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Notices & Disclaimers

= Performance varies by use, configuration and other factors. Learn more on the Performance Index site.

= Performance results are based on testing as of dates shown in configurations and may not reflect all publicly available
updates. See backup for configuration details. No product or component can be absolutely secure.

= Your costs and results may vary.
= Intel technologies may require enabled hardware, software or service activation.

= Intel disclaims all express and implied warranties, including without limitation, the implied warranties of merchantability, fitness
for a particular purpose, and non-infringement, as well as any warranty arising from course of performance, course of dealing,
or usage in trade.

= The products described may contain design defects or errors known as errata which may cause the product to deviate
from published specifications. Current characterized errata are available on request.

= Altering clock frequency or voltage may void any product warranties and reduce stability, security, performance, and life of the
processor and other components. Check with system and component manufacturers for details.

. Custdomder is responsible for safety of the overall system, including compliance with applicable safety-related requirements or
standards.

= © Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries. Other
names and brands may be claimed as the property of others.
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Mixed Criticality Workload Consolidation

Real-time Applications: vPLC,
Motion etc..

Best Effort Applications: HMI,
Al, CV, etc..

!

Needs:

* QoS on HW Platform

* Real-time capable SW stack
(BIOS, Hypervisor, OS, etc)

C()(]Ii”ﬂf OSADL COOL Oct 18, 2023
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Mixed-Criticality Goal: Temporal Isolation

COOL=

Best Effort (BE)

High throughput, peak performance, power awareness

OSADL COOL Oct 18, 2023

BE Risks:
Malicious
Applications

CPU

S

~

BE Risks: Naive
Applications

Real-Time (RT)
Determinism:
low latency & low jitter

€

Real-Time
Application
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Concurrent Mixed-Criticality Workloads

Concurrent mixed criticality workloads may:

 Compete on shared resources,
like cache, 1/O buffers, etc > Intel® TCC Y

* Impact each other, or even whole platform, e.g:

Determinism
* MSR, SMI, cache flush, split locks, ... = BIOS, hypervisor, OS, etc

* Power, current, or thermal stress =» Cooling solution
« Power savings, dynamic freqgs =» Addressed later on .
« Compete on constraints ﬁ@
¥ Low Power Fast Compute

J
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Dynamic Frequency and Voltage Scaling (DVFS)

Determinism

» May impact all cores
= May vyield jitter

* Depending on Power Management (PM) subsystem

Dynamic frequency adjustments on an active core may
impact compute latencies of all active cores = increased jitter

(e.g. additional >10 ps) Low Power Fast Compute

Theoretical Platform Capabilities Traditional RT Configuration User Demand: Flexibility via per core PM

Core0O Corel Core2 Core3 GPU GPU Core0 Core1 Core2 Core3 GPU

Frequency
Frequency
Frequency

Core0 Core1 Core2 Core3

H Base W Base W Turbo

EmBase M Turbo
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DVFES Use Cases

COO0I=

>

Lgotandard — BE high peak Perf

PO

. . . P1
BE BE BE RT
Core Core Core Core

[ [ [ [
0 1 2 3
Core

Frequency

RT: Static core frequency locked to
base frequency

BE : Dynamic core frequency

PpNHigh RT Perf

Frequency

PO

P1

BE BE BE RT
Core Core Core Core
— — — Pn
0 1 2

Core

RT: Static core frequency locked to
Turbo frequency

BE: Max frequency capped to stay
within a given TDP target.

= PM subsystem with optimized DVFS to provide more flexibility
starting with 11th Gen Intel® Core™ Processors

Illustrations provided for representative purposes only

OSADL COOL Oct 18, 2023

Core Frequency: PO = Turbo; P1 = Base; Pn = most efficient
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“rocesser Power Management in a
Nutshell
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Processor Power Management

Ways to reduce power consumption, e.g.

