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Towards the use of Semantic Learning Object
Repositories: Evaluating Queries Performance
In two Different RDF Implementations

Henrique L. dos Santos, Gladys Carrillo, Cristian Cechinel and Xavier Ochoa

Abstract— Learning Object Repositories (LOR) are an
essential component of the e-Learning ecosystem and have being
normally serving the purpose of cataloging, storing, retrieving
and delivering Learning Objects to be used inside e-Learning
applications. Next generation of LORs needs to overcome some
major shortcomings current LORs present and involve other
entities that are part of the e-learning process (teachers, students,
lessons, courses, activities, learning paths, etc.) in a way that they
are all fully integrated and linked-up. Semantic web technologies
such as RDF are the natural choice to implement these
requirements into Semantic Learning Repositories. One
important factor limiting the implementation of this kind of
systems is the uncertainty about their performance. The present
paper describes an initial study that compares the performance
of two distinct RDF native database implementations (4store and
Jena Apache) in the specific context of a Semantic Learning
Repository. The performance tests were run to evaluate two
different aspects of the databases implementation: the time to
upload the RDF data to the databases, and the response time for
running the queries. The results showed that 4store performed
better than Apache Jena for all the scenarios we evaluated.

Index Terms— performance analysis, RDF database, Semantic
learning object repositories

I. INTRODUCTION

EARNING Object Repositories (LOR) have been the
backbone for the construction of e-learning systems that
provide access to a large amount of learning resources.
Traditionally, these LORs have been implemented as
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document repositories, that is, they are centered only on one
entity, in this case, the Learning Object. The information
stored in a traditional LOR is the learning resource file and the
metadata, in a predefined format, describing that resource. In
the case of the learning resource file, some LORs store only a
reference to where the file is stored and these LORs are called
"Referatories". The traditional design of LOR while useful for
the direct retrieval of Learning Objects, present several
shortcomings when used in real-life e-learning systems. First,
e-learning systems should manage much more diverse entities
than just the learning objects. The learner, the teacher, the
lesson (sequence) should also need to be taken into account.
E-learning systems usually solve this shortcoming having
several repositories for different type of entities: one for the
learning objects, other of the user profile and another for the
lesson structure. While this let the e-learning system to store
all the needed information, it adds complexity to the system
and makes very difficult to maintain the very necessary
relationships (links) between entities [1]. A second major
shortcoming of traditional LORs is their reliance on a single
metadata format to describe the learning resources. In the
best-case scenario this format will be a standard such as
Learning Object Metadata (LOM) or Dublin Core (DC),
otherwise, it will be an ad-hoc structure. Due to this reliance
on a single metadata format, a whole area of research on
Learning Object Interoperability has been developed in order
to be able to interchange information between several
repositories [2]. These interoperability issues, again, add
complexity to the design of e-learning system, especially if it
is desired that their data remain open for others to be used.

Finally, being based on predefined formats for their
metadata, traditional LORs are designed to operate with a
static structure. If new elements or entities are added to the e-
learning system, the LOR will be unable to accommodate
them and a new repository, or a major re-design, will be
needed to store their information. Rapid changing and
adaptable e-learning systems could only communicate with
LORs as a source of information, but not as an integral part of
the architecture of the system [3]. All these shortcomings
demand a drastic redesign of the concept of Learning Object
Repository to be the main persistence component of modern e-
learning systems.

The concept of Semantic Learning Repositories solves the
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LOR shortcomings mentioned here. First, if all needed
information can be stored in a single repository, there is no
need for the e-learning system to include or connect with other
types of repositories. Different types of e-learning systems
could include different description for the entities and even
different entities depending on the learning process they are
supporting. Second, the use of Semantic Technologies leads to
a format-free repository. Any metadata standard could be used
to describe the existing entities. Mapping between metadata
standards or ad-hoc structures is greatly facilitated by the use
of RDF triplets to store information. The interoperability
issues are also reduced if the data is published as Open Linked
Data [4]. In this way, it can be easily consumed by any other
Semantic Learning Repository or e-learning application.
Finally, changes in the metadata formats and/or stored entities
can be easily incorporated into the Semantic Learning
Repository without need to change its functionality.

Given the internal structure of the data and the flexible
nature of RDF implementation, the natural choice for the
implementation of a Semantic Learning Repository is to use
an RDF store. However, the perceived difference in
performance between traditional Relational Database
Management Systems (RDBMS) and RDF stores has been one
of the main reasons why the current LORs are still
implemented over RDBMS systems [5]. This perception has
been formed in the early days of RDF stores, with current
systems promising improved performance. However, the
perception persists. Moreover, to the authors knowledge, there
are no studies focused on evaluating their performance in the
context of e-learning systems. The present study stress tests
the performance of two most successful RDF native database
implementations that are openly available (4store and Jena
Apache) in the specific context of a Semantic Learning
Repository. It is known that there are already benchmarks
proposed for the comparison of performance among different
RDF database implementations such as Berlin SPARQL
Benchmark (BSBM) [6] and Lehigh University Benchmark
[7], as well as other studies involving performance
experiments on RDF databases [8] [9], however, as stated by
[10], there is a need for testing and comparing performances
for each type of application in specifics architectures, contexts
and scenarios, in this case in the common queries produced by
an e-learning solution.

