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E 1.1.4 Compound Procedures(& i F#Z)

n “70 square something, multiply it by itself.”’

L - .-~"“-,. --~"“‘~; ‘\\\\x \\
(define (square x) (* X X))
» “square”ELVSERTD AR FHiE.
s (define (<name> <formal parameters>)
<body> )
o <formal parameter> /35 *—4
o <body> A&
= (square 3)
procedure applicationF i A

1-1-5 The Substitution Model for

—_—

Procedure Application (E#2E7T /L)

=R &

m Vocabulary (882) =Primitives
m Syntax (#3X) =means of abstractions

m Semantics (BRK) = Viewing the rules of
evaluation from a computational
perspective (FtE &LV E mh o D ERME)

B FREEAOFMmEELTIEBRETIVI

B =serrom-xomes

(define (square x) (* x x))
(define (sum-of-squares x y)
(+ (square x) (square y)) )
(define (f a) (sum-of-squares (+ a 1) (* a 2)})

5)
(sum-of-squares (+ a 1) (* a 2)) IZ a =5 %®A

(sum-of-squares||(+ 5 D|[* 5 2)) T a% 5 TEEMHA)
‘(+ (square x) (square y))| IZ2 x =6,y =10 &R

(+ (square] 6) (bquare] 10)) © x % 6 T, v # 10 TEik
G xx)ITx=6, (*xx)ITx =10 &#MA

¢+ [*66) [* 10 10)) © x & 10 TE#A

(+ 36 100)
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Applicative order vs. normal order
K CGEAIERFLERIERF)

» SRTHEEBRETIIVOFHEIERF
I AIER (15 AIERF, Applicative order) |

»  BIDIER:TEHIERF (normal-order) | :
R/INSA—FEFTRTEBRLTHS, BT 5.

(f 5)

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

((+ (square x) (square y)) (+ 51) (* 5 2))
(+ (square (+ 5 1)) (square (* 5 2))

G x) (+5 1)) (Cxx) (*52)
G C[EEDESD) - EEDE52DD
(+ (* 6 6) (* 10 10)) -
(+ 36 100) ZIE“EJL::BO)%E'I'%
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E 1.1.6 Condtional Expressions and
Predicates (&#X &ilksE

» #Ext{EZcase analysis (A9 1T) TES
x £ x>0 cond, if DEFTIE.
qo) vi._o  EBRETAT#mEL
- . ) Special form (4R H)
r Fx=

1.(define (abs x
¢ (cond E(> X ())) X) iT : Syntax sugar

( W
= X832 0y » FEI

2. (d(zflng (abs x) > ¢ (or (> x 0) (= x 0))
con < x 0) (- x -
Eg D X) gg

>= x 0
4_(define (abs x)

3.(de1’|n?1 (abs x% (if (< x 0)
< - -
SR <59

s Predicates (4K &BEE)

n RO cond (£ (special form)
= (cond (<p;> <e;>.<€,,>)
(P> <€>..<ex>)

Ml.lﬁ Condtional Expressions and

(<pn> €= <€,>) )
. XOF (<p><e> ... <e>) : Hi(clause)
= <p>: & (predicate)
= REEDIE: true (#t) M false #F).
= <e>: J@kER (consequent expression)
= FAO<p> else (#t %RY)
 HIOFHEIL, <p>hHthED<e>HEIZFHESNS.
» —HREAS#EFIRTE, TALUBOIFEFMESL.




Ex.1.2 A& 2% (prefix notation)

- X (REF WRET )
operator operands
» AOE /

- BIEEEik (prefix notation, 3 yaN
Pollish notation, 11—7/I~'E‘£) 4 5
+3*45

- hEEEi% (infix notation)
3+ (4*5)

- #Badi%k (postfix notation,
reverse Pollish notation, #
R—5 U RE%)
345* +

» KRBIZELBREL

CRDWYE A DI DEEADER

= ADWYHE
- HIEFEZE (pre-order traversal)
J— I~=>ZE"‘BH7|<=>7E"M}7F

+2333* 345
- [IEEZE (in-order tr.) /
ERFR=>/—F=>H[82K 3 )

3 +24=>* =5

- #%IEZEZE (post-order tr.)
EMRRK=>HHBRAR=>/—F

345> +

JavaZ 04y 5 LDTE
http://winnie.kuis.kyoto-u.ac.jp/~okuno/Lecture/07/IntroAlgDs/

arguments and returns the sum of the squares of the two

E Ex.1.3 Define a procedure that takes three numbers as
larger numbers.

