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C( All' mi c im * input ( i:mi a va :mint o a ill iat llevor~mid

Vector tqiai/illtd-mi i% bieing widely tised iii whit vector qlaitiz.crs cmpmress ctta~ by tmapijiorg a
immmgie diail compii ii)it apiiiitiiis duc tolime facis sctqo' icc or groutp ori scma~r valueis into a single
111.t it is caplmhc (if k,!leviiq. fmlictiom.'l Ili( rates Wiit emidewordl 121. A result of Slimmon's raic-dimoriik
It';miiiamte commimmplcily -Itl Iltl Ilic tilet-mli is a very dirtilmy is ilimi blier limrIlioi. wc 1i4 itlwamy icimilli
'imilel wic limmk-ip -iemme In imiirmg eicodiiig. ai "ini theory" fly ctmclig vector, insteaud (if ..C3arst~. 'I Ill%
vclmir quaiii7er accept%. a block of pixel.% amid outputs imakes vctor (ilnnizatiofl algorithmis attractivc for
All wddrcss or the be%, miatching wei slorccd in a applicatioms rcqmiring high cminmrcssion ri;s.
codmuiuk . 'Hic imtchinig :itgorillio requires a Inarge A diskmdvanitagc of vecsomr (liiiit i,.er ks lhn they
imumitmer of bas ic iritini ic oiperationls in typical are ormeni more coinmphlex tltii scalar quiatili'crl. For
ap;icmmaclmi omim Since reall-lIme! codinig is icqiilircd ill cxiil. thec trec-scireli vector £cmaniatioii imtgorithmmi
mi;iiy v.ideom jiiiiiti n u. the mcci for deiciatedl implemmenied in im work would rctltic abot 400(
lmimcsiig nrchuilecliies;irs nam~turally. *This pmaper iniiliiiii initeger arillimiicit 0ImCIiIrloS pmro second to
miiVC'.lip!.tiC' 1liC 111:11116111! ol1 VQ aiggiilitims ontoii ll tCilcoie 11me television imaiige decribied above.
am r ivlriicesmr to achiicvc near real-timen commsimi Ctiremmly. single D11 or microprocessor chip-s (such a.%
iii vid1co iiim;:eS. flme Al&-T D1)532C or Inteli iX60) caiento, minaltaint Ittit

cimiiiimiionalm rwt- 13. 41, Array ir ce-mir-C pmovitic a
fewdsilii C soltii Ili th iis proilcm an md cars lie m~alert to

I. IN'TROD)tUCTION Ine.rt I lie c ommpi itat io Il-1 rcimpmiirclnets or "i t kre.
lit C a I ionits.

I ma~ge dam a com ress;ioi aigorilmmis ire used to Thie Video Ailysis *Trammspmler Array (VA'IA) is a
recte time itimiilir otl byte reqired to it-limseill n Ill tile retolim ipirabi: array processomr that hasi beeni
lcigil ally e nc odcm imiall~c. lime primanr y ApIlt icat i tills or ile wdi andii builtl mi Naval O)eanm Systems- Ccmter (NOSC)
in ;mgc Colmiliressionl arc it) miiiz icCommic ation, in .n lDiego 15. 61. Time VATA ii an array or Inim THOU

bmanmdwidtm fim. image tramisiriom amid to flimilmizr lime Iran lters connfcted Witli Fol'twarc orceonfigurshic
inmom or inicnriry rcquircd for imnage storage. Typical coitm. mication lintks. It has% bee. designed for uise a-, a

tlevisioni immagc% have aboutl 51t20512 pixcis tier flameu vari> -Ic archmitecture array prulcessor tcstticd for
W ili m framie ritic of 301 lrimcs/s. whmen digitally matcL ilmg otimal array cotfi gotrat ioms to a wide
ienoled at 8-bits piet pi sci intensity rcsormjom. imia variety or imige ,ndt signal processinig algorilim Te

requmiredi digital triommmimsions t~ie is niearly 6II millhijon array residies iii nimllt IIN C-AT hos tilml im a high
bit%/.% 11. I tigi qumal ity color gtiamlmles displays have Sliced intrface lit a li8mm1C grabber lilt irtag
11324s 1024 24-bit piels per rraimic requiring 3 MityIcs or procecssinmg appliicationis
smiiai-e spare, A% frmem c ie incrcase. thme ccii for TWO vector (Italwm lt ioni (Vt)) 01aigollomi have~
elfficint inaimmg 4coimiliressimn a111:01imtmmms bicermics Cvci1 livncim 11miiiel ppc i n thme VATA. Optimal allay
zmorer aculc. archiilcctures have licci founmd for each quaoiii~c' lhce

