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el = 120 36 LEGO, ZRE] 7|8t 20| Axot EN
330 He 105 84 Rz7z, NXT, ZHE o|0|X| &8, 33 2B L M & &8
T ATH = 112 16 ER 2| Y YuER 2E7|, AU, RHIHEA
2u | 8% 120 25 HEWSO| of, YEMY, EH U 25, 22 KX S
gagst 56 27 | Usst YmalEDColo, B4
At FEAA} 56 18 ATplR| T2 S E6t AERHZ 28 A Java Script,
© HTML, HIZ=2! H[o}] HiS
OfzCH M 116 102 Colo| & Lue|E
QSTH My 116 96 ATax| Z2 Y, RO VIR XISE 2R 0S|
= HEtst FAnS 2P 24 2 245} Wot A (Y51 2|, 2015)
m 29| SWHRHwS Szt : 0j=2
o 2 -2mI2|QIo] LIS 7|2t A SWEIHuS 1 2F
— USAComputing Olympiad (USACO) : Z4EE{fSHA|o| MHSHSIRHE0| 205t 0= SWER S

1S 43

o| EH-"li 7|J.}o§ QE|.O| 7||:|}

o (SHAEE7} E0]) MIT, CMU, U. of Michigan S Z&E{TISH 20| top-school WHEZ A
2ATIS0| M22 26| wsaby T

- (2211 18) T2 Ao 7|RE 25| SHES0| AAR SIEE! 4~ QIEE on-line judege 715
= 8% ug Z2Y Wiy A

- (22101 Cf8)) Y0 BRAYO] T HoiE 4 s 2at0l AnaIE B AE T 63 4
sf0f, $72 Ligl 3-S5 clal2A Zaxel Jo 3] Sy

(¥ 5) XUSACO 7|=us 1t
Chapter 7= us g

1 Getting Started 712 enelE ¥ RE REE 2 S

2 Bigger Challenges THYESLol= 7IE2A| 7|Ete] Ya|E HAEA M

3 Techniques more subtle O™ CHAIRLCE HO|= =2 EXIQ 7[5 012 AJH

4 ﬁgi\l/lasnced algorithms and difficult AsPH pEiE) Ol o TalE MASK U a2 B AN

5 Serious challenges S0[st 01242 2SS 0IE shEE = U= 7IHE A0

6 Contest Practice Al CH3IQ| EX| 2X|2} Lo 52 EXSE Al

At= : USACO.org
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38 | EzZtsw sHAE

2z YL Ysslof M2 e BE A5 st 7|eol 1xY

O 1) A2 AMolH HF +F2| Ha}

3.20/6.25

HE =& (13)

| maeE f(03) - e 6.25 (13)
CIH('98) - : i i

Hfolz{a Agiofole é 2, ikl

DDoS \__’
H ; : : :
MelE = 3 © APT : ? -

2000 2002 2004 2006 2008 2010 2012 2013 2014

Atz SHEOIELITIZ2(2015. 6), TAIO|HEZ Z|A S8F 2 Ato|HCHI|A AJH, KINX Peering Forum 2015

o 0I7} Fiio| oYY BEIZR| |2 l0] et HE MHYOE DI M UB s 97
D% YeU B Q5 SR TS OFYY He XX RSFUINEESY H23X M2

MM 2016. 3. 29., Al 2016. 9. 30.)

+ TREO JHOVE 5 M| HERt 1B st (OIRIOL, | JKS S Hi0lo] BE DIz R BeA|
53t ElT2 IR R S| T2 e O B K| o2 Lig £}
- 53 IS TRANYE, HILHS, MF HE S Ji0lo] BE 11 B Y

o J|E NAY HES FASl5iH YF 3t ME0| S0feh W BE Y58t 7I20| MEYED QU5
z

~ FOISEAHSEAL 13X12), ASIIEHSEAT 13X121-16X2) Sit 20| Selrt Ut S KFE
O, SRR N B2t MBI 2 M5 FS 90l tHEEl d7iM(egacy) HOIEMOIAAAS
(DBMS)2 1% 20| Z=(W 20| 22 e HEhS A8

