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\documentclass[a4paper,12pt {article}
\usepackage{listings}

\begirl{documen'r} 1 if n 0

\section{fE N EEH} n! = | .

\begin{equation} | 7 x(n—1)! otherwise
nl =

\left\{
\begin{array}{Il}
1 & \mbox{if } n = 0 \\
n \times (n-1)! & \mbox{otherwise}
\end{array}
\right.
\end{equation}

\end{document}




Jakld ® WHAE () Nostudent

1. Command Prompt, cygwin T copy&paste
2. Shell DBEEERES
3. Output file ZBRICER

» (define out (open-output-file “outfile.txt"))

out RCIZ74INLZDIT7AINHEELEE
» out

#<port to outfile>
> (display (fact 7) out) #5R%“outfile.txt"ITEERAL
5040

> (newline out)
#t
» (close-output-port out)

4. call-with-output-file Output file MIEBAFREIfEFH
» (call-with-output-file "fact101.txt"
(lambda (out)
(newline out)
(display (fact 101) out)
(newline out)

10A22H - FHDAZ1—

1.1 The Elements of Programming
1.1.1 Expressions

1.1.2 Naming and the Environment
1.1.3 Evaluating Combinations

1.1.4 Compound Procedures

1.1.5 The Substitution Model for Procedure
Application

1.1.6 Conditional Expressions and Predicates

1.2 Procedures and the Processes They Generate
1.2.1 Linear Recursion and Iteration

1.2.2 Tree Recursion

(A% NoStudent
\ee L aft Behind

1.1.4 Compound Procedures @ tostudent
(SRFHRE)

* “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”. FHTEEHI

* (define (<name> < formal parameters>)
<body») R/NSA—=%, K&K
* (<name> <parameters>)
procedure application FiEEA




B &= (combinations) Paru

* Primitives ZFE>THXZEE K
>+ 3 b)
CEEF 5l ...)

o FHfiiE (RITHE)
1. B4 (subexpressions) 5L, EZ155.
2. EHEF (operator) 2514k (arguments) Z @ .
— procedure application (F#EEEMA) &S

o o o -
m Combination & Abstraction @t
» (*55)
» (* 38 38)
» (* 389.2 389.2)
Abstraction of values
» (define foo 389.2)
» (* foo foo)
» (* foo (+ foo 5) 123)
Combination
> (+ 3 (* 53 12.4) 9)
Abstraction of combinations
» (define (square x)
& x X))
EEEE TR
» (define square
(lambda (X) (* x X)) )
BYOIXHERE: Syntax sugar (FEREFEDIL)

T (expression) IFFFliEN B EMEZRT

B answEsoan e

« define ZE>THXEERK

e (define foo (+ 3 5))
foo MDIEIL 8

e (define bar +)
bar [+ EEILF#HE

e (bar 3 5)




[ marernonissm @ s

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

(define (f a) ‘(sum—of—squares (+al) (*a 2)*)

5) It OXEISSERA]  R/$54—% a ZE#
(sum-of-squares (+ a 1) (* a 2)) IZ a = 5 Z&H

(sum-of-squares||(+ 5 D| [ 52)) T a5 TERHKA)
‘(+ (square x) (square y))‘ 2 x =6,y =10 ##&HA

(+ (square| 6) (square] 10)) T x % 6 T, y & 10 TR#
' xx) Iz x=6, (*xx)ITx=10 ##MA

¢+l 66) [(* 10 10)) T x % 10 TR

(+ 36 100)

136

m 1.1.6 Conditional Expressions (defF3)

o HaxHE
abs(x) =| x if x >0
-x otherwise

e (define (abs x)
(if (< x0)
(- x)
x))
e If: special form
o (if <predicate> <consequent> <alternative>)

Pt fRiGED REH

/A NoStudent
2 Left Behind

m 1-2-1 Linear Recursion and Iteration
- BENEE

(define (factorial n)
(if (<= n0)
1
(* n (factorial (- n 1)))))

To define nl, if it is non-positive, return 1
otherwise, multiply it by (n-1)!
n! = n* (n-1)!
ESERTENSED,

