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Knowledge Graphs

Knowledge Graph — graph-structured Knowledge Base,
where knowledge about the world is encoded in the form of
relationships between entities
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Neural Link Prediction

N
2 /

medication

effect | Apixaban
[ @ ; . - - ‘ °
N deep vein

disease thrombosis

anticoagulant :
anxiety



Neural Link Prediction

N
2 /

medication effect

anticoagulant N deep vein

) : anxiet
disease thrombosis y

Interacts :
> Paroxetine) o

P(Apixaban



Neural Link Prediction

N
2 /

medication

effect | Apixaban
[ @ ; . - - ‘ °
N deep vein

disease thrombosis

anticoagulant :
anxiety

P(Apixaban erac Paroxetine) o qbinteracts( H , H )




Neural Link Prediction

N
2 /

o -| interacts

effect | Apixaban
[ @ ; . - - ‘ °
N deep vein

disease thrombosis

medication

anticoagulant :
anxiety

P(Apixaban erac Paroxetine) o qbinteracts( H , H )

10



Complex Queries on Incomplete Graphs

Query: Which medications have side-effects when taken with drugs
for treating Anxiety?
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Complex Queries on Incomplete Graphs

Query: Which medications have side-effects when taken with drugs
for treating Anxiety?

M : 4D . interacts (M, D) A treats (D, anxiety)

BetaE — Ren et al. [ICLR 2020]

Q2B — Ren et al. [NeurlPS 2020]

GQE — Hamilton et al. [NeurlPS 2018]
Process

1. Generate millions of complex query-answer pairs

2. Train a deep neural model to answer complex queries
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Complex Queries on Incomplete Graphs

Query: Which medications have side-effects when taken with drugs
for treating Anxiety?

M : 4D .1nteracts (M, D) A treats (D, anxiety)

BetaE — Ren et al. [ICLR 2020]

Problems
* Need to train the model on millions of generated queries

* No explanation on the reasons why a given answer was
produced by the model




Query Answering as Optimisation

Proposed solution: train a neural model ¢ for answering

atomic (simple) queries (e.g. “which drugs treat Anxiety?”), and
cast the query answering task as an optimisation problem

?M : 4D .1nteracts (M, D) A treats (D, anxiety)
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Proposed solution: train a neural model ¢ for answering

atomic (simple) queries (e.g. “which drugs treat Anxiety?”), and
cast the query answering task as an optimisation problem

?M : dD .1interacts (M, D) A treats (D, anxiety)

Optimisation problem ‘

darg mmax ¢interacts (eM ’ eD) ¢treats <eD9 eanxiety)
M,De&

Likelihood that M Likelihood that D
interacts with D treats anxiety
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Query Answering as Optimisation

Proposed solution: train a neural model ¢ for answering

atomic (simple) queries (e.g. “which drugs treat Anxiety?”), and
cast the query answering task as an optimisation problem

?M : 4D .1nteracts (M, D) A treats anx1ety

. Contlnuous relaxation of
Optimisation problem the Ioglcal AND (t-norm)

arg Z\?lDaEX [¢1nteracts eM ’ eD T ¢treats €p, € anx1ety>]

leellhood that M leellhood that D
interacts W|th D treats anX|ety
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M.De&
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Query Answering as Optimisation
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Greedy Search
» Identify the k most likely values for D
 For each value of D:

- |dentify the kK most likely values for M
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Query Answering as Optimisation

dfg 1max ¢interacts (eM ’ eD) T ¢treats (eD9 eanxiety)
M,De&

Greedy Search
- |dentify the k most likely values for D
 For each value of D:
- |dentify the kK most likely values for M
« Compute the query score for all (M, D) combinations
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Query Answering as Optimisation

arg ]\?ll)aexg [¢interacts (eM9 eD) T ¢treats (eD’ eanxiety)]

