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Overview

● Files and Dumps

● SPARQL Endpoints

● Linked Data

● Write Access

● Other Query-Based
Data Access Interfaces
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http://maxpixel.freegreatpicture.com/Watch-Binoculars-To-Find-Overview-Search-See-1026425


Files and Dataset Dumps
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The Most Simple Option

● Create files in any RDF serialization format and put
them on your Web server

● File that contains a whole dataset is called dump file
– Usually not plain RDF file

but compressed (e.g., ZIP)

Picture sources: https://pixabay.com/en/package-box-delivery-container-24546/ 
https://pixabay.com/en/documents-paper-files-148079/
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HDT

● Compression format for RDF that supports
search operations without decompression

Picture source: http://www.rdfhdt.org/wp-content/uploads/2013/01/hdt-front-web.png
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HDT

● Compression format for RDF that supports
search operations without decompression

Picture source: http://www.rdfhdt.org/wp-content/uploads/2013/01/hdt-front-web.png
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HDT

● Compression format for RDF that supports
search operations without decompression
– Fast triple pattern queries (1.5x faster than Virtuoso)
– Queries with joins at the same scale as triple stores

● Application scenarios
– Publication of RDF datasets in a ready-to-use form
– Consumption with limited resources

(e.g., smartphones, standard laptops)
– Scalable storage of large datasets
– Fast, low-cost SPARQL engine
– Lightweight back-end for query-based data access 

interfaces (e.g., SPARQL endpoints, TPF, brTPF)

Picture source: http://www.rdfhdt.org/wp-content/uploads/2013/01/hdt-front-web.png



SPARQL Endpoints
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What is a SPARQL Endpoint?

● Web service that provides SPARQL-based access
to a server-side RDF dataset

● Send your SPARQL query → receive the query result

● Supports the SPARQL protocol (which is part of the 
family of W3C recommendations for SPARQL)
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Accessing a SPARQL Endpoint

● Issuing a query is as simple as sending an
HTTP GET request with parameter query
to the address of the endpoint

● Example (using the SPARQL endpoint of DBpedia 
whose address is  http://dbpedia.org/sparql):

GET /sparql?query=PREFIX+rd... HTTP/1.1
Host: dbpedia.org
User­agent: my­sparql­client/0.1

URL-encoded string
with the SPARQL query
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Query Result Formats

● SPARQL usually support different result formats:
– XML, JSON, CSV, plain text

(for SELECT and ASK queries)
– Turtle, RDF/XML, N-Triples

(for CONSTRUCT and DESCRIBE queries)
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Requesting a Specific Result Format

● Use the ACCEPT header in your GET request

GET /sparql?query=PREFIX+rd... HTTP/1.1
Host: dbpedia.org
User­agent: my­sparql­client/0.1
Accept: application/sparql­results+json

● Examples of other possible mime types:
– application/sparql­results+xml 
– text/csv 
– text/tab­separated­values 
– text/turtle 
– application/rdf+xml 
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Requesting a Specific Result Format (cont’d)

● As another option, several SPARQL endpoint 
implementations support an additional parameter,
typically called out 

GET /sparql?out=json&query=PREFI... HTTP/1.1
Host: dbpedia.org
User­agent: my­sparql­client/0.1
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Some Software Libraries for SPARQL Clients

● JavaScript
– https://www.w3.org/community/rdfjs/wiki/Comparison_of_RDFJS_libraries

● PHP
– sparqllib.php http://graphite.ecs.soton.ac.uk/sparqllib/ 
– RAP http://wifo5-03.informatik.uni-mannheim.de/bizer/rdfapi/ 

● Java
– Apache Jena https://jena.apache.org/ 
– Eclipse RDF4J (formerly Sesame) http://rdf4j.org/ 

● Python
– sparql-client https://pypi.python.org/pypi/sparql-client 
– sparqlwrapper https://rdflib.github.io/sparqlwrapper/ 
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Apache Jena Example

import org.apache.jena.query.*;

String service = "..."; // address of the SPARQL endpoint
String query = "SELECT ..."; // your SPARQL query
QueryExecution e = QueryExecutionFactory.sparqlService( service,
                                                                                              query );
ResultSet results = e.execSelect();
while ( results.hasNext() ) {

