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1 =239 7| 2R F3 23 (elements & compound)
2 o] &A1 7] (binding, delclaration, definition)
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712 B (primitives)

Z|2H o2 AlFgd. Aa(constant)BIE EF.

type elements operators

N, R 0, -1, 1.2, -1.2e2 |+, *, /, =, <=,---
B #t, #f and, or, not,---
String | "snow", "12@it" substr,

strconcat,:---

Symbol | ’snow, ’12@it

Unit O
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712 B (primitives)

Z|2H o2 AlFgd. Aa(constant)BIE EF.

type elements operators

N, R 0, -1, 1.2, -1.2e2 |+, *, /, =, <=,---
B #t, #f and, or, not,---
String | "snow", "12@it" substr,

strconcat,:---

Symbol | ’snow, ’12@it

Unit O

» 7|2 E}Yd=: N, R, B, String, Symbol

» 413 (evaluation, semantics): -1.2e2+ —1.2 x 102
#t= 7 += 4, ’snow— “snow’ Bt= AE =
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P = F program
E = ¢ constant

| =z name

| Gf F E E) conditional

| (cons E E) pair

| (car E) selection

|  (cdr E) selection

| (lambda (z*) E) function

| (E E% application

» A7 A (inductive, recursive):
» s T U A2 e g
» Akl dole] A E5S WA
» 2G4 9] A (semantics)> oA E71? 1 AYS
w140 1o
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I 2]& AlAFSEAL (evaluate)
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21 0] A 88 5 | (rule of evaluation, semantics)

=
A% 3. 7 Ao F5el Hheb

17 gk B AR Qe A ohy
452 AATe Bbglo] Wopo}
o) A1, o) 2] %) (scope)



(rule of evaluation, semantics)
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(rule of evaluation, semantics)

7 4o FFol whehA:
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21 0] A 88 5 | (rule of evaluation, semantics)

=
A% 3. 7 Ao F5el Hheb

» (if £ F E) 4duj:

17 gk mE AR Qe A ohy
452 AATHe Bhglo] Wopof
o) A1, o) e %) (scope)
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21 0] A 88 5 | (rule of evaluation, semantics)

=
A% 3. 7 Ao F5el Hheb
[e)

» (if £ F E) 4duj:
» (cons F EF) duj:

17 gk B AR Qe A ohy
452 AATe Bbglo] Wopo}
o) A1, o) 2] %) (scope)
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21 0] A 88 5 | (rule of evaluation, semantics)

=
A% 3. 7 Ao F5el Hheb
[e)

» (if £ F E) 4duj:
» (cons F EF) duj:
(car E) du):

v

17 gk B AR Qe A ohy
452 AATe Bbglo] Wopo}
o) A1, o) 2] %) (scope)
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21 0] A 88 5 | (rule of evaluation, semantics)

=
A% 3. 7 Ao F5el Hheb
[e)

» (if £ F E) 4duj:
» (cons F EF) duj:
(car E) du):
(cdr E) 4ul:

v

v

17 gk B AR Qe A ohy
452 AATe Bbglo] Wopo}
o) A1, o) 2] %) (scope)
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21 0] A 88 5 | (rule of evaluation, semantics)

=
A% 3. 7 Ao F5el Hheb
[e)

» (if £ F E) 4duj:

» (cons F EF) duj:
(car E) du):

(cdr E) 4ul:
(lambda (z*) E) 4ul:

v

v

v

17 gk B AR Qe A ohy
452 AATe Bbglo] Wopo}
o) A1, o) 2] %) (scope)



21 0] A 88 5 | (rule of evaluation, semantics)

=
A% 3. 7 Ae) F5el wheba:
[e)

» (if £ F E) 4duj:
» (cons F EF) duj:

» (car F) 4uj:
> (cdr FE) duf:
» (lambda (z*) E) Qul:
» (E E*) 4u:
9
» A S0 BF AU E A A obd
» REAE ALET o] Bolo}
> O]E-o/] AL, o] 52 72 12 (scope)
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o 7 LA A& A
712 e, c +, *, =, and,
substr, etc
HEFY 7 x T (cons E E) (car E), (cdr E)
e 7 — 7| (lambda (z*) E) | (F E*)
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2 o] &A1 7] (binding, delclaration, definition)
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o] & A 7] (binding, declaration, definition)

