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OVERVIEW

¢ What’s a dialogue system?
¢ Properties of Human Conversation
¢ Chatbots v.s. Task-oriented dialogues systems
¢ Rule-based v.s. Data-driven
¢ Remaining Challenges
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WHAT’S A DIALOGUE SYSTEM?
¢ Dialogue system is everywhere. Did you use it?

3



WHAT IS DIALOGUE SYSTEM?
¢ Dialogue is the preferred mode of interaction:
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WHAT IS DIALOGUE SYSTEM?
¢ Google Duplex: can you distinguish between 

human and AI?
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DIALOGUE SYSTEM IS A KILLER APP FOR NLP
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PROPERTIES OF HUMAN CONVERSATION
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Turn structure:
C-A-C-A-….

Spoken DS:
end-point detection
Know when to
take the turn



PROPERTIES OF HUMAN CONVERSATION
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# overlaps



PROPERTIES OF HUMAN CONVERSATION
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Asking
Answering



PROPERTIES OF HUMAN CONVERSATION

10

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



PROPERTIES OF HUMAN CONVERSATION
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grounding:
acknowledge 
that the 
listener has 
understood 
the speaker



PROPERTIES OF HUMAN CONVERSATION
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correction
subdialogue

local structure
between
dialog acts



PROPERTIES OF HUMAN CONVERSATION
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user-initiative
v.s.
system-initiative

mixed initiative:
conversation is not
controlled by
one participant



PROPERTIES OF HUMAN CONVERSATION
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conversational
implicature



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.
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CHATBOTS VS. TASK-ORIENTED DIALOGUE 
SYSTEMS
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Chatbot Task-oriented Dialogue System

Goal: get information from the
user to help complete the
specific task.

Goal: mimicking the unstructured
conversational characteristic of
human-human interaction



CHATBOTS: RULE-BASED

¢ A simplified sketch of the ELIZA algorithm. The power 
of the algorithm comes from the particular 
transformations associated with each keyword.
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CHATBOTS: CORPUS-BASED

¢ Corpus-based method (Information 
Retrieval): Return the response to the most 
similar turn. (Jafarpour et al. 2009, Leuski and 
Traum 2011) 18



CHATBOTS: CORPUS-BASED

¢ Corpus-based method (Seq2Seq): An encoder 
decoder model for neural response generation in 
dialogue. RNN in the above diagram can be 
replaced with transformer.
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TASK-ORIENTED DIALOGUE SYSTEM

¢ How to incorporate task related knowledge?
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a knowledge 
structure 
representing the 
kinds of intentions
the system can 
extract from user 
sentences.

contains one 
or more 
frames.
A frame is a set 
of slot-value 
pairs to 
establish an 
intent.



TASK-ORIENTED DIALOGUE SYSTEM

¢ How to incorporate task related knowledge?

“Show me morning flights from 

Boston to San Francisco on Tuesday”
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TASK-ORIENTED DIALOGUE SYSTEM

¢ How to incorporate task related knowledge?
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confirm



ARCHITECTURE OF TASK-ORIENTED DS
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NLU component: 
to extract slot fillers 
from the user’s 
utterance



ARCHITECTURE OF TASK-ORIENTED DS

24

Dialogue state tracker:
maintains the current state of
the dialogue (most recent
dialogue act + agenda)



ARCHITECTURE OF TASK-ORIENTED DS
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Dialogue policy: decides 
what the system should do 
or say. The topic of next 
(intent-level)



RULE-BASED VS. DATA-DRIVEN

¢ How to build a task-oriented dialog system?

Rule-based system (SLU/DST)
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RULE-BASED VS. DATA-DRIVEN

¢ How to build a task-oriented dialog system?

Rule-based system (Dialogue policy) 27

This is 
the frame!



RULE-BASED VS. DATA-DRIVEN

¢ How to build a task-oriented dialog system?

Data-driven system (SLU/DST) 28



RULE-BASED VS. DATA-DRIVEN

¢ How to build a task-oriented dialog system?

Data-driven system (Dialogue policy) 29

Simulator?



RULE-BASED VS. DATA-DRIVEN

¢ Pros and 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 30



REMAINING CHALLENGES

¢ Understanding the context (better with LLMs 
permitting long inputs)

¢ Domain adaptation
¢ Data scarcity (chat data is very hard to obtain)
¢ Privacy protection
¢ Accuracy/Reliability (LLM’s hullucination 

problem)
¢ Biases and toxicity
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