PNIAVXLET—518EAM
2. 78I BB OMLE
2.3 REXR
2.4 IR T—SOWBORB &

R’y 9%
REBERE AR RS

e T ““'ﬁ
http://winnie.kuis.kyoto-u.ac.jp/~okuno/V -

Qo F
okuno@i.kyoto-u. aé " “QS‘“ 8“\0

*k,g EE if mod(“REE> ’cx“ v %
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2.3.2 Symbolic Differentiation
2.3.3 Representing Sets

2.4 Multiple Representations for
Abstract Data

2.4.1 Representations for Complex
Numbers

2.4.2 Tagged data

2.4.3 Data-Directed Programming and

Additivity
2.5 Genetic Operation System
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& 2.3 Symbolic Data

2.3.2 Symbolic Differentiation
2.3.3 Representing Sets

2.4 Multiple Representations for
Abstract Data

2.4.1 Representations for Complex
Numbers

2.4.2 Tagged data

2.4.3 Data-Directed Programming and
Additivity

2.5 Genetic Operation System

HnStudenI %

B m=smsomz (1)

3. 2l REFEZIHEE FICHGR
(deriv "(+ (* 3 x) v (* x y)) 'x)
(deriv '(* x y (+ x 3)) 'x)

®

HnStudenI %

Left Behi




Iﬂ%ﬁﬁ'ﬂ)ﬂkﬂ (2) e E],nrs‘B“qem

4. 2EEBFESHERFITHK
augend, multiplierDEREZZLEETSHIEITT
(deriv '"(+ x (* x y) (** x 3)) 'x)

[SXIETES,

5. ZIHNNEE
- ZEAZREHSIVIIEEDIRICES
- ZEAZHBBEICEYRE
2.5.3 S5 (Symbolic Algebra)

6. EEDOEABMNBEHIZFHMNTELIMARTLA
2.5.3 Data-Directed Programming and Additivity

HnStudent

125138 -ABDA=7— Beies

. 2.3 Symbolic Data

2.3.2 Symbolic Differentiation
2.3.3 Representing Sets

2.4 Multiple Representations for
Abstract Data

2.4.1 Representations for Complex
Numbers

2.4.2 Tagged data

2.4.3 Data-Directed Programming and
Additivity

2.5 Genetic Operation System

£ (set) DBB (%) NoStudent &

BRBOESEEEZLTHELD
1. {0,1,2,3,...}
4\ SER)EC ;% (extensional notation)
2. S={n|0,n+1ifn €S}
PEZEARIED % (intentional notation)
SV IERIEDIE TDERRE
RDEEDELLM KM ?
1. {0,2,4,6,8,10,12, 14,16, 18, 20, ...}
2. {0,10,20,30,2, 12,22, 24, 4, 14, 24, ... }

B smaGenormernns @ hostudent 4

- HKEOFkE

1. union-set SUT
2. intersection-set SNT
3. element-of-set? ecT
4. adjoin-set [efUS

. BDORBEZEDELE (implementation)
1. [EFF# LR (unordered list )
{30, 0, 20, 10, 22, 2,12, 24, 34, ..}
(30 0 20 10 22 2 12 24 34 . )
2. [EF =523 (ordered list )
{0,2,4,6,8,10,12, 14,16, 18, 20, .. }
(O2 468 10 12 14 16 18 .. )




$E A (set) DUnordered List&5}

(define (element-of-set? x set)
(cond ((null? set) #£)
((equal? x (car set)) #t)
(else (element-of-set? x (cdr set)) ))

(define (adjoin-set x set)
(if (element-of-set? x set)
set
(cons x set) )))

(define (union-set sl s2)
(cond ((null? sl) s2)
((element-of-set? (car sl) s2)
(union-set (cdr sl) s2) )
(else (cons (car sl)
(union-set (cdr sl) s2) ))))

Hnsmdent
Left Behind %

union-set OFE /LM &) Nostadent 4
(define (union-set sl s2)
(cond ((null? sl) s2)
((element-of-set? (car sl) s2)
(union-set (cdr sl) s2) )
(else (cons (car sl)
(union-set (cdr sl) s2) )
)))
(define (union-set sl s2)
(cond ((null? sl) s2)
((element-of-set? (car sl) s2)
(union-set (cdr sl) s2) )
(else (union-set (cdr sl)
(cons (car sl) s2)) ))))

(union-set ‘(1 2 3) ‘(a b c))DFER(E?

