Linked Data Indexing Methods

Problem

Despite the research effort in recent years, sev-
eral questions in the area of Linked Data indexing
and querying remain open, not only since the
amount of Linked Data globally available significantly
increases each year. This poster attempts to intro-
duce advantages and disadvantages of the existing
approaches and outline several issues related to our
ongoing research effort, the proposal of an efficient
querying framework over Linked Data. In particular,
our goal is to focus on large amounts of distributed
and highly dynamic data.

Issues

System Architecture

The fundamental question of each querying system is the
mutual relationship between physical storages, index structures
and querying capabilities. Local approaches may enable efficient
query processing, while online evaluation can assure up-to-date
results. Anyway, we cannot ignore the data distribution aspect.

Physical Storage

Although native approaches for querying RDF data could
generally represent more efficient solutions, relational databases
benefit from decades of experience and research results. We can
even find indexing solutions that do not need any physical data-
base layer and all required data are stored directly in the index.

Querying Language
Querying can be based on full text searching or graph pat-
terns matching. In order to evaluate queries effectively, we have

to use a variety of optimizations. The problem is that we often
need to rely on heuristics or imprecise statistics.

Dimensions

System scope: /ocal, distributed and global approaches
Updates possibility: static or dynamic index structures
Index content: indexing pure data or statistics about them
Data items: triples, quads with context or other sources
Querying layer: syntactic, structural or semantic querying

e Query models: full text querying or graph patterns matching
e Index items: keywords, triples, quads, trees, paths or areas
e Access patterns: universal or dedicated approaches

Approaches

RDF-3X Engine [8]

The core of the stream processor RDF-X is based on 6 B*-tree
indices for all SPO, SOP, OSP, OPS, PSO and POS access patterns.
Additionally, the authors also use indices with statistics (S, P, O,
SP, PS, PO, OP, SO and OS projections) and selectivity histograms
and statistics for pre-computed path or star patterns.

BitMat Index [2]

The index model of BitMat approach is based on a matrix
with three dimensions for S, P and O values (terms are translated
to identifiers, which are used as matrix indices). Each cell con-
tains a bit value equal to 1 if and only if the given triple is stored
in the database, otherwise value 0. The index is organized as an
ordinary file with all SO, OS, PO and PS slices stored using a bit
run compression over individual slice rows.
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Structure Index [12]

The parameterised index approach is based on bisimilarity
relations, putting in a relation such two vertices of the data
graph that share the same outgoing and ingoing edges (reflecting
only predicates). Vertices from the same equivalence class have
the same characteristics and, therefore, prompted queries can
first be evaluated over these classes to prune required data.

Data Summaries [6]

The purpose of a data summary index is to enable the source
selection over distributed data sources. Data triples are modelled
as points in a 3-dimensional space (S, P, and O coordinates are
derived by hash functions). The index structure is a QTree based
on standard R-Trees. Internal nodes act as minimal bounding
boxes for nested nodes, leaf nodes contain statistics about data
sources, not data triples themselves.
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Challenges

Distribution

Finding an appropriate compromise between processing lo-
cal or distributed data forms one of the most important ques-
tions. Maintaining local copies of data may benefit from conven-
ient conditions for efficient query evaluation; however, we are
not always able or allowed to gather the data under our control.

Scalability

Even though existing approaches work with large sets of
data, experiments performed using various sets of data, queries
and prototype implementations of discussed solutions imply that
we are still not able to sufficiently flatten performance of such
approaches and the explosion of the Web of Data size.

Dynamicity

Data on the Web of Data significantly tends to aging. We es-
pecially need not only to handle simple data modifications, but
also deal with broken links and attempt to anticipate or correct
them. Unfortunately, the problem is that index structures are of-
ten static and do not allow any further modifications like inserts,
updates or deletes.

Quality

The increasing number of globally available data on the Web
also causes issues of data quality, provenance and trust. Espe-
cially in the context of global search engines we need to propose
accurate metrics for determining relevance of particular query
results. For this purpose we can utilize knowledge and relation-
ships from social networks.
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String Compression

The common idea is to transform URIs and literals into
unique integer identifiers, store original values in special transla-
tion maps, and use these identifiers in the index instead.

Data Pruning

Query evaluation can be supported by data filtering selec-
tions or join ordering. Generally, we want to avoid processing of

irrelevant data whenever possible.
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