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= W 2 Building Abstractions with Data

m 2.1 Introduction to Data Abstraction

= 2.1.2 Abstraction Barriers

= 2.1.3 What Is Meant by Data?

= 2.1.4 Extended Exercise: Interval Arithmetic

m 2.2. Hierarchical Data and the Closure
Property

2.2.1 Representing Sequences
m 2.2.2 Hierarchical Structures

Rational Number Representation
(define (make-rat n d) (cons n d))

n [d ] R7 (pair) TRE

(define (numer x) (car x)) ; numerator
(define (denom x) (cdr x)) ; denominator

(define (print-rat x)
(newline)
(display (numer x))
(display “/)
(display (denom x))
X )




lﬁ@mﬁﬂgﬁﬁﬁmma
{;‘?«) ‘Read-EvaI-Print-Loop (REPL) TOH A

(dg?ine (print-rat x) (define (print-rat x)
(newline) (newline)
(display (numer x)) (display (numer x))
(display “/”") (display “/)
(display (denom x)) ) (display (denom x))
X )
(print-rat (print-rat
(make-rat 1 2)) (make-rat 1 2))
2| VAL D |
(print-rat (print-rat
(add-rat (add-rat
(print-rat (make-rat 1 2)) (print-rat (make-rat 1 2))
(print-rat (make-rat 2 3)) (print-rat (make-rat 2 3))
) D))
172 1/2
2/3 2/3
ferror | /o o) ]

E2.1.2 Abstraction barrier (3L n )
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(define (make-rat n d) (cons n d))
(define (numer x) (car x))
(define (denom x) (cdr x))

ERDEHELEDEE?

(define make-rat cons)
(define numer car)
(define denom cdr)
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add-rat sub-rat mul-%
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cons car cdr
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E Rational Number Reduction (Bx$31t)
INERTHBIIBEHNIELESNEE o1,

(BR#94k - reducing rational numbers to the
lowest terms )

Tl EOB R TEHREAETE0?
1. #EEF (make-rat) T,
2 _EIRF (numer, denom)T,

3.BHtthDTaTSLICEEEEZ D

E Rational Number Reduction (##1t)

(define (make-rat n d)
(Tet ((g (gcd n d)))
(cons (/ n gcd) (/7 d gcd)) ))
WmEORM -\ ?
(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) ))
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(cons (/1 ged) (/d ged)) ))

RT7DREE

m 2.1.3F—52Tf? K7 (%, pair) HE
(make-rat n d) DBmBTNEELE

(numer x) _ n

(denom x) d

1. cons, car, cdr ZEEDEI THESE

2. ROFHETER
(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))

E R7 (®, pair) #F#HiE=TRR

(define (cons x y)
(define (dispatch m)
(cond ((=m 0) x)
(GEm1)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 [25))
H(car foo)

H(cdr foo) 7 7 _l
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‘efine (cons x y)

(lambda (m) (m X y)) ) AL T—

(define (car z) ﬁ§/?6 =
(z (lambda (p @ P)) ) I perie
(define (cdr 2)
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B (define foo (cons 10 25))
B (car foo) =

B (cdr foo) =
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make-rat numer denom
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(define (make-rat n d) (cons n d)) Y >
(define (numer x) (car x)) /\D 7 0) % % ;£

(define (denom x) (cdr x))
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Intermission (Church Numerals)

2.1.4 Extended Exercise: Interval Arithmetic

m 2.2, Hierarchical Data and the Closure
Property

= 2.2.1 Representing Sequences

2.2.2 Hierarchical Structures

2.2.3 Sequences as Conventional Interfaces




5 o k< EAML EHETER

%éfine cO0 (lambda (f) (lambda (x) x)))
(define (%succ c

(lambda (F) (Igmbda GO (F (e D 0)))
COBAMOEERE Church numerals (Fy—F %) &1v5

(define cl (Y%succ c0))

= (lambda (f) (lambda (xX) (f ((zero f) x)))
= (lambda ()
(lambda (x)
(f (((lambda (f) (lambda (xX) x)) ) x)) ))

= (lambda (F T
¢ e;n; am%dg )(x) ﬁ %ﬁb\o

£ ((lanbd p
 (lansia B Qanaa o5 % S L (&R

£ S
B (define cl (lambda (f) (lambda (x) (f x) ﬂ)f}'&#&;
B (define c2 (lambda (f) (lambda (x) (f (F x)))))
B (define c3 (lambda (f) (lambda (x) (f (F (F x))))))

"Church Numerals&TAO

FEFIE428 D

I3 (TAO) Mio—ht&EFEh, —hdbZitEFh, —hb=
NEFH, EALFMAEFI, TR

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 &Backus IEEAMASh Iz Revised Report on the
Algorithmic Language ALGOL 68 M113R— (23 EFED
— WA BIHEhTLET.

INTREAL :: SIZETY integral ; SIZETY real.

SIZETY :: long LONGSETY ; short SHORTSETY ; EMPTY.

