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41 2x1212] GMMOIAM Azfol BiXt 84 SEOZ MAP XS HEE 20| EHEICL [J2 612 #IHE S BloE 34yg 5O E7 £& WYOE Xf2| Ho, 27 FH(extraction), 2/ @
SHS I, P2 2ol M52 Hoi =Ct, ZCt o2 2A EXI0| 60XI210| 17, GMME 2,048719] &5t MM EAk(channel/session compensation), 20| Fsk(length s
MES ZH=Ctn 7PH5HH, 60 x 2,048 X24(122F 2,880%2)2| normalization), Z4= A|l4kscoring), E4= M t&H(score
[ 32 4]1GMM2| 22 MAP XS 2| 2X AT{HIE{7} SIC} normalization)2 LHs 2= QIC} i-#IE] =& HHH2 oF )] AJ5H “ | ST xE |\f;or ini/gm :g’E;)é}
N | QX g}g_ (2861 4meil 25 JFAC) SR} Bl £ Wi SUSHIR, 12 Fo| ik JFA = '
O o A2 SR R 2 24 El(_3|E1_a Xelste bt ft%, i-HIE] BHAL2 s - » ot
2 ¢l 2 24 HI0|EE Ma|gtthe Fo|Ch 2|2 i-HE st
Q O Q O FEMH =, GMM posterior|At 1H4S DNN(Deep Neural
Network)2 2 CH|&H 2 = R|Qtz|QACHe,
> > /MM HA2 AlZHO| X|of e} SExte| Est AtEl7t
o GMM.l;E—zT;?i o b. MAP Mg % GMM 2do| £ e oo -, o 2N EEIX| = oA A2 CH2 00|32 AF2SH0{ 2M H0|EE
s . WSO 7| 9T Ui TS S2 A2 SIsh HBsirt
L0|E H|O|= (Naive Bayes) 7|Hto| 23 BItHS AIR5H= GMM- X & CHEXOI ME/MM B4 B o 2= | DA(Linear Discriminant
UBM gHH0{| SVM(Support Vector Machine)2 X&3t GMM- Analysis), NAP(Nuisance Attribute Projection) & WCCN(Within o7} ke
SVMEHO| Motz|{Ct [T 5]= 2XHe 37H0|A SVML| 0| %! Class Covariance Normalization) S0| QILC}. SIXt &kolo| Tt HiHO||= EER(Equal Error Rate)zt
222 -0 £} AMe H2E2 ZAXsH= A7|(hyperplane)0| 1, 0|QH= CI2 disto 2 Aol EA(Joint Factor Analysis, JFA)™ i-HIE{Q| ZI0| A 75} Hite &4 7| Ak diginp 2 od3t0| minDCF(minimum Detection Cost Function)?} QICt SkX} &0l
FHo| 2IX|5h= HWE7F MEE HE(support vector)O|Ch MZE WHS X ES0] FIHHE|0| A SHX} HE(speaker factor)2t Al UL} -HE{Q| CHEZIQ| T A WHOZ TRl RAHE(cosine [32 9]0l EX0| EF 7|EH(threshold)of| 2/ 2214(false
HIE|= SVMe| ZX ZAE &t= 7|&H0| &[0, SYM2 MEZE HH(channel factor)E £2[5t= 91771 H|Qt=| ULt JFA BHHE similarity)2} PLDA(Probabilistic Linear Discriminant Analysis)”? acceptance, FA)2t 28 @ F(false negative, FN)2| EHAHZFO|
HIE] 7HO| OJHHS X|CStot= GAHIE e WS SHE S0 1Rt 28l(eigenvalue decomposition)of] 7|gtst=H|, 1R HaT} QICE TAIR! QAT HHH e S25| j-HIE{Q} OlAlIGH= SH2}X|7| T20|C} 017| M FAE SE2&|X| &2 SHA17} A X|at
=Zofl Y2 EF HloE He=22E MZ X (orthogonal)?! i-HIE{o| 2t S FMp5tet 2#0[ 10, PLDA M= sHE Yadat SEE SIE FR 525t= 4RE Yo, FN2 S 8ttt
DRHIE (eigen vectonE A1, 0| DRHEE 7|X{(basis)E St= QlAlabdol SiXi7t S 7H oM 7hs et CHE SEXfat LHIX|CE SEE SRV OFL Ao 2 AR HEsH HRE
Het #HS Soll 1 RS7Heigenspace) 22 AtA(projection)sh= Vst oMol 7tsEo| ZUE HIER XIS} §H LSICE 7|E ™S =2 2™ FAZE E7| L 4sHX| S HHCHE FNO|
HAO = SHAt HEE HE=C0E JFACIM = HEt ol H st PLDAS| 7tsk&= AP 2 (prior distribution)2| &2|of| 2} HT- £O0IZICE BITHE 7|EEE S H2H FAT| O] UMsH= ghH
ZHE Q5l], Z2 sFRb7t Crst Lo =25 2M H|0|EE PLDA(Heavy-tailed PLDA)*®2} G-PLDA(Gaussian PLDA)°Z L= FNO| X7 2hAisiCt o|2{st 0|82 &FXt &1 EERIF minDCF
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€2 Yot S 0|88t EER2 FASL FNIH SE5HA &

=
|E2olMel @288 2sin, [18 9] EERO| HaliX|= XIS

dst=

[ 22! 9] Equal Error Rate

False Negative

False Acceptance

v

minDCF= 0|2 ZEEF7|= A (National Institute of
Standards Technology, NIST)"0{| M Z=2t5H= SFAFQIAL CH3S[Of| A

A23H= "ot e 0|0, minDCF= (4] 6]1F ZECt.

QZ AZ(false alarm) QQIA(FA)Q} ZH1, Miss= @2
BEFN)ZH ZTh [=4] 610 AI8S|= Li2I0|El= [ 1]2t ZTh

[ Z 1] Detection Cost Model Parameters*12

Chiss Craiselarm Prarget

10 1 0.01
Ofx|04

374K DEEI SERfoIA] Weint 2120 ALBSHs BRII4)

SIS S ATHOITE BIXIOIAS J|Z0| 2RSS ZaY
szt waroR wristn Ik 230l st 8 Yeids
2EHOZ HB3He AIZS®OH OfLI2} end to end W2
M52 FasiRls AZSE 20| A74E|D It J2iLt
siRtolAjo] Su4 ot sixjol Chish L2 HEE 27| FE7| TR,
i-#E{ / PLDA 0] 01743 2/D0| X122 RXI312 SICk 2y
SRt 7|Z0| SAKOl Weint B2l MHs| XEtsts
WO FISHEHN O0], SHS MBSt HRlstEl AH|Ast
8s15]7|2 7|ct2| e

*1 =2 | Reynolds, D. A. & Richard C. R. (1995). Robust text-independent speaker identification using
Gaussian mixture speaker models, IEEE transactions on speech and audio processing. *2 =& | Reynolds,
D. A. (1995). Speaker identification and verification using Gaussian mixture speaker models, Speech
Communication. *3 =& | Campbell, W. M., Strurim, D. E., Reynolds, D. A. & Solomonoff, A. (2006).

SVM based speaker verification using a GMM supervector kernel and NAP variability compensation,
ICASSP. *4 =2 | Kenny, P., Boulianne, G., Ouellet, P. & Dumouchel, P. (2005). Factor analysis simplified
[speaker verification applications], ICASSP. *5 =2 | Dehak, N., Kenny, P. J., Dehak, R, Dumouchel, P &
Ouellet P. (2011). Front-end factor analysis for speaker verification, IEEE Transactions on Audio, Speech,
and Language Processing. *6 =& | Snyder, D., Garcia-Romero, D. & Povey, D. (2015). Time delay deep
neural network-based universal background models for speaker recognition, ASRU. *7 =& | Prince S. J
& Elder J. H. (2007). Probabilistic linear discriminant analysis for inferences about identity, ICCV. *8 &=
2 | Kenny, P. (2010). Bayesian Speaker Verification with Heavy-Tailed Priors, Odyssey. *9 =2 | Garcia-
Romero, D. & Espy-Wilson, C. (2011). Analysis of i-vector Length Normalization in Speaker Recognition
Systems, Interspeech. *10 =2 | Shum, S., Dehak, N., Dehak, R. & Glass, J. (2010). Unsupervised Speaker
Adaptation based on the Cosine Similarity for Text-Independent Speaker Verification, Odyssey *MNED|
NIST, “The NIST Year 2010 Speaker Recognition Evaluation Plan,” Odyssey, 2010. *12 £ | [$=2] 6]0]| A}
835H= Tf2t0|Ef [E 112 NIST SRE(Speaker Recognition Evaluation) L7t AC0(CH 224 Xt0| 7} LHJ1 [E1]
2 NIST SRE 108 7|E22 Bt
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> 20159 6, 717t SIS0 28t 72 MH|A HAIE 2HIY FPtRl2] FH Al : w2 HE A|(RY2)
] IRl - » : secmones
5 CHgOll He1 SRRt T QI UAOIME BlZe) Zolirt, FHYL A2He| H2 r—— "
~ M L]
% - - ag|3, 25l 48 717t PC(Personal Computer)df|T 22 24| A(Real-time User Behavior-based Interactive =y - EHXSS| MSEE AAZIOR £Y - AR AR 2l QIE RHAE =
— of FHAIS Ho| LIAE ol o
o xx'l Oil II o I I 2}' OITX|S A|AEIS SOISHCT O[2{3H SH) MBS X|Lt 214 7 Content recommender System, RUBICS)&= 20154 o EPIRAR SR L EAROIRE SO
I h L L . _ 6_9__J|:|E_| E|—9EHf°'D1|O| I—A()“O| Moo Alx}og 64XH5 - Cold Start ALSXI0|| 7|At F8 7Hs
EIQIEI Q1B K|S H|AI2| Hat7} drAdE Lt J2|1 2017'd =Tl HsE=E JeE Alm= Bl - Altfs{o2 |Afe] Chalol S|

A XN AI'E:“ = 98, FFIRE FA MHIA0IA & CHE ${A1g AIE3IC) 0| 8Xt7t CheRutmelo] 7A/0l/ AR XS HIRS iRl ©, o A T
IT— 1O = N

gl HE|QSHS(Multi-Armed Bandit)g  EYJZE{ZI(Collaborative Filtering),
= o=
£ o2 ARtS mietsl= X EE 7|E 22|

ol CHEPCH|QIe] FA/AM/ARZE, FI7I2E RE SO X0 olget i8R 18 22 510} 7|4(Topic Keyword-based) S
_ _ _ MH|AE| D Ql=, Al 7|Hto] 2EIX =H A|AEIO|C} 2E|AQ| HeAHlA CFS EH Djolo] RAS HREH L FPlRSA
b - AI o AgtAlZl Zio|ct M2 Hste| ST HliZ, J2|1 Zgh Wil ~ - e = T S5 B CISPCORl A/l AT,
_ _ CRIOZ O|BXIER YTt A AMH|A sHHO| =&&|= 20| s
O — CHaH Abd|3H A o] ol otct.

>
=
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[H
|
ru
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Y
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1©
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0z
>
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[>
min

2 0|20{7! FHolsizl

A MH|A BHHS AH|E & QU STt Su|n0| 3 A TS0 A 0[0] A2 ZIHE bt
QlooZ 0f7|A 0] HER MYS DXIE2 sict TS BoA=
a2l ] A e _
(REnIFEsd HlA0| 2|2 MEZ £UE X E 2 0|2 0|83t A D2|Z0] i3

=
O|8Xte| 74 AH| IjHO| 7|Af &2t i 2 7
et M8t =2 C}2 R} 5iC}

F mton )
L

7HE ALXE
o)

