
MInSOufI ~B JwnW MEl. Vol 10. No l. 5qM""","" I99S 

SIGNAL SPECfROGRAM USING 
• NEURAL NETwORKS· 

[.l..A ~ . .. ~ Mol . and lllbr";m 
ronoky 01 t.lj~Hrioo. A .... T ...... ,I.". 

Ii ..... n. Coiro, [gpl 

oJ..-") ....... _ J.I<i, ...... ) .~., ........ , ",,",..,.) on .. ~ .,. .... ~?J.r-) ~ jiJ-' 

...... , ...... u.;, ,....... ..... ~,.".. __ ~ ~ oJ,..:lI, ~ _ ....... l.,N. ~u"I.:II..,.,.>J. 

.... u.., .,W)1 ...,I".,....r' .. ,... J.s' C~'''' ~ ......... t ...... ,.a..,. -.,.-~ .:.......lo 

~ ...... '; """or-;J )I ..... """)l_~.~! >..bo .;.A,\.:.!'p~"'" ~ tl v~"c: .~, 

..... "-' ~. ( ... 4-' .r-: ( ~"l .; .. ; j."': 1,1 ..... "" '~ 'f') ( ""'J oJ, 1'- j.la' 1.1 ....... .;.A,~"f' 

~- "-' ,..u.JI, e-' ?' c.}J .;-. I..!- ... Ytj.J "'" ~ ... , ' >.; ~ .;.A;; 'f '--.1I .;A...",.)t-

...,.,.~ .............. 1... .... : .... ~ ' ..... e ....... ~\, ..:....Jo ......... ~r'" lJ "'-'.J 

4.0,..: _, ....... ~ "'-'-" 01\' 1.,Uo ...... ).I ... ",I w-J> 

ABSTRACT 

TM ~"08'1m 011 SI&f'Il " • I"'~ dimension&! ...ta,"", bet_ '","" froX!uen<:y 
"'Id ompIiNde. The "*' ........ I\a$ .....,. IOppIicaU"fIS .,.,a.Dy '. die ~ ... ~6c.atian 
..... lIN: '''''''11& l.1li1 oftIN: do2f ......... Ihr ",,"cnnrn.o,1OfI o{ ,he poIdt II I by &elor A ncu ... 
_ k tN, will ... e ,'," spta ........ It wro4uced in ,hr. poper TIN: proposed no1WOrt I. 
\eIled und<1 dilf ... mt ,." ~ '0 --.Iy •• opatiiorI 

I. INTRODUCTION 

A anp!l,h .. lhow. ,he rellllOfI between "me, fi"eq ut/lCy ud """"N6e 01. ItgnIl " 
....., llseful '" • lot of III'pl"", ...... Moll 01.-. Ippli<'lio).o, Ole .. t .. ........t ~ 
1IeId, whefe II>dt relilion "'" play I key {""or In ,he delernn.uon 0( Ihr piIdI. opeoker 
odemdica.- &ncI ven/lcaIiooo.. ..... III oourocI ftIC08I'i\lon MlIIY of the imIrut!oenu tIw .... usod 
" ' fUllI"C ..... 11""""1 tloe cIeaI" poOpk •• blood on."" ~ 

It W belen. 5ho •• n In Pf_ .....u , .... I nau-oI ncI ....... t CUI be traItIOCd ' 0 &> _ 
""'PO"'" frequency reilled ""'" .... for.,...... IIlCI.nI netWOd .... been troinod ' 0 be .... e 



