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KNOWLEDGE GRAPHS (KGS)

Knowledge representation model

RDF graphs: facts (data) describing
entities

Facts

dbr: Léonard_de_Vinc

owl:sameAs

:contains ‘realizedBy

dbr:Louvre_Paris dbr:Joconde

:contains

:hasName

A

dbr:Vénus de Milo

Leonardo da Vinci

iz 1]
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KNOWLEDGE GRAPHS (KGS)

Knowledge representation model dbo:Expression
RDF graphs: facts (data) describing owlssubcuassOfT\°\VV':'5\”t’C"“’S'sOf
entities dbo:artWork dboBook
OWL Ontology: concepts, properties, owI:subCIassOfI
axioms/constraints of the domain dbo:Museum dbo:Painting
t :
rdfi:type rdf:ftype Ontology

owl:sameAs

:contains
y :hasName

dbr:Vénus de Milo Leonardo da Vinci

iz 1]

| Musée du Louvre |




KNOWLEDGE GRAPHS (KGS)

Knowledge representation model dbo:Expression
- "~ owl:subClassOf
RDF graphs: facts (data) describing owlrsubCIassofI ~_
entities dbo:artWork dbo:Book
OWL Ontology: concepts, properties, owI:subCIassOfI
axioms/constraints of the domain dbo:Museum dbo:Painting
¢ !
rdf;:type rdf:étype O ntol Og y
Applications e T Facts

Web search, conversational agents, orLouvre paris

recommendation, transparency, etc. . onains fcName R
@ Leonardo da Vinci wikidata:qz6a I

WIKIDATA

| Musée du Louvre |

Challenges
Enriching knowledge graphs

Guaranteeing the validity of data and a3
knowledge DBﬁia |V!.IK.|!A!A Google Bloomberg UniProt
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KNOWLEDGE GRAPHS: SOME
KEY PROBLEMS

= KG Creation

Information extraction from web pages (DBpedia, Yago), collaborative
(Wikidata), ...

= KG Enrichment and Expansion
» Link prediction, data fusion, data/knowledge linking, ...




KNOWLEDGE GRAPHS: SOME
KEY PROBLEMS

= KG Creation

Information extraction from web pages (DBpedia, Yago), collaborative
(Wikidata), ...

= KG Enrichment and Expansion
» Link prediction, data fusion, data/knowledge linking, ...

»  KG Validity
= Dealing with errors and ambiguities
= Fact validity

= Timeliness: truth of statements often changes with time:
= E.g., Currently, who is the US president?




KGS - WHY TIME MATTERS?

Need to capture and reason on temporal information
- KG content cannot be assumed to be static, because many facts change over

time
- Ignoring such temporal information may lead to ambiguity and misunderstanding

V1
V2

V3

val

validOnTime[1793..present] < i
] validOnTime[unkown] #

validOnTime[2001..2014] ==~
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KGS - WHY TIME MATTERS?

Need to capture and reason on temporal information

- KG content cannot be assumed to be static, because many facts change over
time

- Ignoring such temporal information may lead to ambiguity and misunderstanding

Time period during which a fact is valid: validity time.
- f1: <#Obama presidentOf US> is true in the temporal context [2008-2016]

- f2: <#Trump presidentOf US> is true in the temporal context [2017-2021]

V1
V2

V3

Important for : -

- Query answering,

- Consistency checking,

. Dominati__|

- Knowledge discovery, ...

val
1
v| |validOnTime[1793. present *if

validonTime[unkown] <
validonTime[2001..2014] -~

<




TWO MAIN PROBLEMS

= (A) How can we generate temporal meta-facts using
only the facts and the structure of the KGs?

[Malaverri et al. 2020]

= (B) How can we assess the temporal validity of facts ?

[Soulard et al. 2024]
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(A) TEMPORAL META-FACT EXTRACTION
- PROPOSED APPROACH

[Malaverri et al. 2020]

= How can we generate temporal meta-facts using
only the facts and the structure of the KGs?

Our approach

1. Generate seed meta-facts
2. Use the KG structure to propagate temporal meta-facts

3. Exploit these temporal meta-facts to asses facts veracity.

12




(A) TEMPORAL META-FACT GENERATION

- PROPOSED APPROACH
Problem

= How can we capture fact validity time using only
the facts and the structure of the KGs?

