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This Presentation

e Selecting a database for your next application:
— RDBMS, OODBs or Triple Store
e Whatis a triple store in 3 minutes
e Some applications where customers choose a triple store
e A simple characterization of various database technologies
e Criteria for choosing a database
e Using a triple store as an event database for “Activity Recognition”
— Geospatial
— Temporal
— Social Network Analysis



Franz Inc.

Private, founded 1984 - U.C. Berkeley
Self-funded and profitable

Software tools for Artificial Intelligence (Al)
Relational Database Support (last 15 years)
Object Oriented Database (last 10 years)
Graph (RDF) Database (last 3 years)

Major public and industry clients/industry



Graphs, triples, triple-store?

createTripleStore (“'seminar.db" )
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4. Gruff - An AllegroGraph Browser,
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addTriple ( Person3 neighbour-of Personl)

addTriple ( Person3 neighbour-of Person2)



4. Gruff - An AllegroGraph Browser,
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And now you can query

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

(?y first—-name ?yname))



Use Cases for a Graph Store

e Modeling knowledge and assets

e 1000’s of objects with different feature sets
e Everyday new objects and new features

e You work with rules

Or

e Very regular data but there is a big graph in there

And very often both



Some application areas that
require a Triple Store

Modeling knowledge of assets in an Enterprise

Modeling an extensive river network e i

||||||||||||||||

N\,
Representing 1000’s of different types of objects 4

METAWERB

Managing biological knowledge £33 gt BroLoay

Multimedia Metadata

Bug and version tracking

Sun

microsystems

Collaborative Workspace for Analysts




NASA Constellation
project...

e Deals with 1000s of different
types of objects

— Machine parts

— Processes

— Software

— People skills

— Drawings

— Documents
e |n 100s of distributed databases
e Coordinated through registries
e To provide meaningful search
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The graph in a River

Network
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S1
S1
S1
S1
S1
S1
S1
S1
S1

type stream—-segment
upstream S2
upstream S3
left-drainage D1
right-drainage D2
longitudel 12.1
latitudel -121.2
longitude2 12.12
latitude2 -121.3

Regular data with a

graph

Given the polluted segment
S1 find all the

upstream segments within
50 miles of City1200

Given the polluted
drainage D1 find all

the schools in the rectangle
<x1, y1, x2, y2> that might
be influenced



Kodak stores metadata for
multimedia as triples

hasName . hasName

__spouseOf

capturedOn
ownhedBy

capturedAt




Exploiting Semantics for Personalized Story Creation

Wiood M.D.
Eastman Kodak Co., Rochester, NY;

This paper appears in; Semantic Computing, 2008 IEEE International Conference on
Publication Date: 4-7 Aug. 2008

On pagels), 402-409

Location: Santa Clara, CA,

=B 375-0-7R95-3273-0

INSPEC Accession Mumber: 10131821

Digital Ohject ldertifier; 10.11091C5C 200810

Current Version Published: 20038-03-12

Abstract

The task of cresting albums o muttimedia output from consumer contert is hecoming increazingly difficult as the
amaunt of content groves. This wotk presents a system for using semantic information to automate the process of
selecting and combining digital azsets into summary presentations or storvines, as well az determining triggers for
when to generate such contert. The system obtains semantic information from a variety of sources, including the
capture metadata, image and video understanding algorithms, uzer profiles and third party ontologies: all such
semantic information iz stored in & triple stare. Prolog-baszed rules leverage the triple store to provide a
knowledgebase for determining when to create particular types of output and havy to select assets for such
output. Thizs knowledgehaze greatly simplifies the task of creating consumer-grade mutimedia cortent.



Create new services...
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Statistics

Total Number of Ontologies: 111
NCBO Library: 78
Remote Ontologies; 33

MNumber ufEIaE.EESJType

“from ontologies that have been parsed and indexed
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Steve Jobs

renarne | ™=

Alzo known as Steven Paul Jobs edit

Steven Paul Jobs (born February 24, 1955 is the co-founder and CEO of Apple and was the CEC of Pixar unkil its
acquisition by Disney.[2] He is currently the largest shareholder at Disney[S] and a member of Disney's Board of Direckars, He
iz considered a leading figure in bath the computer and entertainment industries. [6]

