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Catalog sales center =00 £7.9 %30 S8
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ATM service fees 514 51.2 S0 S
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Prce of microprocessor S 1005 1000 S200-52000 S0, 20-5200 § per processor)

module (per processor)

Microprocessors sold per year 130,000 000 4,000,000 00,000,000
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Critical system design issues  Price-perfommance, Throughput, availability, Price, power consumption,
graphics performance scalability application-specific perfomance
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Functional requiremeants

Typlcal features required or supportad

Application area

Creneral -purpose desktop

Seientfic deskiops and servers

Commercial servers

Emibedded computing

Target of computer

Ralanced performance for a range of tasks, including interactive perfomance for
graphics, video, and audio

High-perfommance Aoating point and graphics

Support for databases and transaction processing; enhancements for reliahility and
availability; support for scalability

(ften reguires special support for graphics or video (or aother application-specific
extension); power limitations and power control may be required

Level of saftware compatibiliny
Al programming language

Object code or binary
compatible

Dietermine s amount of existing software for mackine
Muost flexible for designer; need new compiler

Instruction set architecture 15 completely deined—hitle flexibility—bu no
imvestment needed in software or porting programs

Operating system requirehmenrts
Size of address space
Memory management

Protection

Necessary featwre s to support chosen OF
Verv mponant feature ; may limil applications
Required for modem 08; may be paged or segmented

[Different OF and application needs: page vs. segment protection

Standards

Floating point

[0 hus
Ciperating svslems
MNetworks

Programming languages

Certain standardy meav be requived by marketploce

Fomuat and arithmetic: [EEE 734 standard , special arithmetic for
graphics or signal processing

For KO devices: Ultra ATA, Ulira SCSIL PCL

UNIX, PalmO8S, Windows, Windows N1, Windows= CE, CISCO [0S
Support required for different networks: Ethernet, Infiniband
Languages (ANSIC, C4, Java, FORTRAN) affect instruction sel
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Benchmark name Benchmark description

Busziness Winstone Runz a script consisting of Netscape Mavigator and several office
sulte products (Microsoft, Corel, WordPerfect). The script
simulates a user swilching among and mnning different
applications.

C'C Winstome Simulates multiple applications focused on content creation, such
as Photeshop, Premiere, Navigator, and varioos audio-editing
progrums.

Winbench Runs a variety of scripts that test CPU perfomance, video svslem
perfomuance, and disk performance using kemels focused on cach
subsystem.

et G 5 5elS LUl sl 5l gl 4 ses - VY K
5 Gl sl Sl oS 5 @ AT (S diten (Aly sladel ST glas sazee sl 4l o
S 5 50018 5,053 &8 ZifF Davis Ol ylas! Liw g basl p cpl dib oo o simms b5l glaasl
el |y (Aoe sl i be;T ZIff Davis crioeed 348 o Cu pde AS oo jizie Chbs oaded
R P 1 -1V ) L S T N VRG] P BT YR Y Y

LS 4zl 0 /WWW.etestinglabs.com/benchmarks

(Desktop Benchmark)s mwog 5 S s gl (b j 31 sl o

i) slaasl 4 lish g':"“‘a odas Aiwd 93 4 (S i) L;LAJS}:;AK i) st

5oy ekl J e 53 ST bl laasl o an 5 SIS LSl slaasl 5 0l3ls
(4 0ol SPEC8Y Il ;5 s axstlo 03315 5 oLl sl il 43 SPEC asl (S o )
JK5). T 51506 4 SPEC92 5 SPECYS 1 sy 8 SPEC CPU2000 : ol azils Jui ¥ 05516
sl 4o SPEC CPU20004st 5 (s o OLas 1y oUol laael o anw o5 A=Y 23w 55 ¥o )
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&G i 2T, SPECviewperf «ils ol 5 ¢Sl § &8 las )8 sl SPECape (¢ s
53,05 S8 e & 5 A8 o gy |y LiL OPENGL o 45 attomms 53 |y (G 4wy g
Jole (63,8 asl k= (sl 51 SPECape .uS o Slgl 5 1, openGL C’:‘j S sl
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Benchmark Type Sourca Dascription

gxip [nteger C Compression using the Lempel-Ziv aloorithm

Vpr [nteger C FPGA circuit placement and mouting

o [nteger C Consists of the GNU C compiler generating optimized machine code
micl [nteger C Combinatorial ophimization of public transit schedoling

crafty [nteger E' Chess-playimg program

parser Integer i Syntactic English lanpuage parser

can [nteger Coa+ Grraphics visualization using probabilistic ray tracing

perimbk [nteger C Perl (an interpreted string -processing language ) with four input scripts
gap [nteger C A group theory application package

vorex [nteger C An ohject-oriented database system

biip2 [nteger C A hlock-sonting compression algorithm

twoll [nteger C Timberwolf: a simulated annealing alsorithm for VLS] place and mute
wlpwlse Fp ET7 Lattice gauge theory model of quantum chrom odynamics

sw Fp F77 Solves shallow waler equations vsing finite difference equations
migricl Fp F77 Multigrid solver over three-dimensional field

