ReductionDimensionLeenK.Engineeringandhnologyec997006-199act| AbstrORnon-forsbuilda m algorithar linepiece-Thissu-isthe toar lineprin-yexampleseralcompres-desthe toar non-linedelmoneuraletrainshmnet-eork.wI. vciatioductionIntrhigh-ethatclassi�erstowerboratedamelihniques.techigh-mapec-vdiscriminatetotifyingidenfeatureoriginalset. theinsta-classicaldimension-andoriginal then reduction,- dimensionPCAthe tom on-dimensional jected prolin- isspacee ac( subspntheoftoonding1[2,3,4,tar-theension dimm get osesquaremeantation.represenun-isredundancieshigher-orderthedelsan asm dataGaussian -dimensionalsignal original moplus jectionpron PCA the� e�ect, Inm data. thenoise in tetheoftheonm ordinatescorre-principaloriginal Then ectors.ec-vlie torsar nesense.MSEoptimalethethata near,d curvep orsubmanifold-dimensionalof on, liesR dataosen suppexample,a top on-dimensional data thearlinetation.represendimen-targeto sionm thewith ,ptnerb(p freedom ofUnderexample).circumstances, har non-linecanreductionPCA.thandi-non-lineara constructlyalar lineourthatdingsencothe andar nonlineducedprotheurthermore,traintoork.wI.IReductionDimension5[6,7,feedfor-ere-dimensionthaterectors vx data w2 ra theR esreceivn ylawithern <activitiesdey bx denotee0 wno2 whose erR ylan outputanarebiasesoutputstargetinputs thex toequal0 thewith= n kpropagatiox bacsful,succeshas erfewer y ladesnotoforcedtationner.yistraining8[] Hornikandwith orksarlineer-pjectionproleading them y bofectors9[unahashiF10[with enarnon-linenet-ePCA.tothat realized�ve- evlayer ha hersorks wan c11[, PCAon12 ev13,14,Theers.re-non-linearthe aslayers. mappinghereThe to referredn <re-linearcompressedthethe asesentationeprlayer r. eryeryofldthesemapsto inR kbacn aluesvkpicofdomaineciativa asar nonlinehnique.tecI.IReductionDimensionsingle aal globordinatecoisspacewn doal cre-htheIfxi-approhsuca suggestsarlinedata.the1 fordelA. molyPCAQQ)(Vre-tcalled arelsuse1 usetheof of areal c15[suggests]edeterminInsystems.16[thatalgorithmThesets.anusingdel.mo17[refer-andtraintoectorsvfallthatpartition-the18[]. tizerquanef-eobtain thanquan-ectorwith obtain2 refereasPCAQPCA.Vphases:o1. wtwith ts,eigh( w or ectors,v1 reference::r :;N ). 2. a erformal corFcell i matrix i � i (x [ � r i )( x � r i ) T ex-thein i . (e ectorsvi eigenthe1 Compute::e;i :;n hi . 2 dimension targetm a ,alli t oinx p data2 h i leadingthem to onof i ordinatescoz linear cal( =e loei givto1 � ::e;i :x;m � x ). t oinx pdataindex thei of consistsh whicx in cellfalls, oronoiVthe withm together theector vz t onenisdatatoaccordingx tationrepresen0 thisfrom= d reconstructer The.i compm k =1 z k e i k : (1) com-theer-theaortasde�nedE MSEzedmnor= normali� jj x � x 0 jj 2 � [ jj x jj 2 ] (2) ectation [ � datatheset. intsI . tsresulQPCAVNs), 2 h-tecni 19[malgorith20[]. 1: (a) (b) -BF (c) educta 1.5.thanma-riancethatproblemordinatescoex-othersignals.hreconstruc-thethisinof termsE inaremnorNs re-(hereafterordersecond19[asto5 othborderinhitectures.arcmappingtheues,alw-looronoiVanduesw-loa at Q.VA. tistageulA m al ample the21[com-is1(a)Figureorbitanattractor,theinerev2: Figureerrornor of forthe set.datathejoin,theregionwing.handN-CGD5 with ,mp p-3 3-mp-2-maryingvsmall-theerror tionE reconstrucestmnorwith obtained emp W 5.N ar-vobtainedandously anomalow as w2),FigurewithQPCAcells.222-aN- N lyingtstheofthethat5 N ensional2-dimdatatheerrorhightran-theclearlyise-btheofoth.eE maining ime PCA 0.08345 5 5 N 0.00266 8,330 QPCA0.00139 56 1: com- the (5 -BF had rs,ethe 22 cells.oronoiThisetter.htctheofdingencocellsoronoiregions,transitionre-errors theE inectedmnortableThetorequiredtimetremendousNs. . essionComprsignalshofconsistutterancesisolatedcon-ector(DFT)transformtime-0-4kHz),(soundsthords).cdistinguishedareest wt e etheofofdingthecapturetserimenand2dimensions.3ervayNs ewto5thewithtamounlargerforerbtsincrementhreeofts.eighforcellsQPCAVof intsand (denotedely x theofto 2 tserimenaried 10.. . e asedatabut-isolatedothb22[The].con-setheinset.trainingoferformancewith andat,accuracyQPCA-MS,VybMore-GS).thanfasterseparateeE maining ime PCA 0.0623 5 5 N-CGD 0.0566 2,609 5 GS0.0523 3,845 QPCA0.0352 866 QPCA-MS0.0349 80 2: the timestraining-C had 0 -BF indesThe with 6 ThePCA- el x eE maining ime PCA 0.04502 5 5 (CGD)0.04089 1,287 5 GS)0.03795 2,910 QPCA0.03008 850 QPCA-MS0.03013 80 3: the timestrainingfor and - -C and -BF The PCA with 5 The PCA- el x n.tiogenerateddingswith ehievdingsencoPCA.. . e asedatab23[] TIMITthelmonothongaiy , i , e , ae , i , a , a , uw , u , ao , aa , and er usuothongsdiphesmaktime-usingtainedconentaktheinset.trainingoferformanceusarioand,asworN-CGD5 obtainedeN- againeE maining ime PCA 0.00606 11 5 (CGD)0.00619 2,107 5 GS)0.00561 12,663 QPCA0.00362 1,454 QPCA-MS0.00350 168 4: the timestraining-C 20had-BF indesThe 50 ThePCA- n.eE maining ime PCA 0.00473 11 5 (CGD)0.00480 2,861 5 GS)0.00440 22,879 QPCA0.00325 2,086 QPCA-MS0.00311 168 5: the timestrainingfor and - -C 15had-BF indesThe with ThePCA- n.tiowithQPCAa V classi-higheryb5 PCA.. Discussion forQPCA)datathecationloscale,largetheonariations.vorks,wothbnet-eraccuratefora ynon- bo�eredar linedata.theac-moretotimeorks.westablishingincludetheandpre-canwingAllooronoiVcompressionofoses.c no led ements andColeforandols.toRe erences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .