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∏¥ ��

⌅\¯ò� ∏¥X P ⌧X Ã¨

I ú¡0ƒturing machine (Alan Turing)

I ¡⌅\ ¡⌅\: 0ƒ– Ö9Xî ∏¥

I C, Java, C++, C#, JavaScript, Objective C, Python,

PHP, Scala, Swift, Rust Ò

I å‰ƒ∞ïlambda calculus (Alonzo Church)

I ¡⌅\ ¡⌅\: ✓D ƒ∞Xî ∏¥

I ML, OCaml, Haskell, F#, Lisp, Clojure, Rua, Python,

Scala, C++14 Ò

I \‡ ∏¥‰@ P )› ®P| ¿–
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0ƒX ⌘% vs å‰X ⌘%
I 0ƒX ⌘%

I Ö9Xp 0ƒ¡‹| ¿T‹§î ¸8

I î¨ï, •Ù0©]

a  0

b  read

a  a+b

b  b+1

I å‰X ⌘%

I 0ƒî ∆‰. ✓D ƒ∞Xî ›. “∞⇠ §¿|”

I �ÒYPLÄ0 ÙD( ∞⇠ ∏¥.
P10

n=1 n
2

I “P ⇢ Q t‡ P 6= Q|‡Xê. ¯Ït P
c [Q = U t‡

P \Q
c = ; t‡ P [Q

c 6= Ut‰.”

I ⌅\¯ò� ∏¥X ît ◆ ⇠Y ∏¥X ît

I ‰x 0–@ ‰x )›X ›�D  ƒXî ⌅\¯ò�

∏¥| ƒ›‹¥
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å‰ ƒ∞ï(lambda calculus)(1/2)

x l¨(…T�‡ tÑ x)

�x.E �¨å(…T@ x)

E E òÄà à0
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å‰ ƒ∞ï(lambda calculus) (2/2)

3 = �s.(�z. s(s(s| {z }
3

z)))

+ n m = �s.(�z.ns(msz))

⇥ n m = �s.(�z.n(ms)z)

T = �x.(�y.x)

F = �x.(�y.y)

and a b = a b F

zero? n = n (�x.F ) T

repeat E = (�f.(�x.f(xx))(�x.f(xx))) E
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|¨î ∏¥X p∏
(å‰ ⌘%å)

ÙË08ƒ–⌧∏¥@|¨îŸ⌅Xët|–,⇡@Ét‰
ùÖX0  ! ⌅\¯®‹0

“|¨�x D}∆t »\¥ ¨‰D

Uxt�î ¸�.”

 ! ı‹∆t »\¥ pt0| Ã‰¥�î

¸�.

“8x ¨‰ 9@ ¨‰t|‡ ��\

É‰\Ä0 ‹ë.”

 ! 0��x pt0–⌧ Ä0 ‹ë.

0��x pt0î �⇠, 8ê, 8p”

Ò.

“¨‰D 0⇠<\ t⌧ »\¥ ¨‰‰D

ÃÏ.”

 ! t¯ Ã‡ pt0| �¿‡ »\¥

pt0‰D ÃÏ.

“Ã‰¥�î ¸�@ ¸p∆î t�0

∆t, |¨�<\ ⌅lò ⇠�Xî

î`X ’Ä‰¨| �‡ �î ¸�Ã

à‰.”

 ! » pt0| Ã‹î ¸�@ ı‹� ∆‰.

