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= Hierarchy of types
m 3| (sorting)

R AT LOT— SR DR

ERBEFEo-TOI 5L AREES
05 LEBTOERY
add-complex,sub-complex,mul &%
ERBER/ N VT—D

real-part imag-part -_FERE
magnitude angle
B EERE

(Rectangular (Polar representation)
representation

JAMEEERERTY U HIl




WRM DR
1. %k (imaginary part)
Z=X+Iy iZ=-1
2. InE (addition)
Real — part(z, + z,) = Real—part(z, ) + Real—part(z,)
Imaginary— part(z, + z, ) = Imaginary— part(z, )+ Imaginary— part(z, )
3. & (multiplication)
Re(zl ’ Zz): Re(zl)' Re(zz)_ Im(zl)' Im(zz)
Im(z, - 2,) = Re(z,)- Im(z, )+ Im(z, )- Re(z,)
Magnitude(z, - z,) = Magnitude(z, )- Magnitude(z, )
Angle(z, - z,)= Angle(z, )+ Angle(z,)

E BERBOMAERE z=x+iy=re"

(define (add-complex zl z2)
(make-from-real-imag
(+ (real-part z1) (real-part z2))
(+ (imag-part z1) (imag-part z2)) ))
(define (sub-complex zl z2)
(make-from-real-imag
(- (real-part z1) (real-part z2))
(- (imag-part z1) (imag-part z2)) ))
(define (mul-complex zl1l z2)
(make-from-mag-ang
(* (magnitude z1) (magnitude z2))
(+ (angle z1) (angle z2)) ))
(define (div-complex zl1l z2)
(make-from-mag-ang
(/ (magnitude z1) (magnitude z2))
(- (angle z1) (angle z2)) ))

BRBOREEL: BER

| Imaginary 7 =X+ |y
Y ' —re”

r=4x*+y?

A =arctan(y, x)
' Real

X=TrcosA r
y=rsinA

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

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




EEMOREE Z=X+iy =re”

m #RF (selectors)
(define (real-part z) (car z))
(define (imag-part z) (cdr z))
(define (magnitude z)

(sgrt (+ (square (real-part z)

(square (imag-part z)) )))

(define (angle z)

(atan (imag-part z) (real-part z)))

m #EFEF (constructors)

(define (make-from-real-imag X y)
(cons x y) )

(define (make-from-mag-ang r a)

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

E EEBOREE @) 2=re" = X+ly

m ZIRF (selectors)
(define (magnitude z) (car z))
(define (angle z) (cdr z))
(define (real-part z)
(* (magnitude z) (cos (angle z2))) )
(define (imag-part z)
(* (magnitude z) (sin (angle z))) )
m #EEEF (constructors)
(define (make-from-mag-ang r a)
(cons r a) )
(define (make-from-real-imag X y)
(cons (sqrt (+ (square x) (square y)))
(atan y x)) )

BICERBEEA

—72%4C

MIRET DR C=(X,Y)
Mandelbrot Set

A EDOEIXframe coordinate
map R E A (EiERZHE)

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




m 2.4.2 Tagged data (25 {+&5F—4)

B F—AHRIED1DDEHR
B Principle of least commitment
(R/NEEORAD

B BIRFLEETEFEALHRIEDOEZFST, T—
AT UL EGRMNLGRBEETESEITEL. ¥
AT LBREHBITHREUMEEZEKXRICT S,

B AFITIEESIC principle of least commitment

FHREIED,

1. REERIRTFLEET) ORFHETE, KEEOM
R1b (BREKIE) ZH#EHr,

2. EXERLBERNAATEIMEAEERS,

E 85 HET—AQRE K
B FHEEE type-tag (B45) TUEEZRRTS,
B type-tag [FT—HIZfF5Sh TS,
(define (attach-tag type-tag contents)
(cons type-tag contents))
(define (type-tag datum)
(if (pair? datum)
(car datum)
(error "Bad tagged datum —
TYPE-TAG" datum)))
(define (contents datum)
(if (pair? datum)
(cdr datum)
(error "Bad tagged datum —
CONTENTS'" datum)))

[ —

(define (rectangular? z)
(eg? (type-tag z) “rectangular))

