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 SPARQL query federation 

 Survey of federated SPARQL query processing systems

 Performance variables

 Evaluation of SPARQL endpoint federation systems
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 SPARQL Endpoint Federation (SEF)

 Linked Data Federation (LDF)

 Hybrid of SEF+LDF

11/3/2016



11/3/2016

SPARQL Endpoint Federation

S1 S2 S3 S4

RDF RDF RDF RDF

Parsing/Rewriting

Source Selection

Federator Optimzer

Integrator



11/3/2016

SPARQL Endpoint Federation

S1 S2 S3 S4

RDF RDF RDF RDF

Parsing/Rewriting

Source Selection

Federator Optimzer

Integrator



11/3/2016

SPARQL Endpoint Federation

S1 S2 S3 S4

RDF RDF RDF RDF

Parsing/Rewriting

Source Selection

Federator Optimzer

Integrator

Rewrite query 
and get Individual 
Triple Patterns



11/3/2016

SPARQL Endpoint Federation

S1 S2 S3 S4

RDF RDF RDF RDF

Parsing/Rewriting

Source Selection

Federator Optimzer

Integrator

Rewrite query 
and get Individual 
Triple Patterns

Identify capable 
source against 
Individual Triple 
Patterns



11/3/2016

SPARQL Endpoint Federation

S1 S2 S3 S4

RDF RDF RDF RDF

Parsing/Rewriting

Source Selection

Federator Optimzer

Integrator

Rewrite query 
and get Individual 
Triple Patterns

Identify capable 
source against 
Individual Triple 
Patterns

Generate 
optimized sub-
query Exe. Plan



11/3/2016

SPARQL Endpoint Federation

S1 S2 S3 S4

RDF RDF RDF RDF

Parsing/Rewriting

Source Selection

Federator Optimzer

Integrator

Rewrite query 
and get Individual 
Triple Patterns

Identify capable 
source against 
Individual Triple 
Patterns

Generate 
optimized sub-
query Exe. Plan

Execute sub-
queries



11/3/2016

SPARQL Endpoint Federation

S1 S2 S3 S4

RDF RDF RDF RDF

Parsing/Rewriting

Source Selection

Federator Optimzer

Integrator

Rewrite query 
and get Individual 
Triple Patterns

Identify capable 
source against 
Individual Triple 
Patterns

Generate 
optimized sub-
query Exe. Plan

Execute sub-
queries



11/3/2016

SPARQL Endpoint Federation

S1 S2 S3 S4

RDF RDF RDF RDF

Parsing/Rewriting

Source Selection

Federator Optimzer

Integrator

Rewrite query 
and get Individual 
Triple Patterns

Identify capable 
source against 
Individual Triple 
Patterns

Generate 
optimized sub-
query Exe. Plan

Integrate sub-
queries results

Execute sub-
queries



11/3/2016

SPARQL Endpoint Federation

S1 S2 S3 S4

RDF RDF RDF RDF

Parsing/Rewriting

Source Selection

Federator Optimzer

Integrator

Rewrite query 
and get Individual 
Triple Patterns

Identify capable 
source against 
Individual Triple 
Patterns

Generate 
optimized sub-
query Exe. Plan

Integrate sub-
queries results

Execute sub-
queries



 Index-free
 Using SPARQL ASK queries

 Potentially ensures result set completeness

 SPARQL ASK queries can be expensive

 SPARQL ASK cache is beneficial

 E.g., FedX

 Index-only
 Only make use of  Index/data summaries

 Less efficient but fast source selection

 Result set completeness is not ensured

 E.g., DARQ, LHD
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 Hybrid
 Make use of index+SPARQL ASK 

 Most efficient

 Result set completeness is not ensured

 SPARQL ASK cache is beneficial

 E.g., HiBISCuS, ANAPSID, SPLENDID
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 System Information
 Title and/or URL of federation engine

 Code available?

 Implementation and license 

 Type of source selection

 Type of join(s) used for data integration

 Use of cache?

 Support for catalog/index update
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 Requirements
 Result completeness

 Policy-based query planning

 Support for partial results retrieval

 Support for no-blocking operator/ adaptive query processing

 Support for provenance information

 Query runtime estimation

 Duplicate Detection

 Top-K query processing

 Supported SPARQL types/ clauses

11/3/2016



11/3/2016



11/3/2016



11/3/2016

Yes
18%

No
82%

Result completeness?



11/3/2016

Yes
18%

No
82%

Result completeness?
Yes
6%

No
88%

Partial
6%

Policy-based planning?



11/3/2016

Yes
18%

No
82%

Result completeness?
Yes
6%

No
88%

Partial
6%

Policy-based planning?

Yes
24%

No
76%

Partial results retrieval?



11/3/2016

Yes
18%

No
82%

Result completeness?
Yes
6%

No
88%

Partial
6%

Policy-based planning?

Yes
24%

No
76%

Partial results retrieval?

Yes
59%

No
41%

Adaptive processing?



11/3/2016



11/3/2016

Yes
0%

No
94%

Partial
6%

Provenance info?



11/3/2016

Yes
0%

No
94%

Partial
6%

Provenance info?
Yes
0%

No
100%

Runtime estimation?



11/3/2016

Yes
0%

No
94%

Partial
6%

Provenance info?
Yes
0%

No
100%

Runtime estimation?

Yes
12%

No
76%

Partial
12%

Duplicate detection?



11/3/2016

Yes
0%

No
94%

Partial
6%

Provenance info?
Yes
0%

No
100%

Runtime estimation?

Yes
12%

No
76%

Partial
12%

Duplicate detection?

