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Metrics

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



AZloAoynon kai Zuykpion Etidoong
YTTOAOYIOTIKWY ZUCTNHATWYV

« XpNnoiun yia TToAAoU¢ Adyouc:
— AyopaaoTn
* KOAN £TTIAOYN
— XpNnotn
* BeATiWON CUCTAPATOG
— [poypauuaTioTn
* TTIO ATTOOOTIKOG KWOIKAC
— KaTtaokeuaoTn kal Epeuvntn
« ETridoon/acioAdynon cuoTruNaTog
« XpNOIUOTNTA KAIVOUPYIWV I0EWV



[TPOKANCEIC

e [1oAU peydaAn troikiAia oTnv ayopd UTTOAOYIOTWV
* AIAQOPETIKOI OTOXOI KOl TTPOTEPAIOTNTEC

— Kivntoi (smartphones and tablets)

— lNpoowTrikoi (desktops):

— ECuttnpeTnTEC (Servers)

— Evowparwuévol (embedded)

— Data Centers

— Supercomputers

— Functional Safety and IOT

e Tigival Ta KATAAANAQ LETPIKA KOl TTOOYPAMUOTO 0€ KABE TTEPITTTWON




[TwC Kal TI CUYKPIVOUUE;

 MeTtpnon ekteAeon TTPOYPAUUATOC O€ OUO UTTOAOYIOTEC
(real/simulated)

— configuration (processor, ram, clock, cores, disks, os, compiler,
cooling etc)

— KOOTOG
* MeTpo 20yKkpiong
— Xpovocg ekTéEAeOoNG yia idia douA&id - high performance, desktop

— AIEKTTAIPWTIKN IKAVOTNTA - TTOOEC OOUAEIEC OAOKANPWVOVTAl ava
hMovada xpovou (throughput, bandwidth) - servers

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

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

— AglommoTia — TTooo ouxva AdBog, €ido¢ AdBoucg



MeTpo: Xpovog EKTEAEONC

« ETidoon pnxavng X otnv €KTEAECN €VOGC
TTPOYPAUMATOC:
Emidoony = 1/ Xpovog EKTEAEGNGy

 H uynyxavn X exel KaAutepn €tridoon atmro TNV Y
OTNV EKTEAEQN EVOC TTPOYPAUUATOC

Emidoony > Emidoaony

Xpovog EkTeAeangy<Xpovog EkTeAEaNGy



MeTpo: Xpovocg EkTeAeanc (ouv)

 H unxavn X val v popeC ypnyopoTeEPN
a1mo TN Y oNUAIVEIL:

Emidoony / ETidoony = v

Xpovogy / XpovogGy =V



T1 €ival Xpovocg eKTEAEONC;

« Xpovoc Avtatrokplong (response time): o
XPOVOC TToU TTEpacE. AAQ TTEPIAQUPAVEL...
— AEITOUPYIKO CUCTNUO
— E/E(I/O)
— OUOTAMATA TTOAAATTAWY XPNOTWV

« Xpovoc KME (CPU time): o xpovog 1Tou o
ETTECEQYOAOTNC EpyadeTal O€ eva
TTpoypauua

« CPU time = User time + System Time



[Tapaodeiyua

« 2170 UNIX ¥povoc TTou TTEpATE OIVETAI ATTO
TNV EVTOAN time:

> time gcc foo.c -o foo

real 2m39,00

user Tm30,70s

sys 0m12,90s

. XpO\)/og Xpnotn 90.7s (Xpovoc KME, CPU
time



2.UXVOTNTA, TTEPIOOOC, KUKAOC UNXAVNC

EtrecepyaoTtec KareokeualovTal Ue POAOI TTOU
TPEXEI OE€ OUYKEKPIUEVN ouxvoTnTa (frequency
cycles/s ) Hz (Hertz))

H 1Tepiodog =1/cuyvoTtnTta, ovouadleTal XPOVOG
KUKAoU pnyavng (clock cycle time)

