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I ¿› ›1: 0ƒYµ
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I �Õ¿•¸ p⌘¿•
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x⌅ ¿•X U• 1: ¿› \⌅(1/4)
xXX ⌧⌅¸ hÿ t ( ¿› \⌅ )›

)› ‹� ƒl

⌧ �(descriptive) ¿› \⌅ ¸Yt⌅ ∏¥

)�›�(equational) ¿› \⌅ ¸Ytƒ ⇠Y

ƒ∞�(computational) ¿› \⌅ ÙË0tƒ ÙË0
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x⌅ ¿•X U• 1: ¿› \⌅(2/4)
⌧ �(descriptive) ¿› \⌅: “8¸›”, –\ \⌅X0

“tî ¯ ∏t ¿lÙ‰ ÏÏ ⌘� l‡, ¯ ’@ àtp, ¯

[T@ â‰. ’t à\ ⌧ LÌ– ¯ ¯1@ (úX‡,

[Tt â0 L8– ¯ [@ �‰. ¯ àC@ ¨)– |8 Xà

DXîp, @⇠] ⇣⇣ }t¿¿Ã, ¯ p¨î ⇠úÃ ¨–

tx‰.”

- M�©, [X∞8ı], 1766D

“Ït �ƒ, ‰9�x e¸ 0¥@ ¿lL¿ ‰‰t‡ ¿lX

<D ¨\°î‰. Ït \‡⇣D ¿ò `tå †D� L, ¯ L

<t ⇡@ çƒ\ 0|�¿ ªXt ‰<@ Ù,\ 0¥–

)¯x Û– ⌧Ω<\ ‡¨å ⌧‰.”

- ��Ï, [‡ ú8Y], 1609D
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)�›�(equational) ¿› \⌅: “t¸›”, ⇠Y<\

\⌅X0

F = G
m1m2

r2
¥ò àî Dî ò
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2 »…@ –�¿
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1p
2⇡�
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� (x�µ)2

2�2 Ö®ë<\ ÑÏXî U`
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ƒ∞�(computational) ¿› \⌅: ÙË0 å⌅∏Ë¥\

\⌅Xî ¿›

I <¨Y ¿›: )�›X ıD ¸¨ƒ∞Xî å⌅∏Ë¥.

T t¡ <¨)�›D ê<\ Ä ⇠ ∆‰.

I ⌅� <¨Y–⌧ } 5% �ƒÃ ê<\ Ä ⇠ àD É

I ⇠Y ¿›: ùÖD \⌅\ å⌅∏Ë¥. ÙË0� Ä∞.

T t¡ ⇠YùÖD ê<\ Ä∞` ⇠ ∆‰.

I Four-color theorem ùÖ: 2003D ÙË0� Ä∞DÃ

(Coq ‹§\)

I Feit-Thompson theorem ùÖ: 1963D 255òt¿ ùÖ;

2013D ÙË0� Ä∞DÃ(Coq ‹§\)

I Kepler conjecture ùÖ: 2005D 121òt¿ ùÖ(àU‰);

2014D 8‘ ÙË0� Ä∞DÃ(Isabelle ‹§\¸ HOL

‹§\)
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I Four-color theorem ùÖ: 2003D ÙË0� Ä∞DÃ

(Coq ‹§\)

I Feit-Thompson theorem ùÖ: 1963D 255òt¿ ùÖ;

2013D ÙË0� Ä∞DÃ(Coq ‹§\)

I Kepler conjecture ùÖ: 2005D 121òt¿ ùÖ(àU‰);

2014D 8‘ ÙË0� Ä∞DÃ(Isabelle ‹§\¸ HOL

‹§\)
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x⌅ ¿•X U• 1: ¿› \⌅(4/4)
ƒ∞�(computational) ¿› \⌅: ÙË0 å⌅∏Ë¥\

\⌅Xî ¿›

I <¨Y ¿›: )�›X ıD ¸¨ƒ∞Xî å⌅∏Ë¥.

T t¡ <¨)�›D ê<\ Ä ⇠ ∆‰.

I ⌅� <¨Y–⌧ } 5% �ƒÃ ê<\ Ä ⇠ àD É

I ⇠Y ¿›: ùÖD \⌅\ å⌅∏Ë¥. ÙË0� Ä∞.

T t¡ ⇠YùÖD ê<\ Ä∞` ⇠ ∆‰.

I Four-color theorem ùÖ: 2003D ÙË0� Ä∞DÃ

(Coq ‹§\)

I Feit-Thompson theorem ùÖ: 1963D 255òt¿ ùÖ;

2013D ÙË0� Ä∞DÃ(Coq ‹§\)

I Kepler conjecture ùÖ: 2005D 121òt¿ ùÖ(àU‰);

2014D 8‘ ÙË0� Ä∞DÃ(Isabelle ‹§\¸ HOL

‹§\)
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SW\ \⌅\ Feit-Thompson theorem ùÖ |Ä

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

x⌅ ¿•X U• 2: ¿› ›1(1/2)
»\¥ ¿›D Ã‹î )›

I U(deduction): “⇠‹‹ tL0” (U‰)

A)B A

B

I qU(abduction): “–x –ëX0” (D»ƒ)

A)B B

A

I xU(induction): “–ët⌧ tL0” (D»ƒ)

�0\  A|P ò B

A)B

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

0ƒ Yµ

xU(induction)¸ qU(abduction)

I àÌX0, êŸ(¥⌅X0

I ¨ƒ�¨, QP0, ïl, ˘l

I ‰%D ‹ÿ⇣⇠\, 1©D }îE<\

I ¡ �i1D òÅ\Ÿ<\, êxD §�X\,

ãDXò| tt$\

I ¯T¥¨t(reputation scoring)

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

0ƒ Yµ

xU(induction)

I π⇠ ¨‰–⌧ Ù∏ ¿›<\ t�0

I π⇠ �ı�‹(pt0)‰\ Ä0 Ù∏ ıH(å⌅∏Ë¥)

D –ët¥0

I »\¥ ⌅\¯ò� )ï

I ∏¥@ |¨\ ‰ ⇠ ∆X å⌅∏Ë¥| Ã‹î )ï

πà, J@ ‡Ω›(deep neural net)X xU@:

I ıH(å⌅∏Ë¥) = J@ ‡Ω›

I �‹(pt0) = Öú% �ı
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0ƒYµ 0 t ⇠¥| ` »‰

I ò Äq\ pt0

I T ò 0∞$t T Œ@ pt0� m¡ 0X ⇠\ T

Dî

I �0\ pt0– ¸ƒXå fiît

I $Ñt⌧ pt0– fiî¿ –0

I D : D⌅\ Y⇣X Y›?

I ‰‰u t¥|

I Yµ…t Œ<t ƒ‰h⇠– �LÃ¿î

I ¯ U`t ‰¿î ‰©�x )ït¥|
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0ƒYµX h�
qUX €⇣

I àD⌅\ x¸�ƒ ®x

I ®xª\, ∞êX x¸�ƒî m¡ t¨\‰

I ⌅¸Xî ¯8\ pt0

I pt0X M⇠– )¯¨î, ë¿Ã ⌘î\ ‹¯†

}¥Ù0:

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

x⌅ ¿•X U• 2: ¿› ›1(2/2)

ÙË0∆tî à�•àX ¿›

›Ö¥X �‹® pt0| ⇣≈/DP/Ñ�.

