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Conversation as Reinforcement Learning
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A user simulator for RL and evaluation
- DSTC7 proposal: E2E Task-Completion Dialogue Track

• Robustness: automatic action 
selection based on uncertainty 
by RL

• Flexibility: allow user-initiated 
behaviors

• Reproducibility: a R&D setting 
that allows consistent 
comparisons of competing 
methods 

[Li+ 17] https://github.com/MiuLab/TC-Bot 3

https://arxiv.org/abs/1612.05688
https://github.com/MiuLab/TC-Bot


Composite task completion bot with Hierarchical RL 
[Peng+ 17]

Travel Assistant

Book Flight

Book Hotel

Reserve 
Restaurant

Actions

“subtasks”

Naturally solved by 
hierarchical RL
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- Reward sparsity: takes many turns 
to fulfill a task.

- Cross-subtask slot constraints 
- Coherent conversation 

https://arxiv.org/abs/1704.03084


A hierarchical policy learner

Similar to HAM [Parr & Russell 98] and hierarchical DQN [Kulkarni+ 16]
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Global state tracker: ensure all cross-subtask constraints be satisfied

https://people.eecs.berkeley.edu/%7Erussell/classes/cs294/f05/papers/parr+russell-1998.pdf
https://arxiv.org/abs/1604.06057


Exploiting structural Info for 
efficient exploration

• Internal Critic gives intrinsic reward
• How likely a subtask is completed

• Encourage agent to complete a subtask 
before moving to another subtask

• Better user experience: less freq switch btw 
subtasks



User simulators

• Type A: 
• Have hard constraints for the flight and hotel (single value for all informed slots)
• No preference on which subtask to accomplish first

• Type B: 
• At least one of informed slots in book-flight-ticket have multiple values
• Prefer to start with book-flight-ticket

• Type C:
• At least one of informed slots in reserve-hotel have multiple values
• Prefer to start with reserve-hotel



Results on simulated users



Human Evaluations
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User goal – Two tickets for “Deadpool” tomorrow 9PM at AMC Pacific Place 11 theater, Seattle.

RULE BASED SYSTEM
User: Do you have any ticket for movie ‘Deadpool’ at 9:00 pm?
Agent: Which theater do you want?
User: AMC pacific place 11 theater, please!
Agent: How many tickets do you want?
User: Two!
Agent: What date?
User: Tomorrow!
Agent: Which city do you want?
User: Seattle!
Agent: Do you have any specification for zip code?
User: No, I do not care. 
Agent: Do you have any distance constraint?
User: No, I do not care.
Agent: How about video format? 2d? Imax 3d? 
User: Any kind is okay.
Agent: Do you have any constraint to price?
User: No!
Agent: Okay, I will issue 2 tickets for you, tomorrow 9:00 pm at AMC pacific 
place 11 theater, Seattle, 
movie ‘Deadpool’.
User: Okay, thanks.
Agent: Thanks!

REINFORCEMENT LEARNING SYSTEM
User: I want two tickets for movie ‘Deadpool’.
Agent: What is the starttime you prefer?
User: 9:00 PM
Agent: Which day?
User: Tomorrow
Agent: Which city?
User: Seattle
Agent: Which theater do you prefer?
User: AMC Pacific Place 11 theater.
Agent: Okay, I will issue 2 tickets for you, tomorrow 9:00 pm 
at AMC pacific place 11 theater, Seattle, 
movie ‘Deadpool’.
User: Okay, thanks.
Agent: Thanks!

Wasteful! 
(Very likely the user 
does not care.)



User goal – Two tickets for “Hail Caesar” tomorrow 7:15PM at AMC Lowes Oak tree 6, Seattle.

REINFORCEMENT LEARNING SYSTEM
Agent: What start time do you prefer?
User: 7:15 pm Tomorrow
Agent: Which city you are looking for?
User: Seattle
Agent: Okay, I will issue you tickets for movie ‘Hail Caeser’ 
tomorrow 7:50 pm at theater AMC Lowes
Oak Tree 6, Seattle.
User: Oh, no. 
Agent: It is 7:50 pm, right?
User: Two tickets for 7:15 pm, please.
Agent: Okay, I will issue you two tickets for movie ‘Hail Caeser’ 
tomorrow 7:15 pm at theater AMC Lowes
Oak Tree 6, Seattle.
User: Thanks!
Agent: Thanks!

RULE BASED SYSTEM
User: Do you any ticket for movie ‘Hail Caesar’ at theater AMC 
Lowes Oak Tree 6?
Agent: What start time do you prefer?
User: 7:15 pm Tomorrow
Agent: Which city you are looking for?
User: Seattle
Agent: How many tickets do you want?
User: Two
Agent: Okay, I have issued two tickets for movie ‘Hail Caeser’ 
tomorrow 7:50 pm at theater AMC Lowes
Oak Tree 6, Seattle.
User: Oh, no. 
Agent: Thanks!

Task failed! 
(Cannot correct the 
LU mistake.)



Bolded slots are the joint constraints between two subtasks 





Demo



Subgoal discovery for HRL: 

divided and conquer 



The 4-room game



Summary

• An intelligent, human-like, open-domain conversational system
• Dialogue as RL
• A case study: Composite task completion bot with Hierarchical RL
• Ongoing research: subgoal discovery for hierarchical RL

Contact Information:
• www.microsoft.com/en-us/research/people/jfgao/
• Learn more at deep RL for goal-oriented dialogues
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https://www.microsoft.com/en-us/research/people/jfgao/
https://www.microsoft.com/en-us/research/project/deep-reinforcement-learning-goal-oriented-dialogue/
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