QuerySolution s = results.nextSolution();
// …

}
e.close();

https://www.w3.org/community/rdfjs/wiki/Comparison_of_RDFJS_libraries
http://graphite.ecs.soton.ac.uk/sparqllib/
http://wifo5-03.informatik.uni-mannheim.de/bizer/rdfapi/
https://jena.apache.org/
http://rdf4j.org/
https://pypi.python.org/pypi/sparql-client
https://rdflib.github.io/sparqlwrapper/
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Providing a SPARQL Endpoint

● Many triple stores can provide a SPARQL endpoint
to access their datasets (e.g., Blazegraph)

● RDB2RDF wrappers provide SPARQL accesses to
a relational DB by rewriting SPARQL queries to SQL
– D2R Server http://d2rq.org/d2r-server 
– Sparqlify http://aksw.org/Projects/Sparqlify.html 

● Fuseki (of the Apache Jena framework) can
be used to easily set up a SPARQL endpoint
over RDF data loaded from a file

P
ic

tu
re

 s
ou

rc
e:

 h
ttp

://
lin

ke
dd

at
ab

o
ok

.c
om

/e
di

tio
ns

/1
.0

/#
ht

oc
6

9 



Linked Data

http://d2rq.org/d2r-server
http://aksw.org/Projects/Sparqlify.html
http://linkeddatabook.com/editions/1.0/#htoc69
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● TODO

http://mymovie.db/movie0362

● Use URIs as names for things
● Use HTTP URIs so that people 

can look up those names.
● When someone looks up a 

URI, provide useful information.
● Include links to other URIs so 

that they can discover more
things.

Tim Berners-Lee, July 2006

http://mymovie.db/movie2449

http://mymovie.db/movie5112

http://m
ym

ovi e
.db

/m
ovie13

42

My Movie DB

The Linked Data Principles
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Example

http://www4.wi … /0743424425

                  movie:relatedBook

       foaf:based_near

dc:title  

rdf:type
http://data.linkedmdb.org/.../2014

The Shining

http://data.linkedmdb.org/.../film

http://sws.geonames.org/2635167/
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Example

http://www4.wi … /0743424425

                  movie:relatedBook

       foaf:based_near

dc:title  

rdf:type
http://data.linkedmdb.org/.../2014

The Shining

http://data.linkedmdb.org/.../film

     g
n:population

60943000 rd
fs

:la
be

l

United Kingdom

http://sws.geonames.org/2635167/
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Example

rd
fs

:la
be

l

United Kingdom

     g
n:population

                  movie:relatedBook

       foaf:based_near

dc:title  

rdf:type
http://data.linkedmdb.org/.../2014

The Shining

http://sws.geonames.org/2635167/

http://data.linkedmdb.org/.../film

60943000

   dc:title  

sko
s:subject

The Shining

http://www4.wi … /0743424425

http://www4.wi … /Fiction
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Example

rd
fs

:la
be

l

skos:subject

skos:subject

   dc:title  

     g
n:population

                  movie:relatedBook

       foaf:based_near

dc:title  

rdf:type
http://data.linkedmdb.org/.../2014

The Shining

http://sws.geonames.org/2635167/

http://data.linkedmdb.org/.../film

60943000

United Kingdom

http://www4.wi … /0743424425

The Shining

http://www4.wi … /1571884029

http://www4.wi … /Fiction
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Initial LOD Cloud

> 500M triples   ca. 120,000 links
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Most Recent LOD Cloud
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Aug. 22, 2017

1163 datasets

http://lod-cloud.net/
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Providing a Linked Data Interface

● Some triple stores provide a Linked Data interface
to access their datasets (e.g., Virtuoso)

● Implementations on top of SPARQL endpoints
– Pubby  http://wifo5-03.informatik.uni-mannheim.de/pubby/ 
– Elda  http://epimorphics.github.io/elda/ 
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Providing a Linked Data Interface

● Some triple stores provide a Linked Data interface
to access their datasets (e.g., Virtuoso)

● Implementations on top of SPARQL endpoints
– Pubby
– Elda

● RDB2RDF wrappers 
– D2R Server

http://d2rq.org/d2r-server 
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Providing a Linked Data Interface
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http://d2rq.org/d2r-server
http://d2rq.org/
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Linked Data URI Look-Ups in Detail

● We distinguish two types of URIs
– “Slash URIs” e.g., http://data.linkedmdb.org/resource/film/2014 
– “Hash URIs”  e.g., http://olafhartig.de/foaf.rdf#olaf 

