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AgloAoynon Kai 2uykpion Emridoong
YTTOAOYIOTIKWY ZUCTNHATWYV

« Xpnoiun yia TToAAoUg Adyouc:
— AyopaoTn
* KOAN £TTIAOYI
— XpNoTn
* BeATiWON CUCTAUATOC
— NpoypappaTIoTn
* TTIO ATTOOOTIKOG KWOIKAC
— KaTtaokeuaoTn Kal EpguvnTn
« ETridoon/acioAdynon cuoTrNaTOC
« XpNOIPOTNTA KAIVOUPYIWV I0EWV



[TPOKANCEIC

* [1oAU peyaAn TToIKIAIQ OTAV ayopd UTTOAOYIOTWYV
« AIQ@QOPETIKOI OTOXO! KAl TIPOTEPAIOTNTEG

— Kivnroi (smartphones and tablets)

— [MpoowrTrikoi (desktops):

— E&uttnpeTtnTéC (servers)

— Evowpatwuévor (embedded)

— Data Centers

— Supercomputers

— Functional Safety and IOT

e TI gival Ta KATAAANAQ LUETPIKA KAl TTOOYPAUMATO 0 KABE TTEQITTTWON




Defining Performance

Which airplane has the best performance?
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Response Time and Throughput

Response time
— How long it takes to do a task

Throughput

— Total work done per unit time
* e.g., tasks/transactions/... per hour

How are response time and throughput affected by
— A faster processor?
— More processors?

We'll focus on response time for now...



[TWC OUYKPIVOUUE;

 MeETpnon ekTEAEONC TTPOYPAUMATOC O€ OUO UTTOAOYIOTEC
(real/simulated)

« Same configuration except (usually) one difference
— processor, ram, clock, cores, disks, os, compiler, cooling etc
— For example: sensitivity to L1 data cache size:16KB vs 64KB



MeTpo: XpovocC EKTEAEONC

« ETidoon pnxavng X otnVv €KTEAECN €VOG
TTPOYPAMMATOC:
Emridoony = 1 / Xpovo¢ EkTeAEONCy

 H uynxavn X exel KAAUTeEpN €1Tidoon atro TNV Y
OTNV EKTEAECN EVOC TTPOYPAUUATOC

ETridoony > Emidoany

Xpovog EkteAeancy<Xpovog EKTeAEONCy



MeTpo: Xpovoc EkTteAeonc (ouv)

 H ynxavn X €ival v POopEeC ypnyopoTeEPN
1o TN Y ONUAIVEI:

EtTidoony / ETidoony = v

XpovogGy / Xpovogy = V



T1 €ival Xpovocg eKTEAEONC;

« Xpovoc AvTattokplong (response time): o
XPOVOC TTOU TTEPACE. AAAQ TTEPIAQUPBAVEL...
— AEITOUPYIKO CUCTNUA
— E/E(I/O)
— OUOTAMATA TTOAAQTTAWY XPNOTWV
« Xpovoc KME (CPU time): o xpovog 1Tou o
ETTECEQYOAOTNC EpyadeTal O€ eva
mpoypayua
« CPU time = User time + System Time



[lapaodelyua

* 270 UNIX Ypovoc¢ TTou TTepace OIVETAI ATTO
TNV €VTOAN time:

> time gcc foo.c -o foo

real 2m39,00

user Tm30,70s

sys 0m12,90s

« CPU time 103.6s (Xpovoc KME, CPU time)



T1 eTTnpedadlel ToV XPOVo
EKTEAEONC EVOC TTPOYPANMATOC

Xpovocg = ApiBuoc KukAwyv x Xpovog KukAou Mnxaving
= KukAol Mnxavnc / 2uxvotnta

Xpovog = EvioAeg x CPI x Xpovog KukAou Mnxavng
CPU Time = | x CPI x Clock Cycle Time
CPU Time =1 x CPI / Clock Rate

