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Grids and distributed problems

Enabling Grids for E-sciencE

Monte Carlo codes (Langevin Equation):

Plasma-wall interaction; neutral particle orbits.

Kinetic transport: Particle orbits in toks. and stell.
Parameter Variation:

Stellarator Optimization

Neoclassical Transport estimates (DKES).

Simulation of Heating by Microwaves: Massive Ray Tracing.
Two main strategies:

Rendering all the simulated data.

Choosing the best among all of them by a genetic algorithm.
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CERE Fusion VO Working

Enabling Grids for E-sciencE

http://grid.bifi.unizar.es/egee/fusion-vo/

http.//www-fusion.ciemat.es/collaboration/egee/
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CCRE Running applications

Enabling Grids for E-sciencE

lon Kinetic Transport (ISDEP)

Massive Ray Tracing (MaRaTra). | & i
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Cy ISDEP code: 3D orbits

Enabling Grids for E-sciencE
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wrMIARaTra: Massive Ray Tracing
RA

Enabling Grids for E-sciencE

Combination of MARATRA jobs in chunks e,

Dynamic distribution of chunks using GRIDSelf- L o
Scheduler —.

GRIDSelf-Scheduler is a distributed and dynamic Ea
self-scheduler algorithm:

Framework used: GridWay Metascheduler
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clelcJc)Stellarator Optimization in the Grid

Enabling Grids for E-sciencE

STELLARATORS: A lot of different Magnetic Configurations operating nowadays.

-OPTIMIZATION NECESARY BASED ON KNOWLEDGE OF STELLARATOR
PHYSICS.

Plasma configuration may be optimised numerically by variation of the field parameters.
Every variant computed on a separate processor (~10’)

VMEC (Variational Momentum Equilibrium Code)

See V. Voznesensky’s this afternoon talk.

120 Fourier parameters are varied.

R(y)= Y R, ,(y)cos(mb—np)
B(y.6.¢)=) B, (y)e" " Z)=Y.Z,,,(y)sin(mb - ng)
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New applications & Improvemen

Enabling Grids for E-sciencE

lon Kinetic Transport: Divertor Studies (3D Map of
Flux)

ISDEP:

Self consistent Plasma Profiles
Tokamak Geometry. (ASDEX, ITER)
lon Heating (ICRH).

NBInjector simulation
DKES (Drift Kinetic Equation Solver)
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New applications & Improvemen

Enabling Grids for E-sciencE
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The Map of Losses in TJ-lI

Enabling Grids for E-sciencE

Maximum
plasma-wall
Interaction on
the groove.

PWI close to the
plasma bulk.

Up-down
Configuration 100_68_91
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Cy Asymmetric Flux Map

Enabling Grids for E-sciencE
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New applications & Improvemen

Enabling Grids for E-sciencE
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Enabling Grids for E-sciencE

ISDEP Improvement

Selfconsistent Profiles (Quasi-linear Evolution)

Single Profile: Following a large
number of independent
trajectories.

New Profile: Update the
background at every time-step
with the test particle results.

Iterate until steady state is
achieved.

Every iteration launches a huge
set of jobs to the grid.

Density & temperature profiles in different iterations.
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30 iterations are needed for every time step.
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Cy Temperature Evolution

Enabling Grids for E-sciencE

The Non-linear terms allow one to introduce the
evolution of the plasma (Temperature and density) in
different experimental conditions.
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The Distribution Function

Enabling Grids for E-sciencE

An extra term is introduced in the equations to simulate
the particle-wave interaction.

The heating of the plasma can be estimated using the
Grid due to the introduyction of Non-Linear terms.

The 5D distribution function is obtained with and without
Heating Term both in Toka BN
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New applications & Improvemen

Enabling Grids for E-sciencE

* lon Kinetic Transport: Divertor Studies (3D Map of
Flux)

» ISDEP:
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- Tokamak Geometry. (ASDEX, ITER)
- lon Heating (ICRH).

