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II. From Conventional to Scientific Data Integration

* Overview
— From Science to e-Science to Cyberinfrastructure

Conventional (schema-based) data integration

Scientific DI using ontology-based extensions

From metadata to ontologies

Link-based 'integration’
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Types of “Integration”

¢ Conventional (DB-oriented) integration:
— schema-based
— view-based
— at the data-level

¢ Extended DI approaches using “ontologies”
— ontologies? controlled vocabularies? metadata/annotations?
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e-Science (UK) and Cyberinfrastructure (US)

“e-Science is about global collaboration in key areas of science and
the next generation of [computing] infrastructure that will enable it."

Sir John Taylor, Director Office of Science and Technology, UK

"Cyberinfrastructure is the coordinated aggregate of software,
hardware and other technologies, as well as human expertise, required
to support current and future discoveries in science and engineering. The
challenge of Cyberinfrastructure is to integrate relevant and often
disparate resources to provide a useful, usable, and enabling framework
for research and discovery characterized by broad access and ‘end-to-
end' coordination.”

Fran Berman, San Diego Supercomputer Center, UCSD
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X

Integrated Cyberinfrastructure System
meeting the needs of multiple communities
Source: Dr. Deborah Crawford, Chair, NSF CyberInfrastructure working Group
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Applications :
. . Domain-
* Environmental Science specific
* High Energy Physics Cybertools
* Biomedical Informatics _(software)
» Geoscience '

Development

Shared

Tools & Libraries Cybertools

Discovery & Innovation
Education and Training'

(software)
Grid Services
& Middleware
Distributed
Resources
(computation,

communicatio

SDM T

Science + e-Science

Discovery increasingly done
in silico on results obtained integration
from experiments using

- vsi
computational analysis & /—m:nmg @ ana ys_'\

data repositories.
P hypothesis
\' prediction

integration _ gj_ : / @
A new era of collection @ W (S _w.\ ;

based and simulation L
mining

based science, in addition to experiment
hypothesis driven and \_ results «— —""
experimental science

Src: Carole Goble ISWC’05 Keynote |




So much data, so little time ...

S
G E N Src: Dogan Seber SDSC, Krishna Sinha VT
CYBERINFRASTRUCTURE FOR THE GEOSCIENCES

Geology

Integration across ¢
(Sub-)Disciplines, Scales, Time, ... 3

L ' k\l:o\(%al

Sediment thickness Mechanisms

i) Magnetics

Types of “Integration”

Spatial (co-)registration/“overlay” of different data
— from 2D, 3D, 4D (x,y,z,1), (4+n) D

Conventional (DB-oriented) integration:
— schema-based

— view-based

— at the data-level

Extended DI approaches using “ontologies”
— ontologies? controlled vocabularies? metadata/annotations?

Application/process integration
=> scientific workflows (Module IV)

Other mechanisms of “integration” =
— link-based (Aladin), clustering, ’ﬁ

— statistics, data mining, visualization, ... I '
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Types of “Integration”

¢ Conventional (DB-oriented) integration:
— schema-based
— view-based
— at the data-level

e

¢ Extended DI approaches using “ontologies”
— ontologies? controlled vocabularies? metadata/annotations?
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An Online Shopper’s Information Integration Problem

El Cheapo: “Where can | get the cheapest copy (including shipping cost) of
Wittgenstein’s Tractatus Logicus-Philosophicus within a week?”

addall.com =

“One-World”

Mediator (virtual DB) Mediation

(vs. Datawarehouse)
NOTE: non-trivial
data engineering challenges!

Tractatus Logico Philosoph SENOBLES
by Ludwi David Frani

M Availability: Usually

amazon.com f@@m@@&m@ﬂ@.@@m ' 'rn@_lrﬁ..o;@fm] Albooks.com
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A Home Buyer’s Information Integration Problem

What houses for sale under $500k have at least 2 bathrooms, 2 bedrooms,

a nearby school ranking in the upper third, in a neighborhood
with below-average crime rate and diverse population?
?
Information “Multiple-Worlds™
Integl’ation Medlatlon

Schooll Rankings Demogyraphics

SDM Tutorial, EDBT’06, Gertz, Ludascher

A Neuroscientist’s Information
Integration Problem

Biomedical'lnformatic:
Research Network

S
|
http://nbirn.net @ i
What is the cerebellar distribution of rat proteins with more than

70% homology with human NCS-1? Any structure specificity?
How about other rodents?

protein localization

Inter-source links:

Information
Integration

» unknown to the non-scientists

e unclear for the scientist

sequence info morphometry neurotransmission
(NCMIR) (CaPROT) (SYNAPSE) SENSELAB)
SDM Tutorial, EDBT’06, Gertz, Ludascher

“Complex
Multiple-Worlds”
Mediation




The Problem: Scientific Data Integration
or: ... from Questions to Queries ...

IWhat is the distribution and U’ Pb zircon ages of A-tvpe plutons in 1’47

bz - How about their 3-D geometry ?
domain ; :

How does it relate to host rock structures?