Approach — Seed meta-fact generation (step 1)

[Malaverri et al. 2020]

validOnDate

oo

——————

Graph Patterns 13




(A) TEMPORAL META-FACT GENERATION

- PROPOSED APPROACH
Problem

= How can we capture fact validity time using only
the facts and the structure of the KGs?

Approach — Seed meta-fact generation (step 1)

[Malaverri et al. 2020]

validOnDate

@ Actor(X) A Film(y) A actedIn(X, Y)A
wasCreatedOnDate(X, d)

© = inDateTime(actedIn(X,Y), d)

4« sReleasedOnDate
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(A) TEMPORAL META-FACT GENERATION

- PROPOSED APPROACH
Problem

= How can we capture fact validity time using only
the facts and the structure of the KGs?

Approach — Seed meta-fact generation (step 1)

[Malaverri et al. 2020]

validOnDate

@ Actor(X) A Film(y) A actedIn(X, Y)A
wasCreatedOnDate(X, d)

o
———- .
- bl

-

-~ -
L] -
n-____ —

e —— - —— -

______

wasBornOnDate

Temporal meta-fact

Graph Patterns 15




[Malaverri et al. 2020]

1. SEED META-FACT GENERATION

Algorithm: Query generation

= For each knowledge pattem, in the form of:

Actor(X) A Film(y) A actedIn(X,Y) A wasCreatedOnDate(X, d)
= inDateTime(actedIn(X,Y), d)

16



[Malaverri et al. 2020]

1. SEED META-FACT GENERATION

Algorithm: Query generation

= For each knowledge pattem, in the form of:

Actor(X) A Film(y) A actedIn(X,Y) A wasCreatedOnDate(X, d)

= inDateTime(actedIn(X,Y), d)
» Generate a SPARQL query (graph pattern = rule premise)

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX rdfs: <http://www.w3.0org/2000/01/rdf-schema#>
PREFIX yago: <http://yago-knowledge.org/resource/>
SELECT distinct ?a ?f ?d WHERE {

?a yago:actedIn ?f.

?f yago:wasCreatedOnDate 7d.

}

17




[Malaverri et al. 2020]

1. SEED META-FACT GENERATION

Algorithm: Meta-fact generation

= On the set of facts obtained from SPARQL queries, generate the set of
temporal meta-facts

18



[Malaverri et al. 2020]

1. SEED META-FACT GENERATION

Algorithm: Meta-fact generation

= Onthe set of facts obtained from SPARQL queries, generate the set of
temporal meta-facts

= Forinterval graph patterns: compute an intersection between the
temporal intervals associated to the subject and the object of a

fact.
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[Malaverri et al. 2020]

1. SEED META-FACT GENERATION

Algorithm: Meta-fact generation

temporal meta-facts

On the set of facts obtained from SPARQL queries, generate the set of

For interval graph patterns: compute an intersection between the

temporal intervals associated to the subject and the object of a

fact.
P /7.0
| City . : : ;
A BD FD CcD DD
wasBornin
N e i, wasFoundedOnD N
\ / . worksAt Q,_\ //j(vas oundedOn ate) \ /
o - -_— — &
wasBornOnDate ND&)@ l wasCiIEedOn Date \
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TEMPORAL META-FACT
EXPANSION

21



[Malaverri et al. 2020]

2. TEMPORAL META-FACT EXPANSION

» Use a set of Horn rules generated by a rule mining tool (e.g. AMIE)
to propagate existing temporal meta-facts

hasChild(x, c) A isMarriedTo(x, y) = hasChild(y, c¢)

22



[Malaverri et al. 2020]

2. TEMPORAL META-FACT EXPANSION

= Use a set of Horn rules generated by a rule mining tool (e.g. AMIE) to
propagate existing temporal meta-facts

hasChild(x, c) A isMarriedTo(x, y) = hasChild(y, c¢)

= Step 1: Rule selection and instantiation
= Keep only rule with confidence > threshold theta

» Select those premises contain a predicate in the set of seed
meta-facts

= Rule instantiation on a set of facts and seed meta-facts
(generated or already existing in the KG)

23




[Malaverri et al. 2020]

2. TEMPORAL META-FACT EXPANSION

» Use a set of Horn rules generated by a rule mining tool (e.g. AMIE)
to propagate existing temporal meta-facts

hasChild(x, c) A isMarriedTo(x, y) = hasChild(y, c¢)

