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This presentation

e Triples and a Graph database (2 minutes, | promise)

e AllegroGraph features

e Loading, indexing and querying: how did we do

e New numbers, 3.1 vs 3.2 and AllegroGraph vs (O)ther

e The secret sauce



Graphs, triples, triple-store?

createTripleStore (“seminar.db" )
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(Personl

first—-name Steve)
isa Organizer)
age 52)
first—-name Jans)
isa Psychologist)
age 50)
first—-name Craig)
isa SalesPerson)
age 32)

colleague—-of Person2)
colleague—-of Person3)

likes Pizza)
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addTriple ( Person3 neighbor-of Personl)

addTriple ( Person3 neighbor-of Person2)
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And now you can query in Prolog
or Sparq|

(select (?xname ?yname)
(g ?x colleague-of ?y)
(g ?y neighbor-of ?x)
(g ?x first—name ?xname)

(q ?y first-name ?yname))

SELECT ?xname ?yname WHERE {
?x ex:colleague-of ?y
?y ex:neighbor-of ?x
?x ex:first—-name ?xname

?y ex:first-name ?yname . }



Or reason

addTriple ( first—-name domain Person)

Every subject that has a predicate ‘first—name’
must be of type Person.
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£/ Gruff - An AllegroGraph Browser
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SPARQL Query

“»

l Graph Yiew ” Takle Wiew

select ?x 7p 70 where

7% 7p 0 . }

Query Results

POEX-2T-HM

| PGEX-2T-hM
POEX-2T-NM

| pGEX-2T-hM
POEX-ZT-HM
POEX-AT3-pa5heta-SH3

| pGEX-4T3-pisbeta-SH3
DOEX-4T3-pa5heta-SH3
POEX-4T3-paSheta-SH3

| GEH-AT3-piSheta-SH3
DGEM cnt] 4 (CT#592)

| WGEM AR 4 (CT#632)
DGEM cWnt1 4 (CT#592)
PGEM cAInt 4 (CT4692)

| GEM clR 4 (CT#632)

{ 7% rdfs:subClassOf <http://purl.org/science/owl/sciencecommons/synthetic_plasmid> .

Erter a SPARGL SELECT query to the left and press the Do Query button. Al &
knowen namespace abbrevistions wil be in effect,

Click & node cell (for a subject or object to visit that resource or teral in the
table viesw AND add the node o the graph view, connecting it to other nodes by
the current predicates. Shift-click & node cell to OhLY add the node to the
graph. Cortrol-click & node cel to ORLY visit the resource inthe table viewe.
Contenl-shift-rlick & R foovist #inowoor weeb broveser Contenl-rlick a oredinate

Create Visual Graph from Results

Al to Visual Graph from Results

X

RGEM cAgy (CTHERY)

- Synthetic plasmid

Explicit Nodes from Query

7p
Iz described in
Lahel
Sub Class Of
Carries zequence described by
Availabilty described by
Iz described in
Label
Sub Class Of
Carries zequence described by
Availabilty described by
Iz described in
Lakhel
Sub Class Of
Carries sequence described by
Availabilty described by

Iz de=cribed in

Sub Class Of

70

11685242 A
PGEX-2T-NM
' Syrthetic plasmid
851752
Povect M=ciattag=hacmd=findpl Zidentifier=1127
7592789
| POEX-4T3-pASheta-SH3
Syrthetic plasid
16708
Popvect M=ciattag=hacmd=findpl Sidentifier=1394
11239332 ' '
PGEM cht1 4 (CT#592)
| Synthetic plasid
395529
 Paver! H=chattag-b&emd=findplaidertifier=13947
| 1173382

Explicit Predicates from Query

Type or paste a SPARQL query here, then press Do Query.
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£/ Gruff - An AllegroGraph Browser
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pAd-Track HA PGC-1 alpha

Click the righthand column to wisit .that rezource in the tablle wiewy AND add the triple to the graph viewe. Shift-click the righthand column to ONL‘rl‘ add the node tothe graph. Contral-click to ONLY
Prone Value vizit the rezsource in the table. Cortrol-zhift-click 5 5 URL to vizit i in wour weeb broveser. Shift-click the left column to add every node under that predicate to the vizual graph. Contral-click the left
P I'tv coalumn ta togale whether that predicate iz a current predicate. Right-click anywhere to go back. The spacebar acts like & left click.