(define (polar? z)
(eg? (type-tag z) "polar))




E ERXEEOSY & F—SORRE

(define (real-part-rectangular z) (car z))
(define (imag-part-rectangular z) (cdr z))
(define (magnitude-rectangular z)
(sqgrt (+ (square (real-part-rectangular z)
(square (imag-part-rectangular z))
D))
(define (angle-rectangular z)
(atan (imag-part-rectangular z)
(real-part-rectangular z) ))
(define (make-from-real-imag-rectangular x y)
(attach-tag "rectangular (cons x y)) )
(define (make-from-mag-ang-rectangular r a)
(attach-tag "rectangular

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

I ammosster—sonms

(define (real-part-polar z)
(* (magnitude-polar z)
(cos (angle-polar z)) ))
(define (imag-part-polar z)
(* (magnitude-polar z)
(sin (angle-polar z)) ))
(define (magnitude-polar z) (car z))
(define (angle-polar z) (cdr z2))
(define (make-from-real-imag-polar x y)
(attach-tag "polar
(cons (sqrt (+ (square x) (square Yy)))
(atan y x) )))
(define (make-from-mag-ang-polar r a)
(attach-tag "polar_(cons r a)) )

g AT HET—EA~DFHE
(define (real-part z) dispatChing on type

(cond ((rectangular? z)
(real-part-rectangular (contents z)))
((polar? z)
(real-part-polar (contents z)))
(else (error "Unknown type —
REAL-PART" 2))))
(define (imag-part z)
(cond ((rectangular? z)
(imag-part-rectangular (contents z)))
((polar? z)
(imag-part-polar (contents z)))
(else (error "Unknown type —
IMAG-PART" 2))))




L 55 /&7 —s~ 0% )
(define (magnitude z) dispatching 2l type

(cond ((rectangular? z)
(magnitude-rectangular (contents z)))
((polar? z)
(magnitude-polar (contents z)))
(else (error "Unknown type —
MAGNITUDE"™ z))))
(define (angle z)
(cond ((rectangular? z)
(angle-rectangular (contents z)))
((polar? z)
(angle-polar (contents z)))
(else (error "Unknown type —
ANGLE™ Z))))

I 5727 —s~owme@io)

B ERBOREIFE
B ERHAAREE (generic operation){ERD A
(define (add-complex zl z2)
(make-from-real -imag
(+ (real-part z1) (real-part z2))
(+ (imag-part z1) (imag-part z2)) ))

(define (mul-complex z1 z2)
(make-from-mag-ang
(* (magnitude z1) (magnitude z2))
(+ (angle z1) (angle z2))))

B HMREORITERE
B Principle of least commitment|Z&5:EiE

E EVRATLDRETE

B HHICEBLE-ERERBEERS

B EXERERR
EHEEEBBLS DO TNSEE

m BEERE
FELAENGHOTNSEE

B SRNICEON-EREER L RATLOEE
[ERDRASAK

B type-tag OFERAMNRIUE

B dispatching on type ELVSHE




2.4.3 Data-Directed Programming and
g Additivity

B B45 (type-tag) DRERER

B AAFEHE(real-part, imag-part, maginitude,
angle) . BHBRBEET R TH->THEDELNDH S,

B BIZIE, ERBOFRELERLIZD

1. (new-rep? z) &

2. BFHEIZ new-rep? IZEHRT R 0EEEBEMN

(define (real-part z)

(cond ((rectangular? z) .. )
((polar? z) ..
((new-rep? z) .. )
(else .. )))

m H0iER) (additivity) TIEELY,

Data-Directed Programming

y (T—HERERTAISIVY)

B hniER (additivity) A2 —RET BT
BIZ. RO LG T—2EER,

A (type)
= Polar Rectangular
i
® real-part |real-part-polar FEE] |- R
rectangular
- B - _ B imag-part-
@ imag-part |imag-part-polar rectangular
o -
§ magnitude |magnitude-polar TEEITDCIELR
5 rectangular
g
angle angle-polar angle-rectangular

E ia)*;gﬂf TUT Scheme

B RITRESL-B (type) TTOANEEFputTHN

B RHOLEESR B (type) TEDLEEZEget TRR

B (put <op> <type> <item>)
(putprop <op> <type> <item>)
FIZ<op> <type>THBIZEDITT<item>%&§F

