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1. Task-Oriented Dialogue
1. "Task"-Oriented Dialogue
2. Limitations of TOD System
3. Bottlenecks of building TOD System

2. Synthetic Dialogue Generation
1. M2M (Rule-based Simulation)
2. Evaluation of Synthetic Dialogue
3. Abstract Transaction Dialogue Model

3. NeuralWOZ (Model-based Simulation)
4. Q&A



Task-Oriented Dialogue
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Cold start problem

Dialogue data collection Build Dialogue System Serving & Maintain




Real User

Feedback

Dialogue data collection Build Dialogue System Serving & Maintain



Synthetic Dialogue Generation
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=> Start with synthetic data from User Simulator and get feedback from real user quickly

https://www_ amazon science/blog/amazon-unveils-novel-alexa-dialog-modeling-for-natural-cross-skill-conversations



https://www.amazon.science/blog/amazon-unveils-novel-alexa-dialog-modeling-for-natural-cross-skill-conversations

M2M

1. AL2|2 Q| (Task Schema & KB)

2 .Rule-based Simulation2 &gt Synthetic data 44/

3.Paraphrasing (Crowdsourcing)
4 Dialogue Agent et

Building a Conversational Agent Overnight with Dialogue Self-Play (2018, Shat et al.)

(1) Developer Task Schema (il
it (Intents & Slots) API Client
(~30 mins)

..........................................................

(2) Outline generation
(automated, ~5 mins)

3)Pa ra :
; ( )(uowdmp:ourso.;z ~6 hrs) =
: Disiogies

(4) Train a dialogue model: Dialogue
(=1 hr) Agent




M2M

Schema:
movies: name, theatre, date,
time, ...

restaurants: name, cuisine, price,
location, ...

User Goal: ack() request(time)
API Client: -
S DOOK Mo [Tmnm ]l Any time during the ]l
f ) | ——s et inform(time=evening)  ||—e evening works for me.

Movies DB . ~

time=evening s s ” [ How about the 6pm show at ]
R o8 offer(theatre=Cinemark 16, Cinemark 16?
reserve_restaurant:
(a) Task Specification (b) Scenario (c) Outline (d) Paraphrase

User Profile:

verbose: 0.8
flexible: 0.5
asks_for_repeat: 0.3

(3o |

| want to buy tickets for Inside Out
for tomorrow.

Alright. What time would ]
you like to see the movie?

Figure 2: Example of generating an outline and its paraphrase. See text for details.

Building a Conversational Agent Overnight with Dialogue Self-Play (2018, Shat et al.)



Leave-one-out setting

Train model on

Domain/Scenario

Source }

Test on

(Unseen) Target
Domain/Scenario

Leave-one-out setting

Training on Train, Attraction,
Restaurant and Taxi
Evaluate on Hotel

Trained Single | Zero-Shot
Joint Slot Joint  Slot
Hotel | 55.52 92.66 | 13.70 65.32 &—
Train | 77.71 95.30 | 22.37 49.31
Attraction | 71.64  88.97 | 19.87 55.53
Restaurant | 65.35 93.28 | 11.52 53.43
Taxi | 76.13 89.53 | 60.58 73.92

Transferable Multi-Domain State Generator for Task-Oriented Dialogue Systems (Wu et al., 2019)



https://arxiv.org/abs/1905.08743
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Baseline performance A

Full Annotated data from CrowdSourcing/Human

‘

Synthesized data from the simulator Performance B
User
. ﬁ ﬁ
Simulator

Zero-shot coverage: B/ A * 100




Baseline performance A

Full Annotated data from CrowdSourcing/Human

‘

Synthesized data from the simulator Performance B
+ N portion of annotated data

: User . >
Simulator

Few-shot coverage: B/ A * 100 (N%)
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Agenda-based Simulation 2L} 226t HERO
Rule-based Simulation

* Abstract State Transition Matrix 42
« CtFst TemplateQ| &2

SLOTQUESTION := “How about” NAME “? Itis a” NP “”
“<sep> Is it” ADJ_SLOT “?”:
A(state, name, np, adj_slot) — {
if adj_slot € (state.slots U np)

return |
state.abstract = SLOTQUESTION
state.slots|adj_slot.name] = “?”
return state

