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- Al A9]: Science and engineering of making intelligent machines
« John McCarthy, 1956
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General Connected word recognition
- The earl!est attempt to devise digit/syllable/vowel/phoneme » Two-level DP, level-building method, one-pass method,
recognition systems frame-synchronous DP
» Spectral resonances extracted by an analogue filter bank and
logic circuits Statistical framework
Early systems + HMM(Hidden Markov Model)

« Viterbi decoding

» Bell Labs, RCA Labs, MIT Lincoln Labs
* University College London
» Radio Research Labs, Kyoto University, NEC Labs

Cepstrum feature
N-gram

DARPA program (Resource management task)
* SPHINK system at CMU
» BYBLOS system at BBN

Phonetic typewriter Automatic speech typewriter Spoken digit recognizer Spoken digit recognizer « DECIPHER SyStem at SRI
(RCA Labs, 1956) (University College London, 1959) (Radio Research Labs, 1961) (NEC Labs, 1963)
12/37 14/37
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DTW (Dynamic Time Warping) ' =d AUA AL YT

* Non-linear matching
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Isolated word recognition

» became a viable and usable technology based on fundamental studies
in Russia and Japan

: soadd
: - I L]
IBM Labs: large-vocabulary ASR e 0| |mazmow) (sammi
Bell Labs: speaker-independent ASR | |71 ovmets |
Pioneering research on continuous speech recognition (DARPA) —
» Goal: 1000 word ASR, a few speakers, continuous speech, constrained NN =S L N
grammar SN THA

* Hearsay | & Il systems at CMU, Harpy system at CMU, HWIM system at
BBN
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T o =
g Transition Probabilities
_3 % a,, ans e r e
2° N... -
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1% » -, -
' e MHIAE E8HAL22L 27 25 220] 7|4 WA o) 019 =28
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21 \‘ - - = Observation - .
l70 500 1,000 1,500 2.000 2,500 ) —_— IS—i Ao"% Anl E}AI ;nl
Training Data (hours)
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. 2R = QRS 0| o5 M _ Google [555] B ==
ALY S AL R0l 25 M55 o B |5 R g ¥
- ALY ¥tsk(room reverberation) 0] 2|3t 4525t ) ¥ Dragon’ = | Amazon
. 20| = HEFA] - dictation = | '\ Echo
O{2{ ALZHO| SA|0f] BA TS : - Google volcé
- OO|32RE HUD 5 SMHUBIN'Do| el = speech recognition SIRI(iPhone 4S) translator |
1990 I
° etc-- | 201?
%H ?E‘ Ho"t'g ZF%%CE'.E SKT
ZLIE) =
- SEEZ (Kalman filter, Wiener filter §), 2'2 24 (channel compensation), ADFETV(L(G'A'W): a
=8&2| (source separation), 42U (beam forming) S CtAs 232 2| W = - |
FIE=3 i
o = :
© CHYst 5SS SR Z3510] EHAI7|= W 28 (multi-condition |
training)
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* (0ll) =tiojl ChA kA &

-E--%OIE._"?

o WM Al LIEILE= 242, ZA|, 2|5 2| 42 9stH, o|l=7|=
-.-uf—.— HA (Intonation), 242]| X|&A|ZH(duration),
22ZF(amplitude), 2|72t 20| (pause length) S0f| 2|5}
ZAAEICE

>0 : [(AZt2:AP) (O+SS:AP) (H=:AP):IP] [(EHE AFRE
7H:AP) (HZSACHAP):IP].

% AP : Accent Phrase, IP : Intonation Phrase
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* Fixed Length Unit
> &of(word), & (syllable), 24 (phoneme)

> demi-syllable, diphone, triphone, CV(Consonant-
Vowel), VC, VCV, CVC, VCCV, etc.

* Formant, LPC ¥ & §& 0| &8st ot M (8% DBE 0|8t
Sd8do| 7ts, SEEA0| LIE)
2M|ch: 7HH et The| HA i
* Corpusbased TTS
- SYOrdE 2|480| 752 83l 92 (8% DBE 0|88t 1EE
=844 7ts)
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3MICH: HTS (HMM based TTS system)
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o

- HMME 0|8510] AMEHHE, o{7|ASHH, SHASAIZHSS

SAl0f| 2ESI0 context dependent HMM2 MAM5HH, 0|2
|.9. |-0:| _A-|2 oI-A-I '
HMM-based speech synthesis system

. Z{Z35t 37|9| H|O|E{H|0| A [——;EE; 7 Spuehis Traiiog ped
OI_Q_OI. J-l-Zl 2}\" %l‘gol 7'3 Bﬂaﬁil Parameter :
(1, 2MicH Lo 2 Za)

parametors

i
Excitation Spectral
Parameter
Extraction
Spectra
paramoters

Training HMMs

Labels

X 2|2 50| Deep NN2 0|83t 24 g [ S48 338,
Y YAOR 2SS B S v oo
(il: = 010|=2] wavenet) T —_—

parameters
Excitation | Exctation Synthesis SYNTHESIZED
Synthesis part eneration filter SPEECH

% =X : Nagoya Institute of Technology
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| Speech recognition / Text input| | Speech synthesis / text output |

EQEQEQ EQEQEQ

@] A B 1.1t . nuBa e - Natural language Natural language
ed Slse EHZ 2SS AR 89 Ml CH3} =& (Initiative) 0| IHE 25 interpretation generation

CHEDH JFY AAIZE SAIES MHIA o R
Ci=st JHE S0l @S MHIA ¢ system-initiative
. Dialog Manager

user-initiative

wans

o T Ll 19, SRt A7

. EOEN

- mixed-initiative

EZI- Finite—State Machine
+ simple model
. + relatively small domain
ke + fixed order, system-initiative
+ context-dependent understanding
* hard to expand the states
» widely in current commercial dialog systems

Ats &9
[What do you want to do?
= ]
[ Sorry, | don't When do you want to meet? \
understand. S