» NBInjector simulation
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Particle trajectories in ITER NBI

Enabling Grids for E-sciencE

Accelerator
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Neutraliser Dump (RID)
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source

Contribution to the ITER NBI Design:

Particle Trajectories in the Electrostatic Residual Ion Damp
ITER-ITA data

High statistics
Montecarlo calculations:
Independent ion &
neutral trajectories.
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G

ITER negative-NBI

Enabling Grids for E-sciencE

Plasma neutraliser modelling

4) plasma sheath (potential distribution)
and leakage due tq large apertures

3)Transverse and longitudinal plasma distribution along the beam

l
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Resuls of ERID simulations

Enabling Grids for E-sciencE

— . 2
D ion flux (MW /m)
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0.1

0.08

= 0.06 |

0.04 §

0.02

x (m) . 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
z (m)
Trajectories between two plates. Power Flux on a single plate.

The final result is that the power flux is admisible.
Outgassing and plasma formation are estimated from the flux.
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Standard Neoclassical Transport.

Enabling Grids for E-sciencE

APPLICATION IN GRID-PORTING PROCESS: DKES (Drift Kinetic
Equation Solver).

Diffusive NC Transport. Particle and energy fluxes (s: plasma
species):

I = —nst(Vns _4.L, + [Dz — E)V];]
n

T \DF 2)T

N N N

0, = —nsTsDS(V”S _ 4.k, + [D3 — E]VTS]

s LDy 2)T
The diffusion coefficients are given by the following integrals

(1=1,2,3): 342 2
4 % 1%
D, =—D; ) — | expH{— | v
"o J"h] ’ {VJ

STRATEGY: Estimate a table of monoenergeitc coefficients at
separate CPUs. THEN Integrate them.
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Standard Neoclassical Transport.

Enabling Grids for E-sciencE

The monoenergetic coefficient D* is a function of:
Device Structure (Magnetic field and equilibrium)
Collisionality, i. e. plasma characteristics: Density and Temperature.
Electric field.

Energy.

All of them are independent (10 min a single value).

D!(n,T,E,)
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CHEE Complex Workflows

Enabling Grids for E-sciencE

Stellarator Optimization-DKES
The Target Function can be the Minimising DKES Coefficients.
Every Case triggers DKES execution in the grid

ISDEP - EIRENE

The flux of ions onto the wall (estimated in the grid) is the input
for EIRENE (MC code of neutrals).

MaRaTra - ISDEP

The power density distribution in the device is given by
MaRaTra.
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What is KEPLER?

Enabling Grids for E-sciencE

(More Details in this afternoon talk.
Design tool to compose a workflow
=>graphical: drag & drop the components (“actors™)
=>many actors: database, math, display, web service, grid service,

Engine to run a workflow
=>various model of computations (“directors™
=>hierarchical design. Run control buttons

Scheduler: time behavior

3, file: /C:/ptil/prolemy/domains/sd _ Jemo/Spectrum/Spectrum. xml

e /@e | b o mmoicle

J Uriics SOF Director ( This model showe a simple pariodogram speciral estimate of a
- :::"" - modulated sinusold in noise. The top-level parameters control
M ‘L;’ - the carrier frequency, the signal frequency, and the noise

level. Notice that the two peaks are centered at the carner

C ata I Og ues 7 =S Wearkbrmry frequency. with their distance from the carrier given by the

signal frequency. The sample rate is assumed o be 8kHz

Of . The blocks with red cutlines are hierarchical. @ carnorFraquency. 20000
Right click and select "Look Inside”. s £ %00.0
These genaerate sinusolds, one %or the sslgraifnquency: !
COl I lponents signal and the omer for the carrier e noiseStandardDeation: 0.1
Time Domaia Dis
Signal Source in Display
s 3
e
OC U in DI
“Caw\evSoum o Expression2 Speckum Froquency Domain Display
o 3-0 signal*camer ¢ noise 8)0
Noise Source The Expression block caloulates a mathematical expression, as shown,
Select "Run Window” fram the View menu to sxacute he model,

et e e emitn el 0 0 1o or click on the red tnangle in the wobas
—— : — Author: Edward A Lee Try changing the parametors in the run window of on the diagram
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Enabling Grids for E-sciencE

Building a workflow:

Drag and drop an actor from the
catalogues

Define the input arguments:
And a display actor: 2D, 3D
Specify the director

Idisplay I

I Search ” Reset }

= @ Search Results
= €9 Components
= @ Data Output
E}. Workflow Output
= @ Graphical Output
' @ GML Displayer
~[ZJ ESRI Shape File D
[ enm PCP
[ image Display
& @) Textual Output
Browser Display
Display

= €9 Projects
= @) Computational Chemistry
[ aMview Display
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Search
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= @) Search Results
=1 &9 Projects
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[ helenaual

Constant
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Cy Kepler in the GRID-EGEE Fusion V.O.