NP := ADJ_SLOT NP : \(adj_slot,np) — np U {adj_slot}
NP := NP PREP_SLOT : A(np, prep_slot) — np U {prep_slot}
NP := “restaurant” : A\() — 0

ADJ_SLOT := FOOD | PRICE: \(z) — =
PREP_SLOT := “in the” AREA “of town” : A\(z) — x

NAME := “Curry Garden” | ...: A(z) — name =z
FOOD := “Italian” | “Indian” | ...: A(z) — food = =
AREA := “north” | “south” | ...: \(z) > area=2x
PRICE := “cheap” | “expensive” | ...: A(x) — price =z

From Abstract State Agent Dialogue Act User Dialogue Act To Abstract State
Start Greet Greeting
Ask by name Info request
Ask with constraints Search request
Greet Greet Ask by name Info request
Ask with constraints Search request
Search request Ask to refine search Provide constraints Search request
Ask question Answer question Search request
“Propose constraint Accept constraint Search request
Add constraints Search request
Propose entity Accept Complete request
Add constraints Search request
Reject Search request
Ask slot question Slot question
Ask info question Info question
Empty search, offer change Change constraints Search request
Insist Insist
Info request Provide info, offer reservation  Accept Accept
Provide reservation info  Accept
Ask info question Info question
Info question Answer, offer reservation Accept Accept
Provide reservation info  Accept
Thanks Close conversation
Slot question Answer, offer reservation Accept Accept
Add constraint Search request
Insist Repeat empty search Apologize Close conversation
Change constraints Search request
Complete request Offer reservation Accept Accept
Thanks Close conversation
Accept Ask missing slots Answer question Complete transaction
Complete transaction Execute Ask transaction info Transaction info question
Thanks Close conversation
Error Thanks Close conversation
Transaction info question ~ Answer Thanks Close conversation
Close conversation Anything else Thanks End

Zero-Shot Transfer Learning with Synthesized Data for Multi-Domain Dialogue State Tracking (2020, Campagna et al.)



Attraction Hotel Restaurant Taxi Train

# user slots 3 10 7 4 6
# agent slots ) 4 4 2 2
# slot values 167 143 374 766 350
# real dialogues 3,469 4,196 4,836 1,919 3,903
# in-domain turns 10,549 18,330 18,801 5,962 16,081
# in-domain tokens 312,569 572,955 547,605 179,874 451,521
# domain subject templates 5 5 4 2 4
# slot name templates 15 17 21 18 16
# slot value templates 7 30 30 37 42
__# information nfferance templates ] 14 13 L 21
# synthesized dialogues 6,636 13,300 9,901 6,771 14,092
# synthesized turns 30,274 62,950 46,062 35,745 60,236
# synthesized tokens 548,822 1,311,789 965,219 864,204 1,405,201
transfer domain Restaurant  Restaurant Hotel Train Taxi
overlapping slots 2 6 6 4 4

Zero-Shot Transfer Learning with Synthesized Data for Multi-Domain Dialogue State Tracking (2020, Campagna et al.)



About 7~80% zero-shot coverage when using pre-trained LM on DST task

Attraction Hotel Restaurant Taxi Train
Model Training Joint  Slot | Joint Slot | Joint Slot | Joint Slot | Joint Slot
Full dataset 673 876 | 505 914 | 61.8 927 | 727 889 | 740 940
TRADE | Zero-shot 22.8  50.0 19.5 626 | 164 515 | 592 720 | 229 480
Zero-shot (Wu) 205 555 13.7 656 | 134 545 | 602 735 | 210 489
Zero-shot (DM) 349 622 | 283 745 | 359 756 | 650 799 | 374 745
Ratio of DM over full (%) | 51.9 71.0 | 56.0 815 | 581 81.6 | 8.4 899 | 50.5 793
Full dataset 71.1  89.1 51.8 922 | 642 93.1 | 682 860 | 77.0 95.0
SUMBT ro-shot 22 1 1 165 521 | 595 749 | 22 49.2
Zero-shot (DM) 528 789 | 363 837 | 453 828 | 626 794 | 46.7 84.2
Ratio of DM over full (%) | 743 88.6 | 70.1 90.8 | 706 889 | 918 923 | 60.6 88.6

Zero-Shot Transfer Learning with Synthesized Data for Multi-Domain Dialogue State Tracking (2020, Campagna et al.)



