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22Z(value error)

Fuin : 2EUM R(BE)Z &

(A1) BT T n0l|M 158t 249| 7| H(1HFE, SHEtO|

IS2 501 LIZH 7|18)2RE 3,000871e] =5 Jzdtot

K| =8t (supervised leaning) @Alo 2 Maats sk&sH LIZLC

O|ZH CIZ +E 0j|&5t= HEEE 57%77HK|
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=
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Ao 2 Hi(reward)THS 7HX| D UEQIIE &A7 =

7ty 2 E92 35 0|7t FO{X|X| gb=Th= FHOolT,

LS

of /Ix| EEHE AL, HISS

= .
=
E0F(roll-out)2 H|7{3HC|

n&stz EZEMMOl 588 = S KIAAFRO|
HrjHoz &1, O X2 49| GPUEE TPU)ZICZ T 0|H

AlZt ghof| O] Lubn HX3t I7HS FHO{EHRACH D T2 ErAlof
Cioh 2 E HCL YWD MEE 7|22 2 th=olle T Ml
TPU)S E&3MX|0t sF50]= 64 GPURI 19 CPUZE &85t 7oz
IfofEICt O] = ofLte] AE sHAolM 0|22 ARE Xtlg
EEJCHe Q0| 2, REAMHRIS RSN HIY 7 4, 7|
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M 3| 2 (zero base)oi| M staS AlRfet X[ 4
AlZh gtol| Zubn X270l HTE Fofd2 A2 OfLl2t=
o

270| OfL|2} MM (EL)SC 2 & 10CH 00|CHEtD M3y,

t
2uta ®M=2o| SHZ 7hIk2 Dl2of ISXsS BREt

7[AI7F 21Zks K[HiskE 20| OfL|Lt= 2247t I AL A
0|E M|cH=2F &83ICtH QIR FHE 24F AMSIZHE 2
7|17t & Z0|2t= oY Ol2HE J2{X|20 It 2Eet A gt
HM=Z7H19x192H= 22 HH=E W 2HIE F= ZdAiets F2
Felsh o gith= Ao[Th. ot X fdof| ExHsh= 2= 0|=Lt H
=L R0 +2 YEE(0 ATt HOIof Luta F=of Elof
%5121 OF] 0| =Lt OF~ 22| 217F0| 7iop & Z2 1 Z010t
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1870 | HHS M2 X8 5t F4- A2 T4 X107} 2007 0|42l & Al 2 =CHH, a7t =2 AI7L 0]
EE2 75%0|Ch. 366 X[0|21H 90%, 6777 A0= 99%, 800F 0|&f2| Z{xiel 2, 22/2| A7t 012
IE2 AHAA 100%7t It *2 =2 | Silver, D. et al. (2017). Mastering the Game of Go without Human
Knowledge (p.13), doi:10.1038/nature24270. *3 Z1 | CNNE ©F 2|2 W47} 19894 75t XS Eof
2 B 20124 ILSVRC 0|0|X|Q14] 3|0l A SIE m4Elo] Y2ALI(AlexNet)0| S2H2 A M S Holo
CNNOi|A ZEHl o172 HF0| 0|01 RiCt. 0|F E2{do| STst 2H|E siiZst= G2l2t= A HaiXIHM
0|2 = E2{d ¢377k 0|01 QI VGGNet, 724(GoogleNet), AL 50| 2011 26% £==2] 9!
ARREE 3.6%7HX| & CNN JHFEOICE 1 5 2AU2 00| I 22T ET| IS 2o 2, 0[0|X] Q1A ||
3 BOIME A7|7HECE *4 FHD | SM2 HhS Z2M0[0f 2t 20| afyefsiY R, 7127 |1E Sl &
3t OIS AIRISHs IS S SSEITE *5 21 | HU2 F ALZEAfO| T H24X10|7} LA A2fo| O E
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learning  Z¥A, OX|2, ol | =& Al =& 3M(E)
QICH| | Z|Al 7|A[&HE2| 17 WS Dfs|C): ICML 2017 E27|
HAx | 201313} 2017142] CVPRS H|=5iCt

"2k, $K) AIBIOLA Hhot) Bt H1T Zat22 BAQITN FFtRAIRIEE HEZIO| SXSEE Ho|
ure A9 3 siLieiL|Ch JaiA HOJE|, o2, Zstol HEANS £ T Ciste] IPAR HE TRt
2|l =22 FHUOIALICEL HEA0| Zof, =
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ZAM Al =2

3M(GE)

2 | 48 hskim0263@korea.ac.kr

Shill= QEIAFBOIAXISL SAHIZH KHOIRU0 Zolet Cise! MAtaRY & A E otold

9 Xf10f X2[ofl X[ £[0] S AEIAF SRIRFHO 2 HBSIICE $ixi= 1aitistn
AAZ LISt iAo ond, £ 917 2ok= FHE ZAM(R) X EM Q< (Text
Summarization)O|Ct. §8t5H MZIAQL Ct27| CIE|Y S F7toh= MG SoHA. 7= o
He =22 F F2| 9 siF = ToolS PHE0] CHSHAME Q| QUH|AEIS B327| & Shch

21| 0]X|2! im861@gmail.com

S HEoln A2 Chetel . 2 = gaidnt M detgls IR A URI3sts MEsiin,
chatelol| Tisksto] ofatEa|ate 35 6IH & uaHel FHoZ Hald SR &M ARG
S| QACE SH2 I 012 #ALS FHIJHE 230|101 20| Z7 = TensorFlowkR 2HTIS2
ol £, X|Ae| mF7} st of 20fol| FFLH 02 S 77|11 ULt XY 2to[1e]
23t 01201 gl TARY F0|0f, HEE 7|0|A, OfRA HES 25H5H210|od TXE 1074
G E{stn Ut

2 | 0|ZX kyungjae.lee@cpslab.snu.ac.kr

MECH 27| ZFE SRS SYsH 7, S thet MUk SRfIPY o2 Yot Sixli=
SIALRREo] o, 3 ol ICh & O MRMezE 2st

HL
=)
il
o
o
Lo
>
i=]
Rl
or
m1
- HU
0
Jm
I>
o

SHET st o152 018510 2RE ShE&AIP|= A0l SHOICE gtset 2 2H|E siZsh|
2lat A7E H1 FoISL0f OHZIFoLt ojHd2 o=t Sict 2|2 Tl A7 E
AESIon Q13X X 2EEA F0p| B2 ASR BRI AT MARKY = 018 &
SHE HO[ SIACLL O[M|= 114 & RCILL OHLIZRO[E{of 22 &X| 2R L2341
sict

oH
i

Ch OIS OFEIHE = CT 24 8 A, 2%

2|8 g7 gloolE #
A

2
AFZQIEISL AlCHo Sl 24 Y E JHE 3L AR At HEet

MEC] YAt Z2 AT AL 22| Btg S S8t of|HX|

MLl XX AT A: 2HEA(robotics)2t ZHE| H|F(computer

vision)2 ALEICt

5101 O|E MAHSITE Q9fst= F2HO|CE
| o}0|2}0|E{(highlighter)2t 42tet 4 QICt F Ry

T2 (abstractive approach)O|C}. O]= RNNIZ} Z+2 R0oF2 M= CHO{E2| Al A(sequence) HENZ ATt

1
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QWS USICL EQIE MM LEQ3 7|4te| ZM 29
(Get To The Point: Summarization with Pointer-GENERATOR Networks)™

QIE|-M MALS g5t 2OIE|-WM7| B
Final Distribution

“Argentina”

Context Vextor I I I

uonnquasig
Aiejngedop

i
|
|
|
|
|
|
!