Substitution model (Bt ET L) TEIT _
() Nostudent




m factorial DEBEFNICEFRST A NoStudort

Linear recursive process (5
(factorial 6) EERENIOER) NICEEFIUE
(* 6 (factorial 5)) BOBEFEIOCLANELS
(* 6 (* 5 (factorial 4)))
(* 6 (* 5 (* 4 (factorial 3))))
6 (*5 (4 (* 3 (factorial 2)))))
*6 (*5 4 (3 (2 (factorial 1))))))
6 C5C4 321 (factorial 0))))))
654321
(*6 (54320
(*6(*5 (432D
(* 6 (*5 (*46))
(* 6 (* 5 24))
6 120)
720

factorial
RENEE DHIE SEH
n/&for n! (time complexity)

(factorial 6) *i{ﬁ.o) * O)E
(* 6 (factorial 5)) = I lexi
P o &|X n/&lforn! (space complexity)
(* 6 (* 5 (* 4 (Factorial 3))))
(* 6 (*5 (* 4 (* 3 (factorial 2)))))
(* 6 (*5 (* 4 (%3 (* 2 (factorial 1))))))
(6 (*5 (4 (*3 (*2 (*1 (factorial 0)))))))
6543211
CeGiCaCig e deferred operations®
S FICERTTNE, HE
6 C5(C*46))
¢ 6 (* 5 24)) {EhiaIse
(* 6 120)
720 = . .

FREEW (tail recursion) ews

m 1-2-1 Linear Recursion and Iteration
KEBW (tail recursion) OXIE=ERIT
[EERDOER(ZD2)
To definenl,nl =1*2* ... *p
product = counter * product
counter = counter + 1

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

ESETEINDD, Substation model (B|ETIL) TEFT

A tiostudent




B factorial ommEF NI 3RS @ s

(fact 6) tail recursion (5K
(fact-iter 11 6) B¥%) Hiteration
(fact-iter 1 2 6) W (R®) Icm
(fact-iter 2 3 6) fact b
(fact-iter 6 4 6) ¥ gaéjﬁé;gg{%’ﬁ\&
(fact-iter 24 5 6) A

(fact-iter 120 6 6)

(fact-iter 720 7 6)
720 fact-iter OMEEHhZEH
n/&for n! (time complexity)
Linear iterative process E3alo¥-+ 1o} {ce~8
1 AR/ RS A—
(RERETOER) Y

2f& (space complexity)

H BUFOfact®#iE - Block Structure @
(define (fact n)
(define (iter product counter)
(if (> counter n)
product
(iter (* counter product)
(+ counter 1) )))
(iter 1 1) )

s FEZiterld, fact OB THI,

« {R/85A—4 product,counterl¥, iterOHTHE)
S ER NS (X TRERIEHR (information hiding)

« CREFTOHMERD 1 DDHRE.

Tail recursion DHIESB (%) NoStudent

(define (f n)
(f (<= n0)
1
¢ (E (n1))n )

c COTOTFLIFROBR
n! = (n-1)! * n
s Ti®Ofactorial EDQMUNE
(define (factorial n)
(if (<= n 0)
1
(* n (factorial (- n 1))) ))
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B focromsesicsasns
(f 6) \EEEE'E'C‘(IHM.

3,
G EEED D e ooWNIITOI5A
G (F2) 3) 4 —TE 1

o - D 2 RO
-t (FO) 1) 2) 3) 4) 5) 6)
(5 (< 11)2)3) 4)5) 6)
= (12)3) 45 6)

¢ ¢ (* (~23) 4)5) 6)

(* (= (* 6 4) 5) 6)
¢* (= 24 5)

- 1205 7055 LEB<
T ERTAR

WIERICRE L

#5  Tail recursion IC&SERE(L & NoStudent
SC>|(time (null1? (factorial 5000))) |
total time: 0.729999999999563 secs
user time: 0.690993 secs
system time: O secs
#f
SC>[(time (null? (f 5000)))
total time: 1.34000000000015 secs
user time: 1.321901 secs
system time: O secs
#f
SC>‘ (time (null? (fact 5000))) ‘
total time: 0.720000000001164 secs
user time: 0.701008 secs
system time: O secs
#f

AVNRLIWTBE factorial (GREEW) &, fact (&
#) BRALI-RcEBEhS, 109U THE.