NeuralWOZ: Learning to Collect Task-Oriented
Dialogue via Model-based Simulation

Sungdong Kim, Misuk Chang, Sang-Woo Lee
@ACL-IJCNLP 2021



Task-Oriented Dialogue as information exchange game
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System

« You are traveling to Cambridge and looking forward to
try local restaurants. [{'address': 'regent street',
« You are looking for a place to stay. The hotel should be 1 1 ! !
area : centre
in the type of hotel and should be in the centre. 'internet': 'ves f
« The hotel should include free wifi and should have 2 , ., y o
parking': 'yes',

star of 4. > L2
« Once you find the hotel you want to book it for 3 people id’: . 30°,
'"location': [52.19942, 0.12722],

and 5 nights starting from monday. ' ' ; _ : '
« Make sure you get the reference number. name': 'university arms hotel’,

« You are also looking for a restaurant. The restaurant 'phone': '01223351241"',

should serve australasian food and should be in the 'postcode’': 'cb2lad’,

moderate price range. < 'price': {'double': '124', 'famil
« The restaurant should be in the same area as the 'pricerange’': 'expensive',

hotel. 'stars': '4"',
« If there is no such restaurant, how about one that serves 'takesbookings': 'yes',

british food. '"type': 'hotel'}]

« Once you find the restaurant you want to book a table
for the same group of people at 18:30 on the same
day.

« Make sure you get the reference number

MultiwOZ - A Large-Scale Multi-Domain Wizard-of-Oz Dataset for Task-Oriented Dialogue Modelling (2018, Budzianowski et al.)



Goal Instruction

You are looking for a restaurant. The restaurant should be
in the expensive price range and should serve british food.
Once you find the restaurant you want to book a table for
2 people at 16:45 on sunday. Make sure you get the
reference number.

Goal Instruction G »  State Candidate C

—] nhame graffiti f \

— food british

| area west

— NeuralWOZ

] pricerange expensive

ey

-

I
API Call results A |~ » I I
} l : I (hotel-area, west) | |

|
(hotel-area, east) | |

|| (hotel-pricerange, cheap) ||

Collector r |:
|

- |

!

t={1,..,T} = Dialogue Dy

U: Hello, I'm looking for an expensive British restaurant to go to.
Can you help me?
B;: [(restaurant-pricerange, expensive), (restaurant-food, british)]
Domain,: restaurant

S: There are 6 expensive restaurants with British cuisine.

| recommend graffiti, it is located on Hotel Felix Whitehouse Lane

Huntingdon Road.

U: That sounds great. Can | book a table for 2 on Sunday at 16:45
please?

B,: [(restaurant-pricerange, expensive), (restaurant-food, british),
(restaurant-name, graffiti), (restaurant-book people, 2),
(restaurant- book day, sunday), (restaurant-book time, 16:45)]

Domain,: restaurant

D, qbysS; O,
!
( )
Labeler
. J
v
Hi, I'm looking for a ;heap What is area or place
priced hotel located in east east
Of the hOtE'? (hotel-area)
area. (D,)
Hi, I'm looking for a cheap | what is price budget
priced hotel located in east of the hotel? cheap
area. (Dl) (hotel-pricerange)

S Have a great day!




Goal Instruction

You are looking for a restaurant. The restaurant should be - - — -

in the expensi\?e price range and should serve british food. |:—H9-|' DO'”A'l 9—' %—Z‘I %ﬂ % 7\'||Q|I:/7 |'O|56|'7| -Cr)—l O_l' ng O'I
Once you find the restaurant you want to book a table for EAE

2 people at 16:45 on sunday. Make sure you get the -
reference number.

