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Team & Research Activity

e
A. Bartolini, and L. Benini : g%%Multltherman
_ Ps -
Topics: |
1. Examon: holistic and scalable real-time
monitoring for HPC centers — open source, EXA/V\ON
beta release Q2/Q3 2018 (F. Beneventi,

)
2. Large-scale multiscale Power and Thermal

modeling, and control (F. Pittino, C.
Conficoni)

Development of power and thermal models at
core level for monitoring and control of large
HPC clusters in production
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Datacentre cooling modeling and optimization
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https://github.com/fbeneventi/examon
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Team & Research Activity

3.  Fine grain monitoring and management (A. Libri,
D. Cesarini) < &

DiG: multi-platform and production ready solution, based - . u
on low-cost open-source HW, already integrated with E4

technology

Application aware power and thermal management: open
source, beta release Q3 2018

4.  Power and performance aware Job scheduler

(A. Borghes)) Y | % Power Cap
System level power capping and optimization m b seneduter
> Time

5. Datacentre automation (A. Borghesi, A. Libri)
Big-data and deep learning based automated power
optimization

Big-data and deep learning based automated anomaly

d eteCtlon () Hidden Layer @ Output Layer
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Motivation & D.A.V.1.D.E. Overview

DiG: High Res Out-of-Band Pow & Perf Mon
ExaMon: Scalable Data Collection and Analytics
Monitored Metrics and Data Visualization

Smart Job Scheduler — SLURM Plugin
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Motivation — Innovative Scenarios
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[ Job Scheduler ]

Coarse grain ) (o]

o« o~ e [Arcc]--[lac |
Node

TIA
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»

Fine grain
Fine Grain Power and Performance System Power Capplng (bgund from 9”0')-
Measurements: . Job scheduler decides the job that enters in the
= Verify and classify node performance (e.g. In System . _
spec / out of spec behaviour, aging and wear out) . Ensures operating power below a maximum
=  Predictive maintenance power consumption level
=  Per user - Energy / Performance — accounting =  Reduce Power budget during new Installations

and Power Shortage
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D.A.V.L.D.E. (#18 Green500 Nov’17)
E4 N NN

COMPUTER
ENGINEERING

D.A.V..D.E.
SUPERCOMPUTER

(Development of an
Added
Value
Infrastructure
Designed in
Europe)
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D.A.V.I.D.E. SUPERCOMPUTER

(Development of an Added Value Infrastructure Designed in Europe)

4x ANVIDIA.

OCP form factor compute node Tesla P100 HSMX2
based on IBM Minsky

| POWER8 Wlth
" NVLink

— 2xIB EDR

PRACE

ETH Zurich / University of
Bologna

' OUT-OF-BAND
LIQUID COOLING DIG HIGH RESOLUTION POWER
AND PERFORMANCE
MONITORING
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Motivation & D.A.V.1.D.E. Overview

DIG: High Res Out-of-Band Pow & Perf Mon
ExaMon: Scalable Data Collection and Analytics
Monitored Metrics and Data Visualization

Smart Job Scheduler — SLURM Plugin
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DiG: High Resolution Out-of-band Power

Monitoring
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Out-of-band = Zero overhead

Collect more than 1.5 kS/s,
7/7d, 24/24h, for all users

Architecture independent (i.e.
tested on Intel, ARM and IBM)

Fine grain = down to ms scale
(sampling @800 kS/s + avQ)

loT communication technology
(MQTT) - scalable

Time synchronous (NTP, PTP)
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DiIG: Example of fine grain monitoring
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DiIG: Example of fine grain monitoring

Coarse Grain View
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DiG: Fine grain correlation with jobs’ activities
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DiG: Fine grain correlation with jobs’ activities
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DIG: live FFT on the power traces

Real-time Frequency analysis on power supply and more...a live oscilloscope

Application 1
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DIG: live FFT on the power traces

Real-time Frequency analysis on power supply and more...a live oscilloscope

Application 1
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« User -> to discriminate application phases
« Sys Admin -> to detect malicious users
Designers -> to debug and optimize power delivery

network
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= Motivation & D.A.V.I.D.E. Overview

DiG: High Res Out-of-Band Pow & Perf Mon
ExaMon: Scalable Data Collection and Analytics
Monitored Metrics and Data Visualization