I Human Genome Project: x⌅  ⌅ê ¸0⌧Ù ‹Ö

(2003D 4‘ D1)

I Human Connectome Project: x⌅ Ã X lp ‹Ö

(ƒâ⌘)

I Big Mechanism Project: p�\ ‹§\ êŸ �E

(ƒâ⌘)

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

¿› ›1 �(1): ¸0⌧Ù ⇣≈

“¸⇣\” ÙË0 0 D t©t⌧ D©8⌧ t∞

I x⌅  ⌅ê ¸0⌧Ù(ACGT· · · ) l0: } 30µê

(3⇥ 109)

I } 100Ã òt¿ = 1000 òt¿ E 1000å

I ‰ÿ0ê¨\ \à– ⇣≈` ⇠ àî ë: 100êt¥

I  ⌅ê ‰ ⌅¥| ¯ Ã|) ⇣≈: 3⇥ 107 ü⇠Dî.

I D⌅‰�x ‹⌅¸ D©.

l–,⇠(ÙË0•%X \©): ∞ƒ� )›(shotgun

sequencing) L‡¨ò



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

∞ƒ� )›(shotgun sequencing) L‡¨ò(1/4)

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

∞ƒ� )›(shotgun sequencing) L‡¨ò(2/4)
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∞ƒ� )›(shotgun sequencing) L‡¨ò(3/4)

ë ]X ¸0⌧Ù‰t ⌧\ πXî †…‰D ∞t⌧

–òX  ⌅ê ‰D ı–X0

I xºÃ: ��…X pt0

I �•: ÙË0 0 U›

I 8⌧:

I 8êÙ †…‰ {s0, s1, · · · , sn}t ¸¥LD L, ®P|

à‡ àî XòX �• Á@ 8êÙ S >0.

I �)

{ACT,CTA, TAC,CCT,CTG, TGC, TCC,GCT,CTC}
I ı) ACTCCTGCTAC ⇣î ACTGCTCCTAC
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∞ƒ� )›(shotgun sequencing) L‡¨ò(3/4)

ë ]X ¸0⌧Ù‰t ⌧\ πXî †…‰D ∞t⌧

–òX  ⌅ê ‰D ı–X0

I xºÃ: ��…X pt0

I �•: ÙË0 0 U›

I 8⌧:

I 8êÙ †…‰ {s0, s1, · · · , sn}t ¸¥LD L, ®P|

à‡ àî XòX �• Á@ 8êÙ S >0.

I �)

{ACT,CTA, TAC,CCT,CTG, TGC, TCC,GCT,CTC}
I ı) ACTCCTGCTAC ⇣î ACTGCTCCTAC
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∞ƒ� )›(shotgun sequencing) L‡¨ò(4/4)
8⌧ ®x

I 8êÙ †…‰X ]t πXî �ƒ| ¯ò⌅\

\⌅Xt, ¯ ¯ò⌅–⌧ >0.

I Ö%:

I `|: -¿| \à)Ã ®P )8Xî Ï� >0

(Hamiltonian path >0)

I “NP-complete”8⌧

I t`: ¥ãD| ⌅‰�x D©<\ �•

I ⌅‰: ��\ “µ%”(heuristics)D t©Xt �⌧

⌅‰�<\ �•

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

∞ƒ� )›(shotgun sequencing) L‡¨ò(4/4)
8⌧ ®x

I 8êÙ †…‰X ]t πXî �ƒ| ¯ò⌅\

\⌅Xt, ¯ ¯ò⌅–⌧ >0.

I Ö%:

I `|: -¿| \à)Ã ®P )8Xî Ï� >0

(Hamiltonian path >0)

I “NP-complete”8⌧

I t`: ¥ãD| ⌅‰�x D©<\ �•

I ⌅‰: ��\ “µ%”(heuristics)D t©Xt �⌧

⌅‰�<\ �•
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∞ƒ� )›(shotgun sequencing) L‡¨ò(4/4)
8⌧ ®x

I 8êÙ †…‰X ]t πXî �ƒ| ¯ò⌅\

\⌅Xt, ¯ ¯ò⌅–⌧ >0.

I Ö%:

I `|: -¿| \à)Ã ®P )8Xî Ï� >0

(Hamiltonian path >0)

I “NP-complete”8⌧

I t`: ¥ãD| ⌅‰�x D©<\ �•

I ⌅‰: ��\ “µ%”(heuristics)D t©Xt �⌧

⌅‰�<\ �•
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∞ƒ� )›(shotgun sequencing) L‡¨ò(4/4)
8⌧ ®x

I 8êÙ †…‰X ]t πXî �ƒ| ¯ò⌅\

\⌅Xt, ¯ ¯ò⌅–⌧ >0.

I Ö%:

I `|: -¿| \à)Ã ®P )8Xî Ï� >0

(Hamiltonian path >0)

I “NP-complete”8⌧

I t`: ¥ãD| ⌅‰�x D©<\ �•

I ⌅‰: ��\ “µ%”(heuristics)D t©Xt �⌧

⌅‰�<\ �•
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∞ƒ� )›(shotgun sequencing) L‡¨ò(4/4)
8⌧ ®x

I 8êÙ †…‰X ]t πXî �ƒ| ¯ò⌅\

\⌅Xt, ¯ ¯ò⌅–⌧ >0.

I Ö%:

I `|: -¿| \à)Ã ®P )8Xî Ï� >0

(Hamiltonian path >0)

I “NP-complete”8⌧

I t`: ¥ãD| ⌅‰�x D©<\ �•

I ⌅‰: ��\ “µ%”(heuristics)D t©Xt �⌧

⌅‰�<\ �•
SNU 046.016 c�t⌘¸ (ÙË0¸Yt Ïî 8ƒ, x¨t∏, 2015)

¸0⌧Ù ⇣≈D© ⇣å çƒ

(¨ƒúò: Google)

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

¿› ›1 �(2): x⌅ Ã t lp ‹Ö
Human Connectome Project, Wired Di↵erently

I 1000µ⌧X t/Ã, ⌘⇣ 1Ã⌧/t( = 500p ⌘⇣/Ã

I xX� ¿�L¿ ‰⌅Ù¿ ª\ ı°ƒ. p�\ �º

I x⌅¸ ÙË0X ⌘≈

I ÙË0 êŸT ⇥ ¨åt ⇣Ä ÙD
I ¨åŸ–? åÑ<\. “ƒ», xX| ⌅\ åÑt�î!”