● In both cases, URI look-ups are HTTP GET requests

– For hash URIs, the URI without the hash part is requested 
and the response has to be searched for the full URI

GET /foaf.rdf HTTP/1.1
Host: olafhartig.de
User­agent: curl/7.19.6 (i686­pc­linux­gnu)

GET /resource/film/2014 HTTP/1.1
Host: data.linkedmdb.org
User­agent: curl/7.19.6 (i686­pc­linux­gnu)

http://linkeddatabook.com/editions/1.0/#htoc62
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Linked Data URI Look-Ups in Detail (cont’d)

● Request a specific format by using
HTTP content negotiation; i.e.,
Accept field in request header
specifies the desired media type

● Some possible media types:
– application/rdf+xml    –  text/turtle 
– application/ld+json     –  text/n3
– application/n­triples    –  text/html

GET /resource/film/2014 HTTP/1.1
Host: data.linkedmdb.org
User­agent: curl/7.19.6 (i686­pc­linux­gnu)
Accept: application/rdf+xml

http://data.linkedmdb.org/resource/film/2014
http://olafhartig.de/foaf.rdf#olaf
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Linked Data URI Look-Ups in Detail (cont’d)

● “303 Redirection”: depending on the requested media 
type, the client may be redirected to different resources

– Possible response:

GET /resource/film/2014 HTTP/1.1
Host: data.linkedmdb.org
User­agent: curl/7.19.6 (i686­pc­linux­gnu)
Accept: application/rdf+xml

HTTP/1.1 303 See Other
Date: Thu, 11 Mar 2010 08:15:50 GMT
Server: Jetty(6.1.4)
Location: http://data.linkedmdb.org/data/film/2014
Content­Length: 0
Via: 1.1 data.linkedmdb.org
Content­Type: text/plain
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Linked Data URI Look-Ups in Detail (cont’d)

● “303 Redirection”: depending on the requested media 
type, the client may be redirected to different resources

– Possible response:

GET /resource/film/2014 HTTP/1.1
Host: data.linkedmdb.org
User­agent: curl/7.19.6 (i686­pc­linux­gnu)
Accept: application/rdf+xml

HTTP/1.1 303 See Other
Date: Thu, 11 Mar 2010 08:15:50 GMT
Server: Jetty(6.1.4)
Location: http://data.linkedmdb.org/page/film/2014
Content­Length: 0
Via: 1.1 data.linkedmdb.org
Content­Type: text/plain



Write Access
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W3C Recommendations

● SPARQL Update
– Graph management operations (CREATE, DROP, COPY, 

MOVE, ADD) and graph update operations (INSERT DATA, 
DELETE DATA, LOAD, CLEAR) for SPARQL endpoints

– See: http://www.w3.org/TR/sparql11-update/ 
● SPARQL Graph Store HTTP Protocol

– How to use HTTP operations (GET, PUT, POST, DELETE, 
HEAD, PATCH) for managing a collection of RDF graphs

– See: http://www.w3.org/TR/sparql11-http-rdf-update/ 
● Linked Data Platform (LDP)

– Introduces notions of LDP resource and LDP container
– Defines rules for HTTP operations to access, create, 

update, and delete such resources and containers
– See: http://www.w3.org/2012/ldp 



Other Query-Based
Data Access Interfaces

http://www.w3.org/TR/sparql11-update/
http://www.w3.org/TR/sparql11-http-rdf-update/
http://www.w3.org/2012/ldp
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Semantic Web Solutions (So Far)

Server
                …
( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )
( Alice, wrote, Post25 )
( Bob, wrote, Post191 )
                ...
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Semantic Web Solutions (So Far)

Server
                …
( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )
( Alice, wrote, Post25 )
( Bob, wrote, Post191 )
                ...

Request
                 Give me all.

                …
( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )
( Alice, wrote, Post25 )
( Bob, wrote, Post191 )
                ...

RDF data
dump
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Semantic Web Solutions (So Far)

Server
URI Lookup Request

Give me data about Bob.

( Alice, knows, Bob )
( Bob, wrote, Post191 )

                …
( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )
( Alice, wrote, Post25 )
( Bob, wrote, Post191 )
                ...