SO: Processor Powered On

* Switch off subsystems
CO: Active Mode

* Reduce voltage, or frequency resp

: PO

= HW support via ACPI states, e.g. C- & P-States .
= (C-States (idle states) 0 C1 @ 6 C7 PN

¢ CO: CPU active Core Voltage I B B C1: Auto Halt

« C1,.. 72 power \, latency [- CO] 2, residency /7 coreClock ~ JUJ o= om0 o C1E: Auto Halt
m P-States (executing Stateg) PLL M M ot 2E 27 C6: All core clocks stopped

Flush Flush Flush _
« Operating points (voltages & fregs) of a CPU core apane = B B2l E2E i (G EHG e T
=EBEEEMP
LLC/L3 cache = = =

* PO, .. 7:fregs & power \, compute performance \

Exit Latency C10: lowest power mode

Idle Power J l . ] —_—

* Intel DVFS technologies e.g.

* Intel® EIST, Intel® Speed Shift Technology (HWP),
Intel® Turbo Boost Technology

CIJIJI__ OSADL COOL Oct 18, 2023 intel.



Intel Power Management

Intel® Speed Step (ST) Jmi%‘. TLI(.’OO B‘ant T%Chﬂo‘ﬂg/

- Balances performance for energy saving @ BZQ?:;V&; roa,lanpdo':;lg:irrswg(l: kf\rei\% irr(‘)g;ase

* Only two hard-wired power states
* Limited capabilities to modify behavior

Intel® Enhanced Speed Step® Intel® Speed Shift (HWP)
(Intel® EIST)
. , * Enhanced Responsiveness & energy efficiency
@ * Operates on wide range of freqgs L - Fine grain power management

» OS based P-State selection
 Criteria e.g. workload demand, and user
defined policies (Balanced, ...)

* HW based P-State selection
* OS hints for min, max, desired performance
and energy efficiency

MPACT
DL
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HWP control

» cpuid: HWP support " |[A32 HWP_CAPABILITIES:
= pstate driver (intel _pstate) may  * HWP enabling
eXpOSe att“bUteS V|a SySfS e HWP performance range

= Direct interaction via MSRs enumeration

» OS performance hints

«IA32 HWP REQUEST

* Energy Performance Preference
(EPP)

* Min, max, and desired performance

C()[ )I__ OSADL COOL Oct 18, 2023 intel.

13



intel pstate:
CPU Performance Scaling Driver (Linux)

= Control per logical CPU
= Sysfs exposure via
* /sys/devices/system/cpu/intel pstate/
e /sys/devices/system/cpu/cpu*/cpufreqg/
= Two modes: Active & Passive
= Active:

» Default mode on HWP capable processors

Explicit enabling via cmdline “-intel pstate=active”

HWP is automatically enabled
CPUs select P-States

2 schemes for P-State selection provided:

* “powersave”: Selection logic favoring power optimization. CPU utilization 2 = P state \v

+ “performance”: Selection logic favoring performance

C(][]I__ OSADL COOL Oct 18, 2023 intel.



Analysis
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Test Setup for the Analysis
BECores e joos %

Pulsed Stress

Stress App stress M :: RT Benchmark App
Stress-ng idle |: cyclictest
|
. |
Linux w/ preempt RT

. Base Turbo

 Pulsed CPU centric stress on best-effort core to enforce P-state transitions

. taskset -c¢ 1 stress-ng -c 1 -1 100
« cyclictest on isolated real-time core to measure the real-time performance
. cyclictest -tl -a3 -D 12h -p99 -m -i250 -h400 —-g -latency=1 >output

C(](]I__ OSADL COOL Oct 18, 2023 intel. s



DVFEFS Feature Enhancements

Frequencies may differ across Cores

Core0 Core1 Core2 Core3

Equal Frequencies on all Cores

Core0 Corel Core2z Core3

Frequency
Frequency

Per core P states

Per CPU P states

11" Gen Intel® Core™

< 11t Gen Intel® Core™

11t Gen Intel® Core™ introduced

* Per core PLL = Per core P-States
* Digital PLLs with fast P-State transition latencies and local impact to core

C(][]I__ OSADL COOL Oct 18, 2023 intel. 7



DVFES impact on Intel® Core™ i5-8265U
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1000 -
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u(](]l.. OSADL COOL Oct 18, 2023 For workloads and configurations see backup intel.