4] Olgl:l' e ;A2

= ["Sorry, I don't .
At 0] LS} CIE{T|O] A L -2 A 0IA] JHOIH|A understand @ S B poSE foime

S

EZH%DE“ et Okay, that's great.|

Finite state machine for a dialog model for negotiating appointments
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Form—-based model
+ frame-based, form-filling

template

Topic-oriented vs. Chat-oriented dialog

« Slot-filling order is flexible - AAH =cmo=z
. L f . q Topic[Z=HI}- . [Sustem-initiative] - =& ==E[Mixed-Initiativel
Users can provide information more than one at a time brientedl ?thi’ﬁl%} T%péclz% : ol == HIt NSl a]: AAEI=GE 2 A2 X}
. . . o — . sy = o =
* Possible to design more complex systems by combining several [EJ%'IO%IUg ENOIS, 4B/ _ o x 1opicon Lot T 2t OLS, et s St
frames A may =98] mSls=o == - Topic-oriented®t chat-oriented
XA tistel &gl
Sk = Apple Sirl S0I XYL JI&X oHI=
Slot | Question | Response I S
ACTIVITY What do you want to do? walk C_hat— - 85X gl= gk chat - SWKX 10| &= - 2H30] 20let 22 Y 1A [Topic
START-TIME | When do you want to meet? tomorrow at 8 nggéﬁg bot dhs SE IS thetd S
DURATION How long do yvou want to do it? | 2 hours (=X SHITh, - Data-driven ®AlI0] - 3y IHEO| - MEX XA HSSE IS
IHE Xal) Ofl Xl OHZE CH2t X2l =S Xl&lgt

Frame-based dialog model for negotiating appointments

Information State model
+ 1IS0j| 7|4+5t0] frame-based modelS &2

Z
ﬁWhat about Monday at 9?)—-' Dialog Act Interpretation I HH é
I Suggest(Monday 9) | % °'| ?_l él
S A SEAL
Information State Oo Ho
suggested-slot = TIME
blocked-slots = list(TIME) ZI"% %0—1
next-move = MOVE
CHat 22|
— :
[ Refuse(Monday 9) | l Aﬁpl(Monday 9) l ZEIP-I%E
[ Dialog Act Generation I
AtH 0] L3} CIE{H|O| A 2! 244 Q1A JQIH| A
Gc,)rry.l can't do Monday at 9.] [Okay. Monday at 9 is gooh I"_Oll H I- = 1 1' I e LG T H e I 1
oHe ok
A

Information state model for negotiating appointments
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] estion Processing Passage Retrieval
=8 Ux Z A i =l :
: | For?nkiﬁzwn D::;“,‘r::;;! R‘;ﬂmm r"’“"‘!‘-‘l = =
2-3J4 JINE 24 s —P] IS ZStE EM FH EfM | ocs Retrieva assages > g
[ : M Answer T
Zit EMSEE 211 MEsE &S 4 —] M 2E HZ F HA | Type
: T Detection
[ 1
k- EE ! [ NO FEATURE ENGINEERING )
QASEI IR Based Factoid QA // Coursera NLP // Jurafsky and Manning
2T} AR Xt 0] o] 3 AIZXL 2= OI0H
RNN, GRU, LSTM , memory network & E2{'d 7|8 B3 AL

Word embedding: TH01& 23+ S7t2| 8 | = I1Es = 7|1&

3 RNN : Recurrent Neural Net
X GRU : Gated Recurrent Unit
3 LSTM : Long Short Term Memory

<ZEX: IBM, 2011>

@IZNMWATSON  aston Deep QA JISIHEE HAZXAOM 212HE SIH2011)
|I _3'. -HEZ20F ET HEE 22 UL "®AAHI 2 IO|HA 20 A =
[ Roairen | L
P
z Passage Retrieval X2k NII= 20219 SZEH LAIZHIE E = Y= TZHE XM
Query Document RplwantL Passage B EEI'OI EE EEE!E: #maﬁﬂ %g 105[2011“"2021]& Eg
Formulation Retrieval Docs Retrieval Passages| Processkio
\
Type
Setecion 52{ Ji Knowledge Graph& +=010] Zi= ZOJ0) (He Lo 25 HE
- AXFE I 2IE, XY, AIE = = HigHE 3 M3
IR Based Factoid QA J/ Coursera NLP /f Jurafsky and Manning \
P
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CLARIN stands for "Common Language Resources and Technology Infrastructure”,
Itis 3 research infrastructure that was initiated from the vision that all digital language resources and tools from all over Europe and beyond are
accessible through a single sign-on online environment for the support of researchers in the humanities and social sciences.
S— riattonat conmorthum (MG Casding mc partner eiationat cosrdinator