= Step 2: Temporal meta-fact propagation

= Case 1: only one meta-fact in the premise, then propagate the
date attached to the conclusion

= Case 2: if several meta-facts in the premise, then apply temporal
combination constraints

24




2. TEMPORAL COMBINATION

CONSTRAINTS

= Based on Allen’s calculus

[Malaverri et al. 2020]

Time relations Inferred time
1 during(TS, TI) TI
2 before(TI;, TIy) [start(Tl;) .. end(Tlp)]
3 during(TIy, TIp) TI,
4 overlaps(TI;, TIy) [min(start(TL), start(TL)) .. max(end(Tl;), end(TL))]
5 meet (TIy, TIy) [min(start(TL), start(TL)) .. max(end(Tl;), end(TL))]
6 before(TS;, TS2) and before(TSy, TI) [TS; .. end(TI)]
7 before(TI, TS;) and before(TS;, TS2) [start(TI) .. TS2]
8 during(TS;, TI) and before(TI, TSy) [start(TI) .. TS2]
9 before(TI;, TI,) and before(TI,, TI3) [start(TI;) .. end(TI3)]
10 during(TI;, TIy) and before(TIy, TI3) [start(TI;) .. end(TI3)]
11 | overlaps(TI;, TIy) and before(TIy, TI3) [min(start(TI;), start(TIz)) .. end(TI3)]
12 | overlaps(TIy, TIy) and during(TIo, TI3) TIs

25




EXPERIMENTS
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1. SEED META-FACT GENERATION:
EXPERIMENTS ON YAGO

Predicates
actedIn
= Yago3: contains information extracted from Wikipedia wroteMusicFor

infoboxes, WordNet, and GeoNames, created
participatedIn

= >10 million entities (persons, cities, organizations), graduatedFrom
isMarriedTo
hasAcademicAdvisor
isLeaderOf

playsFor
isAffiliatedTo
worksAt

hasChild

directed

edited

Time-sensitive predicates
27

= > 120 million facts about these entities

» Attaches temporal and spatial dimensions to some
facts and entities.




1. SEED META-FACT GENERATION:
EXPERIMENTS ON YAGO

Predicates #YAGO MF || # Generated MF

actedIn 36 305247 x 8479
wroteMusicFor 165 59130

created 1943 444853 X 228
participatedIn 419 2655 X 6
graduatedFrom 3561 142137

isMarriedTo 10168 53039
hasAcademicAdvisor 95 9548 x 100
isLeaderOf 187 18471

playsFor 34000 783254
isAffiliatedTo 5290 783254

worksAt 408 27611 X 67
hasChild - 38236

directed — 90961

edited - 20008

Quantitative results of seed meta-fact generation

28




2. TEMPORAL META-FACT
EXPANSION: EXPERIMENTS

» DBpedia as a KG to be enriched with temporal meta-facts

= As seed meta-facts:
» Yago meta-facts: datasets A
» Seed meta-facts: dataset B
» Use of AMIE horn rules
» Wikidata as a ground truth (qualifiers)

» Use of Wikidata endpoint *

* https://query.wikidata.org/

Predicates # of Records
hasChild 100000
directed 18726
created 100000
isMarriedTo 32275
isAffiliatedTo* 88087
worksAt 90000

29




2. TEMPORAL META-FACT

EXPANSION: EXPERIMENTS

= Quantitive results on dataset A (Yago meta-facts)

# Original | # Meta-facts Rules abplied PCA Head
Predicates | Meta-facts | obtained PP Confidence | Coverage
?e<hasChild>?b,?e<isMarriedTo>?a 0.539998107 |0.380672718
=>%a<hasChild>?b
hasChild 0 2156 - - :
?f<hasChild>?b? a<isMarried To>?f 0.540100369 |0.380672718
=>7a<hasChild>?b
directed 0 1932 ?a<created>?b=>7a<directed>?b 0.301768006 |0.233104873
isMarriedTo 10168 8290 ?b<isMarriedTo>?a=>?a<isMarriedTo>?b | 0.999915811 |0.999831636
isAffiliatedTo 5290 34000 ?a<playsFor>?b=>7?a<isAffiliatedTo>?b 0.999991338 |0.824862929
playsFor 34000 5290 ?a<isAffiliatedTo>?b=>?a<playsFor>?b 0.967279918 |0.999991338
worksAt 408 177 ?e<graduatedFrom>?b, 0.400990099 |0.056577416
?e<hasAcademicAdvisor>?a
=>7a<worksAt>?b
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2. TEMPORAL META-FACT
EXPANSION: EXPERIMENTS

