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m 2.1 Introduction to Data
Abstraction

m 2.1.1 Example: Arithmetic
Operations for Rational Numbers

m 2.1.2 Abstraction Barriers

m 2.1.3 What Is Meant by Data?

m 2.1.4 Extended Exercise: Interval
Arithmetic

2.1 T—AMZEk (data abstraction)
s WBMET—ADA4DDEKIENE

1. ¥8RF (constructor)

2. BIRF (selector)

3. #EE (predicate)

4. A7 (input/ output )




2.1.1 Rational Numbers (HFHE#)

®  #AF (constructor)
(make-rat <n><d>)
<n> numenator(%F),
<d> denominator (53#)
m SBIRF(selector)
(numer <x>)
(denom <x>)
<x> rational number
B REE(predicate)
(rational? <x>)
(equal-rat? <x> <y>)
B AHA(input/output)
<n>/<d>

2.1.1 Rational Numbers (HFHE#)

= nE ﬂ_’_&_ nd, +n,d,
(addition) . d, d,d,
mEE _ n__n, nd,—nyd,
(subtraction) d, d, —dldz
mEH
(multiplication) n o N N,
1 d2 dle
m & (division) n.n, nd,
mhEE d, d, dpn,
W
nd,=nd, = d, " d,

Rational Number Operations

non, nd, +n,d, non, nd, —n,d,
d d, dyd, d d, dyd,

(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 Operations
noM_nn, o n,_nd, nd,=ny,

d, d, dd, d d, dn, [E— 1
(define (mul-rat x y) d,

(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) )))

(define (equal-rat? x y)
(= (* (numer x) (denom y))
* (numer y) (denom x)) ))

n

I
d2

Rational Number Representation
(define (make-rat n d) (cons n d))
[0 [d ] ~R7 (pair) TRE

(define (nhumer x) (car x))
(define (denom x) (cdr x))
(define (print-rat x)

(newline)

(display SnHmer X))

(display
(d;splay (denom x))
X

e’ Rational Number Reduction (BE#1t)

(define (make-rat n d) (cons n d))
CORBIZEB: eg., 2/3, 4/6, 6/9

(define (make-rat n d)

(let ((g (gcd n d)))
(cons (/ ng) (/d9) )

BX#94k: reducing rational numbers to the
lowest terms




T ——

(define (make-rat n d)
(let ((g (gcd n d)))
(cons (/ ng) (/ dg) )
WEDORM-ERTIE?
(define (make-rat n d) (cond n d))
(define (numer x)

(let ((g (gcd (car x) (cdr x))))
(/ (car x) 9) ))

(define (denom x)

(let ((g (gcd (car x) (cdr x))))
(/ (cdr x) 9) ))

COEWNIOTOTSLICREEEZ DN ?
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m 2.1.2 Abstraction Barriers

m 2.1.3 What Is Meant by Data?

E 2.1.4 Extended Exercise: Interval

Arithmetic

[ sorzmzionrsns:
ARSI 055

TJOUSLBEETORER
add-rat sub-rat mul-%
DFERBIOEBINIFEH

mp=tS make-rat numer den
VI Ry ELTHRSh I HER

(cons (/n g) (/d9)))

T DEEE
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m 2.1.3 What Is Meant by Data?

m 2.1.4 Extended Exercise: Interval
Arithmetic

2.1.3FT—42T? R7(x. pair) BE
(make-rat n d) OFHRTREEHERE

(numer x) _ n

(denom x) d
1. cons, car, cdr ZEEDLIL THEE
2. ROFHETHE

(define (cons X y)
(define (dispatch m)
(cond ((= m 0) x)

(=m1)y)
(else (error "Argument not O or 1
-— CONS*“ m ))))
dispatch )

(define (car z) (z 0))
(define (cdr z) (z 1)) (z 0) = cdr

R7 (®t, pair) #F#H=TER

(define (cons Xx y)
(define (dispatch m)
(cond ((=m 0) x)
(Eml)y)
(else (error "Argument not O
or 1 —— CONS™ m ))))
dispatch)
(define (car z) (z 0))
(define (cdr z) (z 1))

m(define foo (cons 10[28))
B (car foo) < -

m(cdr foo) -




!

