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B 1.3.3 Procedures as General Methods
Finding roots of equations by
the half-interval method (RE=% %)

(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))))))

m Finding roots of equations
K by the half-interval method

(define (close-enough? x y)

(< (abs (- x y)) 0.001)) 2)f—;'\0)1|'§0)4"¥f-%
(define (half-interval-method f a b) b{i;’;éb\w
(let ((a-value (f a)) §I‘y7§?i_5

(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:BiteRORRR. TIRENFE.
27y7#: O(log(L/T))

B Finding fixed points of functions(FRiM)

(define tolerance 0.00001) m%ﬂ:’j—é&

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

xBTEIm x =1(x)

f(x), f(f(x), f(FCEX))),-

I8 Finding fixed points of functions(FRI)

(fixed-point cos 1.0)
(fixed-point
(lambda (y) (+ (sin y) (cos y)))
1.0)

y =COS Y

y =sin y +CosS y

X
y*y = X&Y y=;a§<a,

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




m Finding fixed points of functions(FRim)

(fixed-point cos 1.0)

(fixed-point
(lambda (y)
(+ (sin y) (cos y)))
0.1)

E Finding fixed points of functions(FRim)

(fixed-point cos 0.2) (fixed-point
lambda (y)
(+ (sin y) (cos y)))

45 (fixed-point cos 1.0)&
' (fixed-point cos 2.0)

m FRRPRESBIEEHHS

(define (sqrt x) A/ X

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

X \
y— — N
y SRR

(sqrt 2)&RTTHL
1 -2 -1
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B Average damping (Ei#H%)

One way to control such ocillations:
Redefine a new function

1 X
Y= Y+ —
2 y

(lambda (y) (average y (/ x y)))
1.0) )

Average damping (FE#EF0i%)

(define (sqgrt x)
(fixed-point




(¥ Fixed Point with Average Damping
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damping
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+ 1.3.4 Procedures as Returned Values
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

B TH@EnEsFTB~<FHEroRET

(define (sqgrt x) X
(fixed-point (lambda (y) (average y (/ x y))) y&ay
1.0))
FHRUEETHATHREORADOHDZE sz(y+zJ
(define (average-damp f) 2 y
(lambda (x) (average x (f x))))

average-
( (average-damp square) 10) 1(

o] damp TH#E

(define (sqrt x)
(fixed-point

—HIIZER
(average-damp (lambda (y) (/ x y))) ié:&b{
1.0)) - 1 X &g,

(define (cube-root x) YH —5 Y'_)*(Y'*'TJ E.I-ﬁl:

. . y 2 y
(fixed-point

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

1.0))

“5 Cubic-root OR{TAR
(define (cube-root x)
(fixed-point
(average-damp (lambda (y) (/ x (square y))))

1.0))
1 X
YHE Y+—

B ci-FESFRATRENSRET
(define (deriv g)
(lambda (x) (/ (- (g (+ x dx)) (g x)) dx)) )
(define dx 0.00001)
(define (cube x) (* x x x))

((deriv cube) 5) y = X— g,(x)
Za—bUiE 9'(x)

(define (newton-transform g)
(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))

B Eidi#ik- first-class procedures

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

1st method: F¥EME
(define (sqrt x)
(fixed-point-of-transform
(lambda (y) (/ x y))
average-damp
1.0))
2 method: =a—Fkrik
(define (sqrt x)
(fixed-point-of-transform

FHis DB
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(lambda (y) (- (square y) x))
newton-transform
1.0 ))




B First-class citizen (1T E)
FE1RTMRO “HEF EIFE"

s THMTRUMEDITHIENTES.

s FMEANGIBELTETIENTES.

s FRELHERELTRI ZENTES.

s T—AEEDRIZEDHDHIENTES.

Microsoft Longhorn will make RAW ‘first
class citizen.’

The Inquirer, Wed. Jun-8, 2005
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(define dx 0.0001) S—

(define (ddx f x) HIEWMS
(/ (- (£ (+ x dx)) (f x)) dx) )

(ddx square 3) = 6.00010000001205

ERFEoERT—M!  HEHEVNSEZAHERRA

(define (deriv f)

(lambda (x)2
(/ (= (£ (+ x dx)) (f x)) dx) ))

((deriv square) 3) = 6.00010000001205
((deriv (deriv square)) 3)= 1.99999998

(define (new-ddx f x) 2RER(FECDEY

((deriv £f) x) )

4 FHREEEBRORA: HREERBEM
COEAFERBESE. EREEEARIEBETES
(define (compose f g)
(lambda (x)
(£ (g %)) ))
(define 2nd-deriv (compose deriv deriv))
((2nd-deriv square) 3) = 19999999878
PLAAFIENEHD
( (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

Let's Play JMC with your number.