Smart Job Scheduler — SLURM Plugin
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ExaMon: Scalable Data Collection and
Analytics

= Aggregates job’s power and performance in real-time and
at a fine granularity for Big Data analysis

= Based on opensource SW

= Store, Process, Visualize and Analyze Monitored Data
Historical Buffer (i.e. 2 Weeks)

Perpetual per Job
= Web frontend

EXA/\|ON_
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ExaMon: Scalable Data Collection and
Analytics

| D |
_”W ...... I
: --' O

I B Front-end
 Host: davidefeO1
 Docker containers

e ~45KS/s

ADMIN

Back-end

« MQTT-enabled
monitoring agents

(e.g. Dig)
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ExaMon: Scalable Data Collection and
Analytics

ADMIN

Monitoring Agents:
« Send Power and
Performance

measurements to the FE

J
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ExaMon: Scalable Data Collection and

Analytics

ADMIN

Broker:
* Forward data to the
listeners (e.g. kairosDB)

Mqtt2kairosdb:

* Interface between MQTT
and KairosDB

+ KairosDB is a front-end
to handle time series in
Cassandra

Cassandra:

*  NoSQL database

» Highly scalable

* Optimized to balance the

k load on multiple nodey
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ExaMon: Scalable Data Collection and
Analytics

(Application layer:

etc ...
» Aggregate metrics for
Data Visualization, ML

-
___________ - \ etc ...

~

« Grafana, Apache Spark,

Analysis, Post Processing,

J
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ExaMon: Scalable Data Collection and
Analytics

MQTT .
facility/sensors/# MQTT2Kairosdb
Broker
E
N ) O]
< o .
& 2 &
S z =
$ 5 Z
(@ o ) .
3 8 ) J&irosoB
c
Sens_pub_A Sens_pub_B Sens_pub_C Me;”"" Me;’ te: "”E(':’ fc: Y’
C Tags: 3 ags:
MQTT Publishers faiiy Facity saciy cassandra

Sensors Sensors sensors

Cassandra Column Family

{Key,Value} = TS, Measurement
Topic = /davide/nodel/Metric

EXA/VION
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ExaMon: Batch & Streaming

Pandas Spo,"'.(\z

NoSQL
dataframe (Batch)

Kairosdb examon-client v
(REST) I_> PYTORCH
___________ MQTT Brokers TensorFlow
scessnnee Bahir-mqtt Spork | |
(Spark connector) :
(Streaming) -
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Motivation & D.A.V.1.D.E. Overview

DiG: High Res Out-of-Band Pow & Perf Mon
ExaMon: Scalable Data Collection and Analytics
Monitored Metrics and Data Visualization

Smart Job Scheduler — SLURM Plugin
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D.A.V.I.D.E. — Fine Grain Power Metric

Metric < - .
Ts Description Unit
Name
Power consumption at
power 1s,1ms W

node power plug

Power: ~45 kS/s
EXAVION
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D.A.\V.I.D.E. — IPMI Metrics

Metric Name Description Unit
Ambient_Temp Node ambient temperature °C
:ZanU__Z(;ore_Temp_l,...,CPU_Core_Te Cire e oC
CPU_Diode_1, CPU_Diode_2 (Pgi‘;?eg)e temperature °C
CPU1_Temp, CPU2_Temp Package temperature °C
DIMM1_Temp,...,DIMM32_Temp DIMMs temperature °C
GPU_Temp_1,...,.GPU_Temp_4 GPU temperature °C
Mem_Buf_Temp_1,...,Mem_Buf_Tem Memory temperature oC
p_8 (Centaur)
b CPU_VDD_Curr CPU current A
i Fan_l,..,Fan_4 Fan speed RPM
i CPU_VDD _Volt CPU Voltage V
i ‘i Fan_Power Fan power W
| [
pid GPU_Power GPU power W
Mem_Cache_Power Memory power (Centaur) w
s Mem_ProcO_Pwr, Mem_Procl_Pwr DIMMs power w
PCIE_ProcO_Pwr, PCIE_Procl_Power PClExpress power W
IPM | . 89 metl‘iCS ProcO_Power, Procl_Power CPU Power W
EXA O N per node eve ry 55 System_Power Node total power W
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D.A.V.I.D.E. — OCC Metrics (1/2)