Mia unxavn JE evav TTECEQYAOTN TTOU TPEXEI OTA
2GHz. Ti eival o xpovog KUKAOU unxavng:
1/2GHz=1/2x10°Hz=0.510-s=0.5ns

[TooouC KUKAOUC unxavng exel 1s;



T1 eTTnpedadlel ToV XPOVOo
EKTEAEONC EVOC TTPOYPAMMATOC

Xpovocg = EvioAeg x CPI x Xpovog KukAou Mnxavng
CPU Time = | x CPI x Clock Cycle Time

CPU Time = | x CPI / Clock Rate

 To CPI (n IPC=1/CPIl) emtpETTel ouykpion dOuo
UAOTTOINCEWV ME idIA APXITEKTOVIKN KAl POAOI



Static and Dynamic Program
Number of Instructions

int array_sum(int *a, int n){ I $4 is a, $5is n
sum = 0: // $7? is sum, $? is i
for(i=0;i<n;i++) blez~ $5,5L.8
sum+=a[i];
return sum; move $2,50
move $3,%0
} _ $L4:
How many lines of C W $6,0(34)
code? How many addiu  $3.$3.1
assembly operations addu $2.$2.$6
addiu  $4,%4.4
if n=10. How many bne $3,%5,5L4
operations get executed?
How many assembly j $31 /Ireturn
instructions? SL8:
move $2,%0

j $31 Il return



T1 ernpeadel TNV €1Tidoon (ouv)

KukAol Mnxavncg ( Clock Cycles)
= ApIBPOC EVTOAWYV TTOU EKTEAOUVTAI X

Meoocg ApiBuoc KukAwv Mnxavng ava EvroAn
= EvToAecg X KukAol Ava EvToAn

= Instructions x Cycles Per Instruction = | x CPI



T1 ernpeadel Tnv €1TidO0N

Xpovoc KME= KukAol Mnxavnc KME vyia eva [Npoypappa X
Xpovo¢ KukAou Mnxavng

= CPU Clock Cycles x Clock Cycle Time
= KukAoil Mnxavng x Xpovog KukAou Mnxavng

= KukAol Mnxavng / ZuxvoTnTta



[Tapadeiyua

Eva mmpoypappa xpelaletal 10s yia va TpeEel
oTov uttoAoyiotn A ue ouyxvornra 2GHz.

Evag oxedlaotTng TTPOTEIVEI UIA KAIVOUpYIa
unxavn B, o1 otrola Ba xpelaoTel 1.2
TTEPIOCOTEPOUC KUKAOUG aT1To TNV A aAAQ
UE ONUAVTIKN Augnon aTnv oUXvOoTNTA TOU
POAOVIOU.

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



[Tapadeiyua (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



[Tapaodeiyua

Auo uAoTTOINCEIC TNC 101AC APXITEKTOVIKNG KAl
compiler exouv yia KATTOIO TTPOYPAUUO

KukAo PoAoyiou CPI
A 1ns 2
B 2ns 1.2

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



T1 ernpeadel TIC TTOPAMETPOUC

€TTIOOO0NC
Time = | x CPI x Clock Cycle Time

I: A2ZE, yetayAwTiotng, rpoypauua, data
CPI: opyavwaon/uikpoapxITekTovikn, A2E
Clock Cycle Time: TexvoAoyia, opyavwaon

AMNAoemdpaoccic petacu |, CPI kal Clock

Cycle Time (OUYKPOUONEVOI OTOXOI)
CPT

inst count /\

Cycle time



[TwC UETPOULE...