5 § . ; y : A 8 Pgen
25 m = =i [ F [ = Tm
<A <
- =
253 &%
22s = = 3]
ST ge
1 e A A | ] ] ¢
Germany emerge victorious in 2-0 win  against Argentina on  Saturday  --- ‘ <START>  Germany beat ‘
I I
Source Text Partial Summary
= 2|MX|(Google Research)&!0| ACL20170{| A EHESH XI0] Mo 71eg 85101 7| & HlAE(text) 282 ENE
oIk HAE(text) 22E F2 HY 82 1-22% solxiol M2 2ES Shsis wHolch
4 Lkl = 7|=2| 2717t 0] =22 SKO|CE 7|&E FAN 0| =22 A7 A= 7|2Ho2E & M| F4X
ZX Q9f(abstractive text summarization) ZHA10f| A EHA| = TS FIoIHAM, 22 Aoz oM FEA HIME
BNt st B2 MOl MM 2XE 212 'Point-Generator 510|22| E(hybrid) 2 SA|0f| AFR3510] B X}OIAZ T SHEX{0|
Network'@} ‘Coverage Mechanism'S E3f sHZ3iCt= Z10] 0| B Q92 7155} Siot
7ol EFo|C.
E2id o|™ M 29F0| AR, & 2IF(rule based)2| 52
% 7|Hk(statistical based) B 20| FTE 0|2 K| 0t At 5)st MAA-E-A|HA =2 Qo2
20| MetM0|RD O M5 L§h AR 2|5t B A 2tm4| S2batE|(Ramesh Nallapati) 2| 42| 11X I7t 20161H0]|
HL} 2S55| ORI, 5HX|2F 34X RNN(Recurrent Neural LHESHAZA-F-AZA SERAAS S8 FHM BA 93
Network), CNN(Convolutional Neural Network)z} Zt2 CHFst =29 =2 M|7F{L|&(attention mechanism)S Est A|RA E
ey 7| S &85 EHAM EM Q2(text summarization)2 A#A RNN 2 2(seq2seq RNN model)“2 HiEHO|| S0 QUL
HYMo= 1 M52 SaAlE &= UL attentional seq2seq RNN model2 37| 47}X| BE2 FAE|0] QICH
A Q0|2 FO{T SMEERE] EF AFZSAILE 20|
Halot ZokEl HEf| 2ME M Mot RIS 2SI 0|2 1) 2130 RNN(Encoder RNN)
SM SHEE E0|HAM st HHE RX[sH= 20| 24 P2 HAEZEE word2VecCE EHE HHO{EE 2} £Hof
Q0Fe| FFXO|CL YHtMo = ZM Q20| M2 37| 27tX| (word-by-word) £H2|2 1= E=(module)O|Ch YEEOZ Q1T
BHHOZ LIS0] 2 7t QI A Hj= =EA HZ ¥ (extractive (encoder)= tksko| 2= ME 25t QHFSF RNN(bidirectional
approach)22 2 JLE 220(M 20| Q= # 25 MEistn RNN)E &83HCY.

==
ng
op
=
=

2) C|A RNN(Decoder RNN)

rr
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learning

(output)2 gtttz £ICt |3 H RNN(decoder RNN)2 Q13H
(encoder)?t Ct2A| st B5F RNN(directional RNN)S &-275104,
O|™ Q9f £tA|9| LS Y ZMinput) 22 B EICt }IE

(L

BAE 2| BEE0I 24 20/0] HHekE|E 20|Ck

3) F9o| 23X (Attention Distribution) 2F 29 HIE{(Context

Vector)
HE HAEZEH L3 TO{E Mde mff, Y2 BAE(text)2

CHo{0]| Cist &HE0l =2 2 X (attention distribution)= Q1AM

RNN(encoder RNN)2Z} C| 2 RNN(decoder RNN)S| 24!

Context Vector

[=A]1, 2101 M 2] vT Wh, Ws, batn 52 HIEH 2| 8t aHEE
Sl st&ste o7 (parameter)O|Ct O|2{5t ==

E ¥ (attention distribution)& 28501 QI FE(encoder)2|
24 AEf(hidden state)2} 7t& A

vector)E MM} 0= C|2C{(decoder)?} 3 YRS EHE

O3t £H01Z 210] QX2 EFBICE.

(el

22 9

S04 HIE{(context

4) 0{%] E%(Vocabulary Distribution)

Z|ZM o2 2o HIE{(context vector)Qt C|AL & AEH
(decoder hidden state)2| £2iZ{(output)S 285101 2712| e
Zgt Z(layer)2 S5l THo{2| 2 (vocabulary distribution)E

HEHBI} 0|= Y12 HAET}Of FF| Chof(YEtoz 1

Aihol chst 82 E3IEICH 02 S3M HEHoR
C

FOIE] MM HEQI3
B =20 M Hotshs "EIE MM | EQ A (pointer-generator
network)'= 7|& E&(baseline model)2 21gst A7| ‘=2 7|dt

2=5hA 43 BE(attentional seq2seq RNN model)z} 20154

36

HI'ZA(Vinyals) 2 2H9| A2X[7 A6t ZQIE] HE R A (pointer
network)™2| 710f| = 5t0[E2|E HEL|A(hybrid

network)2 732! 4= QUL A7| 274 BEIe| st0|E2|=

HEQ3 7|58 4=&5}+= 'Pointer-generator network'S E3}
R‘lf(summarization)'i._f74|01|)k1, 7= EIAE E20||Mo| THOIES
(1-Pgen)2| SEZ 2IE3IHLE M2 TH0{(novel words)S2
PeenZtE 2 MAIEH 4= QUCE OF2 O2lS SolM 'ZQIE My

HER 32l Cto|o{ 2 (diagram)S 2flet o= QUL

> 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

Z™Mo 2 '2olE MM AMZATKpointer-generator network)' &
Z baseline model2| £&1Z}(vocabulary distribution)zt

2 HAEZHE(O| FS2T AOJo|A LI A4 Az

) 2

7|gto| SHEEl MM EHE(Pgen)2 215101 |22 CHOE

MAMBEI0] 2ME 29 (abstractive summarization)st7{LE, 7| =
2|2 BIAE S X850 29 (extractive summarization)&X|S
st52 SoliM Z™ste ggs 857 ElCt ol ST, 4y
s

Coverage mechanism

7|1E F=7H et gy BEIS| 2M Qo HAoM STt
EEEl= ZHIE siZst7| fIsiM, 0] 2710l A= coverage
vectorE EaliM 2E2| EE| ZZ(penalty term)S &4 (loss)Ol|

HE AFEIOf YR[SHX} SIACE. Of= SARH7EX]

|'II
= o2
ol
k<)
N
B
Q
=
®
=
o
=]
Q.
<
=
=
o
=]
B J
Lo
i}
mjo
40
ror
=
Q
w
(V)
|
]
A

> 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
- Ctis (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

Of2fl= 7|2 baseline-model®1t £ =&2| 'Summarization with

Pointer-Generator Networks'Q| A 22k 6| A|0|C},

baseline-model® 3} & =20 'Summarization with Pointer-Generator
Networks'e| 2M 22F 0jA|

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.

= HIZ HAI= baseline(seq2seq+attention)9| G0lM

MAME=

oo

b
‘abstractive'?} ‘extractive'2| ZHA S Er HEsH 2 M Q20|

KAKAO AI REPORT

=20| S L MAH
2 =20M 2748 G LSS Y2 HAEet 24 2o
HAETL WO EAfE A2 £30| JhsE HRHolk
BI20IA= B 40| (pair) 31 HOIE] T440] 247 gL,
st 50| 0f212 210 olAEl0] 20N 17 ZatE
HEAZ|7Is 0212 2102 HEHEICt 5122 B FA0| B 262
20| Qof 2oz Holstn sashs WHE sfLtol theto] €
4 9l Folat M2teEict

5t Y2 2rE| FAF Y 0fn] S| 20| A5t
ol B120| EMN XIARIR 23 29/0| 1S O3S 2oz
TEREICE O[2{3t SRS & Higsio] BEH0|T 715y T2
24 Q012 THSHIEE st 4 17 W Rolg 2o
wolelct
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CNN 7]t AA 0] CT H|EHOIE|E X|7] Y

(Convolutional Neural Network based Metal Artifact Reduction in X-ray Computed Tomography)~”

[ 221 1] MARO|| AF2E|= CNN 72X

e

Input Dats Femurs smaps fagiure mapy
I/E4% &8 32@64x% 64 32E54% 54

Faature maps Feature maps Duipust
ILHEAX 64 ITP6AX 68 18068% &8

T

i Convolution .
+ Ratid % Rells Convolatian .
1 3 }

Yaf(image) 7|8t 2x| sHZ0 CNN2H GANTE 22 B2l

LIE|S0| =2 MeS H0|1 U= 2F, 2E Al 20HIIME
0|88t 1717} &dts| TIdz| 1 [t O

SoAM= o2 YA = & 2B Xl CT (Computed Tomography)
£ S Sl siZBsiE Xt ot =20

y =
CHall 2l RStaXt STt A5t =22 CT G0N 2ist= HE

0.