(O 2) 25 Ys3fet el BE Y33t H|uw

Bank Name _ d=F
BuTINS3TYBCnrH3SRgnGNA==
- o (Base64 912¢] %2, 7|2 HefoICIE)
=
1234 5678 9A7L 5432 g=F

1234

{3 7412987458581745
: (7|2 el 3)

CARDHOLDER

DISEHSLI MZIIEHES U 32
awsioz Bl Sei| S0 S LS B2 H 2SS Al 2IE AASel SRS ol

=
SEf HEQIS S ks E0l0| HUE o T

(2) AES : Advanced Encryption Standard. 2001 NISTo|| oJsf M= £2 A3t Y025 (EX : Wikipedia)

(3) DES : Data Encryption Standard. £2 24535} 212|590 2502 0|2 NBS(National Bureau of Standards, $ixj
NIST)olA 27} EZEC 2 X5t ¢S, HOMM0| WofX[= DES Al §ixli= AESTH A BEECZ HallA AL (EX : Wikipedia)



- el BE U535 7122 HEO| YHIE OME FXl6HH Ysatet o+ US
- Z 721 20} 20| AIR7IEHMS 12345678987654327 SiE| B= °+=§} 7IE2 AU sieH
74129874585817459} 240| Y=} =St SiEHQ| QIS 20|

ﬂH>I'
n

o ZIZ 0= NISTS| el 2Z A58t 7| BE MECR o5 Of A 2 ol
- 20164 3¢ 292 o]= NIST(National Institute of Standards and Technology)“= S 2Z
S35 A 271X| 7|&(FF1, FF3)2 ZEE =9t HER(NIST Special Publication 800-38G)22
Xﬂ’é*

> fol

255t 3 Boo| Hefol US2O| Hept SUS HASHE USS V1SS 2
— 27H0~9)2 PAY(=0R)Eln Zopt 1621 HRS
[e]

212t SUsbY £x12 T4ElT 2ot 1691 25

2

=

o Blackz} Rogaway?} EHQI F7|H/2n2|E EXEHZ HMOSH 371X| WH(prefix cipher, cy-
cle-walking cipher, generalized-Feistel cipher)®0| 0§3f FPE ¥112|59| Z7t0| =

— (prefix cipher) FPES HE3lz= =H[2l0] {0, ..., N-1}1} EOI a2 TORS o, et =oQlof|

£ot= 22fe| Faofl AES, DESSH 22 25 US3st dU2|ES AFZsIH Al 715X (pseu-

do-random weight)2 AlAtst Mzlst= dit (O 3) ’_é.*_{)

(a&! 3) prefix cipher 7|89] FPE L112|E GA[(QIAltS 7HBXIZ AMGE | I5H AES LT12IE ALE)

S0]91 {0, 1, 2, 3101 Chah

0] W)

1 W) | g
- AHAY
2 / \. W(2) =
3 W(0)

W(0) = 0x56c644080098fc5570f2b329323dbf62
W(1) = 0x08ee98c0d05e3dad3eb3d6236f23e7b7
W(2) = 0x47d2e1bf72264fa01fb274465e56ba20
W(3) = 0x077de40941c93774857961a8a772650d

o Wii)e 2E8 7|7t kY T AES(k, i)2 78 2t

HE 01232100 prefixcipher d2otH 252 31202130| 2=

(4) NIST : 07| FEEZE7|&%TA,

o=
9l 0I7HR20| MStY WYL EE S XS

5) J. Black, P. Rogaway, Ciphers with Arbitrary Domains, Proceedings RSA-CT, 2002, pp. 114-130.

|:|2.l_

O] 27} 7|20|™ 2 ZISH(NTTAA, Public Law 104-113)0f 2t 0|2 FRO| 7 |ISHE &5
2 45l (B4 : Wikipedia)

