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1.2.5 Great Common Divisors

+ 1.2.6 Examples: Testing for Primality

+ 1.3 Formulating Abstractions with Higher-
Order Procedures

+ 1.3.1 Procedures as Arguments
+ 1.3.2 Constructing Procedures Using 'Lambda’
+ 1.3.3 Procedures as General Methods
+ 1.3.4 Procedures as Returned Values
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Ex.1.5

(define (p)

—#i&IZapplicative
order CEARENIT,

(p)) normal order THEL

Ex.1.6 MORAk: Special Form

L (define (p) (p)) BEDSchemeTIXE D

(define (test x y) EARES. (define (test x y) SEAEYET A ?

(if (= x 0) Applicative order (if (= x 0)

0 1[(if (= x 0) 0 (p)) 0 s (0= °o
y)) 2| (if (=x 0) 0 (p)) y ) ®) )
(test 0 (p)) 3/(if (=% 0) 0 (@) 2. (mew-if (= 0 0)
0

: Normal order normal order (&, #&EK ®) )
! ;lf Ex0 0 @) i%gﬁé:zi;iﬁ;?é' (define (new-if pred then-c else-c)
2 '." - (cond (pred then-c)

normal order #Call by J applicative order %Call (else else-c) )))
name (BEIFEUHL) by value (fEFFUFHEL)
& IMEEBONE E Greatest Common Divisors (BRAHE)
1. 143,546 DB XA HHERD & DERE
-y B a—o1)s < I\:

2. ROESEBINEBB x ERDE 7P ORRR I

. 3TESERYA (xmod 3=1), ameab Cé’(“: e

+ BTE>=RYHN2 (xmod 5 =2), (a, b) = - r ~Le

«  7TEI>=RYM3 (xmod 7 = 3). e (e a )
3. ROIIGRIMNEBE x ZRO&K. (if (= b 0)

a

3TE|>=RYH2 (xmod 3 = 2),
5TEI>zKRYHN3 (xmod 5 =3),
7TE|>=RYH1 (xmod 7 =1).

(gcd b (remainder a b)) ))




Modularity Calculus (& F=L)

* a=bmod n (congruent modulo »)
Ffamod n& bmod n HELLY]

- (reminder of) x modulo n (LEI&

*a+b mod n
= (@amod n + b mod n) mod n

* a*bmod n
= (@amod n * b mod 7) mod n

- amod (m*n) (FHEANBEREETRNHD
-ar?i=1mod p if pHFEH(prime)

Chinese Remainder Theorem
B RARER
x=b;(mod d;)
x=b, (mod d,)

x = b, (mod d,)

DBEA, dy, dy, . d, REWNZETHNIE,
n=dd,..d,

ERELT, 1D O@ASHS.

F9,n/di=n EBIFIE d &n FEWVICRKTHEHND,
n; x;=1(mod d;)
Dff x, ZRHBIENTES. ZIT,
X =byng Xy +byny X, + .+ by ng x; (mod n)
ETHIE, 2O x [FHSMNBEDERRETATHET 5.

* Chinese Remainder Theorem®Ii:

X mod 105 £~

»105=3*5*7 XU
« x=1(mod 3)
« x =2 (modb)
« x=3(mod7)
> BRI T DHHERDD
« 35*2=1(mod 3)
« 21*1 =1 (mod 5)
. 151 =1 (mod 7) &Y.
» Chinese Remainder Theorem &Y

5 Chinese Remainder Theorem®It:

X mod 105 &7

»105=3*5*7 XY
« x=2(mod 3)
* x=3(modbH)
* x=1(mod7)
> BRI TDHHEKRDD
+ 35*2=1(mod 3)
+ 21*1 =1 (mod 5)
. 15*1 =1 (mod 7) &Y.
» Chinese Remainder Theorem &Y

xmod 105 = 1*35*2 +2*21*1+3*15*1 mod 105 xmod 105 = 2*35*2 +3*21*1+1*15*1 mod 105
= 157 mod 105 = 52 mod 105 = 218 mod 105 = 8 mod 105
Chinese Remainder Theorem® i (2) LameD3EE

