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° "I"E'%l]/;ﬂTuring Machine (Alan Turing)

o SICIAIAE  ambda Calculus (Alonzo Church)
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° g%ljlﬁ/Turing Machine (Alan Turing)
o AQIZ ARIZ: J|A|0 H5H= 0
o C, C++, C#, Java, JS, Objective C, Python, PHP, Scala,
Swift, Rust &

o SICIAIAE  ambda Calculus (Alonzo Church)
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° E":"17/7'1/Turing Machine (Alan Turing)
o YRIZ HRIZ: 7IAI0 HS= A0
o C, C++, C#, Java, JS, Objective C, Python, PHP, Scala,
Swift, Rust &

o SICIAIAE  ambda Calculus (Alonzo Church)
° Al-oli A|'0|§ 7|.o 7;”A|> I.h O|_-|O-|
o OCaml, Haskell, F#, Scala, Lisp, Scheme, Racket, Clojure,

Lua &
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° E":"17/7'1/Turing Machine (Alan Turing)
o YRIZ HRIZ: 7IAI0 HS= A0
o C, C++, C#, Java, JS, Objective C, Python, PHP, Scala,
Swift, Rust &

o ZICIAILVE | ambda Calculus (Alonzo Church)
° Al-oli A|'0|§ 7|.o 7;”A|>o|.h O|_-|O-|
o OCaml, Haskell, F#, Scala, Lisp, Scheme, Racket, Clojure,

Lua &
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° E":"17/7'1/Turing Machine (Alan Turing)
o M2 YRIZ: 7|A 0 BAHS= A0
o C, C++, C#, Java, JS, Objective C, Python, PHP, Scala,
Swift, Rust &
o SCHAILHE  ambda Calculus (Alonzo Church)
° AI-0|§ A|'0|§ 7|.o 7;”A|»o|.h O|_-|0-|
o OCaml, Haskell, F#, Scala, Lisp, Scheme, Racket, Clojure,

Lua &
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1A SH"OM Z22HY

ASY, BEY E21eY

o HHSIH J|ALENE HIA7 = T2
o =U/7|AYE S| Hok AL Z /A EAQ e
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ZAe S0 22T

cup = water(100);

cup.heat(500); cup.add(tea); cup.sip();

cup = water(100);

cup.heat(100); cup.add(noodle); cup.chrup();
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UBH, e BROHY
o 717l QICh 24 Aktsts 2 &
o 3L2 WIBIA| SHECH Af 20| SISO W . 142"
o ASTUE WAL A AEte
o 22/517|(YHILIS ), FEI|(FHIRU), 325H7|(012)

cup = water 100;
sip( (cup heat 500) add tea );
chrup( (cup heat 100) add noodle );
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"Erel S0 22T

UBH, e BROHY
o 717l QICh 24 Aktsts 2 &
o 3L2 WIBIA| SHECH Af 20| SISO W . 142"
o ASTUE WAL A AEte
o 22/517|(YHILIS ), FEI|(FHIRU), 325H7|(012)

cup = water 100;

sip( (cup heat 500) add tea );

chrup( (cup heat 100) add noodle );
10 d

AUB, le(xﬂ), /1 —dw, (2" +1)

PCQO|D P+#QatD5lak PCUQ PNQ° 9 PUQeS BRIEo2 ..
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o Al&SH m2aya
o 7|AHIBF SUOI/7IALCH LRAMAM: 2EH +1
o U|22| Zts AMEE: 2YH +1
o HYUHIE 7|AHIZYAOL} Bl
o WOMSH T2y
°2 |;'Oltype checking

Mo 2F 3371 &3 EtYA
F

o AtS0|1, YO |10, A QFetar: oty +2, 2YH +2

o Dl2iEH[E T2y
o 3HC) 28 257|234 Y: Coq & OCam|
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E&7|AH|(Turing Machine)

V1AM e Fof = "RYVIAIZ 2SO S + U=" (19354)
Z2OMSIL = F[YI|A SHLt
grE = S st
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S 27| A(Turing Machine)

V1AM e Fof = "RYVIAIZ 2SO S + U=" (19354)
Z2OMSIL = F[YI|A SHLt
BHE FI7IA sttt

u

17|14 2] Bt of:

E
aT

0

[« ls]x]+] |

T TR oleAlE SAME ChRU cheAlE
Al x| x|>]|A
AlS|S$|>|sB

B x| *x]|<|C
cC|$|*x|>|cC
Cl*|$|>]|8B
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el 2B sHE oSy CSdH
Al x| x| > A
Al S| $ > B
B| % | % | < | C
C|$| *|> | C
C|l*x| $|>|B
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sue giEslE gaE CET s
Al x| k| > | A
AlS$S|  $|> 8B
B | x| x| < | C
c| $| *|> | C
Cl x| $|> B
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Hdel g2dE =B cisy cisdd
Al x| x| > | A
Al $| $ > B
B | % | x| < | C
cC| $| *]|>|C
Clx|$ > | B
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el 2B sHE oSy CSdH
Al x| k| > A
Al S| $ > B
B | % | x| < | C
C|$| *|> | C
C|l*x| $|>|B
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Huel gi2dE mdE oSy CiSdH
Al x| x| > | A
Al $  $ > | 8B
B | % | | < |C
cC|$ *|>|C
C|l x| $ > | 8B
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Al x| x| > A
AlS $ > 8B
B | % | % | < | C
c|$| x|> cC
Cl %] $ > B
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Al x| x| > A
Al S| $|> B
B % | x| < | C
cC|$| x> |cC
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B | % | | < |C
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Al k| k| > A
AlS$S $ > B
B % | % | < | C
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ol E2
o

S 27| Al (universal machine)

—

StLEC) E217|A|, d2{L} “ohs”
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S 27| Al (universal machine)
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stLtel Eal7|A|, d2{L} “ots”
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Ohs S22 7|A|(universal machine)

stLiel FE 1A, 2Lt “gks”
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Ohs S22 7|A|(universal machine)

stLtel £27|7), J2iLt “Oks
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s FENA: FEIAE

e HRUE SUE T chiuE
T A & k| > A
BNEREE
cC|$| x>
C *

He[E1]E2e1E1 HEjA2 TEAEIEI>A1 FEA{E2E2<A2 ...

A
w0|0O|®
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EQIA) HIHoH 7]

o ALEH: Aol FHIIA(AE
o 232t HYUO U= T AU=Z Tetst|(2)
22 BHE RV 22 mas a2
@ o (e 32 BHE RYIB 2z gais =274
22 BHE R4

|291X|2 FEEE FLUI|A(LHIS)

(ARIZ2]: Google)
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AT EQOf /2207 AY| = FI(A 2H=7|
T2 0 = BEY/7[ASH /20834
Pl =]1=] 1A

(and/or/not A2|Z|)
!
49l B2 2i2t cpu
(+, -, move, store, jmp, etc.)
i}
A2 HHHAO|(C, Java, etc.)
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e 0|2

o Z2TMAYM = J|AYEA(BIZ2]) /= (BI=22/0
Hotnhy

|: £2 7| A|(Turing Machine)

ASY 220249
A7) tie: ZIAFS(BR22]), etc.
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E&7|A(Turing Machine)

IS 22a4Y

o O|5Z7| ChAh: 7| AR S (022]), etc.
o L2 eHASl = J[AMEf(HZ22])/2H(HI=22[0 7LdE)2
Haotuty
a=1;
b = at+l;
if (a == b) then ¢ = a+l else ¢ = a-1;
foo(a,b);
while (c < 100) a = a+b; c = c+1;
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E&7|A(Turing Machine)

IS 22a4Y

o O|FAY| thet: 7|ARZ(HZ2]), etc.
o D= adl = 7[AHE(BIZ22])/= A (M=ol 7+eiE)2
Hotnhy

a=1 I T1T1L

b = at+l; ﬁl

if (a == b) then c = atl else c —
foo(a,b); <::> :

while (c < 100) a = a+b; c = c+
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|: £2 7| A|(Turing Machine)

o O|2217]

Hotnhy
o JefLh, &

)(kDI-

ASY 220249

7| ARES(MR22]), etc.
o T2 J2HAISH —

7| A SEf (O 2e]) /=2 (0 2e|of iE)e
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)
+
-
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)
+
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AN 7| II: ZFCEAAHH (Lambda Calculus)

o Cletst 220/ 2t
o 7|2 (primitive): A}, At &
o 2%l (compound): &, &+ &
o Bt ARE LR A= 2L
o =t
o U2 WSHA| YS
o UT 2= M 20| AlLk=[Al, oA 2f0| #iSt= 242 Of 12

a+b SU{1}
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2Ct A4 (lambda calculus)

o "“J|AHQl"o| Yo = “HCIAOZ ALk £ QU=" (1935'H)
o ZREO| del= 207l St = 2T Stit
UM E = o =
E= \.E 5239 Rz, WE F
Y= FE S48
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2Ct A4 (lambda calculus)

3 = Xs.(Az.s(s(s2)))
g
+nm = As.(Az.ns(msz))
As.(Az.n(ms)z)
T Az.(Ay.x)

F = Xz.(\y.y)
andab = abF
zero?n = n(Ax.F)T
repeat B = (Af.(Az.f(zx))(Ax.f(z2))) E
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AN 7| II: ZCh A4 (Lambda Calculus)