©)
(6) SIAfckpseudo-random) : T3t DOAe) - OILIXIE! 1 22t 210] S25| £557| 0f24 Ol & L2 AR 20l 7H

AtE] [ 39
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40 | EZhSW EHAE

2z YL Ysslof M2 e BE A5 st 7|eol 1xY

-0 o

+ L2IF0| ZHASID ML F7 (7t A2 R A0l 208t
+ B[N 377t XM fZE0IZ2] 27| FA| 7‘|X1 M 3 ALZ0| OfHSE
— (cycle-walking cipher) 2 S35t YT2|E5S AI25I0] H=0 SUSH SERO| ZTt LIS mi7ix|

UTBIES A 2= W

(3 4) cycle-walking cipher YT2|E1t S& Gi|A|

CycleWalkingFPE(x) {
if P(x)7} M2 Q4o

return P(x)
else .
A x:EE
: return CycleWalkingFPE(P()) | 7 S =g 7o BEgss g
M: Edld G452 Fel £9 2% Hsd A%

Togie] {1, 2, 3, 4 € o, 12345 cycle-walking cipher FPEZ €& 3} of|A] .

P(1234) P(3adéd) P(f21sda)
1234 3adéd f21sda 3123

&M &M eM

+ prefix-cipher?} E2| T 1EE0ISS FAIE 2R ¢S
« Qb= e2|E0| SRE[X2 X %—E%'II 5 + 2=

9| 518 AT 4)2f Tet M7 H24E XILRA B2 =2 48460] Hoix|z 518
He el Helt =5 Yz st gnalze) "’SE.J =537l S ES

— (generalized-Feistel cipher) (I2 5)°| Feistel network”E 0|2&t BiHo =z Zt IR

(round)2| BX7|2 S 55 AN2IS0| £2S AIR510] FPE 43

(a2l 5) Feistel network?| ¢S3Hz}) / E53H) HitH

Encryption Decryption
Plaintext Ciphertext
[Lo T Ro | [Reer [ Lot |

A J L\
&+ F] & F]

k. 7 v
| Rn+1 ‘ I-n+1 | ‘ I-O | RU |
Ciphertext Plaintext

&% : Wikipedia, https://en.wikipedia.org/wiki/Feistel_cipher

(7) Feistel network : £2 &3t 2mn2|F0| AZo2 U5t WAI0| £ At 0| BHE(EI2E: round)22 0|R01E. 2t B 1pg
=

0l AF2El= Si4= 2HRE 84 (round function)0|2t BE (&X : Wikipedia)

T aTo
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Feistel networks g 38

0:

prefix cipher®t cycle-walking cipher®} &2, =0l 377} 2 ZAR0l|E o™ 2 A
201 AL 715517 | tiz0il AF0IA o[ AFBEIH, 0I5 7[HIe 2 Tkt eng|=0] Mg
- HF22| FPE &12|52 ¢ Ml 7IX| JHES H6IH 2S0IX|n o, £5 ¢St du2|ES 7(3t

2 QISOfX7| M2 SUst O HES et

oIr

Xat

e 22 2535Hblock cipher) 7|&nte| X{0|=

[
—AES, DES S 7|Z =% 238} 7|&2 O1F! HloE7t Y3} thedol7| W20 OlF 0IE3IH FUSE

HELE MZTIEHSE AT e AR e/t et
.« O S0, ME27IEHS 12345678987654328 AESZE 255} 51H 21t CHE HEfQ| &SR0
=g

+ 12345678987654328 K12 7Fotl AESZ oot & AR 16X2IECt 2 a7 EHE VIS8 =S
12345678987654325 ASCIIZEZ 7PH6l0 AESZE fSst & 42 1 An
ot A JHsAM0] =11 0kAF| ZE(ASCI code)® ] At HLI(0x30 ~ 0x39