Results on Intel® Core™ i15-1145GRE
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Higher jitter on 8t Gen Intel® Core

Pulsed CPU stress - i5-1145GRE

DVFES on BE cores w/o significant impact 19+09 -

1e+08 - Configuration 1 (no scaling)

to RT performance of 1e+07 -
11t Gen Intel® Core™ Processors

1e+06 - Configuration 2 (scaling)

1e+05 - —
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=>» More flexibility for Mixed Criticality RT 1000 - -

100 -
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Hybrid Architecture - Example

P-Cores

E-Cores

Package L#0

MUMANede L#0 P#0 (13GE)

e

T [T T (Y22 P [T e [T

PU L#E FU L#E PU L#7 PU L#8B FU L#S FU L#10 FU L#11 PUL#12 FUL#13
P#5 F#E P#T P#E F#9 F#10 F#11 P#12 F#13

L3 (24MB)
i |
| |
L2 {1280KE) [ L2 (1280KkE) il L2 (1280kE) [}l L2 (1280KE) Jif L2 (1280KE)
| L1d (48kB) [|fi L1d (48KE) | L1d [4BKE) | L1d {4BKE) | L1d {4BKB) |
| Lui32ke) ||l L1i (328 | L1i {32KE) | L1i {32KE) | L1i (32KB) | L1i (32KB)
Core L#0 | Core L#1 Core L#2 Core L#3 ||l Core L#4 Core L#5
Fressraaanaen | zemeeeeeenen ET PP PrTT TR | | Ty | | |
P PULzo i ||l PUL#L : PUL#2 ! PUL#3 i PUL#4
! PO i P#l P PE2 ! p#3 i P4
Module 1 || Module 2 || Module 3 || Module 4 ll Module 5 || Module 6 :

Module 7 Module 8

Hybrid architecture Platforms e.g. on 12™, or 13™ Gen Intel® Core™

« Each Module: 1 Performance (P-) Core + 1 PLL => per Core P-State

* Each Module: 4 Efficiency (E-

* 13th Gen Intel(R) Core(TM)i7-1370PE

COMPACT
0SADL
ONLINE
u LECTURES
——

OSADL COOL Oct 18, 2023

) Cores + 1 PLL => per Module P-State
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Impact of Frequency Changes to P- and E-Cores

Pulsed Stress

Core1(P)uw LI

—-core O e v 1 —p-core 2 —r-COrE 3 —-COFE 3 —p-cOre 5
5000 5000 5000 5000 5000 5000
— 4000 = 4000 — 4000 4000 — 4000 — 4000
=) ) = =) ) =
B = =) R = =
= 3000 = 3000 = 3000 = 3000 = 3000 = 3000
2 £ £ < 2 £
u o o o o
& wwo ﬁ 2000 2 200 & 2000 & 2000 2 2000
o o v o u &

=]
=
=]
=
=]
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o o < Pulsed stress “crosstalk™:
 “0 g L o o o
= = = = .
g % g 2 T g 6 — - PtoP:low
% 2000 3 000 % 2000 % 0m
e =4 o =3 — .
i, ARSI o PPl o it | D - EtoE:
0 o o 0 H
cCMgNRARASYRNG B SMEURARARLYRNEY SN SURARRILABEY cMaMRARNLLRABY > ° h|gh(samemOdUlE)
Time [Hz] Time [s] Time [s] Time [Hz]

S N S S * low (other module)

