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Ground Motion of the 2008 Ms 8.0
Wenchuan earthquake (China)
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Motivations for This Study

A Two methods for data exchange
¢ Message Passing 1T MPI
e Shared Memory T OpenMP
A Wide availability of multicore systems

¢ Shared resources within a chip and
node

A Hybrid programming model maps well to
multicore systems

A Study: Takes the advantages of hybrid
Implementations
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Hybrid MPI/OpenMP Approach
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- .
g Execution Platforms
5
‘Q Configurations JaguarPF (XT5) Jaguar (XT4)
()
g Total Cores 224,256 31,328
o
s Total Nodes 18,688 7,832
% Cores/Socket 6 4
Cores / Node 12 4
% CPU type AMD 2.6GHz hexcore AMD 2.1GHz quad-core
:
= Memory/Node 16GB 8GB
% L1 Cache/Core, private 64 KB 64 KB
:
= L2 Cache/Core, private 512KB 512KB
< L3 Cache/Socket, shared 6MB 2MB
Compiler ftn ftn

Compiler Options -O3 -mp=nonuma -fastsse -O3-mp=nonuma -fastsse
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ORNL Cray XT4/5 Supercomputer

Jaguar: World’s most powerful computer
Designed for science from the ground up
o M REENET " l. R —— - -

http://prophesy.cs.tamu.edu

Xingfu Wu <wuxf@cs.tamu.edu>
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ORNL Cray XT4/5 Supercomputer

Everest

Powerwall ~ pemote Application

Visualization Development _
Cluster Cluster Data Archive
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Benchmark Problem TPV210

Element size 200m 100m 50 m 25m
Total elements 6,116,160 24,651,088 98,985,744 419,554,20(
Time step (s) 0.016 0.008 0.004 0.002

Termination 15 15 15 15
Time (S)

Required ~6 ~24 ~94

Memory (GB)

nxt 829




Rupture time contours
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Dip Slip Velocity
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50m-verified
50m-current

Dip Slip Velocity (m/s)

0.5¢

on-fault station:
12 km along-strike
0 km down-dip
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Vertical Particle Velocity
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off-fault station:

1 km away from fault
0.3 km depth

on footwall

Vertical Particle Velocity (m/s)

—— 50m-verified
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3 Function-level Performance for TPV210 with 50m
3 on Cray XT4
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Relative Speedup for TPV210 with 50m
on Cray XT4
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Function-level Performance for TPV210
with 50m on Cray XT5
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3 Relative Speedup for TPV210 with 50m
- on Cray XT5
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Relative Speedup for TPV210 with 50m
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Function-level Performance Comparison
for TPV210 with 50m on Cray XT4 and

XT5 Systems
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Percentage Difference for

256
384
512
640
/68
s10]0

Number of updatedv-
Nodes

updatedv

updatedyv-
XT4 (s) XT5 (s)
176.87 339.29
145.91 321.53
133.83 313.45
128.82 308.36
125.97 305.27
125.89 305.13

%

difference

91.83
120.36
134.22
139.37
142.34
142.38
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updatedv

ISomp parallel do default(shared) private(l,},k)
do I=1,numnp
do j=1,ndof
k=id(j,l)
If(k > 0) then lonly non-boundary,update
v(,D) = v(j,l) + brhs(k) * dt
d(,D) = d(,l) + v(j,l) * dt
endif
enddo
enddo
ISomp end parallel do

http://prophesy.cs.tamu.edu
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Performance Analysis: updatedv

A 12 OpenMP threads per MPI process on
Cray XT5 has more overhead than using 4
threads on Cray XT4

e More memory bandwidth contention

A The loop size becomes smaller for the
strong scaling application

A Important to consider memory subsystems
to efficiently support OpenMP

A OpenMP scheduling is considered as well

A Multi/many-core: deliverable memory
bandwidth

http://prophesy.cs.tamu.edu

Xingfu Wu <wuxf@cse.tamu.edu>




Relative Speedup for TPV210 with
100m
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Function-level Performance Comparison
for TPV210 with 100m on Cray XT4 and
XTS5 Systems
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Summary and Future Work

A Used MPI to parallelize 3D mesh
generator & simulation

A Presented preference of our hybrid
MPI/ OpenMP implementation

A The hybrid implementation has good
scalability

A Future work
e Improve memory reguirements
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