_ |2k AFSE2 informable 2! requestable slot@ 2 A E|0f
Goal Instruction G

ol
MDD
BN 5T T rersees oo
restaurant-price range expensive
restaurant-food british
restaurant-book people 2
restaurant-book time 16:45
ct ={(sf,vf)|1<i<|cC|S¢ € informable}
restaurant-book day sunday

CG



I

restaurant-price range expensive
restaurant-food british
restaurant-book people 2
restaurant-book time 16:45
restaurant-book day sunday
CG

l

Knowledge Base
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] name graffiti
] food british
] area west

(KB)
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f
‘ API Call results
A




API Call results A

name graffiti name the cambridge
g . ___chop house
food british food british
area west area centre
pricerange expensive pricerange expensive
1 (e

O] 2 CtA] informable slot&2 20tA 1 S CrAAZ F9

¢t ={(s{,v})| 1 <i<|c4] S? € informable}
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expensive restaurant-price range

restaurant-price range
restaurant-food

restaurant-book people

restaurant-book time

restaurant-book day

CG

british

expensive I‘estau rant'name
- restaurant-food
restaurant-food british
2
restaurant-area
restaurant-book people 2
16:45 .
restaurant-pricerange
restaurant-book time 16:45
sunday
restaurant-name
restaurant-book day sunday
restaurant-area
restaurant-name graffiti C A
restaurant-area west
restaurant-name the cambridge
chop house
restaurant-area centre

C
ae CAGRE CrAL B2

215k=2 State Candidate C2 49|

irsQ| A geteo=z =
O'EE meta AH2 A&

A Ol
™ MO

graffiti
british
west

expensive

the cambridge
chop house

centre



user Mg Mg & otz

sys

xl5td

O -

O uzz=m

O uzeEUIs

O uzoexge

O uzs=is

O az-oiaz

O uzos

gt

Clias

HH

dontcare

none

TRACKING

TRACKING

TRACKING

TRACKING

LOOKUP @ BOOKING

Figure 7: Graphical web interface for system side worker.
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Goal Instruction G = Goal Instruction2} API Call ResultsE Q1o 2

=

API Call results A4 [~ 50} Dialogues ‘4d56t= Seq2Seq model

v A

* BART 223 27| O2t0[H 2 AL

Collector
!
t=(1,..) - Dialogue Dy N
p(Dr|G, A) = | | plwilwei, G, A)

1=1

ABCDE

ERERE!

( Bidirectional Autoregressive

Encoder Decoder D
ARy T = (71,U1, 0 7T, UT)

BART: Denoising Sequence-to-Sequence Pre-training for Natural Language Generation
Translation, and Comprehension



https://arxiv.org/abs/1910.13461

Goal Instruction G

<s> You are looking for a place to stay.

The hotel should be in the moderate price
range and should be in the type of guesthouse.
The hotel should have a star of 3.

Once you find the hotel you want to book it for 4 \ /
people and 2 nights starting from saturday.

If the booking fails how about 1 nights. Collector

Make sure you get the reference number </s>

API Call results A

<domain> hotel

<slot> address-151 hills road
<slot> area-south

<slot> internet-yes

<slot> parking-yes

<slot> id-11

<slot> name-bridge guest house
<slot> phone-01223247942
<slot> postcode-cb28rj
<slot> pricerange-moderate
<slot> stars-3

<slot> takesbookings-yes
<slot> type-guesthouse
<slot> reference-85BGKWO4

| need a guesthouse in the moderate price range.
There are several options available.

What's the star rating please?

Itis a 3 Star hotel.

| need a room for 4 people on Saturday.
How many days will you be staying?

I'll stay 2 days from Saturday night.

".’?.".’?F’.’? »c

U: Oh good, how about 1 night?

S: You are booked for 1 night at bridge guest house.

Your reference number to 85BGKWO4. Can | help further?
U: No thanks that's everything. Bye.

Would you like to try the Bridge Guest House in the South area?

I'm sorry, but it is not possible there to accommodate you for that
Iength of stay. Would you like me to try a different length of stay?