Rkt S7A STHA
(and/or/not 22|%]) (var/lam/app &)
4 4
o4 o222t cpu H|LHA]
(+, -, move, store, jmp, etc.) | (+, -, &, S, A7, if, etc.)
4 4
A2l HHAHAO(C, Java) H At A0{(OCaml, Haskell)
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210[d: 7| A vs Attsd Z=20=Y (1/6)
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2t0]4: 7|4

=2
=

vs AASA Z=20 (2/6)

set(1,2,3);
set(4,5,6);
setUnion(a,b);

setunion(a,b);
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210|: 7| A vs
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101712
2f0|d: 7|AlSd vs AttS e Z=212Y (5/6)

Hote A(EH) vs 25 A2
{1,2,3,5,6,7} U {10} o 7
s 5t 22 A 2 AL5f0f

ISR U RIS v

— O
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{1,2,3,5,6,7} U {10} o 7
%%6'\_ akon %%7}% VS ﬂéf% _?_}_?j %Al'éHOF

® 9
@/ \@ @/ R

i A v

oz o272y 22|/A0{/=F Programming Principles/Languages/



A0 718

gl Tz 2 A0

E&7|A(Turing Machine)
Y3 (imperative)
)

==+l (object-oriented

IS 2

JEN7} Hotes

C, C++, Java, JS, Rust, etc.

S CHA|AHH (Lambda Calculus)
| AFS (applicative)

/24 (value-oriented)

U

A4k 2HY

20| AlLte|= 2bd
AH/AE 2 LFHSI =

OCaml, Haskell, etc.

Scala, Python, C++18 etc.
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HAEE T2 #2t0| 0j24 2

o 2R J|A7} 2tgo= UaHEt
o 7|AE 2|7t Hi2ts HIE AdER| 42
St sy

o 7|H= swOf M3l HEE AlgHSH &
F
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HAEE T2 #2t0| 0j24 2

o 2R J|A7} 2tgo= UaHEt
o 7|Al= R2|7} Hi2k= HIE AdlistR| ek
o 7|7l= swof 23l HIZ Alsist &
o D= ABIS T1245H0F x AjASH AlZT} 9l0{0f
o m2 20| MeS “Dl2] Hots| 7|7} Of2iE
o DE IS O|2| HEE| AHzo2E
o AMEO| &Ql5{7t0 |: CISt C 22 HI8H
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~ A% 5-60

2HAM

“Galileo”, “Curie”, 2}
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Lot W=C? (1/3)

o AFEHAEZ: 107H/50H YA

103flops/cpu ENIAC(1945)
— 2 x 10'%lops/core IBM Sequoia(2010)
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CIt W2Ct? (2/3)

Ct2 20kQ} Y= H|%: 107 ~ 10°HH B /100

o Of|HZ| &0k 1078 /100 A
10~ hp/hr (5+21) — 1.35 x 105 hp/hr (212 1GW/hr)

o WEFOF 10°H]/100 LA
10%j (718 — 10t (Delta 1)
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St W2C}? (3/3)

o 51 9I0f: Ch2 £ojo} Hl25H Y
o ALEQ0f: C}Z 2Op} 0|20] £2 22 02 0|2%|
LD SHA
A ANDO
2917k
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f(x) = x+1 V.S. f(x: int): int = x+1

oz o272y 22|/A0{/=F Programming Principles/Languages/



E|0 /&2 etet= EtYAIE(1/6)

f(x) = x+1 V.S. f(x: int): int = x+1

sum(f) = £(0)+f (1)
weigh(&%0|)+ weigh(4)|)
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o f(x) = x+1
£O| EfQ! of2lgbzAl?
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o f(x) = x+1
£9] Bt AYYHAP
o £(1) + f(true)

9| Ao EfY) 1ale
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o f(x) = x+1
£9] EfQ) AR
o £(1) + f(true)
9| Al9| Efm oqaokg/\l?
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o f(x) = x+1
£0] Bt AAWHAL
e £(1) + f(true)
9| Alo] Ef HRIWHAL
o sum(f) = £(0)+f(1)
sun®| EFY) AAWHAL
o sum(lam x.x+1) + sum(lam x.block x)

9l Alo] EfY TRIYHAY?
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o f(x) = x+1
£0| Efgl IR HAL
e £(1) + f(true)
9| Alo] Etel IRIYHAL
o sum(f) = £(0)+£(1)
sun®| Efe) QIR HAL
o sum(lam x.x+1) + sum(lam x.block x)
2l Ao] etel AR A7
@ weigh(l) = if l=empty then O else 1l+weigh(rest 1)
weighQ| EFQ) HZBFHA?
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some(f) = f(1) + f(true); some(lam x.1);

