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1 =239 7| B2 53 23 (elements & compound)

2 ©o]&Al7] (binding, delclaration, definition)

3 A AL} aLAFsH (recursion & higher-order functions)
2339 AL B S (program complexity)

5 EFYo=Z A7 s7] (types & typeful programming)

6 = 273 91%] 22135}7] (program correctness)

SNU 4190.210 (© Kwangkeun Yi



1 Z2agy 7| B2 F3 23 (elements & compound)
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T2 FZA HQ3 8 4

> 7] 252 (primitives)
» X SF5l= " (means of constructing compound)
» 22 T8 Ay o] o]l (rule of evaluation)
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(pictures from Google search)
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718 H = (primitives)

Z|BH o7 AlFgH. A(constant)BtE EF.

type elements operators

N, R 0, -1, 1.2, -1.2e2 |+, *x, /, =, <=,---

b

B #t, #f and, or, not,---

String | "snow", "12@it" substr,

strconcat,- - -

Symbol | ’snow, ’12@it
Unit @)

H gl =: N, R, B, String, Symbol

» 413 (evaluation, semantics): -1.2e2+ —1.2 x 107

Zh +& +, ’snowe “snow” 2= AE, &

T H =31 O
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L 1= O
P = F program
g = @ constant
| name
| Gf E FE E) conditional
| (cons E E) pair
| (car E) selection
| (cdr E) selection
| (lambda (z*) FE) function
| (E E*) application

» A7 A (inductive, recursive):

= N o)L Al O TELs o
» TS 4 & 42 73S B

> Ak oY AES B 27T 5 AF
» 234 9] A3 (semantics)2 |2 A 717 I AYPS
™ S0 18 of

> 71 A& A4Skl (evaluate)
» ARl AsE HEZ G AT 2R
» ATl dEHel Joed JdEHE T
> 5 AL A7 Lo 3ol = 7 EShri(print)
72
» 219 A8) 3 A (rule of evaluation, semantics): ™ &3]
°BE
» T2 I HE o] AL oo o Ed 22 WS
AT T s
A

» Atz A2 = e(7de) BhT A=0] s
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21 o] A&l 5 Zl(rule of evaluation, semantics)

=
A9 7. 2 Ao FFo weba:

» o duj:

» (if E E E) 9uj:

» (cons F E) €ul:

» (car E) 4ul:

» (cdr E) <ul:

» (lambda (z*) E) <uj:

» (E E*) 4w
9

> A =thil 257 A= 3= = A obd
==Y AAFE T BF9] o] stotof

> o] 59 ARE, o] 5] -+2H S (scope)
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4z o2
ot oy N

>

= zzaey dojof ZF BYuich T BY e
et A5 g A FA I o] AT EH

ol= |
|_|- = 7
Introduction

Elimination

A& st
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Bt 7 e 2 A& 5t Al
7|2 e . c +, *, =, and,

substr, etc
=EY 7 x T (cons E FE) (car E), (cdr E)
St EFY 7 — 7 | (lambda (z*) E) | (E E*)
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2 ©o]&Al7] (binding, delclaration, definition)
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— S UY|-§7FF 7] (abstraction)2] H £AH]: o5&
=

| ot= tl(SUE) diklol 2 o]5< AL

ol kst A= =+ 20004 AT
Theorem The intersection of all addition-closed sets is
addition-closed.

Proof Let S be the intersection set. Let x and y be elements

sNU 4190210 ©kwaRfeudvi Because x and y are elements of ... hence in S.O



| (et ((x EDY) E) z2 A2
| (Qetrec ((x ENT) E) z9 AAAE

P = E A 44
|  (define z E)* E ©°]5AL & AAitA
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o] & A 712 A 3y 4 Zl(rule of evaluation,

semantics)

» (let ((z F)) E)
> (letrec ((z E)) E)
> (define x F) E
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o] 52 734 (scope) 9

scope of X, y

(let ((x1) (y2)) /scope of y
(+ (let ((y (+ x 1)) A
Jet ((« vy 3)) v scope of

(+ xXvy) /

)
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AFEHE Z2 73 A2 233 uj
» o5 I Y BEEEE A
> 13 5531 E &7 (environment)o| 2l g
a 1
b 2

env | (('lal) ('b2))
f (lambda (x) (4 x 1))
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“J (semantics)

47 971817 KAWL B

et ((x 1) (y2)) Pl ‘ﬁ“
(+ (let ((y (+ x 1))) g7 >c0PEOlY
(et (- (Fy3)) A~ scoreef

+xy) |~

—~

)
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oA 27} B el o] 251 7): Aol