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

¿› ›1 �(3): p�\ x¸�ƒ ‹§\ êŸ

�E

E Tt»ò(Big Mechanism)

I ›Ö¥ ‹§\, �0å †( ‹§\, ⌅¿l� Ω⌧⌅¡

I ¨å: ë@ x¸�ƒX �∏‰D �E

I ÙË0: flD¿î |8‰D Öit⌧ ⌅¥ x¸�ƒ �E

I flD¿î |8‰X ë >> ⌅8�� �E` ⇠ àî ë

⌅¨ T �( |8‰– �t⌧
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x⌅ ¿•X U• 3: ¿› Ä…

ÙË0∆tî à�•àX Ä…

�⌘�\ ¿›X –…. �⌅–î? ÄÑ�x ¿›X –…

I ê�} ]– ⌧ı⇠î ®‡ ¿›‰

I Google⇡@ –…0 X 1¸

I ¿›®L(collection): t8¡ ®‡ ˘òt¿, E, t¯¿

I xqÒ(indexing, tagging): –…�D

I ≠π(ranking): –…∞¸ �¨
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¿•�x ¿› Ä…

ı⇠X –… ∞¸‰ ⌘–⌧ ¥ê Ét �ı|L?

I 0�: ⌧| Œt ¸ êÃ(˘òt¿, Eòt¿, t¯¿Ò)

I ¯ ˘òt¿ ⌧⌧�\ ∞¸| ÙÏ⇠|

I ¯ ⌧⌧(» ⌧⌧)| ¥ªå LD¥î�?

¯ ⌧⌧| ÙË0 U›–  î` ⇠ àå ⇠»‰.
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⌧| Œt Ùî ˘ òt¿? H1

¡lX ë<\: Œt ∞⇠¥ƒ òt¿ ∞ 

- ⌧| Œt Ùî É@ DÃ

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

⌧| Œt Ùî ˘ òt¿? H2

¡lX »\: ¡lX Pÿ(Œt ∞⌧ òt¿� ∞Xî

¡l) ‡$X0

<‡4î Ω∞î »t 1
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⌧| Œt Ùî ˘ òt¿? Page & Brin

⌅X 8⌧∆t ≠πXî )ï:

I òt¿� )8 D( ƒ∞

I 4�@: 4⇠à Œ@ ¨å‰X ˘⌧QD ‹¨�tXXê

I ⇠¨®x: Markov chainX ˘\✓(steady state)

“¨å‰t òt¿| )8Xî ¡��x D(D �!X0”

(¨ƒúò: Google)
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»tT⌅ ®x

¥D ⌧∏‹ xl = 0.95⇥,t ⌧∏‹ xl+ 0.15⇥,t 8Ö‹ xl
¥D 8Ö‹ xl = 0.05⇥,t ⌧∏‹ xl+ 0.85⇥,t 8Ö‹ xl

,t ¥D ¥ƒD · · · ∏ �î

⌧∏‹ xl 10.00 9.65 9.37 · · · 8.25

8Ö‹ xl 1.00 1.35 1.63 · · · 2.75
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»tT⌅ ®x

¥D ⌧∏‹ xl = 0.95⇥,t ⌧∏‹ xl+ 0.15⇥,t 8Ö‹ xl
¥D 8Ö‹ xl = 0.05⇥,t ⌧∏‹ xl+ 0.85⇥,t 8Ö‹ xl

,t ¥D ¥ƒD · · · ∏ �î

⌧∏‹ xl 10.00 9.65 9.37 · · · 8.25

8Ö‹ xl 1.00 1.35 1.63 · · · 2.75
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»tT⌅ ®x

¥D ⌧∏‹ xl = 0.95⇥,t ⌧∏‹ xl+ 0.15⇥,t 8Ö‹ xl
¥D 8Ö‹ xl = 0.05⇥,t ⌧∏‹ xl+ 0.85⇥,t 8Ö‹ xl

,t ¥D ¥ƒD · · · ∏ �î

⌧∏‹ xl 10.00 9.65 9.37 · · · 8.25

8Ö‹ xl 1.00 1.35 1.63 · · · 2.75
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»tT⌅ ®x

Ak+1 = 0.1⇥ Ak + 0.6⇥ Bk + 0.4⇥ Ck

Bk+1 = 0.5⇥ Ak + 0.1⇥ Bk + 0.5⇥ Ck

Ck+1 = 0.4⇥ Ak + 0.3⇥ Bk + 0.1⇥ Ck

k = 0 k = 1 k = 2 · · · k =1
Ak 1/3 0.367 0.363 · · · 0.363

Bk 1/3 0.367 0.353 · · · 0.357

Ck 1/3 0.266 0.284 · · · 0.280
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»tT⌅ ®x

Ak+1 = 0.1⇥ Ak + 0.6⇥ Bk + 0.4⇥ Ck

Bk+1 = 0.5⇥ Ak + 0.1⇥ Bk + 0.5⇥ Ck

Ck+1 = 0.4⇥ Ak + 0.3⇥ Bk + 0.1⇥ Ck

k = 0 k = 1 k = 2 · · · k =1
Ak 1/3 0.367 0.363 · · · 0.363

Bk 1/3 0.367 0.353 · · · 0.357

Ck 1/3 0.266 0.284 · · · 0.280
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»tT⌅ ®x

Ak+1 = 0.1⇥ Ak + 0.6⇥ Bk + 0.4⇥ Ck

Bk+1 = 0.5⇥ Ak + 0.1⇥ Bk + 0.5⇥ Ck

Ck+1 = 0.4⇥ Ak + 0.3⇥ Bk + 0.1⇥ Ck

k = 0 k = 1 k = 2 · · · k =1
Ak 1/3 0.367 0.363 · · · 0.363

Bk 1/3 0.367 0.353 · · · 0.357

Ck 1/3 0.266 0.284 · · · 0.280
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Google’s PageRank L‡¨ò
⇠¨®x:

I Markov matrix M
I xij : i-òt¿� j-òt¿| ¡lXt 1/ni

(ni = i-òt¿–⌧ xÄ\ ò�î ¡l ⇠)

I ©\: S = limi!1 Si, Ï0⌧ Sk+1 = M(Sk)

I ‰⌧: S = limi!1 Si, Ï0⌧ Sk+1 = N (Sk) t‡

N = M� ✏(0t ∆î Markov â,)

I \? Markov â,HX ®P� ëtt, ¯ Markov chainX

˘\✓@  |Xå t¨. (Perron-Frobenius �¨)

‰x 0�‰ƒ: �) »X8 Ë¥‰X ∏l0, ˘òt¿ Ë¥‰¸X

�ƒ
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¿› Ä… ‹$
I �† §¿|:

I îò §¿|: $tÑ pt0<0, Google Server Farm

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

x⌅ ¿•X U• 4: �Õ ¿•
¨å¸ ÙË0X ⌘≈

I ¨å@ l¥ | & ÙË0î ¥$¥ |: ¨å–å ‹§0

I `|t Œ‰? Œ@ ¨åD Ÿ–

I ¥§  xE? ¨¯\(åÑ), X¯\(¨å¥Ÿ), ›<\

(ıÄ)

I “human computation”, “Luis von Ahn”

I ESP Game, reCHAPCHA, Duolingo ÒÒ
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x⌅ ¿•X U• 4: �Õ ¿•
¨å¸ ÙË0X ⌘≈

