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POWER MANAGEMENT IN HPC: INTRO

Recent Design Challenges:

End of Dennard’s scaling law (slow down in transistors scaling)

Power and Thermal challenges of modern Multi-core and Many-core
designs

Improving energy efficiency of the whole system

Security concerns
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POWER MANAGEMENT IN HPC: INTRO

Design Choices:

Specialization and Custom chips (Google, Apple, Amazon, ...)
Heterogeneous computing units on a single die

3D chips

Choice of an optimal operating point

Advanced embedded controller (PMS)
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POWER MANAGEMENT IN HPC

- QOut-of-band - zero overhead
telemetry

- Node Pcap - Max perf @ Pnode<Pmax
- RAS - error and conditions reporting

« Based on U.S. metrics
 Slow & often unused
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POWER MANAGEMENT IN HPC

Power Management standard HW/SW interfaces: System Management / RM

In-band: Power Cap Energy vs.
* The SCMI (The System Control and Management Througput
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Power Management standard HW/SW interfaces: System Management / RM

In-band: Power Cap Energy vs.
* The SCMI (The System Control and Management Througput

Interface) for OS communication. ] ]
Application

Out-of-band:
Hints/Prescription -

* PMBus,AVSBus for VRM communication
 MCTP/PLDM for BMC communication
Operating System
In band Governors

[

Power
Controller
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CONTROLPULP PROJECT: ARCHITECTURE

RISC-V Cores Interconnect
. 32b 32b 32b 64b
PULP!-based design
. Platforms
Scalable architecture: IIIII [ Pufwuw
Multi-core cluster with private FPU, up to floatl6 and bfloat precision s
RISC-V fast-interrupt controller: CLIC Single Core @ Multi-core
. i * PULPino * Fulmine Multi-cluster
DMA for 2-D strided access from PVT sensor registers *_PULPissimo * Mr. Wolf * Hero *
. o HP
Industry standard power management interfaces: Accelerators
HWCE Neurostream PULPO
PMBUS: Voltage Regulators control - slow/multi h m
AVSBUS: Voltage Regulators control - fast/p2p
> Out-Of-Band

SPI: Inter-socket communication (Multi ControlPULP)
ACPI/MCTP: Motherboard/BMC interface (OpenBMC) P

SCMI: OS PM governors and telemetry } In-Band

! https://github.com/pulp-platform/pulp 9
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CONTROLPULP PROJECT: ARCHITECTURE
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CONTROLPULP PROJECT: ARCHITECTURE
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CONTROLPULP PROJECT: ARCHITECTURE

In-Band transport
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CONTROLPULP PROJECT: ARCHITECTURE
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CONTROLPULP PROJECT: FIRMWARE

Built on top of FreeRTOS (which is open-source)

Real Time scheduler with Pre-emption and priority-based task selection

PMS Firmware

FreeRTOS OS

PMSIS (BSP, API, DRIVER)

Device HAL

ControlPULP Hardware

2 G. Bambini et al., "An Open-Source Scalable Thermal and Power Controller for HPC Processors*, 2020
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CONTROLPULP PROJECT: FIRMWARE
Built on top of FreeRTOS (which is open-source)
Real Time scheduler with Pre-emption and priority-based task selection
Three main control tasks?: onnoooooomoooooooooooooooooooooooooe (e o
Operating System in%?rﬁ%lt i doc;beu oo ULP PGS
Fast Power Control Task (FPCT) — 125 us 5 Mail fEoiifisaissizsszzizzi Control FW | |
E boxes SCMIcmd @ PCT :
1 1 _ ! C [0:71] AX| Master W/R Power comp.

