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2. Run convolutional network.
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14X14 Feature Map

e

1. Input Image 2. Convolutional
Feature Extration

3. RNN with attention over the
image

[33l 5] ==2(Attention) 7 [Ht2| Image Captioning Z2 [6]2] 712t [6].

4. Word by word generation
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[222! 1] Tensor Processing Unit (72)
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o} o& 59, 3x3 Kernel2 7} Output Feature Map®] 100
7 QuehE (2 2014 R=3, M=100%] %), shte] 912 dlolg
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2xt olof | zotzuas [ 2xt oiof | #azars] 2t olof
2 RNN 2 RNN 2 RNN
(CLM) | cojamz | (WLM) | sztems [ (SLM)

iy iy

-
tho] 312 2xt = 12 2%
(ZjojMy|, 2XES) (obElE)

HIAQL dElk(Alexa)= )IH] &4
dHA= & 0 Edo]A(Home
—%*jii A ES AL 2EE 24
11, AutE AFE2HSmart Car) € Q5= 2AFsxte) &
= 2 4= Sk, BlAAE g e
g =0 B digsl a1, F8lo] B asihar ojopr|shH o}
A ofafEo A B FEel | = gt o] HE A 549 %4
7| 7|2 MEHA = FAAYA o] Folrt, o] Hof 4
2 A)#(Noise Canceling), €& & (Filtering), AFEAF 2-&(User
Adaptation) 5 2 A2 ¢l 5494 2 HopolA] QlFAlIE TR
TAIE sidste= Aol Skl 9l7] wizolot,

AL B3 Qleslo] 2 o] G8t (Hery ol HAE &4 AAEs]o]
25 Yol o] Ak, 53] 24T e olalrt date] @

Aoleh, =, 7120) Hoh A58 A2H(ARS)S] 29 Hipo

Aol AMg Skt v 2 AEe|ag gt 1) nlge) %
BSEA2TL ukx] AA|] Aol A FEskRo] M- 71 Aol
2 g ARSI E 2 Hel7h F Zlolch Aol N ABHE Wi A
7k ARRIA) AFERIA] & 57k g Aol B Aolch g

e o] FHH AE(Turing Test)7} 7Hs3t Al-o] & &t 3

s
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2001.

[2] G. Hinton, L. Deng, D. Yu, G. E. Dahl, A.-r. Mohamed, N. Jaitly, A. Senior, V. Van-
houcke, P. Nguyen, T. N. Sainath et al., “Deep neural networks for acoustic mod-
eling in speech recognition: The shared views of four research groups,”Signal
Processing Magazine, IEEE, vol. 29, no. 6, pp. 82-97, 2012.

[3] A. Graves, S. Fern“andez, F. Gomez, and J. Schmidhuber, “Connectionist Tempo-
ral Classification: Labelling unsegmented sequence data with recurrent neural
networks,”in Proceedings of the 23rd International Conference on Machine Learn-
ing, ser. ICML "06. ACM, 2006, pp. 369-376.

[4] D. Amodei, R. Anubhai, E. Battenberg, C. Case, J. Casper, B. Catanzaro, J. Chen,
M. Chrzanowski, A. Coates, G. Diamos et al., “Deep speech 2: End-to-end speech
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o7 &2 ML xtHo] X2

auibyg oz zido] A= ‘|r'|L’ S &3 Fof(Written Lan—
guage)E £A8HAL 7HEohe AHS gt Qlrbeto] ARG 4
U= AolRl Ao E 71 AINA 7FEA = AL e HEE Tkt
S0 # F el o, Ad 5095t W2 Aol vl ololsk
o}, Apddo] 2|7t §-8E= foks HAE A dojwd, 714
Hel HolGH AAH]L 7AHES 52 o= 543%04] 7
ojuf FA Y 7t AgdE o] AfQIuIA AlAH], oju XA AY
4 717k WHE AL Q) i34 0 &2 SNS Fofl A== g
ZES st BAEo] tigt vhe-S B4 sk 5% 24 (Trend
Analysis), 484 ﬁ‘ﬂé T2 o2 HAgF= 7| AHG Ma—
chine Translation), 2-2 AREA}2] 2 oo ule} AMEA7} Ydl=
FES FHAY de2 sk A3 A2H(QA System) 5l
Apdo] A 7)ol A A1 AJAHI9] djAjolTt,