'-" 
, ..... __ ...... "'..... ........ ..i<.o " ... _ ..,. lot. · , _ • ' MN 

01..,01 .. , ... Ii i '0 __ ........ """"".::: ; ...... _ ....., 10 _ ... 
~..,..~oI.-._ .... r.:I" .... , .. .................. roo 
"'''.-r"I ,., •• _ ...... ..- ... _"' __ ... _... , ..... "'" 
_nd So .... "'''''-00 01_ .. 10 ... ___ "'" "" _ loot ... ,"" 
Ihq ••• q. InII ...... _ .... .. . oc! oM , doi<I _LlllKlUoIy ... "ft ,.... n" _",04 __ ... bo _ ... _ lipolo Ii .. ""'pI.cud< ...,.,;w._ MI . ..... 
&.."...,.,. _ed. fM ........ -"y ,he "" .. " .... oJ ' .. '"",,0.:1< Tholl lilt ... _k 
will ... , ... "' .... _ ~s004 

1. HETV"ORK I>£SCMI PTION' 

1'" .. (1) '-' .... _ ..,.. _ .. _. ifill .... ... ..! n.....- .. 
",,_0&4 01 '" ...... .., .. _ to,.c. no. __ ....... _ . __ ...... --"", 
.......... _ ~ """"'"" 01 .... _ ..... . oa/.... ' .... 1It;/!ecl ...... tI'o_ 
~ ...... ..... "' ................ s... __ .... WI an ,t.e_ ..... -.. .. 
t,. ( L) W .... .. do I/Ioft "' ........ daLo &-om ..... to loll, , .. "'p'" of t .. .........n: 10 
<ol",:.od n.. _, '''P'.-..... ;nR ... .....,..' ~ ... "....,. 001"''' oJ""",,"'_ EadI 
""""', ..... "" ~"""",~001 to tile _wood. of. ' .. '10. ft ...... ""'r .f .... ~ ...... .. 
,~. inp.o .. "'"' i<atatI\ If 111<. ft""""" dOD"" -. """ ,100 _ .. " r ..... "" .... ... . ~ 
-'''­• 

....... _I0 .. ""I00 ...... ,... i.&ty ............ ,... .1\0_ 
01_ .. ""' ..... ..,... • .-10 Iloo ' .. ft : .., 10 II< ................ oIpoI 
"" .... ~ ...... So. .. _oI __ io .... _..,... ....... d .......... ' .... ...... 
.... i ; ,10"" - ....... 1M...,.. ...... io. Hat&. no ......... 01 ____ -.-
..,... t; 2. " ie; ,... lObo I .. _. ~ ..... _ .. _ 
01_1 i I iM.,...,io .. (I) ........... ~ ..... __ 
"bioo ";0_ .......... 01-* __ ._ ........ __ 
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Iloo.poet! up ,lit e_~eaceorthl: "",,"ork. All ,PIe nOul<",. ,hal ",e .. >Cd i. !hi. ~per ate 

tom 1M <rlllJlle type that Ire ,horae,on.'" by ,hell<!""'''''' !l .5) 

( ' ) 

whe, • • ,;' t.Il. ;"P"'" '". i. tilt _shlin, fIcIor of tPle _a"", ~ ..... ''''' i orrd 
_ron ~ lillie, II I IlIrtsidd foct« A """It """"",00. fun"""" II I <Sumtd .. .n tlte neuro ns 
tM we uoed ... ,Il. paper Norlin .. , ..... 'v.1t)<! fu """ort. hi,,· ....... tried ixJ, they were found 
,n ..... . Ion"", trall1Jn! time be fO(elhey leach. """vug<- Thi. ,~.w, iJ ~«I duo (0 the 
nat.,r' of (toe tl<tW<)rk ......... tht ""1'<"" ~ 0(-.101 1l"iiio& cotnpDoenu. 

