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HE37} o 30 SESXI= olf= 2 Eel =
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Ol= Ofx| HHH7F MZS0| ZoiM 7|2 0|21, 7[2S0] 20
T8t M2 2HYEl= 2t ARSI NMTE 71 @ xel 5§t
£ 7Hxl= w2 HIE/3 S siLfolni ojo|X|i(ImageNet)2| S
| 7I&2t SASHA o1 B2 Al710f| Chefet TIst THAIE J0IRXCL
XI3E A% TIsks0Ic) o] Soj|M = Hojol| ALRE|:= RH2)

Tl abY S Sall 2t Ao 3y T2} 0f0|C|0{S0] OfFH ETsH
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Learning Phrase Representations Using RNN Word
rrrrrrrrrr Encoder-Decoder for Statistical Machine Translation -~~~ " bedding
(3 Sep 2014, Cho et al.)

Sequence to Sequence Learning with Neural Networks
(14 Dec 2014, Sutskever et al.) B

Residual

"\ Connecting

Neural Machine Translation by Jointly Learning to
Align and Translate (19 May 2016, Bahdanau et al.)

.| Reinforcement

Learning
Deeb Recurrem Models with
d Connections GNMT: Google's Neural
for Neural Machine Machine Translation (8 Oct
Translation (23 Jul 2016, 2016, Google)
aidu)
Self

Attention /i il Adversarial Neural Machine Translation(24 Jun 2017,
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O\ | You Need (30 Jun 2017, Google
Adversarial : Research/Google Brain)

Net

ByteNet : Neural Machine
Translation in Linear Time
(15 Mar 2017, Deepmind)
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Brain)
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Facebook)
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Seq2seq 2ES NMTH AP AR5t Z42 OfL|CH,
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Encoder, decoder| Zf RNN2 S X7} HHEX{o 2 A0l
TFZ(multi-RNN)QIH, O & Z< B layerof| BISH{ & O
=geta Cidst S8 (feature)2 FEY 4= UCEL RNNS| 2 42
LSTM(long short-term memory) &£=
unit)E AFESICE =20lM & F7HE QI 0+0|C|012 bidirectional
RNN encoderE M|tatn QU=E, Ol EF| 0| (history)
HHE 5% &8510{ X|= HEE £l 2=0|Ch [O3
2]= 0| 2Eo| RXE HOfELCE 0| J20Me= SHEE £0/7|
25104 unidirectional RNNS 7}&5HQILC}.

EX0|E2| HICHLFR(Dzmitry Bahdanau)2| =2 0|Ho| =
0121 7|0l A NMT 127} 20| O|ROIFX|C O] =22 AP |2
& O M= 2 v UL 53| 712(Google)2t HIO|F=(Baidu)2

T =
Lt X BRSOl M F=7HxQ

GRU(gated recurrent

t
t

U2 =0A 2

oII

Oo|C|0{E E3f Y M52 =2l =2(Deep recurrent models
with fast-forward connections for neural machine translation)&
HHECE, A0l LIRS fast-forward connection(F20 M=
residual connection@ 2 HH)Q| L=IIH| 7|= encoder/
decoderOf|A] Multi-RNNS A& i layerZt 3~471 O] AQI
20| k50| & otz 2X|Z, fast-forward connection2 S5
87K layer O| & 50| 7H538H= = BHE ZI0|Ct LayerS 27|
IR Jf2s 0lRs O ZH3 STS £E510l 452 £0]7|
lateld|, R 2 82 7I187| 40| AH == 2X|(gradient

vanishing) 2 &t&0| otel= A7t QAU Fast-forward

M

connectionS S3ff 0| 2X|E si4stin, 1 At EC|of #HY

50| SMTE

2xI5t =2 HEQT 7} OfL|2} ntim layer| QJ240] n+1 BIm
| Ql2d0 ZH0| EO0{7HEE =7} connectiong stLt =

AN CNNOIA X A E(0] 1S 2 2S RNNOI|

SIF5H| E|RACE Fast-forward connection2
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[ 22! 3 ] Residual Connection2| HEl

® ® 6@ 66 6

i
|LS'IFM2|—*|L5LM1|—“|LSJFM1|—“| Bl |LSTI'M2|—~|LS'TIM2|—-|LS‘IEM2|—>| B
® @ ®

L1 ]
(LT} [LSTMy }— [T f—[ = | |[isTm (15

TF20| NMT st 17 20kl M M7t AAS = 27511,
A

AN
HIO|=7F eHe B 2|10 59| o RS THsH HE0

12

E[A, olof Ciet S = F=22 WE | ME|AE BEst=
Yoz Hetg +TYSINLE =222 HY 2NE YHSt=E At
| ME[A3E5H= Zofl= 2 xH0|7t A=H, 8FE AlZEE Ol X|gt
SE &= H Mo ot 3 E 5P| fEiME B2 £t
Aol 2 QstY| mEolct.

HEIE NMT 20| M%7, E5| 2 5t £ S 9[5104
=010 =& SHEl model parallelisms 71&15IACE W2 S
£ 2 Q5 2UXt5Hquantization)E £ Q1511 B! Rl

23} 517| 2[5 20| M&Hlength normalization), coverage

penalty 52| H7}X| 0|& L 112|S(prediction algorithm)&

CSIACt HMer2 MI3HT A YAl GNMT =28 X3
o]

2}
s w Sl SHOl|M HESHA] 845 4= QI F20M
=]

2t St 'Google's neural machine translation system' O|2t=
=22 'Bridging the gap between human and machine

translation’ 0|2t= £X|E 7HX| 1 Ql=0 J2E &S0f| XHo|
AUA7| WH2O|AS Zd0|CFs,

SHX|TH 0= M= A[ZH0| KLt B LXF= GNMT ZEQ|
t

TE7H Al SHERI0] AHO E2} ChA HxjeIARIR Fo|
QICHD 4234m, 0] 747} B2 YIS S TE Hh Znjol|
w20l &7191 M Afel watk Rl 952 Holaka Bekct

AFAL T AfO] H{OJEH7 PR BIX| NMTE £f MH|A0)
HEYr| UHE Bvt o2 SR, I3X|8t ZHO|
ZHE/x| oot 1 P

=
= HA
o & 7|7k |XISH A= ZO0[RACt HOo|H, =

mfekst 2 919 2Xt 4 200X HjEHe
020l of2f Yx|oflA B

8t 14 MH|AS AJRS1H| EBiA
o 817 geldel £ 3157} g9t
20171 E2E| ECI2 017 TiS0| ZABEoR ZofE|ct 1

T
T
)
3
rlo
o
el
=
<.
0,
o
3
2
HI
T =
B

AlZHs M& AZH(inear time)ol 7+s31A| sk 40| SHO|C.
X|IZ7kX|2] NMT 222 RNN 7|82 attentional seq2seqE 742
HMIE A3 =0| attention net 20| & A|7+0| quadratic
time(source sequence size * target sequence size)S 7}X|A|
E|C} HhH, ByteNetO| A= attention netS AIRSIHX| o2
linear time( ¢ * source sequence size + ¢ * target sequence
size)ol| 3+&0| 7+s3ICHO{7| A c= constant value). ByteNet2
[l 4]2F Z+0| CNN2 AtE3510{ encoder 9|0l decoder7t

HEQA 7XZ gH=1 dynamic unfolding

{3 40l=
0l2tk= 7|HE Salf 7HH 20| sequenceE ‘Y-adaf LY.

[ 32! 4] ByteNet 1=%

So S S2 S3 S+ S5 Se S7 S8 Se So Su Se Ss Su Ss  Se

RNNOJ|M = Z X0l time-step2} step 7 HEO|
7|2 (memorization)0| LA =l=0, FX2HQI S44
Hstol ofX|7 EW 3 0 Ha| BojZl ¢l HE Ato[2f A
EY(feature)g O 2 FOb 4= QUCE 0] S &0 U0 7|1&
RNN 220t H|wgt 5
Ho(che] HEE ELL E20| OfL|2} characterE AFE)0lIM=

x| Dol M55 HOIFICE

ByteNet M2 CNN 7[gte| NMT 2T 52 7|7t S0t
G117} &8t5| 0|20{X RNN 7|8t BHo| M55 S7t6ts 2EO|

=
Z=2 OHL|AX|2t, character to character

LIQ7| ARRICE O & FET FIHK| 22 T 0| AS0f| A
2718t Convolutional Sequence to Sequence Learningat
T=E2{|QI0|M S7HSt SliceNetO|CH®, &= 2H! T = convolution
netS AR5} positional encoding 1t attention netS
HE5IALL SliceNetO| 27+ M| LER71 3HX[2F convolution
neto| X9} attention netQ| ML HENT} AZH LIS B M2
AMEHs| QAFSICE Z2 attention netO] RNNOJ| ME&|0] &9l
M5 20| O|R01Z! Z4XE CNN A M RASH 2HHO|
ZIE|ACHD S UCE CNNOM= time-stepO| SIQE 2 T
HEO| 2IX| EE HEFI6| I8 CIE HEo| st 0|5 /8]
positional encoding2 AF2SICE

[—)EI 5]!— =9 EE‘IIEO|
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[ 33 5] 29 Hojet S0 1 2

M BLEU

28

26

24
22
20

GNMT(RNN) ConvS2S(CNN) SliceNet(CNN) Transfomer

H|==8F A[7|0fl RNN, CNN 7[8F 22 0|2]of] A=l MsS HoiE
20| st o S7H=IUACE Transformerz2t 82| 0] 222 £X|7}
"Attention is all you need’ /G| RNN, CNN 25 EQ giCH= ZHo|Ct™,
=3 4|33 = attention netZt normalization, feed-forward
neto| HH=ZXQl LR O|R0{ZI 0 0§ Theh HEHOIC
CHAl attention netO| 7| &0 decoder?| sequence®t encoder?|
sequence 70| align€ UF|Z== 8L 2 AR E(UCHH, 0{7| M=
Z7}2 encoder/decoder Zt layer?| /21 HHE st=sf=r||
AMEEl= E',“—!EESZ Z| AL} O] 20| TransformerOflA F7H2
M= attention BHAIS self-attentionO|2t £27| & it

612 TransformerQI TEE HOojFECH

r—|

[ 32! 6] Transformer #ZX&

Probabllmes

Softmax

Linear

i

Add & Norm |
i Feed i
H Forward H
a  —
: i Add & Norm |
f Add & Norm i }
E Multi- Head i Nx
: Feed H : Attention i
i Forward i H |
; I ) i
Nx P i
o { i _Add & Norm i
i Add & Norm H H H
i H : Masked {
i Multi- Head H | Multi- Head i
g Attention | | Attention
Positional Positional
Encoding ®_® ®_® Encoding
1 1
Input Output
Embedding Embedding
Inputs Outputs

(shifted right)
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&0l encoder-decoder Z2I0| SEF HIAS CA| E|A{7{ EX}

Encoder?t input M= E vector representation@ £ §=5t11
decoder0i|A 0| §EE HECZ £|F outputS HdoH=C|
X|27HK|2] BE2 input H&O| g
AT B TransformerOf| A= T
attention net 1XZ Z0{LITHAN HEE &H5iCt 0|2{st
RO Z I feature HEE £25| Z £Z3H|LI0{ RNNZFCNN
HCH 2352 O LI2 45E HoiE F2 MER g0l 1y

22 e ZHoRRE FUSIH: B2 422 HOIEE 20j2)

HEL 37} 7IMI3HH A, encoder-decodergts 2 XS

=
H|QI5HH o|of CiEt oINS 2 LOt=X] Cifet WAooz 2YE

2 QACh= MZH0| o XHAIARZ| O|R20{X|A| =Lt Seq2seqe
RNN2RNN, RNN2CNN, CNN2CNN 22t OtL|2} Any2Any 2
TRIE 2 QT AR JHER} Fol| M= MEfe| Z0| o] |
o SZIX] 02 Qltt EF 2X0f| ofH 5 HEQIIE Al8ste
Z30| ZBISHX|of CHet Hast 2747} gl A7t iR R0l

ohxist

I
o
7HXIA & 2012t 7|CHE sttt

E
>||

1 FIt2 AutoMLO|2}

=
= —_
20po| 7T B3| FIE| D YUt Ol 2 HEYT Metmt

hyperparameter ='22| Xt=310]| LSt G112 Al XSS
22 X2 Bo| F0IE £ AU A= J|CHEICE
SYOo| E[QICt & &~ U1, J-OE
FHUEIVFELIZ AAXZE 0|5 H= A SOIZE A
ZORM ZHRIRIQI ol S ot 2L

0 X| = sk&(supervised learning) 2ZE(Z & A)Q|
powerE EXot7| 9Igh ZHetst M2 WAl S st MES

S25| 0| 2Est0] 7|E RH(ZH B)of| MEE = 1 2tz
o

1ﬂwmﬂaﬁﬁﬂEEN%ﬂmE%Aéqﬂﬂaaﬂ

O\I
il

ot

i
N

U
HL
o

Z=20o 2 H0o{717| Ho| ‘Adversarial neural machine

translation'0i| CHa M =

FOIX1 Q= SetH

|'|ﬂJ
o

= O|RO{FCt XIZ= 0{T5

rd
e

GAN(Generative Adversarial Networks)2|
ggielh|, 0{7|Me
HEALCHAI NMT 2 &0},

9| adversary net2

7t Lt 0t OF0|C|0f7} K ESICHA 11 MM}
=Che 2|0[0|C}. X|S7HK| A HUE
attention net, residual connection, positional encoding S

S5 O2{ghofo|ct.

[32 7172 4 23} o

laﬂv.eda(hebankon")ecomy

uwmeamew Tr»nlea*wr«nu\mbmk

vory sickly. Make
Nﬂsos«ﬁlr&mak'derﬁm 0 sleep...

