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Construction and exploitation of an 
historical knowledge graph to deal 
with the evolution of ontologies



• More and more smart applications rely on ontologies for their modelling and 
reasoning capabilities
• Ex: BBC, PubMed, Elsevier, Google, Amazon, Dynaccurate …

• But ontologies evolve over time mainly for knowledge evolution purposes
à New ontology versions are regularly published

• Tools exist to access these various ontology versions but evolution links 
(between entities of successive versions) are never specified

Ontology evolution management

PROBLEMATIC
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We propose a Knowledge Graph that contains all versions of 
ontological concepts with an explicit specification of the 

evolution link between these concepts
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each time and there are no evolutionary links between versions
of the same concept.

Finally, in the third category, we find Khurana and Deshpande,
who propose DeltaGraph [25] with a tree-like index structure
that can perform singlepoint and multipoint graph retrieval. The
authors extended their approach with the Temporal Graph Index
(TGI) [26], which added mechanisms to enable vertex-centric
operations (i.e., operations on the modified vertex). DeltaGraph
uses edges to represent events occurring between two snapshots
of the ontology. These events are limited to the addition or
deletion of elements. Snapshots are taken in the same frequency
and are compressed to become a vertex of the DeltaGraph. The
sub-graphs of the ontology affected by an event become a new
vertex of DeltaGraph. There is no one-to-one relation between
vertex and edges in DeltaGraph and in the original ontology.
Extra processing time is required to convert DeltaGraph into a
graph that can be easily explored by information retrieval tools.
Different from DeltaGraph, we propose a one-to-one translation
format that respects the existing hierarchical properties of the
ontologies, but adds more information about their evolution.

The approaches described in this section partially address the
problem of the representation of dynamic KGs. Indeed, each of the
analyzed approach has at least one of the following limitations:
(i) the relation between the different versions of an ontology is
not specified; (ii) the existing graphs do not allow representing
the knowledge contained in the ontology; (iii) the algorithms
exploiting these graphs are not scalable; (iv) complex events
(e.g., move or split of concepts) cannot be represented. In the
following section, we describe our proposal to counter with these
shortcomings and position our approach also as an alternative to
optimize the storage space of the snapshots of the graphs.

3. Creating historical knowledge graph

Graphs provide a natural format to represent knowledge and
the interactions between pieces of knowledge, for example, to de-
fine connections within social networks, collaborative networks,
cinema (actors with films), scientific publications, biomedicine
(diseases and symptoms and treatments), etc. Industries from
many domains are transforming their databases into knowledge
bases and they often adopt the graph format to save or share
them. For instance, Google [1] has the Google knowledge Graph
that organizes information collected when users search the Web
with content from other sources; the BBC is providing access to
its knowledge graph,2 where users can search for news that has
been published; and Thomson-Reuters created a detailed knowl-
edge graph describing companies.3 The main advantage of using
ontologies and knowledge graphs is their ability to represent
complex relationships between entities while relying on solid
mathematical foundations. They also provide the possibility of
extending the content of a KG by connecting it with other existing
KGs (e.g., via mappings). The increasing adoption of KGs to repre-
sent the knowledge of a domain is improving the interoperability
between systems, making exchanged information understandable
for all (with no ambiguity). However, creating and maintaining a
well-formulated KG requires substantial human effort. The focus
of this research work is on extending the KG format in order to
trace the historical changes of ontologies, providing an alternative
way of dealing with the impact of ontology evolution on the
dependent artifacts (like mappings and semantic annotations).

2 https://www.bbc.co.uk/ontologies
3 https://developers.thomsonreuters.com/tr-knowledge-graph

Fig. 1. Metamodel used to represent the history of a concept of an ontology.