> (let ((.fUl El) (.172 EQ)) E)
» (letrec ((x; Ey) (xo E5)) E)
» (define x; E;) (define zo5 F5) E
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A B Z (syntactic sugar)

A28 AAA AR AFAAASE P $EA 2
S+ fiok

list, cond, let, definel AEr
(list E*) = (cons ---)
(cond (E E’) (else E")) = (if ---)
(let ((z E)) E") = ((lambda ---) ---
(let ((z1 Ey) (z9 E3)) E) = ((lambda ---) ---
(define =z F) FE’ = (letrec ---)
(define = F) (define y E') E” = (letrec ---)
(define (f z) FE) — (define ---)
(begin E E') = ((lambda ---) ---
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o2

3 A AL} aLAFsH (recursion & higher-order functions)
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Al (recursion):

> o)) ATt 1™ S

i
ik
N,
My
rlo
1o,
1o
jny
3)
i

|
| (if E E E)
|  (cons E F)

a=1, apy1=a,+2 (néeN)
X=1—=X
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Al A <4=(recursive function)2] % 2]

> F5T A A2 BT (R Aof) (347)
(define fac
(lambda (n) (if (=n 0) 1
(* n (fac (- n 1))))

))
> ol ke AAFH R o7 1 3 Aol RIAF
> o]l
T AT

(define x (+ 1 x))
(define K (cons 1 K))
(define Y (cons 1 (addl Y)))
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AN H o] Ay J}ZJ

(4¢3 (2 (1 (fac ON)
=*4(*3*2((*11))

=(* 4 (*3 (* 2 1))

=(* 4 (* 3 2)

=(* 4 6)

=24

» FAH: AATELS AT AL ok T ASo]

2
- RFEE 55 AT ASH ok
Y (continuation)= 7] &3 oF
7

> Arj7)ee ANTEY F 4 YHEE A5

» 277 (tail recursion) 2+
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Z A (tail recursion) H St

(define (fac n)
(if (=n 0) 1
(* n (fac (- n 1)))
))

(define (fac n)
(define (fac-aux m 1)

(if (=mO0) r

(fac-aux (- m 1) (xmr))))

(fac-aux n 1))
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d _ flat+e) = f(®)
%f(x) = .

A Z 2 18 oA

=

» 25 X Y5 +=(Scala, Python, Lua, JavaScript, Clojure,
Scheme, ML, C#, F#-5)

> A= AAFH AR
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> 7k A=

(84)7 A 22 oA

H
H

Hr)= 8.7

2.2 2K

whobA]

]

A}
HE
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(define (sigma lower upper)

(lambda (f)

(define (loop n)

(if (> n upper) O

(+ (f n) (Loop (+ n 1)))))

(loop upper)

)

(define one-to-million (sigma 1 1000000))

(one-to-million (lambda (n) (* n n)))

(one-to-million (lambda (n) (+ n 2)))
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(define (sum lower upper f)
(if (> lower upper) O

(+ (f lower) (sum (+ lower 1) upper f))
)

(define (generic-sum lower upper f larger base op inc)
(if (larger lower upper) base

(op (f lower)

(generic-sum (inc lower) upper f larger base op inc))

))
(sum 1 10 (lambda (n) n))
(sum 10 100 (lambda (n) (+ n 1)))
(generic-sum 1 10 (lambda (n) n) > -1 + (lambda (n) (+ 2 n)))

(generic-sum "a" "z" (lambda (n) n) order "" concat alpha-next)
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o2

4 2] AAi BEZE (program complexity)
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complexity)
> “AlAHE-ZE (complexity, order of growth)7} ©(f(n))
otk (ne Yo 27)), v I BFET} f(n)oE
A= 22

» n?, 10000 x n?, 3 x n? + 10000 X n< B O(n?)
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Al AHE- 2 & (complexity)

(pictures from Google search)

-

H E a - 1 = - H
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Al AHE- 2 & (complexity)

» (fac n): AIZFEHE O(n), R EHZE O(n).
» (exp b n):
- 0(n)2 FATS
> O(logn)2 7371
» (sat formula):
- (@M= FATS
. O(poly(n)E TBAE? TTERE
» (diophantine eqn):
» 02N E 7877 FTEEE
> O(n")Z FE7S? FTEES
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T

5 BdeozZ AHysl7| (types & typeful programming)
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EFY (type)2 ZEZ 71 o] Aol g9 Jes Z730