9_ .... the ,nput <rjINI i. &/,,,,.),"< comple .. i. co"'~osed of real nI InIIJIIW)I 

compo,,",, " .. 'n <'<lUll"'" 2. pJwe Wli !;toe I trUcill Uao< ODd .wI' be 1&1"" .. 0 
.,.,.,.;.w ....... The.,,,,,, ,;1If1'I0I " ......... fotmcut he....ne .. u 

'" "'<M(l ... ,(T. 1%». j ...... (hiIT ~ ) 

... ntre A " lloe ""~OJdo. f .. 1!Ie Rque:q.<l> " !he ph-., and T " '~ ~ period rhlt 
OS ~.'ed !o !he ImO I II)' lbe reIa!lo<t I - ,T 

I'U _ ~ in Ii,. P) ,he OUI ...,t layer IS drVIdGd 10' 0 fll"URln pAir .. uclI ~ .. 
AS*X 'M"" Wllh. <en"" !l"cq]Jffl;y~. 0,,", ' .... ,()O or .. dt ~...;a 41ft«' ~ mJ 
oomponen'. ond the 0I.her __ 0( ltoe plif riI drt<CI tho 1ma&lflo'."Y COfItpOtlOt\l of lh.1.1 

""41"1 So ,lie ~ ""'pUI of ea:II ~ pair wil be • corrbirl.,ion of the "" Ipull &0 .. ~h 
"o.noo on IIIe p'" tGOO'duIJ 10 !he 10110"'"8 eqUl I;",,: 

Y • • J(I4CO>/.2Ktj'T . ~))" (A siaf.laij7". ¢I))' 

- A 

So from ~, ... J we UII $I, dI>I _ _ " .... the 6n! ntUfOtt 01 any outpuI ....... 0. ptIf 

10 lletecl the real compo"""' or the "p. 1M ,he Olne. .turon or the plrr 10 de:CCI tilt 
, ... ~ e_",,,, . ... IrC acNllly Irw.:~ Ihc po:r Ie detect <he "",,~tude of , ... 
r;-oqU<'l1(y """lPO".",. Tlu. 1"' .. 11' ,.""'" tlut iflbe r.<qUefIt")I "'; ... in t/Ie <rrpui ,he OUIput 
of i" 'o=opondina neuron 1'I~...u ~ '" !he an:ptin>de A of I .... lI"equero:)'. on<! if lhi. 
I!"tql:acy doe> nol .,., ... , ... tbc OUtpUI of thil poir ",ill be...-o The tr&I!Iin:i lIaonthm r.. 
tho _ rk will be .. fol low, 

J. TRAIl'<'1NC ALCOR rrHJU 

J Rlr"LdOrn iNI;" ,lIue. For Iho ... cip)'" and biaJi.Jr(j ooel5Cont • ....u be ~<d 
2. S."...~ "rlbe .,,." "'iJI1I wrII be ~,o""""~ .... ;md. cor. tspOnd;OSOU'PIII wi. be _,td. Tho <f111U1 3grI>I i . .... mccI IC h ..... certlrn li"equency, omplinxl. IlId .-
J !f ,j,e .>10" "" ,b~ oo ..... >j>O<I<ina ...... .,.., <0 tlcoc II"ect-""" """" _ ""!"AI <0 t.k ornpIiCllde 

of , .. tfoqu..q A. ... ....... ..;u be cabrlM"" Oftd U$td '0 corro::t 1LIl1\le '"<iglIa of t.he 



'" -• S.""l ............. _'t. ... ,P->I'*"""">,""_·_A. 
S Tkpa.. .. of ......... oipaJ WIl l><: ,o<,.",.",od""" .. .,.1, l . 0IIII • ..4l b< ..,...,001_ 

"'" "",,... .... 0CI"0I 11> .... "' '''cd _ ..... A. ""1''''- of"'" ..".. p/Iuo: 
6 TIll """,.-01 the ."" .. ~i'" ..,11 be ..:r ........ ...,. 1, J, c, .:~ , ... 1 bt 

...... ,.,. -a ,101 .... poII _ --' .0 U.., de ...... .... . , oil dilfttt., ........ of .... ,~ ---I r .. hcoaq .., .... LJIIIUI. "" bt ,..,. .. = .... _ • ..,..l,l, . , ,_ , ...... 
' : ' .... ~ ... _ ... lk~1O u.: ~._ .. oil .s./fe .... ...-or,. 
pho<c, ..."a. ... ... ~....,. 

s n. ...... 1II¥.al .... b .. tolt«le., 0 ...... ;M.and • ..,. 1, J, ' o S. 6, ..... 1 ....t1 be .opolIft 
_ J .... _;00;0 ... k qu.oII II> "'" -.of ........ .. _ of ....... ...,..... 
t~, iI<>d .... 

