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What'’s a Dialogue System?

Dialog Systems are

Hi Siri how's the weather today

Looks like nice weather coming up in
Shanghai today — up to 23°C:

™ WEATHER

Shanghai

Chance of Rain: 0%

Now 3PM 4PM 5PM 6PM
23° 238 22° 21° 19°
Wednesday 23° 13°
Thursday 22° 13°
Friday 26° 21°
Saturday 30°
Sunday 30°
Monday 30°

Tuesday e

. — Did you use it?

Hi, how can | help?

Get things done,
anytime, anywhere

How can | help?

0 Collrg Sameer Samat

¥




What'’s a Dialogue System?

Dialog Systems are ¢%. — Preferable user interface.
; D
Desktop Smart Mobile
A“' Embedded Devices
—

% “turn off the light.”
—

keyboard & mouse language



What'’s a Dialogue System?

Dialog Systems are . — Killer apps for NLP.

Google Duplex: Can you distinguish human and Al?



What'’s a Dialogue System?

B

ASR

“Okay, for
what time?”

“For 7PM,
please”

: TS - ||”||III|||II|‘I|I
k' ........ 3 :

"Get me an appointment at...”

S ! Call

“You're all set!"

(https://techeology.com/what-is-google-duplex/)

Google Duplex: Can you distinguish human and Al?


https://techeology.com/what-is-google-duplex/

What'’s a Dialogue System?

Dialog Systems are . — Killer apps for NLP.
They can

* give travel directions

e control home appliances
* find restaurants

* help make phone calls

* customer services

®
.
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Properties of Human Conversation

Ci: ...Ineed to travel in May.

A1: And, what day in May did you want to travel? A: travel agent
Cz:  OK uh I need to be there for a meeting that’s from the 12th to the 15th. C: human client
A,: And you’re flying into what city?

C;:  Seattle.

Aj3:  And what time would you like to leave Pittsburgh?

C4: Uh hmm I don’t think there’s many options for non-stop.

A4:  Right. There’s three non-stops today.

Cs:  What are they?

As:  The first one departs PGH at 10:00am arrives Seattle at 12:05 their time. The
second flight departs PGH at 5:55pm, arrives Seattle at 8pm. And the last
flight departs PGH at 8:15pm arrives Seattle at 10:28pm.

Ce: OKT’ll take the Sish flight on the night before on the 11th.

Ag:  Onthe 11th? OK. Departing at 5:55pm arrives Seattle at 8pm, U.S. Air flight
115.

C72 OK.

A7: And you said returning on May 15th?

Cg:  Uh, yeah, at the end of the day.

Ag: OK. There’s #two non-stops ... #

Co: #Act...actually #, what day of the week is the 15th?

Ag: It’s a Friday.

Cio: Uh hmm. I would consider staying there an extra day til Sunday.

A1o: OK...OK. On Sunday I have ...




Properties of Human Conversation

Ci: ...Ineed to travel in May.

A1: And, what day in May did you want to travel?

Cz:  OK uh I need to be there for a meeting that’s from the 12th to the 15th.

A,: And you’re flying into what city?

C;:  Seattle.

Aj3:  And what time would you like to leave Pittsburgh?

C4: Uh hmm I don’t think there’s many options for non-stop.

A4:  Right. There’s three non-stops today.

Cs:  What are they?

As:  The first one departs PGH at 10:00am arrives Seattle at 12:05 their time. The
second flight departs PGH at 5:55pm, arrives Seattle at 8pm. And the last
flight departs PGH at 8:15pm arrives Seattle at 10:28pm.

Ce: OK I'll take the Sish flight on the night before on the 11th. Turn structure:

Ag:  Onthe 11th? OK. Departing at 5:55pm arrives Seattle at 8pm, U.S. Air flight (C-A-C-A-C...)
115.

C7: OK.

A7: And you said returning on May 15th?

Cg:  Uh, yeah, at the end of the day.

Ag: OK. There’s #two non-stops ... #

Co: #Act...actually #, what day of the week is the 15th?
Ag: It’s a Friday.

Cio: Uh hmm. I would consider staying there an extra day til Sunday.
A1o: OK...OK. On Sunday I have ...




Properties of Human Conversation

Ci:  ...Ineed to travel in May.

A1: And, what day in May did you want to travel?

Cz:  OK uh I need to be there for a meeting that’s from the 12th to the 15th.
A,: And you’re flying into what city?

C;:  Seattle.

Aj3:  And what time would you like to leave Pittsburgh?

C4:  Uh hmm I don’t think there’s many options for non-stop. SPOken DS:

A4:  Right. There’s three non-stops today. end point detection
Cs: What are they? (know when to start talking)

As:  The first one departs PGH at 10:00am arrives Seattle at 12:05 their time. The
second flight departs PGH at 5:55pm, arrives Seattle at 8pm. And the last
flight departs PGH at 8:15pm arrives Seattle at 10:28pm.