Al 2 9FdlE o] AR BHE Yol olt). EFYJo R EF 2o
of= Fal2 g 22 IS Aaglo] F4= o &7
o]t
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T o= primitive type
TXT pair(product) type
T+ T or(sum) type
T —T ftn type, single param

|
|
|
| T%---x7 — 7 ftn type, multi params
|
|
|

T any type
t user-defined type's name
Tt user-defined type's name, with param

v = int| real| bool | string | symbol | unit
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TAS e ol

int * int % (int — int) — int
(real — real) — (real — real)
int * (int — int) — int

int — (int — int) — int

int X (int — int) — int

(int — int) — int list — int
(int — int) X int list — int

money — (year — car list)
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e st A T4

> C:tL

> T T

» (if BB E':7r E":7) . T

» (lambda (z:7) E:7') : 7 — 7
» 279 EE 7S W 719
Ex — 71 ET): 71

/

>

/

>

» (cons E:7 E':7) . T x T
(
(

> (cdr E:7 x 7)1
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> T

» (if BB E':r E":7): T

» (lambda (z:7) E:7') © 7 — 7

> r:TYHS BEE 74T 7]
Erx -1t E:T): 7

(
» (cons E:7 E':7) 0 7 x T
(car E:r x 7). 7

(

cdr E:7 < 7)o 7/
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eh Fstn] 4 T

» (let ((x1:7 Fri:m) (xo:imy Ea:m)) E:7)
» 21Ol e EE FAE o 7Y

» (letrec ((xy:7 Ei:71) (xo:10 Eo:71)) E:7)
» 21 : 70 2o Y B, By, EE AT W 7)Y

» (define z;:7 FEqi:71) (define z9:7 Eo:1) E:7

> 21 : 7103l 29 YS F, By, EE FAE U 7Y
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(define (fac n)
(if =n0) 1
(* n (fac (- n 1)))
)

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

(define (bar a b c)
(if (=b 0) c
(bar (+ a 1) (- b 1) (x a b))
))
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oz mz e Ael/ A7)

(define (map-reduce f 1 op init)

(reduce (map f 1) op init))

(define (map f 1)
(if (null? 1) O
(cons (f (car 1)) (map f (cdr 1)))
))

(define (reduce 1 op init)
(if (null? 1) init
(op (car 1) (reduce (cdr 1) op init))
)

(define (word-count pages) (map-reduce wc pages + 0))
(define (make-dictionary pages) (map-reduce mw (words pages) merge ()))
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7] (program correctness)

£l
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= 8] 7] & of| (static test)
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» A= A= 7}7 A5 4TS
= I B = e o
» 21 A A5 (Scheme, C, JavaScript, etc)
» A5 A5 (ML, Scala, Haskell, Java, Python, etc)
» 4190.210: & Yo i HYH J=7}7?
475, 80

» 4190.210: SHA} Ey=7) A HAZE, 8| A L]

» W71 viet= Aliks sk o8
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ol mE ol thsiA olE QAo

> BHeo] 2 WY Aol AW 4L
> Bheo] 2A WY Ao] FAgkA A

dole) FAL o33 1}

X
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(define (fac n)

n0) 1
(x n (fac (- n 1)))

(if (

)

R

—

0

R

12 nX Tt &

o
3
&

i}
o] TH(“(

iz

> A

n 0) 1").
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(define (fibonacci n)
(cond ((=n 0) 0)
((=n1) 1)
(else (+ (fibonacci (- n 1))

(fibonacci (- n 2))))
))
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Qb Bk AT 5 AA 2387

olel o} 2L AATLS: f: A — BE A5 AHw.lo.g.)

(define (f =) ---(f e;)---(f ey)---)

&4 >8 gowt ofgst 2

> AATZ AR (19 €5) 9 Frol A ARH(x)H T}

> AT AN >N UE B2 E 2ASE T4
1 SF3H(finitely well-founded).
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Zus AA 54 B8

(define (bar a b c)
(if (=b 0) c
(bar (+ a 1) (- b 1) (x a b))
))

» N« N« No| X E]E+&= A >E7
> 2HA T2 >-EA 7 B el vheel

oF=(finitely well-founded)?

a8 &A >=2
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Zus AR 54 Blsh)

(define (map-reduce f 1 op init)

(reduce (map f 1) op init))

(define (map f 1)
(if (aull? 1) O
(cons (f (car 1)) (map f (cdr 1)))
))

(define (reduce 1 op init)
(if (null? 1) init
(op (car 1) (reduce (cdr 1) op init))
)

(define (word-count pages) (map-reduce wc pages + 0))
(define (make-dictionary pages) (map-reduce mw (words pages) merge ()))
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(define (sum lower upper f)
(if (> lower upper) O
(+ (f lower) (sum (+ lower 1) upper f))
))
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Zus AR B5 A )

(define (sigma lower upper)
(lambda (f)
(define (loop n)
(if (> n upper) O
(+ (f n) (loop (+ n 1)))))
(loop upper)
))
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