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SW= H 96t Feit-Thompson theorem S&E Y&

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. ler T (0 : T -> Type) (n : natural) :=
Finite0fOrder T -> natural)
(rank_injecti njective_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) Cone : 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 x y, 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 (H G : T -> Type) :=
Subgroup
(H_group : group T mul one inv H)
(H_subset_G : forall x, Hx -> 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 (inv y) (mul x y))).

Inductive commute_mod Tmul (x y : T) (H : T -> Type) :=
CommuteMod (z : T)
(ziinH :H2)
Oo_eq zyx : equal T (mul x y) (mul z (mul y X))).

Inductive abelian_factor T mil one inv (G H : T -> Type) :=
AbelianFactor
(G_group : group T mul one inv G)lI
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AMEFZ "I A (shotgun sequencing) Y112|S(1/4)

0

TAC CTC
CTA TGC GCT

CCT ACT cTG
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TAC CTC
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15%

LHd MEAl 21
i MISA Q=+ =

0.95 x 23l MEA| 17 +0.15 x S3H MEA| 1+
0.05 x Sl MEA| Q17 +0.85 x S3l MESA| I

| e | ud | usd | | el
MEA| @17 | 10.00 | 9.65 9.37 . 8.25
NZA| Q1| 1.00| 135| 163 2.75
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SNU 046.016 (©0IZ2 (ZFE/Z810] 01 AlA, 2UAO|E, 2015)

0.1

Apy1 = 01X A +0.6 x B +0.4 x Cy
Bk+1 = 0.5 x Ak +0.1 x Bk + 0.5 x Ck
Crp1 = 04X A +03x B +0.1 xCy

SNU 046.016 (©0IZ2 (ZFE/230] ol= A4, 2AOIE, 2015)

Ol=23 o o4

0.1

Ak+1 = 0.1x Ak + 0.6 x B + 0.4 x Ck
Bry1 = 05X A +0.1 x B +0.5 x Cy
Ck+1 = 04 x Ak + 0.3 x Bk 4+ 0.1 x Ck

[k=0|k=1]k=2] - | k=00
Al 1/3] 03670363 --| 0363
By| 1/3| 0367|0383 |- | 0357
Cn| 1/3| 0266|0284 |---| 0.280

SNU 046.016 ©0IZ2 (ZHE/80] ofi= A2, 2AOIE, 2015)

Google's PageRank & 112|Z
22|24
» Markov matrix M
» x;;: - 0| 2|7t -H[O|X| & H3SH 1/n;
(ni = i-HO|R|0M IR 2 L7t= 23 %)
» ZH: S =limy 00 S;, H7|A Sk = M(S)
» A S =lim; o Si, H7|A Sip1 = N(Sk) 0|22
N = M @ ¢(00] Q= Markov S H)
» 21?7 Markov 120k0| D=7} Q0| , 11 Markov chain2]
(@]
=

o517t ©
— —

T |6|-7-” —E—ZH (Perron-Frobenius &2[)

CHE 7182k of) 222 HoiSe ZETY|, ¢H|0[R] THoS1te]

SNU 046.016 ©0IZ2 (ZHE50] ofi= A, QAAOIE, 2015)
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22| 250/ B 1 514

> HRE AY: EREe 25t 25 el AEE

» MMORPG(massively multiplayer online role-playing

game)
> "O|HRHE" 2T AHLHe 7HSMAIS Ol HRE{ 2|

SNU 046.016 (©0IZ2 (ZFE/230] ol= A4, 2AOIE, 2015)

or

o - S
Q2| 259 HY 1 5IMS 2

> ARE AY: FREQA 27l 25 ol AldsS

» MMORPG(massively multiplayer online role-playing
game)
> “OfHRAE" ECF ALt ZHMAIS Ol BE 2o
» Jtsdidt =7s
» Reality Is Broken: why games make us better and how
they can change the world, Jane McGonigal
SH2E CI2E AE2IE: [2]L2[2] BIZ &Y X2

