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General Information
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OntoQuad General Information



Supported Standards and Platforms

Eventos

OntoQuad

*Is developed with the latest C++ Standard (C++11) from zero

*is compliant with the latest standards of the W3C (e.g. RDF, SPARQL 1.1)
*supports Java (Jena) API

*works in transactional mode

OntoQuad is cross-platform and can be deployed on different devices:
*MS Windows x64 (developed on Windows 7)
*Unix/Linux x64 (tested on Linux CentOS 6.3)

*Mobile Android (Samsung Galaxy Note Il, Google Nexus 7 etc.)

*Raspberry Pi Model B rev 2

*iOS & OS X —is coming soon
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Vector Model

Eventos HexaStore & the Vector Model

levell

In our work we elaborate on the
level  yector representation of triples

proposed for the Hexastore, by

expanding it onto quadruple

leveB
@ &g Y &L @ @ representation



http://dl.acm.org/citation.cfm?id=1453965

Data Storage Components
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Persistence Strategy

Eventos
Persistence Strategy

*The DBMS creates several files for storing data. The file combines both a structure
for storing data and an Key-Value index implemented as B-trees (or B*-trees)
because it ensures the support of prefix range lookups.

*The DBMS keeps all unique values in a separate Vocabulary, and Key-Value
indexes contain references (fixed-length identifiers) to the Vocabulary items.

*Vocabulary is a full lexicon of URI’s and literals that are “known” to the base which
associates the values of S, P, O and G with their vocabulary ID’s that are unique
within a DB instance.

Index-type configuration parameter can take four values:

*polymorphic2 provides two indexes configuration. Supports PSO, POS indexes.

*polymorphic6 | polymorphicémonolith provides six indexes configuration.
Supports PSOG, PSGO, POSG, POGS, PGOS, PGSO indexes.

*polymorphic24 provides twenty four indexes configuration. Supports all
permutations (24) of four elements SPOG.
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Component Scheme
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HTTF server
AT
SPARCIL parser
T~
- |
Optimizer 7= Optimizer
Iterators .
Functions
= s = Bl i s
Index-24 Storage Vocabulary
A~ s

Database Pages Cache

Unzipped database pages
| Index Storage pages | | Vocabulary pages |

Zipped database pages
| Index Storage pages | | Vocabulary pages |

T

Database File Storage
Vocabs files Index-2 files Index-6 files Index-24 filas

Brief components description is on next page



Main Components
Eventos

* The built-in HTTP Server is a SPARQL 1.1 endpoint;

 The SPARQL Parser does syntactic analysis of queries and generates of the
initial QEP tree;

* The Optimizer transforms the initial QEP into a new equivalent QEP with more
optimal performance time and resources;

* The lterators implement SPARQL algebra operators of QEP;

* The Functions are either functions of the SPARQL language or custom
functions;

* The Vocabulary is a comprehensive lexicon of URI’s and literals downloaded
into the database;

* The Index-24 implements different PSOG indexes;

* The Database Page Cache (zipped and unzipped) keeps last used Index-24
and Vocabulary pages from the Database File Storage;

* The Database File Storage stores the Index-24 and the Vocabulary in the B-
tree (B*-tree).
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lterators
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In OntoQuad the Iterators are the main building blocks of Query Execution Plan

All of the SPARQL algebra operators are implemented by means of the lterators

Join Iterator Family: x (L, R)
« i (sorted; sorted),

»

«  (unsorted; sorted),

X
X
X
X

«  (unsorted; unsorted).

Index scan
\

Indexscan//////
\
//////

Indexscan\\\\\\
/

Index scan
Index scan
Index scan
Index scan

Multiple Join Iterator Family x,(R4, R, ..., R,)

« ,,(sorted, sorted, ..., sorted) and index scans iterators

N\

* ), (unsorted, sorted, ..., sorted).