IhsE sk

=)
g\l
=]
M
1
utn

o E=5Htokenization) 7|&1f9| Xj0[=?
- EZst= oz MME ZHED)S MEIIEHS, FUSEHS e} 20| TIZSH ME M AEdt= 7|12
o Mz 2teH E30t A Clo|EIE Sdst= iE H0IE 2R

o AlY| OIZESH MEHS OFXSH 5
— B3t & tlo|Ete] Hekdo] V| 20 SZAr EEC2RH MM H0[HE /55ks A A7t

P

*H

= —
2ts

— E3st AlAS 1= Hl0jE 22| B8 AARNES S7|8t S F7t HOF 2 BEDE AA J{E/QX|
HiE =R

o NISTO|M FPE 2112|& FF11t FF32 ZEE Hot 202 XIH
— Feistel network Bf#Hs 7802 &t FPE &12|501 FFX[Radix](FF1)2t BPS-BC(FF3)7}
EE2 U453} U215 2E(mode)” FENZ MOte|D NISTOIA ZEE 2o FE(NIST Special
Publication 800-38G"" )22 X|&(2016. 3. 29.)
+ 7|E0]| $2UE HES2 25 OF Hl0[E{0]| CHEH HESO|H 0]Hol| 218 H == FPES 2EE M #E
+ (FF1) M. Bellare, P. Rogaway, T. Spies7} H|E&t “The FFX Mode of Operation for For-
mat-Preserving Encryption”(FFX[Radix))2 EZCZ &QIESZ S 21 Q)
+ (FF3) E. Brier, T. Peyrin, J. Stern0| H|Est “BSP: a Format-Preserving Encryption
Proposal”(BSP) & BSP-BCJ| EEO 2 AQIEs ZHE S£7LE AR 715)
— FF1Q} FF3 25 0j2H0|E|2 Z=0X|= radix, minlen, maxlen Zi0] 2} HOF M7} ehapxl
» radix= 5 212 TABH= AZ0| Ji40l], 107140] AR 2K 05E LKt I7KX| Al 10742 AR5t
7| Hi20i| radix= 100] =), minlen2 {2 H29| £|A Z0|, maxlen2 F0XI HE29| 2|ty ZO|

+ & AEFIEHSE radixz 10(ME7IEHS BiXizl= <At 00 =Xt 971K ALEsE | ),

(8) OfA7| ZE(ASCII code) : F2 LTS AHB5t= HHEXIQI 22X} Q1FE, 0x302E] 0x392 2{2F KA 02E] Rt 95 LIEHY

9) BE(mode) : 55 YB3t YMRASUN B2 277t BE DylEct 2 PP YTRIES HEHOR OGP 0|25l HAIE Uit
ECB, CBC, OFB, CFB, CTR 50| &

(10) http://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.800-38G.pdf
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42 | HZHSW BHARE

2z YL Ysslof mE e BE A5 st 7|20l 1xY

minlen2 13, maxlen2 19FI=At0]| M2} MEFIEHSE 13XI2|2H 19XR2[7IK] CYEl)

« BE radix, minlen, maxlen 50| 242 EHOt M7} ZO0}E!
~ FF12 7t 20| E2ltweak )2 RKB5I01 & Cf R2f3t 9| Lo IOIE} AS0| 715511, FF3E
FF10]l HislH 2I2E 2l4(FF12 102}2E, FF3= 82I2EZ A7 &0 Of 52 2[2g 2Y

el BE USst HEH 2F AA 20|=222]
o python, C/C++ Java, .net S CIOft S 7jHto] FPE O AA 2jo|=2fz| AXf (B 1)AX)

