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Dialogue State Tracking¥ X Dt 757E(CDULNT
Transferable Multi-Domain State Generator for Task-Oriented Dialogue Systems, 2019
SAS: Dialogue State Tracking via Slot Attention and Slot Information Sharing, 2020

A Contextual Hierarchical Attention Network with Adaptive Objective for Dialogue
State Tracking, 2020
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Arithmer Dialogue State Trackingd X DsHi /5%
Task-Oriented Dialogue ® 4l

RN GE BIELFET 5 X5

I am feeling hungry so I would like to find a place to eat

N

(2 ®
Do you have a specific which you want the eating place to be located at? [lows
oS S B T
= I would like for it to be in San Jose
(=0
Is there a specific cuisine type you enjoy, such as Mexican, Italian or something else? j:‘
e T P T
= I usually like eating the American type of food | Lz 5> oFHn LW
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Arithmer Dialogue State Tracking’d X2 D755k
Task-oriented dialoguelz 3|3 3 PipelineFix[1]

Speech Signal Hypothesis IR, FHMED U UL\DST CHHFENEE
are there any action movie§to
see this weekend 4 Language Understanding (LU) O
Speech 3 * Domain ldentification
| Recognition { * User Intent Detection
Text |nput \_ * Slot Fllllng J
{_Are there any action movies to see this weekenhd? Semantic Frame
\\ request_movie
) - genre=action, date=this weekend
A BfZEETn, sHmNEELL v
(Dialogue Management (DM)
( EIRE] !.anguage <  Dialogue State Tracking (DST)
Text response t Generation (NLG) . Dial I
Where are you located? . . BRI IE (HeS)
' System Action/Policy A

request_location

N
Backend Action /
Knowledge Providers
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Arithmer Dialogue State Tracking’d X2 D755k
Dialogue State Tracking (DST)
XWigEzd 5L TREITANEHEFZIREHITITEIZRS

I am feeling hungry so I would like to find a place to eat

2 ®
Do you have a specific which you want the eating place to be located at? [lows
o S i
= I would like for it to be in San Jose

{ ‘ o
Is there a specific cuisine type you enjoy, such as Mexican, Italian or something else? j:‘
e T P T

=% I usually like eating the American type of food
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Arithmer Dialogue State Tracking’d X2 D755k
MultiDomain Wizard-of-Oz dataset (MultiwOZ)[2]

example vocab. size of slots versions of WOZ
Agent: I have two restaurants. They
are Pizza Hut Cherry Hinton and Slﬂ't Name 20 | 21 WOZ 2.0 ACL 2018
Restaurant Alimentum. taxi-leaveAt 119 | 108
User: What type of food do each taxi-destination 277 | 252
of them serve? taxi-departure 261 | 254 WOz 2.1 LREC 2020
restaurant.name: Pizza Hut Cherry Hinton, taxi-arriveBy 101 | 97
Restaurant Alimentum (other slots: none) restaurant-people 9 9 WOZ 2.2 ACL 2020
User: I would like to visit a museum restaurant—day 10 10

or a nice nightclub in the north.

traction.t — restaurant-time 61 72
attraction.type: museum, nightclu
P i ; restaurant-food 104 | 109
User: I would also like a reservation .
at a Jamaican restaurant in that area restaurant-pricerange 11 5
for seven people at 12:45, if there restaurant-name 183 | 190
is none Chinese would also be good. restaurant-area 19 7
restaurant.food: Jamaican (preferred), Chinese domain
User: I would prefer one in the cheap
range, a moderately priced one is ] _ .
fine if a cheap one isn’t there. WOZ_C(11|nput(gj§ét@5|0t®%7ﬂu7&§_5
restaurant.pricerange: cheap (preferred), moderate
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Arithmer TRAnNsferable Dialogue statkE generator (TRADE) [3]
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DSTFRITETILICHULT, AttentiontétBr>Copyidétg=FIAL,
EXDANTNMSIEXRRLLIBIRZHMB CTETIFEZIRE
Zero-Shot, Few-ShotDOBRBICX U CEBFRTE D EZRUIE

ACL2019 Qutstanding paper!

