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Question of the day

How can we design efficient QA systems?
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You’ll find this covered in

@ = More accurate question answering on Freebase
Bast and Haussmann

CIKM 2015

e

@ =  Towards a Question Answering System over the Semantic Web

Semantic Web Journal 2018 D Wﬂc}» ot al.
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http://ad-publications.informatik.uni-freiburg.de/freebase-qa.pdf
https://arxiv.org/pdf/1803.00832.pdf

Research paper 1

More accurate guestion answering on Freebase

More accurate question answering on freebase

H Bast, E Haussmann - Proceedings of the 24th ACM International on ..., 2015 - dl.acm.org
Real-world factoid or list questions often have a simple structure, yet are hard to match to
facts in a given knowledge base due to high representational and linguistic variability. For
example, to answer” who is the ceo of apple” on Freebase requires a match to an abstract” ...

vy UV Cited by 133 Related articles Al 6 versions

————
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The Agqu System
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System overview AR
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Candidate pruning
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V) Entity matching Voo MERD
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Candidate generation

Template 1 Q\”@dj A@V‘ﬁ(wb

Template 1

Template 3

Question Answering Systems Saarland University, Summer Semester 2020 Rishiraj Saha Roy 02 June 2020 @



Agqqu query templates .. o
@) W/ﬁ

O\]Q/‘lg

Template Example Candidate . Question + \M
3

7
\e \
Nﬁ\ Scrabble inventor 1— A Mr (‘z 5 N\p Q who invented scrabble? Yo

c vt hoant %‘”
r <
#2 @ I_ \Tl?y O Henry Ford employment -m company @ v what company did henry ford work for?
: D
#3 @ 0 "/;T?‘ [z @ Ellen DeGeneres film performance {fr:-—z\‘ film Finding Nemo < what character does ellen play in finding nemo?
4

- character

‘ 57 0?7 Qo7

e s

- %‘ }K\,\(ﬁ* \)\,U\/ . 0’0

Figure 1: Query templates and example candidates with corresponding questions. A query template can
consist of entity placeholders e, relation placeholders r, an intermediate object m and the answer node t.

e h  sea - (?;'{)'7 b sk

h"l YQ’IQ"
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Answer type matching

Gsarse V‘wﬂ.
= _Ceurse-grained types

Who
Where

When
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Candidate features

() = Entity/Relation matching features

. . el
@ = N-gram relation matching features y o~

= where is reggie bush from? (asking for the place of birth)

= what to do downtown san francisco? (asking for tourist attractions)

KG
Q/VV"?LD\JM@J rwerk > Q/y\—/()(/o]mu/féﬁ"fﬂﬁ
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ID

Description

1 number of entities in the query candidate ¢
2 number of entities that matched exactly with their name, or with a high probability (> 0.8) Q/ﬂ)—' o8|l =
3 number of tokens of all entities that matched literally as per the previous feature ) VJQ‘/I/ T
4-5 average (4) and sum@ of entity match probabilities ot /
6-7 average (6) and sum (7) of entity match popularities
/8 number of relations in matched template NJZ} Wt/ ok oS \M%
9 number of relations that were matched literally via their name o8
10-13 | number of tokens that matched a relation of kind: literal (10), derivation (11), synonym (12), context (13)
14 sum of synonym match scores B )
15 sum of relation context match scores
“16 number of times the answer relation (rq, r2, r3 for templates 1, 2 and 3 respectively) occurs in the KB
17 a value between 0 and 1 indicating how well the relation matches according to n-gram features (Section 4.5)
18 sum of features 3 and 10; that is, the number of tokens matching a relation or entity literally
19 number of tokens that match an entity or relation divided by the total number of tokens in question
20-22 | whether the result size is 0 (feature 20), 1-20 (feature 21), or larger than 20 (feature 22); all binary
23 binary result of the answer-type check (Sé?:‘ﬂon 4.4)

Table 1: Features used by our ranking approaches. Top/middle/bottom: features for entity matches/features

for relation matches/combined or other features.
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Query ranking ot \G >
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" Candidate pruning

Without n-grams, with hard pruning — — e “L)l“/' S

With n-grams, with a pruning classifier Qvul )
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Evaluation: Main

Question Answering Systems

Free917 WebQuestions

Method Accuracy+ | Accuracy Average F1
Cai+Yates 59 % - -
Jacana - — 35.4 %
Sempre 62 % 52 % 35.7%
Kwiat. et al 68 % - -
Bordes et al - — 39.2%
ParaSempre 68.5 % 46 % 39.9%
Aqqu 76.4 % 65.9 % 49.4%

Table 2: Results on the Free917 (267 questions) and
WebQuestions (2032 questions) test set. For the re-
sults in the second column (Accuracy+) a manually

crafted entity lexicon was used.
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Evaluation: Top-k

v
T
X
\\
| Top-2 | Top-3 | Top-5 | Top-10 | - ())Qﬂew »
| \r(\ Free917 74.3% | 7T7.2% | 79.3% | 83.7% | 04 /ad
\ WebQuestions || 67.1% | 72.7% | 77.5% | 82.3% \
\/
Table 3: Top-k results on Free917 (top) and Web- WW
Questions (bottom). Percentage of questions with A,N J\/
the best answer in the top-k candidates. _ Viie
(N

Question Answering Systems

Saarland University, Summer Semester 2020

i
‘w\a«\ﬂ 0/(; i

Rishiraj Saha Roy 02 June 2020 @



Evaluation: Efficiency

= 644 ms for Free917 \
y o)
s 900 ms for WebQuestions

= Competitors slower — from source code

= Training on WebQuestions: 90 minutes in all!
~ Dk gmeter |
|
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Why is Aqqu fast? .