2l 719 01|01|A1 ‘bank'2t=
EESH'Make me another.” M2 EHE‘éM?}

IS0, 7oA B

THO{7} 'river'@t ZH0| A =

°
ini
>

\J

—_

oA
rio mfo II°

HIcH= Bodsl L7 | =

ofFLt EFE2

Il
-
Ao

-
m
r

3

o I
&

rE
2
=)
i
X
1

O

ml
-

IPIQUME X5 M2 SEfo] H3 HEQ

A7 |Eh= 7|20 & SEste RES V|Hez EAlL H E2

K
ZHE S5 222 A7 SOILt sy 2SS 7P1001M
o H{O:

| arrvied at the bank on the corner. Lt= 280|0f U= 28of| =EFZHCE
| arrived at the bank after crossing the river.  LH= 22 21 & 250l Z2RiCE
| crossed the river. U 2 Zsof| gict

Then | sat down on the bank.

No. This sheep is already very sickly. Make OfL|, 0 22 o|0| ofal.

me another. CHE Yoz ghsS0f .
Not so small that. I3 =71 edote,
Look! He has gone to sleep-- BEAIQ! 0= &S0|Q.

e oxlztM Mgst ek
RNNO| H|5t01 attention 7|gt @O
1, LIHX| 942 F17t0]IM 17 F9I

larger context 222 [ MHst HARS THS0 HH OfF|0|Ct

& 229 'bank'e| H<

~ =
N+ =

EUS O & #83t=ofloj

Opx|of
7| 90| Q1Zte| +ES WRHET | = EX| 242 W22 Helrt:
A0j= +H HY SEHOZ FYE B35 HISIEZ 21042t
1:1 DHEO| =|X| 84 9] 720 -810] EMEICE w2t Fatet
A S fIeiM= 23S OlsHaHof 5t 02k BPH| HAYZH|/2tsl/
Ol& 52 =02l X|4{0] 2L0{0F X{Hst HAZ S sl & +
UCH = A2 thed| HIAE FH 20 H5H= 210] OfL2t
TE2 FIHEEE B =2Hel RF9 S HRITEAM
HAS 5P|l 2ol

Crli5| 210i= 2t 910 B2 S8X el #20] 0 &7
2ol M 7|22k =2t JatE W Tt sHX|et S50 HY
7|&2 general Al FH0f| £5HCH £ = QT WEkA =E Lo
SHEHEHHAS SfiL= Al 7|&2 7|cists 22 R2[C,. General
Al I7HE BHASE Z30|10 K| Zlak 2ol Az 2o 2=
ELIol| siEsARIE 7[A5H0F & M7 |E &= = 212t
BHEOIME 20 ARMY 72t FFEICE OZX(R AFTHER 22
Of Aol et 23t 7|cHZH0] wXtst7 | ShC
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*1 =2 | Cho, K. et al. (2014). Learning Phrase Representations Using RNN Encoder-Decoder for
Statistical Machine Translation, doi : arXiv:1406.1078. *2 =2 | Sutskever, |. et al. (2014). Sequence

to Sequence Learning with Neural Networks, doi : arXiv:1409.3215. *3 =& | Bahdanau, D. et al.

(2016). Neural Machine Translation by Jointly Learning to Align and Translate, doi : arXiv:1409.0473.

*4 =2 | Zhou, J. et al. (2016). Deep Recurrent Models with Fast-Forward Connections for Neural
Machine Translation, doi : arXiv:1606.04199. *5 =& | Wu, Y. et al. (2016). Google's Neural Machine
Translation:Bridging the Gap between Human and Machine Translation, doi : arXiv:1609.08144 *6 =&
| Kalchbrenner, N. et al. (2017). Neural Machine Translation in Linear Time, doi : arXiv:1706.03059, 2017
*7 =2 | Kaiser, L. et al. (2017). Depthwise Separable Convolutions for Neural Machine Translation, doi :
arXiv:1706.03059 *8 =2 | Gehring, J. et al. (2017). Convolutional Sequence to Sequence Learning, doi
1 arXiv:1609.08144, 2017 *9 1 | https://research.googleblog.com/2017/08/transformer-novel-neural-
network.html - Google Research Blog *10 £=& | Vaswani A. et al. (2017). Attention Is All You Need, doi
: arXiv:1706.03762, 2017 *11 =2 | Wy, L. et al. (2017). Adversarial Neural Machine Translation, doi :
arXiv:1704.06933
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717t 7|7}
oralo| 72
st CI0|EIS

siHst= EH

2 | 284 hulk.oh@kakaocorp.com

fosst 2SS MxsiC7t mR2 24047} 5
on), 0] Hof Lol M MEE %e

AELCE

20179410, 717127t Y MH|AS SAIFACE MZY HY 7120|
HEH0, 22121 HAE Zatoll 27{5HH, "Zd=0| =Ci'= &

LigiCt o] =2 458 flsiM = B2

= S

0 EL3ILCt. 0] 20N = 717122] Y MH|AT} SR

CllO[E| A
= st&
Ableualign

HOJE{(8E 2SANE

£2 N5t st

HHo| T £|ofof SIx|DH, &

EE517| 21510] AL

37|

A

Bk

KAKAO AI REPORT

2E20]| 2kM 24 BLEUZ} 0t 2|0[QIX| ofalaloF BtCt. o] 7HE S
B _ B (1) Cr3 1t 22 $t=20{ Yoi2 &l 20| AUCHD 51X (22 Tl 2 22(7t =[0f lctn
ZHEES| YA, AZ0l| THSH AFREe| #1S Zntet i | 9| Zntrt Jhasich
AOLt SAFSHR|E A x|8) St Zd0|CH 2%|8} 5H= HIAIS XIS
A0t FABHA|E £=X[35} 5t AO|Ct X|5} of= WA2 E&E (ol gol Holm
FM5H= TO{ES n-gram2 2 2HE1 1 n-gramE0| YokLt o o
MEZ 0j3El= X E= Aolct! 1 bl
X|Ho{ES L2 HRl0]. 1 will destroy everything!!!
Ofx| “*‘éEli o{= & Z Zot. It was s hot last summer.
n-: gram% _Ejgg 0-|LIE_~| (= |§ _57H° H olxst |-|7H§ ne 31% 9||:||%|_H:}_ I think | can wear short sleeves now.
EI9I Of2i7HX17} FHS e £{0{A718 T912 Bt0] 3-gram@ TEIAL 71 S AT
sl =N122/1= 2T gram= . 0j0jz0] DEHF 74 ZHo} Shall we turn on the air-conditioner?
of]) input: “l am a boy" 1 think the air conditioner is out of order.
g e, Ema bey 22 20| oiEt 2RS0|92 HiXs 22S0| Bo| Exfstit 2221 11 0420] £X|
= %=t
0|z Aoz RS M= 0|RE, 2EZI0| QAIES EX& |, 2xfo| YL 2 OjA
27| 2ete R, 2 20|ME QAHEE sliding windowHA| 2 H|@3517| /5t 2 (2) 0] & SHtE U7 |(E= ST |)E Safj Hsich

[ 321 2] steisiofy|& ol vy
#3201

Xt o{g2 |R ciol.
O|| UFHE|E oi= & 2 Zot.

03710 7} AUAKAEE...
ojlofzio] Tk 24 Zot

G710l O{T15] BO| At E|2 QAL

ClIO|E] Z=0f| o BLEUS M7t 2h= 2|20 & = US
=

717 1o

It was so hot last summer.
I think | can now wear short

- sleeves.
i)
>\ el >
There was something here---

| think the air conditioner is

broken.
Z40|C}. B3 U2 X|(parallel corpus)@| raw data= CHE
S(article) £t2|0| 1 2ZkH(sentence) &5S o= AT 7|8t (3) OJH| 3201, Hoi, 7|7 o] ZaE SAJofl LAZOE Bluealignoll Eo1FH £
_ Z Chelo| HE YIX|7H SHEIC) abc BAE 212t 242 2O CIE 02 El &
7| At (neural machine translation, NMT) 2 Q|5 = Si(representation)SOIck
= HelE FEE diF= S0| ESHOICL 717100 M=
[ 38! 3] Bluealigen &2 Zzat
& (alignment) 915101 £7/0] 75 7|5t £ BHS0IA o gm— -
Al’%?ﬁEEﬂ 3|_|'71|7|' 9\1%% 7046:-!?;"“:"- 'Itll'i—!% EEJEH% 8|'7|7|' X[t 0{E2 L2 C{Rl0]. It was so hot last summer. I'm Hulk!
= —~ _ o o O|X| HHZE|Z 2lojT & A 1 think | can now wear | will destroy everything!!!
I:i_l?_ %!59}‘\:‘_ ED‘||O|_|O| HI-J|1|I:I|_1 7 |T'_' -FPS!O' 7j||ol=‘|-3}-x| 9%: T'_‘xﬂ7|' oL short sleeves. It was so hot last summer.
_ _ So _ _ o o I think | can wear short
téHoHsl'giEI' Ol 'IF‘II:1 ﬂ-&!: %Qa}ﬂ?_l‘ I'E:'."Ol 6|'||:|_ ‘)F’|T'_— T'_—X'”ol 017|0|| a7|M =0... There was something sleeves now.
A . - . o L 0jjojzi0] TELt A 2ot here---
?3:15')_ BHJE:‘Q-:!- 'JI\' Q)EE JE!XE‘IEI_} %I't,gol S\JAEE”, HI'E EE'IIBIE E‘g-ﬁl': 1 think the air conditioner Shall we turn on the air-
o =LA o is broken. conditioner?
Zjoll:l' ?E:'% O|D| EE'IIBl% %EH Q!‘EEl_l I|:I_O—:‘|7|§ Qé}“g'gl‘llj_ 4&!7'” | think the air conditioner
is out of order.
aligng &4 QIS 20|12t Z20j| 252! T BleualignS AFESIHA |
- BLUE ALIGN
| Z40|C}. Ableualign Bleualigng 7§45t H{FQIC| H| 3
Z1ch5t OLO|L|0I 2 Bh2 ETHE BUCH O[X| BEOR S0{7} X} = o
a. |X|th 0182 LT GRlo]. I'm Hulk!
b. [O]| “*“’Eli 2I0o{= & 7 ZHot| | will destroy everything!!!
09710 {7} UREE... b.[I think I can wear short sleeves now.|
c. |[oflojzdo] Lt 2 Zop
Bleualign Shall we turn on the air-conditioner?
c. [l think the air conditioner is out of
Bleualign2& BLEU scoreZ 0|281A & UEX|SS M= ‘order. |
E0|Ch #197|9] et& 2 QleiMe WE 2SRV HS|,
Bleualign0f| & 71| 0= &l 23 BIX|H 1 ote| 2 Che| B 38 EA O 7| A 2ot Pol LIRS S Z2
YS HOMELL 717tQ Hojo| mES ShHEAIZ 1] £ C0|HE =& J|El=0, o] o, Bl=et 2 &7I9IH BLEU
2tS7| f/5H BleualignS AFESIRICE 0| £2| S U S 7IEHs| scoreS AMESICE &5 C|0|HE ¥7|%/8l Bleualign toolS
AT EXt 2 AEs3

o
S 5 AX| 27t 5k W20l =

=0, BLEUS JMA|I7|H O He #HEH 22X|E
7

&k4=(score function)E ABLEUZ EHX1|°P AbleualignO|C}. O|H|

BLEUO]| CHstAf ot2 1, TS AHARES Bt
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BLEU

SILIZA], 25t WHE A Z 01710| MZtets EXnt =2

A (correlation)E 7HX| 1 A0, SMIEX| = 7+ EE| 240

l.l_r

BLEU2| =gk(input)2 7| A e Zapet oi2] JHe| A
#19] Z21H0|0d, 25k (output)2 '0~1 AfO|2] ZO|CE. Z2ZL0]
10 7p7t2 58 W 27t 22 XS 20t o] EMoME

PIal AR 21 2t Siutat ZXSeta

vl

S ol
ini

ixld

>
O
02

ol

N

1) BLEU Overview
BLEUS 7125} LIER S Che D2iat 2ot
(1) 7|41 Z2HO|5} candidate)2t Ax]| #12f Z1K0|3} reference)0i|Af 1-gram ~
4-gramOi| CHgt HEH= S A5t

(2) 4712] Z1HE 7|5HE S LA precisionS T+5HCH
(3) Z0|(length)ofl CiEt TH'EE|(brevity penalty)S ZalAf BLEUZS AlAKSHT

[ 32! 4] BLEU score | 20]| Ll Overview

o4
QoS 1-GRAM
(CANDIDATE) PRECISION|
1~4 GRAMS|
PRECISION st E
AR #oy Akt
S 4-GRAM
-
(REFERENCES) PRECISION
Zo|of| 2rst
PENALTY |———— * —| BLEU SCORE
(BREVITY PENALTY)|

2} of| cha M XiM|S| OHERE.

2) n-gram2| MEetE 31517|

A H™sty| 2lsl olAIE S01M Z|0{A47|E T2 B 1-grame]

HETE AAMSHACE Candidate2 ‘L= 8BS MUY, reference2
17|M candidate?®|

. HRACHOID, 2-gram2 L= EETH Y2

o
HRACK O|Ct 1-grame| HEH = (precision)= [ 112 FLEHEIC
[441]

- Mmax: candidate@| £t017}+ &t referencedf| A LE2 Z|CH 24

- we: candidate0i] U= & THof 28

Z ?{of of|HoflAf Zf2H2 CHE ot 22 242 HAI=(0f 1-gram
precision2 2/37} EIC}.