W. -.I .... ....-~ "- , .. '" ,,, ...... InioooII 01 U. ._ i ' 
............ u...- ... w....... , ofm,.t "' .... , ...... . ~ ..... ».~ 
IIId«" .booo P '1 

•. RESllLTS 

1110 In __ door-.- tI .... ""'~ .. _ _ "" .......... "'"' _ ..... 
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dclDtlcd ..... requore till o.cr- or ,be ......... of ..... ra ... 1ft 'be iQp./I MId the _put .. 
... hid! will _ doe ...... ecI I.AM ro. tudI a\QIJl.iona. In ,lfemlCe [l] ~ IIu IMecI 
~ IbM .,,0.'" ow ;r gl'requencydill'e< .... _lIt.oj dc6ned by tIIIo NyqIoeII 
role ~ !he crtO..ac 01 It. iIoeI ..... t .......... iply tbe WI,... clctoc • ..t fr .......... by the 
moo of the _ -- d t • ~ 10 !be SIoIIIPIint hqo.' I ." u...t dunq dol Ifainint. For 
exvnple. if_ '"'' tbe .. -.II 10 dcu<:I \he It~ 't 1. J. "_ 10 IOOIU ...;dI1IIII 
JaII>PIin& &"'1 ) oI200Hz (6oubIe tbe maimum hqutncy 100Hz). .... !bit ... 00I0!1c wiD 
detccc tbe "'"" ' tt ,. 10, 1 i. ___ . 10 SOOHz if tho InpuI tipIoI ill ,"1 III 1000111. (5 
IiIna lilt 200 H2 "oed durioIs tbe Ini:i"l or !be _.ort) 1"" ... (1).sa nta ... JIw;t 
.. .., tbe ... , JON ..... K oftb. lio,quc!lCiel1. 2, UId ~kH.r. cbaI ....... by ... _ ..... 
~ 10 1M __ .k ond .he samplina &..que.;y _ 10200Hz (100 Iiraet 1M 

...... --..:1 

.II _ 0 Soos(2ai2OOOT + 03 .. ) + O.7cos(211i1000T) + O.3c0s(2xi4000n (Il 

5. CONn USION 

TIu _rt Iw iow:1Oduced III --r .-a.d 10 .. die ~ 011 ...... The 
;If'OtIIe!n ...u. t/rp IH\lIOd is dill III10tdJ • Iarve _ oIllAM duriaI e. ....... ICSJioL 
So, -" --" II I'SCfiII 01'11)' ., lower Ii'CIqIICIICica tua; III doe ........ apj6aIioo • . T'IiJ 
raardI.u bol meaded Illlbe future 10 lind ... .., medIod 10 .,py1Udl1lll~. hi;hu 
h,-.....:ie:: 
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A New Systolic Array fo r 

T wo_Dimensiooal Discrete Cosine Transform 
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Allstr.l ct · All ellicLe,u SY$tO ILC impiementai ion of th e two­
dimclI \<ona l discrete COSIIIC tl'lll1sfonn (2-D OCT) IS deve loped. It offers a 
h,~hly re su1ar sl<llClure id~ lI~ S"'led for VLSI ullll1emcntation The 
comp"lalio.l wonplu ily of Ihe proposed ionplemenIDI;(M1 i$ O(N) as 
«>mll~red 101M Iwo-dnncl1srl)f1al fut cosine lransfonn a11:(M1thm of O<N2) 

