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Question of the day

How can we make question answering
5
sytems work over heterogeneous sources?
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You’ll find this covered in

= PullNet: Open Domain Question Answering with Iterative Retrieval on
Knowledge Bases and Text

Sun et al.

EMNLP 2019

————

= Interpretable Question Answering on Knowledge Bases and Text

Sydorova et al.

ACL 2019

e ——
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https://www.aclweb.org/anthology/P17-1171.pdf
https://www.aclweb.org/anthology/P19-1488.pdf

Research paper 1

PullNet: Open Domain Question Answering with
lterative Retrieval on Knowledge Bases and Text
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PullNet overview /WJW A (Liernt
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PullNet: Overview

=  Works over KGs and text

= Based on early fusion philosophy
= Focuses on multi-hop questions

=  Uses question-focused subgraph

codlant
= Judiciously expands subgraph
L, . . a{W o~
= Uses classifiers for expansion points and answers 7
 ,————— —
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PullNet: Mode! s
\PHW”SW .

—
| = Defining the question subgraph - MO(Jn/ Mju bf‘”d}
K W

9 = lterative subgraph construction
A = Pull operations
v =  Classify operations
¢ =  Update operation - condt MfM\sW‘

% =  Training

+ /S(ng,’ﬁ’vj
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The question subgraph
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lterative subgraph construction

Algorithm 1 PullNet

I: Initialize question graph G’g with question ¢ and question
~ entities, with V° = {e,, } and £° = 0.
Wﬁmé—’ 2: fort=1,--- .7 do
3: Classify the entity nodes in the graph and select those
v} with probability larger than € — ,\/\.»r'h\/\r“l
o7 {ve,} = classify pullnodes (G, k)

1\
4: for all v, in {v., } do
S: Perform pull operation on selected entity nodes
/ {vq,} = pul l_dqcs (Ve,q)
{vs,} = pull_facts (ve,q)
-
6: for all vg in {vg, } do
7 Extract entities from new document nodes
{Ve(a); } = pull_entities (vq)
l 8: for all v/ in {vys,} do
. 0: Extract head and tail of new fact nodes
‘ {ve(s); } = pull_headtail (vy)
NIy 10: Add new nodes and edges to question graph

t+1 vt
7, = update (G,)

— . o :
o 11: Select entity node in final graph that is the best answer

—_—

({k L“br vas = classify_answer (GE)
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Pull operations méi‘%”{ .
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| I from d t ?fe
= Pull from documents 7
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= How to get top-k? - 7 o Wl ot
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= Pull from KG pa - (’R]\Au&fl
- =, B ) (' v
= How to get tog-k? g% - ]’“’“ M (\}—Q ? B ot
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hy = LSTM(wr, .. ., wyy) € R" \y 7 g L
Tl N — <iormeia( BT W [eee 200
S(r,q) = sigmoid(h,. h) | =20 09
— g J /’{L >
~— (("7/ | +€
_/

= Extract new entities from pulled items !
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Classify and update operations

od  Test Nhly
Classify pull nodes 7%(0,[)% oy Colim. mary b

Classify answers

| |

/7 \3
gl

v
= Uses CNl\I-based GRAFT-Net model

x —
= Add newly found entities to subgraph
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Training o P

) 55 N
\amf ? 5

R vaw\)‘»\w‘ V/ow

= Distant supervision with QA pairs K
, ,\,‘_3,)' AF"’C
%« Uses shortest paths between Q & A K& }:> o
—_— — — /0/0
=  There can be multiple question and answer entities o/’—t’ﬂ
MR
- Positive and negative sampling o R,
\
= Uses teacher forcing w\ﬂﬁ
- 5

«  Threshold-based detection & Y o
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https://towardsdatascience.com/what-is-teacher-forcing-3da6217fed1c

Research paper 2

Interpretable Question Answering on

Knowledge Bases and Text
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QA on combination of KB and text

@ Information in KB: @ Raw text data:
v structured, i.e. clear reasoning v immediate access O
chains are possible possible g
— but often incomplete v versatile data sources
— needs to be maintained and v context is preserved
updated — unstructured /i
> Nl raw text data

)/ Thanks to Alona
O qu [5&_’, Sydorova for the slides

“answer R 1 knowledge base
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QA on combination of KB and text

* |n many use cases trust and ability to cross-check the
model are crucial

* Right to explanation (EU GDPR) g — (s J78

-
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Contributions

MW
' = Adaptation of explanatlon methods for QA on a combination / e %tf,st
e
of KB and text A eithe N $
9/% \UAJLW@
7.= A novel automatic evaluation method for explanations, based = =
on ‘fake facts’ / of T
= ~
- - o ov it T
% = Human evaluation agrees with automatic ¢ & ! v
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QA model: TextKBQA (Das et al. 2017/)

WY\Q\MKW — h wodd
=

i« A key-value memory network

) o Attention 1s used on facts which contain information
about entities from the query /4.t~

5+ Questions: SPADES

+ » Fact base: Combination of KB and textual facts
KA ' :
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QA model: Task

L' . . . -
\7@% o Filling in blanks in sentences:
&
(W

Query

Chicago is the third most populous city in ,
Answer

the USA
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QA model: TextKBQA (Das et al. 2017)

J

@)
. forward |, _—
LSTM |0 - INNER
© ATTENTION Pl = PRODUCT
. = LAYER g p b
D\,w backward N SOFTMAX
" LSTM o —
0 0O e
OO0 0 O OC
Wy Wz _blank_ .. keys values
L § J L
i T T
query /%w ‘. memory 1.8M En'"y
= - - embeddings
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; v ‘;)q' B/]/
QA model: Notations
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Explanation methods: Notation

ok Yy, l”“”é”

J ¢(Az %% 7)
e ®? = Toxt KGR (g/‘}’) CP E/Jéjﬁ T y)

—
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Explanation methods

« Task: which facts/sentences were used by the model for
answering a question?

