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1A25BHKBER 2.2.3~1%3%

E{®&DANTF (nesting of mapping)
1j<isn HRRHEZEDEY i,j (SHLT, i+jhRKEs
B2LDETRTRDS

n=6M&E
i 2 3 4 4 5 6 6
j ’ 2 1 3 2 1 5
i+ | 3 5 5 7 7 7 1

accumulate:
enumerate: tmy
interval append
enum | o
erate: ||
interv || integ
ﬂl er

make-pair-

list of pairs of integers M{EDF

(accumulate
append
nil
(map
(lambda (i)
(map
(lambda () (list i j))
(enumerate-interval
NGRS ID)))

(enumerate-interval 1 n) ))

COMUHL/IS—VEFHELLTER

(define (flatmap proc seq)
(accumulate append nil (map proc seq)) )

list of pairs of integers M{EDF

(define (prime-sum? pair)
(prime? (+ (car pair) (cadr pair)) )

(define (make-pair-sum pair)
(list (car pair) (cadr pair)
(+ (car pair) (cadr pair)) ))

(define (prime-sum-pairs n)
(map make-pair-sum
(filter prime-sum?
(fFlatmap
(lambda (1)
(map (lambda () (list i j))
(enumerate-interval
1¢-1i 1))

(enumerate-interval 1 n) ))))

EBEZ. BIFENH.
FARGER
2.2.3~XKB 57 +KBH
fRZELoMYLTESLY.

DON'T PANIC!
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add-complex, sub-complex,mul %
BRBEHE /T —

(Rectangu_lar (Polar representation)
representation)

DAMBEEERTL UEIM

ERBORK
1. E# (imaginary part)
Z=X+Iiy iZ=-1
2. In% (addition)
Real — part(z, + z,) = Real — part(z, )+ Real - part(z, )
Imaginary — part(z, + z, )= Imaginary — part(z, )+ Imaginary — part(z,)
3. & (multiplication)
Re(z, -z,)=Re(z,)-Re(z,)—Im(z,)- Im(z,)
Im(z,-z,)= Re(z,)-1m(z, )+ Im(z,)-Re(z,)
Magpnitude (z, - z, )= Magnitude (z, )- Magnitude (z, )
Angle(z,-z,)= Angle(z,)+ Angle(z,)

HERBOmAIRK

(define (add-complex zl1l z2)
(make-from-real-imag
(+ (real-part zl1) (real-part z2))
(+ (imag-part z1) (imag-part z2)) ))
(define (sub-complex zl1 z2)
(make-from-real-imag
(- (real-part zl1) (real-part z2))
(- (imag-part z1) (imag-part z2)) ))
(define (mul-complex zl z2)
(make-from-mag-ang

Z=X+iy=re"

HERB02BREOESE
Ir;agi'pary z=X+iy =re”

= arctan( y, x)

>ﬁ

(* (magnitude z1) (magnitude z2)) A
(+ (angle z1) (angle z2)) )) > Real
defi div- 1 1 z2
Cttpe gonyooter = = X =1 cos A X
/ itud 1 itud 2 =
¢ Gngle 31 Cangte 235y yy 22 y =rsin A
HRBD2BRMORBENDRE HERBORB & Z=x+iy=re"

Z=X+iy =re”
(make-from-real-imag
(real-part z) (imag-part z) )

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

X =rcos A rzw/x2+y2
y=rsin A A=arctan(y, X)

B EIRF (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 2z)

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

B EEF (constructors)

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

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

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




HERBOTR & (8)

m EIRF (selectors)
(define (real-part z)

(* (magnitude z) (cos (angle z2))) )
(define (imag-part z)

(* (magnitude z) (sin (angle z2))) )
(define (magnitude z) (car z))
(define (angle z) (cdr z))

B #EFEF (constructors)
(define (make-from-real-imag X y)
(cons (sgrt (+ (square x) (square y)))
(atan y x)) )
(define (make-from-mag-ang r a)
(cons r a) )

Z=X+iy=re"

& BRERICERBERA

2
z,,=2,+C
z,=C

NIRRT HHC=(X,Y)
Mandelbrot Set

A EDHEIEframe coordinate
mapRfEA (B [ZEE)

http://mathworld.wolfram.com/M
andelbrotSet.html
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Message passing Church
(define (make-from-real-imag x y) numeral
(define (dispatch op) ERICHE

(cond ((eq? op “real-part) x)
((eq? op “imag-part) y)
((eq? op "magnitude)
(sqgrt (+ (square x)
(square y) )))
((eg? op "angle) (atan y x))
(else
(error "Unknown op —
MAKE-FROM-REAL-IMAG" 0p))))
dispatch)

(define (apply-generic op arg) (arg op))
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cons car cdr
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RARKIATLOWE RERRIATLIBEOPIT P