o
L
m
E
|I'ﬂ
r'D
@
L
o
=
o
a
jad
N
ﬂJIIU

ERdE 0|83l MAshE %t 5h=

=22 2 (T B4 C0[EH|0]A S 2HS0] CNNZH 7| Z2Q]
MAR(Metal Artifact Reduction)&fS ME35| X
52 HOJELL HO|E S E 2l ER$H CT J&E X
AlE2{|0]M(numerical simulation)st0] ZI7% A4A45+ 74D CNN &4
Al 7|Z0f Z2{Z! MAR 201 BHC (Beam Hardening Correction)

@} LI (Linear Interpolation)2 &H&0] BH35t Xt 5t 70| E0|=Ct

o171
1) Metal Artifact Database A (numerical simulation 2t At)
- "The 2016 Low-dose CT Grand Challenge" &t& H|O|E{All
(training dataset)S AF25IALCY.
2| ClO[E] Aol M T OFE|HE T} 2ilist A48 FE5101
24 B89 B3 (segmentation)st HFO|LH2| 0|0|X|(binary
12

image)2 N&ste BHS =i [12] 2

Metal Implants 0|

[e]

siigtst= & 15712 54 HEli(metal shape)S FE5IULE
- [38 2]2| Metal-freed|| ist= 7472 240] §
free) CTOlA &3t metal shapeZ Z|CHat AR Q14f

1 =(metal-

38

AH|0|A(clinical case)d] A E=ZE 2£9] HQF, X, MZ(E|EHS, &,
T2|, 2) 52 =Hstn AUst0d, £100719| CT £ &A5IRICE

0]7Zd0| [22! 2]9| Metal-insertedo]| SHZtEH},

- Metal-inserted QAS 7|0 AF2E|E MAR 24101 BHCT} LIE
Hg510] Ztzh 7} QA (12! 219 BHCS} LI £ &S5t

Metal timplants  Banchmark

BHC Metal-inserted  Metal-frea

]

2) CNN &k&
- 218 : 64x64x3 image patch (Metal-inserted, BHC, LI G442 3
L2 20, 22 1iX|(patch)2 £, 22 0|0|X| 37| : 512%512)

E}Zll . 64x64 image patch (Input patch 2F S 2

X|2| metal-
free image Ol M &3t patch)
Z 10,000 patch samples At23H20{ 0| & 80% =
Sh&ME(training samples) 2, 20%= ZSME(validation
samples)=2 AISFICE,

- H|&8t4+(cost function) :

(Il - Ilr : Frobenius norm, R : &F&ME2| 4= H(y,): 242 H|O[E{Al,

V. EFZU H[O[EA)

- 8h5 AQ A|ZF: 255 A|ZH2000 iterations with GeForce GTX
970 GPU)

3) CNN-MAR method
-[32] 3] oflAf CNNS THS3H MAR S AIS1510 20{F1
ACE,
- X &2 AL0| = T24(Original Sinogram) 25 E Original(Metal-
inserted)™®, BHC, LI QA2 MASI0{ 3 A2 S=Ct
2)0l|lM SHEE CNNE S8l 3 P2 Fel JYo=LE HE
OIE|HET} ZtAEl CNN A4 0|0)X|(CNN Generated Image)7}
MMEICE
- CNN Generated Image 2E2H tissue processingS 5101 CNN
Prior Z&F2 MAMstD, M8 EA®(Forward Projection)2 Sai
1Rt AO| =22 (Prior Sinogram)0| A4 =IC},
Afo|i 4oz
CT= AR (x-ray)2 QIX|0fl FopAIA L2 HHER Fab2 Ri145t01 FHSO{ZICE
x-rayZ} Ot EX|E Sakst1 Lt 0]F2| M7IE FH5IH, p(s, D)E ESE 4= U7 =
6|, 0|12 ZAIZE O0f|M2] EALE YAk (projection)0|2t2 FHCt 12|10 x-rayE 042]

2 0jlA] ZALSH0] EAEL °ée*° Hon, Zte0j| uf2 p(s, )= 2tzich 10 o3|
&S5t p(s, O)F 59 OF & HO= 3 2xtel WH0| LIEHH 30| Afo|=T2o|ct ™

- B 21Z229| Original (Metal-inserted) Image 25E £ 220t
22|10 2L 220t LIEF 0]0]X|(Metal Only Image)2

[=] T
MM FEHEAMH S 51 24 DK (Metal Trace) BF QI
a

rr

= 2r QU

0| MMEICH

- Metal Trace Sinogram 2t Prior SinogramE O|&3H Original
Sinogram S 2RE| H&e| EMZ H|75HH (Metal Trace
Replacement)E 5t E™ =l AHO| - J2H(Corrected
Sinogram)O| =ICt.

- Corrected Sinograms FBP (Filtered Back Projection: Sinogram=
QAo 2 gkl == 140l FBP(Filtered Back Projection))&

5t Z|SH 22 CNN-MAR O|0|X[7} g |7| EITt.

KAKAO AI REPORT

[ 32! 3] CNN-MAR o] £ (flowchart)

Originat Sinogram

£8P o

¥ %
Jriginal image £NN Ganerated fmags NN Prior

i o kY /
Segrenntation “
Mot Quily iage it Stnagram Frior Sinogram

Foreassd
Frojaction
Py

Inzest Bac

UG S
Ssemat sy

Ragizcenkant
CHN-MAR image Comacted Sinogram

8y

(4) Numerical Simulation2 S5} AMEl QAK(Metal Artifact
Database)0i| CHEt CNN-MAR Als B}

&0 AFRE|X| 242 M| 71X| H0|AS E5f HIOHEl CNN-MAR
Yo 455 YIIEULL

[ 33 4] DA QIZEHEE(two hip prostheses)0| AQ1El NEHE oJAtof|A2] A&
Z3t, Casel

[32! 5] 012] B & E(two fixation screws and a round metal inserted in a bone)
O] £HUE of7lf £2| Hol|Aje] &3 Zal, Case 2

{a] feferencs fmage | i Original Image

[02 6] x| |2 A| AF25H= |2+ SXix|(several dental fillings)7} 2121 E! X0}
H9| AMoflAe] A3 ZAnf Case 3
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= =20|M JoHst CNN-MAR 22 H|Zo10{ 7|Z0f AL E|H
MAR 201 BHC, LI, NMAR (Normalized Metal Artifact
Reduction) &'HE Saif MM E FoST A 42

H| w57 | QsHA, Wt MEZ22XHRoot Mean Squared Error,
RMSE) &t 2XKQAME(Structural Similarity, SSIM) Q1EIA (index) &

Argsl YFHo = FIISIICE

5) M| X} CT (Real Data) 0l CHgt CNN-MAR M5 7t
CNN-MAR gteo] Mg TWItst7| 2|8l Numerical Simulationg

Sail $EE FY0| ofd AR EXte| Y= FItof| ALBERALCL

[337] 585 80Nl &8 Zxt

D
s
o

[
SRR
3 2 % F ¢ <
2 3 ",'§ &% S
R o SRR
Y L
o,
E : e
: 20 R 3 3
% fey
. v ::;;? v N Y
%5 A% SRRt
¥
X e 3
: <
E: : o
e T &
Bxh= 020 |ke E&(surgical clip) O] AUE|0{ Qe

[=]
(02l 718 EM, 230fl= X|HA(Siemens)2| ADHE(SOMATOM
Sensation 16 CT scanner)0| AFEE|RICE(120 kVp, 496 mAs)

22 Sall 1160702 FAE B (projection view)S FA2H,
o SEC= olsl Yysh tE OlE[HES CNN-MAR % THE
YYo= T M F O Y52 HlusiACt

40

A3 Ay
1) Numerical Simulation2 Esl| A1A5t 2 Abof| Cist Zat

[E1] X AME[0|M A7 A3}, SRlEl HaSo| B HEZAHRMSE).cs1: 10

Original BHC LI NMAR1 NMAR2 CNN CNN-MAR
Casel 1550 86.3 46.2 121.2 354 331 291
Case2 715 444 545 50.4 414 315 228
Case3 3203 183.5 107.3 2349 823 834 58.4

[E2] 4% A220|M 17 Zat, SAE SYS2| 7= FAE(SSIM)

Original ~ BHC 1] NMART NMAR2  CNN CNN-MAR
Casel 0565 0576 0930 0887 0935 0940 0943
Case2 0883 085 0931 095 0950 0965 0977
Case3 0522 0536 0886 0833 0942 0932 0967

FCT Q&H0f| CHa A= CNN-MAR
7|210] 7tE 245t M52 HOl 712 &folst 4 QICt CNN-MAR
L tE[HETL & MHZQD (GHE 12

0
2S0| 2 S)F), i 72Z=(Bony structures) QA|
UCH

3) Properties of the Proposed CNN-MAR
CNN-MAR 2ie| EMS A0tET| loff CHst &g

Moz TIAMSIIC.