Periodic Control Task (PCT) — 500us i proggssors grrun ' | ::
Advanced Control Task (ALCT) — 2000us | B e , [Frea.comp. || ©-© .
' 1512 AXI Slave Boot |IIO ) e i r :

I n m I n d PCT: Periodic Control Task PMBUS

FPCT: Fast Power Control Task AVSBUS

ALCT: Advanced Learning Control Task Off-chip
Out-Of-Band
VRMs BMC

2 3. Bambini et al., "An Open-Source Scalable Thermal and Power Controller for HPC Processors*, 2020
Copyright © European Processor Initiative 2022. HIPEAC Conference/Andrea Bartolini & Giovanni Bambini /Budapest/20-06-2022 16

Built with Modularity and hardware flexibility _______________ — NCO;le _____




;ﬁ peesser
CONTROLPULP PROJECT: FIRMWARE

C ontro | Al qo rrth m: Target Frequencies Estimated Workloads Total Power Budget

Power Dispatching Layer: N T S S—— e

Power Model Parameters

Computes the operating point to enforce Power Dispatching Layer i
the given power budget. '

Temperature P[Py, ., P] Mode’;l
. . Sensors : Adaptation
It privileges more demanding cores. !

Control performance is improved by model

adaptation and/or ML algorithms F[Fy ) Fol CONTROLLER
Vad [Vagrr - Vanl

Thermal Control:

Distributed algorithm which generates a power management setting for each tile which full-fills the allocated
power budget and thermal constraints

Based on a PID and a power model inversion
Frequency Binding:

If enforced, will apply the same DVFS operating point to the core executing the same application
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Power Management in HPC
ControlPulp Project: an open-source hardware/software RISC-V controller

ControlPULP HIL Co-Desing Framework

Integration and Demo
QnA
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CONTROL PULP CODESIGN

FPGA-based
Hardware-in-the-Loop
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AXI demux

PLAXIMbox Mailboxes
o
(shared registers)

D -------- »| ControlPULP

<

: PL AXI Master

Zynq Processing System : Zynq Programmable Logic
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FPGA-based
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FPGA-based
Hardware-in-the-Loop
emulation
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WHY EXAMON

ExaMon was primarily developed, in collaboration with CINECA, to collect and analyze HPC
nodes and facility data.

Early 2015
Galileo 2015
Marconi 2016
D.A.V.I.D.E. 2017-2020
Marconi100 2020
Galileo 100 2021
Current deploy: Marconi (SKL), Marconil00, Galileo100
Nodes: ~6100
DB size: ~28TB (on-line)
>1Million unique sensors
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WHY EXAMON

ADMIN

Applications

Kairosdb

o000 0000
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Front-end

« MAQTT Brokers
* Data Visualization
* NoSQL Storage
e Big Data Analytics

Back-end

e MQTT—enabled sensor
collectors

ExaMon (Exascale Monitoring) is a data collection and analysis framework oriented to the management of big data
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CONTROL PULP - DEMO

SCALABLE RISC-V POWER CONTROLLER PLATFORM FOR HPC PROCESSORS

e o e s
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CO-SIMULATION DEMO: INTRO

The demo Iis structured in 3 Phases:
Focus on the Power Capping and Thermal Capping capabilities
Focus on the workload adaptation capabilities of the control policy
Focus on the O.S. interaction and frequency set point tracking
Co-simulation settings:
The simulation executes at 1/200x of Real Time
EXAMON data are gathered with a sampling time of 1.25ms (simulated time)

We used synthetic workload composed by corner cases power characteristics
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CO-SIMULATION DEMO: 1° PHASE

Phase 1°. Power Max (~ 5s)

The instructions executed make the maximum power consumption possible: all core
components are active (Vector and Alu operations included).

There are 5 subphases in which the power capping commands is changed:
A) No capping, 1s
this subphase shows the thermal capping
B) 75W (68%) capping, 1s
C) 40W (36%) capping, 1s
D) 90W (82%) capping, 1s
E) No capping, ~1s

Copyright © European Processor Initiative 2022. Event/Recipient/Place/Date
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CO-SIMULATION DEMO: 1° PHASE

Power MAX i
Set Max Frequency (3.40GHz)

.....................................................................................................................................................................................................................................................................................................................................................................................................................

75 W 40W 90 W
(68%) (36%) (82%)
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CO-SIMULATION DEMO: 2° & 3° PHASES

Phase 2°. Computation (~ 5s)

There are 16 computation subphases (combination of Vector (~ 30%) and L2_MEM (~ 50%) and
ALU (~ 15%) instructions) alternated by 8 waiting subphases.