3.1. Conceptualization and formalization of the historical knowledge
graph

In this section, we will introduce the notion of the historical
knowledge graph (HKG), where the objective is to keep track
of changes applied to an ontology over a period of time. In our
work, we consider a concept as a composition of attributes, where
the attributes are strings describing the concept, regrouped as
identifiers, labels, synonyms, comments, etc. This kind of repre-
sentation is often adopted in the biomedical domain, where we
evaluate our methods. For this work, we transformed a biomedi-
cal ontology into a historical knowledge graph (HKG), where the
vertex (or nodes) represent concepts and the edges represent
the semantic relationship between those concepts. In the HKG,
the relations between concepts were simplified to hierarchical
(i.e., subClassOf or IsA) and evolutionary (linking versions of
concepts) ones. An ontology (O) is defined as a set of concepts
(C), relations (R), and attributes (A):

O = (C, R, A)

The resulting HKG is defined as a set of vertex V and a set of edges
E:

HKG = (V , E)

Where

V =
( c 2 C,

(c, pv, at) pv = (s, e), s, e 2 N, 0  s  e
at 2 A

)
(1)

is the set of vertex of the graph, and

E =
⇢

(u, v, rel) u, v 2 V ,
rel 2 {hierarchical, evolutionary}

�
(2)

is the set of edges.
The set of vertex of the graph contains the set of concepts c

from the ontology O; a period of validity pv for each concept,
composed of the start date s, indicating when the concept was
first added to the HKG; and the end date e, indicating when
the concept evolved to a new version or was deleted from the
ontology. Note that deleting a concept from the ontology does
not delete it from the HKG, instead it just changes the value of
e. According to our definition, concepts are associated with at-
tributes at and the attributes values (e.g., the values of synonyms,
comments, etc.) describe the concept c.

The edges indicate the relation rel between two HKG vertex:
u and v. rel has two types: hierarchical or evolutionary. There is
no period of validity for edges because it is static information.
When a new version of a concept is added to HKG, all edges of
the previous version of the concept are duplicated and adapted
to take into account the vertex that changed. An edge can also
be deleted in the ontology. In this case, it is characterized as a
move operation in HKG. The meta-model used to represent HKG
elements is given in Fig. 1.

An example of consequences of graph versioning is illustrated
in Fig. 2. The evolution of the concept Spinal Muscular Atrophy
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first added to the HKG; and the end date e, indicating when
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1. ”Cleaning” of the initial version
A. Identification of concepts  
B. Construction of the hierarchy 
C. Definition of validity start date

2. For each new version:
A. Identification of concepts that are 

added, modified, deleted using 
DynDiff

B. Update of the graph including:
i. The identified concepts
ii. Validity date (start and end date)

From a pragmatic point of view

KNOWLEDGE GRAPH CONSTRUCTION
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MeSH 2009

D011247
pregnancy

D006973
hypertension

D00…
MeSH 2010

D011247
pregnancy

D006973
hypertension

D046110
pregnancy-induced 
hypertension

D00…



OUTPUT OF THE ALGORITHM
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D046110_2010
end-date: null

D006973_2009
end-date: null

D011247_2009
end-date: nullD00…_2009

end-date: 2010

D00…_2010
end-date: null

evolution

Historical Knowledge Graph



A tool for efficient ontology/KG diff computation

DYNDIFF
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Evaluation

DYNDIFF
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Evaluation (2)

DYNDIFF
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• A semantic annotation is the association of a concept from an ontology with a 
piece of digital information (e.g. text, image, video …)

• Use of HKG for detecting and updating outdated semantic annotations
• Corpus of 500 annotations produced at 2 different moments in time (2009 et 

2016) with NCIt, ICD-9-CM, MeSH and SNOMED CT validated by domain 
experts

• Comparison of the maintenance task using our HKG with existing method 
using background knowledge given by BioPortal

Maintenance of semantic annotations

UTILISATION OF THE HKG
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D011247 D006973 MeSH 2009

Diabetes mellitus and pregnancy-induced hypertension . 



For detecting invalid semantic annotations

EVALUATION
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• The Area Under the Curve (AUC) denotes the probability to take the good 
decision for a correct migration independently of the considered invalid 
annotation

Migration of invalid semantic annotations

EVALUATION
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• Proposal for the construction and exploitation of a KG allowing the 
management of the evolution of the concepts of an ontology over time

• Evaluation of the KG for the maintenance of semantic annotations directly 
impacted by the evolution of the underlying ontology

• Limitations:
• HKG deals with concepts only
• The relationship “evolveTo” is too generic 

• Exploitation of the HKG for other use-cases:
• Information retrieval

… and perspectives

CONCLUSION
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