The reminder of this paper is organized as follows. Section
2 describes the materials and the methodology of the present
study, and section 3 presents the results of the tests we
performed. The final remarks are presented in section 4.

Il. MATERIALS AND METHODS

In order to determine which RDF database performs better,
a set of queries specific to the learning context was created,
executed and tested on identical conditions for both
implementations: 4store and Jena Apache. The tests were
performed for the data model presented in Fig. 1. This data
model was implemented for the APRENDE Tutoring System.
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Fig. 1. Data Model

In APRENDE" teachers can upload learning materials (also
denominated as learning activities) and associated them to
learning objectives. Moreover, lessons (sequences of learning
objectives) and courses (sequences of lessons) can be created
and offered to the students. As the students navigate through
the available lessons and courses, the system learns about their
profile and recommends personalized learning materials to
those lessons they are studying. A more detailed description of
the APRENDE can be seen in [11]. The dataset contains a
total of 1,262,954 triples, distributed over 16 graphs that were
used for both evaluations. The proportional distribution of
triples per graphs is shown in Table I. In order to avoid
(reduce) the influence of network latency, both RDF
implementations and the repository’s website were running in
the same machine. The hardware and software configuration
are shown in Table II.

TABLE |
PERCENTAGES AND NUMBER OF TRIPLES PER GRAPHS
Graph Percentage Number of
of total triples
triples (%)

G1. Learning Activity Weight per User 80,55 1.017.339
G2. Learning Path Activity 15,29 193.140
G3. Learning Path 1,32 16.731
G4. Adaptation 0,71 9.011
G5. User 0,65 8.170
G6. Learning Style - User Profile 0,57 7.177
G7. Learning Activity 0,56 7.126
G8. Objective 0,15 1.869
G9. Learning Activity Objectives 0,06 750
G10. Lesson Objectives 0,05 663
G11. Lesson 0,04 545
G12. Course Lessons 0,02 231
G13. Course 0,008 101
G14. Taxonomy 0,005 60
G15. Sequence 0 6

TABLE Il
HARDWARE AND SOFTWARE SETUP CONFIGURATION

Type Component Hardware/Software in use
Processor Intel(R) Core(TM) i5-2430M 2.40GHz
64bits (2 cores, 4 threads).
Hardware Memory 8GB.
Hard disk 250GB

! http://aprende.igualproject.org
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RDF Apache Jena-Fuseki 1.1.1 with built-in

Database TDB and Garlik 4store version 1.1.5.
Software Operating Linux Fedora 19 64 bits.

System

Filesystem ext4.

Java Version
and JVM

Version 1.7.0_65, OpenJDK 64-Bit Server
VM (build 24.65-b04)

The study focused on measuring two different aspects: 1)
the resulting time to upload the triples in the databases; and 2)
the resulting time to execute queries.

A. Implementation of the Databases

The implementation of the databases and the setup of the
whole evaluation system consisted on the following steps: 1)
Exporting RDF data that were already created to Turtle
format’; 2) Initializing and executing each database; 3)
Uploading the RDF data to the database currently under test;
4) Integrating the system website with the databases in order
to allow RDF querying; and 5) Running the queries. The
study focused on measuring the performance of steps 3 and 5
(upload and response time).

B. SPARQL queries

As the repository website was in PHP, we used Zend
framework® to integrate it with the database in order to allow
RDF querying. The Zend framework provides a HTTP Client
class that allows one to send HTTP requests to an endpoint.
This approach is possible because both 4store and Apache
Jena provide RESTful API to the developer. In other words,
there is a particular endpoint for the dataset and for each
operation to be done on it (query, update, etc). Classic HTTP
requests (POST, GET, PUT, HEAD, etc) can be sent to these
endpoints to perform queries and updates. For the present
study we tested queries and updates by using the POST
method.

Apache Jena provides two alternatives for the upload of the
datasets. The first one is the upload via a browser's interface at
the regular address http://localhost:3030 and using a POST
method to add triples in a previously created named graph.
The second one is SOH (SPARQL Over HTTP), which is a
set of Ruby scripts provided together with the Fuseki's
distribution. In this case, the s-put script uses a PUT method
to add triples in a named graph that may or not already exist.
Both alternatives provided by Apache Jena were evaluated
here.