(II 

:..:...-.,!I ..r-I­

;,.w' ;' , .... )\ ./l:~' ..... W."';" J,,-:Il ..... ..,..' ~ ~,.... oJ' /'< 

.t.. I,..;~I ;"'...., Ol.-LS:..I, i')..J .i,..O;.: r-''''' ~ .", ./ ~, ' ... /')/) 0,li..o 

.,k"...:lt r.)y...l' J.:..> ~.....; ..... ; N t: ..-'-', nl~L""';"';"", ), ~I ... "" .... '-.4) 

N ' .,\, • ...,;..: .... .t' J-' ''''-''' J ...... "'.Jo,,//J Cr-' .... wo.", 

I - Ln,,"IlI/Clim r 
Tl~ d'$Coele cosme ir.n'Sror", (DCT) u a bener ~pprox r",atrol' 10 the 

~all~l icany OlKII11.11 Karh"nen - loe ve tnlnsfonn (KLT) than 1Il0~1 other 
orthol;Ollol II nnSronn$ [2),(3]. T1,crefOlc. ,t plays a very ""Iloml" role 111 
IIlla;:e and speech COOing:. 

The DCT tmn~fo"" "e ~, ,, r~ masslvc ~nd complicale(l (l~la 

n'a"i plI l~ti Q" Iha l ICJd 10 C0 1l51Ueral,01l ~nd i",p lell 'eIlTJ !iQ" S e"'ploy",~ 
p3m ll ehSITT ~Hd prllehIT"'g . The sYS lolic may h ~s the ad v3"t A<:e~ of 
p'pel",all ,I.!y. ,eglllfl"ly. locailly. ""d s~nlnblhly. 111"1 rllnkll'!> ;1 very 
su.lalli. rOO' VLSI SIgnal processm~ [4J·[6J 

Recently. Arr(w rccrrrs,ve alJ;oo·ilhm lor COOl'I'"I"'!: th. I· D OCT 
PUS] ~nd the 2·0 OCT [I] IS "'lrod~c.d The 311>001l(III1.S Sln"(~r 10 11 
dcc," ,.tIO/l.", . tieq,OOI'O<;y Cooley - Tlikey FFT .IS""IIo", (!~ co.np'.II~IU)" 

cOLupiexrly I$O(N2) In Ihr~ paper a lIew systolic ~rray rorthe 2·D DCT rS 
\levelopfd. tl ,ed,>CeS th. o:Qml)ln~tron complexity 10 O(N) 

The ~IIP"oach for II I"I'I"ng a l !>Ontllnl5 01110 SyStOliC h~,.dwar. Can lie 
des.:r illed ~s follows 
• Grve" lI,e oll>on ll"". ~ se l of recur~ive e.~ ~ressiO llS 's deli .ed. 



,. ,., ..... "'»1\",. 

• Each lIe,atlOlIIll the systern rec\lr~we express lOll IS a»l"",d I prot"",,,,!> 
",'Cnelll (PE) to perform " 
• From chi: rcc ... ,yc CIIptl'SillOI ... doe 'IInK!,mco of the PE :",d the systolic 
aony Ifc obo;i""d,. 

• TIlt IIt"nber of PEs IS delen1Hncd by lhe. IIwnbo...,- of ,,(!null'" requIred 10 
proo,,« lht final OUlP'l" 

b. section n, • derivanoll of rhe fcwrrcOlCC ['" mulae is p.csclilcd. 
The propOSed systolic ann) ,s descl1bed in $cclion III wl"le II~ co'''plclu ,y 
is d'5CU$sed III 5«I:;on I V 

II. [X"i"~hO" or R«,., '''''(C: Fpr l1lIl'U 
The 1·0 DCT "f'he rul sellUCIlU ~(nL ,"1) un be dcfi",,::[ iL~ 

...L {od;"'O 
.. ,./1 ' . l' " OIIIetW,se' , .. . 