[ 22! 8 ] Tissue Processing 10| CNN 2to 2 M35t Zia}

M tissue processing 2| E1+E &015}+7| 2|3, tissue

processing §10] CNN BF2 2 prior image £

OE|THE T} 5| ARZEX[X| G410 U OISR

(O 8]ol st = F)

- rf2kA CNN I} tissue processing 2 M2

o2 oA}, U2zkinput)S

AES FISFCE (2 %' : Original + LI / 3 &' : Original + BHC
+

2 2/= 0|0|X|(Original Image)2t

Of Ciet MAR M8 S0l thsiAM =
Chfet "2 2 T45t0] 7t

LI /5 &' : Original + BHC + LI + NMART + NMAR2)

[ # 3] x'd'E CNNZ} CNN-MARMAIO 2 SR1E| AAS0| WA HZ2At
(RMSE)®} 7= SAHE(SSIM)

Two-channel input

image

Three-channel input

image

Five-channel input

image

CNN CNN- CNN CNN- CNN CNN-
image MAR image MAR image MAR
Case1l RMSE 40.0 310 331 29.1 27.3 277
SSIM 0.931 0.938 0.940 0.943 0.942 0.942
Case2 RMSE 434 B519 315 228 269 224
SSIM 0.956 0.971 0.965 0.977 0.968 0.975
Case3 RMSE 97.3 66.0 834 584 795 5913
SSIM 0912 0.956 0932  0.967 0.954 0.971
— - ,_ —
[E 3]0 ZTHE 215 3 | PP M50 kg Fo [E 3],
| - X = =< =O SHsF A | -
0= CNNO| 7|2 Ciefst SR 2| MAR B SS S8E 4 9l
o =|
7tsdE At MAE2 2E5IC
ZE
A7 2}, M|kl CNN-MAR 20 M AFSE CNN I} tissue

M52 HO{FUCE (CNN 2 ME CHE MAR HHOZEE| R85t
HEE 85I, tissue processing 2 CHER2| OIE[HEES
M7t 45t EXO| prior imageE AdSILE) Ol =7t
ATE E5f SHEHI0|EE 52/ CHYs MAR B S 885104,
CNN-MAR BHHo| 858 SHAIZ oot st
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e Z5Eta S E5F AN XS 95t HE-HM Y EQA ZatetEE AHBotH S7HET0| x| |X| 20| §i= HI0|E{o| Olst2l H|E0| 1 IOUAUC)= & AXte| Xl H|g2 SEEITt.
(Action-Decision Networks for Visual Tracking with Deep Reinforcement Learning)™'? CHAHAM = U5 Zefle| YEE &8510] 242 M-l F= ADNet2 H|AIA|ZE AT 7|20 2FE MSS LHEAE &8

Aoz stget 4= AT 2] W2tM ADNet2 Cf|0[E{7F 2 2H 8t

in}
fO Ho
T
iy
L=
i
HL
0
oo
A
roe
=
>
=
il
olo
AL
]
2
Rt
1o
o
=2

[2201] o kMg Eot uiFe E2haiel Ty S , - s 5
= ZX| £ 5HS(semi-supervised learning)0ll = CHEE 4= Q)L =

%
D4 2o » X 3930 15002 MAZtO R REsls Y12|S & 51 M52 2olrt

[ 32! 2 ] &X|=8k&(semi-supervised learning) ALE £ A|g2{|0|M

Reward: +i
Reward: -1

Frame #160 Frame #190 Frame #220

' e .
’ » .} » . ® » f f x . ® (a) Previous frame (b) Tracking-by- () Our method

Detection method

0| =22 20178 AFE HIT & miEi2I25t35|(Conference on truth)zt Yxlote FE7t =2M 10k -18 J1E. ADNet2 [O2I3]0 A ADNetS 83 ZiH| TH2 2N F2 Fo| EfM0|
computer Vision and Pattern Recognition, CVPR)Of| 2t E &l Bof HEH7 Ugiez S0{_M SO = MM} Zost As & £ QUCt 0|5 Salf =™ |& thH| oF 3Hj #HE
=ECE TFH HIH 200N EQ0M LR = 24X =3 AMZ|E(confidence)E E&HL. £ B Ho| FRICH

ZX|(object tracking)oll Z2Z5tstE(deep reinforcement 2112 Z0] O™ =22 2| @|X|0l| A A|ZFSH0] 012 #e - ZMETV 122! (b)2] 22 =H| EfX|(object detection)E 7[HIC2
learning)2 CHR11 QUCt Sixf 4| =M 2X|E sl dot= Z[4 AME Sofl BIx] = oflM ZH|Q| IXIE FOrZHCt 57| W20l FH2| 0f] FE YASS EHMsHOf SHL HxH 25|
7|&(state-of-the-art)2 gld&=eld 4142 (convolutional neural ADNet2| sH52 CI33t 242 3EHA| 2 LieICE =X ZH|E s dst= CNN7[EHe] Eitio| AL =3l 256712

network, CNN)2 7|gte 2 2/|Z EFX|(object detection)aliA] goo|ct.
ADNete| &t& 3¢H|

St= X k=1 Hi5|l= HiH{= = '13 - [@}¢] k=1 S St 040 =1
SHE stz A2t HiZ S Esh= WS M&sh= Ao|ct ) ADNet2| 2 HHZ Salf 0|55k Dt B AlsHH ZICt,
X|=8t&(supervised learning)
5 =o o oo . _ fve i
Olz{st EHHE2 O3t 262 EM|7H JAUCE - MEfZ Q{0 Z 1 MT} ME|EZ SO 31 VGG-MM 78 CNNS stsich Moz Tyl 28267129 ¥0|Ct.
. R - _ - 2t mRj|Qlo| HEHS 7|ZE2 2 JHRA|Qt L-0|=(Gaussian noise) 2 A4AI5H E| 2|4
- A 91X RS TS el HIESY e BRI s iR 0 = Bes s
FISE HOIEte ASSIEC [E 1] AR} 812 47 XIolo] T2 Ael CTR 13}
ZH% Ca|A} =1]] o| ZIOA MAME| AKFE 0| XEH L OHAS KiFH= 5t = eTre = =z ) ’
- '” E‘”—'—E.| oxl' 'j—l' E(label)—| =200 - MME AXIS0| HEof 707t |7 | 2/3H sHok sHe HMS HsHs 20| HIEA &t — 1Z%] | See, A. (2017). Get to the point : Summarization with pointer-generator networks, doi :
&9| 2xo|ct ° alsorithin Prec.(20px) louauo) e G arXiv:1704.04368. *2 £ | sequence-to-sequence attentional model *3 Z11 | abstractive text
L._':‘E_O“A‘if ZT,_I%%J'§|'6—||'§% O| 6._" ADNet(ACtIOﬂ Decision - E5F 0] AlKEO| LYRE0| Z4R|QIX| OPIX| THESHE 2 = AZ|E2 SISt T E ADNet 88.0% 0.646 29 o summarization using sequence-to-sequence RNNs and beyond *4 E11 | 2&&t5 x40} BH= x|
_‘_‘_o = T B = ADNet-fast 85.1% 0635 15.0 o chojo] e So| 2™z XIMEICt *5 &1 | Vinyas, O, Fortunato, M, Jaitly, N. (2017). Pointer
= — = - o| e 0 3 . 2
NetWOrl()9 EO I3|‘O:| —E—I‘”Eg 5H7=’6|'O:‘ |:|'_ 7HX1| =X —E—X‘“E HIER|Z9| & CHE SEOICE £ networks. doi : arXiv:1506.03134 *6 =2 | Nallapati, R, Zhou, B., & Santos C. (2016). Abstractive text
=== == TETmE i T = 5  MDNet[24] 909% 0678 <1 o
2 e s - summarization using sequence-to-sequece RNNs and Beyond, doi : arXiv:1602.06023 *7 =2 | Zhang,
DI‘EEE QIO-I .Tl_}’ ( arl(OV Decision PFOCQSS MDP)OE 7—3’6}‘01 21224515t (deep reinforcement learning) C-COT [9] 90.3% 0.673 <1 o Y. & Yu, H. (2017). Convolutional neural network based metal artifact reduction in X-ray computed
. - . tomography, arXiv:1709.01581. *8 £ | CT A2 S0l YAMM (x-ray)2 ZAISH0] &S5t &=, ®Li
— - . = - Policy gradient 2HS AtE3510{ HIEYIN|M =17 H&(policy)S H=Ct DeepSRDCF [8] 85.1% 0.635 <1 o}
01X Z2f ol M 2|2 El| 52| 4XHbounding box)7} UM S Sl Koo e Lol a = <l Lol m (o R ) - o 344 B20): 3L, 212 2, QRS S)B Aelet EADH (T2 B £/21 Beam Hardening
A=EHE0IM 02| Steel UIS73:8 3 HIE/II(policy network)2| AZH o= g Horisl 84.8% 0564 °8 0 Effect, AH2Hscatter), Ok 0| X (Poisson noise), EA2| %’%%(motlon) So| Ciefat 21010 o3 ol
S2|0IM Sixlf I Aol H|F2| MAto| fIX|et HYS ZHIES gsict T MUSTer[15] 76.7% 0528 38 X 212 S20| MAEICE 0127 B0l tolEl 344 BHZ QI3 Wilst ABSS Dl OfEfMER|D U
=
. }‘ - 8t T QILHo| OFX|St G| S X|X0| Z4F|Qf St OIS 2 S5 BAIS 1 = 12 5} & MEEM [42] 77.1% 0528 195 X Ct HE OlE|HEE ZAAZ 22X o2 X|HIA(SIEMENS)2| iIMAR#, ZZIA(PHILIPS)S] OMAR, GEEIA|0{
SllC (GE Healthcare)2| Smart MAR 52| AF235}E MAR AT EQ|0{7} EA|Z|AKX|TE OFEI7IX| = &1 o]
M 1 0|2 HiEto 2 HAM L|EQAE AH|0|ESHCE o 52l 483 2 EAEIA Y 29
_ _ - - - el 768% 0333 400 X 2t 2HH0|X| R 27+ RO “‘a”‘ﬁ%l UCE [M2tM 0] 2HIS siZstn Jae| BES M= 37
- &Eli(state)= SR ZR|U0IA EllF2] AXIe| X2} 0] KeF 03] 69.7% 0479 223 X ol Sixi7IT| A4ED QUTt 52 il HBE BYHPI BS3P LA, HE ot 2XE Y
2A[Zt M S(online adaptation) DSST [7] 69.3% 0520 254 X 2{ls TRA sl 25t 1ot Bl M D QUCL *9 &D | 22 =29| I, B. Tissue Processing
1089| HMo 2 ANE - ma|Qof M IS El EIS2IAXIS HEfo| 7|EOE St ME Cl0|E|S Hot AIAJZH TR e Py - 5 ofl KpAl3] AIZE(0] ELITE *10 2 | http://terms.naver.com/entry.nhn?docld=35722218cid=589448¢