ima1ge ciirporcss-ion aigoitilims are ctiaraclerimcd effects on, performnmce tnr codec optiniitim kitlltim
bly C tilspress ii ilrae. isol mion. Amid compmiumtational I litilaiti ts i pitive-Sing mies. good uVC41mlain~g 4.1
colmpllexity. 1 i c colooipfcssitiv ratio is decrmuimueil by communimmcaton and comiputation have also kiev
dividing thc nutisbcr of byte% required to orepircscit an investigalcd.
imal-e by themciniber of iytcs neciteut to reprsemnt imia
compitressed irnmapc.. Distomoin is n licasurc of time error
inmtroduicd into an inial-c !y filie eroding anid decoiling 2. VE.CTOR QUANTIZ.ATION AUNWOIT1111M
processes. Comiputationmal coimpicstily ist a" indication Or
tIme 1111111mIFe Of imrilimiiiet ic caCtmlatb1.3Omm neCCTsary t0 Time (ti and itititiy Vsesmt Q J*wiihm.

cilmiopi It Ity is a very lImmiortant Cnsideratsion Ill recOumialaih allay 121, lto ttImAI *Avantts4t 0$ be
14migoril1m imlmctettttii especially (lir 11magle [till mearch mu ,gowith' lot a kio~take wvolvoys
lrrimmsillhnsmmmmm ahimlienthills kyimeic time ltitle tivaiillihe htmor esmtuit. tnhimtttiwy, tilk %tatch, itliot
cocotdii! is It initii iny the 14111 miii'nie. mumonimtl ioiemssi, Tk: t hilholoy liim-uamo Is

Wilt conmtnmessiomt aI-im oithmmm cal icb chasilld aigotihm mmi y iti tlvce wi m to~ w~my sIft wt caoe4~t
citimet no Acalar lit; 411mtAll veclowtiltashiwms. Stmitir oil loi with tat tvwtt i alhockik %wa5ik-t



I. lilt1 St-sa' It VA Algoritit .1. II I VIDlEO ANALYSIi IC NSIU I 1,1 AtURM,

1 lie (till 'Catch alromiliti clicotdes all iflil The VA'IA uses SPi tIitti. 7tt1tl!, I MMI
cclof X illto ;Iln: leit (of "Codeword") i usilig a fixcsl sci att cach .111.1y untde. ' Ilse 'IDO ilsttluitc a 1261ittt~

itl vectors Y', ki-%vri as a "codcbook". Thei inplut vector lirocesing unit (CPU). 3 64-hat floating-poiant unit
-is oml),p~rc-d it) c.ich or tire vctiors in tiec 5odchok. ' A ff'tJ ). 4 %cri al commnunic ationa links. 4 Ktyliti% of

IIit r t M11 Oe III C %I if 1)... is CaitCutitCe for Cacti Y" ao-chip RAM, and ant citerrnal mceory intrfce i~a
t. tsio 41L VCt toI mi if e i i II ifht IIIttio i aiiit I I )ol D i s I c ip 171 '1 lie ('lt call, cJsmrvc ., pntt.t

ltitii coirCsjioti1mg to coslehook entry Y1. 'flic it(ci ~ lormanc ol 10I titilioii iniiiu,tioit' 1:. r %Ccold.
iii liecitt~(ook vicir lia paeslctel te ii~iit(MIPS ~), Fatim %eri:l link can irant~er 41.-.m bhwt ck

Illtti1t1C Liooth outptl tha I'lodu etC41ter iittilliotIli iiieliiisy ;till aiteiter 16A~ at 2.15 1.I~ICf1
dimolioi i th ouputof ite ucocr- 'I'ic 1ccdef (hthtrctimtial). Alter initialzatio, daia tltscg %,I

otiralcs ito revcrse. iakir g lite uitics as input and onc or ,noic links canl occur siniulItanceatisy with CPU
jiridac O ~ ectr ' [Wlt n ientcaleO~~bit~k~ ai I'll utipral ions. This Important feature 3114)W% tile

soutlitit A block iagjrati or this algorhtii is shown in overili~ping or cotmmunication anti proccozing Ybtlis
ligtl I . The coimpicssisoi rithio is catculalcd 11y very little lie rrsarlia:tiee dIrgradatiota An adlsltaijt
div lig the utuaitibecr of hles ill each input vector by transualtr udevice. litec COW~t crosbar swiltlt. provide-

