EMA 605: MNMpoywpnpevn
APXLTEKTOVLKN YITOAOYLOTWV

Voltage - Frequency Tuning



Voltage — frequency - power relation

* Higher CPU operating voltage allows higher operating

frequency
* But of-course pushing voltage as high as possible for higher
frequencies is not realistic because of thermal/power

constrains

Operating voltage Cortex-A57 frequency
0.3V S00MHz

Underdrive

0.5\ F00MHz

MNominal

1.0 1.15GHz

Overdrive

Source [arm.com]

Cortex-A57 is an ARM CPU found in smartphones

CPUpower = Voltage?” Frequency * Capacitance
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Hardware heterogeneity

e Same chips are not actually the same

CPU ICan:hes I Mainboard I Memory I SPD I Graphics I Bench I About !

—Processor

Instructions |MMX, SSE, S5E2, 55E3, S55E3, 55E4.1, 55E4.2, EME4T, VT,
AES, AVX, AVX2, FMA3

Selection IF‘rcu:esscur #1 ;I

Cores |— 6 Threadsi 12

: CPU'Z Ver,

Validate I Close

Tools | i |

1.75.0.x64

Frocessor

cPU | Caches | Manboard | Memory | 50 | Graphics | Bench | About |

Name | Intel Core i7 5820K __ gmmum s Intel Core i7 820K g
Code Mame |  Haswel-EfEP Max TDP |140.0' W 'intel' Cocls Marse Hazwel EEP Max TOE | 130.0 W l“-.t;i)
Package | Socket 20111GA — — =~ ~ insldu- Packags Socket 2011LGA, — — —~ inside"
Technology | 22nm  Core Voltage]. L 1301y ,‘ COREi7 Technology | 22rm Eue".'nltue(\ 1304V /‘ CORE'I7
Spedification | Intel(R) Core(TM) i7-5820K CPU @ 3.30GHz Specification IntelR) Core(TM) i7-55.208 CPU © 3.30GHz
Family | 6 | Model [ F Stepping 2 Family & gl F Stepping o
Ext.Famly | &  Ext.Model [ 3F  Revision | MO Ext. Famly | & Ext. Model | F Revision | M0

Instructionss |MMX, 555, S5E3, S5E3, 55583, 55E4.1, 5564, 2, EMEAT, VT =x,
WES, AV, 8WC2, FMAT

~Clocks (Core #0) ———— Cache Ok (Cane =20 Cacha
?_.L.___~_ R
Core Speed (€ _4398.97MHz/ || L1Data | 6x32KBytes | B-way Core Speed |€ 4798.88MFz ) || LiData | 6x32MBytes | B-way
Multipier |x44.0(12-34) || Lilnst. | 6x32KBytes | B-way Multipher | x48.0(12-34) | Lilnst. | 6x32KBytes | S-way
Bus Speed 93,93 MHz Level 2 | 6 x 256 KBytes | 8-way Euis Speagd o358 MHr Leyel 2 | Bx256KByles | B-way
Rated FSB Level 3 | 15MBytes | 20-way Rshmd Level 3 15 MBytes Hveay

Selection II-':'ncr*-s*'.r.-:' &1

| Cores | 6 Threads | 12

CPU-Z ve

1730064 _ Tools [v| valdats | Ooss

* Two chips of the same model (i7-5820K) one achieves 4.4GHz at 1.3V and the
other 4.8GHz
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Heterogeneity among same products is a
result of product binning

* Variations among chips of the same model exist due to the product
binning
* Intel/AMD cannot manufacture 1000 different products for each possible

variation. Maybe they can sell 5-10 different CPU products, hence, some chips
within the same product bin are faster than others

CPU Products Names: X100 X200 X300

Frequency

Freqi276H2 < Freq2 36Hz) <



Exploiting Hardware heterogeneity

* Motivation: Make the most out of each chip

* Three approaches:

* Friax (max frequency) t€Sting: for a given voltage find the maximum working
frequency

* Overclocking: testing higher voltages and higher frequencies. The limit is the
thermal and power consumption

