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01
Problem

The standard, the test suite and what makes this difficult.



RDF and SPARQL by example

Data model

RDF: a graph of facts (subject —

predicate — object)
q9°
QLever  type SPARQLEngine .

QLever  supports  SPARQL11 .
SPARQL11 hasFeature Aggregates .

SPARQL11

hasFeature

Y
Aggregates
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RDF and SPARQL by example

Query

RDF: a graph of facts (subject —
predicate — object)

QLever  type SPARQLEngine .
QLever supports SPARQL11 .

SPARQL11 hasFeature Aggregates .
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SPARQL: RDF Query Language

SELECT 7engine WHERE {
7engine supports 7?std .
7std hasFeature Aggregates .

}

Result:
?engine = QLever
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Same input, different results

SELECT (COUNT(*) AS 7?n) WHERE { ?s 7p 7o }

m
S
Q
=
()
@]

Who is right?

Each engine claims to implement the same SPARQL standard, yet on the same input they return
different results.
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Conformance: the W3C SPARQL test suites

RDF manifest: ex:aggregatesSupport a
) mf : QueryEvaluationTest ;
* data.ttl — input graph nf:action [

* query.rq — the SPARQL query qt:query <query.rg> ;

. qt:data <data.ttl>
* result.srj — the expected answer ],

bl

mf:result <result.srj> .

It does not run the defined tests against any engine. This is left to the user.
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Live demo

Showcasing differences in engine results using the framework.



Implementation & Operational Differences

Every engine implements SPARQL in a different way.

Load Serve Extra work
QLever gqlever-index qlever-server RDF/XML — Turtle
Oxigraph oxigraph oxigraph Turtle — TriG
Virtuoso temp server + isql SQL session virtuoso-t server create user + grant per-graph writes
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Implementation & Operational Differences

Endpoints and default graph

Query path Update path
QLever /sparql /sparql
Jena Fuseki /{name}/query /{name}/update
GraphDB /repositories/{name} /repositories/{namel}/statements

Blazegraph /../namespace/kb/sparql /../namespace/kb/sparql

Reading the default graph, using CONSTRUCT

base CONSTRUCT {?s ?p 7o} WHERE { ?s ?p 7o }
QLever ... WHERE { GRAPH ql:default-graph {?s ?p 7o} }
Blazegraph ... WHERE { GRAPH <http://www.bigdata.com/rdf#nullGraph> {?s ?p 7o} }
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Informal Problem statement

Problem

Build an engine-agnostic framework that executes W3C SPARQL conformance
test suites and custom ones against heterogeneous graph database engines and
reports outcomes in a way that makes non-conformance and differences visible.
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Questions?

on the problem.



(0)%
Solution

Isolate everything engine-specific behind one adapter.



Where this starts: building on prior work

Bachelor Thesis

Bachelor thesis (2024)
» Automatic execution of the test suite (QLever only).

* QLever-specific execution path.
* QLever-specific hardcoded behavior.

* QLever used to parse the manifest.

!

This thesis extracts and refactors the reusable core and gener-
alizes to seven engines.

* Rico Andris, Automated standard compliance testing and visualization for the QLever SPARQL
engine (BSc thesis, 2024).
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Where this starts: building on prior work

glever-control

qlever-control
« Provides per-engine index / start / stop / query.’

» Built for interactive terminal use.

!

This thesis adds a non-interactive automation mode (silent,
machine-parseable, self-configuring) and adapters executes the
commands in-process.

* Per-engine engine control: Tanmay Garg, Enabling Automated Setup and Evaluation of SPARQL
Engines through Unified Benchmarking Infrastructure (MSc thesis).
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Architecture: the boundary

CLI/ Test-suite Testst!ite | EngineManager | Graph database
configuration parser S o i adapter ! engine
controller L . J

Result Structured
comparison result file
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The adapter: EngineManager

setup(config) build index, start server

query(config, query, expected_format) SELECT / ASK /

CONSTRUCT
update(config, update_query) SPARQL UPDATE
cleanup(config) reset to clean state

Plus optional:

protocol_endpoint, protocol_update_endpoint, default_construct_query ...
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How one test runs

Configure
engine, filters
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How one test runs

Configure Parse
engine, filters manifest — TestObject
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How one test runs

Configure Parse Group
engine, filters manifest — TestObject by category, then by data

Grouping by shared data: the engine is set up once per group.
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How one test runs

Configure Parse Group
engine, filters manifest — TestObject by category, then by data
Prepare

adapter setup()

Grouping by shared data: the engine is set up once per group.

SPARQL conformance framework — Rico Andris 121728



How one test runs

Configure Parse Group
engine, filters manifest — TestObject by category, then by data
|’ ______________ 1 Tt T T Tttt :
1 1
: Execute i 1+ Prepare
1 €< !
, adapter query/update 1 1 adapter setup () :
1 ] 1 1

Grouping by shared data: the engine is set up once per group.
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How one test runs

Configure Parse Group
engine, filters manifest — TestObject by category, then by data

Compare & store
normalize, classify

Execute . Prepare
€<
adapter query/update 1 1 adapter setup ()
] 1

Grouping by shared data: the engine is set up once per group.
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How one test runs

Configure Parse Group
engine, filters manifest — TestObject by category, then by data

Cleanup Compare & store

Execute . Prepare
i X <<
adapter cleanup () 1 normalize, classify

adapter query/update | 1 adapter setup ()
] 1

Grouping by shared data: the engine is set up once per group.
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How an outcome is chosen

Decision sketch
« setup fails — whole group marked error
* response unparseable — classify error type
* parseable — comparator — passed / intended / mismatch
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Questions?

on the approach.