S & Qunordered listBH (#) @ osent 4

(define (intersection-set sl s2)
(cond ((or (null? sl) (null? s2)) ())
((element-of-set? (car sl) s2)
(cons (car sl)
(intersection-set
(cdr sl) s2 )))
(else (intersection-set
(cdr sl) s2 ))))

B %es#zoHNE (#set=n) () NoStudent .-
(define (element-of-set? x set)
(cond ((null? set) #£)
((equal? x (car set)) #t)
1)

(else (element-of-set? x (cdr se

(define (adjoin-set x set)
(if (element-of-set? x set)
set ®(n)
(cons x set) )))

#sl=n
(define (union-set sl s2) HsS2=m
(cond ((null? sl) s2)
((element-of-set? (car sl) s2) ()(n]n)
(union-set (cdr sl) s2) )
(else (cons (car sl)
(union-set (cdr sl) s2) ))))




intersection-setOi HE (@) NosStudent 4

Left Behind

(define (intersection-set sl s2)
(cond ((or (null? sl) (null? s2)) ())
((element-of-set? (car sl) s2)

(cons (car sl)
(intersection-set
(cdr sl) s2 )))
(else (intersection-set
(cdr sl) s2 ))))

HEDOA—FE #s1=ml, #s2=m2 &TB&.
®(n2) n=max{ml,m2} (m1*m2 QF—%)

B %6 (set)®Ordered ListBH

@ Nostudent 4
(define (element-of-set? x set)
(cond ((null? set) #£)
((= x (car set)) #¢t)
((< x (car set)) #f£f)
(else (element-of-set? x (cdr set)) ))

®(n) FHWIZI n2

(define (adjoin-set x set)
(cond ((null? set) (list x))
((= x (car set)) set)
((< x (car set)) (cons x set))
(else (cons (car set)
(adjoin-set x (cdr set))

))))
®(n) FEHMIZI n2

SR8 (set) DOrdered List&H (@) NosStudent 4

Left Behind %=

(define (union-set sl s2)
(if (null? sl)
s2
(let ((x1 (car sl)) (x2 (car s2)))
(cond ((= x1 x2)

(cons x1
(union-set (cdr sl) (cdr s2))) )
((< x1 x2)
(cons x1 (union-set (cdr sl) s2)) )
(else
(cons x2

(union-set sl (cdr s2))

)))))))

HEOF—HEL #s1=ml, #s2=m2 &FBL.
®(n) n=max{ml,m2}(m1+m2 OF—4%)

$£ & Dunordered list& B (#) () NoStudent £
(define (intersection-set sl s2)
(if (or (null? sl) (null? s2))
()
(let ((x1 (car sl)) (x2 (car s2)))
(cond ((= x1 x2)
(cons x1
(intersection-set (cdr sl) (cdr s2)) )
((< x1 x2)
(intersection-set (cdr sl) s2) )
(else

(intersection-set sl (cdr s2)) )))))

HEDODA—FIL #s1=m', #s2=m &T b &.
®(n) n=max{ml,m2} (m+nDA—%)




MED=EX (binary tree) R @ osuent 4 B =#Kbinary tree) BRORE @) Nostudent .+

o YAMEBE(K)TREZRK BEF
o ERETAEL (define (make-tree entry left right)
~ IEFF AT E YRR D ESISHIBEILTLALE, KDESELE _ (list entry left right) )

T5L. 0(h) DR EELHHID EIRF
_EBAARODIVN)—IT/—RDFNLYKELILLN (define (entry tree) (car tree))
_CHREBAADIVF—E/—EDFNLYKELN (define (left-branch tree) (cadr tree))

. J—ROEBEE (define (right-branch tree)

(caddr tree))
~RDVANT/—FERE

(ZVM)— EBDKR BESHK) m

00

m —EARB OB (D iesiment m S A (set) Dbinary treeRH ) NoStudent &
(define (element-of-set? x set)
£4(1, 2, 3, 4, 5, 6} O=EKREKHR (cond ((null? set) #£)

((= x (entry set)) #t)
((< x (entry set))
(element-of-set? x (left-branch set)) )