) DRI(Deep Reading Index)0f| Cist MY
© LB =9l Hi

FHA M8 5 2 A AR ME 9| M2l X|HE &= CTR(click
=

RHIAE= 2015 62 EH CHS ZHIY 0o FA00 XMa through rate)QICt CTRI} 22 22| X[HE= FHIAWALOLL|2},
HEEICE REA Q) 0|F, CH3 7AL| 0|80 B7I=US #eot Uotdo = de| g7l 2Hx FH dU2|EF52| ool X|E2
OtL|2}, MBE|= FAL| LY T SIHE|CE REIAE Saff, =+ AMBE|D QUL
FHIXO| LIRS}, FA 0|2, FA HF AIZH0| BF STtk SHX|2F 22 X|FZ= HEIXO| "H|=Z 0| ChEt AL XIS
Maet 227 MO 2 4 QUCE 0[of 7P FHIAE HFSOHS Erdstn U0, AH| MEH B 9|0 2HIZTE 0L
DHIY O HRle] FA/QI0/AZXE H|E6H CHREE22| B, CHS 2H|El=X= BhotA| Zotot w2t S2 X|E0HS 0|&5t0d
PC H[Qle] wA/AM/AEX, FIFIRQE ME SIHA| HEA|ZICE ZHXE FHSt= 42, 2= AH| A E{EE 2T 3|
B9st7|= o=
[32 2] FHA &9 31 (20154 88 7|F) = |_ =
A ZEHIETEOEH AH|= A= of Cist, = 22 0]
CHSE AR XS] BHSOl| TS SH2 X O XAHEME, FH
EECES T AlZE o|2xt £ ot2|=0] 0|25 QAT MAlS| 2QF 04E,E°F$_P _":Ll
s 84 oy 1875 o 12150] 01857 SIsME 3| WIS Chyst 1
To| 23 "ABIIS0| 222 A3 22 WS hsd 4 U
X|HEQ!I DRI(deep reading index, @=& X|£)E DO
_J';
+250%
oy 9 "ol
O|8Xte| M|F AlZh2 Zote FSate YEZO| THE = /7|
A= AN 2HIE MH|A00|A LIEH EMS HAS| Zof, 2=t Lottt BYS| AR=XE MFT AR HiE
2 | 40IR) tevin.sung@kakaocorp.com EMst ZNtE 7|ge =, Ciekst 8 Y1258 LalE(ensemble) 7t&s5t7|= OfHLCt o|E £0{ & 500X}, 0|0|X] 174l 2&I=Q}
i S et =R 2SS Bl L 3101 22 (anking) e 28 2HXS HZBICL 28420 HEE(0] 22 1000%, 0[0[x| S7Hel ZelZe| B HF AlZt0| 25
SAP Labs Korea®t L|O|HHE X $x 717101 THZISHHNM, HHIE FH, FE FH, W0, Q= ATNE|EL I AFEX} OF 9b= =FMI} 7015 M| & 50x¢ [[H O|2XIE0| & 2HXE SUst £FO 2 AAS| £ICtD
Mol SOl ZRHEE 2|t Al ¥ Milzld Yn2|ES HABIASLIC
B8z IRE S+ QUCL[E1] 5l7! oLt 2HIY CH2el A/ /A0 AZX 7|ALe] 22 Z0|0
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M2 MF AlZE SLZE E2L (plotting)st [12! 312 AT 2H, DRI-CTR Z4& 7|4t 2HIA FH 35 55 o ukst
ZHIxo| YES LIEHE= 2f2f stiiel 22 ZO0[7t MIF AlZtzt DRI-CTR QatS AJH ! 2#z) BFAl H| @ X|27HK| 2ElA0| = HiZADt =4 2 Da|=, 12|10 DRIZ
A EA ol ASS Y £ ULk Ol2st Ao 2EHE £~ UE= 7|&E 2HA FH0| 7|Ht0|AE CTROY| DRIZF FIHE 28]A 240IX|, 2EIA XH0|| DRIZ £$t 50| 51t S8 AT
ZHI=x0| ZakEl Mol E 7o) MF Azt EF 2HXE HF L2|SS A5t} S DRIZ CTRIF A= (ensemble)3tod, ST E AFRX} HIS HIO[EZ 7|HIo 2 &3] 28|A0| As
A2t SAlof D28t 4 Qs M2 X|E2 7iekEl 240 DRIO|CE DRIS| £8+2 Z|cHatst== SX{8t4=(objective function)7t Lot gD olond, O Ztof w2t n2lE U A|AH
DRI= 7|cH ZF AlZHChH| S 2HIX| H|F AlZHe| AHEQI FO||QCt CTR 7|8 DRI 7|E DRI-CTR YALE 7[HO 2 ALK} IWMELAo| XM oz FIFE| 1 QlCt
37|12 Yol EICt ChA| Ll "MKl AT AlZES S3H AFEXIS] I8 UE FHS st A= 22l EM2 [E 2]9F 20| Fel=ict 2017 92IRE, 7|AL M2 2t 220 CHSE AFEXL BES S
22 MSTE SHSI D& HIA3510] £XGH= DRI-CTRYANS 2tn2|S0| 2ElA0|
L EQUEIRIT, CHSRHIUT Rl b A/RI0)/ AT R0 HBEI0] AHIA
[ 02 3] =e= 22 o[ M2 M2 AlZH EEL CTR 7| DRI 7|t DRI - CTR 242 (Ensemble) 7|t - L _ )
AlmEESY =S ug 52 FOIC}. g YA DRIE TUAREM LIEHF X FAIZH
olsl AlBR S NS =2 M3 e AL0| IHHEE AL O 2 0|0{X|=X|0f CHsH X|&XMo 2 =X5t
O Ho|Ct X FAIZte| A5 2 AFEXIES| MH|A BHEET}
DRI-CTR Q42 7|8t2 H|Sat 220i| Cht ALEXt IS S RF MS3MCHe 218 olojg 4= @1, PHEEe| 4&50=2 Qlsl HLt I
drdst 4= Qlis ™S 240 QUCk DRIE 7o &7 AlZHChH| s Xt MH|AS S251H Ho=M, ZUXoZ YR Eo| 450
ZEIX AT AlZte] MTHEQI 37| 2 Ho|=| 1, DRI-CTR Y4ts LIEHE 4= QUCH Ol Af 3} 242 Z 1o} LIEHACHH, AFEXIof 7| 2ot
7|8t =3 W22 DRIC| &2 A[tiststr | mhEof, oo 2 MF =2 7IRIE NSEo=M MYES 0|B0{H, Z2 Alf7t E 2
gq;q o 7HM 7 AlZte] ZFHEQI BIIE 7|chEt 4 QICh Qe Zo|ct.
8 24|
DRI £¢lo| &3}
CTRZZ CHH| DRI-CTR YAE HZAOE AIEXt OF UE FH
Alo| X|E HslE Lot=y| 9fs AES TIstst Znt, [a2l5]9t

[ 22! 5] CTR2Z! CHl| DRI-CTR YAHS 242io| X| = tis}zf

DRIE ZEX7F 220|M XM= M o= HIE SFAZIX| 28t

FRE gasl & + Ut [ 4= ABARE0| HS2t =229

SYX|E Mz ZR7tH2 7IAC] ol|o]Tt. OF 2 Z|At=

05T 22/ HOLL HH| 22 LIZ2 eAER2H O[ESE e

HE0| HO| HsHE A2 20l w2 7|AfO|Tt Of Z|Ate]

DRI= -97%2 Of %7 LIEtLE= A2 & &= ULt et A2 AZH olgt pv olgt HZAIZH

[ 32 4] 261X S40] 012 DRI 0] )
DRIZt A 40 FIt=|HA, B2l= MSS 71 7|AFS0]

o

[DlEiEEe ol $12 E|ATIK| A Y FHEN LiE S0 AR o2 M7 FHE|7| Tj20]| 101t TR 10| X|E(page
0% AP BE Bl ICHRAESoL) ARRNE B | st s view) 7t A SRt J2 L, AFEXIS0| 2Ot BAlS| 8l
229 2018 B SKIHE, 2| 2T Y SRR A _ ~ B
olgiEicy e gy YA solss g Al | P DFst 7IAFE MBS 37| WE0] "7 (view) & e HMF AlZH0|
£ 85l FEE0| Al 8 MOl MAHCL e i

SR M550, Ao 2= 101 Wi MR AlZHO| AS3HCt DRI-
20134 443 SICIE(EA] MVP OB)= 8HA 250 S
# 2 s s oo o s 5 CTR At 7|t 8 g 53, M1 220] st ABXLo)
4 Hlojgict AP} oy AIINE SKgRlEel 8
B MO R XS] ALK WS AIE SRCH HISS o= J|AF XX{0f HIOISH A Ol Cjoiom HEO = M2
B —_— A ‘ - I_OEET I I'T\_Oﬂl_oe M}” | I— :I, -IE '|c> '"Tr
e e AZhE B7Fp = Zolc

D S, GO, MR, EXI, =XIY, ZOHRL (2017). 718HS 7Hte] A 3 Mu|a Rzt
AS BAOR. AO|HFHRLIHO|MELE, 347 15, 5-48.
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13D | IS A2 X5t 8 M4 B2 Fa 210|7F 2007 ofatel & Al 2 ECHH, Faot =2 AZtO|
2 & §9 75%0|Ct. 3667 X[0|2tH 90%, 6777 X0|= 99%, 800F 0|Ate| Z{xlol AL, 22|9| AI7} 0|2
S22 AMMAH100%7 EICE *2 =2 | Silver, D. et al. (2017). Mastering the Game of Go without Human

Know\edge (p.13), doi:10.1038/nature24270. *3 &1 | CNNE= QF 2|2 w47} 1989\ JHetst X2 £rff

2 BiC} 20121 ILSVRC O|0|X|QIA| Chs|ofl A B1E maFol A2 ALl(AlexNet)0| S2t2 €5 7HS 20|06
CNNOIA Ziol o172 70| 0[0f giCt 0|% H2ido| SXsH 27| s Zst= Halats Al BRI
0|2 gofd 977t 0]o{X 1 UCt VGGNet, 24l(GoogleNet), 2| AL 50| 2011 26% +=Z2| QI
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N | o718 Zoick: Zols 4 HERIS 7lute] 24 20t

(Get To The Point: Summarization with Pointer-GENERATOR Networks)"

[ 32 1] ZQIE-dY MY 285t ZolE-d47| B

Final Distribution

“Argentina”

Context Vextor

Attention
Distribution

Encoder
Hidden
States

Germany emerge victorious in 2-0 win against Argentina

uonnquasiq
Alejngesop

it

J

$91R15 USPPIH
19podaQ

Germany beat

[
Source Text

FE%},

2 =2 72 2|MX|(Google Research)E]0| ACL20170{|A 2 =S

=]
Q1L ZTlo|C}. BIAE (text) 22E FQ Al LIRS 1~22%t

[ =
0|2 Qs = 7|&2| 2717t 0] =&22| SKIOICL 7|&E FoH
2 M Q9Kabstractive text summarization) EHAI0|A 2X|A| =&

Bkt xS M} g2l MM 2X|E ZtZH 'Point-Generator
Network'?}t 'Coverage Mechanism's S5l si23iCH= 240] O]
o] EFo|ck
Held 0| 2M Qo] 42, 7! 2F(rule based)2| 22
A& 7|Bk(statistical based) EHH 20|

= £ O|FX|2 YB3t
= e B20| AMetHo|ln O d
2

rok 49 o

CC

jurml

-

= N (e
Lt Y SS| oA Tt ShX|2E SXH RNN(Recurrent Neural

Network), CNN(Convolutional Neural Network)Zt Zt2 CHFst

oIr
&
Ho

A

gl 7S 2825t E|HA EA Q2 (text summarization)2
HIFHOZ O MeS SMAIZE & UUCE

2AM 2902 FOIZ EMERH EF AFEXILE 20|
Hofst ZobE YElo| 2ME Mdst=s 2YS YsiCt 0|12
SdiM SHEE F0|HM Lest Y2E RX|5tHe 20| M
QOS] FRHOICE YHMOZ BM Q0| HEHE I A 27t
WHOE L0 & 7t UCE A Hml= FEA H2H(extractive
approach)22 Y JrliE 220)|A 20| Qs FES MEistD
FE510] 0|2 MHEHSI=E Q5= HIHO|C &7 LS,
&2l 5t0|2t0|E(highlighter)2f 11 2tgh 4~ QIC} & HM=
FAE M2 (abstractive approach)O|C}. O]= RNNZ 22

>

E-ARA =2 o2
24| 'Z2HIFE|(Ramesh Nallapati) @] 42| (127} 20164H0]
NHA-E-AHA 2
= M|7{L|&(attention mechanism)

A RNN 2&(seq2seq RNN model)#S H

= rulo
Q'I_I
>
e
13
4m

attentional seq2seq RNN model2

A RNN(Encoder RNN)
QR EIAE ZHE] word2Vec@ 2

CHO|S
(word-by-word) T2 Ct.

RNN(Decoder RNN)

= EHO1E2] A2l A(sequence)

Partial Summary
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o
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(output)S BH&tsHA| It |25 RNN(decoder RNN)2 Q12 H
(encoder)2} Ct27| &t &t8F RNN(directional RNN)S 2235101,
O|™ Qo Ao {5 I24Zk(input) @ 2 BHA| EICt,

S| AE2HE| HEHol 2o Qof0| #EHEls Zio|ck

Q=
"I;L

3) F9o| 2% (Attention Distribution) 2 22 HIE{(Context

Vector)
YR HAEZRH [}3 TS MME o, Y12 SIAE(text)

CHo{of| CHEH &HEQ1 =2 2 (attention distribution)= Q1AL
RNN(encoder RNN)Z} C| 2 RNN(decoder RNN)2| 24!
Atefj(hidden state)Z I23Zf(nput) S 2 5101 Of2fjet 22 st

SoiiM EREICE Ol= ZHHO = siE HIERIZZH LIS HOE

0

MM Al Y12 EIAE Z0f| 03t CHofol| F=2310] lof EHX|S
Ho6l| = Ao|ct.

2411

£42]

Context Vector
(=211, 2101 2] VI Wh, Ws, battn S2 LIEQIF 0| 3H4 T-E

Esl| M stE8t= 0f7HEH S (parameter)O|C}. 0|2{3t =2

23 (attention distribution)E &850 2135 (encoder)Q|

=} Mefi(hidden state)2t 7HEEtS SoliA 23 HE](context
vecton)E Yttt 0l K2 (decoden)?t 3y B2 =RH

10] Q=X|2 EBFICE.

[

L2
8

P'E
o
2

uin
ruO

4) 0{3] 2% (Vocabulary Distribution)

Z|ZX O F 2oH BilE|(context vector)2t C|RE S Al

(decoder hidden state)2| &2 H(output)= Z&tot0] 27H2| ME
gt Z(layer)2 E35H1M o] EX(vocabulary distribution)S

HHI3ICH Ol 92 SAED

Ofc! F| Crof(Ubtsoz 1

|- —
ALO|=E H|Shoj| Chist &S EHISH 0|15 SaliM 2 EXHeE
C

M Qofs Sall ddE HoiS0| =Mth= EECE

QIE] MY HESR3

M Hl

=20 H|otsts "2 QIE MM | ER| 3 (pointer-generator
network)'= 7|& 22 (baseline model)£ Q1g6t A7 'F2 7|t

ShA AT PE(attentional seq2seq RNN model)2t 20158

H>

H'=A(Vinyals) 2| 2| A2X7} H|teh 'R HIER| 3 (pointer
network)™2| 710f| = 50| EE2|= H|EL| A (hybrid
network)2 g 4= QICt AV| 27 REIo| 5H0|HE|E

HEQ3 7|58 £3l5H= 'Pointer-generator network'E E3f
Rgt(summarization)ﬂﬁl01IA1, 7|EHIAE BR0|MO| HH{ES
(1-Pgen)2| EHEZ Q1 37LI M2 Et0{(novel words)SS
PeenStEE Mg 4~ QUCH OF2 O3S SohAM 'ZRIE M

HERZ'9| Cto|o{ O (diagram)S &21%t =~ QAL

> The generation probability

, soft switch
> The probability distribution over the extended vocabulary
> if w is an out-of-vocabulary
is zero
> if w does not appear in the source document

is zero

ZEAHo2 HOIE MM A

o it

A (pointer-generator network) 2
(1) 7|& baseline model2| &&1Z(vocabulary distribution)2}
2) IR HAEZHEO| FEEI ALO|Of| A 'EOIE] M4 AlAQY

==

=] MMM 31 (Pgen)S HIOI510] M2 CHO12
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Coverage mechanism

7|E F5 7[dt =AY DHIo] B A QOof T M EHTHo{7t
£ slf&ot7| ?lalA, 0] AF20M = coverage

o

vectors A LE9| Ii2E| Z=Z(penalty term)S 24! (loss)d|

ME=l= =X

o
BH3510] 2X|E AFHOl| EX|ot Xt SIRACE Ol = SXH7IEX]
AT THo{e] 5 22| +M S coverage vectorzt

AN
11, O 'covLos0f| EHH510{ Q0f B0 M Z-2 f{[of

0z
10
on

HEMo = S&fot= AS WXlots PetS $IC) 0[2{St ‘covlosE
HH4510{ 7| = attention distributionz} &2 2|8t Loss= 7|&
SHEHOJ|A] Of2H2f 20| HSHEIC.

> To solve repetition problem, which is a common problem for seq2seq model

> Coverage Vector

- The sum of attention distribution over all previous decoder time steps
- Ct is (unnormailzed) distribution over the source document words

- CO is zero vector

> Renewal of the attention mechanism

- To penalize the network for attending to same parts again.

- Extra loss term to penalize any overlap between the coverage vector and the new
attention distribution

Ol2lj= 7|& baseline-model®a} £ =29| 'Summarization with

Pointer-Generator Networks'@| 2A 29F 0f|A|0|C}.

baseline-model® 3} & =2o| 'Summarization with Pointer-Generator
Networks'e] 2A] 2% 0fjA|

Original Text (truncated): lagos, nigeria (cnn) a day after winning nige- ria's
presidency, muhammadu buhari told cnn's christiane amanpour that he plans

to aggressively fight corruption that has long plagued nigeria and go after the
root of the nation's unrest. buhari said he'll “rapidly give attention” to curbing
violence in the northeast part of nigeria, where the ter- rorist group boko haram
operates. by cooperating with neighboring nations chad, cameroon and niger,

he said his administration is confident it will be able to thwart criminals and
others contributing to nigeria's instability. for the first time in nigeria's history,
the opposition defeated the ruling party in democratic elections. buhari defeated
incumbent goodluck jonathan by about 2 million votes, according to nigeria's
independent national electoral commission. the win comes after a long history
of military rule, coups and botched attempts at democracy in africa's most
populous nation.

