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Question of the day

QL
How can we use reinforcement learning to

Improve QA systems?
&Y T
it wa

Question Answering Systems Saarland University, Summer Semester 2020 Rishiraj Saha Roy 07 July 2020 @



You’ll find this covered in

’ Ask the Right Questions: Active Question Reformulation with Reinforcement Learning

Buck et al.

ICLR 2018
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= Go for a Walk and Arrive at the Answer: Reasoning over Paths in Knowledge
Bases using Reinforcement Learning \> A

Das et al.

ICLR 2018
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https://openreview.net/pdf?id=S1CChZ-CZ
https://www.aclweb.org/anthology/P19-1488.pdf

Learning in QA

| = Unsupervised/weakly supervised learning
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Reinforcement learning: Basics
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Research paper 1

Ask the Right Questions: Active Question
Reformulation with Reinforcement Learning
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Basic idea

A7

udu}/ Sﬁk
reformulations answers
Lo . .
. ; final
quistlon 5 answer
J =
. L _ Jo SM ‘“{V_“'f ™
= Train an agent that learns to ask ‘optimized’ questions /7

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

= First stgp towards an interactive language agent

Thanks to Christian
Buck for the slides
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Intelligent language agent for QA

\Vis1'dv~

did michelangelo paint the mona lisa !, Q
All Images Videos Shopping News More Settings Tools
({3 4
oogle, did
he,y g g ? About 369.000 results (0,55 seconds)
michelangelo
paint the mona
lisa?” Michelangelo : The Real Artist behind the Mona Lisa. ... Leonardo won out and had
: a brilliant idea which could have only occurred to a genius of his caliber : he would
féw‘vé\ ask Michelangelo to paint a picture that he would pass off as one of his own.
MQ,Q,/ € M/ Michelangelo : The Real Artist behind the Mona Lisa - The Art Tribune

www.thearttribune.com/Michelangelo-The-Real-Artist.html
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Intelligent language agent for QA

6\ 0 did michelangelo paint the mona lisa !, Q

All Images Videos Shopping News More Settings Tool

About 369.000 results (0,55 seconds)

Is

Michelangelo : The Real Artist behind the Mona Lisa. ... Leonardo won out and ha
ﬁ a brilliant idea which could have only occurred to a genius of his caliber : he would
ask Michelangelo to paint a picture that he would pass off as one of his own.

)

a,w\}"?/ Michelangelo : The Real Artist behind the Mona Lisa - The Art Tribune

www.thearttribune.com/Michelangelo-The-Real-Artist.html
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when did michelangelo paint the mona lisa $ Q

All Images Shopping Videos News More Settings Tools

About 385.000 results (0,55 seconds) @
No answer

-—
Michelangelo : The Real Artist behind the Mona Lisa - The Art Tribune
www.thearttribune.com/Michelangelo-The-Real-Artist.html ¥
However, knowing that his friend did not have the same technique, he trained him for a month in
sfumato, then asked him to paint his assistant, Gian Giacomo Caprotti, known as Salai. To make things
a little more complicated, he made Michelangelo disguise him as a woman. The feminine figure we
know as the Mona Lisa ...

g
Vg

did michelangelo author the mona lisa _!, Q

All Images News Videos Shopping More Settings Tools

About 331.000 results (0,53 seconds) N O ans er
W

Mona Lisa | History & Facts | Britannica.com ==
https://www.britannica.com/topic/Mona-Lisa-painting ¥

Mona Lisa, oil painting on a poplar wood panel by the Italian painter, draftsman, sculptor, architect, and
engineer Leonardo da Vinci, probably the world's most-famous .... The Argentine writer Martin
Caparrés's novel Valfierno (2004) brings to life the man who masterminded the 1911 theft of the Mona
Lisa from the Louvre.

