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Abstract. Benchmarking is indispensable when aiming to assess technologies
with respect to their suitability for given tasks. The importance of SPARQL queries
for Linked Data management has led to the development of several benchmarks
that allow assessing the performance of SPARQL query processing systems. This
tutorial will explore the different benchmarks used for SPARQL query processing over Linked Data. In particular, we will focus on the design, key features,
evaluation setup, and pros and cons of the benchmarks used to evaluate the performance of triple stores and federated SPARQL query engines. State-of-the-art triple
stores and federated SPARQL benchmarks will be practically demonstrated with
examples along with hands-on experience and exercises to be carried out by the
participants. By the end of the tutorial, participants will obtain hands-on knowledge of the triple stores and federated SPARQL querying benchmarks, understand
the main differences between state-of-the-art systems and benchmarks, and be
able to pick the right benchmark based on their pros and cons and the use-case
scenario.
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Motivation

Triple stores (also called RDF storage engines) are the backbone of many Linked Data applications [12]. Over the last years, different triple stores (e.g., Virtuoso, Sesame, Fuseki,
GraphDB etc.) have been proposed for storing and querying RDF data. Furthermore, due
to the decentralized architecture of Linked Data Web, many applications rely on more
than one data sources hence need to be able to execute queries over multiple sources
at the same time. We call such queries federated queries and the systems that execute
such queries are called federated engines. Consequently, various federated engines and
applications have been developed to enable the execution of federated queries on these
different data infrastructures [1,24,28,8]. Hence, the performance of triple stores and
federated SPARQL querying engines is of central importance for many Linked Databased software ranging from real-time applications [11,19] to on-the-fly data integration
frameworks [1,24,28,8]. The importance of SPARQL queries for Linked Data management has led to the development of several triple stores (e.g.,[2,4,10,12,27,32,22]) and
federated SPARQL (e.g., [26,18,9]) benchmarks that allow assessing the performance of
SPARQL query processing systems.
The aim of this tutorial is two-fold. First, we aim to provide the participants with
an overview of the state of the art in SPARQL querying benchmarks. In particular, we
will focus on the design, key features, and will highlight the main shortcomings of these
benchmarks. In addition, we aim to provide the participants with practical insights and

hands-on experience that will allow them to configure and run these benchmarks as well
as to select the right system for their purposes or even improve upon existing solutions
in their future research.
1.1

Related Events

Fundulaki and Kementsietsidis are going to present (at ESWC2016) a tutorial1 assessing
the performance of RDF Engines using RDF benchmarks. They focus more on the
principles of RDF benchmarks, the dimensions (i.e., dataset, queries, performance
metrics, and benchmark evaluation rules) of RDF benchmarks, and a discussion and
comparison of the state-of-the-art triple stores and social network benchmarks according
to the dimensions of RDF benchmarks. However, one of the key issue is how to properly
setup these benchmarks and run the performance test. To this end, complimentary to
the previous work, in this tutorial we will be focusing on the practical demonstrations
by using running examples and hand-on exercises. In particular, we will introduce
IGUANA2 , a generic SPARQL benchmark execution framework. IGUANA provides
a generic execution framework to run triple stores and federated benchmarks. It is a
configurable framework where one can simulate different stress tests, e.g., how a triple
store will respond to concurrent user requests or dynamic data updates. In addition, we
will cover SPARQL query federation benchmarks. Note, we will also provide a detailed
comparison of the SPARQL querying benchmarks and real query logs as given in Saleem
et al. [22].
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Detailed Description

In this section we describe the contents of tutorial, the aims and learning objectives,
presentation style and tutorial format, and the prior knowledge required by the attendees.
2.1