Baseline Seq2Seq + Attention: UNK UNK says his administration is confi- dent
it will be able to destabilize nigeria's economy. UNK says his admin- istration
is confident it will be able to thwart criminals and other nigerians. he says the
country has long nigeria and nigeria's economy.

Pointer-Gen: muhammadu buhari says he plans to aggressively fight cor- ruption
in the northeast part of nigeria. he says he'll “rapidly give at- tention” to curbing
violence in the northeast part of nigeria. he says his administration is confident it
will be able to thwart criminals.

Pointer-Gen + Coverage: muhammadu buhari says he plans to aggressively fight
corruption that has long plagued nigeria. he says his administration is confident

it will be able to thwart criminals. the win comes after a long his- tory of military
rule, coups and botched attempts at democracy in africa’s most populous nation.

= M2 M|A|ZEl baseline(seq2seq+attention)2| Z-0H|A

UNK'OE EAIE! HO|MEQ! Eo]SZ ols 2asist 2o 27}
H

‘abstractive'@} ‘extractive'?| ZEE A HHISH 2 A Q90|

KAKAO AI REPORT

20| $7IE 2 ALY
2 =200 2748 67 LSS Y2 HAEC 24 2o
HAETHOR EXE S 30| 75 HAo|C
BI20IAf= B 40| (pair) 31 HOIE| T440] 2% gL,
Bas 5t50] 0f2i2 AR N0 BH0IN 7 ZIHE
HEAP|7I= 0fi2 2O BEHEIC 322 & Fa0l X 262
20| 99 BEtoR Holst st WHE sto| cioto|
4 9l Zol2t M2Eict

w8t Y2t EE| ZAFY 0f0] S| Zto| EAfstn
Sl= BH20| SN RfeiARlR 25 200 TS 02i2 2oz
TEHEICE Of2{3t 2HIRE & Hislo] BER0|D 1Sy B2
24 2012 HSAHES st 34 917 T RolE o=
BIlelct
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[ 32! 3] CNN-MAR o] SE & (flowchart)

Orlginat Sinogram

CNN 7|4t AAZ|0] CT H|EHOIE|ZHE. Xj| 7 b - Bt : 64x64 image patch (Input patch 2t S 2|X|2| metal-
(Convolutional Neural Network based Metal Artifact Reduction in X-ray Computed Tomography)” free image Of| A =&&t patch)

- & 10,000 patch samples Af23H20{ 0] & 80% =
[ 32! 1] MARO|| AF2E|= CNN X

FSME (training samples) £, 20%= ZASME(validation

samples)2 AF23ILCY,

_|0||

2T

hac N

¥
Jriginal image BHC fmage £NN Generated fmags NN Prior

Input Dats FRRRRR Mmans fagture mapy Feature maps Faature maps Duipust
IGE3~ &4 32@6ax% 64 32@64x 64 I2FPHE4x 64 I2D64x 64 1E963% &8

H|&k4=(cost function) :
(Il - Il : Frobenius norm, R : SF&MZ9| 4= H(,): /2 HO|E{Al,

V. EFZU O[B4

i aterat
Segrenntation Q

5
Metss Ouly eage Metal Trace Originat Stnagran #cior Sinogram

- 8HE AQ A|Zh: 255 A|ZH2000 iterations with GeForce GTX B

Convolutios ¢ s & tuth Convolutian ) . 970 GPU)
. + Rells + Betds + Rati % Rells Convolutian . ” _—
: o 1 i } L ; } e, . inest fack: Vet o
.

Ragrizcenxant
CNN-MAR Image Corracted Sinogram

3) CNN-MAR method

Yaf(image) 7|8t 2x| sHZ0 CNN2H GANTE 22 Eaid 70| A(clinical case)oll X & F&2| 2, 21|, ME(E|ENs, &, -[38l 3] 0llM CNNE =5t MAR S T AIS}510{ Hoj=1
LIE|S0| =2 M52 H0|1 U= 2F, 2= Al 200N = 2|, 2) s8 ZHst 4estod, F100712| CT £ ehdsIRith ALt
o|Z YA H|O|EE o|&st o177t &tdhs| ZIshz| 11 QICt O] 0|Zd0| [2& 2]9| Metal-inserted0i| SHEGHCY. - MX 22 ALO| =T 2H(Original Sinogram) S 22E Original(Metal- (4) Numerical Simulation2 E3f| M=l QA (Metal Artifact
SoME o Jo & & L CT (Computed Tomography) - Metal-inserted Q&2 7|0 AMSZ|H MAR 21 BHCZt LIE inserted)™®, BHC, LI QA2 M50 3 A9 2 S=LCt Database)0]| L3t CNN-MAR AMs 7}
ool ofz] ZHISE Halde Sd s 10X} ot ==0 Mgst0] 22t 7+ Q4 (O3 2]9| BHCRt LI £ &S5t - 2)0llM SHEE CNNE Sl 3 EE [ U ERE HE 50l AFEE|X| 242 M 7HK| AIO|AE E3 M2 CNN-MAR
CH3H 2| 550K SICt A= =22 CT QA0|| A AlSH= M| Er OfE[HHET ZAZlI CNN 444 0|0|X|(CNN Generated Image)7t o] M=2 WIS EQLCT
_ . _ [J 2] U e U2
OFE|ZE(metal artifact)3E Ha{'d S 0|8sH M7= 10X} 5h= it MAEICH
-~
oj7= o ot E - CNN Generated Image 25 tissue processingS 5109 CNN
o
g 8 Prior J&2 ‘HM5t0, M EA|(Forward Projection)g 3l
. X} AFO| .= 2H(Prior Sinogram)0| A EIC}
=
=2 A% 2
£ AfolizT2H0fzr?
= = 28 CT Y H|0|EH|o| AE 2HS0{ CNN1} 7| &2 é CTE= SARMGcray) QIFO] STAH 212 HEER QNS 1745101 BHSOLFIC,
uHHS RT3 RHRS10] BHALE x-ray7} Ofi BHIE E2fo}1 L 0[] H7IS Sted, pis, O)F HSE 4 U7 &I
MAR(Metal Artifact Reduction)&tS M| XI&510] SFAEl . EEl, 0|8 ZAIZIE OoflAMe| EAHE & &K(projection)O|2tx I 2|1 x-rayS 02
*3%2 EOile—_f H|O|E‘| g 6H Télg_é_l— cT %1)(‘3"% #ﬂ 4'?’ ZE?"H ZSHO] SAE YYE M?D 20| tf2t p(s, O)% ekt 10 o|§;‘71| [22! 5] 012 2& S (two fixation screws and a round metal inserted in a bone)
. B = 2S5t p(s, D) s2t O ¥ O 2711 ol LIEFH Z40| Afo|=T24o|ct. ™! 0] ArRIE! Oy} B9 o’é,’0||*1°| A3 Zi3} Case 2
AlZ22{|0]M(numerical simulation)st0{ ZI& AAst 740t CNN &5 2 rore——
Al 7|1Z0]| 2247l MAR 491 BHC (Beam Hardening Correction) - o 212%9| Original (Metal-inserted) Image 2EE 24 220t L

Q} LI (Linear Interpolation)= &H&0] Bteistaxt 8 Z40| £0|=Ct. =2[sto] 25522t LIEHF 0|0]X|(Metal Only Image)E
ks

Metal-inserted

Aot HHEA S 5HH F& Df(Metal Trace) B U=
Ato|=12H0| WM EICE

o1t i - Metal Trace Sinogram 2} Prior Sinogram2 O|&3H Original

BHC

1) Metal Artifact Database 4 (numerical simulation 2t At)

- "The 2016 Low-dose CT Grand Challenge" &t& Gi|0|E{Al

Sinogram S22 H|&re| EXM S X|7{5H(Metal Trace

Replacement)E 5t E™ =l AtO| = I 2H(Corrected

(training dataset)2 AF25IULCY. _ Sinogram)0| EICH ' -
wd
_ [32! 6] £X| X|Z Al AF235l= X|242 SXH|(several dental fillings)7 &2l X|0F
- 9| Cl0|E] Aol A DS OfE|TE 7} L5t QAIS Z&510] e b

- Corrected Sinogram2 FBP (Filtered Back Projection: Sinogram& 0] AN A2] Al8! Zi3} Case 3

aOA HEHO |

=% 228 F2l(segmentation)sti! HHO|LH2| 0|0|X|(binary ‘ Ao 2 MBIl = 119! FBP(Filtered Back Projection))E
2l 2]e

image)2 X&ksts diels 8l (1 | Metal Implants of| 5t Z|ZH 22 CNN-MAR O|0|X[7t MAE|A| St
sfigfet= & 15712 24 HEl(metal shape)E FE3IQICE 2) CNN &t&

- [ 2]9| Metal-freed]| s{Est= 7479 2£0| gl=(metal- - 912 : 64x64%3 image patch (Metal-inserted, BHC, LI GAS 3
free) CTOIM &3t metal shapeE Z|CHst AKX 4 MEE |10, 22 WiX|(patch) 2 F&, #12 0[0|X| 271 : 512x512)
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2 =20 Hetst CNN-MAR IS H| 25109 7|&0]| AR E|E A At processing 10| CNN 2t2 2 prior image £ MMl 21}, HEr
MAR 2401 BHC, LI, NMAR (Normalized Metal Artifact 1) Numerical SimulationS &3l 445t Qatoj| chsh Zat OE|HE 7} AF5| ARZIX|X| 41 YR HOIRl= 2ES ERICE
Reduction) &g Sofl Md& LS HEA Jos [Tl 4], [O8 5], [J8 6] EH M| A0|A 25 CNN- (D2 gl statx &)
H|m&t7| 2siA, W ME222%HRoot Mean Squared Error, MAR B S M E3iS ff, I|f XX 222 & EEsIHME - [I2fM CNN 2 tissue processing & M2 2 E2HHQI 22
RMSE) @t 2= AE(Structural Similarity, SSIM) @1ZIA (index) & b2 A 0]0|X|(reference image) Ol 7112 253 S sen| 7 Qii= 748 2 4 Qlrt

AL83l HYE o2 HIKSIRICE HOF=LCL - EESHCNNS| 2=k (inpu) 22 2 OIDIXI(OrlgInaI Image)2t

[ E1] 5| AlZ2|0|M 723}, SE FYSo| B HE2AHRMSE).es1: 0

ol
N
5
H
Kl
b
e

5) &H| 8tx} CT (Real Data) 0ff L CNN-MAR &5 E7t ﬂt(input)% Chfet A2 2 745101 7t

Original BHC Ll NMAR1 NMAR2 CNN CNN-MAR
CNN-MAR gitio| M2 mytst7| 2|8 Numerical SimulationS Casel 1550 863 462 1212 354 331 201 AlEg TISFICE (2 %' : Original + LI / 3 &' : Original + BHC
Case2 715 444 545 50.4 414 315 228
E3l| AHA{E| OFA¢ | Al S| O| oA} b | L= ={[e}] L -
Safl 44421 2410| OFcl AH| Btxte] FAHE HIjol AFBEIACE +LI/5 72 - Original + BHC + LI + NMAR1 + NMAR2)
[ 38 7] 548 gaoMe| &8 Zat _ [ #3142 CNNZ} CNN-MAREAI O SRIE J4S0| HE M2t

(RMSE)2} 7= SAHE(SSIM)

o
3} Qriginal mage _
{ } gt . g O|[||X|Q]-Q| RMSE(THE X-”—S——:lgi}.)% 7:")‘\_|-6‘_|> 7E=1]l_|-0||:}-_ CNN- Two-channel input Three-channel input  Five-channel input
image image image
[=]3=3 E=1 3 o O = o
MAR 2 S Salf SRIE G40 ZE AH|0|A0 A 7HEF 22 RMSE CNN CNN- CNN CNN- CNN CNN-
image MAR image MAR image MAR
o o oF A
US Ve & 4 Lk
Case1l RMSE 40.0 31.0 331 29.1 273 277
SSIM 0.931 0938 0940 0943 0942 0.942
[ E 2] 4 AlE2]0|M 917 Zat, S)E YASO| A= FALE(SSIM) Case2 RMSE 434 359 315 228 269 224
M 0.956 0.971 0965 0977 0.968 0975
Original BHC Ll NMAR1 NMAR2 CNN CNN-MAR =
Casel 0565 0576 0930 0887 0935 0940 0943 =28 [WEE B e e B o2 po
SSIM 0912 0956 0932 0967 0954 0.971

Case2 0883 0.854 0.931 0.955 0.950 0.965 0.977

Case3 0522 0.536 0.886 0.833 0.942 0.932 0.967

s )

[E 2] 2429 MAR o2 SRE NS 71X FAMEE Ol= CNNO| 7|&2| Ctst ZR2| MAR HES &8 4= AU

Bl Z1fo|Ch X FALE Al CNN-MAR HHS S3if Sol= JH=MS R|LICkD KMAIS S Agstoint

JHOIM T =2 HHE 2t

2) A XME(clinical application) A=

(22! 712 B, MH| 8Kt CT S40f chshA = CNN-MAR 211 Z 1, H|QHEl CNN-MAR H0ilA AR CNN 1t tissue

7|80 7t 25t 452 B2l A2 =2le & QUCH CNN-MAR processing 2 45 HetXQl 2AE 7HX|0{, VA ALSE|0f '

S MY 22, HE OIE[HEI & HAZAD (BHHE 12 OfE|HEZ £0|1 FHHo| MUSH AXTES SsHE 248t

HAIE d2 R2S0| H S2E), i 7Z(Bony structures) HA| M52 HOIFUCE (CNN 2 MZ CHE MAR o 22 E| R85t

A7 K] AT MHE 23551912, tissue processing 2 CHEE2| OIE|HEE
H|7{stn 245t ZE 9| prior imageE ‘45IUCL) 0|7 7t

3) Properties of the Proposed CNN-MAR 7 E Sofl sHEHI0|HE 52|10 CHYst MAR 2 88fotoq,

CNN-MAR o] S98 SO ofsf tiefet dais CNN-MAR di#{o] M2 SHALAIZ Olf&o0|atm BiCt

FIE o TSI,
#txte of2|of 22t S(surgical clip) 0] A ¢l=|0f /o0
(22l 718 2H, ZHojl= X[HA(Siemens)2| AO0HE(SOMATOM
Sensation 16 CT scanner)0| AF2E|RACE(120 kVp, 496 mAs)