IL}-E.—Q‘I mmax:]/ tél'% | mmax_1/ D-Igi[l.'gl Mmax=0

18

e =0 referencedf| A L2 Z|Ci 2442 clippingS oH=X|0f|

CHai M SZ& Z0[Cf. Ol HY| ZHO| HEHo2 HO{E
WoiLl= ZEO0| A=, Y-S ALE o Bi=E HolSS R

Zojti2|H M7t S2P7IS 2 0|1 WX|ot7| IsHAICH

[E 1] 2 BLEU: a method for automatic evaluation of machine
translation 30| A] 2-5||SH Of|F|O|C} [E 119 AL max =2
clipping 8tX| &om 7/72 Mtz 7} 10| =HH{2ICH

[ & 1] #eie ekE20| unigram precision0] & LIQE A
Candidate the the the the the the the
Referencel the cat is on the mat
Reference2 there is a cat on the mat
5t ol k= =] o oo M55
S AT T E AbtslH 2 HAR S MSsh= EX7HE

[£=A12] o Z+O| EICt [2tM candidate@t reference®| Z0|E

H|2510{ THLEIS 0] BB,

3) Brevity penalty
20| Z0|E 0|83l penaltyE =L CHS [+4] 312 precisiond]|

SR T ZEIE & 4 AT

243]

- 1: reference?| 20|

- ¢: candidate®| Z0|

[22! 5] &= reference Z0|Z candidate Z0| 2 Lh= Z}0f| 2
brevity penaltyO|C}. Candidate?} reference Z10|2| &0t
C|H2tE ™MEETL et oA 2 HOX|A 22 & 4= QlCt

[ 22! 5] reference Z0|Z candidate Z0|2 LH= Z}0f| (2 brevity penalty
8P
1.0 -

0.8
0.6
0.4

0.2 4

0.0

T T T T T v v r r ref_len/c_len
5.0
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ABLEU CHO{7} O & &ol= AE Y == ULE F 21010i| CHaHA model2
1) Idea ShEA|717| 2ol B0 Tho{= &3(A| It

22|= BLEUOI|A n-gram precision2 Z|Atst=H| XEH5|
- £ oo shufflesto], AtH ¢loje] tHo{E 0|251=F 3IR4Ct
g

A== AT 728 S St= WS F=IUCE 'o[HEt o
. . _ = _ . Lt= F2 FMZ{CH | AM VERY HANDSOME L= 0§ RAZiCH 1AM VERY UGLY
oflaect &= 25| H|23t SOl 0128 26101 E7(discrete kel 1=t 2
M OHEIO| S|X| H= ZT7} BEAHSHC} OroF I I

counting)aiA] OHEI0| £[X| Si= 27 AL 2 AM LE= | 2t HANDSOME EHAIZiCH VERY AM I LES VERY 0§ UGLY RAZiCH

|25t Ctofof] CHaHA] 0t 1 AFO|Q| Of SAME (similarity)2

_ _ [ 22! 7 ] Word2vec-Pair2 7|2kt similarity
ALE(continuous) 2= F0{g 4= QACHH, 0fZi0] EH E2 ,
“icandidates = model.wv.most similar(fencode( B¥26s )], topa=142)

AnE 4 4 Qg Aozt & QUCt

_|\l
;i
n
n :‘O
Pl
H’]
M
-
net

AH
o
74881 ABLEUE BLEUZ=A0][A T SHH2F HER

2
ri
n

{'han . o
("EESee', 0.554373562335968)
(Fes’, 0.526306688785553)
('handsome’, 0.5228010416030884)
[#414] A, 0.5102168321609497)
(" BAES’, 0.49988991022109985)
("R®e2*, 0.49818921089172363)
{'good-looking’, 0.48714345633588257}
('Of#e8’, 0.48¢10242795944214)

‘smaxt,’, 0.4743206799063G304
- smaxm: candidate®| word m2} 71 =2 QAT ¢ ! :

OfF| 217} & U SALTE AMBH Weig BiEE Solck #lel word2vec-pair &3 Lt embedding2® 22| RAEE
37, 0|2 AH23510 ABLEUS 2HE 4= UQICH

2) Similarity

(1)Word2vec

Word2vec2 CHo{E &=l 210]9] HIE{ 2 embeddingsH=E|
Molck w2t word2vecO 2 HHo|SE embeddingst 1749

[ALEE MH E Zi0(2t M2Rict o S HER| 2X1- 2 word2vec2

my

ot

[ & 2] Bleualign} Ableualign 2| 8 % MstT

Bleualign Ableualign
Ctofo| Q|X|of [ RAMEIt 37| h20] HEtCHo| Thof= QAKEI} P or o
=7 LH2CHes THEo| EXFICE ol 2 ord2vec?| 22 (%) 86 9373

S0 w
EMZITE 7HE U5 THoIS 1071HE S (a2 6] o 22
P%

Ay Anp Sst 17| & AFEE Il Bleualign CHH| Ableuaign2
80| 35.64%0| M 47.10% 2 2 11% S7}6t 0 HEtE
86%01| A 93.73% = S5t CHEE T = sampling 5101 5

Hot2 SH5ICH. 0] Y2 ABLEU Hgoz [ LI2 ZE9
HI0|EHE 7|ZELt 30% H& O £E3HCH= 240|C} Bluealign?|

(T MBABRR', 0.8485762476921082) MEL2 B{917|0| Ms0f| o|&EX0|7| 20| O LI BT |=
(RANRee’, 0.8454145193099376)
(‘HYee', 0.8109017620545927)
(' A2IeE', 0,8060837576675415)
('g!gme' . 9.BD29224872389111)
Te47ae, 0.8013471598625183 Lo = z=x|o
:'m-kee': o.'/aesnwsss'/ssz)) t2kAl Ableualign2 AtEsl #H147|o| EZE 22|10
(' DBAYER, 0.7856163939041138)
(768", 0.7854277431369519)
(EEB}E, 0.784046471118927}

A8 22 £80| o £O0FY 4 Ck

CtAl Ableualign t19] AR0i| AHB510] =88 22|= HH5 20|
=

7HSEICE Ao TlEl= St F17H0( M

(2)Word2vec-Pair 29 70| Of O|ROIREH), 0] RS HE510] ZIZXoRE
OIS YXI517| 2J3f BHE S TS| trasind HlxEt £ofo] 7|ZEC58% O $2 W USRS FEE 4+ QACH
SAITS & BOWICE O wele L2|7t 7K s WA USRS

S0{71M, BBt £Hofe] RAIEE =0|=H| MZE 0|88 Z0[2t=
[

dzfo|qlet [az

~
o
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E
)
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N
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_}i
[0]
R
=
=3}
I
rot

19



AI in kakao

4

7tRE HA7(9] 5H50| 0|88 LEle| W USXIE 7|
2|3l Bleualign2 AF235ICE Bleualign2| 4= &8 7|F(score
metric)2 O 7| HHH O & £2 H|0|E|E [ Ho| ¥E

Aeezt 7|oiRien] o, 1 28 F&2510{ EAlSH=s BLEU score?|
discrete countingOfl ==3HCt 0|& L& 2l(continuous)

SAEZ BEY| 2|5 word2vec2 €1
noteteiond, 1 At Ableualigns ot
Ableualign@ 2 [ B0| &= =l §|0|E
=0|1, 0] HHAY|E CA| Ableualign

H._fE(lterann)% £l Mast 1xZ 0e

ro o
i = _I

ujn

IO_x_

| 4

[ 121 8 1 Word embedding®] 6i|A| - bridge®} 7pit2 EtojS™
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[ & 31 EHo] ‘bridge’e} CHE Ehoj Zte| 2|

chof 72|
bridges 0.408
road 0.554
tunnel 0.571
gate 0.590
canal 0.594
ferry 0.596
dam 0.613
tower 0.616
thames 0.633
railroad 0.634
harbour 0.634
link 0.648
arch 0.650
suspension 0.652
railway 0.656
roads 0.657
crossing 0.659
straits 0.660
bay 0.660
connecting 0.660
highway 0.662
river 0.663
gap 0.675
strait 0.676
tunnels 0.682
construction 0.686
avenue 0.687
boundary 0.688
erected 0.690
monument 0.693
peninsula 0.693
street 0.696
opened 0.699
connect 0.699
building 0.700
route 0.704
landmark 0.707
rail 0.709
connects 0.710
traffic 0.710
port 0.711
interstate 0.712
deck 0.714
span 0.715
routes 0.718

*1 2D | 25 3~4-gram JEX| ZIBEICE *2 E3D | https://github.com/rsennrich/Bleualign *3 =2 |
Papineni, K., Roukos, S., Ward, T., Zhu, W,J., (2002). BLEU : a method for automatic evaluation of
machine translation, 02 Proceedings of the 40th Annual Meeting on Association for Computational
Linguistics,(pp. 311-318). *4 1 | http://projector.tensorflow.org
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OFslE ZEFQI L BLIR YL|ChE 21 @FHX|2L0 gEL|Ch HAl2{ds X8t
Z2HEE H| Y2 CHS0] L2l B2 1H Bo|1 MAEstet olRel #=g 9|5t 213X |sS
Qe 20| 71 BYLIC

2 | 2448 cantabile.58@kakaocorp.com

OIFSE S7Ist= ¢IBXIS HISS 2E1 AoLt Hofel=o)| M-S wiokA A 2sistn
7 S0l M SHYSOlA atat Z2 Al S JIEX | =

: ct.
SRSt Of13| 4312 LS ST m2 22 L of2i7|at B

2all Z, 7t AYR(OHH 3

OIL|E'S "0 Ltz &Rt M AR Bh 2 %)

o TEAM BABYS| E}O|E = 'Lzt
UM 2h= TR
EHA(Homo Ludens). O|XE 22|=

ACL. Of2! AIRRE X|SMHX] 5017|17E

>

o, ZHIUAIRY 52| =0|'S
o[ct. wj2 ol J2{5t ‘=017 A22 A
XS 24|70 S0i7h= A

>\l

Ok

of M7t UL, AIALFH7E FI

AIAZ|FHof| 2f A[glo] ZLEN?

28|y} 1E| 50|12 Bhe 0|9 S M2sED, 12 SaiA
FO|'E 17| H20[Ct F7HRO|LIT} B 4 Qe 2Be IS
S0)M Al =0|2 S5t x| HZo| =X £1 Y1, 188
Aol st&E Hoz g 4 9ict,
28| Q07| HEE Of2XRl A2 o1 I, 15
I} BLY7 ROt BIK BISE 20| Z517|CH, HoF, of, ‘2o
ARt SIS LIZFR] 94LE 912012 B S Mztahxt. 7F
BiX| E0= S £7|, 1 Che2 2at7|, 1 20| BRz M7[e
£MC
JIQBte BHCE ADlEED 8 IS A2
ESolrlls 7hym 2128 o|0jx|2 X2EYS Holck IS
2 Zeto| 97} Yrts 1S DslE o, 71 B LI
2Ix|at 2A o= at 0|20{X= 77100|L|E st 2R
ASHEE] 0121 20| QUi Of0|SHE| FLHHEIE B CIE &
2C Hsr AIRE 4 YtoH S0 S SH FHEwEt of
Hap}wst 92| ojniLiel 22 25
"Ligt SRS 7 |7hx]
20t Mol AP SX/0H SIS Z0m 20| 5 4
Qlofof Stk MZIsiCh 9212 Ch2 AlgSTiel 2l

FEME - 7|5 o] FXt2[ef 2to|A0i|AH "= SH|7H #op” 2t E0{2 1,
2t0[2A2 oflo|Ojof|A| £H|7t AKRX=X] 2qZ=Ch
48 - OS5 &, 0jo]0]= 2t0|212t QIALS 5t OfR| SA|7t Of24RICHs LH&2

Mo - 0%, ofjojojet 20|12 Fpke Fl 77t £(0f 20| E2HE7| =50 BSY=E
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O 7Rl = HAIE B M7t YEHE - 45 - A0
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'0]l/OtL| (YES/NO)' & 7HX| 22 O| 0 R{0] S &I=0|

2172 10 w2h AYS TSt B gol g L 202t
2z

M7H7| mho|ct

oftt o2 BXIE WE o~ AUTE sHof it

ARTIH Ao Ya2|Sol A2 0gA St e H UEA
& = ASZeI7bo|Ct of HEts| Lot 0fEA ot TS o
e, o HetolA| W7 & 4 UASTHOICE Lol A0 HES
MZIsHEH 7+ chastle o AFEY LR (decision tree) FE

2Hd E2f|AE(random forest), LIO|E H|0|=(naive bayes), FH
E

2 A(neural network) S& Mzts £ %= QUCt

oMY LR
XS 0ll/0L| 2(YES/NO) 22 Ef0| O|F0{X|7| wHZ0f

ol5|

[

on

O|AFZEH LHR(decision tree)™ El7{2t= &XI5H A4zt
AR IRl 2| Xtx|= 0| X1 Z M(binary search)zt RAt

LAo|ct.

o
E-!

ct.

[3g1]2M28 L7

Ch2|7t Arte?

Wm

11%F0|9 37|7} HIXBHHR? HICHOf| A ALLER?

tROICL OIS 201, 82 AR INE HISsh=
HALO|EQI OfLIHAI U™ ol M2 A i HE
fly?(eh == ULtR?)" 0Tt 017|M 'Oll(YES) &
feathers?(ZI&0| QULEQ?)" 'OIL|2(NO)'E +2H "Is it a very

EM "Does it have
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n=
4
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'OFL| 7} OF:! "Of'2 CHEFS SHEHRACHH? Q[AFEE LIRO M BHH
2 7HX|= Tl FI2 SOtRX| 47 |wi20f OH| fAef g2 Y

LEQX| g7 Elot A4, BFER]| 84Tt

Random Forest™

[33 2] HE ZY2AE

So s3 ST
‘
T QAEY LIRS B S 5517 flal 2Ar2E LIRS 012
71 2S0{ =(forest)S 0| M HR2| £E UE &FolTH= 79|
U Z2|AE(Random Forest)S ME 4= QUCH,
SIX|2H e ZR| AEO| M TlO[EAIC] 27|7} &H2 HR

QH{I|El(over-fitting)E! &HE0| &=Lt T, HE FHEo2
Cle|dat| sl B2l Z40|Ct B8t A2 2 Cl0JE{ 7+ B E o
OtCt #(forest)2 CHA| RHE0 F|OK(rebuild)dll 20X} 5H= 250

HSH 7| LH2f0] LR BOFEIC,.

Neural Network
ARHE R UESRZRE T 2L Q0L 28
H27]|L{(Robin Burgener)7} 1988 2E|{ w3 HEQIE
0|83l M Btz ARIIl= °0[Lt ofZ2|AH|0| Mo M sliE 5=
1, 0] fl2|i= 5372 SE&|0f Ik 0] /2|= 2006\
0|3 RFRNASA) FZ|2| S27|30/|M ZESE T QUCt
ol #ESH= 7 310 QefiE QISX|s ARIHY Z0]Ck

o]

PRIZE 21 S0{7h A S si2H 20| MEX|7
7|Z0i| & "0f|/OfL| (YES/NO) 7} OfL| 11 Z|off [ote} A&t

—_
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CHoto| HRRICE @2 A|ZH B2 HO|HE AUZIK| St OFEl A =
t | &|0|E{All(data
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= 0|Ct.

