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m 1.3.2 Constructing Procedures
Using ~Lambda’

m 1.3.3 Procedures as General Methods
m 1.3.4 Procedures as Returned Values

S lambda: % (B4&) s

(define (plusd x) (+ x 4))

(TR (il

(define plus4 (lambda (x) (+ x 4))) *W
51;9’5%0)%3%75 (body)
(lambda (x) (S 4))

the procedure of an argument x that adds x and 4

R51%

(formal

51—\9%?&0)@}% parameters)

((lambda (x y z) (+ x y (square z))) 1 2 3)
x=1,y=2, z = 3 ZRA(B#)

12

|m Lambda as anonymous procedure

(lambda (x) (+ x 4)) B (ER) FHhe
((lambda (x) (+ x 4)) 5) FHEERA

(define (pi-sum a b) = n
(define (pi-term x) ggg%m
(/1.0 (* x (+ x 2))) ) Pi-term,

(define (pi-next x) (+ x 4) )jypepem
(sum pi-term a pi-next b) )
(define (pi-sum a b)
(sum (lambda (x) (/ 1.0 (* x (+ x 2))
a

(lambda (x) (+ x 4))
b))




lambda: Anonymous procedure

(define (fact n)
(if (= n 0)
1
(* n (fact (- n 1))) ))

[ERDAK LFh
(define fact
(lambda (n)
(if (= n 0)
1
(* n (fact (- n 1))) )))

IE Using let to create local variables
FO6Y) =X+ xy)* +y(L-y) + L+ xy)(A-Y)

EEZEH a, b
LV

(define (f x y)
(define (f-helper a b)

(+ (* x (square a))
(* v b) a=1+xy
(* a b) ))
(£-helper b=1-y
(+1 (* xy))

_ua2
-1y ) f(x,y)=xa"+yb+ab

IE 1.3.2 Local Variables with let

(define (f x y)

(+ (* x (square a))
(* y b)
(* a b) ))
(f-helper
(+1 (* xy))
(-1y)))

(define (f x y)

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

(* y b)

(* ab))))

(define (f-helper a b)

(define (f x y)
((lambda (a b)
(+ (* x (square a))
(* y b)
(* ab)))
(+1 (*xy))
(-1y)))

(let ((<v;><e>)
(<v,> <e,>)

(let ((a (+ 1 (* xy)))

(V> <e,>) )
<body>)
SURYGR S afi—




|E scope of variables (& $h#aE)

(let ((x 7)) Substition
(+ model

x) ) 40

((lambda (x) A IZERE
(+ LTEZS

X)i
7 )

|E scope of variables ()& H)

(1 Substition
model

21

A IZ B
((lambda (x) LTEZz5%

5)

B co 3. mB - mmemm
Substition
model
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® 1.3.3 Procedures as General Methods
m 1.3.4 Procedures as Returned Values

|E 1.3.3 Procedures as General Methods

Finding roots of equations by
the half-interval method (RfE=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 f neg-point midpoint))
((negative? test-value)
(search f midpoint pos-point))
(else midpoint))))))

8 Finding roots of equations
L) by the half-interval method

(define (close-enough? x y) =
(< (abs (- x y)) 0.001)) 2);—:10)1@0)1;]:?
RREZND
(define (half-interval-method f a b) » i
(let ((a-value (f a)) a‘-I JOE1T9
(b-value (f b)))
(cond ((and (negative? a-value) (positive? b-value))
(search £ a b))
((and (negative? b-value) (positive? a-value))
(search £ b a))
(else
(error "Values are not of opposite sign" a b))

)))

L:BIBEOREE. TREFTE.
RFyTE: O(log(L/T))




IE Finding fixed points of functions (FE)R)

(define tolerance 0.00001) m%"b?é&

(define (fixed-point f first-guess)
(define (close-enough? vl v2)
(< (abs (- vl v2)) tolerance))
(define (try guess)
(let ((next (f guess)))
(1f (close-enough? guess next)
next
(try next))))

(try first-guess))

STFER =00 £(x), F(F(X), F(F(F (X)),

IE Finding fixed points of functions (F&iR)

(fixed-point cos 1.0) Y=COSY
(fixed-point
(lambda (y) (+ (sin y) (cos y)))
1.0) y=siny-+cosy

y*y=X ky y=§ LB,

ROEMOFRHARERELS ys X
(define (sqrt x) y
(fixed-point (lambda (y) (/ x y))
1.0))

IE Finding fixed points of functions (FEj M)

(fixed-point cos 0.2) (fixed-point

(lambda (y)
(+ (sin y) (cos y)))
. ; 0.1)
=ql EEinn
: . A I ot O — O




fic (fixed-point cos 1.0)¢&
(fixed-point cos 2.0)

IE FEANRESLINVEENHS &

(define (sqgrt x)
(fixed-point (lambda (y) (/ x y))
1.0))

X B \ S
y|_)_ e s o fob i dd

(sqrt 2)ERFTTHE
1-2.1 i

(y1 - ¥2 - ¥1)

X
Y=

y

AVTEE
10
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E Average damping ((E##EMX)

One way to control such ocillations:
Redefine a new function

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

Average damping (F¥EE)

%>’ Fixed Point with Average Damping

27y

Average
damping
FRRIE
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B Intermission
m 1.3.4 Procedures as Returned Values




{% What is this instrument?