Ce: OKTI'll take the Sish flight on the night before on the 11th. Turn structure:

Ag:  Onthe 11th? OK. Departing at 5:55pm arrives Seattle at 8pm, U.S. Air flight (C-A-C-A-C...)
115.

C7Z OK.

A7:  And you said returning on May 15th?

Cg:  Uh, yeah, at the end of the day.

Ag: OK. There’s #two non-stops ... #

Co: #Act...actually #, what day of the week is the 15th?
Ag: It’s a Friday.

Cio: Uh hmm. I would consider staying there an extra day til Sunday.
A1o: OK...OK. On Sunday I have ...




Properties of Human Conversation

Ci:  ...Ineed to travel in May.

A1: And, what day in May did you want to travel?

Cz:  OK uh I need to be there for a meeting that’s from the 12th to the 15th.

A,: And you’re flying into what city?

Cs:  Seattle.

Aj3:  And what time would you like to leave Pittsburgh?

C4: Uh hmm I don’t think there’s many options for non-stop.

A4:  Right. There’s three non-stops today.

Cs:  What are they?

As:  The first one departs PGH at 10:00am arrives Seattle at 12:05 their time. The
second flight departs PGH at 5:55pm, arrives Seattle at 8pm. And the last
flight departs PGH at 8:15pm arrives Seattle at 10:28pm.

Ce: OKT’ll take the Sish flight on the night before on the 11th.

Ag:  Onthe 11th? OK. Departing at 5:55pm arrives Seattle at 8pm, U.S. Air flight
115.

C7: OK.

A7: And you said returning on May 15th?

Cg:  Uh, yeah, at the end of the day.

Ag: OK. There’s #two non-stops ... #

Co: #Act...actually #, what day of the week is the 15th?

Ag: It’s a Friday.

Cio: Uh hmm. I would consider staying there an extra day til Sunday.

A1o: OK...OK. On Sunday I have ...

#: overlap




Properties of Human Conversation

Ci:  ...Ineed to travel in May.

A1: And, what day in May did you want to travel? asking

Cz:  OK uh I need to be there for a meeting that’s from the 12th to the 15th.

A,: And you’re flying into what city?

Cs:  Seattle.

Aj3:  And what time would you like to leave Pittsburgh?

C4: Uh hmm I don’t think there’s many options for non-stop.

A4:  Right. There’s three non-stops today.

Cs:  What are they?

As:  The first one departs PGH at 10:00am arrives Seattle at 12:05 their time. The
second flight departs PGH at 5:55pm, arrives Seattle at 8pm. And the last
flight departs PGH at 8:15pm arrives Seattle at 10:28pm.

Ce: OKT’ll take the Sish flight on the night before on the 11th.

Ag:  Onthe 11th? OK. Departing at 5:55pm arrives Seattle at 8pm, U.S. Air flight
115.

C7: OK.

A7: And you said returning on May 15th?

Cg:  Uh, yeah, at the end of the day.

Ag: OK. There’s #two non-stops ... #

Co: #Act...actually #, what day of the week is the 15th?

Ag: It’s a Friday.

Cio: Uh hmm. I would consider staying there an extra day til Sunday.

A1o: OK...OK. On Sunday I have ...




Properties of Human Conversation

Ci:  ...Ineed to travel in May.

A1: And, what day in May did you want to travel?

Cz:  OK uh I need to be there for a meeting that’s from the 12th to the 15th. answering
A,: And you’re flying into what city?

Cs:  Seattle.

Aj3:  And what time would you like to leave Pittsburgh?

C4: Uh hmm I don’t think there’s many options for non-stop.

A4:  Right. There’s three non-stops today.

Cs:  What are they?

As:  The first one departs PGH at 10:00am arrives Seattle at 12:05 their time. The
second flight departs PGH at 5:55pm, arrives Seattle at 8pm. And the last
flight departs PGH at 8:15pm arrives Seattle at 10:28pm.

Ce: OKT’ll take the Sish flight on the night before on the 11th.

Ag:  Onthe 11th? OK. Departing at 5:55pm arrives Seattle at 8pm, U.S. Air flight
115.

C7: OK.

A7: And you said returning on May 15th?

Cg:  Uh, yeah, at the end of the day.

Ag: OK. There’s #two non-stops ... #

Co: #Act...actually #, what day of the week is the 15th?

Ag: It’s a Friday.

Cio: Uh hmm. I would consider staying there an extra day til Sunday.

A1o: OK...OK. On Sunday I have ...