21§ 73 7] (abstraction) 9] R ~H: o] &<
|3k tG(FHE) dled 2 o]s< AR
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o] 59 2 H(scope) 27
A 4

2
Al A7 = (lexical scoping)

OF
500 |

YES No

old 7tk FaHY = =<2 20000 AS:
Theorem The intersection of all addition-closed sets is

addition-closed.
Proof Let S be the intersection set. Let z and y be elements

SNU 4190 210 @ KwafeSvi Because  and v are elements of ... hence in S.O



o] & A 7] (binding, declaration, definition)

= oA E
| (et ((x E)*) E) 2] A 9]
| (letrec ((z E)*) E) 29 AR

» =24 o] 257

_4

P = F Al 2FA]
| (define x E)* E o549 T A4k

.

>
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o] & A 71| A3y +f 2 (rule of evaluation,

» AA 2ty 25 AU E AP = A oy
Aashel erelo] Rofo}

=
=
» 37 (environment): o] I A (ZHY 5=
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o] & A 71| A3y +f 2 (rule of evaluation,

semantics)

> (let ((z E)) E)

» A 20 BE AU AdEE A ofy
A

Abd ko) Bp9l o] srofof
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o] & A 71| A3y +f 2 (rule of evaluation,

semantics)

> (let ((z E)) E)
> (letrec ((z E)) E)

v

o,
N
X

| 2T 25 AU E AssE = A ofd
S AALE T By o] Botof

v
-z
e
i)

v
)

] 43 9] (scope)

=
=
» 3}7 (environment): o] =3} I thAK(ZH) Y EEE

SNU 4190.210 © Kwangkeun Yi



o] & A 71| A3y +f 2 (rule of evaluation,
semantics)
> (let ((z E)) E)

> (letrec ((z E)) E)
» (define z F) E

T2
» A7 Loy BRE AU E AYE = A o
> REASY ALTE TS B o] shofol
o] ©

)

> 321 % (scope)

=
=
» 3}7 (environment): o] =3} I thAK(ZH) Y EEE
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o] 59| 2 (scope)

(

et ((x1) (v2))

f
scope of x, y

(+ (let ((y (+ x 1))

(let (C< (*y3)))

(+xy) /

)

_ scope of vy
_ scope of




o] &A1 7] + AF&3}7]2] A8 77 (semantics)

2233 A5 AP uj
> o] B3 1 e BEERE P
> 223 55 E S #7(environment) o] 2k &

a

1
b |2
(
(

env

('a1) (b 2))
lambda (x) (4 x 1))

SNU 4190.210 © Kwangkeun Yi



o] &A1 7] + AF&3}7]2] A8 77 (semantics)

17 (environment) 2]

> 87 WE7]: o] B0l XojA |
> B4 Bz ool Yeniw
> B4 #7807 §ERYI 2UR

scope of X, y

| scope of y
| scope of

(let ((x1) (y2))
(+ (et ((y (+ x 1)) ,
(let (< (*y3))) A

(+ xvy) /

)
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of 27 AR o] F 3 7] A

» (let ((.171 El) (I’Q EQ)) E)
> (letrec ((zy Ey) (zg E2)) E)
» (define xy F,) (define 2, FE3) FE
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A B3 Z (syntactic sugar)

BelE QoA AF ABAAASE TS BEA B
S+ WUk

list, cond, let, define A&
(list E*) = (cons ---)
(cond (E E') (else E")) = (if --+)
(let ((x E)) E") = ((lambda ---) ---
(let ((zy Ey) (z9 E)) E) = ((lambda ---) ---
(define = E) FE' = (letrec ---)
(define = E) (define y E') E” = (letrec ---)
(define (f z) E) = (define ---)

(begin E E) = ((lambda ---) ---
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3 AAL} 32 x84 (recursion & higher-order functions)
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A A (recursion): =& 7],

» o) AAetLgle 219 E:

|
| (Gf E E E)
|

(cons F E)

ag =1, Qpy1 =ay+2
X=1—=X

SNU 4190.210 © Kwangkeun Yi
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Al A &< (recursive function)e] A 2]

