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2 Building Abstractions with Data%f*‘

2.1 Introduction to Data
Abstraction

2.1.1 Example: Arithmetic Operations
for Rational Numbers

2.1.2 Abstraction Barriers

2.1.3 What Is Meant by Data?

2.1.4 Interval Arithmetic

BAEMNSHBEANIITITEH.
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We can go from Concrete to
pstract, while we cannot
from Abstract to Concrete.

Prof. Yotaro Hatamura
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Let’s Play JMC with your num.

(define (Jmc n)
(if (> n 100)
(- n 10)
mec (gmec (+ n 11)))
)

. BH.RORERDE
(gmc (modulo REEES 30))

(define (gmc n)
(if (& n 100)

(- n 10)

gme @dme (+ n 113)) )

(fixed-point jmc 1) = ?

& F) = (F (Y F)) Y operator
FRREGDFIRELIER)

Yy jme) = (F (Y jmec))
= (lambda (n)
(if (> n 100) (- n 10) 91) )

| ——

 F1EEFEHREERE

o EXRFHE

s BRFHRE - FHRIHRIE

e f5]: =, N, accumulate, filtered-accumulate
 F2EEF T4k

o E KT —41E:& (primitive data structure/object)

e B T—44 Tk (compound data object)
s TR TEHE DB (semantics) #Hhk

e ME (+) TED&IGT—2BELIRAS

°§$§ﬁ%:¥ﬁ+%§«ﬁ@ﬁ+ﬁ@%&%ﬁ

+3X%
s EHFHE: BRHBHERY. 75 +175




E B2l THHMBIETESCE

» {1 & {L DB (abstraction barrier) D&
o T—RIEENREF S ERH SIZHK (blackbox)

= B4 (closure)
e HAEHEEBRYIRLTEHKL

» $E3E B4 Y871~ A (conventional interface)
e Sequence #FiEMA 27— RELTHERA
e NJLRAUART  EESAY UNIXD /(T

= 8282 (symbolic expression) &KI8

= LA MK (genetic operations)

= T—8ERBINT 53 (data-directed
programming)
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Abstraction
2.1.1 Example: Arithmetic Operations —
for Rational Numbers
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2.1.3 What Is Meant by Data?
2.1.4 Interval Arithmetic

2.1 T3 & It (data abstraction)
BMRET—2DADDEKRIEE

1. ¥ AL F (constructor)

2. ®iRF (selector)

3. i §& (predicate)

4. A7 (input/ output)




E 2.1.0 Integers(E#)
m # [ F (constructor)

<n> ; <n> integer
B EIRF (selector)
<n> ; <n> integer

m jkZE (predicate)
(integerp? <x>)
(= <x> <y>)

m At A (input/output)
<n> ; <n> integer

T—RICLBHHRIE

2.1.1 Example: Arithmetic
Operations for Rational
Numbers

2.1.2 Abstraction Barriers

2.1.3 What Is Meant by Data?

2.1.4 Interval Arithmetic

E 2.1.1 Rational Numbers (& #)

m  {#RF (constructor)
(make-rat <n><d>)
<n> numenator (%F),
<d> denominator (%)
B EIRF (selector)
(numer <x>)
(denom <x>)
<x> rational number
m iEE (predicate)
(rational? <x>)
(equal-rat? <x> <y>)
B AH A (input/output)
<n>/<d>




E 2.1.1 Rational Numbers (2 #)

mnE ﬂ+&= nd, +n,d,
(addition) d, d, d,d,
mEE n, n, nd,—n,d
. nh e _ WnSlp =0
(subtraction) d, d, —dldz
mEH
(multiplication) oo I LT
1 d2 d1d2
m [RE (division)
n_n, _nd,
mhEE d d, dpn,

E Rational Number Operations

&+&:nld2+n2dl &_&_nldz—nzd1

d d,  dd, d d,  dd,

(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)) ))

E Rational Number Operations

W Mo i ﬂ+&:n1_dz nd, =n,d,
d, d, dd, d d, dn, s n_nN,
(define (mul-rat x y) d, 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)) ))




|E Rational Number Representation
(define (make-rat n d) (cons n d))
m R7 (pair) TRE

(define (numer x) (car X))
(define (denom x) (cdr x))
(define (print-rat x)

(newline)

(display (nHmer X))

(display “/)
(d;splay (denom x))
X

|E Rational Number Reduction (EE#31t)

(define (make-rat n d) (cons n d))
CDFRI[IIEBRER: eg, 273, 4/6, 6/9

(define (make-rat n d)

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

BE#91t: reducing rational numbers to the
lowest terms

B oomacmmirasans

(define (make-rat n d)

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

WA D RAT-EAE?
(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) ))

COEWNIMDTATSALIZEEEEZ N2
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B EHR ORI RSE

TOUSLBRETOREY

add-rat sub-rat mul-%Z%

DFENBNOERINLFIELY
make-rat numer denom
(define (make-rat n d) R7ELTHERShSEEH o

(let ((g (ged n d)))
(cons (/ng) (/dg)))

cons car cdr
RT7DEEE
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E 2.1.3 75T ? AP (¥, pair) BH
(make-rat n d) DFEBTREEEI

(numer x) _ n
(denom x) d
1. cons, car, cdr ZBEDR/IL THE
2. ROFHETHEE
(define (cons X y)
(define (dispatch m)

(cond ((=m 0) x)

(Em1)y)

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

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

B <7 . pain ez maomn

(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))

m(define foo (cons 10 [28))
B (car foo) » :