Jobs' history in business has contributed greatly to the mythos of the quirky, individualistic Silicon valley entrepreneur,
emphasizing the importance of design while understanding the crudial role aesthetics play in public appeal, His work driving
fForward the development of products that are both Functional and elegant has earned him a devated cult Following.[7]

From Wikipedia
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Outgeing properties:

left property

right

- fypefobjectiname Stewe Jobs [fivpeftext]

- Mvpefobject/name Stewe Jobs [[ftype,text]

- Mvpejfobject/name Steve Jobs [type,text]

- fypefobjectfname Stewe Jobs [ftypeftext] J u St a feW t ri p I es

- Mvpefobject/name Ara—="r2ig7 T vpeftext)

- Mvpefobject/name Steve Jobs [typetext] I n fre e ba Se W h e re

Jeormongftopicfalias

Jpeople/person/date_of birth

Steven Paul Jobs [ ftypeftext]
1955-02-24 [ tvpe,datetirne]

the subject

- Mvpefobject/name Steve Jobs [ftype,text] H
- Jfypefobjectiname CTie Qxobc [tvpeftext] IS Steve J O bs e
- Mvpefobject/name ZTHE Llobc [ftypeftext]

- Mvpefobject/name B H @2 (typetext]

- fypefobjectiname Stawe Jabs [ivpeftext]

- Mvpefobject/name Steve Jobs [ftype,text]

- Mvpefobject/name Steve Jobs [ftype,text]

- fypefobjectimarne Stewa Jobs [ivpe ftext]

- fMvpefobject/name Steve Jobs [ftypetext]

- Mvpefobject/name Steve Jobs [ftype,text]

- Jfypefobjectinarme oo s 20D [ hypefext]

- ftypefobject/nanne BT FIRET (typeftext)

- Mvpefobject/mame Axcobc, CTireed MNon [hyvpeftext)

- Juserjmdaconta/hurnan_resourcesfermployesfis_a_supervizar  Trus [fvpefboclean)

- fuserymdacontahuman_resourcesfemployes ftitle Chief Executive Officer [ ftypeftext)

- Jpypejobjectiname el woud [hypeftext]

- Jfypefobjectiname Aot CTie [ype et

- Mvpefobject/permission Global Wirite Parmission

- Jpypefobjectitvpe Topic

- jeomrnontopicfarticle Sauid M202 2504000641 FR000000000037 431
- fMvpefobjectftype Persan

- jypefobjecttype Filrn producer
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So the use cases are

e Modeling knowledge and assets

e 1000’s of objects with different feature sets
e Everyday new objects and new features

e You work with rules

Or

e Very regular data but there is a big graph in there

And very often both



But are they really
different?

e Relational Database Systems

e Object Oriented Databases

e Graph databases (Triple Stores)

=» No, they are all kind of Turing equivalent*

(Turing equivalence is a concept that applies to programming languages, not databases, but you get the
point © )



Microsoft Access

Relational Databases
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Relational Database
features

e Efficient table representation to save space
e Efficient joins for simple queries
e Very successful standardized query language (1SO: SQL)

— ldeal for the enterprise: (relatively) easy to learn, easy for
simple queries, easy to find programmers

The biggest problems:

e Inflexible when changing tables on a daily/weekly schedule
e Additional tables for one to many relationships

e Too much worry about what to index (in advance)

e Need $ 120,000++/year for DBAs for very complex queries



Object Oriented Databases

=7 lateral mesenchyme derived from mesenchyme
+ mesenchyme derived from neural crest
=| 7 paraxial mesenchyme




OO Database features

e Objects (can) resemble real world objects

e The programming world has gone ‘object’
— No impedence mismatch

e One to many relationships directly encoded

e Changing classes much easier

The biggest problems:
— No standards

— Very language dependent & programming required



Triple Stores




Triple Store features

e QObjects stored as sets of triples

e One to many relationships directly encoded
e Everything is indexed (no choice)

e Designed to facilitate ad hoc queries

e All data structures are standardized (W3C: RDF, RDFS, OWL)
e Query language is standardized (W3C: SPARQL)

The biggest problem:
— New kid on the block






Selecting
Technologies

RDBMS (o]0 Graph

Work with 1000s of objects and 1 to
many relations, properly indexed?

Allow for Pattern Matching and

Change structure of data on a
regular basis?

Work with rules and reasoning?