= Quantitive results on dataset B (Seed meta-facts, step1)

=>7?a<worksAt>?b

# Original | # Meta-facts PCA Head
Predicates | Meta-facts obtained Rules applied Confidence Coverage

?e<hasChild>?b,?e<isMarriedTo>?a 0.539998107 | 0.380672718
=>?a<hasChild>?b

hasChild 38236 13231 - - -
?f<hasChild>?b?,a<isMarried To>?f 0.540100369 | 0.380672718
=>?a<hasChild>?b

directed 90961 426187 ?a<created>?b=>7?a<directed>?b 0.301768006 | 0.233104873

created 444853 72620 ?a<directed>?b=>7a<created>?b 0.392707051(0.035430598
?b<isMarriedTo>?a=>?a<isMarriedTo>?b | 0.999915811 | 0.999831636

isMarriedTo 53039 62416 ?a<hasChild>?f,?b<hasChild>?f 0.424990052(0.134859837
=>?a<isMarriedTo>?b

isAffiliatedTo 1204540 777039 ?a<playsFor>?b=>?a<isAffiliatedTo>?b 0.999991338 | 0.824862929
?e<graduatedFrom>?b, 0.400990099 | 0.056577416

worksAt 27611 5520 ?e<hasAcademicAdvisor>?a




2. TEMPORAL META-FACT
EXPANSION: EXPERIMENTS

Qualitative results: Considered timestamp meta-facts and full date

Dataset A Dataset B

P R F P R F
0.1 089 0.89 0.89 | 0.67 0.67 0.67
0.2 089 089 0.89 | 0.67 0.67 0.67
0.3 0.89 089 0.89 | 0.67 0.67 0.67
04 089 089 089 | 0.67 0.67 0.67
0.5 089 0.89 0.89 | 0.67 0.67 0.67
0.6 089 0.89 0.89 | 0.67 0.66 0.66
0.7 099 0.62 0.76 | 0.0008 0.0001 0.0002
0.8 0.99 0.62 0.76 | 0.0008 0.0001 0.0002
0.9 099 0.62 0.76 | 0.0008 0.0001 0.0002

Confidence

» Dataset A gets better results: better accuracy of seed meta-facts
» Dataset B reaches 0.67 of F-measure
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CONCLUSION

- An approach for seed temporal meta-fact generation
for time-sensitive predicates

- Arule-based approach for temporal meta-fact
propagation

- Afirst quantitative and qualitative evaluation

33



(B) How CAN WE ASSESS THE [Soulard et al. 2024]
TEMPORAL VALIDITY OF FACTS

[2011-2011]@ (a1 )[1998-2008]
[2008-2016]

[2014-2014] Internship
[2020-today]

[1990-today 0 placeOfBirth
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(B) How CAN WE ASSESS THE [Soulard et al. 2024]
TEMPORAL VALIDITY OF FACTS

[2011- 2011]@ (ur )[1998-2008
[2014-2014] Internshi St [2008-2016]

[1996-1996] Temporal validity ? [2020-today]




(B) How CAN WE ASSESS THE [Soulard et al. 2024]

TEMPORAL VALIDITY OF FACTS
(U 4

@/«MQ
placeOfBirth

Entity, h1 :
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(B) How CAN WE ASSESS THE [Soulard et al. 2024]

TEMPORAL VALIDITY OF FACTS

0[1998-2008]
T [2008-2016
ledAt —L@ | ]

[1990-today placeOfBirth

Entity, h1 :

StudiedAt

1996 2000 2004 2008 2012 2016 2020 Today
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(B) How CAN WE ASSESS THE [Soulard et al. 2024]

TEMPORAL VALIDITY OF FACTS
[2011-2011]@ @195 2008

- 7, [2008-2016
[2014-2014) i1 )< InteTship B .2 ) ]
[1990-today placeOfBirth

Entity, h1 :

Placeorgith |

| | |

StudiedAt |-— 1 | | A -
uare I | | | I I

I I | | I | | I

I I | | I | | I

I I | | I | | I

I I | | I | | I

I I | | I | | I

, I I | | I | I
Internship I I I I I I - I I I
1996 2000 2004 2008 2012 2016 2020 Today
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(B) How CAN WE ASSESS THE [Soulard et al. 2024]