0/0F7], 0|21} (S3] 4%2)

SNU 046.016 ©0IZ2 (ZHE/80] ofi= A2, 2AOIE, 2015)

e8| 20| 82
O|H|Y, 7I7tRE, facebook, twitter, google hangout, skype,
Sot/sHA B3R torrent, melon, bugs

» SofE AP ote S0 AHY
» O etz FHA ete: 25| dgEt
P

» JEO|Z(information theory)
5| MY st Y? I (encoding +

— =

error-correcting) 7| =

SNU 046.016 ©0IZ2 (ZHE50] ofi= A, QAAOIE, 2015)




JEO[E 0|17t =

SA10] 2QI|0fl CiF 0|3 £=
> ZUTTAL BLC|Q, W, H|H|HS Z20MTt
RERE!
SRS 3=y
- EMZ 2S/02: DIMR| 24
- Zge Yo
- 2 A0 22|20l 514
- 22|HOR HZY 4 Hof: 2 22|27
- ZH3: ST 20| Y| T2 WHO| gl £

SNU 046.016 (©0l=2 (ZFE/20| ol A, 2AOIE, 2015)

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”

2=
SNU 046.016 ©0IZ2 (2FE/28/0] Of= A7, YUAO|E, 2015) (ARZIZAH: Google)

CIR8 £89| 2¢V|=: 20|& (1/4)

SNU 046.016 ©0IZ2 (ZHE/80] ofi= A2, 2AOIE, 2015)

CIR8 259| 27V|=: HE0|E (1/4)

» 22[7HELAE) OfL 2t BM|Z| 7} 742 2 Z0ICt

SNU 046.016 ©0IZ2 (ZHE50] ofi= A, QAAOIE, 2015)
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CIZ " AEQ| Z7HV|&: HEO|2 (3/4)

» Yol MR T

Zp )log, p(x

SNU 046.016 (©0IZ2 (ZFE/Z810] 01 AlA, 2UAO|E, 2015)

CIRE 289| 2¢V|=: 20|

> Yol oiMR|] e

Zp ) log, p(x

» Yel1(AHE 30l Sls 39)

2ol &0l Co|11 FEF0| HO[H

ORI =28 2[CH C/H 2 g 7ksotCh.

SNU 046.016 (©0IZ2 (ZFE/230] ol= A4, 2AOIE, 2015)

(3/4)

LIRS 259

o7|E: ZEO0IE (3/4)

» Yol oiM|R|o]

Zp ) logy p(x

» J1(AME Y30l gl B9)

2ol &0 C0|12 Y= 0| HO|FH
UMzl =28 2|0f C/HZ gt 7k5 3Lt

» EAIO)

A= BMIRIS ZEZo| AUCH

SNU 046.016 ©0IZ2 (ZHE/80] ofi= A2, 2AOIE, 2015)

1= —

C|Z|& AEQ]
» ol ojMIRIel HEY

Z p(z) logy p(x

- H2l1(Y Yol gl A9
349l gato] Cojn F22H0| 1 0|P
BIMIRIS 25 2]0) C/HZ 84 IH5HCh

» SA19| A= DIMIZ|2] Y& UcH
» F22(ag 30| U= ER)
H < Co|¥, 2&s| A 7tssicf. H > C
o/, 8&15/ HE EIIE0ll QEEE H-C
OletZ &2 + gict.

SNU 046.016 ©ol22 (2

E12}810] Of= A, QUALOIE, 2015)

ZV|=: Y208

(3/4)




DRI 250 270715 HROIZ (3/4)

» Yol MR T

Zp )log, p(x

» Yel1(AHE 430l 8le 39)

4ol g2f0] coja ZHE2to| HO|H
DIz = 25 2/cf C/HZ 8 TFH551CH

» S419| B2 DIMAIo B SUck

» de2(HE Y30l A= 37
H < CO|®, 25| MS 71535/Ct H > C
o1, 25| ML 551D LEES H - C
o5tz 22 + gict.