Metric A .
Occ Cmp Id Description Unit
Name
CUR VDDO 12 PROC 0 Currentconsumption at Processor's Vdd A
- Regulator Output
TEMP PO 1,2 PROC 0 Vectorsensorthat|s_theaverage0f all core C
- temperatures for this Processor
TEMP_POPEAK 1,2 PROC 0 Vectorsensorthat |s_the peak of all core C
= temperatures for this Processor
Average temperature of DTS sensors for C
TEMP_PO 1,2 CORE 0,..,11 Processor'sCore<id>:100% correspondsto

nominal frequency

Not Finished (stall) cycles counter for core <id> cyc

NOTFIN_PO 1,2 CORE 0,.,11 .
- on this Processor

Not Busy (stall) cycles counter for core <id=on cyc

NOTBZE_PO 1,2 CORE O0,.,11 -
- this Processor

Memory cached (L4) read requests persecfor GBs
M4RD_MEM 1,2 MEM 0,..11 Processor'sMC <occx, Centaur<id>
(MBAD1/MBA23)

Memory cached (L4) writerequestspersecfor  GBs

« MAWR_MEM 1,2 MEM 0,..,11 Processor'sMC <occ, Centaur<id>
- (MBAD1/MBA23)
[ Average Memory Band width for core <id> on GBs
| CMBW_PO 1,2 CORE 0,11 V™8 g
L this processor
MRD PO 12 MEM 0,145 Memory read reques_ts per secfor Processor's GBs
A = Memory Controller <id=
MWR PO 12 MEM 0.145 Memory write requests persecfor Processor's  GBs
L = ’ "7 Memory Controller <id>
FREQ_PO 1,2 PROC 0 Average of all core frequencies for Processor MHz
FREQA_PO Average/actual frequency for this processor, MHz
L2 CORE 0..11 Core <id>basedon OCAdata
FREQ_PO 1,2 CORE 0,..,11 RequestedfrequencyfromOCCforCore <id> MHz

Vectorsensorthat takesthe average of all the MIP

IPS_PO 1 PROC 0 _
= cores in Processor

IPS PO 1,2 CORE O0,.11 Instructions per second for core <id= on this MIP
= Processor

OCC: 242 metriCS Voltage request for this Processor's Vdd m
EXA/Y\ON pernode every 10S o 1w o "

VOLT V1 1,2 VRM 0 Voltage re_questforthls Processor's Vics
voltage rail
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D.A.V.I.D.E. — OCC Metrics (2/2)

Metric

Occ Cm Id Description Unit
Name P P

WINKCNT PO 1,2 PROC 0 Ct?untth_enu!'nberofcoresthatare Num
- winkledin this processor

SLEEPCNT PO 1,2 PROC 0 Count_theﬁumberofcoresthatare Num
- sleepinthisprocessor

Utilization of this Processor's Core <id=
(where 100% = fully utilized): NOTE: per
UTIL_PO 1,2 CORE 0.,.11 threadHW countersare combinedas Per

Per_Com ponent appropriate to give this core level

utilizationsensor

OCC_pu b p Ower UTIL_PO 1,2 PROC 0 Average of all core utilizations for this Per

Processor (where 100% = fully utilized)

Power consumption for this Processor's

Sl Lo ]t - Vdd Regulator Input (12Volt)

Power Proxy sensor for Core <id> on
this processor

PWRPX_P0O 1,2 CORE 0,..,11

-
PWR_null 1 SYS 0 Bulk power of the system - Master only W
sensor
PWR_PO 1,2 FROC 0 Power consumption for this Processor

Power consumption for Memory for
this Processor

PWR_MEM 1,2 PROC 0

Power consumption of the storage
PWR_STORE 1 SYS 0 subsystem (storage 12Voltrail) - W

Master only sensor

1@V sV

m_-v — =i

Power consumption of the system fans

g PWR_FAN 1 SYS 0 w
§ = - Master only sensor
b Power consumption of the 10
PWR_IO 1 SYS 0 subsystem (including storage digital W
5Voltor less rail) - Master only sensor
OCC * 242 metrICS PWR_GPU 1 SYS 0  Powerconsumption ofthe GPU W
Power consumption for this Processor's
EXA O N per node eve ry 1OS Sl Lot - Vs Regulator Input (12Volt) L
PWR_APSS 1 SYS 1,.,15 PowerProvided by APSS channel <id> W
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D.A.V.I.D.E. — PSU Metrics

