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Motivation

SExiwieTEES B

MPI Busy-Waiting

Power consumption in phases of busy-waiting is very high
due to constant CPU activity.
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Performance Optimization Cycle

Instrumentation

unoptimized
p. . Measurement
application

Optimization @ Analysis

optimized —’A\ -
application Presentation

Evaluation
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Scalasca Workflow
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Distributed
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Wait-state
report
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Wait-States
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The Cube3 Analysis Report Browser
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Calculating Energy-Saving Potential
Idle-Waiting

ESP = max((tw* Apr) = (tw = tr,) * I+ E7yp,)

Busy-Waiting

ESP_BW = g;%)é((tw * Apy) = (bw — tr,,) * Ap + ET,. )

PS — Set of power states tw — Waiting time
Ap — Active energy in P-State p Hoymp — Transition time
Ip — Idle energy in P-State p ETM1 — Transition energy
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Test Systems — eeCluster

Intel Nodes
007,
350 o
300
2 Xeon X5560 (4 cores, SMT-2) - 20
12 GB RAM =
Gigabit Ethernet 100

1600 1733 1867 2000 2133 2267 2400 2533 2667 2800 2801
MHz

P-State ‘ Ap (W) ‘ Ip (W) tTp,p1 (s) ‘ ETp,p1 )
1-2800 MHz 35.68 20.81 0 0

" 5Nodes Intel Nehalem 2 - 2533 MHz 3224 | 1977 0.00001 0.1
® 5 Nodes AMD Opteron 3 - 2267 MHz 2956 | 19.36 0.00002 0.2
. 4-1867 MHz 264 | 18.83 0.00003 0.4
fAL{‘/'G 450 Power 5— 1600 MHz 2457 | 1857 0.00004 0.8

eter
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Test Systems — Juropa

2208 compute nodes

2 Xeon X5570 (4 cores, SMT-2)
24 GB RAM

QDR Infiniband

# 25 in Top500 (June 2011)

1.5 MW Power Consumption

P-State | A, (W) | b (W) | tr,, () | Er,,, ()

1 58.8 34.3 0 0
2 53.13 | 32.58 | 0.00001 0.1
3 48.72 | 31.91 | 0.00002 0.2
4 43.51 | 31.03 | 0.00003 0.4
5 40.48 30.6 | 0.00004 0.8

Values derived from Intel nodes of eeCluster
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File Display Topology Help
[ Avsolute v | | own root percent v | Own oot percent v
Metic tree | Calltree || Flatview. System tree | Topology 0
| e byies sent A BO000MAN_ = @037 125058 a
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F 0000 Late Post 000,00 pepe_setup_ 9952534
5 010,00 Early Wait 00,00 configure_ 5 0,65 j25c31
|- 0 0.00 Early Transfer & 070,00 special_start_ [ 0.16j25¢30
501000 WaltatFence F-010.00 WPI_Peduce b M 076 25029
a2 L0 jaseas
L0000 WPI_Scan 002 Process 104
L0000 wp_Atgather b (1899 Process 105
£ 0000 par_and_ 002 Process 106
L0000 TRACIG M 0.02 Process 107
010,00 module_fmm_framework fmm_framework_init_ 013 Process 108
101000 ESP 1xN Completion -0 0.00 benchmarking benchmark_inner_ 025 Process 109
010,00 ESP Early Peduce F 0000 upi_garier 0.13 Process 110
8 24104 ESP Eary Scan 01 0.00 pepe_felds, 013 Process 111
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7 000 bechmarng Samer patee_dag_ ® 036 j25¢10
[ 8 24926 ESP BW at NxhY 0000 WPI_Scar b 05124095
010,00 ESP BW Early Peduce 000 Mpl Algatner b M 062)24c93
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000 P-State 6 swich possiy A | FOocopenchmarkingbenchman_ena_ = B
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File Display Topology
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Conclusion

=  MPI Busy-Waiting consumes considerable amount of
energy

= Scalasca detects wait-states in large-scale parallel
programs
- Indicate load-balancing problems
- Cannot always be prevented

= We extended Scalasca to calculate the energy-saving
potential in such wait-states and hint the optimal
power-state

September 11, 2012 Willi Homberg & Michael Knobloch Slide 17



#) JOLICH

FORSCHUNGSZENTRUM

scalasca 3

www.scalasca.org
scalasca@fz-juelich.de www.eeclust.de

Energy-Efficient Cluster Computing
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