¨©Xî ⌅\¯ò� ∏¥–⌧ ⌧ıXî

⌅\¯® pΩ)›D h⌧ Ã‡‰.
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|¨ î`X ’Ä‰¨

A B

A ^ B

A ^ B

A

A ^ B

B

A
...
B

A) B

A) B A

B

A

A _B

A

B _ A

A _ B

A
...
C

B
...
C

C



SNU 046.016 c�t⌘¸ (ÙË0¸Yt Ïî 8ƒ, x¨t∏, 2021, 2015)

|¨ ùÖò4

(A) B) ^ (A) C)
A) B A

B

(A) B) ^ (A) C)
A) C A

C

B ^ C

A) (B ^ C)

(A) B) ^ (A) C)) (A) (B ^ C))



SNU 046.016 c�t⌘¸ (ÙË0¸Yt Ïî 8ƒ, x¨t∏, 2021, 2015)

p∏: ùÖX0 = ⌅\¯®‹0 (1/2)
A B

A ^ B  ! pt0 IX Ã‰0

A ^ B

A

A ^ B

B  ! pt0 IX ¨©X0

A
...
B

A) B  ! h⇠ Ã‰0

A) B A

B  ! h⇠ ¨©X0
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p∏: ùÖX0 = ⌅\¯®‹0 (2/2)
A

A _ B  ! pt0 I±¯¨0

A _ B

A
...
C

B
...
C

C  ! I±¯∞ pt0 ¨©X0

A  ! h⇠X xê| ¨©X0
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p∏X ®•

I ⌅\¯® ‹0⌅: ‰ ⌅\¯®X lƒ°0

I ¿Ötypet|î ∏¥\ â º⌧| \⌅

I 8 |¨›  ! ¿Ö

I ⌅\¯® ‹‡ò⌧: ‡ ⌅\¯®t 4úà ëŸ`¿

¥<0

I 4úà ëŸ = ¿Ö– fiå »‰

I |¨Ñ|X ¿Öt \©⇠X ®µ(1950-1970D�)

I ¯⌥‰t ⌅\¯®–⌧ƒ �•X†¿(1970-⌅¨)
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‰ ⌅\¯®X lƒ°0

¿Ö<\(“ÙµÖ¨”\) ⌅\¯® º⌧| \⌅

∞<X0 : ®ê⇥Ïê!ÄÄ
¨ëX0 : ÄÄ!¨ë

D0Ã‰0 : ÄÄ⇥¨ë!D0
�qÃ‰0 : ®ê⇥Ïê!�q

�qÃ‰0(x,y) =

let couple = ∞<X0(x,y) (‘®ê’@ ‘Ïê’� ’ÄÄ’| Ã‰‡)

let love = ¨ëX0(couple) (’ÄÄ’� ’¨ë’D Ã‰‡)

let baby = D0Ã‰0(couple, love) (’ÄÄ’� ’¨ë’<\ ’D0’| Ã‰‡)

in (couple, baby) (¯ ’ÄÄ’@ ’D0’� ’�q’t‰)
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‡ ⌅\¯®t 4úà ëŸ`¿ ÄƒX0 (1/2)

⌅\¯ò8X àH

I 0ç\ º⌧– 0| ò TºxL?

I ¯ò⌧ ⌧�\ ëŸXî ⌅\¯®|L?

I Ã òt¿� ⇠î, �Xå$ Ù‰ ı°\ PÑ

I ⌅\¯® ‰⇠î ‡§Äà ‹Ï† Ét‰
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⌅\¯® Äƒ vs ‰x Ñ|

Ã‡É ⌅\¯®  ! 0ƒ/t</}< êx

‰â0 ÙË0  ! ê

® ‰â–�t ¯¨ Ux  ! ëŸ–�t ¯¨ Ux

HÏ “›��\ ÃÉt‰”  ! “›��\ ëŸ`Ét‰”

Uxƒl ÙË0¸YX 1¸  ! ê¸YX 1¸



SNU 046.016 c�t⌘¸ (ÙË0¸Yt Ïî 8ƒ, x¨t∏, 2021, 2015)

‡ ⌅\¯®t 4úà ëŸ`¿ ÄƒX0 (2/2)

êŸÄƒt �•

I ¸p: ⌧xX 0�– XtXX ⌅\¯®X D1ƒ

I ⌅¨, ¯ò: ⌅lòX 0 \ \ ⌧ ⌅ƒ

I êŸ Äƒ

I ÙË0î T t¡ ˘©�t¿ J‰

I ⌅\¯®D Äƒt⌧ µ¸\ ÉÃ ‰â

f(x) = x+1 sum(f) = f(0)+f(1) 4å(ò•t)+4å(¯$)
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î}(abstraction)X ¯<
ÙË0¸Y–⌧ ò Ÿ–Xî ¿⌧: “®P Ï-Xt⌧

⌅Ëà”

I ⌅\¯® Äƒ–⌧ƒ: î}

I ®‡ L|D Ùî É@ D⌅‰�

I xÄÖ% �”⇠� �4 Œ‡, Ã‰¥¿î ⌅¡t �4

ı°: 0X ⇠\ ‰¿p ç⇠4Ecombinatorial explosion

I ‰ë\ ⇠�X î}D Ÿ–:

10⇥4å(ò•t) + 8

I ¿Ö<\ î}: �⇠

I ë⇠L⇠\ î}: ë⇠

I l⌅<\ î}: 100¸ 3000¨t
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SWî ı°X‰
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SWî ı°X‰

less-382(23,822 LoC)
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ê< Ã| ı°

Ï X ÃX 1Ã⌧ tX 7∏Õ, Ecole Polytechnique Fédérale de

Lausanne, Blue Brain Project, 2008
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SW ⌧ëX ¥$¿

I ⌅\¯®X ‹®@ ı°ƒ� ⇣⇣‰–

I ⌅\¯® ı°1X ù�çƒ >> hw 1•X 1•çƒ

I “swî �§‰.” “Software is gas.”

I ⌅\¯®@ 0ƒ� êŸ<\ ‰âh

I 0ƒî ∞¨� |î | ‰âX¿ JL

I 0ƒî sw– �å | ‰â` –

“•Ù0 = ∞ 1¨0, ‡|t 4 ¿, ¯¨‡ �¸êP ¨$0.”

I ®‡ ¡iD ‡$t| ⇥ ¨å\ ‰⇠� ∆¥|
I ⌅\¯®X ‰âD “¯¨ DΩà L0”� ¥$¿

I êŸ<\î à�•: ùÖ((1936D, Alan Turing)

I ¨åt Uxt�|: ‰ë\ ƒl\ D©�⇣

I ⌅¨X 0 ⇠�: xL» “3⌧›”, �Ù⇠�
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‡1: ÙË0Ñ|î D¡ ¯⇡i»‰

Ñ|X Ì¨ ⇠ ®∞ 5-60D

¯ò⌧

I ¯⇡X0 L8– =) 0å� Œ‰.

I ¯⇡X0 L8– =) ¿� “Newton”, “Galileo”,

“Curie”, @ ⇡t ¥‡à‰.
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ÙË0Ñ| ⌧⌅ çƒ� `t‰? (1/3)

I ÙË0çƒ: 1070/80D ⌧⌅

103flops/cpu ENIAC(1945)

�! (2⇥ 1010flops/core IBM Sequoia(2010))

�! 6⇥ 1010flops/core Fujitsu Fugaku(2020)
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ÙË0Ñ| ⌧⌅ çƒ� `t‰? (2/3)
‰x Ñ|@ ºî D∑: 107 ⇠ 1090 ⌧⌅/100D

I –�¿Ñ|: 1070/100D ⌧⌅

10�1hp/hr (Xx) �! 1.35⇥ 106 hp/hr (–⌅ 1GW/hr)

I PµÑ|: 1080/100D ⌧⌅

103j (�») �! 1011j (Delta II), 1010j (⌅¨8)
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ÙË0Ñ| ⌧⌅ çƒ� `t‰? (3/3)

I X‹Ë¥: ‰x Ñ|@ D∑\ ⌧⌅

I å⌅∏Ë¥: Œt ¯⌧h

I l0Ã ù�:

4� 100Ã⌅

DòD\� 200Ã⌅

§»∏ 1000Ã⌅

�ƒ∞ 3000Ã⌅

I å⌅∏Ë¥: ‰x Ñ|� tË¥ ì@ ÉD D¡ tË¿

ªà¥

4«|L?
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‰x Ñ|X ⌅¨ ⇠�

I ⌧�\ ëŸ` ¿| ¯¨ Äù` ⇠ ∆î 0ƒ/å\/

ı�/tï $ƒî ∆‰.

