g Sogang University: Dept of Computer Science

Chigt QIE{ o] £, 2%, A5

ArHO X\ 2]

MEHmS
Office: R 908
Tel: 705-8488

Emalil: seojy@sogang.ac.kr




EH2tQlE{mf o] ~-34 2 O]OF7]

B xtei0f Ka|7t Z23t 0|8

FHELet X| 40| XtHOo] HEHZ EXY

¢ SNSL} At =2 #8H &

= 59|, A S2 mouse HCh= Cfot2 2 F57|5 AT
“Now we are betting the company on these natural

interface technologies” Bill Gates, 1997
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. Ci2l&d User Interface

= SHRDLU(Winograd, 1972): language interface for block
manipulation

Person: Pick up a big red block.
Computer: OK (0 =8l)
Person: Put it near the pyramid

= Siri (Apple iPhone4s, 2012)
Person: A|2|Of ot

Siri: & o}&lQlL|C}

Person: 2= =M 7} OIf?

Siri: 1|, 252 M 2 SHSLIct

@. Natural Language Processing Lab.
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Apple Siri (2011) Google Now (2012) Microsoft Cortana (2014)
Google Assistant (2016)

Amazon Alexa/Echo (2014) Facebook M & Bot (2015) Google Home (2016)

g Natural Language Processing Lab.
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| ofmA o MM ZEARLICH M4 = so] Soal 21 zore [ ME
= I love you

> All you need is love. And your iPhone.
= X5 RAIL?

> @ 10A] 172 QL C}.

= 2F EMNE OEHIP? Hde g4 KE
> U, = H|7} 2t = A Z018.

= 25 220 ofH LF0] AL?

> 2F 2F 2M0 Z2HE 3|9|, 6A|0l= dot=at MY 2f50] QSLICE_
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- K32 O 10A|2 23 44302 £ 74X|7h QELICH F 104]0f
LB 22 o OF BA0] TABIL, 2F 443050 FLBIAIH Al
22 o 23 243020) TABLIC O HO 2 oA = UNL?

= 7tH2 of B E/LtR?

g Natural Language Processing Lab.



EH2tQlE{mf o] ~-34 2 O]OF7]

B xH ! s, Ch3)

n XHE!

e OIFE 12 1%

¢ Ck7Io] EBIZ2 AI26I0] HAE multi-turn XEE 7S

o MMEO0| HE + info-chatting (&M HMHE, A|Z HE, U™ ME, J1Ad MHE 5)
= Cjiz}

¢ Multi-turno| 7| &
. CHE 0{(anaphoric reference)@} AM=kaiAt0| BEO| LIEFL:
¢ Goal-oriented Dialogue

- Information seeking dialogue: HHE Q J5l= ZXNO| Clig}. F=
Ho|E{H|o|A S &8¢t Lzt

« General goal-oriented dialogue: O{t 2X 2 E/d5}7| 251 5t= Cl=t.
SHNE 2/d57| ¢St planning 7|®H0| 7|2Ho R 2.
= Q/A (Question/Answering) system
o HCHTt Textof A ES HOIM HSSt= XIS EM A|AH
o 0f: IBM Watson, 24 H2{|Ql, IRQA, FAQ AE}Y

g. Natural Language Processing Lab.
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> Eliza AEF2 (MIT Al-lab Weizenbaum, 1966 )

>
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B 15! A| A Deep learning 7|4t i

seg2seq : encoder-decoder framework for machine translation

encoder: RNN decoder: RNN
A |
( | \
w L= LS Aol <EOS>
—> —> —> —> —> ——— EE—
! love you <o e HE AR
=: I love you. » S&: L= HE AlEho)

g. Natural Language Processing Lab. Vinyals and Le, “A Neural Conversational Model”, 2015
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. RNN(Recurrent Neural Network)

St — O'(WSt_l + U.I‘t) 0(-):tanh, RelLU
o; = softmax(V sy)

0

O O G 041

VT W Y s VTS VTS

sOC) —>—0<— —0O——>0—
Unfold

UT TU TU TU

X % X B time

>

RNN can learn accumulated sequential information (time-series)

@ Natural Language Processing Lab.
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| AEll: Deep learning 7|t} HitH