29 mod 91 17

. 91=7*13

. 23=1(mod 7) &Y, 2% =1 (mod 7)
. 26=1(mod 13) &Y,

. 284 =1 (mod 13) = 2% =1 (mod 13)

. 13*6 =1 (mod 7)
«  7*2=1(mod 13) &Y,

« 29mod 971 = 1*13*6 -1*7*2 = 64

« 6CD(a, b) (f=12L. b < a ) DEHHIZA step BELD,
b > fib(k)

s BIZIE.6CO(m, n) (T=12L.n < m) M kstep Hh
5&TBE . n2 fiblk)=8/ /5

¢:%(1+\/§) ﬁb(n);%

« DFEY, RTYTRIE, n OB,
O(log n) steps
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1.2.6 Examples: Testing for Primality

+ 1.3 Formulating Abstractions with Higher-
Order Procedures

+ 1.3.1 Procedures as Arguments

+ 1.3.2 Constructing Procedures Using 'Lambda’
+ 1.3.3 Procedures as General Methods

+ 1.3.4 Procedures as Returned Values

Testing for Primality (REDEHE?)

(define (smallest-divisor n)
(find-divisor n 2)

(define (find-devisor n test-divisor)
(cond ((> (square test-divisor) n) n)
((divides? test-divisor n) test-divisor)
(else (find-divisor n
(+ test-divisor 1) )) ))

(define (divides? a b)
(= (remainder b a) 0) )

(define (prime? n)
(= n (smallest-divisor n)) )

Improvement by HGO

(define (smallest-divisor n)
(find-divisor n 3)

(define (find-devisor n test-divisor)
(cond ((> (square test-divisor) n) n)
((divides? test-divisor n) test-divisor)
(else (find-divisor n
(+ test-divisor 2) )) ))

(define (divides? a b)
(= (remainder b a) 0) )

(define (prime? n)
(if (even? n)
2
(= n (smallest-divisor n)) ))

[ The Fermat Test
ar?1=1 mod p if p "FK# (prime)

(define (expmod base exp m)
(cond ((= exp 0) 1)
((even? exp)
(remainder (square (expmod base (/ exp 2) m)) m) )
(else
(remainder (* base (expmod base (- exp 1) m)) m) )

))

(define (fermat-test n)
(define (try-it a)
(= (expmod a n n) a) )
[(try-it (+ 1 (random (- n 1)))) |

(define (fast-prime? n times)
(cond ((= times 0) true)
((fermat-test n) (fast-prime? n (- times 1)))
(else false) ))

Probabilistic Algorithms (Re®s7LTYZ L)
« Carmichael numbers: 561, 1105, 1072, 2465,
056°=02 010 016
a?=1 mod 3, al%=1 mod 11, a!®=1 mod 17
= a%0=1 mod 561 = 3 * 11 * 17

* Fermat’s testld, T5—DHREFERIT/NE(TES,
—probabilistic algorithm

Fermat’s test

WEEHEDOHER <
* Algorithm: Wilson’s test {i;l:ﬁ §1¢—c

p is a prime precisely
when (p-1)l =-1 mod p

WE+SEH
nl ~(2rn): (n/e)"
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+ 1.3 Formulating Abstractions with
Higher-Order Procedures

« 1.3.1 Procedures as Arguments

+ 1.3.2 Constructing Procedures Using 'Lambda’
+ 1.3.3 Procedures as General Methods

+ 1.3.4 Procedures as Returned Values




B 1.3.1 Procedures as Arguments
(define (sum-integers a b) b
(if (> a b) .
o 2
(+ a (sum-integers (+ a 1) b)) )) =

(define (sum-cubes a b) Z l'3
(if (> a b)
0

(+ (cube a) (sum-cubes (+ a 1) b)) ))

(define (cube x) (* x x X)) & 1
i=a,i+4 l(l + 2)
0

(+ (/1.0 (* a (+ a2 2))) (pi-sum (+ a 4) b)) ))