[ 22! 8] Tissue Processing 20| CNN Qo2 A8i5t Zat

EHAZ Solf 11607H2] FALE G2 (projection view)E LA,
Qg SO 2 Olsl LSt HiEh OfE|HEES CNN-MAR 2 CH2
HHHO 2 i Met F| O M52 H|WSIULCE

- @4 tissue processing 2| S 22I5}7| 2{3H, tissue
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212 Zi5ta S E5 AIZHN X 95t HE-HM HEYA AsletEE AHESHH S7HE7H0| A IR 2Ho] gi= H|o|Eof O[5}l H[Z0|11 IOU(AUC)= & &Ate| ZX|= Hlg2 Sttt
(Action-Decision Networks for Visual Tracking with Deep Reinforcement Learning)? DM = R ol HEE &8ot0] HA&S Mus == ADNet2 H|AA|Zt Z|HEE 7|20 256t M58 LHHME &=
Ao 2 ekgeh 4 QUCHIOR! 2] (2fA ADNet2 Cl|O|E{7t S 2txit O e NS HOI0E ESH MAZH X Z Ao M S50l
[221] #4% A SotHIFY E242o| _ _
Z=X|=8H&(semi-supervised learning)0l| = CHSE &~ AUCH e

D =) f == d @ » X » ‘ ‘ @ 15.002 AA|ZIoZ Ri=5l= 2 12|S = %1 MsS Holct

[ 22l 2 ] &X| =8t (semi-supervised learning) A2 X A|22]|0|M

Reward: +1

Frame #160 Frame #190 Frame #220

‘ » » » . ® » ' ‘ x ‘ ® (a) Previous frame (b) Tracking-by- (c) Our method

Detection method

0] === 2017 ZFE H|H A IR 21453 (Conference on truth)at YX|oh= FEIH =M 1 0HL|H -12 7HEl. ADNet2 [2i3]0llA ADNetS &3 x| FX2 N M2 &of BAH0|
computer Vision and Pattern Recognition, CVPR)0{| &t &=l SiZHO| MENTI QEIZICE S0{QMH S0 HMI} ZQsH 748 2 4 QIC} 0|2 E35f| £/HCTH|S CHH| oF 38Y w2
=Z 2 ARE HIT ZO0I|M S25H| CHF= 23| 5 22| (confidence)E EE3ITCL £ S 2o It
=XH(object tracking)0ll Z12Z5tet&(deep reinforcement [32! 1]2 Zvo| o|™ Z2y|lo| Zix| QX0 A A|Zt5H0{ 092 H19] - Z|HCt7|=Q! (b)2] 42 27| ElX|(object detection)E 7|Hto 2
learning)S CHEL AUCE Sl x| £ 2H|E sliZst= 2 AHS Soll A = oM AF|e| 9IRS FHORIT 57| whEol| 2| 02 & FASS BMUSHOF ST B4R 24|
7|&(state-of-the-art)2 8t & Q13 A1 A (convolutional neural ADNetQ| st&2 CHEat 22 3tH|= LEICH =X 2H|Z s 2= CNN7|EHe| Hitio| A m=aj|Qlet 256712
network, CNN)E 7[Ht2 = EX|E EfX|(object detection)sl{Af JolCt
2 Sh= ZH% 12 OHFH= HIEH2 Al25H= 74 13 ADNet2| 8t 35424 O| 74O oHM S E 3 E=5H= oiodO}t EFAHEIOY &
SHE oh= A2t HiZ S FEsk= WHE AME5t= AoILf ) - ADNet2| 22 HM=S Safi 0|Sshzs ARt EMUGIH FIL,
X|=8t&(supervised learning)
0l2{st HeS2 Tzt 22 M7 A/UCE el @zio® 77 oI} HlE|T S E2{0E S VGG-MM 7t CNNS BiS3IH oMoz maf g 28.26712 FHOIC,
- o = - = 2} T3 Qlo| MES 7|ZSR JHRAIQH 0| = (Gaussian noise) 2 A5t E|E2| At
- ZHH| e SHE XMH EIMGI= H|S8AM - D S=
R 91X SEE R EMSH=E HIZEY RHSS BI0[EIZ AFSBIIC D511 A 22 pts ] Al Ay CTR E%F
- 7ﬁH _'” E‘”%:—E_Vc‘,"Xl' El'uE" la e|)9| ‘_él_,c_),_g MME AXES0| "E| 717k XI7| $I5H sHof St HMES HsHs 70| HIEXA st — =Shs e = =< = *1 &% | See, A. (2017). Get to the point : Summarization with pointer-generator networks, doi :
L _ &9| 2Ho|Ct ° Aigorithm Prec.(20px) 10U(AUC) FPS GPU arXivi1704.04368. *2 E 1 | sequence-to-sequence attentional model *3 &1 | abstractive text
L._':'E'O“A1E ZT,_I%%J'§|'E—||'§% 0|%3._F ADNet(ACtIOﬂ Decision cE5t 0] AIKFS| LR 20| Z4H|QIX| OFLIX| EHH5Hs 24, = AZE2 stasts HE ; ADNet 88.0% 0.646 29 o summarization using sequence-to-sequenc? RNNs and beyond *4 £ | £%&5t xi5iMa HE s
o = =o = = = HES| 39| & o2 250\t 5 ADNet-fast 85.1% 0.635 15.0 0 chojo| & So| EXFM2 X|HEICt *5 &1 | Vinyas, O, Fortunato, M., Jaitly, N. (2017). Pointer
NetWOrk)E Eo.:,'6|-01 —E—I‘Hgg BH 6}'01 |:|‘ 7HX“ —%:—&‘I —E—I‘”E St==)es TS EE = ] o Gn o 5 networks. doi : arXiv:1506.03134 *6 =2 | Nallapati, R, Zhou, B., & Santos C. (2016). Abstractive text
2 s i, summarization using sequence-to-sequece RNNs and Beyond, doi : arXiv:1602.06023 *7 =2 | Zhang,
Dl’EiE 724@ P—f ( Markov Decision Process, MDP) = H7—,|'3|'0:| e}t (deep reinforcement learning) C-coT [9] 90.3% 0673 <1 9] Y. & Yu, H. (2017). Convolutional neural network based metal artifact reduction in X-ray computed
: = = % e o : *8 &1 o2 Bl LARMC 2 ZAI510] &5 =d, A
O|F 3|0l A Z4R|2| E|52| AHXHbounding box)7} M S =35 - Policy gradient S AH&510] HERIR0IM = FH2(policy)S &=Lt DeepSRDCF [8] 85.1% 0635 <1 o) ;J‘Tirinr;yxmv:jeocifsjw80‘ _l .le.é; )QOHA ‘O'Ar:g:;;:)c T:A:)ﬁO;; : 21 il dcﬂ AL
= = S44 SOl 24, 213 2, ZHFEET| )2 HYst 3 eam Hardenin
S04 AN HFE S g m=S - Rl 8tolA 0j2] St LIESAE M UESI 3 (policy network)2] AR o2 g HOTDs) 848% 0564 58 ° by < 2 ;
. E Effect, At2K(scatter), 20K 0| = (Poisson noise), EXt2| @Z12)(motion) SO LIkt 2IQ10]| 2|l QAtof|
SR0IM Fix T2 Aol H|F2| &Rl fIX|2t BFS AHSITE 2gsict I Muster[is] 767% 0528 39 X QB2 0] HAEICE 0137 20 S 344 BUE o) YHGlE IBSYS o OfElME T Ys
SH - gt 2| JLHo| DEX|9f ol Z X0l ket SiLf QISILES S3ll HefS 1 E= 1= 5t < MEEM[42] 771% 0528 195 X C}. Ol OLE|HE S ZAA1Z 2O 2 X|HA(SIEMENS)2| IMARY, ZRIA(PHILIPS)2| OMAR, GEZIAA|O]
S, 0/ HiEto R HIEASE Acfol=si scr 0% 055 w0 x O 2at A5 2] i 1t 11 o A1 e e B e
&) Rt 20| 2hdatn 9l 2HIE sHZst S FHS s £l
- Eli(state)= S Z|A0IM B F2| LXte] 21X|2t 0| i e _ KCF 131 697% 0479 23 X ol #iAkHR| AElm Sick 212 Heldg 8T eIt BRsp wristely, ol ofeluls 2T H
=14|2h == (online adaptation) DSST (7] 69.3% 0520 254 X Bfig HRa HZslel 9ot Bspl HHER UCh *9 47 | 22 =2 I, B, Tissue Processing
10819 WMo = ANE - L2 Aol M ol FE EllFRldRIE FHEC| 7IESR st ME CI0EE 2ot AAIZE e e i — % ofl XpA|5] MHE|0] QUELICE *10 E D | http://terms.naver.com/entry.nhn?docld=3572221&¢id=58944&¢
ol o Ab= oo ol ox|o| - X O X|T5HEE510] ASS SHALA|ZICH = = ategoryld=58970 *11 11 | https://patentimages.storage.googleapis.com/US8509504B2/US08509504-
- ﬁﬁt ol'ol‘?f_l'—r EE! =, i 2HH-9| E x| =0, E1|TE| |‘X|»O| =1 7| - ME|E7} 0.5 0[317F £0] 2RI 2 = ’atfﬂ THCHE| B SR 9|R|0IM Z7FR Al 0| 20130813-D00000.png *12 11 | http://openaccess.thecvf.com/content_cvpr_2017/papers/Yun_
Action-Decision_Networks_for CVPR_2017_paper.pdf *13 =2 | Nam, H. & Han, B. (2016). Learning
= = = R2 AYMEE = Q|X| SOl 71 Al o x|I™e A X|% - — =
%.H:Hgl' ;:;_Jn\_, JELT’_ %‘%9; ?g%l == E ;L -:)llxl B0IM 7Y dE=ot = [ES M2 FIRIE XI5k re -?*| J‘:{‘.E ADNetEI ?é]'_l—gf E}'E %lal%%% l:’|J_.I'_°_l' Z'\IO“:I‘. Prec. multi-domain convolutional neural networks for visual tracking. Proceedings of the IEEE Conference on
_ o o detection 20| LY. _ _ Computer Vision and Pattern Recognition. *14 = | Chatfield, Ken, et al. (2014). Return of the devil in
(reWard)% 'I% OﬁHAI_:IE ?ﬁg H ||:E| A|’X|— |- psl= I'(ground (ZODX)% gll‘::h_l—l' 0“;?_" Eﬂ_II:_E—' gxl'9| %)E,?_I' 7'1 E—|7|' 20"%“%' the details : Delving deep into convolutional nets, doi : arXiv:1405.3531.
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ICML 2017 ZHzt7]

2 | QtCHH| avin.hero@kakaobrain.com

AIZE2 'THH|2l= 0|52 F11 BHX| o2 $t20|50[2tn M2i5tx|gt A2 stxt2
SICHCF, 30HHI'2 B0 30h= 2 20 QU0 F0i% g0 2 Ack . & |42
O|S0Ict J2iMQIX| ojAtofl o|20| HX|T 7HE2 42H0] B2 AARZ0|H| &lSOISiCt
Z{TEE] AJO|HAZ HIQD A17517|2 644, 12|71 QIX|L|0J2 51, Al 2+ 7|12%{Q1 Zie
22 Zokste xtofl YTt M&S s287|HM A7t S| 277K 5t AltHE
A EIRCID 27l QF0|Ch 22 HA], US2A XY ST 7|£0| WREHEME

x|
USDA2 X OFY7IOIX} M|

o
[>
L

SAloll x| g2 0150| Zotst= RETH M
AX|L{ofo|ct.

44

SF MNEL|0| 9l= ZalsiH{(Darling Harbour)= &L O}2CHR
gHict 2 8ol 2 E7E 01715 CHAl 27 QAL o]l =2 2 A
OfL| 1t LRI UBtE] -,

[ iz oM MER A7 Hslo 220) =&
fdasiA XS5t HICHE B0 EXF DAE siE= AlZHS 71
== 0] HEFCE MAIM RO{== CHERS ATXES S SH Kf2|0j| A

bt £ oler S20|X|0H 2H|7|A|st&staC 3] (International

ra

Conference on Machine Learning, ICML)= 235l 343|5 %2,
MAllA 71 B ol= o{Me{d 5t5| F StLfo] D Crakst M5

ZOFS CIREE Q172| A|OFS HI5]7[0fl H|Z{0| ALt

ojtd st3|of|M EHE R T} Tl | EQ|3(Deep Neural Network,

DNN)Z Zgtst LDA(Latent Dirichlet Allocation) @R HHH,

Hrd HESI Zalstas XM Es10] 458 =0 Al = YCt.
S8R0 EE Yl 93BN = X2FH 2ok 217|7t

b=l o &sIEo S0{712{ 10 L L5 S2iol| Atol

2 XM EUE 20N SOZHR| Rt 2HR| Z4o{o} FLCL (=

2F0= SOIZX|TL) FX ClAFHHE] A3 S0 = Fof3i=d], Hst=

OFEIAE AE(Ql2 J|E} 91 WASH], SO AE|Y MHIAS sH=
22 7|¢lol AE|TO|(Sportify)| 8o &3 W 5 50|22
FRIS0| YT YEE ATE 5 W YES HEHQ! KA
WS BESIR, BE UESS B850 13 o &TH 2

akst Ofx|7} HALH.

el

NN 22 = ol A4
|2 210{ Et5l(speech)Lt 2k (music), XF10{ X 2|(natural
language processing, NLP)O{| ZtAS 7HX|A| E[HAM AJRA SE{Q

IO|E{E CHRIOF & 20| BIOFAIL. i2kA Ofof Hghet ZHO!
A

b

|'Ol'

o
g 20

w8 A (recurrent neural networks, RNNs)0f| 22

AU, 0124 Hof| AR Gzl 47H2| RNN M|Mof| 25 FHo{3iC
oF & MMojl M= RNNO[2He 2 S0llM, 21X} 5= 2X|0f
ARS0| F=E O|FULCEL LINX| &
Mol S8st HTER YL =

=
of U SANS T2 Fo|M RNNS B3 217150] 20|
r

— 0

=

pe

b

10

| & MlE0llM & ZEX] 2717+ 7[40f| O SHLH
FHHOZ o7 el 20X} STt HEZ RHNs(Recurrent Highway

Networks)zt A|#HA EE{(Sequence Tutor)QlH|, & o173t B &

0{2f EH|Rloil M HEMo= MES & = U= ZE

HMAlst 27| 2ol ==0] 2 2 2L

o
rlo

YYES

Recurrent Highway Networks

RHNs(Recurrent Highway Networks)Z 0|55t ™ HX

Highway Networks(ICML, 20153)& 211 Q1010 St highway=
DEE2 2he 558 JHK| T QUL ZHEES| Zal highway

networks= 01 2{|0|01Z S1te mff s 2{|0[0{0f| A ~&H=[0{0F
EtMsl(activation) 242 Q14 7{X|X| &t
t

St Me ittt &
£ R2|2k HS3HAHE A0|Tt oA e zM

t
W= | X[LEE 7t

HEE2 21|0]0{7t HOE4E 2F 2|0[0{0| M=
JI2IC| A E(gradient) A& 2|2 Q5 at&50| 0j =&ALt
K| &= Z7) 2|, highway networksOfl A= 20012
ALt gl0] SSIEE 2|0|0{E & ArEdte HME SEoHA 6

L} 2|0]0{E LOIF HX & AeIX|, 2 L0t A4t gl

e

& RILHE ARIXIE shash| El=H| 222 HiES 25!