3
(else
/\ /\ /\ (element-of-set? x (right-branch set)) )))

(define (adjoin-set x set)
(cond ((null? set) (make-tree x () ()))

((= x (entry set)) set)
((< x (entry set))
(make-tree (entry set)

(adjoin-set x (left-branch set))
(right-branch set) ))

(else
(make-tree (entry set)
(left-branch set)

6 (adjoin-set x (right-branch set)) ))))




B adjoin-set ome @ lostuent B adjoin-set ome D Noptudent
3,2,1,5,4,6 3,4,2,5,6,1 4,2,1,5,6,3 6,5,4,3,2,1 6 1 1,2,3,4,5,6
ANCAAN {0
/

/ / \ / \ / \ \ { \

y / \

\ 2 °
6 1/

B Treeslist iomsm BB balanced binary tree®® & Nostudent &

(define (tree->list-1 tree)
(if (null? tree)
0
(append (tree->list-1 (left-branch tree))
(cons (entry tree)
(tree->1list-1 (right-branch tree))))))

(define (tree->list-2 tree)
(define (copy-to-list tree result-list)
(if (null? tree)
result-list
(copy-to-list (left-branch tree)
(cons (entry tree)
(copy-to-list (right-branch tree)
result-list )))))
(copy-to-list tree ‘()) )

WEDEWNE?
AEEE -HIEEE-RIEEELEZIEAES (FE2MH)

(define (list->tree elements)
(car (partial-tree elements (length elements))) )

(define (partial-tree elts n)
(if (= n 0)
(cons () elts)
(let ((left-size (quotient (- n 1) 2)))
(let ((left-result (partial-tree elts left-size)))
(let ((left-tree (car left-result))
(non-left-elts (cdr left-result))
(right-size (- n (+ left-size 1))) )
(let ((this-entry (car non-left-elts))
(right-result (partial-tree
(cdr non-left-elts)
right-size )))
(let ((right-tree (car right-result))
(remaining-elts (cdr right-result)) )
(cons (make-tree this-entry
left-tree
right-tree )
remaining-elts ))))))))




balanced binary treeZ&3 (&)

(define (list->tree elements)
(car (partial-tree elements (length elements))) )

(define (partial-tree elts n)
(if (= n 0)
(cons () elts)
(let* ((left-size (quotient (- n 1) 2))
(left-result (partial-tree elts left-size))
(left-tree (car left-result))
(non-left-elts (cdr left-result))
(right-size (- n (+ left-size 1)))
(this-entry (car non-left-elts))
(right-result
(partial-tree (cdr non-left-elts) right-size) ))
(right-tree (car right-result))
(remaining-elts (cdr right-result)) )
(cons
(make-tree this-entry left-tree right-tree)
remaining-elts ))))

Na_Sludenl :
Left Behind

E Sets & information retrieval () NoStudent

(define (lookup given-key set-of-records)
(cond ((null? set-of-records) #f£)
((equal? given-key (key (car set-of-records)))
(car set-of-records) )
(else (lookup given-key (cdr set-of-records))) ))

E A1) X I (a-list, associative list)
(B> . <BEDYRXP)
(<attribute> . <value-list>)

)

(define (assoc given-key set-of-records)
(cond ((null? set-of-records) #f£)
((equal? given-key (caar set-of-records))
(cdar set-of-records) )
(else (lookup given-key (cdr set-of-records))) ))

L] el L () NoStudent

(define (lookup given-key set-of-records)
(cond ((null? set-of-records) #f£)
((equal? given-key (key (car set-of-records)))
(car set-of-records) )
(else (lookup given-key (cdr set-of-records)))))

(define population
'((China 1285.0 660.5 624.5)
(India 1025.1 528.5 496.6)
(UsAa 285.9 141.0 144.9)
(Indonesia 214.8 107.8 107.1)
(Brazil 172.6 85.2 87.4)
(Pakistan 145.0 74.5 70.5)

(Russia 144.7 67.7 77.0)
(Bangradesh 140.4 72.3 68.0) ((<RHE> . <BDYRF>)

(Japan 127.1 62.2 65.0) (<attribute> . <value-list>)

(Nigeria 116.9 59.0 58.0)
(Mexico 100.4 49.6 50.7) ))

(lookup 'Japan population)

A1 R (a-list,
associative list)

(assoc 'Japan population) = (cdr (lookup 'Japan population)

@ Nostudent 4
{4 key OMEFF

1.