Option 1
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Labeling Dialogue State

State Candidate

expensive

chea

Os, = {VjI(S;,V5) € C,S; = Si} E

NONE
& ) DONTCARE
Labeler
\_ Y

U: Hello, I'm looking for an
expensive British restaurant to
go to. Can you help me?

Price budget for
the restaurant?




Labeling an Active domain

-

Labeler

J

Pre-defined domains M

train

U: Hello, I'm looking for an

expensive British restaurant to

go to. Can you help me?

What is the domain
of the current turn?

hotel

taxi

attraction

restaurant




# of Dialogues # of Turns
Domain Slots Train Valid Test Train  Valid Test
Attraction  area, name, type 2,117 401 395 8,073 1,220 1,256
Hotel price range, type, parking, book stay, book day, book 3,381 416 394 14,793 1,781 1,756
people, area, stars, internet, name
Restaurant  food, price range, area, name, book time, book day, 3,813 438 437 15,367 1,708 1,726
book people
Taxi leave at, destination, departure, arrive by 1,654 207 195 4,618 690 654
Train destination, day, departure, arrive by, book people, 3:103 484 494 12,133 1972 1,976

leave at

MultiwOZ - A Large-Scale Multi-Domain Wizard-of-Oz Dataset for Task-Oriented Dialogue Modelling (2018, Budzianowski et al.)



Synthetic Baseline
Dialogues DST model

Attraction Hotel Restaurant Taxi Train Full
# goal template 411 428 455 215 482 1,000
# synthesized dialogues 5,000 5,000 5,000 5,000 5,000 1,000
# synthesized turns 38,655 38,112 37,230 45,542 37,863 35,053
# synthesized tokens 947,791 950,272 918,065 1,098,917 873,671 856,581

Table 7: Statistics of the synthesized data used in NeuralWOZ using for zero-shot and full augmentation experi-
ments.



SUMBT

Utterance
(a) Encoder

TRADE d@:l y:) .............. yg
|
SO ™ Trm g Trm
! . e N e ‘,( pr— — ds
¢ Slot Gate G; ! .- ’ >,ﬁ§:§, ,:;TA & §
: : \ EMB, EMB, -
! PTR | State e T RNN
Context Vector ! DONTCARE ; Generator | A A Emmm—— —
C; H : 1
j0 ' NONE ; i hs
\ (c) , 5
istol Hotel? i
P.‘I!,k o !

\ .

Ex: hotel N Ex: name

| (&) |
i={1,...,J
Utterances Domains i={ } Slots
e ) Hotel, Train, Price, Area, Day, 1
Bot: Whlc_h area are you looking for the hotel? Attraction, Departure, name, [CLS) wl [SEP] [CLS] w; [SEP]
User: There is one at east town called Ashley Hotel. Restaurant. Taxi LeaveAt, food. etc [CLS] restaurant — food [SEP]
, >  ete. urant — [CLS] what type of food would you like ? [SEP]

a moderately priced modemn Eurgpean food . [SEP]

Transferable Multi-Domain State Generator for Task-Oriented Dialogue Systems (Wu et al., 2019)
SUMBT: Slot-Utterance Matching for Universal and Scalable Belief Tracking(Lee et al. 2019)



Zeroshot Coverage
e TRADE: 61.2(ATDM) => 66.9 (NeuralWQ2)
e« SUMBT: 73.5 (ATDM) => 79.2 (NeuralWQO2)

Model | Training Hotel Restaurant  Attraction Train Taxi | Average
| Full dataset | 50.5/91.4 61.8/9277 67.3/87.6 740/940 72.7/88.9 | 65.3/89.8
Zero-shot (Wu) 13.7/65.6 13.4/545 20.5/555 21.0/489 60.2/73.5 | 25.8/59.6
TRADE Zero-shot (Campagna) 195/626 164/515 228/50.0 229/480 59.2/72.0 | 28.2/56.8
Zero-shot + ATDM 283/74S85 3590/756 349/622 374/745 650/799 | 403/7373
Zero-shot + NeuralWOZ | 26.5/75.1 42.0/84.2 39.8/65.7 48.1/839 65.4/79.9 | 44.4/77.8
Zero-shot Coverage 525/822 68.0/908 59.1/75.0 65.0/89.3 90.0/899 | 66.9/854