B Esom® (W) () NoStudent
o byFTH I (top-down) K TrtE- R ER

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

RrL7vF (bottom-up) X THE BB RE
(define (fact-iter n)
(define (iter product counter)
(if (> counter n)
product
(iter (* counter product)
(+ counter 1) )))
(iter 1 1) )




& ZA9-UYJIDAT (Sterling's formula)
. nliE m:m(g] en tEL oo L
. RE—ULT RS
m:%@"(HL ! ! ! j

+ 2 3 i
12n  288n" 51840n° 2488320n

- XMEELDE

1 1 1 1 1
Innl=nlnn-n+—=In(2)+—- T+ 5= R
2 12n  360n° 1260n° 1680n
for n>>0

Innl=nlnn—n

/% NoStudent
K& Left Behind

0 THE POWER OF LOGARITHM

&R (slide rule,
slipstick)
MBI LDEDGHE
RHEWNB-ME
RESKB-FEHE
230 [FL <5
210 5% —10log2 —3.01
210=103 1K
230=10° 16
BFREOEYTF
BEOME

' SLIDE RULE - T
TR BN

G R.R.I.Mine Ventilation Slide Rule
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Scale Label lue K x
Relative to C/D R 1/x
A @ Kz X x 360
R1,R2 Square root of X
B x2 L log X
B " & logX s sinX
= o n InX shi, sh2 sinh X
/M Xxlog10 Lo o sq1, Sq2 Square root of X
a 1/x Wiorzzi | et SRT sinX, tan X
CIF 1/ (pixX) Mets ||6= sT sin, tan X
D X \3orzz3 “ T tan X, cotan X
oF Xxpi el || e 1,73 tanX, cotan X
DF/M Xxlog,10 Lol orLL/1 | edix T2 tan X, cotan X
DFM X x log,10 Lo2ortry2 | oo Th tanh X
o s LL03orLL/3 | e i i
DIF 1/ (pixX)
™M logX w1, w2 Square root of X
: ‘ 3 Square root of (1-X?) z X
H1, H2 Square root of (1+X?) p% L, 3 e
HC P1,P2 Square root of (1-X2)

: NoStud
T REGE-INELE P
deca da x 10! deci | d x 10!
hecto h x 102 centi | ¢ x 10-2
kilo K x 103 milli | m x 10-3
mega | M | x 106 micro | u x 106
giga G | x10° nano | n x 109
tera T | x 1012 pico | p | x 1012
peta P | x 105 femto| f | x 101
exa E x 1018 atto | a x 1018
zetta | Z | x 10# zepto | z | x 10%
yotta | Y | x 10 yocto | y | x 102
10! |ten or decad 102! |sextillion
102 |hundred or hecatontad 1024 | septillion

103 |thousand or chiliad

10* |myriad 1033 | decillion
10% |lac or lakh 1083 | vigintillion
106 |million 10303 | centillion
107 |crore 101 | googol
108 |myriamyriad 109°09°! | googolplex
10° |milliard or billion

102 | trillion 10N | Nplex
10%3 | quadrillion 10N | Nminex
10!8 | quintillion




224plex FIfNFE

80plex | Rl B || 16plex | S5minex |2

88plex | B A |[20plex [ |[4minex | (%)
71

72plex | AREH4th 12plex | %k bminex |4

baplex |FI{ETE || Bplex | ||7minex | (8)

56plex | fEATEY 4plex |&(H) ||8minex |

48plex | 1@ 3plex |F 9minex |E
44plex | & 2plex |H 10minex | &
40plex | IE lplex |+ 1lminex |
36plex | i Oplex |— 12minex | &
32plex |i& Iminex | 7 13minex | #5£#
28plex |1& 2minex | & 14minex | &

24plex | # (R{m) ||3minex | Z(E) || 15minex | 7R

Iminex |5 13minex |#&4A
2minex |[E 14minex |2 oaroay
3minex |Z (£) Y 15minex |EH a2
4minex | %k () & 16minex |BRE>a12v9
Bminex |#Z av 17minex |g8ig4>
6minex |t E 18minex |FI#R
7minex | ()t 19minex |75 Ywky
8minex | 20minex |

9minex |ETY 21minex | %=
10minex |#&74 22minex |i&

1lminex |BEa™ 23minex | %
12minex |i&/\%

E Procedure (F#%E) vs. Process (I'OtR)

s FiRENHRMEL. BXLEILESR,
B OHRTENEZERE BEICFUHT,
- BIRMFHREOET
- BRIOERTET
- RETOERTET
« ERBRTOER SR RET O RICE AT
Mtail recursion CREBIRH) J
+ BIRTOEXTIL. deferred operationfIZ7 O+
RAERETIDLEHY > AR—ZXENRDITHE
* Scheme D JL—T & [Lsyntactic sugar

— do, repeat, until, for, while
() Nostudent

10



m Applicative order vs. normal order (4% NoStudent
X IR L EERIERE)

- [DERIER (YERIER. Applicative order) ]
SECRTAHLERETIILOF@EIES:

o BIDIER: T EHIER (normal-order) ] :
RIRTA—FETRTERLTHS, BHTS.

