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FLOPS:

Computer Performance Decimal Binary
term Abbreviation term

Name
yottaFLOPS
zettaFLOPS
exaFLOPS
petaFLOPS
teraFLOPS
aigaFLOPS
megaFLOPS
kiloFLOPS

. R

iz HH

N—

B ﬁﬁz@av —F84
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FLOPS kilobyte kibibyte KiB
1024 megabyte 1IE}r‘3 mebibyte MiB

gigabyte GB 10° gibibyte GiB 23‘J 7%
1 021 terabyte B 1012 tebibyte TiB 240 10%

petabyte PB 10 pebibyte PiB 250 13%
1018 exabyte EB 10 exbibyte EiB 260 15%

15 zettabyte ZB 10% zebibyte ZiB 27 18%
10 yottabyte YB 10% yohibyte YiB 280 21%
1012
Computlllty (HE 1)

10° 2021 B u370 F7nmiilfE T Z, HER390ILmIAE, &K
106 HEH . 71256 TOPS(INT8, Tera Operations Per Second),
10° Y 11128 TFLOPS. [7ER4)
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Microprocessor Performance

Performance (vs. VAX-11/780)

hlsCoveﬂlmslzmtz(mBoo&bISGHz)
Intel Core i7 4 cores 4.0 GHz (Boost 1o 4.2 GH2)

Intel Core i7 4 cores 4.0 GHz (Boost 1o 4.2 GHz)
Intel Xeon 4 cores 3.7 GHz (Boost 10 4.1 GH2)

100,000 Intel Xeon 4 cores 3.6 GHz (Boost 10 4.0 GHz)
mm4waecmmwmna%%;g)
Inted Core (7 4 cores 3.4 GHz (boost 10 3.
intel Xeon 6 cores, 3.3 GHz (boost 10 3.6 GHz)
Intel Xeon 4 cores, 3.3 GHz (boost 10 3.6 GHz)
Intel Core i7 Extrams 4 cores 3.2 GHz (boost 10 3.5 GHz)
Inted Core Duo Extreme 2 cores, 3.0 GHz 21871
Intel Core 2 Extreme 2 cores, 2.9 GHz -
000 == e AMD Athion 64, 2.8 GHz ~~ M= S seerzzse
10, AMD Athion, 2.6 GHz ‘,i:&u‘av 9.48:
Intal Xeon EE 32 T T
Intet DBSOEMVR motherboard (3.05 GHz. Pentium 4 processor with Hyper-Threading Technology) g 6,043
IBM Powerd, 1.3 GHz g7~ 4195
intel VCB20 motherboard 1,0 GHz Pentium Il processor 018
Protessionsl Workstation XP1000, 667 MHz 21264A e
000 s s s Digita) AlchaSeoer 400 6575575 MHR 21264 g
AlphaServer 4000 5600, 500 MHz 21164 g7~
Digital Alphastation 4/265, 266 MHz .‘{B
100 IBM POWERSstation 100, 150 MHz @577
Digital 3000 AXP/500, 150 MHz '.'-5'
HP 90007750, 66 MHz g7 "
/.51
1BM RSE000/540, 30 Mz, 74 52%l/year
MIPS M2000, 25 MHz_gr'ye
MIPS M/120, 16.7 MHZ gf
L S0 6T W e :
VAX 8700, 22 MHz o/t
AX-11/780, 5 MHz :
1 e

1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 206Q_2002 2004 006 2008 2010 2012 2014 2016 2018

50% improvement every year!!

Source: COD5K|1-17 26

What contributes to this improvement?



Power Wall: Power Consumption Trendg+,

« dynamic power = o. activity X capacitance x voltage? x frequency

— Voltage and frequency are somewhat constant now, while
capacitance per transistor is decreasing and number of transistors

(activity) is increasing
* Leakage power is also rising (function of #trans and voltage)
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%1% [SOC Era)

. ASICEra _ SoC Era
1985 1995 MPSoC Era

ASIC Single-Processor Dual/tripple- Multiple-Processor
SoC Processor SoC SoC

2013, EPFGFRIK “Rim2” , Top500HE& 5 —, 312 M%. 1.6 i1 A,
RN 195M% (B4 intel ivybridge, = intel phisb#2$)
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HAT I3 . Amdahl's Law,

100, =]
1
Performance = r
increase ratio w4 I;Ix i
cou ceu
x: Ratio of code that must be U llorulicrulicry = X=0%
executed sequentially core | |cora | |cora | | core 22nm B

g N: Number of CPU cores cpu| [cpul [cpul [cPu .