I ¨å@ l¥ | & ÙË0î ¥$¥ |: ¨å–å ‹§0

I `|t Œ‰? Œ@ ¨åD Ÿ–

I ¥§  xE? ¨¯\(åÑ), X¯\(¨å¥Ÿ), ›<\

(ıÄ)

I “human computation”, “Luis von Ahn”

I ESP Game, reCHAPCHA, Duolingo ÒÒ
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x⌅ ¿•X U• 4: �Õ ¿•
¨å¸ ÙË0X ⌘≈

I ¨å@ l¥ | & ÙË0î ¥$¥ |: ¨å–å ‹§0

I `|t Œ‰? Œ@ ¨åD Ÿ–

I ¥§  xE? ¨¯\(åÑ), X¯\(¨å¥Ÿ), ›<\

(ıÄ)

I “human computation”, “Luis von Ahn”

I ESP Game, reCHAPCHA, Duolingo ÒÒ
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x⌅ ¿•X U• 4: �Õ ¿•
¨å¸ ÙË0X ⌘≈

I ¨å@ l¥ | & ÙË0î ¥$¥ |: ¨å–å ‹§0

I `|t Œ‰? Œ@ ¨åD Ÿ–

I ¥§  xE? ¨¯\(åÑ), X¯\(¨å¥Ÿ), ›<\

(ıÄ)

I “human computation”, “Luis von Ahn”

I ESP Game, reCHAPCHA, Duolingo ÒÒ

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

x⌅ ¿•X U• 4: �Õ ¿•
¨å¸ ÙË0X ⌘≈

I ¨å@ l¥ | & ÙË0î ¥$¥ |: ¨å–å ‹§0

I `|t Œ‰? Œ@ ¨åD Ÿ–

I ¥§  xE? ¨¯\(åÑ), X¯\(¨å¥Ÿ), ›<\

(ıÄ)

I “human computation”, “Luis von Ahn”

I ESP Game, reCHAPCHA, Duolingo ÒÒ
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x⌅ ¿•X U• 4: �Õ ¿•
¨å¸ ÙË0X ⌘≈

I ¨å@ l¥ | & ÙË0î ¥$¥ |: ¨å–å ‹§0

I `|t Œ‰? Œ@ ¨åD Ÿ–

I ¥§  xE? ¨¯\(åÑ), X¯\(¨å¥Ÿ), ›<\

(ıÄ)

I “human computation”, “Luis von Ahn”

I ESP Game, reCHAPCHA, Duolingo ÒÒ

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

x⌅ ¿•X U• 4: p⌘ ¿•
ÙË0� ®<î �‹® 8ƒx

I ÙË0U›– ⇡@ ;D �ƒ ⌅lò }å ®x‰

I p⌘– ·® ıµX 8⌧| |‰(�. FoldIt, EteRNA,

Eyewire)

|⇠ p⌘⇥ÙË0åÑ > ⌅8�

|⇠ p⌘⇥ÙË0åÑ > ÙË0

I ‹¸¸Y(citizen science)

(¨ƒúò: Google)
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ÙË0¸YX Q© II: ∞¨ ¯•X U•

ÙË0� Q–X‡ U�‹⌧¸î x⌅X ¯•

I Ä‡ˆ@ ¯•

I åµX ¯•

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

∞¨ ¯•X U• 1: Ä‡ˆ@ ¯•

I ÙË0 åÑ: ÙË0@, \l@, àπ� ‰⇠X ¨å‰¸

I MMORPG(massively multiplayer online role-playing

game)

I “–Ñú‹”Ù‰ p�\ �¡8ƒ‰t ÙË0H–

I �•1¸ ⌧0•

I Reality Is Broken: why games make us better and how

they can change the world, Jane McGonigal

I \m� ¿8 §†¨T¡: [¨»¿2]  t) ⌅¡

t|0, txT (πà 4Ä)
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∞¨ ¯•X U• 1: Ä‡ˆ@ ¯•

I ÙË0 åÑ: ÙË0@, \l@, àπ� ‰⇠X ¨å‰¸

I MMORPG(massively multiplayer online role-playing

game)

I “–Ñú‹”Ù‰ p�\ �¡8ƒ‰t ÙË0H–

I �•1¸ ⌧0•

I Reality Is Broken: why games make us better and how

they can change the world, Jane McGonigal

I \m� ¿8 §†¨T¡: [¨»¿2]  t) ⌅¡

t|0, txT (πà 4Ä)
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∞¨ ¯•X U• 2: åµX ¯•

tT|, tt$°, facebook, twitter, google hangout, skype,

LE/Ÿ�¡ ı torrent, melon, bugs

I Ä|¥ ´à¯ T¥: çƒ@ §�|

I T Ä|¥ Pà¯ T¥: (⌅à ⌅Ï⌧‰

¸⌅ 0 

I �Ùt`(information theory)

I (⌅à ⌅ÏXî )ï? T)(encoding +

error-correcting)0 
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�Ùt` t⌅L¿î

µ‡t 4«x¿– �\ tt Äq

I ¸9ll›: |$, ⌅Ù, T�D<Ò Ω∞»‰

¯Ì�Ì

µ‡°L ˘ıï?

I µ‡⌘ °L/–Ï: T8¿ ê¡

I °L@ àå»(

I °L@ µ‡X <¨�x ⌅¡

I <¨�<\ t∞` ⇠ �–: p å¨\?

I å�: °Lƒ ⇡t ‰¿$! ‰x )ït ∆î Ô
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�Ùt`(information theory)
µ‡tÄ 4«x�– �\ ı, ¿8 åµX ¸⌅0 

Claude Shannon(1916 – 2001)

I “A Mathematical Theory of Communication”, Bell

System Technical Journal 27(3):379-423, 27(4):623-656,

1948, Bell Labs

I “Margna Carta of information age”

(¨ƒúò: Google)
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¿8 åµX ¸⌅0 : �Ùt` (1/4)

�‡/ıL: µ‡X \ƒî

I <¨�(µ‡D⇣) D»| T8¿� �ƒ �Ù…t‰

I °L@ ¥T ⇠ ∆¿Ã ˘ı)ï@ t¨\‰

I ¯ )ï@ X‹Ë¥(<¨D⇣)– à¿J‡ å⌅∏Ë¥

(T8¿ �Ù…)– à‰

µ‡X ¸xı@ T8¿� �ƒ �Ù…t‰!
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¿8 åµX ¸⌅0 : �Ùt` (1/4)

�‡/ıL: µ‡X \ƒî

I <¨�(µ‡D⇣) D»| T8¿� �ƒ �Ù…t‰

I °L@ ¥T ⇠ ∆¿Ã ˘ı)ï@ t¨\‰

I ¯ )ï@ X‹Ë¥(<¨D⇣)– à¿J‡ å⌅∏Ë¥

(T8¿ �Ù…)– à‰

µ‡X ¸xı@ T8¿� �ƒ �Ù…t‰!
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¿8 åµX ¸⌅0 : �Ùt` (1/4)

�‡/ıL: µ‡X \ƒî

I <¨�(µ‡D⇣) D»| T8¿� �ƒ �Ù…t‰

I °L@ ¥T ⇠ ∆¿Ã ˘ı)ï@ t¨\‰

I ¯ )ï@ X‹Ë¥(<¨D⇣)– à¿J‡ å⌅∏Ë¥

(T8¿ �Ù…)– à‰

µ‡X ¸xı@ T8¿� �ƒ �Ù…t‰!
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¿8 åµX ¸⌅0 : �Ùt` (1/4)

�‡/ıL: µ‡X \ƒî

I <¨�(µ‡D⇣) D»| T8¿� �ƒ �Ù…t‰

I °L@ ¥T ⇠ ∆¿Ã ˘ı)ï@ t¨\‰

I ¯ )ï@ X‹Ë¥(<¨D⇣)– à¿J‡ å⌅∏Ë¥

(T8¿ �Ù…)– à‰

µ‡X ¸xı@ T8¿� �ƒ �Ù…t‰!