> F5u AAACE B (R o)) (942)
(define fac
(lambda (n) (if (=n 0) 1
(* n (fac (- n 1))))

)
> Ao ge AAROE Fel? 1 gk Aske] BEa
Ealiie) Eay
Y =

(define x (+ 1 x))
(define K (cons 1 K))
(define Y (cons 1 (addl Y)))
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AT AP
(define (fac n)

(if (=n0)1
(fac 4) ) (* n (fac (-n 1))

=>( 4( 3( 2 (* 1 (fac 0
=F4(*3M2(*11))
=*4(*3(*21)
=(*4(*32)

=(* 4 6)

=24

s rAY ANEES AL ASe ok @ Do)
» rSE S5 X3 AL o &
d(continuation)& 7] 93 oF
» A7) AAEEY ¥4 AHEE AW
» = A7(tail recursion) W&
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2 A (tail recursion) H &+

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

(define (fac n)
(define (fac-aux m r)
(GAf (=mO0) r
(facraux (- m 1) (* m r))))

(fac-aux n 1))
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Al = 2 229 o) A
» 25 A Y= =(Scala, Python, Lua, JavaScript, Clojure,
Scheme, ML, C#, F#%)
LI EERES
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(define (sigma lower upper)
(lambda (f)
(define (loop n)
(if (> n upper) 0
(+ (f n) (Qoop (+ 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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4 g A BFE (program complexity)
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=
Z2 3% A9 v]§2 5714 = (order of growth)

> A xbH) g = A2k m R g
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A AF B3 & (complexity)
Z2 3% A9 v]§2 5714 = (order of growth)
AR = A2} ) 22
> S7HRE = 48 A7l i g, o
» F4 4] AXW A= o]EA A (asymptotic

complexity)
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A=k o]@ A = 2] (asymptotic

~—

complexity
> “A2HEZF = (complexity, order of growth) 7} ©(f(n))
N (ne P =), B T BFEI} f(n) O

| .

A=) XD u:
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=
Z2 3% A9 v]§2 5714 = (order of growth)
A

ARG = A1 23 v w2 e
= o

r
ek
>
!
e

» B4 o] AXE A= ojE A E X](asymptotic
complexity)
» “AAHE X (complexity, order of growth) 7} ©(f(n))
ot} (ne 4 Z7]), Bl 1 BRE7} f(n) 2=

» n?, 10000 x n?, 3 x n? + 10000 x ne 25 O(n?)
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A AFE-ZE = (complexity)

(pictures from Google search)

n
+
4096
n!
2000 2048 -
1024
512
256

128
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Al AHE-3E 5 (complexity)

» (fac n): A|ZFEFE O(n), H

» (exp b n):

» (sat formula):

» (diophantine eqgn):
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Al AHE-3E 5 (complexity)

v

(fac n): AIZFEFE O(n), ¥

v

(exp b n):
- O E FAS

v

(sat formula):

v

(diophantine eqn):
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Al AHE-3E 5 (complexity)

v

(fac n): AIZFEFE O(n), ¥

v

(exp b n):
- O E FAS
» O(logn)& T8 7}5

v

(sat formula):

v

(diophantine eqn):
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Al AHE-3E 5 (complexity)

v

(fac n): AIZFEFE O(n), ¥

v

(exp b n):
- O E FAS
» O(logn)& T8 7}5

v

(sat formula):

» O(2)® RS

v

(diophantine eqn):
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Al AHE-3E 5 (complexity)

» (fac n): A|ZFEFE O(n), HEZEHT O(n).
» (exp b n):

» O(n)Z 1375

» O(logn)&2 F+3 75
» (sat formula):

» (2" E T3S

» O(poly(n))2 +3A7M5? FTFEEEE

» (diophantine eqgn):
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Al AHE-3E 5 (complexity)

v

(fac n): A|IZFEFT O(n), W23

v

(exp b n):
» O(n)2 FA7s
> O(logn) &2 Fd 715

v

(sat formula):
- oMz TAS
> O(poly(n)) & F87}s? FTERF

v

(diophantine eqn):
> 02" E TES? FTERE
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Al AHE-3E 5 (complexity)