Knowledge Representation: H
ontologies, concept spaces Information
‘JJ - Integration

Databdse mediation

Data modelin,
raw n'lrrn]\/[

Si02 72.22 5/
Ca0 0.62 3 1190
K20 4.88 3
Ga 211 G|/ reoxe
gt S 726 ™ Z07Pbr230
Geologic Map GroChemizal GeoPhysical  GeoChronologic ~ Foliation Map
(Virginia) (gravity contours)  (Concordia) (structure DB)

X
\ =
GE . CYBERINFRASTRUCTURE FOR THE GEOSCIENCES www.geongrid.org 2 %‘A

Interoperability & Integration Challenges

/- System aspects: “Grid” Middleware
e distributed data & computing, SOA

Synthesis | * resource discovery, authentication, authorization
e web services, WSDL/SOAP, WSRF, OGSA, ...

- e (re-)sources = services, files, data sets, nodes
— L]

Syntax & Structure:
Structure (XML-Based) Data Mediators
* wrapping, restructuring
Syntax e (XML) queries and views
e sources = (XML) databases
System Integ. I « Semantics: (xXML)
. Model-Based/Semantic Mediators
» reconciling $° * conceptual models and declarative views
heterogeneities * Knowledge Representation: ontologies,
> “gluing” together description logics (RDF(S),OWL ...)
resources e sources = knowledge bases (DB+CMs+ICs)
> bridging information and * Synthesis: Scientific Workflow Design &
knowledge gaps Execution
computationally + Composition of declarative and procedural
\ components into larger workflows

e (re)sources = services, processes, actors, ...
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[ Structure E

Syntax

Information Integration Challenges:
S? Heterogeneities

bR
e System aspects
— platforms, devices, data & service distribution, APIs, protocols, ...
= Grid middleware technologies
+ e.g. single sign-on, platform independence, transparent use of remote
resources, ...

e Syntax & Structure
— heterogeneous data formats (one for each tool ...)
— heterogeneous data models (RDBs, ORDBs, OODBs, XMLDBs, flat files, ...)
— heterogeneous schemas (one for each DB ...)
=> Database mediation technologies
+ XML-based data exchange, integrated views, transparent query rewriting, ...

e Semantics
— descriptive metadata, different terminologies, “hidden” semantics (context),
implicit assumptions, ...
= Knowledge representation & semantic mediation technologies
+ “smart” data discovery & integration
+ e.g. ask about X (‘mafic’); find data about Y (‘diorite’); be happy anyways!
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0 . ‘7; : .S.)*;[Tlss;s. )
Information Integration Challenges:

S° Heterogeneities R

Structure

Syntax

System Integ,
e Synthesis of applications, analysis tools, data & query
components, ... into “scientific workflows”
— How to put together components to solve a scientist’s problem?

=>» Scientific Problem Solving Environments (PSEs)

= Portals, Workbench (“scientist’s view”)
+ ontology-enhanced data registration, discovery, manipulation
+ creation and registration of new data products from existing ones,

=> Scientific Workflow System (“engineer’s view”)

+ for designing, re-engineering, deploying analysis pipelines and
scientific workflows; a tool to make new tools ...

+ e.g., creation of new datasets from existing ones, dataset
registration, ...
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Synthesis
o Semaniss. |

Structure |

Information Integration from a DB Perspective

Syntax

* Information Integration Problem £

— Given: data sources S, ..., S, (databases, web sites, ...) and user
questions Q,..., Q, that can —in principle— be answered using the
information in the S,

— Find: the answers to Q,, ..., Q,

* The Database Perspective: source = “database”
= §, has a schema (relational, XML, OO, ...)

=S, can be queried

= define virtual (or materialized) integrated (or global) view G over
local sources S, ,..., S, using database query languages (SQL,
XQuery,...)

= questions become queries Q, against G(S;,..., S,)
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Synthesis
Standard (XML-Based) Mediator Architecture . Semantigs, |
Structure |

Syntax

USER/Client System Integ,
1. Query Q (G (S, SY)) 6. {answers(Q)}

Integrated Global
(XML) View G
Integrated View
Definition MEDIATOR
G(.) sl(..)...sk(..u

2 QReesy mwmn@g

web services as
wrapper APIs

SDM Tutorial, EDBT’06, Gertz, Ludascher
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Synthesis
Query Rewriting in Data Integration .« L Semansics, |
o | Structure [
* Given: it
— Declarative user query Q: answer(...) :— ...G ... |
- .. &{G:==...L...} global-as-view (GAV)
- . &{L=-...G...} local-as-view (LAV)

... & {ic_false(...) := ... L ... G... } integrity constraints (ICs)
* Find:
— equivalent (or minimal containing, maximal contained)
query plan Q’: answer(...):— ... L ...
=> query rewriting

¢ Results:

— A variety of results/algorithms; depending on classes of queries,
views, and ICs: P, NP, ... , undecidable .-

— still a hot research area in the database community A é
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Data Integration: Limited Access Patterns+Views+ICs

We study the problem of rewriting a query ) in terms of a given set of views
V with limited access patterns P, under a set X' of integrity constraints. More
precisely, we are interested in determining whether there exists a query plan
()’ expressed in terms of the views V only, that is executable (i.e., observes P)

and equivalent to @ for all databases satisfying 3. We— T
such Q' exists. For infeasible () we seek the minimal -
contained executable queries, which provide the “best {*
plans for approximating the answer to @ from abou”

Query Q
Rewriting Queries Using Views with Access|i g

Patterns Under Integrity Constraints*

Alin D

1 Luddisehor?, o Alan Nash?

Chase result Q =

Again
btaine

ICDT'05

Answerable part ans(Q Z)
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Types of “Integration”

¢ Conventional (DB-oriented) integration:
— schema-based
— view-based
— at the data-level

¢ Extended DI approaches using “ontologies”
— ontologies? controlled vocabularies? metadata/annotations?
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The Problem: Scientific Data Integration
or. ... from Questions to Queries ...