B (get <op> <type>)(getprop <op> <type>)
Fhb<op> <type>DFRFITHEEL. HNIE, <item>%F

W

B EEICEET S ER<item>X. LT TIE.
FHE(SLFK)

m <type>lE, 5IHDOB D)Xk




ﬁ= (define put
put & get G)EJ% putprop)
(define get
(put "banana "price 300)etprop)

(put "banana “"color * yellow)
(get "banana “price)
(put "Kyoto "Ja “kyouto’)
(put "University "Ja “daigaku’)
(get "Kyoto "Ja)
-> “kyouto”
(map (lambda (x) (get x "Ja) )
"(Kyoto University) )
-> (“kyouto” “daigaku’)
(put “University "Ge “Universitate™)

HEAERKRE by put & get

“(define (lookup given-key set-of-records)
(let ((result (get set-of-records given-key))
(if (null? result) false result) ))
®AD  BiEAD ieka
(put “population "China "(1285.0 660.5 624.5))
(put “population "India "(1025.1 528.5 496.6))
(put “population "USA "(285.9 141.0 144.9))
(put “population "Indonesia "(214.8 107.8
107.1))
(put “population "Brazil "(172.6 85.2 87.4))
(put “population "Pakistan "(145.0 74.5 70.5))
(put “population "Russia "(144.7 67.7 77.0))
(put “population "Bangradesh "(140.4 72.3 68.0))
(put “population "Japan "(127.1 62.2 65.0))
(put “population "Nigeria "(116.9 59.0 58.0))
(put “population "Mexico "(100.4 49.6 50.7))

(lookup "Japan "population)

ok

I zomtcmsr—s

B REICEEY S fFHR<item>(L. LT TIE,
FHE(LFRK)
m <type>lE, 5IHDE D)X
(define (total-amount x n)
(* n (get x "price)) )
(put "banana "(obj int) total-amount)
(put "banana "price 300)

((get "banana “(obj int)) "banana 10)




m EXEFEDZTHET—EDREE

(define (install-rectangular-package)
;; internal procedures
(define (real-part z) (car z))
(define (imag-part z) (cdr z))
(define (make-from-real-imag X y)
(cons X y))
(define (magnitude z)
(sgrt (+ (square (real-part z))
(square (imag-part z)))))
(define (angle z)
(atan (imag-part z) (real-part z)))
(define (make-from-mag-ang r a)
(cons (* r (cos a)) (* r (sin a))))

#i<;; interface to the rest of the system

E EXERDLITHET—E2OREE

;5 interface to the rest of the system
(define (tag x)
(attach-tag “rectangular x) )
(put “real-part "(rectangular) real-part)
(put "imag-part "(rectangular) imag-part)
(put "magnitude "(rectangular) magnitude)
(put "angle "(rectangular) angle)
(put "make-from-real-imag "rectangular
(lambda (X y)
(tag (make-from-real-imag X y))))
(put “make-from-mag-ang "rectangular
(lambda (r a)
(tag (make-from-mag-ang r a))))
"done)

E EXERDLITHET—E2DOREE

(define (install-rectangular-package)

; internal procedures
(define (real-part z) (car z))
(define (imag-part z) (cdr z))
(define (make-from-real-imag x y) (cons x y))
(define (magnitude z)

(sgrt (+ (square (real-part z))

(square (imag-part z)))))

(define (angle z)

(atan (imag-part z) (real-part z)))
(define (make-from-mag-ang r a)

(cons (* r (cos a)) (* r (sin a))))
;; interface to the rest of the system
(define (tag x) (attach-tag "rectangular x))
(put “real-part "(rectangular) real-part)
(put "imag-part "(rectangular) imag-part)
(put "magnitude "(rectangular) magnitude)
(put “angle "(rectangular) angle)
(put "make-from-real-imag "rectangular

(lambda (x y) (tag (make-from-real-imag x y))))
(put "make-from-mag-ang "rectangular
(lambda (r a) (tag (make-from-mag-ang r a))))

“done)




