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Abstract—In this work, we present the software library of people. In addition to tracking simple biographical information,
graphOnt. The purpose of this library is to automate the process of the system also tracks and stores communication between the
dynamlgally extracting “interesting” graphs _from semantic ”et\_NOFKS- individuals in the set. Traditionally, using a relational model for
Instructions on the extraction are fed into the library via an  gtoring this data, communications would be stored in a separate
ontological language specification custom built for this aplication. database table, but here, tuples representing all of the data are
A set of SPARQL queries are used to define vertices and edges inet - ' ' S -

. stored in the same graph. The individual analyzing such a network
constructed graph. Extracted graphs are returned using theJUNG iaht h difficulti . hat th . din f
framework, which offers many algorithmic and visualization options. mlg. t have di 'Cl_J t'esf se.parf%tlng W_ at they are |ntere.st.e In |.'om
This work allows a set of individuals analyzing the same senmic ancﬂlary data. Visualization in particular, becomes dlfflcult with
network to extract and analyze dynamically created graphs ging such arich data set, as there are many edges with various contexts
sophisticated, specific algorithmic tools without needingo manually ~ within the graph.

construct classical graphs from the data. Further, research has provided many useful algorithms that
can only be run on classical graphs. Tasks such as identifying
I. Introduction community structure and analyzing structural hierarchy are all

The recent emergence of the Semantic Web[3] as a viapie!l studied and could prove quite usefL_JI to certain types of
paradigm for data storage and processing has resulted in laR§&lyses. SPARQL [7] provides an SQL-like query language to
amounts of data being converted into semantically enabled sl §pe0|f|c relations out of semantic data. The results of thgse
mats. These formats allow data to be federated across multifiéeries can be used to manually construct graphs to be fed into
sources easily, provide a framework for expressing Semanﬁ’eplementatlo.ns of graph aIg_onthms to aid an individual in his
relationships between the data, and through ontological inform@- her analysis. However, doing so may prove cumbersome, as
tion, are capable of being “reasoned” on. As a result, semanfie @nalyst would need to manage and store the queries used to
technologies have begun to appear wherever large amounts of dgte graphs, the created graphs themselves, and the output of a
with little structure must be stored. given analysis algorithm on a specific graphs.

Conceptually, semantic data forms a labeled multigraph. 'N€ goal of this software is to enable an analyst to explore
Every piece of data is expressed as a subject-predicate-objefrantic data in a way which allows advanced, preexisting graph
triple. Vertices in the graph correspond to subjects and obje@g0rithms to be run, but also gives the user the ability to dynami-
in the data, for instance: “Jack”, “Jill", “The United States ofcdlly modify the analysis to include or exclude entities or relations
America’. Edges between items express some relationship t@sche or sh_e d_etermipes that they_ are i_nteresting or uninteresting.
appeared as a predicate in the data. For instance, Jack is a brotfglHding this library into an algorithm implementation allows a
of Jill. Jill is a citizen of the United States of America. For such/S€r with a semantic dataset to track only what he or she has
a small example, it is easy to comprehend the entire netwoﬁ@clqred as relevant to the analysis and the output of the graph
There are only 2 types of items, a person and a country, and fHgorithm.
set of predicates expressed by edges is small, "a brother of” and
"a citizen of”. However, in real semantic networks, there may bé- Leveraged Open Source Projects
many vertex types and relation types. For instance, in dbpedia[2], Jena: Jena[4] is a commonly used, open source software
an effort to express various portions of the Wikipedia[l] projedtamework for storing and interacting with semantic data. It
as semantic data, infobox data is expressed using 170 vertex typesvides RDF and OWL storage, supports SPARQL queries, and
and 8000 types of relations across 22.8 million triples. provides reasoning capabilities along with an interface to interact

For an individual analyzing this graph, it becomes difficultvith external reasoning engines. All of these features are supplied
to recognize any meaningful trends in the data due to its richnegisrough an easy to use API. This software was chosen as a triple
Consider a Wikipedia-like system tracking information about a setore for this project due to its large user-base, simplicity of use,



Edge Predicate Modifiers an instance of the library and offer it either the names of 2

gont : wei ght Given a real value, will weight ) persistent Jena models or files containing RDF graphs. One of
any appearance of an edge using these graphs is the data that will be processed while the other is
the modifier a file consisting of the previously defined meta-ontology.

gont: edgeType | Given either of the values “Directed” The library first ensures that the proper RDF graphs is loaded
or “Undirected”, constructs edges in the jnto Jena. It then queries for all individuals in the meta-ontology
non-semantic graph in the of type gont : nodeDef . These individuals are then queried to
appropriate manner collect all of thegont : of Type values. The data ontology is

i ) » ) ) ) then queried based on tgent : of Type values and all matching
Fig. 1. Table showing modifiers which may be included in the edggR|g are returned. These URIs are then added as vertices in the
definition. -
initial JUNG graph.
Next, the library issues a query to the meta-ontology for
all individuals of type gont: edgeDef. For each matching
and active development. individual, the library will query the data for all pairs matching
gont : SPARQL. Based on the existence of any edge modifier
B. JUNG: The Java Universal Network/Graph Frameworlpredicates, edges will be added to the JUNG graph in weighted or
(JUNG) [5], is an open source graph library which in additioninweighted and directed or undirected forms as appropriate. This
to providing the ability to manipulate graphs, offers visualizatioRrocess continues until all individuals bype gont : edgeDef
and many graph algorithms in the areas of data mining and sodi@ve been examined.