L LD EM DT RLRT (pain EFHETER

.\'. %

¥l

defi . _—
Wetine Cons x9) > EEETE =

(define (car z) MIEE =
R o,y ;q?ﬁéé_
(define (cdr 2) E2fi1-Ca
(z (lambda (p @) @)) ) ARDETE
B (define foo (cons 10 25))

B (car foo) =
((lambda (m) (m 10 25)) (lambda (p Q) p))
= ((lambda (p q) p) 10 25)
= 10
® (cdr foo) =
((lambda (m) (m 10 25)) (lambda (p q) Q))
= ((lambda (p q) q) 10 25)
= 25
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m 2.1.3 What Is Meant by Data?

E 2.1.4 Extended Exercise: Interval
Arithmetic

L T OREEEHMRIEDENMRESE

BEREES-TOT I L

JOU S LEETORE]
add-rat sub-rat mul-%
DFENBIOBHEINLIFENY

make-rat numer denom

RT7ELTHEREINIFEY

(define (make-rat n d) (cons n d))

[CEULENGUIEISINCEISY)] /\D 7 0) % H&F 5£

(define (denom x) (cdr x))
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B Intermission

B 2.1.4 Extended Exercise: Interval

Arithmetic

MOl XKBRBILFHMETRR

(define cO (lambda (f) (lambda (x) X)))
(define (%succ c)

(lambda (f) (lambda (x) (f ((c ) x))))
COBEABNDEFE Church numerals (Fr—FEH) &5
(define cl (Y%succ c0))

= (lambda (f) (lambda (x) (f ((cO ) x)))

= (lambda ()
(lambda () /—\
(f (((lambda () (lambda (x) x)) T) X)) ))

= (lambda (F S
¢ A pohy )(x) BA#A0
(f ((lambda (x) x) x)) )) tf(f&%ﬁgﬁ

= (lambda (f) (lambda (x) (f x)))

¥ TES
B (define cl (lambda (f) (lambda (x) (f x))
B (define c2 (lambda (f) (lambda (x) (F (F x)))))
B (define c3 (lambda (f) (lambda (x) (f (F (f x))))))

Church NumeralséTAO

FEFIE428 D

I8 (TAO) Mio—ht&EFEh, —hdbZitEFh, —hb=
NEFH, EALFMAEFI, EL

Tao produced the one.

The one produced the two.

The two produced the three.

And the three produced the ten thousand things.

The ten thousand things carry the yin and embrace the

yang, and through the blending of the material force

they achieve harmony. Tao-te Ching, 42, Lao Tzu.

LHATHLDTY.

B EBackus IEMNBWASH = Revised Report on the
Algorithmic Language ALGOL 68 M113R— |23, ETRD
— B HEhTLET.

INTREAL :: SIZETY integral ; SIZETY real.

SIZETY :: long LONGSETY ; short SHORTSETY ; EMPTY.




<} WHETHER (NOTICH) shiekds SAFE to SAFE (T} ¢
whers (NOTICH] i (PLAIN] o (ROTION) & (FLEXETY ROIWS of) o
(NOTICH) i {mim of ar NOTION) i fwoid], WHETHER trus.
&) WHETHER (PREF) shickh SAFE ta i SAFE [T} : WHETHER trus
) WHETHER (stractured with] iokds SAFE 10 yang SAFE[ 75}
WHETHER trus.
11 WHETHER (preceduns with) shiskds SAFE to yin yang SAFE 73]
WHETHER trus.

Operations on Church Numerals

(define cO (lambda () (lambda (xX) x)))
(define (%succ c)

(lambda (f) (lambda (x) (F ((c ©) x))))

B (define cl (lambda (f) (lambda (x) (f x))))
B (define c2 (lambda (f) (lambda (x) (f (f x)))))
B (define c3 (lambda (f) (lambda (xX) (f (f (f x))))))

(define (%add n m)
(lambda (f) (lambda (x) ((m ) ((n ) x) ))))
(define (Ymultiply n m)
(lambda (f) (lambda (xX) ((n (m )) x))) )
(define (%power n m)

(lambda (f) (lambda (x) (((m n) ) x))) )

Church Numerals O A

B EROEEERS-HIC, AHAOBEBEEERLELLS.
(define (c->n c) ; H#A
((c (lambda (xX) (+ 1 x))) 0) )
(define (n->c n) ; AA
(if & n 0)
(%succ (n->c (- n 1)))
c0 ))
B EFED c->n [FAEVEXREITHELEN, BiEMRIL:
(define (c->n c) ((c 1+) 0))
TITRER.
.(c->n (add (n->c 5) (n->c 3)))
-(c->n Cmultiply (n->c 5) (n->c 3)))
.(c->n (Wpower (n->c 5) (n->c 3)))
.(c->n (%add (%power c2 c3)
multiply c3 (n->c 4)) ))

