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Biomedical applications

WP10 goals: collect biomedical requirements and deploy first 
applications on the testbed

Biomedical encompass genomics, post-genomics and biomedical 
applications

Challenges

The biomedical community has no strong center of gravity in Europe

Very large user community with little computer science awarness

Complex needs (parallel applications, data security, metadata...)

J. Montagnat EDG WP10, GGF5, July 23, 2002
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Perspectives for biomedical 
applications

Grids open new perspectives in large scale genomics analysis

Complete genome annotation

Cross-genomes analysis

Data mining on distributed databases

Pipelining of huge automatic bio-informatics analysis

Medical image processing

Large databases processing

Anatomy and physiology modeling

Epidemiological studies

J. Montagnat EDG WP10, GGF5, July 23, 2002
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Users
Users

Patient: has free access to its medical data.

Physician: has complete read access to his/her patients data. Few 
persons have read/write access.

Researchers: may obtain read access to anonymous medical data for 
research purposes. Nominative data should be blanked before 
transmission to these users.

Biologist: has free access to public databases. Use web portal to access 
biology server services.

Chemical/Pharmacological manufacturer: owns private data. Need to 
control the possible targets for data storage.
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... data ...

Biological data

Public and private databases

Very fast growth (doubles every 8-12 month)

Frequent updates (versionning)

Heterogeneous formats

Medical data

Strong semantic

Distributed over imaging sites

Images and metadata

Nominative (critical) and non-nominative (private) data

DICOM3 standard compliance for medical images
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... and processings

Processings

Are often correlated (pipelines processing)

Computation time is often important (to respect clinical applications 
constraints)

Computation time is sometimes critical (e.g. real time simulation)

Emergency situation: ambulance jobs

Parallel processing is needed to deal with complex algorithms

Interactivity may be important
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Bioinformatics example:
BLAST (Basic Local Alignment Search Tool)

BLAST is the first step for analysing new sequences: to 
compare DNA or protein sequences to other ones stored in 
personal or public databases.

BLAST is costly and a good candidate for gridification:

Requires equipment to store databases and run algorithms

Requires manpower for system & network maintenance and frequent 
update of databases

More and more biologists...

... compare larger and larger sequences (whole genomes)...

... to more and more genomes...

... with fancier and fancier algorithms !
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The visual DataGrid BLAST

Most biologists use integrated web portals for their genomics 
comparative analysis: no need to worry about the biological 
file format and the method arguments.

The vDG BLAST includes:

a graphical interface to enter query 
sequences and select the reference 
database

A script to execute the BLAST 
algorithm on the grid

A graphical interface to 
analyze results 
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Running BLAST on the grid

DB

BLAST
Seq1 >  dcscdssdcsdcdsc 

bscdsbcbjbfvbfvbvfbvbvbhvbh
svbhdvbhfdbvfd

Seq2 >  bvdfvfdvhbdfvb 

bhvdsvbhvbhdvrefghefgdscgdf
gcsdycgdkcsqkc

…

Seqn >  bvdfvfdvhbdfvb 

bhvdsvbhvbhdvrefghefgdscgdf
gcsdycgdkcsqkchdsqhfduhdhd
hqedezhhezldhezhfehflezfzejfv

DB
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chlkchudcscscdscdscdscsddzdzeqv
nvqvnq! 
Vqlvkndlkvnldwdfbwdfbdbd 
wdfbfbndblnblkdnblkdbdfbwfdbfn
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Computation time

Swissprot vs Swissprot (100000 sequences)

Running time on one CPU : 228 hours

Tests at Institut de Biologie et Chimie des Protéines (quadripro) :        
49 hours

Tests on DataGrid testbed1 (cc-in2p3) : 3 hours

Impacts :

Reduced pressure on local computing

Ability to handle very large jobs 
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Medical imaging example:
Image content-based query

 Medical
  images

Metadata

HHHHHHHHHH

1. q
uery

2. v
isu

ali
sat

ion

3. similarity search
4. scores

5. best results visualisation

LFN   image patient hospital   ...
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Development on top of the EDG 
middleware

Grid nodes
Resource
Broker

User interface
testbed010.cern.ch

Laptop

   SSH
tunneling    EDG

protocols

1. C++ API

2. Graphic layer

3. Application layer

SSH
system calls

EDG command
  line interface

Globus

EDG middleware



J. Montagnat EDG WP10, Tutorial, Lyon Feb, 2003

Data and metadata registration

LFN   image patient hospital   ...

