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Introduction

 Energy-efficiency is getting growing attention in the HPC field
= Top500 leading supercomputer ORNL's Frontier

leads Green500 %MK RiDGE
= 150x energy-efficiency improvement in the last 15 osew LY INTTHER

= (Cutting-edge cooling systems and advanced
power management

 System-level power and thermal management for HPC

= Crucial matter in the many-core era of computing systems
= Need for fine-grained, workload-aware dynamic power management
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. 1 G. Bambini et al., "An Open-Source Scalable Thermal
I ntrOd UCtlon and Power Controller for HPC Processors”, 2020 ‘%

P

 Existing commercial power controller are built around single-core MCU

= Intel PCU, ARM MCP/SCP, AMD SMU, IBM OCC
= |ack of scalability to face the ever-increasing number of controlled
cores in single-die and chiplet-based modern chip

Need for a scalable power controller solution

 ControlPULP: first RISC-V based, multi-core power controller

= Complete HW/SW platform, to be open-sourced soon
= |mplements reactive control
= Achieves about 5x speedup in multi-core mode with said policy
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Introduction

 Scalable architecture:
= Multi-core cluster with private FPU (float16, bfloat, float32)
= DMA for 2-D strided access from PVT sensor registers

Manager core Cluster accelerator
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Introduction

 Predictable architecture:
= (Cache less system
= (Constant access time to scratchpad memories
= Manager core has dedicated banks for data and instructions
= Platform level interrupt controller (RISC-V PLIC)

Manager core Cluster accelerator
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Introduction

* Industry standard power management interfaces:
= PMBUS/AVSBUS: Voltage Regulators control
= SPI: Inter-socket communication (Multi ControlPULP) | Out-Of-Band
= ACPI/MCTP: Motherboard/BMC interface (OpenBMC)

=

= SCMI: 0S governors and telemetry } In-Band

on-die M
off-die
Out-of-
band
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Power Control Policy
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: Global doorbell ,
E nerpts 4 pCT g !
. 0 :::::.'::::----------.._--') =
. O Power comp. % :
: HPC é NOC AX| Slave Boot ) Alpha comp. | | Control rE :
\ | processors | = < Rlbleonip: ‘_‘ FPCT | |3
: s AXI| Master 5 Freq. comp. 8
: (F2) Temp. IN 1: |
' 1) Freq. OUT | [/O — s - !
! . . % (F3) SCMI c;mclJ :
[ . i T 1
'Silicon die On-die, in-band |
[ PMBUS
PCT: Periodic Control Task . AVSBUS 12C
FPCT: Fast Power Control Task Off-die
out-of-band{
VRMs BMC
_

ETHzurich

7/2/2022



Power Control Policy

 Two main control tasks:

Target Frequencies Estimated Workloads Total Power Budget

= Periodic Control Task
- Power dispatching layer
- Thermal control

Power Model Parameters

Power Dispatching Layer

Temperature ' ST ¢ .
Sensors f

= Power Control Task

- Voltage rails power : Thermal Control e
consum pt | on B CORFRF] 6C_)I_\IITROLLER
- BMC communication Vas Vo - Vo

MMMMMMMMMMMMMMMMM
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Architecture

SoC Domain

Single-core subsystem
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Architecture %

P

Multi-core cluster subsystem
ControlPULP IP

:Cluster Domain
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Architecture
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Architecture