1. ®RIE (increasing order, ascending order) <
2. [%I[E (decreasing order, descending order) >
2. HEXIER (lexicographical order)

1. (string=? “PIE” “pie”)

2. (string-ci=? “PIE” “pie”)

3. string<?, string<=?,

4. char=?, char-ci=?, char>?, char>=?,

3. alphanumeric order




YESIVLI]N:: (%) NoStudent & BERBEIATLOT—5% LB (%) NoStudent £

1. RIMCHTAEEDHEEZRD & ” =

2. Unix O pipe THLE BERBEFE--TAT S L
RDIFOIATLFTTED, J09 5 LEETOERSR
tr ‘[ ¥t,.;:1* ‘¥n’ < file | ESkGEE
tr '[A-Z]' '[a-z]' | sort | add-complex, sub-complex,mul$

uniq -¢c | sort -r *,E%*ﬂﬁ%: o b o
=Y ’;ii /\\\ —
3. www.gutenberg.org &Y )L THFRXMEAF. = g -~

 Gulliver's Travel (Swift) EXEERE IBEERE
the 2894, of 1844, and 1755, to 1557, (Rectangular (Polar representation)
i 1311, a 1177, in 984, my 768, was 625 representation)

e TAO (Lao-Tsu)

the 675, and 373, to 345, of 335, is 290 \ e
it 225, not 164, in 154, he 136, a 136 VAMBEERAT L L

B axmony Pt | B wREmomARN 2= x4y = re

1. ﬁﬂ;&(imaginqry part) (define (add-complex zl z2)
) (make-from-real-imag
— 1 ¢ — — (+ (real-part zl) (real-part z2))
z X +Iy I 1 (+ (imag-part zl) (imag-part z2)) ))
2. % (addition) (define (sub-complex zl z2)
Real — part(z, + z,) = Real — part(z, )+ Real - part(z,) (make-from-real-imag
. ] ] (- (real-part zl) (real-part z2))
Imaginary — part(z, + z,) = Imaginary — part(z, )+ Imaginary — part(z, ) (- (imag-part zl) (imag-part z2)) ))
3. %ﬁ(mUITlpllcaflon) (define (mul-complex zl z2)
(make-from-mag-ang
Re(zl-zz):Re(zl)-Re(Zz)—Im(zl)-lm(zz) (* (magnitude zl) (magnitude z2))
Im(z,-z,)=Re(z,)-Im(z, )+ Im(z,)-Re(z, ) (+ (angle z1) (angle z2)) ))
Magnitude (z, - z, ) = Magnitude (z, )- Magnitude (z, ) ‘diigﬁz_éi‘;,‘,’;;:‘;‘ﬁi; =t =2)
Angle (Z1 . 22): Angle (zl)+AngIe (22) (/ (magnitude zl) (magnitude z2))

(- (angle zl) (angle z2)) )) () Nostudent

Left Behind "=




B #Ego2EsEnxsE

Imagipary

- IA
Z=X+Iiy =re
y' __________________________________
r
r=\/x2+y2
A = arctan( y, X)
A :
> Real
X = rcos A X

y=rsin A

NnStudent
Left Behind %

B #xfoagoRREoRE
z=x+iy=re"

NnStudent
Left Behind %

(make-from-real-imag
(real-part z) (imag-part z) )

(make-from-mag-ang
(magnitude z) (angle z) )

r= \/xz +y°
A = arctan( y, X)

X=1rcos A
y=rsin A

HERBORBE

Z=X+iy =re"

m EIRF (selectors)

(define
(define
(define

(sgrt

(define
(atan

(real-part z)
(imag-part z)
(magnitude z)
(+ (square (real-part z)
(square (imag-part z)) )))
(angle z)
(imag-part z)

(car z))
(cdr z))

(real-part z)))

B {EZEF (constructors)

(define
(cons
(define
(cons

(make-from-real-imag x y)
xy))

(make-from-mag-ang r a)

(* r (cos a)) (* r (sin a))) )

NnStudent g
Left Behind 1

B axsonss @)
B ERF(selectors)

(define (real-part z)

(* (magnitude z) (cos (angle z))) )
(define (imag-part z)