» (fac n): A|ZFEFE O(n), HEZEHT O(n).
» (exp b n):
» O(n)2 F+375
» O(logn)& T8 7}5
» (sat formula):
» O2MZ 7S
» O(poly(n))2 +3A7M5? FTFEEEE
» (diophantine eqgn):
» O2ME FAE? T
» O(n")E T8I T

2
2=

kb
e (I
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5 EBFYeo=z Aelsl7] (types & typeful programming)
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E} <] (type)

EFl(type)& =21 o] Axbshe ghad He< 2790
A 8 OFsh= T AR "] o]
ot A2 g Z2ad8S 4

Z] o] T},
> BF(type)Z 7Fol =tk

- mRIYe] AYFAYS FaAste

o
- A2e R HolHgS T
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AH-&-8k= EFY = (types)

T =1 primitive type
TXT pair(product) type
T+T or(sum) type
T—T ftn type, single param

|
|
|
| Tx---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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int % int % (int — int) — int
(real — real) — (real — real)
intx (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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> T T

»(fE E E")

» (lambda (z ) E
» (E E )
» (cons E. E' )
» (car £ )

» (cdr B )
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> X T
> (f BB E E" )
» (lambda (z ) E

» (E E )
» (cons E. E' )
» (car £ )
» (cdr B )
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> X T
» (if BB E'7 E" )
» (lambda (z ) E

» (E E )
» (cons E. E' )
» (car £ )
» (cdr B )
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> T
» (if BB E':7 E":7)
» (lambda (z ) E

» (E E )
» (cons E. E' )
» (car £ )
» (cdr B )

SNU 4190.210 © Kwangkeun Yi
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> T
» (if BB E'r E"7) 71
» (lambda (z ) E )

» (E E )
» (cons E E' )
» (car £ )

» (cdr B )
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> X T
» (if BB E'r E"7) 71
» (lambda (z:7) £ )

» (E E )
» (cons E E' )
» (car £ )

» (cdr B )
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> T
» (if BB E'r E"7) 71
» (lambda (z:7) E:7")

» (E E )
» (cons E E' )
» (car £ )

» (cdr B )
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> T
» (if BB E'r E"7) 71
» (lambda (z:7) E:7') -

» (E E )
» (cons E E' )
» (car £ )

» (cdr B )

SNU 4190.210 © Kwangkeun Yi

T—T

/



> T

» (if BB E'r E"7) 71

» (lambda (z:7) E:7') -
> r:T9S EE T

» (E E )

» (cons E E' )

» (car £ )

» (cdr B )
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> T

» (if BB E'r E"7) 71

» (lambda (z:7) E:7') -
» 2:7TY9S EE 74

» (E7' — 7 E )

» (cons E E' )

» (car £ )

» (cdr B )

SNU 4190.210 © Kwangkeun Yi

T—T

=

/

@ ) 7]



> T

» (if BB E'r E"7) 71

» (lambda (z:7) E:7') -
» 2:7TY9S EE 74

» (E:i7' — 7 E"1')

» (cons E E' )

» (car £ )

» (cdr B )
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> T

» (if BB E'r E"7) 71

» (lambda (z:7) E:7') -
» 2:7TY9S EE 74

» (B — 7 E') 7

» (cons E E' )

» (car £ )

» (cdr B )
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> X T

» (if BB E'r E"7) 71

» (lambda (z:7) E:7') -
> r:T9S EE T

» (B:7' — 71 Er) o7

» (cons E:7 E'":7")

» (car £ )

» (cdr B )
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> X T
» (if BB E'r E"7) 71
» (lambda (z:7) E:7) © 7 — 7'
> r:TUS BE 7T W 719
» (B:7' — 71 Er) o7
» (cons E:7 E'7') o 7 ox 7!
» (car £ )
» (cdr B )
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> T T
» (if BB E'r E"7) 71
» (lambda (z:7) E:7) © 7 — 7'

» 2792 EE FAE W 71
» (B:7' — 71 Er) o7
» (cons E:7 E'7') o 7 ox 7!
» (car E:7 x 7')

» (cdr B )
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> T T
» (if BB E'r E"7) 71
» (lambda (z:7) E:7) © 7 — 7'