TEMPORAL VALIDITY OF FACTS
[2011-2011]@ @195 2008

- T2 [2008-2016
[2014-2014) i1 )< InteTship B .2 ) ]
AT _0[2016-2019]

[1990-today placeOfBirth

[2020-today]
Entity, h1 : [2020-today]

|
StudiedAt |—:— — | |
| "
WorksAt l, :

Spouse FE I I

1996 2000 2004 2008 2012 2016 2020 Today

, I
Internship I :




(B) How CAN WE ASSESS THE [Soulard et al. 2024]
TEMPORAL VALIDITY OF FACTS

[2011-2011]@ [1998-2008]

[2008-2016]
[2014-2014]

[2020-today]
[2020-today]

This graph represents several implicit temporal constraints

placeOfBirth [before] studiedIn
worksAt [after] Internship

internship [overlaps] studiedin
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(B) How CAN WE ASSESS THE [Soulard et al. 2024]

TEMPORAL VALIDITY OF FACTS
[2011-2011]@ @195 2008

* 2008-2016
[2014-2014] Inter iedAt 4® ! ]

— 0[2016-2019]

SpouSe [2020-today]

[1996-1996] Temporal validity ? [2020-today]

This graph represents several implicit temporal constraints

ge;
QO
Q
@
9.,\;
Q
—

[1990-today

placeOfBirth [before] studiedIn
worksAt [after] Internship

internship [overlaps] studiedin
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(B) How CAN WE ASSESS THE [Soulard et al. 2024]
TEMPORAL VALIDITY OF FACTS

= Problem:
» Let fbe a fact in a temporal knowledge graph KG in the form of
a quadruplet (s, p, o, [sd, ed]) with [sd, ed] an intervalle of time
representing the validity time of 1.
» fis valid in KG if the time intervalle is temporally consistant
with respect to the temporal constraints fulfilled in KG.

42




(B) How CAN WE ASSESS THE [Soulard et al. 2024]
TEMPORAL VALIDITY OF FACTS

= Problem:
» Let fbe a fact in a temporal knowledge graph KG in the form of
a quadruplet (s, p, o, [sd, ed]) with [sd, ed] an intervalle of time
representing the validity time of 1.
» fis valid in KG if the time intervalle is temporally consistant
with respect to the temporal constraints fulfilled in KG.

Our approach

1. Temporal constraint discovery

2. Temporal validity checking of facts with respect to the discovered
temporal constraints

43




B-1 o TEMPORAL CONSTRAI NT [Soulard et al. 2024]
DISCOVERY

= Allen’s Algebra temporal relations between simple
intervals

Before Equals | Meets Overlaps During | Starts Finishes

a a a a a a
Lb_% b b b b b

44



B-1 o TEMPORAL CONSTRAI NT [Soulard et al. 2024]
DISCOVERY

= Allen’s Algebra temporal relations between simple
intervals

Before Equals | Meets Overlaps During | Starts Finishes

a a a a a a
Lb_% b b b b b

| | | | | | | |
PlaceOfBirth h I I I I I I I I

| | | | | | | |

Spouse | | | | | | | |
P I | | | | | | | | I

| | | | | | | |

| | | | | | | |

| | | | | | | |

| | | | | | | |

| | | | | | | |

| | | | | | | |

| | | | | | | |
1996 2000 2004 2008 2012 2016 2020 Today
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B-1 o TEMPORAL CONSTRAI NT [Soulard et al. 2024]
DISCOVERY

= Allen’s Algebra temporal relations between simple
intervals but not for sequences of intervals

Before Equals | Meets Overlaps During | Starts Finishes

o B e ik o e o
I I I I I I I I
PlaceOfBirth I'_| I I I I I I I I
I I 1 1 I 1 1 I
l I | | ] | | I
Spouse I| | 1 1 | 1 1 [ I
WorksAt I| 1 I 1 I I | I
| | 1 1 | 1 1 |
| | 1 1 | 1 1 |
| | 1 1 | 1 1 |
| | 1 1 | 1 1 |
1 1 1 1 1 1 1 1
1996 2000 2004 2008 2012 2016 2020 Today
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[Soulard et al. 2024]