E BERDOSTHET—EOREE

(define (install-polar-package)
;5 internal procedures
(define (magnitude z) (car z))
(define (angle z) (cdr z))
(define (make-from-mag-ang r a)
(cons r a))
(define (real-part z)
(* (magnitude z) (cos (angle 2))))
(define (imag-part z)
(* (magnitude z) (sin (angle 2))))
(define (make-from-real-imag X y)
(cons (sqrt (+ (square x) (square Yy)))
(atan y x)))
#t<; ; interface to the rest of the system

E BERDOLTHET—E2OREE

;5 interface to the rest of the system
(define (tag x) (attach-tag “polar x))
(put “real-part "(polar) real-part)
(put “imag-part "(polar) imag-part)
(put "magnitude " (polar) magnitude)
(put "angle "(polar) angle)
(put "make-from-real-imag "polar
(lambda (x y)
(tag (make-from-real-imag X y))))
(put “make-from-mag-ang “polar
(lambda (r a)
(tag (make-from-mag-ang r a)) ))
“done)

E BEROLTHET—E2OREE

(define (install-polar-package)

;5 internal procedures
(define (magnitude z) (car z))
(define (angle z) (cdr z))
(define (make-from-mag-ang r a) (cons r a))
(define (real-part z)

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

(* (magnitude z) (sin (angle z))))
(define (make-from-real-imag x y)

(cons (sqrt (+ (square x) (square y)))

(atan y x)))
;; interface to the rest of the system
(define (tag x) (attach-tag "polar x))
(put “real-part "(polar) real-part)
(put "imag-part “(polar) imag-part)
(put “magnitude “(polar) magnitude)
(put “angle ~(polar) angle)
(put "make-from-real-imag “polar
(lambda (x y) (tag (make-from-real-imag x y))))
(put “make-from-mag-ang “polar
(lambda (r a) (tag (make-from-mag-ang r a))))

“done)

10



M generic operation MERA A%

(define (apply-generic op . args)
(let ((type-tags (map type-tag args)))
(let ((proc (get op type-tags)))
(if proc
(apply proc (map contents args))
(error
"No method for these types —
APPLY-GENERIC"
(list op type-tags))))))
"done)

ZhTgeneric procedure 2BE%Y 3,
(define (real-part z)
(apply-generic “real-part z))

E generic operation D@EAA &%

(define (real-part z)
(apply-generic "real-part z))

(define (imag-part z)
(apply-generic "imag-part z))

(define (magnitude z)
(apply-generic "magnitude z))

(define (angle 2z)
(apply-generic "angle z))

I srcenirsrusmens

B EXERRER if REBEERBLIHOTNSLE
B BEERE i LEEHESINOTNDHEE

(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) r a))

B (F55, 5FKBAMICEBLEBEREREANREINT. £
D&, BISHELE-FHRENBBMIBRIRSNSEN
BEAMYIZEF=TL&LD,

11



Symbolic differentiation

(define (deriv exp var)
(cond ((number? exp) 0)
((variable? exp)
(if (same-variable? exp var) 1 0) )
((sum? exp)
(make-sum (deriv (addend exp) var)
(deriv (augend exp) var) ))
((product? exp)
(make-sum
(make-product (multiplier exp)
(deriv (multiplicand exp) var) )
(make-product
(deriv (multiplier exp) var)
(multiplicand exp) )))
<more rules can be added here>
(else (error "unknown expression type —
DERIV' exp ))))

E Symbolic differentiation

(define (deriv exp var)
(cond ((number? exp) 0)
((variable? exp)
(if (same-variable? exp var)
1
0>
(else
((get "deriv (operator exp))
(operands exp)

var ))))

(define (operator exp) (car exp))
(define (operands exp) (cdr exp))

E Data-Directed Programming®DR4A >+
B REITARIZSHE: type-tagTdispatch

& (type)
Polar Rectangular

o real-part
g B ~ ~ _ -

real-part |real-part-polar rectangular

R B - B B imag-part-
@ imag-part |imag-part-polar rectangular
<] -
© magnitude |magnitude-polar ELE) TS
5 rectangular
Q
° angle angle-polar angle-rectangular

12



put & get DEhE

B REICEEY HFR<item>X. LLTF TR, FiZE (5

L)
(define (total-amount x n)