[

2|3l 248 7|0| E(transform gate)2t 7H2| AH|0| E(carry gate) 22
2712] HIO|ETt AFBEIL.

Highway NetworksZt 22|0]|| F& 2|2|& £ 7IX|Ct.
201017} OFF 2| HOFM & &+&0| =24X|X| 47| St=

2t = ACh= 20|} CHE Sibte, 22| 50| nt2t0|E

HLEQ! 240]012] 714~ G|O|E{2] STz 0fl 2tAIGH0] 2A|

2Ot EICh= Z{0ICt ClO|H 22 H HiR= o 2ot sia2 9%

StLf

ol
=

H

mo rir

>' ofA
ol
=

2| O[O{Of A RE] =2 HO{LfL FZ LIHX| 2f0|0S0M= 2

highwayE S1tst= YEZ A2 SH5E Z10|7| WZ20|Ct.
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RHNs=DT-RNN(Deep Transition RNN) 24! AtElj(hidden
state)2| Z0]0] highway networkE X &35t0{ &t
20|t DT-RNN= 24 &EiS] T0[7t B EFY
012 1 Y0{Lk= RNNO|CH O] 2120l M Ef5l AMM2, 22 %9
f2t0|E{Z 7}X|= 7|Z2| DT-RNNO| H|3| RHNOf|A &g £ =7}

> o

El

wetR oo 53] 24 e o[ 222 0121 highway block &
B E20IM 718 24 el Hahrt B X 2880M=
ZgH FH|gt st Z&0] ARACHE Ao|Ct BojEe] ZEHO0]
3X| 942 W= Ubt (stacked) RNN{Z Off EFQI ARNDICH5F
HNREHO[SHE 24 HEf2| H8HE HotL= ol 2 Rel=
giCh= 20|25 O[3 4= QUCE RHNZ AIZA FEHS| CIOIHE
Ct2 & 2X0l|lA stacked RNNS H0{M HE3f| & 0X|7t Q=
D02t Wit

[ 221 1] Stacked RNN2} Deep Transition RNN2| £A15}>

Stacked RNN Deep Transition RNN
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0 SRIER|e| Rt El 742 st (environment), CHS HZC|E
&12|(action)0|2t 1 2L} 12| CH RIS FF517| 2IFH EHM

45



learning

&tx(value function)T= & 2|sH{oF & Z40|Ct.

A& 1 EQ|30) A= DQN(Deep Q-Networks)2
AHE3H=E Note RNNOJIM SHEE 218 £7| ZEZ AFSSICE
0{7|M SH0| &li= 222 JHX| ==Ll 047]0f 20| ot &=

o

=S Ol =S B0 FE S

fO|2 #|0] S0{ZITt.

£ 4 o} PSR Yt S Holsl 7D 2 80l 2
A enard8, %] 92 B0l WE HAS B, S

HOlEl ABHS T2 313 Fo/%0[x| 23t Zx|E UCfpt
M5 0|02 of= HEo| FoNE Test, 7|0 st

dR
S0I20 &, 7|E SAUME O S2 T2 MEIU=X| BIEE

o0 Q= Z{o|Ct AR o2 J}x| &h2-= Reward RNNOJA{Q]
HAL 20t0|2 FE|0|Me| BAS T gto 2 FolstTt

—

=2} SHS0| KA}, AFB 3 IOJELT} ROIRIX|, 29 02 F4i2
OfSg7 FOIMEXI0f w2k T2 =24 BHSO] LiZIX|t Ofts

o2 HEIAX|2 AIJA HH0] 2REHCHE =MHI0 M Al=sH
£ orst 9 E0(2t M2)sir)

Note RNN

Traning melodies

Supplies initial weight

Target Q Reward Music Theoy E
Network QISR RNN Rules 0
|
= pal9 T
& = L
Composition so far
S a r

QIS XISO| R 17 HEHH|

0717t AR 21 L8 2 WiHEl 2 ZoL| THA| st8] 29172
E0P7F 2X 2|2 0 20k IT A|2| =2 2ol 25
HORIE, 72, HO0|AS, HIO|F § 228 7|Y¥S2| o7
47t £35| =0f =AU HZHe Zet 0le2 7| oflM 0| F0{T
AT HRACE Y7o FAtz ZuE: Y| E8MAM 2N
F22 MEoIUCEL ERE HEAIR g

FHLtCte] a4-of AALS0]| of5l 4
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133 | EfAS0CHEEO| SHEH|0|E{QL RS AL8SH= 20| OfL|2t 2t EfAI 2 RE] Hi2 K4S §
| EjAS0f 285tRh= 2{Cty *2 F1 | SEA 1% BXYE 48 271 022 PR HEANIA Y

H =xts Modsh= 20 *3 &1 | Srivastava, RK, Greff, S, Schmidhuber, J.,, (2015). Highway Networks.
doi : arXiv:1505.00387. *4 F1 | Atd 2 HEH7} = 5t #ek Holstats M glou =3 ¢ of2 ¢
HO|E 4 UEZ DHE 2UBESHE| RNNO|2ED A2Eet 4= QICH *5 &1 | https://github.com/julian121266/
RecurrentHighwayNetworks *6 =2 | Jaques, N. et al. (2017). Sequence Tutor: Conservative Fine-Tuning
of Sequence Generation Models with KL-control, ICML.
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1A SHISO0[0] B|AOl| AL E BTS 20~30 HO| 2] UL, SARICH Q! Bt5lofl QM QlA & K SAI0f| 1004742] Y2 BS0]
2017 L40 HEl O|EE ‘CVPR2OT7_kor ATHE HIS 02 CVPRO| EH448H RIMEIGHET, WA 24T KBS 22t H2 2 viel stslof
b H20lS0| £LI4I0|QIC). BH5| RIS X17|ATHD, O H|7|S ZQIER Hal= 93 H0[2tn HY| 0f24S HER AEhs| 2 2|32 (recruiting) FHE]
o H —' — E- ElT JH=X| SO BEE, s3] Foil= MAIZHWEXLof cist HolLt B0l M TE[QICE HZCILE 938 A2 HE olgst HE2 FA| BAQ| 71t 2 2x2 g|32E/0|2tn “HFC} Cth3)
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ZAFE H|H L DiE QI 2otol= "HFE H|IH Y HIXIZ|E &t7|7F £1X] LQUCE 0|28t &7|Q} 0= 0|9 &3] 2} ARE QgiCt
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CVPR2 112Lt S XIsx(impact factor) ZHO|A 71 217 O S3Ich LA ohEted AALEO|IE 104 Mofls =28 THE|of] ZRCH HH0} ZHAIGIQH=D] AR ITIRIS o2t M2|2
QU= 8t5(0|Ct S3ILt E| 20l He{de) 917|2 BE KEUM S SHS SHAITH 5HS o RHABHS 1S THRTSHA| MZIRRI=T) 22|0| Hilx| AHRIXISO|L} [} S|At ITRISO| @17 ZR|2} SHXHO|
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A2 716H| X|(sponsor) £120I{C. 20101 T2 3= 2 4 QIQICH S0 20I% SI20|ME 57| 3ISH kel X|E 20 SIS T B A™S AskH0F J1S Z0|Ct Hokat
MI2HE(SIGGRAPH) $H2|0ll Z451A| £IT AZM 2|20 EAlE DAY U MSHiE ST DOIS JHX|7 (7| BHRICH EAEST UQLS #Oip], ZYUS UE S of ESTt
& 74e] 712 Dt2t stefet MA| £ A8 H0 Ly SRR, AZN 7|5} 0] 7| QS| FA| HAT O[F|= 53] At OIE{EE EOhT, & Y AZHjl THE|L} AlAF DQI0j| & £HAI5HOE
O|H| CVPR2 A|J2t=HC} B2 1300471 Axl|7t AZM A2 20t ZO35h5H =2 cichsiy| £|QICH A ® 0F7|XF7| 5HE FA| sioL| ato|ct
Y2 7|UNZTE ChEH| 2 Baat XIS T B2t S0 HASS 0fC]2 71D OjHls ARl MAIBIE wed & Heas 2
O|ZX CVPR2 &HAet MUHA| RFUM IA FEon MESH= T7I0|M Lo 228 T 7|USS ZaeH 1300 7|92 BAT}
srlolct xl2{3Ct 594 =EAIS U quio| =2
= 530l opx|ee 2 EHAMSIE 20134 H w50 2351 L7t e 1) 2mo| £|@4 =S AKBest Paper Awards).
IES MIZFRITH SOPM F2I3H 2ATH. A= /0| A =12 K| S01 74 (Facebook Al Research,
arXive S5t £TH M =2 27ji2} OF AA §Ms} FAIR)O{IM ZHA 122 SHESH A7 || QIS 7= MY
St off ML 0|0] M3t & arxivE S8t =29 E1t M HE 2|3 (Densely Connected Convolutional Networks,
3712t 25| E(github)E S8t A4 S &2 HS FE2HA DenseNet)S0|Q{C}. & =22 ResNet® S} ZH2 Z|A Z1E22M
HOJCL HIAE HO|HE B2 =252 U AL LIt T2 HIE R 3(convolutional networks) A0l A ]2 21|0]012} &3
T UE =250] 0|0 arXiva S3iA 27 & Z4S0|1ct 2(0]0f At0|0f| BS HASO0| Zale|H S 22 1x0| PSS
Ao 2|4 =2 SR J}S30F & 5ta| LHEEE o|0] SIMOR 8H4510] =2 YT E A 4 QUrts xlEo2RE
BY0| S QJ0fE AIX|O{= T|QI847} 5078 H7l =252 Ftof 2 NERBIC} =204 XMXSS S M7|H| HZE|=(densely
2 QU9ICE 0[2{3t O|ROIMQIX| L 5 HEE] & 3ts|= LWHsts connected) Ctast X0 TS Fokst D QICt AIpHoR
DE =22 22! Mo REE SIH5tn o, AEEE = DenseNet2 £ 214l(object recognition) HIX|0t3 EfA 0| A
EER|UI} TELE, ALRI0|E UE SHMIK|E SEEE S CRA| WEDIM T 71 22 M58 BRIt
SaiA| 272511 QI
[ 1 Densely connected convolutional network’?
MRt AAE 25 (github)E S3lM AAE BIl5H=
# | yeengecheon@ialactiancon 2&E £ ot 2 4 9Tk Akt arxiv ]2 278 9
XIct 1041 Sot ZFEIBIE HOHRIB/AIE ©14) B $B0 Tigick wueche EHol LEE0 MR} AARCE TIWSIK| LT SXFS0| QTHEO (ST (TR Ex s MRl
TZ5i0, 22H0|HM SUHEQI 7|&0|CH A oM oM WY =& TEZ{QI AIX|L|ofo|Ct,
AT} AlZES AZ5| 5l0] Z7IK| 047lsto] £ O 31 7HR| Y Hal2S ehsofLfD Al ZIX} CHE HHe| ZEE sl 3715t ULt §t o2, |24
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Sinf= 2HH 128 o Z0| H|YFE
2715101 ShH|7} E|UH MM =HE Soff AlZ2|0[ME
0|0|X|2t ZH=E|X| 242 0|0|X|2EE{2| 3+ (Learning from
Simulated and Unsupervised Images through Adversarial

Training)"80|C}. X| &= &H&(supervised learning)2 &7 HI|5HA|

thetel st o|ofx|et gl FE(ground truth)g ER2 Shed|
Ol= M2 g2 Azt =0 2H|= AMgts 2H=Ct 0|E shZsl|

el
24510 Arg3st= Yo|ct
SHR|2H 0[2{3t Y2 TAH o2 MK Cf|o|E2t e

g =
CllojEf Ato[2] xto|2 QI5t s Mot 2HIE 7HK|A Elct. 2 =22
(22 2]0fM<t 20| &%l 0|0|X|E &H| 0|0|X|S1t =5t |
O12{RHME §M0|0|X|2t: QA 0|0|X|2 £X5t= Refiners
MCH™ SH(adversarial training) EIHO 2 sH&EtO 2 0| EX|2
Si1Z5t ACH [2Z3] ol M &H0[0]X|7F L AFEE 2 2(realizm)
s

N

rr

NS el e 4= QU0 o] HHE Al FY(gaze

o ¥
estimation) 2H|2t £&=ZF £&(hand pose estimation)=X|0f|
Hga5101 7|= 2 O] 45 7iME &

[ 22! 2] SimGAN overview

Simulator

Real vs Refined «— |Discriminator

Unlabeled real

[ 32! 3] &H4o|o|x|et +&El o|o|x] ci|A|'10

Simulated images

AUdtxo 2 5+ RZ| 2|215|(committee)o]| 2510 MAE|=
£|Q2= ofj HIMAFS Polygon-RNNE 0|235101 O|X|0f| A
_/'\_Ol AXPO-I Og
SotH st= B S H|otst THIR-RNNE 0|85 2o
ME ith a

Polygon-RNN)“ "2}

2go] 37| FHGI0] S0 M58 YTHHOR Cherspl £
& 4 QIORINE Ofif3t Z20|E 7|z T2 Yn2lSHL;

E2{|0|=EQZ(Speed/Accuracy Trade-Offs for Modern
Convolutional Object Detectors)? (Google) : 0|0|X|0{|A{
DXE g, =0{Z1 0{Z2(AH|0[M0|Lt

Mo
[T
oY
s
_O'ﬂ
rr
Mo
>
i
ﬂHtl

9I3t 710|S8 RIB3HD LK 0 OfLI2t AT YU Haid
SUTES SHO|TIIOIEIS 47 THE 4 Y= 7 A

40 ...
. H Hiots Acchitecturs :
50Propasals © FasterRONN i RFCN . @ S
s et
b D a crrnibiee
“ %
; 4D o e 5 S g
30 4
1 o e ; : 8
G & %ﬂ & $iif
& & . ‘g
= 5T feed i
§ Ly iiiiiiiig Biiiiiimiiiiiiaiiianiniiog
3 i i i
20 : s3idiigls Resnet V2
i @ ince V2iciini:
e o V3
15 S iobeNeE
@ T Resnetdo¥ oo
PipiEiiiizieiiiiins IEiiiiiiilii@iiVGGEiiiEiiiiagd
10
° 200 400 600 800 1000

GPU Time

(2) 'RH{4ll(UberNet: Training a Universal Convolutional Neural
Network for Low-, Mid-, and High-Level Vision Using Diverse
Datasets and Limited Memory)™ (FAIR) : OFX| AQ|AZH(swiss
knife)2t Zt0| AFE] H|Z 20| M2| '#X{5H X FH(saliency
estimation)’, ‘2|2t ZZE(boundary detection)’, "2 Z4&(object
detection)’, 'A|ZHE! 2&t(semantic segmentation)’, "EX| ItE
ZZ(object part detection)’ 52| CI¥st gjjelo| 2X|Z stLtC|

