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ABSTRACT

Knowledge Graph (KG) is a relatively new concept that has
garnered a lot of attention. Furthermore, the information in
KG is frequently ambiguous and imprecise, necessitating the
creation of a Fuzzy Knowledge Graph (FKG). FKG describes
the imprecise information of the entity by employing the
fuzzy value of predicates or objects. Entity summarization
can extract the most concise and important information from
lengthy descriptions of an entity. Existing work, however, fo-
cuses solely on entity summarization in KG while ignoring
the fuzziness of entity relationships in FKG. Thus, this paper
proposed an FFCA-based approach for query-oriented enti-
ty spatial-temporal summarization. Fuzzy Formal Concept
Analysis (FFCA) is used to turn the FKG into the regular
KG initially. The summarized RDF triples can then be ob-
tained by combining the time-centric and location-centric tri-
adic concepts from diverse FKGs. Finally, various template-
based queries are designed for evaluating the performance of
the proposed approach.
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1 INTRODUCTION

Knowledge Graph (KG) represents the resource on the we-
b using the RDF (Resource Description Framework) triples,
which is gaining popularity. KG has been used successfully
in a variety of fields, such as entity alignment [5], entity sum-
marization [4] and question answering [10], etc. However, the
information in the real world is often uncertain and ambigu-
ous. Fuzzy Knowledge Graph (FKG) has been constructed
for representing the imprecise and uncertain information on
the Web and research efforts have been made to build fuzzy
knowledge graph. For instance, a fuzzy knowledge base was
built from several documents [15]. A framework [13] by fea-
ture selection was presented for improving the construction
efficiency of fuzzy knowledge base. Nevertheless, the huge
entity descriptions frequently cause information overload for
users.

Formal Concept Analysis (FCA) [3] is a valuable mathe-
matical tool for describing the binary relations between ob-
jects and attributes. As its extension, Triadic Formal Concep-
t Analysis (TFCA) [8] aims at clustering and modeling the
features of the triadic data. FCA has been adopted to tackle
the problem of entity summarization. For instance, Kim et
al. [7] proposed an FCA-based approach KAFCA that can
obtain the ranked RDF triples by the weights of extents of
concepts in concept lattice. Tasnim et al. [11] proposed an
FCA-based approach to capture the entity temporal evolu-
tion from different versions of a KG. Yang et al. [14] proposed
an incremental entity summarization approach leveraging in-
cremental FCA algorithm, which can address entity summa-
rization in dynamic knowledge graph. Due to its dynamic
nature, KG constantly changes as time elapses. Besides, the
spatial changes of the entity can also be regarded as a dy-
namic form. Because the spatial information of the entity
in different locations is changing, the evolution information
of the entity can be discovered. However, to the best of our
knowledge, there has been no related work on the dynam-
ic entity summarization in FKG. As extension of the prior
works, this paper proposes a TFCA-based approach of en-
tity spatial-temporal evolution summarization in the Fuzzy
Knowledge Graph. The main contributions of this paper are
summarized as follows:
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Figure 1: The framework of entity spatial-temporal evolution summarization in FKG.

• Formalization of Entity Spatial-temporal Sum-
marization in FKG. We formulate the novel chal-
lenge of entity spatial-temporal evolution summariza-
tion in FKG to better mine the entity spatial-temporal
evolution information.

• TFCA-based Entity Spatial-temporal Evolution
Summarization Approach. For the given FKGs, we
firstly transform the FKG into the ordinary KGs adopt-
ing Fuzzy Formal Concept Analysis. Then we obtain
the entity spatial-temporal summarization adopting T-
FCA. Finally, we integrate the obtained triadic con-
cepts for generating the final summarization results.

• Evaluation with Template-based SPARQL
Queries. For evaluating summarization results, we de-
sign several query templates for the proposed approach
using the case study. We use the artificial data to as-
sess the performance of the approach.

2 PRELIMINARIES AND PROBLEM
DESCRIPTION

Definition 2.1. (Temporal Entity Summarization) Giv-
en the 4-tuple < St, Pt, Ot, V > of the entity e from diverse
versions of the FKG at time T1, T2, T3, ..., temporal entity
summarization is to generate a triple set (Pt, Ot, T ), depict-
ing that the entity e has the property (i.e., predicate and
object) set at certain times.

Definition 2.2. (Spatial Entity Summarization) Giv-
en the 4-tuple < Sl, Pl, Ol, V > of the entity e from diverse
versions of the FKG at location L1, L2, L3, ..., spatial entity
summarization is to generate a triple set (Pl, Ol, L), depict-
ing that the entity e has the property (i.e., predicate and
object) set at certain locations.

We formulate the problem as follows.
(Entity Spatial-temporal Summarization in Fuzzy
Knowledge Graph) Given that two 4-tuples<St, Pt, Ot, V >
and <Sl, Pl, Ol, V > of the entity e from two groups of di-
verse versions of the FKG at time T1, T2, T3, ... and location
L1, L2, L3, ..., entity spatial-temporal evolution summariza-
tion is to generate a 4-tuple set (P,O, T, L), depicting that
the entity e has the properties (i.e., predicate and object) set
at certain times and locations.