(define (jmc n)
(if (> n 100)
(- n 10)
(mec (jmc (+ n 11)))
))

 BH.ROXERDOE

(jmc (modulo ZFEHEFF 100))

# MR: Fixed Point

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

(- n 10)

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

(fixed-point jmc 1) = ?

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

(FENEEEDFRMEEER)

(Y jme) (F (Y jmc))
(lambda (n)

(if (> n 100)

(- n10) ?) )

#2 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))))
)))

BRFUHLICREFHREZEV=D

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

¥ L<IX. Church numeral DIE TEREA,
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 F1EEFHEMBRIE
-ERFHE
- AFHRE-FHREHARE
—f5l: Z, TT, accumulate, filtered-accumulate

« F2EFT-HERIE
— EART—45#8& (primitive data structure/object)
- BT 54Tk (compound data object)

o TSR L TEHEDELK (semantics) Z L3R
-ME(H) TEDLIGT—2BELRZD
-HAFHE: BHBH AEH+-HEH. EH+EH
-ARFHEE: EFRBHERE TH+H1T5

B som s—sumitoesc

o i {LDEE (abstraction barrier) DHEE
- T—REEDEREL I ERH SIEE (blackbox)
 EAA (closure)
- HAHELEERYRLTELLD
o fEEBALY8T1—2A (conventional interface)
— Sequence #FfiEMA 27 —RELTHERA
R URT  EFESA2 UNIXD /(T
o BB/ (symbolic expression) &£
 RAMA (genetic operations)
o T—REJ/INYS3VY (data-directed programming)

B 2.1 7—5#& 1k (data abstraction)
HMET—E2DADDEKEHE
1. #&RF (constructor)
2. BIRF (selector)
3. i E& (predicate)
4. Al 7 (input/ output)

B 2.1.0 Integers(E#)
« &M F (constructor)

<n> ; <n> integer
o E{RF (selector)
<n> ; <n> integer

o & (predicate)
(integerp? <x>)
(= <X> <y>)

«  AH A (input/output)

<n> ; <n> integer

B 2.1.1 Rational Numbers (#E#)

o ¥ERF (constructor)
(make-rat <n> <ab)
<> numerator(4F),
<«d> denominator (5 £)

+  ZERF(selector)
(numer <x»)
(denom <x»)
<x> rational number
+ ihFE (predicate)
(rational? <x»)
(equal-rat? < <)

« A7 (input/output)
<n/<d>




m 2.1.1 Rational Numbers (#32#)

. nE &Jrn_zznldﬁnzd1
(addition) d d, d.d,
« #@H (subtraction) h, _n, nd,-n,d,
. E v 4 d.d,
(multiplication) nn, _nn,
d d, dd,
« BRE (division) n n, nd,
4, d, dn,
o iEE n

B Rational Number Operations

i+n_2= nd, +n,d, n n, nd,

_'nzdl

dl dZ dle dl dZ dle

(define (add-rat x y)

(make-rat

(define (sub-rat x y)

(make-rat

m Rational Number Operations
Np _ nd,

non_nn, o0,
dZ dan

dl dZ - dle dl '

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

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

(define (equal-rat? x y)

nldz = nzdl
=

n_n

4 d,

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

K7 (pair) TEBE

(define (numer x)

(cons n d))

(car x))

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

B Rational Number Reduction (BE#4E)

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

CDOFREIZEBER: eg. 2/3, 4/6, 6/9

(define (make-rat n d)
(let ((g (gcd n d)))
(cons (/ ng) (/dg))))

BE#11E: reducing rational numbers to the lowest terms

B oomsTHRiETssEme

(define (make-rat n d)
(let ((g (ged n d)))

(cons (/ ng) (/ dg))))
WMEBEORM-EAE?
(define (make-rat n d)

(define (numer x)
(let ((g (gcd (car x)
(/ (car x) g) ))
(define (denom x)

(let ((g (gcd (car x)
(/ (edr x) g) ))

COEVNIOTOTSLICEEEZEZEM?

