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A Fundamental 
Challenge in AI –
social chatbots

Machines converse with 
humans through natural 
languages

Engage in empathetic 
conversations

Have come a long way since 
1960s



Timeline of Development Of Conversational Systems

1960s/70s
Eliza 
(Weizenbaum,
1996) Parry 
(Colby, 1972)

2000s 
Task Completion systems 
as in DARPA 
communication program

2009 Alice

2010s Intelligent 
Personal Assistants 
(IPAs) such as Siri

2014 1st-gen XiaoIce

Data-driven ML approach
Excellent only within some domains

Challenges of IPAs?



XiaoIce’s Uniqueness

• Early chatbots designed for chitchat
• Endowed with empathy, personality and skills
• Integration of EQ and IQ to optimize long-term user engagement



The Objective 
Addressed

AI companion

Long-term emotional connections formed 
with users

To satisfy human need for 
communication, affection and social 
belongs

To pass the time-sharing test



Design Principles

IQ+EQ+personality

CPS as social chat metric

Social chat as hierachical 
decision-making



System Architecture

Fig 1. XiaoIce system architecture. 



Implementation of 
Conversation Engine
Dialogue Manager

• Central Controller of the dialogue system

Action –
skill/Core Chat

Dialogue Policy

Current dialogue 
state s



Implementation of Conversation Engine
Empathetic Computing

• Contextual Query Understanding
• User understanding
• Interpersonal response

User input of 
its contextual 
ver.

Context

response
empathy 
vector

Query 
empathy 
vector



Fig 2. An example conversation session 



Implementation of Conversation Engine
Core Chat

GENERAL CHAT & DOMAIN 
CHATS

CRUCIAL COMPONENT OF 
XIAOICE’S IQ AND EQ

RETRIEVAL-BASED 
GENERATOR USING 

PAIRED/UNPAIRED DATA

NEURAL RESPONSE 
GENERATOR



Fig 3. RNN-based neural response generator 

Fig 5. Examples to compare between consistent and inconsistent responses with seq2seq



Fig 7. Examples of query-response pairs that are used for 
training and validating General Chat. 



Fig 6. An example of generating response candidates using the 
unpaired database and the XiaoIce knowledge graph (KG), 



Evaluation

• Neural-model-based (NB)and retrieval-based generators (RB)

• Complementary in nature

• NB – robustness and high coverage
• RB - high quality responses



Implementation of Conversation Engine
Image Commenting

• Explicit & Implicit
• Grounded also in events, 

actions or even emotions
• Also using RB and GB 

approches
• Text-to-image generator and 

boosted tree ranker

Fig 8. An example of deep convolutional neural network for visual feature vector extraction. 



Fig 9. Examples of image-comment pairs used  



Evaluation

Fig 10. image comments 
generated by XiaoIce 
(prototype) and 4 state of 
the art image captioning 
systems. 



Dialogue skills

• Content creation

• Deep enagagement

• Task completion

Fig 11 The framework of the Poem Creation skill. 

Fig 13. Popular XiaoIce Deep Engagement skills 



XiaoIce in the Wild Fig 13, The major XiaoIce milestones and their average CPS and 
numbers of active users. 



Discussions + Pros & Cons

• Evaluation Metrics

• Ethics Concerns
- Privacy
- Who is in control
- Expectation
- Machine learning for good



Conclusions and Future Work

• Large-scale online logs since 2014
• Capable of interpreting users’ emotional needs

• An average CPS of 23 (substantiallly better than that of other chatbots and even human convos)

• Towards a unified modelling framework
• Towards goal-oriented, grounded conversations

• Towards a proactive personal assistant
• Towards an ethical social chatbot
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