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« 1.2.1 Linear Recursion and Iteration (%)
« 1.2.2 Tree Recursion (8%)

+ 1.2.3 Growth of Order
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™ Procedure (F##&) vs. Process(7Ot2R)
s FRENBRMNET. BX LEMOEE.
BAOF CTEAZERE -MEICFUET,
BIRMFHREDEST
- BRIOERTEFT
- RETOERTEFT
« BRI OERERERETORICE R ATEE
Mtail recursion (REBIRMN) ]
BRI OtXTIL. deferred operationAIZT AR %R
BT OonEHY > AR—AENKRDITHE
* Scheme MJL—T & Esyntactic sugar

— do, repeat, until, for, while

pplicative order vs. normal order

FHlFFtIEHI#)

- TERIEF (EMIEFRF, Applicative order) |
SECRTHERETILOFHEIES

« BIDIERF:TEHER (normal-order) | :
RINTGA—FFFTATERLTHS, HHTS.

1 (£ 5)

2 ((sum-of-squares (+ a 1) (* a 2)) 5)

3 (sum-of-squares (+ 5 1) (* 5 2))

4. ((+ (square x) (square y)) (+ 5 1) (* 5 2))
5. (+ (square (+ 5 1)) (square (* 5 2))
6
7
8
9
1

(+ [(* = x) (+5 1)) [((* xx) [(*52)) |

(+ (* (+51) (+51)) (¥ (*52) (*52)))
(+ (* 6 6) (* 10 10))

e 2ERLADEEHE

o
[y
w
o

1.1.6 Condtional Expressions and Predicates (%
#RERER)
ZHH DR, cond (T4FFFE (special form)
(cond (<pp <e;p ...<ey,”)
(P <ezp..<€zP)

((pﬂ) (e”]) <e, )) )
XDOx (p><es ... <e) : Hilclause)
<p>: ib§E (predicate)
MMEEDME: true (#t) M false (#£).
<e>: Iz (consequent expression)
HAlDps else (#t ZFIRT)
EDFHEIX, <p>h#tlin cesMIBICEHESND.
—BmES#LZIRT &, TNLUBROE FFHE .

™ 1.1.6 Condtional Expressions and Predicates (%
i AR e

. #xtfEZcase analysis (&5 1) TEE
x ff x=0 cond, if MDEFTIE.
) e ._o  EBRETLT HAEL
= - Special form (J&%ER)
-x f x=0

1. (define (abs x) if : Syntax sugar

(cond ((> x 0) x)
((=x0) 0) 0y
((<x0) (-x)))) *EZZ
2. (define (abs x)

(cond ((< x 0) (- x))
((>= x 0) x) ))

(or (> x 0) (= x 0))

4. (define (abs x)

3. (define (abs x) (if (< x 0)
(cond ((< x 0) (- x)) (- x)
(else x) )) x ))




1.1.6 Predicates (GRE&)

* (and <ep..<ep) WEE (EHSFE)
© (or <ep..<ep) WEM (EHFTH)

* (not <e») RIEEE
f5il:
e« Hb«x<10=>

* (define (>= x y)

(or > xy) (=xy)) )
* (define (>= x y)

(not (< xy)) )

¢ Ex.1.2 WEEH (prefix notation)

o GRETF WRET L)
operator operands /
- XDEE

— BIEi% (prefix notation ,

Pollish notation, R—F > Rigi%) 4 5
+3*45

- hiE&EiE (infix notation)
3 +(4*5)

— #%B&i% (postfix notation, reverse
Pollish notation, #HR—5F5Ei%)
345%+
« RERBIFENELRL

& ROWYHDBIDORE~DER

« ADUYAH
— BIEEZE (pre-order traversal)
/—F=EBaR=>G89K
+=>3=>*%*=34=5
- MIEZEZE (in-order tr.)
EBIR=>/—F=>889K
35+=34>%=>5 /N
— 2IEFEZE (post-order tr.)
EMRRK=>T8IK=>/—F

35455 % 4
Javadny S LD TE
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« 1-1-6 Conditional Expressions and
Predicates

« 1-1-7 Example: Square Roots by
Newton's Method

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 (sqgrt x) (sqrt-iter 1.0 x))

improve D i &t

Jx s the y such that y* =x and y>0

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

(sgrt 2.0) /guess \
(sgrt-iter 1.0 2.0)
(sgrt-iter 1.5 2.0) %)