AT
1. RXA>% - A0O0Y hEZEADE U TS
2. copytétazFIAUIcEE=R N TXROY MEZFHI
3. A0O0v MEDIREEEFHIL, XOwv MEFAI & B (C&EL
4. few-shot, zero-shotDMEREICK I DIEELHEAE
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Agrithimer - JERDTFE [4]0D Eilesl=

System dialogue act
embedding at turn k-1

Dialogue State
Tracking |

. date=Thursday

'\
User: Movie for the day R Bi-LSTM _H \ LSTM
after tomorrow, please Utterance Encoder u Dialogue State

User utterance
= encoding at turn k
Fl:ﬁ Z>/7\0\N\

1. EXOANZTBEEZGHNDOFE<SUVHRN
BRIV EHRZE S ENIEFT DS N TSRO

‘time=none

2. BEFTI)ILAROY MEADIBX(CH L TE/AL
AOY MEDOFHIZE T DETILOEIE EXFIH TSR0
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Bot: Which area are you looking for the hotel?

User: There 1s one at east town called Ashley Hotel.
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Restaurant, Taxi

(b) Ashley State
ﬂHjﬂ[Lu{r Generator
Pjﬁonal —|—ﬂ E
=] [ |
Hotel? :

5 e

-

Ashley

Ex: name | ﬁI—T—/\—XODiE&bﬂ_\%L

Ex: hotel
| |
. i={1,...,J
Domains { ! Slots
Hotel, Train, Price, Area, Day,
Attraction, Departure, name,

LeaveAt, food, etc.
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(b) Ptr-Net

(a) Sequence-to-Sequence

attentionZzF#FHL T, ABDCHIT Bzt

NLP DS TlEQut-Of-VocablaryBEZE DO R IZFEZX S
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Arithmer Copy mechanism : soft-gated copy[6]

Final Distribution
A
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<START> Germany beat

|
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4.|

Germany emerge victorious in 2-0 win against Argentina on Saturday ...
N J N J
Y Y
Source Text Partial Summary
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Utterance
( )

20y RREEDFE] | Slot Gate G; T T e -
| PTR | / (b) Ashley State \\‘\
Context Vector b DONTCARE | i' rl_l-l:l_H-m_‘_Lu-rr Generator !
€50 . = None ©) pipal N |
| =] [ i
attention mechanism__..--""t,-"' H
pristory [ I 1 . 5% 7 ; | Hotel?
ik i dec :
......................... 0 :

A
h

Encoder ’u ]
___________________________________________________________ / Ashley
Ex: hotel Ex: name
| _ |
BT, WX —>%{FEF  Utterances pomains 0= LT groes _ B
L _ Hotel, Trai Price, Area, Day, TN
Bot: Which area are you looking for the hotel? O At rice, Area, Day
. Attraction, Departure, name,
User: There is one at east town called Ashley Hotel. Restaurant, Taxi LeaveAt, food. etc. DIB D IAI[T]
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SHMsERR (1@%, Zero-Shot)

FED K A A > DGR

B D FHMFER

(Zero-Shot)
MultiWOZ MultiwOZ Trained Single | Zero-Shot
(Only Restaurant) Joint Slot Joint  Slot
Joint  Slot | Joint _ Slot Hotel | 5552 92.66 | 1370 65.32
L AETE TIr
GCE | 3627 9842 | 60.93 95 85 Attraction | 71.64 88.97 | 19.87 55.53
SpanPtr | 30.28 93.85 | 49.12 87.89 Restaurant | 65.35 03.28 11.52 53.43
TRADE | 48.62 9692 | 6535  93.28 Taxi | 76.13  89.53 | 60.58 73.92

Joint : IEEICE VTR A Y b FRNETIER - /-HEXR

Slot: 12120 xAw FFRIDOKBE

TERFEDIBE = A& (C_L[OSFEE & I1Z N
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WAVH [P
.Autluucl‘

TRADE: Few-ShotfalgE(CX] 9 DA E

A

clit

73 (continuous learning) D%t %z #!)