*tire uumaitir III byics requtiredl it) rclcsciit tire index. progrtttuiiic~ cotil iguration (if tire array aichlccturc
I or imiaage couiapicssialn. -.cciors are formued froam A block siarrain oif tile VATA laardwaiu,. is shown

P xp bilocks of pixels taken from the imiage to bc in Figure 2. The sysiel :onsists of a taitarwd N1SC
encoded. IEaich fixi block is miappcd lin a p x I vector caincra. atn HCMt udisplay. and an HIM PC-AT h~shousing

lor imlijito to tire ciicocler arid each p2 i I decoded~ output two comtaiftcrcia.l ly-nva.ilahice boards (lite Franic Grabber
vciltor is rcsurgaiiheal inato a p block in lif oupu and the 'Trafispauicr Add- It Board) a 'nd twto type- of
iliage. The distortion measure is the square of thc custom boards (thie VATA hIterface and tile VATA
Euclidean distinct: between vectors X and Y Processor).

The frame grabber is a Daia Translation model
D-1 2861 Arithmetic Frame Grabber !or lite HUM PC-AT.

(p2. !it fraime grtabbier can acquire vi, co rwaiuce fomn like
d(X. Y) (x - y 1)2 nerit. store, nid display then ilt the inoiior at a

i=0t Mine rteC oIf 30) frintcs/scc. The frante grabber also
Is a high sliced 1/C) pi which canl iraisfer Iranic

where d is tile tttioti atid xi and yi are the elements Ila to or froit all external alesiee at tO NlsVIeSlSec.
of vectors X atnd Y respectively. Each VATA Plrocessor (VP) boar,! contain%

A fll each Q wthairIt-itindx r~ljirs R thirty-two T800) transpulcers and four C00-I crossbar
A ful serch Q wih anH-bi indx reuire 2 'witclics. Duc Ili hoardOz imchaitation-c. VI1 JTNHs aa-

atistirtin tteasic ecilculafiiiis for eacht iniput vectoir .t escnt hM ~VAA Ititc V)bard

tai odetumk -i,.c (if 2" Vectors, Each distortion iatics .i'tnmunication iPctwccn like frame grabber 1/0
calcutlation requires p2 *(2 adds + I multiply) integer -,ort, lte IHIM PC-AT ho-t, and one or more VP boardv.
arithmetic opecrationis. Each vector stared in thre iranc dcni:i is p:i%%ced between ilie framec grabber 110

codebooik will occupy p2 bytes at 8-bitn per isel. lonn and thle VIV hoards while contraol andi status
smessages are paq-sed between lite lflN1 PC-AT bus and the

2.2 inary Tree-Scarch VQ AloiltiVP boards. Th'le *iratisputr Add-in boal (liomoo atoe
2.2 AgorlhiutIMS 11008l) is tsed 10t compile, lutt, conligui, and lonad

The codcbook of a bitnary tree-searchied VQ with programs onto lte Vt and V11 boards usitq. tike Intaus
an It-bit index is orgaind in R levels. Each level. Li. Occam Titolset sotkwarc.

conlaitis 2 ' cittacs ritisiied iii (t:t., where i = I. 2 H
An itimut veetiaf ii; complared with lite twot entries of tire 4. VATA S0lIWAHAE t)IVE~ALO IEN'll
lims estae boosk level atit (ilie "clIosesi" codebook vec tor is
seletical tig the uninimuma sisiirl ionl uteastire. lTheTcilO 10 mllna ,( o11km iltsul the~ VATA, sotk~are
resih lcierilliftes which pair oft codehittk Vectors Inl lte "I'tich develped to;~ !he I0 litlC.NI lwkst Irtl l hie
scotad level will bie comipared toi the hiput vector. Thle trlltaspiuters. The Ilta~i plogril cmlaigusc the allav.
process is repeated bor each level of lte codebook wvith cotitrols lte fraitiie gt104%rr display' andl q~s
two dintotioni Ineastre calculations licing mtle at eacti fn ri iis, amt xynchitosiiesv data, ktaxlcr iwcqzu Ilk,
level. The binary dccisioit% tade during tite "path" trinsputeri anadlte iratile gratbell. rhc tom lv-Ai
through the codebook "tree" formi the outpt codeword. 110,11 in ratraninied ill C tasilly Ahe Ntkaoft. C Qval'iNt.