- Availahiity described by | Popvecd H=ciattag=hicmd=findpl&identifier=14427
&Zarriea zequence descrined by 19017

| Iz described in | 16753578

| Label :

' pAd-Track HA PGC-1 sipha
- Sub Clazs Of | Syrthetic plasmid

http:llpurl.org/sciencelowllsciencecommons/synthetic_plasmid
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AllegroGraph Web View  browsing database bio-ont db

new, saved, recent | Namespaces | Uzer: logont, delete, manage B Reasoring M Long parts M Graph names

Edit query

(uery language: SPAROL ¥  show namespaces, add a namespace

gelect ?x ?p 7?0 where

{ ?x rdfs:subClass0f <http://purl.org/science/owl/sciencecomwons/synthetic plaswids .
I p Yoo}

A
as (optional) [] Shared
Result

b p Ta

1127 scis_described_in 11685242

1127 rdfs: label "nGEX-ZT-MNM"

1127 rdfs: subClassOf s synthetic_plasmid

1127 sCicarries_sequence_described_by 851752

1127 scravailability_described_by poyecl *f=clattag=bfcmd=findplidentifier=1127

1334 sCis_described_in 7592789 3
X Find: ‘ Mezxt f Previous & Highlight &l [] Match case
Done dEI=
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AllegroGraph [1]

Scalable and persistent Triple Store

— Loads a 1.1 Billion triples in 20 hours on a single CPU and 8 hours
on a 4 processor AMD machine (in federation)

Federated

— Create an abstract store that is a collection of other triple stores.
Prolog and SPARQL and Reasoning work transparently against
abstract store

Compliant with standards

— RDF, RDFS, OWL, SPARQL, Named Graphs, ISO Prolog, OWL-lite
reasoning

RDFS++ reasoner:

— All of RDFS, inverseOf, sameAs, hasValue, transitiveProperty
Full text indexing
Java (Jena/Sesame) and Python interface.



AllegroGraph [2]

Relational database efficiency for range queries

— We support most xml schema types (dates, times,
longitudes, latitudes, durations, telephone numbers, etc)

e Spatial database efficiency for geospatial primitives

— Find elements in bounding boxes as fast as in spatial
databases

 Temporal reasoning

— Reasoning about times and intervals (Allen Logic)

* Social Network Analytics library

— Find actor degrees and centrality, cliques, group centrality
and cohesiveness



So how were we doing

e We were very fast at loading and indexing

e But queries on a reasoning store were slower then we wanted



Datasets we work with

e Science Commons (350,000,000 triples....)
e Linked Data (1,400,000,000 triples)
e LUBMS8000 (1,200,000,000 triples)



Scientific Questions and Sources

“Find me genes involved in signal transduction
that are related to pyramidal neurons!”

therature

W@

Mammalian
Phenotype

Homologene
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Find the socio-economic indicators
for the place where Obama was born
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SWAT Projects - the Lehigh University Benchmark
(LUBM)

SWAF

The Lehigh Tniversity Benchmark 1z developed to facilitate the evaluation of Semantic Web reposttories i a standard and systematic
way. The benchmark 15 intended to evaluate the performance of those repositories with respect to extenstonal quenies over a large
data set that commits to a single realistic ontology. It consists of a university domain ontology, customizable and repeatable synthetic
data, a set of test quertes, and several performance metrics.

