Gaikg

NANJING UNIVERSITY

Websoft

Logical Form Generation via Multi-task Learning for
Complex Question Answering over Knowledge Bases

Xixin Hu, Xuan Wu, Yiheng Shu, Yuzhong Qu

State Key Laboratory for Novel Software Technology,
Nanjing University, Nanjing, China

Email: xuanwu@smail.nju.edu.cn

2022/09/22 1



[ CONTENT /

e Background
o
o

2022/09/22 2



Complex Question Answering over KBs

® Question answering over
knowledge bases (KBQA) aims

Question: What is the most predominant religion in the country

at answ erln g natural 1 an gu a ge Benjamin Netanyahu holds a governmental position?

questions based on facts stored

i n KB S Logical Form Generation

Target Logial Form: (JOIN (R location.religion percentage.religion)
(ARGMAX (JOIN (R location.statistical region.religions)
” . 111 (JOIN government.governmental jurisdiction.governing_officials

u Complex queStlons * reqUIrlng (JOIN govgmment.govimment _posit_ijon_held.app%)inted_bigf m.0fm2h)))

multlple KB faCtS tO answer location.religion_percentage.percentage))

Execution against KB

m Recent KBQA methods cast
question answering to Seq2Seq Answer: m.03_gx (Judaism)
logical form generation task.




Auxiliary information augmented generation-based KBQA methods
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Auxiliary information 1s widely used in generation-based methods.

® (Generate unseen KB 1tems or novel combinations.

Who is Gimli’s father’s
sibling in the Hobbit?

l

1. Retrieve similar cases

e e 2D B e T e

[Who is Charlie Sheen’s dad?]

( Who are Rihanna’s sibling?

people.person.parents [

| Charlie

people.person.sibling_s

Sheen / type:Person Rihanna <—| type:Person §
: Male gender essmsssssmmasssen i i N 3

2. Reuse components of the
retrieved solutions

et SSRGS S,
i people.person.sibling_s:'

Gimli i type:Person » type:Person |
Male @‘ ************** 3 e /

people.person.parents [

(a) CBR-KBQA (Das et al., 2021)

Question: What is the shortest recording by samuel ramey?

Enumerated Candidates:
(AND music.album (JOIN album.artist samuel_ramey))
(JOIN (R recording.length) (JOIN recording.artist samuel_ramey))
(AND music.recording (JOIN (R artist.track) samuel_ramey))

l

Top-Ranked Candidates:
(JOIN (R recording.length) (JOIN recording.artist samuel_ramey))
(AND music.recording (JOIN (R artist.track) samuel_ramey))
(AND music.album (JOIN album.artist samuel_ramey))

Target Logical Form:
(ARGMIN (AND music.recording
(JOIN (R artist.track) samuel_ramey)) recording.length)

(b) RnG-KBQA (Ye et al., 2021)



Refine auxiliary information

® Noisy information introduced
can also lead to incorrect

results.
CWQ WebQSP
. . ] Methods F1 A F1 A
®m To refine auxiliary information:
We propose Generation via e e o L g
p. p i w/ Retrieval 714 - 26 729 - 1.8
Multi-Task learning (GMT- w/Oracle 941 +20.1 94.8 +20.1

KBQA).
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Methods: the details of GMT-KBQA
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Overview of GMT-KBQA

e i e m Retrieve candidate entities and
P — relations in dense space

Retrieval

Candidate

Entity Retrieval

Candidate Entifies Candidate Relafions N MUlti-taSk: L()gical FOl'm

m.0fm2h (Benjamin Netanyahu) | [ | location.religion_percentage.religion

o o ||t e o Generation, Entity
. Disambiguation, Relation
bniy oy Relation Classification

Disambiguation Classification

Classified Relations ® S h al'ed p al'am eters

location.religion_percentage.religion

location. statistical:oregion.religions o Jointly l e arnin g

Logical Form
Generation

Target Logial Form: (JOIN (R location.religion_percentage.religion)
(ARGMAX (JOIN (R location.statistical _region.religions)
(JOIN government.governmental jurisdiction.governing_officials
(JOIN government.government position held.appointed by m.0fm2h)))
location.religion_percentage.percentage))
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Retrieval of auxiliary information

m Candidate entity retrieval:
e merge linking results from ELQ

(L1 et al., 2020) and FACC1 ——
(Gabrilovich et al., 2013). | SR

Dense space

» bi-encoder

m (Candidate relation retrieval:

. Where are the time zones in
o I =
® Bi-encoder: 09 « O | the I‘JSA‘?
. . . location location.time_zones |
— Embeds questions and relations into f : ,
Where are the time zones in 4
the same dense space. 01 < cross TR AT .

-
’ encoder /
. . . 4 .
— efficient relations retrieval over KB. book.newspaper.owner Where are the time
zones in the [BLANK]?

B
L(q.ri) = —sp(q.73) +log Y _ exp(sp(g.75))
j=1



Retrieval of auxiliary information

m (Candidate relation retrieval:

® (ross-encoder: Re-ranking with
cross-attention

Where are the time zones in

. Dense space
bi-encoder P

the [BLANK]?

location.location.time zones bi-encoder

book.newspaper.owner - bi-encoder

Where are the time zones in
09 < T i the USA?

encoder : ; ;
location.location.time zones

Where are the time zones in 4
01« T e the USA? /
encoder "
book.newspaper.owner Where are the time

v |

sc(q,r) = LINEAR(BERTCLS([g: 7]))




Logical Form Generation via Multi-task Learning

Q: Where are the time zones in the USA?