Can | find the programmers and
DBA’s to deal with these new B -

technologies USI ness

Will it work with the existing C - d -

reporting tools? On3| eratlons

Will it work with my existing

RDBMS?
I




Selecting
Technologies

RDBMS (o]0 Graph

Work with 1000s of objects and 1 to

- + ++
many relations, properly indexed

Allow for Pattern Matching and _ ++ 4+
recursive Graph Search?

Change structure of your data on a
regular basis?

Work with rules and reasoning?

Can | find the programmers and ++
DBA’s to deal with these new
technologies

Will it work with the existing +4+
reporting tools?

Will it work with my existing +4+
RDBMS?




AllegroGraph [1]

e Scalable and persistent Triple Store

— Loads a Billion triples in 8 hours on a 4 processor AMD
machine

— Load 10 Billion triples on EC2 (Amazon) on 10
machines in 10 hours

e Federated

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

e Compliant with standards

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



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



AllegroGraph [3]

e QOther triple stores:
— Load the data in bulk
— precompute all types and other inferences
— Do queries

e Agraph 3.2 the only dynamic real time triple store
— Loading triples in linear time

— Queries and Reasoning can be done at any point in time
during the loading

— 3.2 is done loading the LUBM 8000 benchmark and has
done all the queries while the others are still loading.



Activity Recognition

* QOur customers use AllegroGraph as an event database with
social network analysis and geospatial and temporal reasoning

Find all meetings that happened in November within
5 miles of Berkeley that was attended by the most
important person in Jans’ friends and friends of
friends.

(select (?x)

(ego—group person: jans knows ?group 2) SNA
(actor—-centrality-members ?group knows ?x ?num) SNA

(g ?event fr:actor ?x) DB Lookup
(gs ?event rdf:type fr:Meeting) RDF'S
(interval-during ?event “2008-11-01" “2008-11-06") Temporal
(geo-box—around geoname:Berkeley ?event 5 miles) Spatial

')



A Simple Event Ontology

— Meetings, communications event, financial transactions,
visit, attack/truce, an insurance claim, a purchase order

— RDFS++ reasoning

e Alist of actors
— Social Network Analysis

 Aplace
— GeoSpatial Reasoning

e A Start-time and possible an end-time
— Temporal Reasoning

* Anything else that describes the event
— Goods that changed hands




Social Network Analysis
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GeoSpatial

 Make the following super efficient
— Where did something happen?
— How far was eventl from event2?

— Find all the events that occurred
in a bounding box or radius of
M miles?

— Do these two shapes overlap?

— Find all the objects in the
intersection of two shapes

* Onaverylarge scale

— when things don't fit in memory : T

— millions of events and polygons

7 s-thetaszPl
t=1- phifI




Temporal Reasoning
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{(interval-cotemporal ?el ?7e2)




AllegroGraph
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AllegroGraph Java Edition Tutorial Examples

This Learning Center iz designed to facilitate understanding of ROF database technologies and best practices for AllegroGraph. It contains
examples for working with RDF triples, Triple Stores and Server Management, Cluerying with SPARGL, and Reasoning with RDFS++ and
Prolog. The software examples are freely downloadable and work with the Java version of AllegroGraph, including the Free Edition.

Flease send any comments or suggestions to infoi@franz. com.

Preamble and Installation Populating a Triple Store Reasoning over a Triple Store
&« Choosing an Edition e | pading RDF-5ML from a file « Cyerview of ROFS++
« Downloading the software e | pading M-Triples from a file « Reasoning with rdfs: subClagsOf
+ |nstalling the software s Adding triples over a socket & FReasoning with rdfs: subProperyOf
& |pdating an installation « A PMote on Duplicates & Feasoning with rdfs:domain and rdfs: range

s [elating triples & FReasoning with owlinverseOf
Running the Examples e« Reasoning with owl: sameAs
Indexing a Triple Store ¢ Feasoning with owl: TransitiveProperty

& Starting a server manually

s SPARCL with EDFS++ entailment

+ Building in Eclipse & Dverview of Indexing
+ Running in Eclipse * |ndexing all triples Prolog
+ Building frorm a Command Ling & |ndexing new triples
* Running from a Command Ling « Autormatic Indexing & Retrieval with Functor g
& Stopping a server manually o Free Text Indexing o ROFS++ reasoning with Functor gs
« Reasoning with Horm Rules
Server Management Basic Retrieval s Disjunction and Recursion
* Connecting to a server e Matching Triples Federating Triple Stores
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