> seq2seq : encoder-decoder framework for chatting

encoder: RNN decoder: RNN
\ \
[ | \
W = mf¥= 0|2 <EOS>
— R > R R = S— SN
L 5] & of |4 <EOS> " = o2 20|
U: 193] & ofc|u - E3: 2 013 0|

g. Natural Language Processing Lab. Vinyals and Le, “A Neural Conversational Model”, 2015
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.IH%' A|AEL: Deep learning 7|8t HiEH

= A hierarchical seq2seq model for generating dialogues
(Serban et. Al, 2016 AAAI)

what ' s wrong ? </s> | feel like i ' m going to pass out . </s>

wa 1 « o o W2 N, w3 1 “ o W3 N,

prediction
decoder _'—’ >
initial hidden state
context 0O (OO)
hidden state
(@)
N > >
encoder 2 utterance utterance
representation representation

T v

w11 w1, N, w21 . . w2 N,

mom , i don 't feel so good </s> what ' s wrong ? </s>
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Info-chatting: 2=

| -

SEol= MT

n X|ZF R AIL]?

> QM 10A| 172 <QlL|C}.
n @5 M= oEHIP?
> U|, =5 H|7} &7t S A 20 K.
n 25 230 ofH AUHO| QAL}?
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AHI: info-chatting
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o HEfL 2 AE BXIPOM EHoIE 5

o 7HX|H(named-entity) QI Al

o Foy o|n| 9l THo|Y. FE

pY - Hl:l-

ol B3| Ho|EH|o|A EE
o Of: "FR AZV, ‘& AZY, ‘'EX ', I[X S/, MEY, K '. ‘T3t
e FH HE: EM, €4, 7|Xt7 0 S
o FZ O|O|E{H[0]A H|O]F 478 %A
o }ell(speech acts) =AM

o Y o|E 3lH (Dialogue acts): 0f|2f 24, O 78, 02 F =, EM
M, sz A2 22| S

g Natural Language Processing Lab.
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. Natural Language Processing
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. info-chatting &%} 0

{2 QIMA| SE M ofmy?

1 TR EM

X o) |——s [ SI= M Ay
<7: L (62282

1 X|%: QIHAl S5
HEN A 2A LWL/ HAL QAMA/HAL SE/YAL SN/AL Oful/H S AL
THHIE QIAL: LYY /AIZE QI HA|l SE /B
Shal: AskRef(=HM])
Fof: M
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> A= XHo| EM0| 7|2Ho = H E|0{OF FALE A4te| 50| Sy
> seq2seq networks2} Z2 Deep learning 2AI0] X &I2 OIXl2 SHA|7} QS
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B 515 AH|AQL A WS

HO|AS: RHIY H4X 7[ate] S MEfA| =& et &H apis 7|
T= A|ARE: QtE 20| E2F F/40147|2] HH

IBM Watson conversation

CHOIHAE QIEMES: AITHE] ZA4T} IRQA HAjo| ANAYS ASH ALE

XHE! A|AE] (20038 = A|)

IO i: CHEHE AH|A AT
o "M RBESHSO| WO AH[AE 0|8 4 YZLICL" (2017.3 HE} )
1 9| of3] ML Yo MH|A HZ YN7L WALLD Qi

> Converse, PullString, The Bot Platform, Avaamo, ....

A

Natural Language Processing Lab.
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e
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Al (opening, closing)

101

4
0lo
B
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=0
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ot

ol

S
7HX| 0 A

| St info-chatting & C{3}

o}

O] E{H| O] 20| A K

=]
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> Info-chatting

2 8 Ho|H %

- Hlo[E{#|0| 20| F8 7|YE: Ho|E

> T2 M| E (named-entity)

Natural Language Processing Lab.
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.Challenge in Chat-Bot

> Consistency: CIE2 Az CIE &

=3

> M39(Adaptive dialogue agent): personalization, localization etc.

> AFEX JHUH F ek tigh =&, O Chzt LHES 3T = A=71?

o=2 L-LO2

> A, MIHEQ HefEAE HEE & A=
2

. CH3} B2|X SHOIM L EQ3

1=
o
uA
Mo
=2
im)
(o] 5
2
me
i
n
n
rE

- O o7
AL EAf: 5 20] BT} R2?
B4z 7 F Y2 of AL},
MG BAl= 20] #7127

W2 A= HYS LS Y2 o YL

DB schema 2| & & 2 £ o}= info-chatting
> multi-turn chatting 53, Clig} 22| S (C{&0, M=kK g, ...), ...