All of JOIN iterators for scanning the datasets use the
lowerBound(key,.,,) method which sets the begin pointer
to the start of the range [keypeqin , MAX_KEY_VAL)

Index scan
Index scan
Index scan
Index scan
Index scan
Index scan
Index scan

index scans iterators
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?s :p;, 20, ?g
?s p, 20, :q,

L
indexScan, (PSOG, key,)

L=

Z1G-ZAG Join Algorithm for Join lterator

L is sorted by P, R is sorted by PG
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Z1G-ZAG Join Algorithm for Multiple Join Iterator
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_ PSGO
P, 70, ?g . P, ?s 20, ?g . R, < PS06 POSG
P 20 :g, . p :g ?s 20, .+ R, S POGS
2 2 2 " mp "2 ? ’ PGSO  pgos
Vel
:Pn ?on :gn * :Pn . gn ?s ?on : Rn

lowerBound(key, ;) method of JOIN iterator sets begin pointer to the beginning
of the range [key,.;,, EOF)

R
1 ‘begin, , R, beg|n21 =S R,

_ / keyr; \ keyR? \ :b{inn = Sj

.S,
k €Yrn \

J
:begin, 2>.'beginn+nex —
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ordered sets of the R,, R,, ... and R_keys

n times next()
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# :begin,




Execution Plan Optimization
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Execution Plan Optimization
Based on Heuristics



Query Execution Plan Optimization Based on Heuristics

Eventos
Static Query Heuristics-based Optimizer
transforms an initial Query Execution Plan
Heuristics List Overview: D, into an equivalent plan D..
L eaf iterator constants shift I(tlll;?fes on heuristic transformations of
*Transform Cartesian product to join
*Reorder joins

*Sort Minus arguments

#0 LEAF
(51, . axnshiype, typel)

*Sort outer join arguments Ctaerstne ooy o s2 )

*Remove unrequired reordering MBS GRS bt
*Execute the simplest union first (T FTHTRE INER JON (NORTED SORTED 3
*Move Projection closer to leafs ~_

— e
— # 10 MULTIPLE_INNER_JOIN_UNSORTED_SORTED \\\>
C joinby {s2} /

*Move filters closer to leafs T W e
*Merge Distinct with Sorting

*Set sorted set limit

*Chose optimal distinct algorithm
*Merge join with filter

*Replace join with multiple join
*Convert nested multiple joins to one multiple join
*and something else ...

—— —
-~ #12REORDER_OUTPUT ™~
K {type1, linked_to, type2} _~
~

7 #13DISTINCT ™
is_hash_based=1 ’/

# 12 REORDER_OUTFUT
{typel, linked_to, type2}

# 13 DISTINCT
is_hash_based=0
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Example. Query #5 BSBM
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PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX bsbm: <http://wwwd.wiwiss.fu-berlin.de/bizer/bsbm/v0l/vocabulary/>

SELECT DISTINCT ?product ?productLabel
WHERE {
?product rdfs:label ?productLabel

FILTER (<http://www4.wiwiss.fu-berlin.de/bizer/bsbm/v0l/instances/dataFromProducer3475/Productl75673>
1= 2
= ?product)

<http://www4 .wiwiss.fu-berlin.de/bizer/bsbm/v0l/instances/dataFromProducer3475/Productl75673>
bsbm:productFeature ?prodFeature

?product bsbm:productFeature ?prodFeature

<http://wwwd .wiwiss.fu-berlin.de/bizer/bsbm/v0l/instances/dataFromProducer3475/Productl75673>
bsbm:productPropertyNumericl ?origPropertyl

?product bsbm:productPropertyNumericl ?simPropertyl

FILTER (?simPropertyl < (?origPropertyl + 120) && ?simPropertyl > (?origPropertyl - 120))

<http://www4 .wiwiss.fu-berlin.de/bizer/bsbm/v01l/instances/dataFromProducer3475/Productl75673>
bsbm:productPropertyNumeric2 ?origProperty2

?product bsbm:productPropertyNumeric2 ?simProperty?2

FILTER (?simProperty2 < (?origProperty2 + 170) && ?simProperty2 > (?origProperty2 - 170))

}
ORDER BY ?productLabel LIMIT 5



Initial QEP Before the Transformations

Eventos

210
type= LEAF
¢product. __tyNumeric2, ._miProperty2}
fxex}

26
type=LEAF
‘umericl, .. mPropertyl}

{product, _

8
type= LEAF.
{../Productd7, ..wNumeric2, ...gProperty2}

12
tpe= LEAF
¢product, .. hemarlabel,

type= STORING
fox}

oductLabel}

type= CROSS_JOIN
single_row=0
{ccxxex}

EY)
type= FILTER
{xexxexxex}

{../Product37, )

