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ABSTRACT 
 The Resource Description Framework (RDF) is a 
metadata model and language recommended by the 
W3C. This paper presents a framework to incorporate 
temporal reasoning into RDF, yielding temporal RDF 
graphs. We present a semantics for these kinds of 
graphs which includes the notion of temporal 
entailment and a syntax to incorporate this framework 
into standard RDF graphs, using the RDF vocabulary 
plus temporal labels. We give a characterization of 
temporal entailment in terms of RDF entailment and 
show that the former does not yield extra asymptotic 
complexity with respect to nontemporal RDF graphs. 
We also discuss temporal RDF graphs with anonymous 
timestamps, providing a theoretical framework for the 
study of temporal anonymity. Finally, we sketch a 
temporal query language for RDF, along with 
complexity results for query evaluation that show that 
the time dimension preserves the tractability of 
answers. Finally, we sketch a temporal query language 
(SPARQL+) for RDF, along with complexity results for 
query evaluation that show that the time dimension 
preserves the tractability of answers. SPARQL+ 
contains built-in arithmetic language to reason about 
time and intervals. 
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1. INTRODUCTION 
The  Resource Description Framework (RDF) [21] is a 
metadata model and language recommended by the 
W3C for building an infrastructure of machine-
readable semantics for the data on the Web, a long-
term vision known as Semantic Web. In the RDF 
model, the universe to be modeled is a set of 
resources, essentially anything that can have a 
universal resource identifier, URI. The language to 
describe them is a set of properties, technically, 
binary predicates. Descriptions are statements in the 
subject-predicate- object structure. Both subject and 
object can be anonymous objects, known as blank 
nodes. In addition, the RDF specification includes a 
built-in vocabulary with a normative semantics 
(RDFS) [5]. This vocabulary deals with inheritance of 
classes and properties, as well as typing, among other 
features that allow the descriptions of concepts and 
relationships that can exist for a community of people 
and software agents, enabling knowledge sharing and 

reuse. The RDF specification can be seen as a graph 
where each subject-predicate-object triple is 
represented as a nodeedge- node structure. Although 
some studies exist about addressing changes in an 
ontology [19] or the need for temporal annotations 
on Web documents [26], to the best of our knowledge, 
the first formal approach to the problem of modeling 
and querying temporal information in RDF was [16]. 
In this paper, we develop that framework in its entire 
generality. Time is present in almost any Web 
application. Indeed, as pointed out by Abiteboul [1], 
the modeling of time is one of the key primitives 
needed in a query language for Web and 
semistructured data. Thus, there is a clear need for 
applying temporal database concepts to RDF to allow 
metadata navigation across time. The need for 
querying the history of metadata descriptions may 
arise in different applications, such as accessing 
different versions of an ontology, retrieving past info 
about Web sites, distributing updates of logs (e.g., 
CVS), and querying metadata about resources that are 
temporal in nature (e.g., stocks and news). We will 
motivate temporal RDF with an example, which will 
be used throughout the paper, that refers to the 
application of RDF data to the description of Web 
services. Web services are software applications that 
interact using Web standards. Although Web services 
technology is rapidly gaining popularity, it still 
requires more human involvement than a user may 
want. Avoiding this will imply the ability of 
automatically discovering or invoking Web services. 
Semantic Web technology has been proposed for 
helping to solve this problem by means of ontologies 
of services that are used for representing a service 
profile (a mechanism for describing services offered 
by a Web site). These ontologies can be used by 
service-seeking agents. Nevertheless, ignoring the 
changes that can occur throughout the life cycle of the 
Web service may lead to several problems that will be 
discussed in the paper. We will start with a Web 
service ontology introduced by Antoniou and Van 
Harme [3], and then we will show how this initial 
ontology may pass through different states. Fig. 1 
shows an RDF representation of an ontology for a 
Web service, denoted Sport News, offered by a sports 
network (ESPN). The Web site delivers up-to-date 
articles about sports. As input, the service receives a 
sports category and the customer’s credit card 
number; it returns the requested articles. Let us 
suppose that, at a certain point in time (we will 
denote this time instant “2”), ESPN sold the rights on 
Sport News to another sports network, 
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Fig. 1 : RDF representation of an ontology 

Fox Sports; thus, beginning at time “3,” the Web 
service is offered by the latter network. The new 
owners decided (at time instant “4”) to add a new 
service: They will deliver videos of the best plays of 
the week for all sport events covered by the network. 
Thus, several changes must be performed over the 
previous RDF graph, summarized as: 1) the name, 
phone, and Web page of the service provider must be 
replaced and 2) the new service must be added to the 
graph. This implies the addition of the following 
triples: (play of the week, type, offered service), (play 
of the week, provided by, Fox Sports), (play of the 
week, output, video), (play of the week, input, 
customer card), and (video, type, parameter). The 
state of the graph after all these changes is depicted in 
Fig. 2, where we have shown in bold the changes with 
respect to the initial state.  