| Full dataset | 51.8/922 64.2/93.1 71.1/89.1 77.0/950 682/86.0 | 66.5/91.1
Zero-shot 1987633 1657521 226/515 2257492 3595(749 | 2827582
SUMBT Zero-shot + ATDM 363/83.7 453/828 528/789 46.7/842 626/794 | 487/81.8
Zero-shot + NeuralWOZ | 31.3/81.7 48.9/88.4 53.0/79.0 66.9/92.4 66.7/83.9 | 53.4/85.1
Zero-shot Coverage 60.4/88.6 76.2/950 745/88.7 869/973 978/97.6 | 79.2/934

Table 1: Experimental results of zero-shot domain transfer on the test set of MultiWwOZ 2.1. Joint goal accuracy
/ slot accuracy are reported. The Wu indicates original zero-shot scheme of the TRADE suggested by Wu et al.
(2019) and reproduced by Campagna et al. (2020). The Campagna indicates a revised version of the original by
Campagna et al. (2020). The + indicates the synthesized dialogue is used together for the training.
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You are looking for a movie. The movie should name | Funny family
comedy genre and the theater should be located in genre comedy
Gangnam. Once you find the movie you want to -

book it for 2 people. Make sure you get the city Gangnam
reference number and seat number. You also snack bar yes
check the theater has snack bar.

You are looking for a korean restaurant. name spicy club
The restaurant should be in the east and should be area east

in the expensive price range. - -
Once you find the restaurant you want to book a pricerange | expensive
table for 2 people at 12:00 on saturday. food korean
Make sure you get the reference number and address seoul st
address of there. 30-2

U: | am looking for a movie in the Comedy category.

S: There are 5 options. What part of town would you like?

U: | would like it to be located in Gangnam.

S: The only movie | have available is the Funny Family. Would
you like to book a seat?

U: Yes. Can you book that for 2 people and give me the reference
number and seat number?

S: Your booking was successful. The reference number is SQSX2.
The seat number is 112, 113. Can | help you with anything else
today?

U: Can you confirm that they have a snack bar?

S: Yes, they do have a snack Bar.

U: Thank you. | also need the start time for the movie.

S: Itis 18:30. Is there anything else | can help you today?

Figure 5: Unseen domain dialogue generation from
NeuralWOZ. The movie domain is an example. It has

very different domain schema from the domains in Mul-

tiWOZ dataset.

U: I'm looking for an expensive korean restaurant on the east side.

S: There is one expensive Korean restaurantin the east, it is the
Spice Club. Would you like to book a table?

U: Yes, please. Can you make a reservation for 2 at 12:00 on
Saturday?

S: You are all set, the reference number is NAIJ84. |s there
anything else | can help you with today?

U: Can | get the address please?

S: The address is Seoul St 30-2. |s that all?

U: That's all | need. Thanks!

S: You're welcome. Have a great day!

You are driving car. name | PF. Changs
You are looking for chinese restaurant. type chinese
You should find quickest way to get there. restaurant
The way to go to the restaurant should have traffic_info | moderate
moderate traffic.
If you find the restaurant, Make sure you get the address . ﬁi E"M
address and distance to get there. - -
distance 5 miles

Seen domain (Restaurant) with unseen KB instance

Seen domain (Restaurant) but

different schema / scenario (navigation in-car)

U: | am looking for a chinese restaurant

S: Certainly! There are several. Did you have a price range or
location you were looking for?

U: Not really.

S: There are five Chinese restaurants in town. Is there a particular
area you are interested in?

U: It doesn't matter, | just need the address and the shortest
route to get there.

S: P F. Changs is located at 669 el camino real and is closest to
your location.

U: What is the travel time?

S: The travel time would be 5 miles.

U: | need the location to have moderate traffic.

S: The address is for P.F. Chang's at 669 El Camino Real and it
has moderate traffic. Is there anything else | can help you with
today?

U: No, that's it. Thanks!

S: You're welcome! Have a great day!

Figure 7: Qualitative examples of synthesized dialogues from Neural WOZ in restaurant.
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