03
Evaluation

Seven engines, 631 W3C tests, two pass rates.



Engines (7) Suite

Blazegraph  MillenniumDB « 631 W3C SPARQL 1.1 tests
GraphDB . Oxigraph 4417 engine/test observations
Jgna Fuseki QLever « all engines run as Docker containers
Virtuoso

Evalutation of the framework using test suite results

The Engines test suite results are evidence that the framework works.
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Test categories: the shape of the suite

Query evaluation IIEEEEEGEGEGEGEGEEEEEEEEEE 225
Query syntax I 111
Update evaluation nE—N 04
Entailment I 70
Update syntax Hmmmmm 55

SPARQL Protocol 34
Graph Store Protocol 19
Result formats 10

Federated query 10
Service description 3
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Two pass rates

Supported-only

Passed
631 Passed

631 — unsup. — not tested — int. dev.
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Pass rates per engine

Engine Strict % Supported-only % Note

Jena 85.3 85.9 leads strict

Oxigraph 84.3 86.2

GraphDB 81.9 82.5

Blazegraph 79.2 80.1

QLever 75.8 87.6 0 result mismatches
Virtuoso 66.7 67.4

MillenniumDB 54.8

58.6

176 errors
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Failure rate by category

Failure rate by test category and engine

Entaflment/ optional regimes _

Query evaluation - 151 93 62 16.9

Update evaluation -

Graph Store Protocol

Update syntax -

93

SPARQL Protocol 235 235 5.9 29 324
Query syntax B 72 18 45 27 0.9 o 18.9
Federated query - 30 30 20 30
Result formats - o 0 20 0 0 40
Service description 0 o 0 0 0 o 0
v\ai&‘@“’v éaq“&) «° & o{.@o"\« &éé S \(030'70
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Where engines fail

» Entailment (70 tests). 42 tests fail across all 7 engines.
A suite boundary (entailment regime not configured), not engine bugs.
Engines return non-entailed answers.

» Graph Store Protocol (19 tests). Pass rates 0—-53 %.

* Recurring hotspots: update syntax, property paths, functions, aggregates.

Failures concentrate on boundaries (entailment regime, HTTP behavior), not the query-language
core.
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Conclusion

Engine-agnostic SPARQL conformance testing is achievable with a small set of
abstractions — and applying it to seven engines makes real implementation
differences visible.
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Thank you.

Happy to take questions.



B
Backup

Materials for the Q&A.



Backup: federation & protocol testing

* Mock SPARQL server hosts the federated

graphs. TestSuite
* SERVICE URLs are rewritten to point at the mock.

» Protocol tests use raw-socket HTTP to capture S h et |
true wire behavior. :

)

Evaluated service Mock SPARQL

. . engine ! server
* Docker host resolutionvia L ____T_____

host.docker.internal.
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Backup: outcome schema (full)

Status Meaning

PASSED strict comparison succeeded

INTENDED only matched after applying a configured type alias
FAILED see error bucket below

NOT_TESTED test excluded by config / setup-failed group

Error buckets (when FAILED):
* result_mismatch °® unsupported ° timeout
¢ index_build_error ° server_error °® query_exception
* protocol_error ° result_format_error ° http_error

* parse_error °* type_error ¢ undefined_error
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Backup: future work

+ Additional engines (Stardust, Stardog, RDF4J Server, ...).

 Public continuous testing with pinned image digests.

» Console-based visualization (no browser required).

* More auto-classification of undefined_error via response heuristics.
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Backup: adapter validity
How do we know we’re measuring engines, not adapter bugs?

Honest concession

No independent adapter-validation procedure!

Mitigations in place

» Cross-engine agreement — when 6/7 engines pass and 1 fails, the failure is almost
certainly real, not adapter noise.

* QLever adapter inherited from the prior thesis — already exercised on the same
suite.

* Per-test raw request/response, logs, HTTP status preserved
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Backup: strict pass rate per engine

100 SPARQL 1.1 strict pass rate by engine

Pass rate (%)
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Backup: outcome composition per engine

Outcome composition by engine

600

500

400 1

300 4

Test count

200+

100 -
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e Passed " Not tested e Execution/protocol error
mmm Result mismatch Intended deviation W= Other failure
Unsupported failure W Timeout
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Backup: failure rate by feature

»
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Backup: error buckets per engine

Error and outcome buckets by engine

passed
500
result_mismatch 7 & 5 o o o m
undefined_error 9 2 2 121 2 0 23
result_format_error 2 2 8 2 1 56 un 400
intended_deviation 3 0 0 2 ° 8 o
€
http_error 1 10 4 5 s 2 7 5
300 8
<
unsupported 1 1 2 % 1 2 3 2
g
5
expected_error_response 5 2 4 2 o o 7 2
o
200
not_tested 3 3 3 3 3 3 3
expression_error 0 o o 0 0 o 13
parse_error 0 o o o 0 o 2 100
timeout 1 0 o 2 0 o o
internal_error 0 0 2 o ° o o
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