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» Four-color theorem 2&: 2003 AIZE{J| AAR=Z

(Coq A|2EY)

» Feit-Thompson theorem S&: 1963 255I|0| 2| SH&;
2013 FRE 7t LR (Coq ALH)

» Kepler conjecture 3%: 20054 121I|0| 2| SH(SSHA);
2014 82 HEE{7} AARER (Isabelle A|AEITF HOL
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SW=Z H 345t Feit-Thompson theorem & 2F

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

Inductive finite_of_order T (D : T -> Type) (n : natural) :
FiniteOfOrder (rank : T -> natural)
(rank_injective : injective_in T natural D rank)
(rank_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 2z)) (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 T -> Type) :
rou

P
(G_closed_under_mul : forall x y, Gx -> Gy > G (mil x y))
(one_in_G G one)
(G_closed_under_inv : forall x, 6 x - G (inv x)).

TInductive subgroup T mul one inv (H G : 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) :
NormalSubgroup
(H_subgroup_G subgroup T mul one inv H G)
(H_is_G_invariant : forall x y, Hx -> Gy -> H (mul (inv y) (mul x y))).

Inductive commutemod Tmul (x y : T) (H : T -> Type) :=
Commutedod (z T)
(z_in_H Hz)
Oxy_eq_zyx © equal T (mil x y) (mul z mul y x)D).

Inductive abelian_factor T mul one inv (G H : T -> Type) :=
AbelianFactor
(G_group : group T mul one inv G
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AEFZ 8F A (shotgun sequencing) € 112|S(3/4)
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» 0f)
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Moors's Law

S

—_——
20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

(ARIZ2: Google)
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2|4 A4 Of(2): Q17 | B PR 7Y
Human Connectome Project, Wired Differently

» 100094712 w&l/|, ¥&E 18l /=& = 500
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A g
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A 0ro| H= ¢ 0] A|? Page & Brin

Slo] 2A|g0| WZs= YE:
A

—
» HO|27} W2 Hig

|4
P 245 U2 ARES] WMEES AlS2] 0|45t
AE|E'3' Markov chain2| E.L@ﬁ(steady state)

(AFRIZ2{: Google)
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LHE MEAl 7 = 0.95 x 33l MSAl A7 +0.15 x S5l MSA| 21+
LHE MIEAl 7 = 0.05 x B3l Al Q= +0.85 x S5l MIZAl 2+
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L MEA I = 0.95 x 23l M2A] 217 +0.15 x Sl MSAI 27
WA MIZAL Q17 = 0.05 x B3 MSA| Q12 +0.85 x B3 MEAl 27

| o | U | ued | | etEots
MEA| Q17| 10.00 | 9.65 | 9.37 |- 8.5
MIZAl Q17| 1.00| 135 1.63]:-- 2.75
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0.1

0.1



0.1

AIH»I = 0.1x Ak + 0.6 % Bk + 0.4 x Ck
Bk+1 = 0.5x Ak + 0.1 x Bk + 0.5 x Ck
C}CJA = 04x A, +03x B, +0.1x0Cy
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0.1

AIH»I = 0.1x Ak + 0.6 % Bk. + 0.4 x Ck
Bk+1 = 05xA,+01xDB,+05xC,
C}CJA = 04x A, +03x B, +0.1x0Cy

[k=0|k=1|k=2] k=0
A | 1/3]0367]0363] - | 0.363
By| 1/3|0367|0353) .- | 0357
Col 1/3|0266| 0284 |- | 0.280

SNU 046.016 (©)0|22 (ZEE/2i5t0] o= A7, OIAIO|E, 2015)



Google's PageRank &112|S
22| 2E:
» Markov matrix M
» x;;: IO |7 j-T|O| 2| & YA 5HH /

(n; = iFHIO|Z[OIM IR 2 LI7I= &3 )
» ZH: S =lim 00 S, H7|A Sppy = M(Sk)

> QZ-H S = lim; o0 S, 0:17|k| Sk+1
= Markov &)

