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Introduction Lireis
Context and Motivation

Knowledge Graphs (KGs) are adopted in industry and academia for representing complex
information [9].

Challenge: As KGs become dynamic assets, there is a need for

» Support for branching and merging
» Analysis of concurrent states
» Minimal data redundancy
Application Domain: Urban planning with parallel modifications by multiple stakeholders
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Introduction
Problem Statement

Current Approaches:

» Named Graphs [9] to isolate versions

> Efficient for single-version access

>

across versions

Efficiently querying across multiple concurrent
versions remains an open problem in database

research.

Research Question: How to efficiently query across multiple concurrent versions of a

Knowledge Graph while
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Our Contributions:

QuaQue is part of the ConVer-G project [7]:

1. Novel condensed relational model using bitstrings for version validity
2. Implementation of a Condensed Algebra

3. SPARQL-to-SQL translator leveraging PostgreSQL bitwise operations
4

. Comparative benchmark demonstrating equivalent performance

Key Insight
Push version-filtering logic to the RDBMS using efficient bitwise operations.
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Versioning Strategies for RDF Data |

Independent Copies (IC) OSTRICH [11],

SemVel’Sion [13] IC: independent full copies
» Full copy per version: High storage redundancy ( v0: alice — bob ]
> Efficient single-version queries =TT

[VZ: alice — bob | bob — carol | carol — alice]

Change-Based (CB) OSTRICH [11], R43ples [8],

CB: base version + deltas

R&WBaSG [12] [ base: alice — bob }

> Base version + deltas: Space-efficient storage ( T — )
¥

» Costly reconstruction for queries ( Ag: + carol — alice ]
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State of the Art Lireds
Versioning Strategies for RDF Data Il

Timestamp-Based (TB) [7], Drydra [2],
OSTRICH [11], v-RDFCSA [4] TB: bitstring validity per triple
> Validity intervals on triples [ dfe=leh il (elllvas) }
> Suited for linear evolution [ aclzae oot ooty ]
( bob — carol 011 (v1,v2) )

» Complex for branching
Fragment-Based (FB) Quit Store [3] [

FB: versioned fragments

FragA | v0,v1, v2: alice — bob }

> Independently versioned fragments (Frag | v1: +bob — carol v2: +carol — alice

» Complex dependency management
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State of the Art Lireis

Semantic Versioned Querying

Taelman et al. [10] formalize versioned query types:

Snapshot Retrieve data at a specific version
Longitudinal Track evolution across versions

Difference ldentify changes between versions

Key Insight
Query languages should natively support version-aware operations rather than
treating versioning as an afterthought.
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The Case for Condensed Representation

Current Limitations:

> Storage vs. query efficiency trade-off
> Git-based solutions require expensive explicit checkout
> Cross-version analysis remains challenging

Our Approach:

1. Condensed TB representation: unique quads with version validity bitstrings
2. Condensed Algebra: operators for bitstring-annotated relations
3. QuaQue Translator: bridges algebra to efficient SQL execution
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LIRIS

Core Concept: Bitstring-based version validity storage

Each quad (subject, predicate, object, graph) is stored once with a validity bitstring:

Table 1: Example of a versioned RDF dataset

Subject Predicate Object  Graph  Bitstring
:alice ex:cknows  :bob gl 111
:bob ex:likes “pizza” gl 011
:alice ex:likes “sushi” gl 101
:carol ex:cknows  :alice g2 001
:bob ex:knows  :carol g2 011

Figure 1: Graphical representation of the
versioned RDF dataset
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Methodology

Translation Process Overview

Versioned Dataset

implements
(oot . .. et e
‘Algebra
i SPARQL Query
] Translate (7) 1
evalg ] @ i sQL ovelg
¢ 1 Condensed algebra |€-----------i------ Condensed SQL
; implements

Results

%{ Condensed representation F;

Figure 2: SPARQL to SQL translation in QuaQue
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Quad Pattern Translation

Query: “Retrieve all subjects and objects connected by

ex:knows in any graph.”