R =5 ComplexTHERL=2DDY T 247 (EBHE)
== , DHEFEZEBVHES
add sub mul div
ﬂﬁﬁ gﬂﬁ';ﬁgl Q“J’T_t/’ i+3i rectangular 4 3
Genetic arithmetic package _5((':0'50633?(?
add-rat sub-rat add-complex sub-complex _ (I)S;g] ' TI:) polar 5 0.30m
mul-rat div-rat mul-complex div-complex —n— =5g0-30m
5 (define (make-from-real-imag X y)
REHRmES Corﬁfﬁfﬁﬁiﬁc BREMES ((get "make-from-real-imag "rectangular)
Rational Ordinary Xy))
arithmetic EXEERE | BEERE | arithmetic (define (make-from-mag-ang r a)
Rectangular Polar ((get "make-from-mag-ang "polar)
JRAMEEELERTLURMBRE ra)j)
2.5.1 ARANRAFEHE £ RAEHEREIATLOBREHCRE
B add sub mul div I TCEMBEREZRR =__p- ) 3 S
 Generic operation (L ) 1. g . RZTFDEA4T (B ERFT 544 (tag) 11
B3 BOA4T (B) IZ&YBYEBREETSFHREEEA o -
(define (add x y) i i 2. RAISBOIMTOMELLEDFHEEMS
(apply-generic “add x y) ) 3.RCAMTRLDFHEEETEE
defi b -
¢ ?aggiysggne)lfig)'sub X y) ) (RfE1] REGZ91TDMEHE~DHIE
(define (mul x y) > EIEE[E (Tower of types)
(apply-generic "mul x y) ) > B EIgE L (coercion)

(define (div x y)
(apply-generic "div x y) ) FiE2] YRATLBERAHT—E24T~DOHRIE

1. F—RIZIEZEDEATERIT 52 (tag) &t 5 > RETIEATEfFF4.
2. BHISBIMO2/TOHEEETDFHELMTE.

™

Ordinary number /$9r—Y 4 TagtT—%, MEOBR
(define (install-scheme-number-package) (dezznet(wakﬁ—sgheme-numbeg ng )y
(define (tag x) get "make "scheme-number) n
(attach-tag "scheme-number x)) (define foo (make-scheme-number 8))
(put "add " (scheme-number scheme-number) scheme- PEREhA.
(lambda (x y) (tag (+ x ¥))) ) number 8
(put “sub "(scheme-number scheme-number) 8% s I
(lambda (x y) (tag (- X y))) ) " RHERLFMEIL contents & type-tag
(put "mul "(scheme-number scheme-number) B RAAER (add sub mul div) IZIEEIBD24T0DMH
(lambda (x y) (tag (* X ¥))) ) BEICHTHIFHEEOX M.
(put "div "(scheme-number scheme-number) ((scheme-number scheme-number) . FHZ)
5 (laEbda ()': Y) (tag “ xy))) ) (rational rational) . F#%)
put "make "scheme-number I I . -
(lambda (x) (tag x)) ) (complex comple) . FHE
“done )

RECIMOBOM S HEEOEREEHS B put get DEBEBVHES GEEYRF)




Scheme number /SYr—I0E A%

(define (make-scheme-number n)
((get "make “scheme-number) n) )

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

scheme-
number

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

scheme- 3
number

(add foo bar)lFXERLC

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

(+ 8 3) scheme-

number

8

11

Rational number I$95—Y

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

(cons (/ n g (/ 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)) ))

Rational number /$yr—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)) ))

Rational number /95— (<)

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

Rational number /t9r—I0 Rk

(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

Complex number /$vr—Y
ComplexIZ[Z, &

HYITAT (BAE) RHEHEEBVHES.

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

ra))




Complex number /3vr—Y (#)

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

Complex number /397 —J (#7%)

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

(define (div-complex z1 z2)
(make-from-mag-ang
(/ (magnitude z1l) (magnitude z2))
(- (angle z1) (angle z2))))

;; internal procedures
(define (tag z) (attach-tag "complex z))
(put "add "(complex complex)
(lambda (z1 z2)
(tag (add-complex zl z2)) ))

Complex number /$vr—(4)

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

(put “sub "(complex complex)
(lambda (z1 z2)
(tag (sub-complex zl z2)) ))
(put “"mul " (complex complex)
(lambda (z1 z2)
(tag (mul-complex zl1l z2)) ))
(put "div "(complex complex)
(lambda (z1 z2)
(tag (div-complex zl z2)) ))

Complex number /$9r—3(5)

(define(instal l-complex-package)

;5 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 )

Ex.2.77 Complex number )3yr—Y

(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)

Complex number /39r—J 0 Mk

(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




Ex.2.78 Ordinary number /$yr—Y

B Scheme-number ##FE{LL1=L>

B EAFHEEE. ABTEATFvoELTND

B symbol? number? pair? LZEEFER

B scheme-number Tl&, 24 TFIVIERT
LIZEET, B&EELEL,

scheme-number D% 1L

(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 Y))

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

B AT (BE)FvIESRTLICEET !

