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m 1-1-5 The Substitution Model for
Procedure Application

m 1-1-6 Conditional Expressions and
Predicates (f£3)

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

m 1-1-8 Procedures as Black-Box
Abstractions

m 1.2.1 Linear Recursion and Iteration

W 1.2.2 Tree Recursion

Eror

= expressions ()
primitives (A& 3{) & combinations (& =)
TR

= means of abstraction (1% 1t%)

= Creating procedure objects (F#iE DERL
&)

= Viewing the rules of evaluation from a
computational perspective (FtE&ELSE A
Mo D FFE)




E Scheme (Lisp) D& &

= ( expression ) [FEAAEDMOIEE.
FIFFTARTORKIE, fE (value) EHD.

T 1EEE (evaluate) S TIEZFIRT .
FTRTOMEIZIEE (type) B’dHS.

COPYAFIEEEEFETEERICPOTLS.
LOEHFEINT, Ehnb.
e.g., ARAIDEE.

E B IR - % T (language constructs)

= Primitives (A=)
= Means of combination (& RE)
= Means of abstraction (1% 1ti%)

E E XK (primitives)

= Self-evaluating primitives GHEid 5L BH S BB DIE
MNiR3)
 Numbers ($1) : 38, 3.80, 1.4141, 2.3e-4, 3/5
« Strings (3ZF3F) : “moji”, “a”
e Booleans (FHEEZ() : #t, #f

= Built-in procedure (#1iA# F#iEE)
o HARFT x4k (primitive objects) DALIE
e Numbers (%) :+, -, *, /, <, =, <=, ...
 Strings (X 3I) : string-length, string="?
» Booleans (&) : and, or, not, xor, nand

= Names for built-in procedures
o + = F+EVSHRAAFHE




E & R i% (combinations)

= Primitives Z{#E>THKXZEE L
m(+ 3 5
GEEF 5% ...)

s FRffE
1. E4 = (subexpressions) ZEHEIL, EZ55.
2. JBE T (operator) [Z5|%k (arguments) Z &
A.
« procedure application (FHE=EA) LS

E AR Sl LW

s define #E>THKEERK

» (define foo (+ 3 5))
foo MEIL 8

s (define bar +)
bar &+ ¢RICFHEE

s (bar 3 5)

E BROER
= primitive expressions (&),

which represent the simplest entities
the language is concerned with,

= means of combination #&E DA %),
by which compound elements are built
from simpler ones, and

= means of abstraction HFRILDFi%),
by which compound elements can be
named and manipulated as units.




E 1.1.4 Compound Procedures (&RF
)

= “To square something, multiply it by itself.”

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

To square something, multiply it by itself.
= This is a compound procedure, of which name
is “square”.  FHEBHI
n (define (<name> <formal parameters>)
<body>) RIS A—4, KIK

» (<name> <parameters>)
procedure application FF#x %

N 1-1-5 The Substitution Model for
Procedure Application (R#&E€5))

m Vocabulary (&%) =Primitives
B Syntax (#3X) =means of abstractions

m Semantics (EK) = Viewing the rules of
evaluation from a computational
perspective (FtEELVSE A 5D FRE)

m FigEBEAOHHALLTIERET IV

B ascrioncsans

(define (square x) (* x x))
(define (sum-of-squares x y)

(+ (square
(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|[(* 52)) T a# 5 TEEMHA)
[+ (square x) (square y))| I= x = 6, y = 10 &8
¢+ (square| 6) (square] 10)) © x £ 6 T, y # 10 TERE
*xx)ITx=6, (*xx)ITx =10 &#A
¢+ *66) (* 10 10)) T x & 10 TE#E
(+ 36 100)
136
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! R 1 1
s nlE n!=\/2ﬂn(ﬁj e T=fEL il <1z

. Z@—'J‘/ﬁ‘ff&;&li
m=vﬁ2£(gy[1 1.1 L L

+ - - +
12n  288n* 51840n° 2488320n"

» WHEEDHE

Inn!:nlnnfnJr%In(Z;m)Jr L1 ! 1

Innl=nlnn—n forn>>o

& 25-YyJ0a = (Sterling's formula)

_ + - e
12n 360n° 1260n° 1680n’

