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How can we use reinforcement learning to 

improve QA systems?
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 Ask the Right Questions: Active Question Reformulation with Reinforcement Learning

 Buck et al.

 ICLR 2018

 https://openreview.net/pdf?id=S1CChZ-CZ

 Go for a Walk and Arrive at the Answer: Reasoning over Paths in Knowledge 

Bases using Reinforcement Learning 

 Das et al.

 ICLR 2018

 https://openreview.net/pdf?id=Syg-YfWCW
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https://openreview.net/pdf?id=S1CChZ-CZ
https://www.aclweb.org/anthology/P19-1488.pdf


 Unsupervised/weakly supervised learning



 Supervised learning



 Reinforcement learning: Why?


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 States

 Actions

 Policy

 Reward

 Value

 Environment
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Ask the Right Questions: Active Question 

Reformulation with Reinforcement Learning
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question

reformulations QA System

 questions

 Machine learns a non-trivial, non-human, but interesting policy

 First step towards an interactive language agent

answers

final

answer

Thanks to Christian 
Buck for the slides
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“hey google, did  

michelangelo  

paint the mona  

lisa?”
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Proprietary +Confidentialuhm...

No answer

No answer
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Proprietary +Confidentialuhm...

“no,  

leonardo

da  vinci  

painted  

mona lisa,  

in 1503”
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ActiveQA

Answer  
Selection

q0
a*

QA Environment

Question  

Reformulation

{q }
i

{ai}
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*Image from [Britz etal., 2017]
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Black box



 Supervised paraphrasing

 Question reformulation with reinforcement learning

 Answer selection
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1. 300M multilingual pairs -
2. 1M English paraphrases

Arabic

English

Spanish

French

Russian

Chinese

Arabic

English

Spanish

French

Russian

Chinese
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q0

Question  
Reformulation

q

Environment

a = Answer(q)
r = Reward(a,q0)

Use policy gradient to maximize  

expected reward:
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Proprietary +Confidential

q0

Environment

a = Answer(q)
r = Reward(a,q0)

(q0,q,a,r)

Answer  
Selection

Supervised training on tuples scraped during reformulator training

Question  

Reformulation

q

(q0, {q,a})

a
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Proprietary +Confidential

Question (J! clue 71  
gets you to America's deepest  
gorge, Hells Canyon, & this river  
that flows through

Answer: the Snake

Context: Top 50-100 search  

snippets for the question filtered  

for giveaways

[Dunn et. al,2017]
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*Image from [Seo et al.2017]

BiDAF
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Answer  
quality:  
F1 Score

22.8

34.6

45.6
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22.8

34.6

57.6

45.6

Answer  
quality:  
F1 Score
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Answer
quality:
F1

Paraphrase quality: BLEU (MS COCO)
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Answer  
quality:
F1

English paraphrase  
model trained on  
multilingual data

Paraphrase quality: BLEU (MS COCO)
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Answer
quality:
F1

Paraphrase quality: BLEU (MS COCO)

fine tune on  
English question  
paraphrases



2607 July 2020Question Answering Systems           Saarland University, Summer Semester 2020 Rishiraj Saha Roy

Answer
quality:
F1

Paraphrase quality: BLEU (MS COCO)

reinforcement  
learning for  
question  
answering
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Top reformulation: what is name humorous poem poem bears city city city

Answer
quality:
F1

Paraphrase quality: BLEU (MS COCO)

Input: type humorous poem bears name irish port city

reinforcement  
learning for  
question  
answering



Go for a Walk and Arrive at the Answer: 

Reasoning over Paths in Knowledge Bases 

using Reinforcement Learning
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Colin KaepernickSuper Bowl

49ers

Alex Smith

University of 
Nevada

Football

2012 season

NFL

USA

PlayedFor

PlaysSports

WentTo

LocatedInHasSportsLeague

(HasSeason)-1

Championship
Gameof

HasPlayed

bornInPlayedInLea
gue?

(Colin Kaepernick,  PlayedInLeague, ?)
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Thanks to 
Rajarshi Das 
for the slides



Colin KaepernickSuper Bowl

49ers

Alex Smith

University of 
Nevada

Football

2012 season

NFL

USA

PlayedFor

PlaysSports

WentTo

LocatedInHasSportsLeague

(HasSeason)-1

Championship
Gameof

HasPlayed

bornIn

(Colin Kaepernick,  PlayedInLeague, ?)

(Colin Kaepernick,  TeamMate/Co-Worker, ?)

TeamMate?

