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Abstract: Since optimization of “performance-per-watt” becomes more important issue on exascale HPC systems, we propose a
technique of run-time optimization during each job’s execution in order to enable its easy adoption. Specifying range of
acceptable performance degradation, trade-off between increasing opportunities of job execution and slightly longer execution
time can be considered by users at the time of job submission. As a result of evaluation with HPCG and other benchmark
programs, its effectiveness and wide applicability were validated. As for the applicability, the optimization technique was adapted
to 3 generations of Intel Xeon processors by only one parameter, as well as showing the improvement of “performance-per-watt”

in many cases.
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Figure 1  Approach of hardware-overprovisioning.
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Figure 2 Relative “performance-per-watt” of HPCG
(left:Sandy Bridge, right:Haswell).
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Figure 3 Relative “performance-per-watt” of HPCG (Skylake).

# 1 WEIZHEMHLE CPU
Table 1 CPUs used for measurements.

Model Details

2.7GHz, 8 cores,
TDP 130W

2.3GHz, 16 cores,
TDP 135W

2.7GHz, 24 cores,
TDP 205W

Sandy Bridge Xeon E5-2680

Haswell Xeon E5-2698v3

Skylake Xeon Platinum 8168
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Table 2 CPU frequency and # of threads for the best
“performance-per-watt” of HPCG.

aul

CPU Relative
frequency thfe(;zs “performance
(GH2) -per-watt”

Relative
performance

Sandy

Bridge 1.7 8 1.59 0.80

Haswell 1.2 12 1.44 0.91

Skylake 1.2 18 1.83 0.94

—F, BHHTVMHEET bbby a7 bz OEET X
X —ZWTETDHE, —RICY a3 TOEITERBINLENRS 2
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Figure 4 Range of acceptable performance degradation on
HPCG (Skylake).
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Table 3 Correction factors for # of threads to estimate energy
consumption.

Correction factor
Sandy Bridge 0.13
Haswell 0.60
Skylake 0.65
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Figure 5 Optimization behavior for ComputeSPMV region of
HPCG (Haswell).
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Table 4 Programs used for evaluations.

Region definition Comments

According to  timing | Tuned by Intel based

HPCG reports in YAML output on V3.0

Only iterative kernels

NAS Parallel | According to “timer_start/ as class C in V3.3.1 by

Benchmarks | stop” calls

OpenMP
NICAM-DC- | According to “DEBUG V1.0.0 with gl05rl00
MINI rapstart/rapend” calls z40pel0 dataset
int CG(...) {

REGION_BEGIN(“ComputeMG”);
ComputeMG(...);
REGION_END(“ComputeMG”);

REGION_BEGIN(“ComputeSPMV™);
double localPAp = ComputeSPMV(...);
REGION_END(“ComputeSPMV™);

=

6 SFATERFMNDOIZDD Y — R a— REEH
Figure 6 Example of source code modification for
distinguishing regions.

* 5 WERE
Table 5 Measurement environments.

Sandy Bridge Haswell Skylake
Xeon Xeon
CPUmodel | XeonES-2680 | 5 5598y3 | Platinum 8168
# of CPUs 2
Turbo Boost Enabled
Hyper-Threading Disabled
[6F] RHEL 6.3 RHEL 6.5 RHEL 7.4
Compilers & .
MPI library Intel Parallel Studio XE 2017 Update 4
PAPI library Version 5.6.0 with RAPL component
Used SIMD
instructions AVX AVX2 AVX-512

41 HPCGRYUFI—HICBIT2HE
F9, AEREFIEOAIMEEZHRT DD, AFEE
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Figure 7 Results of run-time optimization for HPCG.
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Figure 8 Results of run-time optimization for NPB BT.
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Figure 9 Results of run-time optimization for NPB CG.

Optimized Optimized Brute-force | Optimized Optimized Brute-force | Optimized Optimized Brute-force
w/RAPL  w/o RAPL search w/RAPL  w/o RAPL search w/RAPL  w/o RAPL search

Sandy Bridge Haswell Skylake
I Relative performance M Relative power consumption M Relative "performance-per-watt"

B 10 NPBFT X F~—2ITxd 2 TR IdE LR R
Figure 10 Results of run- tlme optimization for NPB FT.
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Figure 11  Results of run-time optimization for NPB LU.

Optimized Optimized Brute-force | Optimized Optimized Brute-force| Optimized Optimized Brute-force
Ww/RAPL  w/oRAPL  search w/RAPL  w/oRAPL  search w/RAPL  w/oRAPL  search

Sandy Bridge Haswell Skylake
m Relative performance M Relative power consumption M Relative "performance-per-watt"

¥ 12 NPB MG X F~—7 x4 5 LI TRl Lk R
Figure 12  Results of run-time optimization for NPB MG.
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Figure 13  Results of run-time optimization for NPB SP.
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Figure 14  Results of run-time optimization for NPB UA.
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Figure 15 Optimization results depending on acceptable
performance degradation (HPCG).
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Figure 16 Difference of power consumption by the proposed
algorithm (NICAM-DC-MINI).
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Figure 17  Results of run-time optimization for
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