B 2asomsnn

s My FE Y (top-down) X CEHE— B ER

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

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

» RELTFyF (bottom-up) X CHE- BB RE

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




4 7411+vF B % (Fibonacci Function)
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’“ 1.2.2 Fibonacci Function
0, ifn=0
fib(n) = 1 if n=1

fib(n—1)+ fib(n—2), otherwise

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

’“ 1.2.2 Fibonacci Function

a4 =a;+b, a, =1
b =aq fer=L, by, =0
fib(n) =b,

(define (fib-i n)
(define (iter a b count)
(if (= count 0)
b
(iter (+ a b) a (- count 1)) ))
(iter 1 0 n) )




%5 1.2.2 Fibonacel Function

(define (Ffib-i n)
(define (iter a b count)
(if (= count 0)
b

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

(iter 1 0 n) )
Jnyv/maEEbing,
(define (Fib-i n)

(fib-iter 1 0 n)
(define (Fib-iter a b count)

(if (= count 0)

b

(fib-iter (+ a b) a (- count 1)) ))

P EROAR: 21 RFvFRO—BIR
= Fibonacci# d &t =X
FE)ZO F1:1 Fo,=F+F,,
s EROARK

1 |[1+vB)) (1-+5)
F =" -
B2 2
= WWATERT L. mep (Golden Ratio)
1. =0, 1 ZH&5E

2. kDESHILERTEL, k+1 THRILETRY

& ExOAREBHTS
= Fibonacci#t Db =X
FE)ZO k=1 w2 =F, +F, 4
w BEESAEXOEE
1. FUEAERXETER-EE RO
2. TDIR%a, pLTHETDERHERDAE

(X F,=Ca"+Dp" &ERE5H,
==L, C,D [FE#

3. WHHMEF L. ERIENEZRDS
» FFREA%k (generating function) D f#i%




> ErOAR: 2HABERICLIMH
w @b F=0 F=1 F,=F+F,

s ZERARBRK Lo F-Fa=0 %<
1.45MHERX P —t-1=0%1E%

24 MARERXDIREZ0, pEITHETDENHIE

KDL F,=Ca"+OFHE D,
=1L, C,D X% F,=C+D=0
3.*3,331@%72‘65 EBIEDEZRDS.
pl&Ya p= _2 F}:C[%JJfD[#}:l
1

F =— 1+\/§ ”, % ' F—c[ﬁ]erD[iszl
IZJ:") n = 5 2 2 J e 2 2 | "

& eroaR: BENIESWEH1/3)

» TR FYFHI: 0,1,1,2,3,5,8, ...
FEJZO Fizl Ex+2:Fn+F+1

n

= BRI y=Fy+ Ex+ Fx* + Fx® + Fx* + Fx® +...
xy = Fyx+ Fx’ + Fx® + Fx* + Fx® + Fx® +..
Yo = Byt (= F)x+ (B = F)x* 4 (F = F)x ..
el = y(1-x)
il = x+ Fyx? + Fx® + Fyx* + Fyx® +

=x+x2(Fpx+ FEx> + Fpx® + Fyx* L)

=x+xy
Sl-x)y=x+x%y

X

1-x—x*

y

& Proa: BEMIZESWH2/3)

s MARPEA~DODEE L (1 1
1-x-x* a-pll-ox 1-p

X X
1-x-x° =1—(0z+,6')x+0:,6'x2
» WBELEART (a+p)=1, a f=-1
» INUE P -1-1=0 OfiF
u %&*ﬂgﬁﬁ%j—ét i=1+x+x2+x3+x4+x5+x6+...

! ((14—00:4—05%Z +...)— (1+ P+ fix° +))
a_
a-

y=

™ ™

2 2 3 3
a — o —
X+ s X2+ s x°

a-f a-p a-p
= " QRS TARFTVFEEF,

y=

+..




5 EXOAR: BAKISESWMHG/3)
' DRBITTARFVTFHE,

F :an_ﬂ”
n a—ﬂ
=7 a,ﬁ=1i£/§

v 1.2.2 Fibonacci — Tree Recursion

(define (fib n)
(cond ((= n 0) 0)
(GEn1H D
(else (+ (fib (- n 1))

(fib (- n 2)) )))

IE fib-iter DEBETIVICLSRIT

(fib-1 6) (define (fib-i n)
Giter 10 6) | EEEECEEN
(iter 1 1 5) (ki)ter (+ab)a
(iter 2 1 4) (iter 1 0 n) §_ count 92
(iter 3 2 3)

(iter 5 3 2)
(iter 85 1)
(iter 13 8 0)

8

Linear iterative process
(B RETAER)




Y FiboMIZN3ES C(n)

x C(n):n [ZXLT Fib OFEFENh5EIEK
= C(0)=C(1)=1

s N=2 3L T C(n)=C(n-1)+C(n-2)+1
s C(2)=3, C(3)=5, C(4)=9, C(5)=15, ...