DEE E 4 UCE slEshs WYS Mekst Uk

[ 22! 5] Low-, Mid-, and High-Level Vision tasks'1®

Input Boundaries Saliency Normals

Detection Semantic Boundaries & Segmentation  Homan Parts

(3) '0|0|X| 2EHI= HEIE 2[et 22 EZF H7tH(Deep Feature
Interpolation for Image Content Changes)™ : [12!6] Of| A2t

20| Zle #AE2M'd 1|X(deep convolutional feature) 270l A]

H7PH(Interpolation)S 0|&35101 0|0|X| ZIEHIX(LI0| E2 HH)E

HMetst Aot [O87]2 Y= €28 LolE

Hi=S
[ H=
== Hst oflAo|Ct

[ 221 6 ] 'Deep feature interpolation’ =& 18

Siep 7 Viap srosges w deep feaiie space Siep 1 Mapping defsils
A e Ne N {roew.

atiz it vector

[2217] Ageing G|A|'1®

Input Older

KAKAO AT REPORT
=2 0k

arXiv 20| 8 =52 83| Tof| 0[0] 810 & = AL LIHX]|

AlZh = & AS AOICf. shx|at
20| 20102t SEHXMY 7t B2 7|1 HEJZSHH
=SS 2 Had =28 e A Hlug gl
7EX|7t I Zolct 2ol ek H{A (53| Haid)at
LFE HIH RFE SA0| R = 7HY 2 8f8lel CVPR2 &
At ACE O X12|E Led Sf8|E e = U= VIBIE &
slAtet SZSOIA ZAte] 0FZS TSt

*1 £ | http://openaccess.thecvf.com/CVPR2017.py *2 1 | https://www.youtube.com/channel/
UCOn76gicaarsN_Y9YShWwhw/videos *3 =& | Huang, G, Liu, Z,, Weinberger, K. & Maaten, L. (2017).
Densely connected convolutional networks, CVPR. *4 Z1 | https://github.com/liuzhuang13/DenseNet
*5 =& | Huang, G., Liu, Z, Weinberger, K. & Maaten, L. (2017). Densely connected convolutional
networks, CVPR. *6 =2 | He, K, Zhang, X., Ren S. & Sun, J. (2016). Deep Residual Learning for Image
Recognition, ECCV. *7 =2 | Huang, G., Liu, Z, Weinberger, K. & Maaten, L. (2017). Densely connected
convolutional networks (p. 3), CVPR. *8 =2 | Shrivastava, A. et al. (2017). Learning from simulated and
unsupervised images through adversarial training, CVPR. *9 =& | Shrivastava, A. et al. (2017). Learning
from simulated and unsupervised images through adversarial training (p. 2), CVPR. *10 =2 | Shrivastava,
A. et al. (2017). Learning from simulated and unsupervised images through adversarial training (p. 5),
CVPR. *11 =2 | Castrejon, L., Kundy, K., Urtasun, R. & Fidler, S. (2017). Annotating object instances with
a Polygon-RNN, CVPR. *12 =2 | Redmon, J. & Farhadi, A. (2017). YOLO9000: Better, faster, stronger,
CVPR. *13 =2 | Huang, J. et al. (2017). Speed/Accuracy trade-offs for modern convolutional object
detectors, CVPR. *14 =& | Huang, J. et al. (2017). Speed/Accuracy trade-offs for modern convolutional
object detectors (p. 9), CVPR. *15 =& | Kokkinos, I. (2017). UberNet: Training a universal convolutional
neural network for low-, mid-, and high-level vision using diverse datasets and limited memory. CVPR.
*16 =2 | lasonas Kokkinos. UberNet: Training a Universal Convolutional Neural Network for Low-, Mid-,
and High-Level Vision Using Diverse Datasets and Limited Memory. In CVPR, 2017. *17 =2 | Upchurch,
P. et al. (2017). Deep Feature Interpolation for Image Content Changes, CVPR. *18 =& | Upchurch, P. et
al. (2017). Deep Feature Interpolation for Image Content Changes (p.2), CVPR. *19 =& | Upchurch, P. et
al. (2017). Deep Feature Interpolation for Image Content Changes (p.1), CVPR.
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exercise 339 |ZstetECR 20{HE #o0f2|2 part 1. 54
o
T

XiZ= | Do you know GAN? (1/2) 60

& HA0M Zatets, O2|10 GAN2 x| 7He FSb= JHE0[2k 1 s 2teio] ofe Lt ol

Al &t \ = =
stg HAZ RYSHE Zatets. FPIRAIZ| ZE = Zetetg0| RARIX|of Cish oM HYERIHE 17|=
giLct oftHol= Zatetas Hao| el #0220 HEst 27|E A7HEiLICh & 320 2K A2
&35 He| #uni2| 9t Z3tstE AlZl=E 2 AIHRLIEINIM 2 5Ht7| S50 SKIE He 2
ofleretLict a2|a, Zakshso 0jof 25X XHAIM GANS| JHE S Avlet RME Hel 20| 28/0| ZX
2IHELICH GANS| 7HE, 2|1 7|2l 3t HEE M= 7|&sH |UE Hel S2E "F2 MER
GAN 917 E B2 Wl 2 553 M2k 4= A= 712Xl X|A2 MSst= A 0IUSLITE



exercise

2 | £3591 chris.song@kakaocorp.com

Kakao R&D Center Data Engineer.

SHEIEHS BT E[20f OIS AIRFIELICE 17| Foj|x, OFEl0| 2ojts Wi
U3lsts MZHo| HL|CH o2 MAS Thn|H o2 SAA|Z #2212 X|S(Artificial General
Intelligence)ofl 25| WA RLELICE 7HHR0f M= Ci+2 CIOJE X Z2ufla, ojtlaid
7|58 283l §1H2| ZHIS s Z5h= Cl0IE AX|L0Z2 Yot AFLICE

4315

54

N

rslet (reinforcement learning)2 MAlz{lQ| 2ozl E

o
ELICE ZstekEo)| ofj2iof Ziof whE! EXh= o B2 22
Zalatge| ‘538 Mol | sl RERIYS ZHYstux} Bick. XIS

=
ITEAHOIN Y3t AN E 25 5 B2 20| ZEssLst

Yst Y, wuil2| 'S atéts RER Y| H|nt2 FetCh

0 4o

ofel=(Deepmind)?} 371EH DQN(Deep Q Network)
Ig|So2EE| £|Al EHCEOl A3CHIX| 0i2] 7HX| L12|SS S
Ji5tAN A IOl QEH= A MAIS ZsfsiaoR Z0| HER
IXL #H0I2| Q0] Zatshs HE5171= & Ml tHojl ZH R|EICt

FEZLS Salf 0{2{=2 0] 20] of! B MM Sot7h=

.y

Q

B o

E Zojct. M Ejo| o] El= Z2aUS
20| 0|22 HYsh= WA= TMSHM, Z3 0 €1

S01271 Batste s SRSk £ QIS BB olFolC,

b MM, det

B

20| SA2 MK MElS| HEZ 51X},

ZHI2

- Anaconda3 (Python3.6)

- Homebrew (MacOS R%1)
- GIT

- pip

Pip 2to|=2{2|

- https://github.com/chris-chris/gym-super-mario (forked from ppaquette/gym-
super-mario)

- https://github.com/openai/baselines

- https://github.com/openai/gym

A2 ol =24|0]Eq
- FCEUX (http://www.fceux.com)

215|E(Github) Z2HE
- https://github.com/chris-chris/mario-rl-tutorial

E(gym)"ofl 2X|El 7|2 OfEf2

|(Atari) | B-AS0| AUX|TH B
O Molle +HOZ|R Zstets eHdS 7| floid =3 o
$122 StAMHEO| ZQ35iCt 0] FEZ|YU2 HOS(MacOS) &+
7|1E2E TIHBIHRE 22| A2 cygwindt fceux2| Xt
g8ali M HHO0| 7HsSIC). CxXA|Hf| T 27| 012 Hg 12{sh
MR|7} 4|2 OFt2L}F3(Anaconda3) AxX|QF 7|2 EQI GIT AR S
MYSEX| oR2)Ct)

71 MK feceux & ARIsHOF SHC fceux= PC 2HE0f|A
QelE 1™ ALSS HHE = U= olS2OIECE 7HE ZHESEA
HR|ot= YHE HHE EEF(Homebrew)E &85 MX[HO|CH
A= A |

=
AX| ACHH, HO|'E(Terminal)E &
A Cl

HAlisAM EX|7t 7kssi (B

Jusr/bin/ruby -e "$(curl -fsSL https://raw.githubusercontent.com/
Homebrew/install/master/install)"

BER EX7L 2t2 %W, THA| ED[23 21 otz Y02
t

KAKAO AI REPORT

[ 22! 1] fceux M|

:Chrisui-MacBook~Pro:~ Chriss brew install fceux

Updating Homebrew...

==> Downloading https://homebrew.bintray.com/bottles—portable/portabile-ruby-2.3.
3.leopard_64.bottle.1,tar.gz

100.08%
==> Pouring portable-ruby-2.3.3.leopard_64.bottle.1.tar.gz

==> Auto-updated Homebrew!

Updated 1 tap (homebrew/core).

==» New Formulae

abyss beast bowtie2 fn xmrig zim

|HCHH, EfD[ 2 S €1 of2f BHOIE

mjo

=N
HAsM 2Rzt pip 2t0|E2{2|S2 EX[BHT,

H HmZ 235t pip I{7|X|= OpenAl2| gymO|Ct.
pip install gym
J2|1 0[0|X| M2|E 25t opencv-python TH7|X|E MRSt

pip install opencv-python

10
ok
ox

=
ra
mo rjo

s MX|E pip Ii7|X|= OpenAl2| baselines™Ct. &
pip install baselines WO 2 baselines & AX|5tH |4l
=]

S 4 §iCh= AOICt S E0]| 22tk /U= F|H

r
=S
In
min
Mz
Rall
ol
N

Qs of2 HHOZ MX|5H7| HEHCH
pip install git+https://github.com/openai/baselines

2[00 EX[E pip 7 |X|= #HOR 22| Chet ol =7t
ol
A

o
rlo
E
u

gym-super-mario 7| X|Ct, 24 o] &t

gym—super—marioOHH HE| of|0| M E(multi agent) X2| & &
7tX| 0|5+ +=H5t7| flsll Z3(fork)st T ZEE ML Of2H

HHOIE MM TRI7L TS DER SHHS MX[SHAL
pip install git+https://github.com/chris-chris/gym-super-mario
J2|0 02| HsletE oM ZEMEES S 2(clone)stAL

git clone https://github.com/chris-chris/mario-rl-tutorial

Ol 222 Hte T2XE Z02 S0{7t & of2f WHOIE
ARSI I{012| 2 0 22 0[E{7+ 30| EEHA SH50] AJRFEILY
python train.py
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exercise

A35}stE Observation Space A4

O|X| #+I0t2| 29| ot5 etAol| chisll 2HHCt Eorel=0M

0

dHr 5t

ZHSH S210| =0l & LI IR0, Zetets2l ot

"

E =
of2i2} 20| Observations, Actions & 7HX| HEZ 0]

T2l 2] Zateks mea™

OBSERVATIONS

System Environment

ACTIONS

O|X| observation space®} action space 2fZt0| 0{Z |
XME|=[=X|E LOotEXL.
5 W2, observation space= CH2 Atari A1}
ORREZ IR 2 518H2| RGBEIMIS JCHE QU3 BH=Ct £T0f2|29)
el

observation space?| F+&||&ol MM 2 o2t ZCt.

spaces.Box(low=0, high=255, shape=(224, 256, 3))

3|HO| M2 AfO|=(height) 224, 7+2 AtO|=(width)i= 256,
Aol ZR(RGB)= 3, 22|11 2} Mefo| x| Zro| Hel= 02H
2557HX|Ct. AR 2, stHo| ZAH|0[EE BotM S3al B
Of2Het 20| LE2Lt.

[[[200 76 12]
[200 76 12]
[200 76 12]

[252 188 176]
[200 76 12]
[200 76 12]1]

fLtel ZI0j| RGB 2t 37kX[7F S04 QUC} 224%255 2AH #H
Otofl 2t Zl4lo| 37kX| RGB 42 7HA| 1 YloL| 3xH &iZo| EICt,
23550 ME 0| AH £0{2& HI0[E{E CNN(Convolution
Neural Network)0ll '‘20{A] 255t 220| 51Ho| 0f2] TIXES
OlAlGH 4 QI 2 St 21| observation spaceH|0|E{S CNNOj|
27| Hofl 8t 10| UCE BEZ, H|O|E{Q| AIO|=ZE E0|=
%OIEF. OpenAl gymd 0l M TLEE|= Ot (Atari) 1Y et St
oflAIS

o
B0l BEE Holst

ol

RGBE T30 AU 2 Hetsta O|0fX| AtO|=E

25l RGBEfE2 120|AA|U(3|M) = HetstT J2|1 0|0]X|
MO|=Z 84 x 84 ALO| =2 ZQIC}

56

wrapper.py : 3}%0j| £2{£l RGB 0|0|X| C|0|E{ & 30| AH| YR Hatstn 37|15
Z0|= Wrapper

import cv2

import gym

import numpy as np
from gym import spaces

class ProcessFrame84(gym.ObservationWrapper):
def _init_(self, env=None):
super(ProcessFrame84, self)._init_(env)
self.observation_space = spaces.Box(low=0, high=255, shape=(84, 84, 1))

def _observation(self, obs):
return ProcessFrame84.process(obs)

@staticmethod

def process(img):
img = img[:, :, 0] * 0.299 + img[:, :, 1] * 0.587 + img[:, :, 2] * 0.114
X_t = cv2.resize(img, (84, 84), interpolation=cv2.INTER_AREA)
X_t = np.reshape(x_t, (84, 84, 1))
X_t = np.nan_to_num(x_t)
return x_t.astype(np.uint8)

O|7| 2tH2| RGBEHS TX{2(510] 22 H0[E AtO|=2
2HS0{ 2, Op7h ofj A2 SRAE A HIO0[E{0fl M RGBE|O|E =
0| AAH Y= HEHA 382 EOISAL(/32 H), ST
MOIZ(IZxMZ)E of 81282 ZOISACH 12.3% H2).