B.1. TEMPORAL CONSTRAINT DISCOVERY
- EXTENSION TO SEQUENCES

= New algorithm for sequence comparison that deals with
Intra and inter-comparisons in one passe

RII_E}% 3|4 5|6 |7 891

A i
Y Y A \ ¢ |

re | | 1 2 s —
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[Soulard et al. 2024]

B.1. TEMPORAL CONSTRAINT DISCOVERY
- EXTENSION TO SEQUENCES

= New algorithm for sequence comparison that deals with
Intra and inter-comparisons in one passe

RII_E}F% 3|4 5|6 |7 891

A i
Y Y A \ ¢ |

R2| | 1 2 3 —I

Relation 0(51.], SQ.I) O(SQ.I, Sl.I)
Before 2 0
_ Equals 0 0
Relation O(Sl.I, 51.1/) O(SQ.I, SQ.I/) Meets 0 0
Meets 4 0 Overlaps 0 1
During 3 0
Intra-sequences M Starts 1 0
comparisons Finishes | 0

Inter-sequences M
comparisons >
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[Soulard et al. 2024]

B.1. TEMPORAL CONSTRAINT DISCOVERY
- EXTENSION TO SEQUENCES

= New algorithm for sequence comparison that deals with
Intra and inter-comparisons in one passe

RII_E}% 3|4 5|6 |7 891

A i
Y Y A \ ¢ |

re | | 1 2 s —

(LN I" #0)
V(s e
Relevant Al e 1 (1 |5
Inter-se_quence /\(EI” c S \ {I’}, (I”.e =L\ I.S)
comparisons .
vV (I.s>1I'.e)
AL e 5 o F (e 1 S ]
e s el oAl
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[Soulard et al. 2024]

B.1. TEMPORAL CONSTRAINT DISCOVERY
- EXTENSION TO SEQUENCES

- We obtain simple Temporal Constraint, only composed of one type
of relations (before, meets, overlaps, ...)

Asub B

A before B

A meets B

A overlaps B

T LT L TT

hik4NE

N
o



[Soulard et al. 2024]

B.1. TEMPORAL CONSTRAINT DISCOVERY
- EXTENSION TO SEQUENCES

- We can then combine these simple constraints to represent complex
ones composed of multiple types of relations or lack of.

isMorePrecise

Foe
!

-
Asymetrical  Symmetrical j/,\
NAND Always while Overlaping
Closed NAND Not Closed NAND .
Equality
/\ /\ Joint Complex Constraint
Seq Meets Altern Closed Seq Before Altern Not Closed

Disjoint Complex Constraint
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[Soulard et al. 2024]

B.1. TEMPORAL CONSTRAINT DISCOVERY
- EXTENSION TO SEQUENCES

- We can then combine these simple constraints to represent complex
ones composed of multiple types of relations or lack of.

F

Always While

Equality

Overlapping

_1..._
S I s T
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[Soulard et al. 2024]

B.1. TEMPORAL CONSTRAINT DISCOVERY
- EXTENSION TO SEQUENCES

- We can then combine these simple constraints to represent complex
ones composed of multiple types of relations or lack of.

Seq Meets

Altern Closed

Seq Before

Altern Not
Closed

TTTTTTTT
B e B

($)]
w



[Soulard et al. 2024]

B.1. TEMPORAL CONSTRAINT DISCOVERY
- GENERALIZATION TO CLASS LEVEL

For the entity h1, we have discovered :
Seq.Internship Always While Seq.StudiedAt

But is the case for other (~all) entities of the Class Human ?

Generalisation Threshold Error Threshold

s the constraint general enough to be Is the constraint shared among the
used on a minimum of entities. entities described by both relations.

, _ |XP,P’|
GeneRate(TC) = |E|1_Dé‘1|3 | ErrorRate(TC) = TEp o]
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[Soulard et al. 2024]

B.1. TEMPORAL CONSTRAINT DISCOVERY
- EXTENSION TO SEQUENCES

Constraint Discovery Framework for two properties R1 and R2

Entity Level Class Level

|
1
TSr1 €1 :
:
1
1

ﬁ Intra-Comparison r1 e
Time sequences : Local Temporal
9 Inter-Comparison rixrz €1 i
Constraints e
TSr2 €1
Intra-Comparison rz et

: Global Temporal
® Constraints

TSr1 €n :
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B.2. TEMPORAL FACT VALIDATION
USING TEMPORAL CONSTRAINTS

Fact to validate
<s,p,o0,t>

—.