5000 5000 5000 5000 Z
—. 4000 —. 4000 4000 — 4000
g e e E - 5 (e
= 3000 = 3000 T 00 > 2000 o
= I o £
7] = g C
3 20 2 2000 § 2000 2 2000
£y £ 100 E 1000 £ 1000 ()
i
Dnm ugm y y v} uy uny uy ugu\ Iy Iy wy wy wy uy ngmgmgmgmamsm w
SURBHNRASLRINEY SAEBAdRAFIRAEE SABEdRAFRRIEL - ~l m - u @
Time [s] Time [s] Time [s] Time [s]

Pulsed Stress

Core 10 (E) wo

*
* 13th Gen Intel(R) Core(TM) i7-1370PE some effects may be OS related

0SADL
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C-States - recap

= CO:
* Lowest C state: CPU active

= C1, C2, etc (CPU idle states):
« C-States 2 = “Deeper” C-States

» C-States 7~ = Power savings 7 =
* Transition latencies 7 = ok: BE; nok: RT

- Power budget for active cores / = BE peak performance /
= Mixed criticality setup:
* Benefits to BE
* Low impact to RT

<@/‘) Per core C-States w/ low impact to RT performance on other cores

C()[)I__ OSADL COOL Oct 18, 2023 intel. 22



C-State selection Policy in Linux Kernel

CPU idle driver .
(e.g. intel_idle) P-Unit / HW

gu—

Latency constraint

CPU idle C-State properties
“-==/ - Exit Latency
sovernor » Target residency

_Predicted idle interval

Kernel Idle

C-State selection mostly driven by:
« (C-State exit latency: Latency Cn — CO; i.e exiting idle state
« (C-State target residency: < estimated time core will stay in idle state

C()[)I__ OSADL COOL Oct 18, 2023 intel. 2



Example of Intel® 11th Gen Core™ Processors

Ethernet
~# cd Controller CPU
S,

/sys/devices/system/cpu/cpu<n>/cpuidle (9 o | Se,

o)
~# 1s t,

state0 statel state2 state3 1

~# grep . */name ~# grep . */disable 4f%!° ////f;&_"_tz
\! 0%\-
W3

statel/name:POLL stateO/disable: 0

t
statel/name:Cl ACPI statel/disable:0 :1 -
state2/name:C2 ACPI state2/disable:0 — Y Y
state3/name:C3 ACPI state3/disable:0 Processloop

Trigger
~# grep . */latency new cycle

state0/latency:0
statel/latency:1

state2/latency:253 [ MS 10, etc CPU active (workload) /0, etc
state3/latency:1048

~# grep . */residency

state0/residency:0 0 -
statel/residency:1 \ l
state2/residency:759 LIS

state3/residency:3144 CyCle t|me e.g. 1 ms

C( )[ )I__ OSADL COOL Oct 18, 2023 intel.



Test Setup for C-State Analysis

Pulsed Stress

stress
ot B e |

:| RT Core E

:: RT Benchmark App
cyclictest

]

contg coreo L core 1 | core2 | core 3~

B roll Poll Poll Poll
| 2
| 3
4

Cc7 Cc7 Cc7 Poll
C1 C1 C1 C1
C1E C1E C1E C1E

C()[]I__ OSADL COOL Oct 18, 2023 intel. =



C-States In mixed criticality scenarios:

Power and RT Perform

2.5 ~
“baseline” — PM disabled

A ]
"""""""""""""""" PO ]
9 1.5
S P1: maximum non TURBO i

s| - ———— ———— - == P1
g -
L : ]
. ba§§
- e e e == Pn ]
0 1 2 3 ]

Core
0.5

C-states in mixed criticality scenarios:

baseline| Poll | Poll | Poll | Poll | PMDisabled |
— ¢z C7  C7  Pol PM Enabled
Bl

(= ]

C1 C1 c1 (DVFS + C-States)

ClE CIE C1E C1E

line

- Power consumption \
- low impact to RT performance

1 2 3

baseline
Config Id

m PKG Power idle m PKG Power - 100% CPU stress core 1

Max Latency - Cyclictest Core 3

*11th Gen Intel(R) Core(TM) i7-1185GRE

v I.. OSADL COOL Oct 18, 2023 For workloads and configurations see backup

intel.