» 2792 EE FAE W 71
» (B:7' — 71 Er) o7
» (cons E:7 E'7') o 7 ox 7!
» (car Ecm < 7)1

» (cdr B )
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> T T
» (if BB E'r E"7) 71
» (lambda (z:7) E:7) © 7 — 7'

» 2792 EE FAE W 71
» (B:7' — 71 Er) o7
» (cons E:7 E'7') o 7 ox 7!
» (car Ecm < 7)1

» (cdr E:7 x 77)
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> T T
» (if BB E'r E"7) 71
» (lambda (z:7) E:7) © 7 — 7'

» 2792 EE FAE W 71
» (B:7' — 71 Er) o7
» (cons E:7 E'7') o 7 ox 7!
» (car Ecm < 7)1

» (cdr Ei7 < 7)o 7/
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> T T

»(fE E E")

» (lambda (z ) E
» (E E )
» (cons E. E' )
» (car £ )

» (cdr B )

SNU 4190.210 © Kwangkeun Yi
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> X T
> (f BB E E" )
» (lambda (z ) E

» (E E )
» (cons E. E' )
» (car £ )
» (cdr B )
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)



> X T
» (if BB E'7 E" )
» (lambda (z ) E

» (E E )
» (cons E. E' )
» (car £ )
» (cdr B )

SNU 4190.210 © Kwangkeun Yi

)



> T
» (if BB E':7 E":7)
» (lambda (z ) E

» (E E )
» (cons E. E' )
» (car £ )
» (cdr B )

SNU 4190.210 © Kwangkeun Yi

)



> T
» (if BB E'r E"7) 71
» (lambda (z ) E )

» (E E )
» (cons E E' )
» (car £ )

» (cdr B )
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> X T
» (if BB E'r E"7) 71
» (lambda (z:7) £ )

» (E E )
» (cons E E' )
» (car £ )

» (cdr B )
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> T
» (if BB E'r E"7) 71
» (lambda (z:7) E:7")

» (E E )
» (cons E E' )
» (car £ )

» (cdr B )
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> T
» (if BB E'r E"7) 71
» (lambda (z:7) E:7') -

» (E E )
» (cons E E' )
» (car £ )

» (cdr B )
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T—T

/



> T

» (if BB E'r E"7) 71

» (lambda (z:7) E:7') -
> r:T9S EE T

» (E E )

» (cons E E' )

» (car £ )

» (cdr B )

SNU 4190.210 © Kwangkeun Yi

T—T

=

/

@ ) 7]



> T

» (if BB E'r E"7) 71

» (lambda (z:7) E:7') -
» 2:7TY9S EE 74

» (E7' — 7 E )

» (cons E E' )

» (car £ )

» (cdr B )
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T—T

=

/

@ ) 7]



> T

» (if BB E'r E"7) 71

» (lambda (z:7) E:7') -
» 2:7TY9S EE 74

» (E:i7' — 7 E"1')

» (cons E E' )

» (car £ )

» (cdr B )
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T—T

=

/

@ ) 7]



> T

» (if BB E'r E"7) 71

» (lambda (z:7) E:7') -
» 2:7TY9S EE 74

» (B — 7 E') 7

» (cons E E' )

» (car £ )

» (cdr B )
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T—T

=

/

@ ) 7]



> X T

» (if BB E'r E"7) 71

» (lambda (z:7) E:7') -
> r:T9S EE T

» (B:7' — 71 Er) o7

» (cons E:7 E'":7")

» (car £ )

» (cdr B )
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T—T

=

/

@ ) 7]



> X T
» (if BB E'r E"7) 71
» (lambda (z:7) E:7) © 7 — 7'
> r:TUS BE 7T W 719
» (B:7' — 71 Er) o7
» (cons E:7 E'7') o 7 ox 7!
» (car £ )
» (cdr B )

SNU 4190.210 © Kwangkeun Yi



> T T
» (if BB E'r E"7) 71
» (lambda (z:7) E:7) © 7 — 7'

» 2792 EE FAE W 71
» (B:7' — 71 Er) o7
» (cons E:7 E'7') o 7 ox 7!
» (car E:7 x 7')