 

Fig. 2 : the impact of  RDF 

 

Fig. 2 demonstrate that the impact of disregarding the 
time dimension is twofold: On the one hand, when a 
change occurs, a new document must be created (and 
the current document dropped). On the other hand, 
queries asking for past states of the metadata cannot 
be supported. For instance, we cannot ask for the 
services offered by ESPN at a certain point in time. 
Moreover, the ontology itself may change (for 
instance, new Properties may be required to describe 

Web services, or another one may cease to be 
needed). In this paper, we will provide an indepth 
discussion on temporal issues for RDF specifications. 

2. PROBLEM STATEMENT: 
INTRODUCING TIME INTO RDF 
Generally speaking, a temporal database is a 
repository of temporal information. Although 
temporal databases were initially studied for adding 
the time dimension to relational databases, as new 
data models emerged, temporal extensions to these 
models were also proposed (see Section 1.2). We next 
discuss the main issues that arise when extending 
RDF with temporal information. 1.1.1 Versioning 
versus Time Labeling There are two mechanisms for 
adding the time dimension to nontemporal RDF 
graphs: labeling and versioning (following the 
timestamp and snapshot models, respectively). The 
former consists of labeling the elements subject to 
changes (i.e., triples). The latter is based on 
maintaining a snapshot of each state of the graph. For 
instance, each time a triple changes, a new version of 
the RDF graph is created, and the past state is stored 
somewhere. Although both models are equivalent, 
versioning appears to be not suitable for queries of 
the form: “all time instants where _ holds in the 
database. 

 

Fig. 3 : Time introduction of  RDF 

There are at least two temporal dimensions to 
consider when dealing with temporal databases: valid 
and transaction times. Valid time is the time when 
data is valid in the modeled world; transaction time is 
the time when data is actually stored in the database. 
The versioning approach captures transaction time, 
while labeling is mostly used when representing valid 
time. The approach we present in this paper supports 
both time dimensions. In summary, we believe that, 
for RDF data, labeling is better than versioning 
because 1) it preserves the spirit of the distributed 
and extensible nature of RDF, and 2) in scenarios 
where changes are frequent and only affecting a few 
elements of the document, creating a new physical 
version of the graph each time an update occurs may 
lead to large overheads when processing temporal 
queries that span multiple versions. We will work 
with the point-based temporal domain for defining 
our data model and query language, but we will 
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encode time-points in intervals when possible, for the 
sake of clarity. We will consider time as a discrete, 
linearly ordered domain, as usual in virtually all 
temporal database applications. An ordered pair [a, b] 
of time points, with a ≤ b, denotes the closed interval 
from a to b. Fig. 3 shows a temporal RDF graph for 
our running example. The arcs in the graph are 
labeled with their interval of validity. For the sake of 
readability, we have omitted all edge labels related to 
the RDFS ontology (i.e., type, subClass, domain, and 
range).1 For example, the interval [4;Now] means 
that the triple (plays of the week, provided by, Fox 
Sports) is valid from time instant “4” to the current 
time. For the sake of clarity, no temporal labels over 
an edge means that the triple is valid in the interval 
[0;Now]. Also, note that the figure includes the triples 
telling that ESPN provided the Sport News service in 
the interval [0, 2], along with the network’s 
information. Thus, no information is lost, and past 
states can be reconstructed. An anonymous node was 
also created, indicating that some network we do not 
know yet (“X”) provided the service “Play of the 
week” in the interval [2, 3].  

2.1 Temporal RDF Graphs  
 In this paper,  RDF graphs are extendedby allowing 
temporal elements to label triples. A temporal label is 
a temporal element labeling a triple (a, b, c). It 
represents the time period when the triple was valid 
in the real world. Without loss of generality, we will 
assume that temporal elements are intervals. 

