CINECA

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

EE HPC SOP Kobe meeting at RIKEN R-CCS
Activity report from Cineca/UNIBO

Andrea Bartolini - University of Bologna — DEI, Italy
Carlo Cavazzoni - CINECA, Italy



Outline

* Cineca Roadmap & Bologna Science Park
« Datacentre automation
* OoB Fine-Grain Power Sampling (DIG) & Anomaly detection

* Fine-Grain Energy-Management (Countdown)

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA I




|| | i 1
%@E | The University of Bologna

THE BIRTH
OF THE UNIVERSITY
The Studium in Bologna is

the first home of free Alma Mater Studiorum BOLOGNA

teaching, independent . s . RAVENNA

from ecclesiastic schools. Universita di Bologna Q Q

Irnerio’s law school marks . . FORLI

the birth of Western 1S O mU!TI'CompU,S Q ‘A RN

universities. university based in Bologna, Q Q
Cesena, Forli, Ravenna, and

Rimini.

b
N

University Stafute, Constituent
Principles, Art. 1 para. 2

FREEDOM
OF RESEARCH
Federico | Barbc
the University as
of masters and |
undertakes to p
travelling for the
study. For the fir
absolute freedc
ratified.

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



Bologna the city of ...

roporto
3ologna

Inferiore

Fri

wrcozza  Bologna
EX

S tuario Madonna
dean Luca

O Giardini Margherita



https://www.cineca.it/

Bologna Science Park

e Osteria EEE ‘
€rno Trebbo del Gallo
(sp1s] Villa Salina
Corticella Cadriano
Bargellino (/j:\iergﬁjor;%
o . SECMWF
EuroHPC Pre-Exascale - ey e
@2021 4
Italian Exascale @2025 \
.,AizAGOZ/,'A BOIOgna 3222 Chiesa

ss64) Villanov
@ Giardini Margherita

Riale Santuario Madonna
di San Luca
= i San Lazzal
di Savene
Villa Rizzi
Go gle DAantinalla H =

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA


https://www.cineca.it/

Outline

 Cineca Roadmap & Bologna Science Park
« Datacentre automation
* OoB Fine-Grain Power Sampling (DIG) & Anomaly detection

* Fine-Grain Energy-Management (Countdown)

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA I




™RegioneEmiliaRomagna §*% <2 INFN RoadMap
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Partnership
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EuroHPC hosting @ Bologna Science Park

CINECA

Istituto Nazionale di Fisica Nucleare

Cooling equipment omputer Reams
3MW (2020) -> 5SMW(2023) 10MW (2020) -3 20MW (2023)
= 8MW hot water DLC
Compute nodes
Ministero dell'lstruzione
Universita ¢ Ricerca

0000

CINECA

DATA ROOM STAGE 1: 1600 sqm
DATA ROOM STAGE 2: 2600 sqm
ANCILLARY SPACES: 900 sqm

Partnership

Cineca - SuperComputing Applications & Innovations

HPC3
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Energy Efficiency and Management Objectives:

Objectives of interest:
() Enable correlation between power consumption and system workload;
(i) Enable dynamic power capping with graceful performance degradation of the system,;

(i) Provide capability to optimize the job execution environment for better energy efficiency;
(iv) Provide energy accounting mechanism;

(v) Allow energy profiling of applications to enable EtS optimization without TtS degradation

The HPC solution:

« Reliable power and energy measurement at different level (CPU, node, rack) & at high frequency
* Interfaces for integration with:

» resource scheduler for energy accounting mechanism & power capping
 holistic monitoring frameworks for datacentre automation

The Datacentre solution:

« Features an energy management system (EMS) to monitor, measure and control the loads.