Metric Name Description Unit
LITEON-PSC-MIB::pscPSOutputload 0 Power Supply Output load %
LITEON-PSC-MIB::pscPSOutputEfficiency_0 Power Supply Qutput efficiency %
LITEON-PSC-MIB::pscBatteryCapacity_0 Battery capacity %
LITEON-PSC-MIB::pscBatteryTemp_0O Battery temperature °C

LITEON-PSC-MIB::pscPSPhaseRInputCurr_1 Power Supply phase R Input current
LITEON-PSC-MIB::pscPSPhaseSIinputCurr_1 Power Supply phase S Input current

LITEON-PSC-MIB::pscPSPhaseTInputCurr_1 Power Supply phase T Input current

LITEON-PSC-MIB::pscPSOutputCurr_0 Power Supply Qutput current
LITEON-PSC-MIB::pscPSPhaseRInputFreq_1 Power Supply phase R Input frequency Hz
LITEON-PSC-MIB::pscPSPhaseSInputFreq_1 Power Supply phase S Input frequency Hz
| LITEON-PSC-MIB::pscPSPhaseTInputFreg_1 Power Supply phase T Input frequency Hz
LITEON-PSC-MIB::pscPSOutputVolt 0 Power Supply Output voltage

y LITEON-PSC-MIB::pscPSPhaseRInputVolt_1 Power Supply phase R Input voltage

LITEON-PSC-MIB::pscPSPhaseSInputVolt_1 Power Supply phase S Input voltage
LITEON-PSC-MIB::pscPSPhaseTInputVolt_1 Power Supply phase T Input voltage

PY Runnlng In the fro nt_end LITEON-PSC-MIB::pscBatteryVolt 0 Battery voltage

F I | R k . f LITEON-PSC-MIB::pscPSOutputPower_0 Power Supply Output power
°
u aC In O LITEON-PSC-MIB::pscPSPhaseRInputPower_1  Power Supply phase R Input power

LITEON-PSC-MIB::pscPSPhaseSinputPower 1 Power Supply phase S Input power

E X A O N LITEON-PSC-MIB::pscPSPhaseTInputPower_1  Power Supply phase T Input power

LITEON-PSC-MIB::pscBatteryPower_0 Battery power

£ £ £ £ £ <€ < € < <
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D.A.V.I.D.E. — Liquid Cooling Metrics

Metric name

ASETEK-RACKCDU-SMI-V2-MIB-V17

Cooling_pub

fLn ASETEK-RACKCDU-SMI-V2-MIB-V17:
I IPMI ke
ASETEK-RACKCDU-SMI-V2-MIB-V17:

ASETEK-RACKCDU-SMI-V2-MIB-V17

ASETEK-RACKCDU-SMI-V2-MIB-V17::temperatureFacilityOut_0

ASETEK-RACKCDU-SMI-V2-MIB-V17:

ASETEK-RACKCDU-SMI-V2-MIB-V17::

ASETEK-RACKCDU-SMI-V2-MIB-V17::

ASETEK-RACKCDU-SMI-V2-MIB-V17:

:'temperatureServerOut_0
:temperatureFacilityln_0
:temperatureServerin_0

:temperatureAmbient 0

pressureFacility 0

pressureServer 0

:flowFacility 0

:heatload 0

* Running in the front-end
Per Rack Cooling info

Departement Informationstechnologie und Elektrotechnik

Description
Temperature facility out
Temperature server out
Temperature facility in
Temperature server in
Temperature ambient
Pressure facility
Pressure server

Flow facility

Heat load

Unit
°C
°C
°C
°C
°C
mbar
mbar

mlfs
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Real-Time Monitoring, Processing, Visualization

Power consumption
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eal-Time Monitoring, Processing, Visualization

davide1 davide10 davide11 davide12 davide13 davide14

RSl performance  Energy

Job ID: | User ID: iy Fan_Power Fan_Power Fan_Power g Fan_Power 25W Fan_Power y Fan_Power
Mem_ProcD_Pwr % Mem_ProcO_Pwr HwW ¢ Mem_Procd_Pwr ! Mern_Proc0_Pwr Nnw Mem_Proc0_Pwr Mem_Procd_Pwr
Times Mem_Procl_Pwr 3% Mem_Procl_Pwr Haw 7 Mem_Proct_Pwr g Mern_Procl_Pwr aw . Mem Procl_Pwr 10.17% Mem_Procl_Pwr