O|FH LME AT HOIE2| 27|15 HEs] E0IM R2|=
Uty DS E O 28X Q2 SHEAH = A ELh

Z515HS Action Space M

O|| action spaceS AT{EX}. Action spacet= Zatsts 22O
"ol 7t5lLt Atari AY B

Pong®| Z<24 action space?} HUZ ZiCt Q|2 717 Lt o2

7HH It 5HX|2 #H0LR| Q4 QHCHE Cf 23 action

spaceS 71X| 1 QIC HEZ B&F5|2F A, B HHEO|LCE

-HISE9|: A Bt A 471K]

OloIHE| HHS He o

HE: HHEZ A, B 27}X]

[

(i
il
rg
Q
(8]
[
o
3
[%2]
o
Q
0
D
10
[
~
I'II'
mo
N
)
o
-
o
40
rx

2]
LIS =2 Y22 7HHA SAI0| A H

%EW HZE & 4 Ut P2 = 671 HHS SAl0| LHE =+
ALt 22{H X7 | space?t HELIA AHTICE 29| 6”ZO0| ECh

10 I\)
10

S

C}.
E[Cf 22| == 64Ct AT, 647HK(2] HL
UR|= BLE OIS S0, 7| Y72t Of2H Yef7|E 20| 20| =&

oot glel Zolct.

[ 223128 E&(console)

&3] A2 atst action spaceE 147X 2 F2{ HRUCEH 1471HX|

2tzto| i34 XEhe ofaHg} ZC}

0: 0P o & 7:2E%

1:9 8:2EZ +A
2:ofzj 9:2EXZ +B

3: 9= 10: QEZ +A+B
4:2Z +A 1M:A

5:2%Z +B 12:B

6:2Z% +A+B 13:A+B

O£ S0 RLER 7|1E F2= BN ATIE SA0| F2=
8 FH21[0,0,0,1,1,0] 02 Y4lo] FHOo = HSt=|0] AHY
O oM EO|AH| MEEICE 2|1 IZo=z FX|0)= 3¢ HY2
[0,1,0,0, 0, O] H[O|E{= Bigte|0f Of O E0f HEFEICE. OfFEA
147K HHES A 00| E} 2O0t=7| A B =

2iIH(Wrapper)7t HIZ MarioActionSpaceWrapperLC}.

MarioActionSpaceWrapper : #+I{0}2|2 A2 Action SpaceE XA F=
gym Wrapper

class MarioActionSpaceWrapper(gym.ActionWrapper):

mapping ={
0:[0, 0,0, 0,0, 0], # NOOP
1:[1,0,0,0,0,0], #Up
2:[0,0,1,0,0,0], #Down
3:[0,1,0,0,0,0], #Left
4:[0,1,0,0,1,0], #Left+A
5:[0,1,0,0,0,1], #Left+B
6:[0,1,0,0,1,1], #Left+A+B
7:10,0,0,1,0, 0], #Right
8:[0,0,0,1,1,0], #Right+A
9:[0,0,0,1,0,1], #Right +B
10:[0,0,0,1,1,1], #Right+A+B
11:[0,0,0,0,1,0], #A
12:[0,0,0,0,0,1], #B
13:[0,0,0,0,1,1], #A+B

KAKAO AI REPORT

def _init_(self, env):
super(MarioActionSpaceWrapper, self)._init_(env)
self.action_space = spaces.Discrete(14)

def _action(self, action):
return self.mapping.get(action)

def _reverse_action(self, action):
for k in self.mapping.keys():
if(self.mapping[k] == action):
return self.mapping[k]
return O

2|7} k=04 & observation space wrapper2} action space

eHaol| M E3t= 2 ZITtsiC). of2f =2t 20|

s
[a¥)
o
o
&
rin ru

- train_dgn

212 dysin
Action Space WrapperS X231
Observation Space Wrapper2 X g3t 3

def train_dgn(env_id, num_timesteps):
""" Train a dgn model.

Parameters

env_id: environment to train on
num_timesteps: int
number of env steps to optimizer for

# 1. Create gym environment

env = gym.make(FLAGS.env)

# 2. Apply action space wrapper

env = MarioActionSpaceWrapper(env)

# 3. Apply observation space wrapper to reduce input size
env = ProcessFrame84(env)

MarioActionSpaceWrapper= action spaceS 7{AE{0}0|&SH=
wrapper0| 11, ProcessFrame84+ observation space?|
AIO|ZZ Z0|&= wrapperO|Ct. O|X| eH&5S 2|5t action space?t

observation space A& & tFHCL

Z3lstE Q-Function R'H X MH

O|A| Q-Function 220]| cisi A &TH =X}

- train_dgn
g ¥ysia

Action Space Wrapper2 X351
Observation Space WrapperS H23t £

57



exercise

CNN 2HS X235t Q g8 Y48t 3

def train_dgn(env_id, num_timesteps):
"""Train a dgn model.

Parameters
env_id: environment to train on
num_timesteps: int

number of env steps to optimizer for

#1. Create gym environment

env = gym.make(FLAGS.env)

# 2. Apply action space wrapper

env = MarioActionSpaceWrapper(env)
# 3. Apply observation space wrapper to reduce input size
env = ProcessFrame84(env)

# 4. Create a CNN model for Q-Function
model = cnn_to_mlp(

convs=[(32, 8, 4), (64, 4, 2), (64, 3, 1)],
hiddens=[256],

dueling=FLAGS.dueling

)

22|= & 3749 convolution layerE At&et Zi0|Ct TJ2|1
OFX|20fl CNN LayerZ Flatten Ao 2 X2 "l = fully
connected 829 2 147K9| action space0f ¢1Z&t Z{0|Ct.
Jgloz O3 d%sth= 7| 71 ofalfsty| |8 2 2ot LEAAR

ZhYEl AlZS) O E 285101 Q-functiong 12 HUCH

[ 33 4] QZAAE §23) 23 Q-Function 22 X"

Feature Feature Feature Hidden
Inputs maps maps maps units Outputs
4@84x84 32@21x21 G4@7x7 64@7x7 256 14
?"2 E -
Ci C C 1 Flatten Fulty
8xB kernel  4x4 kernel  3x3 kernel connected
[ = 3121 S = St&
22| 3712 CNN 2{|0|01E &84l 22| EH|E Mgt =,
AlHsE ANE 2567l RSS2 0|F04Z! fully connected2 Q1ZstH

< ZZHOZ 1479 Z1E Aot LI SIICE

>\.| ;O
rlr
E:_
Hu
)

ry
.;;

|El
i}
u_o
10
ﬂ
r_l.l.
fjo
o
L
Rl
e
JE
gl

re
M
>
N
rr
H
o
o
%
9,'_'
"
o
[

ZiH oj|o]ME(Random Agent) BtS7|
AN 2 SZ0|E 0f|0| X E(agent)E BHE0
Oll0|ME &= 2} EH|(step)DICH F|gt 4= Q!

oz =2

1M 22 EX} 2HY
= 2E #S(action)2
g

e Y2 HLi= ofo|™MEQ|CE oA
dstetEol2t & = elX[2t A & (enviroment)X|A] action
58

Space0]| CH3t Z2M|AE 0|sli517| Qe S2 EEE Fict

random_agent.py : HHO 2 WAHS HL{E= agent G|

import gflags as flags
import sys
import gym

import ppaquette_gym_super_mario
from wrappers import MarioActionSpaceWrapper, ProcessFrame84

FLAGS = flags.FLAGS
flags.DEFINE _string(“env", "ppaquette/SuperMarioBros-1-1-v0", “RL
environment to train.")

class RandomAgent(object):
*"“The world's simplest agent!

def _init_(self, action_space):
self.action_space = action_space

def act(self, observation, reward, done):
return self.action_space.sample()

def main():
FLAGS(sys.argv)
# Choose which RL algorithm to train.

print("env : %s" % FLAGS.env)

# 1. Create gym environment

env = gym.make(FLAGS.env)

# 2. Apply action space wrapper

env = MarioActionSpaceWrapper(env)

# 3. Apply observation space wrapper to reduce input size
env = ProcessFrame84(env)

agent = RandomAgent(env.action_space)

episode_count = 100
reward = 0
done = False

for i in range(episode_count):
ob = env.reset()
while True:
action = agent.act(ob, reward, done)
ob, reward, done, _ = env.step(action)

if done:
break
if _name_ =="_main_":
main()
A ofo|MEQS| Yn2|S2 ThedtCh Of ARDICH #HOE|R
1Y 2tZ0IM F& 2~ U= 14709 action space & SHLIE
HEHo= 2t HAHS Hifl= 0L 0] random agent.pyS
A3t SIsAS OfH B0t Aatstel Eic

python random_agent.py

Je{H, st 0| AECZ F2{0|= #HOR|QE 2RI 4

=

ULt

[12! 5] #Eoz 2x0j= AHol2|2”7

Agent 8t5A|7]7]

S Al ZHE5] Of2H OIS AsIB EICt TR0

o>

> Lo
fol

A=|H S| IO 27t HE[HA sh50| TI-ECE

python train.py --log=stdout

9 Yo s,
7|2 0] Zojx|c &

HIA 2 E(tensorboard) 2 S0l 4= Q= S ATWSHTY.

Q| BHOIE HEA7|H, Z2ENE Z0 Lol HIMEE EL7t
olct 0f7|ofl= HIMEE0] St 2(log)7tH20]7|
AIZfBITE O] 5208 HIMEEE EM felsl HAL
tensorboard logdir=tensorboard
O] HHOIE A35tH, ofzlet 20| 2401 Zel Z0|ch

$tensorboard --logdir=tensorboard
TensorBoard 0.1.6 at http://Chrisui-MacBook-Pro.local:6006 (Press CTRL+C
to quit)

KAKAO AI REPORT
2™ =2t E €1 0|ZA 0] F=&(http:/localhost:6006)2
O|Sal EXt. J2{H HIMEE0|A SHEZHE &0lE £~ 8

Zo|ct.

[J2 6] HINEES S3ff &telst &t Zat

7] Stow data download iinks Q!
noxe ot = chat scsing

Toolip sonting method: defauit v
% time spent exploring
Smoothing episodes.

"2 explained variance

fps
Horizontal Axis

i
- | mean 100 episade reward
w1 KeLATVE wats,

mean 100 episode reward

3 eepa/10000000.0.5. Teve.rces20171606.
BOEE

£ Seepu/20000000.03. Trve_Trer20171606
BOHE

-/\ ‘ScKI 20000000 4720171007033

SIS El Agent A3HA]7]7]
SHEE TIHEHHAM 22 100719 W 24 (reward)0| 2| 1X|E
AiletH, Sixf ehgE DS mtl 2 XESHEE CHE0| FRICH

I5]
Hu
é
m}tl

O LHol| models/deepa/mario_reward_930.6.pkl
tlo| £01 Q=0 0] RRZ MEA|7 BEE = IR

python enjoy.py --algorithm=deepq --file=mario_reward_930.6.pk|

rioritized Replay Memory, Dueling

P
DON & HTHCZ JHME HYES 0|21 20| K|S sht

*1 £ | https://github.com/openai/gym *2 1 | https://github.com/openai/baselines *3 &1 | https://
github.com/ppaquette/gym-super-mario *4 211 | Demis Hassabis, CEO, DeepMind Technologies - The
Theory of Everything, Youtube, https://www.youtube.com/watch?v=rbsqaJwpubA *5 Z11 | https://
github.com/gwding/draw_convnet *6 TEIX} 2= | [12! 5]2t1 7 |3HX|0 AlH| LXPF ZZEIOM EH =
A IS SE0l= SHULICE S21F s o TP o|=sh= BEE 7HES0l= 28| GX| REELICE 3
o JU2 2Rl 28| YtEL L ChS /38 sl FA(https:/brunch.co.kr/@kakao-it/124/).
*7 21 | https://youtu.be/bicOms7rkcA
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exercise

Do you know
GAN? (1/2)

2 | RXZ jaejun2004@gmail.com

10| AE HI0| Y| B3t0t 1S £QI5t0 & ChsHR Bt 2ES Bia Sl ZEO|
Hio| 2 é;*._lzﬂal ATl HBHQI ASX2| 0|22 0188 Y4t Zl0|Lt ciX]
Pla23t2 0188t H| HIEQIR BAS AT oL, 2|20 7|7 sh&0 XA 0|5
0|88t 2|2 P& Belofl M= D QUCL XS 7HE NIPS 2016 53]0f|A GANS F5tn
i Z235101 Y4I5| 7Hx| 1 SO0t 1 UX|TH ALA S Zedof LR 917 FR|oHs 3
A7+ gich= 200 &Y. Hoid2 ofx| 2t 11Xt S8 S0l 2% chstldoln, Ext 325
2 2270) Melstd Z{0| X0t B2 250| St FMAM 01 Ao| LEICE 2|2
Z20| C7IREAM oR2E0| FAH Z01S1 UKL o2 Of B2 EE2 nR5T e 0f
ZOFOllA] L7} Oh= S &S| Lis = Qi ARYO| &= 20| Fo|ct.

=3
=3

Z|2 Eid 20pol|lM 718 A A7 E| D Q= (2l
GAN(Generative Adversarial Network)S 2715t k&8t 4= Qe
=& %xlf5I2{ 1 sICt. GAN2 0|2 a2 58 | EQA(neural
network)E 0|88t 444 @Ao|Ct. E51A|= 0|0|X|E MMSH=

HOIMRE 24, ZXtoll 0|27|7tx] Cret 2ofofl HBE|T 2Lt

0

201440] o[t ZEZ2(lan Goodfellow)7} GANS XS MEJIS
EfEE] o|o] chEte] AN 7} HAX|OE NIPS 2016 O|S5E{= GANO]|
Chgt 2talo] oS SWHo R SoiLtn QCt el st 7|7[sHE
EOol M= GANO]| Cht 7= RF W27 LHstn QUCE LFAO|
Ut 50 ME 010[C|0{E A28t i=20| Lt shH, xHD|QlEs

tsto| 2 o{Z2|AH|0| M 50| £450| LIRHAM GANS| 7|Hl= T3l
713 QICk Hlo|ASe| ok #|R(Yann Lecun) 24X GANS |2
10~2044 Ztof| 7|8t £2olollM LE2 ofo|C|o F Z| a2t ZALE
Hill= 92, 3 97171 &7 MXl= s A 2Lt

O\ S0j|ME= o1 A| AFEHS0| BE5H= GANO| 2QIX],

ofd 2|2 J2l8 WMst=x|of chsl M AvHStaxt StCh 22|n

HAL S|
SRHS0| GANS| JHilnt 1 R0}l 22 QL= 719l 451K HiZS

Generative Adversarial Networks

GAN 0|X0f| = A4 B (generative model)2 OfR CF5}7|

U= 2ff SHE GANEF R-= O|FA| 2| 277F? "=E|L7L
(22 1]2 220 S5l 30| =S BEGAN Z& 2

M3t o|0fX|S0|LC.