Content Overview

Our tutorial will consist of three sessions:
– Triple Store Benchmarks: In this session, we will briefly describe the SPARQL
querying benchmark components (also called dimensions). These include: the
dataset(s), the SPARQL queries, the performance metrics, and the rules that should
be followed when executing a benchmark. We will then introduce the two main
categories of triple store benchmarks namely the synthetic and real-life benchmarks.
The synthetic benchmarks [2,4,10,27] either rely on synthetic data or synthetic
queries while real benchmarks [22,12] make use of the real data and queries. The
key advantages and disadvantages of both of these categories will be discussed.
For example, synthetic benchmarks are good to test the scalability of the systems,
since they allow generating datasets of virtually any size and queries with varying
SPARQL query features, e.g., number of triple patterns, result size, use of SPARQL
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clauses, number of joins, selectivities of triple patterns, joins and so on. However,
they often fail to reflect reality [7]. In particular, previous works [7] point out that
artificial benchmarks are typically highly structured while real Linked Data sources
are less structured. Moreover, synthetic queries most commonly fail to reflect the
characteristics of the real queries (i.e., they should show typical requests on the
underlying datasets [22,3,13]). We will then compare these benchmarks based on
the aforementioned dimensions. In particular, we will show a comparison of the
structuredness or coherence [7] of the different benchmark datasets, structural (e.g.,
number of triple patterns, number of join vertices, number of BGPs, mean join
vertices degree etc.) and data-driven (e.g., resultset size, execution time, mean
triple pattern selectivities etc.) features of the benchmark queries, and the set of
performance metrics, as shown in Saleem et al. [22].
The aim of this session will be to familiarize the audience with the topic and enable
them to understand the main differences between the state-of-the-art triple store
benchmarks. The insights gained in this session will also be central for the hands-on
exercises in the last session.
– Federated SPARQL Querying Benchmarks: In this session, we will talk about
the federated SPARQL querying benchmarks. They key differences between the
triple store benchmarks and federated SPARQL querying benchmarks will be discussed. The variables that may impact the behaviour of federated SPARQL query
engines will be discussed [21]. We will compare FedBench [26], a well-known
SPARQL federation benchmark with LargeRDFBench [18]. We will also introduce
SPLODGE [9], a federated SPARQL benchmark generation framework. In the end,
we will give a brief introduction to the state-of-art SPARQL endpoint federation
engines [1,24,28,8,31,6].
– Hands-on Experience and Discussion: In the last session, we will have a hands-on
session where the audience will be provided with a set of practical exercises related
to each of the above three sessions. In particular, we show how to configure, load
data, and run the different triple stores, e.g., Fuseki, GraphDB, Sesame, Virtuoso etc.
Moreover, we will show how to setup the IGUANA benchmark execution framework.
We will practically demonstrate running the selected benchmarks on this framework.
Audience will be asked to generate customized triple stores benchmarks using the
FEASIBLE [22] benchmark generation framework3 . In the last, we will discuss
some of the open problems in SPARQL querying benchmarks. Furthermore, we will
introduce the HOBBIT project4 , a Holistic Benchmarking of Big Linked Data.
2.2

Aims and Learning Objectives

Our learning objectives are the following:
– Provide basic knowledge about the SPARQL querying benchmarks.
– Elaborate on the main differences between state-of-the-art SPARQL querying benchmarks by using examples and hand-on exercises.
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– Position triple stores, federated SPARQL engines, and the corresponding benchmarks based on their pros and cons.
– Present the setup of triple stores, federated environment for experiments and evaluation in the context of the performance evaluation of the triple stores and federated
SPARQL query engines.
2.3

Material, Presentation Style and Format

Our presentations will be mostly based on slides, running examples, hands-on exercises
and visualization. Basic questions will be asked during the session to keep the audience
alert and ensure that the core message is understood. Questions will be allowed throughout the presentations. The first session will be one hour, the second session be will be 30
minutes, and the last session will be one and a half hours. All of the tutorial materials
will be available (at least a month before) on the tutorial website as per GPL licence.
2.4

Required Prior Knowledge

The audience are required to have basic knowledge of the SPARQL query, Linked Data,
and SPARQL endpoints.
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Audience

Given the centrality of triple stores and federated queries for all complex Linked Data
applications, we expect that most of the Semantic Web community will be interested in
our tutorial and are thus expecting between 20 and 30 attendees (conservative estimate).
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Length

This will be a half day tutorial.
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Technical Requirements

We will only need standard projection equipment. Participants should bring their own
laptop.
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