 To CPI (n IPC=1/CPIl) emtpétTel ouykpion dOuo
UAOTTOINCEWV ME DI APXITEKTOVIKN KOl POAOI



T1 ernpeadel TIC TTAPAMETPOUC

ETTIOO0NC
Time =1 x CPI x Clock Cycle Time

— |: Instruction Count for a program
« Determined by algorithm, programming language,
compiler, ISA, input data
— CPI: Average cycles per instruction
* Determined by CPU hardware and program structure

* Typically different instructions have different CPI

— Average CPI affected by instruction mix (influenced by parameters
affecting |, program locality and control flow predictability)

CPI

inst count /\

Cycle time



CPU Clock Cycle Time

* Operation of digital hardware governed by a
constant-rate clock

<«—Clock period—»

Clock (cycles) | . . ._
Data transfer
and computation < >< >< >
Update state O O O

Clock period: duration of a clock cycle

= €.9., 250ps = 0.25ns = 250%x10-2s

Clock frequency (rate): cycles per second
= e.9.,4.0GHz = 4000MHz = 4.0x10°Hz



2.UXvOTNTa, TTEPIOOOC, KUKAOC unxavng

EtrecepyaoTtec kateokeualovTal JE POAOI TTOU TPEXEI O€
OUYKEKpPIMEVN ouxvoTnTa (frequency cycles/s | Hz (Hertz))

H 1repiodoc¢ =1/ouxvoTtnrta, ovopadleTal Xpovos KUKAOU unxavng
(clock cycle time)

Mia pnxavn e evav eTTecepyaoTn TTou Tpexel ota 4GHz. Ti ival
0 xpovocg KukAou unxavne: 1/(4GHz)=0.25 x 10-°s=0.25ns

[Tooouc¢ KUKAOUC pnxavng exel 1s;

T1 KaBopilel To KUKAO pnxavng: opyavwan, TexvoAoyia
uAotroinong, power and thermal constraints



[Tapadelyua

Eva mrpoypappa xpelaletal 10s yia va TPEEE!
oTov uttoAoyiotn A ue ouyxvornta 2GHz.

Evac oxedlaoTng TTPOTEIVEI UIA KAIVOUpYIa
unxavn B, ol otroia Ba xpeiaoTel 1.2
TTEPIOCOTEPOUC KUKAOUG aT1To TNV A aAAQ
UE ONUAVTIKN auénon oTnv ouxvoTnTa TOU
POAOVYIOU.

2.€ TTOI0 OUXVOTNTA TTPETTEl VO TPEXEI
n unxavn B yia va exel Xpovo EKTEAEONC 6S;



[Tapadeiypa (ouv)

« CPU Time A = Clock Cycles A/ Clock Rate A
10s = Clock Cycles A /2x10° cycles/s
Clock Cycles A = 20x10° cycles

CPU Time B = Clock Cycles B / Clock Rate B
6s = 1.2 Clock Cycles A / Clock Rate B
Clock Rate B = 1.2 20x10° cycles/6 s = 4 GHz



[lapaodelyua

Auo UAOTTOINCEIC TNC 101AC APXITEKTOVIKNG KAl
compiler exouv yid KATTOIO TTPOYPOUUA

KukAo PoAoyiou CPI
A 1ns 2
B 2Nns 1.2

[Tola ynxavn €xel TNV KAAuTepN £1Tid00N KAl
TTOOO KAAUTEPN €lval;