Clock Cycle Time: KATaOKEUQOTNC
Xpovoc KME: cuoTtnua
CPI. Trpooopoiwaon, HETPNTEC UAIKOU

|: ue instrumentation, TTpocopoiwaon,
METPNTEC UAIKOU



Example: Calculating CP|

Base Machine

Op
ALV
Load
Store
Branch

Fre
50%
20%
10%
20%
/

Cycles CPI(i)

1

2
2
2

/
Typical Mix of

instruction types

in program

1.

bottom up

(% Time)
5 (33%)
4 (27%)
2 (13%)
4 (27%)
5



[TapaTNPNOEIC

« XPOVOC €IvAl TO UOVO OEIOTTIOTO METPO
OUYKPIOEWC YIa €TTIOO0N

» Otav ouykpivouue CeTACOUPE OAEC TIC
METABANTEC TTOU £TTNPEAlOVTAI, TTX

— [} O0Tav 0 Xpovog KUKAOU unxavng €ivail 1010¢
KAl £XOUUE TTEPIOOTEPEC EVTOAEC aAAQ

uiKpoTepo CPI ptropei va €xoupe KaOAUTEPN
eTTido0N



AN MeTtpa 2uykpionc: BIPS,
BFLOPS,GIPS,GFLOPS

« Billion Instructions Per Second (GIPS)
* [lpoBAnuata pe 10 XIPS kai Ta XFLOPS

— Ogv OXETICETAI HE TNV APXITEKTOVIKN | opyavwon (dev
UTTOPEI VO OUYKPIVEIC DIAPOPETIKEC APXITEKTOVIKEC N
OPYAVWOEIQ)

— OUVATOV VA OIAPEPEI AVTIOTPOPWC AvaAoya PE TNV
eTTido0N (av CUYKPIVOUUE DIQPOPETIKEC
QPXITEKTOVIKEG)

* Megyiotn ETmridoon (otravia €@IKTn)



Throughput

* Important for Servers

* For Database, Websearch like applications
metric Transactions per Minute (TPM)

« Benchmarks TPC, Websearch
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Mapadeiyyara Servers for TP

Vendor and system Processors Memory Storage Database/OS Price

IBM eServer p5 595 64 IBEM POWER 5 64 cards, 6548 disks IBEM DB2 UDB 8.2/ $16,669,230
@1.9 GHz, 36 MB L3 248 GB 243236 GB IBM AIX 5L V5.3

IBM eServer p5 595 32 IBEM POWER 5 32 cards, 3298 disks Orcale 10g EE/ $8.428.470
@1.9 GHz, 36 MB L3 1024 GB 112,885 GB IBM AIX 5L V5.3

HP Integrity 64 Intel Itanium 2 768 dimms, 2195 disks, Orcale 10g EE/ $6.541,770

rx5670 Cluster @ 1.5 GHz, 6 MB L3 768 GB 93,184 GB Red Hat E Linux AS 3

HP Integrity 64 Intel Itanium 2 512 dimms, 1740 disks, MS SQL Server $5,820,285

Superdome @ 1.6 GHz, 9 MB L3 1024 GB 53,743 GB 2005 EE/MS Windows

DE 64b

IBM eServer 32 IBM POWER4+ 4 cards, 1995 disks, IEM DB2 UDB 8.1/ $5.571,349

pSeries 690 @ 1.9 GHz, 12§ MBL3 1024 GB 74,098 GB IBM AIX 5L V5.2

Dell PowerEdge 2800 I Intel Xeon 2 dimms, 76 disks, MS SQL Server 2000 WE/ $39.340
@ 3.4 GHz, 2MB L2 2.5GB 2585 GB MS Windows 2003

Dell PowerEdge 2850 I Intel Xeon 2 dimms, 76 disks, MS SQL Server 2000 SE/ $40.170
@ 3.4 GHz, IMB L2 2.5GB 1400 GB MS Windows 2003

HP ProLiant ML350 1 Intel Xeon 3 dimms, 34 disks, MS SQL Server 2000 SE/ $27.827
@ 3.1 GHz, 0.5MB L2 2.5GB 696 GB MS Windows 2003 SE

HP ProLiant ML350 1 Intel Xeon 4 dimms, 35 disks, IBEM DB2 UDB EE V8.1/ $29.990
@ 3.1 GHz, 0.5MB L2 4GB 692 GB SUSE Linux ES 9