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

¿8 åµX ¸⌅0 : �Ùt` (1/4)

�‡/ıL: µ‡X \ƒî

I <¨�(µ‡D⇣) D»| T8¿� �ƒ �Ù…t‰

I °L@ ¥T ⇠ ∆¿Ã ˘ı)ï@ t¨\‰

I ¯ )ï@ X‹Ë¥(<¨D⇣)– à¿J‡ å⌅∏Ë¥

(T8¿ �Ù…)– à‰

µ‡X ¸xı@ T8¿� �ƒ �Ù…t‰!
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¿8 åµX ¸⌅0 : �Ùt` (2/4)

T8¿X �Ù…?

I T8¿ â®µ– �\ …

I �Ù…? ¶@ É@ �Ù…t �‡ ‹8 É@ Œ‰

I �Ù…? ‘∏\<: �êX �!à»X �ƒ

I �Ù…? T8¿– àDî\ �ê� |t �Ù…@ �‰
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¿8 åµX ¸⌅0 : �Ùt` (3/4)
I �X: T8¿X �Ù…

H = �
X

x

p(x) log2 p(x).

I �¨1(D⇣ °Lt ∆î Ω∞)

D⇣X ©…t Ct‡ �Ù…t Htt

T8¿î �˘ \� C/H\ m¡ �•X‰.

I µ‡X \ƒî T8¿X �Ù…– à‰!

I �¨2(D⇣ °Lt àî Ω∞)

H  Ctt, (⌅à ⌅Ï �•X‰. H > C

tt, (⌅à ⌅Ï à�•X‡ $X(D H �C

tX\ ⌅| ⇠ ∆‰.

I D4¨ °Lt à¥ƒ (⌅à ⌅Ï�•X‰!
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¿8 åµX ¸⌅0 : �Ùt` (3/4)
I �X: T8¿X �Ù…

H = �
X

x

p(x) log2 p(x).

I �¨1(D⇣ °Lt ∆î Ω∞)

D⇣X ©…t Ct‡ �Ù…t Htt

T8¿î �˘ \� C/H\ m¡ �•X‰.

I µ‡X \ƒî T8¿X �Ù…– à‰!

I �¨2(D⇣ °Lt àî Ω∞)

H  Ctt, (⌅à ⌅Ï �•X‰. H > C

tt, (⌅à ⌅Ï à�•X‡ $X(D H �C

tX\ ⌅| ⇠ ∆‰.

I D4¨ °Lt à¥ƒ (⌅à ⌅Ï�•X‰!
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¿8 åµX ¸⌅0 : �Ùt` (3/4)
I �X: T8¿X �Ù…

H = �
X

x

p(x) log2 p(x).

I �¨1(D⇣ °Lt ∆î Ω∞)

D⇣X ©…t Ct‡ �Ù…t Htt

T8¿î �˘ \� C/H\ m¡ �•X‰.

I µ‡X \ƒî T8¿X �Ù…– à‰!

I �¨2(D⇣ °Lt àî Ω∞)

H  Ctt, (⌅à ⌅Ï �•X‰. H > C

tt, (⌅à ⌅Ï à�•X‡ $X(D H �C

tX\ ⌅| ⇠ ∆‰.

I D4¨ °Lt à¥ƒ (⌅à ⌅Ï�•X‰!
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¿8 åµX ¸⌅0 : �Ùt` (3/4)
I �X: T8¿X �Ù…

H = �
X

x

p(x) log2 p(x).

I �¨1(D⇣ °Lt ∆î Ω∞)

D⇣X ©…t Ct‡ �Ù…t Htt

T8¿î �˘ \� C/H\ m¡ �•X‰.

I µ‡X \ƒî T8¿X �Ù…– à‰!

I �¨2(D⇣ °Lt àî Ω∞)

H  Ctt, (⌅à ⌅Ï �•X‰. H > C

tt, (⌅à ⌅Ï à�•X‡ $X(D H �C

tX\ ⌅| ⇠ ∆‰.

I D4¨ °Lt à¥ƒ (⌅à ⌅Ï�•X‰!
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¿8 åµX ¸⌅0 : �Ùt` (3/4)
I �X: T8¿X �Ù…

H = �
X

x

p(x) log2 p(x).

I �¨1(D⇣ °Lt ∆î Ω∞)

D⇣X ©…t Ct‡ �Ù…t Htt

T8¿î �˘ \� C/H\ m¡ �•X‰.

I µ‡X \ƒî T8¿X �Ù…– à‰!

I �¨2(D⇣ °Lt àî Ω∞)

H  Ctt, (⌅à ⌅Ï �•X‰. H > C

tt, (⌅à ⌅Ï à�•X‡ $X(D H �C

tX\ ⌅| ⇠ ∆‰.

I D4¨ °Lt à¥ƒ (⌅à ⌅Ï�•X‰!
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¿8 åµX ¸⌅0 : �Ùt` (4/4)

I T8¿| (⌅à Ùº )ï‰?

I �Ù…t D⇣©…Ù‰ �åt⌧ Ù¥t �•X‰

I �) ⇠ı: “%9ê” vs “%9ê %9ê %9ê”

I ®(�x ‰ë\ )ï‰ �•

I �Ùt`(information theory)<\ Ñ��•

I ¯ )ï‰X $X(t ©Ñà ë@�? (< 1/1025?)

I T ã@ )ït �•\�?
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T8¿ ⌅ÏX0: xT)(encoding)⇥
$X⇠�•X(error-correcting)

xT)(encoding)

�) ¨©Ë¥: “�»”, “-”, “C”, “¿‡”

8•�) “�»�»-�»C�»¿‡�»”,“C�»-¿‡�

»�»-�»”

I l0‡�T‹:

I 00(�»), 01(¿‡), 10(-), 11(C). ıl?

I l0¿ŸT‹: Ë¥Hƒ(�» > ¿‡ > - > C) t©

I 0(�»), 11(¿‡), 100(-), 101(C). ıl?
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T8¿ ⌅ÏX0: xT)(encoding)⇥
$X⇠�•X(error-correcting)

$X⇠�•X(error-correcting)

I ⇠ı(repetition): “%9ê?” ) “%9ê? %9ê?

%9ê?”