[TapaTnPNoEIC

« XPOVOG €IVAI TO UOVO OCIOTTIOTO UETPO
OUYKPIOEWC YIa €TTIOO0N

» Otav ouykpivoupe CeTACOUPE OAEG TIC
METABANTEC TTOU £TTNPEQlOVTAI, TTX
— [} O0Tav 0 Xpovog KUKAOU unxavng €ival 1010¢
KOl £XOUUE TTEPIOOTEPEC EVTOAEC AAAQ

uiKpoTepo CPI ptropei va €xoupe KaOAUTEPN
eTTidoon



Static and Dynamic Program
Number of Instructions

int array_sum(int *a, int n){ /1 $4: a, $5 “n
sum = 0; /| $7? is sum, $?is i
for(i=0;i<n;i++) blez $5,5L8
sum+=ali;
return sum; move $2,%50
} move $3,$0
STATIC: $L4:
How many lines of C W $6,0($4)
code? How many addiu  $3,$3,1
assembly instructions? addu $2.$2.$6
addiu $4,%4.,4
DYNAMIC: bne $3,$5,5L4

if n=10. How many
instructions get executed?
How many assembly $L8:

instructions? move $2.$0

j $31 // return

j $31 /Ireturn



CPIl in More Detall

 |f different instruction classes take different
numbers of cycles

= Weighted average CPI

— _/

Y

Relative frequency




Example: Calculating CPI

Base Machine

Op Freq CPI WCPI(i) (% Time)
ALU 50% 1 5 (33%)
Load 20% 2 4 (27%)
Store 10%| 2 2 (13%)
Branch 20% 2 4 (27%)

s 15

/
Typical Mix of
instruction types
in program



[TwC UETPOULE...

Clock Cycle Time: kaTaoKeuaoTNG
Xpovo¢ KME: cuoTtnua

CPI: Trpoocouoiwon, HETPNTEC UAIKOU

|: ue instrumentation, TTpocopoiwaon,
METPNTEC UAIKOU



2.uvoyn Kal 2uykpion Emidoonc

* Evac apiBuoc yia tnv trepiypagn tng
ETridoonc o€ TToOAAQ TTpoypauuaTa

 [poTabnkav Kal xpnolyoTrolouvTal dIapopol
UECOI OPOI:

— apIBunTIKOC,

— 2Ta0uIopEVOC apIBuNTIKOG (weighted arithmetic)
— YEWMETPIKOC

— QPMOVIKOC



2.uvoyn

Y1moAoyiotnc A [YTToAoyiotne B
[Tpoyp. 1(s) 1 10
[1poyp. 2(S) 1000 100
2.UV. Xpovog(s) 1001 110
Ap1B. Meoog 500.3 55

['la 10 1 n unxavn A ival 10 popeg o ypnyopn
['la 10 2 n ynxavn B €ival 10 ¢popecg 1o ypnyopn
2UVOAIKO n pnxavn B eival 9.1 popec TTIo ypnyopn



2.uvoyn

* ApiBuntikoc Meooc¢ Opoc (Arithmetic Mean) cuvouiel
TOV OUVOAIKO XPOVO EKTEAECNC N TTPOYPOAUUATWY

AM = 2 Xronos;/ n

« Tivyiveral eav 10 TTpoypauua 1 €ival o “onuavTIKo™ aTTo
10 2; Xpnon Papwyv yia 1o KaBe mrpoypapua. Weighted
Arithmetic Mean,

WAM = 2 w,Xronos;/ n



[MpayuaTtika Aedopeva: SPEC CPU

* Opyaviouog acioAoynong Je MEAN
OIAPOPEC ETAIPEIEC

WWW.Spec.org

MeTpa:

— Execution Time Ratio

— Newperpikoc Meoocg (Geometric Mean)

— Spec Ratio



SPEC CPU: lN'ewpuetpikoc Meooc

* [1a0 KaBe TTpoypauua i UTTOAOYIOE TO execution
ratio ER,=(ypovoc unxavn¢ avapopac /
XPOVOGS Unxavi Uerpnong )

