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Abstract

Sooh if not alteady, woltimedia applicaticns such as those thal deal with the cleatich,
plocessing, and cammunication of digilal images, digilal aodic, and digital videw ate
expecied to becoupe one of the dewminant compuling wotkleads [6]. Besl modetn
genelal-polpose plocessals anploy a sel of 1nsltuclich exlensicns o the b atchilectote 1o
enhance the peifoumance of digilal sighal processing [CSP) and mmollimedia applications.
U is how possible 1o petfolin many tasks, which have in the past vequived the use of 2
C&P, using whly a genelal-pulpose plocessol. This is khowh as Mative Sighal Prooess hg
(NSP). Traditicnally, creating code that lakes full advanlage of NSP extensions s a
difficull task thal involves wiiting hand-luned amemmbly code [1].  Ewvaluating the
cffectiveness of NESP exlensichs is theltefole complicaled shee i i hel easy o use
populat benchimarks such as MediaBench, bliBench, or the tesl soites developed by
BOTL and EEMBC. By wbjective in this survey is lo smmmarize the MEP extensions 1o
the x8& alchileciote, discuss 1he feasibilily of vsing exisling enbedded benchimatks 1o
chaltactenze &P exlensions, discoss previous wolk in this abea, and discoss possible
iwelhods 1o chataclenze the latest NSP exiension 1o the 285 architeclure, Intel's
Steuming SIMD Exlensiohs 2 [(SSE2)

Motlve Signal Processing Backgronnd:

Most imedeth genelal-potpose plocessol alchitectutes how inclode saoe st of
MEP extensichs. WAKN-1 (Mollipedia Acceletation extensicns) for HP's PA-RISC
insttuction sel atchiteclote [I54) was the st WSP extension intodoced in 1994, Eun
then added 1o 11s wolkstations the Yisoal Tnsttoction Sel [VIE), HP also veleased BIAK-2,

ah MEF extension loils PA-RISC 2.0 plocessol atchitectore [7]. Dobing 199G thiee BSP



exlensichs wele leleased: Silicon Graphics teleased MOME for its MIPS 154, Digital
teleased BIVL for its Alpha 1S4, and Tntel released MMXE [Moltibedia eXtensions) for
s ada 54 [4]. The MBI extensiohs oh the Pentimm and Pentiom T ihcloded ohly
integelr SIMD instiuclichs so Thtel quickly eleased ahcthel set of extensichs called SSE
[Slreuning SIMD Extensichs) for the Pentimm IIL thai incloded many floating-point
insttoctions [3]. T 1998 AMD inlcdoced 30Mow!, a sel of extensions 1o the 286 154
that 1hcloded floating- point 1nsttuctiohs and was intended 1o camplement MBME. Alsc in
1998, Motorola intteduced the Altivec extensions 1o theil PowelPC architeciote.  Th
Novewnber of 2000, [nlel teleased the lalest extension o i1s 286 154, Strenimng SIMD
Extensions 2 [SSE2).

Inttedoced with the Pentimn 4, SSE2 replesents a canplete overhaol of all
plevious WEP extensichs Lo the =85 atchitecture as well as the addition of sevetal hew
insiluctiohs. SSE2 is a sobstantial evolotion of S5E and WMWK [5]. SSE? ehables the
execolioh of lwo double-precision &4-bit flualing-point opelatichs pet clock; while the
aligihal SSE cnly allowed four 32-bit =mingle-plecisich cperatiohs.  Ehgineeting and
scientific applications shoold benefil ficun this extlla precision. S5E? also extends the
atiginal MMH inleger instioctions fian & bits 1o 128 bits.  This allows two &bt
inlegel opelations 1o be peifonmed 2l once.  Alss incloded in S3E2 ave new cacheablity
conltel insitoctions that allow extensive contiol of the data cache 1o imnimze cache
pellutioh and new data prefelch insitoclions 1o eaploil concullency belween the emoty
ahd executivh pipelines ahd to hide memory latehcy, Alohg with SEE2, Tntel i ntodced

sevelal tools fol the cleatioh of ploglas thal successfully olilize 88E2's enhancewents.
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Flmure L: Pentlum 4 MicroarcHtecture

These inclode compilet intlinsics [imacte like functicns) for the Thtel C/C4+ coumpilet, 2
veclol class Libtary in C++, and exlended counpiler optimizations fot the Tntel C/C4—+
counipi bet. The intentich behind the developioent of these ools s 1o teweve the hecessity
of wiiting applicaticns ot kernels thal effeclively use the NEP extensicns in hand coded
asseimbly.  Using these lools il shoold be easier 1o chatacletize E5E2 than i1 was o

chataclenize KK and SSE.