(* (magnitude z) (sin (angle z))) )
(define (magnitude z) (car z))
(cdr z))

B EEF (constructors)
(define (make-from-real-imag x y)
(cons (sqgrt (+ (square x) (square y)))
(atan y x)) )
(define (make-from-mag-ang r a)
(cons r a) )

Z=X+iy =re"

(define (angle z)

anmdem g
Left Behind 1




B ERICERMEEA
7 =7°4+C

n+1 n
=C

b‘ﬂlﬁ?’é,.“cf (X, Y)
Mandelbrot Set

A LEDOEIEframe coordinate
mapR{E A (BEERAZRKE)

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

HnStudent
Left Behind "3

B wm:12Rz0nEs8Y @) tostudent
1. BFRPRTLEREL, TOTSLEETH, LU,
ZThoDiBAELR—F. (BRRIELITITE)
2. EITHIERGTHIE (BRIEDHILEITTSHIE)
3. Program 274 )LELR—R (pdf) &
SICP-11@zeus.kuis.kyoto-u.ac.jp [ZxEfT

e KREBICEATHDIED, TOADAMEHARRTICL. WebldH R
B2, (otherwise [AUCIEIZ ILF =)

DONT PANIC!

- 2.3 Symbolic Data

2.3.2 Symbolic Differentiation

2.3.3 Representing Sets

2.4 Multiple Representations for
Abstract Data

2.4.1 Representations for
Complex Numbers

2.4.2 Tagged data

2.4.3 Data-Directed Programming and
Additivity

2.5 Genetic Operation System

NoStudent .4

128130 -EHOA=7— Dot

NoStudent .4

B Message passing @ Nostutent 5

(define (make-from-real-imag x y) Church
(define (dispatch op) numeral
(cond ((eq? op 'real-part) x) CRIL 3648
((eg? op 'imag-part) y) ks
((eg? op 'magnitude)
(sqgrt (+ (square x)
(square y) )))
((eg? op 'angle) (atan y x))
(else
(error "Unknown op -
MAKE-FROM-REAL-IMAG" op))))
dispatch)

(define (apply-generic op arg) (arg op))




NoStudent &

B 125138 -KEQA=1— DM
22.3 Symbolic Data

2.3.2 Symbolic Differentiation

2.3.3 Representing Sets

2.4 Multiple Representations for
Abstract Data

2.4.1 Representations for Complex
Numbers

2.4.2 Tagged data

2.4.3 Data-Directed Programming
and Additivity

2.5 Genetic Operation System

B =H0E®: #—YATLOME

//""’—__——-—_#___;_——-ﬁﬁh‘\\\\\\\
AAREATA

HEE Sr— p BRBUNYT— N

P —— BERYEES-TRTS A
TRJ S LBEETORER

TaJ 5 LEETOERE
dd- lex, sub- lex,mul
g o RBRE N VT—
PFENBHSHBENHHESR il
real-part imag-part

RPELTHREN S HEH LEdL LR ] AERER
(Polar representation)

(Rectangular
\ representationm
N7 OREE \ YRS LR AT A /

@ NoStudent .4
Left Behind “4

AARE AT LOWE

XS5

add sub mul diwv
AEBEMEREN\vT—>

Genetic arithmetic package

add-rat sub-rat add-complex sub-complex
mul-rat div-rat mul-complex div-complex _m—

- ERBE RS : .
REREWER Complex arithmetic BEEMER
Rational Ordinary
arithmetic EXEERE | BEERBE | arithmetic
Rectangular Polar

VAMBEEEFR T UEINER

B ARRRIATLBEQPATP Ol
ComplexTYERLT=2 DD YT 247 (B30 &)

: DIBEEZERBHES

4+3i rectangular > 4 3
=5(c0s0.307+

Isin0.307) polar > 5 0.30n
=Se().301r

(define (make-from-real-imag x y)
((get 'make-from-real-imag 'rectangular)
xy))
(define (make-from-mag-ang r a)
((get 'make-from-mag-ang 'polar)
ra))




B 251 ARNERATEHS (@) NoStudent -

B add sub mul div I TETEELZ®R
m Generic operation GRAEfiT;EE)
B 5IMDEMT (B IZLYBI G ERET>FRELEH
(define (add x y)
(apply-generic 'add x y) )
(define (sub x y)
(apply-generic 'sub x y) )
(define (mul x y)
(apply-generic 'mul x y) )
(define (div x y)
(apply—-generic 'div x y) )