« Centrally control cooling devices (HVAC type, etc.) and lighting systems

« Enables site’s energy reporting and optimization w. measurement, submetering and monitoring functions
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Usage Scenario #1 — Anomaly detection

Fine Grain Power and
Performance Measurements:
- Verify and classify node performance
- In spec / out of spec behaviour
- Miss configuration

- Aging and wear out Coarse grain \LT-.‘I DIMM ]

- Detect security hazards o« ® o o |« [---] ac
” cPU
Node\ &

- Predictive maintenance >

T8I N

Performance Counters:
- Node components
- Microarchitectural events

Fine grain
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Scalable Data Collection, Analytics

Applications

https://github.com/EEESlab/examon

EXAVION

Front-end

« MAQTT Brokers

* Data Visualization
* NoSQL Storage

* Big Data Analytics

Back-end

* MQTT—enabled sensor
collectors

F. Beneventi et al., “Continuous learning of HPC infrastructure models using big data analytics and in-memory processing tools”
A. Bartolini et al, “The DAVIDE Big-Data-Powered Fine-Grain Power and Performance Monitoring Support”


https://github.com/EEESlab/examon

Scalable Data Collection and Analytics

marT : |
Broker facility/sensors/# MQTT2Kairosdb

o
£
(o)
0
D
O
2
<
©
o

facility/sensors/B

{Key,Value} = TS, Measurement
Topic = /davide/nodel/Metric
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ExaMon: Batch & Streaming & Edge

Pandas SpOfC"(\z
dataframe (Batch)
examon-client PYT b RCH
(REST)
TensorFlow
Bahir-mqtt H SpOfK -
k
(Spark connector) (Streaming)

Examon Today: Ganglia, Confluent, Nagios, IPMI, DiG
1M metrics monitored
~8K computing nodes

EXA O N 70GB/day of Data
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Bottlenecks:

Datacenter Automation Design and Bottlenecks

[AICAS18] Borghesi et al. Online Anomaly Detection in HPC Systems

[DAAC18] Libri et al. DiG: Enabling Out-of-Band Scalable High-Resolution Monitoring nalytics, Automation, and Control

Centralized m
&

Monitoring ‘.
&
Analytics

Network BW f‘ \
Storage 4h k Huge
SW Overhead 11 I\ \ Data-Rate
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ETH:zurich
DiG = High Frequency Monitoring on D.A.\V.I.D.E.

OCP form factor compute node 4x NVIDIA ‘esla
E4 based on IBM Minsky P100 HSMX2
PRACE
Piegne : \ ¢ 2x EIEEE)WERS
wistron W | with NVLink
CINECA '

» =gl \BusBar

D.A.V.I.D.E - PRACE PCP Il
x45 ~1PFlop

ETH Zurich / Univ. of Bologna
SoA out-of-band
High Resolution Power
and Performance Monitoring

LIQUID COOLING
[DAAC18] https://arxiv.org/abs/1806.02698

1IS - D-ITET - ETH Zurich



ETHzurich
DiG = High Frequency Monitoring on D.A.V.|.D.E.

[DAAC18] Libri et al. 2018. DiG: Enabling Out-of-Band Scalable High-
Resolution Monitoring for Data-Center Analytics, Automation and Control
[ANDARE18] Libri et al. 2018. Evaluation of NTP / PTP Fine-Grain
Synchronization Performance in HPC Clusters

Bro ker [AICAS18] Borghesi et al. Online Anomaly Detection in HPC Systems
MQTT MQTT
DiG SW Daemons D.AV.I.D.E. Front-End
Pow_pub IPMI_pub OCC_pub PSU_pub Cooling_pub  Slurm_pub

Liteon

1IS - D-ITET - ETH Zurich




ETHzirich Low overhead, accurate monitoring

Real-time Frequency analysis on power supply and more...a live oscilloscope
For instance, using the FFT we plot the power spectral density of the power
benchmark of two applications, and we can distinguish them by the harmonics

present in each of the signals

Spectral signature of an

Application 1
‘ 699 xiroe IX _ | application!
20 :15.4 Y:12.98 Y.9157 x 392 X 489
2 W P LR (Y " 0
20f r W’l‘ WWW ‘\WWW e Y i "" "{ i lw el U'.i|’u;‘“’*’—} Interesting feature for node level
wb ] | ' | ’ . and system level
Intrusion Detection System [IDS] !

i PSD can be computed on the edge

Y: 11 X: 490

. } " _,\Y: . | 1 On-going research: IDS based on
o I J’ d m ,“"_. ‘I”LM J.pi‘l \_l\'l‘ ;‘f‘ ol I‘ o -
‘vlmwm M’MWIWP W‘VIWHWW ‘\ "P Muﬂflﬂ}!«;;ﬂw | ',’le\l‘*h 'N'f‘. W‘ N JM 'W =':"| |} u‘i /A r\\p ‘ In real'tlme PSD
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Anomaly Detection

Not only power spectral

densities, but also
heterogenous sensors.