Motive Stgnal Processing Pifnlks:

Thete ate sevetal drawbacks 1o osing NSP exlensions. NSP exiensions ofien use
SWD semantics thal tequite “packed™ dala 1ypes 1o expose data level pamllelism. An
ovethead exists 1h packing ahd unpacking the data into these STMD data 1ypes. Busting
applicatiohs must be tewlillen 1o expliciily lake advantage of the N3P exlensions.
Foithet coanplicati ng this issoe, MSP extensichs vary widely actoss platfouns, forcing the
applicatioh developel 1o chase which platfoim to optimize fol, ot to spend a latge uncunt

of time optiim zing fot all platfonrs. [1, 8] Since the datalypes and wpetaticohs intredoced
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Flgure 2: At Examiple of STMD Pached Datatypes

by ™EP extensiohs abe hot slandatdi zed actouss atchilecloies, code genetated for 2 specific
exlensich is hol potlable. Cuottently, code thatl lakes advanage of NSP extensions is
cilhel wiilten by hand in assewmbly, as is 1he case fol optimmzed kethels, ot 11 is genetated

by mmacie like cowpilet 1 hllinsics that is similal e functicn inlining [8].

Embedded Benchmarks:

Many benchimatk suites fol the evalvatioh of emmbedded and sighal-plocessing
sysiers exisl. Mosl of these suiles can be placed inle iwo calegolics: those cieated by an
ihdependenl cowmpany ol a beplesehlalive crganzabioh and developed 1o 21d system
developets in choos hg 2 processal fol thel & syslem, ol those cieated by academa 1o fill 2
petoeived void and 1o aid 1h teseatch. The soites ploduced by EEMBC [EDM Einbedded
Whicroprocesor Benchimark Consctiom) and by BOTL (Berkeley Design Technology,
Ihc.) ate exunples of the foupet. WediaBench and MiBench ate exanples of the laiter.
all of these benchimark svites atlemmpl 1o suoolate 2 veal world wotkload that an

emmbedded plocessol mmght be expecied 1o handle. 4 sighificanl guesticn is how does 2



lypical embedded plocessolr wotkload differ fiun 2 NSP workload oh a genetal-porpose
plocessol.

EEMEC [plohcuhced “emmbassy’) was folined ih 1997 1o develop meani ngful
peifalmance benchimatks fol processals and cownpilels 1h emmbedded applicatiohs. The
conscllinm cohsists of 49 semoohdoclot, 1htellecival propeily, compilet, and teal-lime
apetaling systewms [RTOS) canpanies [11]. The EEMBC soite consisls of applicaticns
and kerhels laigeted af five majol applicalion ateas: leleccimmuonicatiohs, cohswmel,
hetwolking, office avtamation, and antooctivefindustitnal. The soite is faitly simple 1o
ablain and use;, howevel, ahe 1oost be 2 1oembet of EEMBC fist. 4 inajor diawback 1o
using the EEMBC suile o evaluate S5E2 is that cutvently wery few algonithios in the
EEMEC =nite inclode floating poinl calculativhs. This is because histobically few
emnbedded applicatichs heeded floaling-poinl cownpolatiohs, and many of Lthe processcls
EEMEC benchimatks have ho floating-point capability.

BOTL is ah ihdependenl cowmpahy thal ahalyzes digital sighal plocessols. Fol a
large fee they will allow you to see theil tesults. BOTL has focosed exclosively oh DSPs
shoe 1991, BDTL's benchimatk soile consists of {welve kethels thatl execote comunonly
used basic blocks such as sevetal foums of FIR's, an FET, an TR, 2 veclot dal pradod,
and a witetki decoder. BDTL views applications 1o be cwverly complicated 1o use as
benchimarks for D5Ps [13]. This view limits the usefulhess of BDTLs benchimatk soite
for evaloating MEP oh genelal-pulpose plocesaols.

MediaBench is 2 behchimatk suite developed ot UCLA 1o fill the gap cavsed by 2
focus wh oinsttoction level palallelisim belweeh counpliels ahd emmbedded applicaticn

developets [2]. U conhsisls of 19 publicly available applicaticns coded in a high Level



language such as C. BExunples inclode: TPEG image coumpression and decoumpression,
WPESE encoding and decoding, G.721 voice commpression, PGP encryplion, Chostscd pl
file U0, and Mesa [a clehe of the 30 glaphics liblaty OpenGL). These applicatichs ate
siumi lak 1z those of the EEMBC soile, bot they ate hol glouped inlo calegolies, as ale the
applicatiohs i the EEMBC snite.  [2] showed thal the wolkload plodoced by SPECiM
differed significantly fieo that pradoced by MediaBench. Simlatly io EEMBC s simte,
MediaBench does het inclode floating-poinl calculaticons and this poses problems if
MediaBench alone is vsed 1o evaloaie SEE2.

