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1.2.2 Fibonacci - Iteration

(define (fib n)
(cond ((= n 0) 0)
(Gn1 1)
(else (+ (fib (- n 1))
(fib (- n 2)) )N

s MyFHEHY (top-down) KICEHE

(Fib 6)

(define (fib n) (Fib-iter

(fib-iter 1 0 n) Crib-ttor
(define (Ffib-iter a b count) $$153

Gf ( count 0) (fib-Tter

(flb iter 1

(flb—lter (+ a b) a (- count 1)) ))
»  RhLFYF (bottom-up) KIZFHHE




1.2.3 Order of Growth @(f(n))
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1.2.6 Example: Testing for Primality
1.3.1 Procedures as Arguments

1.3.2 Constructing Procedures Using
“Lambda'

1.3.3 Procedures as General Methods

5 Chinese Remainder Theorem® I

X mod 105 (%7

e3*5*7 =105

*x =1 (mod 3)

e X =2 (mod 5)

*Xx =3 (mod 7)

* 35*2 =1 (mod 3)

*21*1 =1 (mod 5)

«15*1 =1 (mod 7) &Y.

«x mod 105
=1*35*2 +2*21*1+3*15*1 mod 105
=157 mod 105 =52 mod 105

; 2/ Chinese Remainder Theorem®

2“mod 91 1&?
*e91=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)
e 7*2 =1 (mod 13) &Y.

* 299mod 91 =1*13*6 -1*7*2=64
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1.2.6 Example: Testing for Primality
1.3.1 Procedures as Arguments

1.3.2 Constructing Procedures Using
“Lambda'

1.3.3 Procedures as General Methods

Testing for Primality (E# D #IE)

(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

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

(define (Ffind-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)) ))

2 The Fermat Test
«| aP?=1mod p if p HEH (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 (B 7 LTV X L)

= Carmichael numbers: 561, 1105, 1072, 2465,
aSGO:(aZ alO a16 ) 20
a2=1 mod 3, al®=1 mod 11, al®*=1 mod 17
= a%0=1 mod 561 =3 *11*17
s Fermat’s testld, T5—DHEEFERBIT/NELTE
%, — probabilistic algorithm
WERMHDHEHE
s Algorithm: Wilson’s test
pis a prime precisely when (p-1)!/=-1mod p
BEFHRH




Discussion: Fermat’s or Wilson’s?

1. BB REBHE:
2. Fermat’s test: p MEHLD
Va<p aP? = 1 mod p
3. Wilson’s test: p MEHTHILE
+o5&EE
(p-1)! = -1 mod p
BHAIS
n! ~(2xn)* (n/e)”

) What is this instrument?

&R (slide rule,
slipstick)

I KBBOHE
FEH-MB—ME
REOXNPB-FHE
230 [FL K5

210 -»3t#—10log2
—3.01

210 =103 —1K
230 =10°—-1G
BEEDOEYF
FOHE

KELGTE - INSTEH
deca da x 101 deci d x 101
hecto h x 102 centi c % 102
kilo K x 103 milli | m x 103
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




#7 101 | ten or decad 1021 |sextillion
5{ 102 | hundred or hecatontad || 102 septillion
103 | thousand or chiliad
104 | myriad
105 | lac or lakh
108 | million 1033 | decillion
107 |crore 1083 | vigintillion
108 | myriamyriad 103% | centillion
10° | milliard or billion 1019 | googol
1022 trillion 1090080l | googolplex
10%5| quadrillion 10N | Nplex
1018 | quintillion 10N | Nminex
#{ 10! |ten or decad 102 |sextillion
5] 102 | hundred or hecatontad 10?4 |septillion
103 | thousand or chiliad
10* | myriad 10% | decillion
10° | lac or lakh 1063 | vigintillion
108 | million 10303 | centillion
107 | crore 1010 | googol
108 | myriamyriad 1090080l | googolplex
109 | milliard or billion
1022 | trillion 10N |N plex
105 | quadrillion 10-N | N minex
1018 quintillion
_,5 88plex |#EE K% || 20plex | 4minex | %k (R)
E 80plex |Aa[A:% || 16plex | 5minex |Z
72plex | FRER4th 12plex | Jk 6minex |#%
64plex |[Al{E 1K 8plex |{& 7minex | (f#)
S6plex |f&:a b dplex |E(7) ||8minex |
48plex |4 3plex |F Iminex |
44plex | & 2plex |&® 10minex |#&
40plex |IE lplex |+ 11minex | ;ab
36plex |;f Oplex |— 12minex | ;&
32plex |i& 1minex |9 13minex | 544
28plex |& 2minex | & 14minex | 381K
24plex |# (R{IR) || 3minex | Z(FE) || 15minex |7BER




#4 1minex |5 13minex | 1E 4

":; 2minex | & 14minex | #2221
3minex |2 (¥) Y 15minex |ZBE3> 22
4minex |#k (R) > 16minex |BREavy
5minex |Z& av 17minex |BEiE4 S
6minex |t 18minex | %R
7minex | ## ()t 19minex | /<f& Juks
8minex |+ 20minex | &
9minex |EETy 21minex | 28
10minex [1&74 22minex | &
1iminex |BbEa™y 23minex | &
12minex | &/ 4
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1.3.1 Procedures as Arguments
1.3.2 Constructing Procedures Using
“Lambda'

