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2 Building Abstractions with Data%

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

2.2. Hierarchical Data and the Closure
Property (BEET—218:E LEATM)




B - rossrmaTHEroRET

(define (deriv g)

(lambda () (/ (- (@ (+ x dx)) (g x)) dx)) )
(define dx 0.00001)
(define (cube x) (* x x x))
((deriv cube) 5) g(x)
— S A8 y=X-
—a—brik 9'(x)
(define (newton-transform Q)

(lambda () (- x (/ (g x) ((deriv g) x)))) )
(define (newtons-method g guess)

(fixed-point (newton-transform g) guess) )
(define (sqgrt x)

(newtons-method (lambda (y) (- (square y) X))

1.0))

E Average damping (E¥##Hik)

One way to control such ocillations:
Redefine a new function

1 X
Yy —| y+—
2 y
(define (sqrt x)
(fixed-point
(lambda (y) (average y (/ x vy)))
1.0) )

Average damping (E¥#EHE)

|E W33 1t - first-class procedures

(define (Ffixed-point-of-transform g transform
guess)
(Fixed-point (transform g) guess) )
1st method: 9%
(define (sqgrt x)
(Ffixed-point-of-transform
(lambda (y) (/ x ¥))
average-damp
1.0 )
2nd method: =a—k2ik
(define (sgrt x)
(fixed-point-of-transform
(lambda (y) (- (square y) x))
newton-transform

1.0 )»
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(define dx 0.0001) =
(define (ddx F x) HiEwHS
¢ G G xd)) (Fx)) dx) )

(ddx square 3) = 6.00010000001205

B (FEolRT— | Rl e\ \5% 2 K &R
(define (deriv T)

(lambda (x)

¢ ¢ (F G xd)) (Fx)) dx) ))

((deriv square) 3) = 6.00010000001205
((deriv (deriv square)) 3)= 1.99999998
(define (new-ddx f x)

((deriv ) x) )

C FHEEBOAR: HENER
COEZFEZRESE. GREEEHI EETES

(define (compose T Q)
(lambda (xX)

(f @) M

mEvs FAanminAaca ~A v AassoN\N)

i ef

~A
nu
d-deriv square) 3) = 1.9999999878
LLAAFHREDEHD
((compose square sqrt) 7) = 7.0
((2nd-deriv cos) pi) = 0.999999993922529
(define 3rd-deriv (compose deriv 2nd-deriv))
((3rd-deriv sin) pi) = 0.999999960615838
((4th-deriv cos) pi) = 1.11022302462516

iV (COmpose aeriv Geriv))

’ Let's Play JMC with your num.

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

» BB, ROXEROL
(mc (modulo Z£#EEE 100))




(define (gmc n)
(if (& n 100)
(- n 10)
ame @mc (+ n 11))) )
(fixed-point jmc 1) = 7
& F) = (F (Y F)) Y operator
(FBIRELDFHRELZIER)

v jme) = (F (Y jmc))
= (lambda (n)
(if & n100) (- n10) ?) )

Fixed Point Operator F

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

BRFUHLICES FHREEMmELE=L
G F = ¢ )

§%L<IZ. Church numeral®IET
FHEA,
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We can go from Concrete to
Abstract, while we cannot
from Abstract to Concrete.

Prof. Yotaro Hatamura

(EFFERBIER THHSBFISREE)

| ——

» B1EEFHREMSL
o EARFE
s B FHE - FHREMRIL
e {5]: 3, N, accumulate, filtered-accumulate
» B2E(IT-HhS L
o KT —41E:& (primitive data structure/object)
e BT —474 T4k (compound data object)
» T—AHMRE TEHREDOERK (semantics) ZHiik
e MBE(+) TED XSG T—4EELRZD
o EXFHHE: B -BH FEH-FEH. EHK
+3E#
s ERFHE: ERBHERK. TH 1T

E Bo2E T-HHMBIETESCE

» & L DB (abstraction barrier) D&
o T—REENREF S ERH HEHK (blackbox)
= B4 (closure)
cHAEHEFRYRLTHKL
= PEE B A B TT—2 (conventional interface)
e Sequence #FHEMA 27— RELTHER
e N)LhaAVART  EEZA2  UNIXD /(T
s i85 (symbolic expression) &RI8
= SR (genetic operations)