s —HBIZ. C(k) > 22

C(n) #R¥H5

1. F(n)=C(n)+1 &HK&E

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

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

J FiboREFN3E# C(n)=F(n)-1
n=2 [Z3LT 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. BLTHTLEELY,

K E

ol 4 o

i

Procedure (F#Z) vs.
Process (7Ot R)
s FEENBIRMNEF. BXENOES,
B OHR CENZEE -MEICFEUHT,
» BIRMFEHREDEST
- BRIJOEATESR
s RETOELRTET
 BEBRTOERIEERRETOLRIZE R ATHE
l'tail recursion (REHIRY) J
= HIRT Ot R TIL. deferred operation BIZ7A+£ R
FREBELTEWELDHD
= AR—ZAENEDIZLVS,
= Scheme @ JL—7 & [Esyntactic sugar
e do, repeat, until, for, while

10
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Applicative order vs. normal order
(GHERMEFFEERMEFF)

SRTCH-BRET L OFHEIER:
& FIEFF (4EFAIEFF, Applicative order) |

A DIER T EFRNER (normal-order) |
RINGA—2ETRTERLTHS, 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 D) (Cxx) (*52)
G C[EEDESD) - E5EDES2DD
(+ (* 6 6) (* 10 10)) =
(+ 36 100 2EIRLCHDERE

. 136

1.1.6 Condtional Expressions and
Predicates (&# LR ER)

EHRXDO—MER; cond (XEHEE (special form)
(cond (<p,> <e;;>...<€,,>)
(<P> <ey>...<ey>)

(<P <€,,>..<€2>) )
RO (<p> <e> ... <e>) : Hi(clause)
<p> & (predicate)

EEDME: true (#t) 5 false (#F).

<e>: fa#E= (consequent expression)
HRID <p>: else (#t %iRY)
DAL, <p>hHthEd <e>HEIZFHESNS.
— B EAHEIRT E, TRLUBEOEIFEF @S,

E 1.1.6 Condtional Expressions and

Predicates (&# X LR ER)

n #Ext{EZcase analysis (A9 T) TES
x f x>0 cond, if DEFTIE.
)L, mmEvuc smmo
Wl = . . Special form (%R =)
r Fx=

1.(define (abs x)
¢ (cond E? x 0) x) if : Syntax sugar
X

03 05 "
= X832 0 » RS

2_(define (abs x)

(cond €€< x 0) (-)xgg (or > x 0) (= x 0))

>= x 0) X
4.(define (abs x)
3.(d%fin?j (?bs x()) - ) Gf ((< ))(() 0)
con < X - X _
E xX) )) X))

11



E 1.1.6 Predicates (GRF&)

» (and <e,>.. <e,>) WMEBE (EH,SFEE)
» (or <e,>..<e,>) WEM (EHSFHE)
» (not <e>) WEEE
il
-5<x<10ﬁ"" B B ‘
s (define (>= x y)

(or G xy) =x¥)))
s (define (>= X y)

(not (< x y)) )

%% Ex.1.2 RiE#2i% (prefix notation)
« X CREF #®WEEF )
operator operands /
« RDFEE
- BB (prefix notation, 3 / N\
Pollish notation, R—35>F&giE) 4 5
+3*45
- fhiE&Ei% (infix notation)
3+ (4 *5)
- #Badi%k (postfix notation,
reverse Pollish notation, #
R—I5VFERE)
345* +

ARBIFENRHEL

& ROWYB MBI DEE~DER

= ADWYHE
- HIEFEZE (pre-order traversal)
J—F=2EBAR>FBIKR

+33D* 45 G)\\
- FIEEZE (in-order tr.) /

EBRR>/—F=>85854%k 37 (X
33 +4*5 7/ \
- #%IBZEZE (post-order tr.)
EaAR=>B8H 7 K=>/—F
32435 % =+

Javad AT S LDTE

http://winnie.kuis.kyoto-u.ac.jp/~okuno/Lecture/09/IntroAlgDs/
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72 EE:10A27 BIEF&Y
Fibonacci &N 7045 L%5HBAE £.
Fibonacci#id —fikIE% &+

Latex T listing style Z#H>TELIE.
REICBATHOOED, TDADEMEHART
3ct. Webld i R EEARE.

(otherwise FRIGIEIZ (LiE <)

LI T

We CanDo |

DONT PANIC! '@