22 =1

type= CROSS_JOIN
single_row=0

{xexncx}

#30
type= FILTER
{CCRXCKNCKNCKNCKCCRCCK}

ype=
{product, __uctFeature. .. rodFeature}
{xcx}

type= FILTER
{cexxex}

type= STORING
{eex}

type= STORING
{xCHRCKXCK}

20
tvpe= LEAF
/Product37, __uctFeature, ._rodFeature}

type=FILTER
frcees)

type= FILTER 22
{coancxxcRNCHICKRECHECK ) tvpe= CR(SSSJ OIN
single_row=0
{CCXXCXXCXNCRECK)

type= CROSS_JOIN
single_row=0
{cexcex)

s
214 z .
g fype= CROSS_JOTN
tvpe= STORING ¥ -
'm;<xcx} single_row=0 type= STORING
)

feexeex)

type= SORTING_STORING
asc lex ...oductlabel
store equal values=1

[CCRXCKECRECXRCKCCKCCK)

220
type= CROSS_JOIN
single_row=0
{coxxexxexRoRexCexCex}

=34

type= REORDER_OUTPUT

{product, ...oductLabel}
{xx}

type= DISTINCT
is_hash based=0
{

236
type= LIMIT_OFFSET
{xx}



(9 “Leaf Iterator Constants Shift” Heuristic
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?product bsbm:productFeature ?prodFeature .

#2
type= LEAF

{product, ..uctFeature, ._rodFeature}

Ixex}

#2
type=LEAF
{...uctFeature, product, ...rodFeature}
{exx}

bsbm:productFeature ?product ?prodFeature .

“Leaf iterator constants shift” move constants to the beginning

#10
type=LEAF

{product, ... tvNumeric2, .. mProperty2}

{xcx}

#10
type=LEAF
{...tvNumeric2, product, ... mPropertv2}
{oxx}

76
type=LEAF

{product, ._tyNumericl, mPropertyl}

{xex}

76
type=LEAF
{_..tvNumericl, product, .. mPropertyl}
{exx}

#12

#12

type= LEAF —

SEE yvpe= LEAF

{product, ...hemaj{?;l;l?}e L, ..oductLabel} {...hema#label, product, ...oductLabel}
{exx}




(9 “Transform Cartesian Product to Join” Heuristic

Eventos ?product bsbm:productPropertyNumeric2 ?simProperty2 .
P P pery pery Turn the Cross-

product iterator (X)
into an iterator from
the Join family (~)
enabling the use of
indexScan(key)

- (e.g., zig-zag join).

#18
type= CROSS_JOIN
single_row=0

{emexs)

20
type=LEAF
{..uctFeature, ... Product37, .rodFeature}

s 3 spe chds o 0.F( X (L 17 R 2)) =X (L1 sort_order1 s R 2 sort_orderZ)
i e {ememen}

a15 #10
type= CROSS_JOIN
single row=0

type= LEAF
gle 1 {.tyNumetic, product, . mProperty2)
{ecionn) {eox)

223
ype=FILTER type= STORING 50
Leenan} {ememcrs type=LEAF
\_.—/ {..uetFeature, .. Product37, .. rodFeature}
{ooo}

#24
type= CROSS_IOIN
single_row=)

type= VALUE SET
fcox}

#1
{CCRETRERRCRRERR} type=VALUE_SET
{eco}

PRIO+1

s14
type= MULTIPLE_INNER_JOIN_SORTED_SORTED
joif by { ..fodFeallie }

#0 is unique
{ecocxx}

SRI0%0




“‘Replace Join with Multiple Join™ Heuristic
Eventos

#10

type=LEAF
{...tyNumeric, product, ._xProperty2)
{eox)

46
type= LEAF

{..tyNomericl, product, . mPropertyl}
{cox}

PRIO=0

s11 47
type= VALUE_SET type= VALUE_SET
{cox} {eox}

12

The multiple join operator
can be used instead of the

#0
type=LEAF
{..uctFeature, ... Product3, . sodFeaturs)
{ece}

type=LEAF
{..hema#label, product, ..oduc(Label}
{cox}

type= LEAF
FRIOH

{.ustFeature, . rodFeature, product}
{cox}
PRIOX)

jJjoin operator even in case

PRIC=0

£15
type=MULTIPLE_INNER. JOIN SORTED SORTED
Join by { product
{eonexs}

PRIC=0

£13
type= VALUE SET
{cox}

#1
type= VALUE SET

{eco}

PRIO#0

type= VALUE SET

of just two input arguments
because of it is faster in our
- - implementation.