g o] d Aol A 71ee i 2] Y2 (Rule Based)
dare|Eo2H 8IS = Sl Hoprt AlRHAelgl, O s

TERE QIZbel| mis d53] HolRlTk SRRk 2 st=gofet 1A
Sh59] G W oR Aol A 7] HA] oo sl P
g e Hola Qlrk. tiFe] YAE glojEE FIA|7]AL o
£ AFfohs A2 AR ol vine] o diteE 28R 5] uf
ol oliolls 7o g AE BARo] e RARt, A= GPU
U 2B A Ee A5 Z8oto] tigke] dlolE e} - et
2ES o] gsto] WElE eh5dhe HelE i 22 7IME Aol A
2lof #-g-sfa 3l

2 7AbelAE AR R deyd mEo gF SRl AHAAE
(RNN, Recurrent Neural Networks)Z ARE-3t 2F¢0] 2 2]o]|
off A az; ghe}, WA RNNoj| gt 722421 “H%‘f’—} 54,
232 LSTMof| thaf| gobiar, o]5 &3t 71 et Hdll
oj o thaf| ApA|s] AmEet, E, AAo] A& -r]OH HAE ¢
o]E]& A ](Preprocess)dh= HH} Word Embedding W=
goprch, Ao 2 RNN Rels 7| A ot 22 2¢lo] 2|
|A717] $J3t Encoder—Decoder -3 T3] Lol 7T},
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27t QAo A T3] A= Aol ol & T8 FAE| A
SA|R AT = qlek, g S0l U F 4 o B 2 [
Ut Sap g o ] EO [ L aF 4 o o ¢

H @ols 2 25| ARKeAYRE UdEe] ok & 4= 9

o}, whekA] 2o} Hejolli= AlAIE Hlo|E (Sequential Data)E A
st = 9l= ndlo] ga-Ao|t} ojet e o|fr day nYl =
AAAZATHRNN, Recurrent Neural Networks)o| A} 2491t}
RNN2 AJA|E d|oe]ol| 4] sjelS Zh=t)] E3}H A543 HAr—
tificial Neural Networks)2] Y&o|t}, A|AE HlolEE *2]5}7]
{13t 71E9 WSS 2 dlol"E 2 2719] Windows ©|&
sto] Hio|ElE dAet dolo] ZJER wy depd & ARgs}
Ak oA HlolHE 2R Zolo] Y= et AMEshE o
vb olFAlAWolY &Y w232 Y (HMM, Hidden Markov
Model)#} Zro] B} thezel mals ARE-sl7| golapA|ut, 71 AJZF
of Azl HelS AV o B S 2= 22 75
T}, RNN 7]&£0] ®dls K} glo]g 9] Zo]o] wMale] tf25}7]
7F Hatar mdo] BRI S A7t —”F%’C—"F’, T o] A+t
SoA Bl =& AF gl 9Hd Y 3 FREHN E 7IdE T
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RNN-2 7heks] Argsiabdd QIsAld 2049 =EsofA A
W Time Stepol418] HHE 7|Fste s AHAAQ] 7FHAE & 4]
A Fxolchad 1), [2¥ 13 22 Fxo4 & 5 Slxol
RNNejli= )IFAIAY oA 7HE 08 24 Eso] 2p7] &}
Aol A ThA] @3ke F= A 7FsA(W_hh, Recurrent Weight)
7F i FER £olitt, RNN2 o AA7HA1E B3l dA)
2y o] AHE oS Time Stepole Agd 5= oA ©dt,
etz o] QI FAIATLE F& Back—Propagation ¥1g|&S =
3 HA3IE A7)A Hedl, RNNQ| 49 o] AH75A] wjio
Back—Propagation ¥118]&2 vt=2 A-8A|7]7]7} dafsict,
2h4] RNN=2- Time Stepell 234 Zo3)|%] & (L-2)9F 22
%9} Unfolded RNNZ #]-8-3t0 2|2]5}4]7]4] ¥}, Unfolded
RNN-2 Input glo]€]2] Time Step THE9] LayerE zH= Q1341
At -8 Lx0]7] ol Back—Propagation ¥ilg]&2 11
o= 2838k 4= glct, webA Input H©]€] 2] Sequence Length7}
Zo]ALE RNNQ| tR= nf$ 718 ol g Al Ao L) Zo}
AlH, o]i= RNNo| He]d 9] 3t /= FHa5e offrolth Un-—
folded RNN-& 3A3] 7.8 Lz o|x|ut oA 35] Back—Propaga—
tion d11#]&S E3)| Gradient Descent B 0]-83F 4= 9lo
 0]& Back—Propagation Through Time(BPTT)o|2} Agtkc},
Sequence Length7} AIUA[A] ZAojA 4] ®dlo] |t ExbslAL
H| 829 o= | Propagation Step 4ol& Agtslo]
BPTTE A&A)77% gtk 712, (23 2]9l4 2+ Time Step
upthe] W_hh 22 groleh= ol =gt}
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7t 50| M2 YBE S AU