= — Austria CLARIN Austria ELARIM Cantre Vianna Karlhaine Marh

E — — — Crach Republic LINDAT/CLaRIN Charles University Praguas Cws MajiEou
Denmark cLARIN.OK University of Capanhagen Bonts Masgaard
Buteh Language Union ciamin DL /s Dutch Language ineditute Griat Dapoortar
cerania P — Canter of Ertenian Language Resources ——
Firsland Fir-CLARIN Univarsity of Halsinki Hriatar Linddn
cermany o o wrivarsity of Tuabingen arhord tnriche
Grooce clarin:al LS ATHEMA Roscarch Center Stolios Piperidis
Hungary nCLARIE Rosearch Inctituto for Linguistics, Hungarian Tamde viradi
Acadurmy of Sciencas
Ttaly CLAFIM T " ite for Camputational Linguistics Ao rManica Manaching
il Ialian Mational Research Council
Laatwia CLARIN LY :-}:T:‘:il:::.l-l:::’r:diq-k. ||.|.-||<»..qndc-unpulun e, Trpmuria Skl o
Lithuans AR LT VYTAULAS MAIREMUS UNIVersicy Jurgita vaitenoniene
MOy CLARING university of sergen roenraad Ue smedt
rFortugal CLAHIN Fortugal university of Lisoon ANTANIO Branco
41- Sweden SWWE -CLARIN sprakbanken Lars sonn
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Natural Language Toolkit =
I\ 71 e
MILTK is a leading platform for building Python prograams Lo owor ke with homan language data, T =
provides easy-to-use interfaces ovear 50 corpora and lexical resources such as WordMet, _'I:I"__O:| E‘E]-:I E-| ]D—|:| l|:_+0:|
along with a suite of text proce: g libraries for classificatio tokenization, stoermming,
tagaging, parsing, and semantic reasoning, wrappers for industrial-strength NLP libraries, and ;-0:| ?__._]'1:' ?_i] 780?_]‘ il O:|
an active discussion forum. i_lc_)r '|:|E'|-EI 7-:'|
BA} T2A| | 14008 o]
o 1 = =& T
NLTK Corpora = oios 5 o
= E_SE] 250 = o D:|
NLTK has bailt-in support for dozens of corpora and trained models, as listed below. To use these within NLTE. we recommend that you us the NLTK corpus dowaloader, >»» rltk.downicad|) 754 50%
= L=]
Please comsult the README file inchoded with each corpas for fiunther information. =H= = oLo = = oLo = =
~ArE (Fd TFA A2 siE) | (o TFA] 71&)
1. ACE Named Ersigy Chureker (Mercimim enerany) [ download | source e —
1l maxent ne_chunker; size: 1404747, author: ; copyright: ; license: ; Hc!-)\—]l ?;_}ﬁ + %ET'D_—G“?]'CSE:' J_"-I-I-" _‘T—Dg Crﬂ;'z;r_-l
2. usalien roadeastng Commision 2006 dovrlced | sovsce | Tox 22 HAl TEA] | BA ¢ ois}, 140 89 A
o abe; suze: 148 1831; author: Australian Broadcasting Commusseon; copynght: : license: ; =
’ t—— S0 T e TEAl A7 9 s, @720 29 T
3. dlpino Dutch Treebank | downlond | seurce
w1 i size 2M97255; anthor ; copyright ; license- Dhstnbuted with permissian of Gertyan van Noard: (—E—O:l UE]-%i] ]CL|:| 7]—5—) {2 )\""7] 3\:‘“%23]]’%]‘ Ei‘“)
4. BivCredhE (Criticed Assessment of Information Extruction Systems in Biolugy) [ downloed | suace ] o]=4 AAL 711' AR 2]1' 1 k)
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=X7F gk oo CHEt HARHA 2, Es| ZlAFolM BES Fot ACHH, Sampson(2007)2] of2het 2

2 Foil= oot MR S2IE Hst7| 0f24= O[T, AHo{stH HiZO[LE S5 0ol m2tA= Of2He| LHZ

—
=

=
QO

| believe that the concept of “ungrammatical” or “ill—formed” word—sequences is a

delusion, based on a false conception of the kind of thing a human language is.

b. The fact is that linguists who want to treat speakers’ intuitions rather than interpersonally—
observable evidence as the basis of linguistic description are simply choosing to turn their
back on science, and reverting to the pre—modern pattern of “arguments from authority”.
Up to the early modern period, people “knew” that the Sun goes round the Earth. The
Pope and other leaders of the Church proclaimed it, and Giordano Bruno was burned at
the stake partly because he held a different opinion.

C. My target article said that if we have a language—description based on empirical data,

then an intuition—based description would be redundant; Hoffmann objects that when two

people witness a crime, the police do not take just one of their statements, That is a false
analogy: the two witnesses are logically equivalent in status. A better analogy is that, if
we have used a ruler to measure the precise length of a line, we will not be interested in

asking a person to estimate the length by eye.

AM|Z2 Sampson(2007)2 BAE 20 MZ22 o LA 270l ChA 22ASHAH 6AHE

A
T
2EZ 0[20l= ¢2f 0l Z|=5HT UCk TXE FA| O FZof| 2H3| 32 Ste A2 =2 ofLct. a2iLt

Xt HQ1o] LHSA EHEh(introspective judgments)2 SHAIMO Z AIZSIHA SA|0 AAZE WSH0[2t T FAGHE
O &lstst 20f2te Z{0|Ct tHEEo| S uisH2 oSt XIZ(of|74c] HSX|)Lt AHE Saf LSE oS Q!

Fotn 2FX| 2t A2 JHE= g7AEC olof HlsH Aofst2 2UX|ntete] 5H{FHYS HYUSIHME 25|21 At
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reproduce results; engineers build impressive and enduring artifacts; and theologians muse about

what they believe but can’t see or prove. (Pedersen, 2008)
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Ch CHA| 2ol &SIt 5h= HHEE x1& HE =2 AES 4~ Q0o utsto2f Fei), 2Ze| TSR ¢Hofst A St HXIE A2 AH0[2tH S7L O BHE FEfe 4 U0{0F Stth= 2|0]0]7| = SiCh 01 Y0 Si20f X3
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M AT WHE U™ FT AEistn QT J2{Lt 2EECZ Bt afsto] AZEto| RAE F= Olfs FALX Xtoll ClshM Meidez HEE|D S5E 4 00 H|ZA MM 58S ZE FHO2H & = S Ao|Ct
Mzis =Xt Hed| XiHnek2 ot0] S4l0] &= 202 22 EN? RXI2 EAlEE FEI 2392 HAIL ZEXNOo=Z YIK| A0{8t0| 0|2 AHofstofl theM 7HXI= 7He 2 &2lQl ‘Ifsts BH'2 Mei7tsd'el CiE
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20| CHAZ 7hRsHe AHRIEO| SHRoAls Q1210| EUSHD M2|RE0| SUsICIH 1 S2JIK|E =Usof 5t 7} Fokkens 2|(2013)2 £ 4= ULt 0|= 2013HE Association of Computational LinguisticsOllA Z[R4=2AS
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AN BEO| Yt SH7E EXHSTHH SAE| 2 SHE Yt 2 B7H XMIGHA 71 AR S92 upenn.edu/)ollAf BHEZSHE 4E40] AEA= RROIC HIFSIANE DE=2= =L 0|87FsE SSRHOIX|2
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(5) | have two main observations to make. The first is that | don't think there can be any corpora,

however large, that contain information about all of the areas of English lexicon and grammar that |