e 2uvoyioe Ta Execution Ratio n TTpoypaupOTWY UE
[ewpeTpIKO Meoo

nin

« SpecRatio= [l ER
i=1




CINT2006 for Intel Core i7 920

Execution | Reference
Instruction Clock cycle time Time Time
Description Name Count x 10° (seconds x 10-9) | (seconds) | (seconds) | SPECratio
Interpreted string processing | perl 2252 0.60 0.376 508 9770 19.2
Block-sorting bzip2 2390 0.70 0.376 629 9650 15.4
compression
GNU C compiler gee 794 1.20 0.376 358 8050 22.5
Combinatorial optimization mcf 221 2.66 0.376 221 9120 41.2
Go game (Al) go 1274 1.10 0.376 527 10490 19.9
Search gene sequence hmmer 2616 0.60 0.376 590 9330 15.8
Chess game (Al) sjeng 1948 0.80 0.376 586 12100 20.7
Quantum computer libquantum 659 0.44 0.376 109 20720 190.0
simulation
Video compression h264avc 3793 0.50 0.376 713 22130 31.0
Discrete event omnetpp 367 2.10 0.376 290 6250 21.5
simulation library
Games/path finding astar 1250 1.00 0.376 470 7020 14.9
XML parsing xalanchmk 1045 0.70 0.376 275 6900 25.1
Geometric mean - - - - - - 25.7




Category Name Measures performance of

Cloud Cloud_IaaS 2016 Cloud using NoSQL database transaction and K-Means
clustering using map/reduce

CPU CPU2017 Compute-intensive integer and floating-point workloads

Graphics and

SPECviewperf® 12
SPECwpc V2.0

SPECapcSM for 3ds Max 2015™

SPECapcSM for Maya® 2012

3D graphics in systems running OpenGL and Direct X

Workstations running professional apps under the
Windows OS

3D graphics running the proprietary Autodesk 3ds Max
2015 app

3D graphics running the proprietary Autodesk 3ds Max

workstation
performance 2012 agp
SPECapcSM for PTC Creo 3.0 3D graphics running the proprietary PTC Creo 3.0 app
SPECapcSM for Siemens NX 9.0 3D graphics running the proprietary Siemens NX 9.0 or
and 10.0 10.0 app
SPECapcSM for SolidWorks 2015 3D graphics of systems running the proprietary SolidWorks
2015 CAD/CAM app
ACCEL Accelerator and host CPU running parallel applications
. using OpenCL and OpenACC
High p qrformance MPI2007 MPI-parallel, floating-point, compute-intensive programs
computing :
running on clusters and SMPs
OMP2012 Parallel apps running OpenMP
Java client/server SPECjbb2015 Java servers

Power

SPECpower_ssj2008

Power of volume server class computers running
SPECjbb2015

Solution File
Server (SES)

SFS2014
SPECsfs2008

File server throughput and response time

File servers utilizing the NFSv3 and CIFS protocols

Virtualization

SPECvirt_sc2013

Datacenter servers used in virtualized server consolidation

MLPerf

for machine learning



PEC C

PU 2017

Benchmark name by SPEC generation

SPEC2017 SPEC2006 SPEC2000 SPEC95 SPEC92 SPEC89

GNU C compiler - gcc
Perl interpreter perl espresso
Route planning - mcf li
General data compression XZ bzip2 compress eqgntott
Discrete Event simulation - computer network ~<——— omnetpp vortex go sc |
XML to HTML conversion via XSLT ~<——— Xxalanchmk gzip ijpeg
Video compression X264 h264ref eon m88ksim
Artificial Intelligence: alpha-beta tree search (Chess) deepsjeng sjeng twolf
Artificial Intelligence: Monte Carlo tree search (Go) leela gobmk vortex
Artificial Intelligence: recursive solution generator (Sudoku) exchange2 astar vpr

hmmer crafty

libquantum parser
Explosion modeling -<+— bwaves foppp
Physics: relativity <« cactuBSSN tomcatv
Molecular dynamics - namd doduc
Ray tracing - povray nasa7
Fluid dynamics - |bm spice
Weather forecasting - wif swim matrix300
Biomedical imaging: optical tomography with finite elements parest gamess apsi hydro2d
3D rendering and animation blender mgrid su2cor
Atmosphere modeling cam4 milc wupwise applu waved
Image manipulation imagick zeusmp apply turb3d
Molecular dynamics nab gromacs galgel
Computational Electromagnetics fotonik3d leslie3d esa
Regional ocean modeling roms dealll ot

soplex equake

calculix facerec

GemsFDTD ammp

- lucas

sphinx3 fma3d

sixtrack




Some tips for optimization...



