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ThanksThanks

•• NewisysNewisys (Austin, TX) (Austin, TX)
AMD Opteron SystemAMD Opteron System

•• Dell (Austin, TX) & CrayDell (Austin, TX) & Cray
Intel Xeon SystemIntel Xeon System
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OUTLINEOUTLINE
•• HPC needs for Single- & Dual-processorHPC needs for Single- & Dual-processor

Commodity system NodesCommodity system Nodes

•• The architecture ofThe architecture of
 Intel Xeon & AMD Opteron Systems Intel Xeon & AMD Opteron Systems

•• Single & Dual Processor Xeon & OpteronSingle & Dual Processor Xeon & Opteron
Performance ComparisonPerformance Comparison
–– Measured Memory CharacteristicsMeasured Memory Characteristics

–– Parallel Parallel vsvs Serial Execution of Codes on a Node Serial Execution of Codes on a Node

�� KernelsKernels

�� ApplicationsApplications
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MotivationMotivation

•• 1995-2000 Commodity Massively Parallel1995-2000 Commodity Massively Parallel
Systems used Systems used uniuni-processor nodes:-processor nodes:
–– Beowulf SystemsBeowulf Systems

–– SP2(SC)SP2(SC)

–– T3ET3E

•• Today the e-commerce market has driven theToday the e-commerce market has driven the
price of SMP servers down.price of SMP servers down.
–– Dell, Gateway, HP/Compaq, Dell, Gateway, HP/Compaq, …… compete for this compete for this

market.market.
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MotivationMotivation

Peak performance (TFLOP)Peak performance (TFLOP)
Cost Per ProcessorCost Per Processor
Memory SubsystemMemory Subsystem

No shared bus systemNo shared bus system
No Coherence in Caches (processor and No Coherence in Caches (processor and ““northbridgenorthbridge”” & OS) & OS)
No False SharingNo False Sharing

Memory SizeMemory Size
Message PassingMessage Passing

No Shared interconnect adaptersNo Shared interconnect adapters
On-node MPI performanceOn-node MPI performance

I/O PerformanceI/O Performance
LocalLocal
ParallelParallel
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Single Dual

Dual processor scoreboard for HPC Applications:Dual processor scoreboard for HPC Applications:
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Intel ArchitectureIntel Architecture
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Intel ArchitectureIntel Architecture
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AMD ArchitectureAMD Architecture
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IBM Power4IBM Power4
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Memory LatencyMemory Latency

I1 = IA(1)
DO I = 2,N
   I2 = IA(I1)
   I1 = I2
END DO

1.)  Load IA with sequence 1�N.
2.)  Randomize IA entries.
3.)  Measure Clock Periods of loop.
      (CPs/N = single memory access
      time = latency)
4.)  Loop does not optimizes: no
      prefetching or streams
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Memory Latency  XeonMemory Latency  Xeon
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Memory Latency AMDMemory Latency AMD
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Memory BandwidthMemory Bandwidth

DO I = 1,N
   S = S + A(I)
   T = T + B(I)
END DO

1.)  -O3, unrolling = 2
2.)  Two streams—
      gives high, reasonable
      bandwidths expected
      across memory & caches
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AMD SP/DP memory bandwidthAMD SP/DP memory bandwidth
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Xeon SP/DP memory bandwidthXeon SP/DP memory bandwidth
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STREAM ResultsSTREAM Results

Serial Execution, (MB/sec).
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MPI On-Node BandwidthMPI On-Node Bandwidth

DELL 2650                             295 @ 2MB

Opteron Suse-64 ch_p4           172 @ 2MB
Opteron Suse-64 ch_shmem   404 @ 2MB

IBM P690 HPC                     1324 @ 2MB
IBM P690 Turbo                  1398 @ 2MB
IBM P655  HPC                   1684 @ 2MB

It should be faster than node-to-node.

(MB/sec)

Different implementations
of MPI will vary with On-Node
Performance.
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Hand Coded Matrix-Matrix MultiplyHand Coded Matrix-Matrix Multiply
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Hand Coded Matrix-Matrix MultiplyHand Coded Matrix-Matrix Multiply
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do i=1,n; do j=1,n; do j=1,n

      C(i,k)=C(i,k)+A(i,j)*B(j,k)
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2-CPU throughput suffers
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Library Matrix-Matrix Multiply (DGEMM)Library Matrix-Matrix Multiply (DGEMM)
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Remote  & Local Memory Read/WriteRemote  & Local Memory Read/Write
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ApplicationsApplications
•• SMSM: Stommel model of ocean: Stommel model of ocean

““circulationcirculation”” ; solves 2-D ; solves 2-D
partial differential equation.partial differential equation.
–– Uses Uses Finite DifferenceFinite Difference approx approx

for derivatives on for derivatives on discretizeddiscretized
domain, (timed for a constantdomain, (timed for a constant
number of Jacobi iterations).number of Jacobi iterations).

•• MDMD: Molecular Dynamics of argon: Molecular Dynamics of argon
lattice.lattice.
–– Uses Verlet algorithm forUses Verlet algorithm for

propagation (displacement &propagation (displacement &
velocities).velocities).
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SummarySummary

Scale:1.8xScale:1.8x
2x Opteron2x Opteron

performanceperformance

Scale: 1.9xScale: 1.9x
(MKL 5.1 not(MKL 5.1 not
optimized foroptimized for
AMD)AMD)
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SummarySummary

•• Performance of dual-processor systems variesPerformance of dual-processor systems varies
with memory architecture and processor speed.with memory architecture and processor speed.
–– AMD memory bandwidth scales by 2x when secondAMD memory bandwidth scales by 2x when second

processor is usedprocessor is used–– (using  (using ““locallocal”” memory). memory).

–– Xeon memory bandwidth is shared by secondXeon memory bandwidth is shared by second
processor.processor.

–– Xeon outperforms Opteron on serial compute-Xeon outperforms Opteron on serial compute-
intensive codes (due to speed: 2.4GHz Xeon vs.intensive codes (due to speed: 2.4GHz Xeon vs.
1.4GHz Opteron); but lead can be eliminated with1.4GHz Opteron); but lead can be eliminated with
dual-processor execution of (parallel) programsdual-processor execution of (parallel) programs
when memory bandwidths & synchronizationswhen memory bandwidths & synchronizations
are involved.are involved.