1. T—3ICXEDEATERTET 545 (tag) 1+ 5
2. BEICSIHDA(TOHEEEETDFREETE.

AAEBRE AT LORECIRE

1. 7;—9(:@%0)947(51_‘)’éiﬁ?’é@ﬁ‘(tag)’&ﬁ
2. BEICTSIHDAAMTDHETLEDFHELE(GE
3.ACAMTRTDFHmEEES
[ERE1] BR324 TDEEHEADRIE

> BIREE (Tower of types)

> il B 2546 (coercion)
[ERE2)] S RATLHIAHT—RAF3AT~DH G

> RETIEIRAT[IHF T4,

B Ordinary number /$vr—3Y

(define (install-scheme-number-package)
(define (tag x)
(attach-tag 'scheme-number x))
(put 'add ' (scheme-number scheme-number)
(lambda (x y) (tag (+ x y))) )
(put 'sub ' (scheme-number scheme-number)
(lambda (x y) (tag (- xy))) )
(put 'mul ' (scheme-number scheme-number)
(lambda (x y) (tag (* x y))) )
(put 'div ' (scheme-number scheme-number)
(lambda (x y) (tag (/ x y))) )

(put 'make 'scheme-number
(lambda (x) (tag x)) )

‘done )
HEICSMOBRDEEEETOEHELHS

TagtT—4%, REDBAR
(define (make-scheme-number n)
((get 'make 'scheme-number) n) )
(define foo (make-scheme-number 8))

scheme- 75§1’F E‘Zéhé

number 8

FhBERH5FHEIL contents & type-tag
B AAEE (add sub mul div) [ZIXBIEDELT D4
BEISHT HFHmED AL
((scheme-number scheme-number) . FEE)
(rational rational) . FHKx)
(complex complex) . FHiZ)
)
B put get MEZRZFARVHZS GEEURRK)




B Scheme number /tv5—Y0fE A%

(define (make-scheme-number n)
((get 'make 'scheme-number) n) )

(define foo (make-scheme-number 8))

scheme-

number 8

(define bar (make-scheme-number 3))

scheme-
number

(add foo bar)ldIXERL

((get 'add ' (scheme-number scheme-number))
(contents foo) (contents bar) )

(+ 8 3) scheme-
number

3

11

B Rational number /$yyr—Y

(define (install-rational-package)
; ; internal procedures
(define (numer x) (car x))
(define (denom x) (cdr x))
(define (make-rat n d)
(let ((g (gcd n d)))
(cons (/ ng) (/ dgqg))))
(define (add-rat x y)
(make-rat (+ (* (numer x) (denom y))
(* (numer y) (denom x)) )
(* (denom x) (denom y)) ))
(define (sub-rat x y)
(make-rat (- (* (numer x) (denom y))
(* (numer y) (denom x)) )
(* (denom x) (denom y)) ))

I Rational number /$9r—3 ()

(define (install-rational-package)
;5 internal procedures

(define (mul-rat x y)
(make-rat (* (numer x) (numer y))
(* (denom x) (denom y)) ))
(define (div-rat x y)
(make-rat (* (numer x) (denom y))
(* (denom x) (numer y)) ))

B Rational number /$vr—3 (#4%)

(define (install-rational-package)

; ; interface to rest of the system
(define (tag x) (attach-tag 'rational x))
(put 'add ' (rational rational)

(lambda (x y) (tag (add-rat x y))))
(put 'sub ' (rational rational)

(lambda (x y) (tag (sub-rat x y))))
(put 'mul ' (rational rational)

(lambda (x y) (tag (mul-rat x y))))
(put 'div ' (rational rational)

(lambda (x y) (tag (div-rat x y))))
(put 'make 'rational

(lambda (n d) (tag (make-rat n d))))
'done )




B Rational number )$y5r—J0 Ak

(define (make-rational n d)
((get 'make 'rational) n d)) )

(define foo (make-rational 5 12))

rational > 5 12

(define bar (make-rational 1 4))

rational > 1 4

(add foo bar)

((get 'add ' (rational rational))
(contents foo) (contents bar) )
(add-rat (contets foo) (contents bar))

rational > 2 3

B Complex number /Syr—Y
Complex|Z(d, & ELVS

BIAT (BRE)AHHLEEBHES.