CIEez ‘B2 #ARl= JHE0| UCH SHe SPFE 0FF RofLt Fi= 0| OfL|Ch AHEHO| 2 FHoll= Hal

want to explore; all that | have seen are inadequate. The second observation is that every corpus
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that I've had a chance to examine, however small, has taught me facts that | couldn't imagine

finding out about in any other way.
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(6) My conclusion is that the two kinds of linguists need each other. Or better, that the two kinds of

linguists, wherever possible, should exist in the same body.
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7) a. what you have to do is get ready
b. all the government does is send out checks
C. the thing I'm doing is trying to learn from my mistakes
d. the best one can do is compare one risk to the next
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’ he ‘ ’ does not ‘ ’ go ‘ ’ home ‘
er geht ja nicht nach hause
C he D C is D C yes D C not D) C after D (__house )
g it % E are % C C is S E ddo not . % C C to S (__ _home )
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2ixll S210[=0f HSE U= Azlez E HAIEIof = ROl M2lgo|ut 885 HEHGH| 022 YE230| Z&f
Z0| US. OIS S0 "HARE] ZORE HAZE" £210|E2] EX{2! C. Manning?| ZI2{ZLt H0[H NMTS| SfeEl F4
ot Z2ut 2 FIHez O 2L *7f I—’v‘- AEE A= S0| e MAI=|o{oF 0fsH7t 7EsE ARIL, Ol= ZE0i|A
CHEROIE A2z J[thE. et=0f - So2e| He Hart S0 - et=0{= 2] HA™SE H=lske ol S01224| olo]
CHet 20| FIMHoZ MAI=H DIEE R

I'

ULl Of2IL} Ot S2| *{2| 0]2/0l| HYH/SE0E, ZX U= TX| St 22 LARH 7|XH | X2, S Ao
Mot =xiiste 231 —4M0|L E(frame) S2 2tH5H= A

I & 7|AHS B2 JHY el ZX0| T XHES 28= UXITECHE

ALt HAlst =0, J2CE EL| SRR M| M X[Sota s A= HEtE, ot
o HAZ2 Ao = CIE At EX0|Xt =X0] 2 4 US ARId| 0of| chet &F TEfOILt S22 HEA| oflast U

IS} 8BS QIZHAE"0lRNE A2I0IC0lM Al HBIISS CNOR 3t MBXAL TS HASIT =t 0l
YRS DE AR 4 U OFN0ITARI] £EO2 0] H0 5
|.

ET2 55 Hol0] Kiix walet MU O BTt QUKo tiat M2t ofig 78t

Il IOl mufy Z=7MS 0|Fet 7|AHSY Hetnt ExIH

E papage
oo{ g0
How can I explain the fact that I LHZt 7FE Sl0fSH= AMAS OfEH|
hate myself most? AES = ASI?
[ papage
LL ol
it is i that i hateth the most U7t MY solshs
how can you explain that i am the one LHZH 2HE slofsbs 242 Lot 2kE Alojshe
that i hate the most Aot 4 + AL

22| Husto| H&T x| - 111

0



N
Y
N
N,
)
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flo
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ox
m {
fo
2
ol
X,
rE

SR AR7E?

- -
A HE| - B -
open the window HEE HWola.
this room feels stuffy o We sk
wiowld you mind opening the window cus 1 feel stuffy in this room UEE o= 20| viH 2 2d Y viod Eo| LHEIC
would you mind opening the window cus this room feels stuffy HER o= 20| BESIU HER Hol FAAALM?

you might want to open the window cus this room feels stuffy
U= H2E H32 Hol gRIs Seh o) W weet S 0] §ol.

g‘ papago
o0 A e
that I've wanted mast in my entire life Wt Ed set due A
that, I've wanted most in my entire life H M UL HE He
hard 1o believe, almost surreal, the most beautiful UI| A FHER, Mol B2 2147h = gholl M U
girl stood before my eyes Ch

. Sixf ME3t=|o] U= HEXQI 7|AIHY T2 30| Sigtat ZA| (W|0|H mimbn &3
| A | B | C
gt AlchE Solet One era. include Kim Gimsatgat pungmihan  Kim Satgat, one of the
ZAE 2=E 2imo can be sa}d to be the ci't an era may be called epochs of the age, is
INE=1and of todav's rapper y the founder of today's now the founder of the
g = Ut y'srapp rappers modern-day rapper.
. . . Kim Sang-yeol, a one-
st AlCHE =[5t ZA In one era, include Kim, =~ Kim Byeong-yun, who e g Enar e 6f [0

the fresh Kim, can be has a taste for one era, :
Sang-gak, is now the

_ t th ty of t th
NZ2bT & & olr said to b.e e city o can be said to be the founder of the modern-
today's rapper founder of rapper today
day rapper.
4 o2, 22| MFE Kim, representative, what How about you, Kim Dear,| Agent Kim, what about
El&o=Z ofmf? about us as a financial |our finance team leader?  our financial team
team leader? manager?
L2l SfLIE B 1AL One song is fine. One song is good. I'm good at singing.