» OFR2| 30| AN = 2U3| ULIHSTITH!
SNU 046.016 (©0IZ2 (ZFE/Z810] 01 AlA, 2UAO|E, 2015)

SNU 046.016 (©0IZ2 (ZFE/230] ol= A4, 2AOIE, 2015)

IMA| AdEot7|: @12 % (encoding) x

Q22| (error—correcting)

QIZ Y (encoding)

of) ALREIOL: "Jfof, "B, B, EfD

=d0l) “7t0t oS t0FEE 7 FOFEILLFOF, " E 7 FOFSEfLL T}
op7torzstap

» 37|DHIAC:
> 00(7}0h), 01(ELD), 10(Z), 11(Z). 727

» A7|HSIE: HORIZ(710F > Bt > & > £) 0|8
> 0(7t0}), 11(EFD), 100(2), 101(Z). 77

—_

1B

SNU 046.016 ©0IZ2 (ZHE/80] ofi= A2, 2AOIE, 2015)

MR MESt7]: Q21 2% (encoding) x

Q=24 | (error-correcting)

LI 422 (error-correcting)
» Bt (repetition): "EFHRP?" = “BIHZ}? HIHZ}?
B
> S CEHRR SRR A o Ry

» O0{Z(redundancy): “027013" = “zero two seven zero one

three”

» 27 “zeri dwo sevem zirp ome tjree” = “027013"

SNU 046.016 ©0IZ2 (ZHE50] ofi= A, QAAOIE, 2015)




DM | HESH7]: @1 2 (encoding) x

L Z A Z|(error-correcting)
LI+ 2| (error-correcting)
» HA4EZ|(checksum): 467" = "467 7"

2|
» =7 "4 675" = "CHAIEUF" (AL 0f2)
» ZA AR (pinpoint checksum): “467238826"

=~

co N o~

N W O

S 00 N
w

6

SNU 046.016 (©0IZ2 (ZFE/Z810] 01 AlA, 2UAO|E, 2015)

2

kOII

HBEIDSO S8 11 22| HA)

J

A7t SZAAFTE Y THA 572t AlSUt S7
> (Ol) AMA F=7ete 7HelHre 2
> 0|3 "0f7| A" U= ALHS 7l2(et
> AMA 2502t A
> O] "SU" AtEhE 7121
» 2 7l RE A S0l

» AT 7|&(cryptography)

SNU 046.016 (©0IZ2 (ZFE/230] ol= A4, 2AOIE, 2015)

o3| 3{Alo| 2

FAMA R4 71918196 4T1AE HAAITIE 71
- ZBEIZ 28 2Lt 1 2 "Bk R A4 0/
» A NP 23S 08512t

ot/ wvs F: A0l Eoff, SIMHCE s
P2 LHe LIHZ o Y= Fts

SNU 046.016 ©0IZ2 (ZHE/80] ofi= A2, 2AOIE, 2015)

HMA =72t AlsZtsw: 7H2[BIRIE

AE S570l0F SA[Of LH2 2At2|0f|A] &oleh 4~ QLO{OF
» 7}7I2E, facebook, skypeOi|A 7+2|HIQ| E7?

7t
BOAHUE DMA =287

SNU 046.016 ©0IZ2 (ZHE50] ofi= A, QAAOIE, 2015)




ST9HE AIZZER: FtHte R

HMA

AZZH ZFH0k SA0f L AZj2|ofl M Zelgt 4~ R
» 7}7IRE, facebook, skypeOi|A 7+2|HIR|E?

T U= 94|

7 2 24 £ BL7|

>

> 20 191% HMA =27
| £
=L

I

>

SNU 046.016 ©0IZ2 (FFE/280] o= A2, YIAOIE, 2015)

Ofof

AMA FF1AE AlSHER

2t 3850k SAI0f LHD Ozt2|0fA 2Holst 4~ Q)
7t7t2RE, facebook, skypeOi|A 7+2|HIS|E?
» BOIAHUE HMA =2

£+ U= oA

PG

Al

O

v

S |

24 A
= = .

» SAUWI 2 A 20 B

> HEE F707 EE |711'E” F2?