How to leverage them in

real-time for anomaly

detection ?

Metric Name

Ambient_Temp

CPU_Core_Temp_1l,...,CPU_Core_Te
mp_24

CPU_Diode_1, CPU_Diode_2
CPU1_Temp, CPU2_Temp
DIMM1_Temp,...,DIMM32_Temp

GPU_Temp_1,...,GPU_Temp_4

Mem_Buf_Temp_1,...,Mem_Buf Tem
8

CPU_VDD_Curr

Fan_1,..,Fan_4

CPU_VDD_Volt

Fan_Power

GPU_Power

Mem_Cache_Power
Mem_Proc0_Pwr, Mem_Procl_Pwr
PCIE_ProcO_Pwr, PCIE_Procl_Power
ProcO_Power, Procl_Power

System_Power

Description

Node ambient temperature  °

Core temperature

Package temperature
(Diode)

Package temperature
DIMMs temperature

GPU temperature
Memory temperature
(Centaur)

CPU current

Fan speed
CPU Voltage
Fan power

GPU power

Memory power (Centaur)

DIMMs power
PCIExpress power
CPU Power

Node total power

EXAV\ON

_____ Applications_ . _ — — —
R
|_1__ — NosQL_ _ _ _ _ - m
_J assandr : Kairosdb assandr :

i ecoceoo T | cassandra
o ST S '

_________ MQTT2kairos =] KaerSDB
=L - _morT_ _ _ __ -

Brokers
o000 O

Unit

£ £ 55 5 g <

Live
Data

ANomALY

VALV E

ML Model TIME

(Autoencoder) ,
Online Inference /

Anomaly
Detection

Training

Long-Term

Storage DB

[EAAIL9] Borghesi et. al «<A semisupervised autoencoder-based approach for
anomaly detection in high performance computing systems»
[AICAS18] Borghesi et al. «<Online Anomaly Detection in HPC Systems»




Auto-encoders

An auto-encoder is a neural network that learns a representation of its input and
IS capable to reconstruct it

[ Feature Representation J
ggﬁ:;:ﬁﬁg ' Feed-forward,
Unsupervised learning top-down | Decoder Encoder | bottom-up
Minimize the reconstruction error @ ﬁ
[ Input Image J

[Figure by R. Salakhutdinov]

IDEA: train an autoencoder with the normal behavior of a HPC
system and use its reconstruction error to detect anomalies

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



Threshold-Based Detection (1)

O How to discriminate anomalous data points from normal ones using

the reconstruction error?

O Key observation: the errors distributions of normal examples and

500 -

400 +

# data points

200

100

anomalous examples are very diffe

300 -

ZZzZzzzzzzz2
000 O0O0O0O0OO0OO0OO0

coocoooooo o
mmoMeMm®oo OO0 D0

[=Ray =Ry« Ry« N o N o N« N« R « N = B
w "] o o

vide42 - Normal
vide42 - Anomaly
avide45 - Normal
avide45 - Anomaly
videl7 - Normal
videl7 - Anomaly
avide27 - Normal
avide27 - Anomaly
vide28 - Normal
avide28 - Anomaly




Comparison with semi-supervised techniques

_‘s‘ _g’;‘f

[EAAIL9] Borghesi et. al «A semisupervised autoencoder-based approach for
anomaly detection in high performance computing systems»