RDF data
dump

Linked Data
documents
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Semantic Web Solutions (So Far)

Server
SPARQL Request

SELECT ?x ?n
WHERE {

?s  wrote  ?p .
?p  title  ?t .
FILTER ( REGEX(STR(?t), "sunshine", “i” )
?s  knows  ?x .
OPTIONAL ( ?x  name  ?n )

}

                …
( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )
( Alice, wrote, Post25 )
( Bob, wrote, Post191 )
                ...

RDF data
dump

Linked Data
documents

SPARQL
endpoint

 ?x        ?n
Bob   "Robert"
Eve
Dan   "Daniel"
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 ?x        ?n
Bob   "Robert"
Eve
Dan   "Daniel"

Semantic Web Solutions (So Far)

Server
SPARQL Request

SELECT ?x ?n
WHERE {

?s  wrote  ?p .
?p  title  ?t .
FILTER ( REGEX(STR(?t), "sunshine", “i” )
?s  knows  ?x .
OPTIONAL ( ?x  name  ?n )

}

                …
( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )
( Alice, wrote, Post25 )
( Bob, wrote, Post191 )
                ...

RDF data
dump

Linked Data
documents

SPARQL
endpoint

Out of 427 public SPARQL endpoints,
more than half had <95% availability.1

→ not available for at least 1.5 days each month 

1 C. Buil Aranda, A. Hogan, J. Umbrich, et al.: SPARQL Web-Querying Infrastructure: Ready for Action? ISWC 2013.
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Linked Data Fragments1,2

more generic requests
higher client cost
lower server cost

more specific requests
lower client cost

higher server cost

1 R. Verborgh, O. Hartig, B. De Meester, et al.: Querying Datasets on the Web with High Availability. ISWC 2014.
2 R. Verborgh, M. Vander Sande, O. Hartig, et al.: Triple Pattern Fragments: a Low-cost Knowledge Graph Interface
  for the Web. In Journal of Web Semantics 37-38, 2016

RDF data
dump

Linked Data
documents

SPARQL
endpoint

● Whole spectrum of trade-offs
exists between these extremes

● Explore this spectrum and find
interesting sweet spots
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Triple Pattern Fragments (TPF)

more generic requests
higher client cost
lower server cost

more specific requests
lower client cost

higher server cost

1 R. Verborgh, O. Hartig, B. De Meester, et al.: Querying Datasets on the Web with High Availability. ISWC 2014.
2 R. Verborgh, M. Vander Sande, O. Hartig, et al.: Triple Pattern Fragments: a Low-cost Knowledge Graph Interface
  for the Web. In Journal of Web Semantics 37-38, 2016

RDF data
dump

Linked Data
documents

Triple Pattern
Fragments

(TPF)1,2

SPARQL
endpoint

TPF Request

( ?s, knows, ?o )

( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )

                …
( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )
( Alice, wrote, Post25 )
( Bob, wrote, Post91 )
                ...

Server
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Software

1 R. Verborgh, O. Hartig, B. De Meester, et al.: Querying Datasets on the Web with High Availability. ISWC 2014.
2 R. Verborgh, M. Vander Sande, O. Hartig, et al.: Triple Pattern Fragments: a Low-cost Knowledge Graph Interface
  for the Web. In Journal of Web Semantics 37-38, 2016

● See: http://linkeddatafragments.org/ 

● Different TPF Server Implementations
– JavaScript, Java, Python, Perl, Ruby, PHP
– Note, HDT files are a great back-end solution for TPF

● Different TPF Client Implementations
– JavaScript, Java, Python, Perl
– Most of them can execute full SPARQL queries over 

the server-side dataset 
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TPF-based Execution of SPARQL Queries

1 R. Verborgh, O. Hartig, B. De Meester, et al.: Querying Datasets on the Web with High Availability. ISWC 2014.
2 R. Verborgh, M. Vander Sande, O. Hartig, et al.: Triple Pattern Fragments: a Low-cost Knowledge Graph Interface
  for the Web. In Journal of Web Semantics 37-38, 2016

TPF Request

( Alice, knows, ?x )

( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )

                …
( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )
( Alice, wrote, Post25 )
( Bob, wrote, Post91 )
                ...

ServerSPARQL Query

SELECT ?y WHERE {
    Alice  knows  ?x .
    ?x  wrote  ?y  }

TPF Request

( ?x, wrote, ?y )

( Alice, wrote, Post25 )
( Bob, wrote, Post91)

...

( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )

( Alice, wrote, Post25 )
( Bob, wrote, Post91)

...
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TPF-based Execution of SPARQL Queries

1 R. Verborgh, O. Hartig, B. De Meester, et al.: Querying Datasets on the Web with High Availability. ISWC 2014.
2 R. Verborgh, M. Vander Sande, O. Hartig, et al.: Triple Pattern Fragments: a Low-cost Knowledge Graph Interface
  for the Web. In Journal of Web Semantics 37-38, 2016

TPF Request

( Alice, knows, ?x )

( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )

                …
( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )
( Alice, wrote, Post25 )
( Bob, wrote, Post91 )
                ...

ServerSPARQL Query

SELECT ?y WHERE {
    Alice  knows  ?x .
    ?x  wrote  ?y  }

TPF Request

( Bob, wrote, ?y )

( Bob, wrote, Post91)

( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )

TPF Request

( Eve, wrote, ?y )

empty

http://linkeddatafragments.org/
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Experimental Setup

1 R. Verborgh, O. Hartig, B. De Meester, et al.: Querying Datasets on the Web with High Availability. ISWC 2014.
2 R. Verborgh, M. Vander Sande, O. Hartig, et al.: Triple Pattern Fragments: a Low-cost Knowledge Graph Interface
  for the Web. In Journal of Web Semantics 37-38, 2016

● Berlin SPARQL Benchmark
– Synthetic benchmark
– 100M triples

● Amazon EC2 machines
– 1 server (used either as SPARQL endpoint

               or as TPF server)
– 1 cache
– 1–240 clients
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Throughput (normalized by # of clients)

1 R. Verborgh, O. Hartig, B. De Meester, et al.: Querying Datasets on the Web with High Availability. ISWC 2014.
2 R. Verborgh, M. Vander Sande, O. Hartig, et al.: Triple Pattern Fragments: a Low-cost Knowledge Graph Interface
  for the Web. In Journal of Web Semantics 37-38, 2016

Observation: query throughput of TPF is lower
                   but resilient to high client numbers
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Server-Side CPU Load

1 R. Verborgh, O. Hartig, B. De Meester, et al.: Querying Datasets on the Web with High Availability. ISWC 2014.
2 R. Verborgh, M. Vander Sande, O. Hartig, et al.: Triple Pattern Fragments: a Low-cost Knowledge Graph Interface
  for the Web. In Journal of Web Semantics 37-38, 2016

Observation: TPF server uses much less CPU
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Cache Traffic (TPF vs. SPARQL Endpoints)

1 R. Verborgh, O. Hartig, B. De Meester, et al.: Querying Datasets on the Web with High Availability. ISWC 2014.
2 R. Verborgh, M. Vander Sande, O. Hartig, et al.: Triple Pattern Fragments: a Low-cost Knowledge Graph Interface
  for the Web. In Journal of Web Semantics 37-38, 2016

Observation: caching is significantly more effective
                  (because clients reuse fragments for queries)
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Summary of Experimental Results

more generic requests
higher client cost
lower server cost

more specific requests
lower client cost

higher server cost

1 R. Verborgh, O. Hartig, B. De Meester, et al.: Querying Datasets on the Web with High Availability. ISWC 2014.
2 R. Verborgh, M. Vander Sande, O. Hartig, et al.: Triple Pattern Fragments: a Low-cost Knowledge Graph Interface
  for the Web. In Journal of Web Semantics 37-38, 2016

RDF data
dump

Linked Data
documents

Triple Pattern
Fragments (TPF)

SPARQL
endpoint

Compared to SPARQL endpoints, query throughput is lower but ...
● ...resilient to high client numbers
● ...server-side load is much smaller and more regular

   (which allows for a higher availability, in particular
    on small, less expensive servers!)

● ...HTTP caching is significantly more effective
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Server Traffic (TPF vs. SPARQL Endpoints)

1 R. Verborgh, O. Hartig, B. De Meester, et al.: Querying Datasets on the Web with High Availability. ISWC 2014.
2 R. Verborgh, M. Vander Sande, O. Hartig, et al.: Triple Pattern Fragments: a Low-cost Knowledge Graph Interface
  for the Web. In Journal of Web Semantics 37-38, 2016

Observation: server traffic is higher
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The brTPF Interface (vs TPF)

TPF Request

( ?s, knows, ?o )

( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )

                …
( Alice, knows, Bob )
( Alice, knows, Eve )
( Alice, knows, Dan )
( Alice, wrote, Post25 )
( Bob, wrote, Post91 )
                ...