= L— [ PN

(& 1) FPE 12l @2 AA glo|=a{z

EJEEE] o 2tolMA
LibFTE python 7[Eto] FFX(FF 1) 2to|=2{2 MIT
libffx python 7[2te| FFX(FF1) 2to]E2{2| GPL
botan (FPE) C++ 7[Hto] FETU zto|=242] BSD2
Miracl C/C++ 7|Hto| BPS!"™ 2lo|=2{2] A 2Ho|MA 2T AGPL
DotFPE .net 7|Hto] FE1 2fo|=2{2| NewBSD
JavaFPE Java 7|gt9| FE1 2fo|E2{2| NewBSD
AFY

o 0i7t R0 Chet 2153t @72 Ol izt HEE RSk Qs AL TIze] 25 A2 M| it 427}

1o ===

o 7|Z 27 [legacy) AL SotS Ll He BE AF3} 7|E HE0| 2L A2z of

I

18

~ S35|, el 2= U535} 7120|012 NISTS ZFE| Hot BEOR HME0] Ai0IM 71% £200] £F
S| DI 202 MY

o MR0IN BE| BE 55 7S OS] KB 4 Q= FPE O AIZ Jjolcatel e
~ (FPES 09! =719k 20| AA/2/0h 20|, T E2{tweak) AIS Of%0] Tfet OFIZ7} Z2ix)|

HE0l Yol Sh= 2ts MEiE +~ UA=S Pt HiS E2)

(11) Wikipedia &=, https://en.wikipedia.org/wiki/Bank_card_number
(12) E2{tweak) : FE BZ US| YO = ABEl= FIMEHO|H ESE ZeE §IS. E2S HAIH U2 HAE, THQlo] &2
42 320 FAFE 2 | 20| E2S AE0lo YSECRRH BES FFoP| &S s

(13) FFX(FF1) : M. Bellare, P. Rogaway, T. Spies7} H[otst FPE 21125, NIST

|
o
0
Hu
ol
0
o

(14) FE1 : M. Bellare, T. Ristenpart, P. Rogaway, T. Stegers7} H[2t5t FPE &12|5

(15) BPS : E. Brier, T. Peyrin and J. Stern7} Miotet FPE &112|5, XXl M izt BPS2F HH
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ZQ ZAnA z2 112

RSA 2016 Machmg Learning and the Cloud : Disrupting Threat Detection and
Prevention

Blackhat 2015 Secu_re Because Math : A Deep-Dive on Machine Learning-Based
Monitoring

DEFCON 22 Secu_re Eecause Math : A Deep-Dive on Machine Learning-Based
Monitoring

MLSec Open-source projects and community for promotion of Data Science

(Machine Learning Security) and Machine Learning in Information Security
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Product Planning Marketing P - Fleet Related Services

‘, Component failure ‘

‘/ N N )

‘Dynam\c parts pricing Targeted Digital ‘ ‘ Fleet optimization

prediction ) marketing \Trafflc management ) )
‘, Optimizing vehlcle ‘ ‘, Predicting recall ‘ " Social media usage \‘ ("Roadinfrastructure | ‘, Dynamic route
performance scenarios analytics \_and public transport | planning )

,AppsandHM\usage\‘ ‘ . ‘ ‘, Brand loyalty \‘ ,Multimodaljourney\ ‘,
analytics ) \Proactlved\agnost\cs/ analytics planning L

Freight pricing

.

" Feature demand by ) Cross-brand

P e e N
. Driver behavior
Used car valuation ‘ ‘ ‘
)

‘ ‘Dlsaster managemem

L regions L ownership analytics | analysis

[ Demandsensing- | | Partsi 1 ( 1 V[ )
production arts inventory Deals and rebates EVrelated services Asset tracking
scheduling management I J L )

Feature packaging Service contracts

.
Product feature ‘

.
Crowd-sourced ‘

} P traffic, parking and Prognostics
| (option/standard] ) upselling campaigning weather | )
‘, Tailored auto ‘ ‘ Eco-driving and \‘
L financing ) | drivertralning |

—_—
‘ Usage-based ‘
L insurance )

Forward-looking, Innovative services

" Current services which will benefit from \‘
Big Data
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Infrastructure | Flathorizontal infrastructure, small management team, strong
leadership

HRM Strong management team, Outsourced recruitment, company
shares reward policy, close relationships among managers and
employees