Properties of Human Conversation

...I need to travel in May.
And, what day in May did you want to travel?
OK uh I need to be there for a meeting that’s from the 12th to the 15th.
And you’re flying into what city?
Seattle.
And what time would you like to leave Pittsburgh?
Uh hmm I don’t think there’s many options for non-stop.
Right. There’s three non-stops today.
What are they?
The first one departs PGH at 10:00am arrives Seattle at 12:05 their time. The
second flight departs PGH at 5:55pm, arrives Seattle at 8pm. And the last
flight departs PGH at 8:15pm arrives Seattle at 10:28pm.
OK I'll take the Sish flight on the night before on the 11th.
On the 11th? OK. Departing at 5:55pm arrives Seattle at 8pm, U.S. Air flight
115.
OK.
And you said returning on May 15th?
Uh, yeah, at the end of the day.
OK. There’s #two non-stops ... #
#Act...actually #, what day of the week is the 15th?
It’s a Friday.
Uh hmm. I would consider staying there an extra day til Sunday.
OK...OK. On Sunday I have ...

asking



Properties of Human Conversation

...I need to travel in May.
And, what day in May did you want to travel?
OK uh I need to be there for a meeting that’s from the 12th to the 15th.
And you’re flying into what city?
Seattle.
And what time would you like to leave Pittsburgh?
Uh hmm I don’t think there’s many options for non-stop.
Right. There’s three non-stops today.
What are they?
The first one departs PGH at 10:00am arrives Seattle at 12:05 their time. The
second flight departs PGH at 5:55pm, arrives Seattle at 8pm. And the last
flight departs PGH at 8:15pm arrives Seattle at 10:28pm.
OK I'll take the Sish flight on the night before on the 11th.
On the 11th? OK. Departing at 5:55pm arrives Seattle at 8pm, U.S. Air flight
115.
OK.
And you said returning on May 15th?
Uh, yeah, at the end of the day.
OK. There’s #two non-stops ... #
#Act...actually #, what day of the week is the 15th?
It’s a Friday.
Uh hmm. I would consider staying there an extra day til Sunday.
OK...OK. On Sunday I have ...

answering



Properties of Human Conversation

...I need to travel in May.
And, what day in May did you want to travel?
OK uh I need to be there for a meeting that’s from the 12th to the 15th.
And you’re flying into what city?
Seattle.
And what time would you like to leave Pittsburgh?
Uh hmm I don’t think there’s many options for non-stop.
Right. There’s three non-stops today.
What are they?
The first one departs PGH at 10:00am arrives Seattle at 12:05 their time. The
second flight departs PGH at 5:55pm, arrives Seattle at 8pm. And the last
flight departs PGH at 8:15pm arrives Seattle at 10:28pm.
OK I'll take the Sish flight on the night before on the 11th.
On the 11th? OK. Departing at 5:55pm arrives Seattle at 8pm, U.S. Air flight
115.
OK.
And you said returning on May 15th?
Uh, yeah, at the end of the day.
OK. There’s #two non-stops ... #
#Act...actually #, what day of the week is the 15th?
It’s a Friday.
Uh hmm. I would consider staying there an extra day til Sunday.
OK...OK. On Sunday I have ...

answering



Properties of Human Conversation

Constatives: committing the speaker to something’s being the case (answering, claiming,
confirming, denying, disagreeing, stating)

Directives: attempts by the speaker to get the addressee to do something (advising, ask-
ing, forbidding, inviting, ordering, requesting)

Commissives: committing the speaker to some future course of action (promising, planning,

vowing, betting, opposing)
Acknowledgments: express the speaker’s attitude regarding the hearer with respect to some so-
cial action (apologizing, greeting, thanking, accepting an acknowledgment)

A taxonomy of dialog acts (Bach and Harnish, 1979)



Properties of Human Conversation

Ci: ...Ineed to travel in May.

A1: And, what day in May did you want to travel?

Cz:  OK uh I need to be there for a meeting that’s from the 12th to the 15th.

A,: And you’re flying into what city?

C;:  Seattle.

Aj3:  And what time would you like to leave Pittsburgh?

C4: Uh hmm I don’t think there’s many options for non-stop.

A4:  Right. There’s three non-stops today.

Cs:  What are they?

As:  The first one departs PGH at 10:00am arrives Seattle at 12:05 their time. The
second flight departs PGH at 5:55pm, arrives Seattle at 8pm. And the last
flight departs PGH at 8:15pm arrives Seattle at 10:28pm.

Ce: OKT’ll take the Sish flight on the night before on the 11th.

Ag:  Onthe 11th? OK. Departing at 5:55pm arrives Seattle at 8pm, U.S. Air flight

{15, grounding:
C;: OK. acknowledge that
A7:  And you said returning on May 15th? the listener has
Cg: Uh, yeah, at the end of the day. understood the speaker
Ag: OK. There’s #two non-stops ... #
Co: #Act...actually #, what day of the week is the 15th?

Ag: It’s a Friday.
Cio: Uh hmm. I would consider staying there an extra day til Sunday.
Ajo: OK...OK. On Sunday I have ...




Properties of Human Conversation

Ci:  ...Ineed to travel in May.

A1: And, what day in May did you want to travel?

Cz:  OK uh I need to be there for a meeting that’s from the 12th to the 15th.

A,: And you’re flying into what city?

Cs:  Seattle.

Aj3:  And what time would you like to leave Pittsburgh?

C4: Uh hmm I don’t think there’s many options for non-stop.

A4:  Right. There’s three non-stops today.

Cs:  What are they?