1]
(sgrt-iter 1.416667 2.0) V

4 N X
(sgrt-iter 1.414215 2.0) S0
(sqrt-iter 1.414213 2.0) >
N

BEEILS




B 117 Square Root by Newton's Method

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

EREBITIIE,

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

(sgrt (sqgrt 1000))
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« 1-1-8 Procedures as Black-Box
Abstractions

M 1.1.8 Procedures as Black-Box Abstraction
(F#E: T59ORYOAMBAE)

FRSHRIL

SqrtDFHE=E R

M FREmBPILOTA Square DEH

1. NERELZE (implementation) D S &k

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

(define (square x) JCZ
(exp (double (log x))) )
(define (double x) (+ x x)) 21n x
e

2. B4 (local names) DS

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

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

M M EH (bound variables)&
BHEH (free variables)

(define (sqrt-it ) bound

efine (sqrt-iter guess x

(if (good-enough? guess x) ngﬁi)
guess

(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)

© REERARNTA—FEFHRETRE
- BEEH:RE-captureIn TLVALY
- BEE (scope) EHDRIEEN T DX D EEH

M Block Structure(FOv i) :
x(Mscope (WX BHA) (&

(define (sqgrt x)
(define (good-enough? guess)
(< (abs (- (square guess) x)) 0.001) )
(define (improve guess)
(average guess (/ x guess)) )
(define (sgrt-iter guess)
(if (good-enough? guess)
guess
(sgrt-iter (improve guess)) ))
(sgrt-iter 1.0) )

FRA0 A ZhER B (lexical scoping)




Tree Recursion: Tower of Hanoi

N ADBERS.
1. —FECE1oPiEL

PEIAEERLY.
2. INELAROEIZIEK l
=7 MAEIXE (F100.
&

Java TZE{T

¢ Tower of Hanol

(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) )

(define (solve-tower-of-hanoi size from to)
(move-tower size from to (- 6 from size)) )

4 Ex.1.10 PyH—7>(Ackermann)Bi
n+l, ifm=0
Ack(m,n) =< Ack(m—-1,1), ifn=0
Ack(m -1, Ack(m,n—1)), otherwise
(define (ack m n)
(cond ((=m 0) (+ n 1))
((=n 0) (ack (- m 1) 1))

(else (ack (- m 1)
(ack m (- n 1)) ))))

k 0 2
(ac " AckermannB I BRERTIEAL !
(ack 1 2)
(ack 2 2)
(ack 3 2)

BE:11 A28 EF#Y)
1. AckermannBE#DT7 A/ ILEERE L. ack.scm
2. AckermannB#ZR1TL, HARKERERD L.
(ack 0 2), (ack 1 2), (ack 2 2), (ack 3 2)
3. BRERTMEExLD
4. Program 774 J)LELR—b(pdf) %
SICP-4@zeus.kuis.kyoto-u.ac.jp IZiE{t

5. [[EE] XO—iEXERDKL. BH, FTEBIEBATOIL.
(ack O n)=n+1, (ack1n)=?, (ack2n)=?,
(ack3n)=?,(ack4n)=>

o REBICEBATHOOED, TOADAMERARTSICE. Webld i REH
2. (otherwise FRACIEZ LR =)

Ex. Counting Change
1. 1IFLO\EBOFEIIFEY ?

2. 50>k (half dollar), 25>k (quarter), 10>k
(dime), 5t k(nickel), 1t ~(penny)

3. —Mik: FBBERDS

B nESEoER, $Ec0REOBSONS
 HABDEEEHHIRETHATHE
- PEHOEETRBEDOTE DHEOKIE

1. REOEBEZROV-IRTOESEZFE->TE
oz BT HEEDH

+

2. HEADBENEE (BEE) £9 5L, a-dDEE
EENEDERZE - THE T DEEDH

3. #HA{E: a=0DBF1, a<0DEFAN=0DEFO
43 El#iiAi% (divide-and-conquor)




Ex. Counting Change

(define (count-change amount)