Q </s> location ,
location , time
zones

Q </s> time , time
zone , dst offset
from utc

TS5 Encoder

Relation
Classification

location , location ,
time zones

m Relation Classification:
cross-encoder architecture

k
| \ L
[REL _ - > lui - log(s(g, 7))

=1

F (1 — ) - log(l — s(q,ri))]
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Logical Form Generation via Multi-task Learning

Q: Where are the time zones in the USA?

: : ® Entity Disambiguation:
- </s> Unit
Q </s> location,, Q </s> Unite cross-encoder, augmented

location , time States of America | ) .
zones location , location , Wlth Olltpllt Of Relatlon

zone , dst offset Q </s> USA Today
from utc

Q </s> time , time 4 time zones Classification
I
|
|
|

&k
N 1 )
[ENT _ T Z wi - log(s(g, e:))

TS Encoder
(1 "--‘i) log(1 — s(q,e;))]

Relation Entity

|
|
Classification JH Disambiguation
I
I
I

location , location , United States of
time zones America

-y
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Logical Form Generation via Multi-task Learning

Q: Where are the time zones in the USA?

Q </s> location ,
location , time
zones

Q </s> time , time
zone , dst offset
from utc

Q </s> United
States of America |
location , location ,
time zones

Q </s> USA Today

Q [REL] location ,
location , time
Zones
[ENT] United
States of America

—=—=——a ¥V

Relation
Classification

TS5 Encoder

Entity
Disambiguation

Logical Form
Generation

location , location ,
time zones

United States of
America

—
_— e e

-y

(JOIN (R location ,
location , time
zones) United

States of America)

®m Final Logical Form
(GGeneration

e Augmented with refined
entities and relations

aj 1, hy oo hy)

p; = TSDECODER(ay,..

I

; 1
GEN __ Z .
£ = m 4 110"’ Bjaz
J:

— [:REL 4 EENT + LGEN
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Logical Form Generation via Multi-task Learning

Q: Where are the time zones in the USA?

B Refinement of auxiliary

</s> location , Q </s> United : X
gcaﬁon , time States of America | Q [REL] location, 1nf0rmat10n
ZONes location , location , location , time @ Relation Classification:
Q </s>time , time | 4 time zones ¥ zones cross-encoder architecture
zone , dst offset ' 4 [ENT] United . - ~ °
o i 1| Qs> USAToday | 11 gpates of America e Entity Disambiguation:
| | cross-encoder, augmented

with output of Relation

T5 Encod i .
 — Classification
| |
Classification M Disambiguation & Generation :
B . (Generation
| | .
JOIN (R location , :
location , location , L/ United States of |/ ( (R location ¢ Augmented with refined

-y

location , time
zones) United
States of America)

time zones America entities and relations
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Experiments
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KBQA Performance

m Compared to other methods

CWQ WebQSP

Method Ace. F1  Ace. Fl

QGG (Lan and Jiang, 2020) - 404 - 74.0
BART-large (Huang et al., 2021) - 68.2 - 74.6
CBR-KBQA (Das et al., 2021) 67.1 70.0 699 728
ReTraCk#* (Chen et al., 2021) - - - 74.7
RnG-KBQA (Yeet al., 2021) - - 71.1 756
GMT-KBQA (Ours) 722 770 731 76.6

Table 1: QA evaluation results (%) on CWQ test set and WebQSP test set. * denotes using oracle entity linking
results. Acc.: Accuracy.

m Compared to model variants

CWQ  WebQSP

Methods F1 A F1 A

GMT-KBQA 77.0 - 76.6 -
w/o Entity 727 -43 749 -1.7
w/o Relation 759 -1.1 75.1 -1.5

w/o Entity, Relation 74.0 -3.0 747 -1.9

Table 3: QA performance (%) of variants of our model.
Entity and Relation are short for entity disambiguation
task and relation classification task respectively.
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Further Analysis

B Refinement of auxiliary information

CWQ WebQSP
Entity linking Relation linking Entity linking Relation linking
Methods P R Fl1 P R F1 P R Fl1 P R Fl1
Retriever 71.6 70.5 68.8 849 742 77.3 539 86.0 626 663 687 654

GMT-KBQA 788 694 723 852 810 814 799 753 76.1 741 739 721

Table 2: Entity and relation linking evaluation (%) of our retriever and multi-task model.

m Performance on questions with unseen KB items

CWQ WebQSP
Methods P R F1 P R Fl1
T5-base 64.8 67.0 649 64.3 68.5 64.5

GMT-KBQA  68.3 70.9 68.5 66.7 69.8 66.6

Table 5: QA results (%) on test set questions with un-
seen KB items.
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Summary
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Summary

® We propose a generation-based KBQA method via multi-task learning (GMT-
KBQA).
® GMT-KBQA retrieves candidate relations and entities through dense retrieval,
which balances coverage and efficiency.
® Refine noisy auxiliary information, enabling GMT-KBQA to generate unseen
KB items.

® Experiment results on both CWQ and WebQSP demonstrates the effectiveness of
our method. Further analysis shows that our method benefits from the multi-task
learning framework.
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Repository: https://github.com/HXX97/GMT-KBQA
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