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Conversational AI

• Conversational AI refers to the use of messaging apps, speech-
based assistants and chatbots to automate communication and 
create personalized customer experiences at scale.

• Conversational AI signals a huge advancement in the way we 
interact with computers.
Keyboard à Mouse à Touchscreen à Voice(Conversation)

• Key technologies for speech, language, multi-modalities



Dialog System Types

• Task-oriented dialog systems (task completion)
• ���� ������������ ��	
� ������	

• Open-domain dialog system (chit-chatting)

• Social chatbot (Mixture of many skills including task
completion, chit-chatting, etc.)
• ������������������������������	����
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Issues in Different Dialog Systems
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Strong Semantics

• Entity Recognition
• Intent Classification
• Semantic Parsing
• Slot Filling for state tracking
• Template-based language generation
• Symbolic-based methods



Strong Semantics – IBMWatson 2010
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Ferrucci, D., Brown, E., Chu-Carroll, J., Fan, J., Gondek, D., Kalyanpur, A. A., ... & Schlaefer, N. 
(2010). Building Watson: An overview of the DeepQA project. AI magazine, 31(3), 59-79.



	��� ���� ������ ����� ������� ������ �� �� ��������� 
������������ �����

GUS 1977-Genial Understander System



	��� ���� ������ ����� ������� ������ �� �� ��������� 
������������ �����

GUS 1977-Genial Understander System



	��� ���� ������ ����� ������� ������ �� �� ��������� 
������������ �����

GUS 1977-Genial Understander System



Weak Semantics

• Data-driven
• End-to-end
• Probabilistic methods without knowledge, rule, or symbolics



Eliza 1966 – Earliest Chatbot
• Created by MIT professor

Joseph Weizenbaum

• Features
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Eliza 1966 – Earliest Chatbot
pronoun reversal (key tricks): I à you, me à you
• Human: He says I am depressed much of the time.
• Eliza: I am sorry to hear you are depressed.

• Human: I need some help, that much seems certain.
• Eliza: what would it mean to you if you got some help?
• ��**�(% � %��� )&$� � à �!�*�,&+#��"*�$��%�*&�-&+�"��-&+� &*�)&$����
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User: ��������
I do not like to eat rice.

Machine:���� �&.0��� �&.�
I do not like either, but I like to eat rice.

User: ����?
Do you like me?

Machine:�� 	0���� 	�
I like you, but I do not like you.

User: ������
I come from Shanghai.

Machine1%�0��)"�0'���
So cool, I am from Hainan, the same province!

Weak Semantics-
Open-domain Dialog Generation
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In Between – Xiaoice
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• A chatbot is a computer program which conducts 
a conversation via auditory or textual methods. (Wikipedia)

• Social chatbot is a chatbot that can satisfy not only
information need but also social need of a user.
• ����������� �

	 ����� ��� ���������
��� ���� ������
��
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• Social chatbot is a mixture of various skills, but far beyond a
mixture

The Next: Social Chatbots

https://en.wikipedia.org/wiki/Computer_program
https://en.wikipedia.org/wiki/Conversation


• Semantics: dialog is all about semantic understanding
• Consistency: within multi-turn contexts, personality,
behaviors

• Interactiveness: topic, emotion, sentiment, behavior, strategy,
etc.

Challenges in Social Chatbots

Minlie Huang, Xiaoyan Zhu, and Jianfeng Gao. "Challenges in Building Intelligent 
Open-domain Dialog Systems." arXiv preprint arXiv:1905.05709 (2019).



Challenges in Socialbots



The Next: Social Chatbots

• Semantics: Knowledge-aware, Knowledge-grounded
• Consistency: Persona/Personality coherent
• Interactiveness: Emotion-aware, Proactive behaviors, Topic
planning



• Commonsense knowledge consists of facts about the everyday world,
that all humans are expected to know. (Wikipedia)
• ������ ��� ����
• ���� ��� ����
• ��� ��� ��� ����

• Commonsense Reasoning ~ Winograd Schema Challenge:
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Hao Zhou et al. Commonsense Knowledge Aware Conversation Generation with Graph Attention. IJCAI-
ECAI 2018 distinguished paper

Knowledge-aware
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Knowledge Grounding

• Kind of understanding
• Contentful generation: aligning dialog generation to knowledge
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Knowledge Grounding

• Kind of understanding
• Contentful generation: aligning dialog generation to knowledge
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Personality of Dialog Systems

• Passing the Turning Test?
• ���� ��	�
��� �
�����
��
�
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• Personality is a well-defined concept in psychology(Norman, 
1963; Gosling et al., 2003)
• Extremely subtle, implicit in language expression:
• �
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• Personality is important for game, custom service, virtual agent, etc.
• A coherent personality makes a system more trustable
• Personality is important for making effective social interactions
• Require cross-discipline research from psychology, cognitive science
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Personality-aware

From a neural model From Xiaoice



Persona-aware

Li et al. “A persona-based neural conversation model.” ACL 2016.



