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Why Measure Energy / Power?
2

-1 Energy monitoring, accounting

1 Power capping

0 Energy efficiency analysis/optimizations

» Imagine performance optimization with a clock that only updates once
a second and has a 10% error
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Key Criteria for Energy Measurements
i

1. Temporal granularity
= Analyze short program phases

2. Spatial granularity
—> Distinguish individual components

3. Well-defined accuracy
—> Energy savings >> uncertainty

4. Scalability
- Usage in HPC systems
5. Cost

- Applicable to large production system or small experimental system
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Related work

1. Temporal granularity
— Common solutions between 1 s and 1 ms

2. Spatial granularity
- DC power meters, e.g. PowerPack, PowerMon2, Powerlnsight

3. Well-defined accuracy
—> Professional AC power meter

4. Scalability
- Vendor power meter, integrated PDU measurement

5. Cost
- Embedded CPU measurements, RAPL

Thomas llsche



Advancing Energy Measurement

B
QIHA

11 Custom-built system

1 Vendor collaboration

01 Very high temporal resolution 01 Highly scalable

0 Good spatial resolution

0 Well understood accuracy

0 Verified accuracy

1 Good temporal and spatial
resolution

11 Deployed in production HPC
system with 1456 nodes

Thomas llsche



Systems Under Test

QIHA
11 Single node workstation
0 2 X Intel Xeon E5 2690 v3
0 256 GiB memory
1 800 GB SSD
1 Ubuntu 16.04 Server

0 1456 Bullx DLC nodes

0 2 X Intel Xeon E5-2680 v3
1 64 — 256 GiB memory

0 128 GB SSD

0 Bull SCS4

Thomas llsche



Instrumentation points
P
CIHA
1 2 X sockets (CPU + Memory) 01 Total DC node power
0 Mainboard 12V, 5V, 3.3V ATX 0 2 X CPUs
1 GPU via PCle and 8+6 Molex 1 4 X DRAM DIMM groups
0 SSD 12V, 5V
0 Sum of all fans

o1 All DC power consumers

Thomas llsche



HAEC Instrumentation Points

“ Collaborative Research Center 912: HAEC — Highly Adaptive Energy-Efficient Computing

AC
power 230V

orid

Hall Effect Sensors Shunts Voltage Regulators

Thomas llsche



HAEC Measurement Chain

Digital processing
* Out-of-band

measurement

Sensor Analog processing Data Acquisition

* Shunts at all DC * Amplification to * Two NI DAQ cards
consumers common voltage * Up to 500 kSa/s

* Analysis &
infegration

* Also capture all range (for four sensors)
voltages Filtering * All sensors 7 kSa/s

Thomas llsche



HDEEM Hardware
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HDEEM Power Acquisition Scheme
-

In-band compute

node
1000 samples/s

digital filter W@
100 samples/s

2xCPU, 4xRAM measurement
at voltage regulators

SMB/I12C

1000 samples/s
FPGA > Baseboard . SLr:i_F:]M d
short-term % Management E aCCOlrJOﬁ'“ng &
buffer < Controller 1p | g
blade sensor AD : sample/s
converter e
analog filter SEy  clotal fiter out-of-band IPMI
8000 samples/s 1000 samples/s

500 Hz

Dataheap
collection and

history charts
1 sample/s
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Calibration & Verification HAEC

1 Measuring shunts in the setup

using a variable load resistor 3

0 Calibration factors in
amplifiers
0 Error < 2% compared to

calibrated reference
medadsurement

1 Mostly within the uncertainty
of the reference

relative error [%]
o
1

1

socket O
socket 1

reference uncertainty

1

Thomas llsche
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Calibration HDEEM

“ Collaborative Research Center 912: HAEC — Highly Adaptive Energy-Efficient Computing
0 Calibration of the deployed HPC system
0 Determine calibration factor for each node

0 Program correction factors for raw sensor
values

Thomas llsche



Verification HDEEM

10
1 Independent measurement
[ ] [ ) E 5_ T
with calibrated power meter 3 oo ©
5 O —o——ewea 202 2 x % %
0 Challenging worst-case E ] L e e e R R
aliasing workloads 10 . . . .
50 100 150 200 250 300 350
O MGXimum error 3 % 10 .LMG measulrementIW]l |
~ g « % x before calibration
% x ooo after calibration
S 6} |
> 4 g
E xx%{*m %
§ 2 = e T Ny, K o — o o
of © ec00® © °%° 00® | 0@ | ”‘xl"‘ S
50 100 150 200 250 300 350

LMG measurement [W]
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Application Energy Measurement

“ Collaborative Research Center 912: HAEC — Highly Adaptive Energy-Efficient Computing

] Plugin metric fOI" - Measurement Ener
Application 97
Score-P system recording
. initialize
0 All measurement is start measurement
asynchronous
o event
O No perturbation >t
event
1 NAS parallel =
t
benchmarks == e
O OpenMP & MPI finalize
stop measurement
O BT solver

power trace

A 4
A

Thomas llsche



HDEEM Example (NPB on 1024 nodes)