112 - 2017 Zo{HAsHSH3|

2017 =01 T8 &t [hal
Solg ZEsie
ozt upA|

ST 4 Ao} A

Al
1L
Hl
2
[e



245 S A Qo] Hel 7149 A
[ L I —

2o XANHAHAH X E| 7[=2] M

2017.11.10
LISE

MEjetn

TEHLUHE

. XFQIQIOIXE| B U e S 2R
- He{d7|2 Q10 24

— THO{ & H| &, RNN, Encoder-decoder &
- Edvs. 7|AIStS 5

oY gEsto| sgnt atxl - 115
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S iRy PO XA X 7|2 BHE
- R Eetof ofsh 3L ol chet A4 2ol ozt . 7% 7|5k (50~80 T2

_ A J|HEE B2 g HE K| Al 7|t
a*.' . —EL_I L O H-dH, = -dT— [ T/ — —
- A EA (Natural Linguag: analysis) . ChomskyQ| Hi&d AlAl B X|Hy Z2 o=

— Morphology/Word: Cé::! EH_J.\_ —'—&l/ EA|' EH%:' * HPSG, Lexical functional grammar, Tree adjoining grammar
— Syntax: & =4 - SAHAE EZHY (~2000 xX)

/1 H -
. OlO| TIFAl olO| & Ad . =
— Semantics: 2| 0] I, o[0] 24 — Annotated ilL'IﬁE—'T'— E{ generative model &t &
— Pragmatics: &2t =4, &= =54

X 1 HH
(= =

- ™HHE FZ (Information extraction) — Hidden Markov model (’86)
— Named entity recognition (7Hx1| H QIAl — Probabilistic CFG ("80~’90)
— Relation classification (2tA =& — IBM’s Statistical machine translation (’90)
— Entity linking (ZHAIE A 24) — PennTreeBank (’93)

o XFAHARAOMH A (Natural language generation) — Statistical language learning [Charniak '94]

_emyEaE g“g

— Head-driven statistical model for parsing [Collins "99]

Il SE
X} 1 o] A 2 XtHAoKE]: 7|2 S
.28 < 717 B 7| B (901 THL ~)
— 71 A HSH (Machine translation) — 0;1817(1 2| 2] ___—_rtff! =& —.Z_-7O(‘||7|' it}r;_lctured prediction
o
— jélgl %lél' (Question answering) i FE 7|7:" = |=|—| ol"l"'l |_ FE =
— 2t 2 M (Sentiment analysis) — Probabilistic graphical modelsO| XIH 1O E A0 &
— HIAE Q 9F (Text summarization) — Support vector machine (Vapnik '95)
— L2t Al A&l (Dialog system) — Structed perceptron (Collins ’02)
— 7| A =3l (Machine reading) — Conditional random field (Lafferty '01)

— Latent Dirichlet Allocation (Blei '03)

116 - 2017 Zo{HAst&H3]| oY gEstof pghut otdl - 117
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— Neural language model (Bengio et al. ’03)
— SENNA (Collobert et al. ’11)
— Recursive neural network (Socher et al. ’12)

— Neural machine translation (Cho et al ‘14; Bahdanau et
al. ‘15)

— Neural Turing machine (Grave ‘14)
— Memory network (Weston et al ‘14)

7|4l & (Machine learning)

— 2t& HIO|H: Training examples

— <= SISHOIHZ8H FO{ X 0N & HF2 &
= St= classification &= =t& (EE= regression
ol-A)

— oo & (feature vectors)

04 f

nzr

. ® o
np ® s @ )
hd o, G. “, oo
.' L
0.2 ¢ Teo o o, ee
<@ o ﬂo o
“ &
0.4 & s
Y E ra
oo o '\ H—.I!E-I_(ID_?_}-AOI-
& —
. onp 2709e] Xt& =2 7T
-0.3
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cla{ul 7|8F X} ol o] M g

A H| = (Embedding)
— '2[0]" (meaning) & HH S 7Fat2| o &

ol o2 213
« Of) £t 2 H| S (word embedding)

on

— o, 7, &%, =W S XA X 2| 27HOf| A Z St
= 2= X2 ERIE Y

¢h/d A (Compositionality)

— B[Vt 2 G HIHE 20 ER7F A2 FE 245
of

7t
O:llj-” C| H| E—I = Ol |:||A'| for | OF_/I\_E g
. Of) EHO] QMO R R E| o B 2
A (composition)

— M A AME Y [Socher '11]

=~

|

PN
(=]

’

g2 7|g Xt QoK )

- oA (Compositionality) & At

72| A4S g8 del HE oy

SENNA =Hof|l ofiet 2|0 o (B E)
MHAH A3 BT E (7, EF)0l et 2l 7y
=2 HE3Y BT E (71, ET)0l et 2l 2

oY gEstof dghut atdl - 119
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714 st 7|8t st=0] FEj2 24 At
k=3 H e

=4 (384 11 LS 2 712; 01" 7] 113]
=

s

L

e a2 A CRF (S&7|2 28/) Bi-LSTM-CRF Lb stmof ZtCH (22
S-SVM Encoder-decoder ™
Tl 2 P
o| =TI} Al X 0| 7|4t AE A =2
©f ==, Mol 7|l SyntaxNet, Stack LSTM
Jaj= 7| dt Attention-based models Li+= St +0f 2F+Ch >
9 Th CHA| Of| A
7| AHSA SMT (Statistical Neural machine = At Ef 20 MEl 7ks
machine translation) translation (Encoder- SAEZ
decoder) JL 23HE A (Compound morpheme)
g2 F=x= & 7|gt MLP JL
Attention-based models
23 SHElA (23 2R 2
olo|d Ef Y S-SVM Bi-LSTM-CRF =2 el (52 &3) N2
SH 7|9 "HEfA 2N
. | [ I =] =3 = | x =
A o{X 2| E‘I  vs. Z|Alst= 7|4t X}&! =& (Feature Extraction)
ks
EEEET IEF . AFZ KPR 0| of (LI5S 2]
Ao EE N—gram RNN, ConvNetZ| &t
ZhAM E M = i
S SVM S 'I?re:equss'lrv& neural network C—p,C—1,Co, Cy, Cy 12 & (uni-char) &
C_1Co, CoCy, C1Cy 22 H (bi-char) B &
O CF AH A 5
S8 o 2l i ClER et L C_1CoCo) C_1CoCy, CoCyCs 32 H(tri-char) M &
Elo| g5t IBM Watson Neural Turing machine, S w|o|MT| A
S_2,5-1,50,51, 5 188 EoA7] &
Memory network o
S_150,S0S51, S155 223 KoY HE
. AT Clayul e S_150S0,S_1S0S1, SoS1S2 323 KoMy HE
— Memory-augmented networks —&aE o (Ci)
— GAN (Generative Adversarial Networks) - S RIXIOA CFZ (O] F) iHM SEEHEE X|E
— Reinforcement learning —E[{M T HHE (S;)