A et
.. : \/v—ﬂysh P Wwé‘/ye
Minimal reliance on NLP —_ |,

G

6
v

o No reliance on NERD
NERL

No question templates, directly create queries

@

o Leverage benchmark insights

Smart pruning everywhere /Toss%laf?ﬁhzﬂ

&

%
) = Index-based lookups (- .1, u]) A/
©) = Dense feature vectors | . . -9 . - - R
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Research paper 2

Towards a Question Answering System over the

Semantic Web
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Qanary—a methodology for vocabulary-driven open guestion answering systems 37 2016
A Both, D Diefenbach, K Singh, S Shekarpour, D Cherix, C Lange
European Semantic Web Conference, 625-641

Wdaqua-core(: A question answering compaonent for the research community 3 2017
D Diefenbach, K Singh, P Maret
Semantic Web Evaluation Challenge, 84-89

Towards a message-driven vocabulary for promoting the interoperability of gquestion 24 2016
answering systems

K Singh, & Both, D Diefenbach, S Shekarpour

2016 IEEE Tenth Intemnational Conference on Semantic Computing (ICSC), 386-389

\/ Towards a question answering system over the semantic web 19 2018
6* G\P D Diefenbach, A Both, K Singh, P Maret
l/x, \‘ Semantic Web, 1-19
N
KV The Qanary Ecosystem: getting new insights by composing Question Answering pipelines 19 2017
/y : D Diefenbach, K Singh, A Both, D Cherix, C Lange, S Auer

International Conference on Web Engineering, 171-189

Question answering benchmarks for wikidata 14 2017
D Diefenbach, T Tanon, K Singh, P Maret

Trill: A reusable front-end for ga systems 14 2017
D Diefenbach, 5 Amjad, A Both, K Singh, P Maret
European Semantic Web Conference, 48-53

Wdaqua-core1: a question answering service for rdf knowledge bases 13 2018
h - D Diefenbach, K Singh, P Maret
\,J W) Companion Proceedings of the The Web Conference 2018, 1087-1091
Qanary—the fast track to creating a question answering system with linked data technology 13 2016

K Singh, & Both, D Diefenbach, S Shekarpour, D Cherix, C Lange
European Semantic Web Conference, 183-188

Pagerank and generic entity summarization for rdf knowledge bases g 2018
D Diefenbach, A Thalhammer
European Semantic Web Conference, 145-160

Intreducing feedback in ganary: How users can interact with ga systems 3 2017
D Diefenbach, N Hormozi, S Amjad, A Both
European Semantic Web Conference, 81-86

QAnswer: A Question Answering prototype bridging the gap between a considerable part of 6 2019
the LOD cloud and end-users

W ks[]‘,? D Diefenbach, PH Migliatti, O Qawasmeh, V Lully, K Singh, P Maret
The World Wide Web Conference, 3507-3510
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Try it out!

O QAnswer About FAQ I 25 % l

O QAnswer o

G

Lik — https://qanswer-frontend.univ-st-etienne.fr/
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The QAnswer system

/7’J7M _aecuwt™)
o Eg_st and effective

—
= Interpretable \S\M{\L \ s*“ﬁ
— \,f/\;c/
N & Lever&g,es KG structure WS'J
O | @ | % L phelentW
¢ - Syntax agnostic for robustness {3 7
s
= Relies on efficient indexes
—HDT
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The QAnswer system

| = Expansion

L = Query construction

%, = Query ranking

4 = Answer decision RSNV S

= Also known as Wdaqua-corel

/
Nl dpter
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Expansion . «
ﬁwy | . ~9f O S P
SearCh Ll:\)l/s ’ %J{/\\? / v I 3’{ S _/é
(& 32 |
Use n-grams
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, dbre e

bt ohG do, dbpe pred

n start end n-gram / resource end n-gram resource
1 2 3 philosophers dbrc:Philosophes 52 5 6 saint dbr:SAINT_ (software)
2 | 2 | 3 | philosophers “dbr :Philosophes s3] s | 6 sain dbr:Saint
3 2 3 philosophers d_I::--::\ :Philosopher 54 5 6 saint dbr:Boxers_and_Saints
4 2 3 philosophers dbre :Philosophers 55 5 6 saint dbr:Utah_Saints
5| 2 3 | philosophers “dbr:PRilcsopher s6 | s 6 saint dbr:Saints, Luton
6 2 3 philosophers dbr:Philosophy 57 5 6 saint dbr:Baba_Brooks
7 2 3 philosophers | dbo:philosophicalSchool 58 5 6 saint dbr:Battle_of_the_Saintes
8 3 4 born dbr:Born,_Netherlands 59 5 (i} saint dbr:New_York_Saints
g 3 4 born dbr:Born_ {crater)
10 3 4 born dbr:Born_auf dem Dar? - -
11 3 4 born dbr:Born, _Saxony-Anhalt 106 3 6 saint dbp:saintPatron

