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IBM Products and Solutions Support Center (PSSC): Mission
What is High Performance Computing (HPC) ?
European HPC Benchmark Center — Montpellier PSSC

HPC & Life Science

Application: Deep Brain Stimulation
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Products and Solutions Support Center: Mission

The IBM PSSC Montpellier Customer Center provides comprehensive benchmark, testing,
briefing, and education facilities to demonstrate the advantages of IBM systems & solutions.

The place to convince our customers of the strengths of IBM Systems,
Software & Solutions

Support our clients in validating IBM solutions acc uracy to their
requirements

Devote our expertise and resources around customers and industries.

Innovate technologies and integrate them, along wit h the client’s
business processes.

Commit to business solutions, and not just technolo gy for
technology’s sake.

Bring the marketplace viewpoint into our labs



What is High Performance Computing?

High Performance Computing refers to the use of high
advanced computational capabilities to solve cutting edge
problems in science, engineering and business.

The complex problems HPC has to deal with require
capabilities beyond those of standalone computers

Simulation of physical phenomena, such as
Weather forecasting
Black holes colliding
Reservoir Simulation & Seismic Processing

Data mining: finding needles of information in a haystack of data,
such as

Gene sequencing
Signal processing
Detecting storms that could produce tornado ...

Visualization: turning lots of data into pictures that a scientist can
understand ...

High Performance Computing enables scientists and
engineers to perform simulations to:
Investigate phenomena where economics and constraints
preclude experimentation
Evaluate complex models and manage massive data volumes
Transform business and engineering practices

Simulation is key for Scientists and Engineers

Previously: Theory — Experiments
Now: Theory — Simulations — Experiments
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Who Is using High Performance Computing?

Life Sciences

Digital Medi Research, drug discovery, diagnostics, Business
inf ion-based medici .
' Igl a e 'Ia information-based medicine Intelllgence
Digital content creation, ]
management and distribution Data warehousing and data
mining
Petroleum _ _ _
Oil and gas exploration and "; Financial Services
production € = Optimizing IT infrastructure,
“ risk management and compliance,
v analytics
° &£
Industrial/Product :
Lifecycle Management Government & Higher Weath
Education eather
CAE, EDA, CAD/PDM for Forecast

Scientific research, classified/defense,

electronics, automotive, and . .
weather/environmental sciences

aerospace



System p Benchmark Center

System x Benchmark Center

Linux on Power Benchmark Center
CTT — HPC Fine Tuning

BlueGene — ISVs code porting & Perf
Petroleum Solutions Enablement
SSIS — HPC Post Sales Services

* End-to-end
Clients
Platforms
Geos
Sales Cycle Phases



Montpellier Green Data Center

IBM HPC solutions as part of the Green Data Center in PSSC

Energy Efficient Data Center
High Density Zone and Low Density Zone separation
APC Infrastructure racks for blades and 1U servers

Monitoring of the Energy

Real time monitoring of PUE for High Density and Low Density
zones

100 probes, plus thermal cameras to collect temperature data
Supervision Room
Correlation between air temperature info and server workload



Sequence Analysis

Searching, alignment & pattern matching of
biological sequence (DNA & protein)

Drug Discovery

Screening of large database libraries of potential
drugs for ones with desired biological activity

Molecular Modeling

Modeling of biological molecules using Molecular
Dynamics & Quantum Mechanics techniques
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Deep Brain Stimulation

Since 1996, treatment for movement
disorders

Electrodes within the Brain

Deep Brain Stimulation System
Electrodes with 4 contacts
Extensions of 95cm
Stimulator

Target: The Intern Globus Pallidus,
sensory-motor part

Parkinson disease, Tremor, Dystonia, Epilepsy,
OCT, Gilles de la Tourette, Depression ...




Neurosurgical precision

Theoretical/Actual target

0.5 mm
p(x,y,z) = P'(X, Y, Z)

10




Technical limitations
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Theoretical model for understanding the mechanism o f action

Three-dimensional model
of electrical parameters
around the electrode

Three dimensional model
of the GPI In stereotactic
condition

Co-registration electrical
parameters/GPi

Neurosurgical, Clinical and

Research applications




Three dimensional model: The electrical
parameters of the patients

The cerebral tissues at the
vicinity of the electrode are
taken into account

3D Visualization of electrical
parameters computation
around the electrode the
compute 3D

Parameters of the patient

Potential, Electrical field, Current density



Three dimensionnal model: The GPI

GPi

~

GPi model by selecting real points on
structural borders in axial, sagittal and coronal
planes.