. ST S & QXM M T 7} UYU=X] of B
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EX IR -TPS

HI
il
>
——

B xS
v OEHZ 7|gk | &= m =

of: “stw of ZrCp” MSTParser

o o —
10
e N - W 2 Y sojol 8
k] / 20 S 30 \\ ° O‘IIXI: __TL_E_ gl_yég O” EH%
- o Vs
== "of|"of| CHot = XI& HE = \ sofn a0 \U Mary | « ROOT LI: IpAl ZI7} 2EA
%11 —_——‘-:y treeZt E| =5 2tEEE RISl =
B EE LE
Type L& Type L& 3 =
C—Z -6_-!- C_1C0 Jj'_O'”
C_4 o € Off 2t
CO 01' C1 CZ z)t I:l- ool
o 2 C o wof 2 P
Cy Cf CoC1C,y of| ZtCt o807 T a0

John Mary

MST (Minimum spanning tree)
95 —96%2| O{EE=HE

ol 7|g o

o 2= 7|"F BF Al (Graph-Based) o
— Y 20f CHo ekd DS Y x7] A 1 5=
— Igr%ng: iekd e ZoM 71 =2 8 &= EL| \CO o o Cni// grﬂ%%’; f{gﬁ”
[=hal=N o ol N B0 RE Qe -
_ = B AAS el 7 A St wH = Hmol 2E ¢

- MO| 7|dF BF Al (Transition-Based)
— Shift-reduce It DFHO| A S X} MEFE ™HO| —
o Stack1f BufferLi2| CHO{LI 22 EZ|E & X =) st o =57
— Parsing: X MEHOIAM 7R =2 H4E ZH= oM AEH

o @i o = X T T = &K AEH HIH AMEH 2 2
- - —r A
— M (action) H== AlLh= 260 7[A =t HE HE Che Mo|Mo] RARIXIE AH
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[ | | = | .
=1 B 7|4k X Q1o X 2
— C ol Cl = s
Mol 7|8k mid . of|H| cho] M| - 24t BEH
tack buff s E
stac uffer
[0] [John hit the ball] — n-dimensional latent vector for a word
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, — Semantically similar words are closely located in vector space
SHIFT [0 John] [hit the ball]
LEFT-ARC,,, | [0] [h¢it the ball] — ~
SHIFT [0 hit] [the ball] :g,i;;
\ linguistics = 0'109
John —0‘542
””””””””””””””””””””””””””””””””””””””””””””””””””””””””” - 0.349
SHIFT [0 hjt the] [ball] 0.271
John ' \ J

™ol 7|5tk mpd: of Al THo] AHIE S SeF AHHAH K

3
stack puffor @ CHO{ QIH|S] BIE] BHe
LEFT-ARC,,, | [O hit] [ball]
\

\ J\/L
(pop) John the
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . s Bt tbibd
RIGHT-ARC,,, | [0 hit ball] 0
ool Task-specific NN
(shift) John the @ e
CrO{ QIWY|Cl HIE| x<7|5F 0 0
J0 N ae  EOI M HME IS
Buffer empty = Terminal configuration T;L1£ ::> Task-specific NN ~
> thol YIS HEl = X = =
SIS CHAIM =712 fine tuning E
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cho| QIHIT WE| Bt
Word2Vec [Mikolov ‘13]

INPUT PROJECTION ouTPUT INPUT PROJECTION  OQUTPUT

wit-2) wit-2)

wit-1)
L \sum
— - wit)

wit+1)

wit-1)

wi(t)

wit+1)

N\

exp (vwovwl)

2w exp(vy, vw,)

p(wolw;) =

wit+2) wit+2)

cBOW Skip-gram

Word2Vec: QH|d HIE{ZIo] M3 Z£HA|

- O L.
* a:b=c:d
* X = vector(“biggest”)-vector(“big”) + vector(“small”)

WOMAN UEENS
AUNT o

BAAN / KINGS
UNCLE

QUEEN \ QUEEN

KING KING

126 - 2017 Zo{H=SHSCH 3|
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Neural Networks: FNN & RNN

Io| = i _CIJ__II: A|7=|EII-(|:NN)

— et CHE A E Y (MLP)
_mcu 9ol gis
s H SE:x>f(x) >y

— DAG (directed acyclic graph) & H o4

FAZEZ 3 (RNN) @
—mEwR eiFo| =gt

— Cyclic graph=2 H 24 &

— ot& 2 HF ™ vanishing gradient=X|
* Gradient clipping
* Long short term memory (LSTM)

A
ot

FNN: Matrix Notation

V1 y y Yk-1YK = o4 =
OO0 UO BuS
ujk U

h h,, h- h,_ h,,
OO0 OO0 eu=
Xo X3 X; Wik Xp—1—Xn w ol 2l =
O O O 2SS

y=f(UgWx))
Biasst0| =&t -y = f(Ug(Wx + b) + d)

| Hesto| sigknt ntx| . 127
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ol

RNN: Matrix Notation

J

Ol
0
o
-
oy
oo

T

<
S

I8
e

ZISX|d=2o|
tol 28 S

>
I
Q
~ S <
10
JC
Ol Ol
@ [
4o 1 ofn
ot rin pe
g
N

\ (3
f Unfold
o AU AZLAIEO hOO0|| = AKX FHE 2E XD,

= AN

. [h(l) e h(t)] = RNN([x(l) e x(t)])
. [h(l) e h(t)] = LSTM([x(l) L x(t)])

128 - 2017 Z0{HHsSkEC) 3|
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=gk Aol
(Recurrent Language Model)