[ 32 1] BEGAN ZH1}

2f2tet JE 0|k« (0|0]X] 40]) HE|CE 2L RE[LI2tE

X|™ C|A|2IALO| E(dcinside.com)@t Z+2 %! (Reddit)2| ‘Machine
Learning' AIA[EOl|l M= SHij [T212]2f Of2He] Z0] 7|A| |04
MiZtel =g 7| 3Lk

[ 32! 2 ] Redditoi] A|A|E! o]o|x|

"BEGANSZ &}&AI17|H Z 16218 H HmZ 1|02 JIHE
HOEALICEH T2 1. CHA = BX| 2310{L. ("

AHY GANO[2H RES O] & 57| A2 412 O]
OfL|Ch 1 0| R0l A= LISl XXt MHot= S 5110, GANS)
22|ofl chs MX AoHstaxt st

GANQ| 7
GAN2 O|ETt E0fEtE 2 &7 & = ULk
- Generative : CNNS 0|2¢!t 0|0|X| £57|(classifier)2t Z0|

0[0|x|2| ZFE FEst= 20| ol O[0X|E 2HE0f L=

KAKAO AI REPORT

- Network : ‘78 HEQIS AHEaiA 20| d=(0] QULCE
GANE 0|0|X|E 2H=S0] L= U|E®|{S(generator)2t O|Z 7|
OFS0{Zl 0|0|X|2 HW7IsH= WIE S A (discriminator) 7} QL01M M2
CiEl(adversarial)ot M22| M5S FAF IhME £ QU= AXE
OHSO0{X QICH = O 2O 2 0|55t AICHH, generatorE

X|H|Q| =, discriminatorS ZZ0|2} A2tsl Eod EICt

oto

X|H|2|=H(generator)2 9IE X|H|E Z|CHSH ZIMILL 20| THS0] BES £017] 9
8fi =25t n, ZEH(discriminator)2 O\ H| =gl X|H| S ZIMet & (classify) 5t
211 L3I} o[ 2Y S YHSSIAM £ 80| 22 M2E 40|10 PEsts 53
O] wHsA| Eict 33 M2 = X|n|fI=Hel SM7t i FOEA ZEo| o o]

Zint X|w|2t 9= X|HE FEE > 1S W (FEE &8 p=0.5)7 Ech= A

0|0|X|i= X%t o|0|X|of Mof e 4~ QICE. &, G
7tmt O|0|X| MEG(2)2| B peE Mootz REZE M2 4~ ULk
0{7|M z= GEte MEY 2o S0i1Z Y™ (nput) Z0ICt EE
79| BE pr= 712 AI9KGaussian) 2EZE AFRsH=0] 0| 222
PNPS IS LEL] py(m

A, discriminator2 & D= S Xt7|7F 210 Qle ME0|
ZImt o|0|X| xQIX| £2 GERE BHS0IZI 745 0[0]X| G(z)R1X|
THHSI0] MEZ0| EIMY EHES AKSITE 2EM O E HXH pe
= pdata’| EICHH 2 F
ZollM =X g
‘ST EX|7['0|C &, lele] ME xof tisiME [=4 1JMH

LHEF 2= ULt

[+41]

F|Az|CHe] 28] (minimax problem)

f2[2| FX2 generator= A O AR 0[0[X|2t &2 MES
MMsHA| 5t discriminator= ME2 E& O & Y5t
DES ote= Zo|oh waEkM [T8 3]
AE0M = data2RE H2 ME xi= D(x) = 10] £, Gof| &2[2

input z g1 ZHS0{E HE0l| thaiM = D(G(2) = 00| E[==

g
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it £, De e #ES Y57 |(minimize) 9/5 st
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M2t £ 20| &1 M "minimax two-player game or
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Heat or Faks?

0| Ao 2 H2|5tH 2|7} 5tk ot A2 Ciat
22 kx| gh4x(value function) V(G, D)OI| CHEH Z[AZ|CH 2|

(minimax problem)& = Zd1p ZOFEICE
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O|2X Z7{(theoretical results)
OfM| AT AU ZHIE Aas| & E7(2F ot 2 2 ZX|ot
J12{7] Toj| of=| sliZs{0F 2 4S0| FE THX| o ATt HA
2|7t "olgt o] 2R|7F ARIZ HEHo| Q=X |(existence), 2ok
FUSHK|(uniqueness) &FRIgH LRIt QJCt T2|10
Q=X|(convergence)
=

WOl sil= A=

—_

Lt B0l AH=

_—

&10I5HOF BHC OfE0f EH0] S 2HIZ E7
= i

U2tM O|H|RE= 0| 2SS St M35 EZIC 0
oM 528t LIS 37| F 7IX|2 Lis 2 QUCh
1) Z|2Z(CH 2X|(minimax problem)7} pg = Paata®llA T3l (global
optimum)2 {ali(unique solution)S Z+=Ct= Zdot
2) 2112|E0| global optimumZ $=ZstCH= Z10|Ct
Ut A ey 25|21 global optimalityoi| 2+t 047 |Z 57|
QlstiMe= HA 71710k & =17t SHLH QT 2l9] GO Cistod,

Z|™9| discriminator D= CHSot ZTt.

£405]
9| $Ag SYste A2 37 oFX| gt MK V(G, D)E Ch3at

[#2l6]

27| W20 0|H 22 SO

x| AZ|CHO| 2X|(minimax problem)S

CHA[ 4 2T O[R| 827} G 5l C(G)2h= ZHIZ LIE

HojH il’%*%ﬂ(global optimum) Y
O|H| O] =7 E A
tC}. C(G)2| global minimum2 2% pg =

57| Exifstt, ol C(G)2| a2 -log(4)0|Ct.

ZQ2 H2|(main theorem)2 ZHsH

[#=2 510f| pg=pdata

0| [==4] 2]of| CH5tH

Al -log(4)7tC(G)7L 7HE &= Q!

=1t 20| C(G)E ESiot=

i

2 do7P| flaliM = 29-2ol=21
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ghAK(Kullback-Leible divergence)oi| CHEt & 2|2 to}ok StCt.
E2u-210| 22| L2 PERtE &8 2X0L Q2te EHE BXIHUS

o & 2E7} B0t CHEXIE £F5h= 2ot

[+414]

[$24115]
0|2} Z+0| LIEFH F Zt 7|chZH(expectation) PHO 2 log(2)2 H0f
M i 532 A YEZ LERA| EICE & B0l A Al
Bl SS & JSD(Jensen-Shannon divergence)2| Hol& &
XtAAEA w2H2Ct

[$4116]

[$4117]
017|M [~4] 17]0|2 2 OCHZ @ 210 H| 1w CHZESH EH, 217
RIS 4 IOt 2= JSDE 22 7tO| XI0|E LIEth= ez
&hat 0|0, B wsts & 227+ UX|E mot 2ol 00]7| 20|

C*=-log(4)7} C(G)2| global minimumO|0{ 1 Y& 347} pg=pdata

A Y 4= ULt
orA Fo|5t minimax problem2 & Z7(0t 51H(Z, HX

S
Z|HSE 5 OH), generatorZ| BH= = EHE2 E (probability

-

distribution) pg7t data distribution pgat.2t H&ts| YX[ot=SE &
== QUL generator?t &2 MEE discriminator7t AX|QF St

== g7 &tk ZAojct.
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2 A2 oM mAls Ao

=) of |'|7£"O| G2t Dol Cish #Zor 7t 2H|IE
EUS W, pg = Paaa® L2 = A=Kl E2lot= Z0|Ch 017]M
SYE 80517 5t7| fIsh Z 7HX| =70 chigh 2 #8E)O|

Z st} U 6ot DEle 2HO| 212t 2|7t @ish= H|0|E2
SE BEE BoopL pEE s A HES S5 = UE
o= 22K(capacity)0| %—E—éfﬂ, discriminator D7} Z=01{Z! Gof|
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[m]

HX| D7t 1™ Y W, V(G,D)=U(pg D)2t E5i5l2q St} SHO|
3k2 TX| U(pg, D)7t pglil CHaliA 2= (convex) &S
toI5t= Zd0|Ct. U(pg. D)ol SYst s{7t Pg = Pdata 2t= 22 oM

gelollM 2l5tRt7| w2of 0|2 SHO| ELtA| ElTt Felo

D
(11=3
—

o

for

ofafl [+~4{ 1917t =& EICt

4419]

peOll CHaH O|2S 5t log(1-D(x))2H | |10 0= pgOil CHaHA
&%0|7| 2] U(pg, D)7F MY el & 4 QUL J2E2
(=4} 20]0| pg0| Chali 25 g2 KBt T st (global

= Jh

optimum)E Z=Ct

[+420]
2kM pgofl CHEt M2 49| gradient decent H[ARFO 2 ™[44l
21]0] =5& 4= QlCk

4 21]

HIHC}. o M = g =

Ho{7tok & LI S0 QUCE

W, XIZTHK| =28 H7HetHA G2t DE ths 2o
CHal O HM|FS FX| AUCE F, 0{7|M G2 D F5tchel 3
S 71XI(2le ofH ghpEt: HHE 4 Q) ZHZA
QtM TIEst ZHE2 2 &HE U Sf(probability density
function) 37tof|lA Z7HEl Zd0|Ct J2Lt MR2 2HES oS
i |9 22 non-parametric ZES ftE L= A2 FHAMOoR

012420 BiCt.
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_—

28iH £ HESL 525

ped

k=2=1u]
OO -

ZFO{ZICHA B
—:‘API(universaI function approximator)2A{ 2istg Atsl| =04,
+E2 EE|2 2 A ul(backpropagation)2t=
0 20|  E8XQ &50| 7tssit) Ei 7 HESI2
SR (probability distribution)S 8t&5t7| /s DIERIZ At

SE| 72 2(Markov Chain Monte Carlo, MCMC)Q} Z+2 CiA
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OlAlak(multilayer perceptron, MLP)2 2 BEIS OtEMH G
2212k (input) z0i| Chish E24Zf(output) 22 0|0[X| HES ZOt
£ Gz 6g)2 EHE 5= QUCE HH, D QA| D(x; 6d)2 LIEHHD]
output2 2 ME x7} pata 2 RE] B S SEZIS LIEHCE
017|M g2t Ba= 2 MLP2| Oi7E4=~(parameter)O|LC}.

J2{Lt oA & S7HS Yl Z7tolM '+
HESQ{Z0| Z34g £ %'E 3= HHZ| £|H, GANO| Haigh o~
U= peZt Gz;0g) B2 LIENH = U=
OfL[2t T O Dg01| Chsh 217 =23t 2HIE F= 240] Okl 60|
CHal ZXst 2XHE F= ZoZ2 BE PX7HHIY7| 20 A
BYS0IIM ArESt 7PHS0| 25 WX €Lt &, MLPE 222
AE5IH G7t B4 27 Hparameter space)Of|A CHS QIA & (multiple
critical point)& 74X|7| L2201 25| SYS HERE & XI5HK|=

S
=
ST CiEt MR|Z S142 3 B 450| & Lok Zioz
=

un

0|20} 2 ), MLP7} 0|2

— 1 o
M700l= efelxel o2t g 4

2ict
S, 224 ST S07H IS Mrtect ol 2t
7

H|2fo|Ct MR|IZ2 = AlAtHolLt 8t A2t
D*E 7| QloH D7t e WK sHEA7 = A2 SIAEeR
oL ALt 29| 80| phata= S
22X GA| CHR7| 0L Z|CHEH 012X M2t H|=sHH| S
7| 2|5t01 DO Ch$t &t&2 GO HIsl 2Ot 30| 3leh == &
7|1&XQl Lot E AMSSY |= SHX|TE 22 A0l s A:o|2t & =
SICt m2kA O Holl M= RYRASH SHo|2t & 4~ QUCH
M, AX|0] 118 A| AFR5H= JHX| &H4x(value function)@|
SHEf7} 0|21t CH2LH AN 2= ming log(1-D(G(2))) CHA maxg
log(D(G(2)) 2 &S HIHL0{ SHEA|ZICE 8t &7(|0fl= G7t 0f2
O|Akst O|0|X|E YM517| 20| D7t LHRE &7 0|8 ZImtet
TE5H log(1-D(G(2))2l 712717} OFF ZfokM &H50| HH
=2|Ct X2 G = maxg log(D(G(2)) 2 HIRH, 9|2

t2 =87t
7[R 47| w20l +12 2 YO|Ct 5HX|2t ZHIE CHE ™E=

I'|0
Ho

HEEZ| =201l O HA|I= OF+{2 FHol2t g 4= ALt
0|24 GANO| Cifsl B ==Z0i|lA L2 O|2X SEMK 2%
HEHEUSLICE TS 20ME O HIEX[AS BiEez 7|E 4y
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1220f| 22]= NIPSE H MI7| Al 7 ALS2| 2t2l0] &2

AX|2E, NIPS 2|0l of2] ZollM 1122t 1220l &F3|7h BLic.
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350l I 3oi7} of2ioM BES s “I’!** | 20 28
Eth ol S 0| X|0j|2tE S0{7HM F

ofEnte?

Al FRONTIERS CONFERENCE

ODSC West 2017

Al World

‘Al Frontiers Conference'=
HEIIES tye= XI;EIE?_-I

NSl PR EIVPN = DAL

o/ A B AY 5ol F=
=9l ol Y lL|ct.
712t 112 3 ~ 112! 5

& | 0)= S|

213 | http://aifrontiers.com
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DataSciCon.Tech

Al Europe 2017

MLconf 2017

‘DataSciCon.Tech'= H|O|E] Zt&to| H M|7| H27}

£0| 20§ 2|4 ATLE =0|5H= ZHelLICh o st

3|9| F=x|= 37 47HX|LICE FHlE U7int &

| &S fIstHolH 24 /R

85t C0|E 248} / 10| M(python)t HIMZE2L

(tensorflow)Z 0|23l HIRE= 7|7 s = 2H
¥

[ Ei=2(tableau)E 0|3t CI0|E] EM LT

Al a2 7Ek
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B2 | 02 ofSae}
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NVIDIA E2{4! o] 2017
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7IZk 128 52 ~ 128 6
A |02 58

213 | https://theaisummit.com/newyork/

NVIDIA.

GPU 7H2rAF 9lIH|C|OKNVIDIA)O|A Bl
Edlcet Hald ME AlIE 79|

S JHE[BLCE Ao 2= HE

ASK|S [ AEFd / 1SX

|
M E240| T-Y=(0] AFLICE E3

Bafd Zias e o
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= & MSELIC

712t 102 31 ~ 1Y 2
L | M2 AL

213 | https://www.nvidia.com/ko-kr/deep-

learning-day/agenda/
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ZHA | SKT EFRl 45 SUPEX Hall
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o M EE{QI7} 012 K|S (artificial intelligence, Al)2 1= O|24E =5}7|

0212 AlCH7t & X ELICh &S TITStD 02 E WEtEe = S5 RYoM=

22| 3|9t 42410, ASKISE =5t= Lt =2 ILioM 2! B Z20)|A

Al HEIIE2| 1AE S2 71317t AUEUICE S| METHS2| 0[0F7|E

MM, OfH S5 WISt AX} BHLICHON MY QM-S &S Y5t 517

|at T Sel0] Y TYHSS i SULICH B FOIM £ 0|2 fa »

S 2 YOILIX| 2 Z0|Ch 3 AlI2| FF A= AIRIE B 7|80 =HE 52

£29| |A(intelligent agent)2t= E310| HEksICta AzEsH) " (B OFZl HIO| = SXH)

"AHUESITLEOIE|0 = ASKIS2| fIEoll TSt 3| 2 Stct.
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