HXXXOEHO WXXXXK190 e HXXXHEEFD WXXXXEDE0
Off-IP NoC
AXI Mst AXI Slv ControlPULP IP
____________________________________________________________________________________________ |
:SOC Domain o) :Cluster Domain |
i
| = Mux 1
512 KiB L2 SRAM - I
| | | from from i 64 KiB
; x x x x fom Al ! Bank #0 | | Bank #0 cee S4EBy  [Bank#is] |
1 | 3
) r A A A I
: L2 TCDM Interconnect Fully-Connected AXI-4 crossbar |....— 3 ;;é Ly < DMA :
I Y B v f i :
: kSt Rty Pl : - L1 TCDM Interconnect I
i . i
I e . 3 . AX] b
. AXI ® i
i TCOM [Eoiv-Con =
i SeC ‘ TCDM Demuxers Hl——{ Fully Comected | €= o0 [€] 3 8 oaE A 1 i '
Interconnect . w 1
] AA A A f £ 3 cee
! A A A ; a2 @ Ea 1
. Instr Data [ o2 2. - 1
[ ] [ n @ w8 e L i
0 e CV32E40P RISC-V ! 2 § 5 g - :
- w o = =
: PLIC > Manager |FPU| || Debug ; as £9 & I
w71 = o o
w71 Core Module r =% 52 |« ale'a :
L e | > 1 3 S L @
! 2 v ! I Cluster Event 8 = Core Demux Core Demux :
1 | APB Peripheral interconnect | |To—AJ(Iconverters 1 < unit < 28 SERTD o X
1 1 X o
A A A A O = 2 2 |
n UDMA | | UDMA . Cluster Timer <3 g| cluster |JFPUfe e e8] cluster FPU|
: \ T RX : % - =| core #0 = core #7 |
1
: SoC 1
DMA i
' H Timer : A i ) |
i
' ) ) 4 h 4 i
! i i { Cluster Instruction bi
: 1/0O Master interfaces 1/O Slave interfaces O Ut_Of_Ba nd tra nsport uster Instruction bus :
1
N (D R A, B I A 4 Y N, 7 i
Qsﬁi ucmuausi' SPUAVSBUS f 12G i |2c-T sm? Tm.luc'rp tO/from VRMS
[5:0] [5:0] [4:0) s
L_'__-l L. . — i._r_.-l
To Flash To VRMs 3to BMC, 2 for spare Inler socket From BMC to/fro m B M C
- ; LMA MATER STUDIORUM
zZuric NIVERSITA DI BOLOGNA 7/2/2022




Software stack

 Complete software stack

= Real-time operation system, FreeRTOS

—p Power Control Firmware

PULP FreeRTOS 0OS
PMSIS (BSP, API, DRIVER)

ControlPULP Hardware

ControlPULP SW stack
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Experimental results P

P

 Platform area

= (GF22 synthesis: one manager core, one cluster, 512KiB + 64KiB@500 MHz, TT
= Total Area of 9.1 MGE
= Estimated < 1% of a HPC processor die in modern technology node

Table 1: ControlPULP post-synthesis area breakdown on GF22FDX technology.

Unit Area Area Percentage
mm?] [kGE] [%]
Cluster unit 0.467 2336.7 25.5
SoC unit 0.135 675.9 7.39
L1 SRAM 0.119 595.7 6.51
L2 SRAM 1.108 5542.1 60.6
Total 1.830 9150.3 100
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Experimental results P

« Standalone RTL evaluation

= NoC latency and controlled system are simplified in a testbench environment
= Evaluate: multi-core speedup (performance) and interrupt handling reactiveness

(latency)
1 ©
Control Action and c
frequency dispatch - ;
AXI4 MST (P4)-(P7), (P1) =
—— > AXl4 Delayer ———» <
= Data acquisition (P2):
ControlPULP é WIR| Hpc co:t‘as temper(atu)res
DUT L2 preload = >| preloaded as unfolded in | | o <
with FW binary c time Y
j———— —> P S
AXI4 SLV Mailboxes for 5
commands (P3):
- Target frequency
: - - Power budget )
AXI4 VI;’\tILII:;':l)l Driver AXI4
infinite simulation
memory
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Experimental results

« Standalone RTL evaluation

= Multi-core and DMA centric PCF speedup: about 5x faster than single-
core execution for 72 cores
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Experimental results P

« Standalone RTL evaluation

= SCMI response deferring mechanism with FreeRTOS
= |et the OS schedule the response in the interrupt routine (vs. tailored SW in ARM SCP)

700 £ —e— direct h;imdllin‘g IIIIIIIIII ] Location Increment Sum
600 _ -e- deferring IRQ to task _ [cycles] [Cycles]
P PLIC input to output 2 2
2 S00 ;—--.---.---0---0---0- -o---.------o---_i CLINT input to core £ 9
g 400 ] Jump in vector table to PLIC handler 2 11
= [ ‘ -
g 300 F ] Save caller save regs (addi + 15 regs) 17 28
< ook ; Claim PLIC interrupt (read id) 8 36
B : ] Compute and load PLIC handler address 8 11
100 £ ] Jump to PLIC handler address 2 16
b e Summary - 46
0 20 40 60 80 100
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Conclusions

 First RISC-V power controller for HPC systems

« Complete HW/SW platform to be open-sourced

« Scalable multi-core accelerator cluster to achieve 5x on control policy with low area
overhead (about 1% of a modern HPC processor)

Future work

 Fast-interrupt handling and predictability exploration
 Explore Advanced predictive control policy with HW acceleration
 |Improve verification environment: FPGA-based Hardware-In-The-Loop emulation
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Thank you for your attention
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