network analysis. The JUNG graph can then be returned to the algorithm
implementation for processing. The performance of the library is
Il. Meta-Ontology not significantly different from manually extracting edges from the

. . . emantic data using SPARQL, as it simply replicates the queries
The construction of a non-semantic graph from semantic dafa : - .
. . : at would be done manually in such an extraction. The running
is controlled by a meta-ontology. This user provided ontolo

X A ; me of graph construction varies heavily with the complexity of
provides a framework by which information about the non; ) ,
. . e SPARQL queries used to construct the graph’s edges.
semantic graph is expressed, namely, what components of thé

semantic graph are to be used for vertices and how edges \a}reE |
to be constructed. - Exampie

Using a subset of the RDF data from the dbpedia project and
A. Defining Vertices: Defining vertices in the non-semanticontological data from the YAGO project [8], a simple example
graph ends up being quite simple. In the meta-ontology, an indf the usefulness of this library can be constructed. The infobox
vidual must be created of typgont : nodeDef . The individual dataset from dbpedia, using information collected from infoboxes
type in the semantic data to be included in the vertex set. Multipftology provides classifications for a huge number of the subjects
non-semantic graph where the vertex set consists of writers ahderson is a writer. We take this set and use it to construct the

scientists. This is done simply by creating a second individual ¥grtex set in the graph we would like to process. In order to do
type gont:nodeDef. this, in the meta-ontology file, we add the following information

in N3 format.

B. Defining Edges: Defining edges in the non-semantic graph isNodel a gont : nodeDef ;
similar to the process for defining vertices. In the meta-ontology, gont : of Type "Witer"

an indvidual must be created of typgont : edgeDef . The This indicates that the individual Nodel is of type

:Ci:;/r'i‘:luaLg:]‘;S;ﬂ:a"ifpéoggrr:g;”;;i;g?q‘ug?'cretic:'rﬂf toai gont : nodeDef which is the type reserved for declaring types to
9 g query 9 PAR |ude in the vertex set. Thgont : of Type property indicates

of items in the graph. These items need not necessarily be of a

. i . ) at the vertex set should be composed of any individual which
type included in the defined vertex set using the above meth(?sg,of the YAGO classii t er .

but only edges connecting 2 items which have been defined as . .

. : - . Now, suppose someone wishes to perform a series of analyses
vertices will appear in the graph. Edges are by default unweighted , . .

. o . . ._on this network. A commonly asked, very useful question would

and undirected, but may be modified using the predicate set |ISI€d . - . : . .
in Eiqure 1 e which authors in this set are the most influential? That is

9 ' to say, which authors have exerted the most influence on other
authors. Examining the RDF data, dbpedia’s infobox data contains
) _ a relationinfluenceswhich indicates that one author has declared
The library attempts to remove any knowledge of semantic tectivat another author is one of his influences. As an example, the
nologies from the algorithmic side. This should enable individual§ata states that James Joyce was influenced by Oscar Wilde.
with no experience in semantic web technologies the ability ®ince influence is not necessarily a bidirectional relationship, we
ensure that their algorithms will function properly with semantigyould like to create directed edges in the graph representing this
data. A programmer intending to use the library need only create

IV. Design



Analysis 1 Analysis 2 ?c j.1:influences ?x .
Edgar Allan Poe Edgar Allan Poe ?x j.1:influences ?d .
Charles Dickens H. P. Lovecraft ?c j.1l:genre ?y .

Victor Hugo Jules Verne ?d j.1l:genre ?y

William Shakespeare Mark Twain |

\oltaire Clark Ashton Smith gont: edgeNane "edgel”

Walter Scott Fritz Leiber gont: edgeType "Directed"

Fyodor Dostoevsky William S. Burroughs Though the changes to the SPARQL query in the above state-
Leo Tolstoy Robert Bloch ments are subtle, their impact is significant. Here, the libranysing
Gustave Flaubert Richard Matheson SPARQL to create a graph representing relations which do xist e
James Joyce H. G. Wells explicitly in the data set. The results of the analysis are shawn i

i i - Figure 2. Due to data being more complete on Wikipedia for Anaeric
Fig. 2. The highest ranked authors in the 2 sample analyses. 4nq Science Fiction authors, these writers end up dominatiisy th
result set.

interaction. This can be accomplished via the following change - €onclusion

the meta-ontology file in N3 format Using this library, a user can quickly and dynamically creatpbs
. ] . from semantic data. Changing only statements in a meta-ontcaogy,
- Edgel a gont : edgeDef; individual can pull any number of graphs from the same RDF data

gont: SPARQL " SELECT DI STINCT ?c ?d WHERE {

g : set. These graphs can then be used as input to advanced analysis
?c j.1:influences 2d

. algorithms. Through the use of Jena and JUNG, this software is
} : immediately deployable in a large number of current semantic web
gont: edgeType "Directed" . projects.
Here, we can see the SPARQL query which returns pairs
of individuals linked by the predicage. 1: i nf | uences. Also, Acknowledgements
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to modify the meaning of edges in the graph; perhaps the rankimgerred or implied.
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The vertex set definition in the meta-ontology used aboves) = M. suchanek. G. Kasneci and G. Weikum. Yago: A Core of
does not changg |n_th|s analysis. However, the edge definition” gemantic Knowledge. Iri6th international World Wide Web
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create the proper edge set. Press. B '

: Edgel a gont: edgeDef;
gont : SPARQL " SELECT DI STINCT ?c 2d
VHERE {