I ⌧�\ ëŸ` ¿| ¯¨ Äù` ⇠ ∆î 1‡ $ƒî

∆‰(?)

I ⌧�\ ëŸ` ¿| ¯¨ Äù` ⇠ ∆î �5¡à

$ƒî ∆‰(?)

tº)�›, ¯�Ñ )�›, µƒÌY, $D–-§°§

)�›...
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®‡ 0 X »8

∞¨� Ã‡ Ét

∞¨� Xƒ\�\ ¿¡x‰î ÉD

¥ªå ¯¨

Ux` ⇠ àî�?

(¨‰, |¡–⌧ƒ ¶@ »8¸ ı: ÖY‹ÿ, Ö¨‹ÿ, Åi, t˝�¨)
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å⌅∏Ë¥ Ñ|–⌧X t »8

ë1\ SWX $X|

êŸ<\ ¯¨ ®P >D¸pò,

∆<t ∆‰‡ Uxt¸î

0 ‰@ àî�?

¯ò⌧, SWX $XL8– ⌧›Xî

⌧x/0≈/m�/¨å� D©D

�⇣‹⌧¸î 0 ‰@ àî�?
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⌅\¯® Äƒ: ¿Ö$X| ⇠¥⌧

SW $X(bug)

I å⌅∏Ë¥– àî $X

I å⌅∏Ë¥� ›��\ ‰â⇠¿ Jî É

I ¨åt å⌅∏Ë¥| òª Ã‰»0 L8

I ú¨¿¿t Dÿ
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SW $XX �

¥8»� ⌅t� à|»◆ ÏÄÑ ©](⌅\¯®)

1. ∞ 1¨0 2—

2. ∞ � ∆<t $�¿l§ 1¨0 3—

3. ∞ � à<t ›u 500¯å 1 

4. �¸ êP

Ã}–: ∞ 1¨0 1—Ã à<t? �¸ êP? �¸êP?
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SW $XX 8⌧

+ +

¥‰� —t‡‰ SW\ ŸëXî ⌧àt ‡•ú‰

¨å� D© ¨å� D©

t∞E = Ω⌧�0å t∞E = Ω⌧�0å
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SW $X: ¨åt ê<\ ê}å °D ⇠ ∆‰

I ƒ≠òå ‰¿‡ ı°t ƒ å⌅∏Ë¥

I »\¥ ÙË⇧ XΩ: ¿l = ÙË0

I ⌅¿l� $∏ÕD ¿‡

I àπ� ‰⇠X T‹� ¥å\ (‰(§»∏ åÑ/apps)

êŸ 0 t Dî
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SW $X Äù 0 : 18�

8ï Äù0: 70D�– D1⌧ 0 . lexical analyzer & parser

$X = å⌅∏Ë¥X ›@»� ¿∞ É

1. ∞ 1¨0 2—

2. ∞ � ∆<t $�¿HE 1¨0 3—

3. à<t u› ∞ � 500¯å 1 

4. �¸ êP
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SW $X Äù 0 : 28�

¿Ö Äù(type checking): 90D�– D1.

(30D⌅ ⌅\¯ò�∏¥ Ñ|X �\ 1¸)

$X = ›4É@ @a\p, òª⌧ ✓t ƒ∞– XÏ‹î

Ω∞

1. ∞ | Ù@ ºLD �§ à⌅– ,$ì‡ p¥‰

2. ›uD  ¨⌘‹– Ù‡ )D\ {î‰

3. 2X ⌘‹– 1X ∞ | Ä4‰

4. ®ê@ åò4| ∞<‹®‰
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SW $X Äù 0 : 38�
⌅\¯®Ñ�Äù: D¡ ¯D1

(static analysis, verification, model checking, ...)