A
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. Cli 2} QIE{| 0] A: Goal-oriented dialogue

70 oj=0| 7}of of=H...

O|C|2 7t StA|LIR?

LA.R.

HEOH 7tz SHA|LIR?

L7t 7|0 M 122 FE] 172 7HX] 2]2]7t A0 8.

O™ 78 1190]| EESHAE 22 20| =55 + AL
H A2 ofH E A 24l K.

O, 3 A|oj| S2StA|2{ D SILIR?

= |
Hgoz o 5h=h...
A2 2T 10A|2F 22 4A130F 5 7HX|7t AL CH 28 10A[0f
SEOIH 22 E 2 8M0f| EXTIM, 2F 4A3020] SEIAIH HA
22 2 2F 2A 3020 =AELCL o Aoz oY EENR?
742 o237 ElLR?

> o000

A
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Bl xt210] o|3fio| ofE{L...

0{3g Fojm R,
J_'_ (=

tets MEQ S/E XA S 7180t TSt Symbol7|#H2| £ & &4

OE AIZHE0| 3861 Q= X|Al: Common Sense Knowledge (4f4l)

HAEE7} Q7ta 20| Cl=tst7]| £l A & 2 Common sense knowledgeE
S5 T A=717 : ASX[S(AD) Zofe| 22 Fl =x|...

g Natural Language Processing Lab.
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. Dialogue 2| X}

= Dialogue 2| X7} 11 2{sljOof T CH2} K| Al(cf. HO{X|Al, AFAD
¢ Turn-taking: A H| 7} &g} s of 5t=7}?
¢ Grounding and repairing misunderstandings

et 3¢ WES E oldlistl QA=71E M2 ZQsHEA =t
tQISHE CH=t7t =712 Sljof & HR 7t U 8)

I'OI-
ol

rA
o
ok

]

IO

|

fot
ol

A |
o
ot

misunderstanding2 &AM Z I =™HSl= 21

rl

-

-
o
=

0

-rr

¢+ Initiative and confirmation strategies

g Natural Language Processing Lab.
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. CH2} Turns and Utterances

s CH2}9] turn-taking: who should talk next, and when they
should talk

= AR =3E KAAHE [f3E ASH B

[
¢ 5 3Kt Wol7t overlap k| = AS 71 CHEF 5% HE S (Ho
(o)

=
Ci2te] 32 — domaindf| i} 2F7H4 O X1O])

o UHO| t2FA] Turn ALO|Of| %12 (silence)0| QY= AL T HHM

|28 UM X|=0| 7} Tt XX T of g

20| mptA AFE XS] T2t Sofl 710{S0{71oF & mjj7} e

o=
9US... oA BEY + YLt

1> oX
|.|'|

@. Natural Language Processing Lab.
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. Simplified Turn-Taking Rule (Sacks et. al.)

s Conversation Analysis (1974)

¢ If the current speaker has selected A as the next speaker
then A must speak next

¢ If the current speaker does not select the next speaker,
any other speaker may take the next turn

¢ If no one else takes a turn, the current speaker may take
the next turn

g Natural Language Processing Lab.
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. Transition-taking Rules

Chg 3ixt MEdg 9|3t 7|2 Al

s Adjacency pairs set up next speaker expectations
¢ GREETING(QIAI'R) / GREETING(QIAMR)
¢ QUESTION / ANSWER
o XXl o] / A ScCt

¢ QS / 7 S

= ‘O|0] Ql= H=(silence)’2 ZHE op7|& + AL Fo7I EQa..
A: & 7|2 LIE A ASL I
(1X &S
A: 2| etaz|e?
(15X &H5)
A: 0f?

B: ¢ L} L Ct.

@. Natural Language Processing Lab.
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.Turn-taking and Initiative Strategies

n A|AHl = L3} (System Initiative Dialogue)

S: SHX|E EHFAML.