Greedy Search
» Identify the k most likely values for D
 For each value of D:
- |dentify the kK most likely values for M
« Compute the query score for all (M, D) combinations
 Return the most likely value for (M, D)
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Complex Query Types 1/2

‘*O T p(a,T)
@-@-O 7:3Vi.p@ V) AW, T)

m T3V, V. pi(a, Vi) A py(Vy, V)
3p /\p3(V29 T)

m ?T:pl(ala T) /\p2(a29 T)

i @@ @30 i nw. D Anw DA D
‘ Anchor ‘Variable OTarget i,

1p (atomic)

2p
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Complex Query Types 2/2
. ?T:3AV.p(a;,, V) Ap,(V,T)
» @ @@O0 L

. ?T:3AV.p(a;, V) Apya,, V)
1p w A py(V, T)

T3V, pl(al V)V py(a,, V)]
w @ @@ "y

T pl(ala T) va(a29 T)

‘ Anchor ‘Variable O Target .




Complex Queries — Examples

2T :3V.p(a,,V)Ap,(V,T)
@ &-&0 "

Query: Which medications used for treating fibromyalgia
interact with drugs for treating Diabetes?

pi

M : 4D .interacts (M, D) A treats (M : ﬁbromyalgia)
A treats (D, diabetes)

‘ Anchor ‘Variable O Target -,



Complex Queries — Examples

‘., ‘@ T pl(ala T) sz(az, T)

Query: Which actors played in King’s Speech or in Dunkirk?

2Uu

7A : playsin (A, king’s speech) V playsin (A, dunkirk)

‘ Anchor ‘Variable O Target .



Experiments

Query types Dataset: FB15k-237
0,55 1p M2 W3 W2 W3 Hp W2

0,438

0,325

Hits at 3

0,213

0,1
GQE Query2Box CQD
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Datasets
0,75

0,613

0,475

Average Hits at 3

0,338

Experiments

FB15k

W FB15k-237

0,2

GQE

Query2Box

B NELL995
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Experiments
Query types
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Experiments

Query types
0,75 FB15k B FB15k-237 B NELL995

e Data-Efficient

e Generalisation to Out-of-Distribution
iInstances

Average Hits at 3

0o 1

GQE Query2Box
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Explainability

Query: Which medications have side-effects when taken with drugs
for treating Anxiety?

M : 4D .1nteracts (M, D) A treats (D, anxiety)

Apixaban

Amitriptyline
Phenytoin
Duloxetine

Buprenorphine
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Explainability

Query: Which medications have side-effects when taken with drugs
for treating Anxiety?

M : 4D .1nteracts (M, D) A treats (D, anxiety)

M e Explainable D

Apixaban Paroxetine
Amitriptyline Paroxetine
Phenytoin Paroxetine
Duloxetine Pregabalin
Buprenorphine Pregabalin
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Summary
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on large-scale incomplete Knowledge Graphs:

51


https://github.com/uclnlp/ctp/

Summary

Novel approach to answering Complex Queries
on large-scale incomplete Knowledge Graphs:
* [rain a neural link predictor on atomic queries

52


https://github.com/uclnlp/ctp/

Summary

Novel approach to answering Complex Queries
on large-scale incomplete Knowledge Graphs:
 [rain a neural link predictor on atomic queries
* Answer complex queries by formulating the
task as an optimisation problem

53


https://github.com/uclnlp/ctp/

Summary

Novel approach to answering Complex Queries
on large-scale incomplete Knowledge Graphs:
 [rain a neural link predictor on atomic queries
* Answer complex queries by formulating the
task as an optimisation problem
Generalises extremely well to complex queries,
despite not being trained on them
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Summary

Novel approach to answering Complex Queries
on large-scale incomplete Knowledge Graphs:
 [rain a neural link predictor on atomic queries
* Answer complex queries by formulating the
task as an optimisation problem
Generalises extremely well to complex queries,
despite not being trained on them

Source code: https://github.com/uclnlp/cqd/
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