2.2  Temporal RDF Graphs 
 

Temporal Graph: 

1. A temporal triple is an RDF triple (a, b, c) with a 
temporal label t (a natural number). We will use the 
notation (a, b, c)[t]. The expression (a, b, c)[t1,t2] is a 
notation for {(a, b, c)[t]|t1≤t≤t2}. 

2. A temporal graph is a set of temporal triples. 

3. ANONYMOUS TIME 
All the framework presented until now follows the 
classical assumption that timestamps (i.e., temporal 
labels) are constants. In this section, we will show 
that this restriction is not necessary, and one can 
allow variables (anonymous timestamps). We study 
temporal graphs with anonymous timestamps, that is, 
graphs which contain triples of the form (a, b, c): X, 
where X is an anonymous timestamp, stating that the 
triple (a, b, c) is valid in some unknown time. We refer 
to temporal graphs with constant or anonymous 
timestamps as general temporal graphs. Anonymous 
time may help in the specification of triples without 
temporal labels, which is a way of specifying 
incomplete temporal information. As an example, 
anonymous timestamps can be used to state that a set 
of triples occurred at the same time, even though 
their valid time is unknown. In addition, a standard 
RDF graph can be made temporal by means of 
anonymous timestamps and, thus, modeled as 
temporal graphs. 

 

 

Fig. 4 : Anonymous timestamps of  RDF 

Fig. 4 shows an excerpt of our running example, 
assuming we do not know the exact instants when 
ESPN stopped offering Sport News and Fox Sports 
started offering this service. Temporal labels [0, T1] 
and [T2, Now], respectively, allow expressing the 
former situation. 

4. QUERY LANGUAGE 
we present a query language for temporal RDF 
graphs, along with its semantics. 

The Query Language by Example 

 

The query can be expressed as: 

 

(?X, type, early provider)<-(?X, type, service 
provider)[?T],(?S, provided by, ?X)[?T], 0≤ ?T,?T≤2. 

 

This example query illustrates the need of a built-in 
arithmetic language to reason about time and 
intervals. Another important observation is that 
temporal queries may output nontemporal RDF 
graphs, as it happens with the previous query. For the 
query asking for a snapshot of 

the graph at time 2, we have: 

 

(?X, ?Y, ?Z)<-(?X, ?Y , ?Z)[2]. 

 

Now, consider the query “Find the services providers, 
along with the Web services they have offered, and 
the time instants when this occurred.” We express it 
as the following point-based query: 

 

(?X, has provided, ?Y)[?T]<-(?Y, provided by, ?X)[?T]. 

 

SPARQL+ 

sparql+ provides three mechanism of rule execution: 
backward chaining rules - are identified by using '<-'. 
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These rules are interpreted as queries and the rule 
head contains a single atom which cannot be a built-
in. The body (the condition part) is a conjunction 
between one or more triple patterns and/or built-ins. 
A simple backward chaining rule is depicted in 
Example 1. forward chaining rules - are identified by 
using '->'. They are executed by a forward engine and 
both the head and body may contain of conjunction of 
atoms. See the Example 2. hybrid rules consists in 
using one or more backward chaining rules in the 
head of a forward chaining rule. Both rules composing 
the hybrid rule follows the syntax and restrictions 
presented above. A simple example of a hybrid rule is 
depicted in Example 3. This is interpreted as, the 
actions of the production rules are the results of the 
derivations rules, if there are such results. This are 
only insertions of new facts in the working memory. 
Before we can use a qualified name, the 
corresponding namespace must be defined. This is 
done by using the @prefix directive. 

 

 

<rdf:RDF 
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-
syntax-ns#" 

          xmlns:ex="http://example.com/school#"> 

 

  <ex:Student rdf:about="student1"> 

   <ex:name>John Smith</ex:name> 

   <ex:totalCredits 
rdf:datatype="http://www.w3.org/2001/XMLSchem
a#int">70</ex:totalCredits> 

  </ex:Student> 

 

  <ex:Student rdf:about="student2"> 

   <ex:name>Mike Stone</ex:name> 

   <ex:totalCredits 
rdf:datatype="http://www.w3.org/2001/XMLSchem
a#int">40</ex:totalCredits> 

  </ex:Student> 

 