Technology Leading edge in technology, reinvesting in R&D, cost
reduction, excellent products” design, patents

SUPPORT ACTIVITIES

P
Development R
Procurement | Parmerships  and  alliances  with  suppliers,  short-term
agreements e]
Inbound Operations Outbound Marketing Service F
Logistics Logistics & Sales |
-In-house -Innovated and | -Own stores in | Celebrities -Service
production automated 18 countries -Web-based | centers T
-Numerous -Multi- -Online short movies | -Charge
suppliers functional reservation -Campaigns | stations
-NT robots -Showrooms -Warranty
-Easily policy
reprogramming
PRIMARY ACTIVITIES

Figure 1. Porter’s Value Chain of Tesla Motors
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TESLA HAS RECONFIGURED AND TAKEN FULL

OWNERSHIP OF ITS VALUE CHAIN WITH A SERIES OF
DISRUPTIVE STRATEGIC INITIATIVES

Re-thinking Business Model:
SELL EMISSION CREDITS |
LICENSENG OWN
TECHNOLOGY, IN CAR
ADVERTISING, OPEN
SOURCED PATENTS
FORTFOLIO

Re-Anirsing Battery |
Supply: Bulding a solar
powsred GIGAFACTORY
capable of the oday's
world capacity production | |

Re-thinking Sales: Apple

Irpired owmed g ships
stores - NO DEALERS , NO
CMO. N0 AD AGENCY

Ra-thinking
Charging & Sevvice:
FREE CHARGING at
Tesla Supercharging
Stations 90 SECS
BATTERY SWAPS,
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(B 1) 2E AZEQ 0] it SSHE : M B, HE 37| the| S28)

SA U2
20154
= 20144
27| 27| = = 154 A
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|52 s50] & O|ROX|X2t ot ABMM= &l&50| & O|RUXIX| 4=t 0216t SlaS Wafd AN Zx|
(diminishing gradient problem)0|2f SiC} 0|2} ZH0| X} AS 7| 2USHK = 2Xl= 71EX| 240 SHEEIX|
OUQUT L C 7h 0| WS M S5| AlZBHAICE ZF ASe| L E50| 25 HAE(fully-connected) AEYS

HE 7ISRIZRH SISt {0 & Z210| 2F sHF=I22 oh50[ & 0|FOIXIX| 2h=Ct,
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oh=ml ZFERI ZHS sIACH0, elfd YTa|ES IA F 7IKIZ 27 4 ok X i 22 ¢y
Xt&st&(unsupervised learning) Y250 Qfsl 715X| 22 A SH&(pre-training)gt £ 715X|
0| M=ol 7|E0| ahs dnzlFol ofeh ojMl ZF(fine-tuning)st= Z0ICt 7HERIQ| &7| ¢S HE
RIS toll= 71 st UTAISO| SRHHO| AP LABHRIRE, AR St LTRSS S5 ol H
S S JERIS 2UIKOR SIAT tolls 19 22 SHIH A2t SR Sttt = R WS 2t
ABL| =S 7 AA2| £ MM X 41571 Y A0|=SF sh= A0t TXto]l shEsh= WHSE
2= DBN(deep belief networks)” stacked auto-encoder” S0| o SXto| WHo 2= 7122
M HIEQZ(CNN, convolution neural networks)0| CHEZO|CHE00

(T2 8) A AT s Ay
Forward connection Backward connection
for ‘encoding’ for "decoding’

Output layer (Xn) A Output layer (Xx)
o Y

T TWz in

W2
Layer 1 (Xi) Layer 1 (Xi)
T Wi T Wi i Wi
Input layer (Xo) Input layer (Xo) \

Feed forward network Forward-backward
network

(7) G. E. Hinton, S. Osindero, Y. Teh, A fast learning algorithm for deep belief nets. Neural Computation vol. 18,
no. 7, pp. 1527-1554, 2006.

