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e-Science Paradigm

a new way of performing collaboration in scientific research
by sharing of computing resources and information

among a large number of scientists

 Large amounts of data are generated by either simulations or
'networked' instruments (i.e. instruments that are connected to
storage and computing facilities through computer networks)

 Many steps in experiments are automated (e.g. re-plating
biological sample by using a pipetting robot)
* Information and communication technologies (ICT) are extensively

used throughout the entire experiment life-cycle, from experiment
design and execution to results analysis and interpretation




e-Sclence framework

Future
applications,
experiments.,
etc.

e-Science “pluggable” infrastructure
Middleware from Grid-Services to science applications

Scientific
Databases

Future
services




e-Science Challenges

Data size Security

— In biology, sequence databases — Access rights and visibility @
double in every 14 months levels per experiment

- In physics, 100s of MB of — Robustness and data
data is generated by a integrity

single experiment
Complex environment

Data heterogeneity -~ Long and complex
— Wide variety of types of scientific experimentation
] information (diagnosis, readings, etc.) procedures
— Various representations / formats People with different
(images, 3D reconstructions, etc.) expertise

— Various access mechanisms
Need for collaboration

Lack of standards —  Sharing of resources (data,
— Different modeling and _ hardware, software, etc,
representation of information ﬁg — Collaborative work
— Specific solutions for some of ﬁﬁﬂm
the main problems g
— Wasted efforts o ey




VL-e project:
Virtual Laboratory for e-Science

Multidisciplinary virtual laboratory environment for

collaborative experimental science
(Dutch BSIK-OC&W [/ ICT-EZ project)

 Enable scientist to define, execute, and monitor their
collaborative experiments by providing:
v location independent experimentation
v familiar experimentation environment
v assistance during experimentation
 Designing, developing & integrating middleware to bridge
the gap between the technology push of the high

performance networking and the Grid, and the application
pull of a wide range of scientific experimental applications

« High Energy Physics < Medical Imaging  Bio-Informatics

e Food Informatics  Bio-Diversity e Dutch Tele-Science

Laboratory 5




e-Science applications

VL-e research areas
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Data Management Approach

Provide a general framework for data management that support
the management and the integration of data including large data
files, standard databases, ontologies, and data provenance.

Functionality:
* To allow the storage and sharing of large data files
* To allow the annotation of scientific data with metadata and data provenance

* To allow the integration of data and metadata from different sources of information

Implementation:

* Follow a convenient implementation approach:

Y
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Make use of existing technologies (file servers, DBMS, XML, JDBC, etc.)
Enforce the use of open source and standard tools

Develop user-friendly interfaces

Hide system complexity (facilitating adoption)

Provide extensible and multi-platform solutions

Provide multi-environment solutions (desktop, server, grid-enabled, etc.)



Data Management:

High-level architecture
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Data Management:

Levels of integration

1st Level:

File Servers, consisting of secure online repository where scientific applications
can store, organize, and share their data files

2nd | evel:

Standard Databases, consisting of structured data and metadata. Metadata at
this level mostly make references to external data files at the file servers

3rd Level:

Specific data sources, proprietary data format used by specific scientific
applications. The support of this type of data is only provided if highly and
strongly requested by the applications themselves.

4th | evel:

Data Integration Layer using the federated approach, with support of data
warehousing, will be build based on the registered data sources and facilitated
by the metadata information. In addition, knowledge integration and extraction
tools could be also build at this level.
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Data Integration Layer

Data Sour ces M anager
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e-Science Database Integrator
e-DBI
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MD

Pre-defined | Dynamic

Meta Data Integrator

—

Virtual/Materialized user-specific repositories




e-DBIl — DS Regqistry

Description: e-DBI Data Source Registry allows the user from the
application to register the data sources that will be used during the
integration process. Information to be registered includes: DS name, host,
port, driver, user name, and user password.
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e-DB| — MD Collector

Description: e-DBI Meta Data Collector allows the user from the application
to identify the sub set of meta data to be used for integration. In addition,
MD Collector allows a limited meta data conversion to be applied against the
single data sources, namely: renaming, conversion, aggregation, and type
casting.

Metadata
Collector




MD Integrator

Description: e-DBI Meta Data Integrator allows the user from the
application to perform MD integration from the different data sources
based on the set of metadata gathered through the MD collector. MD
Integrator will allow a full integration of meta data from the different source,
including data merging and data aggregation.

Y <D
Metadata "lfﬂ :
Integrator
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e-DBI — Principles

 e-DBI build on top of Squirrel SQL
v Squirrel SQL provides seamless access to databases through JDBC
v Squirrel SQL provides details information about the data sources

« Focus on convenience and user-friendlyness
v Make Squirrel SQL more convenient for data integration and for e-
science.
v Adaptation: arrangement to the interface
v Simplification: hide unnecessary details from the scientist

 Implementation of Data Integration Functionalities
v Allow the scientist to create a virtual database of his/her choice and to
integrate data from multi-format data sources.
v Scientist could filter the data
v Scientist could reformat the data
v Scientist could enhance the VDB structure
v Scientist could refresh the VDB data




e-DBI vs. Squirrel SQL

User Convenience

Ohjects | SOL

@ J[orcl on das3

& [ ANONYMOUS
@ 7 APEX_PUBLIC_USER
e JEI
& [ CTHEYS
@ 7 DBSMMP
e JDIP
& ExFSYS
©- [ FLOWE_030000
@ [ FLOWS_FILES
o OHR
@ 3 SYNONTM
I TAELE
& T vIEW
& [ PROCEDURE
e uDT
eI
© [ MDDATA
e I MDSYS
@ [T MGMT_VIEW
e J0E
©- [ OLAPSYS
@ [ ORACLE_OCM
& [ ORDPLUGING
@ [ ORDSYS
& [ OUTLN
@ [ OWBEYS
& I PM
@ JscotT
@ [T SYNONYM
@ CITABELE
BONUS
DEPT
EMF
SALGRADE
& I vIEW
% I FPROCEDURE
[ SQUIRREL_GET_ER
& JuoT
@ JsH
@ 7 SI_INFORMTN_S CHEMA
© [T SPATIAL_CSW_ADMIN_USH
@ [T SPATIAL _WFS_ADMIN_USR
=

i »

\ 4

Objects | SIQLl -

=113 wl-e DBI
=3 1 - ordl on das3 as scatt
=1 TABLE
© e BONUS
- m
i EMP
. # SALGRADE
[#-15) YIEW

User Interface Adaptation

k

Objects | soL |

=\ vl-e DEI
=3 1 - orcl on das3 as sookk

=l TABLE

{ e BOMUS

o DEPT

ol EMP

g SALGRADE

VIEW

[ﬂ".lj i ol
=1 3 - test at nodez31 (TOEARL
=125 TABLE
...... ., Categnrl:l,l

------ # EnglishQuestions

------ # Paragraphs

------ # Passwords

------ # UserTrack

------ # catz

...... .., EatS

------ # paragraphs

...... ., tesk

[#-[[5) VIEW

-3 4 - Sybase on das3 (pubs3) &
=3 4 - Sybase on das3 (pub:

(=) TABLE

------ # authors

...... # blurbs

------ # discounts

------ # publishers

------ # roysched

...... ® sales

------ # salesdetal

------ # stare_employee:

------ # shores

------ # titlzauthor

...... » titles

(-5 WIEW

H




e-DBI vs. Squirrel SQL

Simplification

Connection metadata simplification
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e-DBI Interface
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