26



C- & P-States in mixed criticality scenarios:

Power and RT Performance

Standard — BE high peak Perf

A

Frequency
I

Lower ldle Power Consumption

with low impact on RT
performance

workloads

OSADL COOL Oct 18, 2023

COMPACT
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Higher Peak Performance for BE

35

15 1

baseli
P e

2.5 |

Poll Poll Poll Poll
c7 c7 Poll
C1 C1
ClE C1E C1E CI1E

baseline

B PKG Power idle
Max Latency - Cyclictest Core 3

For workloads and configurations see backup

il o2seline _Poll | Poll_| Poll | Poll | _PMDisabled |

PM Enabled

c1 (DVFS + C-States)

Conﬂg Id

m PKG Power - 100% CPU stress core 1

m Average Instructions per Time Interval on core 1

*11th Gen Intel(R) Core(TM) i7-1185GRE

intel.
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Summary and Conclusion
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Conclusion

= For previous hardware generations: Real-Time & low jitter =
* No ACPI (P-States, C-States)
« 24/7 fixed frequency

" DVES
* More flexibility

* New use cases

= Get New Intel HW or check OSADL farm to see first results.

C(][)I__ OSADL COOL Oct 18, 2023 intel. 2



Further Reading

» Dynamic Frequency Scaling for Mixed
Criticality Real-Time Scenarios on 11th
Generation Intel® Core™ Processors,
Markus Schweikhardt and Matthias Hahn,

Intel Whitepaper 2022

» Fchtzeitverhalten bei dynamischen
Taktanderungen,
Matthias Hahn und Markus Schweikhardt,

computer&automation 2023

{;()[)Ii”ﬂﬁ OSADL COOL Oct 18, 2023

White Paper intel

Internet of Things (loTX)

Dynamic Frequency Scaling for Mixed Criticality
Real-Time Scenarios on 11 Generation Intel®
Core™ Processors

The Enhanced Intel Speed Shift technology, integrated in 11*" Generation Intel® Core™
Processors provides more flexibility for the increasing demand of consolidated real-time
system architectures with mixed criticality workloads.

Authors  Abstract
Markus Schweikhardt

Intel processors include multiple power and performance
Intel Corporation

management features that allow the user and the system to
Matthias Hahn adapt to the demands needed to get the job done. Enabling
these features can impact use cases where determinism is very
Intel Corporation important, such as most use cases in the industrial controls
market. To achieve lowest jitter, or highest determinism
respectivelv. Intel would recommend disabline those features.

ERMINE MARKTUBERSICHTEN WHITEPAFER WEB SEMINARE VIDEOS  BILOEF AT EWSLETTER RSS EVENTS S
| _ TERMNE  MARKTUBERSICH
J F&SraE fol g .
Unternehmensebene » Steuerungsebene » Feldebenew Mark! E-Paper Karriere Produkte des e 023w Jubiidum > Q

Many-Core  [—
Control mit
bis zu 40
Prozessor-
kernen

NKTE  KUNSTUICHE INTELLIGENZ ~ TSN&OPCUA  INDUSTRIE 4

Intel

Echtzeitverhalten bei dynamischen Taktdnderungen

30. Mérz 2023, 9:41 Uhr | Matthias Hahn und Markus Schweikhardt
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Workloads and Configuration

Linux OS

Yocto Project -based Intel board support package (BSP) BKC MR3 release with Linux kernel 5.10.41-rt42 and preempt real-time patch.
"615079_11th_Gen_Intel_Core_Processors_BSP_Release_Notes 3.2 _MR2,"Intel, 07 2021. Available: https://cdrdv2.intel.com/v1/dl/getContent/617124?explicitVersion=true

