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[ 57 Let’s Play JMC with your num.
-Eaefine dmc n)
(if (> n 100)
(- n 10)
ame
(Jmc
(+ n 11)
))))

s HEH.ROXERDE&
(mc (modulo Z£#%ES 100))
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m 1.3.3 Procedures as General Methods
m 1.3.4 Procedures as Returned Values

m 2 Building Abstractions with Data
E 2.1 Introduction to Data Abstraction

m2.1.1 Example: Arithmetic Operations
for Rational Numbers

(g7 1.3.3 Procedures as General Methods

Finding roots of equations by
the half-interval method (RR=% %)
(define (search T neg-point pos-point)
(let ((midpoint (average neg-point pos-point)))
(if (close-enough? neg-point pos-point)
midpoint
(let ((test-value (f midpoint)))
(cond ((positive? test-value)
(search T neg-point midpoint))
((negative? test-value)
(search f midpoint pos-point))
(else midpoint))))))

by the half-interval method

(define (close-enough? x y)
(< (abs (- x y)) 0.001))

Finding roots of equations
V%

(define (half-interval-method f a b)
(let ((a-value (f a))
(b-value (f b)))
(cond ((and (negative? a-value) (positive? b-value))
(search f a b))
((and (negative? b-value) (positive? a-value))
(search f b a))
(else
(error "Values are not of opposite sign" a b))

)

L:FBEBOREE. TRENRE.
ZATyTH: O(log(L/T))




f;-‘" Finding fixed points of functions(FEi )

]

(define tolerance 0.00001)
(define (Fixed-point T first-guess)
(define (close-enough? vl v2)
(< (abs (- v1 v2)) tolerance))
(define (try guess)
(let ((next (f guess)))
(if (close-enough? guess next)
next

(try next))))
(try first-guess))

XBFER x = FCO  f(x), F(f(X), f(f(f(X)),

(;-‘" Finding fixed points of functions(F &)

]

(fixed-point cos 1.0) (Ffixed-point

(lambda (y)

) (+ (sin y) (cos y)))
1 0.1)

\ (fixed-point cos 1.0)&
- (fixed-point cos 2.0)




L FHAKRESLNBANDD [

(define (sqrt x)
(fixed-point (lambda (y) (Z X y))
1.0))

y—— ;”-\_;r
y EEfEEEEiasEEcteseTs

(sqrt 2) ®#EF¥3E |
1—-2-1
Yy = Y, = YD)

¥ Average damping (Eg#EHIE)

One way to control such ocillations:

Redefine a new function

1 X
Y —| y+—
2 y
(define (sqgrt x)
(fixed-point
(lambda (y) (average y (/ X y)))
1.0) )

Average damping (F9#EHE)

ixed Point with Average Damping

1. x
2"y

Average
damping
FIEME
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®m 1.3.4 Procedures as Returned Values

m 2 Building Abstractions with Data
E 2.1 Introduction to Data Abstraction

m2.1.1 Example: Arithmetic Operations
for Rational Numbers

1.3.4 Procedures as Returned Values

(define (sqrt x)
(fixed-point (lambda (y) (average y (/ x y)))
1.0))
FHURMEZTHROBRANSBDHDE
(define (average-damp f)
(lambda (x) (average x (f x))))

average-

((average-damp square) 10) damp ’CS
(define (sqrt x) —

(fixed-point %}E_E"Jls
(average-damp (lambda (y) (/ x y))) = -
1.0)) *E%ér
(define (cube-root x) &75‘3.[ ﬁlé

(fixed-point
(average-damp (lambda (y) (/ x (square y))))
1.0))

Newton's method & differentiation

(define (deriv g)

(lambda O/ (- (@ (+ x dX)) (g X)) dx)) )
(define dx 0.00001)
9(x)

- =X—-
(define (cube x) (* x x ) Y
((deriv cube) 5) 9'(x)
(define (newton-transform Q) :1_|‘>/£

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

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

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

1.0))




Efié#ﬂi%ﬂ:- first-class procedures

(define (Fixed-point-of-transform g transform
guess)
(Ffixed-point (transform g) guess) )
1st method
(define (sqrt x)

(fixed-point-of-transform ¥$ﬁ§®
(lambda (y) (/ x y)) <
average-damp {ﬁﬁf@:
1.0 ) BERIH

2nd method 7:‘;(, \

(define (sgrt x)
(fixed-point-of-transform

(lambda (y) (- (square y) X))
newton-transform

1.0 ))

First-class citizen (FE1#&HER)

F1RTMED “HEFILI5E"

s TR CRBIEDITHIENTES.

