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» 2| 2~(1997, DeepBlue), Crosswords(1999, Proverb),
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Jeopardy!(2010, Watson), H}=(2016, AlphaGo)
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» A 22(1997, DeepBlue), Crosswords(1999, Proverb),
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» Four-color theorem 3
A5 (Coq A2 H)

» Feit-Thompson theorem < ™: 1963'd 2553 o] x| &
20133 A5FE 7k A4k s (Cog Al 2Hl)

» Kepler conjecture 5 9: 20054 1213 ©] X
Zw(2aa); 201449 89 AFE 7} AR (Isabelle
A 2% 5} HOL 4] 2~ 81)
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SW= 3% & 3} Feit-Thompson theorem <

Inductive in_image TR (D : T -> Type) (f : T > R) (a : R)
InImage (x : T) (x_inD : D x) (a_is_fx : equal R a (f x)).

Inductive finite_of_order T (D : T -> Type) (n : natural) :
FiniteOfOrder (rank : T -> natural)
Crank_injective : injective_in T natural D rank)
Crank_onto :
forall i, equivalent (less_than i n) (in_image T natural D rank i)).

(* Elementary group theory *)

Inductive group_axioms T (mul : T -> T -> T) (one : T) (inv : T -> T)
GroupAxioms
(associativity : forall x y z, equal T (mul x (mul y z)) (mul (mul x y) z))
(left_identity : forall x, equal T (mul one x) x)
(left_inverse : forall x, equal T (mul (inv x) x) one).

Inductive group T mul one inv (G : T -> Type) :=
Group
(G_closed_under_mul : forall xy, G x -> Gy -> G (mul x y))

(one_in_G : G one)
(G_closed_under_inv : forall x, G x -> G (inv x)).

Inductive subgroup T mul one inv (HG : T -> Type) :=
Subgroup
(H_group : group T mul one inv H)
(H_subset_G : forall x, H x => G x).

Inductive normal_subgroup T mul one inv (H G : T -> Type) :=
Normal Subgroup
(H_subgroup_G : subgroup T mul one inv H G)
(H_is_G_invariant : forall x y, Hx -> Gy -=> H (mul Cinv y) (mul x y))).

Inductive commute mod Tmul (x y : T) (H : T -> Type) :=
CommuteMod (z : T)
Cz_in_H :HZ)
Oxy_eq_zyx : equal T (mil x y) (mul z (mul y x))).

Inductive abelian_factor T mul one inv (G H : T -> Type)
AbelianFactor
(G_group : group T mul one inv Gl
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A5 B2 A4 A (2/2)

AFE ol E7bsdd A4
ArgAe] ot &2 HlolHE B5/H/E4.
» Human Genome Project: A7t F+AX A7 A <&E
TF78(2003d 4¥ &4)
» Human Connectome Project: Q17F ¥ H & £+=Z
T8 ()
» Big Mechanism Project: At| 3l A|2~H" 25

shoH(# %)
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> O:ﬂ)

{ACT,CTA, TAC,CCT,CTG,TGC,TCC,GCT,CTCY}
» o) ACTCCTGCTAC == ACTGCTCCTAC
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» Y BAE SFAHA T BF YESHE oA
2+7] (Hamiltonian path 2t7])
» “NP-complete” & A
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v

» Y ZX]E st B E RS oA
2+7] (Hamiltonian path 2t7])

» “NP-complete” & A

» O|E: 2Zolof AAAQ H|ROE TS
» A AA3E “B 5 (heuristics) S o] &3 o7l
@/dﬂgg =
1 abol



Moore's Law

Human Genome.
h Institute
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20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

(MRE A Google)
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A4 AR e(2): Az A TE 7
Human Connectome Project, Wired Differently
» 1000 70¢] &1/, HA 10 /79 = 500%
A/
- AR ABAA T EA £ BAE A UY

- A2 AFE Y H
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A& el o] 37}
» 2|22 Markov chain®] = 3t3f(steady state)
‘Aol H o] A E Este AT A vlEg oSeH]”
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5%
95% @ @ 85%
15%

d A2 AT = 0.95x 28 LA AT +0.15 x 23] AFA
LHH }‘ﬂ%_’\] ?l? = 0.05 x %ﬁﬂ /\-]%}\] ?l:[L+O.85 X %—E,ﬂ }\_ﬂ%_}\]
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d AeA A
Wd HSA A

0.95 x &3l A&l
0.05 x &3l A&l

ERIEEIEEAY \m\odxilﬂ%
€Al o1 | 10.00 | 9.65 9.37 8.25
MZA] 91+ | 1.00 | 1.35 1.63 2.75

A +0.15 x Z3 AFAl

Q1 4 0.85 x 23l AEA]
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Apy1 = 01X Ap+0.6x Bp+0.4xCy
Bii1 = 05x A +0.1x B+ 0.5 x Cy
Ck+1 = 04 x Ak + 0.3 x Bk + 0.1 x Ck
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Apy1 = 01X Ap+0.6x Bp+0.4xCy
Biiy1 = 05x A +0.1x B +0.5xCy,
Ck+1 = 04x A, +03x B, +0.1xC}

