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1. 1.3.2 Constructing Procedures
Using "Lambda' (&%)

2. 1.3.3 Procedures as General
Methods

3. 1.3.4 Procedures as Returned

o _=E.

|E 1.3.2 Local Variables with let

(define (f x y)
((lambda (a b)
+ (i X gsquare a))

(define (f x y)
(define (f-helper a b)
(+ (* x (square a))

yb) *
- .ab))
(f—hespe? R ¢ } G Xy
G x ) 1y
-1y

(et ((<v;><e>)
(define (F x y) (Rv,><e,>)

(et ((a (+ 1 (* x¥)))

b 1y
(+ (* x (square a))
*yb

¢y b)
¢ ab) )

(<> <e>) )
<body>)
DURYY R afi—
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((lambda (x)
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2. 1.3.3 Procedures as Genera
Methods
3. 1.3.4 Procedures as Returned

Values

lE 1.3.3 Procedures as General Methods

Finding roots of equations by
the half-interval method (Rf=4%%)
(define (search f 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))))))




m Finding roots of equations
by the half-interval method

(define (close-enough? x y) =
(= (abs (- x y)) 0.001)) 2):‘—:'\0)@'50)1"41’-75
HREZND
(define (half-interval-method f a b) RY il
(let ((a-value (f a)) a‘-I J7E1Tj
(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))

D)

L:HmEORME. TRENTE.
ATFy7H: O(log(L/T))

|E Finding fixed points of functions (RRis)

(define tolerance 0.00001) MRIETHE
(define (fixed-point T first-guess)
(define (close-enough? v1 v2)
(< (abs (- v1 v2)) tolerance))
(define (try guess)
(let ((next (Ff guess)))
(if (close-enough? guess next)
next
(try next))))
(try first-guess))

xBFRER x=1(x) £, F(F0), F(F(F (X)),

|E Finding fixed points of functions (F&i &)

(fixed-point cos 1.0) y=COSYy
(fixed-point
(lambda (y) (+ (sin y) (cos y)))
1.0) y =sin y+cosy

y*y=X ky y=§ LB,

ROBEOTERERLLES yis X
y

(define (sgrt x)
(fixed-point (lambda (y) (Z/ x y))
1.0))




E Finding fixed points of functions(FRim)

(fixed-point cos 1.0) (Fixed-point

(lambda (y)

(+ (sin y) (cos y)))
1) .

]

0

¥ Naive Fixed Point (sqrt 2)

— i,

X
Y=
y

AVTEE
/LD

TATT7EN

E Average damping (F9#EMxX)

One way to control such ocillations:
Redefine a new function

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

Average damping (E¥#EHIE)
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3. Intermission

4. 1.3.4 Procedures as Returned
Values
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» WHAT IS THIS INSTRUMENT?

s

I

&R (slide rule, slipstick)
HEICLDFEDEIE
FEoOXH-ME
RAR-FNB—FE

230 1%L

210 —»3t#—10log2 —3.01
210 =103 —=1K

230 =10°—-1G
BEDEYF

EOME

g 1l i A 5 R

G.R.E.LMine Ventlilation Slide Rule

— G BRI ER A AR )R

7/HRa13
SH/ONORFER
BLE3=vY




Scale Label | Value K X2
Relative to C/D R 1/%
" s Kz X x 360
R1,R2 Square root of X
B X2 L log X
s X
¢ X Lg log X sin
shi, sh2 sinh X
CcF X x pi Ln Inx !
o Xx 109,10 LLo o001 Sq1, Sq2 Square root of X
001
ci 1/X% LUlorzzi | e SRT sin X, tan X
LL2 or 222 | €0
CIF 17 (pixX) or © ST sin, tan X
LL3orzz3 | e
D X T tan X, cotan X
LLOO or o
DF X x pi LL/0 T1,T3 tan X, cotan X
LLOL or
DF/M X x log,10 L1 e0r T2 tan X, cotan X
DFM X x log,10 LLozor | oo Th tanh X
LL/2
o 17X LLO3 or 0001 v Volts
e
DIF 17 (ixX) L3
M log x w1, w2 Square root of X
3 e
0 P square root of (1-x2) | | Z X
Square root of p% 271,772,773 | e*
H1, H2 @
e P1,P2 Square root of (1-X?)