H|o|= 2 (Bayes' Model)

e e AEQ| Quiu|E 2XE AMSHK| gotx £l 1 HARIeR
H5H= H0[EIS HEBAIZ 4 Qs £RMOZ LI0|E(naive; 7Y
A=, KIAZR) H|0| =7} QT LI0|E H|0|= EF(naive bayes
classification)®2H= 0|22 2 M{AIZ2{H0j|A 20| 20|11 Q=

Yo, JE0)| mef Y ZAELCHHE[S o= QT

ﬂl}>

441 1] H|0|= H2|(Bayes' Theorem)

\U

AH2 Hio|= YRIE

[y

Zi0|Ct Hjo|= Ha |7} A

TS0l HUSHA| ALEshM ZHES ALt

b=

SICHEH 0|21t 7|51 EITHe. "AlE

oII

IS

2+E(posterior probability)2 AP 2H&(prior probability)zt
2 (likelihood)2| ZO|Ct" &, 'Uo| L5ty | Tl &E'1t 0|
=]

23 TS A0l HE'S F518 0| Lyt

AHESEa UCE §M AFRRO| Hjo|= FHE| oF AHEHES

MEREE F517| 9I8H ZHIZ200= P(A), P(BIA), P(B)7}

Z s} X2 FH|sH =X

A P(A)= 2 SSOi| thet AR ZHE0]C 7| ief Z20]017}
L0l #E2 1 S2S YZAYRXIE LEHHL X7| APd &HE2
Y2 XD, O|= CO|E|7t S23] 20| 1 2= 0j| 7[5
B8 Z0|Tt. O] AR 2E9| & &2 120t ALt 10| OfL|2F 120}
& 2 tYEe=2

0=
HOO O o o
IE]

> S22 s 22 40| otL|7|
IH20|CE Ao 2 LIEILHH [+4] 2] 2Tt

[4 2] 2E AFH &89 B 150 AA[SHCL

O] ZZ0M, 2t S22 AF HEES XIFsHECE 047| M AR
59| & &2 0.8(=80%)Z FAt. ZOIX|Lt 7] S H| WX
Z25t S22 MEHE o450 =1, ARt ¥ S FIToHK| 942
S22 MeEl 50| Sirt

[ Z 1] AFHEHE(Prior Probability)

Prior ZoLx| E7) k| 32| Aat =

P(A)(i=Z0otx|, £7....'4) 0.2 0.2 0.1 0.1 0.1 0.1

[ # 2] 2&(Likelihood)

Likelihood Zotx| E7 3z ol Az M
ci2p7t glte? 09 09 01 09 01 o1
10|k 37|17t HIREIR? 0.8 0.9 0.1 0.2 0.1 0.2
HECHO| A AfLtR? 0.1 0.1 0.9 0.1 0.9 0.2
XS Q7 0.1 0.1 0.1 0.1 0.8 0.8
5 27 e7te? 0.1 0.9 0.9 0.1 0.9 0.1
[H2]= s= ARWN0IIM ele| eHES Fet ®OlCh &
P

MH|20f M Of EE8F [E1]2 Z0] AHEX} | O|E| 2R E 4L =0

EE0| HalsHA Lt

ENE %7—.3}1 QUCt 7HYst A S AlZ2i|0]M s =X
AEO| &M L1252 HiX[StT /2| CHX EXIE =AMCHE 20i=
ZA0|Ck E7|2] AFF

E2 0.20[Ct "TH2|7t ALte? el H2 off
0|22 P(BIA) = 0.95 S&IT MO LIEHNH [£=A] 3]t ZTh

4403]
P(CI2]7} QUCHD CHEHE]) = (0.240.9)/{(0.2%0.9)+(0.2+0.9)+(0.1+0.1)
+0.1*0.9)+(0.1*0.1)+(0.1*0.1} * 0.8

ZX[of chigt §O| "ot 272l ZR0il= 1-P(BIA)Z AlLtS Bt
O CHIHM 2/|7EK|Q| E77|of CHt CiEio 2 RE 29|

M= SES Felol A M Xt2|7hx] Eois 2 H ChZat 2T

ok

KAKAO AI REPORT
[ Z 3] AtZ&}&E(Posterior Probability)
Posterior Answer ZOtX| E7)| k| 30| Aet ]
Ct2|7} ute? of 0300 0300 0017 0150 0.017 0.017
DYoot 377t HIAEIIR?  of 0351 0395 0002 0044 0.002 0.005
HICHOl|A AtLER? OiL|2 0353 0398 0.000 0044 0.000 0.004
&g Pie? OiL|2 0355 0399 0000 0044 0.000 0.001
= 27 ol7te? of 0071 0719 0.000 0009 0.000 0.000

L]
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U on
i

gERIX| 20{27C
Yol FUCHH I 22 0[20]| "E77| 2I7te?"et=
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2|52 Y2{5HX| 4 Hjo|= Fa|gt

MERACE HIO[E{AO] 25 mi= EE &ME UHCOZ 3=
202H| el HEo| L= 2tE0| ALt 34X| 2t H|0|EfA0] XA
E[H, 2ot 2 2Hel ¢SS Q2 BTt

RO oA 2 2ME 187 AR Z2/IE E
o= 20702t SFYE 2o R HE ROt BRst /=

=
AE2 2 Z20f thet ChEo] ol(YES) Z2 OLI2(NO)E B2

== =
MESE SRS USSR IS 2 US 22
Zi0|C}. O|E AoZ LIEHHH [4] 4]9F ZHTH

[+414] Q= ZEM, A= FEAIZ, v, n2 yes/noE LIEHCE

ZEH0f T3l AHZXEZH0ll/0FL| 2(YES/NO)' = CHES! 0] =2
2 25 AIUSICE O 5 R2|7FHESHA &
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37|E LIEHHD, a M2 Z|c ESM, b M2 HE HAIR &4
YEES LIEMHC] a 3410 bMO| 2hb= X1 ntHR(7HEh
ZE 0l &2 MAIBH =l= Zo|ch ZE2| =M &1e|F0

HIL
rlo
>

817 BlOJE{Of gl Charg A2t
32, M2 7k Hvish| Melsls cho] HERY EE2t

SEUS
LIERHD], 2kl ofjAJoflM = 22t 0.8, 0.20|CH

i
>x
l-_
nﬂﬁ
1}
Hir
o
M

=
11}
Ho
SZ
1o

28

o > 10

ra oo oogh

o o k

= o r H

2 |n £0

o S

N

N = W

N Ao

< iel

o 1Y)
T2
i
1o
-+
_>',_
rok
rE
L=}
ro
J

ro
r\J
=]
N
-
= rr
ﬁ —r
rir k1
I
Hr E@
E
0
_O‘E
rorr
I> P
=
N
HO
2
40||
'_F U
oy
1o

r

o
QIE (killing point)Q! Z4 Z+20|

A= Of"' 7*0|Cf

=]
rir
0z
AL
L]
=2
=

*1 11 | California State University. 21248 QlO{2hero| A", http://www.calstatela.edu/academic/ccoe/
programs/cats-korean/12d'8-Q10{2rtol-Ch| *2 &1 | AX|2E "F SRIYUL|IE" 2ts Zhckst ZR2of|

£, AIRIS2 "0I"9} "OILI" O[2I0]E “S2Y "SHI~" "I, "HIZOIOF, "0t FZRFXI, "X Oft; "33

Of" S CI¥sHA| Efst7|= §iC *3 &1 | http://www.animalgame.com *4 1 | https://www.techleer.
com/articles/107-random-forest-supervised-classification-machine-learning-algorithm/ *5 1 | https://
www.linkedin.com/pulse/significant-project-time-being-spent-data-preparation-wanjohi-ph-d/ *6 &1
| http://www.20q.net *7 1 | https://www.google.com/patents/US20060230008?dq=Artificial+neur
al+network+guessing+method+and+game *8 &1 | https://ecolloq.gsfc.nasa.gov/archive/2006-Spring/
announce.burgener.html, *9 &1 | https://ko.wikipedia.org/wiki/Lt0| 2 _H|0|= £5F *10 &1 | https:/
ko.wikipedia.org/wiki/t{|0| =_F2
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2016 38 Lutnet O|4IE 9Eto| BX|= M7[e| thEE & EC= 5538 0|% eI3klse
o

HIchE Z&8) MOt BAMSLIC Q1ZX|S 2E0[x} eiqaol 77t Esoloz Ho
S0/ 0|RYLICH QIBXIS 7|43} 0|2 QI3 B 0|3} AIBIE CH2s 22 S AlST
AS3hm Mgt

012 WRE 312 FORHL, SHROIN 512 HSHELICE THEt0N 282 TSk,
F0|2 Z2 a8, SIS SFoICt Lutn S DrEELICH ZChst #stol Alxtlg
L1 3 SE58 Bt 201 7171282210 SOIRELICE QSIS 2 O ASe My
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£l2{(deep learning)Q| 5ol X|=Z2| $1E(Geoffrey Hinton)
47} 2|2 ‘& (capsule networks)'02H= M2 A%t
=t

28 2nz|E9l e 7t SX 2t2El(dynamic routing between

3

1471 OlO|C|0E XS 1okst X| 22 =4

U atof] 0|5 AF|2 35, Z4220] CNN(convolutional neural

networks) CHH|E £ QICt= HolM o] =22 F58&t gtsict.
O C|

EE SI1E w7t 25 T MA0IA E2] 2201 32 Hald

#£0|7| mi2o|Ck.
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CNN2 H|O|HZRE X522 EX(fe
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D
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) [
ZOo= 22t 445 H(texture), =X YR 2 (object parts)zt
20| I=F(high level) EXIS QAT EHB0ME= X
EFE QAlste S BT FES fH-SICE
CNNE 3| M 7HX| BF2 EO2 MEICL HERM
Z(convolution layer)2 O|0|X|22E EAg FE3ICL £
Z(pooling Iayer)% o[0|X|o|M EEE FEot= WACE st

NHERH S
[ 32 11CNNe| 7=
Convolution Pooling ~ Convolution

Pooling fully
Connected

Feature Extraction from Image

TS| A= RACE

| 0jOfx

UL M2 Lk x| ojofX|of

Classification

2= CO[E{7t it

=
AMZAS0|M 2 M HZ 02 Mik(propagate) EICH= |0|Ct
<]

30| AL 784(=28%28)7H2]
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[ 33 3] MZB0| AN FHE 1A5H= S

4(training)
ate =2 piHlo| 20471 4
ARIE 71X 1 B25H=
Hi2Ck.

O 3t > Hok
E 3 OH I"“

I1][0 |_°

12(input)
AL AZof| 2ol EX|
42 O|0|X|E EO{FELE

5 HOI' o

,=|E4’<(f|rst layer)
20| 7}EXI2|(edge)2t ZHe
chagt @A (simple shape)of|
3|

it

241Z(higher layer)
20| of B7st x3o| £EF

(feature)oi| BHSSIC.

%(top layer)
& I:‘I STIHME S
= U= Fdst 7H‘501|

T njo =1ml' M&
Jy T g
A 2
I'|.|°"

o
o
i)

10% S 90% 7}

Z&7|(feature detector) E= 7{'d(kernel), ZE{(filter)2t1
RE27|= Bt

)EYS

AU X0 2 FHRA= EF 570/t 22 S 285
&4 A|7HS ZO|HAME, 0|0|X| 1A QA0| Q|%| Hi5f0]| O &
CHSEH 4 QICH YO 2 ALRE|= BHA Z&(max pooling)2
FH Qo £ Zugt T FSplTS g5z BHliLt §8
EFA 0394 (feature map)2 /42 SAE| D, QZ0|MQ| EX £
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SHME(invariance)g P2 5= Y= AT ULE O|E S0, d=2|
EH0|Lt 2o 2t EZ0| ME CHEA| FEE[H M2IS0M 0|12
HNCHZ QIAEh 4~ gli=r|, A E2 2|X[0f Aelo] = 3, S
QIAIEE o QU= SFELY.
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of XESICE WA E
St 2o et YEE =Lt 02 W, Al P2 S QA=
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QIAISICE WA E3lg Eaf =, 3, Y, Pl AThEQl %], gaknt

NN E2E Sall ?IX(translation)2t
A S0| M E SUotA lAlsER| g Erek(orientation)O|Lt
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1. ?IX|(translation invariance)

2. Zt=(rotation / viewpoint invariance)

3. A7|(size invariance)
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4. ZZ(illumination invariance)
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MEAH Dote ZH&aS 7[Hto 2 MNIST™® HIO|E{MIS E2AFH
= 21, Z[4 CNN CHE| o212 2 45%7tX| EXCE. 0221

SHO|EBFA(white box)™ W2t S Z(adversarial attack)of| CHaHA =

KAKAO AI REPORT
s AS2 OtE] BLEX| AUCEL M, MNIST H|0|E{4lI(28%28,
6274 E4b o|0| X))o ME & SESHHREE 0]0|X|4l(256%256
0|4}, 10027 Z2{ o|0|X|)zt Z-2 oi< Hrhgt 379
ClO[H A0 M & H|%8t MeS dX|= O|X|Ch ok22q &0
A2l A|ZHESH7|E CNNECHD 71 AjZHo] ZRict Fatzo 2

Xto|7h giCtH HFEY AHHE O 225t= HWaYUS £ 0|R7t 8itt

[ 32! 6 1 MNIST Gi|o[E{A!