(* n (get x "price)) )
(put "banana "(obj int) total-amount)
(put “banana “price 300)

((get "banana “(obj int)) "banana 10)

B COFOTIEIUTRIREL,
m HETS0H message passing

E Message Passing DRA >k

B RE{TAMRIZ5E: type-tagTdispatch
B REFIABIZHE: T—2AT O IMH
dispatch

# (type)
- Polar Rectangular
b
=) B _ _ real-part-
real-part |real-part-polar rectangular
N B - _ _ imag-part-
é) imag-part |imag-part-polar rectangular
= . _ magnitude-
< -
s magnitude |magnitude-polar rectangular
g
angle angle-polar angle-rectangular

E Message passing Church
numeral
(define (make-from-real-imag x y)SN=IE
(define (dispatch op) £RE LR
(cond ((eg? op "real-part) x)
((eq? op "imag-part) y)
((eq? op "magnitude)
(sgrt (+ (square x)
(square y) )))
((eq? op "angle) (atan y x))
(else
(error "Unknown op —
MAKE-FROM-REAL-IMAG" 0p))))

dispatch)

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

13



e T R
ARBEEVRATL
BB r— | ABRMISIT—D R

AEMEETOTS L SR R o ol
e —— Y5 LERTORRR

dd -+ lex, sub- lex,mul

BFEHBHSHAENSEER CELE L IRG=E)
real-part |mag—?art

RPELTRRENSAER [Edx

R BERARE
(Rectangular (Polar representation)
cons car cdr representatio
cons car cdr + *
<7 OREE UAMBELEARSVHH j

ARRRS 7 AOHE

R EE
add sub mul div
AREMERE \vTr—>
Genetic arithmetic package

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

ERBETERE
ﬁﬁﬁgﬁiﬁg Complex arithmetic EEHETRER
Rational Ordinary
arithmetic EXEERE | BERERE | arithmetic
Rectangular Polar

JAMBELERT LV UEMNER

251 RAKMEETHE

B add sub mul div FHTEMEEEZRL DTS,
B S HOA T ICKYBEYN R BEEEITSFHEEER

(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) )

14



E Ordinary number /Sy —

(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 ¥))))
(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 )

E Scheme number 1\ —UDFERE

(define (make-scheme-number n)
((get "make "scheme-number) n) )
(define foo (make-scheme-number 8))

scheme- 8
~ number
(define bar (make=-scheme-number 3))

scheme-
umber
(add foo quare)

((get "add - (scheme-number scheme-number))
(contents foo) (contents bar) )
(+83)

3

scheme-
number

11

" Rational number /3w —

(define (install-rational-package)
; internal procedures
(define (numer x) (car x))
(define (denom x) (cdr x))
(define (make-rat n d)
(Tet ((g (gcd n d)))

_(cons (/ ng) (/dg)))
(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)) ))

15



E Rational number /3w —< ($%)

(define (install-rational-package)
;; 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)) ))

E Rational number /Sy — (#t4<)

(define (install-rational-package)
;5 interface to rest of the system
(define (tag x) (attach-tag "rational Xx)]
(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 )

E Rational number /34—

(define (install-rational-package)
; interface to rest of the system
(define (tag x) (attach-tag "rational Xx)]
(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 )




2} Rational number /3y —2 DA

(define (make-rational n d)
((get "make "rational) n d)) )
(define foo (make-rational 3 8))

rational 3 8

(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 1 2

E Complex number 73w —%

(define(install-complex-package)
;5 Timported 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))

E Complex number /35— (i)

(define(install-complex-package)
; internal procedures
(define (add-complex zl1l z2)
(make-from-real-imag
(+ (real-part zl1) (real-part z2))
(+ (imag-part zl1) (imag-part z2))))
(define (sub-complex zl1 z2)
(make-from-real-imag
(- (real-part z1) (real-part z2))
(- (imag-part z1l) (imag-part z2))))
(define (mul-complex zl1l z2)
(make-from-mag-ang
(* (magnitude z1) (magnitude z2))
(+ (angle z1) (angle z2))))




Y Complex number /3945 — (§i &)

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

(define (div-complex zl1 z2)
(make-from-mag-ang
(/ (magnitude zl1l) (magnitude z2))
(- (angle z1) (angle z2))))