28843

SNU 046.016 ©OIZ2 (ZFE(250] Ofi= A7, AAIOIE, 2015)

Ofof

NA Tt Alsttswm: 7telbtel2
AHEZ siZots WY

o
» £ £ QU Y1 Y= HEE QU0

SNU 046.016 ©0IZ2 (272120 of A, 2AOIE, 2015)

59 bl 92 ol B 2o
- 2914 239 0f2428 0|8

SNU 046.016 ©0I&2 (Z#E(2480] ol A, QIAOIE, 2015)




UMA =72t Alstsw: 71RI8HRIE
ZBEIZ 5|Zote Y
- £ 4 g U1 2| HTE Qo)

=2 T HA
» 2004 2312 0 FS 0|8

P>

HMA =72t AlsZtsw: 7t2[BIRIE

YREIZ s Zote W

- od

» 201 A Of7|| Q] OH)|= AIDtE 90

— O
» &0l Zol2 0HZS 0|8

> 7tRl/BRI/E Ottt 1/3/72 Elts 248 ARESIH|2 > 712l/Htel/E OICH 1/3/72 E4e 248 AESH|=2
5 ot
» ZAH A0 Sl Sk At A2 A2 A
oM E-(X, Y)
SNU 046.016 (©o0|%2 (ZFE/50| 0oj= A, Q1A0E, 2015) SNU 046.016 (©0IZ2 (ZFE(Zet0] 01 AlA, UAO|E, 2015)
AMA =2te AlSsR: 7H2(HRIE AMA =72AE AlSts R 7H9(EIRIE

BHREIZ sl &8st *té.*

290 4 QU WD Y| YTE Q0|
» 2014 23] o1a4°° 018

QI/BERI/E OILF 1/3/72 EUe 248 ABSH (2

v
oy oy oo N
LI
o
Ty
L)

v
tu

ne
fJ
[

SNU 046.016 ©0IZ2 (ZHE/80] ofi= A2, 2AOIE, 2015)

HIER s Zshe Hit

42 4 gVl 22 27]E Y glo
- 2914 239 0f2428 0|8

> 719l/BI9I/E OILE 1/3/72 EUe 298 ABSH |2

Sl
- 202} W AOf SfBte A40t 1BCE A2 A4S
M BY(X, Y)
- MEZ WD U0 AolaEs) 2E(MEI W 22 22)
- MZOH| 247] 248 B2 2, y)

SNU 046.016 ©0IZ2 (ZHE50] ofi= A, QAAOIE, 2015)
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=
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HMA =72t AlsZtsw: 7t2[BIRIE

YREIZ s Zote W

| =2 T HA c =3 O —
> 2014 20| 0{242S 0|8

- 7F9I/HQI/12 O} 1/3/72 Bl 248 AB317|2
Syl

- 22} W 2Of SISt 440t I RS 442
A ZH(X, Y)

- MR P LD A04EH RN} W AS RE)

- MROIH 27| £42 BIH(AAS 7, y)

- MR Y2 222 W A4 UHE(X/x, Y/y): M2

> (M 248 SHMEUR? Lhe gt X/27t 2422

A2 7|& (cryptography) I: 7|Y 4l

& ALHO[ 0|2 H|Z 7" (key)E &7
> OIMIZ| ELi= ARt g AFEE & U
» Y2V EUi= AMEE BMAl 2252 BIZTI2
“Holl M 2L
» Y2 IV A= AH2 HMAl 2A=S BIZ72
WA G E 27

» THes| “Cistal 7] = OfLfR| 2t

SNU 046.016 ©0IZ2 (ZHE/80] ofi= A2, 2AOIE, 2015)

02
ol
~
4>
—~
@)
=
<
©
+
(@]
oQ
=
Q)
©
=5
<
~—

H|Z7|E S7alof st= 241
=

222, 0l2] M2 Hall=foF. FAtRte} 02

SNU 046.016 ©0IZ2 (ZHE50] ofi= A, QAAOIE, 2015)