N = M@ (00|
» 217 Markov SiZEQto| B =7} QFO|™H, 11 Markov chain@]
oS RS ZAH. (Perron-Frobenius 32)
CE 7|FE2%: o) 222 tojs2e ZE Y|, ¢H|0]R] THolSnte]
b
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(e]|
=2

M, ©IAbO|E, 2015)

SNU 046.016 (© 0|22 (ZFE{D5t0] of,



AEOA A7

Ql.
=-

oM

M, ©IAbO|E, 2015)
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AEOA A7

Ql.
=-

oM

M, ©IAbO|E, 2015)
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AEOA A7

Ql.
=-

oM

Luis von Ahn”

1

”

M, ©IAbO|E, 2015)

“human computation

>
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 AFEOIA AlZ]7]

(e]|
=2

oM

Luis von Ahn”

» ESP Game, reCHAPCHA, Duolingo

1

human computation”

>

jL=gl==4
S o

M, ©IAbO|E, 2015)
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et 2 x AREAY > HETH
Lot 2

x AREAY > FREH
» A|QI0tSH(citizen science)

2|Z3-
SNU 046.016 (©)0|Z2 (ZFE(D5H0] 0f= A7, QIAIO|E, 2015) (ARIZH: Google)
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Lo Bio| 8 1 s14e B

- ZBE AY: ZREIS, ARG, BEY T4l AYEY
» MMORPG(massively multiplayer online role-playing

game)
> "O[HRHE" EEF Aot 7R MAISOl 2
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Lo Bio| 8 1 s14e B

» ARE AY: AFEeL 27 25 ol AtESat
» MMORPG(massively multiplayer online role-playing
game)
> "OfHRHE" 2Lt AHLie 7S M| AIS 0] HRE{ 2|
» Jtsdidt &7s
» Reality Is Broken: why games make us better and how

they can change the world, Jane McGonigal
» ot=g CjRY A=2|2E: [2|LR[2] BIZ offg 2
0[0f7), 0|25} (E3] 4%2)
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Hasda &5 torrent, melon, bugs
- 2k AR B4 S50} AT
et SR otal: 2H5| dYECE
» JHEO0|Z(information theory)

» 25| MYst= &EH? 2% (encoding +

error-correcting)’ | =
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P YE= 20| AAH|! THE 2yl §f
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=
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A2 0| & (information theory

St0|Eh FAARAVI TS H, CIAY &89 2Ws

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”

=3
SNU 046.016 ©0|=2 (ZZE/t5t0] ol A7, OIA0|E, 2015) (AZIZA: Google)
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L2829 271

OiMz|2f =7

= E0|Z (2/4)

> DM 22501 CHet &

>

>

WY 22 2 FEYO| 1
=

HE2 AE2T]: 324 of
ST o 3} IR YRYS 20t

» 227 OiMI%|0 2 E s
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Cl2|e AE0| A7H7|4: HEO|2 (3/4)

» YOl OiMR|o HEE

H=- Zp ) log, p(x).
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CIR Y A~E0| 27H7|=: EE0|& (3/4)

» Yol BiM|R|o| Y

Z p(z) logy p(z

» Zeli(e 30l Sl E9)

2o g2to] C'0l11 FE 20| HO|H
OIMIRIE 25 20 C/HZ 84 ZH55HCF.
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CIR Y A~E0| 27H7|=: EE0|& (3/4)

» Yol BiM|R|o| Y

Z p(z) logy p(z

» geli(AE 80 Ble 39)
2ol g2fo| 0|11 L2k HO|HH
OIMIRIE 25 20 C/HZ 84 ZH55HCF.