Saarland University, Summer Semester 2020

Rishiraj Saha Roy

07 July 2020




Intelligent language agent for QA

O-uﬁ list of leonardo da vinci works y Q
\ Q -
AR -
' ' All Images Videos News Shopping More Settings Tools
' Leonardo da Vinci > Artworks \
o

i , who is the artist of the mona lisa §y Q
All Images News Videos Shopping More Settings Tools ';A;Onaa Lisa ;::::rs‘ ?Zy;mma"on :;':ﬁos':n the Winavianbtalt
‘ 1498 1513
About 1.510.000 results (0,66 seconds)
Mona Lisa / Artist
list of michelangelo's works §y Q
Leonardo da Vinci =
All Images Maps Shopping News More Settings Tools
Michelangelo > Artworks )

P

V\/o Sistine The Last Pieta The Creation
Chapel ceiling Judgement 1499 of Adam
MO’Y\ /e 1512 1541 y
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AQA: Active question answering
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See ~$0-52
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Active QA: Seguence-to-sequence
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Active QA: Answer selection
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Active QA: Answer selection

a2 l AQA

Question /«J
Reformulation Selection Black box

e

vvvyi{a} {a}
| QA Environment ]

SLand- «'9‘:}14\-6

Question Answering Systems Saarland University, Summer Semester 2020 Rishiraj Saha Roy 07 July 2020 @



Training
-+ = Supervised paraphrasing
—~ = Question reformulation with reinforcement learning

— = Answer selection
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Training 1: Initialization with supervised paraphrasing model
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Training 2: Reformuiation model N

M
~ x?o\ﬁ‘”) net i 227
0

Use policy gradient to maximize

expected reward:
Question 2 Fo@(/é
Reformulation E Rewa rd Y
7 ) p(glqo) (@ ‘_1_0) o |
WL e feqy 159/
q a - Answer(Q) \ REINFORCE: Monte-Carlo Policy-Gradient Control (episodic) for .
- f = Reward( qO) Input: a differentiable policy parameterization 7(als, @)

Algorithm parameter: step size a > 0

&7 Initialize policy parameter 8 € RY (e.g., to 0)
E nVI ronme nt & Loop forever (for each episode):
T Generate an episode Sy, Ag, R1, ..., St_1,Ar_1, Ry, following 7 (|-, 0)
Loop for each step of the episode t =0, 1,..., T 1:

G+ Zf:m 7Ry, (Gt)
0 < 0 +ay'GVInn(AS:,0)
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Training 3: Answer selection

Supervised training on tuples scraped during reformulator training

4o a
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SearchQA: Reading comprehension -

Go‘_ )OID Highway 71 gets you to America's deepest gorge, Hells Canyon, & this r !, Q w ‘ﬁ e’?(

Al Maps

Shopping  More Seftings  Tools

Hells Canyon - Wikipedia

hitps://en. wikipedia.org/wiki/Helis_Canyon ~

Holls Canyon is a 10-mille (16 km) wide canyon located along the border of eastern Oregon, eastem
Washington and western Idaho in the United States. It is part of the Hells Canyon National Recreation
Area and is North America’s deepest river gorge at 7,993 feet (2,436 m). The canyon was carved by
the waters of the

N

ng: 74

lve - Show #7586, aired 2017-09-11

Question (J! clue): “Highway 71
gets you to America's deepest

cash winnings total $18,000) ... You g uthis Calif. university a 6-mile drive from the
- 1 gets you to America's rge, Hells Canyon, & this
. Hells Canyon National Recreation Area: Top Things To Do In Idaho
0., . . enjoyyourparks.com/Hells-Canyon-ldaho.html ~
“ ® This location makes Hells Canyon the deepest gorge in North America, even rivaling the Grand
gorge, Hells Canyon, IS river Tiiints S o e S R S S

Idaho State Highway 71, the Hells Canyon Scenic Byway is an extremely remote, paved byway that

r‘\ 3 takes visitors through an
.
th at fl OWS th ro u g h It Familiar with Beamers Copper Creeek Lodge?? - TripAdvisor

hitps://www.tripadvisor.co.za » United States » Idaho (ID) » Idaho Travel Forum ~

Answer 1 of 9: Looking for a place to stay in Hells Canyon that is not camping. ... Cambridge and
Council give you access to the resevoirs about the three dams. ... not a bad deal when you consider
that it includes a 200 mile round trip professionally guided jet boat tour of Hells Canyon, the deepest
gorge in North America,