Phase 3°: DVES (~ 8s)
«Random» DVFS commands sent to each core.
Instructions executed are a combination of IDLE, ALU, Vector (DGEMM), and L2_MEM.

Common to both phases: Bindings (~ 6S)

It starts during the Computation Phase

With Bindings we force binded core groups to run at the same frequency: in this way, we can save energy (or
allocate it to other cores) while executing parallel code that is expected to synchronously execute on all cores

in the group
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CO-SIMULATION DEMO: 2° PHASE

Computational

Bindings Bindings 2
4 tiles tiles

Max Frequency
(3.40GHz)
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CO-SIMULATION DEMO: 3° PHASE

B8 Pulp_controller_ExaMon_test -

Interval  500ms ~ Core Metrics Al = Domain Metrics Al = Core  All =

+ Bindings

- - - - - - L

Core 30 Core 31 Core 32 Core 33 Core 34 Core 35

3 3 3 3 3 3

4 4 4 4 4 4
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CO-SIMULATION DEMO: 1° PHASE

[ | 7@ Grafana- Pulp_controller ExaMic X | = - a X
& (@] A Notsecure | mon_test?o om=now-15m8ito=now&var-Interval A o= L
88 Pulp_controller_ExaMon_test - wit |k 2 B & O Ouastisminutes e <
~ Chip Metrics
Total Power Temperature Frequency
1 Measured 0
Power Budget 0 L
100 20
40
25
0 20 1.19999999999999970
17:06 17:08 17:10 17:12 17:14 17:16 178 17:08 17:10 1712 1714 1716 17:18 17:06 17:10 1712 1714 17116 1718
IDLE Instructions - 0 ALU Instructions - 1 Vector (DGEMM) Instructions - 2
85
& 60
40
20
40
h 17:08 1710 1712 1714 1716 1718 h 17:10 1712 1714 17:16 17:18 B 17:08 1710 1712 1714 17:16 17:18
L2_MEM Instructions - 3 MAX Instructions - 4 bindings
60 60 . T
40 40 3 o
: 17:08 1710 1712 1714 17:16 1718 N 17:06 17:08 17:10 1712 1714 1716 1718 B 7:06 17:08 17:10 1712 1714 1716 1718
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Total Power Temperature Frequency
5 3
125 == Measured 0 == core=0 8 == core=0
Power Budget 0 &0 core=1 core=1
100 I L 0 == core=10 30 == core=10
| 4 1 = core=11 == core=11
e I — e —
75 l v 60 = core=12 25 = core=12
50 = core=13 == core=13
50 | t - core=14 20 - core=14
40 - core=15
25 15 == core=16
30
l == core=17
0 20 - core=18 1.0 == core=18
17:20 17:22 17:24 17:26 17:28 17:30 17:32 17:34 . 17:20 1722 17:24 17:26 17:28 17:30 1732 17:34 -core=19 17:20 1722 17:24 17:26 17:28 17:30 17:32 17:34 - core=19
IDLE Instructions - 0 ALU Instructions - 1 Vector (DGEMM) Instructions - 2
80 == core=0 B0 == core=0 80 == core=0
core=1 core=1 core=1
== core=10 == core=10 == core=10
4 60 . 60 4
== core=11 = core=11 = core=11
== core=12 = core=12 == core=12
== core=13 40 - core=13 40 == core=13
== core=14 - core=14 - core=14
== core=15 == core=15 == core=15
20 20 .
- core=16 - core=16
== core=17 == core=17
0 == core=18 0 - core=18 0 I{ == core=18
17:20 17:22 17:24 17:26 17:28 17:30 1732 17:34 - core=19 17:20 1722 17:24 17:26 17:28 17:30 1732 17:34 -core=19 17:20 17:22 17:24 17:26 17:28 17:30 17:32 17:34 - core=19
L2_MEM Instructions - 3 MAX Instructions - 4 bindings
80 == core=0 B0 == core=0 o == core = core=0
core=1 core=1 core = core=1
== core=10 == core=10 0.5 == core = core=10
60 4 60 4 4
== core=11 = core=11 == core = core=11
== core=12 = core=12 == core = core=12
40 40 - core=13 0 == core = core=13
== core = core=14
== core = core=15
20 . 20 . 0.5 .
== core=16 - core=16 == core = core=16
I == core=17 == core=17 == core = core=17
0 == core=18 0 - core=18 -1.0 == core = core=18
17:20 17:22 1724 17:26 17:28 17:30 17:32 1734 e cores19, 17:20 1722 17:24 17:26 17:28 17:30 17:32 T34 e core=1g 17:20 17:22 1724 1726 17:28 17:30 1732 1734 e corm=coree
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CO-SIMULATION DEMO: 1° PHASE

