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Dialogue State Tracking (DST)

* It is the core of task-oriented dialogue.

DSTCY

The Ninth Dialog System Technology Challenge

https://dstc9.dstc.community/

It was called Dialog State Tracking Challenge (DSTC) before 2017.

 State-of-the-art approaches consider DST as QA.
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Dialogue State Tracking

User: | will be traveling to Cambridge and cannot wait to try the restaurants, but could you help me with finding a hotel?

Agent: Would you prefer a guesthouse? the Acorn guest house is in the north and moderately priced. 4 starts with free internet and parking.
User: | would prefer a hotel type hotel, it just needs to be in the moderate price range and does not need to have free parking, but needs wifi.
Agent: Sure! | found Ashley hotel. It is located at 74 Chesterton road. Would that work for you?

User: Yes, that sounds like a good place. | appreciate the information.

Agent: You are welcome. Would you like a room, or perhaps | could help you with something else?

User: Yes, can you tell me } L W
Agent: It has 2 stars. N WHATSCAP&
User: Thanks, | also need " B ,

Agent: How about the Gal~
User: Sounds good. | woul
Agent: Okay | was able to 1

User: Could you also book
Agent: Where will you be «
User: Erom the hotel. | wo
:n
-}
»

Agent: | was able to book 1
else today?
User: No, that will be all. T

SHES

r

A

Source https //whatscap com/share/49576



Dialogue State Tracking

User: | will be traveling to Cambridge and cannot wait to try the restaurants, but could you help me with finding a hotel?

Agent: Would you prefer a guesthouse? the Acorn guest house is in the north and moderately priced. 4 starts with free internet and parking.
User: | would prefer a hotel type hotel, it just needs to be in the moderate price range and does not need to have free parking, but needs wifi.
Agent: Sure! | found Ashley hotel. It is located at 74 Chesterton road. Would that work for you?
User: Yes, that sounds like a good place. | appreciate the information.
Agent: You are welcome. Would you like a room, or perhaps | could help you with something else?
User: Yes, can you tell me the star rating of that hotel?

Agent: It has 2 stars.

User: Thanks, | also need a restaurant in the centre that serves European food. It needs to be in the same price range as hotel.

Agent: How about the Galleria?

User: Sounds good. | would like to make a reservation for Friday at 17:15 for 4 people.
Agent: Okay | was able to make you a reservation and your reference number is DWMSURSO.

User: Could you also book me a taxi that grrives at the restaurant by the time of my reservation?

Agent: Where will you be departing fro
User: From the hotel. | would like to get

Agent: | was able to book that taxi for y
else today?
User: No, that will be all. Thank you, go

Dialogue
State Tracking

hotel type: hotel

hotel price range: moderate
hotel Internet: yes

hotel name: Ashley hotel

restaurant area: centre
restaurant food: European
restaurant price range: moderate
restaurant name: Galleria
restaurant book day: Friday
restaurant book time: 17:15
restaurant book people: 4

taxi departure: Ashley hotel
taxi destination: Galleria
taxi arrive by: 17:15

Isomething changes.
t will be a yellow Honda. Can | assist you with anything

State

Summarization of what has
happened in the dialogue

(for policy module to
make decision)




Dialogue State Tracking (DST)

hotel type: hotel

hotel price range: moderate
hotel Internet: yes

hotel name: Ashley hotel

restaurant area: centre
restaurant food: European
restaurant price range: moderate
restaurant name: Galleria
restaurant book day: Friday
restaurant book time: 17:15
restaurant book people: 4

taxi departure: Ashley hotel
taxi destination: Galleria
taxi arrive by: 17:15

Dialogue State

A set of (key, value)

key value
A A
. . N\ N\
hotel price range: moderate
1 ———— cheap
expensive
don’t care

null

domain slot

Key: Defined before developing
your system

Value: choose from a set of
predefined options



Dialogue State Tracking (DST)

hotel type: hotel

hotel price range: moderate
hotel Internet: yes

hotel name: Ashley hotel

restaurant area: centre
restaurant food: European
restaurant price range: moderate
restaurant name: Galleria
restaurant book day: Friday
restaurant book time: 17:15
restaurant book people: 4

taxi departure: Ashley hotel
taxi destination: Galleria
taxi arrive by: 17:15

Dialogue State

A set of (key, value)

key value
A A
[ . N\ N\
hotel price range: moderate
\ J
1 v Same
domain  slot options

restaurant price range: moderate
hotel internet: yes/no

Key: Defined before developing
your system

Value: choose from a set of
options



Dialogue State Tracking (DST)
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Select the correct value for each key

What the user and agent have said

S:agent, U: user



MultiwOZ 2.0

e Multi-domain

[Budzianowski, et al., EMNLP’18]

There are 7 domains actually .