;5 internal procedures

(put “add " (complex complex)
(lambda (z1 z2)
(tag (add-complex z1 z2)) ))

(define (tag z) (attach-tag “complex z))

E Complex number 73v45—< (4)

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

(put “sub " (complex complex)
(lambda (z1 z2)
(tag (sub-complex z1 z2)) ))
(put "mul " (complex complex)
(lambda (z1 z2)
(tag (mul-complex zl1 z2)) ))
(put "div " (complex complex)
(lambda (z1 z2)
(tag (div-complex zl1 z2)) ))

E Complex number 7$v45—< (5)

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

(put "make-from-real-imag "complex
(lambda (x y)
(tag (make-from-real-imag X y))

(put "make-from-mag-ang “complex
(lambda (r a)

(tag (make-from-mag-ang r a))))
“done )
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Ex.2.77 Complex number 73w —

(define (make-complex-from-real-imag x y)
((get "make-from-real-imag "“complex)

Xy))

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

B Complex number @) genetic operations

(put “real-part "(complex) real-part)

(put "“imag-part " (complex) imag-part)

(put "magnitude " (complex) magnitude)

(put "angle "(complex) angle)

E Complex number /3y —S DAL

(define (make-complex-from-real-imag X y)
((get "make-from-real-imag "complex)

Xy ))

(define (make-complex-from-mag-ang r a)
((get "make-from-mag-ang “complex)

ra))

(define foo
(make-complex-from-real-imag 3 4) )
3+4i

complex rectangular 3 4

E Ex.2.78 Ordinary number /34—

B Scheme-number Z%hE&{EL1=LY

B EXFHEL. ASTERATFVvIELTINS

® symbol? number? pair? GEZEEFERA

B scheme-number TI&.#M4FTFIvIEZIRT
LIZEET, @EFIEL=LY,

19



m scheme-number O$E(L

(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)
(iT (pair? datum)
(cdr datum)
datum ))

B (T (B)FzvIE O RTLIZEET:!

E Coercion (F&H| B ZE#)

B BS54 T RATICEMREEIET 5.
B3 BOLMTICKY B EREETSFHEEEA

B FREEERT DA, HET BS54 T THENGIHIZD
WTRREZDRATIERT S,

(define (scheme-number->complex n)
(make-complex-from-real-imag
(contents n) 0 ))
(put-coercion

"scheme-number *complex
scheme-number->complex )

E Coercion (F&H| B ZEH#L)

(define (apply-generic op . args)
(let ((type-tags (map type-tag args)))
(let ((proc (get op type-tags)))
(if proc
(apply proc (map contents args))
(if (= (length args) 2)
(let ((typel (car type-tags))

(type2 (cadr type-tags))

(al (car args))

(a2 (cadr args)) )

(let ((t1->t2 (get-coercion typel type2))
(t2->tl (get-coercion type2 typel)) )
(cond (tl->t2
(apply-generic op (tl1->t2 al) a2))
(r2->t1
(apply-generic op al (t2->tl1 a2)))
(else
(error "No method for these types™
(list op type-tags) )))))
(error "No method for these types™
(list op type-taas) NN

20



Coercion (FRHIB ZEH#E . 20)

(define (apply-generic op . args)
(let* ((type-tags (map type-tag args))
(proc (get op type-tags)) )
(if proc
(apply proc (map contents args))
(if (= (Iength args) 2)
(let* ((typel (car type-tags))
(type2 (cadr type-tags))
(al (car args))
(a2 (cadr args))
(tl->t2 (get-coercion typel type2))
(t2->tl1l (get-coercion type2 typel)) )
(cond (tl1->t2
(apply-generic op (tl->t2 al) a2))
(t2->t1
(apply-generic op al (t2->tl a2)))
(else
(error "No method for these types™
(list op type-tags) )))))
(error "No method for these types"
(list op type-tags) NN

let & let™
(let ((x 1) (let ((x 1)
& 3 & 3)
(let ((X 8) ((lambda” (x z)

@ (+xy)) (display (list x y 2)))
(display (list x y z)) 8 (+ X y)))
»

LE(fi (syntax sugar)
omnz> (8 3 4)

