
|.| Koch snowflake M F#iE

1. ERDITKLT LANLOLGS, =AKDTE
RUYRNERD B,

2. SPLTIE HMBEREBIRBICEUTHL,
HRZERDHB.

3. RESIERUARMS segment 3K
painter % vectors->segment &
segments->painterZ#>THERT 5.

(vectors->segment <list of vectors>)
(segments->painter <list of segments>)

lil Koch snowflake @) F#i= (%)

(define (koch-line x0 y0O x1 yl1 r i)
(f (=10
(list (make-vect x0 y0) (make-vect x1 yl))
(let* ((r1 (/ r 3.0))
(x3 (/ (- x1 x0) 3.0)) P —
(y3 (/ (- y1 y0) 3.0))
xs (/ (+ (* 2.0 x0) x1) 3.0))
(ys (/ (+ (* 2.0 y0) y1) 3.0))
&l (/ (+ x0O (* 2.0 x1)) 3.0))
1 (/ (+ YO (* 2.0 y1)) 3.0))
m (+ (* 0.5 x3) (* 0.866 y3) xs))
(ym (+ (* 0.5 y3) (* -0.866 x3) ys)) )
(append (koch-line x0 yO xs ys r1 (- i 1))
(koch-line xs ys xm ym r1 (- i 1))
(koch-line xm ym xI yl r1 (- i 1))
(koch-line xI yl x1 y1 r1 (- i 1))
»N»

lil Koch snowflake @%ﬁ%(ﬁ)

(define (koch n)
(let* ((h (#/ 0.75 0.86))
0 (/ (- 1.0 h) 2))
x1 (- 1.0 x0)) )
(segments->painter
(vectors->segments
(append
(koch-line x0 0.25 x1 0.25 1 n)
(koch-line x1 0.25 0.5 1.0 1 n)
(koch-line 0.5 1.0 x0 0.25 1 n)

let* (& let &EL, EHEXZIEEICSEM
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(==
|!| Koch curve O F =

(define (koch-fill n . args)
(let* ((h (/ 0.75 0.86))
X0 (/ (- 1.0 h) 2))
(x1 (- 1.0 x0))
(color (if (null? args) “red (car args))) )
(vects->painter
(append (koch-line x0 0.25 x1 0.25 1 n)
(koch-line x1 0.25 0.5 1.0 1 n)
(koch-line 0.5 1.0 x0 0.25 1 n))
#f 0 color )))

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

((koch-Ffill 2 “green) x)

((koch-Fill 1 "pink) x)

((koch-fill 0 "red) x)

=
l!l Sierpinski’s Gasket DR 5%

MR

=
|1 Sierpinski’s Gasket D F =

(define (gachet x0 y0 x1 y1 i) [r——
(let* ((xm (/ (+ x0 x1) 2.0))
ym (+ (* (- x1 x0) 0.866) y0))
(xs (/ (+ (* 3.0 x0) x1) 4.0))
1 (/ (+ (* 3.0 x1) x0) 4.0))
(ys (+ (* (- x1 x0) 0.433) y0)) )

(if =10)
(list (make-vect x0 y0) (make-vect x1 yl)
(make-vect (/ (+ x0 x1) 2.0) ym) S e—

(make-vect x0 y0) )
(append (gachet x0 y0 xm y0 (- i 1))
(gachet xm y0O x1 yO (- i 1))
(list (make-vect x0 y0))
(gachet xs ys xI ys (- i 1))
(list (make-vect x0 y0) )))))

(define (sierpenski n)
(segments->painter
(vectors->segments (gachet 0.0 0.0 1.0 0.0 n)) ))
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Ha
1 Sierpinski’s Gasket O F%

(define (gachet-fill x0 yO x1 y1 i color)
(let* ((xm (/ (+ x0 x1) 2.0))
(ym (+ (* (- x1 x0) 0.866) y0))
(xs (/ (+ (* 3.0 x0) x1) 4.0))

(f =10
(list (vects->painter
(list (make-vect x0 y0)
(make-vect x1 yl)
(make-vect xm ym) )
#f 0 color))
I X0 yO xm yO (- i 1) color)
xm y0O x1 y0 (- 1) color)
(gachet-fi xs ys xlI ys (- i 1) color) ))))

&l (/ (+ (* 3.0 x1) x0) 4.0)) A
(ys (+ (* (- x1 x0) 0.433) y0)) )

(define (sierpenski-fill n . args)
(let ((color (if (null? args) “red (car args))))
(do ((i (gachet-fill 0.0 0.0 1.0 0.0 n color) (cdr i)))
((null? 1))
(i frml) )))

=]
lll Peano Curve M4

e e

piclydglslslaliibilaidlalailng o T

ERE R R xr e n
s e

0%
B

(peano 6)

==
lll Peano Curve DF§HE=

(define (peano-a x0 y0 x1 yl i)
(append (peano-a-1 x0 y0 x1 yl i)
(peano-a-2 x0 y0 x1 yl i) ))

(define (peano-a-1 x0 y0 x1 yl i)
(et ((xs (/ (+ (* 3.0 x0) x1) 4.0)) (ys (/ (+ (* 3.0 y0) y1) 4.0))
xm (/ (+ x0 x1) 2.0)) (ym (/ (+ yO y1) 2.0))
&I (/ (+ xO (* 3.0 x1)) 4.0)) (yI (/ (+ yO (* 3.0 y1)) 4.0)) )
(if (=i 0)
(list (make-vect xm yl) (make-vect xs ym))
(append (peano-a-1 xm ym x1 yl (- i 1))
(peano-d-1 x0 ym xm yl (- i 1))
(peano-d-2 x0 ym xm yl (- i 1))
(peano-a-1 x0 y0 xm ym (- i 1)) ))))

(define (peano-a-2 x0 y0 x1 yl i)
(let ((xs (/ (+ (* 3.0 x0) x1) 4.0)) (ys (/ (+ (* 3.0 y0) y1) 4.0))
Gm (4 (+ x0 x1) 2.0)) (ym (/ (+ yO y1) 2.0))
1 (/ (+ x0 (* 3.0 x1)) 4.0)) (yl (/ (+ yO (* 3.0 y1)) 4.0)) )
(if (=i 0)
(list (make-vect xm ys) (make-vect xI ym))
(append (peano-a-2 x0 yO xm ym (- i 1))
(peano-b-1 xm y0 x1 ym (- i 1))
(peano-b-2 xm y0 x1 ym (- i 1))
(peano-a-2 xm ym x1 yl1 (- i 1)) ))))
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1. [DOF|L N =painterF1i85E1EH .

2. EFFTIEMRELIEEEN,

(Hilbert curve, Peano curve, ...)

3. 7308 E—EEEN,
(Koch Snowflake, Sierpinsky’s Gasket, ...)
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