- EHEZ0|RNNE HE
- EHESRNNE HE > 8H 44, 7|

o
« 2N THO] H-GA| O|TFHIA| Y d & 2E= TS &5
AH A
o o

— N-gram?2| B0l = (n-1)7H2| O| ™ tHo{TtS

XM MAY (Recursive Neural Net)
- RERMNORSE CHY BAS Y
\\\/score ¢ > S = WSCOTep
tahn p _ [Cl]
oo oo oD p = tanh(W Cy + b)
W Compositional vector
(oo oo o) (oo o o o) representation of ¢; and c,
¢ C2
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Use principle of compositionality

x the country of my birth
x the place where | was born

xGermanv

The meaning (vector) of a sentence
is determined by 4
(1) the meanings of its words and

France
(2) the rules that combine them. X ¢ Monday
xTup.s.day
— bttt
2 3 4 5 [ 7 2 9 10 ®

oo™ 2= FAISt phrases= 0|
HIE S 7t A 2™ SHA B X

the country Slide Credit: Socher

LSTM CRF
. SXb EZOIA ThE BN Ol Eal Y g
. £250] 20| 2710| EHS DAY=

output dependency= 7| (Deep CRF)
PO
(D (n) () e(w0) >

w w w

130 - 2017 Zo{HAs&LH3|
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=X} 7|9t E 4 (Character-Based Rep)

7
. H20{2| AL EHoj7t BTl HEfjA R T

~ CHO| BT ME S X Braths A2 HEEX
o

04 | -08 o .nﬁ 04 |0 0.4 | 0.1
L L J L L
- L J - - 0 1 nE | -1 oz |oa 1.2 | o7
L L J - -
® - - -
0. o 1 0.2 0.2 | 0 0 1.3 0,
- L J - -
b L L4 e a 05|01 |02 |-03|0 0.1 a 0.3
L J L J L J L
o lo o o
u n l y
(unfortunately) absurdity
LSTM 7|8t [Ling et al’ 15] ConvNetZ| gt

3 7|4 HY: Neural Encoder-Decoder
=A™ &3 olo] B

e —1 =
(Conditional Recurrent Language Model)

Le chat assis sur le tapis. I

[:'» The cat sat on the mat.

[ Encoder J ([2(111«'] p(cat]...) p(is|...) p(eating|...)

—399%

the cat is

Credit: http://nlp.stanford.edu/projects/nmt/Luong-Cho-Manning-NMT-ACL2016-v4.pdf
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- =24 :7 t’i ol -
72 71A " ™: Neural Encoder-Decoder 3 7|7 H: Google’s NMT [Wu et al ‘16]
[Cho et al ’14]
SO . olad o 87l QIR H/CIREHE =5 istm A E Y
* Encoder: 22 F = RNN2 £ encoding 2 Y HE X & = =7 = e g
» Decoder: & 22 RNN2 £ decoding = EHE M4

1;. oder =2 2| Tensor Processing Unit (TPU) £ &t& &

4-_-\ y — y?——h S e
tw *
Encoder: RNN [TTTT sorimax ]
_»<" Dgtoder LSTMs = 3
GPUS : GPUBE

Decoder:

Recurrent language mode slayers
i GPU3

e Geu3 |
' —— Attention :
GPUZ | : GPUZ |

GPU1 GPUL |

Neural Encoder-Decoder:
ZFo| HZ= H|FL|Z (Attention Mechanism)

. Context vectorS 1™ A|Z|X| &0, DecodingA| context vector
£ attention= Sl s EHS = 2' ': [Bahdanau et al '15]

T3 714 HA: GNMT d =
[Wu et al ‘16]

Mean of side-by-side scores on production data

Context vector PBMT | GNMT | Human  Relative

Attention Z1f: A2 +01+01:$E o Improvement

SOk oh=Xlofl thet =18 ME English — Spanish _ 4.885 | 5.428 | 5.504 87%
English — French 4.932 5.295 5.496 64%
English — Chinese  4.035 4.594 4.987 58%
Spanish — English  4.872 5.187 5.372 63%

Ct = French — English 5.046 5.343 5.404 83%

Softmax(score (Q, K))V Chinese — English 3.694 4.263 4.636 60%

| am a student - Je

=2 7= 7|8 smTO]| H|SH 2F 60%2] error ZAE = 2 &)

132 - 2017 ZO{MEI&0H 5] 2|2 Musto| Hgnt otFl - 133
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EEd Z|gF o] 7|2 o|E mid
[Chen and Manning ‘14]

AoX el 25: Hd vs. 714 =&t

shof Hef 4 B
— Sejong datasetO{| A &2

. |Fi(morph)

CRF [LI&S & "12; 15] 97.61% 96.14%
CRF (BIESE7|) 97.75% N/A
T7|2k+CRF 97.74% 96.35%
Bi-LSTM CRF* 97.03% N/A
Encoder-Decoder 96.83% 95.38%
- BEide| 452 crro H|5H x|t
- 52012 ZR0|= EHeld 50| 7| E crre| 52 SAIH

Softmax layer:
p = softmax(Wah) [. ® _ @ .]
Hidden layer: —
h = (WPFeY + Wiet + Wizl +b))? [ i el ]
Input layer: [z“, z° q:*] F ______ '.f ______ ’_f’/’f’{/f_ W. g}‘%ﬂ‘\}\}_]
words POS tags arc Iahcl.s
Stack Buffer
Configuration ROOT has_VBZ good_JJ control. NN ...
) nsubj
He PRP
H Hf O|= [lA
LSTMZ| %t Fd 0] 7|8t 2| = Tt

[Dyer et al ’15]

o« AEHHIH HMS|AEZ S ISTMSZ QI3 G

Softmax is applied
aﬁ“’f

S-LSTM ¢ / , B-LST™M
N —
i oo ﬁﬂcﬁf

amaod
0 an ﬁfecﬁ.ﬁ-mn was madf. HOO r

overhasty Qﬁ

=

REDUCE-LEFT{amod)