SPARQL quad pattern:

<ex:knows> . Table 2: Simplified evaluation of the quad
pattern
Generated SQL:
b
SELECT t0.validity as , t0.id_subject Vs vso  ngse bse
. . :alice  :bob gl 111
as » t0.id_object as » 0. :carol  zalice g2 001
id_named_graph as :bob :carol  :g2 011

FROM versioned_quad tO
WHERE bit_count(t0.validity) <> 0
AND t0.id_predicate = (id of <ex:knows>)
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Join Operation with Bitwise AND

Query: “Find subjects that know someone who likes Bitwise AND join
something, in any graph.” ( w:alice—w;b\gl 111 )
. . &
SPARQL]OIn: [ tl: bob — pizza gl 011 }
\
<ex:knows> . 111 & 011 =
R Y
<ex:likes> ‘ [ alice — bob — pizza | gl }
Key SQL construct:
SELECT (t0.validity & tl.validity) as » -+ Table 3: Simplified evaluation of the
FROM versioned_quad t0, versioned_quad t1 join operation
WHERE bit_count (tO.validity & t1 .validity) <> 0
AND t0.id_object = t1.id_subject vds véo  vSliked ngdg bsSg

:alice :bob  “pizza” gl 011

AND t0.id_named_graph = tl1.id_named_graph
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Aggregate Operation
Query: “Count, across all versions, how many subjects know bit countlvaldity)
each object.” ( alice—sbob | 111 — be-s )
SPARQL aggregate: { carol — alice | 001 — bc=1 }
SELECT 7o (COUNT(7s) AS 7count) [ oadion oo
WHERE { 7s <ex:knows> 7o 7g . }
SROUP BY 7o Table 4: Simplified evaluation of the
Generated SQL: aggregate operation

SELECT *, aggO AS v$count v$o agg0 =v$count

FROM (SELECT v$o, SUM(bit_count(bs$g)) AS agg0 :bIOb 3
:alice 1
FROM (Quad Pattern) gp :carol 2

GROUP BY (v$0)) ext
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Benchmark Setup

Environment: PAGODA cloud platform (LIRIS) with AMD EPYC 7443 24-Core Processor,
64GB RAM

Dataset: BEAR-B [5] with daily (89 versions) granularity (Time-Based policy)

> Available granularities: instant (21,046 versions), hourly (1,299 versions)
» Daily snapshot of DBpedia live data; ~3.4M total versioned triples

Comparison:

» QuaQue: Condensed representation
» QuaQue-flat: Baseline (quad-version pairs stored separately)

> Jena TDB2: Native RDF triple store
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Storage Efficiency and Query Performance Results

Tool Policy Space (MB) | Join(ms) Pred.-Obj.(ms) Predicate (ms)

idx: PSO idx: POS idx: PSO/POS
Jena TDB2 B 694.39 8096 7798 7644
QuaQue-flat B 6489.91 7006 7007 6730
QuaQue B 4707.63 6936 7309 6533

Storage and average query execution time (ms)

Improvements over Jena TDB2: Query: ~14% for predicate queries, ~6% for
predicate-object queries, ~14% for join queries

Deteriorations over Jena TDB2: Storage: 4.7 GB vs. 694 MB (~6.8x larger).
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Benchmark: Query Time Distributions
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QuaQue exhibits lower median times on Join and Predicate-Object queries and reduced
variability on Predicate-Object queries.
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Summary of Contributions

1. Condensed Relational Model: Bitstring-based version validity storage
2. QuaQue Translator: SPARQL algebra to SQL with bitwise operations

3. Benchmark: Demonstrated equivalent performance over Jena TDB2

Key Result
QuaQue improves native RDF stores for multi-version query scenarios while leveraging
standard SQL infrastructure.
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Future Work
Planned Extensions:

> Extended benchmarks: Aggregate queries and different versioning policies (CB, IC)
> Recursive queries: Support for path traversal using Alpha operator [1]

> Optimization: Storage vs. performance trade-off analysis
New implementation:
> In-memory version: For faster query execution and reduced storage overhead

» HDT-bitstring: Compact RDF storage format with versioning support
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Thank You s

Questions?
Contact: jey.puget-gil@liris.cnrs.fr

Reproducibility:

» Open-source software (ConVer-G): https://github.com/VCityTeam/ConVer-G
» Benchmark results on Zenodo [6]: https://zenodo.org/records/17780464

» Docker containerized environment
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Condensed Relational Model
Bitstring-based version validity storage
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Figure 3: Relational model for condensed versioned RDF data
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