PCIE_Proc0_Pwr 6 PCIE_Procd_Pwr 65W : PCIE_Proc0_Pwr 62W g PCIE_ProcO_Pwr STW PCIE_Proc0_Pwr 7 12.60% PCIE_Procd_Pwr
PCIE_Procl_Power 60W . PCIE_Proci_Power 64W PCIE_Procl_Power 60W PCIE_Procl_Power 60W PCIE_Procl_Power PCIE_Proc]_Power 64W

Duration: 9 mins 59 secs

Queve time: 11:07:55 21/08/17 Mem_Cache Power W 2 Mem_Cache_Power 5W ; Mem_Cache Power TEW : Mem_Cache_Power 76 W Mem_Cache_Power 6 Mem_Cache_Power 7AW

Start time: 11:07:55 21/08/17 Proc0_Power 10w 231% Proc0_Power W 7w E Proc()_Power nmw Proc)_Power 12W ! Proc0_Power 1mw
End time: 11:17:54 21/08/17 Proc1_Power W 2% Proc1_Power 10W 2. e SIw 2 Procl_Power 10w | aw B Proc1_Pawer ow

GPU_Power 105W % GPU_Power 110w .43 GPU_Power 10w . GPU_Power 115W 6 GPU_Power 115W ‘GPU_Power 110w

status davide15 davide16 davide17 davide18 davide19 davide2
Finished

Users can now see
e power breakdown for

Mem_Procd_Pwr Mem_Procd_Pwr Mem_Procd_Pwr 23w 9.80%
Mem_Proc1_Pwr 5 .33% Mem_Proct_Pwr Mem_Proci_Pwr 9.80%
N TS ’ PCIE_ProcO_Pwr 8 . PCIE_Procl_Pwr PCIE_Proc0_Pwr 12.53% ®
PCIE_Procl_Power 7 .09% PCIE_Proci_Power ; PCIE_Procl_Power e a C n O e I Ve
Mem, - Power Mem_Cache_Power Mem_Cache Power I
Procd_Power 8 y ProcO_Power
Procl_Power L15% Procl_Power 33

GPU_Power 5 40% GPU_Power Tow § 5 GPU_Power 105W GPU_Power
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QOutline

Motivation & D.A.V.1.D.E. Overview

DiG: High Res Out-of-Band Pow & Perf Mon
ExaMon: Scalable Data Collection and Analytics
Monitored Metrics and Data Visualization

Smart Job Scheduler — SLURM Plugin
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Smart Job Scheduler — SLURM Plugin

= Monitors Job submission and scheduling
= Estimates Job Power Consumption

= Controls Power Consumption under system level
power capping
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Smart Job Scheduler — SLURM Plugin

1. ML models to predict
power consumption of
HPC applications

2. SLURM Custom
Extensions to schedule

jobs based on their power

3. Interaction with power

management

Frequency scaling/RAPL-
like mechanism

_______

1 New Job |
| < user, 1

[NewJob ':
Igamde, | o | Power Prediction 1
I#node_req, Prediction Model e e e 3
>
Lo oo !

| #cores_req,

L
‘ Job Info 1 HW \
1
1 Measurements
H
@ Create/Update Model
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Smart Job Scheduler — SLURM Plugin

 Different from Ef — j
preVious power E Measurements

capping approaches @Cmmwpdatmm.

_______

« We do not perturb the ot dos ) o |
durqtlop of the . :gzgfei_jga EE> Prediction Model [:>:i°i"'e_ereijic_tiT:
application, thus it o [—]

doesn’t change the way
Jobs to be executed
users pay the resources [—]Jobs
Job1 [_JJODQ

A Power Cap
s g Proposed

JOb SC“EduIeJ

>  Time
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Conclusion

= With D.A.V.I.D.E. and its monitoring infrastructure
we provide real-time analysis on computing nodes

= high resolution power and performance
measurements up to ms scale

= upcoming FFT live analysis

= Data Storage, Processing and Visualization, along
with Big Data Analysis support

= Power Aware Job Scheduling
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