GMM SVM AE
Node Diag  Spher Tied  Full EE F Poly  RBF Dedicated
davide10 0916 0927 0924 0.922 0.911 0.941 0262 0.811 0.946
davidell 091 0909 0921 0.923 0.801 0.946 0237  0.65 0.963
davide1? 0864 0.865 0.887 0.191 0.154 0.278 0216 0.608 0.747
davidel3 0897 0.876 0.892 0.904 0.434 0.953 0.16  0.66 0.959
davidel6 0854 0515 0.855 0.884 0.915 0.923 0.606 0.926 0.99
davidel7 0272 0267 0269 0.509 0.914 0.929 0613 0.931 0.991
davidel8 0882 0.858 0.888 0.875 0.715 0.923 0.614 0.933 0.99
davide19 0.887 0523 0524 0.909 0.762 0.919 0.624 0.941 0.99
davide26 0893 0.895 0.894 0.895 0.376 0.701 0218 0.609 0.846
davide27 0.165 0162 0161 0.922 0.825 0.652 0.389  0.656 0.9
davide28 0926 0756 0.788 0.939 0.773 0.912 0.406 0.635 0.892
davide29 0843 0841 0799 0.842 0.852 0.89 0.455  0.92 0.981
davide4? 0722 0356 0.718 0.295 0.793 0.853 0.727  0.935 0.99
davide45 0394 0561 0518 0.752 0.627 0.67 0.661 0.933 0.99
Average 0745 0665 0.717 0.769 0.706 0.821 0.442  0.796 0.935

12% improvement compared to 2" best
technique

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Application-aware energy management

COUNTDOWN is a tool to identify and automatically reduce the power
consumption of the computing elements during communication and MPI primitives.
It is based on ultra fine grain capabilities for profiling.

Time

COUNTDOWN does not impact on the application tasks but only on the
communication phases!

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



Reactive policy without MPI phase awareness!

Application Phases

P-state - NDIAG 16 AII

MPI| Phases

P-state - NDIAG 16 - All

2400 g
g ' “v_ p—
T [d)
2200 < # _9
O s 24
— = : g
™ re = ik
E (O] T 2000 | ¥ _ >- >
§ 8 E., E 1§ v =
: ) g R : o
g O & 1800 | & c
o c [ b " y Lu
= '- —
1600 .
= . Y. %
O Al s
— L .
o 1400 ] : ©
o S, .
et
. —

-tV
0.0010 0.0015 0.0020 0.0025 0.0030 0.0035 0.0040 1200 & g D alosal P — C L . .
0.0000  0.0805 0.0010 0.0015  0.0020 0.0025 0.0030 0.0035 0.0040

Time [s]
N M Time [s]

I > 500us APP/MPI phases manifest sensitivity to DVFS changes

( Ouumﬂuu ‘ + DVEFS for
MPI call

Dual socket Intel Haswell E5-
2630 v3, 8 cores at 2.4 GHz (16
cores),
85W TDP, 128 GB DDR3 RAM
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Intel DVFS Power Manager

Today’s HW power manager of Intel Architectures is quite slow in frequency variation!
Literatures studied this mechanism and, for reverse engineering, discovered a 500us

latency!

2015 IEEE International Parallel and Distributed Processing Symposium Workshop

An Energy Efficiency Feature Survey of the
Intel Haswell *Processor

Daniel Hackenberg, Robert Schone, Thomas Ilsche, Daniel Molka, Joseph Schuchart, Robin Geyer
Center for Information Services and High Performance Computing (ZIH)
Technische Universitit Dresden — 01062 Dresden, Germany
Email: {daniel.hackenberg, robert.schoene, thomas.ilsche, daniel. molka, joseph.schuchart, robin.geyer } @tu-dresden.de

500us

* Intel Broadwell architectures as well!

V1. P-STATE AND C-STATE TRANSITION LATENCIES
A. P-State Transition Latencies

The introduction of integrated voltage regulators, per core
frequency domains, and improvements in the power control
unit (PCU) have a direct influence on the latency and duration
of ACPI processor state [25] transitions. To examine the new
architecture, we use FTalaT [26] for p-states and the tools
developed by Schone et al. [27] for c-states. We modified
FTaLaT in the following ways:

e The original FTaLaT reads scaling_cur_freqg
from the Linux cpufreq subsystem to verify frequency
settings. However, these readings are not reliable
indicator for an actual frequency switch in hard-
ware. We therefore add a verification by readi
the PERF_COUNT_HW_CPU_CYCLES f

o L1
50 100 150 200 250 30
transition latency in s

I Iﬂlﬂl_ I I
0 0 350 400

Wrandom M instant “400us O~500us

Fig. 3.  Histog of frequency latencies for switching between
1.2 and 1.3 GHz, depending on the time since the last frequency change.