Vhat is the distribution and U’ Pb zircon ages of A-tvpe plutons in 1’47
How about their 3-D geometry ?

domain : .
How does it relate to host rock striictures?

Knowledge Representafon: N “ ("0,"1)13\-
ontologies, concept spayes H . i 53
- = |Infto rmatt_'on Multiple-Worlds
ntegration . gd
Databise mediatidn g Mediation
Data modelin
aw daty I\/
7 Si0g 72.22 s
y Cag 0.62 3 +1-gg
K2 4.68 ‘n% 760+-6
Gf 211 gl oo
_ ‘ %) 72.6 ~307PB2350
Ge "{_"gif’ A.‘I"P GeoChemical Ge f’P hysical GeoChrono{ogic Foliation Map
Virginia) (gravity contours)  (Concordia) (structure DB)
GE .N CYBERINFRASTRUCTURE FOR THE GEOSCIENCES www.geongrid.org 2 %:
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GE@®N |Example: Geologic Map Integration

The Geosciences Network

e Given:
— Geologic maps from different state geological
surveys (shapefiles w/ different data schemas)
— Different ontologies:
* Geologic age ontology (e.g. USGS)

* Rock classification ontologies:

— Multiple hierarchies (chemical, fabric, texture, genesis)
from Geological Survey of Canada (GSC)

— Single hierarchy from British Geological Survey (BGS)
* Problem:
— Support uniform queries across all maps
— ... using different ontologies

— Support registration w/ ontology A, querying w/
ontology B

SDM Tutorial, EDBT’06, Gertz, Ludascher

Schema Integration

Synthesis

. . b m ¥
(“registering” local schemas to the global schema) F | Structure J
S . Syntax
ources System Inte; ‘
3 B
ABBREV Formation T T
Arizona PERIOD Age ... | Formation FORMATION
Age
NAME Formation
[ Composition
Colorado —serioD Age .
Fabric
LITHOLOGY
————— TYPE Formation Texture
PERIOD Age
Integration
EMATN Formation 5 %
evada cnema
- TIME_UNIT | Age m
F i
Wyoming NAME o ... | Formation Livingston formation
PERIOD Age FORMATION
o | Age
NAME Formation ... | Composition
PERIOD Age ... | Fabric CITHOLOGY
N s andesitic sandstone
ﬁ FORMATION,| Formation [ ... s
Montana E.
PERIOD Age ources

)M Tutorial, EDBT’06, Gertz, Ludascher
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Multihierarchical Rock Classification “Ontology”

(Taxonomies) for “Thematic Queries” (GSC)

S}'mhesis
[

Structure

Syntax

Genelic classification
Metamorphic

Genesis

Planar  —

Fabric

Geological Survey
of Canada

CURRENT RESEARCH
002-D10

Compagsition

Texture

Genelic classification
Mitamarehic

"

SDM Tutorial, EDBT’06, Gertz, Ludascher

Ontology-Enabled Application Example:

Geologic Map Integration

Si'mhesis

Structure 4

Syntax 1

Select a geological age:

Time: [Palaczoic -
Submit Query Claar

§_\'Slem !nieg, ;

i

Rocks with the Age Paleozoic

Select a geological age:

Time: |Paleozoic |
[ |

SELECT regions
FROM G_view
WHERE age =
‘Paleozic’

(with age ontology)

SDM Tutorial, EDBT’06, Gertz, Ludascher
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S}'mhesis

Ontology-Enabled Application Example: + Semantes }
Geologic Map Integration P T

Select a geological age:

Time: [Palaczoic -
Submit Query Cleer

domain
knowledge

Selact a geological age:
Time: |Paleozoic e

Query

SELECT regions
FROM G_view
WHERE age =
‘Paleozic’

(with age ontology)

Rocks with the Age Paleozoic ‘

SDM Tutorial, EDBT’06, Gertz, Ludascher

Si'mhesis

o o SIUGY 6
Syntax

__System Integ,
¢ Schema elements and/or data values are associated

with concept expressions from the target ontology
=>» conceptual queries “through” the ontology
¢ Articulation ontology
=> source registration to A, querying through B

* Semantic mediation: query rewriting w/ ontologies

Semantic Mediation (via “semantic registration” of
schemas and ontology articulations)

semantic ( \

—— > registration
Databasel | —————>| Ontology A \
.

J

Concept-based

ontology ("semantic”)

articulations

e ™ / queries
—
————— Ontology B
Database2 | = emantic gy

registration

SDM Tutorial, EDBT’06, Gertz, Ludascher




Sedimentary Rocks: BGS Ontology

Si’mhesis

w w w SLUGHUTE
Syntax
System Integ.