(define (sum-of-two-sq X y z)
(cond ((> x y)
(cond (> y 2)
(sum-of-squares x y) )
(else (sum-of-squares x z)) ))
(> x z) (sum-of-squares y X))
(else (sum-of-squares y z)) ))
(define (sum-of-two-sq X y z)
Gf ¢ xy)
af Gy 2)
(sum-of-squares X y)
(sum-of-squares x z) )
(f (G x 2)
(sum-of-squares y x)
(sum-of-squares y z) )))




IE 1.1.7 Square Root by Newton’s Method

Jx is the y such that y*=x and y=0
T Covoamenough guees ) NSRS
guess ' (BizRY)
(sgrt-iter (improve guess X) X) ))
(define (improve guess X)
(average guess (/ x guess)) )
(define (average X y)
 (+xvy)2))
(define (good-enough? guess X)
(< (abs (- (square guess) x)) 0.001)
(define (sgrt x) (sgrt-iter 1.0 x))

Im improve®g&&t

Jx is 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) // . B
(sqrt-iter 1.5 2.0) a2
(sqrt-iter 1.416667 2.0) % X
(sqrt-iter 1.414215 2.0) >
(sqrt-iter 1.4142132.0) X

\

EHEICLS

1.1.8 Procedures as Black-Box
Abstraction (F#Z: 7S5voRyI R L)

Sqrt® FiE 7 fE

sqrt
. e

£ =/

improve

good-enough

square

average




E FHEHMFIEOA Square DEH
1. RERRE (implementation) DS

e (define (square x) (* X X)) g2

e (define (square x) <l

(exp (double (log x))) )
(define (double x) (+ x X))

2_Bf4 (local names) DE#k
e (define (square x) (* x X))

e (define (square y) (* v v))

ZE# (bound variables) &
E' B HBZ# (free variables)

(define (sqrt-iter guess x) bound
(if (good-enough? guess Xx)
good- (F#E)

(sqgrt-iter (improve guess X) X) ))
(define (good-enough? guess Xx)
(< (abs (- (square guess) x)) 0.001)

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

s HBEH AR/NSA—RIIFHETHE
- BHZEH: Ri&-captureSHL TLVELY
o B3hEH (scope) EH D RGN TSR DEEH

E Block Structure (FAv/#EE) :
x @ scope(BHXhEEH) (X

(define (sqrt x)

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

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

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

FRH0 A $hEEEH (lexical scoping)
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m Intermission

m 1.2.1 Linear Recursion and Iteration (1§%)
m 1.2.2 Tree Recursion (1§%)

m 1.2.3 Orders of Growth

What is this instrument?

H A traditional roller-blader?
E A traditional inliner skate? i’
® Abacus :

n 5 (FA3EA)

P

"ESDA LONT PANIC!

' Abacus & Binary Adder (2#0E58)
¢ (carry, #rEI)
Ci+l D [ X

+
[ — —y

(define (adder x y c)
(define (carry xy c
(if (or (and (= x
(and (= y
(and (= c
10))
(define (sum x y c)
(xor x y c) )
(cons (sum x y c) (carry x y c)) )

)

1
1
1

o/ o/
NN
mnian
X o
e
o/ o/

(define (xor x y z)
(f (= x 0)
(f (=y0) z (if =2z 0) 1 0))
GfF(=y0) (if(=20)10)2) )




BRE1:7Yh—IUBEHOE
(define (ackermann m n)
(f (=mo0)
(+nl
(f (=n0)
(ackermann (- m 1) 1)
(ackermann (- m 1)
(ackermann m (- n 1))

(ackermann
(ackermann
(ackermann
(ackermann
(ackermann

n)
n)
n)
n)
n)

a b~ WN PP
A WNPFO
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®m 1.2.1 Linear Recursion and Iteration ({f8%)
m 1.2.2 Tree Recursion (f8%)

m 1.2.3 Orders of Growth

B camorz )

s by FE ™YY (top-down) X THE- B ER

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

(* n (factorial (- n 1))) ))

s RFLF YT (bottom-up) R CTEHHE ERRE

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




E factorial DE#RET ILIZKBELT

(factorial 6)

(* 6 (factorial 5))

(* 6 (* 5 (factorial 4)))

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

* 6 (* 4 (* 3 (factorial 2)))))

*6 4 (* 3 (* 2 (factorial 1))))))
* 6 4 (*3 2 (1 (factorial 0)))))))
CeCE5C¢4C¢G3C¢2¢11DNN

6 4 3. 21)»

6 4 3 2)))

(Gl 4 )

(Gl )

6

720

E factorial DEMRETIVLIZEZEST
(factorial 6)

(fact-iter 1
(fact-iter 1
(fact-iter 2
(fact-iter 6
(fact-iter 24

(fact-iter 120
(fact-iter 720
720

e Linear iterative process

@BrERETOER)