THERMAL CAPPING

Temperature ~
J—
90 5
o -
80 .
5 -
70
© .
. -
&0 Z
3
50 -
40
0
s
151108 151106 151108 151110 151 151s 151116 1518 151120 151122 151128 151126 151128 151130 5113 151134 151136 151138 151140 151 frem 151146 151148 151150 15182
20
1510 1511 1512 1513 1514 1515 1516 1517 1518 1519 1520 1521 1522 15:23 1524 1525
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CO-SIMULATION DEMO: 1° PHASE epl
THERMAL CAPPING

Temperature

core=22
core=23
core=24
core=25
core=26
75 = core=27
= core=28
core=29
= core=3
= core=30
= core=31

= core=32

- core=33

15:16:30 15:16:40 15:16:50 1517:00 1517:10 15:17:20 1517:30

15:17:40 15:17:50 15:18:00 15:18:10 15:18:20 15:18:30 15:18:40 15:18:50 15:19:00 1519:10 15:19:20 15:19:30 1519:40 15:19:50 152000 15:20:10 15:20:20 15:20:30 15:20:40 15:20:50

Copyright © European Processor Initiative 2022. Event/Recipient/Place/Date

38



European
Processor
Initiative

epl

CO-SIMULATION DEMO: 2° PHASE

[ 7% Grafena - Pulp_controller_ Exabc x| 4

- o9 x
& C A Notsecure | 2&from=now-15m&to=now8uvar-Interval All&var-Domain_m All&var-Core =All&refres| A o= 2
n Pulp_controller_ExaMon_test (=] @ Last 15 minutes

~ Chip Metrics

Total Fower Temperature Frequency
125 a5
Power Budget 0 g |
100 7 - s 30 |
L \
. - ( s
2 i
0 2 10
1722 1724 1726 1728 a2 1738 720 1722 1724 1726 1728 17:20 122 1724
IDLE Instructions - 0 ALU Instructions - 1 Vector (DGEMM) Instructions - 2
2 0
| rros 20
e -
‘1720 1722 724 17.26 1728 1730 1732 1720 1722 17.24 1725 1728 17:30
L2_MEM Instructions - 3 MAX Instructions - 4 bindings
10
L e e - e -
~eecpi ek
0 a0 0
|
0 0 B
720 12 724 17.26 1728 1732 17:34 1720 1722 1724 17:26 17.28 1730 1720 1722 1724 1726 172 17
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CO-SIMULATION DEMO: 2° PHASE

Total Power Temperature
1
" - 0 == core=0
125 == Power Budget 0 80 == core=1
== core=10
100 == core=11
A’rpl_,_/_" - core=12
75""7 I f1 n - core=13
| \[ M’,".' [t A 'S ST A A - core=14
50 v 4 t Vad \
" I Uy ¥l ¥ O 73 / "’N\ - core=15
1"111."1‘~ n.a./v-
== core=16
25
== core=17
0 40 == core=18
17:35 17:40 17:45 17:50 | 17:35 17:40 17:45 17:50 = core=19 ,
IDLE Instructions - 0 ALU Instructions - 1
== core=0 80 == core=0
== core=1 == core=1
== core=10 == core=10
= core=11 == core=11
| - core=12 - core=12
i ‘ == core=13 == core=13
== core=14 == core=14
== core=15 == core=15
| J - core=16 - core=16
‘| T = core=17 - core=17
L mnmmunfmunuwu o et
- core=19 17:35 17:40 17:45 17:50 - core=19 ,
MAX Instructions - 4
80 == core=0 80 == core=0
== core=1 == core=1
== core=10 == core=10
60
= core=11 == core=11
= core=12 - core=12
lllll um\num.!lu umull
40 == core=13 == core=13
\ == core=14 == core=14
== core=15 == core=15
20
== core=16 == core=16
l = core=17 == core=17
0 & : T == core=18 . - core=18
17:35 17:40 17:45 17:50 17:35 17:40 17:45 17:50