(define (<name> a b) EgEE DA/ H—

Gl B

(+ (<term> a)

(define (pi-sum a b)
(if (> a b)

=> EREFHE
(<name> (<next> a) b)) ))

E Apensszsitd s—irE-e8d2

(define (<name> a b)
(if (> a b)

b
0
(+ (<term> a) 9
(<name> (<next> a) b)) )) l
(define (sum f a next b) . .
(if (> a b) i=a,next (i)
0
(+ (£ a)
(sum £ (next a) next b)) ))

(define (inc n) (+ n 1))

(define (cube x) (* x x x)) i Cube (i)

(define (sum-cubes a b)
(sum cube a inc b) ) . 3 b
. . . i=a,i+1 .
(define (identity x) x) l
(define (sum-integers a b)
(sum identity a inc b) ) l=a,l+]

& Ex. 1.32 #% (sum), B (product) &M iL

(define (sum term a next b) b )
2 [

(if (> a b)

0 . )

(+ (term a) i=a,next (i)

(sum term (next a) next b)) )
. b
(define (product term a next b) )

(if (> a b) H f@@)

1 i=a,next (i)

(* (term a)
(product term (next a) next b)) )

(define (<combiner> <name> <term> a <next> b)
(if (> a b)
<null-value>
(<combiner> (<term> a)
(<name> <term> (<next> a) <next> b))
))

accumulate 4 sum, product

(define (accumulate combiner null-value
term a next b )

(if (> a b)
null-value
(combiner (term a)
(accumulate combiner null-value
term (next a) next b ))))

b
(define (sum term a next b) > )
(accumulate + 0 term a next b)) i=d.mex ()

(define (product term a next b) f[f()
(accumulate * 1 term a next b)) !

i=a,next (i)
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+ 1.3.2 Constructing Procedures Using ‘Lambda
« 1.3.3 Procedures as General Methods
+ 1.3.4 Procedures as Returned Values

#  lombda: % (E4&) T

(define (plus4 x) (+ x 4))

@ =i
(define plus4 (lambda (x) (+ x 4)))
SLARDHEAS
(lambda (x) (+ =x 4))
«*

the procedure of an argument x that adds x and 4

fR51# (formal parameters) ZA{& (body)
SLEADER

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

(+ 1 2 (square 3))

(+129)

12




Lambda as anonymous procedure
(lambda (x) (+ x 4)) wE (ER) FHE
((lambda (x) (+ x 4)) 5) FHEiHA

ST ares 3 e |

Pi-term,

IIIILjiiTeXtEt;<?-
(define (pi-sum a b)

(sum (lambda (x) (/ 1.0 (* x (+ x 2))
a
(lambda (x) (+ x 4))
b))

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

lambda: Anonymous procedure

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

[FROXEE

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

Using let to create local variables
f(x,p)=x(1+xp)* + y(1=y)+ 1+ xp)(1-y)

iy AEEM a, b
r i AAY A

f(x,y)=xa’+ yb+ab

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

1.3.2 Local Variables with let

(define (f x y)
((lambda (a b)
(+ (* x (square a))

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

*
(* y b) E* Z ﬁ; ))
(* ab))) (+1 (* xy))
(f-helper (-1y)))
(+ 1 (* xy))
(-1y)))

(let ((<v><e>)
(define (f x y) (<v,> <e,>)
(let ((a (+ 1 (* xy)))

( (1b (_( 1y)) ))) (<vn><en>) )
+ x (square a
(* ab))))

SUBYPRati—

scope of variables(ZhfEER)

(let ((x 7)) Substition

e - BEE
e

x) ) 40
((lambda (x)

(let ((x 5)) Substition
R 2 < y B sy il 1OC2]

|

21
A IZERE

((lambda (x) LTEZ5

S

(.