HP ProLiant ML350 I Intel Xeon 4 dimms, 35 disks, IEM DB2 UDB EE V&.1/ $30.600
@ 2.8 GHz, 0.5MB L2 3.25GB 692 GB MS Windows 2003 SE



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
* |ncreasing throughput on a machine may use idle
resources but contention on shared resources hurt
response time

« Challenge: configure system for QoS that maximizes
efficiency



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:

— The energy required to lift a medium-size tomato (100 g) 1 meter vertically from the
surface of the Earth,

— The typical energy released as heat by a person at rest every 1/60 second
— Processors: work to move current across the chip

ABJaug pue Jemod ul spual]

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)



Dynamic Energy anc: v o

prsubstrate

« 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)
— Y2 x Capacitive load x Voltage? / Clock Period
— %2 x Capacitive load x Voltage? x Frequency

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

ABJaug pue Jemod ul spual]



Technology Scaling (simplified

model)
Number of Active Devices X2
Capacitance x0.7
Voltage x0.7
Device Energy x0.35
— 0.7x(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?



—Energy per transistor (V scales 0.7)

—Total Energy
--=Power = Total Energy x Frequency
—Number of Transistors

4 5 6 7 8
Generation (smaller feature size)

600

500

400

300

200

100



Normalized Clock Frequency
= = N N w w
Ul o un o (0] o L

o

— V scales 0.7
— V scales 0.8
— V scales 0.9

e

1 2 3 4 5 6

Generation

7

10



Normalized Frequency
e el
o N B

O N B2 O 0

Die size”? Increase by 20 per
generation

— V scales 0.7
— V scales 0.8
V scales 0.9

1 2 3 4 5 6 7 8 9
Generation



Power Wall

Intel 80386
Consumed ~ 2 VV o Intel Pentiuma Xeon Nl Nehalem Xeon

3200 MHz in 2003 3330 MHz in 2010

3.3 GHZ Intel Intel Pentium |11 ff»f'"‘ gzsse—e
Core i7 consumed 1o . 1000 Mz n 2000

Digital Alpha 211844

130 VV 500 MHz in 1996 /"

) . s 1%%/year
% Digital Alpha 21064
Heat mustbe £ | w002 2
. . = MIPS M2000 '5
dissipated from :
r 40% fyear

1.5 x 1.5 cm chip N

.=/ Sun-4 SPARC

ThlS |S the I|m|t Of 10 _)_// 167 MHz in 1986

‘u‘—
Digital W AX-11/780

what can be e
cooled by air B

T T T T T T T T T T T T T T T T
1978 1980 1982 1984 1086 1988 1990 1992 1994 1996 1998 2000 2002 2004 2008 2008 2010 2012
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Static Power

Power = Dynamic + Static

— 20-30% Static

Static is losses due to imperfections
— also called leakage

Static power consumption

— Current. X Voltage

— Scales with number of transistors
Reduce Static Power

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

ABJaug pue Jemod ul spual]



Reducing Power

* Techniques for reducing power:
— Dynamic Voltage-Frequency Scaling
— 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 spual]



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 = Tepy rer + TMEM REF

Tcpu = Tepu Rer " Frew!Fref

Tvem = Tvem rer



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 2?

Answer of processor industry 1.x

ABJaug pue Jemod ul spual]



Normalizedto A

2.5

1.5

0.5

PowerA TimeA PowerB TimeB Power2B Time2B



Nwcg perpouue Power, Energy, Temperature

* [lpayuaTtikEC Mnyavec
— MeTpnTEC UAIKOU TTOPEXOUV duvVATOTNTA
pUGplo%g/napaTr’]pr]Gr]g energy, voltage, frequency
KAl TNG Beppokpaaiac evog emmecepyaoTn (DRAM)
* YTTO JEAETN-KATAOKEUN

— ME epyaAeia TTpooopoiwaong (wattch, cacti, hotspot,
atmi, mcpat, cad tools)



