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Ex.1.3 Define a procedure that takes three numbers
as arguments and returns the sum of the squares of
the two larger numbers.




IE 1.1.7 Square Root by Newton’s Method
Jx is the y such that y*=x and y=0

(define (sgrt-iter guess x)
(if (good-enough? guess x)
guess
(sgrt-iter (improve guess x) x) ))

(define (improve guess x)
(average guess (/ x guess)) )

(define (average x y)

(/ (+xy) 2))

(define (good-enough? guess x)
(< (abs (- (square guess) x)) 0.001)

(define (sgrt x) (sgrt-iter 1.0 x))

IE improve® % &

Jxis the y such that y*=x and y=0
(define (improve guess x)
(average guess (/ x guess)) )

(sqrt 2.0) uess
(sqrt-iter 1.0 2.0) ///g B
(sqrt-iter 1.5 2.0) a2

(sqrt-iter 1.416667 2.0) % X
(sqrt-iter 1.414215 2.0) >

(sqrt-iter 1414213 2.0) X

\l
EHEICLS

E 1.1.7 Square Root by Newton’s Method

(define (sqrt x)
(sgrt-iter 1.0 x) )

ERETIIL,

(sgqrt 9)
(sqrt (+ 100 37))
(sgrt (+ (sgrt 2) (sqgrt 3)))

(sgrt (sgrt 1000))




1.1.8 Procedures as Black-Box
Abstraction (F#Z: 75vy0RvyO & L)

Sqrt® FHE 5 fiE FHEHRIE

sqgrt

E FHEHBILOZA Square DER
. BRI (implementation) DE#&

(define (square x) (* x x)) y2

=

(define (square x) Al
(exp (double (log x))) )
(define (double x) (+ x x))

. B4 (local names) DiE#&

(define (square x) (* x x))
(define (square y) (* y y))

N

E#ZTH (bound variables) &

K BB E M (free variables)
(define (sqrt-iter guess x) bound

(if (good-enough? guess x)
Seess (ki)

(sgrt-iter (improve guess x) x) ))
(define (good-enough? guess x)
(< (abs (- (square guess) x)) 0.001)

(define (good-enough? v target)
(< (abs (- (square v) target)) 0.001)

o FRBEM R/N\SA—FILFHETHRE
- BHZEH: FHE-captureSh TLVRLY
- BEHEF (scope) EHARBEIN S DEFH




N Block Structure (70v)#i&) :
x O scope (i) (3

(define (sqgrt x)

(define (improve guess x)
(average guess (/ x guess)) )

(define (good-enough? guess x)
(< (abs (- (square guess) x)) 0.001) )

(define (sgrt-iter guess x)
(if (good-enough? guess x)
guess
(sqrt-iter (improve guess x) x) ))
(sqrt-iter 1.0 x) )

FRH0A $hEEE (lexical scoping)
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Tree Recursion: Tower of Hanoi
N ADIBEFETS

1. —EICF1tko Mg r\
LOBIAEELY. £ ' I

2. INESLVHEBOLEIZIE l

L.

BRNICERS |
m k-1 @B TERESTRE  Java TR




Tower of Hanoi

(define (move-tower size from to extra)
(cond ((= size 0) true)
(else (move-tower (- size 1)
from extra to )
(print-move from to)
(move-tower (- size 1)
extra to from) )))

(define (print-move from to)
(newline)
(display “move top disk from %)
(display from)
(display “ to “) (display to) )

x.1.108t Ackermann Function
n+1, ifm=0
Ack(m,n) =< Ack(m-1,n), ifn=0
Ack(m-1, Ack(m,n-1)), otherwise
AckermannBEa#IE R BEIRTIEEL

(define (ackermann m n)

(if (= m 0)
(+ n 1)
(if (= n 0)
(ackermann (- m 1) 1)
(ackermann
(-m1)
(ackermann m (- n 1)) ))))

BE1:7yh—<UBRBOE
RH%EX10BELR—ME, MYIoBIESF

B (ackermann 0 2)

B (ackermann 1 2)
B (ackermann 2 2)
B (ackermann 3 2)

HHHIBEEECE. UTHERE

1. (ackermann 0 n) = n+l1 (EAD)
2. (ackermann 1 n) = ? (BAEd)
3. (ackermann 2 n) = ? (EfAD)
4. (ackermann 3 n) = ? (EfAd)




E Ex. Counting Change
IFIVOEEDHEIZFEY ?

50tk (half dollar), 25t/ (quarter), 10>k
(dime), 52>/ M (nickel), 1tk (penny)

N =

3. —ME: FBEERDSD

B asomx. emommonson:

B ERLEREHIRETERTEE
B nEEOERTEFH OMBDHSOHIE
1. REOERFEZROV-IATOEREZME>
TEHEHZMBE T DEEOH
4_
2. REEDBHEOTEE (BHd) T HE, ad
Qﬁ)ﬁgénﬁwﬁ‘ﬁ’éﬁofﬁﬁﬂ'é%

3. PIHAE: a=0DBF1, a<ODEEHn=0D K0
2§k A % (divide-and-conquor)

E Ex. Counting Change

(define (count-change amount)
(cc amount 5) )

(define (cc amount kinds-of-coins)
(cond ((= amount 0) 1)

((or (< amount 0) (= kinds-of-coins 0)) 0)
(else (+ (cc amount (- kinds-of-coins 1))
(cc (- amount (first-denomination

kinds-of-coins))
kinds-of-coins )))))

(define (first-denomination kinds-of-coins)
(cond ((= kinds-of-coins 1) 1)
((= kinds-of-coins 2) 5)
((= kinds-of-coins 3) 10)
((= kinds-of-coins 4) 25)
((= kinds-of-coins 5) 50) ))




E BE:11A98(A)176 #1)

. AckermannB#DEZRK O S
Ex.1.5

. mMEBEOTOYTSLEHNT
$1, SIOMEXfAAEY ?