SRI041

£16

type= MULTIPLE_INNER_JOIN_SORTED_SORTED
Join by { product }
{coxcxrex}

214
type= MULTIPLE_INNER_JOIN_SORTED_SORTED
Jeinby { . odFeaturs }
0 is unique
{ecoexs}

PRIO=1

SRi0%0
=17
type=INNER_JOIN_UNSORTED_SORTED
Join by T product }

{ecoTmRETICRICRT)

X Lunsort: Rsort) = NM (Lunsort: Rso

#10
tvpe=LEAF
{..tyNumericZ, product, .. mProperty2}

{eox}

6

type=LEAF
{...tyNumeric], product, ...mProperiyl}
{cox}

PRIO%)

PRIO%)

a1t 47
type= VALUE_SET type= VALUE_SET

+0

type= LEAF
Product37,

{eco}

{.uctFeature,

sodFeature}
PRIO*1

PRIO#0

{__1uctFeature,

PRIO*D

type= MULTIPLE INNER_JOIN SORTED SORTED
Join by { product
{eorer}

PRIO#D

PRIO#0

+1
type= VALUE_SET
{eco}

PRIO#D

£3
tvpe= VALUE_SET

SRIOHL

PRIO#D BRIO*1

£16
type= MULTIPLE_INNER JOIN_SORTED SORTED
foin by { produet }
{eoncriens)

s14

type= MULTIPLE_INNER_JOIN_SORTED_SORTED

joitl by { . fodFeatte }

20§ vnique
{ecocxs}

PRIO=1

SRIOX

£17

type= MULTIPLE INNER JOIN UNSORTED_SORTED
join by { prodict }

{cconmemiecn}




(67 “Convert Nested Multiple Joins to One Multiple Join” Heuristic

Eventos

=6
type=LEAT
£ty Numericl, product, .aProperty
{oox}

210
type= LEAF
{...tyNumericd, product, .. mProperty2}

{

cox}

The transformation
converts several nested
multiple join operators
with identically sorted join
variables into a single
multiple join operator

- o
#11
T type= LEAT type= LEAT
type ‘{':'LDX‘}'UET {..uctFeaturs, . Product3, . rodFeature} {.vetFeatuss, .codFeature, product}
cor)

#15
type= MULTIPLE_INNER_IOIN_SORTED SORTED
Join by { product }

{eoncrs}

£13
type= VALUE_SET
{eox}

type= VALUE_SET
{eox}

=14
type= MULTIPLE_INNER_JOIN_SORTED_SORTED
join by { . fodFeature
20 is unique
{ceocxx}

£16
type= MULTIPLE_INNER _JOIN_SORTED SORTED
Join by { product }
{coxcxxens}

£17
type= MULTIPLE_INNER_JOIN_UNSORTED_SORTED
join by { product }

\ o

Nested
Multiple

M(Mf sort ==+’ Mn sorJ =

NM(M‘H som---:Mfk sortr ---:Mnf sortr ---:Mnm sort)

#0
type= LEAF
{...uciFeature, ... Product37, ...rodFeaturs}
{

&3
type=LEAF

{..uctFeature, ... rodFeature, product}
{cox}

PRIO%0
Joins
=1 &3 #10 #12 £6
I I type= LEAF type=LEAF type=LEAF
1YP® ‘{':C'E’%I—SET bla ‘é‘;{?—sn {_tyNumericZ, product, . mProperty2} { . hema#label, product, _oductLabel} {tyNumericl, product, . mProperty1}
{cox} feox}

PRIO#) PRIC#1 PRIOZD PRIO)
=14
type= MULTIPLE_INNER_JOIN_SORTED_SORTED #11 #13 #7
join by { ...rodFeature } type=VALUE_SET type=VALUE SET type=VALUE SET
#0 is unique {eox} {cox} {cox}
{ccocxx}
PRIC=D BRIOD PRIO=3 PRIO#1