TKG

- Constraint based Temporal Fact Validation framework -
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B.2. TEMPORAL FACT VALIDATION
USING TEMPORAL CONSTRAINTS

TC : R3 AlwaysWhile R2

Fact to validate
<s,p,0,t> Extracted Subject Timeline

TC : R4 Before R3

- Constraint based Temporal Fact Validation framework -
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B.2. TEMPORAL FACT VALIDATION
USING TEMPORAL CONSTRAINTS

TC : R3 AlwaysWhile R2 E
Reduced Timeline

Fact to validate

i i 1
<s,p.o,t> Extracted Subject Timeline
S B e | o o ,
T I S S S o Decision algorithm
I o L
i — |
- Reduced Timeline
i 1.
———— i

TC : R4 Before R3

- Constraint based Temporal Fact Validation framework -
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B.2. TEMPORAL FACT VALIDATION USING TEMPORAL

CONSTRAINTS
- DECISION ALGORITHM

Symbolic approach - voting-based strategy : we check the temporal validity
of a fact w.r.t all its relevant temporal constraints.
» Using a simple voting system w.r.t a given threshold
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B.2. TEMPORAL FACT VALIDATION USING TEMPORAL

CONSTRAINTS
- DECISION ALGORITHM

Symbolic approach - voting-based strategy : we check the temporal validity
of a fact w.r.t all its relevant temporal constraints.
» Using a simple voting system w.r.t a given threshold

Neuro-Symbolic combination strategy: we check the temporal validity of a
fact w.r.t all available temporal constraints

> Then, for each temporal constraint tc, we associate a number to represent all
possible behaviors (0, 1 and multiple values to represent the various possible
cases)

> This results in a matrix nm, where n is the size of the set of temporal
constraints and m is the number of facts to validate, and a ground truth
vector of dimension n that can be used to train and test the machine learning
model (decision tree)
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B.2. TEMPORAL FACT VALIDATION
USING TEMPORAL CONSTRAINTS

Datasets extracted from Wikidata (dec. 2023) representing all facts related
to entities of different types

Class # Entities  # Quadruplets
Country (Q6256) 205 183 249
Musical Group (Q215380) 55 507 131476

Politician (Q82955) 658 445 2 085 232
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B.2. TEMPORAL FACT VALIDATION
USING TEMPORAL CONSTRAINTS

Constraint discovery: Hyperparameters gen & err results for generalization
step

Class gen err  Acc. Cov. R.T
Country 2 10 . - -
2 5 88.6 16  8h 50m
5 10 879 17.2 4h30m
5 5 885 144 2h54m
Musical Group 2 10 64.6 38.2 6mb6s
2 5 646 38.2 S5m54s
5 10 642 375 SmSls
5 5 642 375 SmSls
Politician 2 10 634 519 1h35m
2 5 621 499 1h32m
5 10 635 489 1h34m
5 5 621 469 1h32m 62
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B.2. TEMPORAL FACT VALIDATION
USING TEMPORAL CONSTRAINTS

Decision algorithms results

Class Deci. Type Acc. Cow. R.T Size
Country Symbolic 79.5 94  2m 30s 183K quads
Neuro-Symb. 804 94 52m
Musical Group  Symb. 64.0 375 2m50s 131K quads
Neuro-Symb. 64.3 375 5m50s

Politician Symb. 61.6 440 44m 2M quads

Neuro-Symb. 623 440 1h30m
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CONCLUSION

Good accuracy but limited coverage

Limitations of the proposed approach :
Case of no temporal constraints can be applied for a fact

If a relation is temporally independant

If multiple values are defined for the same relation at the
same time (e.g. studying in several universities at the same

time)
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FUTURE WORK

- Experiments :

o reduce the number of features that highly impact the
performance of the neurosymbolic approach, by discarding
temporal constraints that are less important.

o evaluate whether the set of temporal constraints discovered in
one graph can be transferred and used to validate or refute
temporal facts on several graphs with high accuracy and
coverage.

= test the transferability of these temporal constraints on several
other temporal KGs, such as YAGO

o Methodology : Use of knowledge graph embeddings by introducing
temporal constraints in a knowledge graph embedding Loss.
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