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The Past — 2009 - 2012

eeClust - Energy-Efficient Cluster Computing

= Project partners: Uni Hamburg, TU Dresden, JSC, ParTec
= www.eeclust.de

= Goals: Identify phases of low resource utilization and turn
hardware to lower power-states in such phases

= Integral point: Extension of performance analysis tools to
analyse application power consumption and hardware
utilization
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MPI Busy-Waiting

MPI Busy-Waiting

Power consumption in phases of busy-waiting is very high
due to constant CPU activity.
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Scalasca Wait-State Detection

processes

S

Wait State
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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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Example: Energy Saving Potential

File Display Topology

| Absolute | | own root percent v
Metic tree | Calltree || Flatview. System tree || Topology 0.
18 143610 P2P byies sent Al [BO000WAN_ A 037 j25c58
143610 P2P bytes recelved 000.00 WFLinit 054 jj25¢57
9.73e13 Collective bytes outgoing |0 0.00 benchmarking.benchmark_pre_ 0.32j25¢53
|- 9.73e13 Collective bytes incoming |01 0.00 files.openfiles_ + [ 0.55 jji25c52
[ Qo RuAbytes received [ 0000 stamp_ 06925¢36
[ Do Ruabytes put 7067 setup b @ 16525035
D000 Late Post 01000 pepc_setup_ @995 ji25c3s
% (] 0.00 Early Wait 1 0.00 configure_ W 0.65125¢31
0 0.00 Early Transfer & 010.00 special_start_ 0.16j25c30
5 5000 watatpence 01000 1P| Peduce 076 525028
5 [ 6.85¢7 Energy 029.33 MPI_Beast 3] -ji25¢28
 4.99e4 ESP Late Sender 0 0.00 MPI_Scan W 002 Process 104
10 0.00 ESP Late Receiver 0 0.00 MPI_Allgather b 105
33606 ESP Waitat Barrer 000.00 par_rand_ 0.2 Process 106
010,00 ESP Barrier Completion 0000 TRACING 002 Process 107
4.00e6 ESP at 0 0.00 module_tmm_framework fmm_framework_init_ M 0.13 Process 108
{-0J 0.00 ESP Nx N Completion FO0o0.00 benmmavkmu benchmark_inner_ 0.25 Process 109
0.00 ESP Early Reduce F 0000 upI_Bar 013 Process 110
241ed ESP Early Scan 01 0.00 pepc_fiel \d 0.13 Process 111
- B 692.40 ESP Late Broadcast. |- 01 0.00 particle_g pusnevvelncmes 5 [ 0.70 jj25c27
29204 ESP BW Late Sender [ G000 patlpusherpush_ ® 06312525
J0.00 ESP BW Late Receiver (00 0.00 energies.energy_cc 02825024
216e6 ESP BW Wait at Barrier 1 0.00 benchmarking. gmer)amm diag_ 0.36j25¢10
32,4926 ESP BW athixNN 0000 WPI_Scan 05124c95
[ 0.00 ESP BW Early Reduce DﬂﬂnMP\ I_Allgather 5 [ 0.62 jj24c03
m 152e4 ESP BW Early Scan c_particle_ W 0.49jj24c92
[ 189 80 5P W Late Broadcast oo el Barer 5 M 0.02jj24c01
3.66e5 Power-state switching possibility 00.00 MPI_F [ 0.66 jj24c90
|- @ 2.8026 No P-State switch possibility o.00 M \__ 087 jj24c89
10 Power-state switthing possibilty while busy walting 01 0.00 benchimarking benchmarking_dump_diagnostics_ 033 j24ce
4813 P-State 2 switch possibility |01 0.00 benchmarking benchmark_post_ 0.41jj24c86
42e4 P-State 3 switch possibility |01 0.00 pepc_cleanup_ £ W 0.55 jj24c85
[ 1.14e4 P-State 4 switch possibility |01 0.00 cleanup_ 047 jj24c84
28125 P-State 5 switch possibiliy. U £ 0000 fles.closefles_ U 5 050 j24c83
10 P-State 6 switch possibility ~ -0 0.00 benchmarking benchmark_end_ ~ 0.3 j24¢82
[ 0 Other P-State switch possibility ~ [10.00 MPI_Finalize b [0 A5.i24c8]
T C T C
000 189,60 (100.00%) | 295 0009 185
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Example: Optimal P-State Detection
:
File Display Topology
| Absolute v |Absolute v | |Absolute v/
Metic tree | Calltree || Flatview System tree | Topology 0
FLT0.00 Late Post A 'BO0MAN 2| |'&0- Linux Cluster -~
0000 Early Wait DoWPLinit intels
[0 0.00 Early Transter [ 00 _benchmarking_Mop_benchmark_pre
3 0] 0.00 Wait at Fence |00 0 files_MOD_opentiles
5 I 1.25¢5 Ener O 0stamp_
[ B 136.98 ESP Late Sender 00 setup,
J0.00 ESP Late Peceiver 00 pepe_setup_
- B 34.37 ESP Wait at Barrier 00 configure_
01 0.00 ESP Barrier Completion 0__modulé_tmm_framework_MOD_fmm_framework_init
XN {0 0_benchmarking_MOD_benchmark_inner
0000 ESP NxN Completion -0 0 lPI_Barrier
0,00 ESP Early Reduce 00 pepe_tields_
| @ 2.45 ESP Early Scan ‘module_fmm_framework_MOD_fmm_framework_tims
e S
- 79.74 ESP BW Late Sender | O0tree_allocate_
£10.00 ESP BW Late Receiver Ootree_local_
|- 5166.16 ESP BW at Nx N |- 12 Process 14
|03 0.00 ESP BW Early Reduce M 11 Process 15
101 0.00 ESP BW Early Scan 3 (] - intel3
1 0.00 ESP BW Late Broadcast <
3 [] 0 Power-state switching possibility 115 WPI_Aligather
1049 P-State 2 switch possibility 00 key2addr_
0 P-State 3 switch possibility 369 MPI_Alltoall
0 463 P-State 4 switch possibility P Irecy
S P ——
[ 0 P-State 6 switch possibility
000 Other P-State switch possibility X Lt
L @ 7.52e4 No P-State switch possibility 8 MPI_Waitany
D10 Power-state switching possibility while busy waiting 0 0 make_hashentyy_
OJ 0 next_node_
O 0TRACING
00 sum_force_ 12 Process 27
U D0 _module_mm_ramework_MOD_fmm_sum_attce_for 11 Process 28 ]
0 0 P-State 6 switch possibility ~ DOorestore_ ~ 12 Process 29 A
[ 0 Other P-State switch possibility - L]0 tree deallocate b 11 Process 30 4
- o s =
ml ‘u 369 (75.00%) 492 [0 369]

