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What we’ll see today
Part 1: Dialog Systems
* (Categories of Dialog Systems
e Chatbots
o Data/Evaluation
o InstructGPT/ChatGPT
e (Conversational QA Systems)
* Task-oriented Dialog Systems (ToDSs)
o Data/Evaluation
o The Pipeline

Part 2: Building our own Dialog System
* Building a Chatbot using LangChain

* Building a ToDS using LangChain
e Building a Chatbot from scratch






Categories of Dialog Systems

“Dialog systems are computer-based systems that
interact or converse with humans in a form that

Dialog Systems :

both parties can understand. They communicate
‘ with humans

graphics, haptics, etc.”

l

Chatbots

Simply converse with a human.
May also provide advice.

Answers are based on their training
or prompting.

Cannot rely on outside sources.

Example:

ChatGPT

What can | help with?

+ Attach @ Search @ Reason 1|1 Voice

!

Conversational QA Systems

Answer user question grounded in
given (large) KB.
Need to access/retrieve from KB.

* Not intended for general
conversations.
Example:
e ChatGPT + Search
What can | help with?
+ Attach | @ search | Q@ R Jie v

through speech, text, gestures,
ToDSs

Fulfil a user goal (e.g., book a
ticket).

Understand the goal and provide
answers/recommendations  from
an ontology.

Example:

+ Attach @b search @ Reason

ChatGPT + Ontology + Reason(?)

What can | help with?




Random personality  Shuffle 20 Share [

I work at a museum.

I like to go to the park.

I am stuck in a wheel chair.
Iread alot.

I don t have a lot of friends.

Start chatting

The machine learning model created a consistent persona based on these few lines
of bio. You can now chat with this persona below.

hello, how are you doing?

Type a message.. Send

1N

Chatbots

* Modern chatbots are based on Large Language Models (LLMs),

trained on la

rge volumes of data (trillions of tokens).

* Requires many resources.

Knowledge Base

Receive an utterance from the user

Persona

¢» I'am good thank you , how are you.

I am an artist
I have four children
I recently got a cat

Persona

I enjoy walking for exercise

<

I love watching Game of Thrones i Dialog
Agent

@ Hi

Dialog
History

@ Hello ! How are you today ? '

Generate a reply
@ Great, thanks ! My children and I were just about to watch Game of Thrones.

How can we evaluate the performance of a Chatbot?
(not as easy as it seems, check out recent ongoing research https://arxiv.org/abs/2503.01513)

BLEU score : Check overlap of the generated response and the ground truth.
BERTScore : Let an LM check the semantic similarity between the two.

How to measure helpfulness, toxicity, safety...
In the end, the best judges are humans...

https://medium.com/huggingface/how-to-build-a-state-of-the-art-conversational-ai-with-transfer-learning-2d818ac26313



https://arxiv.org/abs/2503.01513
https://medium.com/huggingface/how-to-build-a-state-of-the-art-conversational-ai-with-transfer-learning-2d818ac26313

Step 1

Collect demonstration data,
and train a supervised policy.

A prompt is sample from

Explain the moon
landing to a 6 year old

our prompt dataset.

\j
Alabeler demonstrates
the desired output
behavior. Z
Some people went
to the moon...
\j
SFT
9. @
./p?j%.
This data is used to W
fine-tune GPT-3 with L
supervised learning. Y

https://arxiv.org/abs/2203.02155

InstructGPT

Step 2

Collect comparison data, and
train a reward model.

A prompt and several

model outputs are Explain the moon
sampled. landing to a 6 year old

0 o

Explain gravity, Explain war...

(C o

Moan is natural People went to
satellite of.. the moon..

A labeler ranks the
outputs from best

to worst.
0-0-0-0
Y
RM
[ N
This data is used to LRI
train our reward model. .\\é.aﬂf.
e e

Step 3

Optimize a policy against the
reward model using
reinforcement learning.

A new prompt is sampled a

from the dataset. Write a story
about frogs

Y
PPO
The policy generates an /’ 9
output. .)?.%.
57
o e
y

Once upon a time...

y

RM
The reward model .0
calculates a reward for .'9?.%.
the output. %7

[ i )

y
The reward is used to
update the policy using rk

PPO.
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(Conversational QA Systems)

Sample dialog: Sample dialog:

USER: Where is the Eiffel Tower located? USER: Who designed the Eiffel Tower and where is
ASSISTANT : ... in Paris, France. it located?