OF X|E&4S510] A5 SHAAIZICH ategoryld=58970 *11 11 | https://patentimages.storage.googleapis.com/US8509504B2/US08509504~
20130813-D00000.png *12 11 | http://openaccess.thecvf.com/content_cvpr_2017/papers/Yun_
Action-Decision_Networks_for_ CVPR_2017_paper.pdf *13 =& | Nam, H. & Han, B. (2016). Learning

J
o

- M2[E=7}40.5 0[517H (0] M| S SHCHD BEH|H SHxH {|0fA 7HRA[H L=0]

A2 MM Q M 7 12| T =2 K-S A K& = - =
54 ’ =2 M3 ;;. Z||XI BOlM 7FE MR|=TL =2 XHE M2 9IXI2 X|F5tk= re -?—| J-‘:.'-_E ADNet9| ?Edﬂl'gl' El’% og"_T'_El%%% H|E_°._|' 3{|0|E|'. Prec. multi-domain convolutional neural networks for visual tracking. Proceedings of the IEEE Conference on
o -~ o no detection B0 IEs, o - —~ _ Computer Vision and Pattern Recognition. *14 = | Chatfield, Ken, et al. (2014). Return of the devil in
é) (reWard): 4% —ﬂﬁg M= [[] E‘”—":—E.| )C\,FX|-7f gl 'é"(grouﬂd (ZODX): ﬁ'é}ﬂf 0:”§°._|' E1|—l|:—a| )c\i‘xl'9| S)Ellj_l- 7‘| |:|—|7|' 20‘&!)%' the details : Delving deep into convolutional nets, doi : arXiv:1405.3531.
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ICML 2017 Zhzat7|

2 | tCHH| avin.hero@kakaobrain.com

AE2 THlets I S 510 CHX| o2 520|502t 25K 2t M2 iRt
BCHTE, 302 30 30k 522 280 QU0 F01= g{0] B 3. & SHH2
O|S0lct. T2HMRIx| IJHAWI O|20| X2t 7HEE 4240] Y2 AAZ07 SO
HFRE AO|AAE HiRD A7SE7|S 61, O2|1 AlX|LI0f= 5. Al 22 7|&Hel Ae
P42 ZOtstE xtofl LTIt MAS S22 |HA AL S HRET 7R St AlhS
FH ERCD Syl 2F0|Ch 22 AM, UEA XE ST 7|20] YRETEME
SAl0fl X|7tefe| B2 0150 ;‘O%BPE Yol MH|IAE RISTH2 K2 OFY7I0[XE £A|

AX|L{ofo|Ct.
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SF MEL|0f| = EEst{(Darling Harbour)= H' OFSLCHR
SHICL 2 8| 2 £ 017|E CHA| 27 EIICH o]l =7 2
OfL| 1 HoRIH U5t -,

SiZl

O[3 7| ST oM MZ 2 17 st 220) HE

4 18

Py

E

ra

L A olan BE20|X|0F 2H|7|Aek&staCi g (International

Conference on Machine Learning, ICML)= 23l 343|2 %2,

MIAIOIA 718 Y 2l D2 &3] S siLto|n CHst MS

EOIS CHREE 1712] AJOFE H13]7| 0l H[Z{0| AL}

£
=01 E Ttelict 2|2 Y Az EH2{do] HAR|d F gz

0|t st5|of|AM EHE R Ev} B3 L|EQ|3(Deep Neural Network,
DNN)2 Z=&!st LDA(Latent Dirichlet Allocation) 22T HoF 1,

il UES 30 Zstetas X8sto] 452 =0l M= 2Tt

S8E0FEE 22l I BN = XIEFE Z2of2| 21717t
potedl 27 ehz|Fol S017H4 1 ML LR S2Hol| AtEto|

2 XIM SYU2 20N E0{71X| £35H= Untx| Z40{0k $4LCt. (A

250 S0IZR|BL) 7E CIAF{HZ] A3 S0 = HofRH=d, M3

OIE|AE AEIUE J|EL Q= WH5P|, 32 AE2|Y MH|AE Sh=
20
[=]

224 7|910l AZE|G}0|(Sportify)2]

FHISO| HQMCL HEE QRS Z B FE

oz

=2
akst 01K|7} BQIC}.

[eLy

XA0| X 2|(natural
THERIA EHAM AR SERQ

85k (speech)Lt 22H(music),
language processing, NLP)0{| &
CHRIOF 2 20| ZOFFICE. [watM ofof Hetst 2
YU K55, HICHS 20 Xt DA E sliE= ARSI

SFCE MACIN 20{=E CHTHsH ATXIS S B X2|0fA

MZA(recurrent neural networks, RNNs)0f| 22

o—v—

9| & MM &
THIESZ of7|3l X} EHCE
Networks)t A|Z A EE{(Sequence Tutor)Q!H|, &
0121 =m0l M
HIAlH =7] mzo =20l & A

ZEX| 717} 7|240]| ‘ot st
HEZ RHNs(Recurrent Highway

ENEH= A=

]
r|o

o

Recurrent Highway Networks
|aHotd™ T
RA0{0F B} highway=

RHNs(Recurrent Highway Networks)E 0

Highway Networks(ICML, 201532 &1
E58 7HX| 1 QICE ZHEE
5 2(|0]0{E S2he W 3l 21|0]0{0i|l A b =|0{0F
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RHNs=DT-RNN(Deep Transition RNN) 25! Atelj(hidden
state)2| Z40|0] highway networkE X 835}0{ &+& £ & =9I
DHO|C DT-RNNe= 24 Ej2] Z10[7} 5t EfiA