MeTpikd 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
— 1810 BApog o€ evépyela Kal XPOVO
Energy.Delay? - more emphasis on performance
— [epioodtepn Eupaon oTnv €1Tidoon
— If you voltage scale you will pay square on performance
Energy/Instruction (energy efficiency)

Mapadeiypa yia 1o id1o €pyo A: 1W, 1s, B: 2W, 0.75s

A B
E(J) 1 1.5
ED(Js) 1 1.125
ED(Js?) 1 0.85



AdlotTioTia (Dependability)

« AvagiommoTta cuoTtrpaTa oTtolxiCouv
— ‘EAAeIYn gutmioTOOUVNG OTNV ayopd
— AuoapEokela Pe TTPOIOVTa
« MeTpika
— 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)
« 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
— TéavoértnTa AdBoug avd TTaca oTIYMR AVeEEAPTNTA TOU XPOVou
— Total FIT = Z 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):

FailureRat e =

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_1e6hours
=17,000FIT
MTTF=1,000,000,000/17,000
~ 59,000hours
59000/(24x365) =~ 7years



2.uvoyn Kal 2Zuykpion ETtridooncg

* Evac apiBuoc yia tnv trepiypa@n NG
Etridoonc o€ TToAAa TTpOoypauuaTa

* [1poTaBOnKaV Kal XpNOl1JOTTOIoOUVTAIl OIPOPOI
UECOI 0POI:
— apI6uNTIKOC,
— 2Ta0uIouEVOC apIBUNTIKOG (weighted arithmetic)
— YEWMETPIKOG
— QPMOVIKOC



2.uvoyn

YTmoAoyiotn¢ A |[YTToAoyioTng B
[Tpoyp. 1(s) ’ 10
[Tpoyp. 2(s) 1000 100
2.UV. Xpovog(s) 1001 110
Apl16. Meoog 500.5 55

[la To 1 n unxavn A eival 10 popecg o ypnyopn
[la 10 2 n unxavn B eival 10 ¢popecg 1m0 ypnyopn
2. UVOAIKO N pnxavn B eival 9.1 gpopec TTIo ypnyopn



2.uvoyn

* ApiBuntikoc Meooc¢ Opoc (Arithmetic Mean) cuvoyilgl
TOV OUVOAIKO XPOVO EKTEAECNG N TTPOYPAUMOATWY

AM = 2 Xronos; / n

* Tivyiveral eav 10 TTpoypauua 1 ival 1o “onuavTIKo™ aTTo

10 2; Xpnon Papwyv yia 1o kaBe mrpoypapua. Weighted
Arithmetic Mean,

WAM = 2 w,Xronos; / n



[MpayuaTtika Aedopeva: SPEC

* Opyaviouog acioAoynong Ye MEAN
OIAPOPEC ETAIPEIEC

* MeTpa:
— Execution Time Ratio
— Newperpikoc Meoocg (Geometric Mean)
— Spec Ratio



SPEC: IN'ewpueTpikoc Meooc

* [1a KaBe TTpoypauua i UTTOAOYIOE TO execution
ratio ER=(xpovoc¢ unxavng avagopag /
XPOVOGS Unxavi Yerpnong )

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

nin

« SpecRatio=|| I'l ER,
i=1



Measure Deviation

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

« Can decide if mean a good predictor by
characterizing variability of distribution using
standard deviation



Measure Deviation

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

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

Like geometric mean, geometric standard
deviation is multiplicative rather than arithmetic

Can simply take the logarithm of SPECRatios,
compute the standard mean and standard
deviation, and then take the exponent to convert

back:  eometricMean = exp(i XD |”(3PECRati0i)j
n 54

GeometricStDev = exp(StDev(In(SPECRatioi )))



How Summarize Suite
Performance

 Standard deviation is more informative if know
distribution has a standard form

— bell-shaped normal distribution, whose data are symmetric
around mean

— lognormal distribution, where logarithms of data--not data itself--
are normally distributed (symmetric) on a logarithmic scale

* For a lognormal distribution, we expect that
68% of samples fall in range [mean/ gstdev, mean x gstdev]
95% of samples fall in range [mean/ gstdev?, meanx gstdev"



Example Standard Deviation (1/2)

« GM and multiplicative StDev of SPECfp2000

for Itanium 2
14000

12000 === e

10000 - e
GM = 2712

GSTEV =1.98

8000

eocO0 | f

oy

2000

SPECfpRatio

5362

0

.....