Hotel Train Attraction | Restaurant Taxi
price,
Ype. — food,
parking, | destination, e
stay, departure, PHce, destination,
area, area,
day, day, departure,
Slots . name, name, .
people, | arrive by, . arrive by,
type time,
area, leave at, da leave by
stars, people n}rie
internet, Peop
name
Train 3381 3103 2717 3813 1654
Valid 416 484 401 438 207
Test 394 494 395 437 195
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What is WOZ? S?E,ACMI'.--‘:??.T'ON

MakeAGIF.com



| https://dl.acm.org/doi/pdf/10.11
What IS WOZ? 4;t/F)25163.3§§3To%rg o

* One way of system test / data collection

4 ~

Artificial Al
COPUTER (AAI)




Schema-Guided Dialogue (SGD)

[Rastogi, et al., AAAI'20]

Metric | Dataset — | DSTC2 WOZ2.0 FRAMES M2M MultiwOZ SGD
No. of domains 1 1 3 2 7 16
No. of dialogues 1.612 600 1,369 1,500 8.438 16,142
Total no. of turns 23,354 4472 19,986 14,796 113,556 329,964

Avg. turns per dialogue 14.49 7.45 14.60 9.86 13.46 20.44
Avg. tokens per turn 8.54 11.24 12.60 8.24 13.13 9.75
Total unique tokens 086 2.142 12,043 1,008 23,689 30,352

No. of slots 8 4 61 13 24 214
No. of slot values 212 99 3,871 138 4,510 14,139
REQUEST(location) Which city are you in? Where are you located and

REQUES T(cuisine)
INFORM(location="los angeles”)
INFORM(date="2019-03-02")
INFORM(cuisine="greek")
OFFER(restaurant="0Opa!")

simulator

What kind of food?

| want to eat in LA.

| want to go there tomorrow

| want to eal greek food.
Opa is a nice restaurant.

template

what is your preferred food?

| am looking for a greek
restaurant in LA for tomorrow

How does Opa sound?

human



CrossWO/Z (zh, et al., TACL20]

Type Single-domain goal Multi-domain goal
Dataset DSTC2 WOZ2.0 Frames KVRET M2M | MultiwOZ Schema CrossWOZ
Language EN EN EN EN EN EN EN CN
Speakers H2M H2H H2H H2H M2M H2H M2M H2H
# Domains 1 1 | 3 2 7 16 5

# Dialogues 1,612 600 1,369 2425 1,500 8,438 16,142 5,012
# Turns 23,354 4472 19986 12,732 14,796 | 115,424 329,964 84,692
Avg. domains 1 1 1 1 1 1.80 1.84 3.24
Avg. turns 14 5 75 14 6 53 99 137 204 16.9
# Slots CrossWOZ 72

4 Values usr: VREF, A DL BIEF — N 1E @457 DL E R & S g 7.871

Hello, could you recommend an attraction with a rating of 4.5 or higher?
sys: R, BE/NZAUNUR B B S RAER TV -

Tiananmen, Gui Street, and Beijing Happy Valley are very nice places.
usr: FEMAEEIURE, IREFIEIX 5 BV S A et 408

I like Beijing Happy Valley. What hotels are around this attraction?
sys: ARATZ T, BHAHE, BI)5, CIH)E -

There are many, such as hotel A, hotel B, and hotel C.
ust: KUF T, WIEFTEAER A HEFANEIE EEVe, FEWPRIES)
wdsr DAL, SRR AR S5 B AR

Great! I am planning to find a hotel to stay near the attraction. Which
one has a rating of 4 or higher and offers wake-up call service?




Challenge - Infinite values

* Some slots have almost infinite possible values (e.g. leave

time, phone number) ,
Span in

t dialogue history
[ Module for Answer ]

Attention
[Module for Source]¢ .............. " Module for Question

Dialogue History What is the [SLOT NAME]?