REGH-INSTH

deca da x 10t deci d X 101
hecto h X 102 centi C X 102
kilo K x 103 milli | m x 103
mega M x 106 micro | W x 106
giga G x 10° nano | n x 109
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 102 yocto | y X 1024
£ 10t [ten or decad 102! |sextillion
“| 102 | hundred or hecatontad | | 102 |septillion

10° |thousand or chiliad

10* | myriad 10% | decillion

105 | lac or lakh 1088 | vigintillion

108 | million 10%0% | centillion

107 |crore 100 |googol

108 | myriamyriad 10900901 | googolplex

10° | milliard or billion

10%2 | trillion 10N |N plex

10%%| quadrillion 10N |N minex

108 |quintillion




[ 8eplex |EAH || 20plex [3%  |[4minex |#k (%)

80plex | A& || 16plex |I® 5minex |2

T2plex |BRERth 12plex |Jk 6minex |

64plex |FAI{E iR 8plex |{& Tminex | # (%)

56plex | BRI dplex |E&(F) ||8minex |

48plex |4& 3plex |F 9minex |EE
44plex | & 2plex |B® 10minex | &
40plex |1IE lplex |+ 11minex |;ab
36plex |ifE Oplex |— 12minex | &
32plex |i& Iminex |49 13minex | ¥4

28plex |F& 2minex | & 14minex | & 1K

24plex |#F (RIR) || 3minex | Z(E) || 15minex |ZAER

T’y

Iminex |5 13minex | #E 4

“ 2minex |E 14minex |3 ©a>oay
3minex |Z (&) Y 15minex |ZBBdsaa
dminex |k (&) > 16minex R a2 Y%
5minex |72 av 17minex | g4~
6minex |ff £ 18minex |38
7minex | (f)t> 19minex | 7<f& Jwkso
8minex |y 20minex | &
9minex |EETY 21minex |28
10minex [1&7 4 22minex | ;&
1iminex |fhEa™ 23minex | &
12minex | &34

Rules of Thumb

1. Rule of 72 : r X y=T72
For y years with an interest rate
of r % per year = roughly double.

2. mseconds is a nanocentury.

3. 1year=23.155 X107 seconds
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FTRTOAAGEFEESND
m BfiixF > BantiREh S (self-evaluating)
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f(orward), b(ackward), e(nd), a(#1&®)
p(revious), n(ext)
d(delete), k(ill)
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4. 1.3.4 Procedures as Returned
Values

Erugnzsrmas@esronE?

(define (sqrt x) yH—

(fixed-point (lambda (y) (average y (/ x y))) y
1.0)) g

FHRMEETEIAFREOBALSBDHZE YHE[V +$]

(define (average-damp f)
(lambda (x) (average x (f x))))

((average-damp square) 10)
(define (sqrt x)
(fixed-point
(average-damp (lambda (y) (Z/ x y)))
1.0)) « n
(define (cube-root x) yF?;? Ykéi(Y+§%]
(fixed-point
(average-damp (lambda (y) (/ x (square y))))
1.0))




> Cubic-root N%{Ti&#

(define (cube-root x)

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

YooY+

B - rgsrmaTseroRET

(define (deriv @)

(lambda OO/ (- (@ (+ x dx)) (g X)) dx)) )
(define dx 0.00001)
(define (cube x) (* x x x))
((deriv cube) 5) g(x)
- S 8 Y=X——"—
—a—krik g'(x)
(define (newton-transform g)

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

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

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

1.0))

|E W33 1t - first-class procedures

(define (Ffixed-point-of-transform g transform
guess)
(Fixed-point (transform g) guess) )
1st method: 9%
(define (sqrt x) FiEED
(Ffixed-point-of-transform 4 2
(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 )»

B =k A
HE I
LN




[ First-class citizen (B1@&HE)

E1RTRD “HFLEE”

s EHCRBED TR EMNTES.

s FREATIBMELTEIT CENTES.
s FHEERBELTRITEMNTES.
s T—REEDRICEDHBIENTES.

Microsoft Longhorn will make RAW
‘first class citizen.’

The Inquirer, Wed. Jun-8, 2005

Y OESEERAOEE: HBEN

(define dx 0.0001) o
(define (ddx f x) BIEM S
¢ ¢ (F G xd)) (Fx)) d) )

(ddx square 3) = 6.00010000001205

grxtorzv—+ ! [EEEY 55z H%RA
(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. GREEEHIEETES

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

(f @ ) M

(define 2nd-deriv (compose deriv deriv))
((2nd-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
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> Let’s Play JMC with your num.

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

» BB.ROXEKRDHK
(mc (modulo ZEEEHES 100))

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

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

(fixed-point jmc 1) = ?
(Y F) = (F (Y F)) Y operator
FRIREGDFIRELIER)
v gme) = (F (Y jmc))
= (lambda (n)
(if & n100) (- n10) ?) )

11



:_; Fixed Point Operator F

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

BIRFUHLICES FREEELLD
¢ P = ¢ )

#EL<IE. Church numeral®IAT
&,

B =m:11825055760

FHRDEZAFEZE/THL
BElk. RD2E:
Ex.1.35, 1.41, 1.42, 1.43.
RITHIZE FHAT

DON'T PANIC!
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