QS 7| (cryptography)

H|Y?|E S75l0F 5t =41
» LT 27, 0)12] M2 Hsltof. AR} 02
QFLHOH!
» 2E Cheot AH2fstn Al
> BIULE(72H) 5t2i BlYAS(H|Y7])7 0j2] Le
Ct Vs Ct+ZE
Exl ==

SNU 046.016 (©0IZ2 (ZFE/Z810] 01 AlA, 2UAO|E, 2015)

M7 &= 7|=(public key cryptography)

HIYZ|E S/ 1H2 2 0ts £ Q= 2?7 “Diffie-Hellman key

exchange”
P
x@® P
CRME .
— -~
y® P @
@y Pr) y® (z® P)

SNU 046.016 (©0IZ2 (ZFE/230] ol= A4, 2AOIE, 2015)

3517 &= 7|=(public key cryptography)

HZ?7|E /022 Bts 4 Q= WE? “Diffie-Hellman key

exchange”
P
(_ zdP
CRM .
\/ ~—
o —
z® (y® P) y®d (z® P)
z@P = 2"modP y®P = 2Ymod P
y&(x e P) = (& P)Y mod P 2®(ydP) = (y& P)® modP

SNU 046.016 ©0IZ2 (ZHE/80] ofi= A2, 2AOIE, 2015)

07| &= 7|=(public key cryptography)

https: 2 F2|= HO[X|0f|A = HEE2 0
Ao 2
» Of) amazon.comOj|A 2HES AHf: A EIIE HE

» “128-bit encryption”: H|27|2| 3 7|7} 128 bits

SNU 046.016 ©0IZ2 (ZHE50] ofi= A, QAAOIE, 2015)




> A=55t CO[Ef & 72|22 Y= dfiofet > Y=o}t COJEf & 7R Y= ofjoFetCtH
> FS 20 E ORR[AL CRA| = Z 07 » Yo 200 E ORR[AL CRA| = Z 007
» 21 Yst= AtES Tofof > 212 Yst= AtES o{of
> G224 @A 7SN
SNU 046.016 (©0IZ2 (ZFE/Z810] 01 AlA, 2UAO|E, 2015) SNU 046.016 (©0IZ2 (ZFE(Zet0] 01 AlA, UAO|E, 2015)
oLrs ETH = = or=s A 1. =l =
A== Il 2rH e 5tel A== Il ke 512l
718 S EEez 718 S HEeR
> A5 COJE] 25 7tA[2 LS SHOFSHHH > A5 COE] 25 7HA|2 Y-S SHOFstHH
» S EL; Y ORR[L; BRA| =07 » YSEL; L ORR[A BRA| = E 07
» 218 Ys5h= S Zofot » 21 Y5t AtEE ZOfof
- QBER| 9D IHS5EI - QBEZ| 9D ST
» S AS (homomorphic encryption) (2009F) » SYAS (homomorphic encryption) (2009F)
> ZE sw fOfl CHoiAl f/0f 2A: 2

f(z) = f'(z)

SNU 046.016 ©0IZ2 (ZHE/80] ofi= A2, 2AOIE, 2015)

= sw fOl CHsHA{ /O] 2A4:

fz) = f'(z)

> Ol)n=n+pxa (B4l p). 2208 + = +.

SNU 046.016 ©0IZ2 (ZHE50] ofi= A, QAAOIE, 2015)
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U5 7|& Il AELZ

IT A
O o Xl_lﬁjml- o-I
» 9| FAR (2,y), 242 2F M
> HEste & o (HY): Moo
» ddote wy (BM): Moz)oy=M?
245 2F3HH Al F0f 7 M
» At 4. Z‘lEOIE
Ho = o [ T _— @ Y
M
- RE7| 2 ABI|E (BN, SHYS) ) _ 1%
(2
> B 32 g45Y|E (VELY) ©F s 1) L e
SNU 046.016 (©0IZ2 (ZFE/Z810] 01 AlA, 2UAO|E, 2015) SNU 046.016 (©0IZ2 (ZFE/230] ol= A4, 2AOIE, 2015)
IT IT
U=LE UELE
» 20| SAR (z,y), A4S 2F M » 9| S (2,y), AHS| 2F M
» MBste &2 (HIE): Mo » MBot= &2 (HIE): Mo
» sty (BM): Moz)oy=M? » A8t wy (SM): Moz)oy=M?