(define (install-complex-package)
; ; imported procedures from rectangular and polar
packages

(define (make-from-real-imag x y)
((get 'make-from-real-imag
'rectangular) x y ))
(define (make-from-mag-ang r a)
((get 'make-from-mag-ang 'polar)
ra))

[ Complex number /$9r— (i)

(define (install-complex-package)
;; internal procedures
(define (add-complex zl z2)
(make-from-real-imag
(+ (real-part zl) (real-part z2))
(+ (imag-part zl) (imag-part z2))))
(define (sub-complex zl z2)
(make-from-real-imag
(- (real-part zl) (real-part z2))
(- (imag-part zl) (imag-part z2))))
(define (mul-complex zl z2)
(make-from-mag-ang
(* (magnitude zl) (magnitude z2))
(+ (angle zl) (angle z2))))

B Complex number /9 —Y (%)

(define (install-complex-package)
; ; internal procedures

(define (div-complex zl z2)
(make-from-mag-ang
(/ (magnitude zl) (magnitude z2))
(- (angle zl) (angle z2))))

; ; internal procedures
(define (tag z) (attach-tag 'complex z))
(put 'add ' (complex complex)
(lambda (zl1l z2)
(tag (add-complex zl z2)) ))




B Complex number /i9r—2(4) Complex number /95— (5)
(define (install-complex-package)

: ; internal procedures (define (install-complex-package)
a ; ; Internal procedures

(put 'sub ' (complex complex)

(lambda (zl z2) (put 'make-from-real-imag 'complex
(tag (sub-complex zl z2)) )) (lambda (x y) _
(put 'mul ' (complex complex) (tag (make-from-real-imag x y))
(lambda (zl z2) 2) '
(tag (mul-complex zl z2)) )) (put 'make-from-mag-ang 'complex
(put 'div ' (complex complex) (lambda (r a)
(lambda (zl z2) (tag (make-from-mag-ang r a))))
(tag (div-complex zl z2)) )) done )

B Ex.2.77 Complex number I$95r—Y B Complex number It9r— Y0 %

(define (make-complex-from-real-imag x y) (define (make—complex—frog—real—imag X y)
((get 'make-from-real-imag 'complex) ((get 'make-from-real-imag 'complex)
Xy )) Xxy))

(define (make-complex-from-mag-ang r a) (define (make-complex-from-mag-ang r a)
((get 'make-from-mag-ang 'complex) ((get 'make-from-mag-ang 'complex)
ra)) ra))

B Complex number ? genetic operations (define foo

(put 'real-part ' (complex) real-part) (make-complex-from-real-imag 3 4) )
(put 'imag-part ' (complex) imag-part) 3+4i
(put 'magnitude ' (complex) magnitude)

(put 'angle ' (complex) angle)

complex

Y

rectangular

Y
w
N




B Ex.2.78 Ordinary number /39—

Scheme-number ZZEE{LL1=L>
BEEXFHEE. ABTRATFzvoELTINS
symbol? number? pair? HEZEFEHMA
scheme-number Tl&. 24 TFzvIEIRT
LIZEET, EZEIELT=LY,

scheme-number O%hER4L

(define (attach-tag type-tag contents)
(if (eq? type-tag 'scheme-number)
contents
(cons type-tag contents) ))

(define (type-tag datum)
(if (pair? datum)
(car datum)
'scheme-number ))

(define (contents datum)
(if (pair? datum)
(cdr datum)
datum ))

B 34T (E)FvIIEL AT LIZEET!

m Ordinary number /t9—YdERBL

(define (install-scheme-number-package)
(define (tag x)
(attach-tag 'scheme-number x))
(put 'add ' (scheme-number scheme-number)
(lambda (x y) (tag (+ x y))))
(put 'sub ' (scheme-number scheme-number)
(lambda (x y) (tag (- x y))))
(put 'mul ' (scheme-number scheme-number)
(lambda (x y) (tag (* x y))))
(put 'div ' (scheme-number scheme-number)
(lambda (x y) (tag (/ x y))))
(put 'make 'scheme-number
(lambda (x) (tag x))
'done )
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