#15 \
tvpe= MULTIPLE_INNER_JOIN_UNSORTED_SORTED

join by { product }

{ecomonmeNen ) >
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=20
type=FILTER
{ COOCKNCHRCHRCNOCHCCK

=21
type=FILTER.
{ COOCKNCHRCHRCINOCHCCK

type= FILTER
| COOCHNCKNCHRCNCCHODR )

#123
type= SORTING_STORING
asc lex ..oductLabel
store equal values=1
{ COOCKNCHRCHRCINOCHCCK

PRIO=0

#24
type= REORDER. OUTFUT
{product, ...eductLabel}
{xx}

PRIO=0

#1235
type= DISTINCT
is_hash based=0
{mx}

type= LIMIT OFFSET
{xx}

“Move Reordering Closer to the Leafs” Heuristic

T(0pK(£2)) = opi(TL(£2))

Here t; is the Order by operator

-

ORDER BY ?productLabel

We also use a similar heuristic
“Move Projection closer to leafs”

#20
type=FILTER
{ CCOCHRCINCIICINCCRICK )

#21
type=FILTER
{CCOCHRCRNCHRCENCCROCH )

{CCOCHRCRNCHRCENCCROCH )

PRIC=0

=13
type= REORDER_OUTFUT
{product, ._oductLabel}
{sx}

PRIC=0

=24
type= SORTING_STORING
asc lex . .oductLabel
store equal values=1

#23
type= DISTINCT
is_hash based=0

£26
type= LIMIT OFFSET
{xx}
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#20
type=FILTER.
{ COOCKRCRECRRCIROCRCCR }

#21
type=FILTER.
{ COOCKECKNCHNCHNOONOCH b

| CCOCHRCKNCRICKROIROCH

PRIC=0

#13
type= REORDER_OUTPUT
{product, . edoctLabel}
{x}

PRIC=0

=24
type= SORTING_STORING
ase lex . oductLabel
store equal values=1

#23
type= DISTINCT
is_hash based=0

#26
type= LIMIT_OFFSET
{mx}

“Merge Distinct with Sorting” Heuristic

T, (6(02)) = o1 (£2).

If a Select clause contains the Distinct and
Order by solution modifiers, we replace them
by a new iterator performing simultaneously the
duplicate tuple removal and sorting functions

-

SELECT DISTINCT ?product ?productLabel
WHERE {

} ORDER BY ?productLabel LIMIT 5

#20
type=FILTER
{ COOCKRCRRCRRCARCCRCCK }

=21
type=FILTER
{ COOCKRCRRCRRCARCCRCCK }

type= ﬁf_ TER
| CCOCHRCHNCHRCKRCIRCOR

PRICH)

#13
type= EEORDER. OUTPUT
{preduct, ._.oductLabel}
{mx}

FRIO=D

=24
type= SORTING_STORING
asc lex ...oductLabel
asc internal product
store equal values=0

{oo}

PRICH)

#25
type=LIMIT OFFSET
{m}
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20
type=FILTER
{ CCOCTRCRRCIRCRROCROCK

=21
type=FILTER
{ COOCKRCKRCRRCRRCCROCK b

{ COOCKRCKRCKRCRRCCKOCK b

PRIO=0

£23
type= REORDER_OUTFUT
{product, ...oductLabel}
{zx}

=24
type= SORTING STORING
asc lex ...oductLabel

asc internal product
store equal values=0

#3235
tvpe=LIMIT OFFSET
{m}

“Set Sorted Set Limit” Heuristic

If a Select clause contains the Order by
and Limit solution modifiers, then we
create a sorted set with a size specified in
the Limit for storing resulting tuples

-

SELECT DISTINCT ?product ?productLabel
WHERE {

} ORDER BY ?productLabel LIMIT 5

#20
type=FILTER
| CCOCHNCHNCRRIRNCCRCCH

=21
type=FILTER
{ CCOCHRCINCINCINCCRCCK

type= ].;I]_ TER
{ CCOCRCINCINCINOCRCCR

PRICs0

#23
type=FREORDER._OUTPFUT
{product, ...cductLabel}
{m}

PRICs0

#24
type= SORTING _STORING
asc lex ...oductLabel
asc internal product
store equal values=0
max len is 3