(let ((x 1) (let ((x 1)
& 3 & 3)
(let* ((x 8) ((lambda (x)
@ +xy)) ((lambda (2)
(display (list x y z)) (display (list x y z)))
D)) o S; Xy) ))

() X2
7 (8 3 11) L%l (syntax sugar)

E Hierarchies of types (R KERE)

B CoercionTIXEDEANERTEINMNEE,
mHEATIEE:
e

B 7ower of types (EniE)

B RERREOEMILICHREYE
2T BB B AL
BRIETHELETEND,

HEH mf5l: 4.0+3.7i + 5.0-3.7i
BIERIIB\RB TG EH
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Hierarchies of types(RKERE)
NEMTIRE: ’ -
E23A

=AY m3af
—gn=gr || BazAW | | af | | W |
| wrmaw
\ o
EZAAIE N

[EEAW|[ea-sa=aw

| EAH |

E Hierarchies of types (&)
RERTIHS: ) T

triangle quadrilateral
: : [trapezoid| [ Kite
isosceles | right angle | ,
triangle parallelogram |
e | rectangle | | rhombus|
equiiateral) | jsosceles right
triangle angle | square |

E Inadequencies of hierachies

NEEEROEMIEIZIIBRIE R Tl B
BEELICEHRIET A EEEENS,
mfl: 4.0+3.7i + 5.0-3.7i

B REREERRTEE =X
W Ex2.83, 84 raise D&

B Ex2.85 drop DERET
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Abstraction barrier ®%hFE

1. 12371 —ADFHE (generic nameT)ZEEHL
TEITE. ZOFHEFEEDLIITRETIHDRE
TBETES,

2. A7 —ADREIFFA1TICKYHE,

3. EROIAT IR L TFREEERT DAL, BT
84T I1ER B ERELTS,

4. RCAUETI—REFBDIATTRETHILL AR,
m ALFES (generic operations)
m {F$R Sk (information hiding)

A MTEEOWESES R T L

reflection 2point-circle

MEh I/ w4 — Hyperbolic Geometry
add sub mul div

AREMEE S —D

Genetic arithmetic package

add-rat sub-rat [ add-complex sub-complex
mul-rat div-rat mul-complex div-complex —m—

ERBEMER
ﬁ!ﬁ&;ﬁiﬁi Complex arithmetic BEHENRE
Rational Ordinary
arithmetic | B EERE | BEEER | arithmetic
Rectangular Polar
R PSS EAT S E

fi« BIEZEDCircle-limit: I i8] - S5RR T i

R7UALABETOHEIR ERTOHREB
i |
Q \) b
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Escher®Circle-limit 111 (1959)

. BHEIE. ROHME:
s Ex.2.73, 2.81,
. BFPBL

18158 17: 30§58




"’f"; Sorting (¥51)

= REBEFI (internal sorting)
e T—RIETRTERIELIZELNT
25
1EREEEBARST
2. LR EIHEBHBOT .
= S ERREF| (external sorting)
- NBDEREEEZTALTES
L EFRELHYMERBLOBTODT—
RELEBIMZEBARS T,

ﬁ;‘ Internal Sorting (REREEF)

n BRAHE
1.#& AY—F (insertion sort)
2.e—7Y—F(heap sort)
s NYFH
1.24v%*)—k (quick sort)
2.737 )L — (bubble sort)
n T (S EREES EHaE)
1.¥——k (merge sort)

ﬁ;‘ Internal Sorting (REREEF)
n BRANE
- #&AY—k(insertion sort)
e E—7Y—LI(heap sort)
CIRA i
e 94v%*)—k(quick sort)
e /N7 JLY— (bubble sort)
n T (S EREES )
» ¥——k(merge sort)

25



S RERF| (stable sorting)

s EAICT—2EIDLELEDIERHESF
BERBESNTWAREIIDIE,

s E#H/—F (radix sort) TIEEEL M
B,

w HEREFTEYITESHY—IHE
hha,

fEAY—Fk(insert sort)

(define (insert-sort-pred pred records)
(if (null? records)

(insert-elem pred (car records)
(insert-sort-pred pred (cdr records))

(define (insert-elem pred elem ordered-rec)

(cond ((null? ordered-rec) (cons elem “()))