012{ 1 A0{LI= RNNO|CH O] Q17101 A Bf5l AtA2, 22 22
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HIE 3 (policy network)E 74430k & 740|121, 0|2 2|3l 7}X]
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ACE DAld AT R E Ko =2 M1 A7 ZIHE Saif
7|045t20 Rt Sk 2| MX| AO|AE|AEL), E2 A7 ZNE &
2E3510] 24 MA0M =20| E et ZRHEZS DEE O] 2y
U= BIME] AX[L|O7+ 7| 0f R EHsH LiZts 250[ &
ZelEME 20| ELL

Opx|m

2| 2ISX|S 30| XI&EN Yo == AIZ0| 2ISXIS0
AE QIX[EHK] g2 Y= CHRE2 00| A
S &3tz Alti7t EIX| 4277k &% 10E Seto| 2
7 22 20| XIAE|0M 10
Lioll= Hat A=gxtol SERME SAISH7 |7t pidste| 1 o
O

0| GOISHE 3R] 240t Eli= Mlg0| 2Z O 7[Chsl =T

KAKAO AI REPORT

"1 82 | AS0ic B SHEHolEiS RUE BHHE 20| o2 27| el A2 E XS o
ol EfAS0f E&otxh= TRACHY *2 31 | SUEAMY EXY £2 27] 0f2{2 R UEHI U

B =xtg MYst= 20F *3 21 | Srivastava, RK,, Greff Schmidhuber, J., (2015). Highway Networks,
doi : arXiv:1505.00387. *4 F11 | Atd 24 MEf7} & 5t J”J Holatet= YWe el =3 o of2f #
FO|gt 4 Q== ohE UutEHEl RNNO|2ED A2t 4= QICt *5 &1 | https://github.com/julian121266/
RecurrentHighwayNetworks *6 =& | Jaques, N. et al. (2017). Sequence Tutor: Conservative Fine-Tuning
of Sequence Generation Models with KL-control, ICML.
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2 L=| - | U2 BT F UER 7|t x|Ql2| =0)2 Hlo| A BE HolM ZEHQI 4T =S 22 DenseNet?2 XAt S5 7154 2|0j| & 1574
0 1 3 e -I—I' JEAMEL| S0i71EL| HYHOR 52 FiCf2| 4L Lkt s X 9l350| P2l &2 3|9 FM olflof Z2kx| gbe » Ol4e| MZ CHE 7181S JI52 5 SafiM Lz ghe + Qlrt
A A SHYSOID] SAfo]| 25E 7RIS 20~30 HO| 20 AICL AAULE o2l (o) M 3L ' S0 1009712 HAES0]
2017 L4O HEl4t OS2 ‘CVPR2017_kor ALY HIS 02 CVPRO ZH4isHs RS, DAL 23 AERE BE Y242 0 s3]
= gt QS o] SCIE0IAC). &3] TMx|= AL7| 2700, oftH HI#7 S ZOIEZ ¥2|E= Y3 H0[2tD 27| o3 M2 AYs| 2 2|32 (recruiting) HHYE]
(=) H —' — E EtD 7H=X] Sef THES, 88| Foll= MAlZE LERL0l Chgt HolLt E0iM TIME(QIC SO 43S M2 2E 2l He2 HA| 20 7k 2 282 2|3 2E0)2tn MRt thed|
CV P RE I A o I- I- MY Az S 2ESHE 2 S ARER 20| 0121810] S2IRALCE Af2fo| g17| ofHQlL| o I &0 ME ALY RE LEEO 7|&8 MA|5tD EE5H= Z10| OfL|2t, M2X{ o2 stMED}
KMo O Bt3|0f AlEs| B2 BHROIS0| HMsh g ATIO| YL HQ! AT A LS 37Ho| MO R LiH(0f Zixt CHE 7RIS 0| GIRHE STBHT FR0| [t s HEM FlAte
L2 OISR QS eat 71LllA] 012] Be| x2lat DfS=ACt CHE 20l|M TI#E| U=l SSRECHEL| 0= MMM = oi712/0t skl Atolof 2|2 2H Ho| SHO| 0|R0X|=
ZFE HIH 2 Oie ol 2ofoll= HFE U™ & HIXIZ|E 5t7|7} 21 K| LQLT} 0|2{8 Y7 |oF =tof= ool 5H5| 9t 4E ALt
GfE QIA HHHA(CVPRY, "REAFEHITEIS|(ECCV), 2|3 OpX|at L] o|o{&iCt XMEo= 28, 12 EQ|E, OI0|32AZE 9 20| =2
‘BRZFEI|HSEI1CCV) 5 Q0| Chelst sta)st 9Lk 15 BHR0IME B ST IR RlS 0| BASH 2 B Bk 20| 3|ALS0] HIEQIZ TE|S FUCH LH= AH3(SnapChat)
CVPRE THELt &= X|s(impact factor) ZHOIM 718 217 O SRCH DX} oiake MARIPYOIIE 10 HMolls =22 THE|off ZCH Bro} ZASIIED AKA AI71IS ® ofL|at M2
b= B3[0ILt K34t 220k Hefdel o17|= 2= X=0M SrHESHE SHYOF 815|0f EAste A2 YoIsiH A2, Wa|o| %] HAXISO|Lt CIZ 3|} 1P RIS0| 17 FRQF 3ixHo|
8t5|0| Alate sfolgt 4 QUCt THE AT} H|ms) HHE =2 £1 0l¢d 3t3(ofl= H=o| E40| kel 1Al =20 gl 22 ofozo| A|E| Sof| st 0T AL L& SAES
4 40% B71, SE 9191 37% B71, AEN HE 24 79% S} SHYSOl|Z = atalofl Fete 4 U= 71317+ FOoIRIC B HIS7H A7 2[NS SITI7{LE OF TRl 2 SIS S =05t
S 7ITHE YBHIE 2011 2Tk AR R 7k 18 2aid FROITALE BIAOIME YAl dof Yol Hpels0| o= S AALS Bte Z2E HYE o= 2T Qlct
242 7|24#) X|@(sponsor) SLE£0|2{C}. 20104 M0t ST 2 2 QUL HEo| 2oz st=RojMEs 2| 1S fat x|z S20f SHUSE HH UHS Asts(0f 32 Z{0|Ct. Btofet
A|J2HZ(SIGGRAPH) 8t3]0f| #4517 £|H AZM 2|AE0 ZAIE DAL gl MSHiLIS 0| RIS JEX|7| K| SHICE TAEET WS HOHP, EYS UE SYE2S 02| HEY
€ 7l 719R| Of29t sfEdt FA RAR 80 i SRR, AEX 7|UT 0| 79S| HA| RAE O[S 88| #Alel  QIE|RE RO, & X4 AlZHolls TIEILE AN Dol = Atafsfor
OI| CVPRE N2H8ICH 2 1300170 APt MEMESE STl F93t 8t 5 Yespl 9t 2 H op x| siE FHAl #oL| gojct
SR 7IBHRTH CErs] 2 e e g et HRc. SASE 0ILIZ 711 Ol HY TAISIS WEY 8 Hee 2
O|Z CVPR2 &7} L1474 RFO0A 3 TR HEsi= 27I0fA CHeo| 22 T 7|S2 mstsh 13001 7|¢e| HAT}
aslolct AARCE 594 ERAE We 4He =2
£ st3|of| opx|2te = EAMEiH 20131 H| w510 S3f Li7t BH2 1) 2mo| £|@4 =S AKBest Paper Awards).
REE MR S0HM B2(al 2¢rt. A= T 0| ASQIZ X572 (Facebook Al Research,
arXivg 3t S5t M =2 Z7Hie} F A EM3L FAIR)OIIM 211 128 ZEsH g7 AZE HaFAE
St off MEEH 00| g3t &l arXivE S8t =22 EEt ™ HIEX3(Densely Connected Convolutional Networks,
37t 251 (github) & &3t 24 371 Ze2 HE FE2N DenseNet)™0|2{C}. 2 =2 ResNet'® St 22 Z|4 7122
HoICt HAE HO|HE &2 =252 L& AT gI7LISt T2 HIE 2| 3(convolutional networks) A0l A @12 2{|0|012t &3
75 2E =250| 0[0] arxiv2 3 371 £ HS0IAct 2i|0]0f Atojol| B2 HASO| ZEEH R 22 12 s
ZuMo R A =R E2 Jt5s(of & sta| aE o= o|0] SRHOR stE510] =2 HET S P 4 UCts MU 2RE
OIS 21012 HRX|0f= m[el847t 50218 E2l =252 20t = AERICE =20M MAS 2 S 471 QZE=(densely
2= UUCE 0213t O|ROIMQIX| F 3ff TMEE =2 8t3l= LHot= connected) Ehadt 70| BHS Hokstn QI AnHo2
DE =22 220 80| FE22 S5t /el AEEHE DenseNet2 2#| Q1A!(object recognition) HIX|OF3 EfA S 0f| A
SE2|U TEUE, AP0 UE SYWIKE RFEE 2E A BEHEME T 22 458 B0
31 2742510 QICt