W Fle Edit Chart Filter Window Help Ela®
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Timeline (3% Function Summary
0s +100 s +200 s +300s +400 s +500 s +600 s All Processes, Accumulated Exclusive Ti...
Master thread:0 i = 2,500,000 s 0s
Master thread:71 : N . a
Master thread-146 3,683,091.253 s 1$omp ...e.f:52
Master thread:248 [SISB3IE5TIS5OST 'Somp ...e.:52
Master thread:312 ,149,639.539 s I$omp ...e.1:54
Master thread-467 1,511,881.865 s '$omp ...s.f:28
Hgg:g: :Il:ll:gggg%g 714,192811 s |!$Somp ...1428
Master thread-679 298,339.883 s D '$omp ....1:406
Hasler tll::reag:no 269,409.814 s 7] !$omp ....1:407
aster thread:814 ! :
Master thread:811 150,481.169 s [ !$omp ...d.f:22
Master thread-996 112,637.967 s [| MPI_Waitall
| .
Values of Metric "hdeemeIade" over Time in W 5 5 54,399.843 s | ;$omp ""f'3_53
node taurusi5085 E T I | 26,000.081 s [ !Somp ...e.1:50
2832 }gﬂ:ﬂg:g%?% e A A AR AR R R R R T R R R | 21,860.759 s | I$omp ...s.E:72
node taurusis440 1 | it fiin : | T fii i (it I i fif NN fititi HiIH | : 19,671.769 s | !$omp ....1:423
noge taurusi5551 SRR TR E R TR R R R | 11,700.576 s | !$omp ...s.f:21
node taurusi6072 g AR R A R R R R R W ; ! :
node taurusi6252 y SRR SRR AR AR I A IR R R 1°=761-2325;$0mp...d:f.33
node taurusi6379 xR ISR A TR HHHHTHT TR 9,713.17 s | I$omp ....1:205
node taurusi6493 I e 8,735.506 s | !Somp ....1:248
| ' I | e 8.483.57 5 |1$omp ..259
i i 6,463.796 s | !$Somp ....1:216
- |(ZI 100 200 300 400 i !
141 s Connected: localhost

Thomas llsche



HDEEM Example (NPB on 1024 nodes)

W Fle Edit Chart Filter Window Help
EvRLe® FIE

320 s
Master thread:0 5

Timeline

+1.00 s

Function Summary

+025s +050s  +0.75s #1255  +150s +1.75s +2.00s +2.25s

10,000 s 0s

Master thread:71 — : T .
Master thread-146 14,670.66 s | ;$omp do...Ive.f:52
Master thread:248 FER2770S7EIN $omp do...Ive.f:52
Has:er }Iﬂreagfgég 12,547.996 s !$omp do...Ive.f:54
Master thread:467 5,982.768 s [N !$omp pa...rhs.f:28
ﬂaster ill::reag:g%g 2,842.519 s [ 1Somp im...ve.f:428
aster thread: i .
Master thread-679  1,185.065 s M 1somp im...ve.[:406
Master thread:740 1,068.827 s D !$omp im...ve.f:407
Master thread:814 ! :
Master thread-005 599.379 s [| I$omp do...add.f:22
Master thread:996 310.826 s | MPI_Waitall
: 1 i .
Values of Metric "hdeem/Blade" over Time in W | 215.231 s | !Somp Im...ns.1:353
node taurusi5085 - : 3 85.964 s |!$omp im...rhs.f:72
noge taurusig;% 76.907 s |!$omp im...hs.f:423
node taurusi i .
noge taurusi5551 38.643 s |!$Somp pa...bc.f:205
node taurusi6072 ! :
node taurusi6252 34.816 s |!$omp pa...bc.f:248
hode taurusi6379 _ : . 33.469 s | !$Somp pa...bc.f:259
node taurusi6493 ; : - _ 25.321 s |!$omp pa...bc.f:216
| m | 23.658 s | !$omp im...hs.f:439
| 0 100 | 2|00 300 400 | 8.862 s | 1$Somp pa..lve.f:43
320825 : Connected: localhest
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All Processes, Accumulated Exclusive Ti...

Ie]
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HDEEM Example (NPB on 1024 nodes)

" Fle Edit chart Filter Window Help
= rc B @ © S EE w2 S G 2 O A1
Timeline [F.1F]
303.3s +0.075 s +0.150 s +0.225 s +0.300 s +0.375s +0.450 s +0.525 s [
Master thread:0 - — . f . : — | g
OMP thread 2:0 fp— : ' i : —
OMP thread 4:0 _— ——
OMP thread 6:0 _— —
OMP thread 8:0 = =
OMP thread 11:0 e =
OMP thread 13:0 : . =
OMP thread 15:0 =
OMP thread 18:0 g
OMP thread 20:0 -+ | —— E
OMP thread 22:0 e ¢
node taurusi4055, Values of Metric "Power (Blade)" over Time ®
350
5 300 wf“’”“ TS i
= 250 L/ | | k\
node taurusi4055, Values of Metric "Power (Sum of DRAM channels)"” over Time
b1 o [
= 15 — 9
_~ — |
0
Master thread:0, OMP thread 1:0, OMP thread 2:0, and 21 more, Values of Metric "PAPI_L3_TCM" over Time
" 15 M |
® 100 =51 il
0 = { N A
(1] [ ] [
303.459s 280 Connected: localhost 30001
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HAEC Example

22.318632 s +100 pis +200 pis +300 ps +400 ps +500 pis +600 pis

Watt
T
o

125 ..... o ..................................................... ..................................................... ..................................................... ................................................. ....................

Values of Metric "PAPI_L3_TCM" over Time in #/s

I | -
5 o

0 25 M 5.0 M 7.5 M 10.0 M 125 M
Values of Metric "PAPI_TOT_INS" over Time in #/s |

4G 6 G 8 G
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Summary

T
1 Application optimization needs good metrics

O Energy efficiency optimizations brings together hardware and software

1 Demonstrate two energy measurement infrastructures

O Very high resolution at small scale
® 500 kSa/s — observe applications regions of < 100 s
® Separate measurements per DC-component

O High resolution measurement at HPC production scale (1456 nodes)
® 1 kSa/s per node power

® 100 Sa/s socket / DRAM measurement
O Both measurements verified with high accuracy errors <2 % / < 3 %
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