apply FP FTi Parabolic and elliptic partial differcntial equation solver

i P C Three-dimensional graphics library

galzel FP [0 Computational Auid dynamics

arl FP C Image rcognition of o thermal image using neurl networks

ouake FP C Simulation of seismic wave propagation

[acerec FP C Face recognition using wavelets and graph matching

aman p Fp E' Molecular dynamics simulation of a protein in water

lucas Fp [ Performs primality testing for Memsenne primes

fmajd FP 0 Finite element modeling of crash simulation

sixtrack P ET? High-energy physics accelerator design simulation

apsi FP FTi A meteorological simulation of pollution distribution

++C Qlfjgﬁmuﬂdiik@.\s\ouchQl{jgg;use\f)c?wuuﬁ\\ Jols

K] vV QJSJB Qb) @ Mbj 7) )3L;f« s ‘\.nbj \¥ 9 J‘.&b@ CINT2000 ‘5;5)\.\416‘]; "y (.L&ladn

odalive (gl il o CFP2000 (5,8 o5lulsl p a5 (A 05,5 0L 4 asbp ¥ 5 C Obj 4 asb 0

S dae| e WWW.SPEC.Org ol 45 ob 5ol ds samme 1l 3580 55 2is OleMb

(Server Benchmarks) bowidd g sw (U 3 51 sl

13 5L (Gbil ki a4 ey s el Calidee Jae in il edias s S O
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45



4 F ol >4k Jgo!

sl 5l S eSS s a5l 4 ekils L St )3 5 LS o 03lital 033l (S|
S8 Nl 4 s pem 4 3 pd e asuia adijlsy Olej &5 5 3450 | >) SPEC CPU
A 5 .+ SPECrate

I 9 63908 Sl (ool Hldie aedias g, slas 8T ST SPECrate ;o 5dle
Sodins s 53 aKs VS| 5 & 5 b6 gloodins a5 ¢Suws SYUEST 1Ll
Syt 4l & SPEC sl g SVsbe (3313 5 (slapiomnsy 0315 oSSl (slaodins s 5 4K
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Benchmark type

MNumber of
karnels Example banchmarks

Automolive/mncdustrial

16 f microbenchmarks (arithmetic operations, pointer chasing, memory
perfommance, matrix arithmetic, table lookup, bitmanipulaton), 5 aulemebile
contrml benchmarks, and 5 Glter or FFT benchmarks

Consumer

3 5 multimedia benchmatks (JPEG compress/decom press, fltering, and RGR
Comversions )

Metworking

3 Shortest-path caleulation, [P routing, and packet flo operations

(Mlice automation

4 Ciraphics and text benchmarks ( Bérer curve caleulation, dithering, image
rofation, lext processing)

Telecommunications

f Filtering and DSP benchmarks (autocorrelation, FET, decoder, encoder)

EEMBC Ll 45 sezee —\¥ i

4 O Skl 5 jzin Sl gl .l Calibes WIS @j\ awa VP Ll ae gozen ol
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A
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Hardwara Software
Mokl number Precision WorkStation 410 (S and version Windows NT 4.0
CPU T00 MHe, Pentivum 11 Compilers and version Inte] CfC4++ Compiler 4.5
Number of CPUs 1 ther software See below
Primary cache l6KBI+16KBD an chip File svstem type MNTES
Secondary cache 256KBI+D) on chip Swslem state Default
Other cache MNone
Memory 256 MB ECC PCL0DSDRAM
sk subsystem |
Ohther hardware MNone

SPEC CINT20H base tuning parameters notes' summary of changes:
+FD0: PASS 1 =-Qprol_gen PASS2=-(prol_use
Base tuning: -QxkK -Qipo_wp shW32M.1ib +FDO
shIW32ZNL1b i= the SmuartHeap library % 5.0 from MicroQuill wesmicroguilLe om
Portability ags:
ITh.gee: -Dalloca=_alloca A 10000000 -Op
186 craly: -DINT 1386
253 pedbmk: -DSPEC_CPL20G0_NTOS -DPERLDLL /MT
254 gap: -DSYS_HAS_CALLOC PROTO -DSYS_HAS MALLOC_PROTO

Dell  lp b @la el 55530 o5 oodle 35k)s CINT2000 &L 5,18 - VF JSCa
Cole s esls opl 3L CINT2000 4\ G F 4 bae Sledbl ol Precisiond/0

AL o 2w > WWW.Spec.org/osg/cpu2000/results/cpu2000.html
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Computer & Computer B Computer C

Program P (sccs) I 10 20
Program P2 (secs) 100x) 100 20

Total time (secs) 1001 110 40
Calises 5 5alS am (695 sl 1 93 5121 OLe3 V0 IS

sl 0 4 & VM Lo 5 Caa Wlie K o lads S 1 aesls
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Weighted Execution Time 1,21 yloy 89 39

5 Pl slrasl , LT Cuil o 4,80 basl p conlie S 5 45" ol ol Kilo o 3L oS I3
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AL e S 5L s

Frograms Walghtings
A E C Wil Wi2i Wiz
Program Pl (secs) 1.0 1000 20,00 .50 01808 (1.950
Program P2 (secs) L0.a0 10000 20,00 .50 01.061 0.1
Anthmetic mean: Wil) 00,50 35000 20,00
Anthmetic mean: Wi2) 91.91] 1519 20,00
Anthmetic mean: Wi3) 2.00 100K 20,00

o30izal L (AB.C) sl ¥ (55, (p2 5P1) sl 53 5l 21 5 415055 ole S0e VP IS8
(W1.W2.W3) Calibes 3351 )
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Mormalized to & Mormalized to B Mormalized to
& B C & B C A B C
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Program 12 1.0 0.l 0. 1En0 1] n2 0.0 50 1.0
Arithmetic mean 1.0 503 10,01 505 1] .1 23,03 275 10
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