B (cdr foo) -

& okhoCL(ATP (pair) EEMETRE

defi . g
¢ ?lemgd;c%? )((my>)< ) ) AL T—
(define (car z) NES =
s B o) R
(define (cdr z)
(z (lambda (p @) @)) )

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 9) 9))
= ((lambda (p 9) q) 10 25)
= 25

=FavEa—




B <orszsmsronnsns:

JOU 5 LEETOREH]
add-rat sub-rat mul-%
DFERBOLER SN ST

make-rat numer denom

R7ELTIERSNDFEH

(define (make-rat n d) (cons n d)) 3] >
(define (numer x) (car x)) /\o 7 0) % % ;f

(define (denom x) (cdr x))

117118 - XA 0OA-1-8,
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MoK BRBLFHMETRR

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

(lambda (f) (lambda (x) (f ((c ) x))))
COBEAKDREE Church numerals (Fy—F#) 05
(define cl (%succ c0))

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

= (lambda ()
(lambda ‘GO ﬁ
(f (((lambda () (lambda (xX) X)) ) x)) ))

-

= (lambda (F o S
¢ ?ﬂaﬁ%dg {x) E§§2S§&7b\o
(f ((lambda () x) X)) )) EF (&R

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

B TEE
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))))))




[EFIE428 0D

[iE (TAO) Mo—M&EFh, —hoZh&EFh, ZH5=
REFh, EhoFbtEFh, T4

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.

LBAATRLDTY.

% B EBackus REMNBMASHI= Revised Report on the
Algorithmic Language ALGOL 68 M 113R— |24 EIRD
—HNSIAEh TLNET.

INTREAL :: SIZETY integral ; SIZETY real.

SIZETY :: long LONGSETY ; short SHORTSETY ; EMPTY.
(& hetp:/winnie kuis.kyoto-u.ac.jp/~okuno/Lecture/04/IntroAlgDs/

e TAL Syntax
g I I 6 ) WHETHER (NOTION) shickds SAFE to SAFE{Tic) :
A go = 8 where (NOTION) i (PLAIN) o (NOTION) & [FLEXETY ROWS of) or
(NOTION) & {unica of) or (NOTION) & (void). WHETHER true.
1) WHETHER (PREF) shickds SAFE to yin SAFE (75} : WHETHER true,

) WHETHER (structured with) shacks SAFE to yang SAFE{T3c)
WHETHER true,

1} WHETHER (procodere with) shickls SAFE to yin yang SAFE(Tic) :
WHETHER true.

are meither yin
specified by n, b
= struct{proc b nesf),
oll formed. However. mode d = [1: 10] . & = unbon(int, o) is not
laration. |

¢ = praciche

Operations on Church Numerals

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

(lambda (f) (lambda (x) (f ((c ) x))))1~30
(define ci1 (lambda (¥) (lambda (x) (f x)))) EH
(define c2 (lambda () (lambda (x) (f (Ff x)))))
(define c3 (lambda () (lambda (x) (f (f (f x))))))
(define (%add n m)

(lambda () (lambda (x) ((Mm ) ((h ) x) ))))
(define (Umultiply n m)

(lambda (F) (lambda (xX) ((n (m ©)) x))) )
(define (%power n m)
(lambda (f) (lambda (x) (((m n) ) x))) )

HE-BREIHLL, BRFUHLABE,
BRFUHLOEDICRAFHREEYFTAL—FTER.
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Church Numerals OHi 1

B EREOEIESERLHIC, AHADEBEERLELLS.
(define (c->n c) ; A
((c (lambda” (x) (+ 1 x))) 0) )
(define (n->c n) ; A%
(if & n 0)
(%succ (n->c (- n 1)))
c0 ))
B EFED c->n [EABYZKREISHELELD, BERIT:
(define (c->n c) ((c 1+) 0))
TIFEER.
.(c->n (%add (n->c 5) (n->c 3)))
.(c->n (Gmultiply (n->c 5) (n->c 3)))
-(c->n (%power (n->c 5) (n->c 3)))
.(c->n (%add (%power c2 c3)
multiply c3 (n->c 4)) ))

~ArWNRFRRE

¥ MM - H:-Fixed Point Operator F

- REEELL, £F. ADEBETET S,
- ERFEUCHLICRE FREEESBELRD S,
. Y ARL—5EES,

P = ¢ ¢ )

(define (Y F)
(lambda (s)
(F (lambda (x) (lambda (x) ((s s) x)))
(lambda (s) (F (lambda (x) ((s s) x))))
))))

B Web R—VIZHYET,
http://winnie.kuis.kyoto-u.ac.jp/~okuno/Lecture/04/IntroAlgDs/
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2.1.4 Interval Arithmetic
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m 2.1.4 Interval Arithmetic

= 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 [(FEMRERTEE,
elin=2.54cm, 1ft=30.48cm, 1lyd=0.914m,
1mile=1.609km, 1nautical mile=1.852km,
lacre=4047m?, 1 UKgal=4.541, 1USgal=3.79I,
1bbl=159I, 1zsec= 1 nano-century (107 year) , 1 light
year=9.461 x 10'2km (9.461Tkm)
010z=28.30, 11b=0.454Kg, 1ct=0.2g

|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 (* (Iower-bound x) (lower-bound y)))
(P2 (* (lower-bound x) (upper-bound y)))
(P3 (* (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 (/ 1.0 (upper-bound y))

(/ 1.0 (lower-bound y)) )))

BaElIL. HYFEEA.

&

B

wﬁ FGEY, k(R
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