T

& SAH—HEBORIE
m [@EE(+, -)

m ELTR10EMT
. 5LTM(10TEIS)

......

2EHDIHE
n MEEFIILTE—
n BEZEOHICELLEMNE
B EIOR2%FHITH)
m AYUIJN2TES)

& B =D RV 40t 1y
1. TATSLI7AIVEER
B emacs, meadow, mule %Z{#>
B AEREREDS (HITI—FHESET D)
2. tus2, tustk2, Edwin(MIT) TF/L
JILITFAINERAHRAL.
(load “c:/my-tus/file.lsp”)
3. 70T LEBNT
(foo 1 2 3)




emacs/meadow/mule

1. TRTOHOAANGFEMESND
m BfiixF > 5antiREhS (self-evaluating)
avURIEEER
f (orward) , b(ackward), e(nd), a(#&)
p(revious), n(ext)
d(delete), k(ill)
control-key (c-) : XFHfEOaATUF
meta-key (M-) : BERHEHIOITUF (E—FIZEKEF)
control-meta-key (c-M-) : S BT DIATUK
Incremental search (C-s) : ZRIEHE
c-x [IPEFFEIATUK c-xC-s (save), C-xC-f (£find)
I7INVDEE (ext) ITEYE—FEBERTE
AT CHBIF T, FALEN TG 2RESENA S R
M-x apropos TR EFHRZEZERART DAL

N

SN o v s W
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|E 1.3.4 Procedures as Returned Values

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

(lambda (x) (average x (f x)))) average_
((average-damp square) 10) damp ’G*
(define (sqrt x) . —

(fixed-point %}E E,‘] (“

(average-damp (lambda (y) (/ x y))) = -
1.0)) ?EZ“%):I:.
(define (cube-root x) &h\ﬂ-ﬁb
(fixed-point
(average-damp (lambda (y) (/ x (square y))))
1.0))

10



E Cubic-root ME1TiEFE

(define (cube-root x)
(fixed-point

(average-damp (lambda (y) (/ x (square y))))

1.0)) L

IE Newton's method & differentiation

(define (deriv g)
(lambda (x) (/ (- (g (+ x dx)) (g x)) dx)) )
(define dx 0.00001)

_ ., 9(x)
(define (cube x) (* x x x)) y - '
((deriv cube) 5) g (X)
(define (newton-transform g) ::L_I“D}f

(lambda (x) (- 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))

IE B 5HF L first-class procedures

(define (fixed-point-of-transform g transform
guess)
(fixed-point (transform g) guess) )

1st method

(define (sqrt x)

(fixed-point-of-transform %%ﬁ%@
(lambda (y) (/ = y)) s
average-damp {ﬁ ﬁ —C 1EJ
1.0)) HERIA

2nd method 7:-;('\

(define (sqrt x)
(fixed-point-of-transform
(lambda (y) (- (square y) x))
newton-transform
1.0 ))

11



|E First-class citizen (S1fMHE)

E1RTRD “HEFEEE”

s EHCRBEDITRACEMNTES.

n FREATIBMELTEIT CENTES.
s FREDRRELTRTENTES.
s T—REEDRICEDHBIENTES.

Microsoft Longhorn will make RAW
‘first class citizen.’

The Inquirer, Wed. Jun-8, 2005

FiE (BEAB~DORFE: TEAK

» (define dx 0.0001)
s (define (ddx f x)

(/ (= (£ (+ x dx)) (f x)) dx) )
s (ddx square 3) = 6.00010000001205
w BRFE2ERT— Mol | HEABEWNSEZ FEER
m (define (deriv f£f)

(lambda (x)

(/ (= (£ (+ x dx)) (£ x)) dx) ))

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

((deriv £f) x) )

FEER DER: SRERAK

» COEZFERBRSE GREBEBLIEETED
m (define (compose f qg)
(lambda (x)
(£ (g x)) ))
s (define 2nd-deriv (compose deriv deriv))

s ((2nd-deriv square) 3) = 1.9999999878
LLAAFHREDEHD

s ((compose square sqrt) 7) = 7.0

s ((2nd-deriv cos) pi) = 0.999999993922529

s (define 3rd-deriv (compose deriv 2nd-deriv))
s ((3rd-deriv sin) pi) = 0.999999960615838

s ((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)

(jme (jmc (+ n 11)))

))
£B. ROXZERD&

(jmc (modulo FEFES 100))

(define (jmc n)
(if (> n 100)

(- n 10)

(jmc (jme (+ n 11))) ))

(fixed-point jmc 1) = ?
(Y F) = (F (Y F)) Y operator

(FBIRELDFHREEIEM)
(Y jme) = (F (Y jmc))
= (lambda (n)
(if (> n 100) (- n 10) 7?) )

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))))

)))

BIRFUHLICES FiREEMLL

(Y F) = (F (Y F))

§%L<IZ%. Church numeral®IET
FHEA,

13
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DONT PANIC!

iz -.\:‘,__‘," .
e

¥
g

14