(f 5)

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

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

G (x5 1)) (Ex )5 2)
GCEGES5D E5SD)ECE52 52
(+ (* 6 6) (* 10 10))

(+ 36 100) 2ERCHEDEEE

. 136

B O 0 ~NOOOAWNEPR

o

m 1.1.6 Condtional Expressions and Predicates
(ERAFREREE) ) Nostudent
o EHXO—#EH: cond (EIEHEEK (special for'm). .
(cond («pp <e;p..<ey?)
(<P <ezp..<ez)

P <epp..<€p?) )
o KD (e .. @) Hilclause)
« <> @EE(predicate)
o HREEDIME: true (#t) H false #F).
o <e>: JE#E (consequent expression)
. HRlDpselse (#t EiRY)
o EIOFHMEIL, <p>HHtED <esMIBIZEEHEINS.
o —BBEAHERT L TALUBOEHITFHEEZ.

m 1.1.6 Condtional Expressions and Predicates

(R LREE) ) Nostudent
o #txtfE%case analysis (HEDIT) TEE
x if x=10 cond, if wiﬁ'lﬁk
x| 0 Fx=0 BHRETILT, HAIHEL
e Fx=0 Special form (¥ )
1-“‘2223 E?ESXX())) 9 if : Syntax sugar
((= x 0) 0) W
= X 0 (= 0) M HEK

(d(zfmg (abs x) Y ( (or > x 0) (= x 0))
con <x0 - -
& 33

>= x 0) x B
4_(define (abs x)
3.(define (abs x) (if (< x 0)
(cond ((< x 0) (- X)) - %)
Celse x) )) X))

11



m 1.1.6 Predicates (i5#) I

« (and <ep .. <) MR (EHSEHE)
o (or <ep.. <ep) WEM (ErSFEHE)
« (not <) REEE
£i):
e 5<¢x<10 =
e (define (>= x y)
(or G xy) (=x¥)))
e (define (>= x y)
(not (< x y)) )

7 Ex.1.2 WIEESE (prefix notation)® !t

- X GBEF HEREF )
operator operands /
- XDEE

- BIE&E% (prefix notation , 3 / '\
Pollish notation, R—5 2 FERi%) 4 5
+3*45

— thiB82i% (infix notation)
3+ (4*5)

— %EBREiE (postfix notation, reverse

Pollish notation, MR—7> Fidik)
345* +
« REBRIZENLRL

& ADUWYHEHB3DDRENDI M
. KOUWYr
- BIEEZE (pre-order traversal)
/—F=EBMRAR=>FHIK

+23323*2345
- BIEFEZE (in-order tr.) /%
ERoKR=>/—F=>589K 3

32+=234=*=35 4/ \5

- #%IEEZE (post-order tr.)
ERRA>BHBAAKR=>/—F

324=5=* = +
Javad 07 S LDTE

http://winnie.kuis.kyoto-u.ac.jp/~okuno/Lecture/11/IntroAlgDs/
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1. RERERB)EROTOTS
LEEEEIL.

2. XHOEEDODRBEI1XFTE
DRI

I &%:10A 2865 %24%#Y) @ Nostudent 3
1.
2.

3.

REEBREIOTSLDIT7AIVEERE L. fact-iter.scm

(fact-iter 100+ZBH DFHEFSDTIH) EETL, HA
HBRERDL.

BERDTOY S LDBRALH NHERE latexTIERLL, pdfZEiR
.

BHE 1-2-3 ~ 1-3-1 54, OBREERM OBEBEHD
R, @TDHBELR. 30FEDERSITELIL.

Program 774 )L &pdf (ZEEHES-ZH1-El.pdf) &
SICP-3@zeus.kuis.kyoto-u.ac.jp [ZiEfF

REBICBATESORS, TOADEZBEMARTICE. Webldi
BEBRE. (otherwise TRUIEIZ LR &)
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