[ k=0|k=1]k=2] |k=
Ay | 1/3]0367]0363] - | 0363
By| 1/3]0367|0353|--- | 0.357
Co| 1/3| 0266|0284 .- | 0280
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(n; = -l o] Ao A &2 U7h= F2 )
> B3 S =limy,e S, 9714 Spar = M(Sk)
» AAlL S = limi 0 S5, 91714 Sk = N(Sk) ©l L
N = M@ e(0°] gl Markov 3§ 2)
» 9?7 Markov 3 Zete] RE 7} <Fol®H, 1 Markov

=
Chaing '3'?_1’%)\—‘% ‘?[‘?—:x]_—é_}'}“ %ZH (Perron-Frobenius % 2])
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Luis von Ahn"

1

human computation”

>

HA, elapol, 2015)
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» MMORPG(massively multiplayer online role-playing

A

game)

» Mol E" Bk AT THAAIAl S o] ASFE ¢l
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e Bso F L ELAL By
- AFE AL AFES, A7, BEA tigo
NEET
» MMORPG(massively multiplayer online role-playing
game)
» Mo =" H ok ATEE Z3A Al S o] ZHaE <l
» 7Hs A <715
» Reality Is Broken: why games make us better and how
they can change the world, Jane McGonigal
- 92 gAY 25 PP [N vz Ay A
oo}7), ol A} (S5 432)
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o) Hiol $40 AEe] B

olm| Y, 7}7} L5, facebook, twitter, google hangout, skype,
of A} & torrent, melon, bugs

» ok AWA S S0 A

gt TR ak 26 ddHnt

» A H o] Z(information theory)
A3 Aest= WH? I (encoding +
error-correcting) 7| &
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Claude Shannon(1916 — 2001)

» “A Mathematical Theory of Communication”, Bell
System Technical Journal 27(3):379-423, 27(4):623-656,

1948, Bell Labs
» “Margna Carta of information age”

(MRAEA:  Google)
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» AE2(AE 7ol e A$)
H < Cold, £438] g 7hsafth
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Uﬂ/\ﬂX] AZ3}7]: 215 (encoding)x L FT4
g

9] 7 9 (encoding)
o) AFg o] “Zhupr) vFr M “ERAL
) “7hutrtulg 7ol 7ol el o) 12 7buh R el
7hut7pupE 7ha}

» A7 AR FE:

> 00(7Fw}), 01(BkaL), 10(F), 11(ZF). H77
» A7|MFIE: GoRIE(7}u) > Bl > F > )
&

> 0(7}u}), 11(EFa), 100(Z), 101(Z). =7

error-correcting)

/—\
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2 %] (error-correcting)

2 F 4 X (error-correcting)
» HFE (repetition): “WFH AP = “SIHZ? §rH 22
o)
|

s B A A AT S e

=

» o] & (redundancy): “027013" = “zero two seven zero

one three”

» E3L: “zeri dwo sevem zirp ome tjree” = “027013"
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error-correcting)

2 F4 7 X (error-correcting)
HAEA] (checksum): “4 67" = “467 7"
» B "6 75" = "TRAIER U (AR ol F)
» SR A A A (pinpoint checksum): “467238826"
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4677
2 38 3
8 26 6
411
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> 7M7) &< 7)< (public key cryptography)
HU7E ARz vE 5 & WH? “Diffie-Hellman

key exchange”

P
r z@® P
CRREE S
v
@ y® P @
T®(yeP) y® (e P)
r@®P = 2"mod P y®P = 2Ymod P

ydxd P) = (z& P)Y mod P 2@(ydP) = (yd P)* mod P
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> 7M7) &< 7)< (public key cryptography)

nttps: 2 A2l Ho Ao A FaE AHEL o] WA
o=

» o) amazon.comol| A A Atufl: AL7I= HH

» “128-bit encryption”: H]AZ7]2] = 7|7} 128 bits
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& ¢+ % (homomorphic encryption) (2009)

w foll tisii A fro] EAk:

flz) = f'(z)
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e A BgoE
> G238 vlolE 18 AT UL sopsteia
> FEET; D ukH L oA GE AT
- 919 QS AR Wolop

& ¢+ % (homomorphic encryption) (2009)

w foll tisii A fro] EAk:

flz) = f'(z)
»dA)n=n+pxa (G4 p). 2HE + = +.
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SNU 046.016 (© |32 (Hzegsto] of= A7, olatelE, 2015)



T | o
> 29} 447 (a,), 2 AE M
> e € (ML) Max
> ARy (BM): (Mex)ey=M?

> 19774d: ALA ¢ @, o7 2ol7 (Rivest, Shmir, Adleman)
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the science of intelligence
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