» St shl= MRS HEFo| AUCH

SNU 046.016 (©0|22 (ZHEZE(D510] 0= A7, OIAIOIE, 2015)



E4d A
Cl2[E 259
- el Hy Al B

Zp ) log, p(x

» Zeli(e 30l Sl E9)

2ol &0 ¢oj11 F=g0| HO/H

DM = 25 2ICH C/H 2 gt 7FsofLt.
» SA19| SHAl= OiM|Z| 2] ZE o QUCH
» del2ag 30| Ue BR)
H < ColH, 275 #E Jts8elct H > C
0/, 23| Mg Eolsotd LS8 H—-C
Olst2 22 + Qict

SNU 046.016 (©)0|22 (ZEE/2i5t0] o= A7, OIAIO|E, 2015)

27 |= YEO|E

(3/4)



CIAE 239 27| 20| (3/4)

» YOl OiMR|o HEE

Zp ) log, p(x

» Zeli(e 30l Sl E9)

2o g2to] C'0l11 FE 20| HO|H
OIMIRIE 25 20 C/HZ 84 ZH55HCF.

» SAlo] 820 olM2/0] FEo] ok

S -ERCERENEEETS
H < 00|, 235] MY I455/Ch H > C
0/, 25| L 551D SRS H - C
0/t2 £ 4+ gict

o o = L=
» OFR2| &20| AT 25| MYItsstit!
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» OIMIZIE 25| 2 WYS?
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2
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op
HL
[

~ Of) B2 URBRL Vs “BOiZ} e

= =1
» 2840 Cidet WS Tts
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D M[A] AE5t7]: 212 (encoding) x

QS| (error-correcting)

2 1o

I Y (encoding)
) Mg TIOf: Jlop, B, 2, EfD

1 =

NH

2Z0) “7t0L710H5 7 0= 7FOEF 2O, “Z 7 FOFS EF LIt

—

v
o
—
NJ
-
EJ
v
—_
[y
—~
m
-
k-
~
—_
o
o
—~
JH
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BiM[A] dEst7]: 212

Q= H 22| (error-correcting)

&l (encoding) x

LZ YA (error-correcting)
» HF=(repetition): "BIHA?" = “BIHZ}? BIHZ}?
TEES

A
» Sk "YEHAR LA YA
» O{=(redundancy): “

three”

> %_—r,_ “

:> “tb"I-Dﬁ-I XI_H

027013" = “zero two seven zero one

zeri dwo sevem zirp ome tjree” = “027013"
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M| A| HE 57| @12 E (encoding) x

QS| (error-correcting)

2 H A2 (error-correcting)
» AAER|(checksum): “4 6 7" = “467 7"

» =71 "4675" = "CHAEUR" (ZLR] o)
» A AAEZ|(pinpoint checksum): “4 6723882 6"
=

4 6 7 7
2 3 8 3
8 2 6 06
4 1 1
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ArEarete S& I 22

=] Al =
. Fe daol =Y

BTt A AT dd: AHA == AlST
> (Ol) MA =et= 7t2lHke 2
> 0] "Of7| A" A= AtHS 7122
> MIA S EYCHr2t &7

- Ol3: “SUl" ARIS 720t
> 22t 7% AEE S %ol2

» &S 7|=(cryptography)
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HMH STolE kel /AHE AT 718
» ZTE(R 205 T2{LF O 92 27K B A 0|8

» 4L NP ZA|E HO|E5tA}
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HMA F2t= AlStsw 7t2IEIRIE

Al

OH

b SRolOF: SA[0 L2 Rf2[0][AM &eleh 4~ U0{0F
» 7}712E, facebook, skypedi| A 71|HIR|L?
» BO{HU= AMA 2552
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UMA =2te AlSZtsw: 7RI

AS S0k SAIOf LD J2f2[0f A =tele 4~ RL0{0}

» 7}712E, facebook, skypedi| A 71|HIR|L?
» BO{AHRUE ;ﬂ*ﬂ74| ?_':rLEJ_‘—f?