U: CHA.
S: SHIX| E LdHFTM ...
s A2 X} =K CH2} (User Initiative Dialogue)
S: oS EEENR?
U: 63 270 ASHOIA CHH 7= KTXE 0| 2fol2{ 1 ol=4|, 27
IAN BEO| S5t 7[XtE of| 2ol FM 2
s M3 FLd L3} (Mixed initiative Dialogue)

S: RO Tl ENe?
U: Cf™ 0ol 7t2{ 1 St=H K.
S: Lol AA| 7kA| 221 S L 7k?

g Natural Language Processing Lab.
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. Grounding (Clark & Shaefer '89)

= L HOXE2 1 Ui=tE L& 20| OfL 1, CistE SolijM d=
S ot= common ground (or mutual belief)& 9t=0{ 7= 1’4 0|LC}.

= MEE 22| HetE HItH2 OfsHM=X| OfL|H & O|ofj 7} etk
=X|0f| Ciste] &= W& (grounding)S

=
= S: O|HHO|| MZ L2 HEER: Z2 YQEE o =3 = USLILCL

¢ Continued attention

(EHO| |2 S BE2E TS A= SA)
¢ Relevant next contribution

U: O3 o|™Hoj| \j2 L}2 S8 E|LIR?
¢ Acknowledgement/backchannel

U: J2f2/F 4| /0t L ~/O0fMt..!
o Demonstration/paraphrase

U: M SIHEEXS Q...
¢ Display/repetition

U: M IEERE S22 AEZE ol & = ACH1R...7
¢ Request for repair

U: I, fH2t1e?

=
=
ol
PrA

@ Natural Language Processing Lab.
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.Grounding and Confirmation Strategies

s Cue PhraseE Al26|A A 719 Ol (Intention)S A2 &
O|sfiotn QAU=X| CHSOIA] 215 miHA ARSI = &
(confirm)

(o) HstH=Lt O|]FS ETHE M

7. 2450|8.
= (I
o

L Xt Xt SX2? (request-confirm)
7k 4yl. (agree on the confirmation)
L} rt=LCt. (2 o5l S 4=)
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. Conversational Implicatures

MARN:. /3 5 ZfA[2{0 ofAILfR?

ANEX}: LY7f HIJ0YA 12EE 177X 3/.9/7F 910/L.

= Conversational Implicature: Ci2}0]| LIEZE| Q= HEE...
o AFEXIS 23t 80 A= BES BH 0|49 %
AEXL7F Ml Sol2{l of= GHEHE M= Ef‘l.*"é* T
¢ MEXE E& AIE0] Ol HE FESEHS 71X QUCt
7 o
o =

7|Ciot) T3S o=

¢ Cist EOo{x}ot Foft X8 0F LYTH=tS & XHH0| AS 2
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. Grice's Maxim of Conversation

= Grice's Maxims (heuristics guiding implicatures)

¢+ Maxim of Quantity: Be exactly as informative as required
- 28 o|de| =6 = S ofX| Oic}...

¢+ Maxim of Quality: Try to make your contribution one that is true
- =2 BEL} 2HOIX| = HES 0[0F7| otX| Ot}

¢+ Maxim of Relevance: Be relevant
. X|2 CiE} LH-20j 2=l 0|OF7| 8t S}E}

¢ Maxim of Manner: Be clear, avoid ambiguity, Be brief, Be orderly
- ZFE5t1 FalSHA 0]0F7| 5t Rol IS ALEOHX| XS EM

=0
=& MO0l g1 7| 4 tigte + A== ot}
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B i3t QlE{m 0| A A A

1 (T \
=38/HAE | | XA o]
\ a4k JERENN —
= Meaning CH2} | Data/Kno
), Waveforms Words R tati " wiledae
/\gt’j%/ epresentation | aja| X} basg
/] gumae | oo | v
= AH A
= T o O
N