1
2.
3
4.

DONT PANIC!
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B 1.2.3 Order of Growth
R() &, ATy THBBVERA—R R
« R(n) B O(f(n) Kk, f(n)=>R(n)=k, f(n)

PROVATOMM) R(n) <k f(n)

* R(n) A Q(f(n))
(W) R(n) >k f(n)

Forall n>n,




% Order of Growth R(n)D#!

®(1) : constant growth

®(n) : linear growth

O(b") : exponential growth
®(log n) : logarithmic growth
®(n™) : power law growth

B >asorsn

s MTE Y (top-down) R CEtE - EE

(define (factorial n)
(if (<= n 0)
1
(* n (factorial (- n 1))) ))

» RELTFyF (bottom-up) X CHE-BERE

(define (fact n)
(define (iter product counter)
(if (> counter n)
product
(iter (* counter product)
(+ counter 1) )))
(iter 1 1) )

B azmE: ssmpcaosn

RTVTH 2AN—2
Fip EEHEE|
Ehimy | EERAOER

(factorial n)

(fact n)

T—7 LS B E fact

T— LS EE fact

n! 1 1 2 6 24 120 | 720 | 5040 | 40320




m factorial DEBETIVICLZRIT

(factorial 6)

* 6 |(factorial 5))
* 6 (* 5 |(factorial 4)))
* 6 (* 5 (* 4| (factorial 3))))

* 6 (5 (» 4 (* 3‘(factorial 2)))))

Deferred
operation

(
(
(
(
(
(
(
(

* 6 (x5 (* 4 (* 3 (* 2](factorial 1))))))

* 6 (x5 (*x 4 (* 3 (* 2 (* 1]|(factorial 0)))))))
* 6 (*5 (¥4 (*3 (*2 (*1[1))))))

* 6 (*5 (*4 (*3 (*2]1)))))

* 6 (x5 (x4 (*3]2)))

(* 6 (*5 (* 4]6)))
* 6 i* 5]24))

(* 6 120)

720

B ract-iter oRBEF VLR

(fact 6)
(iter 11)
(iter 1 2)
(iter 2 3)
{iter s 4)

(iter 24 5)
(iter 120 6)
(iter 720 7)
720
e Linear iterative process

(FBRRETOER)

E 2# S OFibonacci BA%#k

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

s bFHH (top-down) RIZHE - KNEEEIF
(define (fib-iter n)
(define (iter a b count)
(if (= count 0)
b
(iter (+ a b) a (- count 1)) ))
(iter 1 0 n) )
s REAFZYS (bottom-up) KICFHHH —
BEBRELS ., BERETOEX




IE fib-iter — Tree Recursion

B fib-iter omBEFNIZLBRAT

(fib-iter 6)
(iter 1 0 6)
(iter 1 1 5)
(iter 2 1 4)
(iter 3 2 3)
(iter 5 3 2)
(iter 8 5 1)
(iter 13 8 0)

8

e Linear iterative process
(R RETOEX)

B wzmaE szmocEsy

XTVTH .
AN—X
FhreE BEFEN -
wighrmy | FEAs OBY
(fib n)
(fib-iter n)
T—T LSRR
fib

T—7 LB R Eib

fibny [o |1 |1|2|3|5|8|13]|21]34]55
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IE Order of Growth O %L

ATITH

AR—R

factorial

fact-iter

T—7 LS B E fact

fib

fib-iter

T—7 LS REfib

RDEIEE D
HR - ERRIZX =
YRRy

L] y o X ©
e y= XZ .
* y=log x

* y=xlog x

A | o |alpha N | v [nu
) B B |beta = £ |xi
r Y _|gamma O | o |omicron
A & |delta I1 n |pi
=\£ E ¢ |epsilon p p |rho
U Z € |zeta Y | o |sigma
v kd n |eta T T |tau
-\-; (] 0 |theta Y v |upsilon
I 1 L |iota ® ¢ |phi
- ] K | « [kappa X y |chi
A A |lambda v v |psi
M | p |mu Q | o |omega
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Abacus & Binary Adder (2NN )
— ¢ (carry, #rEI)

Ciyp = X
+
S —y

(define (adder x y c)
(define (carry x y c)

(if (or (and (= x 1) (=y 1))
(and (= y 1) (= c 1))
(and (= c 1) (= x 1)) )
10))

(define (sum x y c)
(xor x y c) )
(cons (sum x y c) (carry x y c)) )

(define (xor x y z)
(if (= x 0)
(if (=y 0) z (if (= z 0) 1 0))
(if (= y 0) (if (=2 0) 10) z) ))

|E 1.2.4 Exponentiation ()

(define (expt b n)
(if (= n 0) - -

. bh=p*---*p

(* b (expt b (- n 1))) ))

= Linear recursive process ©(n) steps, ®(n) space

(define (expt b n) p =ph* p
(define (iter counter product) _
(if (= counter 0) c=c-1
product

(iter (- counter 1) (* b product))
))
(iter n 1) )

= Linear iterative process ©(n) steps, ©(1) space

|E Exponentiation

(define (fast-expt b n)
(cond ((=n 0) 1)
((even? n)
(square (fast-expt b (/ n 2))))
(else (* b (fast-expt b
(-n1))))

(define (even? n)
(= (remainder n 2) 0) )

m recursive process ©(log n) steps,
®(log n) space

12



£ Exponentiation(RNZE )
le
16=10000, &Y 2&EHE4BMEL T+

.ET, 1%&“sx”, 0%“s”" TEK
LRI, ZRED“sx ERL.
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e

£ “Power Tree”
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Fig. 13. The “pow
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