Query Dependent 
Decision Making!
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PlayedFor

PlaysSports

WentTo

LocatedIn

Colin KaepernickSuper Bowl

49ers

Alex Smith

University of 
Nevada

Football

2012 season

NFL

USA
HasSportsLeague

(HasSeason)-1

Championship
Gameof

HasPlayed

bornIn
PlayedInLeague
?

(Colin Kaepernick,  PlayedInLeague, ?)
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Colin KaepernickSuper Bowl

49ers

2012 season

NFL USA

HasSportsLeague

(HasSeason)-1

Championship
Gameof

HasPlayed

bornIn

PlayedInLeague?

(Colin Kaepernick,  PlayedInLeague, ?)

 Input - (Colin Kaepernick, PlayedInLeague, ?)

Colin KaepernickSuper Bowl

49ers

2012 season

NFL USA

HasSportsLeague

(HasSeason)-1

Championship
Gameof

HasPlayed

bornIn

PlayedInLeague?

(Colin Kaepernick,  PlayedInLeague, ?)

Partially Observed Markov decision process

States -

Not observed by the agent

e1

e2

r
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Colin KaepernickSuper Bowl

49ers

2012 season

NFL USA

HasSportsLeague

(HasSeason)-1

Championship
Gameof

HasPlayed

bornIn

PlayedInLeague?

(Colin Kaepernick,  PlayedInLeague, ?)

 Input - (Colin Kaepernick, PlayedInLeague, ?)

Colin KaepernickSuper Bowl

49ers

2012 season

NFL USA

HasSportsLeague

(HasSeason)-1

Championship
Gameof

HasPlayed

bornIn

PlayedInLeague?

(Colin Kaepernick,  PlayedInLeague, ?)

Partially Observed Markov decision process

States -

Policy

- Randomized  & history dependent
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Colin KaepernickSuper Bowl

49ers

2012 season

NFL USA

HasSportsLeague

(HasSeason)-1

Championship
Gameof

HasPlayed

bornIn

PlayedInLeague?

(Colin Kaepernick,  PlayedInLeague, ?)

Colin 
Kaepernick

49ers

2012 season

NFL USA

HasSportsLeague

(HasSeason)-1

Championship
Gameof

HasPlayed

bornIn

PlayedInLeague?

(Colin Kaepernick,  PlayedInLeague, ?)

Super Bowl LSTM

History
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Colin KaepernickSuper Bowl

49ers

2012 season

NFL USA

HasSportsLeague

(HasSeason)-1

Championship
Gameof

HasPlayed

bornIn
PlayedInLeague
?

(Colin Kaepernick,  PlayedInLeague, ?)

Denver 
Broncs

Levis Std.

• All possible outgoing edges

held inchampions

Super Bowl NO-OP

Super Bowl

2012 season

(HasSeason)-1
(HasSeason)
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Colin KaepernickSuper Bowl

49ers

2012 season

NFL USA

HasSportsLeague

(HasSeason)-1

Championship
Gameof

HasPlayed

bornIn
PlayedInLeague
?

(Colin Kaepernick,  PlayedInLeague, ?)

NFL

Colin 
Kaepernic
k

2012 season

(HasSeason)-1

HasPlayed

LSTMSuper Bowl

Concat

PlayedInLeague

MLP1

MLP2

held in

champions
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Colin KaepernickSuper Bowl

49ers

2012 season

NFL USA

HasSportsLeague

(HasSeason)-1

Championship
Gameof

HasPlayed

bornIn

PlayedInLeague?

(Colin Kaepernick,  PlayedInLeague, ?)

Denver Broncs Levis Std.Denver Broncs Levis Std. +1

0
0

 R = {+1 if we reach the answer
0, otherwise}
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Trained using Policy Gradients

(Sutton, McAllester, Singh, Mansour, 2000)

(Williams, 1992)

Monte Carlo Policy Gradients

Monte Carlo Policy Gradients with Control Variates

Entropy regularization to sample more diverse paths. 
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 Answer questions over toy KG and corpora

 Free to use any tools and resources

 Video to demonstrate method and answering outputs

 10 dev and 10 test questions

 Comment on strengths and weaknesses from error 

analysis on test set

 Deadline: 21 July 2020, 14:00
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 Reinforcement learning for QA has a high potential

 Many possibilities, not explored well yet

 Needs modeling: Agent, environment, rewards, states, 

policy, value

 Coercing answers from reformulated questions is a 

viable strategy for open-domain QA

 RL has showed success in KG reasoning