As:  The first one departs PGH at 10:00am arrives Seattle at 12:05 their time. The

second flight departs PGH at 5:55pm, arrives Seattle at 8pm. And the last local structure

flight departs PGH at 8:15pm arrives Seattle at 10:28pm. between
Ce: OKT’ll take the Sish flight on the night before on the 11th.
Ag:  Onthe 11th? OK. Departing at 5:55pm arrives Seattle at 8pm, U.S. Air flight
115.
C7: OK.
A7: And you said returning on May 15th?
Cg:  Uh, yeah, at the end of the day.
Ag: OK. There’s #two non-stops ... #
Co: #Act...actually #, what day of the week 1s the 15th? correction
Ag: It’s a Friday.
Cio: Uh hmm. I would consider staying there an extra day til Sunday.
Aj1o: OK...OK. On Sunday I have ...

dialog acts

subdialogue




Properties of Human Conversation

Ci: ...Ineed to travel in May.

A1: And, what day in May did you want to travel?

Cz:  OK uh I need to be there for a meeting that’s from the 12th to the 15th.
A,: And you’re flying into what city?

C;:  Seattle.

Aj3:  And what time would you like to leave Pittsburgh?

C4: Uh hmm I don’t think there’s many options for non-stop.

A4:  Right. There’s three non-stops today.

Cs:  What are they? mixed initiative:
As:  The first one departs PGH at 10:00am arrives Seattle at 12:05 their time. The - nhversation is not
second flight departs PGH at 5:55pm, arrives Seattle at 8pm. And the last controlled by

flight departs PGH at 8:15pm arrives Seattle at 10:28pm. .

Cs: OK D'l take the Sish flight on the night before on the 11th, one participant

Ag:  Onthe 11th? OK. Departing at 5:55pm arrives Seattle at 8pm, U.S. Air flight
115.

C72 OK.

A7: And you said returning on May 15th?

Cg:  Uh, yeah, at the end of the day.

Ag: OK. There’s #two non-stops ... #

Co: #Act...actually #, what day of the week is the 15th?

Ag: It’s a Friday.

Cio: Uh hmm. I would consider staying there an extra day til Sunday.

A1o: OK...OK. On Sunday I have ...




Properties of Human Conversation

Ci: ...Ineed to travel in May.

A1: And, what day in May did you want to travel?

Cz:  OK uh I need to be there for a meeting that’s from the 12th to the 15th.
A,: And you’re flying into what city?

C;:  Seattle.

Aj3:  And what time would you like to leave Pittsburgh?

C4: Uh hmm I don’t think there’s many options for non-stop.

A4:  Right. There’s three non-stops today.

Cs:  What are they? mixed initiative:
As:  The first one departs PGH at 10:00am arrives Seattle at 12:05 their time. The - nhversation is not
second flight departs PGH at 5:55pm, arrives Seattle at 8pm. And the last controlled by

flight departs PGH at 8:15pm arrives Seattle at 10:28pm. .
Cs: OK D'l take the Sish flight on the night before on the 11th, one participant
Ag:  Onthe 11th? OK. Departing at 5:55pm arrives Seattle at 8pm, U.S. Air flight

115.
C;:  OK. user-initiative
A7: And you said returning on May 15th? V.S.
Cg:  Uh, yeah, at the end of the day. . oo e
Ag: OK. There’s #two non-stops ... # SyStem'mltlat've

Co: #Act...actually #, what day of the week is the 15th?
Ag: It’s a Friday.

Cio: Uh hmm. I would consider staying there an extra day til Sunday.
A1o: OK...OK. On Sunday I have ...




Properties of Human Conversation

Ci:  ...Ineed to travel in May.

A1: And, what day in May did you want to travel? conversational
Cz:  OK uh I need to be there for a meeting that’s from the 12th to the 15th. implicatu re

A,: And you’re flying into what city?

Cs:  Seattle.

Aj3:  And what time would you like to leave Pittsburgh?

C4: Uh hmm I don’t think there’s many options for non-stop.

A4:  Right. There’s three non-stops today.

Cs:  What are they?

As:  The first one departs PGH at 10:00am arrives Seattle at 12:05 their time. The
second flight departs PGH at 5:55pm, arrives Seattle at 8pm. And the last
flight departs PGH at 8:15pm arrives Seattle at 10:28pm.

Ce: OKT’ll take the Sish flight on the night before on the 11th.

Ag:  Onthe 11th? OK. Departing at 5:55pm arrives Seattle at 8pm, U.S. Air flight
115.

C7: OK.

A7: And you said returning on May 15th?

Cg:  Uh, yeah, at the end of the day.

Ag: OK. There’s #two non-stops ... #

Co: #Act...actually #, what day of the week is the 15th?

Ag: It’s a Friday.

Cio: Uh hmm. I would consider staying there an extra day til Sunday.

A1o: OK...OK. On Sunday I have ...




Properties of Human Conversation

Turn structure
Dialog acts
Grounding
Dialogue structure
Initiative
Implicature

These subtle characteristics of human conversations are
among the reasons it is difficult to build dialogue systems
that can carry on natural conversations with humans.