» (cdr B )
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> T T
» (if BB E'r E"7) 71
» (lambda (z:7) E:7) © 7 — 7'

» 2792 EE FAE W 71
» (B:7' — 71 Er) o7
» (cons E:7 E'7') o 7 ox 7!
» (car Ecm < 7)1

» (cdr B )
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> T T
» (if BB E'r E"7) 71
» (lambda (z:7) E:7) © 7 — 7'

» 2792 EE FAE W 71
» (B:7' — 71 Er) o7
» (cons E:7 E'7') o 7 ox 7!
» (car Ecm < 7)1

» (cdr E:7 x 77)
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> T T
» (if BB E'r E"7) 71
» (lambda (z:7) E:7) © 7 — 7'

» 2792 EE FAE W 71
» (B:7' — 71 Er) o7
» (cons E:7 E'7') o 7 ox 7!
» (car Ecm < 7)1

» (cdr Ei7 < 7)o 7/
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» (let ((.131 E1 ) (I’Q EQ )) E )

» (letrec ((2; Er ) (a9 Ey D)) FE )

» (define x4 E, ) (define x» Es, ) FE

SNU 4190.210 © Kwangkeun Yi



» (let ((xy:7 Ey ) (29 Ey D)) E )

» (letrec ((2; Er ) (a9 Ey D)) FE )

» (define x4 E, ) (define x» Es, ) FE
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» (let ((xy:7 Ey:7) (a9 Ey, )) E )

» (letrec ((2; Er ) (a9 Ey D)) FE )

» (define x4 E, ) (define x» Es, ) FE
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» (let ((xy:7m Ery:i7m) (uoimy By )) E )

» (letrec ((x; Er ) (a9 Ey D)) FE )

» (define x4 E, ) (define x» Es, ) FE
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» (let ((xy:7m Er:m) (g7 Eo:m)) E )

» (letrec ((2; Er ) (a9 Ey D)) FE )

» (define x4 E, ) (define x» Es, ) FE
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> (let ((xy:7 Eyim) (o Eoi7)) E:7)

» (letrec ((2; Er ) (a9 Ey D)) FE )

» (define x4 E, ) (define x» Es, ) FE
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» (let ((xy:7 Er:7m) (o Eo:7)) E:7)
» 2 T0 L 1 YS EE FAAS U 7Y

» (letrec ((2; Er ) (a9 Ey D)) FE )

» (define x4 E, ) (define x» Es, ) FE
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> (let ((xy:7 Eyim) (o Eoi7)) E:7)
» 2 T0 L 1 YS EE FAAS U 7Y

» (letrec ((xy:7 By ) (29 Ey D)) FE )

» (define x4 E, ) (define x» Es, ) FE
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R AR L o

> (let ((xy:7 Eyim) (o Eoi7)) E:7)
» 2 T0 L 1 YS EE FAAS U 7Y

» (letrec ((x1:7 Fy:7) (a9 Ey D)) FE )

» (define x4 E, ) (define x» Es, ) FE
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R AR L o

> (let ((xy:7 Eyim) (o Eoi7)) E:7)
» 2 T0 L 1 YS EE FAAS U 7Y

» (letrec ((xy:71 Ev:711) (w9:m0 Ey )) E )

» (define x4 E, ) (define x» Es, ) FE
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R AR L o

> (let ((xy:7 Eyim) (o Eoi7)) E:7)
» 2 T0 L 1 YS EE FAAS U 7Y

» (letrec ((xy:71 Ev:711) (w9:10 FEo:m)) E )

» (define x4 E, ) (define x» Es, ) FE
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R AR L o

> (let ((xy:7 Eyim) (o Eoi7)) E:7)
» 2 T0 L 1 YS EE FAAS U 7Y

» (letrec ((xy:71 Eyv:711) (w9:70 FEo:1m)) E:7)

» (define x4 E, ) (define x» Es, ) FE
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19 AAske 42

A8 74 57)

» (let ((xy:7 Er:7m) (o Eo:7)) E:7)

» 2 T0 L 1 YS EE FAAS U 7Y

» (letrec ((xy:71 Eyv:711) (w9:70 FEo:1m)) E:7)