MiBench iz an ewmbedded benchimatk soile pol iogether at the University of
Michigan al Ann Arbot. U is modeled afier EEMBC s benchmatk soite, in that the
applicatiohs abe glouped inle abeas [MiBench has == aveas whlike EEMBC's five):
Amomative ahd Thdostial Contiol, Consumer Devices, Office Aolomation, Metwolk,
Seculity, ahd Teleccwmunuonicatich [9]. Each alea is conposed of sevetal applicaticns that
ate teplesenlalive of the wolkload an emmbedded imcloplocessol ih such 2 systemm wonld
chcoohiet. The advanlage of osing MiBench ovet EEMBC s s that WiBench is fleely
available ower the Intetnel.  There ale sooe issues with the way BliBench uses i1s
applications; for the 1oosl pait the applications ate each tun ohoe and then telm hate.
This causes ploblens in that ineasuvements ave oflen hard 1o lake for proglans with shott
execulion times. EEMBC s suite cvelcownes this by wnning its applications in a leop for
a fized ancunt of time.  Alse, MiBench has no test hathess. Each application oost be
tuh wahvally. EEMBC s soile has a well-wiitten and fully developed test hathess. Th

this case you gel whal you pay for.



Model of Compuototion:

Many models of cownpolation appeat in halive sighal processing  Couwrunonly
kethels such as FLR filtets ahd FETs can be implemented as S0OF o BOF systewrs. Th
fact, the hatute of 1oost sighal plocessing algolithios allow Lthe use soch simople inodels.
Slteuning mwedia systewns fol sttewum hg video Lo clienls ol flan selvels teadily it this
medel.  her than the initiali zation stages, the dala manipulation [coding, decodng,

ehcl yplioh, dectyplich, elc) 15 easy o unplement as ah S0DF sysiemn.

Previons York:

An analysis of DSP and moltioedia kernels and applications vsing both non-
WK and MWK enhanced code for the Penlinm processol was conducted in [1]. Theit
wolk centered on 1the Pentinm processor tunning sevelal signal processing betnels and a
few applications. The ketnels tested wete: fast fourier tansfotm [FET), finite impulse
tespunse filler [FLR), infinite iumpalse tesponse filter ([IR), and imatbiz and veclol
alithmoetic. The applicatiohs mh were: JPEG iimage cownplessiohn, ah ioage mahi polaticoh
progtan, G922 speech ehcoding, and Dopplet tadal plooessing. The auvthols osed
ptogiars they counld find the soooe code for of counld code themelves, so that
cplimzaticn osing BMBE instrocticons coold be acoomnplished. The aothols wele able o
wake several valvable conclosiohs.  Amohg thewn wete thal osing MBE instioclions
cffectively 1o plodoce speedop s 2 complicaled chote even using amemnbly Libtaties,
especially in latge and complicated T applications. They alse found that wsing MBMX
insiluctiohs has the potential 1o redoce dyhanic ihsttoctions ahd imclo-operalichs, bot
the statlic code size of applicatiohs can be dramatically increased. Static code size is ah

umpatlant factol ih desighing cwnbedded systewns with humied ineoaty. The aothols also



expelienced ploblems unplementing the TR filler. Becaose of 2 loss of plecisicn in the
filter coefhicients when convelted fioun floating-point 1o fixed-point veplesentation, theit
filtet became onstable. WBH did hed inclode ahy floating-poinl opetatichs. This is 2
facter that Tntel addiessed in SSE and SSE2.

An  in-depth quantitalive cowpatiseh of SIMD, VLW and Sopeiscalat
atchileciores tunhing sighal processing and moltioedia applications was cohdocied 1n
[3]. A& sanple implementation of each archileciute was chosen and sevetal benchmatks
wele iested. A TL THSI20C52xx DSP, ah Thiel Pentiomo T with MWK, and sioolations
umhg Sunplescalar were chosen 1o represent each achilecture. The kerhels lesied
incloded: dotl prodod, avlecorielation, and an FIR. The applicaticons tested were: andic
effects, 5.711 speech encading, and ADPCM speech cawnpressich. The papet finds that
fol the kerhels, bath the STMD and the VLIW aichiteciutes showed sighificant speedup
ovel the baseline ioodel. The ¥LOW aichiteclole showed eveh betler speedop than the
SMMD aichiteciote. The tesults fur the applicalichs wele hol as Loplessive. Neithel
atchiteclole showed 2 speedup as laige as they did for the kethels. The aothots foond
thal ¥WLIW code 5 exiveoely vulnerable 1o nafve cownpilets. The ¥LIW aichiteclure
depends on campile-timme scheduling of esonloes 1o achieve guod pefotimance. U was
alse found that although WX enhanced code had 2 mnaller execoticon time, the CPL of
the MMK code was higher 1han thal of the coltesponding non-MBME code. B,
sighificanl speedop is achieved because each SMMD insttocltion in BMME does
apploximately foul times as iooch wolk as does the hon-SIMD insttoctions. Fhally, cot-
of-cidel execotich and brahch prediclicn as found in modetn Supelscalal plocessols was

wbseved 1o be impatiant fol imedia applications.
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