Overview

® Chatbots v.s. Task-oriented dialog systems
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Chatbot

User: Do you like Doctor Who?

Cleverbot:  Yes, so funny.

User: What’s your favorite show?

Cleverbot: I don’t have one.

User: What’s your name?

Cleverbot:  Jason I already told you. GOAL

User: No your real name. mimicking the unstructured
Cleverbot:  Stephanie IS my real name. conversational characteristic of
User: I thought it was Jason? . .
Cleverbot:  How did you come to that conclusion. human-human interaction
User: Because you said so.

Cleverbot: I have to do my homework.

Chatbots:

A conversation between a user and Cleverbot,
an IR-based chatbot (Carpenter, 2017).



Chatbot

function EL1ZA GENERATOR(user sentence) returns response

Find the word w in sentence that has the highest keyword rank
if w exists
Choose the highest ranked rule r for w that matches sentence
response <— Apply the transform in r to sentence
if w="my’
future <— Apply a transformation from the ‘memory’ rule list to sentence
Push future onto memory stack
else (no keyword applies)
either
response <— Apply the transform for the NONE keyword to sentence
or
response <— Pop the top response from the memory stack
return(response)

Rule-based method: A simplified sketch of the ELIZA
algorithm. The power of the algorithm comes from the
particular transforms associated with each keyword.



Chatbot

Given user query g and a conversational corpus C.
Find the turn t in C that is most similar to g, and
return the following turn.

q't
r = response (argmax )
ec |lqllt]

Corpus-based method (Information Retrieval):

Return the response to the most similar turn.
(Jafarpour et al. 2009, Leuski and Traum 2011)



Chatbot

I'm fine I EOS
..ﬂ..—ﬁ ....L—-ﬂk.:..}——'..". > .1..—%00.0:——‘[..‘;)—”...A
Encoding Decoding l
0000 ’....‘ o000 0000 0000 »....’ 0000 0000
How are you ? EOS I'm fine

Corpus-based method (Seq2Seq):
An encoder decoder model for neural response
generation in dialogue.



Chatbot

Input tell me ... how long have you had this falling sickness ?
Vanilla-SEQ2SEQ 1’m not a doctor.
Adversarial a few months, 1 guess .

Input so 1 had the doctors test sammy ’s response to conditioning .
Vanilla-SEQ2SEQ sammy wrote the test sammy wrote the test .
Adversarial so he took the pills .

Input they didn ’t have much success with this problem commander .
Vanilla-SEQ2SEQ they ’re not the only ones who have been in the system .
Adversarial can we find someone else ?

Corpus-based method (Seq2Seq):

Sample responses generated by a Seq2Seq model trained either with a
maximum likelihood objective, or adversarially trained to produce
sentences that are hard for an adversary to distinguish from human

sentences (Li et al., 2017).



Chatbot

® Goal:
® mimicking the unstructured conversational characteristic of
human-human interaction
® Methods:
® Rule-based
® Corpus-based (IR, Seq2Seq)
® Evaluation:
® Chatbots are generally evaluated by humans
® Adversarial evaluation: train a “Turing-like” evaluator classifier
to distinguish between human-generated responses and
machine-generated responses.



Task-Oriented Dialogue System

GUS:

Client:

GUS:

Client:

GUS:

Client:

GUS:

Client:

GUS:

Client:

GUS:

GUS:

Client;

GUS:

Client:

GUS:

Hello. My name is GUS. I can help you plan a simple trip by air. Where do you
want to go ?

I want to go to San Diego on May 28

What time do you want to leave?

I must be in San Diego before 10 am

Would you like P.S.A. flight 102 that arrives at 9.15 am ?

What is the next flight ?

Air California flight 310 that leaves at 8.30am and arrives at 10.00am

I’11 take the first one

In what name should I make a reservation, please?

Dan Bobrow

I have confirmed the following flight: P.S.A. flight 102 on Wednesday May 28
from San Jose to San Diego that leaves at 7.30 am and arrives at 9.15 am.
What date do you want to return on ?

On Friday in the evening.

Would you like the flight that leaves at 7.45 pm ?

That’s fine.

I have confirmed the following flight: P.S.A. flight 307 on Friday May 30 from
San Diego to San Jose that leaves at 7.45 pm and arrives at 9.30 pm Thank you
for calling. Goodbye

Task-Oriented Dialog System (Travel):
A transcript of an actual dialog with the GUS

system of Bobrow et al. (1977)
P.S.A. and Air California were airlines of that period.

GOAL
get information from the
user to help complete the
specific task.



Task-Oriented Dialogue System

How to incorporate task related knowledge?

Domain-Specific Knowledge:
Ontology / Frame / Slot / Value



Task-Oriented Dialogue System

How to incorporate task related knowledge?

Domain-Specific Knowledge:
Ontology / Frame / Slot / Value

a knowledge structure representing the kinds of intentions
the system can extract from user sentences.