« Explanation method assigns relevance scores to KB
facts/sentences

* The higher the score, the more relevant is the fact/sentence
for the answer
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Explanation methods

Question: Chicaqgo iIs the third most populous city in _.

Facts Relevance

Chicago city.in.state the USA 0.7
Chicago is the most populous city in lllinois. 0.6
New York, Los Angeles and Chicago are the 0.8

most populous American cities.

Chicago is a major transportation hub in the 0.2
United States.




Explanation methods

= Attention weights
= LIME: Local Interpretable Model-Agnostic Explanations

« = IP: Input perturbations
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Attention weights

/ (fbﬂﬂ?(ft {I’QT q, F) — SOftmaX(f{F ' q)f

\_,—

Sut)
) Qaw; ([, aq,q, F) = softmax(Kr - cj—1)¢

h
1 .
'b éﬂwavg (f" af}'ﬁ Q.‘- ‘F) — E Z Sﬂftnlﬂx(ﬁf ’ Cj_l)f
7=1

https://en.wikipedia.org/wiki/Softmax function
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https://en.wikipedia.org/wiki/Softmax_function

Attention weights

Query: Microsoft Office is a trademark of .

hopl hop2 hop3 avg

Microsoft's service pack 2 for Office 97 is 24 Mb.- 0.091 0.056 0.000 0.049

For Microsoft this was, and to some extend still is, Office 97.- 0.099 0.058 0.000 0.053

Microsoft's Office 97 2004 is the old standard.- 0.109 0.078 0.000 0.062

Office 97 is office suite from Microsoft.- 0.086 0.049 0.000 0.045

Office 97 is the second-highest revenue generating software for Microsoft, after MS Windows.- 0.128 0.076 0.000 0.068
Microsoft had 5 million people sign up to beta-test Office 97.- 0.084 0.041 0.000 0.042

Apparently that will now change, as Microsoft attempts to rebrand Office 97.- 0.109 0.080 0.000 0.063

Microsoft might then pull Office 97.- 0.071 0.039 0.000 0.037

——

[3%24
QQ Office 97 business.company Microsoft- 0.109 @ 0.442 NeK:El:]

v . - -
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LIME

input sampled

d Bk HI
| 1]l

train
black box interpretable simple model
model to be explained

P A

L A R B A L B 2 2B JB -

sampled
instances

black box
model to be

explained

output output predictions output predictions
prediction for sampled for sampled
instances instances
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Input perturbation (17) Y
ok

B 2 b~
| | e \,r""‘u' K}
Gip([f,aq,q, F) = logit(q, F.aq) — logit(q. F \ {f},aq) |
;Z‘ q.,q;\”— ~ logit(q, F, aq)
-\ (7)
o ST
X.'Qﬁw _

* Erase single facts and compare impact on output

» Relevance of a fact corresponds to change in
probability for predicting the same answer
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Input perturbation

: Input single facts erased
instance

bl
model model

Lol
¢ (0000

answer answers

al W
[
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» Based on hybrid document paradigm

* Requires no manual annotation WJV

o/ Udﬁ/fd
Hybrid fact sets: for each query, create fake facts by

including irrelevant facts and replacing
entities in them
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Evaluation

A W - | ?
Sampled queryé/_\1 o) UW\MS"% qb«M«ﬂ*"_L—

Obama studied in 7

Facts p Facts

. bama birthplace Honolulu +—Obama Chicago birthplace Honolulu

«  Obama enrolled in Harward Law School. — *——©bafia Chicago enrolled in Harvard Law School.
« Obama president.of state the USA +—Obama Chicago president.of.state the USA

* (etc) . (etc)

)
Mi
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Evaluation: Pointing game

veol
{L lf?maz,(]: q.0) € F.

/7

0, if rmax(F.q,0)e F

vfw&

hit( o, q. .7}) —

——
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Evaluation: Pointing game

n

\@\J |

A * Chicago is the third most populous city in

Facts Relevance methodl

Chicago city.in.state the USA

Chicago is the most populous city in lllinois.

New York, Los Angeles and Chicago are the
most populous American cities.

Chicago birthplace Honolulu
Chicago enrolled in Harward Law School.

Chicago president.of.state the USA
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Evaluation: User study ld 1 s

Question: | And Jacob came into

Answer: | Egypt

Which list of facts explains the answer to the query better: facts on the left or facts on the right?

Left Right
« Now Jacob awaked out from Egypt. « Jacob people.deceased |brahimi Mosque T/\JAD\
%& }é\\ « 50 Jacob went down to Egypt. « Jacob people.deceased Egypt @%\
\“\ﬁ/ « Then Jacob went into Egypt. O_-Si Jacob people.marmage . spouse Bilhah -
« Jacob had to serve through Esau. « Jacob people marriage. spouse Leah
« And Jacob went into Egypt. « Jacob people.marmage.spouse Rachel

O Definitely left O Rather left @Diﬁicult to say O Ratherright O Definitely right
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Conclusions

= QA over heterogeneous sources Is the way forward l|
\utrMy
W

7=  KGs are clean but incomplete sopm®
( NQWJ\/

= Text corpora are noisy but have more information

coverage and redundancy

=  Graph based methods are powerful models for

handling heterogeneous information - e T

PR 06(/
= “Explainability” is important but often overlooked &/
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