12| /A 0| /=7 Programming Principles/Languages/

L

ERETT

H|




Et x|

YO = | 7|2 Zh7t

HcizAzl =20

Etloflz{glo| & = =24

oz o272y 22|/A0{/=F Programming Principles/Languages/



EtAIZ

YO = | 7|2 Zh7t

Hri=47l =203

Etelofl2{gio] & 5 == 8H

oz o272y 22|/A0{/=F Programming Principles/Languages/



oz o272y 22|/A0{/=F Programming Principles/Languages/



I(x) =1
length(l) = if l=empty then O else 1 + length(rest 1)
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I(x) =1
length(l) = if l=empty then O else 1 + length(rest 1)
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I(x) =1
length(l) = if l=empty then O else 1 + length(rest 1)
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m202 A 2 S 743

D20 A2 AL} o225 24

2
o AlZt
Sot: 2Lt 5tglo] & = ittt
o 022
o 93 D24 BHgl0] & 4 gict
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D202 Jolof Z2ok o22((1/2)

o USS TSI O LR

a = set(1,2,3,5,6,7);
b = set(10);
¢ = setUnion(a,b);

d = setunion(a,b);
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D202 Jolof Z2ok 022((2/2)

o gf #oiE ofL2t, 7|Et AMFHOME B
fac(3)
= fac(2)
= fac(1)
= fac(0)

1
=1
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0|22 S AHEEsHOr

while (true)

setUnion(a,b)

loop (1000000)
link(chain, block)
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0|22 S AHEEsHOr

while (true)

setUnion(a,b)

loop (1000000)
link(chain, block)

o TRTH M B22|7t = US 5 BlEH
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0|22 S AHEEsHOr

while (true)

setUnion(a,b)

loop (1000000)

. link(chain, block)

o TRTH M B22|7t = US 5 BlEH

HA
o E: MEE

ojza
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022 MEES =7t5HH? (1/3)

Z20=0{0l| A 7|4t
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T2 200l Al &E2| R}
o T1%M|, HF ofALt
o LR Walshe 2. “0j 22| D|Of(dangling pointer)”

o U2 SHBIE 2A: “B|22] £4(memory leak)"
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022 MEES =7t5HH? (1/3)

T2 200l Al &E2| R}
o T1%M|, HF ofALt
o LR Walshe 2. “0j 22| D|Of(dangling pointer)”

% TY J'-"!‘( :

x.wext

o U2 SHBIE 2A: “B|22] £4(memory leak)"
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022 MEES =7t5HH? (1/3)

T2 200l Al &E2| R}
o T1%M|, HF ofALt
o LR Walshe 2. “0j 22| D|Of(dangling pointer)”

% T-Y ‘(’"‘( :

x.wext

o US SHBNE 2A: "B|22] £4(memory leak)’
W

!
v bt
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022 MEES =7t5HH? (1/3)

T2 200l Al &E2| R}
o T1%M|, HF ofALt
o LR Walshe 2. “0j 22| D|Of(dangling pointer)”

% T-Y ‘(’"‘( :

x.wext

o US SHBNE 2A: "B|22] £4(memory leak)’
W

!
v bt

( > 'fimg

o 1990ACH Z7t2|. C+E CHOH( RIS AMEE)/|=0| B d=.

oz o272y 22|/A0{/=F Programming Principles/Languages/



22|22

022 MEES =7t5HH? (2/3)

oz o272y 2A2|/A0{/=F Programming Principles/Languages/



22|22

022 MEES =7t5HH? (2/3)

AE02 313t
o T2 M MAMZO| 0| 22| Atz AHEE (garbage collection)
o MAUZO| BZ2| AFZO0| Ol 2| E7|T HddS STt
o ASA| AtES O[22 E ATHA
o O ALZESIR| U2 UIZ2E MEE
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=02 52}
o D23 MZ0| 0|22 A4S A& (garbage collection)
o UHZ0| DI AIBO| Ol £9I8 WIIY WS FEstR
o BT AT 0|2 2|S LTIk
o YO AIBEIA| U2 TS HEL

25t 0| 22|20l 0|21of AtEstR| e4S Ol22]?
e Z2OWE 271s
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—
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2t% (complete)StA| = XRSICH (AHEE LS| = Al AL

XIS0HX| g8t 22|

e sl gl H=2|
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. Mak & Swe-]:
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0|22 AH2E L2l (2/3)

2, S‘hp L C°p‘]
Mewoy
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. Mak & S\M‘F

Mewnwy
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Op7te{® o22|7 22
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o 220k =&Y &

o TI3y|Of: o22| 2y

O'E He pe /;FOP}E#D:' g2t e
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ST 4 Qs #S 2% HOpIY Hl2at U
Y shedd




22|22

gel: 2= ti2e| AHEE

o T2 712HHO|A 27| s|Y0| it HUF 7 |HE.
o Atz Of|22| AHEHE (garbage collection) 7|&0| H=
o 5 E2 2 AUAHO{Y| &2t=!: Java, Scala, Ocaml, etc.
o QHASIA AHEE
o o= Xttt AHEE WEZ|=A AT M 22
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