M

M @

x

/_\ y

M p
M D x| )
= M)\ = puesoy

> 1977'3: A0l @, o7} ZH0}Z (Rivest, Shmir, Adleman)

SNU 046.016 ©0IZ2 (ZHE/80] ofi= A2, 2AOIE, 2015)

V bae-oy

» 1977 MEA0l ¢, o7t 2H0k2] (Rivest, Shmir, Adleman)

2ol £(HY) — ESYT4T
20| HI2| WY

E__v

ole A
|'D|_I'E‘IETM
oIA]

SNU 046.016 (©0I2 (ZHEIZ510] ol M,




i
o
CIZ|2 FFEof sHA0 7|t U= SOl A=V|s
» LIZE HAREZ AeEciE Eelste 22|S2 04

222

A XX0O

SNU 046.016 (©0IZ2 (ZFE/Z810] 01 AlA, 2UAO|E, 2015)

i

CIZIE BrE{2f etAof 7|ch2

> T2 ZREZ Q485

—

D22t

AXO

ofoj2iL
- CiEgls 2AS0| R
» A7 Q20 2
» QIR0| AIB2S

SNU 046.016 (©0IZ2 (ZFE/230] ol= A4, 2AOIE, 2015)

Ue dAMe| g2l

i2 walsts

S22 2l (blockchain) Y122 (1/2)

SNU 046.016 (©0I=2 (ZFE{230] oi= AA, 2AOIE, 2015)

==4|2l(blockchain) &112|F (1/2)

SNU 046.016 ©0IZ2 (ZHE50] ofi= A, QAAOIE, 2015)

oN
|0
u




225 ) OF = Bz z010|0] o=
== 4|2l (blockchain) &112|F (2/2) ==4010] 883
LT SZHAGI0
Ofzd0] THEU| 2= S
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» HALI(POW). 3 ol 2222 BiLt
» O =& 0|22 2 S5 CHA| MortHid.
» 11 YS0|= HEIIE|OFst=H|.

SNU 046.016 ©0IZ2 (ZHE/80] ofi= A2, 2AOIE, 2015)

=342 E1eS (4/4)
J|8E A2+ AR A RoKof
> A7t (AZt BOfI7, 5009)0] 20 EH ol =SS (A7Y,
BOIIA|, 5&) 2= n[245tCt,
> LA-I(POW). o'l LO[ RA|F2| BiLt.
> Ol 223} 0|59 2E S22 CHA| MOoFdd.
» 1 YS0l|= EIH[OFsH=H).
> YA-(POS). =H|&H| 2 HHE+FSHO| 7292
ZY=l=d.
> CHE+ASTHO| eohez] 2202 0j427t
> LE+ZASCH0| S2|0 & A2 Yaa9ict

SNU 046.016 ©0IZ2 (ZHE50] ofi= A, QAAOIE, 2015)




23|01 AN2|Z 24 7|2 (1/3)
tS 7|=(cryptography): 25240 T
2

> (A7, BOI|Z|, 5009)) 7ah7t £, I A 2P
- CfE7} 228 220 Tof, HY

SNU 046.016 (©0IZ2 (ZFE/Z810] 01 AlA, 2UAO|E, 2015)

==K = ~

S5 LU2|F 24 7| (2/3)
3ll48H4=(hashing function): YAH2|L{7| + SSOIE7| +
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Computer Science is ofsto| QIZk AlA|ef 50|11

the science of intelligence 1 &80| & d=0|%0|

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