/

+ KHG0f O[3 : ALBXLL| WBLE AHOIKE|E E8t0] BAMB}0| ALBRI 2|5
BEHSE ou|EH g A4

- CHieh 2| %} - el sS53F 888 2e{oi A ALEX} Eetol
o|=0of CHeh =|d2| CH=st =S Z8ot0] ChE A LH Eelof

off dot= 20| EHS Y8

- A0 dE  UHE 20| B2 RE AAHO0| Tt ZHE 4

Al
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. Dialogue 2| X}

= Turn-taking, Grounding and repairing
misunderstandings, Initiative and confirmation

strategiesE& & ZHGM A|AHO| USl/HAM S HAHSH

ArEXRe| SHS B8 = AEF HeE 210 7= 71s
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. Dialogue Management - Dialogue State Analysis Model

o AISXI oI It 912t 2} B 24 2WO)

- FSA D[t &

- SADIY 2l (ER

a, - user dialogue acts

a., - system dialogue acts

S, ‘user goal
s, -dialogue history

U=y e +—» ASR *—» ol

am

Speech
Synthesis

sSentence
Generation

Cieiet &3

JIE 23 VS POMDP J|gt 23)

Data growing

‘ FSA
based model

----------------------
o* .

b(sm)

}_, ,E_*DialogTrans. \
7 27| ¢ [Network |

Dialog
Policy

....
--------------------

{ae:

Classification
‘ based model

‘ PONIDP
based model

---------------------
o* e

Dialog
Policy

. .
-----------------------

---------------------
o e

b(s,,)

Dialog
Policy

. *
-----------------------
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. Dialogue State Analysis Model [FSA based]

o [H3} AH| EAIS FSA 7|4 o P
A IIIII_.l-I-I !

AL IS0t /X 21 8012

. HOIEIFS

A Oll 2JoH ZHOHHl SZHOID= A2ot0 et lookup_route.from_pol
poi |poiid| sort | route |address
] value| 9 [accuracy|optimum| 9
sa: inform
<Rank 1> predi-lookup_route_fyom_poi
- al <usgr intention> poi: value
A0 OloH =28 | sa: inform dialog
predi.: continue state | v
POl : {2 CH !
set_msg
pol |poi_id sort route [address
e okup_route_from_poi 2 9 |accuracy| value 2
dialog route: value
...... state

i-1

sa: request

]

. dialog
predi. task_cancel
sa: others st?'te
predi.: others
lookup_route_from_poi init
poi (poi_id| sort | route |address - _
? 9 |accuracy|optimum| 9

A
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B Robot Cf3} QIE{H 0| A

n X{E

Ck
=

=2 AES0 HAZAE multi-turn B E 7S

g + info-chatting (M &, A|ZH EHE, 2 HH, 74 EE )

[
Ho

d

¢
¢
¢

p= 10 2
0= N 4o
M 10 Mo
|m
m

o
>+
=

= Lz}
¢ Multi-turno| 7|2
. L8 0{(anaphoric reference)} M =kaiAt0| BE0| LIEFL
¢ Goal-oriented Dialogue
- Information seeking dialogue: HHE Q J5l= ZXNO| Clig}. F=

« General goal-oriented dialogue: O{H

CHgt. 52 2/4517| ¢St planning 7

¢ TR TextOl N D HOMA HFSH= HISY TM Ao
« 0]: IBM Watson, Hj2l, IRQA, FAQ AEIY

>
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B Robot Cf3} QIE{H 0| A

HE| R T C2} QIE{Lj|0|A (Multimodal Dialogue Interface)

Y Y
o2 oo oo

v

v

\
0r .

ALEXIS| SRR HAFO, =, B 5= SSHHCE Q4 gtn
=M510, AMXIC| o= & mielstn, MAESH SE/SS ot 4=25E
‘A olAl: oioj3 = UHE S A|OES EXERE Hetol= 7=
A ed: ZXE S AOHE SEHE = A= 34 A2 2 HESHE
=
o olal FiH2lE U™ E IHEOM SHE AN = A= 7=
=&, 285 Z22 HAF0o] Q4]
L= QA AIBX 2R B EF S
Uz B 24 lip reading, H3l17t HAE &
g H: ALEXIS| X8 H, AZHFEH, FH HH, olH FH S5 HHYF