''',+' >I'(2n, .. \)I;:., C "COt' .. - } 
k "N , ' , 

SUbSIIIUlioli of (4) 11110 (I ) y",lds 

X(k k ) .. ~ '1~2 X'(k k) 
I' 1 2 \' 2 N 

IS I scale f.tetor. 

(l) 

(.) 

, 



_. ~;"$ ........ ,.,., l'~ flo.. l. Scpo_. ''1'1; 

we can cOlIs;drr );("I.k2) "15te~~ of X(k l.k2) II1 t hefollowin~ -By 

ttl!;ooometnc fo"'Ci<Oll d;fferen"c ,e lal1ons. we h~ve the fottow ''' 11 
equations 

• .n k "-(n ·1) lr{2n +l)k Irk 
s,n' ! I'_s'n' ! ,,,2 cos 1 1 I"m,= , 

, 1'1' ' 1'1 21'1 2N 
I I I I 

2n - I Ifk 
- 2 Ck I siI11~\ (7) 

1 ~'1 
TakJl1~ the d,fference between (:i) and (6). we fi"d 

2r . • ' 211 -I pk P" k 
C 1 -2C 1 _1s",'.:...::1, 15"" I I , 

k k '11'1 11'1 I I 1 I 

w,t h ,he lI,bsllI,,"O" 01'(7) ''''0 (a ), we ha~e 

2n. l 2.lP k 2,,-1111-3 
C I -1-2 $,11 ·.:....::1'.lIC 1 -C 1 C 

k 'I N ' k k k 1 - 1 I 1 I 

(9, 



( 10) 

II L~ c",den! ,ha'.....e c;L., dei1~~ aile re.cun'C.,Cc rcla'lOil iLOnoo, ~mc.eills 
of !hree suc:cc:" ,vc: dalO pO"'l. when transftwm n'" for 1 Ii.cd • . nn. le:«b 
10 1M lnlrodu"l011 of oy .. "h" ana)' sd1emes In hardware dCS1l:'L 

111- P"pMed Sys ,a!k .... m1 
If ",e C:OIwOet Iht OCT U"li~ (4).(9) & (IO) '''''''/{IUl_IY.'iLC: 

comple le rec.un en"" foom,lae life 

• 
A(C ~ ) .. ((2 C~ )2-2) , , 

( II ) 

( 12) 

( 13) 

TI,e .yslol'" "uy for I'CaI ,z",1O ~Ie obQ~ tecu .... 'nee romlUlac" 
~"''' ,n f' ~ I II """,,,,et (N L Nl) p<OCeounR el"meILu. FOUl" lyiXS 0( 

proc:"n ~" ol .. "enl$ arc: used. TIle IiBt row of !lLe al1llY (OI'Si " l of lilt 
ba"t .1e"'''"'1 of "'10 2. (PEL). TI,e Idl InQS' pro«ssor on ec"" lOw 
(PEL")" shown In fiL; l b The poocev.""demen!slhown .. Fic. 1(.) 
"omputes C'I'kIIILOl' () 2) while tht elelllelllS in Fill. ~ (b) com putes equauon 
(II). The btLSIC clcmeoll s,orcd "'Ll h ,he "'hit ro. one po.", .... ,be liMa 
scq_ COLIIpIMCS ,he: COSO'''' "~IU for d>c "eM c:JWteOll .. ":I..:.:u,,,uIllIQ 