Retriever

Machine Reading Comprehension LM '
| % WIKIPEDIA

R p The Free Encyelopedia
) .
Eiffe]l Tower
Article  Talk
From Wikipedia, the free encyclopedia . . .
Eiffel Tower Gustave Eiffel Lattice tower
. . . - . - Article  Talk Article  Talk
This article is about the landmark in Paris, France. For other uses, see Eiffel Tower (d =" o
From Wikipedia, the free encyclopedia From Wikipedia, the free encyclopedia From Wikipedia, the free encyclopedia
"300-metre tower" and "Tour Eiffel" redirect here. For other tall tOWef'S; see List of talle This article is about the landmark in Paris, France. For other uses, see For other uses, see Gustave Eiffel (disambiguation). A lattice tower or truss tower is a freestanding vertical framewor
- - : "300-metre tower" and "Tour Eiffel" redirect here. For other tall towers, :  Alexandre Gustave Eiffel (/ arfsl/ 0T EvE fol, Frencn [alekstdy gystav efell; widely used in transmission towers carrying high-voltage electric p
(disambiguation). (disambiguation). Bonickhausen dit Eiffel:*) 15 December 1832 — 27 December 1923) was a f towers (a self-radiating tower or as a support for aerials) and in ob
. : ) ) . . The Eiffel T ('atfall 9 Eve for. Erench: Tour Eiffel [tus fel] 9 D) civil engineer. A graduate of Ecole Centrale des Arts et Manufactures, he mad is good shear strength at a much lower weight than a tower of soli
The Eiffel Tower (."lalfel" "JG) EYE—faJI; French: Tour Eiffe! [tUB Sfﬁl] o) ®) IS a wroug ht- \ro: ‘a:u; I;‘:’:rron?;:champ de Maars \r:ﬂ;ams,osrfani:: Hl:::agmed aﬂ: name with various bridges for the French railway network, most famously the | well as lower wind resistance.
iron lattice tower on the Champ de Mars if Pans_France] It is named after the engineer Gustave Eife, whoso company designed and buit thetower rom 1887 to . Yiadict He s bestimann fof the word-famous Efel Towe, desanedby his
Gustave Eiffel, whose company designed and built the tower from§1887 to 1889
Locally nicknamed "La dame de fer" (French for "lron Lady"), it was constructed as the
centerpiece of the 1889 World's Fair, and to crown the centennial anniversary of the Reader
French Revolution. Although initially criticised by some of France's leading artists and
intellectuals for its design, it has since become a global cultural icon of France and one i
of the most recognisable structures in the world.15 The tower received 5,889,000 visitors
. [6] . . - . . . .ff I .o o
in 2022.[%1 The Eiffel Tower is the most visited monument with an entrance fee in the ASS | STANT < Gustave Eiffel ... In Pa"s’ France.

world-"1 6.91 million people ascended it in 2015, It was designated a monument
historique in 1964, and was named part of a UNESCO World Heritage Site ("Paris,
Banks of the Seine") in 1991.[¢] 7




ToDSs — The MultiWOZ 2.0 dataset

select * from restaurant

Dialogue turns

[usr] Are there any restaurants that serve proper British food in town?

[sys] Oh yes quite a few. Which part of town will you be dining in?

[usr] West, if possible.

[sys] We have three: Graffiti, Saint John's Chop House, and Traveller.

[usr] Will you give me the phone number, address, and postcode for Graffiti?

[sys] The phone number is 01223277977. The address is Hotel Felix Whitehouse Lane Hunthindon Road and post code is ch30Ix. Want to book?
[usr] 6 people, please.

[sys] Booking is successful. Reference number is 00000081.

Blue : Informable slot Yello-Green : Requestable slot name Orange : Requestable slot value

https://aclanthology.org/2020.acl-main.54/



https://aclanthology.org/2020.acl-main.54/

ToDSs — The MultiWOZ 2.0 dataset

select * from restaurant where food="british” and area="“west” i Database (restaurant) ;
Goal “ref” : “00000081"
~ N “name” : “graffiti”
Domain : “restaurant” “phone” : "01223277977"
"postcode” : “cb30Ix”"
“tood” : “british” “address” : “Hotel Felix Whitehouse Lane Hunthindon Road”
Informable “food” : “british”

“area” : “west” ; A p
area” : "west

“ref” : “00000084"

Requestable “name” : grafton hotel restaurant

“phone” : "01223241387"

“postcode” : “cb580a”"

"address” : “Grafton Hotel 619 Newmarket Road Fen Ditton”
Book “food” : “british”

\_ J "area” : "east”

_____-___________,..-’

Dialogue turns

[usr] Are there any restaurants that serve proper British food in town?

[sys] Oh yes quite a few. Which part of town will you be dining in?

[usr] West, if possible.

[sys] We have three: Graffiti, Saint John's Chop House, and Traveller.

[usr] Will you give me the phone number, address, and postcode for Graffiti?

[sys] The phone number is 01223277977. The address is Hotel Felix Whitehouse Lane Hunthindon Road and post code is ch30Ix. Want to book?
[usr] 6 people, please.

[sys] Booking is successful. Reference number is 00000081.

Blue : Informable slot Yello-Green : Requestable slot name Orange : Requestable slot value

https://aclanthology.org/2020.acl-main.54/
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ToDSs — The MultiWOZ 2.0 dataset

select phone, address, postcode from restaurant where ... i Database (restaurant) ;
Goal “ref” : “00000081"
~ N “name” : “graffiti”
Domain : “restaurant” “phone” : "01223277977"
"postcode” : “cb30Ix”"
“tood” : “british” “address” : “Hotel Felix Whitehouse Lane Hunthindon Road”
Informable “food” : “british”

“area” : “west” ; A p
area” : "west

“phone” “ref” : “00000084"
Requestable “address” “name” : grafton hotel restaurant
lrpostcodeu «pthE" N «U‘I 223241 38?"