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA

therefore take 1,000 measurements for a single pair of start
and target frequencies. We chose 1.2 and 1.3 GHz, but other
frequency pairs yield similar results.

Figure 3 depicts the results of four experiments with 1,000
results each as a histogram. With frequency change requested
at random times, the resulting latency is evenly distributed
between a minimum of 2lps and a maximum of 524 ps.
Requesting a frequency transition instantly after a frequency
change has been detected leads to around 500 ps in the majority
of the results. If we introduce a 400ps delay after the last
frequency change, the transition time is typically about 100 ps.
It the delay is in the order of 500 ps. the transition latencies
can be split into two different classes—some yield an immediate
frequency change while others require over 500 ps.

These results indicate that frequency changes only occur in
regular intervals of about 500 ps. The distance between the start

transition switching

and the target frequency has negligible influence compared to
the 500 ps delay. The d frequency changing mechani

is depicted in Figure 4. T




COUNTDOWN Approach

COUNTDOWN implement an asynchronous mechanism
based on a callback/timer to reduce the core’s frequency
after 500us in MPI primitives.

Process Application MPI Library Application MPI Library Application
X X
-9 5|S -9
Sl =2 = Al
‘© x| ©
vy © \ &S] y

Callback Callback Delay

Reset P-State

Callback Delay

Low P-State

Core Core Logic

Max frequency

Frequency Min frequency

Time

https://github.com/eeeslab/countdown

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA


https://github.com/eeeslab/countdown

Multi Node - Target System

Marconi Al (Galileo v2): Tier-0 HPC system CINECA

Galileo v1: Tier-1 HPC system based on an Lenovo
based on an Lenovo NeXtScale cluster

NeXtScale cluster

516 Nodes: Dual socket Intel Haswell E5-2630 v3 CPUs with S5
8 cores at 2.4 GHz (85W TDP), DDR3 RAM 128 GB 400 Nodes: Dual socket Intel Broadwell E5-2697 v4 CPUs

with 18 cores at 2.3 GHz (130W TDP), DDR4 RAM 128 GB

NAS Benchmarks OMEN FORECASTING SYSTEM

COSMOS

IDIORUM ~ UNIVERSITA DI BOLOGNA

[J
OUUHNTUM




Experimental results - QE PWscf

(a) QE-PWscf-EU http://arxiv.org/abs/1806.07258

QuantumeEspresso PWscf https://github.com/eeeslab/countdown

* QE-PWscf-EU: Expert User o0
* QE-PWscf-NEU: Not Expert User «

£ 60
| Overhead: <6% | g
S a0
| Energy/Power Saving: 22%-43% | ° m Aolcatin tne < SU0ue
B MPI time < 500us
Computing Resources: 3456 Cores (96 nodes) ——
0 500 1000 1500 2000 2500 3000
55 55 55 il renkCore (7 Promising results.
50 50 50 (b) QE-PWscf-NEU
ol | [ ' i In production, only
0t 1 =% 1 _4 | B Application time < 500us for a restricted set of
F35 ¥ 35 £ 35| = B Application time > 500us
4 30| £ 30! | B3| BN MPI time < 500us users and low SLA.
® B a - @ MPI time > 500us
E 25 325 "E 25 _35: 60
S 20f 2200 520 g Working to create
E E iz §° safe job scheduler
J . J J % integration.
0 o 0

B QE-PWscl-EU EEE QE-PWscl-NEU 1000 1500 2000

MPI rank/Core [#]

2500 3000

BOLOGNA


http://arxiv.org/abs/1806.07258
https://github.com/eeeslab/countdown

YRS TR Conclusion & Future Works

* Holistic and Fine Grain Monitoring feasible w. Open Source and Scalable
of the shelf tools

* Challenge in the effective usage and knowledge extraction from the
monitored data

* Fine Grain monitoring - Al and ML can leverage the infrastructure toward
datacentre automation.

* Fine Grain power management can lead to important energy saving
without sacrificing performance.

* Future works:
e Scale up anomaly detection to datacentre level, and to security hazards
* Fine-grain energy saving for other architectures and heterogenous nodes
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