C»

/U

A v LR
AT T TN T
Ry e XWN
g O% -3 "\"’"““Cu”
~ g ad & 4 o NN
RN ®ALWDRO
PN R Ly -0
g~ s O NND
e & Doy~
W~ OB eD
Moo S N~
2N OCHLWNND
SN RN~
SO~ AR W NSO
N e, ~0

Alof
20 WX Rt= 0 f0||1|0101| JiIE 20
I
=10

0| £[7|E 7|chst= LTt

*1 &1 | 0| =22 M1XXH= A2k A& (Sara Sabour), H2MXH= L|Z2tA T2 AE(Nicholars Frost)Ch &=
2 XX12| 0|5 &AMt LIg, 0182 EAMaEAIH s 7= 232 QIR0l|M Tdstn 31E s Ay

E e Zioz FEECL D28 82 $ FIWE 'EM 2IREIS &85t 32 21E(Matrix Capsules with EM
Routing) =20il= 2Y2| X{X}S(anonymous authors)2 7|xH= ALY, SHA0M = SIE n4E KALZ &

{32 2422 FF5tn QUCt *2 &1 | http://v.sports.media.daum.net/v/20160308060204892 *3 &
1| 2E 0|0|X|i= LML HHR FAIE = QUCH #H £ Z{MZHO| Heli= 0~255A10ICk 22|21 R(Red),
G(Green), B(Blue) 42 LAEICE *4 &2 | http://mlda.github.io/ml4a/neural_networks/ *5 &1

3B9 M2
| olo|x|e] EF Pois Qofstth= o|n|oflM EEFE(sub-sampling) £ 2|AL0|E (resizing)0|2t E8i517|
= BiCt EYolls BRES AlMSH: ollt2IX| B (average pooling)' S CHEH 40| EXHEICE £ 20l=
M2 O L2 ZatE 20iFE M2 Z2(max pooling)'0| F2 MQICH *6 1 | 3X1 J2HZo) A ChaA|
£ M5H= 2k (pologon) ot HE (vertex)S2| gt *7 &1 | https://jhui.github.io/2017/11/03/Dynamic-
Routing-Between-Capsules/ *8 Z1 | Z7|H| £XI2 2F5t= 0{ileid 2HS Tt 9Iet ZF31E o
O|E.18"18 Z 3719|6217} 23 CO|E{<F 121} E| AE HIO|E2 =) QICH *9 &1 | S8 22340
LS R0t SAHS ALt AT EY (0] H|AE HHA|
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Chstels Zestn 90fol AlZke HFEH|T 2HsA SIAOM A7/7HE AR E

Al Z|ZEO|| 7|1g wiofct, M43t glSnt Hof e 218t gl A 24Ut ool
71208k 7|37 O ZICHH, 27|71 obd H| ==20fl Tt 0[0F7 | S THE == A =715
7|eHg

Qolof A5t FUD 2 SBARELIC Y =R 50| YHSH £X[5| S0t
A%} G2 QIX| HEFORE LIS S SBIFELIC Cisie] =2 LSES QlEf
28 4 QU= AlCHOIRIEt TRIEe! FAILHESIZ |2l B9 SalEol EABIX| Bns
BISS ChAl 31 L0, 22 WE 4 UE B2 V18] Ut Y2BLIC

sttt

=
=

MIAIOIAM 7P 22 x| Qv Lel= Ro|xt, 7k
OFSCHR2 2 TA| 5 SiLtZ H8]= O|Et2|of HL|A0A ICCY
2017(ZN|Z4 #E{H| XS], international conference on computer
vision, ICCV)0| 7HZ|IQAC}.

ICCVE CVPR(HEZE{H|M 2 mjjElolAl 5t3|, conference on
computer vision and pattern recognition)2} 4| ZFE{ H|™
200l 7HE ARl = &8l 2 FHEICH 1987'd Y= AToM A
85|71 PR, 1~31 2 FI| 2 TIMEICE7H 1999 R E] 2140 B

JHZIE|2 QICH M7 [HAES e 2oke] Z[cH 71& ZZ|91 IEEE(H7| TA}

-

7|&X} @38, institute of electrical and electronics engineers)7}

T[St SH8I2A, WE =2OR AEE= HE 02 ofHCt

ARE M| 71E HeldE= 813, 2017 ICCVE ChiLt

E[2 JHE|El CVPR™ I RASHA| ICCV A| E2{def 217 |of 110
UH SH0| =0fl = UCE XM 2 Hlwsl HH, 2009F0]|A
2015E77HK] 1100~14000{H0| EAI5HE Z40f H|sl O|tHofl= 22
3100H0| Hi= U2 AlH0| &AS Lt O 9 ENEl= =2

HaLh T 7192l = S B2 M S7HF AUCE

[ 231 1]1ccve]| SxiEEH2015, 2017 H]m)™2

13% Z7} 18% 57t 195% &7t

5 7

7t olel 3718 WE =2 W45l BRI 4 5718

2UH SRk ICCVO Tt 7|0t 2 202 Bole|m gict,
8122 221 230010| A3 44 A4 219l0] B
27101c ot THIRE! £X7 SAHEIKIE YotoL, =2 HE

Y9 A7 |20l KAIST(EF= 287 |&@))2t MEtieturt 0|52
A

22|= S Y A T FH ZR0M ICCVo B2 7[01E st
AS0l 2tel 7HSHUCE Ol SLioIM HFE HITS st =
CHSHR! S 719de] 74 2 UM 2 M2 A zlo|
+E2 23 H2 H0| OfgS YSeirh ICCvof T2 F =2 &
7IX| ‘423t Best Paper2 MEE =253 YE[5 2ACL.

E#CEE uiepzk=d| 7120| £|l= EE2|Y(tutorial)
&5 EE2|Y(tutorial)0| AEts| 2t Z7} QUL ICCVe| AR
GAN(generative adversarial network) O|2tZ17} Instance-level
Visual Recognition 59| =X 2 CIst FEE|¥0| GCt 2t
SEZYE 712 7|20| £l= =25EH 2 stsloM YEE I+
E
T

E2o| =2 A/0IHK| ZI>FHC of2qst

T1AA 1 =
xxfel B2 ST WS 4 Y IO P2 T 2T Yt
SO0[21T SICi2tE i Cf Solst 717 |7} SUCk CHE ARSI

KAKAO AI REPORT

ZE2L0|E(spotlight)7} ICCVO =
HEO| E|UCH AZEZI0|E= EAE] NlM(poster session)Of|

HE =7 3 Y20 choh ZiA| YTt FOIF= A[ZHO|C} 2 E
x

Y
Ho
it}

5t3/0fl4 Wl =20| o]

arXiv & Safl 2= 70, Z7le = & Mol 7H=|Ct 2L, B35 22!
LE OX|20l| FIt H2E TIbSHM =22 arXiv FAE S7Hsk=
BRIt UACH= FOICE 2[4l =20 I 0|4 Z[4l =20] OFL|C}
2t= M2to| EQ{1, 0]0] Y11 QU= LHEO|CH 2L 50|17} EHo{X| =
&7HE QLT 0215+ 2/|= ICCV #ot OFL|2} CVPRO|L} E} &3]
LE HA| 20 ULE arXivE S8t 371 2 TE0| o HX|
o[2{st tHol| Chst = t=H0| OJH|SICHe M St Of|RICH

ze =2 A0
1) Best Student Paper : Focal Loss for Dense Object Detection
el2fd 7|gte] Z4E7 = 37| Fast/Faster R-CNN“X{&
SH HYS AEs5I1 S JHo|AM HERsH bounding box2t
FIE|D2|E 1E5H= 2-stage S 7|2}, Yolo™, SSDex{Z
&t 510]| bounding box@} 71| 2|2 1S Sh= 1-stage
£7|2 PHEEICt [18 212 EH 2-stage AE7|(A, B, C, D,
E, F)= AtMo 2 =2|X|ot O H&tst M58 H0|1 1-stage

=

o
H27|(G)= BICHR 049 W X|R Cha B8 HsS wolrh

=

ﬂIIO

oY

38 —e— RetinaNet-50
—=— RetinaNet-101
36 AP time
[A] YOLOV2 T 216 25
[B] SSD321 28.0 61
% 34 [C] DSSD321 280 85
o [DIR-FCN * 299 85
= = [E] SSD513 312 125
o [F] DSSD513 332 156
[G] FPN FRCN 362 172
30 RetinaNet-50-500 325 73
RetinaNet-101-500 | 344 90
RetinaNet-101-800 378 198
28 tNot plotted  FExtrapolated time
50 100 150 200 250
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0|21t Zut= & FEEl= 2477t bl ¥ (background)o|
25| AL OfR BLo| S50l FOfoHH| =0 elish= Aoz
UFEIt 0|2 &5} | 2l M2 2 &4 gh4x(loss function)E
HQHHCt M2 Fotohs &4 gfes H 2RElE OHIE
£4(loss)0| H7H 2l [0 3]t 22 EFYS 7HX==F Cixtel
£[0, HE ZooM E2 Y52 B0 EXM2 7HFERE Ao
A0l HFHo= SHE Ao|Ch

31218 243} loss Afo|o] 2| J2f="8

5 - —y=0
CE()=-logpy e y=05
FL(p) = -(1-p)" log(py) - - —vy=l
4 v=2
,,,,,,,,, y=5
3
2
S
2
well-classified
examples
L |
|
0 02 04 06 N i

SOI2HE H2 A HE0IM d5S =517| 2lsh 3l L12[F0]

H517| 0f2{ sk thdS &0l O B0l EofAl7|= U (online
Folct.

=2 : Mask R-CNN

2 ZHX| A= (object detection)2t instance
segemantation2 CHE ResNet2 X2 H|otst 70| 5(Kaiming
He), Al2t A& 2n2|59| ME7} I|QE E2k(Piotr Dollar),
Fast(er) R-CNN £ H|2tst 24 ZAl(Ross Girshick) S0| Zf0{t
Mask R-CNN O|RACt st XXIS0| 3S2{st =20(7]0f

0| =22 E35| £l thash B O 2 instance segmentation
LI2|SS MHRHCE 7| &0 2H HE0M =2 ds52

HQl Faster R-CNN™ o] HIEQ|3 3 [OZ 4]0 instance
segmentation task& Ef&st= £7|(branch) £ F7eti1

O|EA| MEH H|eks HIER| 3= COCO 2016 challenge Of| Af

|_
St
E

ﬁ_

= o0, et SYSI
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*1 &1 | https://brunch.co.kr/@kakao-it/143 *2 Z1 | http://iccv2017.thecvf.com/files/OpeninglCCV17.
pdf *3 =2 |Ren, S, He, K. & Sun, J. (2015). Faster R-CNN: Towards Real-Time Object Detection with
Region Proposal Networks, doi : arXiv:1506.01497. *4 =& | Redmon, J., Divvala, S., Girshick, R. &
Farhadi, A. (2016)You Only Look Once: Unified, Real-Time Object Detection, doi : arXiv:1506.02640 *5
=& | Redmon, J,, Divvala, S., Girshick, R. & Farhadi, A. (2016)You Only Look Once: Unified, Real-Time
Object Detection, doi : arXiv:1506.02640 *6 =& | Liu, W. et. al. (2016). SSD: Single Shot MultiBox
Detector, doi : arXiv:1512.02325 *7 =2 | Lin, T., Goyal, P., Girshick, R., He, K. & Dollar, P. (2017). Focal
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act* = argmax ain actions E(utility(Result(a, s)))
- State Estimation: s

- Model of World: Actions, Result

- Probabilistic Reasoning: E

- Search Algorithm: Argmax

- Our Values/Desires: Utility
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Flusser *33 1 | https://en.wikipedia.org/wiki/David_Hockney *34 #1 | Understanding media: The
extensions of man, https://en.wikipedia.org/wiki/Understanding_Media *35 £ | https://ko.wikipedia.
org/wiki/AFO|EHL|EIA *36 Zt1 | The human use of human beings, https://en.wikipedia.org/wiki/
The_Human_Use_of Human_Beings, https://archive.org/details/NorbertWienerHumanUseOfHumanBeings
off 20| Z7H|0f QICt *37 &1 | https://en.wikipedia.org/wiki/Seadragon_Software *38 11 | AlphaGo
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www.facebook.com/seungjoon.choi/posts/10213452482162017 *42 1 | Rethinking Design Tools in
the Age of Machine Learning, https://medium.com/artists-and-machine-intelligence/rethinking-design-
tools-in-the-age-of-machine-learning-369f3f07ab6c *43 &1 | https://twitter.com/patrickhebron/
status/920708009331974144 *44 E 1 | http://www.creativeai.net *45 &1 | Assisted Writing, https://
medium.com/@samim/assisted-writing-7adea9aed19 *46 Z11 | https://en.wikipedia.org/wiki/
The_Mother_of All_Demos *47 E 11 | https://en.wikipedia.org/wiki/NLS_(computer_system) *48 11 |
AUGMENTING HUMAN INTELLECT, https://www.dougengelbart.org/pubs/augment-3906.html *49 &1
| https://en.wikipedia.org/wiki/Intelligence_amplification *50 Zt11 | MITO|| A BHS HEL|H} A0 2H3H B2
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magazine/archive/1945/07/as-we-may-think/303881 *52 £ 11 | O}E MIE{LIH| B0 Ele| 1] *53 &1 |
https://en.wikipedia.org/wiki/Memex *54 Zf11 | https://en.wikipedia.org/wiki/History_of hypertext *55
1 | https://groups.csail. mit.edu/medg/people/psz/Licklider.html *56 1 | http://www.kurzweilai.net/
memorandum-for-members-and-affiliates-of-the-intergalactic-computer-network *57 &1 | https://
en.wikipedia.org/wiki/Richard_Hamming *58 1 | http://jupyter.org *59 &1 | "Literate computing” and
computational reproducibility: IPython in the age of data-driven journalism, http://blog fperez.
org/2013/04/literate-computing-and-computational.html *60 Z 1 | https://en.wikipedia.org/wiki/
PostScript *61 &1 | The Story Behind Adobe lllustrator, https://www.youtube.com/watch?v=1gaCKT_
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Google Sheets, https://www.blog.google/products/g-suite/visualize-data-instantly-machine-learning-
google-sheets *70 11 | https://en.wikipedia.org/wiki/Assembly_language *71 %2 | John von
Neumann's reaction to assembly language and Fortran, http://www.columbia.edu/cu/computinghistory/
index.html *72 &2 | https://d3js.org *73 &1 | A Better Way to Write Code, https://www.youtube.com/
watch?v=aT4JvF7sglg *74 1 | https://observablehg.com *75 1 | https:/ai.google/pair *76 Z1 |
deeplearn.js interactive playground, https://deeplearnjs.org/demos/playground/examples.html *77 1 |
Software 2.0, https://medium.com/@karpathy/software-2-0-a64152b37c35 *78 Zt11 | Critique of Paper
by "Deep Learning Conspiracy”, https://plus.google.com/100849856540000067209/
posts/9BDtGwWCDL7D *79 1 | https://www.youtube.com/watch?v=74VUX2zszms&t=7168 *80 &1 |
https://channel9.msdn.com/Events/Neural-Information-Processing-Systems-Conference/Neural-
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OpenAl2| baselines LEAA0| Q= DON ZE=E 2411 SHMY

Olsfist= Zd0|Ct M=l nstx} 2[Rt mHelPk(Richard

S|
Feynman)0| 25t Hoiut ghi 2

|-_|
e
1>
£Q
o
e W
MO
10
=
ol
=]
-
.9..'.
2
i
|'|'|\.I
S

7 oto 2= ofsRHCt
AT EHMA AX| 2 0{E 7 DQN(Deep Q-Network)0| 2551
E|=X]| ofsfal E& Zdo|ch

"7t BHEX| Rote A2,

LH7} of=} ofstistx| =&t Zo|ct.”