» FIEEASIBELTET LN TES.
» FEDRRELTRT CENTES.
s T—AEEDDRICEHBENTES.

Microsoft Longhorn will make RAW
‘first class citizen.’

The Inquirer, Wed. Jun-8, 2005

S T (EN)~OEE: HEK

« (define dx 0.0001)
= (define (ddx f x)
G (F G xd)) (Fx)) d) )
= (ddx square 3) = 6.00010000001205
« BAEOERT—MEol | BEKEVSEZHERA
= (define (deriv T)
(lambda (x)
G (F G xd)) (Fx)) d) )
= ((deriv square) 3) = 6.00010000001205
= ((deriv (deriv square)) 3) = 1.9999999878
= (define (new-ddx f x)
((deriv ) x) )




= (ER)OARK: SREEEY

. COBAFERRS Y, BREBBMABETES
=« (define (compose f Q)
(lambda (x)

GNCRI)ID))
» (define 2nd-deriv (compose deriv deriv))
» ((2nd-deriv square) 3) = 1.9999999878
» PBLAFHEDAHD
((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

- fiR: Fixed Point

(define (gmc n)
(if (> n 100) =

(- n 10)
gme @me (+ n 11))) )

(fixed-point jmc 1) = ?

(Y F) = (F (Y F)) Y operator
i ) (R R LD FREEIER)
¢ Jme) = (F (¥ jmc))

(lambda (n)
(if > n100) (- n 10) ?) )

Fixed Point Operator F

(define (Y F)
(lambda (s)
(F (lambda (x) (lambda (x) ((s s) x)))
(lambda (s) (F (lambda (x) ((s s) x))))
D)
BRMUHLUICES FHREZEOL

& F = & )

¥ L<I%. Church numeral ®IET
E L




' What is this instrument?

mEER

I LDBEOEHE
m EHE-RNHE-ME

m RFE-RB-FE
m 230 (I

m 210 »xf#—10log2 -
m 210 =103 —1K

m 230 =109—-1G

REGH - INSTTH

deca da x 101 deci d x 101
hecto h x 102 centi c % 102
kilo K x 103 milli | m x 108
mega M x 106 micro | u x 106
giga G % 109 nano n X 107
tera T x 1012 pico p x 1012
peta P x 1015 femto | f x 1015
exa E x 1018 atto a x 1018
zetta z x 104 zepto | z x 102
yotta Y x 1024 yocto | y X 1024
# 10! | ten or decad 1021 | sextillion
5] 102 | hundred or hecatontad 1024 |septillion