COO0I=

kernel cmd-line DVFS disabled DVFS enabled
parameters
processor.max_cstate 0
intel_idle.max_cstate 0
clocksource tsc
tsc reliable
nowatchdog
intel pstate disable active
idle poll
noht
isolcpus 2,3
rcu_nocbs all
rcupdate.rcu_cpu_stall_s 1
uppress
rcu nocb poll
irgaffinity 0
i915.enable rc6 0
i915.enable_dc 0
i915.disable power well 0
mce off
hpet disable
numa_balancing disable
efi runtime
art virtuallow
iommu pt

OSADL COOL Oct 18, 2023
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Workloads and Configuration

Intel Reference BIOS configuration changes

DVFS disabled [ DVFS enabled
Intel® TCC Mode Parameters manually set - see “Intel Time Coordinated Compute User Guide” section B2.4
Intel SpeedStep® = Disabled Intel SpeedStep® = Enabled
Intel® Speed Shift Technology = Disabled Intel® Speed Shift Technology = Enabled
Intel® Turbo Mode= Disabled Intel® Turbo Mode= Enabled

Intel TCC User Guide - https://cdrdv2.intel.com/v1/dl/getContent/786715?explicitVersion=true

cyclictest - version 1.6
https://git.kernel.org/pub/scm/utils/rt-tests/rt-tests.git

stress-ng — version 0.12.06 Pseudocode

while true:

https://github.com/ColinlanKing/stress-ng.git

run for 5 sec stress-ng

Embedded into a python script to generate pulsed stress. sleep 5 sec

HW Platform used for the DVFS Tests

11t Gen Intel® Core™ i5-1145GRE Intel® Core™ i5-8265U 13t Gen Intel® Core™ {7-1370PE
Intel® Customer Reference Board (CRB) Maxtang® AX8265U Intel® Customer Reference Board (CRB)
Intel Reference BIOS Version MR2 4225 01 AMI BIOS version WL10R109 Intel Reference BIOS Version 4115 04

HW Platform used for the C-State Tests

Intel® Core™ i7-1185GRE
Intel® Customer Reference Board (CRB)
Intel Reference BIOS Version MR2 4225 01

C()[)I__ OSADL COOL Oct 18, 2023 intel. 33


https://cdrdv2.intel.com/v1/dl/getContent/786715?explicitVersion=true
https://git.kernel.org/pub/scm/utils/rt-tests/rt-tests.git
https://github.com/ColinIanKing/stress-ng.git

	Slide 1: Dynamic voltage and frequency scaling in modern Intel® TCC equipped architectures
	Slide 2: Notices & Disclaimers
	Slide 3: Agenda
	Slide 4: Presenters
	Slide 5: Mixed Criticality Workload Consolidation
	Slide 6: Mixed-Criticality Goal: Temporal Isolation
	Slide 7: Concurrent Mixed-Criticality Workloads
	Slide 8: Dynamic Frequency and Voltage Scaling (DVFS)
	Slide 9: DVFS Use Cases
	Slide 10: Processer Power Management in a Nutshell
	Slide 11: Processor Power Management 
	Slide 12: Intel Power Management
	Slide 13: HWP control
	Slide 14: intel_pstate:  CPU Performance Scaling Driver (Linux)
	Slide 15: Analysis 
	Slide 16: Test Setup for the Analysis
	Slide 17: DVFS Feature Enhancements
	Slide 18: DVFS impact on Intel® Core™ i5-8265U 
	Slide 19: Results on Intel® Core™ i5-1145GRE 
	Slide 20: Hybrid Architecture - Example
	Slide 21: Impact of Frequency Changes to P- and E-Cores
	Slide 22: C-States - recap
	Slide 23: C-State selection Policy in Linux Kernel
	Slide 24: Example of Intel® 11th Gen Core™ Processors   
	Slide 25: Test Setup for C-State Analysis 
	Slide 26: C-States in mixed criticality scenarios: Power and RT Performance
	Slide 27: C- & P-States in mixed criticality scenarios: Power and RT Performance
	Slide 28: Summary and Conclusion 
	Slide 29: Conclusion
	Slide 30: Further Reading
	Slide 31
	Slide 32: Workloads and Configuration 
	Slide 33: Workloads and Configuration 