Example Standard Deviation (2/2)

* GM and multiplicative StDev of SPECfp2000
for AMD Athlon

14000
12000 {
10000 {
.g GM = 2086
& 8000 - GSTEV = 1.40
o
O
D1 6000 -
&
4000
\ ‘_/A\ S 2911
2000 - S A
v
0 I I I I I I I I
S ER 2323 5 L 3 g8 a8 $ 8
S =2 O O = S o © & ®©
%m&%sg %%%3..%%(5



Comments on Itanium 2 and
Athlon

« Standard deviation of 1.98 for Itanium 2 is much
higher-- vs. 1.40--so results will differ more widely
from the mean, and therefore are likely less
predictable

 Falling within one standard deviation:
—10 of 14 benchmarks (71%) for ltanium 2

—11 of 14 benchmarks (78%) for Athlon

* Thus, the results are compatible with a lognormal
distribution (expect 68%)



Benchmarking

 SPEC opyaviouocg yia tTapoxn
XPOVOTTPOYPAUMATWY CUYKPIONG £TTIOO0NC
— Usually used for desktop ad servers
— WWW.SPEC.0rg

- EEMBC

— For embedded processors
— WWw.eembc.org



Different Benchmarks

« SPECCPU: popular desktop benchmark suite

— CPU only, split between integer and floating point
programs

— SPECIint2006 has 12 integer, SPECfp2006 has 17
integer prog
— SPECSFS (NFS file server) and SPECWeb
(WebServer) added as server benchmarks
* Transaction Processing Council measures
server performance and cost-performance for
databases

— TPC-C Complex query for Online Transaction
Processing

— TPC-H models ad hoc decision support
— TPC-W a transactional web benchmark

— TPC-App application server and web services
benchmark



cDCMraONN

\ GNU C compiler

Interpreted string processing -
Combinatorial optimization -
Block-sorting compression -
Go game (Al)

Video compression

Games/path finding

Search gene sequence
Quantum computer simulation
Discrete event simulation library
Chess game (Al)

XML parsing

|
CFD/Mhlast waves

Numerical relativity

Finite element code

Differential equation solver framework
Quantum chemistry

EM solver (fregitime domain)

Scalable molecular dynamics {~NAMD)
Lattice Boltzman method (fluid/air flow)
Large eddie simulation/turbulent CFD
Lattice quantum chromaodynamics
Molecular dynamics

Image ray tracing

Spare linear algebra

Speech recognition

Quantum chemistry/object oriented
Weather research and forecasting
Magneto hydrodynamics {astrophysics)



...KOI KATTOIEC ONMAVTIKES APXEC/TATEIG
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Rule of Thumb for Latency Lagging BW

* In the time that bandwidth doubles,
latency improves by no more than a
factor of 1.2 to 1.4

« Bandwidth improves by more than the
square of the improvement in Latency



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

— E.g., If database server has 50 disks / processor, storage
dependability dominates system dependability, so optimize it 15t

* 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 + 1/P)
* f: fraction of program time that is improved
» P: factor of improvement
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KooTog ETredepyaoTn

* To KOOTOC €VOC €TTECEPYAOTH €TTNPEALETAI
aT1To TO Yield
— To TT0000TO TWV chips TTou KaTaokeuadlovTal
Kal OV £XOUV KOTAOKEUOTIKA AGBN

— Emrnpeddetal amé 1o péyebog Tou chip kai Tou
wafer S

— Aec 1€ BIBAio/HW