Elastic Weight Consolization (EWC) Gradient Episodic Memory (GEM)
A Minimizeg L(©
Leuwe(©) = L(©) + 3 5 Fi(0; — Os,i)° (©)

Subject to L(©, K) < L(BOg, K)
0 : WED/\SA—-5

N
-IIInI

 FRIFBOT—4 (B> T)L)
05 : BRIFERD/I\SA—-%

 BEICT—INBB RAA TS
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TRADE: Few-Shotf=ED i 3EER

Joint Slot | Joint Slot | Joint Slot Joint Slot Joint  Slot

Evaluation on 4 Domains | Except Hotel | Except Train | Except Attraction | Except Restaurant | Except Taxi
Base Model (BM) 5898 9675 | 5526 96.76 | 55.02 97.03 |54.69  96.64 | 49.87 96.77

training on 4 domains
Fine-tuning BM Naive | 36.08 93.48 | 23.25 90.32 | 40.05 95.54 32.85 91.69 46.10 96.34
on 1% new domain EWC | 40.82 94.16 | 28.02 91.49 | 45.37 84.94 34.45 92.53 46.88 96.44
GEM | 53.54 96.27 | 50.69 96.42 | 50.51 96.66 45.91 95.58 46.43 96.45
Evaluation on New Domain Hotel Train Attraction Restaurant Taxi

Training 1% New Domain | 19.53 77.33 | 44.24 85.66 | 35.88 68.60 32.72 82.39 60.38 72.82
Fine-tuning BM Naive | 19.13 75.22 | 59.83 90.63 | 29.39 60.73 42.42 86.82 63.81 79.81
on 1% new domain EWC | 19.35 76.25 | 58.10 90.33 | 32.28 62.43 40.93 85.80 63.61 79.65
GEM | 19.73 77.92 | 5431 89.55 | 34.73 64.37 39.24 86.05 63.16 79.27

1178 : B I D RAA>OEFE (£5 R A1 DR RXAA > ZFew-shot & RGE)
2178 : £T—AANEEICAFTEZIRKOBE (FRBEDLIR)

31T7H : 1% RAA > TEZED,

51TH : 1% FAA 2 DHTEFEUITHEE
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Arithimer TRADE: & &
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WAVH [P
.Autluucl‘

Slot Attention and Slot information sharing (SAS)[8]

\ =

BRI ANZAOY bEZFIA U CGEIRPYIICE#R I BSlot Attentlonc‘:

A0Ov MeElD Bz 7ﬁ@“ZoSIot Information SharingZzig%
SoTA T BDTRADED % EE 0| dEEZERUIT

TRADE + Slot attention + Slot information sharing®E>JL

FTARE

1. ABDOEAOY MMIwERIGHRZSlot Attention TEH T 1T
2. BEICER U2 XOY SEOZEBUITIIZ AW CROY MEDIEIRZEHE
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Arithmer SAS: TRADEDRER

ii Slot Gate G LT -~
'  PIR : ’,f' (b) Ashley State
Context Vect?r . L DONTCARE | i A_} _ Generator
SAST Eradadr> * %\fé_.:_ %I ;E J, cjo :l‘ == NONE (©) pivel pll ol il
EEEE r|><(1 —pfﬁn) |x(p3=_(e)n)|

Hotel?

i

1

1

I

1

]

i

T

|

\

AY

\
N
N
‘ ~
o

={1,...,J
Utterances Domains { ) Slots
S . Hotel, Train Price, Area, Da
Bot: Which area are you looking for the hotel? S ; > 8,
. Attraction, Departure, name,
User: There 1s one at east town called Ashley Hotel. :
Restaurant, Taxi LeaveAt, food, etc.

attentionZ{EFH LU TWLWBREDD, R=D |Gz >3

E<IRZ TWVRVDTIE?
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Arithmer SAS: E5)LIE

Vocabulary list
History . .
Context ‘ hlstosrt};1 tl:;lden
Slot Attention slot hidden
states l
Encoder l c int
. I:I_, ‘ i__. Decoder
Cicz ¢ 7y
history hidden
Slot Similarity states !
E Matrix M
slot hidden
states Slot Information EERRERRNNNE
Sharing T
Final Distribution
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Arithimer SAS: Slot Attention
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Arithimer SAS: Slot Information Sharing

328 1330 « 2Dk B0 ZRPREEED

R0 L RO RS L deBh s 9

I 2 3
v [T ToT ! AR T E (o 1)
2(01J0) —/— X [dltlo| =
3[1]o]| ol 7
UETHIDIEN /5 fEnZ Dok 848,33 4378 1 2TA 2 j

1. RAA>%, XOv MEDELZDCcosine sim.Z:18& (RNNZ{ERA)

2. BMEEL, K-meansiETITHZ1ERL sim = a - sname + (1 — @) - vtype
Moo — 1 if sim;; >
L0 if simi; < (B
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Arithimer - ST EERER