A
_ _ [ 22! 1] Densely connected convolutional network'?
MAZE AAE 2152 (github)E SallM 228 S7lstk=

2 | Y} yeongjae.cheon@kakaobrain.com _ -

S DEE A Aot = 2 JAUCEL AHCH7t arxivE 0]2] 37HE 3 Dense Block 1 Dense Block 2 Dense Block 3 Predictin
] 7 :

A|ch 108 SOt AREH|N 2OHYZ/AIE ¢14)) & RS0 LI WHECH= 2X0f =290 MXPIF AARCE TYEHK| LTRHE EXFS0| QCHEO cic{.——"gpa : t&.——"w £ t&.——"@ g

&0, 22%0|HM 1Pl 7|£0|CH Ao o= X == Tl AlX|L{0{0|C

Attt AlZbg A% 3t0] 2| ohEisiol 5 O 27 7h| Rl Zake s BSofn At ZIX} CHE HHol IEE g8l 3715t QICt 8t o2, &4

48 49



learning

Selis 2 128 0f 20| HTFOIS D AR =28
3715101 BhH|7} E|E MM =S Sl AlZ2|0[ME
0|0|X|et Z=E|X| gt2 0|0|X|28E{2] &t&(Learning from

Simulated and Unsupervised Images through Adversarial

Training)"80|C}. X|&= &t&(supervised learning)& £7}I|sHA|

oix o= M| Ho[E{et &AM El

S Mot ZME 7HXA Bt 2 =22
(32 2]oflMet Zo] &%l o|0]X|E &H| O|0|X|S2t &t |
022 HAE EH0[0|X|2AE RALSH O

HCHA SH(adversarial training) YO 2 sH&5t0 2 0| EX|IE

si2sta QICH [T 23] of| M §-A0|0]X|7F ELF A © Z(realizm)
= x4

IHMElE AE =l g 2 QUL 0] 2 E AlM FH(gaze
estimation) 2X|2} &=ZF £F(hand pose estimation)=X|0f|
Mgot0] 7|& W CHH| 85 7S 2 = JAUCH

[ 3 2] SimGAN overview™®

;
i
| Simulator |—
1

Real vs Refined «— |Discriminator
D

Unlabeled real

[ 32! 3] 8Ajo|o|X|Qt X! o[0|X| GiA| 10

Simulated images

2) 2wo| 2|24 Aol HMAH(Best Paper Honorable Mention

O 55| & 2|215|(committee)df| 2|510] MAE|=

HMALS Polygon-RNNE 0235101 O]X|0f|Af
=H0f| =M(annotation)E HEE= FHUS H2 2| AR
7

(el

A

T i
HSbl St e Riokst TIZH-RNNE 0183t 20
A

|0|X|2 £%5h= Refiners

Hat0] o 452 N it =
7

ES
g4 AUOHME OISt A0 =
A

() 2 HERH 2X E7IS2| = Y= Ao[9]

m
_l'E
§
|'O
I

(Speed/Accuracy Trade-Offs for Modern

Convolutional Object Detectors)™® (Google) : 0|0|X|0{| A

=HE dE5k= 2ME E0X 2 0, =0T 01Z2(A|0|H0|Lt

ZE0| 2N S, 22|, s S M

ojuf 22| HT Cst Held BH X2 T 2
0

25170 QICE BEot ofL|2t H|ot

it

|

00
N
50
n

P
o ry
>~ O

r
o
o
ol
N

o||

_0£
K
tas)
rr
0
i)
oC

IfEI0HE A 28 4 A= 7 3=

[ 32! 4] COCO dataset0i|A] 1507} 2| Z&7|2] =9} M5 H|m J="14

1 Mets Architestire
i ' Faster RCNN ' \'RFCN. b S5O j
M@mmm,.ﬂ.m G S e e e
" 5 on Hiidein
@ Remat, W Rex, 300
Proposals, Steide
% ?}E e
& &,
7 S
g @
2
°© Exbid
D Hion Reshet V2
& - Inception V2
fat @ i a
£
&' : Resnet 103
L B piicle
10
200 400 800 800 1000
GPU Time

(2) 'RH{4l(UberNet: Training a Universal Convolutional Neural
Network for Low-, Mid-, and High-Level Vision Using Diverse
Datasets and Limited Memory)™ (FAIR) : OFX| AQ|AZk(swiss
knife)2t 20| AFE] H|T 200 M 2| '#X{EH SR FH(saliency
estimation)’, ‘2|2t ZdZ=(boundary detection)’, "E&| Z&(object
detection)’, 'A|BHE! E&Ksemantic segmentation)’, 'S&| IIE
ZZ(object part detection)’ S2| CH¥st gj|lo| 2X|Z 5iLIC|

SE2 2 4 ASS of5chs YHS Hetst /It

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

Input Boundaries Saliency Normals

Detection Semantic Boundaries & Segmentation  Hmman Parts

(3) '0|0]X| 2HIx HEIE |5t

(e}

FN
rlo
Am

™ H7HH(Deep Feature
Interpolation for Image Content Changes)™" : [12l6] 0| A2}

20| Zle HEE MY 1|X(deep convolutional feature) Z710{|A

E7MH(Interpolation)E 0|&3}04 0|0|X| HEIX(LI0| E2 EH)E
HZst= WS metst QIO [JRI712 ¥ U=S LIo|E
U== HYF of|AlO|CE
[ 22! 6 ] 'Deep feature interpolation’ X518
Sle;? 5 i deep mxn@ space Step 1: Mapping detsilz

Step 4 Reverss mapping

atly i veaor in featuie space toy color space

[2217] Ageing GilA'1®

Input Older

KAKAO AT REPORT
=2 ORI

arXiv 520| 8 =252 &3] Mol 0]d] 9]of

=S X0 EE SYYIR| St = o

AlZte S0IM &f5lof 7H=XIE =27t 28 = S Ao|ct sHx|at
20| 20{2A0[2ts HHMY kM B4 17|10 HEYSH
= A=2 2 Hadl =28 e Adte Hlug = gls
7EX|7H AUS Zolct. 2ol Yoz HAld(S53] Hafd)nt
LFRE HIH 252 SA0| tHR= 7Hy 2 of2l2l CVPR2 £
HAMSID ALk O Xj2|E R RIS HEE = UEVI2IEE
alAfRt SZS0IA FAte] OFg S TS,

*1 £ | http://openaccess.thecvf.com/CVPR2017.py *2 Z11 | https://www.youtube.com/channel/
UCOn76gicaarsN_Y9YShWwhw/videos *3 =& | Huang, G., Liu, Z, Weinberger, K. & Maaten, L. (2017).
Densely connected convolutional networks. CVPR. *4 &t | https://github.com/liuzhuangl3/DenseNet
*5 =2 | 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 =& | Huang, G., Liu, Z, Weinberger, K. & Maaten, L. (2017). Densely connected
convolutional networks (p. 3), CVPR. *8 =& | Shrivastava, A. et al. (2017). Learning from simulated and
unsupervised images through adversarial training, CVPR. *9 =2 | Shrivastava, A. et al. (2017). Learning
from simulated and unsupervised images through adversarial training (p. 2), CVPR. *10 =& | Shrivastava,
A. et al. (2017). Learning from simulated and unsupervised images through adversarial training (p. 5),
CVPR. *11 =8 | Castrejon, L., Kundu, 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 =2 | Huang, J. et al. (2017). Speed/Accuracy trade-offs for modern convolutional
object detectors (p. 9), CVPR. *15 =2 | 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 =& | 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 =2 | Upchurch, P. et
al. (2017). Deep Feature Interpolation for Image Content Changes (p.1), CVPR.
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exercise 339 |UslEECR E0{H = #0022 part 1. 54
E=dy] Do

you know GAN? (1/2) 60

AISHS RIAOIN 25181, T2|1 GANS &R 718 24 sjo|atn s Thto] ofdd ZiLict Ykael
st A2 ST Lstets. FIQAIRIEE S Zstata0] 2ARIX|0] cish 9t MY bt 7|E
BLICE O[H0l|= Zstaia S Fo| Aol #HOI2|Q0| M8t 5715 AHELIC & 35l0) 28 oixfE
£591 Lo| #T{012|Q9} Zstets AlRIxE 2uH APIRLIEIN & stity| S5 s{xtE 2o

A g 27ist

=1

=2

[&FsiLct a2, ZstetE0] 0]0] 45X XM GAN2| 7HiE
ATHEILICE GANS| Z7HE, J2|1 7| 2= 9l
Z

=
AN 91915 22 ff 2 SES [t & U= 7| =&

[



exercise

UspstaoR
ZE0|HE=
0f2| 2
part 1.