- 2|X= mtQIRk(Richard Feynman)

Deep Q-Network Z12|S2| EX
DON2 & M7IX| EFe=2
EfZI Q&teL). = B §3

= o

Mg 4 Uk % 9 53
o

AY 22i0| 7|52 X3t

rlo

N

rir

2|Z2{0] HI22|(replay memory, replay buffer)Cl. 12|10 M|
2 7t 28t 9| d&Hs st Q&(Q function)E
Z A A (artificial neural network, ANN)2 2 BHSQICH=

oot J2]1 of ¥E|SE MN|Z SEEH HEE AlE20]d

——1

1) ZatetES 213 AlE(01M &
EORIES] =20M ALZE|AE 82 OfEf2|(atari) A /SO0C,.
EEAEE AY2 B2 70| L. 22|17t ZetetE0A
CHRO{EE #IHOE| L SHEEHE 2 OpenAloi| A 7iEret gymt

o

A

0

| 0| 22/|0|E{Q! feceuxE EE3ICY,
OpenAlQ| gym:2 *42tHCt OFF #lE510 Chedt 3t S8

= =
O|FO01X ULt 71y SQst 37He| &+ AL

HAS AlRfe of, J2|1 of0|MET F0IM Aol S )
HYUS x7|5l5H= oI5tS Tt reset() BH= A2l SHHS
X7|3F5HH A observation 142 Z+0| HFSSIC]

(2) step() &=

step() &4~ O|O|ME0NH BHE Lh2l= &H<~O0ICH AFMA, 7HE
0| 551/ &|= §14=0|C}. 0] &2 action HWHES HUi1,

KAKAO AI REPORT

render() &= StHO|| SHE MEHE FAISH

(=]
ULt =3 AEE o U=, FEHOE|L0ME 0] Y45 SESHA
Q4THEHE SHHO| EAIEILE 2L #H0R| 2 2HE0j| M= o]
&8 AIEMX| QfoLE EICL

2) EFZ! Q&t+=(Q-function)

ERZI QB &5l ThA0| =l Qete7t &H50] EHA A%
HH= 2XIE siZ57| 2l 2orRl=0llM ®AlSt si#olCt EfZA
Q&7 RIIE M7|H A, DONS| Q & & = 747t EICL 0]
7|H2 R EEE A= 7IE2E BRI QEt+E AFESHH, AH|
JEIC|YE C|ME(gradient descent)2 Q &t4=Z SHSAIZICE

UY AH0| & wiotCt Qgte=2| 7HSRl(weights)SS EHI Q&0

3) 2|E3|0] IJilEEl(RepIay Memory)
2|Z20| 22| ZalarE0llAM s&ol METt gl 23t
AH"""(SE]l’T]D'E)E X‘Ix}‘oH—',:-:: I‘Pél‘_/}_[l- EID"CL]EO”A'I I‘”?_I‘?_F

DQN =2 'Playing Atari with deep reinforcement learning’

oM MES 7te] M2t (correlation) 22 2lali Bts L=t
2 X|= 2X|E 123517 £/5109 Long-Ji LinO| ‘Reinforcement

experienced replayS 0|85t &R S AISIUCE S HYUS
Z2{olotHM ZE 10| S0 &

2o MECHHEE LIS L 42| MES B = THLIA
&S AlI7|= HAE AESIICE Z2(0] 7182 MEFD
O[L|H{X|(minibatch)E &-&3lf &&AIZIC

L2 gym agentof|A] O HHS LIZ[HA,

i

state(observation), reward, done A| 7}X| A& Z gro}2 Z{0|C},
SI5HH, oF 1 14245 L§Z! ] SARS(S : state, A : action, R :

reward, S': next state) O| Ll 7tX| §EE St 4 QICH= Z0|Ct

EE

4]

EIORIE ==0M Eeld 7|=0] 2t Ea{dt
Yafstas YSAIF|= Ofo||of7h =ERED QACt: FCt:

zH
ZAHapproximate)HCt. QlZAMZAAO| OF7 [BIX =

EEZY 1HEIFIR Al 2|ZE 75 2 1)“0| M MBSO
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exercise

CNN(convolutional neural network)2t MLP(multi layer
perceptron)2 O|F0{X{ QILC}.

[32 1] ELAES 83| ZYst QHESIL 7=

Feature Feature Feature Hidden

Inputs maps maps maps units Dutputs.
4@84x84 PRI G4@7xT 64@7x7 256 14
O, % 25
% %
C C i c I Flatten Fully
8x8 kernel 4x4 kernel 3x3 kernet connected

(1) 22! Z2|(model-free)

ALt E &85 A2 00| HEJ s MES 7K1
XM oZ HiMS A approximate)A|ZICE O|ZAH| &Ho 2 M,
fe2[= Cho|Lia) == T2/ (dynamic programming) oA Z4AH

RH| XMZ=0il M BI01E 4= UA| =IUCE ZEtetE S xHple
KZ=0l| M EIOJLEA| B CHEXQI 7|82 olZ M A (artificial
neural network, ANN)S &-25t ZAHapproximation)Ct. &2
e At M= TR E 2134 AU S &8s MM HEYIE

EEA7|1 T

2] xpgle| ®F'S

1 dimentions:
¥ 10 positions

2 dimentions:
100 positions <77 s cvsreenns :
»

3 dimentions:
" 1000 positions

Tip. Model-based Z3l8t& 1t Model-free Zgfét&0[2k
clofol=o| 2tk n(AlphaGo) B 2|C{0|X} Z5tatae] Al Blo|H|= Alk{(David

Silver)2| 2|2 model-based 23541 model-free 23t5t4 S Ads| HZCL™®

Model-free Z3t8lE:
- £to] ach2, 2 (model)0| iCt

- ME2HE] ZIHHO 2 7}X| §H4x(value function) Z2 HA 8t4=(policy function)

58

iy
Aok

2AAIC}

Model-based Z3tsts:

- ME2RE DS stEAZICH

- BHZHE JtX| &4=(value function) £ 2 &t4(policy function)S 7|2

(plan)tct.

- &« X|= 8t (supervised learning)S S3ll EUAHO2 IS FHAZE £ U
Ct. 2| SSHAYO]| chal| =& 4= Ct

CCHY X RS SHEAIZl &, B2 EE J1X| §4x(value function)S BHSO|
C}. » 72| 0j|2{(approximation error)7} RE1} 7}x| &4 £ AN S
Alo] 4zIct.

=

(2) L ZE2|A|(Off-policy)

DON2 LEZZ|A| YAS AIEICE LEEE|A|= Hadt
5HH, CHE Of|0IMEY} 5h= ASS 21 Hi20h= R0t
DQON 12|52 Attlo] Z2|0[3E 7|2 2|Z2|0] o =22]of|

. 04| 2[Z2]|0]

Bl ru

1 [ o
HDElS M 22, DON Of0JHES B740] 0| BSofKiE
Z2E2H C

= =
f. =, DQN Atelof F2t xplo] et5S
o

Tip. 2Z2|Al(on-policy)2t 2= Z2|A|(off-policy)= 0w xto|2Unp?
EI0IRI= 9| Cl|OJH|= AH{2| E3H0| IEH, R2E2|AlQt QEED|Al= O EHE
& lct?

2Z2|A|(on-policy):
- XHAIO| St WSR2 RE] Hi2CH

- KpAlo| F& m 226 LER sampleS2 Aol F& n & SHEAIZICE

Q= Ea|A|(off-policy):
- CHE Olo|MET} shi= @SS of7lf ol 20 Bh2Ct
- &E A (behavior policy) b 25Ef LI2 sampleS 2 X}412] EH = (target

policy) m £ &H&A|ZICE

Z2 O FHHSZ MY5L7| 28 AE(RS Sutton) 42| 'Reinforcement
learning : an introduction’ Z{0f| Q= Mo Z 2Z2|A|QF QEZZ|A0f Cia £
Mojs =S,
ZsatE0l| N Fais Fots &2 YO|0IE SiLivts Wols 2 F 7HK]
Ho| ACk StLb= 2E2|A| W4, CHE Stz QI E2|A| WAo|Ct ZststEolM &
&t~ UH|0|EAIZ i Z20frt Stt ZEXHECE 242 HEZ, Effd(exploration)
loF 3t7| mh2ol| Oflo|MET £[X2| 22 S%|0|X| gt=CH= Fo|Ck EFS 5t
HH M2 A|=E sioF sh=H|, 0= Z|&{3t=|X| %2 &S (non-optimal)OICt. 0]
ZEoM 2E2|A|2t QEER|A| WAlS 22 MHs| B2

2E2|A LA2 RH0| QI E2|A|0f| H|S Shastn 13517 $12 HHH AR of
2to| EFES B Alo|Ch 2F2|A| A2 £/ 9| F2H(optimal policy)S H 11 B2
C}7| HCH= £[&of| 717+ X2 (near-optimal policy)2 H11 BI2CH 2Z2|A| 44|
2 ChatLie] Moz WES st S0l 22 FHME StEAIZICE &, 0{3s| BES
5t1 QU= RO RLE HiRCH

QEED|A| LAI2 0] 2XIE sZ517| 2lsh ZITAQI SZAMS FASICL HEZ Ef
2 Fant s FES L= Z10|Ck B2 HAR2 2|7t 2815k ofo|MEofA 712
X|7| 2/t 7|Z=0| == F2o|ct J2| 1 WS HAMS EHES 5l 22 #ESS 2HS0]
Liji= Z=40|Ct. 0] R0 R2|= O|0IHES ERI Fx o 2L2E HO{Z(off) HIOIEHZ

2

HIIO

2E| H5S Al7|0, O] HAHQI Z2NAZ QI Z2|A| 8H5(off-policy learning)0|2}
I 3iCh Yo R oI Za|A| Alo| F O Z2{stn WEXQl 458 oIk Cigt
MZS 3f0 510§ F7HX| E2|A|IS CHIoF 5170l 234517 |= & o oLk

(3) O|L|HHX|(Minibatch)
O|L[HiX|2t 2 0| & Yo|=Z MEZ HoL shgAl7|= A2

O|0|EICt DONE 2|Z2|0] Hi22|ef O|LHiX| 7|H S &&35t0

e

ALl MES(samples) 7+2| 25t A2 A E X748 1X} SIRAC

|_

(4) 7IX| 7|Ek(Value-Based) Z&tsts

DQN2 CHEXQI 7kx| 7|HH(value-based) Z&Ela& 22 M 7HX|
&t4+(value function)2 HX| 2AHapproximate)A|AA HHS
DHEO{LHE Ao 2 SHES AlZICEH

(5) ZAAsH= AAZ T2|C|(Decaying Epsilon-Greedy)
fstetg0(2t=

>

EF&int &2 (exploration & exploitation)2 Z
_I

5l Z35lj0F 5= Ot ERE &H| & SHLTE DON

g S(action)2 FIStCt
MB0lE 99%2| HEZ UH HSS Fot== =0 Y1, EY
AZ[of| EE5L7|7HX| 2 HME Fots EE (((AR)2
K|4HO 2 FO{ECt 12|11 €0] 1%7} £|H ZAS BED

1%2 YL ElCh o213 YWHES vi2 HAsh= UHE

i

£l

Q'E

m

T
N

I

_O'ﬂ

rir

J2|C|(decaying epsilon-greedy) HHAl'0|2}

-

QA2 T2|C|(decaying epsilon-greedy)0]| LI = & 7tX| 50|
Ij2}0[E= of2fiet &,

exploration_fraction: Q1H|77}X| ZHAA|Z ZdQ17}? 0.57}
7l2dtez MAE0 /len, 0] 4R0fl= & timesteps2| 50%7}

2 M7EK| BHEUNES FE 2E 0] 7% S01SA Lt

P

exploration_final_eps: Z|Z €Z}0|C}. 7|2 Zt2 0.012
HFE|0f QUCE 0] 2|0 € 0] A& £01 SCH7H0.010]
T|H ZAAE HE1 £ 10| 0.012 {X|=|& Z10|CL EZH0|
AFE[EHEHE 1%2| HHUMS AL FotA| == Ho|ch

Tip. 50l ES(samples)Zte| 28t d2AAIE EQICK
"ALE 0l MES 7to| 28t YIS Eelrt 2= 20| 0242 2= US A0|Ch
O &7 22 s IS o mofct CHE TElS 225k Elct oIS 571 91
3l 2H|E ofF 2| H|stat 22Tt Z2{0] YA|o w2t 107kX| Z21|0] HEIO] LE2Ct
1 5HRE O B0l 74w e e 2 Z2f0fsH Al a7t 100822 kY ot a3
Gl 1815 THE O = Z20[5tH 4 S0| 508 =7t Li2Ct 22|11 LioX| 871 THE 2
CH107 ofste| F4-E U=t XAt

YstatEs TI-E o 2|Z20] H=22|7t glo] E0|QE =AMTHZ HiZ 3HES Al
7|= 482 7HgsIZCt oo ETH 18 TEO|MFE] SH5S s ElCtn 5t ofo]
HEQ| o3l foil= S 181 WERE 75K 2 20|ct J2{HAM XA A Q &

o

KAKAO AI REPORT

= 18 I{El0] 2| 12tn o|5|A| &1, 2= ofolHEE 18 TEH 2| X|Z|X{sH(local

mlnlma)Oil 5] ok

0|2{8t 2X|= Long-ji Lin2| 'Reinforcement learning for robots using neural
networks'0flA] CHRO{Z! HEZL 911, OIS siZ517| 2lsh B xH4Y(experience
replay)2k= £ 40| FIA|=|ACE

