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POP dominates in CESM

Computational performance of ultra-high-resolution capability in the 
Community Earth System Model. John Dennis, et al. HPCA’12 

2

resources : 58% to 66%
efficiency  : 42% to 58%



Scalability of 0.1o POP

Kraken, 99,072 core Cray XT5 system at the National Institute 
for Computational Science (NICS). Andrew Stone. 2011

Baroclinic mode time dominates on a small number of cores, 
Barotropic mode time dominates in a large number of cores (>5000)



Barotropic mode in POP

• Require to solve an elliptic system for SSH in the barotropic mode.
• The elliptic problem is approximated as a linear system.

• PCG (ChronGear) is used to solve this linear system.



Scalability of 0.1o POP on Yellowstone

Yellowstone,  at National Center for Atmospheric Research (NCAR) . Yong Hu. 2014
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ChronGear Solver does not scale well on large number of processes.



ChronGear Solver

Computation

θ : time unit per floating-point operation

N2 : number of grids 

p : number of processors 



ChronGear Solver

Boundary 
Communication 

α : communication latency 

β : transfer time per byte 



ChronGear Solver

Global  
Reduction  



ChronGear Solver Components
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Global Reduction
Halo Updating
Computation

Global reduction is the bottleneck of the ChronGear Solver in 0.1o  POP.



P-CSI Solver



P-CSI  .vs.  ChronGear

•Unlike ChronGear, P-CSI has no global reduction
•P-CSI needs slightly more iterations, but less computation in each iteration
•P-CSI requires two extreme eigenvalues



Eigenvalue Estimation

• Lanczos method to construct a tridiagonal matrix T
• T has eigenvalues close to M-1A
• Estimation needed only once, extra overhead less than one barotropic step.
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ChronGear
ChronGear + Diagonal
P−CSI + Diagonal
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ChronGear + Diagonal
P−CSI + Diagonal
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ChronGear + Diagonal
P−CSI + Diagonal

Scalability on Yellowstone

1.4X 3.2X

1 degree POP 0.1 degree POP



Error Vector Propagation (EVP) Preconditioning

Roache 1995, Elliptic marching methods and domain decomposition.



Preconditioning and Iterations

EVP preconditioning reduces the iteration number to about one-third
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ChronGear + Diagonal
ChronGear + EVP
P−CSI + Diagonal
P−CSI + EVP
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ChronGear + Diagonal
ChronGear + EVP
P−CSI + Diagonal
P−CSI + EVP

Scalability on Yellowstone

4.7X

1.4X

3.2X
1.4X

1.8X

0.9X

1 degree POP 0.1 degree POP



Solver Component
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ChronGear + Diagonal
ChronGear + Evp
P−CSI + Diagonal
P−CSI + Evp



Simulated Years for Solver Per wall-clock Day

Simulation rate without considering the I/O and initialization in 0.1 degree POP.

35%



Q & A 
Thanks!


