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Abstract. This paper proposes an RDF retrieval system that can
swiftly establish indexes and maintains a relatively smaller index size
with the following features: 1) using predicate-entity index structure to
reduce disk space usage and construction time; 2) query enhancements
based on worst-case optimal join; and 3) a user-friendly graphical inter-
face. The experiment results demonstrate that our system uses less disk
space, achieves more rapid index construction, and maintains competi-
tive query performance compared to the latest RDF retrieval systems.
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1 Introduction

Currently, knowledge graphs provide knowledge support for numerous intelligent
applications and have become a critical infrastructure. RDF (Resource Descrip-
tion Framework) stands as one of the mainstream approaches to knowledge rep-
resentation. However, as the volume of knowledge graphs continues to grow,
effectively retrieving massive RDF data becomes extremely important. Existing
RDF retrieval systems can be categorized into relational-based and graph-based
systems according to their storage mechanisms [1]. Relational-based systems like
RDF-3X [4] and Jena-LTJ [3] utilize relational database techniques, including
B+trees for indexing RDF data, whereas graph-based systems such as gStore
[6] and QDags [2] exploit RDF and SPARQL features to devise tailored storage
methods, they both consider RDF data as a graph, gStore adopts an adjacency
list for data storage, while QDags uses an adjacency matrix. Prominent RDF
retrieval systems such as RDF-3X and gStore demonstrate strong query perfor-
mance, yet suffer from large index sizes and slow construction speeds.

In this paper, we introduce EPEI, featuring fast index construction, com-
pact index size, and enhanced query speed using a join method called Leapfrog
Triejoin [5]. In addition, EPEI provides a user-friendly graphical interface.
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2 System Architecture and Key Techniques

The system architecture of the proposed EPEI is illustrated in Fig. 1(a).

Fig. 1. The architecture of the system and index structure

The Parser Module. This module parses RDF triples and SPARQL queries,
and assigns IDs to subjects, objects, and predicates during the RDF parsing.
The Storage Module. First, the index builder constructs predicate indexes,
mapping predicates to subject and object sets (left side of Fig. 1(b)). Then, it
builds entity indexes (right side of Fig. 1(b)), which form a two-tier map where
the first tier maps entities to predicate maps similar to predicate indexes, yet the
data indexed is constrained by the entity and this entity’s position in the triples.
Once the index construction is complete, these indexes are stored for future use.
To accelerate construction, multithreading is used.
The Query Module. Once the system parses SPARQL queries, the query
plan generator sorts the variables by their frequency in triple patterns, giving
priority to those most frequent. When frequencies are equal, variables more com-
mon in univariate triple patterns are prioritized. The generator then constructs
a query plan table, assigning sorted variables to rows and triple patterns to
columns, with each variable placed in the appropriate cell. Figure 2 illustrates
an example where SPARQL’s triple patterns are displayed on the left, and the
corresponding query plan is depicted on the right.

Fig. 2. Example of a query plan

The executor executes the plan table from top to bottom. For every row, the
executor employs constants in triple patterns to retrieve sets from the indexes
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Table 1. Comparison of index size
(GB), build time (s).

WatDiv100M Wikidata

size time size time

RDF-3X 5.09 745 14.72 1275

Jena-LTJ 15.67 1145 26.02 1783

gStore 8.2 597 41.02 1947

EPEI 2.11 89 9.38 172

Table 2. Query time (ms) for Wat-
Div100M.

C L SF S

RDF-3X 1870.4 30.01 21.94 6.52

Jena-LTJ 2963.2 48.12 22.41 19.28

gStore 610.66 34.11 60.11 6.51

EPEI 857.26 5.63 10.86 4.11

for variable cells in the row that have no set. Subsequently, join operation is
executed among sets in the row, and constants in triple patterns and join results
are used to retrieve sets from the indexes for the other variable in every triple
pattern. If all of the variable cells have a set when reaching the table bottom,
each present value in every join result set forms a result tuple. Once all result
tuples are found, the executor utilizes pre-loaded hashmaps that map IDs to
entities and predicates to produce the final results.

3 Evaluation and Demonstration

We initially run the widely recognized WatDiv benchmark with a dataset com-
prising 108,997,714 triples. The benchmark provides four types of queries: com-
plex (C), linear (L), snowflake (SF), and star (S). We also run the Wikidata
Graph Pattern Benchmark (WGPB) [3], which uses a Wikidata sub-graph with
141,101,754 triples and provides 17 query patterns of different widths and shapes,
including cyclic and acyclic queries. The experiments are carried out on an i5-
12400F 4.40 GHz CPU, Ubuntu 22.04 as the OS, and 32 GB of RAM.

The comparison of index size and construction time on WatDiv and Wiki-
data datasets is presented in Table 1, while the comparison of query time is
displayed in Table 2 and Fig. 3. The index construction process in EPEI uti-
lized three threads and the query time in Fig. 3 was performed using log2(t+1).
Since gStore must load the index cache into memory and its index size on Wiki-
data exceeds our equipment’s memory capacity, the associated query time is not
shown in Fig. 3. The experiment shows that our system achieves faster data index
construction and indexes are smaller, outperforming RDF-3X and Jena-LTJ in
the majority of query types. However, for some cyclic queries, such as S1, S2,
and S3, the query efficiency of EPEI is relatively low.

Finally, EPEI’s interactive graphical interface is shown in Fig. 4, which
enables a variety of RDF database operations. For more demonstrations, the
source code of EPEI is available on Github1, and a video can be found on
YouTube2.

1 https://github.com/MKMaS-GUET/EPEI.
2 https://m.youtube.com/watch?v=WJeGAIsdBvQ.
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Fig. 3. Query time (ms) for Wikidata

Fig. 4. Interactive graphical interface

4 Conclusion and Future Work

The EPEI system represents a step forward in RDF retrieval, offering smaller
indexes and quicker indexing than current systems. The integration of Leapfrog
Triejoin enhances query efficiency. However, the system struggles with some
cyclic queries. This is mainly due to the simplistic rules for query plan generation,
which limits adaptability to diverse situations. Future work will aim to design
better plan generator and employ multithreading for faster query execution.
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