$X = ›4Éƒ @aX‡ ¿Öƒ fi¿Ã, |î � DÃ

É

$X = Dî\ ptD Ãq‹¨ ⇠ ∆î Ω∞

1. ∞ | Ù@ ƒD| �§ à⌅– p¥‰

2. ›uD §P⌘‹– Ù‡ )D\ {î‰

3. ®ê1Ö¸ Ïê1ÖD ∞< ‹®‰

I �§àt Ïm⌧† ©⌘\� ⌧‰t?

I )D� ⌅�⌘ı≈X ⌅�§� ⌧‰t?

I ®@ òtX (� 100¥t⌧‰t?
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pt0X ⌘%: » ⌅\¯ò� ⌘% (1/7)

ŒDƒ pt0, ¯ƒ ÙË0

0ƒ Yµmachine learning U` î` ⌅\¯ò�probabilistic pgm’ng

xUinductionXî qUabductionXî

⌅\¯®‹0 ⌅\¯®‹0
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pt0X ⌘%: » ⌅\¯ò� ⌘% (2/7)

I 0ƒ Yµmachine learning (xUinduction)

I Ö%: �0\ pt0 {(a0, b0), · · · , (ak, bk)}
I ú%: –ëXî h⇠

I �: {(�1, 0), (2, 3)}–⌧?

I U` î`probabilistic pgm’ng (qUabduction)

I Ö%: x¸�ƒ A =) B, �0\ pt0 B

I ú%: –ëXî –x A

I �: ‹ÿ⇣⇠–⌧?  8�T–⌧?

I ºî–ëD êŸ<\/¸Y�<\

I ¸X: …›x pt0, `(∞ x¸�ƒ, �0ª\ pt0
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pt0X ⌘%: ¿�L¿ ⌅\¯ò� 0e (3/7)

0e A: 0ƒYµ t⌅

I ∏¥\ |¨�x 8⌧ÄtïD \⌅

I ƒ∞)ïD <<à ¡⌅X ∏¥\ ê⇠ë1

I ⌅‰�x D©X ƒ∞¸�t¥|

I D© Ñ�, D©\ƒ Äƒ (¸Y)

I Ù �D “ú¡0ƒ”(0ƒ¥)\ àÌt⌧ ÙË0–

„î‰

⌅\¯ò�programming,L‡¨òalgorithm
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pt0X ⌘%: ¿�L¿ ⌅\¯ò� 0e A

(4/7)
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pt0X ⌘%: » ⌅\¯ò� 0e (5/7)
0e Z: 0ƒYµX ú⌅

I ¥ªX¿? ∏¥\ |¨�<\ \⌅ªX†‰

I �ı�‹| ¸Ö›<\

I “Ù‡ 0|X8”

I 0ƒYµ: “⌧˘⌧ 5ÃD” »(

I ⇠Œ@ �ı�‹ ¸Öt⌧ SW êŸ›1

I 0ƒYµ ¸�¸ ∞¸ SW ®P

I ⌅‰�x D©X ƒ∞¸�t¥|

I Yµ�• î¸Ñ�, YµD© \ƒ Äƒ (¸Y)

I ∞¸ SW -tÙ7neural net- D ÙË0– „î‰

0ƒYµmachine learning,–T¨òecorithm
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pt0X ⌘%: » ⌅\¯ò� 0e Z (6/7)



SNU 046.016 c�t⌘¸ (ÙË0¸Yt Ïî 8ƒ, x¨t∏, 2021, 2015)

pt0X ⌘%: å⌅∏Ë¥ Ã‰0 P 0e (7/7)

0e A

0e Z
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‰L

1 400DX ï�

2 ¯ ƒlX ‰⌅

3 å⌅∏Ë¥, ¿⌧\ ”î 8ƒ

4 Q©: x⌅ ¿•/¯•/⌅‰X U•