Focus on the Common Case

« Common sense guides computer design

— E.g., Instruction fetch and decode unit used more frequently than
multiplier, so optimize it 1st

« Frequent case is often simpler and can be done faster than the
infrequent case

— E.g., overflow is rare when adding 2 numbers, so improve
performance by optimizing more common case of no overflow

— May slow down overflow, but overall performance improved by
optimizing for the normal case

« What is frequent case and how much performance improved by
making case faster => Amdahl’s Law



Amdhal’'s Law

« SpeedUp = 1/(1-f + {/P)
* f: fraction of program time that is improved
» P: factor of improvement

9
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Little’s Law

Q: how many wait on average
A rate that tasks arrive (on average)
t: average time it takes to service a task

E.g. A = 5tasks/s, t=0.400ms =>Q =2



Measure and Report Deviation

* Does a single mean summarize well the
performance of programs in benchmark suite?

* Can decide if mean a good predictor by
characterizing variability of distribution using

standard deviation
— Narrow deviation means mean is more representative



AciotrioTia (Dependability)

AvagloTTioTa ouoTApaTa oTolxi(ouv

— "EAA&IYN gutTIOTOOUVNG OTNV Qyopa

— AuocapEoKela JE TTPOIOVTA
Types of Failures

— DUE: detected uncorrected errors (lead to crash, unavailability)

— SDC: silent data corruption (wrong output without knowing about it)
MeTpIKQ

— MTTF (mean time to failure) in hours

— FIT (failure in time) = 10°hrs/MTTF

— MTTR (mean time to repair)

— Availability = MTTF/(MTTF+MTTR)

« 99.999 high target (large banks), DC laaS 99.9-99.99 (9hrs, 1hr)

E.g. server companies build highly dependable systems

— On error detection retry

— Error detection correct

— If permanent error use spare cores, spare memory



Example calculating reliability

« If modules have exponentially distributed lifetimes (age of module
does not affect probability of failure) then overall failure rate is the
sum of failure rates of the modules
— TéavoéortnTa AdBoug ava TTaca CTIYUMA AVESAPTNTA TOU XPOVOU
— Total FIT = FITi

« Calculate FIT and MTTF for 10 disks (1M hour MTTF per disk), 1
disk controller (0.5M hour MTTF), and 1 power supply (0.2M hour
MTTF):

FailureRate =

MTTF=



Example calculating reliability

If modules have exponentially distributed lifetimes (age of module
does not affect probability of failure), overall failure rate is the sum
of failure rates of the modules

Calculate FIT and MTTF for 10 disks (1M hour MTTF per disk), 1
disk controller (0.5M hour MTTF), and 1 power supply (0.2M hour
MTTF):
FailureRate =10x(1/1,000,000) +1/500,000 +1/200,000
=(10+2+5)/1,000,000
=17/1,000,000 ==>17 failures in lebhours
=17,000FIT
MTTF=1,000,000,000/17,000
~ 59,000/0urs
59000/(24x365) =~ 7 years



KoéoTtog ETre¢epyaoti

* To KOOTOC £VOC £TTECEPYAOTN ETTNPEALETAI
aT1TO TO Yield
— To TT0000TO TWV chips TToU KaTaoKeuAlovTal
Kal OEV €XOUV KATAOKEUOTIKA AGON

— EtrnpeadeTal atro 10 pEYyEBOC TOU Chlp Kai Tou
wafer

— AeoTte BiIBAio/HW




Trade-off:
Throughput vs Response Time

« Some services/applications have tight QoS
requirements
— Response time 99.9% of queries within 300ms