5 Abacus & Binary Adder (23 38)

(cc amount 5) ) ¢ (carry, HTLEIF)
(define (cc amount kinds-of-coins)
(cond ((= amount 0) 1) Civp < X
((or (< amount 0) (= kinds-of-coins 0)) 0) +
(else S — —y
(+ (cc amount (- kinds-of-coins 1))
(cc (- amount (first-denomination (def(ciin:" (adc(ier xy c) )
kinds-of-coins)) etine (carry x y C _
kinds-of-coins ))))) (f for fane 23 21 1))
(define (first-denomination kinds-of-coins) 10 )()and (el (=x1)))
(cond ((= kinds-of-coins 1) 1) (define (sum x y c)
((= kinds-of-coins 2) 5) (xor x y c) )
((= kinds-of-coins 3) 10) (cons (sum x y ) (carry xy €)) )
((= kinds-of-coins 4) 25) (define (xor x y z)
((= kinds-of-coins 5) 50) )) (1f (= x 0)

(if (= y 0) z (if (=z 0) 1 0))
(if (=y 0) (if (= 2z 0) 1 0) z) ))

% What is this instrument? 1 2 . i
, 0A268 -FHMA=

« 1.2.1 Linear Recursion and Iteration
+ 1.2.2 Tree Recursion
+ 1.2.3 6rowth of Order

http://www.tiger-inc.co.jp/temawashi/temawashi.html

B 1.2.3 Order of Growth “  Order of Growth R(n) 0%
R() 13, 2T YT BBBINER - & + O(1) : constant growth —
For all n > n, . gg); linear grc;v.vtlh " )
Y . ") : exponential grow
. \ > > : |
R(”)J?_F;;(f(n)) k1f(n) 2 R(n) = kz Sf(n) . @(log n) : logarithmic growth ,
* R(n) A O(f(n)) R(n) < k f(l’l) -+ ©(n™) : power law growth * VR
LR FRIZEOE®? - e
L y=x
* R(n) B O(f(n)) Lo | =
L R(n) 2k f(n) e
4. y=xlogx
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« 1.2.1 Linear Recursion and Iteration

« 1.2.2 Tree Recursion
+ 1.2.3 Growth of Order

2MBDBERE (nD)
rFyFH > (top-down) X TR E- R HiR

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

RELTF YT (bottom-up) XA CHE - RE

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

B semm szmsooesn

E 2B DFibonacci B%#

25 i (define (fib n)
Fhi %%%/;ﬁ? e T (cond ((=n 0) 0)
7 BERED ((=n1) 1)
[Ehi-E# - (else (+ (fib (- n 1))
HIFE (factorial n) (£ib (- m» 2)) ))))
P— - bTHEH (top-down) RITHE - KIEEER
RYELE (fact n) (define (fib-iter n)
= —J LS B (define (iter a b count)
T—7 IS EE fact (o et O
b
— 5 . (iter (+ a b) a (- count 1)) ))
e 1 857
" ° ! 2 3 ¢ > é 4 8 ReLTF YT (bottom-up) RICEHE —
nl 1 1 2 6 | 24 | 120 | 720 | 5040 | 40320 .
BREBEREA. BERETOER
E BERE: REBHTIEEL 10A268B-ABMDAZ-1—
RTvIH o
AN—X
I’_'t 't { |
FhE el | Ezmmoms
BIRE(fib n)
fEyRLE
(fib-iter n)
F—JIILSEE
fib
n |0 1]2|3]4]5|6]7]8 %10 - 1.2.4 Exponentiation
fib) | 0 | 1 | 1 |2 |3 |58 |13|21]|34]55




[E 1.2.4 Exponentiation (EF)

(define (expt b n)

(if (= n 0)
1
(*b (expt b (- n 1))) ))

bn:b *.-.*b

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

(define (expt b n)

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

(* b product)) ))

Linear iterative process ®(n) steps, ®(1) space

Exponentiation

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

* recursive process O(log n) steps,
®(log n) space

FEe)
{ g~

N

Exponentiation (RZE3E) [Knuth: Computer Algorithms]
X16
16=10000, KY2#EHZE4RESTH

.E9, 1&“sSX", 0%“S"TiEHM
RIS, RBED“SX"ERKL.

"/ohl=-SEXEISquare T xEM T3 1 EHD.

fl: x=

23=10111,

1. SX S SX SX SX
2. SSXSXSX

3. XZ X4 x5 XIO xll X22 X23

“"Power Tree” [Knuth: Computer Algorithms]

/\
e
e B
/// ///77’§:\\\\\\ | | /

6

b
o IO O R O KB
IAMNIIATAATAANILA

Fig. 13. The “power tree.”