I ıl: “%9ê? $9ê? %9�?” ) “%9ê”

I ÏÑ(redundancy): “027013” ) “zero two seven zero one

three”

I ıl: “zeri dwo sevem zirp ome tjree” ) “027013”
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T8¿ ⌅ÏX0: xT)(encoding)⇥
$X⇠�•X(error-correcting)

$X⇠�•X(error-correcting)

I Ä∞X(checksum): “4 6 7” ) “4 6 7 7”

I ıl: “4 6 7 5” ) “‰‹Ù¥⇠”(Ä∞X –Ï)

I q—å Ä∞X(pinpoint checksum): “4 6 7 2 3 8 8 2 6”

)
4 6 7 7

2 3 8 3

8 2 6 6

4 1 1
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ÙË0¸YX Q© III: ∞¨ ⌅‰X U•

ÙË0� U•‹⌧¸î ⌅‰: ⌅8ƒ ⌅l@ƒ ‹ı⌅ ı 

I (�) ⌅8ƒ ⌅l@ƒ �⌅⌅Ù

I t⌅: “Ï0 ⌅¨”àî ¨å‰ |¨Ã

I ⌅8ƒ àπ�‰⇠@ ¡pò

I t⌅: “Ÿ$” ¨å‰ |¨Ã

I ¸⌅ 0 : ÙË0 \ƒ| Ìt©

I T80 (cryptography)
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∞¨ ⌅‰X U•

⌅8ƒ ⌅l@ƒ �⌅⌅Ù/¡pò| 1¨‹§î 0 

I ÙË0\ ⌅Ë\ ¯Ïò ¯ Ì@ “à�•”\ ƒ∞ t©

I Ì⌧¡: NP 8⌧| Ìt©Xê

ÒX0 vs Ì: åx⇠ Ñt, ⌅‰�<\ à�•

P\ ò� ò8¿ Ì: ⌅‰�<\ à�•
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⌅8ƒ ⌅l@ƒ ‹ı⌅ı : �⌅⌅Ù

‹ı⌅ ı t|: Ÿ‹– ¥‡ ¯ê¨–⌧ Ux` ⇠ à¥|

I tt$°, facebook, skype–⌧ �⌅⌅Ù?

I ®¥8àî ⌅8ƒ \l‰¸?

I 8⌧: ç| ⇠ àî Ï¿

I ¶å¥0: ( É Ù‡ Ù¥0

I Ï⇣D P0? Ï⇣t p”–Xt?
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⌅8ƒ ⌅l@ƒ ‹ı⌅ı : �⌅⌅Ù

‹ı⌅ ı t|: Ÿ‹– ¥‡ ¯ê¨–⌧ Ux` ⇠ à¥|

I tt$°, facebook, skype–⌧ �⌅⌅Ù?

I ®¥8àî ⌅8ƒ \l‰¸?

I 8⌧: ç| ⇠ àî Ï¿

I ¶å¥0: ( É Ù‡ Ù¥0

I Ï⇣D P0? Ï⇣t p”–Xt?
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⌅8ƒ ⌅l@ƒ ‹ı⌅ı : �⌅⌅Ù

‹ı⌅ ı t|: Ÿ‹– ¥‡ ¯ê¨–⌧ Ux` ⇠ à¥|

I tt$°, facebook, skype–⌧ �⌅⌅Ù?

I ®¥8àî ⌅8ƒ \l‰¸?

I 8⌧: ç| ⇠ àî Ï¿

I ¶å¥0: ( É Ù‡ Ù¥0

I Ï⇣D P0? Ï⇣t p”–Xt?
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⌅8ƒ ⌅l@ƒ ‹ı⌅ı : �⌅⌅Ù
ÙË0\ t∞Xî )ï

I ç| ⇠ ∆å. ˇ‡ ·0î Ï⇣ƒ ∆t

I åx⇠ ÑtX ¥$¿D t©

I �⌅/⌅/Ù »‰ 1/3/7\ ]òî ü⇠| ¨©X0\

X‡

I �ê º É– t˘Xî å⇠@ ¯Ù‰ ë@ å⇠|

Òt⌧ Ùƒ(X, Y )

I ⌧\ �‡ òt åx⇠Ñt ªh(⌧\� ∏ ÉD ª⌅)

I ⌧\–å ê0 å⇠| ı⌧(åx⇠ x, y)

I ⌧\ �@ +ê| �@ å⇠\ ò ⌅(X/x, Y/y); ⌧\

π(| Ux

I (8 å⇠| Òt⌧Ù¥t? ò� ✓ X/x� å⇠x¿

Ux@ }‰)
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⌅8ƒ ⌅l@ƒ ‹ı⌅ı : �⌅⌅Ù
ÙË0\ t∞Xî )ï

I ç| ⇠ ∆å. ˇ‡ ·0î Ï⇣ƒ ∆t

I åx⇠ ÑtX ¥$¿D t©

I �⌅/⌅/Ù »‰ 1/3/7\ ]òî ü⇠| ¨©X0\

X‡

I �ê º É– t˘Xî å⇠@ ¯Ù‰ ë@ å⇠|

Òt⌧ Ùƒ(X, Y )

I ⌧\ �‡ òt åx⇠Ñt ªh(⌧\� ∏ ÉD ª⌅)

I ⌧\–å ê0 å⇠| ı⌧(åx⇠ x, y)

I ⌧\ �@ +ê| �@ å⇠\ ò ⌅(X/x, Y/y); ⌧\

π(| Ux

I (8 å⇠| Òt⌧Ù¥t? ò� ✓ X/x� å⇠x¿

Ux@ }‰)
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⌅8ƒ ⌅l@ƒ ‹ı⌅ı : �⌅⌅Ù
ÙË0\ t∞Xî )ï

I ç| ⇠ ∆å. ˇ‡ ·0î Ï⇣ƒ ∆t

I åx⇠ ÑtX ¥$¿D t©

I �⌅/⌅/Ù »‰ 1/3/7\ ]òî ü⇠| ¨©X0\

X‡

I �ê º É– t˘Xî å⇠@ ¯Ù‰ ë@ å⇠|

Òt⌧ Ùƒ(X, Y )

I ⌧\ �‡ òt åx⇠Ñt ªh(⌧\� ∏ ÉD ª⌅)

I ⌧\–å ê0 å⇠| ı⌧(åx⇠ x, y)

I ⌧\ �@ +ê| �@ å⇠\ ò ⌅(X/x, Y/y); ⌧\

π(| Ux

I (8 å⇠| Òt⌧Ù¥t? ò� ✓ X/x� å⇠x¿

Ux@ }‰)
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⌅8ƒ ⌅l@ƒ ‹ı⌅ı : �⌅⌅Ù
ÙË0\ t∞Xî )ï

I ç| ⇠ ∆å. ˇ‡ ·0î Ï⇣ƒ ∆t

I åx⇠ ÑtX ¥$¿D t©

I �⌅/⌅/Ù »‰ 1/3/7\ ]òî ü⇠| ¨©X0\

X‡

I �ê º É– t˘Xî å⇠@ ¯Ù‰ ë@ å⇠|

Òt⌧ Ùƒ(X, Y )

I ⌧\ �‡ òt åx⇠Ñt ªh(⌧\� ∏ ÉD ª⌅)