— 90™: the maximum latency of 90% of the queries when
sorted in ascending order

— 99t: the maximum latency of 99% of the queries when
sorted in ascending order
* Increasing throughput on a machine may use idle
resources but contention on shared resources hurt
response time

« Challenge: configure system for QoS that maximizes
efficiency



2.uvoyn

Computer business is all about metrics and measurements

What is best: faster, more battery life, better graphics, more reliable,
available, cheap, easy to fix

Metrics.... Performance, Throughput, power, energy, temperature,
Availability, MTTF, MTTR, IPC, Cycle Time, Area, TCO, Mispredicts,
Misses, Stalls

Means.... Average, Geometric Mean, Harmonic Mean)
Probability Distributions... exponential, Weibull, lognormal

You get the idea ©: Need to understand what they mean and how to
measure them

Validation key : understand what you measure and report is correct



2.uvoyn

* [1oAU peyaAn TToIKIAIQ OTAV ayopd UTTOAOYIOTWYV
« AIQ@QOPETIKOI OTOXO! KAl TIPOTEPAIOTNTEG

— Kivnroi (smartphones and tablets)

— [MpoowrTrikoi (desktops):

— E&uttnpeTtnTéC (servers)

— Evowpatwuévor (embedded)

— Data Centers

— Supercomputers

— Functional Safety and IOT

e TI gival Ta KATAAANAQ LUETPIKA KAl TTOOYPAUMATO 0 KABE TTEQITTTWON




T1 OUYKPIVOUUE;

 METpo 20yKpIoNnG
— Xpovog ekTéEAeanC yia idla douAgld - high performance, desktop

— AIEKTTAIPWTIKN IKAVOTNTA - TTOOEC DOUAEIEC OAOKANpWVOVTal ava
hwovada xpovou (throughput, bandwidth) - servers

— evépyela x latency, evépyela x latency? — high performance
— Power — most platforms

— O¢ppokpacia (peak temperature) — most platforms
— Battery Life - mobile

— AtlommoTia — TT600 ouxva AaBog, €idog AaBoug






Power and Energy

Power one of the main design constraint nowadays

Most compute platforms have fixed power envelopes
— Thermal and power delivery reasons

POWER = ENERGY / TIME
Units: Watts (W) 1W = 1Joule/1Second

1 Joule:
- Ehetr?nergy required to lift a medium-size tomato (100 g) 1 meter vertically from the surface of the
arth,

— The typical energy released as heat by a person at rest every 1/60 second
Processors: work to move current across the chip
Can burn same amount of energy fast or slow (higher or lower power)
Higher power means higher temperature and ability to deliver required power

Problem: Get power in, get power out from processors and without burning them (or
needing exotic/expensive cooling)

ABJaug pue Jemod ul spuai |
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Dynamic Energy anCia .~

« CMOS Transistors Dynamic energy
— Transistor switch from0->1o0or1->0
— Energy = %2 x Capacitive load x Voltage? (%2 C x V?)

— Capacitive load: depends on number of transistors switching (not
all switch!) = a Chip Capacitance

* a: activity factor

* Dynamic power
— Power = Energy/Time (rate of energy consumption)
— Y x Capacitive load x Voltage? / Clock Period
— Y x Capacitive load x Voltage? x Frequency

* Reducing clock rate reduces power, not energy
(the same works gets done but slower)

— Not for all technologies (some DRAM logic)

ABJaug pue Jemod ul spuai |



Technology Scaling
(simplified model)

Number of Active Devices X2
Capacitance x0.7

Voltage x0.7
Device Energy x0.35
— 0.7 x(0.7)2= 0.35

Chip Energy x0.7

— 2x0.7x(0.7)*=0.7
— Energy Decreases

— For same power room options:
* increase Frequency by 1/0.7=1.4
 Include more transistors (functionality)

Unfortunately V stop scaling by 0.7x. Implications?