GeologicAge:

*
quckA.wlS:d.imnl:

I—'Any‘-“ }r'll-...

*
*

*

[-SedimentAndSedimertarRock

L]
*

.
L]
Yeuyrnnnannst ]

SDM Tutorial, EDBT’06, Gertz, Ludascher

Sedimentary Rocks: GSC Ontology

Si'mhesis

GeologicAge:

»

Sedimentary =

Composition:

Any

sEEEEy,
.t L
o v,

C
[*Genesis: °

v o SISV
Syntax
System Integ.

SDM Tutorial, EDBT’06, Gertz, Ludascher
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Metadata

* Metadata:
— Literally: “data about data”
Descriptive (meta-)information about the “actual” data
Borderline between data and metadata not always clear
— “Someone’s metadata is someone else’s data ...”
Related notions:
* schema, data dictionary, conceptual model, ontology, ...

Nevertheless, metadata is a useful concept to bundle a number of
aspects of describing data

¢ Traditional example: Library catalog card ...
— contains “metadata” about the contents and location of books

SDM Tutorial, EDBT’06, Gertz, Ludascher

Perspectives on Metadata

» (Digital) Library Perspective: Metadata = Catalog
Records
— Resources: things that can be identified

e documents, web pages, images, sound files, teaching packages,
books, museum objects, people, organizations

— Metadata: structured information about resources

¢ May be included with resources (“embedded/inlined metadata”) or
collected in separate “union catalogues”

¢ Some from the resource itself (size, format), some from external
sources (provenance, location, accessibility)

= Usage aspects:
— Classification ... of (digital) holdings
— Search ... of the (metadata) catalog for the ...
— Retrieval ... of (digital) library objects

SDM Tutorial, EDBT’06, Gertz, Ludascher
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Perspectives on Metadata

* Database Perspective: Metadata = Schema Information
— In RDBMS: data dictionary (table structure, column names+types, ...)
— In XML: XML DTDs and XML Schema

= Usage aspects:
— Schemas describe the logical (“almost physical”) structure of the data

— Knowledge of the schemas is necessary to articulate database
queries

— Querying can be more powerful (and complex) than retrieval

* querying as “computation” (e.g. selection ... join,... transitive
closure...shortest paths ...)

SDM Tutorial, EDBT’06, Gertz, Ludascher

Perspectives on Metadata

¢ Conceptual Modeling Perspective:
— We can view an UML or ER diagram as metadata about data in a DBMS

— While the logical database schema (table structure) has some resemblance
with the original conceptual model, it might be “normalized” (= graduate
course on database theory) for efficiency reasons or to avoid update
anomalies

— In contrast, a conceptual model (UML/ER) emphasizes the core entities
(classes) and their relationships and properties, independent of a concrete
database schema

= Usage aspects:

— To capture high-level conceptual (“semantic”) information about the stored
data; documentation

— Important during the design of a database / information system

— Current practice: this important form of “metadata” is often lost after the initial
design phase = attempts to re(verse-)engineer conceptual-level information

* e.g. via ontologies and “semantic registration”, i.e., mappings between
logical schema and ontology-level information

SDM Tutorial, EDBT’06, Gertz, Ludascher
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Other Aspects of Metadata

¢ Interpretation of data
— Especially relevant for scientific applications

* Reuse of data
— Human-readable or machine-processable metadata support to reuse
data

* Preservation of data
— Making data available and useful in the future (Rosetta Stone)
— Special standards for preservation metadata
¢ OAI (Open Archives Initiative): http://www.openarchives.org/

SDM Tutorial, EDBT’06, Gertz, Ludascher

Metadata Standards

¢ Content standards:
— which pieces of information are to be recorded (e.g. DC)

¢ Value standards:
— how is the information to be recorded (= DC encoding schemes)

— formats (ISO date format, NCA name formats, AACR)
— lists of valid values (thesauri, authority files)

e Structure standards:

— how the information is to be grouped and labelled for use by
computers and humans (XML schemas, MARC)

Src: Leonard Will

SDM Tutorial, EDBT’06, Gertz, Ludascher
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Ontologies and their Relatives

\
\\ General
\ Formal logical
Catalog / ID Thesauri Vo Isa Frames constraints
\
\
—e . i o *—o *—eo-
\
Terms/ :nformal \ Formal Value  avioms
Glossary sa \ Instance Restric- pjgjoint
\\ tions  |nverse
\ Relations,
\
Informal Approaches Formal Ontologies

NOTE: Not always, more formal = better ...

SDM Tutorial, EDBT’06, Gertz, Ludascher

Ontologies: A Semantic Continuum

\
Pump: “a device for \ (pump has
moving a gas or liquid \ (superclasses (...))
from one place or \ ) .
Shared conainer to another” Semantics Semantics
human Text \ hardwired; processed and
consensus descriptions \  used at runtime  used at runtime
\ »
. >
Implicit Informal N Formal Formal
(explicit) \(for humans) (for machines)

\
Further to the right means: \\

eLess ambiguity
*More likely to have correct eLess hardwiring

functionality eMore robust to change
eBetter inter-operation (hopefully) eMore difficult

.