(cons n d))

(cdr x))))

(cdr x))))
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add-rat sub-rat mul-

DFETBILERSNDIAEY

make-rat numer denom

RT7ELTHESN S FEL

(define (make-rat n d)
(let ((g (ged n d)))
(cons (/ng) (/d9))))

cons car cdr

T DEREE

(define (make-rat n d)

D)

car X
(define (denom x)
(let (g (ged (car

(/ (cdrx) 9)))

m EE: 118168 EF &Y

1. HEEHTRE Ex.1.35,1.41,142,143.

2. RITHIERNTHIL

3. Program 774 JLELR—k(pdf) %
SICP-6@zeus.kuis.kyoto-u.ac.jp IZxE 1t

o REBICEATHDED, TOADEMERARTSCL. WeblZH R
EHRE. (otherwise TALIEIZ LR A)

DONT PANIC!

m 2.2 # (pairs)&Y—r>2A (sequences)

° J-“:I.(I:)a”ﬂ) (cons 1 2) |[(cons 1 nil)
s =R (AU, FwhEEi% (dotted . 2 (1 . nil)
sequence) notation) ’ FlE (1)
. : iz | L 1] | L

(cons 1 nil) (box-and-pointer i i
. (list 1)&IE.|L: notation)
e nilldZEYR K Ly T Ay [ fy Ty [ -]
m (list 1 2 3 4)
( 1 (1 2 3 4) BB
= (cons (cons 2 (1. (2. (3. (4.nil))))
(cons 3

(cons 4 nil) )))

E YA MRERH (list processing)

* (null <expression) <expression> 1\ nill M7?

o (eq? <ep<ep) <ep ey MRELFTZzorN?

+ (cons <ep<ey) <epk<ey MdpairEiERk

e (car </ist») <list>® car ZHH

o (cdr </ist) </ist>® cdr ZHIH

e (car (cons 1 2)) =1

¢ (car (list 1 2 3 4)) =

¢ (cdr (cons 1 2)) =

¢ (cdr (cons 1 nil)) =

¢ (ecdr (list 1)) =

e (cdr (list 1 2 3 4))) = (2 3 4)

¢ (car (cdr (1 2 3 4))) =

¢ (car nil) = error
=

¢ (cdr nil) error

E YA Mo Eo#REME

* (quote <expression’) <expression> %iRY .

e ' <expression <expression> ERY.
(cons '1 '(2 3)) = (1 2 3)
(cons '(1) '(2 3)) = ((1) 2 3)

equal? FEH/EE L.
(equal? 1 1) = #t
(equal? 3 '(1 2)) = #£

. (equal? '(1 2) '(1 3)) = #f

* member? “EBEL.

. (member 1 '(1 2)) = (1 2)
(member '(1 2) nil) = #£f
(member '(1 2) '(1 2 (12) 3)) = ((1 2) 3)

append ZEBE L.
(append '(1 2) '(3 4)) = (1 2 3 4)

(equal? 1 2) = #f

(equal? '(1 2) '(1 2)) = #t
(equal? '(1 2) '(1 3)) = #f

(member 3 '(1 2)) = #£

(append ' (1 2) nil) = (1 2) (append 1 '(1 2)) = error
* reverse ¥ERHL.
. (reverse (list 1 2 3 4)) = (4 3 2 1)

(reverse '(1 2 3)) =2 (321) (reverse nil)

= nil

E U MEEORE M (2 E )

+ but-last #EEE&L.

. (but-last '(1 2 3 45)) = (12 3 4)

+ assoc FEBtE L.

. (assoc hgo ' ((f IP) (hgo IntroAlgDS) (yan Prolang))
= (hgo IntroAlgDS)

. (assoc hgo '((ishi Gairon) (iso math) (tom HW)) = #f

* length ZEMEL.

. (length '(1 2)) = 2

. (length nil) =0

+ copy EEHREEL.

* (copy '(12)) = (12)

. (copy '((1 . 2) . (3 . 4)))

* flatten ZFEEH L.

. (flatten '((1)(2 (3) 4) 5) = (1 2 3 4 5)

. (flatten '((1 2 3))) = (1 2 3)

. (flatten ' (1 2 3)) = (12 3)

(length '(1 2 3 5)) = 4

= ((1 .2) 3. 4)

(flatten nil) = nil