A-LSTM A SHIFT

dlojz| BE: B vs. 7|1 BS
. 30| o] =1t

— [SPMRL ‘14 dataset]

| uas | LAs

7|E 7|AEE 7|8 2 89.10% 87.27%

x| 45 [Bjorkelund et al 2014]

SOl Stack LSTM [L}&E KCC 16] 89.10% 87.34%
Stack LSTM + ZAEE® [L}SE KCC 16] 89.94% 88.36%
SyntaxNet [2I T2 KCC 17] 90.33% 88.69%

Tagging&Parsing & =2
[2IRI2 HCLT “17]
Jd2f= 7|8t Deep biaffine [LFS = KCC '17] 90.85% 89.31%

90.48% 88.87%

- EHd REHE2 J|E VA &S0 HS 45 B7E NS
(LAS 2% 0| 2
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Aoxz| 2=: Ha{d vs. 714 &= AoX el 25: Hd vs. 714 =&t

. SHZO| TN Y Q1A « B0 Entity linking

' Lol HEX
Nguyen 6] ==0l =4

Wikipedia 2014 Wikipedia 2016
CRF 84.70% 84.82% Systems ACE CoNLpL WP | WIKI | ACE | C‘QNI]:L WP | WIKI |
_ A o DE2014 (Durrett and Klein, 2014) 79.6 - - - - - -
LSTM-CRF (H." OI _El- I_I) 85.57% 82.98% AIDA-LIGHT (Nguyen et al., 2014b) - 84.8 - - - - - -
LSTM-CRF (morph, 2 X782 LSTM) 86.72% 84.49% Local CNN (Francis-Landau et al., 2016) | 89.9 | 855 90.7 | 822 | 86.1 84.5 904 | 81.4
: . Global-RNN 89.7 87.27 91.21 | 83.7% | 87.87 86.57 91.21 81.7
LSTM-CRF (morph, X[t E&Xt7|&H 87.01% 85.87%
ConvNet, RNNS E2{d 7|8t gtale
LSTM-CRF (morphtag, =Xt7|gt LSTM) 87.32% 85.80% = 7| A ES 7|H_TI g%% A sEAF A2
LSTM-CRF (morphtag, X2t 2X}7|4%h 88.60% 86.53%
BHeld 22 JiNE Aol 52 HYHo=E o
A - GOl JHMHE QA E FAL

HojXE| »5F: Held vs. 7|14 &= XA K 2| - Bl vs. 7| A &L 9

[ o
@ 11 H = AldSH
° ( )-l al 7:” o
o |_|- =TT = O ° EI:IIE-ILC_)I 7|HI-HI-I:ILI
L- O
Classifier Additional Information F, 10 _‘a_s S OI_ o g © od — 4
SUM POS, WordNet, Preﬁxe_s and other morphological features, ?:)I- bé-l 0‘” I:I | OH AC-)I 6 Cél:AOI'E E %
(Rink and Harabagiu, 2010) dependency parse, Levin classed, PropBank, FanmeNet, 82.2
and Hlambagi, £ | -Plus = n-gram, paraphrases. Te . =S VS xX== S =l A (o]
NomLex Pth,. Google n-gram, paraphrases, TextRunner ° Ol_-l = _'Il , O-l E_I_E, 7 | 7:” Hl_'l o_:|| , 7| 7:” %oH’ _‘|l AE Q OF
RMNN Word embeddings 74.8 e =
(Secheretal,2011) | + POS, NER, WordNet 776 CHzt X 2|, oAS
MVRENN Word embeddings 79.1
—_ S~
(Socheretal 2012) | + POS, NER, WardNet 82.4 —~ HAEAMEOIQME E Y 7|8t EHEHO| M5 aFAF
CNN Word embeddings 697 o I_ = HE T =<
(Zeng et al., 2014) + word position embeddings, WordNet 827 = E O | — ()L:I ;L = O | = _‘I:I'_g
FCM ‘Word embeddings B80.6
(Yuetal, 2014) + dependency parsing, NER 83.0 ° xl 1 | _I | I:I E_C.)_I:
CR-CNN Word embeddings 82.8 4|l - 4 = (e | [ e
(dos Santos et al., 2015) + word position embeddings 84.1 . .
SDP-LSTM | Word embeddings 824 — GAN (Generative Adversarial Networks)
(Xu et al., 2015b) + POS + GR + WordNet embeddings 837 = |:|-| o O-I AH Ad O:l
DepMNN Word embeddings, WordNet 83.0 — H 1 —_ O 7
(Liu <t al., 2015) Word embeddings, NER 836 Reinforcement learning S | I 7:" — T, L= O-I o
depLLCNN Word embeddings, WordNet, word around nominals 83.7 —_l-l- O‘” &II —g—
(Xu et al., 2015a) + negative sampling from NYT dataset B5.6
BRCNN ‘Word embeddings B85.4
(Our Model) + POS, NER, WordNet embeddings 86.3
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=  Broadcast News data
. 128M word corpus, 143K word vocabulary
- Google's Web 1T 5-gram Version 1 (2006)
. 1T word corpus from 95B sentences, 13.6M word vocabulary
- Big & Real Data

. Big & Real Data from services on cloud computing platforms

. From Interspeech 2017 Tutorial (Bjorn W. Schuller, Nicholas Cummins)
. ey
Big Data. (&)
P Voluma Valocity ty
(i 13 TB / 8300 h GB/h video, audio
\ pili 350 mio tweets/day real-time  diff. resol. / format
\ 1.3 bio users crawled social data feed
2 130 mio web pages _every 48 h toxt
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=  Cloud Computing
=  GPGPU (General Purpose Graphic Processing Unit)

3. Had&aesE an sy
- ZE ed 1z

. DNN(Deep Neural Networks), Deep RNNs(Recurrent Neural Networks),
Deep CNNs(Convolutional Neural Networks), Deep LSTM (Long Short

Term Memory) Networks, ...
=  End-to-End Approaches
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