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This PowerPoint 2007 template produces a 
44”x44” presentation poster. You can use it to 
create your research poster and save valuable 
time placing titles, subtitles, text, and graphics.  
 
We provide a series of online tutorials that will 
guide you through the poster design process and 
answer your poster production questions. To 
view our template tutorials, go online to 
PosterPresentations.com and click on HELP 
DESK. 
 
When you are ready to print your poster, go 
online to PosterPresentations.com 
 
Need assistance? Call us at 1.510.649.3001 
 

 

QUICK START 
 

Zoom in and out 
As you work on your poster zoom in and 
out to the level that is more comfortable 
to you. Go to VIEW > ZOOM. 

 
Title, Authors, and Affiliations 

Start designing your poster by adding the title, the 
names of the authors, and the affiliated institutions. 
You can type or paste text into the provided boxes. 
The template will automatically adjust the size of 
your text to fit the title box. You can manually 
override this feature and change the size of your text.  
 
TIP: The font size of your title should be bigger than 
your name(s) and institution name(s). 
 
 
 

 
 

Adding Logos / Seals 
Most often, logos are added on each side of the title. 
You can insert a logo by dragging and dropping it from 
your desktop, copy and paste or by going to INSERT > 
PICTURES. Logos taken from web sites are likely to be 
low quality when printed. Zoom it at 100% to see what 
the logo will look like on the final poster and make 
any necessary adjustments.   
 
TIP: See if your school’s logo is available on our free 
poster templates page. 
 

Photographs / Graphics 
You can add images by dragging and dropping from 
your desktop, copy and paste, or by going to INSERT > 
PICTURES. Resize images proportionally by holding 
down the SHIFT key and dragging one of the corner 
handles. For a professional-looking poster, do not 
distort your images by enlarging them 
disproportionally. 
 

 
 
 
 
 
 
 
 
 

Image Quality Check 
Zoom in and look at your images at 100% 
magnification. If they look good they will print well. If 
they are blurry or pixelated, you will need to replace 
it with an image that is at a high-resolution. 
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QUICK START (cont. )  
 

How to change the template color theme 
You can easily change the color theme of your poster 
by going to the DESIGN menu, click on COLORS, and 
choose the color theme of your choice. You can also 
create your own color theme. 
 
 
 
 
 
 
 
 
 
You can also manually change the color of your 
background by going to VIEW > SLIDE MASTER.  After 
you finish working on the master be sure to go to VIEW 
> NORMAL to continue working on your poster. 
 

How to add Text 
The template comes with a 
number of pre-formatted 
placeholders for headers and 
text blocks. You can add more 
blocks by copying and pasting 
the existing ones or by adding a 
text box from the HOME menu.  

 
 Text size 

Adjust the size of your text based on how much 
content you have to present. The default template 
text offers a good starting point. Follow the 
conference requirements. 

 
How to add Tables 

To add a table from scratch go to the 
INSERT menu and  
click on TABLE. A drop-down box will help 
you select rows and columns.  
You can also copy and a paste a table from 
Word or another PowerPoint document. A 
pasted table may need to be re-formatted 
by RIGHT-CLICK > FORMAT SHAPE, TEXT 
BOX, Margins. 

 
Graphs / Charts 

You can simply copy and paste charts and graphs from 
Excel or Word. Some reformatting may be required 
depending on how the original document has been 
created. 
 
How to change the column configuration 

RIGHT-CLICK on the poster background and select 
LAYOUT to see the column options available for this 
template. The poster columns can also be customized 
on the Master. VIEW > MASTER. 

 
How to remove the info bars 

If you are working in PowerPoint for Windows and have 
finished your poster, save as PDF and the bars will not 
be included. You can also delete them by going to 
VIEW > MASTER. On the Mac adjust the Page-Setup to 
match the Page-Setup in PowerPoint before you create 
a PDF. You can also delete them from the Slide Master. 
 

Save your work 
Save your template as a PowerPoint document. For 
printing, save as PowerPoint of “Print-quality” PDF. 
 

