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Motivation

» Develop and apply techniques to improve
performance and efficiency of CFD codes

» Target commodity cluster architectures
— Single processor performance
— Multiple processor performance

 Evaluate changing
architectures

* Educate and involve
students
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CFD Code Optimization

» Optimization includes single processor,
multi-processor, and I/O performance
* Single node performance is strongly
influenced by cache performance.
» Techniques

— Cleaning

— Data Restructuring

— Loop Restructuring

— Algorithm restructuring
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CFD Codes
GHOST

* In-house incompressible CFD code (P.G. Huang)

 Finite-volume, structured, 2D
* RANS turbulence, transition models
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CFD Codes

UNCLE

* In-house incompressible CFD code (P.G. Huang)
e Finite-volume, unstructured, 2D/3D

* RANS, DES turbulence models
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CFD Codes

EPIC

* Explicit Planetary Isentropic Coordinate GCM
(T. Dowling)

* Finite-difference, 3D

» Hyperviscosity, DES turbulence models
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CFD Codes

OVERFLOW

* Version 2.0y (P. Buning)

* Finite volume, 3D, structured, compressible
* Numerous turbulence models

March 6, 2007 32" Dayton-Cincinnati Aerospace Sciences
Symposium

Kentucky Fluid Clusters

KFC4

* 47 nodes

« AMD 2500+, 32-hit,
1.83 GHz, 512 KB L2

* 512 MB RAM

* Single-switch 100Mb
and single-switch 1Gb
network

KFC5

* 47 nodes

* AMD64 3200+, 64-hit,
2.01 GHz, 512 KB L2

* 512 MB RAM

* Single-switch Gb network
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Kentucky Fluid Clusters

KFCé6l

* 24 nodes

* Intel E6400 dual core
64-bit, 2.13 GHz, 2 MB L2

*1 GB RAM

* Single-switch Gb ethernet

KFC6A

» 23 nodes

* AMD64 4600+ dual core
64-bit, 2.40 GHz, 2x512 KB L2
(AMDG64 4200, 2.2 GHz)

1 GB RAM

* Single-switch Gb ethernet
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Tools

Valgrind Intel - compiler

e Version 3.1 e Version 9.0

i Cachegrind tool e -openmp _fpp _ipo -03 -

 Cache simulation software  no-prec-div -static -ip -

« Instruction & Data pad -Vaxlib —w

« Miss rates for L1, L2 » Problems with stack size

« http://valgrind.kde.org limitations

Definitions
* Normalized walltime = wallime/iteration/gridpoint (s)
* Cache miss rate = cache misses/calls
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GHOST Performance — KFC4
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GHOST Performance — KFC5
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GHOST Performance — KFC6

Symposium
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GHOST Performance — KFC6

Symposium

Version 0 Version 3
Block Size AMD 4600 AMD 4200 Intel 6400 Block Size AMD 4600 AMD 4200 Intel 6400
30x 30 60.35% 61.58% 29.55% 30x 30 21.55% 22.78 % 11.18%
40 X 40 59.11% 60.64% 30.85% 40 x 40 21.05 % 22.18% 13.6 %
50 x 50 56.20% 57.25% 30.83% 50 x 50 20.56 % 21.94% 14.66 %
60 x 60 52.73% 54.68% 30.51% 60 x 60 17.44% 18.91 % 15.28 %
70x 70 52.9% 54.23% 29.43% 70x 70 17.02% 17.92% 15.11 %
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Datacall/10, Cache misses
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UNCLE Performance — KFC4
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Datacall/10, Cache misses
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UNCLE Performance — KFC5
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GHOST/UNCLE/EPIC Performance

GHOST | GHOST | GHOST | UNCLE | UNCLE | EPIC
VO V3 V3,SB30 Ul U4
KFC4 7.3 4.0 2.2 21.5| 11.2| 22.7
KFC5 3.6 2.2 1.6 11.3 5.7 -
KFC6I 2.3 2.0 1.8 7.0 - 10.6
KFC6A 2.9 1.7 1.3 8.5 - 9.4
AMD4200 3.2 1.8 15 10.0 - 10.3
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OVERFLOW - 2D
KFC4
KFC5 KFC6A
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OVERFLOW - 3D

KFC4
KFC5
KFC6A
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Conclusions

Reducing L2 cache miss rates from afew percent to afew
tenths of a percent can yield significant performance
acceleration.

Newest commodity processors are more cache-aware,
reducing the gains available through cache optimization.

L ess cache optimized codes (GHOST VO, UNCLE U1,
OVERFLOW) benefit significantly from large cache (Intel
E6400).

Highly cache optimized codes (GHOST V3, EPIC) do not
gain as much from large cache but gain more from faster
processor, FSB (AMD 6400).

Shift from faster processors to smarter architectures means
selecting the best hardware is more code dependent.
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