» 21710l 29 Y-S B, Er, EE AT 1 71
» (define x4 E, ) (define x» Es, ) FE
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19 AAske 42

A8 74 57)

» (let ((xy:7 Er:7m) (o Eo:7)) E:7)

» 2 T0 L 1 YS EE FAAS U 7Y

» (letrec ((xy:71 Eyv:711) (w9:70 FEo:1m)) E:7)

> 1: 711013l 2o oS By, By, EE 7S W 7]
» (define z1:7 By ) (define E, ) FE
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19 AAske 42

A8 74 57)

> (let ((xy:7 Eyim) (o Eoi7)) E:7)
» 2170 29 YS EE AT W 7Y
» (letrec ((xy:71 Eyv:711) (w9:70 FEo:1m)) E:7)
» 21710 29 mYS B, Ey, EE AT 0 7Y
» (define z;:7, E;:7) (define z»

E, ) FE
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19 AAske 42

A8 74 57)

> (let ((xy:7 Eyim) (o Eoi7)) E:7)
» 2170 29 YS EE AT W 7Y
» (letrec ((xy:71 Eyv:711) (w9:70 FEo:1m)) E:7)
» 21710 29 mYS B, Ey, EE AT 0 7Y
» (define z;:7y Ei:7) (define x9:7y Ey

) E
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19 AAske 42

A8 74 57)

> (let ((xy:7 Eyim) (o Eoi7)) E:7)

» 2 T0 L 1 YS EE FAAS U 7Y
» (letrec ((xy:71 Eyv:711) (w9:70 FEo:1m)) E:7)
» 11 :710]2 AdS

o : T YS E1, By, EE F4E u) 719

» (define z;:7; Ei:7) (define x9:7 Ey:7) FE
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19 AAske 42

A8 74 57)

> (let ((xy:7 Eyim) (o Eoi7)) E:7)

» 2 T0 L 1 YS EE FAAS U 7Y
» (letrec ((xy:71 Eyv:711) (w9:70 FEo:1m)) E:7)
» 11 :710]2 AdS

o : T YS E1, By, EE F4E u) 719

» (define z;:7; Ei:7) (define x9:7 Ey:7) E:7
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19 AAske 42

A8 74 57)

» (let ((xy:7 Er:7m) (o Eo:7)) E:7)

» 2 T0 L 1 YS EE FAAS U 7Y
» (letrec ((xy:71 Eyv:711) (w9:70 FEo:1m)) E:7)
» 2110z Y B, By, EE 7T o 7Y

» (define z;:7; Ei:7) (define x9:7 Ey:7) E:7

» 21710l 29 Y-S By, Er, EE AT u 7Y
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oz 2 IWE A/ ALtst]

(define (fac n)
(if (=n0) 1
(* n (fac (- n 1)))
)

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

(define (bar a b c)
(Af (= 0) c
(bar (+ a 1) (- b 1) (*x a b))
))
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Beoz z21de e/ g

(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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6 %

rlr
[kl

21 X] &213}7] (program correctness)
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file)
o

o

p—

0

H

1]
1|

2] 7] % of| (static test)

=
=

oy
=

H]

Al /= A

=
=

/

29 As

=] =z & I
» EAET T2

—

0

Ho

H
__o_l
Mo

)

A

Njo

/

» 71AI /A7

A2/ Adn) /a4

- AR, AF/TH, SR E

>

0

__o_l
o
N
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4190.2109| M =

il
U

el

B

jo
Njo
R
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4190.2109| A= Ztdst 7= 1

LI

dselor & 4d=

» Al E AR AEES

O | o

> ebglell BA A At
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» ANE AR AFAS
> Ebgloll B AAE 2R

» 23 75 (Scheme, C, JavaScript, etc)
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» 23 75 (Scheme, C, JavaScript, etc)

» 215 75 (ML, Scala, Haskell, Java, Python, etc)
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4190.2109| A = Zttst 7=t

Aselor & 4=
- Az AREN AFAE
» Efol StA Ad¥E AU
» 2 A 7 5 (Scheme, C, JavaScript, etc)
» 25 A5 (ML, Scala, Haskell, Java, Python, etc)