{oo}
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#0 is unique
{ccocxx}

#18
type= STORING
{cexcex}

If a QEP tree
contains the

type= MULTIPLE_INNER_JOIN_SORTED SORTED
join by { ..rodFeaturs }

“Move Filters Closer to Leafs” Heuristic

=14
type= MULTIPLE_INNER_JOIN_SORTED_SORTED
jein by { ..rodFeature }
#{ is unique
#1 has filter

#13
type= MULTIFLE_INNER_JOIN_UNSORTED_SORTED
Join by { product }
2] has filter
#2 has filter

#11
type= VALUE SET
{cox}

#13

type= MULTIPLE_INNER._JOIN_UNSORTED_SORTED
Jjoin by { product }

{ccocxRomennen

#18
type==STORING
{oexcex}

type= CROSS_JOIN
single_row=1
| CCOCHROINCINCINCCRECK

#19
type= CROSS_JOIN
single_row=1

{ocmm&a{mocxocx}

join, outer join,
Cartesian
product, sort
operators, then
the heuristic tries
to move a filter
in the QEP tree

PRIO=0
#20

type=FILTER =20 o
| CCOCHROIRCIRCINCCRECK type= REORDER._OUTPUT
{product, ...oductLabel}
{ax}

#1211
type=FILTER.
{ CCOCRRCRRCKRCERCCROCK }

#21
type= SORTING_STORING
asc lex _oductLabel
asc internal product
store equal values=0
max lenis 5

{oo}

oo T 3 aF(' " Op (L 17 R 1) LR ) =

closer to the leaf
nodes, placing it
before these
operators

WHERE | op(... (...0.,(£21)...0.,(22)...)...)

FILTER (<http://.../Product175673> != ?product)
FILTER (?simPropertyl < (?origPropertyl + 120) && ?simPropertyl > (?origPropertyl - 120))

FILTER (?simProperty2 < (?origProperty2 + 170) && ?simProperty2 > (?origProperty2 - 170))
} ORDER BY ?productLabel LIMIT 5
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£

type=LEAF

{cox}

PRIO=D

#1 #1
type= VALUE_SET type= VALUE_SET
{cox} {ceo}

PRIO=D

=4
type=LEAF

{..tyNumericl, product, ... mPropertyl}

{cox}

PRIO=D

{...uctFeature, .. rodFeature, product} {..uctFeature, . Product37, . rodFeaturs}

Resulting QEP

#0
type= LEAF

{eco}

PRIO=D

#5
type= VALUE_SET
{cox}

PRIO=1

As the result of the
transformations we have

short, more efficient and

fast QEP then it was at the start

#10
type= MULTIFLE_INNER_JOIN_SORTED_SORTED
join by { ...rodFeaturs }

PRIO=0 PRIO=2

#11
tvpe= MULTIPLE_INNER_JOIN_UNSORTED_SORTED

join by { product }
#1 has filter
#2 has filter

{ CODCHNCIRCRRCRK )

PRIO=)

#12
type=REORDER._OUTFUT
{product, ...oductLabel}
{m}

PRIO=)

#13
type= SORTING_STORING
asc lex ..oductLabel
asc internal product
store equal values=0
max lan is 3

{oo}

P
{...tyNumeric2, product, ... mProperty2} {...hema=label, product, ...oductLabel}
{cox} {cox}

type= VALUE_SET
{cox}



BSBM Evaluation



1-st stage of the Benchmarking: Conditions and Characteristics
Eventos

The 1-st stage was run in June 2013 in Universitat Leipzig, Institut fur
Informatik, Germany

Benchmark machine
*quad-core Intel i7-3770 CPU with 32 GB of RAM.
storage is 2x2 TB 7200rpm SATA hard drives, configured as software RAID 1.

Benchmark

Berlin SPARQL Benchmark (BSBM) Specification - V3.1, Explore Use Case

The database size varied from 10 million triples, 100 million triples and 1 billion
triples, runs done for 1, 4, 8, 16 parallel clients.

All systems were configured to use 22GB of main memory.