A tree-searehesl VQ with an It-bit ittix retluiles Vefsiioui '1.
onaly 2 0 Ht distortiomnitecwurc cntalnatloito r ench T licehvlaion fI 11311 %polfre a V1 6

nputt vecit(ir tiak in g tis nl gtaitho Inn 1 01i ll ore I uiVONIv' lte WsICV64i111 s its A41i .ir RA Whikk0 u
tattrtuive fliaf I isilisltilssst tt1llihCt'tttloti. Shiret lilt 111111110%lld lati tis'e "ahgo4iiti awl 04, dit\o," ol ot'c
vs Ii ti le sratcl of tire saitllotaok 14 ,int pahttta, th'a Ii njiao sill% (askii, lVssb %IakkxlMkkVa4 k% *10dilcl W
ikesislesl 1Inutuge ala.d aly In slightly dInelt la vaiiuilaial Ill su4t-liask 0n1l Vacis sub,4IasX uW'ati tv a ittkkq:h c
thke (asll search alroithill. A scconil shsavaiug of rsal i Oqxemas, a pArallel w iaw liga
trec-searlubcd VQ is ltat 2 *(21( - 1) vctiors must be ts' IOtawat by 11111INs. Ns Vultlkty kke orhAitn aasa
sttaircd il lte causleboath nearly doublinig lte itiacnury lt praini-aiillp ahsttu l~ h
Icquiremntlis of (till %earch VQ.



toi Neveliil (if tile .j( I cil ji res of ' tile iidliIllitcr II). :iiiislcr atidi rcirn.li/im m .ii
11l1it1nhi.C pierfornmnce I till. 'il tIC leciiiiiic iii '(Iltllil iItFiicoing timics for lte full %car( it .siror itLis .41

liitip oplinizi/ onii gicaitly reducc- armtv cc. lttle,-; by itiimari/ed ill ']';title I. 'life icSI poltal'c 1% £a l ' With
repilacinig loops ivilli im-line code. i-Veim Ihlolgm Code s.imiple back groutoitd. 1; 1 c tIs ofi ,etlniscitoopl loop
si/e oi..reases, this tvfic il opi inii/mlion is very efficient riptilil iza iton, I) Joe colnversion opi ni i .at moti. .1itit
whelp Icrfortning a r Iltlittle Ii ope ritions qo(n v cto f)rs dtie c otitilluiica I ion ovcrliIli have lice it noca-tutcd G)i o ,t t
tol slie :il Ifeaturifes of 1i6C I ll'i~jlliCrv IllI I Ill.I tol sv, I. atI ay aIIIi tI CIto Iies. The~ tle voloIVC1ioll' .,I'sIt .. IttII
Thme uoptimiziiation of type coll vc tsitols is esIlccially Coutldl not I!C, tested ill file KHttiltiliii colmtigrtoutllIl due ito

appi~licabIle I image coililC%%ion iti vccIvr eCii cricils file 4 Kblyft itemiory liimitltliom it) lte VP' iTWIN 0.11j
(posels) aic siimicd as b)YICs atil 11111%I lie coiiiveill it) witisler ondic ruligmti/:liiim iii o% n~ieIS-tictI toy
aitegers to performi distioilitii iiiC.Isiie Lcilltioms. A rcmovitiig lite enicodintg p ro tm [tic ivii3plitad
considecrable limeC savings caii be achieved by storing code.
thne codebook byte. is integers. The amlount (f inemocry Ovcrlap of conmmunication and comiputation
rcqutircd to storc the codebook qjuadruples with itis produces less speedup in thle 8-columin inmplemnentation
sclimen making it impjractical it% case% where miemoiury ili it tie-; iii tie linecar imIIp~iiccitiiliitis cause tile
is scarce. speedup front this opit imiizat ion i% proportional to the:

N1a X i iu i I Itro t It utI i s lc Iti CV(El ito a ntlmber oif traotspuilcrs that the: oata must -pies through.
iiulta -trmlispulicr %, Icin by keeping each CPU aind ill Thet d i ( F r cntc c 11c I we Cn 1 data transfer and
links as busy as 1-ossiblc. Tis is donc by liteic tcliniujuic reorganization little,. for the two array arch ilicclirest is
or overlapiping commiiunicaion if nd contpulaotioil. Oince niostly (lite 1o tile fact that twice as mnany transputers
a link comimunication olierlitol It.s been iiiailized. .,rc licrfoimiiig thecsc tasks in the 8-ctiii case. Even
dat a iransIc r call ocuier wit liotit Smii ie iitly if this~ c Ilvci i s teglccd. thle relative differene
Ilegr.tIiing processor pe tloinimitis. tise (or this niitieicl Iwiwecti lite nirmt'am ittile,; of i.1 andr 4.8 sc~nmmtis for
trilesc tile amtounti tit memory required for data tile (ivetiiiped loo 1011 (ilimizcel cases is less titan 6~%.
5uffcring, arid increascs code size. Il is supports the claim that performtance is noft

strongly influeneicd by array architecture when
computation timec is dominanit.

5. IN1II'ICE'N NrA*HON OF VCTOR QUAN IlIAlION
AL(;OI(ITIIMS 5.2 Binviry *rree-Seatrl Vector Qualitizitluon

iThe Vector Qtianti/atloin algoritins itoplconttd F~ulil sarch encoding requires 256 distortion
tit this work Imase. bcen designed to ac i eve a mecasure: cilculat ions for each input vector while
e(oIiprmsitin ratio of 16. input vectors are formed fromt binary tree-search encoding requires only 8. This
4v; bilocks of pixels taken front the frame grabber, indicates that biniary tree-search encoding timne will be
Codebooks corititn 2'0 vectors requiring 8-bit indices, approximate iy eight times faster thatn full search
Prolgrams tli prt fori VQ enicodinhg. deccoding, amid ecodinig timec. As a resuilt. computation lime will not be
codebiook rciiierntion haive been iopicicitted for both tiuch larger tbhani communicaion flatce nd a multiple
thle il Ise archI atiii bintary tree-scare I algori thin. colonin ai ray shtoulId perform signilicat; ly better thtan
hInput itgcs arc 5 12franincs of It-bit pimirls. All of a liiiear arramy.
.tic prograiis dcscrilic.l here full wilth title VP' lboard i II, iioritounaely. lte sit Iture v! tlme binary
the VATA. P.'rallclization is aecomliihd by tree-search algorithim and tlec storage requiremecnts
distributing the codebook among lte VP1 lraiisputers. for a. I a r em icoiuebook comii to imakc a multiple

co Iiimmi imIcin tmiou it practical due li te 4 K11'vte
5.1 Full Search Vector Quatiz ation niciiiory conistraintl in time VP' *lTHOs. lIvt. m with a linear

architecture. ltme memory limitanon prlevets
Tlie full search encoding illgortim is coliremimly iiiiciiiiit at ion of aim opt immal distrilut ion of time

C liiil potat io mmll y intelns ive requiin ilg 20t0 iiil oehokimkm~ emllionn teiae hpttlft A% a
inrctcr airitimoetic operations top encodc a siimgle framic. 'Mtolt, emncodiing limnle for this algorithim is expected to
Eiach integer arithmetic operation typiically reqluires tic between 2 anti K times faster than encoding timetc For
seve..al instructions to conlilele when memory 1/0 aid :I (imll search aigoritmin. ilc nietimory limnit alsop

coinversonms are iiicludted. Siince lte tirty .two -revemi; ite me of type conversion olionilatiomn.
'1800~s on tile V11 board have a total initiciom execution ho'l imeamire crcoditig lime variations. tintog
r..lt of 17(l Mi i'S. lte Cm11imtmptmlioti tlitl t) CI mills' 1 'it% have lieil timde .. sitig l cc intuim iniozs. A K-%%
sinigle fratic will bie severail seconml%. i )cuiltimmg iseW imtal-e tm1as ben-t Coin1 Airucl litil omokii
requirestc onmly a table look-tip otcrationm involvingj a he~w mnueted vectors tauken Itomui1 tile l1ast level 41l a del.l
memory 1/0 instructionus amid lakes munch less lttle tliam inmy free collebomk. A second imtage in which Al

en ccod inr *ittixes hmave luei cli lte illm 111-Ioe value it msedl W' a
.Tile VATA has beeti desigied (fr tcal-iie vomst c'se teSt. Tile last image is lte test itnsge Mimi (er