(8) Y. LeCun, L. Bottou, Y. Bengio, and P. Haffner, Gradient-based learning applied to document recognition, Pro-
ceedings of the IEEE, vol. 86, no. 11, pp. 2278-2324, 1998.

(9) P. Vincent, H. Larochelle, Y. Bengio, and P.-A. Manzagol, Extracting and composing robust features with
denoising autoencoders, in Proceedings of the Twenty-fifth International Conference on Machine Learning
(ICML'08), (W. W. Cohen, A. McCallum, and S. T. Roweis, eds.), pp. 1096-1103, ACM, 2008.

(10) D. C. Ciresan, U. Meier, J. Schmidhuber. Multi-column Deep Neural Networks for Image Classification. IEEE
Conf. on Computer Vision and Pattern Recognition 2012.

(11) D. C. Ciresan and J. Schmidhuber. Multi-column Deep Neural Networks for Offline Handwritten Chinese
Character Classification, IDSIA Technical Report No. IDSIA-05-13, 2013.



AP SIS 0183 ot UTAISSS AHs C12in} s OIS D 7171 Qs A D] 7|ttt
2ust Algo] (12 8)0) =T Zo| 519 ABOIN A ASS20| Aurst 1zt 2| Hrsf Y
NEUS (T2 8)0] SED} 20| 2T O ONLIEL, A9 AS0IN 519 AEOE HHE oS e
ZUECH O] ), A3 2 519 SHUIN 49| SAS SE5H: IS AU5H0|, LY S 9| =4
2| 519 SIS MAGHE TS AUBICE T2 2T} LS MBS DF 717 Y ANZYL
5191 B0IM 491 7B HMIK(propagate)st 3 CHA| 4191 AS0IA 519 AS2 o HIFEO2M 519)
50| S5, e 22 THEIZ 2R3 4 9Tt 0/2 22 AgZo2E DBN(deep belief network)ol AS

= O, L1 Idé!
d

1]
=l RBM(restricted Boltzmann machine)O|L} auto-encoder 50| Q\C}.

QIS MRS 085t ARSI ChSnt 20| 8lSiCt Sha HI0IEIE 12 AIS0) ISt ofS A el 24
. O[ZH| xH i M(reproduce

)
00| H2ii 2= b5 Hlo[Eft Zthet UR|==F X HM S| 715XIE el H ¢ A5e| &50]

ELH SEE X M AIEC| 71SKIE 0188 F Wi 7HSKIS SHERIT) SISTI0[EIS Y=gt = layer 19| 7}
SXIZ 0133l layer 19| E2IZtS AMBICEL O oSt layer 12 Z24tS ot5 HI0[EZ AHEsH0 SY
ot O layer 25 SERITt 01213 WHO = X[ot?| AIS0IM AlRSH EXt &9 ASL= stes
Zlehotr}, of 22|52 B0 U2 HIO[E7E FOIRS M ef A Hdef H i S&t HlOIEIS
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d i % Xeer
JRIE| A8 GHS ARIe| S20| L2} HrEXO R SA6P| HIR0) A8 AFUS 2 AR SO SINIZ g
B9 2L YT QAP SHBICE OIS S0, (1) 10) 2150| A8 AZUS TXEO2 B TSI m
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230| 50| B S MY QABICE 2tk 28 AZYS Sl LE IS TR, Paid >
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20| 1o FEE v SIXIZ HMZRE Aoz HolEeE FHo| =7}
Azt 727t FEZO| s & stastA| Relth oIS S04, X120 X2| SolM=
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oF
oS S8 IS He I AR Z Ho| BOM U= 7t A Lo | 2ol LRl RNN2