(X,Y,Z) =(88.4,98.1,90.7)

3D Compute Visualization

The surface was defined with a mathematical
curve representing the GPi which could be
calculated at different levels of detail by increasing
the size of the grid. The GPi of the patient is
visualized within the preoperative MRI under
general anesthesia within the stereotactic space.
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Co-Regqistration Electrical parameters — Target from
Postoperative MR

15



Direct Applications: Theoretical contributions of the
project from a medical standpoint

For the neurosurgeon: Surgical Simulation
Targeting optimization at surgical planning
Accurate Visualization of electrode/target interaction

For the Neurologist: Clinical Practice Application
The model can also be applied in routine clinical practice
in patients who already have a DBS system implanted by
using the postoperative stereotactic MRI and the
electrical parameters recorded by telemetry.




Study of the patients already
implanted

Prediction: Surgical Simulation

Therapeutic response
improvement : Electrode Design

Mechanism of action of
stimulation study

Future Development:

Modeling neurons require computational
power

Need of a compute cluster with remote
access into the neurosurgical room



Factors predicting improvement in primary generalized dystonia treated by pallidal deep brain stimulation. Mov Disord. 2009 Apr 30;24(6):846-53.
Vasques X.A. , Cif L, Gonzalez V, Nicholson C, Coubes P.

A target-specific electrode and lead design for internal globus pallidus deep brain stimulation, Stereotactic and Functional Neurosurgery
X.A. Vasques, L. Cif, O. Hess, G. Mennessier, and P. Coubes

Stereotactic model of the electrical distribution within the internal globus pallidus during deep brain stimulation, J Comput Neurosci . 2009
Feb;26(1):109-18. Epub 2008 Jun 17, X.A. Vasques, L. Cif, O. Hess, S. Gavarini, G. Mennessier, and P. Coubes

Prognostic value of Globus Pallidus internus volume in primary dystonia treated by deep brain stimulation, J Neurosurg . 2009 Feb;110(2):220-8.
X.A. Vasques, L. Cif, O. Hess, S. Gavarini, G. Mennessier, and P. Coubes

Magnetic Resonance based deep brain stimulation technique produces no perioperative intracerebral hemorrhage. A series of 478 consecutive
implanted electrodes, Neurosurgery, |. Maldonado; T. Roujeau; L. Cif; V. Gonzalez; H. El-Fertit; X.A. Vasques ; A. Bonafe; P. Coubes

Clinical course of DYT1 dystonia patients treated with deep brain stimulation : a three to ten years follow-up study, Movement Disorders , In press
L. Cif, X.A. Vasques , S. Gavarini, P. Ravel, V. Gonzalez, G. Collod-Beroud, S. Tuffery, H. Elfertit, S. Gil Robles, P. Coubes

Stereotactic MRI in Dytl Dystonia : Focal Signal Abnormalities in the Basal Ganglia Do Not Contraindicate Deep Brain Stimulation, Stereotact Funct
Neurosurg. 2008;86(4):245-52. Epub 2008 May 13. S. Gavarini, N. Vayssiére, P. Delort, L. Cif, B. Biolsi, C. Tancu, X. Vasques, S. Plagnol, A. Bonafe,

and P. Coubes

Cerebral Magnetic Resonance Imaging Feasibility in Patients with Implanted Neurostimulation System for Deep Brain Stimulation, The Open Magnetic

Resonance Journal, pp.1-8 (8) doi: 10.2174/1874769800801010001
X.A. Vasques, C. Tancul, L. Cif, B. Biolsi, I. Maldonado, A. Bonafe, E. Le Bars, P. Coubes

Antero-Ventral Internal Pallidum Stimulation Improves Behavioral Disorders in Lesch—Nyhan Disease, Mov Disord. 2007 Oct 31;22(14):2126-9
Laura Cif, Brigitte Biolsi, Sophie Gavarini, Aude Saux, Santiago Gil Robles, Cornel Tancu, Xavier Vasques , and Philippe Coubes

“Traitement neurochirurgical des syndromes dystono-dyskinétiques par stimulation électrique du pallidum interne”
Brigitte Biolsi, Laura Cif, Santiago Gil Robles, Cornel Tancu, Xavier Vasques , Philippe Coubes
In “L’homme réparé: succes et limites de I'implantologie”, R. Guidoin (dir.), Mont Rouge, Editions John Libbey Eurotext, 2006.

“Central procedures for dystono-dyskinetic syndroms”

X.A. Vasques, L. Cif, B. Biolsi, P. Coubes
Textbook of Stereotactic and Functional Neurosurgery, edited by P. Gildenberg, A. Lozano and R. Tasker, Springer
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Merci !

xavier.vasques@fr.ibm.com
foriant@fr.ibm.com