Server
brTPF Request

( ?s, knows, ?o )
and

{?o → Bob} or {?o → Eve}

( Alice, knows, Bob )
( Alice, knows, Eve )

1 O. Hartig and C. Aranda-Buil: Bindings-Restricted Triple Pattern Fragments. ODBASE 2016.
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Hypothesis

Compared to TPF-based query executions of SPARQL 
queries, by using the brTPF interface instead, we may 
achieve a reduced network load without having to pay
with a significantly smaller throughput.
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Query Execution Algorithms

TPF
● Adaptive approach as proposed

in the original TPF work1,2 
● For every intermediate solution,

– substitutes variables in the 
remaining triple patterns and

– chooses from these patterns
the next to be evaluated

● Uses cardinality estimates as
provided by the TPF server

1 R. Verborgh, O. Hartig, B. De Meester, et al.: Querying Datasets on the Web with High Availability. ISWC 2014.
2 R. Verborgh, M. Vander Sande, O. Hartig, et al.: Triple Pattern Fragments: a Low-cost Knowledge Graph Interface
  for the Web. In Journal of Web Semantics 37-38, 2016

brTPF
● Straightforward 

semi-join-based 
pipeline

● At each step, 
combines a set
of intermediate 
solutions with
the next triple 
pattern into a 
brTPF request
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Single-Machine Setup

● Waterloo SPARQL Diversity Test Suite (WatDiv)1

– Synthetic benchmark
– Workload of conjunctive SPARQL queries
– Covers broad spectrum of various combinations

of different features (including syntax-specific
features and data-driven features)

– More diverse than other SPARQL benchmarks1

● brTPF/TPF server with 10M triples WatDiv dataset 

● Client executes a sequence of 145 WatDiv queries

1 G. Aluc, O. Hartig, M. T. Özsu, et al.: Diversified Stress Testing of RDF Data Management Systems. ISWC 2014.
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Number of Requests

6.5%
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Data Received

53.5%
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Multi-Client Setup

● Cluster of 17 identical machines
(Intel i7 CPUs with 4 cores each,
 8 GB main memory each,
 Ubuntu 14.04 LTS,
 Network: 10 Gb Ethernet)

● 1 machine for the brTPF/TPF server
(10M triples WatDiv dataset)

● 16 machines to simulate up to 64 concurrent clients
(1 client process per CPU core)

● Workload: set of 12,400 WatDiv queries
– split into 64 distinct sets (193 queries each)
– always executed sequentially in the same order
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Performance under Load

  234%
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Cache Hit Potential
Measured in our single-machine setup
for the whole sequence of 145 queries
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Multi-Client Setup, Extended

● Cluster of 17+1 identical machines
(Intel i7 CPUs with 4 cores each,
 8 GB main memory each,
 Ubuntu 14.04 LTS,
 Network: 10 Gb Ethernet)

● 1 machine for the brTPF/TPF server
(10M triples WatDiv dataset)

● 16 machines to simulate up to 64 concurrent clients
(1 client process per CPU core)

● Workload: set of 12,400 WatDiv queries
– split into 64 distinct sets (193 queries each)
– always executed sequentially in the same order

HTTP cache 
between the

clients and
the server
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Performance with a Cache

  206%
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Main Experimental Results

Network load
● brTPF achieves significantly smaller number of

requests than TPF, and less data is transferred

Performance under load
● Both approaches scale to an increasing number

of clients, brTPF has a superior scaling behavior
● brTPF achieves a greater throughput than TPF

Impact of HTTP caching
● TPF requests have a higher cache-hit likelihood
● Caching does not help TPF to outperform brTPF
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Recall our hypothesis:

Compared to TPF-based query executions of SPARQL 
queries, by using the brTPF interface instead, we may 
achieve a reduced network load without having to pay
with a significantly smaller throughput.

Take-Away

more generic requests
higher client cost
lower server cost

more specific requests
lower client cost

higher server cost

Bindings-Restricted
Triple Pattern Fragments

(brTPF)

RDF data
dump

Linked Data
documents

Triple Pattern
Fragments (TPF)

SPARQL
endpoint

...as well as an increased throughput.

Recall our hypothesis:

Compared to TPF-based query executions of SPARQL 
queries, by using the brTPF interface instead, we may 
achieve a reduced network load without having to pay
with a significantly smaller throughput.

√
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