((pred elem (car ordered-rec))

(cons elem ordered-rec) )
(else
(cons (car ordered-rec)

(insert-elem pred elem

(cdr orderd-rec) )))))

(define (insert-sort records . args)
(insert-sort-pred
(if (null? args) > (car args)))
records ))

S HEAY—F (insert sort) DEFTFL—Z
"*-:(insert—sort—pred > "(2316 4))
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HEAY—k(insert sort) DEIEE

.Ul . XEDHZHSE (worst case) (predhi=¢93)
B KELELDHBIEICASTLS
L. 1
| ttiilﬁl%l(i;(._l)zgn(n_l) @(nZ)

2. B DI54E (best case)
B /PNENLOHBIBIZA>TLS
m EEBEBIE > 1-0-1 ®(n)

3. E¥DIHEA (average case)
] TT'-AQ—" wz= hmiﬁ_\;b.ill s

m HBE Y ;0-0=300-0 " O(n?)

' 2492 )—k (quick sort)

(define (quick-sort records . args)
(quick-sort-pred (if (null? args) > (car args))
records ))
(define (quick-sort-pred pred records)
(if (null? records)

L4

(¢
(let* ((pivot (car records))
(division (partition pred pivot
(cdr records) ‘0O 0O )))
(append (quick-sort-pred pred (car division))
(cons pivot
(quick-sort-pred pred
(cdr dIVISIOn) M)
(define (partition pred pivot records left right)
(cond ((null? records) (cons left right))
((pred pivot (car records))

(partition pred pivot
(cons (car

(else

(partition pred pivot
(cons (car

(cdr records) left
records) right) ))

(cdr records)
records) left) right ))))

;é 1

2

s »
3
©» o)

6
O

O O

' quick sortMERIThL—R (F&H)
(quick-sort-pred > '@3 16 4))

®

1
O O

ARG
(divide and conquor)
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quick sort®E{fThL—X1

1. (quick-sort-pred > "(2 3 1 6 4))
2. (partition > 2 (316 4) "0 “0)
(@364 (1))
3. (append (quick-sort-pred > "(3 6 4)
(cons 2 (quick-sort-pred > (1)) )

3-1. (partition > 3 "(6 4) "O "0Q)
6 4 Q)
3-2. (append (quick- sort pred > *(6 4))
(cons 3 )
4-1. (partition > § (4) O "0

4-2. (appené 0O

(cons 6 (quick-sort-pred > "(4))) )
5-1. (partition >4 0 O "0)
4-3. (appende(z)(gggs 6 (append O (cons 4 (0))))
a4-4. (6 4)

quick sortM=E{ThL—X2

(partition > 3 *(6 4) "O “"0O)

6 4y O)
(append (qU|c%)§o;t—pred > (6 4))
(appegd REOROY

. (append "(6 4 3)
(cons 2" (quick-sort-pred > *(1)) )
(partltlon > 1°0 "0 "0)
(append (6 4
(cons 2 () )
(64321)

S 494 )—hk (quick sort) DEEE
. BREDHE (worst case) (predM=Ed3)

B /NSVEDMBIRIZASTLS
u partltlon'C(Di"FEIEI#l:l: @(nZ)

Zo1o=n nm+D—fnm 1)

2. B DI5HE (best case)
B SBEIMRNSALTLND
B partitionDFEEh ZEHIE

logn ®(nlogn)
3. F¥Di54E (average case)
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0 9499 —k (quick sort) DEHEE
3. ¥ D15HE (average case)
s T—ARITTRTELD. HOWBIEHHEHE
%,
o BRTORBITHLRBRDRENEILTHET
%,
B nEFROquick sort [(TET B/ T(n) &35
BTN <T@ +T(n—i-1)+cnn (c: EH)
B NnBERVIBREN--IBRICHEISNT=ETHE
T(N)=T(i)+T(n-i-1)+cn

,” 9494 )—k (quick sort) D EE

*; nEFREDSE. (0,n-1), (1, n-2),..., (n-1,0) K%
HETETZLTELE. ROFHIEXEHD

T(n)=cn+%§T(i) (n>2)

T@)=0
T(0)=1
N BT AL
T(n)~2nlogn ©(nlogn)
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