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Outline (Feb 22)

 Lecture on dialogue (40min)
 Readings

o (15m) [London Lowmanstone] Learning to Compose Neural Networks for Question 
Answering

o (15m) [Abhiraj Mohan] A Diversity-Promoting Objective Function for Neural 
Conversation Models
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Google Duplex: Can you distinguish human and AI?



Dialogue systems

 Preferable user interface for AI systems
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What properties make human-human conversations?
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A: travel agent 
C: human client
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Turn structure: 
(C-A-C-A-C…)
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Turn structure: 
(C-A-C-A-C…)

Endpoint detection 
(know when to start talking)
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#: Overlap
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Asking
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Answering



Properties of human conversation
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A taxonomy of dialog acts (Bach and Harnish, 1979)
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Correction subdialogue

Local structure 
between dialog acts
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Mixed initiative:
Conversation is not controlled 
by one participant

User-initiative vs system-initiative
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Conversational 
implicature
not tied to the particular words and 
phrases in an utterance but arise 
instead from contextual factors and 
the understanding that conventions 
are observed in conversation



Properties of human conversation
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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.

 Turn structure
 Dialog acts
 Dialogue structure
 Initiative
 Implicature
 Grounding
 ..
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Chatbots vs task-oriented dialog systems

Typically to perform specific tasks (e.g. customer 
service, reservations, smart devices, cars, etc.)

Chitchat, often used for entertainment, 
originally as testbed for clinical therapy



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

Goal:
Mimicking the unstructured 

conversational characteristics of 
human-human interaction



ELIZA

20

Weizenbaum (1966), ELIZA.

1. Replace you with I and 
me with you

2. Replace <...> with Why 
do you think <...>



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



IR-based chatbot

22

Given user query 𝑞𝑞 and 𝑎𝑎 conversational corpus 𝐶𝐶. 
Find the turn 𝑡𝑡 in 𝐶𝐶 that is most similar to 𝑞𝑞, 

and return the following turn.

𝑟𝑟 = 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 ( 𝑎𝑎𝑟𝑟𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝑞𝑞𝑇𝑇𝑡𝑡

| 𝑞𝑞 � 𝑡𝑡 |
)

Corpus-based method (Information Retrieval): 
Return the response to the most similar turn. 

(Jafarpour et al. 2009, Leuski and Traum 2011)



Seq2Seq based chatbot
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Corpus-based method (Seq2Seq): 
An encoder decoder model for neural 

response generation in dialogue.



Seq2Seq based chatbot
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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).Original: Fawad Ahmed Kayani



Task-oriented dialogue system
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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.



How to incorporate task related knowledge?
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“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



How to incorporate task related knowledge?
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A sample dialogue from the HIS System of Young 
et al. (2010) using the dialog acts











Rule-based vs data-driven
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Semantic grammars can be parsed by any Context-Free Grammar parsing algorithm.

Rule-based system (SLU/DST)



Rule-based vs data-driven
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A simple finite-state automaton architecture for frame-based dialog.

Rule-based system (Dialog Policy)



Rule-based vs data-driven
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Data-driven system (SLU/DST)

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.



Rule-based vs data-driven
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Data-driven system (Dialog policy)
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Collect human-human conversations with specific 
conditions/goals and computationally model their behaviors

Negotiation 

Recommendation 

Persuasion 

Personalization

Knowledge

Knowledge/world 
grounding
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Deal or No Deal? End-to-End Learning for Negotiation Dialogues

Learning Symmetric Collaborative Dialogue Agents 
with Dynamic Knowledge Graph Embeddings



Recommendation as a Communication Game: Self-Supervised Bot-Play for Goal-oriented Dialogue INSPIRED: Toward Sociable Recommendation Dialog Systems
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Persuasion for Good: Towards a Personalized Persuasive Dialogue System for Social Good
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Personalizing Dialogue Agents: I have a dog, do you have pets too?
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Wizard of Wikipedia: Knowledge-Powered Conversational agents
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Towards Empathetic Open-domain Conversation Models: a New Benchmark and Dataset



Automatic evaluation metrics
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Investigating Evaluation of Open-Domain Dialogue Systems With Human Generated Multiple References
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Investigating Evaluation of Open-Domain Dialogue Systems With Human Generated Multiple References



Questions

 Pros and cons in rule-based and data-driven?
 Caveat of simulated human dialog
 Diversity
 Uncertainty and ambiguity
 Reward design
 Knowledge/world grounding
 Evaluation with single response?
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Grounding:
Acknowledge that the listener 
has understood the speaker
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