Src: [Mike Uschold, Boeing Corp]
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Why do we need controlled vocabularies?

* Need: The ability to make cross database/species queries
such as

— "What mutations affect inflorescences in tomato, rice, maize and
Arabidopsis?"

* Problem: Terminology between databases and taxa is
heterogeneous
— e.g. an inflorescence can be called an ear, tassel, raceme, cyme, etc.

* Solution: Create controlled vocabularies that are used by
databases to describe biological data from different
organisms

Src: Plantontology.org

Gene Ontology  http://www.geneontology.org

¢ Gene Ontology (GO)

— most well-known example of a biological ontology

— describes three biological domains:
¢ sub-cellular localization,
e molecular function (what the gene does) and

* biological process (the cellular, developmental or physiological
events the gene product is involved in)

— concepts are used to describe gene products
¢ descriptions are species independent

= meaningful and efficient comparisons of genes across diverse
taxa are possible

Src: Plantontology.org

21



How ontologies/controlled vocabularies help ...

* Using GO terms to describe different aspects of a gene
product it becomes possible to find/group genes by
biological concepts/functions rather than being limited by
sequence similarity or nomenclature

* Example:

— Taking 4 kinases at random from 4 different organisms (Fly: ZWIM,
Mouse: DAPK2 and Arabidopsis: KIPK and yeast: WEE1), based on
gene nomenclature it is not clear that all of these genes encode
protein kinases!

— However, in GO, all 4 genes are annotated to the term "protein
kinase activity" making it simple to find genes with similar functions in
diverse species.

Src: Plantontology.org

%?a\Fly Base
4a

N \JJ Gy -
Ma J////ta/r

|
AstraZenecaé?

V( ;
_® IncyteGenomics

A Comparative mapping resource

GO (= GRAMENE

=® o

~ dictyBase

UniProt

eeeeeeeeeeee protein resource

wa.l The Wellcome Trust . i
) Sanger Institute L .‘:

InterPro

http://www.geneontology.org/GO.people.shtml
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GO Evidence Codes

[E% Guide to GO Evidence Codes - Mozilla

search| (]
the Gene Ontology ||

Open menus
e Guide to GO Evidence Codes
Ontologies
Annotations

Dt This document is intended to help standardize the way the evidence codes are used for GO annotation of
stabase

genes/gene products. See the QuickStart GO evidence code guide for a brief summary of evidence codes
and their uses,

Mappings to GO

Teaching Resources
Morthly Reports
GO Tools .
Introduction
Documentation
FaQ

Introduction

Evidence Godes
1C: Inferred by Curator
1DA: Inferred from Direct Assay

i @il IEA; Inferred from Electronic Annotation

Evidence Code Guide IEP: Inferred from Expression Pattern

(il Faviiess @ity IGL: Inferred from Genetic Interaction
Editorial Style Guide IMP: Inferred from Mutant Phenaotype
Companent Ontalogy IPL: Inferred fram Physical Interaction
Function Ontology 1S5 Inferred from Sequence or Structural Similarity
Process Ontology NAS: Non-traceable Authar Statement
GO 3lim Guide MD: No biological Data available
Meeting rinutes RCA: inferred from Reviewed Computational Analysis
About GO T&S: Traceable Author Statement
GO Editor Guides NR: Hot Recarded
Contact GO Comments
Site Map Evidence Code Hierarchy
TAS vs NaS

Motes on IEP

=] [ _1-#-a J udascher

The relationship of PO to other ontologies

* The plant ontologies complement and do not overlap
with other ontologies that describe characteristics of
gene products.

. PO: .
A b developmental %
| j

SE . stages o

structure i

e

”“w%u s
e e SR
i s

Src: Plantontology.org
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Using ontologies to describe gene products

* One or more ontologies can be used to describe
different aspects of the gene product.

gene
. Phenotype
Function/Role % PO: plant structure
GO:m.0|ECl.J|aI‘ function PO: developmental
\ GO:biological process ﬁé stage é
S ﬁgﬁﬁ GO: biological process gg
%%““meaaaaa@ﬁﬁgﬁﬁg \\\% Q@@g
Nh%%m%% i
Expression/Protein localization e
PO: developmental stage f
. PO: plant structure ﬁgg%
W“mh&m : @ﬁﬁ
Wwﬁﬂmﬂggmzellular comp:gﬁiggwwﬁwwm

Src: Plantontology.org

Formal Ontologies to “glue” ———
SYNAPSE & NCMIR Data
//'m
Compariment Spiny_Neuron

P Vi

Axen Dendrite Soma AND Purkinje_Cell Pyramidal Cell

\\ has
\Bmh Purkilf Neuron C Jhas.Compartment
.\ o that h Axon, Dendrite, Soma T Compartment
Dendr| Spiny Neuron = Neuron 11 3has.Spine
i Spiney Purkinje_Cell, Pyramidal _Cell C Spiny_Neuron
\MS J involv| Dendrite C Jhas.Branch
Protein Spine contrd Shaft C Branch I Jhas.Spine
T ‘//c’mins\ compq Spine C Jcontains.lon_Binding_Protein
I, G Spine E Ign_Regu]ating_Component o
- . lon_Activity T Jsubprocess_of.Neurotransmission
\\m“"“'s/ AL lon_Binding_Protein T Protein M Jcontrols.lon_Activity
I Actvity lon_Regulating_Component = Jregulates.lon_Activity
s Made usable for the system