DQNOfIA= O] HALZ0l 7| 50| 25t A2 S O|L|ulX|2t 2| =20 o=
2|2 53l siZF T, 50 Lt £l Actor-Critic R82| 2T2|S2 HE|Ma|
2(multi-threading)'® EZ0llA Cit5t OO|NES SAlol| <IN Clyst MES

(samples)S SA[0 7| 2HS2AT OIS Salf MES 2to| 2ot YT2AS SAC

02|59l 2t 2tolof| slieksth= OpenAl2] DON 18X 2EE
0

TRHIE Ol 25 ST

[ 32! 3] Open AI2] DQN 78i%| Z=

Algorithm I Decp Q-learnirg with Experience Replay
Intalize replay memory D o capacity N
Initialize action-value fauction Q with random weights
for cpisode = 1, M do
initiakise sequence s; = {z;} and preprocessed sequenced Py = &{6;)
for ;= 1.T do
With probability ¢ seiect 4 random aciion a;
otherwise select G = max, Q*(d(s,), a;6)
Exceute action ¢, in eiutaior and obscrve sewaid 7y aud image rey
Set &1 = 8¢. 45y T ‘NWS'/"‘M = ¢(6u41)
Store transition {d,. U.I,TL,¢’+]) biyal
Sample randt\m minibateli of tmasitions (¢;, a5, 7, B; 11 ) fiom D
Set for terminal Q5.+
vi= 1’,’ +nanaxy Q(dya.¢;8)  fornon-tenininal ¢ 41
Pesform a gradient descent step on (y; - Q(¢h, a;30)) according &0 equation 3
cnd for

Line 1) Initialize replay memory D to capacity N

2|1Z8|0| H|22| DE No| 37|2 =7|3FeHC}. mario-rl-tutorial
Z2ZHE| i ?{X|= 0|Ss2X}. deepa/deepq.py(ZLH/
IjUH) TS E1 19821Q10 2 0|SFict

replay_buffer = ReplayBuffer(buffer_size)

beta_schedule = None

deepa/deepa.py 19821215 E{ 199221 &= F0| HIZ 2|Z2{0]
HZ2|E MMsH= 32o|ct

Line 2) Initialize action-value function Q with random weights
Q&4E X7 |slots BEOZ, diE JtX| §h4=(action-value
function) QE l2|2| 7}&EX|(weight)= Z7|3F5tCt 22/= CNNzt
fully connected layerE ZefsiiM Q 42 #IEICE HMEZ R
HHO{= Do 225 MHSICL

#H0RE|Q REZ|Y 1H0|M 22|= Q &2 148

Folgt X0 ALt 017[0l|A R2[= DY B4 2he 23Tt

|’OII

-
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exercise

# 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

)

2| A== 3742 CNN(convolutional neural network)e| & &
MAEI, CNN2| Z1IZk2 fully connected layer0f] (1 Z5H=
YEHZ Q &+ E MBI 2|7t plsks ZHO| oi7iH~E
LOLM TIMZE Foich= FHIRNE MBS SHAL

deepg/models.py Tt 2| 332}Q1HE] 90=fRINIX| FF|7}
Qe HAHE Holste AFBELL X|H Y ZESCHHE
gi0] 2139 QRAEZ CHA|BHCL deepa/models.py &3 https://
g00.gl/E53fM3

047]0f| M cnn_to_mlp() 2t= &= 2iCHlambda) 7|2 31§0|
=|0{ QUC} cnn_to_mlp g

At&sH CNNZF MLPS| 1=E AHSHTE HK|EE cnn_to_mip
e HH HMEER TS S0 BHetei|= =L
to_mip() &= AH HMER

all 0|0SS Eretst|
£ BieksiT). 2Tt gla== CNNIF MLP 120
A

>+o

0x
4
o
K
o
A

inpt, num_actions, scope, reuse,
layer_norm Z2 752 EHX| 28t &ENCE O] BTt gfp= g0
build_graph.py Of|A{ inpt, num_actions, scope, reuse, layer_norm

USSP SEE|0] UH| HME2R TS dHeitt

ol 71
51X 2 EE2 cnn_to_mip() &5 EH 0J3fi5t= | 0{2{20| AUS 2 2ok
Z|A5t| O A|2 0|3E SE2 sEZICt 0flA| == mario-rl-tutorial Githuboj|
lambda_ex1.py 2H= Tk0f| AHGHERACE

t2() &Hri= BT IS PRSI 12() B 10[2Hs 2HS WOkM azh= Of7HH
20 242 M el BCH &S Hatsic). t2(1) #4-of BHetgkS lambda_fun 0]
2H= H40f| ZHESICE lambda fun e SRS AZi2t 10| ofL |2t 2t 3H4Tt &l
Ct J2iM 22| ChA| lambda_fun 8~5 &8 4= QICt 0] o, 22|= t2() ol &

HotA| AT DR bt c Zhe HH5H0]

fol
T
ok
o

def t(a,b,c):
print(a,b,c)

60

2= convs, hiddens, dueling Zt2t0|E{S

def t2(n):

return lambda *args, **kwargs: t(a=n, *args, **kwargs)

lambda_fun = t2(1)
lambda_fun(b=2, c=3)
#123

cnn_to_mip() g4=0ll CNNQ| 1=} MLPS| 21X E D742
MM, g func ZICH g7} BHeHEICE SEX|2H OFZ] 2 40|

—

ELIX| UTE SSTEtE 232 LY | BT

LS M

deepa/deepq.py Z+2| 1682121 E] 187201

IR =
2|7} Bh= q_func T} g2t 0f2] 0i7H#HS-E &85 act, train,

[
update_target, debug gt4~Z DHEL}
# Create all the functions necessary to train the model

sess = U.make_session(num_cpu=num_cpu)

sess._enter_()

def make_obs_ph(name):
return U.Batchinput((84,84,4), name=name)

act, train, update_target, debug = build_graph.build_train(
make_obs_ph=make_obs_ph,

q_func=q_func,

num_actions=env.action_space.n,
optimizer=tf.train.AdamOptimizer(learning_rate=Ir),
gamma=gamma,

grad_norm_clipping=10,

param_noise=param_noise

)

act_params = {

‘make_obs_ph': make_obs_ph,

‘q_func': q_func,

‘num_actions'’: env.action_space.n,

}

Line 3) for episode =1, M do
OlZ|AEE 125 M7HA| BEESICE 07| M of| T A2 AR 5t T

o|O|3tet. Q2|7+ Aldlist Q1= mario-ri-tutorial 0| 0f| A

-II'I I'IF

CHAl max_timesteps 2H= 42 X|CH A3l SIS2 MES)

= -
deepg/deepq.py 2242t210] 3Tt HH=E-20| MHE|0] Q\Ct
for t in range(max_timesteps):

0| train.py EH AITEE M5t f max_timestepsE A&t

2 QA FEIUCE 0| S0 1000 AT Aslistn AICHH oA

python train.py --timesteps=1000

Line 4) Initialise sequence s = {x:} and preprocessed
sequenced ¢: = @(s1)

7t X229 dEll(state, s))E HEEH = X2 (preprocess)stCL.
reshape_obs = np.reshape([obs], (1, 84, 84, 1))

history = np.append(reshape_obs, history[;, :, :, :3], axis=3)
processed_obs = np.reshape([history], (84, 84, 4))

Line5)fort=1,Tdo

t7H1RE] T7F Zu7bx| BHESHTE 047|M T Al 8 ol A =7}
ZLt= AIEE o0ttt F, A|Yo| B wi7bx| BHEstih= S20|Ct
2|7} HlsiE mario-rl-tutorial #3ix|= &t O AEE 2|5
BIEES M2 4HsK|= LRUACH T, done =0 ZAutol| w2}
ofmAE7t ZRE o SHAS resetsts 52| H2|E 31 UL

if done:
obs = env.reset()
episode_rewards.append(0.0)
reset = True
history = np.stack(
(next_state, next_state, next_state, next_state), axis=2)
history = np.reshape([history], (1, 84, 84, 4))
else:

history = next_history
2|3 ofz| A= 2 ujoict tensorboardof] 222 H7IC

if done and print_freq is not None and len(episode_rewards) % print_freq ==
logger.record_tabular("steps’, t)

logger.record_tabular("episodes’, num_episodes)
logger.record_tabular(‘reward’, epi_reward)

logger.record_tabular(‘mean 100 episode reward’, mean_100ep_reward)
logger.record_tabular("% time spent exploring”, int(100 * exploration.value(t)))

logger.dump_tabular()

Line 6) With probability € select a random action a:
eo| EER A UM a2 MetpiCh

[ = T

Line 7) otherwise select a: = max. Q*(¢(sy), a; 6)
-] F'_ix| Ol—ol:lj
2Nt =S £|5H= e2 715 MK LinearSchedule O|2h=

9|%| 11, ?|X|&= deepa/deepq.py LY 2| 2012(210|C.

—
SA2 Zol

= maxa Q*(@(sy), a; 6) ZAICZ L2 o= MEHSHTL

KAKAO AI REPORT

# Create the schedule for exploration starting from 1.
exploration = LinearSchedule(schedule_timesteps=int(exploration_fraction *
max_timesteps),
initial_p=1.0,

final_p=exploration_final_eps)

J2|1t ARI0A Q] € 21 Z3lete TEE 23121Q10f RUCH

update_eps = exploration.value(t)

update_param_noise_threshold = 0.

2|71, 247212101l 2|7 2ESO0{%EE action() gt==0i| XY
HEZS E2AM e gtS 20| HOojEL,

action = act(np.array(processed_obs)[None], update_eps=update_eps, **kwargs)[0]

200i| et 2HE S HS0| Brete| 7Lt e-greedy A{0f] 2 Z|X{Q|

HS0| HHEHEICE 07|10l AR Sl act() &4=7F 01| 718 [0]
RU=X| build_graph.py 2| H2|E SfQls 2 X},

build_graph.py2| build_act() &4
def build_act(make_obs_ph, q_func, num_actions, scope="deepq’, reuse=None):
with tf.variable_scope(scope, reuse=reuse):
observations_ph = U.ensure_tf_input(make_obs_ph(“observation"))
stochastic_ph = tf.placeholder(tf.bool, (), name="stochastic")

update_eps_ph = tf.placeholder(tf.float32, (), name="update_eps")
eps = tf.get_variable("eps’, (), initializer=tf.constant_initializer(0))

q_values = g_func(observations_ph.get(), num_actions, scope="q_func")

deterministic_actions = tf.argmax(q_values, axis=1)

batch_size = tf.shape(observations_ph.get())[0]

random_actions = tf.random_uniform(tf.stack([batch_size]), minval=0,
maxval=num_actions, dtype=tf.int64)

chose_random = tf.random_uniform(tf.stack([batch_size]), minval=0, maxval=1,
dtype=tf.float32) < eps

stochastic_actions = tf.where(chose_random, random_actions, deterministic_

actions)

output_actions = tf.cond(stochastic_ph, lambda: stochastic_actions, lambda:
deterministic_actions)
update_eps_expr = eps.assign(tf.cond(update_eps_ph >= 0, lambda: update_
eps_ph, lambda: eps))
act = U.function(inputs=[observations_ph, stochastic_ph, update_eps_ph],
outputs=output_actions,
givens={update_eps_ph: -1.0, stochastic_ph: True},
updates=[update_eps_expr])

return act

2|7} build_act() &2 M3lehM K= act() E4= U.function()
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Line 8) Execute action a: in emulator and observe reward r:

and image X

Ol Z2i|0[E{0f| M CtS

HEl 2 EH=Ch deepa/deepq.py LHUOA 249 2t210]

QULE 2HAO|A| actionZ A&l 0| {22 state(new_obs)2f
H =]

reward(rew), doneg gt&t Hh=C}

b

S as 2dstu Og BY ot TS

new_obs, rew, done, _ = env.step(action)

Line 9) Set Sw1 = St, at, X1 and preprocess Qw1 = @(St+1)
St = St, At, Xenes Aﬂ%‘a‘-l- Qs = <P(St+l)% b E|3._H:f. deepq/
deepq.py Q| 2512121 KB 2552 (RIZHX|O|C MER MEIE

42| stackof] 4ot E=Ct

obs = new_obs

next_state = np.reshape([new_obs], (1, 84, 84, 1))
next_history = np.append(next_state, historyl[:, :, :, :3], axis=3)
processed_new_obs = np.reshape([history], (84, 84, 4))

™ 22 =RACt [O3] 312 DON Y1252 CHA| & &tols)
H7|E H}ZIT

Line 10) Store transition (@, a, i, @) in D

(@, a, 1y, @) 7| F(trajectory)E 2|Z2{|0] H|22| DOf| E=LC

# Store transition in the replay buffer.

replay_buffer.add(processed_obs, action, rew, processed_new_obs, float(done))

Line 11) Sample random minibatch of transitions (¢;, a;, rj, @;«)
from D
2|Z2|0] H|Z2| DojM HEH2Z O|L|E{X] 7|Z(minibatch

62

trajectories)?! @;, 3, 1;, PuE FESICL deepg/deepq.py THOf|A]
278,279 2t210]| QUCE. replay_buffer.sample(batch_size)7| 2|Z2{|0|

H|22|0f| A batch_size BF22| 7|28 O|L|HHR| 2 F&56t= &L

obses_t, actions, rewards, obses_tp1, dones = replay_buffer.sample(batch_size)

weights, batch_idxes = np.ones_like(rewards), None

Line 12) Set y; = r; (for terminal @;+1) y; = rj+ y maxaQ(g;+, a';0)
(for non-terminal ;1)
yi =1 (AIU0| 2 B @) [y = 1+ y MaxaQ(gy, a'6) (IO

O%| QIEr R ¢in)

Line 13) Perform a gradient descent step on (y; - Q(¢g;, a;;6))?
according to equation 3
341301 w2t (y; - Qo 35;6))? J2ICAE CIME

M

ABICE

el

td_errors = train(obses_t, actions, rewards, obses_tp1, dones, weights)