51, U1,52, Uy, ..., 57, Uy What is the phone number?




Challenge — New Service

Having training data New service
f A \ 1
Hotel Train Attraction | Restaurant
price,
type B o food,
parking, | destination, -
stay, departure, .
area, area,
day, day,
Slots : name, name,
people, | arrive by, -
area, leave at, e "
, day,
stars, people ol
internet, peop
name

Question: What is the destination of train?
Question: What is the destination of taxi?




TRAnNsferable Dialogue statE generator

TRADE W, etal, ACV19]

_________________

Slot Gate G,

’

' PTR ! (b) Ashley State \\1

Context Vector ..} DONTCARE : : rl_I_H_’—rm—ﬂu_rr Generator :
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] . - PR .
Utterances Domains J Slots

. ) Hotel, Train, Price, Area. Day,
Bot: Which area are you looking for the hotel? e L ¥
. . Attraction, Departure, name,

User: There is one at east town called Ashley Hotel. . - o

Restaurant, Taxi LeaveAt, food, etc.

(Do not need a complete question)



parking -

internet -

- parking
- Internet

- food

- name

- type

- area

- pricerange
- stars

- stay

- people

- day

- time

- destination
- departure
- arriveby

leaveat

tvpe-
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|:||'|.I"|I 3
time -
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Hotel Train Attraction | Restaurant Taxi
TRADE =
type.
parking, | destination, fopd.
stay, departure, s destination,
Sl day, day, — p— departure,
o Ze ro Sh()t e people, | arrive by, oy oy arrive by,
type time,
area, leave at, d leave by
stars, people = l
internet, S
name
Trained Single Zero-Shot
Joint Slot Joint  Slot
Hotel | 5552 92.66 | 13.70 65.32
Train | 77.71 9530 | 22.37 49.31
Attraction | 71.64  88.97 | 19.87 55.53
Restaurant | 63.35 9328 | 11.52 33.43
Taxi | 76.13 89.53 | 60.58 73.92




Embedding from Description

service_name: "Payment” Service Pre-trained
description:|"Digital wallet to make and request payments” Mo d el

name: "account type" categorical: True  Slots
description: "Source of money o make payment"
possible values: ["in-app balance”, “debit card”, “bank’]

name: "amount” categorical: False { }
description: "Amount of money to transfer or request”

name: "contact nhame" categorical: False Pre-trained

description:|"Name of contact for transaction ]_’_b
Model

[Rastogi, et al., AAAI'20]



Slot Carryover Prediction

Start

End

{Yes, No, Dont Care, Span}

Slot Span Prediction (Attention + Softmax)

Slot Type Prediction
(Dense + Softmax)

eaE L ?

Prediction Layer

Contextual
Representation

Context Encoding
Layer (RNN)

Word Embedding
Layer

User:

Agent:
User:

dy

do

ds

P1

P2

P3

dp,

Pr

q;

Question
Vector

binary vector over M slots

e Slot Carryover Prediction
(Dense + Sigmoid)
Dialog
Embedding
Vector

[Gao, et al., SIGDIAL'19]

[ need to book a hotel in the east that has 4 stars.

area=east]

stars=4

parking=yes,
price=dontcare, |stars=4} |area=east

(All other slots are NULL)
[ can help you with that. What 1s your price range?
That doesn’t matter 1f 1t has free wifi and parking.

internet=vyes




The (domain, slot) pairs are not independent.
If a user booked a restaurant, then the destination of
the taxi is likely to be that restaurant.

DST QA

not don’t span span start and end . —
mentioned | | care probability distributions attention @ element-wise addition
- ¥ output ® bilinear distance function
1 i value probability distribution
| O value node
message

NI = B E
TREI11 o8
| i/ \ &

Bidirectional
GRU
.