=2 | 39 chris.song@kakaocorp.com

Kakao R&D Center Data Engineer.

YstatEnt W BT E|Z200| A0S AIRRIELICE X7 | Foi|E, OFEol| Loikts te
YseHE WZH0| gL Ch 2o Mlds muM o2 st HEIZX|S(Artificial General
Intelligence)ofl 23| BAHASLICE 717t20i M= CH 2 Cl0JE |4 Z2ujd, til2id
7|£8 8¢l $1Mo| 2HIS s Zst= 0| AX|L|0Z2 Yot AFLICE

54

ELICE ZstakEe)| of2iof Ziof whE ExH= o B2 2SI
Yekekgo| ‘B3 T flsl RE2|YS ZHstuxt gtk XI5

FYsHAY, wo0f2|2'E Zalsts FEL|Ye| HIOLZ TUACE
clotol=(Deepmind)Z} 2718 DQN(Deep Q Network)
Ana|SoREE 24 EACOl ASCHIX] 0f2] 7HX| LTRSS SHLiY

=2
275HHM fo0f2| 2t AlY MYS BelehEoR 0| BER

iRt wIi0fE| 0] Zstels HE3517|= & Ml Holl ZX AXHECE

Kl
Hu
|
o
o
g WO
1>
30
=
i
N
o
n
40
rx
Im
s}
=)
oC
°
m
rr
[EI
u
(]
1]
o

7t A, dat

'

B

SO SEE UM MEsl EE5 AL

ZHIE

- Anaconda3 (Python3.6)

- Homebrew (MacOS RX1)
- GIT

* pip

Pip 2fo[=a]a]

- 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]E]
- FCEUX (http://www.fceux.com)

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

oz
ok
oX
nx

2

#ojoj2| Astets o H

Ustehs AR ET AFO| 7tsslE tAENE ddste 40|
H em SELCEL A A0| =0foF Aststs FEE AHgstn
SHO|HIF2I0[E = SEg 4~ QIS HL| ZO|Ch 2FEAI(OpenAl)
El(gym)of| Mx|El 7|2 OfEl2|(Atari) A A S0| /UX[2L &
O MO|U= #+HORR| Zstets #HEg tE7| st 23 O
TNE BEHH0| Hesltt o] REZ|Y2 MOS(MacOS) &t
7|Z2 R TIYSHHRI = RO 22U cygwinit feceuxS| ZEts
283l M 40| 7+sSIo). (%X|Ho|| CF 27| 0212 g 12dsl
A7t 412 OFt2CE3(Anaconda3) AX|eF 7[22Q1 GIT AL 2
MYaX| oiZiCt)

71& MX feceux £ MXIHOF S fceux= PC 2HZ0IM
QefEl 1™ AUSS HHE = U= ol S2O|E{CE 7HE ZHEtSEA
Hx|ote WHE HIE SEF(Homebrew)E HE5H MX[HO|CH

7

'

EEITH 2 UX| LCHH, E{0|E(Terminal)S L1 ZHHSHA|
A

A EX|7L 7hssit (BERe HX| 710lE=

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

BER EX7h 2t2&|H, A E{D[2S 21 of2f Y02

KAKAO AI REPORT

[ 22! 1] fceux Mx|

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

Updating Homebrew...

==> Downleading https://homebrew.bintray.com/bottles—portable/portabie-ruby-2.3.
3.leopard_s4.bottle.1,tar.gz

160.06%
==> 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[E S €20 of2H HHOIE

o

X
ip 2f0|22{2|S& MRSt

S HIE Z 3t pip IH7|X|i= OpenAl2| gymo|L}.
pip install gym
12|71 0|0|X| M2|Z 2|5t opencv-python T{7|X|E MX|StCt,

pip install opencv-python

Plsii o2 HHo= £ iISWI HfEHZk

pip install git+https://github.com/openai/baselines

—_

2|1 X pip 7 |X|= #0220 CHfet HO|E7
| =

rtoh

o m
tg2

L

gym-super-mario IH7|X|C}t. 2/2{ 0]
IHY E(Phillip Paquette, @ppaquette)37} MZH o0, T E Q|

gym-super-mario0flA] HE[ of|0] E(multi agent) X2| & ¥

7HR Ol E E3t7| flall Z3(fork)et = ZEE +HIC Of2f
YHOIE LA ERI »Tet =R SFS AR5

pip install git+https://github.com/chris-chris/gym-super-mario
J2|10 0| Z3tels oH Z2REE 22 (clone)stAL

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

Olx| 225 W2 ZEXE ECM2 S0{¢t F of2ff HHOE
s 1012 Q of 22 0|E{ 7t S1oH0]] A 5f50| AIRfEICH
python train.py
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exercise
43lstE Observation Space A%
OlH| 0tz 22| 5t& 2t Cis MHSHC Hotel =0l A

YHSH S20|E0M & LIEIL AKO], H3fstEe| st
E

1

54
22} 20| Observations, Actions & 7HX| HEEZ 0]

[ 33 2] Zsfshs madela

OBSERVATIONS

System Environment

ACTIONS

O|X| observation space®} action space Z+Zf0| O{&A|
M|z =X|E LOotEXL
1 W Z, observation space= CH2 Atari AIYSo}
OFEE7HK| 2 3HH2| RGBEAE a2 IF Bh=Ct #1012 29)
O

observation space2| T1H|Z{Ql M2 ofzfe} ZCt.

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

3HO| M2 ALO|E(height)= 224, 7+2 AFO|=(width)= 256,
Mol ZF(RGB)E 3, J2| 1 ZF Matol X gho| Hel= 02H
2557FX|CE AH|IZ, SHHO| TMO|0|H & HotM E3c HH
ofziet 2o Li2LC.

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

[252 188 176]
[200 76 12]
[200 76 12]11

fLte| T Mof| RGB gt 37HAI7F S0{ QULh 224255 2XH &E
Of| 2+ = dlo| 371X| RGB 2k 7HX| 1 el 3t #Ho| Ech
AstelE0M e 0|2 £0{2= H|0[E{E CNN(Convolution
Neural Network)oll 'g0{A Zatehs BHO| 31H2| 021 LXSS
OlAlGH 2~ QI 2 SHf 21| observation spaceH|0|E{S CNNO|
E7| Hoil Z5t 10| QUCH Hiz, G|O[E{ 2] AFO|AE E0l=
Zi0|Ct. OpenAl gym &l S E|:= OfEL2|(Atari) Al EtA S
RGBS J12{|0|AH Y= #Hgkstal O[0|X| AO| =S

o]

e

t

OAISE EH
E0|l= A=E &lE =t

AMO|XZ 84 x 84 AJO|=2 ZOIC}

56

wrapper.py : {210 £2{£l RGB 0|0|X| C|0|E{S |0 AA Y2 HWEtsD 37|12
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[:, :, 01 * 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)
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MarioActionSpaceWrapper : #IH0}2|2 A2 Action SpaceE MHolsiF=
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|7t BH=0{ £ observation space wrapper®} action space
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- train_dgn

gt72 Wysin
Action Space WrapperS X831
Observation Space Wrappers X238t 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| 1, ProcessFrame84+= observation space?|
ALO|=E £0|i= wrapperO|Ct. O[H| &2 2|5t action space®t

observation space A& S tF3HCL

Z3lslE Q-Function & 31X MH

O|X| Q-Function Z22!0{| CHoHA| A £ X}

- train_dgn
128 Yyskn

Action Space Wrappers X231
Observation Space Wrappers X838t £
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CNN ZE2 M25t Q &8 Myst Ac

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_mip(

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

dueling=FLAGS.dueling

)
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Space0i| Chgt Z2MAE O[5t | #lst &2 E=5 sttt

random_agent.py : HiEHO 2 212 HI{= 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()
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$tensorboard --logdir=tensorboard
TensorBoard 0.1.6 at http://Chrisui-MacBook-Pro.local:6006 (Press CTRL+C
to quit)
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Do you know
GAN? (1/2)

2 | SXZ jaejun2004@gmail.com
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