I ⌧\–å ê0 å⇠| ı⌧(åx⇠ x, y)

I ⌧\ �@ +ê| �@ å⇠\ ò ⌅(X/x, Y/y); ⌧\

π(| Ux

I (8 å⇠| Òt⌧Ù¥t? ò� ✓ X/x� å⇠x¿

Ux@ }‰)
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⌅8ƒ ⌅l@ƒ ‹ı⌅ı : �⌅⌅Ù
ÙË0\ t∞Xî )ï

I ç| ⇠ ∆å. ˇ‡ ·0î Ï⇣ƒ ∆t

I åx⇠ ÑtX ¥$¿D t©

I �⌅/⌅/Ù »‰ 1/3/7\ ]òî ü⇠| ¨©X0\

X‡

I �ê º É– t˘Xî å⇠@ ¯Ù‰ ë@ å⇠|

Òt⌧ Ùƒ(X, Y )

I ⌧\ �‡ òt åx⇠Ñt ªh(⌧\� ∏ ÉD ª⌅)

I ⌧\–å ê0 å⇠| ı⌧(åx⇠ x, y)

I ⌧\ �@ +ê| �@ å⇠\ ò ⌅(X/x, Y/y); ⌧\

π(| Ux

I (8 å⇠| Òt⌧Ù¥t? ò� ✓ X/x� å⇠x¿

Ux@ }‰)
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T80 (cryptography) I: 0� µ‡

P ¨åt ¯¨ D�“§”(key)| ı 

I T8¿ Ù¥î ¨å¸ �î ¨åÃ L ⇠ àå

I T8x0: Ù¥î ¨å@ T8¿ �ê‰D D�§\

“Tt⌧” Ù¥0

I T8Ä0: �î ¨å@ T8¿ �ê‰D D�§\

“|⌧” T8| Ä0

I Ë⌧à “TX‡ |0”î D»¿Ã
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T80 (cryptography)

D�§| ı t| Xî 8⌧⇣

I ⌅lƒ ®tå, ¯¨ ⌧\ �tî|. ˘¨ê@ ¯¨

Ãò|!

I àπ� ‰⇠@ pòX‡ ˆ@p?

I D�åµ(pò) X$t D�åµ(D�§)� ¯¨ Dî.

Ì vs Ï@



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

T80 (cryptography)

D�§| ı t| Xî 8⌧⇣

I ⌅lƒ ®tå, ¯¨ ⌧\ �tî|. ˘¨ê@ ¯¨

Ãò|!

I àπ� ‰⇠@ pòX‡ ˆ@p?

I D�åµ(pò) X$t D�åµ(D�§)� ¯¨ Dî.

Ì vs Ï@
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ı⌧§ T80 (public key cryptography)
D�§| ı⌧�<\ Ã‰ ⇠ àî )ï? “Di�e-Hellman key

exchange”

x� P = 2x mod P y � P = 2y mod P

y�(x� P ) = (x� P )y mod P x�(y � P ) = (y � P )x mod P
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ı⌧§ T80 (public key cryptography)
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ı⌧§ T80 (public key cryptography)

https:\ Ù¨î òt¿–⌧ ¸‡�î �Ù‰@ t

)›<\

I �) amazon.com–⌧ ED ¥L: ‡©t‹ �Ù

I “128-bit encryption”: D�§X l0� 128 bits
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T80 II: DΩ\ Xx

0� µ‡ ‰L<\

I T8T\ pt0 x| �¿‡ |D t|\‰t

I T8Ä‡; | »X‡; ‰‹ T8x‡?

I ⌅ÿ: |Xî ¨åD ˇ¥|

I T8Ä¿ J‡ �•`L?

I Ÿ�T8(homomorphic encryption) (2009D)

I ®‡ sw f– �t⌧ f 0t t¨:

f(x) = f 0(x)

I �) n = n+ p⇥ a (Ù‡ p). ¯Ït +0 = +.
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T80 III: ƒà⇣�

(⌅à åµXp ‹ı⌅ ¥ ⇠0

I °L ˘ı: �Ùt`

I ˇ„0 ˘ı: T80 (ı⌧§, Ÿ�T8)

I ›A ˘ı: T80 (ƒà⇣�)
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ƒà⇣�

I ¯@X Ù‡› (x, y), ¯@X ëà M

I ⌧ÖXî ê x (D�): M � x

I ⇣�Xî � y (ı⌧): (M � x) y = M?

I 1977D: ‰©�x �, � >D– (Rivest, Shmir, Adleman)

I Q©: ⌧ÖXî ê(ı⌧), ⇣�Xî �(D�) =) àπ�‰⇠�

òÃ }D ⇠ àî D�T8¿ ⌅Ï
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ºë

¿8 ÙË0X \ƒ– 0�‡ àî ⌅¨X T80 

I ¿8 ÙË0\ x⇠Ñt| h¨Xî L‡¨ò@ D¡

ª>L

I x⇠Ñtî NP8⌧
I P 6= NPî D¡ ®Ñ

I �@ ÙË0\î x⇠Ñt| h¨Xî L‡¨òt t¨

I ‰x 8⌧| >D|: ⇠Y–î Œ‰

DtÏ»

I �E∆î 8⌧‰t  ©Xå x‰»

I ⇠1D⌅ xX–å å�Ã H®� ⇠Y 8⌧‰

I xXX ‹ı⌅D U•Xî p  ©
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ºë
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]¥x(blockchain) L‡¨ò (1/2)

ˇ‡·8 ⌘⌅ê∆t

Ïˇt Ã•|X êÃ|

 ¿�¨Xƒ] t¸î L‡¨ò

I “Ïˇt”: i¥8àî ÙË0‰t

I “Ã•|X êÃ|  ¿�¨Xƒ]”: ®P� ⇡@ êÃ|

⌘⇡t 1‡Xƒ]

I “t¸î L‡¨ò”: ®P� ⇡@ L‡¨ò<\
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]¥x(blockchain) L‡¨ò (1/2)

ˇ‡·8 ⌘⌅ê∆t

Ïˇt Ã•|X êÃ|

 ¿�¨Xƒ] t¸î L‡¨ò

I “Ïˇt”: i¥8àî ÙË0‰t
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]¥x(blockchain) L‡¨ò (2/2)

ˇ‡·8 ⌘⌅ê∆t

Ïˇt Ã•|X êÃ|

 ¿�¨Xƒ] t¸î L‡¨ò

I “ˇ‡·8 ⌘⌅ê∆t”

I àDî: ⌘Y�Ä, ⌘Y@â, �ı⌧, �Y¯Ä Ò

I ¯ êÃ?

I ®P� ˇD êÃ

I pë à�•t|Xî êÃ
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]¥xX Q©‰

I ®‡ �Xàî É‰X pò/⇣‰ t%D ]¥x–

0]

I »/ÄŸ∞/� à/xò/E Òt

I º»Ã| ⌅l–å tŸàî¿ ‹⌅⌧<\

I pëà�•t| ` pt0 Ù�©

I ,\©¿

I ¯xUx ÀÙ0(public key) \: tÑ-ÀÙ0 �‰

1. ¥ ¯x§(private key)\ “òî t⌘¸t‰.