» A £Y & Ues 0fF]

» =AW 2 A E-T‘— B2
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UMA =2te AlSZtsw: 7RI

AZZt 3575HOkR SA[0] i Rt2|0f| A &heleh 4~ QU0{0
» 7}7t2E, facebook, skypeOf| A 7+ HIR|E?
» HO{AHUE ﬁ*ﬂﬁl E'—TLET‘—P?
» 24 £ £ UsE 64|
» =AY % 1 E1 =7
|-D=|?
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- 595 g1, 93 @7le A g
- 2914 239 0f2428 0/8

> 7tel/HIRI/E BITF 1/3/72 ElLts 48 AESHI(2
5]
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» 204 Z39| 02HFZS 0|8
7t2| /89l /2 OICt 1/3/72 L £48 AFEol7|2
sl
> Z4A A A0 sffote At A8 22 A S
=oflA EH(X, Y)
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=2 T BA = O HA
> A0l uéHQI ofHZ= 0|8
7t

=olAM E'—EH(X, Y)

=
L N O
> MZOA 27| 245 SH (LU =, y)
- M2 e 2312 we an2
SUHE &2l
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A2 7= (cryptography) |: 7|2 S4l

T ARZH0| 0J2] Y 7] (key) B BR
> DIAMR| EUE ARZEDE e AR Y 4 QU
- YBAT| BUIE AR UM SAUES HY7|2
A =L
- YBET| W AR OM 2SS H|L|E
WA TS B7|

» EHE3| “CI5HD W7| = OHLIZ|2

SNU 046.016 (©0|22 (ZHEZE(D510] 0= A7, OIAIOIE, 2015)



A2 7= (cryptography)

HIZ7|E SwaHOF st= 2AI™
= 227, 0l2] M2 Yalitof. FAFARL 02
4

>

8 4r

i
(@]
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(cryptography)

HIZ7|E SwaHOF st= 2AI™
T

» LG D27 0]2] M2 Asltor. TAIRR} 0|2
OHLIOF!
» =254 Tt ZHeliste A24917
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=707 &= 7|=(public key cryptography)

HILUZ|E /Ao Z Bts 4= Us HH? “Diffie-Hellman key

exchange”
P
x® P
|- =9
~_
@ =7 @
@ (yePp) yo (e Pp)
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=707 &= 7|=(public key cryptography)

HIY7|E S/fHS 2 Ot & Q= HHE? “Diffie-Hellman key

exchange”

P
@ P

CRME .

@) — @)
yo P

z®(y® P) y® (z @ P)

x@P = 2"modP y®P = 2Ymod P

y®B(x®P) = (x& P)Y mod P x®(y®P) = (y&® P)* mod P

SNU 046.016 (©)0|22 (ZEE/2i5t0] o= A7, OIAIO|E, 2015)



=707 &= 7|=(public key cryptography)

https: Z Fel= HO[X|M = JES2 0]
gAlo 2
» Of]) amazon.comOf|A{ 2HS Atlf: AlBIIE ZHE

» “128-bit encryption”: H|2Z|2| 37|7} 128 bits
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2 (homomorphic encryption) (2009)
w fOf CisiiA /0] ZA:

v

v

fz) = f'(z)
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2 (homomorphic encryption) (2009)
w fOf CisiiA /0] ZA:

v

v

fz) = f'(z)

» O)n=n+pxa(Ea p). A2{H ' = +.
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IT A
544
» 0| HAH (z,y), 249 AE M
» MBSt &2 (HIZ): Mo
» ZEote =y (M) (Moz)oy=M?
M
oy
M — ;5/
)
S M) = pwdey

> 1977 MEHOl ¢, o7t 20t (Rivest, Shmir, Adleman)
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X|_|E7l:lF 3

» 9| A (2,y), AHL| 2F M

» MBStl= & o (HE): Mo

» dote =y (B7M): (M ex)oy=M?

M
o
— y

?
OF M) = sy

Rivest, Shmir, Adleman)

d (
» S&: MEsts &(3M), d¥5ts =(BI8) = =EZH7t
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CIZ|Y AREQ SHA0| 7]8i1 A= ALl Y=rls
> CIZE HAREZ UrEdHE Eeste 2|52 044

D212

A=XXO

» ArEolie NPEA
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==2{|Ql(blockchain) €112|F (1/2)
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==2{|Ql(blockchain) €112|F (2/2)
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» 22 712|Us A= Al /EoH 0|5 E S =AU

» =/FSU/0EE/ =2/ SO
» O0tE +707 OlsM=A] Altee 2
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» HOPPLE F720 A 0| S3H=2 | ANEe =2
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Computer Science is
the science of intelligence

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