Enabling Grids for E-sciencE

6LOBUS » GLITE » ITM
=>C/C++ library =>Java library in =>Codes as WS
=>Java library in development =>UAL data access

development

Job transfer Data transfer Job

Proxy via FTP via FTP scheduling
via JCL
SDF Director
GridFTP
GlobusJob Display
GlobusProxy —
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EUFORIA: EU fusion for ITER Applicatio

Provide a work & infrastructure frame for fusioi
simulation, linking fusion, grid and supercomp!
communities.

Improve the modelization capacities for ITER
through the adaptation, optimization, and
integration of a set of applications that can exp
and join the core-edge transport.



Physics Codes: GRID (Seri

Code Physics Run time
SOLPS Edge Multiple * 1 day
Bit1+ divertor-SOL Weeks to months
ISDEP Kinetic transport

TECXY MC code

FINITE MC code

COREDIV MC code

ASCOT Orbits




Code
SOLPS

Bit1+

ASCOT

GEM
ERO/TRIDYN
TYR

EIRENE
EDGE2D

Physics Codes: GRID
(Parallel)

# CPUs
4-->8

16 --> 256
16 --> 256
8 --> 32

8 --> 64

8 --> 64
?7?

?7?



CIEICIC)Example: Plasma-Wall Interaction

Enabling Grids for E-sciencE

EIRENE for tokamaks & Stellarators. Following a large number of
neutral particles in a plasma background.

The real Geometry of the wall and all the elements inside the
vessel needed.

Independent orbits of the neutrals.

Iteration with a transport code needed.

BIT1 code: Divertor simulation in toakamaks.
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e EIRENE Code

100-44 ravicm) = 19.25
nhor, nphi, ncell = 25 24 8438
nphvv, nthvv = == 25 91
dphvv, dths, dxcm = T 4.000 2.780 .
20013 1] npun = 261 Neutl’a| - denSIty v enl13=0.95
1 - ncl,nc2 = 7115 Hellum
1505 \\\ ] ,/', nca.ncb = 3 1010 l:_i45|2 PRE T ANNE TRNN TR WO [N TN TR TR (NN TR TN TR NN N SN
If 3 ¢ 1 :
100] 2,510 n
Z e 10 .
c210 -
\\ /’ U :
E ) 2: —FF :,\*':\ P e T ( 0‘2&,5 1010 :_
\ -
—_ 1 -
- =110"° -
o C
510° -
—15: ’,/' 1 \\\ kout = O 2 r r v+ [ r 1 1. [ 1 1 | T T 1
.. | orbita No. Os3ge 0,2 0,4 (/3 0,6 0,8 1
‘292 T T |_1|5 TT I—1lﬂﬂ| T IW T T T T T |1 éﬂl LI I1é| T T |20 nce ] 2 = 4077

MC Code to estimate atom density.
Trajectory of a He atom in TJ-II: starts at the green point and is absorbed in the
plasma by an ionization process.

The real 3D geometry of TJ-II vacuum chamber is considered. RESULT: The Profile
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e ee EIRENE also works in Tokamaks.

Enabling Grids for E-sciencE
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Cy Final Remarks

Enabling Grids for E-sciencE

Fusion VO in EGEE used for scientific production in
Fusion Research.

New Relevant scientific results obtained with grid
capabilities.

Complex Workflows are being established. Kepler
workflow orchestration is a promising tool.

Euforia: Oportunity for bringing more partners of
Fusion Community to Grid Computing.

Coordination EGEE-EUFORIA guaranteed.

Workflows between Grid-HPC based on Kepler
workflow orchestration is the final goal of EUFORIA.
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