Three RDF DBMS were compared to OntoQuad
*Virtuoso 6.1.6,

*Jena TDB (Fuseki 0.2.7) and

‘BigData (Release 1.2.2).



1-st stage of the Benchmarking: BSBM Explore Use Case
QMpH for 10 and 100 Millions of Triples

"%

Eventos
Query Mix per Hour for 10 millions of the triples dataset
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79700
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28 847 8> 103 28175 m BigData
20 000
6 315
0 - e - - | . . “
10m, 1 concurrent user 10m, 2 concurrent users 10m, 4 concurrent users 10m, 16 concurrent users
Query Mix per Hour for 100 millions of the triples dataset
35000 31454
30000 27009
25000 22163 OntoQuad
18 983 ntoQua
20 000 15814 mVirtuoso
15000 10 270 Jena TDB
10000 8608 l mBigData
5000 ——
100m mt1 100m mt2 100m mt4 100m mt16



2-nd stage of the Benchmarking: Conditions and Characteristics

Eventos

The 2-nd stage was run in August - September 2013 in National
Research University - Higher School of Economics, Semantic Technology
Centre, Moscow, Russia. The only RDF DBMS compared to the latest
version of OntoQuad is Open source Virtuoso branch stable/7 — the
leader of the BSBM tests

Benchmark machine

*VMware Virtual Platform installed on the machine with 8 processors Intel(R)
Xeon(R) (16 hyper threading core) CPU X5550@2.67GHz,

*SCSI storage controller: LSI Logic / Symbios Logic 53¢1030 PCI-X Fusion-MPT
Dual Ultra320 SCSI, HDD 969 GB.

29 GB RAM, 15 GB of swap area

Benchmark

Berlin SPARQL Benchmark (BSBM) Specification - V3.1, Explore Use Case.
The database size varied from 100 million, 200 million and 500 million triples, runs
done for 1, 4, 8, 16, 32, 64 parallel clients.

We used a reduced set of the query mix. Query #9 (DESCRIBE) has been excluded.



2-nd stage of the Benchmarking:
Virtuoso and OntoQuad Performance Tuning

Eventos

Both Virtuoso and OntoQuad were configured to use 24 GB of main memory

Virtuoso 7

Was set up according to RDF Performance Tuning of the Virtuoso Open-Source
Wiki.

MaxCheckpointRemap = 200000

NumberOfBuffers = 2040000
MaxDirtyBuffers = 1500000
Checkpointinterval =600
OntoQuad

cachesize = 11811160064
compressed-page-cachesize = 13958643712


http://virtuoso.openlinksw.com/dataspace/doc/dav/wiki/Main/VirtRDFPerformanceTuning
http://virtuoso.openlinksw.com/dataspace/doc/dav/wiki/Main/VirtRDFPerformanceTuning

2-st stage of the Benchmarking: BSBM Explore Use Case
QMpH for 100 and 200 Millions of Triples

9

Eventos

Query Mix per Hour for 100 millions of the triples dataset

70 000,00
56 636,82 57 903,34
60 000,00 53 056,91
50 000,00 48 688,66
40 000,00
54 523,10 OntoQuad
30 000,00 26983,36 2689069 0 o7
19 069,09 20 497,17 19 315,66
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0,00 I - i
1 mt 2mt 16 mt 32mt 64 mt
Query Mix per Hour for 200 millions of the triples dataset
40 000,00
34 652,40
35 000,00
29 568,84
30 000,00 2855598  28002,09
25 000,00 22 060,49 23 071,14
19 036,25 18 776,18
20 000,00 16 623,83 OntoQuad
15 000,00 11 938,84 mVirtuoso 7
8 623,67
10000,00 ' g514,33 279,84
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@ 2-st stage of the Benchmarking: BSBM Explore Use Case
QMpH for 500 Millions of Triples

Eventos

Query Mix per Hour for 500 millions of the triples dataset

70 000,00
60 000,00 53 056.91 56 636,82 57 903,34
50 000,00 48 688,66
4000000 34 923,10 OntoQuad
30 000,00 BN 283,36 = ’ mVirtuoso 7
19 069,09 2049717 1931566
20 000,00
9 920,90 11 142,00
0,00 I i - i
1mt 2mt 16 mt 32 mt 64 mt

Query Mix per Hour for 200 millions of the triples dataset
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