Googleplex “anywa

Hells Canyon: Exploring the Deepest Gorge in North America
the-despest.gorge-in-north -
A n SWe r * th e S n ake Feb 18, 2016 - Slicing the earth on the border of Oregon and Idaho, Hells Canyon is the deepest river
0 gorge in North America—deeper than the Grand Canyon, In fact. Alongside .. To get there, head
about 150 miles north on Idaho Highway 55 and US 95 to the town of Riggins, where you can pick up
last.minute supplies.

Familiar with Beamers Copper Creeek Lodge ... - TripAdvisor
hitps:/iwww.tripadvisor.co.uk » United States » Idaho (ID) » Idaho Travel Forum v

Answer 1 of 9: Looking for a place to stay in Hells Canyon that is not camping. ... Cambridge and
Council give you access 1o the resevoirs about the three dams. ... not a bad deal when you consider

. that it includes a 200 mile round trip professionally guided jet boat tour of Hells Canyon, the deepest
ontext. 10p = searc ool

. . . The Hells Canyon Scenic Byway | TripCheck - Oregon Traveler
hitps://www.tripcheck.com/Pages/Scenic-Byways-Helis-Canyon ¥

shipbpets for the question filtered T weummnr
approaches the southem end of Hells Canyon. the deepest river-carved gorge in North America.

According to Nez Perce folklore, Coyote dug Hells Canyon with a big stick to protect ancestors in
Oregon's Blue Mountains from the

fo r g IVe aWayS HIGHv.AY TO HELL Jeopardy Questions - JeopardyQuestions.com

https://jeoparayestions.com/category/highway-to-hell

View Answer. Categtij HIGHWAY TO HELL. Take the 395 in this state to Inyo National Forest and to
Devils Postpile along the mitia fork of the San Joaquin River. View Answer. Category: HIGHWAY TO
HELL. Highway 71 gets you to Amnarica's deepest gorge Hells Canyon & this river that flows
through it. View Answer

AAA Travel Guides - Hells Canyon Natiu.»al Recreation Area, OR
hitps:/iwww.aaa.com.../helis%20canyon%20national %201 e areation%20area-or
Confined within steep, eroded black basalt walls, the surging Snake iver 2as cas A
deepest river gorge, measuring 7,913 feet from He Devil Mountain to G
water rapids alternating with deep pools characterize this 72-mile free-flowing p
River as it races north to
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ActiveQA: Environment

Start End Query2Context
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*Image from [Seo et al.2017]

Question Answering Systems Saarland University, Summer Semester 2020 Rishiraj Saha Roy 07 July 2020 @



Results
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Results

60
57.6
50 45.6
Ansv_ver 40
quality:

F1Score 30
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Reformulation quality

Answer
quality: **
F1 30

26 *

4 5 6 7 8 9 10 11 12
Paraphrase quality: BLEU (MS COCO)

-t
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Reformulation quality

38
36 *
34
Ansv_ver 32
quality: *®
F1 y| =
No28

English paraphrase, 26 @
model trained on 24
multilingual data 4 5 6 7 8 9 10 11 12

Paraphrase quality: BLEU (MS COCO)

e
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Reformulation quality

38
36

34

Answer fine tune on

quality: A English question

F1 30 paraphrases
28

26 *

24
= a 6 i 8 9 10 11 12

Paraphrase quality: BLEU (MS COCO)
- >
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Reformulation quality

38 reinforcement
@ learning for
36 & question
34 T \ answering
Answer 32
quality: < **

F1 30
28

26 *

24
- & 6 i 8 9 10 11 12

Paraphrase quality: BLEU (MS COCO)
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Reformulation quality

38 reinforcement
@ learning for
36 question

34 answering
Answer 3

quality: **
F1 30
28

26 *

24
4 a 6 P 8 9 10 11 12

Paraphrase quality: BLEU (MS COCO)