Task-Oriented Dialogue System

How to incorporate task related knowledge?

Domain-Specific Knowledge:
Ontology / Frame / Slot / Value

* contains one or more

a knowledge structure representing the kinds of intentions
the system can extract from user sentences.



Task-Oriented Dialogue System

How to incorporate task related knowledge?

Domain-Specific Knowledge:
Ontology / Frame / Slot / Value

a collection of slots



Task-Oriented Dialogue System

How to incorporate task related knowledge?

Domain-Specific Knowledge:
Ontology / Frame / Slot / Value

Also defines the that each slot can take.
Slot1Valuel
Sl0t1 ...... S|0t1 Value2
Slot2......
Slot3......



Task-Oriented Dialogue System

How to incorporate task related knowledge?

Domain-Specific Knowledge:
Ontology / Frame / Slot / Value

| Slot1Valuel Slot Type
SlotT...... Slot] Value? ORIGIN CITY city

DESTINATION CITY city
DEPARTURE TIME time

Slot2...... DEPARTURE DATE date
ARRIVAL TIME fine
ARRIVAL DATE dat
Slot3...... are
DATH +
SI t 4 MONTH NAME
o4 ...... DAY (BOUNDED-INTEGER 1 31)

YEAR INTEGER



Task-Oriented Dialogue System

How to incorporate task related knowledge?

“Show me morning flights from
Boston to San Francisco on Tuesday”



Task-Oriented Dialogue System

How to incorporate task related knowledge?

“Show me morning flights from
Boston to San Francisco on Tuesday”

Step#1: domain classification DOMAIN: AIR-TRAVEL



Task-Oriented Dialogue System
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Task-Oriented Dialogue System

How to incorporate task related knowledge?

“Show me morning flights from
Boston to San Francisco on Tuesday”

Step#1: domain classification DOMAIN: AIR-TRAVEL

Step#2: intent determination INTENT: SHOW-FLIGHTS

Step#3: slot filling ORIGIN-CITY: Boston
ORIGIN-DATE: Tuesday
ORIGIN-TIME: morning
DEST-CITY: San Francisco




Task-Oriented Dialogue System

How to incorporate task related knowledge?

Utterance Dialogue act

U: Hi, I am looking for somewhere to eat. hello(task = find, type=restaurant)

S: You are looking for a restaurant. What confreq(type = restaurant, food)
type of food do you like?

U: I'd like an Italian somewhere near the inform(food = Italian, near=museum)
museum.

S: Roma is a nice Italian restaurant near inform(name = "Roma", type = restaurant,
the museum. food = Italian, near = museum)

U: Is it reasonably priced? confirm(pricerange = moderate)

S: Yes, Roma is in the moderate price affirm(name = "Roma", pricerange =
range. moderate)

U: What is the phone number? request (phone)

S: The number of Roma is 385456. inform(name = "Roma", phone = "385456")

U: Ok, thank you goodbye. bye()

A sample dialogue from the HIS System
of Young et al. (2010) using the dialog acts



Architecture of Task-Oriented SDS

LEAVING FROM DOWNTOWN 0.6 { from: downtown } 0.5
LEAVING AT ONE P M 0.2 { depart-time: 1300 } 0.3
ARRIVING AT ONE P M 0.1 { arrive-time: 1300 } 0.1 ——— — ———

from: downtown
£ to: airport
e H depart-time: --
ly, f . confirmed: no
N ! : t J score: 0.65
v o d
"R B 4 score: 0.15
score: 0.10
FROM DOWNTOWN, act: confirm

IS THAT RIGHT? from: downtown




Architecture of Task-Oriented SDS

LEAVING FROM DOWNTOWN

LEAVING AT ONE P M

ARRIVING AT ONE P M

Automatic Speech
Recognition (ASR)

—

Text to Speech (TTS)

NLU component: to extract slot

Spoken Language

Understanding (SLU) I

fillers from the user’s utterance

FROM DOWNTOWN,
IS THAT RIGHT?

Natural Language
Generation (NLG)

{ from: downtown } 0.5
{ depart-time: 1300 } 0.3
{ arrive-time: 1300 } .1 —————— -
¥ i
i
Dialog State i
Tracker (DST) :
|
i

from: downtown
_E to: airport
— + depart-time: --
f g confirmed: no
s score: 0.65
4 4
4 score: 0.15
score: 0.10
act: confirm
from: downtown
Dialog Policy




Architecture of Task-Oriented SDS

LEAVING FROM DOWNTOWN 0.6 { from: downtown } 0.5
LEAVING AT ONE P M 0.2 { depart-time: 1300 } 0.3
ARRIVING AT ONE P M 0.1 { arrive-time: 1300 } 0.1 - — - - -
| ¥ I
i
Automatic Speech Spoken Language Dialog State |
Recognition (ASR) Understanding (SLU) Tracker (DST) :
|
-------l
Dialogue state tracker:
. t . tk] t t t f from: downtown
maintains the current state o — to: airport
the dialogue (most recent | f depart-times =
. d confirmed: no
dialogue act + agenda) Y { score: 0.65
4 score: 0.15
score: 0.10
FROM DOWNTOWN, act: confirm
IS THAT RIGHT? . . from: downtown
Text to Speech (TTS) Natural Languses Dialog Policy