ç⌘ƒåt¥X$‡ \‰.”

2. ç⌘–⌧î ]¥x– àî(ˇDÃ\) t⌘¸ ÀÙ0\

Ux.

– (›¥x› )ïÒƒ à¿Ã)
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]¥xX Q©‰
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ç⌘ƒåt¥X$‡ \‰.”

2. ç⌘–⌧î ]¥x– àî(ˇDÃ\) t⌘¸ ÀÙ0\

Ux.

– (›¥x› )ïÒƒ à¿Ã)

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

]¥xX Q©‰
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0]

I »/ÄŸ∞/� à/xò/E Òt
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ç⌘ƒåt¥X$‡ \‰.”

2. ç⌘–⌧î ]¥x– àî(ˇDÃ\) t⌘¸ ÀÙ0\

Ux.

– (›¥x› )ïÒƒ à¿Ã)
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]¥x L‡¨ò (1/4)

ˇ‡·8 ⌘⌅ê∆t

Ïˇt Ã•|X êÃ|

 ¿�¨Xƒ] t¸î L‡¨ò

I �: ®PX » tŸ ¥Ì

I ¡i: P pp⌧ pò ⌧›

I (A�, B–å, 100–) @ (A�, C–å, 500–)

I ©\

I ®P� Ã•|X\ 0]t|

I 0]⌧ É@ ⌅lƒ ‡X¿ ªt|
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]¥x L‡¨ò (2/4)

®P� Ã•|X\ 0]t|

I ⌅lò ê0 •Ä– ¯Â ¯ ⇠ à<t Ã•|X  ¿

à�

I A î‡� 510–t|t

I ⌅lî (A�, B–å, 100–)Ã 0]�•.

I ⌅lî (A�, B–å, 500–)Ã 0]�•.

L‡¨ò

I 0]`L»‰ �\|  ⌧

I  ⌧)›: ¥§ •%D Ùx ê| �\\

I Ã•|X: �\ (•%<\ Äù\) }D ®P� ı¨

I Ÿ0ÄÏ: �\ Ì`D Xt Ù¡
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]¥x L‡¨ò (3/4)

�\  ⌧)›: ¥§ •%D ÙÏ| �\

I )›-I. tÃ| t»¥(POW, proof of work)

I ⌅p� tÃ| ` ⇠ à‰‡ ÙÑ.

I “¯ �ƒ |D t»”<¿\ ®P� �\\ x�.

I )›-II. tÃ| x»¥(POS, proof of stake)

I �ê »D Ä. »D@\ �\+ÄùË 4ë⌅  ⌧.

I “»D@ 4ë⌅”t¿\ ®P� �\+ÄùË x�.
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]¥x L‡¨ò: Proof of Work

1. » pò� 8

2. ®P �\� ⇠0⌅t Ω¡: ](pò¥Ì)D ‰Ï

¥xD >î‰

3. ¥xD >@ ê� ⌅¨ ]D ‰Ï‡, ¯ ¥xD

®P–å Lº

4. ®Pî ¥xt fiî¿ UxX‡ ⌘⇡t ‰Ù
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]¥x L‡¨ò: Proof of Stake

1. » pt0� 8

2. �\+ÄùËt » t a⇠– D@Xî D(– 0|

4ë⌅\  ⌧(

3. �\� UxX‡ ⌅¨ ](pò¥Ì)D ‰Ï‡,

®P–å Lº

4. ®Pî ]t fiî¿ UxX‡ ⌘⇡t ‰Ù.
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]¥x L‡¨ò (4/4)
0]⌧ É@ ⌅lƒ ‡X¿ ªt|

I A� (A�, B–å, 500–)t ÏLX �⌅ }D (A�,

B–å, 5–)<\ ‡X$\‰.

I )›-I(POW). tº |t 4¿4¿ Œ‰.

I �⌅ } tƒX ®‡ }D ‰‹ h|`Pp.

I ¯ |‰–ƒ �\�⇠|Xîp.

I )›-II(POS). »D@\ �\+ÄùËt 4ë⌅\

∞�⇠îp.

I �\+ÄùËt ⌅� ¿ ®t¿\ ‰⇠à�.

I �\+ÄùËt ¿¨t » tx †¥⇠à‰.

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

]¥x L‡¨ò (4/4)
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]¥x L‡¨ò (4/4)
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I ¯ |‰–ƒ �\�⇠|Xîp.
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]¥x L‡¨ò îå 0 (1/3)
T80 (cryptography): ƒà⇣�– Dî

I (A�, B–å, 500–) pò� (t, �– A t�?

I �\� Äù\ }t (t, �– �\ t�?
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]¥x L‡¨ò îå 0 (2/3)
tlh⇠(hashing function): |p¨¥0 + }‰Ï0 +

¿Ωà�– Dî

tlh⇠: ∞¸ı⌅t  \—ix h⇠

 ©X$t, �•\\: 8x 6= x
0
.hash(x) 6= hash(x0)

I )›-I(POW, Proof of Work)–⌧

I |p¨: πƒ\ n D >D|.

I �) tl✓ hash(n+B)t 000<\ ‹ëXî. (Bî ¡⇠

= t⌅} t‹✓ + ⌅¨} pt0)

I }‰Ï0: ¥x = n+B

I ¿Ωà�: } ¿Ω ) ¯ } tƒX ¥x ®P ‰‹
>D|
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]¥x L‡¨ò îå 0 (3/3)
4ë⌅h⇠(pseudo-random number generation function):

}‰Ï0 + ¿Ωà�– Dî

I )›-II(POS, Proof of Stake)–⌧

I |p¨: ∆L.

I }‰Ï0: �\� ⌧HX‡ ÄùËt Äù. ¿¨t t

» †º.

I ¿Ωà�: } ¥©D ∏t, 4ë⌅  ⌧\ �\+

ÄùËt pÄ. 4ë⌅  ⌧⇠¿\ ¯¨ ‰⇠à�.
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ÙË0¸Yt Ïî 8ƒ

Ï0L¿ Ö»‰
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ÙË0|î »LX ƒl

¯ 0–¸ l⌅

¯ ƒl| ‰Ëî L‡¨ò¸ ∏¥

¯ ƒlX Q©

1 400DX ï�

2 ¯ ƒlX ‰⌅

3 SW, ¿⌧\ ”î 8ƒ

4 ¯ ƒlX Q©
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ÙË0¸Y

ÙË0¸Y@

8¨\ Å¨Xî É(intelligence)– �\ l(science)t‡

¯ Q©@ x⌅ ¿•/¯•/⌅‰X U•t‰.

Computer Science is

the science of intelligence

and its application is extensions of human intl/inst/reality
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»X

›Ö¸Yt ›Ö⌅¡– �\ lt‡

¯ Q©t x⌅ ⇠ÖX •tÔt.

<¨� ê– �\ lt‡

¯ Q©t –�¿–X U•tÔt.

XYt x⌅ ‡¥X lt‡

¯ Q©t T �ıtÔt.
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