=X 0| Natural Dialogue Interface
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/“E*EIEEEL T3 —Erﬁ(EH%M),\
— - AlEXe| ol EA 29|
HE Clt AISXAF2 CHSEO] 0 4, =X
— IEE JoAE O =tef o ol = MM (communicative
\acts, domain phw
Ol : “Ebx} @lo] M ¥ F J4A| 1 oF (2o e
7t2|7| M)
EX : S EAZ D StalL
i?_l : "JEH"
EX (= 7% X0 XL, Hol 0|

pas =ee )
4o 20| sttt M ABSL|CE.
Lol:"adjel.” =

“OtL|OF, &2 07| A2L|nt BT 7HX| 1 e}

V'ERRE 910 M Z'e MMIA 2o EHE HH ol
/AL XIO| WS S, AHRK BHS 0| 83}0] oF Zolg 7+
v"Okg EAIB{ D SHULTEEHS BEE MAISl0] £ OIS XCHEEA W
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B Robot Cf3} QIE{H 0| A

> AFEXEe| ol miet=E 2|et Planning 7|8te| £ &

> "N S 7HX| 1 e}'El= w2 B E| User-modell} AMsHX| A S
0|83t0] o2 7| 9i8t HAUS X2

A
> AF2XIo| ol & THM5t7| ¢ st 2% 9 Action Planning S &
~ “Hoj| =0| =Lt ::1 QALL|CL Bl WSS SHHA, Zof| 22
Q7| ¢t W FE U AH.
> O|llf &olE SHA| A2 XS] CONFIRMZ =H9l
> Multimodal 28 7|&

> “HEZFEL|CH = 2hs} I, =23 SHA AIEXIRI = W1,

g
u7te EHE X OHA MILSHAFOL'S AMBCL
. 5, wlel HAXO EHO sync. 2
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et AE{HO|A 7|5E #= XISH OIO|HE 75
ol M2 E3 AF2Xte| o & Hioto| 7|2 S5

- Abgiofl 2t0f ALgRIStO| [HSIE SolA| AHGXIS| O|EE HIfE
motst 4 9l 50| X 5E HO|HES| £T S HL
- g U

=
> MEO| 7ol A goo] ojo|E €W O A 15 + AS

> QlZkat 22 L3t 71

> Common sense knowledge X 2| 2X|= open problem in Al

A
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SA4l, 7|Alets 7|48t Deep learning 7|8t
> HICHol labeled training data (BigData)2| & @
» Lot text CjO|E| & 0| 8510 O HE Ao{X 2| AU X|4] X 2|7}

> DNNZ 0|&2%t X| X Ql Classification 20| EHEo| X[ JUS

> Unlabeled data X}= C usterlng =3H2 0|25l0] |2 class &
sHE MH ZOoix|1 U2

o
> Z3)stE 8 E3% decision making SHE EHSH X|T QS
> HO{2M, L33 A7t X| S8tst Deep learning model0] H L=
> 30| £ 2716l1, Common sense knowledge= O}El & Q 915t At}
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. Cl| 8 0 (anaphoric reference) 0

s ALEXE F O|FO| L= 217|Q0= E2tOr7t HX|?

= DTV: MBCOjjA| HEZ Ol =2

n APEXLE CHE R KRS OfC A 6lf?

= DTV: X|g22 WESO0| ofL| 1, x'=H360|A 25 2A|0f A od lL|C}.
s AF2XE O™, 74 =5Fs) F.

= DTV: 4|, A SLICT
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. Sub-dialogue 0|
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. Negotiation(belief space), mixed-initiative

&L B0k A APSa MY of=50] AF|X|?

28 ChEF 2% MY 7AQLC

-EX: 2?7 207t A7 Mo 2Lt SFX] EQYALE? (MR belief7t EES &

A8 oL 2, BFME 2te Y Jt1'-='01I 2Lt £ ALt

& X} OFL|OF, 212 Y XMY2 2|2|7} ACtal =M., Oofx| ZOojA7L EHH o|H| Y & Zotk}

AH: ZOJAL Bt o|H| 20| ofX= g, O] F H At 25 O 2 A0| YA=L|LCL.
HojE ||}

S

&4 22| A= Eojk

28: 0| Ho 2 A AL

Ex}: st ¥ HMYHo| oAtz E St7| 2 UCHL ML BFE 220 22t §.
28 O8H, 2 MY AT ARG AAF 52 oFA 277

2 X} AAME F3) Ol 8
AE ZI9k ALRF Mg HA sl SL L}

> > > > > >
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