Generation (NLG)




Architecture of Task-Oriented SDS

LEAVING FROM DOWNTOWN 0.6 { from: downtown } 0.5
LEAVING AT ONE P M 0.2 { depart-time: 1300 } 0.3
ARRIVING AT ONE P M 0.1 { arrive-time: 1300 } 0.1 - — - - -
| ¥ I
i
Automatic Speech Spoken Language Dialog State |
Recognition (ASR) Understanding (SLU) Tracker (DST) :
|
[ a B N N BN | -l
the system should do or say The O o iimes TPOTE
i ] — epa;t—tlme. -
topic of next (intent-level) f { confirmed: o
s score: 0.65
4q g
4 score: 0.15
score: 0.10
FROM DOWNTOWN, act: confirm
IS THAT RIGHT? from: downtown
Text to Speech (TTS) Natural Languses Dialog Policy

Generation (NLG)




Task-Oriented Dialogue System

® Goal:
® get information from the user to help complete the specific
task.
® Domain-Specific Knowledge:
® Ontology / Frame / Slot / Value
® Slot Filling and Dialogue State Tracking
® Architecture:
® ASR/SLU / DST / Dialogue Policy / NLG / TTS
® Evaluation:
® Task completion success (slot error rate / task error rate)
® Efficiency cost (#turns)
® Quality cost (more comprehensive)
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Information Question Task-Oriented
: . Chatbot :
Retrieval Answering Dialog System

What are their differences?



Chatbot v.s. Task-Oriented Dialog System

Group Discussion!

Information Question Task-Oriented
) : Chatbot :
Retrieval Answering Dialog System

Input structured unstructured unstructured unstructured



Chatbot v.s. Task-Oriented Dialog System

Group Discussion!

Information Question Task-Oriented
. . Chatbot )
Retrieval Answering Dialog System
Input structured unstructured unstructured unstructured

Interaction single-round single-round multi-round multi-round



Chatbot v.s. Task-Oriented Dialog System

Group Discussion!

Information Question Task-Oriented
) : Chatbot :
Retrieval Answering Dialog System
Input structured unstructured unstructured unstructured
Interaction single-round single-round multi-round multi-round

supervision available available sparse, delayed sparse, delayed



Chatbot v.s. Task-Oriented Dialog System

Group Discussion!

Information Question Task-Oriented
) : Chatbot )
Retrieval Answering Dialog System
Input structured unstructured unstructured unstructured
Interaction single-round single-round multi-round multi-round
supervision available available sparse, delayed sparse, delayed

dataset synthesis, collected collected

collected



Chatbot v.s. Task-Oriented Dialog System

Group Discussion!

Information Question Task-Oriented
) : Chatbot )
Retrieval Answering Dialog System
Input structured unstructured unstructured unstructured
Interaction single-round single-round multi-round multi-round
supervision available available sparse, delayed sparse, delayed

dataset synthesis, collected collected

collected



Chatbot v.s. Task-Oriented Dialog System

Group Discussion!

Information Question Task-Oriented
) : Chatbot )
Retrieval Answering Dialog System
Input structured unstructured unstructured unstructured
Interaction single-round single-round multi-round multi-round
supervision available available sparse, delayed sparse, delayed

dataset synthesis, collected collected
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Rule-Based v.s. Data-Driven

How to build a task-oriented dialog system?

SHOW — show me | i want | can i see]|...
DEPART _TIME RANGE — (after|around|before) HOUR |
morning | afternoon | evening
HOUR — one|two|three|four...|twelve (AMPM)
FLIGHTS — (a) flight | flights
AMPM — am | pm
ORIGIN — from CITY
DESTINATION — to CITY
CITY — Boston | San Francisco | Denver | Washington

Semantic grammars can be parsed by any Context-Free Grammar parsing algorithm.

Rule-based system (SLU/DST)



Rule-Based v.s. Data-Driven

How to build a task-oriented dialog system?

What city are you leaving from?

!

Where are you going?

'

What date do you want to leave?

'

Is it a one-way trip?

Yes No

Do you want to go from What date do you want to return?
<FROM> to <TO> on <DATE>? +

Do you want to go from <FROM> to <TO>

Yes on <DATE> returning on <RETURN>?

Book the flight

A simple finite-state automaton architecture for frame-based dialog.

Rule-based system (Dialog Policy)



Rule-Based v.s. Data-Driven

How to build a task-oriented dialog system?

CRF Layer

Concatenation

Right-to-left LSTM

Left-to-right LSTM

Embeddings

San Francisco on Monday <EOS>

An LSTM architecture for slot filling, mapping the words in the input to a series of IOB
tags plus a final state consisting of a domain concatenated with an intent.

Data-driven system (SLU/DST)



Rule-Based v.s. Data-Driven

How to build a task-oriented dialog system?