• Deliver coherent conversations w.r.t. identity/personality
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Personality-aware

Qian et al. Assigning personality/identity to a chatting machine for 
coherent conversation generation. IJCAI-ECAI 2018



Intelligent Socialbot = IQ+EQ
• Emotion intelligence is a key human behavior for

intelligence (Salovey and Mayer, 1990; Picard and Picard, 1997) 
• Understanding emotion and affect is important for dialogue

and conversation
• ��
���� ���� ���	������
• ������ ���� �����	������
• ���� ����������

• Rule-based emotion adaptation is
widely seen in early dialogue systems
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Prof Björn Schuller: “an important step” towards personal assistants that could read the emotional 
undercurrent of a conversation and respond with something akin to empathy.
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Hao Zhou, Minlie Huang, Xiaoyan Zhu, Bing Liu. Emotional Chatting Machine: Emotional Conversation 
Generation with Internal and External Memory. AAAI 2018.

Emotion-aware



Emotion Interaction Patterns

LikeàLike (empathy)
Sadness àSadness (empathy)

Sadness àLike (comfort)

Disgust à Disgust (empathy)

Disgust à Like (comfort)

Anger à Disgust

HappinessàLike

Hao Zhou, Minlie Huang, Xiaoyan Zhu, Bing Liu. Emotional Chatting Machine: 
Emotional Conversation Generation with Internal and External Memory. AAAI 2018.
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Proactive Behaviors



• Asking good questions requires scene understanding
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• Responding + asking (Li et al., 2016)
• Key proactive behaviors (Yu et al., 2016)
• Asking good questions are indication ofmachine
understanding
• Key differences to traditional question generation (eg., reading

comprehension):
• �	������� ���
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Proactive Behavior by Asking Questions



• Typed decoders: soft typed decoder


����� 	���� ������ ���� ������ ������ ������� ����
�������� �� ��� ��������� �� ���������� ������������ �������� ��� �����

Proactive Behaviors (STD)



Proactive Behaviors (HTD)

���	���� 
����



• Sentence function indicates different conversational purposes.
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Controlling Sentence Function



• Response with controlled sentence function requires a global plan of 
function-related, topic and ordinary words.
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Controlling Sentence Function



• Conditional Variational Autoencoder (CVAE) Framework

Controlling Sentence Function
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Motivation:

• Leverage the relevant topic 
information. 

• Generate informative responses that 
are not only relevant but also capable 
of deepening and widening the 
chatting topic.

• Avoid dull responses
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Topic Planning in Conversation



Definition:

• Deepening the chatting topic: continue 
the historical topic. 
eg. heavy rain, umbrella, wet.

• Widening the chatting topic: transfer 
the topic to related ones.  eg. caught a 
cold, hot tea, a good sleep.
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Topic Planning in Conversation
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Topic Planning in Conversation



Summary

• Strong & weak semantics in dialog systems
• Key issues and challenges in social chatbots: semantics,
consistency, interactiveness
• Research attempts from knowledge, personality, emotion,
behavior, topic



Future Trends

• Knowledge-grounded Dialog Models
• Empathetic Computing (with multi-modalities)
• Personality of a Social Chatbot (with psychologies)
• Controllability of Dialog Generation
• Dialog Evaluation
• New Technologies
• �	�	������ � ���������������
• ���	� ��������� � ���
���� ������ ����
���� ����� ������� ����



My Recent Papers on Dialogue System
• Perceiving and Expressing Emotions (AAAI 2018)
• Proactive Behavior by Asking Good Questions (ACL 2018)
• Controlling Sentence Function (ACL 2018)
• Topic Change in Multi-turn Dialog Systems (SIGIR 2018)
• Explicit Personality Assignment (IJCAI-ECAI 2018)
• Better Understanding and Generation Using Commonsense Knowledge (IJCAI-
ECAI 2018 distinguished paper)

• Discourse parsing in multi-party dialogues (AAAI 2019)
• Memory augmented dialog management (ACM TOIS 2019)
• Multimodality neural belief tracker (WWW2019, SIGIR 2019)
• Low-resource language generation (IJCAI 2019)
• Dialog toolkits ConvLab (ACL 2019, best demo candidate)
• Survey paper “Challenges in Building Intelligent Open-domain Dialog Systems”

https://arxiv.org/abs/1905.05709

https://arxiv.org/abs/1905.05709


Thanks for Your Attention
• http://coai.cs.tsinghua.edu.cn/thutk/ (CoTK & TaTK)
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