0470l S Z=! train() &7t
build_train() &<~ CIA| Z7FEZA
X|H A FEE CHAZ 2 910] @3 2F QREEZ CHA|SHICE
3:

https://g0o.gl/2Kgi3S

3=l build_graph.pyQ|
ch

=22
deepq/build_graph.py ZE &

[ 232! 5] build_graph.py2| build_train()&}4=

build_graph.build_train() &=0{| 012 7}X| Of7HA4-E o™
U0 St REES MME SA|0f, HEIE oM HSS
Y2iFE act() &4, ZEES SHSAIF|= train() B4, EFU
HERZE YUHI0|E Al7|:= update target() &<, CIHZS 918
debug 5 BHEISITE Debug M= E2i|0]'d S7H0l| MME=
q_value S B MESS 'E0{M 20| ELIY| It SEE MQICH
build_train() g+ Q&t+-E YO|0|E Al7|= 2ZI0] 78 =|0f QUICH
(1) FE2|Z Zhoj| MAZE q_func BITH &F=0f| LIHX]|

#=2 0 20 QUEAHI 22N EPI QUE/I 2ES

# q network evaluation
q_t = q_func(obs_t_input.get(), num_actions, scope="q_func’, reuse=True) #

reuse parameters from act

q_func_vars = U.scope_vars(U.absolute_scope_name("qg_func"))

# target q network evaluation
q_tp1 = q_func(obs_tp1_input.get(), num_actions, scope="target_q_func")

target_q_func_vars = U.scope_vars(U.absolute_scope_name("target_q_func"))

(2) 32|12 Q HIEERZE Fdsts HaE2 Z3|St & q_func_vars

(3) 37 Q HIEX =9 YH|0|E2| E}ZU0| == gta FEiTh

# q scores for actions which we know were selected in the given state.

q_t_selected = tf.reduce_sum(q_t * tf.one_hot(act_t_ph, num_actions), 1)

q_tp1_best = tf.reduce_max(q_tp1, 1)
q_tp1_best_masked = (1.0 - done_mask_ph) * q_tp1_best

# compute RHS of bellman equation

q_t_selected_target = rew_t_ph + gamma * q_tp1_best_masked

(4) ofl2] Ztg Pict

# compute the error (potentially clipped)
td_error = q_t_selected - tf.stop_gradient(q_t_selected_target)
errors = U.huber_loss(td_error)

weighted_error = tf.reduce_mean(importance_weights_ph * errors)

(5) J2IC|ME CIMIEE 48li5tTt 017|A grad_norm_clipping
0|2k= gfo| U=, stES AZ|ICH EH 5T 245t

tf.clip_by_norm() &t~ J2IC|IMEE SIS EY 2

Hoi7te Ot AES HetELt,

# compute optimization op (potentially with gradient clipping)
if grad_norm_clipping is not None:
optimize_expr = U.minimize_and_clip(optimizer,
weighted_error,
var_list=q_func_vars,
clip_val=grad_norm_clipping)
else:

optimize_expr = optimizer.minimize(weighted_error, var_list=q_func_vars)

0|Z7{| DON €112|5 Foix|e| A 2|HE DEMICE 4Es| 21

0%

st 3F-0|QACE 2|1 OpenAl2] baselines @QEAA AEQ|
MG} O] OFF =7| W20 ZAXIe| ZL0il= of8hst7 |7+
HE5| 0212 Z10|2t 2SIt

E[0| 2P El= W 2S2 ZAHEIA 27()2t30 BRI

KAKAO AI REPORT

*1 £ | OpenAl, Github baselines : https://github.com/openai/baselines *2 Z1 | https://brunch.
co.kr/@kakao-it/144 *3 =2 | Lin, L. (1993). Reinforcement Learning for Robots Using Neural
Networks, CMU *4 Z3 | https://brunch.co.kr/@kakao-it/144 *5 &1 | https://haifengl.wordpress.
com/2016/02/29/there-is-no-big-data-in-machine-learning/ *6 & | RL Course by David Silver -
Lecture 8: Integrating Learning and Planning. https://youtu.be/ItMutbeOHtc *7 &1 | RL Course by
David Silver - Lecture 5: Model Free Control. https://youtu.be/0g4j2k_Ggc4 *8 1 | Sutton, R. &
Barto, A. (2017). Reinforcement Learning: An Introduction 2nd edition *9 A3 | HE|MYS T2 M|A
(S HAFQ Z2 )0 F 7 0|&r| 22| =(thread)E EE5H0] SHLe| Z2AA0M HHEHOZ 0f2f 7H

A2 HMelot= 2 Y=L o) E|M2| Y $HES Salf FIFIRR0M MES otHA S0l ntels ot
22C 82 £ QICt *10 &2 | https://brunch.co.kr/@kakao-it/144|
ZHaxE

[1] Volodymyr Mnih, Koray Kavukcuoglu, David Silver, Alex Graves, loannis Antonoglou, Daan Wierstra,
and Martin Riedmiller. Playing Atari with Deep Reinforcement Learning, NIPS 2013 Workshop, 2013 [2]

Chris Hoyean Song, Github mario-rl-tutorial : https://github.com/chris-chris/mario-rl-tutorial
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GANZ M4 nE2)y 0|0|X|E THSOo{Li= H4d7|et W7 |=2HE Deep Convolutional GAN 742 A|ARRACE of2H [J&h]o| ut2 1 Axto|Ct.
D 0 yo u I( n OW 2FS0{Z! o|O|x|e} M| O|0|X|E st FEXIIL ME BWE 27| GANO|| CHaH o7 |st24 1 ot =S =~ gle A7t
5 = L . . [ 32! 1] DCGAN Zi} : BIE| @12k cilA|
St 7120l ME2| Ms0| ML= x0|d s AXE ZE1 QICL HFZ DCGAN(deep convolutional GAN)™ O|C}. X|22 GANO|

G A N 7 ( 2 / 2) GANO| Z}&g U= 0|9 = H50| 7| 5|2t 03| 55t 21X OH< F{0ft ZatSS 204311 UX|2E, =7| Z3k= 0f0[|0{9
u
Al A

Z017] & SICt 2SS9 0] 2 W BHENE= HIS Hilot= EA140] vl J2] QIMEO|X| RARUATEH GAN FZT}EHEA|F (7|
&Eefjo| 1 o| 2K E] C}kst 0[0|C|0{S0] LIMM 2|20l = &Ts 0 O{2{R{CH= A= 048] 0|7 & SHLIQICE DCGANO| LE2 0[F,
£2 Aol 0|0|X|EE UEE £=F0i OI2ICE. K|t 20| A GANS GAN ZTHS0| O 2251 2txst7| A|RIBHCE DCGAN =20|
71 2|2t i o] 2of| CHsH Atn{ HR4CHH, O] Z0|ME= GANO 7|0{3t HIE Fe|si=H, cheat 2t
Cist 7|=2x0l 0|3E HIEFQ 2 GANO| 7|E BHa} CI2 FHo| Rololx| =
2|3 oft REFH0| QK| £2 O AlSHE LIRS CHE IR i), - T MSI0|A I|L} QFKOR 8t50| Bl FXE RIoHICL - - - p—
- word2vecith 20| DCGANS.E SHAE! AAl7|= MIE] M G180 Jhs3t ATS 2 withglasses  without glasses  without glasses with glasses
11 o|oj2X(semantic) 22 M WSS WS 4 AUCk= S HOj FAUCL
AH|Z D DCGANS R MAEl Aapso|ct Ags Tinze 2ot
DCGAN =22 GANO| & at&E|= L5 0i2 MIM[st 710|= o2& sk o, 0[0]X|7t 2= o|0| & HIEte 2 Z|2txol HE
2Pl 2 HA|st ARACE Of =2 0|%0] LI2 CHE 22| GAN 20| 7hsSICHe WS Y 4= UL QHES 2 JXIet oHE S MX
ATLEO| ofH HEHZE DCGAN LR E HIEIC 2 ot QICt & 2 Xt J2|1 otA g MX| 2 XIS M5 She i
M2 DCGANS 0§ & S2]El 10|t YT DCGAN Of|A] US| 24 S7tof 22 HIE 2 ExHstn US Hid|, ZH2fe| WHE
XISt 710|= 2RICHZ GAN 725 MH MEs| oFgXo=z MZ D o3 FH 2 FSHOZ &= OHAS 2 0JXtE MMsH=
&t50| EICt O RE Y7doty| lsiA CHsHMS0| HotLt = HIHE &S 5= QICH= Z{0|Ch 22 z4H Stz M4 7]of
SIEASK| =22 5t FHOi|M 215 =HE 2 UCt Usi M= ZBs Aut LIQX| Z7[0l| M BEE F2|n 1
Ml 7He] Bz ZHE E ArgsiA ZAntE BHE Z40(7|= Sict shx|gt
"T13{L} ZpOIsH DT EFD Bof| S| CltsH HO[E{AIS CHAIO 2 oFXiX{ol
ot a1 21 8 s e ey A17[8t 242 DYSFRIC O BB WIESIA7} QAo ojn|S
7H53Hl st 72| 22(a family of architectures)g WAHCL” OfRUCI Ztet == Ut O] 2[of = [22I2]eF Zo| S
Moot At D258 2 22 12l0|7) ShR(gh 2Lt DS
DCGAN2 0|Z0f|A & 2 RLZ0| convolution TLES GANO]| ZDE oS0 Mk AS =olg 4 Ut
ZH ZA8t5H Z40|Ct CNN(convolutional neural network)O0| X| &=
5% (supervised learning)0llAf D2 2 42 7HE 240l bl {8 2 | DECAN @< B8 AE o
|X|= &t&(unsupervised learning)Ai|A= AlCiM o =2 &
ALSE|X| S3UCE 0[2{8t SHO|A DCGAN =22 X &5t
HIX|Z &t&0 M| ZAtE £0l= o 2 Y& 2 Tt HItelch
DCGAN Zztol| M 71 Jo|Qle S22 ozt 20|
My71o| o2 S0{7H= z 24 Z7H(atent space)oi|A] HIE]
A& Q14t0| 7Hs3tCHe Mo|ct 7H& &6t GilA|2 word2vec
A7t QUCH ChS A2 ALSt D BE FHSHERL
KING - MAN + WOMAN
2 | RAIE jaejun2004@gmail.com
SO H0[Oals 231 S SeisT S Cfael Sl TS 5 9l 2E0[oILICE A2t MZERCH A 9| = £0|M QUEENO|2t THO{E o1Akst siLtel EAMo|AM CH2 RIM 2 2|5t glo] Ry HMstet= g
HIO|QYAIB 2] A0 M HERQ! MSHz| 0|22 0123+ Q4 =2l0|Lt Chex 2 oIX|at Z{ZE{ol| | 0|21 9IALS trofo| o|n| 2 o|shstm, 10| 2 2 0IC) E5| B0|QH 20| XIOIARA| 5lLIo| RO F o=
YAt 0183 | HEYT BAS ATSIOLY, 20l 7|AEiE0] #XIA 0[S o83t
2|2 A 220 HBafiE D ASLICE M 7HE NIPS 2016 SH5/014 GANS Fst oS e MER HOE &= 52 I Xt M7t 25 o2 Ag HH 02 sE
G il Bk G o 71 ) 4 Ao, 24 S EAICk 7129] wordavec SFUME 1 HIELIE A183I0f
212 2270 Halshel 20| 0| 22 250| S0k FAM 0 Ao| L 2l DR[O A] AIK|Z THo] 7H| TAZ Btaste S HOY =T,
AefelLict 22 S0| @M |2 ES0| A Z0{ST YK, Yo o B pem
D3 IS O] ZOROYIA LH7H O 242 TS| Lii AfZI0| Bl Al BTt DCGANZ 0|Z ZEX|7} ot 0|0]X|0f|A St= Z40| 7HsBiCh=
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otof 7|7t EtestA| Febs M 20{E #0|2HH 0T
£ Yoi| chsll S 0|0|XIE LHEU = 2O thS &E
Sttt Aoz dzfsh + Atk 0|2 32 24 SZHlM 20|
FE2{2 W US 0|F]7t QICt HiZ Aol z #E{ 7} T35 CHE
HED LoUZ ASE + AU7| GZ0[CE O-T 24 SN
HiE] 21440] 7hSSHThs At Yol HelE TS o Y8s=
ZIPL REA Hste AS Be 240] 528 0|f= 2217t
SHEAIZ! GANQ| ‘g7 |7t Lo TS Bf<2F 20| O Ehe=dtn
o|0| gl= eh=(mapping)E st&dt 20| OfL|2t ZS AlAFSH|
= 0|t

O|F7 +~E2 O[0X|E ERiE = =PRSS
EZSIHME BEBR2 HAl0| IS + = e4E stadt|
fleiME 24 S # Yot Ak e SQ8H o[t
GANOM = BE z 24 S22 DXIpQ| 7hA 22 E RO|
At&sttt HEst 71 stollM S=235| S&e 45 AHESH0
CHSAIZ 0k UCHHE lojo| d X1 B2 = Hi BEE MEs
d7Hel Ha2 LIEHE = QUTH= 210 224X 7| ME0[CH?

7|E 44 nEa GAN2| X10|H

T GAN2 7|E2| Mo REST ofH H0| CHE7|of oZA|
H|m™ SIS 0|0|X| & 2HE 2= = ALTF? GANS| EZO0|Xt
7|E MM DHED 18R = JHE 2 RHO0[EHE HEE GANO| AFM
ME2{(sampler)2t= Z0ICL F, 2 2= H|0|Ee| 22 E
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GAN 50| 0{2{2 0|] I: Convergence o
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M A= GANS| 555t 71| gleet 11 2A| 20| 24| nj=o|

[ 22! 6 ] Mode Collapse Of|A|"7

Step O Step 5k Step 10k Step 15k Step 20k Step 25k Target

[32 612 X2l mode collapse EX|2| Gi|AICE 2
QEZO| Zn XS HH IIRAQH 2§ REE & 015 7He
Z|81Zk(mode)0| Y= A& & == QUCE Of2 &2 J2I0] 0] =
BZE ZABLY| 9131 GANS 2 0f2{tH BH=5t0] sS4 Znict

GANO| £2 MESS HM 2iZto| x|IgtSS 2t tHAoICt
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