| === tanh
m—— sigmoid
we RelU

wh- B7] wjo] 27b rke make 2 4 glgichz, 3], o
AR BNN 1 A T S AU GPUSL el
= Y SO srEgelHel WHOR FFT 4 M Helw,

1

m
ofr

E3] Z 2ol ol8] Ul GPUE Distributed System O 2 0] A
A Fol Wi o] K3} H ot
22 29 AL shgsh=tl 7MY & ol el & Van—

ishing Gradient Effect©]t}, Vanishing Gradient Effect+= 3h<5
o] P42 7F L =So] Z3AVE7}F 1 GradientS0] 02.&

$938}7] izl Gradient Descent *H& XY 4= gz RIS
“"UH:} SAISlek (Activation Function)® Soft—Threshold[ L
23S ol e FA A -2 = Vanishing Gradi—
ent EffectS 27 %E}, Convolutional Neural Networks(CNN)
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[T 3] QAZAALOIN K ARsH= &5} §HS(Sigmoid, Tanh, RelU). Sigmoid?t Tanh=
©| Z} NeuronO| HX|1 7HXl= WS
20| MiZfo| HEIAE Saie
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o
s

OE

s}

22 S W= Soft-Threshold &4=0|C}, Soft-Threshold EI4-E2
1, =1 IEE= 00l 25100| 2] Gradient= 001 0HS 72Tt Rel
Z517| sl CNNS2| AZ0|lA =15t 23} Si4=0|C}

rr

o] A9 FA3IE ReLU(Rectified Linear Unit, [Z1#3])<
& uHto] o]y £AE sl 45k RNN9| %%
Memory(LSTM) 3-2 Gated Recurrent Unit(GRU) J+%2= E3
Vanishing Gradient Effect %42 s 23},

RNNOJ|A Vanishing Gradient Effect= [Z1% 4]} 2o sf4lgt
2= Q5] [1¥ 4]= Unfolded RNNoj|A] Time Step 0014 19]
E7F Input & 50|31 U] Time Stepoll A= 09] F=7}
Input® 2 5] 2= ZAS Uehdet, [18 4]ol4 24 =& A
=] o] Qli= Time Step 00141 2] A E+= Time Step©] A7l ot
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[O2 4] RNN 2™ o2 sjA1StH Vanishing Gradient Problem, A|ZH0| X|LtHA FA
S| e slME|of glofEict [5]9] a=lS A7kE.

