TECHNISCHE fo: v = DRESDEN {7\
QMR Zin ~ HAEC  READEXE aneist O
H h '"p t g DFG % % Europqan_

== Commission

for Research & Innovation

CPU Idle Loop Ordering Problem

Rafael J. Wysocki
Intel

Thomas llsche
Center for Information Services and High Performance Computing (ZIH), TU Dresden

OSPM 2018 — Pisa

17.04.2017



Observing Power Consumption Anomalies
.

0 Energy efficiency research
0 Fine grained instrumentation (microsecond resolution)
0 Large scale instrumentation (HPC system 1400 nodes)

0 Tuned for low idle power consumption




0 Prolonged phases of high power

consumption during idle

01 Disrupted power measurements

0 Significant increase in idle power

on Skylake 36 core system with
stock Ubuntu installation
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Impact of Package C States
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Understanding Power Anomalies

305.142596 s +0.25 s +0.58 s +0.75s +1.90 s +1.25s +1.58 s +1.75s +2.80 s +2.25s +2.50s +2.75s +3.88 s +3.25 s
Values of Metric "power/cpu_idle::state" over Time in # : : : : :

cpu
cpu
cpu
cpu
cpu

2
g

14
20
76

cpu 32

cpu

38

cpu 44

cpu
cpu
cpu
cpu

-1.0

machine ariel, Values of Metric "ariel.s®.package.power" over Time

35
30
25
20
15
10

5

@ H H H H
machine ariel, Values of Metric "ariel.sl.package.power" over Time

35
30
25
28
15
10

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0




Understanding Power Anomalies

305.366611 s 1150 s 4300 ps 1450 s 1600 s 1750 ps

cpu @
cpu 6
cpu 12
cpu 18
cpu 24
cpu 3@ -
cpu 36 - —_—
cpu 42 - - — -
cpu 48 -
cpu 94
cpu 68
cpu 66

Values of Metric "power/cpu_idle::state" over Time in #

cpu
cpu
cpu
cpu
cpu
cpu
cpu
cpu
-0.75 0.00 0.75 1.56 2.25 3.00
machine ariel, Values of Metric "ariel.s®@.package.power" over Time
35
30
25
20
15

19
5
@ H H
machine ariel, Values of Metric "ariel.sl.package.power' over Time
35 5
30
25
20
15
19
5
(4]
3

305.366932 s

All Processes, Number 6¥ Invocations pe..

® 2.5 0.8
kworker/38:1H] (2@811)

5
E jbd2/sda2-8] (984)

[
[
[kworker/38:2] (2099)
[kworker/43:1] (549)




Cause, Trigger, Contributing Factors

0 Cause
O Menu governor heuristic underestimates sleep time
O Uses repeatable interval detector with 8 data points
O Non-optimal C state is selected
0 Trigger
O Short sleep phases on one core
O Interaction between processes, e.g. kworkers, ssh/zsh/screen, lustre ping
O Synthetic: burst sleep intervals
0 Contributing factors
O Long idle phase, no correction of wrongly selected C state
O Stubborn heuristic
O High impact of single core in wrong state



Understanding Power Anomalies (HPC System)

8
11 Found on production HPC System with > 1400 nodes

0 Lustre related pattern every 25 seconds

3,441.3034s +0.5ms +1.0 ms +1.5 ms +2.0 ms +2.5ms All Processes, Accumulated Exclusive Time per...

cpu 0 [ B T el TR PEPT™E jTEEY D B T REEE——" 2 ms 0 ms

cpu 2 T I L mmEm ol (2557 s 1] _ping] (4122)
cpu 4 H'E NN [ Tl 1| e— i [ptirpcd _22] (4120)

ol | [ 1 . 1™ p "IN

cpu 6 - |_ L1 IIII='|| nil . = =§|_|_|| |=| . [ 1B INCETTN S [ptirpcd 157 (4113)
cpu 8 | I E N e . | I IRVAVE N [ ptirpcd _19] (4117)
cpu 10 1 —— 1 T 1.153 ms ![ptlrpcd_Zl] (4119)
cpu 12 i e [ ET TN AR 10 FYEErTy 0 bl 1 1.146 ms [ptirpcd 12] (4110)
cpu 14 = RIS UTIRGIIIR SR FELAE, O EE, 1127 ms [ptirpcd_14] (4112)
cpuls 1§ R A i e it mm—n —-" 105 ms I (P 17 (4119
cpu 18 _ l_llLl.l !.i_ﬂll- s ET TR TN m lll‘l '.I.“"“ :I J&ul ! 1.02 ms [ptirpcd_16](4114)
Cpu 20 ’ | W | II-I [ ] L | | Iél FEIRI R IR l- [ ] Bl REDR lI [ ] LIN IIE; ne 1 951733 IJS [ptlrpCd_]'S] (4116)
cpu 22 [ --il mEm Illilll- -- mnon |-||||| | —||| 849.41 ps [ptirpcd_20] (4118)




Understanding Power Anomalies (HPC System)

N
11 Found on production HPC System with > 1400 nodes

0 Lustre related pattern every 25 seconds

0 Triggers up to one second Powernightmare
0 87 W2 131 W

1 Lower impact due to regular background activity
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Synthetic trigger with idle-loop v©@
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Fixing Powernightmares for Linux 4.17
-

1 Dual socket, 36 core SKL-SP system

|ﬂ - - = T '
-[ | | o Default Ubuntu server installation,

| fully idle, no extra services
' O Frequent power spikes up to 120 W

O Average system power 78 W

Linux 4.4
power [W]

0 Upcoming kernel 4.17

N S .
<2 O Constant, low idle power
(T) 0
é §_ ) l O Average system power 70 W (-10.3%)
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