0213t 2HIE o2t M2 o8 AMdY DHO0| MRt=/U=d, 22 71 R0t 52 Hol1 U= 222
LSTM(long short-term memory) HEIO0ICH, LSTM2 1P MEE iR Q=0 Bt 4= Q=
HAUCE LSTME| 7|2 20| &= (T2 1) (2)2F 20k 7IE RNNOjM= 53 912 A 1 FEE
BtAStE w8 AZ0| IS ShesiRint J2iLt LSTME JEC) SX6 #AE 2=t 2 B o, £
J2|7, S =0 MEf MEE Mofsl= Ml 372 AOIE(UHE, &3, YZ A0|E)E Z=Ct 2= HoIEQ}
£3 A0|Ex= 242} Ut &3 ASE Mlofsta, L2t A0|E(forget gate)= &M =0 MEE HEE

FRIE XX HE ARUK| HEE ZFelCt of Ml SF2| HOIE0f 2fsh 2+ AlZHo]| UHS 2HOFSUX], Sl
MYE HEE BHER|, wte SR HRE ZTRIC 0[2 20|, 212 YEE BUEX| 6

=
TAE 0|3al BHEP| H2oi Q0|7 U= YE2S0| et AMEX] i BEE 4 I,

(13) http://www.wildml.com/2015/09/recurrent-neural-networks-tutorial-part-1-introduction-to-rnns/

(14) S. hochreiter and J. Schmidhuber, LONG SHORT-TERM MEMORY, Neural Computation 9(8):1735{1780, 1997
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x 7-

2 H
Skgo| sy HEC R Xi2| TIUCE T OfL2}, 2R HEE, SARM, A o|E S0l g2| E8Ert

(6) Ei2idel ¥S Al

B2fd2 Cryet IHE Q1A EXjo ME=|0f iR =2 455 LIEIUCE T7IRKIIAM0| AoiM= 71 &2
AMEx=l= MNIST Co[Efofl Chstd 0.23%2] 2FES HACH, 4= E TIHK| 450] ECH HIHEUH SVM

O] 2K 2FE0| 0.56%UH Azt vlwslH Hefdg Soff HFEt 272 iR W2 $E0I0H.

Hefd2 3201 QMoz 01 =2 H5S H0ln ATk HZ7K| 520 2Aoil= mQDF(modified
Quadratic Discriminant Function)o| 7}& 2| AFRE|ICE J2{Lt 2011E = ICDAR(International
Conference on Document Analysis and Recognition) 0flA 7HZ|El ZIE|AEO|A CASIA(Chinese
Academy of Science, Institute of Automation) H|O|E{0f] CHa CNNS AR5t A|AEID| 71Et =2 M
52 20K, 0] 22 EMcE 2013W0Z 0[0ffi=t, CNNE E[1 94.77%2] QAES B0| 7|E W
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ESH ME 2 729 4| Q1A HHAEQI ILSVRC(ImageNet Large Scale Visual Recognition
Challenge) 20132 E{= 19 8 ofL|2} CHEEC| AQ| ZFHZ0| CNNO|| 7[HHS & EHAS AIRSICID. E
5 ILSVRCE ofid M22 7|=0] 2REH 1 8458 20|10 V| W20l 2214 7|e9 &6 718 =
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ik
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Faces in the Wild) HlOJE0 Chste] 7IZ Zm A50| 96.33%iOLL 20141 CNNG Xgst 2t

(15) Klaus Greff, Rupesh Kumar Srivastava, Jan Koutnik, Bas R. Steunebrink, Jirgen Schmidhuber (2015). "LSTM:
A Search Space Odyssey”. arXiv:1503.04069.

(16) http://yann.lecun.com/exdb/mnist

(17) Cheng-Lin Liu, FeiYin, Qiu-Feng Wang, Da-Han Wang, ICDAR 2011 Chinese Handwriting Recognition Compe-
tition, 2011. (http://www.nlpr.ia.ac.cn/events/HRcompetition/Report.html)

(18) Fei Yin, Qiu-Feng Wang, Xu-Yao Zhang, Cheng-Lin Liu, ICDAR 2013 Chinese Handwriting Recognition Compe-
tition, 2011. (http://www.nlpr.ia.ac.cn/events/CHRcompetition2013/competition/Report.html)
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