References:

For an m-depth description of the benchmark and some evaluations done with tts OWL version, refer to:
e [4]"LUEM: & Benchmark for OWL Enowledge Base Systems"

o [3]"An Evaluation of Enowledge Base Systems for Large OWL Datasets"

For some evaluations with the benchmark's DAMWT AHOTL version, refer to:
e [2]"Choosing the Best Enowledge Base System for Laroe Semantic Web Spplications”
¢ [1] "Benchmarking DAMIAOIL Eepostories”

Components

¢ Ontology:
The benchmark ontology 1z natned Tniv-Bench. Tt has two versions: OWL Version and DAML Version

o Dlata Generato
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A small part of the property

descriptions of LUBM
Advisor
Affilated org _y Person

Affilliateof * Professor

Age A — University

Organization
emailAddress )
Domain
hasAlumnus Range
InverseOf
SubpropertyOf




Our LUBM Benchmarks..

e Lubm 50 => 7,000,000 triples
e Lubm 8000 => 1,100,000,000 triples

e We use a 4 processor, 1.8 GHz, 16 Gig machine with 64 bit
Fedora Core.

e We compare 3.1 against 3.2
e And (O)ther against 3.2



LuBM(50) Total query time
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AllegroGraph LUBM(50) Comparison
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LUBM(50) with medium queries zeroed
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So does this work for huge
triplestores?
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AllegroGraph 3.2 Other
Total

O Series1




Seconds

LUBM(8000) queries

800
700
600
500
400
300
200
100

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Query Number

@ AllegroGraph 3.2
m Other




LUBM(8000) with long queries zeroed
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So what is the big deal? [1]

e AllegroGraph does not Materialize

e Typical triplestore:
— Load & Index
— Materialize: Do type inferences, some predicate normalizations
— Index again

e With3.2
— Much more dynamic, add a few triples, delete or change an ontology

— And back in the query business within a few minutes for a billion
triples.



So what is the big deal? [2]
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So what is the big deal? [1]

e AllegroGraph does not Materialize

e Typical triplestore:
— Load & Index
— Materialize: Do type inferences, some predicate normalizations
— Index again

e With3.2
— Much more dynamic, add a few triples, delete or change an ontology

— And back in the query business within a few minutes for a billion
triples.



So how do we do this?




LUBM Query 2

# SPAFQL- raw

PREFIY rdf: <http://www.wi.org/l533/02/22-rdf-syntax-—ns#>
PEEFIX uldO0: <http://wuww.Departmentl.Universityl.edu/>
PREFIX ub: <http:// www.lubm.com/ontolody#s
SELECT DISTINCT YX 7Y Y4 WHERE
1 72 rdf:type ub:Department

?% ub:subOrganizationof 27

¥ ubiundergraduatelegreeFrom 77

X ubimemberof ?E

¥ rdf:itype ub:iGraduatestudent

?Y rdf:type ub:University . }




Parsed

# SPARQL - cooked

(spargl.parser::ispargl

rselect :distinct :distinct :vars (¥X 2?Y ?Z)

rwhere

(F (2 l<httpe//wwwaw3.org/1333/02/22-rdf-syntax-ns#type>

Fhttp:///www. Lubm. com/ ontology#Department:)

(72 !<http://www. lubm. com/ontology#subOrganizationOf> 27)

(2 I<httpey//www. Lubm. con/ ontology#undergraduatebegreeFrom> 1)

(2% I<http://www, lubm. com/ontology#menberofs> ?Z)

VX I<httpy//wwwaws.org/ 1999/ 04/ 22-rdf-syntax-ns#types

Fhttp://www. Lubm. com/ontology#Graduatestudents)

#1027 I<http://www.wi.org/1999/02/22-rdf-syntax-ns#types
I<http://www. lubm. com/ontology#University>) ) ) E:;>

#
#
I
#




Rewritten in Prolog

# Prolog

(zelectl (7% 2y YZ2)

(- 7z lrdf:itype lub:iDepartment)

iq— 7z lub:subOrganizationOf 2v)

(- ?x lubiundergraduateledreelFrom 7v)
(- ?x lubimemberof 7z)

(- ?% lrdf:type lub:GraduatesStudent)
igq- ?y lrdf:type !ub:iUniversity)