== core=19

Copyright © European Processor Initiative 2022. Event/Recipient/Place/Date

= core=19 ,

Frequency

_ == core=0

= core=1

== core=10
3.0 I == core=11
| == core=12
p—o»L == core=13
== core=14
== core=15

== core=16

== core=17

20 == core=18
17:35 17:40 17:45

== core=19

Vector (DGEMM) Instructions - 2

80 == core=0
= core=1
== core=10
== core=11
== core=12

20 - core=13

|

== core=14
== core=15

== core=16

WV

17:50

== core=17

== core=18

= core=19

bindings
40
== core = core=0
== core = core=1
30 ™= core=core=10
== core = core=11
== core = core=12
20 = core =core=13
== core = core=14
== core = core=15
1.0
== core = core=16
== core = core=17
0 L——— == core=core=18
17:35 17:40 17:45 17:50

== core = core=19
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CO-SIMULATION DEMO: 2° PHASE
WORKLOAD COMPOSITION

Vector (DGEMM) Instructions - 2

NOANNNNN M

10
17:34 17:35 17:36 17:37 17:38 17:39 17:40 1741 17:42 17:43

17:44
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CO-SIMULATION DEMO: 2° PHASE
WORKLOAD COMPOSITION

L2_MEM Instructions - 3

Vector Instructions

L2 MEM Instructions

20

10

: L. j J | I | | | \ L || L | | L | i
17:34 17:35 1736 17:37 17:38 17:39 17:40 174 1742 17:43 17:45 17:46 17:47 1748 17:49 17:50 17:51 17:52

17:44
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CO-SIMULATION DEMO: 2° PHASE
WORKLOAD COMPOSITION

L2 MEM Instructions

b
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CO-SIMULATION DEMO: 2° PHASE
TEMPERATURE
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Initiative

Temperature

eeeeeeeeeee

AL
g 8

JEUSUEL N A S

core=21

core=23
core=24
core=25

core=26

= core=3

= core=6

= core=9
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CO-SIMULATION DEMO: 2° PHASE
FREQUENCIES

Frequency

DVFS + Bindings
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Frequency

| O I )
5]

35
. .
. .
34 T e %o
. .
‘ \ .
.
.
.
.
| .
32 {
31 “
30
| .
.
.
.
.
29 .
.
.
.
.
.
28 .
.
.
.
.
.
.
B e |
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
24 <
.
.
.
.
.
23 A
.
.
o
.
o
o
22 o
o
o
o
o
o
.
o
21 - .'
.
. .
. .
.. .
e be®
T Y L
20
155930 160000  1600:30 160100 160130 160200 160230 160300 160330 160400 160430 160500 160530 160600 160630 160700 160730 160800 160830 160900 160930 161000

155730 155800 155830  1559:00
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CO-SIMULATION DEMO: 2° PHASE
FREQUENCIES

Erogueicy
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'|_ ‘I IBR |N M .|.J\| l,! Frequency

- corest
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CO-SIMULATION DEMO: 3° PHASE