* Undervolting (Vi minimum voltage) t€StINg): for a given frequency find the
minimum working voltage



Vi Test

Lower CPU voltage
cpuVol = cpuVol -10mV

Run a stress-test
workload at cpuVol

Instability
(crash, SDC,
errors)?
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Faay Test

Increase CPU frequency
cpuFreq = cpuFreq +
50MHz

Run a stress-test
workload at
cpuFreq

Instability
(crash, SDC, Frax = CPUFreq —
errors)? 50MHz
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V,,n testing results on X-Gene?2 chips (Uniserver project work)

nominal
980

zero margin

Vo)
~
o

Y]
(o))
o

60mV margin

I

CHIP#1 CHIP#2 CHIP#3

20mV margin
950

940

Stress-test Vmin@2.4GHz (mV)

930

920

We can lower the voltage on chips #1 and #2 to save power
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Tools that allow moditying voltage and
frequency

° AISUS  UEFI BIOS Utility - Advanced Mode
U E F | B I OS 02/04/2017 21 '25¢' | ) English  [=] MyFavorite(F3) :‘j?"QfEn Control(F6) EZ Tuning Wizard(F11)

My Favorites Main  Ai Tweaker Advanced Monitor Boot Tool  Exit [ Hardware Monitor
Pertormance Bias | Auto |

» DRAM Timing Control
» DIGI+ VRM
VDDCR CPU Voltage 1450y | Manual
VDDCR CPU Voltage Override 1.37500
VDDCR S0C Voltage ; anual
VDDCR SOC Voltage Override 1.20000

GFX core voltage 1.20000

DRAM Voltage 1.200v | 1.35000

1.05V SB Voltage 1.050v | Auto
2.5V SB Voltage 2,500V | Auto

VDDP Voltage 0.000v | Auto

Max

Standard =1.2V
Increment = 0.005Y
+/- : Raise/Reduce

Last Modified EzMode(F7)|-3] | Search on FAQ
Version 2.17.1246. Copyright (C) 2018 American Megatrends, Inc. ¥
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Tools that allow moditying voltage and
frequency

* Motherboard software tools
e.g. ASUS A-Tuning
Even comes with auto

overclocking feature

\oltage
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Tools that allow moditying voltage and
frequency

 MSI Afterburner for GPUs
r‘ N &2 |

Core Voltage (mv)

Power Limit (%)

aeq ‘;_. Temp. Limit (°¢)
MHz

Core Clock (MHz)

Graphics Card: GeForce GTX 650 Ti
Driver Version: 344.75

Core clock, MHz

UCY CS department - Zacharias Hadjilambrou
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ntel Extreme Tuning Utility (IETU

] =R IETN X
(lntel) Intel® Extreme Tuning Utility

. Stop Monitors B Monitoring  *\ Settings & Help

System Information

Advanced Tunin sor Graphi
g 0 phics Vo Processor Graphics Voltage Default 100.000 MHz 100.000 MHz

All Controls 3.100 GHz 3.100 GHz
. Enable Enable
Core Processor Graphics Voltage Offset Processor Graphics lccMax 34.000 A 25.000 W 15.000 W
Cache x 31.250 W 25.000 W
u Enable Enable
Processor Graphics Media Voltage Default ... 28.000 Second28.000 Seconds
Other Adaptive Adaptive
3 - Default Default
Stress Test Processor Graphics Media Voltage Offset Processor Graphics Unslice lccMax 34.000 A : 0.000 V 0.000 V
- 35000 A 35.000 A
Benchmarking ey ey
31.000 x 31.000 x
31.000 x 31.000 x

# Graphics

Profiles
App-Profile Pairing
Adaptive Adaptive
Default Default
0.000 V 0.000 vV
35.000 A 35.000A
Graphics
Adaptive Adaptive

Default Default
0.000 vV 0.000 vV

5 Minutes ‘

Allows modifying CPU,
Cache and on-board GPU
voltage and frequency
for Intel CPUs



Live demonstration of IETU