Dialogue State
Tracking

Reward Function

Dialogue Manager

Data-driven system (Dialog Policy)



Rule-Based v.s. Data-Driven

How to build a task-oriented dialog system?

simulator?

Dialogue State Sy
Tracking

Reward Function

Policy Model | | re |
(parameters 0)

Dialogue Manager

Data-driven system (Dialog Policy)
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Rule-Based v.s. Data-Driven

How to build a task-oriented dialog system?

Rule-based v.s. Data-driven
Pros & cons?

Rule-Based Methods

hand-craft rules, “safe” but not “flexible”.
cheap in terms of dataset.
expensive in terms of engineering.

Data-Driven Methods

learn from interactions, dialogue manager is evolvable.
uncontrolled behavior in unseen situation.
cheap in terms of engineering, but expensive in terms of data/interaction



Overview
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Challenges

Understanding the Context

| found fifteen restaurants
fairly close to you:

15 Restaurants

Emmy's Spaghetti Shack 0.2 mi >
18 Virginia Ave

Italian, $$
*KkKx*x 1101 Reviews
ICHI Sushi

3369 Mission St
Japanese, Sushi Bars, $$$
*kkk 260 Reviews

Avedano's Holly Park M...

Two sets of interactions with Siri in 2014.

eeeee ATET M-Cell = 6:19 PM

“Are any of them Italian”
tap to edit

My web search turned this
up:

Web Search

Are any of them ltalian

any - Dizionario inglese-italiano
WordReference

vw.wordreference.com
English-Italian Dictionary | any ... of any sort
adj (of an unspecified variety) di qualsiasi

Italian language - Wikipedia, the free
encyclopedia
n.wikKipedia.org

Italian Ar linAna italianal ie a Ramancra

eeeee ATAT M-Cell ¥ 6:18 PM 87% W)

]

“Find restaurants near me’
tap to edit

| found fifteen restaurants
fairly close to you:

15 Restaurants

Emmy's Spaghetti Shack 0.2 mi >
18 Virginia Ave

Italian, $$
*x%x%x 1101 Reviews
ICHI Sushi

3369 Mission St
Japanese, Sushi Bars, $$$
*x %Kk 260 Reviews

Avedano's Holly Park M... 0.2 mi >

eeeee ATET M-Cell = 6:19 PM 86% N>

“Tell me more about the
second one’

tap to edit

’

I’m sorry, Dan, I’'m afraid |
can’t do that.




Challenges

Understanding the Context

eeeee ATAT M-Cell & 10:52 AM 7 100% - seeee ATAT M-Cell ¥ 10:53 AM 100%

"Find restaurants near me” “Tell me more about the first one”

Ichi Sushi & Ni Baris a
Japanese restaurant on
Mission St 800 ft to your west.
15 Results It averages 3% stars and is

Nearby somewhat pricey.

Here's what | found:

Ichi Sushi & Ni Bar
Japanese - 800 feet -

xR X

Coco's Ramen
Viethnamese - 800 feet -

AR R

Blue Plate

Restaurant - 0.2 miles -

Jasmine Tea House

ann faat

$

The same follow-up questions that Siri couldn’t answer in 2014 receive appropriate
responses when posed to Siri in 2017,

eeeee ATAT M-Cell = 10:52 AM 7 100%

"Find restaurants near me"”

Here's what | found:

15 Results

Nearby

Ichi Sushi & Ni Bar
Japanese * 800 feet -

* %k (311) on Yelp - $$%

Coco's Ramen

Vietnamese * 800 feet *
% A % 0) on Yels

Blue Plate

Restaurant « 0.2 miles *

Jasmine Tea House

Chinaca « QNN fant .

U

eeeee ATET M-Cell = 10:54 AM 100%

“Are any of them Italian”

OK, here's what | found:

15 Results

Nearby

Emmy's Spaghetti Shack

Italian + 0.2 miles -

* ek (233) on Yelp * $%

Vega
Pizza + 0.2 miles *

4 ek ] n Yelp

Pizza Hut
Pizza - 800 feet
A ) Yelp + §

La Ciccia

Qardinian « N A milae




Challenges

Understanding the Context

Uncertainty / Ambiguity

Reward Design

Knowledge Embedding

Domain Adaptation

Data/Interaction Scarcity



Jason Weston’s
guest lecture:

Next Tuesday

Putting together the threads of conversational Al

Maybe we don't have enough threads yet to knit together the
whole, but let's try anyway! We present our view of what is
necessary for conversational Al, and the pieces we have worked
on so far to get there. In particular: software (ParlAl, a unified
platform for dialogue research), various neural architectures for
memory, reasoning, retrieval and generation, and interactive
learning, tasks for employing personality (Persona-Chat),
knowledge (Wizard of Wikipedia) and perception (Image-Chat),
evaluation studies & techniques (Acute-Eval), and a recent
competition (ConvAlI2). We'll try not to be too pessimistic (!), but
we'll also discuss how far we still have to go.