processing so tle communicatiion (litnk 1/0) lttle is till seatel VQ.
typically oi, time orsicrr i3 miisc. limis is itmcit less Ehmicoilt tituc fair tile nislintoal, lypicall. alt,)
titatmn lie c oimpta ttill 11 i1t. of sever~ ial srvo-lltt I'i u'S e *d in 'iiV.Iss iiipitt ittlmiit s me l issie in Tat'te 2. h
for fumll search VQ enicoliitg. Whmen lite 'iilit~tl titeislit ittle $ lth gut'est case imapc ~ ii; ~ osa
little Is tIluclo greater tht1ti lte Ctilittat little, -'m1tiil ito lte data tnitkt anil ms;sa . tme
vitrIations In array tircimmictute miually hive hltle WIvimI ptiaiut nt' t vet l M 11 * imsu~htko Ailsi
cli l ttl q'vevnh r lo itlmtllttie. To vetity 11104 vsil, thke ~tintktOW 0h0t VOitesht ti1111V iX kkkl gis%Cu~ IWAi 01,
ftmll ftclitch nioliill iit iceit itillmemi 111111 it litucar sestiths.l almkilu viitj timiev ase thbau the, klw a
array unit oto aim it.coiimt at1t.ty, Antlmy althlittleits's titttt'i~ttt ti lS'ie Ne411 h *Igiithts kI.It



IrawI i~r atd rcorgalItalollg little is11. fifCll ,tll aI 5. yttmti. . Itromitcy. K .arm!Lii.n Ii
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A "nejr ieal-iiie" tfii~ii~i ofif Ific hiiimiy 977-3-1, (1988).
irce VQ algortiit has~ 11eCII deve~tloed 1) stimillle

.11 lay til )CIitenuliiii io iiol Ille 11111.11 y lice ilfrtii 111,111 11) -Soi vifiw; el velipmcn till tile Vitle.. Aktat ..t
cic and .iiim code 12>4 I 28 ittel iiilarv Iiiti*1J.iii mc Tiiipiit-t Allay. js shij~ fio j
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It'al lic slscCondi t
Compairitson with tile results in Tabhle 2 Indicate 7. 1fibo rslUK rtsUd MA

thai thic real-time programi should rim altoot twicc tisk 43- 12inui.r ~tho.lrso K no ~.
cas~t. Tile littuiililisin illthliis cj.ov it; slime Ito t11c I/I) 11il () 4 -!
tile Irallie 1!1;dlilcr. livett %vilti all giscls t emuivetl,

the tiij.iitutti I rastc ratc i's 7.5 Ilmovtes/Lt-vlld. * Ii5R A.
Additional tests mhow that tile 1I 2 I i sel li a Lon~idont: l'rctllcc-hlull Inlicriaimital. 1,05.
woulId run it about 12 fraitis/ecstmti wilhot framei
grabher liiiiaiiouts. without iiii's limiation, ashuitioii or. 9.. IlIsoie. CAA.ZLotltt
a second VI1 board and itnclusion of tile uitised vi i8xoo% l'rciticc-I iall Interntatiotnal. 19881.
in a "two-column" arcfiiiccfinic would more ilimii doubtle
tile Irmitc late (sir :I 'real-time" sy~teiti 'i le lose of l10. Atkini. 11 "P'erformanzoce Matximipii,tjstt Into I11..
30Mlhai THOM~l wsould~ umthmer intcreaise 'sliectf Ma~r. l'98H.

6t. CONCLUSION

C'omiputationmally intensivec vector iltiantitilon - - _--__--

.ilgortfins have been mtappted 01115) thle V AlA and tosed
to Comtpress image data1. DifIferenit arrauy atrctiiecttires
hiave been imiplemecnted andt aigoritfiti perfornanec
Ia' been omnparmd for each archiiecture. A rray
archiileclsire ha% little dedc till lictI fotisci whets
cilnillittuatmoll littlec is muttch Iglealer Illau d(ittotimitelialiou.
tittle. Ill the~seca c~s. Illittory call lie very effectively
trasdedl for 1)erforuttanec. Pterfoirmansuce is tuttimisi,ed inCohii odbo
all1 cases wlitti seqiuential opftimiiioi's arecombtinedti~ 0
SVillh life ttV~fjIa of1 Conkitlluicutistt amnd Compiuta~tiont.

Algorithmts such a% nutlti-stlage VQ comine the speed of K i
trcc-scircu with tilec low itteinory rcifltiitents of full
secttll. NMkllile-volutin i no plemie 11111litilts tic this type
toc VQ :tlgorillimt 'should increase Iierfotruauice
sign ificanItfly.
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