Neurotransmission

using Description Logic
formalized as an “ontology graph” SDM Tutorial, EDBT'06, Gertz, Ludéscher
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Research Network

Source Data Contextualization @Eﬁ?ﬂﬁ'ﬁ:&i
through Ontology Refinement \

Neuron Mchuron‘
In addition to registering AN
("hanging off") data relative to s ALEB
., [}
existing concepts, a source Sty Nent
may a/so ,'eﬁ”e fhe med/afors Neostriatum 1 Soma Axon Dendrite MyDendrite
domain map... \o ) / -
Mmlinm,ﬁpinyﬁeumrfz Neurotransmitter AND
AT Ny A A o
3 S e
OR GABA Substance_I" Dopamine_R
s e s
=" proj l,pmj "‘-.\\pml T— Jlm-l_
Globus_Mallidus_Internal Substantia_nigra_pc Substantia_nigra_pr I.E';inhns_l’allidus_}:.\lrmnl

MyDendrite = Dendrite 1 dexp.DopamineR

MyNeuron C Medium_Spiny Neuron
I'l dproj.Globuspallidus_external
M Yhas.MyDendrite

= sources can register new
concepts at the mediator ...

SDM Tutorial, EDBT’06, Gertz, Ludascher

Querying across Scales via “Glue” Knowledge

Source 1 Source 2
Source 3
NI N
AT
Cerebellum
has a EM tomography
Cerebellar Cortex Purkinje Cell Dendrite
Granule Cell Layer Dendritic spines
Purkinje Cell layer Dendritic shaft
Molecular Layer Endoplasmic reticulum

SDM Tutorial, EDBT’06, Gertz, Ludascher
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“Semantic Source Browsing”:
Domain Maps/Ontologies (left) & conceptually linked data (right)

Y =)
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Results for spiny_branchlet@NCMIR.UCSD.EDU

pe_spbr_innar
Purimeter Area SEUOM Controld Cemtro
¥

797899 104,7799 4148108 1226690
218700 232600 4421299 526000
397700 221200 3428993 2381559
442900 392500 349.2990 ‘2519199
49.8400 47.8799 366.3096 329.0195
46,9300 46,8100 427.9399 552100
32,6299 36,0900 428.7896 68.4500
46,8000 §5.7900 413.4399 76.9800
49,2400 59.4500 380,207 230,398 0,0000
Bel_spbr_mi
Centroid Centroid Centroid 37522320000 1614251760000 2289905 2338181 994838

X ¥ z

Burface Ares Valume

Perimeter Area

65.0000 89.4399 4029697 406.9897 0.0000
232600 12.8300 4383096 3317598 00000
46,9600 345300 4314097 298.0796 00000
430800 385200 5278594 |160.7500 0.0000
325300 38.4900 5428398 96,5900 00000 =
36,1100 443100 3043198 419.7695 0.0000 Centroid Centroid Centroid
758199 90.0399 2507100 460.4697 00000 Sufaedra  Volume x v oz s
pol_spbr_outer
Perimeter Arca  CONUIOM  Centroid  Centroid

36,8400 425099 539793 34,1957 00000
43.1500 1329700 S544.6895 296,699 0.0000
26,3800 26,5600 550900 1554700 00000
29,2400 30.1000 590.5498 196.4000 0.0000 4263790000 333231040000 3173467 4267959 754781
515600 |38.0699 595.0996 262,210 0.0000
59.5900 757899 4302696 429.7798 D.0000
| EE2E et F e e
L > 62,8799 710099 572.3496 66.8199  0.0000
& [T @ et | 372000 47.0500 Ss5:2695 145.4700 G000
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A Semantic Mediation |
Result View [ PRO:{‘FJN mor:)m SPECIES | IMAGE ID |

| v s |

1. Interactive PROTein LOCalization Query |
(UCSD/NCMIR data only) '

beneralon

"Find the distribution of PROTEIN having ISOFORW in SPECIES and corresponding IMAGES" lnu

SPECIES — ‘chicken', = ol

prutluc{ PROTEIN, ISOFORM, SPECIES, IMAGE ID ). lh“
=
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e e = e

[bras wiree @inssmm
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Open Biomedica
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Interlinked Life Science Data (messy) e

Bacillus subtilis complete genome -
.| 3751965..3801964

United States Patent s ) Numbers 5,753,483
Eabin 1y YWite of Patent: My 19, 1

DE  (EC 2.5.1.7) (ENOYLPYRUVATE TRANSFERASE) (UDP-TRCETYLGLUCOSAN
DE  ENOLPYRUVYL TRANSFERASE) (EPT).

GN  NURA OR MURZ.

0S  BACILLUS SUBTILIS.

OC  BACTERIA; FIRMICUTES; BACILLUS/CLOSTRIDIUM GRS ILLACEAE;
oc LUS.