— Input: type humorous poem bears name irish port city

_, Top reformulation: what is name humorous poem poem bears city city city
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Research paper 2

Go for a Walk and Arrive at the Answer;
Reasoning over Paths in Knowledge Bases

using Reinforcement Learning
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MINERVA: Task

/.
)«

y‘ . 2012 season ]

Alex Smith

PlayedFor

\D W J/ 0( H!Season -HasPlayed
p

\%‘5\ 9f7 ..‘ Super Bowl /t&ﬂﬁepemick ] PlaysSports
W ]
» 9

\},Jl Championship
‘ Gameof

Football

University of

[ 4 =
HasSportsLeague LocatedIn Nevada
. , 9 vl
(,,’Vo/ 5 (Colin Kaepernick, PlayedinLeague, ?)
W ==
Question Answering Systems Saarland University, Summer Semester 2020 Rishiraj Saha Roy

Thanks to
Rajarshi Das
for the slides

07 July 2020 @



MINERVA: Task

2012 season 1

PlayedFor Alex Smith

(HasSeason)?! - HasPlayed

/(

. . =
Super Bowl Colin Kaepernick I PlaysSports

-

Championship Football

- bornin |
Gameof

University of
Nevada

a

USA

HasSportsLeague LocatedIn

’MQ(& (Colin Kaepernick, PlayedinLeague, ?)

Query Dependent
T/{« /Lq (Colin Kaepernick, TeamMate/Co-Worker, ?) Decision Making!

—_—
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MINERVA: Model

®
201 2 season]
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: I \ — ) University of 1
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(Colin Kaepernick, PlayedInLeague, ?)
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MINERVA: Model

o |20 1111 J
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MINERVA: Policy

= |nput - (Colin Kaepernick, PlayedinLeague, ?)
Partially Observed Markov decision process
States-  (eg,e1,T,€2)

Policy

- Randomized & history dependent

Question Answering Systems Saarland University, Summer Semester 2020
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MINERVA: Policy
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MINERVA: Actions

- All possible outgoing edges (ﬂw,_,)
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MINERVA: Rewards

= R ={+1if we reach the answer °
_ 0, otherwise} o @ [2012E0n .
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MINERVA: Training

w 0 o
“s> XV\ { _\,\I‘V) /s

\
(ﬁ’y\ ( (61 T ez)NDEAl VAT 1~y [R(S:f)lsl — (61, €1, T, 62)]
P,
e Trained using Policy Gradients

et

VoJ (0) ~ ) u(s)> qr(s,a)Vor(a]|s,6) (Sutton, McAllester, Singh, Mansour, 2000)

e Monte Carlo Policy Gradients

0 < 0+ aG;Vglogm (A; | S¢,6) (Williams, 1992)
e Monte Carlo Policy Gradients with Control Variates
. (.C C .
9<—6’—|—a(Gt—b(St))Vglog7T(At|St,9) \MO »

Uk E [ FG03+ ) 1 G12)) G

. Entropy regularization to sample more diverse paths

Question Answering Systems Saarland University, Summer Semester 2020 Rishiraj Saha Roy 07 July 2020 @



Programmlng assignment

\vg ,
: Answer er questions over toy KG and corpora A
¢ A e,

~ = Freetouse any tools and resources v 007, DV’»’@@
= Video to demonstrate method and answerlng outputs

’{f}rr — e AV = M
I e 2oy A o

= 10 dev and 10 test questlons o
=0 Ll
/= Commenton strengths and weaknesses from error ]w‘wd
—_— ‘\'\
analysis on test set A " R\::M / o
: > \.\)“ %h"g \»
- Deadline: 21 July 2020, 14:00 Aot
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_ —
policy, value
g " Coercing answers from reformulated questions is a
V& viable strategy for open-domain QA
P _ _
vv\e“ =  RL has showed success in KG reasoning
Question Answering Systems Saarland University, Summer Semester 2020 Rishiraj Saha Roy

Conclusions

Reinforcement learning for QA has a high potential
Mg\y possibilities, not explored well yet A\

Needs modeling: Agent, environment, rewards, states,

T e
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