  <ex:Student rdf:about="student3"> 

   <ex:name>Tom Brenner</ex:name> 

   <ex:totalCredits 
rdf:datatype="http://www.w3.org/2001/XMLSchem
a#int">70</ex:totalCredits> 

   <ex:writtenExamPoints 
rdf:datatype="http://www.w3.org/2001/XMLSchem
a#int">12</ex:writtenExamPoints> 

   <ex:labExamPoints 
rdf:datatype="http://www.w3.org/2001/XMLSchem
a#int">8</ex:labExamPoints> 

  </ex:Student> 

   

 </rdf:RDF> 

 

 

Example 1 ( Backward Chaining Rule) 

A student is diligent if it has at least 60 credit points. 

@prefix ex: http://example.com/school# 

[diligent: (?s rdf:type ex:DiligentStudent)  

           <-  

          (?s rdf:type ex:Student) 

          (?s ex:totalCredits ?c) 

          greaterThan(?c,60) 

] 

 

Example 2 (Forward chaining rule) 

If a student obtains at least 4 points to the written 
exam, then its final grade is the sum of the points 
from the written exam and the points obtained at the 
practical exam. 

@prefix ex: http://example.com/school#  

[totalPoints: (?s rdf:type ex:Student) 

              (?s ex:writtenExamPoints ?pw) 

              (?s ex:labExamPoints ?lp) 

              ge(?pw,4)  

              sum(?tp,?pw,?lp) 

              ->  

             (?s ex:finalGrade ?tp) 

] 

 

Example 3 (Hybrid Rule) 

A student is diligent if it has at least 60 credit points. 

@prefix ex: http://example.com/school# 

[diligent: (?s rdf:type ex:Student)  

            -> 

           [diligent: (?s rdf:type ex:DiligentStudent)  

              <-  

              (?s ex:totalCredits ?c) 

              greaterThan(?c,60) 

           ] 

 ] 

<rdf:RDF 
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-
syntax-ns#" 
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          xmlns:ex="http://example.com/school#"> 

 

 

  <ex:Student rdf:about="student1"> 

   <ex:name>John Smith</ex:name> 

   <ex:totalCredits 
rdf:datatype="http://www.w3.org/2001/XMLSchem
a#int">70</ex:totalCredits> 

 

   <!-- added fact --> 

   <rdf:type 
rdf:resource="http://example.com/school#DiligentSt
udent"/> 

  </ex:Student> 

 

  <ex:Student rdf:about="student2"> 

   <ex:name>Mike Stone</ex:name> 

   <ex:totalCredits 
rdf:datatype="http://www.w3.org/2001/XMLSchem
a#int">40</ex:totalCredits> 

  </ex:Student> 

 

  <ex:Student rdf:about="student3"> 

   <ex:name>Tom Brenner</ex:name> 

   <ex:totalCredits 
rdf:datatype="http://www.w3.org/2001/XMLSchem
a#int">70</ex:totalCredits> 

   <ex:writtenExamPoints 
rdf:datatype="http://www.w3.org/2001/XMLSchem
a#int">12</ex:writtenExamPoints> 

   <ex:labExamPoints 
rdf:datatype="http://www.w3.org/2001/XMLSchem
a#int">8</ex:labExamPoints> 

 

   <!-- added facts --> 

   <rdf:type 
rdf:resource="http://example.com/school#DiligentSt
udent"/> 

   <ex:finalGrade 
rdf:datatype="http://www.w3.org/2001/XMLSchem
a#int">20</ex:finalGrade> 

  </ex:Student> 

   

 </rdf:RDF> 

4 CONCLUSIONS 
Thus a vocabulary is asserted to  the times when 
triples are valid in RDF graphs . This allows an explicit 
treatment of time inside RDF. We have also offered a 

formal semantics for temporal RDF graphs, and a 
query language for them. Our framework allows users 
to browse, query, and reason across different 
versions of RDF graphs. 

There are several aspects left for future work. Among 
the most important are the definition of a built-in 
arithmetic, aggregate functions, SPARQL+ contains 
built-in arithmetic language to reason about time and 
intervals a survey of time Bound RDF with Reasoning 
and Ontology on the Semantic Web is described in 
detail with   visualization of heterogeneous data, 
model checking analysis of semantic anamolated 
business process, logic Dialect and DR-Prolong.  
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