3 PROPOSED APPROACH

3.1 Framework of Entity Spatial-temporal
Evolution Summarization in FKG

To better understand the addressed problem, Fig. 1 shows
the framework of the proposed approach. Firstly, as shown
in Fig. 1 (a), various versions of FKG with time or location
changes can be processed using FFCA for obtaining the or-
dinary knowledge graph shown in Fig. 1 (b). Our general
idea is that we consider the vague value in FKG as “1” if
the value greater than the given threshold, otherwise the val-
ue is deemed as “0”. Then the two groups of the obtained
molecules can be selected as shown in Fig. 1 (c). Subsequent-
ly, for each entity, the obtained molecules [1] are processed
to construct the triadic formal context. As shown in Fig. 1
(d), time-centric triadic concepts and location-centric triadic
concepts can be obtained utilizing TFCA. Finally, a fusion
strategy is adopted for integrating the obtained two groups
of triadic concepts into the entity spatial-temporal evolution
summarization.
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3.2 The Approach of the Temporal and
Spatial Entity Summarization in FKG

This section details the proposed summarization approach.
As shown in Fig. 1 (d), time-centric triadic concepts (i.e.,
predicate set, object set, and time set) and location-centric
triadic concepts (i.e., predicate set, object set, and location
set) are generated using the TRIAS algorithm. The obtained
summarization of the entity not only contains all the infor-
mation, but also is compact signifying that each property of
the entity is distinct.

3.3 Fusion Strategy

The main idea of the fusion strategy is to merge the time
and location labels with the same pairs of predicate and
object. The fusion strategy has following merits: It produces
an entity summarization in FKGs that contains all evolution
information with time and location changes. It ensures the
compactness of entity, which means that each property of the
summary results occurs only once. If the pairs of predicate
and object are same, we merge the corresponding time and
location labels. We add the unique pairs of predicate and
object to the final summarization results. The time-centric
triadic concepts and location-centric triadic concepts can be
integrated a compact triadic concepts.

4 CASE STUDY

Inspired by the literature [12], we develop various template-
based queries for evaluating the feasibility and effectiveness
of our proposed approach. For the single entity, the temporal-
spatial query and a refined template query are devised, which
can dramatically reduce the query cost in massive descrip-
tions of the entity. The template-based queries can be di-
vided into two categories: basic template query and refined
template query. The basic template query utilizes the tem-
poral and spatial constraints to refine the summary results.
The refined template query adopts specific triple patterns
to restrict the resources for obtaining information that user
need.

Example 1. Fig. 2 describes the information of a person
across diverse versions of a FKG as the time evolves. In
different time stamps, some properties of the person may
change and new properties may be added in different time
stamps.

Example 2. Fig. 3 depicts the same person in diverse
versions of a FKG as the location evolves. The person has
various properties in different locations.

For Fig. 2 and Fig. 3, we can define the threshold value
for the fuzzy value, which can convert the FKGs into ordi-
nary KGs. For example, when the threshold value is 0.6, we
can regard the value that greater than 0.6 as “1” and other
values as “0”. Then, we construct the triadic formal context
of the entity temporal evolution, as shown in TABLE I. For
the sake of simplicity, we only list the formal context of the
entity in version 2015 and 2016, and other versions of the en-
tity is constructed in the same way. Afterwards, time-centric
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Figure 2: Visual representation of the information of
a person obtained from six yearly FKGs.

Table 1: The constructed triadic formal context of
the entity in the versions of 2015 and 2016.

t2015 t2016

JobM CityA Stock Fund JobN CityB A JobP CityC C JobQ JobM CityA Stock Fund JobN CityB A JobP CityC C JobQ

hasJob 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1
livesIn 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0
invest 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
hasSpouse 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
hasChild 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0
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Figure 3: Visual representation of the information of
a person obtained from three locational FKGs.

triadic concepts are generated by the TRIAS algorithm [6]
according to the obtained triadic formal context, and the re-
sults are shown in Fig. 4 (a). Similarly, the results of spatial
entity summarization and the corresponding location-centric
triadic concepts are shown in Fig. 4 (b). Using the proposed
fusion strategy, we can obtain the final triadic concepts. Fig.
5 (a) illustrates the final result of entity spatial-temporal
evolution summarization using the fusion strategy.

SPARQL query is the standard query language for retriev-
ing RDF data graph. Thus, we can adopt the basic template
query [12] to further reduce the size of result. For example,
we can select the person who livesIn CityC between 2014
and 2016. For the given entity, the query can be designed
as shown in Q1. Then the compact result can be obtain as
shown in Fig. 5 (b), from which we can see that the size of
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result is notably reduced. Q1 : SELECT ?x
WHERE {
?x rdf : type dbo : Person.
?x ?p ?y. ?x dbo : livesIn db : CityC.
?x dbo : version ?version.
FILTER(?version ≥ 2014).
F ILTER(?version ≤ 2016).
}

Further, we can apply more specific constraints for ob-
taining more meaningful information. For instance, we can
utilize the dbo : invest and dbo : buy to restrict the size of
result. Q2 depicts the refined template query and the sum-
mary result is shown in Fig. 5 (c).

Q2 : SELECT ?x
WHERE {
?x rdf : type dbo : Person. ?x dbo : invest ?z.
?x rdf : type dbo : Person. ?x dbo : buy ?y.
}

5 CONCLUSIONS

This paper proposes an entity spatial-temporal summariza-
tion approach in fuzzy knowledge graph using TFCA. First-
ly, we transform the FKG into the ordinary KG by the

user-defined threshold. Then, the ordinary KG can be sum-
marized by the proposed fusion strategy. Finally, various
template-based queries are designed for evaluating the per-
formance of the proposed approach. The query results demon-
strate that the query results can be refined significantly by
using the template-based queries. It is expected that these
query results would be useful for developing the question-
answering systems and recommendation systems in the fu-
ture.
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