Holgh= AL YR} LSTML 7 =2 58 Soj7k= 3

o] oFS A4 AH 7} 34 E]= Vanishing Gradient Effect
S FoE (17 5] FEI AEE= o Gated F7135E 8
B9 RNN Rdlojct [Z17 5loflA & 4= 9lzol, [19 4]¢be= o
27 Input FE7} &4 =Eof v|2]= FFFt HERZ o) Time
StepellA ] 24 =E9] AR 7} A Time Stepell vx]= FF
< GateZ o] &3l EAI5HH 71 Time Step2 A= A7} &4
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Y he Xt Y he
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Gate Gate
he
} @ @ > he
Xt :
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N )

[32! 6] LSTM Cell 7= Of|A|. Zt GateS0]| 01 Cell2] MESt @12 MHE 0|83}
HA Cel2 E0ALE LIZts FEo| Y2 ZHSIT 5, 7).

40

Output Output Output

Layer Layer Layer

Why Why Why
Whh Whh

&3&

tiem step 0 tiem step 1 tiem step 2 tiem step 3 tiem step 4

[O% 5] : RNN 7X0] GateE2 F716l0d B 552 &
Heo| &4 F2U 4 QM0 [5]9 2ZE MW

Hstn AlZhol| e

LSTM-2 RNN¢| &43} gh=5 Wyt 202 (19 6]2} uf¢-
ARt P2 o] FolA UeH5]. [1¥ 6] 71224121 LSTME] ‘_rL—r—
= Yehfa ot A8 AR LSTML o] A7kx| o] AHE
A= Cellat AR O] 528 A= 3719 Gate(Input Gate,
Forget Gate, Output Gate)= A =o] Qi Input Gate= &
A Time Step2] Input Glo|E]7} Cell Stateol] Auht ek v
A& AA5H, Forget Gate€} Output Gate= 712} At Time
Step?] Cell State”t BAY Cell Stateol] AuHe JaFS v 2 x|o} &
A Cell State® LWHES Outputo & YRUAE ZA) &
£ Vanishing Gradient EffectE $H43] glofl+= 22 ofy x|qt
RNN9| &4315k==2 Sigmoid<t Tanh$<=Er} LSTMS At
|k A 71 Aol HlolHE s o oA Hh

XHH0| X2|oiMe] S - HojBHa} 7| A mH
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& ol B Y BYS Eoit) o2 Sof A4 HolE (U
W, %ol Input Hele|2 Sk uf, [UeF, ek wolE
2 Output© WHom 4340l glof mdloje} & 4 gtk =
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[ 9] Word Embedded Space0ilA2] Word Vector77|2[= ARRS| QlAlnt HiZ
St CHOIS ZHo| A= SiH || RISt oS §0f (Woman' -
‘Man) + Boy' = ‘Gzt Z2 Alo| HgSIct [6]0] 2&S AWt

Translation) AJAE] 5o St} 714 M9 Source 21012 &
S Target Yoo BHOR WA= HfHS slgote 2FYo]
o, 7]29] & 9] FASH 714 MY (Statistical Machine
Translation, SMT) 915=2] 7|54 2T gol-Eo| IS 5
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[1, 8]. 7142 £JgF RNN 23> 7 Encoder—Decoder =2
S ARg3te} Encoder}t Decoder= 2H2F &4 Layer?] 47]= %
AsA|qE ZH2ke] WeightE 7HA] AL ¢li= F 7H¢] RNN Zdojr},
HALS Qs S AE R, HA Encodero| Al Source ¢1019]
EAS Input Data® ¥olA Time Stepoll W} Feed Forward
Propagation A]71 3 Encoder?] A v}A]2} Time Step2] RNN
o] AR5 I = DecoderolA AAETE o] Wf A= RNNOJ
WA AL Q= AH = Input B340 AHE BE g Q)= Sentence
Representation®|2} & 4= It} Source ¢10]9] £4F
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