“postcode” : “cb580a”"
"address” : “"Grafton Hotel 619 Newmarket Road Fen Ditton”
Book “food” : “british”

\_ J "area” : "east”

_____-___________,..-’

Dialogue turns

[usr] Are there any restaurants that serve proper British food in town?

[sys] Oh yes quite a few. Which part of town will you be dining in?

[usr] West, if possible.

[sys] We have three: Graffiti, Saint John's Chop House, and Traveller.

[usr] Will you give me the phone number, address, and postcode for Graffiti?

[sys] The phone number is 01223277977. The address is Hotel Felix Whitehouse Lane Hunthindon Road and post code is ch30Ix. Want to book?
[usr] 6 people, please.

[sys] Booking is successful. Reference number is 00000081.

Blue : Informable slot Yello-Green : Requestable slot name Orange : Requestable slot value
10
https://aclanthology.org/2020.acl-main.54/
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The traditional ToDS pipeline

Language Understanding (LU) )
 Domain Identification
* User Intent Detection

: : : 5 .
éAre there any action movies to see this weekend: €arna arie Brafis
N request_movie
genre=action, date=this weekend

\4

Dialogue Management (DM)
* Dialogue State Tracking (DST)
* Dialogue Policy

f Natural Language

Text response L Generation (NLG)
Where are you located?

System Action/Policy
request_location

(Natural) Language Understanding:

e Accuracy, F1, ... for Domain and Intent

* Slot accuracy for slots (per utterance)
11



The traditional ToDS pipeline

Language Understanding (LU) )
 Domain Identification
* User Intent Detection

Text |nput - e S|Ot F|”|ng /
: : : 5 .
éAre there any action movies to see this weekend: T e
N request_movie
genre=action, date=this weekend

\4

Dialogue Management (DM)
* Dialogue State Tracking (DST)
* Dialogue Policy

f Natural Language

Text response L Generation (NLG)
Where are you located?

System Action/Policy
request_location

Dialog Manager:

e Joint Accuracy for DST

e Accuracy, F1, ... for Policy
12



The traditional ToDS pipeline

Language Understanding (LU) )
 Domain Identification
* User Intent Detection

Text |nput - e S|Ot F|”|ng /
: : : 5 .
éAre there any action movies to see this weekend: T e
N request_movie
genre=action, date=this weekend

\4

Dialogue Management (DM)
* Dialogue State Tracking (DST)
* Dialogue Policy

f Natural Language

Text response L Generation (NLG)
Where are you located?

System Action/Policy
request_location

Natural Language Generation:

 BLEU, BERTScore, ... as we did for

Chatbots
13



The traditional ToDS pipeline

Language Understanding (LU) )
 Domain Identification
* User Intent Detection

: : : 5 .
éAre there any action movies to see this weekend: €arna arie Brafis
N request_movie
genre=action, date=this weekend

\4

Dialogue Management (DM)
* Dialogue State Tracking (DST)
* Dialogue Policy

f Natural Language

Text response L Generation (NLG)
Where are you located?

System Action/Policy
request_location

End-to-End (for Multiw0z2):

e BLEU (fluency)
 Inform (correct entity/entities) (INFORM + SUCCESS)*0.5 + BLEU

* Success (all information provided) 14



Modern Task-oriented Dialog Systems

@ if Empty Query Results,

_____ » Empty Query Results case

——— Normal case

/.-—P___—ﬁ-.\
Comavase > O
DB
Query
N~

@

Dialogue state

restaurant | pricerange : expensive

food : italian

meets your criteria

Response : There's no restaurant

Candidates after Query

area : south

Dialogue history :

<usr=> | 'd like to find an expensive place to
dine that specifically serves Italian food .
<sys> Okay . Would you like to go to the
centre or south part of town ?

<usr=> | would like the south part of town

https://aclanthology.org/2020.acl-main.54/

please . — Dialogue history 'Dial'ogué state
T BT IR

A

No Results | Response : frankie and bennys meets your | |

\ criteria. Would you like to book it ? .

i |

F

Candidates after Query \ '| :

"name” : "frankie and bennys” Il Query results :

P W, B " I .

“pricerange” : “expensive | Replacement ,

area” : "south |

“food” : “Italian” ' |

' ® :

! I

\ \ | Response : [restaurant_name] meets your ||

1 | criteria. Would you like to book it ? |

@ ) —

. |

System Action System Action |

|

Restaurant- name : Restaurant None-None |

inform [restaurant-name] -nooffer :

1 l

1
Dialogue state System action Response
GPT-2 A A A A A A A A A AN A AP

£ ! | i I i | I 1 i | | I | I I | I | I 1 : | I I By

Word decoder layer

1

Transformer decoder blocks

System action Response
R IREANE A A

s P

-

15
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