AWNRFRE




B - L8 - Fixed Point Operator F

» FREEHLFY . KMEBREERT S,
» BIRFUHLICEEFHRELZFEIHENDH S,
] Y T&D—9§E5o
&P =C¢¢R)
(define (Y F)

(lambda (s)
(F (lambda (x) (lambda (x) ((s s) x)))

)))

BEHEIE Web R—JIZHYFET.
http://winnie.kuis.kyoto-u.ac.jp/~okuno/Lecture/04/IntroAlgDs/

(lambda (s) (F (lambda (x) ((s s) x))))
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B Intermission
m 2.1.4 Extended Exercise:
Interval Arithmetic

ol Dracula

losical

Raymond
t%num; n

T
ancl Other r 1 T b &
A Bl RET D

LIVING PARADOLES

RAYMOND SMULLYA®
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5:: B2 (Self-Reference)

What is the book of this book?

This book needs no title.
COXERFVETEIMTILS.
COXEIR1ITXFETTETCWNET.
BEOEFDERIIEOETT. lEOE
HOEEMNTFAZE (X >EEEAIE
o=

6. [DLAANIEDETHSHIEILAAIE
Bof-. FHNEBEEITFRAADFH])

g~ w e

& > B8 (Self-Reference)

Iﬁo%ﬁd)ﬁ&li‘%uﬁogti miERIE
FIEOEFERA. BOETHOEEHITRAIE
B OEFEHAIEET-. "

m RENEER) =

m RENKY =

& ' B2 88 (Self-Reference)

IJE’J%*TG)EEH:EUEO%'GT. ESE
WEDOEFEA. BOESHOEEMNTFATUE
[FoEFELI-IEEoF=.

m FEEHLNEER)
m RENEY

11



D SyEILDISEYIR
B ADTRTOETER: 2
fll: A={a, b, c}
28 ={{}, {a}.{b}{c}{a,b}.{b,c}{c.a}.{ab.c}}
B IRTOBHREESTCRASEFRD
n WFHhARLT HH
1.S€s
2 54§

77 B (Sudoku) HLLDIXEN
1 3 69
2 1 3 8 8|31 5|2
3 4 1 2 6
5 4 8 1 6(5]|2
4 5 3
8 1 6 2 6|43
2 8 6 1 9
9 3 7 4 34 9(6]8
4 9 2|1
B 1. LA ShRIE 2. LA 2 OFIRREE
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m 2.1.4 Extended Exercise:
Interval Arithmetic
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m 2.1.4 Interval Arithmetic (TB&8)

= Constructor
(define (make-interval a b) (cons a b))
= Selectors &
(define (upper-bound x)
(define (lower-bound x)
(define (equal-interval? x y)
(define (sub-interval x y)
= Interval arithmetic [ZEMREBRTEE,
*lin=2.54cm, 1ft=30.48cm, 1lyd=0.914m,
1mile=1.609km, 1nautical mile=1.852km,
lacre=4047m?, 1 UKgal=4.54l, 1USgal=3.79I,
1bbl=159I, 1 7 sec=1 nano-century (107 year) , 1 light
year=9.461 x 1012%km (9.461Tkm)
*102=28.3q, 11b=0.454Kq, 1ct=0.29

E 2.1.4 Interval Arithmetic

(define (add-interval x y)
(make-interval
(+ (lower-bound x) (lower-bound y))
(+ (upper-bound x) (upper-bound y)) ))
(define (mul-interval x y)
(let ((p1 (* (lower-bound x) (lower-bound y)))
(P2 (* (lower-bound x) (upper-bound y)))
(pP3 (* (upper-bound x) (lower-bound y)))
(p4 (* (upper-bound x) (upper-bound y))))
(make-interval (min pl p2 p3 p4)
(max pl p2 p3 p4))))
(define (div-interval x y)
(mul-interval x
(make-interval (/ 1.
1

0 (upper-bound y))
.0 (lower-bound y)) )))

E B8R : 11 A20 B F & 5kt

= TEREIL. RO6RE:
» Ex.2.1,2.2,24,25,286,217.

We Can Do |
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