No
100%

Top-k querying?



11/3/2016



11/3/2016



 Benchmarks
 FedBench

 Sliced FedBench

 SP2Bench

 SPARQL endpoint federation engines
 FedX

 SPLENDID

 LHD

 DAW

 ADERIS

 ANAPSID
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FedBench

Query Category FedX SPLENDID LHD DARQ ANAPSID ADERIS

CD 252 44 0 0 43 0

LS 297 33 0 0 63 0

LD 369 19 0 0 37 0

Net 918 96 0 0 143 0

Query Category Sliced FedBench

CD 280 110 0 0 228 0

LS 330 100 0 0 143 0

LD 410 140 0 0 270 0

SP2Bench 660 180 0 0 265 0

Net 1680 530 0 0 906 0
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FedBench

Query Category FedX SPLENDID LHD DARQ ANAPSID ADERIS

CD 78 78 112 84 36 84

LS 56 56 105 77 44 70

LD 108 108 119 112 54 119

Net 242 242 336 283 134 273

Query Category Sliced FedBench

CD 182 182 225 195 163 195

LS 125 125 163 133 102 117

LD 243 243 324 324 183 324

SP2Bench 521 521 593 420 244 173

Net 1071 1071 1305 1072 692 809
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FedBench

Query Category FedX(cold) FedX(warm) SPLENDID LHD DARQ ANAPSID ADERIS

CD 151 7   256   6   7   186   6   

LS 147 8   236   6   12   477   5   

LD 139 8   221   6   7   804   5   

Average 146 8   237   6   9   489   5   

Query Category Sliced FedBench

CD 284 9 470 7 8 3183 7

LS 207 7 308 7 8 2897 7

LD 323 9 557 8 7 2908 8

SP2Bench 212 9 738 8 9RE 6

Average 256 8 518 7 8 2996 7
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FedBench:  FedX(warm)   FedX(cold)   LHD   SPLENDID   ANAPSID  DARQ
25/25 17/22 13/22 15/24 16/22



FedBench:  FedX(warm)   FedX(cold)   LHD   SPLENDID   ANAPSID  DARQ
25/25 17/22 13/22 15/24 16/22

Sliced FedBench:  FedX(warm)   FedX(cold)   LHD   SPLENDID   ANAPSID  DARQ
29/36 17/24 17/24 17/26 12/20



0

50

100

150

200

250

300

350

400

450

500

CD LS LD Average

A
ve

ra
ge

 e
xe

cu
ti

o
n

 t
im

e
 (

m
se

c)

FedX (first run) FedBench

FedX (first run) SlicedBench

0

50

100

150

200

250

300

CD LS LD Average

A
ve

ra
ge

 e
xe

cu
ti

o
n

 t
im

e
 (

m
se

c)

FedX (cached) FedBench

FedX (cached) SlicedBench

0

200

400

600

800

1000

1200

1400

1600

CD LS LD Average

A
ve

ra
ge

 e
xe

cu
ti

o
n

 t
im

e
 (

m
se

c)

SPLENDID FedBench

SPLENDID SlicedBench

0

10000

20000

30000

40000

50000

60000

70000

80000

CD LS LD Average

A
ve

ra
ge

 e
xe

cu
ti

o
n

 t
im

e
 (

m
se

c)
 

ANAPSID FedBench

ANAPSID SlicedBench

0

50000

100000

150000

200000

250000

300000

350000

CD LS LD Average

A
ve

ra
ge

 e
xe

cu
ti

o
n

 t
im

e
 (

m
se

c)

DARQ FedBench

DARQ SlicedBench

0

2000

4000

6000

8000

10000

12000

14000

CD LS LD Average

A
ve

ra
ge

 e
xe

cu
ti

o
n

 t
im

e
 (

m
se

c)

LHD FedBench

LHD SlicedBench



0

50

100

150

200

250

300

350

400

450

500

CD LS LD Average

A
ve

ra
ge

 e
xe

cu
ti

o
n

 t
im

e
 (

m
se

c)

FedX (first run) FedBench

FedX (first run) SlicedBench

Decreased 
by 214%

0

50

100

150

200

250

300

CD LS LD Average

A
ve

ra
ge

 e
xe

cu
ti

o
n

 t
im

e
 (

m
se

c)

FedX (cached) FedBench

FedX (cached) SlicedBench

Decreased 
by 199%

0

200

400

600

800

1000

1200

1400

1600

CD LS LD Average

A
ve

ra
ge

 e
xe

cu
ti

o
n

 t
im

e
 (

m
se

c)

SPLENDID FedBench

SPLENDID SlicedBench

Decreased 
by 227%

0

10000

20000

30000

40000

50000

60000

70000

80000

CD LS LD Average

A
ve

ra
ge

 e
xe

cu
ti

o
n

 t
im

e
 (

m
se

c)
 

ANAPSID FedBench

ANAPSID SlicedBench

Decreased 
by 392%

0

50000

100000

150000

200000

250000

300000

350000

CD LS LD Average

A
ve

ra
ge

 e
xe

cu
ti

o
n

 t
im

e
 (

m
se

c)

DARQ FedBench

DARQ SlicedBench

Increased 
by 36%

0

2000

4000

6000

8000

10000

12000

14000

CD LS LD Average

A
ve

ra
ge

 e
xe

cu
ti

o
n

 t
im

e
 (

m
se

c)

LHD FedBench

LHD SlicedBench

Decreased 
by 293%



11/3/2016

{lastname}@informatik.uni-leipzig.de
AKSW, University of Leipzig, Germany