Operations on Church Numerals

&?ﬁéfine cO0 (lambda (f) (lambda (x) 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 (xX) (f (f x)))))
B (define c3 (lambda (f) (lambda (x) (F (f (f x))))))

(define (%add n m)
(lambda (f) (lambda (x) ((m ) ((nh ) 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 Ot A

"8 EROBEERALOI, AHNOBBEEELELL.
(define (c->n c) ; HA
((c (lambda () (+ 1 x))) 0) )
(define (n->c n) ; A#A
(af G no0)
(%succ (n->c (- n 1)))
c0 )
B ERED c->n FAEVEREITHELELD, SERIS:
(define (c->n c) ((c 1+) 0))
TIZHER.
.(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)) ))

rOWONRFRE

B E - b8k - Fixed Point Operator F

o BEITELL TS KDEBREEHRT D,
» ARFUHLICERFRELFESIDENDHS,
Y T&b_ai{iao

B =)

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

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

e Fermat’s Last Theorem

n n n ! have
X + y =7 discovered a
truly remarkable

n>2 T X, YV, z Zimf-9 E2 proof which this
margin Is too

Euler’s Conjecture small to contain.
4 4 4 4
a ' +b"+c” #d
MRILT B1255,

95800" +217519* + 414560* = 422481*
1987EH R




M 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 (* (lTower-bound x) (lower-bound y)))
(p2 (* (Iower-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)) )))

m 2.1.4 Interval Arithmetic (TBR&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 IFERMRETBRTEE,
*1lin=2.54cm, 1ft=30.48cm, 1yd=0.914m, 1mile=1.609km,
1nautical mile=1.852km, lacre=4047m?, 1 UKgal=4.54l,
1USgal =3.791, 1bbl=159I, 1 7t sec=1 nano-century (107 year) ,

1 light year=9.461 x 1012%km (10*3%km=10Tkm)
*10z=28.3g, 1Ib=0.454Kg, 1ct=0.2g

2.2 Hierachical Data and the Closure
E Property

m  Pair (cell)
(cons a b)
®  Box-and-pointer notation

m List structure

‘= <null> [ (<element> . <element>)
em

ent> = <name> | <number> |

Y VY

m  Closure property of cons




2.2.1 Representing Sequences

m Sequence (FI-:#V) 1,2,3,4
@23 4)

(i He2l Hs[He LA

m(cons 1
(cons 2
(cons 3
(cons 4 nil)

D))
(1. . @.@.0DL)
m(list 1 2 3 4)

SequencesRIFDE &L

m Sequence (5I-3V) DORBEOHIZIL
1234

(ol Hea|l Hs| Fa4]5]

1. (xxx . nil) = (xXxx)

2. (XXX - (YYY ")) (XXX yyy )
@.@.@-¢-5»

=@Q2.C@. -5

= ((123. (4 .5)
= (1234 .5)

2.2.1 List operations

m(list-ref items n)
if n=0, list-ref is car
otherwise, (n-1)st item
m(define (list-ref items n)
(f (=n 0)
(car items)
(list-ref (cdr items) (- n 1)) ))
m (define (length items)
(if (null? items)
0

(+ 1 (length (cdr items))) ))
® cdring down the list (cdr down)
® Tail recursion [ZEE




length: recursion and iteration versions

m (define (length items)
(if (null? Items)
0

(+ 1 (length (cdr items)) ))

m (define (length items)
(define (iter a count)
(if (null? a)
count
(iter (cdr a) (+ 1 count)) ))
(iter items 0) )

cons up while cdring down

m (define (append listl list2)
(Gf (null? listl)
list2
(cons (car listl)
(append (cdr listl) list2)
))))

m(define (reverse items)
(if (null? items)
nil
(append (reverse (cdr items))
(list (car items)) )))

Formal parameter®g7E

(define (F x y . Z) <body>)
i (fF12345686)
XxX&€l,y<2,z< (3 4506)
(define (g - w) <body>)
i (g123456)
we (@234506)

(define f (lambda (x v . 2)
<body> ))
(define g (lambda w <body>))

10



E Arguments with dotted-tail notation

m (define (F xy . 2)
<body> )

m (define (sum . items)
(define (iter items result)
(f (null? items)
result
(iter (cdr items)
(+ result (car items))

D))
(iter items 0) )

m (define (sum . items)
(define (recur items)

@f (null? items)
0

(+ (car items) (recur (cdr items))) ))
(recur items) )

E Apply transformation to each element

m (define (scale-list items factor)
(if (null? items)
nil
(cons (* (car items) factor)
(scale-list (cdr items) factor) )))
4
m (define (map proc items)
(if (null? items)
result
(cons (proc (car items))
(map proc (cdr items)) )))

m (map abs (list -10 2.5 -11.6 17))
= (10 2.5 11.6 17)
m (define (scale-list items factor)
(map (lambda (x) (* x factor)) items) ))

m (map (lambda (x y) (+ x (* 2 ¥)))
(list 1 2 3)
(list 4 5 6) )

= (9 12 15)

E A 11521 B %58 #Y)

EREIE, RD10R:

n Ex.2.2,2.3, 24, 25, 2.6, 2.7, 2.8,
2.9,2.17,2.20

» TREABDEZEDELLHEE

DONT PANIC!
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