The set of queries for evaluation was designed to be similar
to the set that is executed when a given user access the
repository. A total of 27 queries were evaluated. The queries
can be divided in 4 major groups that are presented in Table
IV. For the present study, the queries were executed in the
same order that they are presented in Table IIl. This
chronological sequence expressed by the execution of M1 +
M2 + M3 + M4 is denominated here as Session and implies

2 http://www.w3.0rg/TR/turtle/
® http://framework.zend.com/

in a natural and realistic caching improvement for both
databases. In other words, the Session is composed by a query
mix that is naturally executed when a given user navigates on
the system (the sequence of logging into the system, accessing
a course, continuing a course, and completing a course). In
our tests, all queries obey this chronological sequence
represented by the Session. Differently from a benchmark
work where a query is uninterruptedly executed numerous
times, here all executions are performed in the sequence
provided by the Session. Queries are complicated from M1 to
M4. For instance, in M1, queries search results by using one
or more graphs to authenticate users and show him their
lessons and courses, whereas in M3, searches and new data
insertions are executed over only one graph at a time.

During the tests, the Session was executed two times for
each RDF implementation. For each Session execution, some
queries of M1 and M2 groups were executed two times, in
order to simulate a natural behavior of a user that visualizes a
course and returns to the homepage twice. The average time
of these two Session executions is then computed as the
resulting time response for that given RDF implementation.

TABLE III
QUERIES
Group Mix . _— Graphs
Queries Description involved
M1 - Access to the site: logon Use of FILTER, G1, G3,
process e homepage loading. REGEX, ORDER BY, G5, G9,
LIMIT, queries withand ~ G10,
without FROM clause, G12,
queries with single and G13
multiple variables, one
graph search and
multiple graphs search.
M2 - Access to a course: course's Use of DISTINCT, G1,G2,
content visualization, the startofa ORDER BY, GROUP G3, G8,
new course and creation of a new BY, COUNT, queries G9, G10,
learning path. with and without FROM  G12,
clause, one graph G13,
search, multiple graphs G15
search and INSERT
DATA queries
M3 - Continuation of a course: Use of FILTER, G2, G3,
learning path's information, REGEX, LIMIT, G7, G8,
selection and information of the ORDER BY, queries G11 G13
next available activity, with single and multiple
information of the current variables, one graph
objective and activity, information  search, WITH DELETE
of a lesson and a course's INSERT queries.
objective and completion of an
activity
M4 - Completion of a course: WITH DELETE G3
completion of the learning path. INSERT queries
1. RESULTS

As mentioned earlier, the present study focused on the
time response for uploading the RDF data to the databases,

and for running the queries.

A. Uploading the RDF

Figure 2 shows the corresponding time in seconds to
upload triples in the graphs in each database. In all cases
4store has better uploading time compared to the other two
alternatives of Jena, but a significant difference is observed
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when loading data in graphs with the largest number of
triples (> 190000). For the graph G1 (1,017,339 ftriples),
4store took 8.90s, whereas Apache Jena with POST took
61.93s and Apache Jena with PUT took 245.13s.

B. Running queries

Table 1V shows the total time for each mix of the Session in
both implementations. As can be seen in Table IV, the time
response of 4store is better than Apache Jena for all the
scenarios. For instance, for the first and second mixes of the
Session (M1 and M2), 4store responds 3.7 and 4.1 times faster
than Apache Jena. When the user is in the middle of the
course (M3), the performance of 4store is 5.7 times better than
the Apache Jena. The only case where the time response for
the queries in both implementations is similar is for M4
(WITH DELETE INSERT queries).

250

200
=
=
8
= 150
3
i=]
5
=
100
50
|
0
0 200000 400000 600000 800000 1000000
G3 G2 Gl
Mumber of friples
== 4store =8 Apache Jena with POST Apache Jena with PUT

Fig. 2. Upload performance of the databases

TABLE IV
TIME RESPONSE FOR THE QUERIES
Queries  Total types Total Total Total
Groups of queries quantity of execution execution
queries time in timein
4store (ms) Apache
Jena (ms)
M1 5 16 178.66 660.20
M2 7 23 3,273.86 13,409.92
M3 10 11 253.53 1,444.36
M4 1 2 231.72 306.25

IV. FINAL REMARKS

Current Learning Object Repositories (LOR) have serious
shortcomings that reduce their usefulness to implement e-
learning systems that go beyond retrieving Learning Objects.
The whole e-learning ecosystem demands a drastic change in
the way we see, use and therefore, implement such
repositories. The next LOR generation needs to consider and
represent all the other entities that participate in the e-learning
process (teachers, students, lessons, courses, activities,
learning paths, etc.) in a way that they are all fully integrated
and linked-up. We propose the use of Semantic Learning

Repositories in order to provide the functionality needed by
modern e-learning solutions.

This study evaluated the performance of two different RDF
implementations (4store and Jena Apache) in the specific
context of a Semantic Learning Repository called APRENDE.
The results showed that 4store performed better than Apache
Jena for all the scenarios we evaluated. More importantly, the
times found for both solutions, especially for the one
implemented with 4store are enough to implement an on-line
system that could provide the required services to e-learning
systems. Although this work is limited in scope, it is a first
empirical proof that RDF stores could be successfully used to
select Semantic Learning Repositories to implement larger
learning solutions. Future work will focus on testing other
RDF store implementations and evaluate other aspects of the
system performance.
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