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The PIC Steps 
•  “SCATTER”, or deposit, 

charges on the grid (nearest 
neighbors) 

•  Solve Poisson equation 
•  “GATHER” forces on each 

particle from potential 
•  Move particles (PUSH) 
•  Repeat… 
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Classic PIC 4-Point Average GK 
(W.W. Lee, JCP 1987) 

Charge Deposition Step (SCATTER operation) 
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MPI_init 

MPI process MPI process MPI process MPI process 

MPI_finalize 

OpenMP 
Loop 

OpenMP 
Loop 

Start 
threads 

Merge 
threads 



@Q"!%',0./)!7.'/+(1!3(!2,'6!gQhB!
8RMXe%)(8R!3(!45/0L.3,)!(3D)7!



•  ETG simulation of real-size 
tokamak ! NSTX 

•  Direct comparison to 
experimental data 

•  Simulation uses 23 billion 
particles and 400 million grid 
points 

•  Production simulations on 
98,304 cores 
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ITER-size  
simulation with 
only 512MB/core! 
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Platform: Tianhe-1A 
•  Compute node: 

•  2 Intel Xeon 5670 (6c, 2.93 GHz) 
•  1 NVIDIA Tesla M2050 
•  24 GB DRAM 
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TitanDev 

Tianhe-1A 
Tianhe-1A 
Compute node: 
• 2 Intel Xeon 5670 
• 1 NVIDIA Tesla 
M2050 
• 24 GB DRAM 

TitanDev node: 
•  16-core AMD 

6200 Interlagos 
•  1 NVIDIA Tesla 

X2080 6GB 
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Edge plasma simulation in the fusion gyrokinetic 
code XGC1 requires extreme scale computing 

Core 

Edge 

• Understanding edge plasma is critical for success of ITER 
- Fusion efficiency is largely determined by plasma confinement at the edge 
- Life time of material wall is mostly determined by edge plasma property 

• Edge plasma requires extreme scale computing 
- Perturbative “delta-f” approach cannot be used in edge 
" Edge plasma is in the non-equilibrium 

thermodynamic state with sources and sinks 
" Dominated by non-linear self-organization of multi-

scale multi-physics 
! “full-f” kinetic simulation is required 
- The popular and economical “magnetic” coordinate 

system has singularity on separatrix  
 ! Cylindrical coordinate system is used 
- Complicated edge geometry demands unstructured 

triangular grid 

Presently, XGC1 is the only gyrokinetic 
code in the world fusion program to include 
the magnetic separatrix surface. 



•  Utilized strong collaboration with past ASCR Centers and Institutes (TOPS, 
SDM, PERI, ULTRAVIS, Courant Math and Computing Lab) 

•  Strong collaboration with the new ASCR Centers is essential to continue the 
scalability to hybrid extreme computing (FastMath, SUPER, QUEST, SDAV) 

A fusion gyrokineic code XGC1 scales efficiently 
to the maximal number of Jaguar XT5 cores 

223,488 cores 

Hybrid MPI-OpenMP 

By P. Worley (CPES and PERI) 

Most of the XGC1 
productions runs 
have been >70% 
Jaguarpf capability. 
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Extreme scale computing of XGC1 enables realistic 
tokamak edge physics simulation 

Study Multi-scale multi-physics self-
organization of edge physics and its 
impact on core confinement 
• Large scale background profile evolution 
• Small scale microturbulence 
• Meso scale zonal flow dynamics 
• Neutral fuel particles and impurity particles 
with atomic physics 
" Coarse grained mesh is needed all the 
way to the core to study edge effect on 
core confinement, and to avoid artificial 
core-edge boundary. 
# Validation on present devices 
   DIII-D & NSTX (US)               JET (EU) 
   ~ pFlop Jaguar and Hopper   Early Titan 

# Prediction for ITER  
 >10 peta flops, Titan and beyond 

# More physics capability with 
stronger computing power 
# Developed GPU optimization tech.                 

XGC1 simulation in CPES (vis by K. 
Ma): Spreading of edge turbulence into 
DIII-D core, shedding light on the 30 
year old mystery on how the edge 
plasma affects the core confinement so 
strongly.  This experimental fact, without 
theoretical understanding, became the 
basis for ITER performance prediction. 
170K Jaguar cores used for one day. 
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