= T—8XRBINT530% (data-directed
programming)




E 2.1 T—3#& 1t (data abstraction)
HET—2DADDEXEREHE

1. #AF (constructor)

2. BIRF (selector)

3. i §& (predicate)

4. A7 (input/ output)

E 2.1.0 Integers(E#h)
m # R F (constructor)

<n> ; <n> integer
m ;#IRF (selector)
<n> ; <n> integer

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

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

E 2.1.1 Rational Numbers (& #)

B {EMF (constructor)
(make-rat <n><d>)
<n> numerator($¥F),
<d> denominator (&)
B BRF (selector)
(numer <x>)
(denom <x>)
<x> rational number
m iEE (predicate)
(rational? <x>)
(equal-rat? <x> <y>)
B AHA(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)
_17&= nldz
mhEE d d, dpn,

E Rational Number Operations

&+&_nld2+n2d1 &_&_nldz—nzd1

d, d, dd, d, d, d,d,
(define (add-rat x y)

(make-rat

(define (sub-rat x y)
(make-rat

E Rational Number Operations

W W G e W nd, nd,=n,d,

d_l dz dldz d1 dz dlnz — &zﬁ
(define (mul-rat x y) d, d,
(make-rat

(define (div-rat x y)
(make-rat

(define (equal-rat? x y)




|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 (numer x))
(display “/)
(d;splay (denom x))
X

|E Rational Number Reduction (BE#34t)

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

(define (make-rat n d)

(et ((g (gcd n d)))
(cons (/ ng (/do)) )

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

B oomacmmirasane

(define (make-rat n d)

(let ((g (gcd n d)))
(cons (/ n g (Z/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) ))

COEWNIMEDTATSAICEEEEZ DM
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2 Building Abstractions with Data X

2.1 Introduction to Data Abstraction

2.1.1 Example: Arithmetic Operationg
Rational Numbers o

2.1.2 Abstraction Barriers

2.1.3 What Is Meant by Data?

2.1.4 Interval Arithmetic

2.2. Hierarchical Data and the Closure
Property (87— & & LA R MH)

m T T Ty

00U S LEETOREY

add-rat sub-rat mul-%Z%

DFEDBIOOERINIAEHN
make-rat numer denom

(define (make-rat n d)
(| et ((9 (gcd )))
(cons (/ng) (/dQ))))

¢ Interesting books

Douglas R. Hofstadter

Reymond Sumullyan

Doug Adams

Don E. Knuth

John H. Conway and Richard K. Guy

LA o
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B ADTRTOIHES: 24
f5l: A={a, b, ¢}
24 ={{}, {a},{b},{c},{a,b},{b,c},{c,a},{a,b,c}}
B I RTCOBAREEELERESEEZAD
m WA T BH

1. SES

2 8¢S

12A18-FA0A=1— e
F—SIz BRI J

2.1.3 What Is Meant by Data?

2.1.4 Interval Arithmetic

2.2. Hierarchical Data and the Closure
Property (B§fE T —4#&ELFAAM)

E 2.1.3 7—8-5Tf? A7 (3, pair) B
(make-rat n d) DFERTREEMEF

(numer x) _ n

(denom x) d
1. cons, car, cdr ZEEDR/LCHEE
2. ROFHMETHE

(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 1) = cdr

11



R (3. pair) EFHETRA

(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))

m(define foo (cons 10-))
H(car foo) i

E(cdr foo) ‘ -

& tobioc k(AT (pain) EEME TR

define (cons x A = o
¢ (Iambdzg m (my>)< ) ) gHAL=oT7—
(define (car z) /;'lf)\ b#’[,%):}
(z (lambda (p @) p)) ) =2 Ea—
(define (cdr 2) = :I-/,. 1
(z (lambda (p ) @) )  EIEKDE -
B (define foo (cons 10 25))

B (car foo) =
((lambda (m) (m 10 25)) (lambda (p Q) p))
= ((lambda (p ) p) 10 25)
= 10

® (cdr foo) =
((lambda (m) (m 10 25)) (lambda (p 9) 9))
= ((lambda (p q) gq) 10 25)
= 25

RPORBEETMBIEOBRNERIE
JOY S LEETOREK
add-rat sub-rat mul-%

DFESBOLERINSTEY
make-rat numer denom
R7ELTHERINDHEH

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

(def!ne (numer x) (car x)) /\o 7 0) % % 5£

(define (denom x) (cdr x))