1.3.3 Procedures as General Methods

X7 1.3.1 Procedures as Arguments

(define (sum-integers a b) b
(if (> ab) .
¢ 2
(+ a (sum-integers (+ a 1) b)) ))
(define (sum-cubes a b) =i
(if > ab) b
0 .3
(+ (cube a) (sum-cubes (+ a 1) b)) )) E |
(define (cube x) (* x x X)) =

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

0
G (/1.0 (" a (+ a2)) (pi-sum (+ a 4) b)) ))

(define (<name> a b) 2 1
(f (> ab) :E: /R
a i:aJ+4|(|+'2)

(+ (<term> a)
(<name> (<next> a) b)) ))




(;-'"' 1.3.1 Procedures as Arguments

]

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

b
0 -
(+ (<term> a) E f (I)
(<name> (<next> a) b)) ))
(define (sum term a next b)

Gif G a b) i=a,next(i)
0

(+ (term a)
(sum term (next a)next b)) ))

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

(define (sum-cubes a b) -
(sum cube a inc b) ) E CUbe(l) b

(define (identity x) Xx) E I
(define (sum-integers a b) i=a,i+l
(sum identity a inc b) ) i=a.i+1

Pi-Sum (Pi/8) MEt&E Fi%

b
> aterm (i)
i=a,znext (i)

(define (pi-sum a b)
(define (pi-term Xx)
/1.0 * x (+x2)))
(define (pi-next xX)(+ x 4) )
(sum pi-term a pi-next b) )

¥4 (integral) OFEAE

:-[:(=+t—=)+f(-+e+%)+r(-+m%:n+---l~n

(_ f(|)Ax

(define (integral f a b dx)
(define (add-dx x) (+ x dx))
* (sum f (+ a (/ dx 2.0)) add-dx b)
dx ))

10



?‘*‘ “Ex.1.31 Product

e

i=a,next(i)
 (term a)
(product term (next a)next b)) b
g 1
(define (product-cubes a b) _ :
(product cube a inc b) ) 1=a,l+

(product identity a inc b) )

b
(define (product-integers a b) I I
i=a,i+

1

b
(define (product term a next b) | I f (I)
(if (G ab)
1

i3
|
1

Ex.1.32 Accumulation

“(define (sum term a next b)
af (> ab)
0

2. f)

(+ (term a)

i=a,next(i)
(sum term (next a) next b)) )
(define (product term a next b) b
if ¢ b .
argao [Tt
¢ (term a)

i—anext(i
(product term (next a) nextldz?ﬂfo

(define (<combiner> <name> <term> a <next> b)
(af (G ab)

<null-value>

(<combiner> (<term> a)
(<name> <term> (<next> a) <next> b))

b))

; Ex.1.32 Accumulation
(define (accumulate combiner null-value
term a next b)
(if G ab)
null-value
(combiner (term a)
(accumulate combiner null-value
term (next a) next b ))))

(define (<combiner> <name> <term> a <next> b)
(af (¢ ab)
<null-value>
(<combiner> (<term> a)

(<name> <term> (<next> a) <next> b))

)

11
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1.3.2 Constructing Procedures Using
“Lambda’
1.3.3 Procedures as General Methods

lambda: Anonymous procedure

f(define (fact n)
(f (=n0)
1

(* n (fact (- n 1))) ))

[EROK L
(define fact
(lambda (n)
(f (=n0)
1

¢ n (fact (- n 1))) )))

Lambda as anonymous procedure

(lambda (x) (+ x 4))
((lambda (x) (+ x 4)) 5)

(define (pi-sum a b)
(define (pi-term x)
(/1.0 * x (+ x2))) )
(define (pi-next xX)(+ x 4) )
(sum pi-term a pi-next b) )

(define (pi-sum a b)
(sum (lambda (x) (/ 1.0 (* x (+ x 2))

?Iambda ) (+ x 4)
b))

12



Using let to create local variables

RKey) =Lt cg) +o(l - ) + (L + o){1 — )
a = 14 zy
b — 1—y
(define (F x y) M=) — za' 4 bt ab
(define (f-helper a b)
(+ (* x (square a))
'y b)
- ab)))
(f-helper
1 xy)
GC1v))»)

[L)1.3.2 Local Variables with let

(define (f x y) (define (f x y)
(define (f-helper a b) ((lambda (a b)
(+ (* x (square a)) + (* ; l%quare a))
Gy ¢ aby
(er 2 ¢+ 1C x )
(f-helper GC1ly))
1 ¢ xy)
GC1iy»
(let ((<v><e>)
(define (F x y) (<v,> <e,>)
(let (gz E+ i (;)X)y)))
+ (* x (Squgre a)) (<v><e>) )
*yb <body>)
anH) SUBYY RSt —

i) scope of variables

(et ((x 7))
+ ErBE

X))

let ((x 5))

Substition
model

13



scope of variables

(let ((X 7)) X =7
(+ X =3
-> 33
X =7 -> 40
et ((x 5)) X =5
X =3
y =7
-> 21

8% : 11 A6 R4 &5

s TEIR
= BREX. RO6GE:
s Ex.1.21, 1.26, 1.27, 1.30, 1.32, 1.33.
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