ERFEEDLEER ablation study
MultiwOZ | MultiWOZ(res) MultiwWOZ | MultiWOZ(res)
Model | Joint Slot | Joint Slot Model Joint Slot | Joint Slot
MDBT | 15.57 89.53 | 17.98  54.99 SAS-att-shr | 48.62 96.92 | 65.35 93.28
GLAD | 35.57 95.44 | 53.23 96.54 SAS-shr 4999 097.10 | 66.89 93.62
GCE | 36.27 9842 | 6093  95.85 SAS(RT shr) | 51.03 97.20 | 67.34  93.83
SpanPtr | 30.28 93.85 | 49.12  87.89 SAS(KM shr) | 50.46 97.15 | 66.65 93.78
TRADE | 48.62 9692 | 65.35 93.28 SAS(HM shr) | 50.27 97.13 | 66.89  93.62
SAS 51.03 97.20 | 67.34 93.83

Slot Attention ©1.37%[@]_E
Slot Information Sharing™©1.04%/a] £

jointAEE Z TRADEN'S52.41%[a]
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Arithiner SAS: &8
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S

B MultiwOzZ(CH LT, TRADERjoIntHBE T2.43% L

O

A8

DEEZERUIC

® Slot Information Sharingl&#&EREd & Z SAttention’xD T (& ?
(Attention&E U TR IEANIISA—SBEHEFEND L)
B BA;REBY(CSlot Information Sharingd 2Mh, XOwvW &%z
embeddingU T EFLBEERZHB U T<NBA3DZHRF UIZAHINLLD

MNE, BEOIDUVIEBEICTANDURENH D
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Contextual Hierarchical Attention Network (CHAN)[9]

\ =

EHEE| )L ES—2 LARLDAttention EEBEIFEEST)LBERTAFI

L/T DSTEFI/LE, ROV COFHESZE (CEDVWCEIDNEE ZIRR
ACLzozowwozgzat(i Ny T OSXOEEZRUIE

FTARE
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Arithmer CHAN: E>JLEIZE

Fine tuning Joint training l 20w MEFZIFTIRRL, ROY LS T
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S S A b} ez, |
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N 77 /[ Context Encoder ]
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i ( Feed Forward ) E ’( Conc;tPE )
¢ Add & Norm )i cuerd] et | cuord
| : ! S, 5,t— 3,
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pmmmmmm e o, f Yo ( — — gate
 Adaptive Objective | i Estpi « ( State Trar;sltlon Prediction ~ J«—C5; ")
L | : | I ate
hy - Eﬁdst/: - [ Linear | —
| e[ ek
[ BERT ] [ Slot-Turn Attention
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VB ABEEEDODEIERIBZBERTORIRICE DTS
exp(—|los,t—h{ ||, )
. word t'u,'rn vV U R S) =
gst = o(W,® [cord; cturn) p(ve|Ust, R<ts s) > exp(—Jlone—ht 1)
v GV,S
gate word turn T
cs,t — st 0% C + (1 gs,t) 0% C Edst _ Z Z - log(p(@dUgt, RSta 8))

seS t=
05+ =LayerNorm (Linear(Dropout(cJ7*)))
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CHAN:3

AOY bDD S AE DA

EHEERZ= (Adaptive Objective)

—(1 —p)" log(pr)

[$)}

=2 2 2 22

N = oo

well-classified
examples

0.6
probability of ground truth class

CE(p) = —log(pt)
Focal Loss[10] B {p ify=1 4| Fm)=
CE(p;) = — log(p). 1 —p otherwise, ;3
FL(p:) = —(1 — pr) " log(py). 2
KK FHTECHREZ/NSLKLTD '
CHAN'’s adaptive objective | |
Eadapt(sa vt) — _asﬁ(sa Ut) log(p(s, vt))
1= acc?™ S
B(s,vt) = (1 —p(s,vy))T s = S 11— accval IS
Focal loss & —i#&
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Model Ontology | MultiwOZ 2.0 MultiwOZ 2.1
Joint (%) Slot (%) | Joint (%) Slot (%)