107 3 6 saint dbp:saintsDraft
: 108 5 6 saint dbp:saintsSince
42 3 4 born dbp:bornis 109 3 (i) saint dbo:patronSaint
43 3 4 born dbo:birthDate 110 3 i) saint dbp:saintsCollege
44 3 4 born dbo:birthName 111 5 6 saint dbp:patronSaintOf
45 3 4 born dbp:bornDay 112 5 6 saint dbp:patronSaint (=)
46 3 4 born dbp:bornYear 113 3 i) saint matronSaint' sDay
47 3 4 born dbp:bornDate 114 5 7 saint etienne dbr:Saint_Etienne_ (band)
48 3 5 born in dbp:bornin 115 5 7 saint etienne dbr:Saint_Etienne
49 '3 ‘g borm in dbo:birthPlace 116 5 7 saint etienne dbr:Saint-Etienne
50 3 5 born in dbo :homet own 117 6 7 etienne dbr:Etienne

Table 2

Expansion step for the questjun"‘(}ive me philosophers born in Saint Etienne™] The first column enumerates the candidates that were found.
Here, 117 possible entities, properties and classes were found from the question. The second, third and fourth columns indicate the position of
the n-gram in the question and the n-gram itself. The last column is for the associated IRI. Note that many possible meanings are considered:
line 9 says that “born™ may refer to a crater, line 52 that “saint™ may refer to a software and line 114 that the string “Saint Etienne™ may refer to

a band.
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Query construction

SELECT / ASK wvar

WHERE { s1 s2 s3 . }

SELECT / ASK wvar

SELECT 7x

WHERE { VALUES ?x {iri}

SELECT 7x

WHERE { s1 s2 s3

sd4 s5 s6 . }

with
sl, ..., S6ERUV
and

vare {sl, ...,s86}MNV

Question Answering Systems Saarland University, Summer Semester 2020

WHERE { VALUES ?x {iri}
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Ranking

=  Cover words
= Edit distances
=  Node degrees

= Query properties

n #Variables

#Triples (patterns)
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Ranking

N ASS
i\é‘ MLY o //
0 Wk Q{ viadd

= SELECT QEEEEHEI ?y WHERE ({

\ dbr:Saint_(song) 7?p 7x . L @V\
?x dbo:hometown 7?7y . } ] ) f(@
S\g Q/'M \/\‘V»
b

- SELECT 7?x {

q’ VALUES 7% { dbr:5aint Etienne (band) } 1}

—~—

= SELECT DISTINCT 7?7y WHERE {

'\7 7% dbo:birthPlace dbr:S5aint-Etienne . &k /\/(rQ,V“ e & /X?Q/ﬁ

?x dbo:birthDate 2y . } V\Q\Q

—

= SELECT DISTINCT 7y WHERE ({
& ?x ?p dbr:Philosophy
?x dbo:birthDate ?y . }
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Answer decision

= Tackles unanswerability issue

= Using logistic regression classifier and threshold
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Handling implicit questions

=  Give me German mathematicians

Question Answering Systems

Saarland University, Summer Semester 2020

SELECT DISTINCT 7x WHERE ({
7% 7pl dbr:Mathematician
7%  7pld dbr:Germany

Here 7p1 is:

e dbo:field
e dbo:occupation,
¢ dbo:profession

and ?p2 is:

dbo:nationality,
dbo:birthPlace,
dbo:deathPlace,
dbo:residence.

Rishiraj Saha Roy 02 June 2020
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Fast candidate generation

= Use HDT: hitp://www.rdthdt.org/

= Use graph search

HDT - Your binary format for RDF

"HDT compresses big RDF datasets while maintaining search operations™ (Read more)
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http://www.rdfhdt.org/

What is HDT?

= Currently RDF data is stored and sent in very verbose textual serialization
formats that waste a lot of bandwidth and are expensive to parse and

iIndex

= | HDT (Header, Dictionary, Triples) is a compact data structure and binary
serialization format for RDF that keeps big datasets compressed to save
space while maintaining search and browse operations without prior

decompression

= |deal format for storing and sharing RDF datasets on the Web
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More on HDT

= The size of the files is smaller

= The HDT file is already indexed
= High performance querying

= Highly concurrent

= The format is open

= The libraries are open source
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Why is QAnswer fast?

= No reliance on syntax
= Simple query patterns
= Minimal pre- and post-processing

= No elongated pipeline

g Think about overhead!

=  Efficient use of HDT

=  Relies on graph search
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Conclusions

= Efficiency should always be primary criterion in QA

= Think while making design choices!
= Use NLP technigues sparingly ©
= Efficiency versus accuracy are often trade-offs
= Prune candidates wherever possible

= Create efficient lookup indices whenever possible ,‘4(06(/

= Use smart data structures
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