[ 7% Grafena- Pulp_controller_ Exahc X | 4

- 9 x
<~ (@] A Notsecure | oller_examon_test?orgld=2&from=now-15m8&to=now8uvar-Interval=S5s&var-Metrics=All&var-Domain_metrics=All&var-Core=All&refresh=5s A 18 75 e
n Pulp_controller_ExaMon_test (=] @ Last 15 minutes
~ Chip Metrics
Total Power Temperature Frequency
180 35
== Measured 0 Y% ——
- Fower Budget 0 | U !
. S |RRAA L V) |
100 o } 30 §| |
B L \ \ f\fsb | \
sANAAA0N0N ? “ \
~ \ = m,
50 R T aa g e -pv 25
J " v/ L ol . ~ t%
5 : =
0 40 20
17:38 17:40 17:42 17:44 17:46 17:48 17:50 17:38 17:40 17:42 17:44 17:46 17:48 17:50 17:38 17:40 17:42 17:44 17:4¢ 17:48 17:50
ALU Instructions - 1 Vector (DGEMM) Instructions - 2
80 80 == core=0
ore:
60 — 60
40 - 40
- T T T
: : g

17:38 17:40 17:42

MAX Instructions - 4 bindings
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CO-SIMULATION DEMO: 3° PHASE

Core 0 Core 2 Core 3 Core 4 Core 5 Core 6 Core7
a3 25 oy 25 g s a5
a0 1 - a0 i ETEE | ELI a {1 an |}
. - .. = .- — 5 < = - o e =T il | -
= Core 1
o 3.50
1750 — — —
= Freg (Boers0, chig=0, care-0) Ave: 2580 = Freg [ Boar-0, ch
== Targes_Freq { board=d, chip=0, core=0 ) Avg: 2649 Targer Freq [ boar
325
Core 8 L
as as as
a0 ¥ i an § an ¥
, b - . = ; !
25 | 25 25 | 3.00
20 S— 20 20 I
5 s 15 |
s |
1740 1750 0 1200 17:40 17:50) |
= Freg (boared, chip=D, core=8 ) Avg = Freq ( boarde0, chip=0, core¥9 ) Avg: 2586 S ———
Target_Freg ( baard=0, chip=0. care=g Target_Freg ( bazrd=0, chip- Target Freg [ boar — — e — — j
Core 16 Core 17
o 2.50
'
— A
25 1 f = 25 | 1
1y — 1y | — ]
s s
225
10 10
1740 1750 18:00 17:40 1750
= Freg (Boare, chig=D, care=16 ) = Freq ( boarde0, chig=0, can — |-
Target_Freq { baard=0, chip=0, core=16 ) Avg-2.87 Terget_Freq { board=1, chipeD,
2.00
Core 24 Core 25
- —_ =
= | | 175
20 L 20 Ty
5 s
10
1740 1750 1750
= Freq (Board=0, chig= = Freg [Boare0shEel o 1.50
Targes_Freq { boarded, chip=0, core=24 Targe: Freq ( board=d, chip=0
Core 32 Core 32
as — 3 125
a0 . 3
g | - - =
20 —_— = pp | —t—
. - 1.00
1 14 10 17:40 1742 1744 17:46 1748 17:50 17:52 1754 17:56 17:58 18:00 1802 18:04 18:06 18:08
1740 1750 18:00 17:40 17:50 1200 17:40 17:5

= Freg (board-0, chip-|

eq | board-

= Freg [ board=0, cFip= = Freq { board=0, ck

Target core=33) Avg=281 Terge: Fre:
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CO-SIMULATION DEMO: 3° PHASE
FREQUENCIES + BINDINGS

Frequency

16:06 1607 1608 16:09 1610 .11 1812 16:13 16:14 1615 1616 1617 1618 1619 16:20 1621 1622 1623
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CONCLUSION

Power control of High Performance Computing processor is a demanding task

ControlPULP is a flexible and powerfull open-source controller which can be
Integrated in HPC processors

We designed a HIL Co-design framework for the design, test and validation of
ControlPULP.

The HIL Co-design framework will be released w www.european-processor-initiative.eu
w. ControlPULP. S

@EuUProcessor

iIn' European Processor Initiative

@ FEuropean Processor Initiative
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Q&A

Power Management in HPC
ControlPulp Project: an open-source hardware/software RISC-V controller

Simulation Framework
Co-simulation Demo
QnA
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