Imager

SE



J. Montagnat EDG WP10, Tutorial, Lyon Feb, 2003

Running similarity measurements
Similarity computation

Results visualization

Job monitoring Ranked list of images

Source image Most similar images Low score images
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Other medical applications

1. Complex modeling of anatomical structures
anatomical and functional models, parallelization

2. Surgery simulation
Realistic models, real-time constraints

3. Simulation of MRIs
MRI modeling, artifacts modeling, parallel simulation

4. Mammographies analysis
Automatic pathologies detection

5. Shared and distributed data management
data hierarchy, dynamic indices, optimization, caching
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1. Complex modeling of anatomical 
structures

Anatomical modeling for:

Segmentation

Quantitative analysis

Linear Finite Element

  Modeling of biomechanics

Parallelization of large

   linear systems

Modeling / segmentation of 3D+T cardiac sequences in a 
reasonnably short amount of time (few minutes)
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2. Surgery simulation
u Surgery simulation

u Biomedical model deformation on CE

u Real time visual (25 Hz) and force (300 Hz) feedback on user interface

Visualization
and force feedback

Biomedical
model

computation

INRIA - Epidaure
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3. Simulation of MRIs

Produce simulated images from a perfectly known model for:

Artifacts study and correction

Image processing evaluation

MRI sequences testing and design

Overview
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4. Mammographies analysis

More than 10000 images, 450 Gbytes

400 sub regions (e.g.) per image

About 250 variables extracted on 
each region for training and for CBIR

Texture, gray-levels and shape analysis

Image indexation

Indexing requires about 30 minutes 
of computations per image
(Sun Ultra-10, 440 MHz), no 
optimization
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5. Shared and distributed data management

Distributed data and distributed metadata

Metadata Distribution/Location Service (similar to GRID replication 
services for metadata)

Metadata and data should be synchronized (same lifetime, access 
authorization...)

Data traceability (How was data B produced? Which result was 
obtained from data A?)

High level layer

Intelligent proxy hierarchy

Distributed dynamic indices for queries

Optimisation / caching of search requests
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The future from biomedical 
applications point of view

Distributed Algorithms. New distributed "grid-aware" 
algorithms (c.f. this afternoon's demonstration).

Grid Service Portals. Service providers taking advantage of 
the DataGrid computational power and storage capacity.

Cooperative Framework. Use the DataGrid as a cooperative 
framework for sharing resources, algorithms, and organize 
experiments in a cooperative manner. 

Cooperative Framework
Grid Service Portals

Distributed Algorithms

EDG Middleware

WP10
applications
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Future: Interfacing medical data 
with the Grid

Client 1
interface

Client 2
interface

RS
interface

core

grid - server
interface

header blanking
encryption

Storage
Element

Replica
Catalog

Replication
Service

RC
interface

Metadata interface

Medical (trusted) site

Grid middleware

File metadata
ACL
size
checksum
...

Application metadata
ACL
encryption key
sensitive metadata
...Medical server

Storage
ElementMSS

Master File

Replica

Imager
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Future: distributed medical data 
in a Grid environment

Exam image patient key ACL ...

HHHHHHHHHH
Medical server

Imager

ospital cell

GGGGGGGGGG rid cell HHHHHHHHHH
GGGGGGGGGG

GGGGGGGGGG
GGGGGGGGGG

HHHHHHHHHHGGGGGGGGGG
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Algorithm repository

Algorithms registration

Versioning

Formal description of algorithms input/output

Formal pipelines

Tracking

Re-executions

Replace data by processing description (on-the-fly reconstruction)

Data / algorithms synchronization

find processed data source

find processed data
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GRID metadata manager

Distributed metadata

The RM is a distributed file system for the GRID

Spitfire only deals with local data

A Metadata Location Service would be the counterpart of the RM for 
metadata (Should this involve replication? Not necessarily although it 
may be a good idea for scalability).

Metadata / data synchronisation

Metadata are attached to data and have the same lifetime

This involves an 'LFN / metadata' table

JSS / metadata synchronisation

A Job should be able to process a set of files corresponding to some 
metadata
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Pipeline processing

Pipeline issues

one pipeline for multiple inputs

load balancing / synchronization

failure / retrial paradigm, logging

dynamic extension of the processed image set

Algorithm DB

Log data transformations

Rebuild transformed data from raw data
Step 5

Step 4

Step2

Step1

Input dataset

Output images

Step3
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Technical requirements

u 1. Large user community
n anonymous/group login

u 2. Data management
n data updates and data versioning

u 3. Security
n disk / network encryption

u 4. Limited response time
n fast queues

u 5. High priority jobs
n privileged users

u 6. Interactivity
n communication between user 

interface and CE’s

u 7. Parallelization
n MPI site-wide / grid-wide

u 8. Pipeline processing
n pipeline description language / 

scheduling

Critical / mid-term / long-term
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Conclusions
Increased computing power

Large scale applications (genome data mining, epidemiological studies...)

Fast response time (ambulance jobs)

Distributed computing and data storage

Data replication and versioning

Large data sets processing

Collaborative environment

Sharing resources

Sharing data

Sharing algorithms

Security issues