Ordinary number /$yr—YJ3EERL

(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 ¥))))
(put "make "scheme-number

(lambda (x) (tag x))
"done )
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1128 -FBOAZ21—

2.5 Genetic Operation System

1. 2.5.1 Generic Arithmetic Operations

2. 2.5.2 Combining Data of Different
Types

3. 2.5.3 Example: Symbolic Algebra

2.5.2 Combining Data of Different Types
B 2354 TRTICHINREEERT 5.
B 5RO EYBEYRERETSFREEER

B ROEFESIM?
;5 tobeincluded in the complex package
(define (add-complex-to-schemenum z x)
(make-from-real-imag
(+ (real-part z) x)
(imag-part z2)))
(put “add " (complex scheme-number)
(lambda (z x)
(tag (add-complex-to-schemenum z X))




Coercion (5 il Y 25 )

B R TRTICHMERENET S,
B 3BT IV ENEREETOIFHEEER

B FHEELERAT D0, BT 21T THOEIHIZD
WTIRREDRATITEBRT D,

(+ 3 3.1) > (+ 3.0 3.1)
(* 3+4i 2) = (+ 3+4i 2+00)

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

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

Coercion (& il 2V 25 k)

(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 ((tl->t2 (get-coercion typel type2))
(t2->tl (get-coercion type2 typel)) )
(cond (t1->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) ))))))

Coercion (SR BV Ik, B0

(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 (= (length args) 2)
(let* ((typel (car type-tags))
(type2 (cadr type-tags))
(al (car args))
(a2 (cadr args))
(tl->t2 (get-coercion typel type2))
(t2->tl (get-coercion type2 typel)) )
(cond (t1->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) ))))))

Hierarchies of types (Zm)

B CoercionTIXEDEAERTEINMDEE.
B HIEES: ICLAMICER

ERY | mTower of types (B D)

& | WEERROHEMICIXRERES
(‘J"C*‘U(;bﬂlgg’éﬁﬁil:%ﬂlﬁb
FHELEEND,

AEY | wpl: 4.0+3.7i + 5.0-3.7i

BIERIIERBTEG R

e

i
%

Hierarchies of types (2 /&)
BERTBES: WEICHBOEAIZEHR

&k | | Rk |
1

FHmLE |
\ b

| BEAR || &% |

IEF

| Ba=aw ||

| —zu=aw

| EEAK || sa=ga=an

Inadequencies of hierachies
mEEEROEMIEICEBEHRIE TR BREE

BAIICFERRIET HEbEEND,
mfHl: 4.0+3.7i + 5.0-3.7i

m R IERM TR B
W Ex2.83, 84 raise MDEXET

W Ex2.85 drop D&t




Abstraction barrier O%h 8

1. 41227 —XDF§%E (generic nameT) ZEZEL THIFIE.

ZTOFFEELEEDLSICRETIHNDREITEETES,
2. A7 —ADNREFZATIZLYVIRE.

3. EROAAT ISR L TGS EEAT HACT. HETS
BAFIER B EBRE TS,

4. ACAUBTI—REBRODIATTRETHELTRE.
m ALAEE (generic operations)
B {FERFERK (information hiding)

fapER (KB TR HD)

* http://kyoori.or.jp/

BRI HEER ] (SHEMESE ST
B1=DHEEE., HALMEHE (L
F)EBLVS, BEE(FOAH) ELVS—
BOABHEAN. BPMORERESIZD
IELTEIIHAEELE=HD ., FIRHE
DIfTH— zv;b*ﬁ(t‘C)% (kD)
FRO—FIZH1=5

BAEA~D
BT 4E
27/
V)

FUHE - nttp://blog.goo.ne. jp/vitello/

1A18H -FHMDA 21—

1. Internal Sorting(I#BEESI)
1. ¥#®AY—LI(insertion sort)
2. D499Y—b(quick sort)

2. vector (RD%)IcLdSorting
1. E=7Y—F(heap sort)
2. 17),W—1(bubble sort)
3. ¥—YY—I(merge sort)

3. Searching (I#3%)
1. Z4#R% (binary search)
2. )Ww¥aik(hashing)

Sorting (%)

= REREF| (internal sorting)
e T—ARIFTARTERELIC
1ERMBERZTBARST .
2. LR EIEZEAB ST

= 5 EEF] (external sorting)
- NERDELIREEZHAILVTES
. FEIELHEEEIREDETDT—4ER

EEBEB ALY

BULNTES)

Internal Sorting (PR#EBEESI)
» ERANE
e A Y — (insertion sort)
e E—7Y—k(heap sort)
. N\YFE
e 24v%")—k(quick sort)
» /N7 JLY—k (bubble sort)
n T (SMERERS|EHE)
e ¥v—¥Y—k(merge sort, f&YV—Fk)

Javal2 &b TE
http://winnie.kuis.kyoto-u.ac.jp/~okuno/Lecture/09/IntroAlgDs/




REEI (stable sorting)

s FICT—2EDHLELEDIEFHES| R
LRFSNATWNBREFDI L.

s EHHY—(radix sort) CTIXEELMHE.

s HEXEFTEITERY—IMED
na.