SRR REE R DI
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4190.2109 A= 7+tdst 7<=

dselor & 4d=

» AUE AR AEAS

> EFgo] WA AAY A

1?_]__

d 35 (Scheme, C, JavaScript, etc)

> X}E 1% (ML, Scala, Haskell, Java, Python, etc)

» 4190.210: T4 Zy+=7k
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444%

SRR REE R DI

v 2 % o]



» AlUE B A= ASHS

- EFSlo] A AR A7
» 2 A 7 5 (Scheme, C, JavaScript, etc)

» 25 A5 (ML, Scala, Haskell, Java, Python, etc)

» 4190.210: 2E dH g FH AE=717
AHNAZ Lo
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ol mE Gl thaiA HH e h

» Ebloll stAl A3E Zlo] geld B+
> Ebloll sHAl A3y g o] gltd A4+
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9
o

a¥

7F7t A

o "Zo] grk ™.

.‘?L,L_]_

> uh g

=
i=]

» 11 E9]

vhe A7} “Eel B W
o "ol dry,

=
=

R e
» 11 E9]

=
=]
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i AR TS AA 8]

(define (fac n)
(if (=n0) 1
(* n (fac (- n 1)))
))
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i AR TS AA 8]

(define (fac n)
(if (=n0) 1
(* n (fac (- n 1)))
))

> golobd A4 o ® wirhy,
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ZUE AN RS AA FA5}7)

(define (fac n)
(if (=n0) 1
(* n (fac (- n 1)))
))

> golobd Ak ¥ e v,

» A7 ZEre el nE o £33 913 "n-17,

SNU 4190.210 © Kwangkeun Yi



i AR TS AA 8]

(define (fac n)
(if (=n0) 1
(* n (fac (- n 1)))
))

» Solobd vk ¥ o =t}
» AASZE0t Y nBo 23 9
» o] tH("(=n 0) 1").

=
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Qa

“n_ln .



(define (fibonacci n)
(cond ((=n 0) 0)
(n 1) D
(else (+ (fibonacci (- n 1))
(fibonacci (- n 2))))
))
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otefjo} 22 AL f: A— BE B35t AHw.log.)
(define (f z) ---(f e1)---(f e9)---)

A4 AR5 A A A
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Qi Zuhe AA TSR B
ohehst 2 AT TS f: A — BE A2EeRHwlog)
(define (f z) ---(f e1)---(f ey)--+)
AATT ARXEY JE AA
> A2E o) o=t w4 8 o obest 2L
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off

Qb Buhe AA TR AA H5

=2 v O

obehst 2 AT 1 A— BE AZeAHwlog)

(define (f z) ---(f e1)---(f ey)--+)

JE& w4 >E Foel ofeg) 2L

> AT TS AR (19} e5)9] 7kl Al Q1 AH(z) R T}
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ofefet &2 AAEs f: A— BE 432K w.log.)

(define (f z) ---(f e1)---(f ey)--+)

= B
> AT 79 ZolEL £4 >B Fow) o} 22

& ANA >-EAHE A28 SAFE FA
X

A
73 }(flmtely well-founded).
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i AR TS AA 8]

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

» NxNxNojJA E2o]=& A >=7
> 11’41/‘1 I >-=A7F 3 FEd el npgo
= (finitely well-founded)?

a9 A >7
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ke AR FSAA Gela]

(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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ZUE AN RS AA FA5}7)

(define (sum lower upper f)
(if (> lower upper) O
(+ (f lower) (sum (+ lower 1) upper f))
)
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i AR TS AA 8]

(define (sigma lower upper)
(lambda (f)
(define (loop n)
(if (> n upper) 0
(+ (f n) (Qoop (+ n 1)))))
(loop upper)
)
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fle,e) = 0
fdc) 0 (c#c)
fle,c) {e}
f(rifm,c) f(ri,e) U f(r, )
JGND) {r'r” | v € f(r,o)}
flers,c) {r2}
f(dr2,c) 0 (c#d)
flem, c) f(r,c)
f((riymi,)r2, 0) f(ry (riym2), 0)
f((ryfry)re,e) = flrym,e) U f(r,m,c)
f(rira,e) = f(ra,e) U {r'mry | 7' € f(r,c)}
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