(damain, slot) —_—
node embedding

handcrafted feas -

&
role embedding
char embedding walua
word embedding embedding

Vi

domain slot Wy W w3 W, domain slot

LF Vi dynamically-evolving graph
question type: span prediction dialogue context question type: value prediction

[Zhou, et al., NeurIPS Workshop’19]



Simple TOD generated model outputs

[HOSSEiﬂi-ASL et a|_’ arXiv’ZO] belief state | actions delexicalized response

| causal language model [ | H | ” | [ [ H [ H ] H [ H ] H ] H ] H ]
| I ] L1 1 | I I | | | | |

BOD0DO000000E BEEE  Fietune
user input system response user input db search results frOm GPT-Z

dialogue context

Context [context] [user| user input [system] system response . .. [user| user input [endofcontext]
Belief State | |beliet| domain slot_name value, domain slot_name value, . .. |endotbelief]

DB Search [db] #_matches, booking_status [endofdb]

Action action| domain action_type slot_name, domain action_type slot_name, . .. |cndofaction
Response [response| system delexicalized response [endofresponse]
Model Decoder Context Encoder  Extra Supervision  Joint Accuracy
TRADE Generative + Classifier  Bidirectional - 45.6
DSTQA Classifier Bidirectional knowledge graph S51.17
DST-PicKklist Classifier Bidirectional - 33.3
SST Generative Bidirectional schema graph 55.23
SimpleTOD (ours)  Generative Unidirectional - 55.72

Table 2: Evaluation of Dialogue State Tracking (DST) on MultiWOZ 2.1 using joint accuracy metric.



[Hosseini-Asl, et al., arXiv’'20]

Context ("MUL1015°, turn 10)

<lcontextl> <luser> i am looking for a pool somewhere in the south of cambridge . <Isysteml>i am
sorry , but it does not look like we have a pool that matches your criteria . <luserl> how about some
type of theater 7 <lIsysteml> the junction theatre is in the south area . would you like the address
? <luserl> yes , please provide the address and postcode as well . <lsysteml> the junction theatre is
located on clifton way at postcode cb17gx . is there anything else i can assist you with 7 <luserl>
thanks . yes , i also need to find a guesthouse for my stay there . <lsystem!> are you needing the
guesthouse in the south , also ? do you have a preference in price range ? <luserl> the area should be
the centre . i need it to be cheap and have free parking . <Isysteml> i have 2 guesthouses that fit your
criteria . 1 is the alexander bed and breakfast and the other is el shaddai . <luser!> what is the star
rating -s for them ? <lsystem!/> the alexander bed and breakfast has a 4 star rating while the el shaddai
has 0 stars . would you like to book a room with either of these ? <luserl> ok great , thank you . i
also need to book a taxi to get back and forth . <lsystem|> where did you wan to leave from and go to
? <luserl> i’ll be leaving the theatre at 14:45 and going to the guesthouse . <lsystem!> let s back up a
moment . which lodgings did you prefer , so we know where the taxi will be taking you ? <luserl> let
s go with the alexander bed and breakfast . <|systeml> your booking is complete . a grey volkswagen
will be picking you up , contact number 07753429052 . can i help with anything else ? <luser!> cool
beans ! sorry i was so much trouble . thanks so much for all of your help , you need a raise dealing
with customers like me ! <lendofcontextl>

Target

\ [ attraction area south, attraction name the junction, attraction type theatre, hotel area centre,
hotel name alexander bed and breakfast, hotel parking yes, hotel pricerange cheap, hotel type guest-
house, taxi departure the junction, taxi destination alexander bed and breakfast, taxi leaveat 14:45

<laction> general bye none <lendofactionl> <lresponsel> it was no trouble at all ! i hope you
have a fantastic trip and enjoy your stay ! <lendofresponsel>

SimpleTOD

[ attraction area south, attraction name the junction, attraction type theatre, hotel area centre,
hotel name alexander bed and breakfast, hotel parking yes, hotel pricerange cheap, hotel type guest-
house taxl departure the junction, taxi destination alexander bed and breakfast, taxi leaveat 14:45
< lof <lactionl> general bye none <lendofaction!> <lresponsel> thank you for using our ser-
vice <:Iend0nesponxel:~
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One slide for this course

. e

VC, Source Separation

w3 -

Audio BERT Speaker Verification

Vocoder

Text “Style” Transfer

BERT, Multi-BERT



Sentiment Classification

Stance Detection NLI
One Class Veracity Prediction Search Engine
Intent Classification Relation Extraction

Dialogue Policy

POS tagging
Class for Word segmentation
Extractive Summarization
each Token Slotting Filling
NER
from Input
Abstractive Summarization
General Translation
NAT Sequence Grammar Correction
NLG Task Oriented Dialogue

Other? Coreference Resolution