2
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Normalized Clock Frequency
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— V scales 0.7
— V scales 0.8
— V scales 0.9

5 6
Generation
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Normalized Frequency
e
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Die size”? Increase by 20 per
generation

— V scales 0.7
— V scales 0.8
V scales 0.9

Generation



Power Wall

Intel 80386
ConSU med ~ 2 W 1000 Intel Pentium4 Xeon Intel Nehalem Xeon

3200 MHz in 2003 3330 MHz in 2010

33 GHZ Intel Intel Pentium I [
Core i7 consumed 1000 1000 MHz I 2000

Digital Alpha 21164A

130 W 500 MHz in 1996 /’ f,F'“""'

ABJaug pue Jemod ul spuai |
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Static Power

Power = Dynamic + Static

— 20-30% Static

Static is losses due to imperfections
— also called leakage

Static power consumption

— Currentg;c X Voltage

— Scales with number of transistors
How to reduce Static Power

— Higher supply Voltage ® - breaks energy scaling
— Power gating (no current for inactive parts)

ABJaug pue Jemod ul spuai |



Reducing Power

* Techniques for reducing power:
— Dynamic Voltage-Frequency Scaling (DVFS)
— Low power state for DRAM, disks
— Turning off cores (power gating)
— Clock Gating
— Do nothing well

— Better transistors

« Choose between power hungry with less area
transistors over power efficient but larger area
transistors

ABJaug pue Jemod ul spuai |



Reducing Power

Parallelism: get same performance with
less power.

Provided program is parallelizable

Assume F proportional to V (simplified
example)
1.P=CV2F
2. P =2(C (V/2)2F/2) = C V?F /4
 use twice real estate
What is best choice 1 or 27

Answer of processor industry 1.x

ABJaug pue Jemod ul spuai |



Normalized to A
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1.5

0.5
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NMwc petpoupue Power, Energy, Temperature

* [1lpaypaTikeEC Mnxavec
— MeTpnTEC UAIKOU TTOPEXOUV duvaTOTNTA
pUGplG%g/ﬂapaTr’]pnong energy, voltage, frequency
KAl TNG Beppokpaaiac evog emrecepyaoTr) (DRAM)
* YTTO UEAETN-KATOAOKEUN

— ME gpyalAeia TTpogopoiwaong (wattch, cacti, hotspot,
atmi, mcpat, cad tools)



MeTpika ATTO000NC loxuocg
(Power Efficiency Metrics)

Energy — more emphasis on energy ignores performance

— If you voltage scale then low energy BUT very slow!

— Energy useful metric if a system does not use voltage scaling
Energy.Delay —considers performance

— 1d10 BApo¢ o€ evépyela Kal XPOVO
Energy.Delay? - more emphasis on performance

— [lepioodTepn Eupaon otnyv €1Tidoon

— If you voltage scale you will pay square on performance
Energy/Instruction (energy efficiency)

[Mapdadeiypa yia 10 id1o €pyo A: 1W, 1s, B: 2W, 0.75s

A B
EW) 1 15
ED(Js) 1 1.125
ED2(Js?) 1 0.85



Turbo Mode

TDP for a CPU

Nominal frequency is below maximum
possible frequency

If there is headroom increase frequency
else decrease frequency

Modern systems multiple domains

— Distributed power budget depend on different
domains needs



Performance(Clock Frequency)

* What happens to the execution time of a
program when we |lower/increase clock
frequency of a processor (DVFS)

— Execution Time =1 . CPI . Cycle Time

 Memory operates at a different clock rate
— Has its own clock (memory controller)




Performance(Clock Frequency)

What happens to the execution time of a
program when we |lower/increase clock
frequency of a processor

— Execution Time =| . CPI . Cycle Time
Memory operates at a different clock rate
— Has its own clock (memory controller)

Tref = Topy rer + TvEM REF

Tepy = TCPU_REF * Frew/Fref

Tvem = MEM REF