KW PEPTIDOGLYCAN SYNTHESIS; CELL WAL

FT  ACT_SITE 6 116 ND:

ASE .
e (BY SINILARITY) .
FT CONFLICT 374 374 s -> ACIN REF. 3).
SQ  SEQUENCE 429 AA; 46016 MW; 02018C5C CRC32;
MEKLNIAGGD SLNGTVHISG AKNSAVALIP ATILANSEVT IEGLPEISDI ETLRDLLKEI
GGNVHFENGE WVVDPTSHIS MPLPNGKVKK LRASYYLWGA MLGRFKQAVI GLPGGCHLGP
RPIDQHIKGF EALGAEVTNE QGAIYLRAES
VIENAAKEPE 11DVATLLTS HGAKIKGAG

e Src: Carole Goble ISWC’05 Keynote




Two Cultures of Integration

e Schema-driven (computer scientists/DB folks)
— Much smaller than data, (hopefully) well-defined elements
— Resolve redundancy and heterogeneity at the schema level
— High degree of automation once system is set-up
— Focus on methods - you rarely publish a “data paper”
e Data-driven (biologists)
Value is in the data, abstraction is a result of analysis
Don‘t bother with schemas
¢ Abstraction is volatile and depends on experimental technique
Manual integration at data level, constant high effort
You rarely publish a (database) “method paper”
Src: UIf Leser, Felix Bauman, CIDR 2005

* Component+Process-driven (engineers)
— Model, design, and build efficient, large and/or complex systems
— Focus on models of computation, interaction, simulation
— Publish method and systems papers
= Module IV

SDM Tutorial, EDBT’06, Gertz, Ludascher

Example: Aladin (Leser & Naumann)

® ALmost Automatic Data |Ntegration

for the Life Sciences
— Minimize manual effort
— Keep quality of integrated data as high as possible
— Use domain-specific heuristics

'S

—

Aladin
- [

PubMed KEGG

i

Brenda
PDB

N

i

Src: UIf Leser, Felix Nauman, CIDR 2005
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A Biological Database (e.g. UniProt)

General information

Entry nama HD_HIIMAN l

Ageession number ]
Creater pubMed 8605230 AVPSTPANDL NDGTOASGEI SDISOTTIEG FOIAVTPLDI SEIVLDGIDN OYLGLOIGQR o000
R [12) Faber P, Barnes 6T, Srinjdhi)| ODEPEEATSI LEDEASEAFR NOIMALOOAH LLENKSHCRQ PIOSSVDEFU LEDEATERSE 560
PTG HuRTINDHn INTRFACTS with A famil]  QENKFCHLEG DLGUSTDUUS APLVHCVHLL S8SFLLUGGK NVLVEDHOVE VEVEALALSC 20
(1UUE) Hum. Mol Gonet, 7114631 VARAVALIPE SEFSFLYRUP LOTTRYPRRG VUSRTINVTL WAODPCURAAT ATLCGTLICN 20
Descriptivn and oy . ILSESEFEVS DUMGTIRTLT SNIFSLADCI PLLRKTLECE SSWICKLACT AVEMIVISLL a0
Earen) Position INTERACTION WITHIT  gsevepLcLG LITDVLTLON SSYWLYRTEL LETLAEIDFIL LVSFLEARAE NLHICANHYT 000
Ml GLIKLQERUT, WMVUTHLLAGR FOPRVRMULR &3LTRIWPRL FYRCTQGOAN PUYAYARDQH ahn