12
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2.1.4 Interval Arithmetic
2.2. Hierarchical Data and the Closure
Property (87— & & LA R MH)

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)
s Interval arithmetic BN REBRTEE,
e1lin=2.54cm, 1ft=30.48cm, 1yd=0.914m,
1mile=1.609km, 1nautical mile=1.852km,
lacre=4047m?, 1 UKgal=4.54l, 1USgal=3.79],
1bbl=159I, 1&sec=1 nano-century (10”7 year) , 1 light
year=9.461 x 102km (9.461Tkm)
0107=28.30, 11b=0.454Kg, 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)))
(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)) )))

13
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2.2. Hierarchical Data and the Closure
Property (BB 7 —Y &R a )

2.2 Hierachical Data and the
Closure Property (Fit%)

m  Pair (cell) % (&/L)
(cons a b)
® Box-and-pointer notation

B List structure(Backus-Naur Form, BNFEE;%)
= [TER JERS
> ::= <null> | (<element> . <element>)

» <element> ::= <pame> | <number>

m Closure property (&%) of cons

m 2.2.1 Representing Sequences
(=Y 2A%B)
m Sequence (F-#W) 1,2, 3,4
(1234

(a2 ][44 7

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

)))
E(1 . @.@G.¢@.Mmn»
m(list 1 2 3 4)

14
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m Sequence (FI-iT) DREOEIEIL
(1234 .05)

(e —H2[ 3] —{a]5]

1. (xxx - nil) =2 (xXxx)

2. 0oxx . (yyy 20))(XX yyy =)
a.qc.@e.¢@.-5N

>2(@2.@. (.55

>(123. (4 .5)
> (1234 .5)

E 2.2.1 List operations(YAMNR¥)

(define (list-ref items n) .. )
(list-ref 0 (list 0 1 2))
0

(list-ref 2 (list 0 1 2))
2

(list-ref 5 (list 0 1 2))
O

(define (length items) .. )
(length Q)
0
(length (list 1 2 3))
3

¢ Lisp/Scheme Programming—+#

1. The First Commandment
Always ask null 1? as the first question

in expressing any function.

2. The Second Commandment
Use cons to build lists.

3. The Third Commandment
When building a list, describe the first
typical element, and then cons it onto
the natural recursion.

(Friedman, et al. “ The Little Schemer’, MIT Press)

15



E 2.2.1 List operations(JA MRHK)

(list-ref items n)
if n=0, list-ref is car
otherwise, (n-1)st item of (cdr items)
(define (list-ref items n)
(f (=n0)
(car items)
(list-ref (cdr items) (- n 1)) ))

(define (length items)
(if (null? items)
0
(+ 1 (length (cdr items))) ))
m cdring down the list (cdr down)

® Tail recursion [Z3EE

E List-ref by cdring down

m (list-ref items n)
if n=0, list-ref is car
otherwise, (n-1)st item

L Hez [ o[ H+ LA
m (define (list-ref items n)
(f (=n 0)
(car items)
(list-ref (cdr items) (- n 1) )))

mcdring down the list (cdr down)
m Tail recursion [Z3ERE (BEIMIC iteration [TZik)

E length by cdring down

m (length items)
if items is null?, length is O
otherwise, 1 + length of the rest

AT Hz T =Hs T =H= [~

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

m (+ (length (cdr items)) 1) &MELN!

16



E length : recursion and iteration
versions

(define (length items)
(if (null? items)
0]

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

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

E Ex2.19 cc change of coins

(define us-coins (list 50 25 10 5 1))
(define uk-coins (list 100 50 20 10 5 2 1 0.5))

(define (cc amount coin-values)
(cond ((= amount 0) 1)
((or (< amount 0) (no-more? coin-values))
0)
(else
(+ (cc amount
(except-first-demonination coin-values))
(cc (- amount
(first-denomination coin-values) )
coin-values )))))
(define (except-first-denomination coins)
(cdr coins) )
(define (first-denomination coins)
(car coins) )
(define (no-more? coins)
(null? coins) )

B mmesnztn

FB (PR TY.

#HEL, 2.2E(Ex.2.19 ) ETOHOHFIE
LEBENE.

FHAH—HIIEL.

DONT PANIC!
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