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Facts 
Ontology

Knowledge representation model  
RDF graphs: facts (data) describing 
entities  
OWL Ontology: concepts, properties, 
axioms/constraints of the domain 

Applications  
Web search, conversational agents, 
recommendation, transparency, etc.  

Challenges   
Enriching knowledge graphs  
Guaranteeing the validity of data and 
knowledge   

KNOWLEDGE GRAPHS (KGS)



▪ KG Creation  
▪ Information extraction from web pages (DBpedia, Yago), collaborative 

(Wikidata), ...  

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

▪
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▪ 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?

KNOWLEDGE GRAPHS: SOME 
KEY PROBLEMS
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V1
V2

V3

KGS – WHY TIME MATTERS?

129

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.1: <#Obama presidentOf 
US> is true in the temporal context [2008-2016#Trump presidentOf US> is true 
in the temporal context [2017-2021] 

Important for :  
● Query answering,  
● Consistency checking, 
● Knowledge discovery, …
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129

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] 

Important for :  
● Query answering,  
● Consistency checking, 
● Knowledge discovery, …



TWO MAIN PROBLEMS

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

▪ (B) How can we assess the temporal validity of facts ?  
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(A) TEMPORAL META-FACT EXTRACTION  
- PROPOSED APPROACH  

▪ 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. 
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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) 
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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) 



1. SEED META-FACT GENERATION

Algorithm: Query generation 

▪ For each knowledge pattern, in the form of:  
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1. SEED META-FACT GENERATION

Algorithm: Query generation 

▪ For each knowledge pattern, in the form of:  

▪ Generate a SPARQL query (graph pattern = rule premise)  
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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 
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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  

▪ For interval graph patterns:  compute an intersection between the 
temporal intervals associated to the subject and the object of a 
fact.
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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  

▪ For interval graph patterns:  compute an intersection between the 
temporal intervals associated to the subject and the object of a 
fact.
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TEMPORAL META-FACT 
EXPANSION
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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  
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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  

▪ 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) 
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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  

▪ 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
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2. TEMPORAL COMBINATION 
CONSTRAINTS 
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▪ Based on Allen’s calculus 

[Malaverri et al. 2020]



EXPERIMENTS 
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▪ Yago3: contains information extracted from Wikipedia 
infoboxes, WordNet, and GeoNames, 

▪ > 10 million entities (persons, cities, organizations),  

▪ > 120 million facts about these entities 

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

1. SEED META-FACT GENERATION: 
EXPERIMENTS ON YAGO

Time-sensitive predicates
27



1. SEED META-FACT GENERATION: 
EXPERIMENTS ON YAGO

Quantitative results of seed meta-fact generation
28
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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/ 29



2. TEMPORAL META-FACT 
EXPANSION: EXPERIMENTS

▪ Quantitive results on dataset A (Yago meta-facts)
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2. TEMPORAL META-FACT 
EXPANSION: EXPERIMENTS

▪ Quantitive results on dataset B (Seed meta-facts, step1)
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2. TEMPORAL META-FACT 
EXPANSION: EXPERIMENTS

Qualitative results:  Considered timestamp meta-facts and full date 

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

32



CONCLUSION

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

● A rule-based approach for temporal meta-fact 
propagation  

● A first quantitative and qualitative evaluation  
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(B) HOW CAN WE ASSESS THE 
TEMPORAL VALIDITY OF FACTS 
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(B) HOW CAN WE ASSESS THE 
TEMPORAL VALIDITY OF FACTS 
▪ Problem:  

▪ Let f be 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 f.  

▪ f is 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 

42
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B.1. TEMPORAL CONSTRAINT 
DISCOVERY 
▪ Allen’s Algebra temporal relations between simple 

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



B.1. TEMPORAL CONSTRAINT DISCOVERY 
- EXTENSION TO SEQUENCES
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▪ New algorithm for sequence comparison that deals with 
intra and inter-comparisons in one passe 
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▪ New algorithm for sequence comparison that deals with 
intra and inter-comparisons in one passe 
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B.1. TEMPORAL CONSTRAINT DISCOVERY 
- EXTENSION TO SEQUENCES
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▪ New algorithm for sequence comparison that deals with 
intra and inter-comparisons in one passe 

Relevant  
Inter-sequence 
comparisons



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

50

B.1. TEMPORAL CONSTRAINT DISCOVERY 
- EXTENSION TO SEQUENCES

[Soulard et al. 2024]

A sub B

A before B

A meets B

A overlaps B

….
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B.1. TEMPORAL CONSTRAINT DISCOVERY 
- EXTENSION TO SEQUENCES

[Soulard et al. 2024]

● We can then combine these simple constraints to represent complex 
ones composed of multiple types of relations or lack of.
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B.1. TEMPORAL CONSTRAINT DISCOVERY 
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● We can then combine these simple constraints to represent complex 
ones composed of multiple types of relations or lack of.

Always While

Equality

Overlapping
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B.1. TEMPORAL CONSTRAINT DISCOVERY 
- EXTENSION TO SEQUENCES

[Soulard et al. 2024]

● 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



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 ?

Error Threshold 

Is the constraint shared among the 
entities described by both relations.

Generalisation Threshold 

Is the constraint general enough to be 
used on a minimum of entities.
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B.1. TEMPORAL CONSTRAINT DISCOVERY 
- GENERALIZATION TO CLASS LEVEL

[Soulard et al. 2024]



B.1. TEMPORAL CONSTRAINT DISCOVERY 
- EXTENSION TO SEQUENCES
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Constraint Discovery Framework for two properties R1 and R2
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B.2. TEMPORAL FACT VALIDATION 
USING TEMPORAL CONSTRAINTS

- Constraint based Temporal Fact Validation framework - 

[Soulard et al. 2024]
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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 
casses) 

‣ This results in a matrix n∗m, 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) 

[Soulard et al. 2024]
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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

[Soulard et al. 2024]
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B.2. TEMPORAL FACT VALIDATION 
USING TEMPORAL CONSTRAINTS

Constraint discovery: Hyperparameters gen & err results for generalization 
step 

[Soulard et al. 2024]
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B.2. TEMPORAL FACT VALIDATION 
USING TEMPORAL CONSTRAINTS

Decision algorithms results  

[Soulard et al. 2024]

Size 

183K quads 

131K quads 

2M quads
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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)

[Soulard et al. 2024]
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FUTURE WORK
● Experiments :  

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

○ 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 

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