= edling us e w36
Senaltiane(s) SVILELLUHE TOPFSHYSVS VLIRLTRGYN LLPS1TPVIR ENNLEKVLAL VSHELLUSLT 1y
Synonymis) DOl 10.1093/hmu/7.8.140  RALTPGCCER LOLLOTAFEY CIOSLGWICG VPPLUANDES RRICTVGHNAT MILTLLOSAW 1000
A PubMod 9700202 FPLDLEABQD ALTLASLLL ASRPESLESS VASEEEASPL ATEQEEVEEE LGORALLVPIN L1180
et EULFSHLLKY LNLCAHVLDU YALGIALKAR LUSLINPUSL SELREKGKER EFGEQASVLL 120y
Taranumy SPRRGOEATE ANRCODTHGE WITOESSNLG OPYVILFAVLE LODULKATIR MYRUTLELANY 1260
FUNCTION May play a role inmic]  STERFSSFLR SRLIVLSCIL ELATLGDIGK GVEEILGYLK SCFSREPNNA TVCVQULLET 1320
NCBI TaxID ¥ play LFCTHLASOF DOLSSHIERS OCRACRLGES SVRPCLYHYC THAPYTHFTO ALADASLENK 1330
Roforenices SUBLINIT Rituls SH3GIAT (Ry ol WOARQRNRTS GMFEVIOKUS TOUKTNLTSY TRNRADFHAT HMATRLFRFL VTEALKODVTT 1440
S susceLutag cockTioN  ctopiasme ey
Widely expressed wit]  1AGKELFTIE FUWUUSNLLEL IQYROWLEMF LU HEE WFOKUKRLSR QIADIILEML L&z0
TISSUF SPECIFICTTY wrdings). T the Brain) - 3 RCCHRIDER EALGVLNTLF EILAPSSLET VOMLLRSHEY TPNTHASVST VOLTISCILL LEz0
striatum, and the hipj TLRULTAGST EOTULARTOR LAFSPYLTSC TVINRLEDGD ATSTLERASE GEQTKHIFRRE 1740
- Cleaved by apopain df  TFSRFLLOLY SILLEDIVIK QUIWEMSEQY HIFYCQELGT LLOCLIMIFE SGMFRRITAL 1500
cytotoxic and provoks  ATRLTRIDGC GOZTYTLDSL NLRARSHITT NPALVLLNCO ILLLVINIIDY RUWAEVOOTP 1060
he paly-l KFESLIITEL LIPOKSPECE DICLAAKLGE CNFEIVEFGL LILFCIVUCQ NLHDSEELTW 1820
T SO eSEn ] LLVIMIGULL SUSKENPYQD ) USAVHBSA ASGLKLQALG SHCEMLELYT AUKETLOULE e
E‘;ig;‘_{;;;‘:ﬂ‘iﬁf GTALAQNRAY LTLYVDRLLS TPFRVLARMY DTLACRRURK LLAZMLOGGN A0UPUEELMR 2nan
POLYMORPHISM e fastations of the| ~ TUEVLESSSL ADFRORLYSL LOSFELSING DSLSPSFPUS SHPLDGIGHY SLETVSPUED 1100
resituss Folyalutami  TYYHLVESQC VIDSDSALLE CAELVNRIPA ECHNAFHHNS EFHLELLAPG LELGHSELSC 2160
ateleraled neurongl | GORSELTRAR REUTLARVHG TUCGLPAUHR VFGRRLPAFP 4APHANLNDL TADASLFCHL 3220
FULARALBUY LUVVSKLESK LHLFPEKERD LVKSYVAILE ALSWALLHEQ LPLELDLOAG szzu
Uefacts in HU 3re the | 1pceCLALOL FALDSYVOST EFVTIACOLI YOVIFILEAV AVOPGEOLLG FERRTHTPRA 2240
(2] noursdegencrative dif  rsEEEFFUGE NTIMPXYITR ACEMVAENUVE SLOSWLALGH KSNSGVEAFL TELLEWIITS 1400
DISEASE pythistric disorders 1 | auLnLyasy TRVEILVMEL CUSPEIGODE GLAFUELUVE VLGEEEVFEE FLYIBULGH P
gnd symptoms mgme TARTQPERTE ATLTAVIUTG PLUBTQRRSP PERLTERTAT MULAVQATTS TULAENTIRY 2520
e oia]  AGNPAVSCLE QOPENKPLEL LOIRFGRELS [IRGIVECEI QLUVSKRINI ATHALYOAUE 1530
paaaly PYDSLEMATT CALISHERLL LOIMPERELG SNSYKLOOVS IHSVULCHSI TPLIEEEWDE 2640
SIMILARITY. Bolongs to the hungti]  FEFERADAPE PASPPTHPUN HRRERAGINT WATSQFLLEL FARMTLPHSS ARRTPATLTH 2700
B LVVESLLUVE DLICLERNONE LIXWILTELE EVHESEDELL AUILVFALUE MARAAVLGIDKL FEC
VACFYORLLE GTLEUSILES RVGALIGVLY VLECDLLDDT AROLIPVISD VLLINLRGIA 2020
S CyH VM ATORY 1 TRAYELCANT BEESUSTIAN CCUNLSGSEY STRS1TVHESD

Src: UIf Leser, Felix Bauman, CIDR 2005

Aladin: Steps 1, 2, 3

Steps 2 and 3
» Guess primary objects
» Guess accession number

* Guess / find FK constraints

Step 1

« Parse and import

« Arbitrary target schema
» With or without FK constraints

Src: UIf Leser, Felix Bauman, CIDR 2005
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Aladin: Steps 4, 5

Step 5
e Guess duplicates
« Different degrees of

“duplicateness” ﬁ
Step 4

» Guess existing cross-refs
» Compute new cross-refs

= |

ik

@—b

Src: UIf Leser, Felix Bauman, CIDR 2005

Caveats

* Not meant for high-throughput data
— Proteomics profiling, gene expression databases
— Targets “knowledge-rich” databases
* Resulting warehouse will contain errors
— Wrong cross-refs, misinterpreted structure, missing links
— Requirement: Measure quality of Aladin’s methods
¢ Use existing integrated databases as gold standard
¢ Precision/recall measures can be derived for all steps
* Intended for human usage, not for automatic further
processing

Src: UIf Leser, Felix Bauman, CIDR 2005
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Summary: From DI to Scientific DI

¢ Scientific data management is at the heart of Cl and e-Science
* Scientific DI = conventional DI + KR + Link-based Integration + ...

* “A little semantics goes a long way” (SemWeb folks)
e “A little database technology goes a long way” (DB folks)

Q&A

" As we know, there are known
knowns: there are things we ;
know we know. We also know i
there are known unknowns; A
that is to say we know there I
are some things we do not .
know. But there are also
unknown unknowns - the ones
we don 't know we dop 't

£

« know. e

... need both ... and more!

SONPTOOT, EDB 00 Gz rugasther