.,'_n .• , ~_,,,!,,,"').Sq:oog"".I'" 

tile pan,aJ nallsfoolll (~Ull These procc:ssn 1ft done 111 p.lrallel. 'hereby 
COIIS,Un,"; ollly 0"" OlC'IrlnlO" ~"d one ,""ll1pl~:II_ tUM ~dl""le"'ly Th" 
ocher plOCCSSI~b cicm"",s (PE.2) ~Ie Iho"'l1 '" FIg, 3 They U~ 'he COline 
...aluu _idy compu.ed ," Ihe preVIOUS pousson PEl or PEr. (lE2 is 
more Jlll'lpie (one m" ltoplier + one adoo) than P£I bo>I_m .. tM "'111; 
COInp<UIIOO, IInle. This (cdu<:cs ,he bard~rc eoonplu .• y ol'llM: a_D" 
3lT3y The upper left prOl;n.siu~ elcll'lcllI (PE) IS die only PE lila! tclnplIIC1i 
Cqo.Iillon (II) &. (12) 1111II,I' . "eollll, Altholl;lllhe "\I,n!ler of Inull,pli"" 
and ~ differ 111 gel! Iypc: of powesso" cietne'lII, IIxy $1111 conw!!'" Ihe 
satI'1C eo.npula1ion IlInc (Olle addItion .nd Dnt "'uk,pI~hon) 

To obillJ1 'he fil\~ 1 va i'lli X(k"k,)l1li aOdihO'I:IO' row of PEl s .... ,k 
zero d.I. scqucoee IS in lrod,,(led. The ItlI$OII lOr dloos,,'\: thiS I~~ 
pI'OCIe$SOI1 1$ 10 " .. onlain ,hi: ~cula",)' of 1M array. X:(I.Il. 51:(2,1). 
an: 1IItqtK1111111y prooJ"ced from the nl;hlll>OSl pn;lC~'"J: .. Iem<:lll 

IV-Cum."".,;.,,, COml,I"';i r,.. 
X(~,.~:)Cln .... obtmllCd .lIer IN, • 101 :) toonp.u" .on "C!» . • f we kr 

M 3nd A be rht r"le r~perfomHn; OM .... Ihphullo- and one Jddihon, 
respecu .... I)'. tile" M+A dlp$l!l.n OM procoe$$l"1 clemenl, I.e OM 
t<ompulal.on "ep TIl"i. X(t , .• , ) II .vailable .lIer t 1", • 1":) (1.4 • A) time 

.... IS. For the sake of ptpehnlnlf" rile _nplOllllOli of the whole ' rlltlllfor"led 
sequen" IIC«II I( N, • N,) . ( t , • t ,>>( i00i • AI 1lI"'1 of rilM. The number or 
1ldtl1l1OIl1 A(N,N) ~"d muil.pl l(:'!101lJ MIN.N) needed 10 ~npme lhe; 
( I". /101 ) - poinl OCT 113inl: rhe proposed s)'ItGlic ..... ,. .r. 

A(N.N) - ~ ,~ 

M(N . N)_~N 

Thus dle munbcr of mu1!,pliClJlIOO\$ .l .&:IulONI fGr tlot pr0p05ed aISG,illl,,, 
11 O(N), ... h.le lOr lile faS! cosi,,. tnoltl!on" ai;orithm :cqU:Nion (27) in [I] 
\ .1 i$ O(N2). 

V-C.nd . sion: 
Foo ,cal. !"'le ploceuu'lO.lhe haldw;r,. COS! paod for lire leCUfI'~c 

';OI'''II'"~I,()I, ,~ ''''Ool1h (G"'P:1l'«I IG die $I'''I.1e p"~S!Of~&e sd""'t:J rOt 
IrlIOlilonn hmel ",,110'$ T1 •• wnp"ur.no", GI' Ih. len .. 1 v~l"u ~"d II .. 
• lIcrmeoJ'Mc "11111$ a,e o:.,.cmed III 1>111111.1 III e~e l l baSIC ele,nem. lhul 
COII$IuumS 0,,1... one ""'~ILlhea1Jo" ~"oJ t~M! add,j;(l11 nr n tll "e, TI", 
,lgOIIIh,,, re,ull1 III a I'smli.1I'" .cdul:roon In (1'"'111'1"11001 ",nc ,el,,,,,,, IG 
the fall CO~ ' ''c "~"sfG(1n ""IJlcmt"'atlGn III 
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