g 192 6163%)
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The Present — 2010 -...

EIC - Exascale Innovation Center

= Project partners: IBM Germany R&D and JSC

= Goal: Co-Design for next-gen of Supercomputers
= One work-package on energy-efficiency

= Investigation of power consumption on Blue Gene
= Fine-grained power measurements on POWER7

January 20, 2014 Michael Knobloch Slide 9



#) JOLICH

FORSCHUNGSZENTRUM

Power Consumption Analysis on POWER7

IBM Automated Measurement of Systems for Temperature
and Energy Reporting software.
Results were published at EnA-HPC 2013.

Sensor name Units | Time scale Description

PWR1MS w Instantaneous Node power consumption
PWR1MSPO w Instantaneous Processor power consumption
PWR1MSMEMO w Instantaneous Memory power consumption
PWR32MS w avg. over last 32 ms | Node power consumption
PWR32MSP0O w avg. over last 32 ms | Pocessor power consumption
PWR32MSMEMO | W avg. over last 32 ms | Memory power consumption
IPS32MS Mips | Every 32 ms Instructions per second rate
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Example: Component Level Power Measurement

il e idon
ErueedIEmLS B2

January 20, 2014 Michael Knobloch Slide 11



#) JOLICH

FORSCHUNGSZENTRUM

Example: Counter Resolution Comparison
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The Future — 2013 - 2016

Score-E

= Main Tools Partners: JSC, TU Dresden, TU Munich

= Successor of SILC and LMAC

= Extension of Score-P measurement system
(www.score-p.org)

- Common measurement system for Scalasca, Vampir, and
Periscope

= Power and Energy measurements from different sources,
e.g. RAPL, Xeon Phi power sensors, etc.

= Energy modelling from power consumption data
= Enable auto-tuning for energy efficiency
= New visualization

= Test on real-world applications
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Profiling for Energy

Profiling

Instrumentation-based or sampling
Aggregation of event data at runtime

Instrumentation-based profilers: Requires energy data
instead of power data

Ideal situation: Power integration done in hardware =
Energy-counters

Possible alternative: Do counter sampling between two
measurement points, power integration done in software
- Overhead problem?

- Sampling frequency?
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Node-Level Counters

Shared Counters

= Can be shared by multiple processes at different scopes:

- Last Level Cache: Shared across all processes on a socket
- Network counters: Shared across all processes on a node
- BG/Q Power consumption: on a node-board level

= Some can be queried by all processes, some only by one
= Doesn’t make sense in current metric scheme

= How to display them in Cube?
- Flexible system tree

- Separatecubefile foreach-seope
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To-Do List

What's there

= Infrastructure in Score-P

= Support for different counter types (traditional, sampling,
etc.)

= Support for tupels in Cube (min, max, avg, etc.)
= Cube’s flexible system tree

What's missing

= Way to handle not available data
= Way to record counters with low overhead
- Collective user-instrumentation call?

January 20, 2014 Michael Knobloch Slide 17



#) JOLICH

FORSCHUNGSZENTRUM

Collective User-Instrumentation Call

Requirements

= Scope should be as small as possible
= Scope should be adjustable
= Scopes are the same as in flexible system tree

= But: Might not work with some applications
(Master-Worker)

Examples

= SCOREP_USER_{SCOPE} COLLECTIVE_REGION_INIT
= SCOREP_USER_COLLECTIVE_{SCOPE}_REGION_INIT
= SCOREP_USER_COLLECTIVE_REGION_INIT(SCOPE)
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Lessons learned

Metric discussion

= Metric to define energy-efficiency unclear

= Power vs. Energy
= Might require different analyses

Tools need

= Sensors that provide relevant information
- Power, energy, temperature, etc.

= At all relevant system levels
= Scalable APls
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