Tail recursion D4 EEHEA

(define (f n)
(if (<= n 0)
1

G @ GEn1))n))
. ZOTOTSLIEROER

n! = (n-1)! * n
s TieDfactorial EDELME
(define (factorial n)
(if (<= n 0)
1

(* n (factorial (- n 1))) ))




E factOBBRETIVIZLDEST

E Procedure (F#t=) vs. Process(FA+R)

s FREHABRNEE, X LEALESR,
BEAOF TERZEE-MEICFUHT,
« BRNFHE0OET
- ARIOERATRT
- REEFREARATRIT
 REERT AR IR RET ORI AT
l'tail recursion (GREERH) J
= HIR7AtATIL, deferred operationIZF A+
REFREFELTEWELNHS
= AR—ZEHRFITLVD,
= Scheme @ JL—F & (Isyntactic sugar
e do, repeat, until, for, while

E Ex.1.10 Ackermann Function

(define (A x y)
(cond ((=y 0) 0
(=x0) *2y)
(y 1 2
(else (A (- x 1)
AxCy D)

= AckermannBA# (ZERBIRTIEEL
(define (Ack m n)
(cond ((=m 0) (+ n 1))
((=n0) (Ack (- m 1) 1))
(else (Ack (- m 1)
(Ack m (- n 1)) ))))

1
5

s oo

=

10
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m 1.2.2 Tree Recursion (f2#%)
m 1.2.3 Orders of Growth

10A16H - AHMDA=21— "":@

E 2F8FDFibonacci B

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

= hFEYY (top-down) KIEHE - RIEEFIF
(define (Fib n)

(define (iter a b count)
(if (= count 0)
b

(iter (+ a b) a (- count 1)) )
(iter 1 0 n) )

»  REAPYF (bottom-up) KIZFHHE —
BEBIREN BERETOEX

E 1.2.2 Fibonacci — Tree Recursion

AEERR

11



|E fib-iter DEBRETILIZKDHERT

(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
BHERETRER)

E 1.2.2 Fibonacci — Tree Recursion

AEERR

£ FbORENBEY C(n)

= C(n):n IZXLT Fib OFEEhSEE
= C(0)=C(1)=1
= N=2[Z{LT C(n)=C(n-1)+C(n-2)+1
= C(2)=3, C(3)=5, C(4)=9, C(5)=15, ...
s —H&IZ, C(K) > 2+2

C(n) k&5

1. F(n)=C(n)+1 &H<K&

2. F(n)=F(n-1)+F(n-2) forn=2

3. F(0)=2, F(1)=2

12



U FibDPEIEN B EH C(n) =F(n)-1
s n22[2¥LT C(n)=C(n-1)+C(n-2)+1

= F(n)=C(n)+1 &¥<&

= F(n)=F(n-1)+F(n-2) forn=2

= F(0)=2, F(1)=2

=H. BLOTHTL=SLY,

m Ex. Counting Change

1. 1FILOBRBOAEIEAEY ?

2. 502k (half dollar), 25>k (quarter), 10>+
(dime), 512> M (nickel), 1tk (penny)

3. —#E: [BEERDD

ﬁ nfEEDEE, £BEa0HMEDHZEORKT

m FXOWEEHIHIRFTIHENTEL
B nEEOERTEFH OMBDHSOHIE
1. REOEBFEZROV-IATOEREZME>
TEHEHZMBE I DEEOH
+

2. REEDEEOES (BHEd) &9 5HE, ad
DEZENEDERZFE-THE T SIE
BOH

3. PIHAE: a=0DEF1, a<0DEFHn=0D B0
2 E#tA % (divide-and-conquor)

13



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 (Ffirst-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 BRE: 10823 B EF##Y]

1. Ex.1.5 We Can Dot
2. Ex.1.6

3. MEOTOYSLERNT
4. $1, SIDWEILAEY 2

DONT PANIC!

10R16B - ABDA=a21—

1.2.3 Orders of Growth

14



IE 1.2.3 Order of Growth
R(n) & ATV THHENEAR—R&E
- R(n) t O(f(n)) k f(n)=>R(n)>k, f(n)

FRODBOM0) R(n) <k f (n)

PROVERQEO) R(n) >k f(n)

Forall n>n,

" Order of Growth R(n) Dl

®(1) : constant growth

O(n) : linear growth

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

&0 [alafapra | [NT v [n
B B |beta E € |xi
#: r Y |gamma o o |omicron
1) A 5 |delta I n_|pi
s, E e |epsilon P p_|rho
)(' 7 ¢ |zeta by G |sigma
jc Wy n |eta T T |(tau
$ ® 0 Fheta Y v up_silon
1 1 |iota @ ¢ |phi
K Kk |kappa X % _|chi
A A |lambda v v |psi
M W |mu Q ® |omega