B
5)




[ oo~ 13, IR MERE
(let ((x 5))

Substition
@y e model

A IZRRE

((lambda (x)
((lambda (x)

( anbdass()smmesmmn

s

LTEZS

11A28-ABO*=1—

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

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))))))

Finding roots of equations
k by the half-interval method

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

2R DEDFS
(define (half-interval-method £ a b) b{if;éb\w
(let ((a-value (f a)) [——
(b-value (f b))) a=I‘y7€1Tj

(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:BiE O R R, T-IRENEE.
Z2Ty7#: Oog(L/T))

Finding fixed points of functions(FR)
(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))

HEWE x=f00 £ (@), f(f @) LSS @),

Finding fixed points of functions(FRiM)

(fixed-point cos 1.0)

(fixed-point y=cosy

(lambda (y) (+ (sin y) (cos y)))
1.0 ) .
y=s8Iny+cosy
X
y¥y=x&¥ y:;&§<t,
ROBEDOFENRIERELD

. yHi
(define (sqgrt x) ¥y
(fixed-point (lambda (y) (/ x y))

1.0))




Finding fixed points of functions(FRim)

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

0.1)

=

Naive Fixed Point

BLTIEEZ
L%

FTATTEN

B Average damping (Eig#BHi)

One way to control such ocillations:
Redefine a new function

X
ye S| y+—
(define (sqgrt x) 2 y
(fixed-point
(lambda (y)
1.0) )

Average damping (EJ#Ef0i%)

(average y (/ x y)))

B mE:11828E58Y

1

HHEHEME Ex1.29, 1.31

2. Program 774 )LELR—K(pdf) &

3. [(MEE] FBRERDLHABRILLE L. \

SICP-5@zeus.kuis.kyoto-u.ac.jp IZiE T

DON'T PANIC!

RRICBATHEo, TDADEME

BT SCt. WebliHHBREBIRE. (otherwise TRUIEIZ LR &)

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. @ seconds is a nanocentury.

3. 1year=3.155% 107 seconds

1 @

1.

N

d oo W

emacs/meadow/mule
FRTOAATFEMEShS
B EfLE = BHMNERESHS (self-evaluating)
. aAvURIGERR
B f(orward), b(ackward), e(nd), a(#]®)
B p(revious), n(ext)
B d(delete), k(ill)
B control-key (C-) : MXFEHOIaATUR
B meta-key (M-) : BFEEMIOITUF(E—FIZEE)
B control-meta-key (C-M-) : SR EMTDIATUF

Incremental search (C-s) : BRIEHE

c-x [I¥LRAVYUK c-xC-s (save), C-xC-f (find)
T7AIVDEH (ext) [ZEYE—FEHEIRTE

A7 TCEEF T, FCEN T EY 25E 00 MR
M-x apropos THEEFRZRFTDHDA KL




% Interesting books

Douglas R. Hofstadter
Reymond Sumullyan

Doug Adams
Don E. Knuth
John H. Conway and Richard K. Guy

A

il 1 T L E

LOiCG]i e v L e v e
Lj ZZCSb ‘ LIVING PARADOXES

Raymond | RAYMOND SMULLYA%
Smullyan e o
% 3 2% (Self-Reference) D & BB $ M (Self-Reference)
1. What is the book of this book? IEDOEMDEREIEEDETY. DFDFE
2. This book needs no title. E(iﬂﬁfigﬂéiﬁ'/\i ﬂﬁ’)%*i@ﬁi&?ﬁir*h'i
3. COXEFFRDETENMNTLS. BEOSFEAIEE T
4. COXEIF17TXFTTETLET. B REHNEER) =
5. BOEHOERQEOETY. WOEH e
DOEERNRAIFE (X DEFEBAIEEHT-. B EENKY =

6. [TJLZANIFEDETHAHIEILEANIL
Eof=. (FWHEEITFRAADFIED)

* SrLOIITFYHA
B ADTRTORREE: 21
5l : A={a, b, c}
21 ={{}, {a},{b},{c},{a,b},{b,c},{c,a},{a,b,c}}
B I RTCOBAREEZIVERESTERZD
B WTHAEIIT S

1.SES
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