DSTreader (Gao et al., 2019b) X 3941 - 36.40* -
GLAD-RCEFS (Sharma et al., 2019) v 46.31 - - -
HyST (Goel et al., 2019) v 42.33 - 38.10* -
TRADE (Wu et al., 2019) X 48.60 96.92 45.60* -
DST-QA (Zhou and Small, 2019) X 51.44 97.24 51.17 97.21
SOM-DST (Kim et al., 2019) X 51.38 - 52.57 -
SUMBT (Lee et al., 2019) v 48.817 97.331 52.75% 97.56%
DST-picklist (Zhang et al., 2019) v - - 53.30 -
Our Model v 52.68 97.69 58.55 98.14

MultiwOZ 2.1 (cBVjointtgEZTRADEN'S12.95%(@E £
(F=rzUXOv MEIREZERIER L CLDDTfaircldiguy)
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FEIEDLEE
Model MultiWwOZ 2.1
Our Model 58.55
- state transition prediction 57.86 (-0.69)

- adaptive objective fine-tuning 57.45 (-1.10)
- above two (only CHAN)T 57.00 (-1.55)
Our Model (FL (a=1,v=2))* 58.10 (-0.45)

1. AEBRFAZITDICECTHRENLE
2. Focal Loss&k D BIRFIEEZDANEL)

TS I)UVBSBEARDLER

Model MultiwOZ 2.1
CHAN 57.00

- global-local fusion gate 56.76 (-0.24)

- slot-turn attention 56.85 (-0.15)

- context encoder 55.28 (-1.72)

- above three! 50.28 (-6.72)

1. TransformerBidcontext encoder(3zZZEHVK
2. 3D&EBIRK EXBICHREMET

©2020 Arithmer.lnc. ¥RXSAK (R—Y) HOXE - BIREFOEMGEHITSERBLEIV, 5IHBITZ5RICIESIHOEHEEZETLTLEIV, Arithmer Confidential



©2020 Arithmer.Inc.

Dialogue Example
Turn1, U:iam looking for a cheap restaurant in the center of the .
c]ty please
fo‘r
Turn 2, R:do you have any specific type of food you would like? people
U: no, i ' m not picky as long as the prices are low. ®
Turn 3, R: there is a cheap chinese restaurant called the dojo noodle o
bar located in the centre of town. would you like to booka ~ ""*
table? "iere
U: yes please, for 8 people at 18 : 30 on thursday. p
cheap
Turn4, R:iam sorry but dojo noodle bar is solidly booked at that einese
time. i can try a different time or day for you. e
U: can you try to book it at 17 : 30 . o
. #iodle
Turn 5, R: all set. your reference number is k2bo09vq. e
ocate
U: thanks. i ' m also looking for some entertainment close to .
i ‘) centre
the restaurant. any suggestions? e
' town
Slot-turn Attention woul
like
™ -08 N tE
o -06 a
0.4 tab\g
Il ‘ [SEP]
= -0.2 [PAD]
—
Turn 1 Turn 2 Turn 3 Turn 4 Turn 5 E 8 E 2

LPRFTAR (R=Y) ADXE - BIREFDEMGH FEBILESI W,

Restaurant - name
(dojo noodle bar)

Slot-word Attention
Turn 4
0 1 2 3
[CLS] [cLS)

can thanks
you
try

to
book
it

at

17

I

m

also
looking
for

some
entertainment
close

to

the
restaurant

30

[SEP]

i

am
sorry
but

do
##jo
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##odle
bar

is

solid
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booked
at

that
time

any
suggestions
?

[SEP]
all
set

your
reference
number
is

k

2
##bo
#H0
9
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#Hq

I

can

try

a
different
time
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for
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[SEP]
[PAD]
[PAD]
[PAD]
[PAD]
[PAD]
[PAD]
[PAD]
[PAD]
[PAD]

[SEP]
[PAD]
[PAD]
[PAD]

Restaurant - name
(dojo noodle bar)
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Restaurant - name
(dojo noodle bar)
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mEHELrZ—Y L ARIILDAttention, TransformerBEDhf§E, Z L TEq)
FEETIVOBERTZFAL-DSTFHETILZIZER

mEf, FEZRESEIEHICRAY FEZFHTSEIZR I LREE
CEREEL, Ay FEDOKRIEREZEET 5 7D ISEHDLRRE I FE

B MultiWOZIZHEWT, iERKFiz2XE LEISHERERLT

1. MultiwOZ2.0 : TRADE + 4.08%
2. Multiw0Zz2.1 : TRADE + 12.95%
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