108 | thousand or chiliad

10* | myriad 1033 | decillion

10° | lac or lakh 1088 | vigintillion

108 | million 10303 | centillion

107 | crore 1019 | googol

108 | myriamyriad 10900%0! | googolplex

10° | milliard or billion

1022 | trillion 10N | N plex

105 | quadrillion 10N | N minex

1018 quintillion




7 ssplex |2k || 20plex | 1% 4minex | # (%)
E 80plex |Aal B || 16plex | = S5minex |Z&
72plex | AR 4th 12plex | Jk 6minex |4
64plex | Br{& 1K 8plex |{& 7minex | # (%)
56plex | &R dplex |E(7A) |[8minex |
48plex | 4% 3plex | F 9minex |EE
44plex | & 2plex |® 10minex | &
40plex | 1IE lplex |+ 11minex | b
36plex |;f Oplex |— 12minex | ;&
32plex |i& 1minex |4 13minex | 45
28plex |f& 2minex | & 14minex | &K
24plex |# (KR{IR) || 3minex | Z(FE) || 15minex | ZHER
#{ 1minex | % 13minex | 1EH#A
5| 2minex |E 14minex [ 222y
3minex |Z (¥) €Y 15minex |ZBEdS 2
Aminex |#& () ¥ 16minex |BRRL a2 vy
5minex | av 17minex | g4
6minex | £ 18minex | 3% 3R
7minex |## (§)t> 19minex | 7fE Juky
8minex | 20minex | &
9minex |ETy 21minex | Z&
10minex |27+« 22minex | &
11minex |#hEa 23minex | /%
12minex | j&/\4
A a |alpha N v |nu
B S |beta E & Ixi
r Yy |gamma o o |omicron
A 6 |delta I1 7 |pi
E € |epsilon R p |rho
Z [ |zeta )y o |sigma
Y n |eta T T |tau
0 6 |theta Y v |upsilon
I ¢ |iota P ¢ |phi
K k |kappa X X |chi
A A |lambda v v |psi
M Mo mu Q w |omega
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m 2 Building Abstractions with Data
® 2.1 Introduction to Data Abstraction

m2.1.1 Example: Arithmetic Operations
for Rational Numbers

B =22 7—scsznzons

s F1EFFHESHRIE
o EXFieE
- ARFHE-FREHMRILL
e {5: >, T, accumulate, filtered-accumulate
» F2E(ET MR
o HART—44E:E (primitive data structure/object)
e BT —454T x4k (compound data object)
» T—HHRIE TEHEE DO EL (semantics) HMEK
o ME+)
e EAFHE: BHEH FEH-FEH. EH+EH
- ERFHEE: ERBHERY. 175 +175

H2E FAMRILTERIE
= 15 1L D B (abstraction barrier) D&
o T—AEEDREENEH S (blackbox)
= B8 (closure)
e ABHLEERYRLTHKL
s [BAA 2 71—X (conventional interface)
- Sequence ZFfREMA 2T —RELTHER
e RJLRAVART  RIAZDEETA UNIXD /ST
= 525 = (symbolic expression) 2L DRI
= A& H (genetic operations)
« T—AEE TS 534 (data-directed
programming)

10



2.1 T—AHR L (data abstraction)
s WMERT—EDADDERIRKE

1. ¥8pF (constructor)

2. BIRF (selector)

3. i iE (predicate)

4. A A (input/ output )

2.1.1 Rational Numbers (&%)

B #HF (constructor)
(make-rat <n><d>)
<n> numenator(4¥) ,<d> denominator (%)
m ®IRF(selector)
(numer <x>)
(denom <x>)
<x> rational number
m REE (predicate)
(rational? <x>)
(equal-rat? <x> <y>)
B AHA(input/output)
<n>/<d>

2.1.1 Rational Numbers (&%)

mjnE ﬁ+k: nd, +n,d;
(addition) . d, d,d,
uERE _ n_n, _nd,—nyd,
(subtraction) d, d, d,d,
- (ﬁglt' lication) —2x—2 =z
multiplication a,d, " d,
®RHE (division) n,_n, nd,
dl . d2 dan
mfEE n_N

11



Rational Number Operations

n, Dz_=n1d2+n2d1 n_n, nd, —n,d,

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)) ))

Rational Number Operations

ALEVEL B S &+&:nldz nd, =n,d,
d1 dz dldz d1 d2 dlnz = n1
(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 Xx))
* (numer y) (denom y)) ))

n,
d,

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

n [d ] R7 (pair) TRE
(define (numer x) (car x))

(define (denom x) (cdr x))

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

12



m Rational Number Reduction (B$41t)

(define (make-rat n d) (cond n d))
N T, REIBERICES

(define (make-rat n d)

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

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

E B 11 A14BF & SHY

n BEREIX. XD

s Ex.1.35, 1.36, 1.37, 1.40, 1.41, 1.42,
1.43,1.44, 2.1

13