Print your poster 
When you are ready to have your poster printed go 
online to PosterPresentations.com and click on the 
“Order Your Poster” button. Choose the poster type 
the best suits your needs and submit your order. If you 
submit a PowerPoint document you will be receiving a 
PDF proof for your approval prior to printing. If your 
order is placed and paid for before noon, Pacific, 
Monday through Friday, your order will ship out that 
same day. Next day, Second day, Third day, and Free 
Ground services are offered. Go to 
PosterPresentations.com for more information. 
 

Student discounts are available on our Facebook page. 
Go to PosterPresentations.com and click on the FB icon.  
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EPSI	  Meshing	  Developments	  

Meshing Generation Method 

Implemented thus far 
•  Initialization and starting distribution of mesh and particles 
• Search for particles in mesh 
• Deposition of charge from particles to mesh, and 

associated mesh-oriented data storage 
• Particle movement, including  

transfer between processes  
when required 

• Periodic rebalancing  
of mesh and particles  
to prevent load imbalance  

Developments underway 
•  Integration of testing of full  

set of particle operations 
• Component performance tests 
Remaining developments 
•  Integration with finite element field solve 
• Scaling and performance improvements 
 

Progress on Parallel Mesh Implementation 

Current XGC code 
• Entire mesh exists on every process 
• All values associated with the mesh are stored on 

every process 
o Requires global communication 

New distributed code being developed 
• Connects with SCOREC’s Parallel Unstructured Mesh 

Interface (PUMI) for mesh representation 
o Mesh and associated information is partitioned 

among processes 
o Particles to be associated with mesh regions 
o Most communication is local 
o PUMI partition model for interprocess communication 

Parallelization of Mesh with Particles Role of Mesh in Edge Physics Simulations 

Critical to account for the physics of the particle motion in 
the models and associated numerical solution methods 
• Motion primarily confined to be along field lines of the 

magnetic field (on which the magnetic  
flux is constant) 

• Motion of particles in toroidal direction  
much faster than in the poloidal plane  

Effective numerical models account for  
the physics of the particle motion –  
leads to a set of mesh requirements 
• Primary mesh is a 2D mesh resolving the poloidal plane 

o Most effective to carefully align mesh to follow magnetic 
field lines in the critical regions 

o Projection of particle motion on the poloidal plane 
controls mesh vertex placement on flux curves 

o Coupling of particle and mesh methods, and accuracy of 
mesh method dictate mesh fineness and gradation, as 
well as need for element shape control 

• Computing Issues 
o Need to ensure scalability as more complex reactors are 

considered (ITER) and memory per core decreases 
o Drives need for parallel mesh 

Requirements Driving Meshing Efforts 

Automatic meshing requires unique geometry representation 
• Boundary representation required 
• Meshing requirements dictate geometric model meshed 

includes combination of physical and physics entities 
• Flux surfaces are key physics component required 

o Require mesh vertices specifically placed on flux curves 

 
 

• Constant flux curves constructed from data measured  
on a uniform grid 
o Input flux (ψ) values are obtained from experimental  

data on a coarse uniform grid 
o Interpolative splines are constructed from this data to 

give continuous and smooth ψ values 
o Curves are then constructed to be perpendicular to the 

gradient of ψ and parallel to the magnetic field, meaning 
each curve has a constant ψ value 

Geometry Definition   

Comparison  
• Original method took >11 hours of combined human and 

machine time 
o Mesh still did not have desired quality in all locations 

• Run time (human plus machine) for new procedure 
reduced by a factor of >60 to under 10 minutes for finest 
mesh generated (107 elements) 

• New procedure will support dealing with new and more 
complex reactor configurations (e.g., ITER)   

Mesh Generation Example 

Must capture behaviors at multiple scales 
• Employ overlapping two scale approach to solve 

gyrokinetic Vlasov equations 
o Tracking of ions and electrons through particle 

equations of motion 
o Gyrokinetic Poisson equation numerically solved at  

the reactor scale to define fields that push particles 
o Must account for coupling of fields and particles 