S Core | |Core | |Core | | Core = o

@ —>

§ CPU | CPU 32nm %

E 10 Gene Amdahl

v x=10% o s

g , ———==9 1) FBERFHATI A Z HE

£ 1 — NI d=d)

% R— - X=20%

a 2) HORIm#
CPU x=0%, g t=N
coe x=50%

— > = 3) XA ST

No significant throughput improvement if ratio ,
of code that can be executed in parallel is low ii 10 g(l)]/oj% el

1|
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 5
?
Fig 3 Amdahl’s Law an Obstacle to Improved Performance Performance will not rise in ) BB
/N 0, i H=1/x

the same proportion as the increase in CPU cores. Performance gains are limited by the ratio

of software processing that must be executed sequentially. Amdahl’s Law is a major obstacle

in boosting multicore microprocessor performance. Diagram assumes no overhead in parallel 5) gl
processing. Years shown for design rules based on Intel planned and actual technology. Core 12 AL 2t 8 el A
count assumed to double for each rule generation. HWRV2$1.11. $6.2. $6.13
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- Measuring performance (Sys vi

o PATHIE] (CPUKYE]. Elapsed Time)
« IE{H#F (Peak Performance)

» 1% (load)

« JF44 (Overhead)

 FIFI% (Utilization Ratio)

« MIFIERE (Saturate Performance)

« 7% (Bandwidth)
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pEEFE R (Benchmark) $1.

SPECcpu2017(system Performance Evaluation Cooperative)
SPECpower: T Javaktif:SPECjbb2005

Lmbench: #AERZgMHEE, SGIH K

— RGN, BT 6, pipe. UDP, TCP. RPCHJIEIR I
i, WAE. Cache. TLBRJEELEM:RE, 1Ffig o) Tt RE
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Netperf: M54
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Socket ) 14 fE

— TCP. UDP)7 % MG 3K W2 4L

PECSTSO7: NFSICAH AR 2545 i 7 e 5 AR ) |2 s (1]
PECjvm98:  JAVARE LI PERE

PLASH: JL=17 4% R 51 Be

now




PCRYEEE) 5 AT

Window 4 5873 H %5
pcw2008 v186.exe: PC
CPU Z

Intel Battery Life Analyzer

— MECPUFIH %

— P E CPUR] I Z A B
— M ECPUIMCHAHY

— BLARIUSBZ#r#%
Sysinternals Process Monitor

— Filemon+Regmon
— 110 (HE#E. PZ%)

Intel VTune

Fraction of time

0.03 [ -
0.025
0.02 [
0.015 |||

0.01 |||

0.005 T

il

Op " 01 02 03

IIf IIf
0.4 05 0.6 0.7 0.8 09 1.0
GPU utilization

Barroso and Holzle,

“The case for energy-proportional

computing” . Computer, 2007




N

TTENL AR B AR
Von Neumann#/l

— TFENUEE R H RS2 AR
— FERU IR R

— 84 Hopfladdria ik

—  TEREFRE RN AT
CPUL b 28

— BURIER, EHas

Te 2 BPATIEFE

— WTERREEE, PlEsEE, B4 AW
W R G HORTE IR

— M PR TE], AR

IniE bE




Layers and Views of a Computer Sy

UHELETS 2

Programmer

Application programs

Operating
system

Y ;

designer

Utilities

It RIRRHRENER

RiFE () RARF
i <

Operating system

Wi (1E5) — T R
BA 2RI !
HBASIKRER (1SA) .

Computer hardware

e i
T |
o
— }mm&w

il




el

(217
- COD5: 1.12, 1.13

o fHIZE (kD
— B RV ESEK SIS ENLTI SR ?
— SN IR SR E A G T A e T, REPATH U] [X 432
— “UPENAR” 5 “UFEVERGT FIRR?
— e Amdahl’s Law i1 Wrids 5k 2x 58 1
— EMEEMEROC AR

o I ICER
— Peter Naur, Turing Lecture: Computing Versus Human Thinking, Comm.
ACM, vol. 50, no. 1, pp. 85-94, Jan 2005.
— CCC, Arch2030: A Vision of Computer Architecture Research over the Next
15 Years, ISCA2016

— John L. Gustafson, " ZFr Pl n e #, " (REFEIESEm) 28
31 %, & 532-533 i, 1988 4.,



[IXxx@ustc.edu.cn 37/94