) >




A statistics based plan with some
reasoning simplifications

# Planned

;¢ Return 3 wvariables: 7%, ?y, 7z

(db.agraph::find-or-create-map #: mapl:5c3 {advisor} :object :subject)
(db.agraph::find-or-create-map #: mapl=504 {takesCourse} :object tzubject)
(db.agraph::find-or-create-map #: mapl:505 (29 +rdf-type-uri+) :object tsubject)
|

;¢ estimate: 108,288 results per binding
(q/upis- ?y {teacherof} 27z}

;7 estimate: 5 results per binding
(db.agraph::g-upi-table #: mapl>%53 2y 2x)

;7 estimate: 1 results per binding
(db.agraph::g-upi-table #:7 mapl>%c5d 2z ?2x)

;7 estimate: 4 results per binding
(lispp®
(or (db.agraph.upi-maps:upl-palr-present-p #:mapl>585 {UndergraduatesStudent} ?x)
(db.agraph.upi-maps:upli-pair-present-p #: mapl:525  {GraduateStudent} ?2x)
(db.agraph.upi-maps:upl-palr-present-p #: mapl>525  {ResearchAssistant} ?x)
(db.agraph.upi-maps:upi-palr-present-p #:mapl>525 {Student} 7x)))




Internally executed as

(select-internal (?x ?y ?z)

(db.agraph::find-or-create-map #: mapl:562 {advisor} :object tsubject)
(db.agraph::find-or-create-map #: - mapl:50d {takesCourse} :object :szubject)
(db.agraph::find-or-create-map #: mapl>5c5 (27 +rdf-type-uri+) :object :subject)
|

(g/upiz- ?y {teacherof} ?z)

(db.agraph::g-upi-table #:7mapl=583 2y 2%)

(db.agraph::g-upi-table #: mapl=o5d 7z 2%)

(lispp*

(or (db.agraph.upi-maps:upl-palr-present-p #:mapl>985 {UndergraduatesStudent} 7
(db.agraph.upi-maps:upi-pair-present-p #:mapl:985  {GraduateStudent} ?x)
(db.agraph.upil-maps:upi-palr-present-p #:mapl:525  {ResearchAssistant} 7]
(db.agraph.upi-maps:upi-palr-present-p #:mapls985 {Student} 2x))))




L ————
;; code start: #x20£495%04:

55
8h
83
g3
g3
35
00
76
ff
83
74
ff
b
g2b
s3]
g0
74
ff
g0
74
ff
33
fa
Te
33
41
ff
gt
b
25
8h

ec
e
75
5d
a3
o0
03
57
£o
03
57
5d
5b
5b
Tt
03
57
Tt
03
57
olll

03
-5

73
45
b5d
5d
5d

30
fo
ed
be

43
01

Eb
oo
e
fa
ch

87
ch

g7

fe
dc
dc
e
ed

pushl ebp
mowl ebp,esp
subl esp, %48
mowl [ebp-4],es1
mowl [ebp-28],ebx
00 cmpl [ebx+13%0],esp
1be 23
call *[edi+s7]
cmpl ecx, 51
1= 31
call *[edi-117]
mowl ebx, [ebp+0]
mowl ehbs, [ebx-20]
mowl ebx, [ebx-6]
00 cmpbh [edi-531,50
1z 45
call *ledi-121]
00 cmpbh [edi-531,5%0
1z 53
call *ledi-121]
Horl eax,eax
clo
b 51
HOorl 2o, ecx
incl ecx
pushl [ebx-2]
popl [ebp-36]
mowl ebx, [ebp-36]
mowl [ebp-24],ebx
mowl ebx, [ebp-28]

Well, to be honest,
really compiled down
to machine
instructions

; sys:iitrap-stack-ovil

; sys::itrap-wnaerr

; sys:iic interrupt-pending

; sys::itrap-signal-hit
; sysiic interrupt-pending

; sys::trap-signal-hit

poexclrrlocal-0
; excl::local-0



Concluding with some reality

e Expect 3.2 in a few days. Call if you want prelease now.

e The prolog query optimizer will work for you

e The Spargl will still run on our old reasoner, expect the faster
Sparql on our next release



Thank you