XGC code is a highly parallel code that implements this 
multiscale simulation 
• Particle motion is updated using Runge-Kutta 4 step 

iteration or 3rd-order Predictor-Corrector 
• Reactor fields solved using an unstructured mesh  

finite element method 
• Mesh and particles must be properly coupled at each  

step in the simulation 

Combines multiple meshing functions 
• General triangulation 

o Generate well shaped, graded 
mesh near reactor wall where  
geometry is complex 

• One-element layered meshing procedure 
o Require depth of one element between critical flux 

curves 
o Given constant flux curves with vertices placed as 

required by the vertex to follow particles, a direct 
algorithm used to construct best shaped elements 

 
 
 
 
 
 
 
 

• Mesh Control near x-point 
o Near x-point the one-element procedure between flux 

surfaces produces poorly shaped elements 
-  Such element can degrade the local solution 
-  Local physics is such that maintaining the one-

element deep layer is not critical 
o Apply local general mesh modifications to control 

element shapes  
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XGC has three main interactions with the mesh 
 
Particle search 
• Used to locate the element a particle is in 
• Used mainly during particle push and charge deposition 
•  In the new distributed code, this is implemented using 

mesh adjacency information 
o Each particle remembers the element where it was last 

located 
o An evaluation of area coordinates within that element 

indicates the next element to search 
o If the next element is on a different partition, the particle 

is queued to be transferred 
Rebalancing 
•  Is now driven by the mesh 
• Requires particles to follow their containing element as it 

moves 
o To remember where each particle should be sent and to 

match it back to it’s containing element on arrival, a 
temporary map is created 

Poisson Solve 
• Field equations solved on finite element mesh 
 

Parallelization Algorithms 

Par/cles	   Mesh	  

Rebalance	  

Charge	  
Deposi/on	  

Par/cle	  
Search	  

Par/cle	  Push	  
Poison	  Solve	  

CHAPTER 2. SCIENTIFIC ISSUES

turbulence in three-dimensional plasma equilibria, such as regions with magnetic islands or
the open flux surface regions in the scrape-o!-layer at the edge of the plasma. Additionally,
the capability must be developed to launch a gyrokinetic simulation using local parameters
produced by integrated modeling simulations. Comprehensive reduced transport models must
be developed using these advanced gyrokinetic capabilities. Models for all of the channels of
transport are needed with su"cient physics fidelity to simulate internal transport barriers.

ELM models must extend over a larger wavelength range than in current codes in order to
resolve nonlinear interactions adequately. ELM simulations are being developed to extend to
small wavelengths, including gyrokinetic e!ects, in order to reproduce the observed filamentation
in the scrape-o! layer. ELM models need to be developed in order to simulate the complete ELM
crash routinely with the nonlinear transport of energy, momentum, particles, and the associated
plasma current. Also, models for the various types of ELMs must be developed.

2.2.2 Large-scale instabilities

(1) What are the compelling scientific issues for which computation is required?

Large-scale or macroscopic insta-

Figure 2.5: Kink instability from a nonlinear extended
MHD simulation.

bilities limit plasma performance in
all magnetic confinement devices. In
tokamaks, sawtooth oscillations (and
more generally m = 1 instabilities
shown in Fig. 2.5), conventional and
neoclassical tearing modes, ideal MHD
pressure- and current-driven instabil-
ities and resistive wall modes restrict
operational regimes and lead to con-
finement degradation and disruptions.
For ITER and beyond, it is crucial
that predictive understanding of the
nonlinear dynamics of these instabil-
ities be used to develop tools for in-
stability avoidance, suppression, and
mitigation. While linear MHD pro-
vides an excellent predictive capabil-
ity for ideal instability onset, nearly
all of the forefront research in macro-
scopic instability modeling involves non-
linear mode evolution using extended MHD models. Extended MHD includes physics relevant to
long mean free path plasmas where kinetic and neoclassical processes are of central importance
for predicting the complete evolution of large-scale instabilities.
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