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;r ,1J.J i,ru.r EiJi s! &-r

Speech prcce$ils 4 6npute! 6 a
d*p .nd r*olinc dea of rcsearch. h

i.rrrrl 4+L.r I Lii 4&i rrtr.J r!.jJLelr
.irdL.r inj !!L i-ilrsr irlr

.nginering, compurer s.ience.
li4uislics, spc.ch comnunication,
dd telecomnu-nicalims, anong
olh.is l1lcE are four distind
$blields ol spe*h p@ossingl
Sp.ech slrthesis, speeoh rMgnnion.
spe*er recog,nion and voicc

SDc.ka ftcoEririon isconcnrcd kith

dD tisu. in the vocal taci aho
alfe.ls dre souds rhat rrc poduced
by & individual. With e mdiy
physi€l pmnebN contibuning ro
lhe nge ol $uids th.t .ach
i.dividual.ai mke 116.19l. there k
reNi to telisle lhlt a PeMn cM bc
u.jquely identified bl loi..alone

?. Sp6k r Vcrilic.rior v.-u'

Sp€k.r reosnilio, dilided inld
sF.ter velification and sDcoker
idenrificatior, speaker vedry{aion is
d.hining uhelher a lpeato k Rho
cloins io b€. for example, lo gain
entr) ro a s.ure aEa venncadon
it$mi mut dal trnn hro kinds of
r.oE: hl* rje.ion md fals
appDval. spe.ler id.nrificatidn h the

Fees of d.tmining rhioh spealer,
ifany, in s sloup ofttroM speaken,
cLsely n ches an un*nown spealcr
The ilentifiedon r.y 6e cb*n sel

is in lne Et of [d6Yn sp6ke$ or
opcn ser whcre dle unknom speaker
my or may not be in rhe s.i of known

[9,15].

3. Spak . R(o8drion Srruchrr

The *hole proccdure for sp.aker
rccognliioi e, be mod.l.d by dE
followi.g lnce modulcs as Figurc ( I )

I2)

individuah ftom deir spceh i. ornd
io d.temin. or validare rh.ir idatiry
Ir6l. From speech alone smd gueses
en be frad. as to \heihe. lh. spaks
is nal. or lemale. a,luh or child A
pcNons dood, morional $r. &rd
anitude an,lcn ferr, b.lliFEne.
sdne$, elocllne ud claiod my
all be dd{rabL in the sp.ech signal.
fhe mo* hBvily inw$igaEd su&
area of sp..Ier Ecognilion js

conplcm.nury b speech recosnnion
Nhere bdh rechiiques ue similar
medods ol spctch si$al prcesins
[16] Humds m 3d.D! ar sp.ard
eoogrition. A human c id.ntiry
f.6iliar sp€kc6 otr (he relephoie
after lineninB io. \ery ihon sgn.nr

Ille niSe of sounds that cu b€
prdduce,l by a hudrn beins is Elated
ro rh. physicll riE.nd sh.Fe of re
sp€ahe/s v.cal bei The e,asticily ol

ri$E (l): Sp.lkd Etrmlm.rt PreduE



Th. 6n! modui. in speaker
recosnilion sjllbe ilE prepr{esil\g
of rhe input speeh dara. In this
modul.. rhe inrut speech dala used
eitlrer for t.inin8 rhs sysrem or for
dre re*ing procenure m imposed to
cedain siFal ptuBinr allornhms.
Ihis prcDrcoe$ing module $ill

r'=" jJ'6; a'--f " or
rhore i(m) h ihe mplifudc and *(n)
n window imclioi. Frcn d,is
equ ior we defile an averase

vr= , F\nl rtr nt r2l

vh.E de \eishl€d sum of absolure
values of rhe sign.l is conpued
inse.d orrhe sum olsqMres [15]

3,1.1.2 Shon-Tin? -A*tre. ZeB

Ze@ro*ing ml. G a

m6ure of rh. nunber oarim6 in a
giv.ntimeinterul th thc.nplitode
of rhe spee.h signal pass rhrou8l' o

vat@ ol zf,E becaus of ih mndom

,, =:1,",,{'(,I-,,,t'(,..r1...(3)

segneneion rnd qindowing

DetectinE whcn , sp*ch trtLrace
b.EiN md e ds i5 & basic problen in
sFech poce$inC, This is ofter
Eleded to as cndpoi d.ec.ion UIl
In! sp$k.r rcco8rilion rysie,n, ir is a
funddenral bk ro detcct rhe
endroinls of spec[ signah, ln oiher
$ods, rie syncm musl delei and
remore rhe non-voi@d pats in ile
use/s Ecorded ufteBnce. The noin
motildio! behind endp.i't delecriotr
h tha rhe p6e$ir! ol thcn non-
voic.d patu is bound b u.&mine
the ,erfomme .a our sr-$.m
Moreover. *o reduce the bbl
procesing rimc ol rh. sr$em by
rcmovins {Ese u*ot d pans nrl.
'nreE $e certaii metics rhar .E
d.maltr_ uscd to id.nti$ . spoGn
uterm.. fmm thc ba.kg,omd mise
preser ln a ecorded nrieBne ds

3.1.1.1 ShorlTine ErcrS ud

Thc anplhtue ol a specch siEndl
laries Nirh timc In panicolar, lhe
amplilude of uNoiced seemenb is
gercmlly nruch lolE. than rhc
amplitodr of voiced se36on!s.
TheEfof, rhe shonrine crc+, of
thc spcech signal providcs a
convenient ftpiesdblion lhal Efl*ts

The compurarion of Zn ftqunes b
chek snples in pstu to detemin
whoE lte zerc.cmsins @cu6 ed
tltn rhe avenlo is compuled ov.r N
coorcutile sdpl6. lf rhe 7rm
c6$ing Bre is hish, de speech si8tul
is unvoi..d, whilc if rc zro crosing
d€ is low, lhc spcsh signal is voiced

tr1,ul.
we can s* in Fisurc (2) rhai rhis

algorilhm perfofts ac.u.ate eidpoitrl

3.1, Segn'enklion cnd Windo trS

The leCBenution & windowing of
speech siEnah is s.gEcnied inlo
fmmes of co.stlnl lengrh M that
o!.rlep mh orher, lach of $oe
lmmes k thcn muhiplicd bY windolv
W(.), which yiclds a sd ol speech



{6phs w.islki by dre rhlrc ol$.
*indN !rll. It. md xi&|, lsrd
*hdo*s i! sp...h rl,lis L
hemi'r8 eindo*. The lolloehg
.qutm dcfin.! fi. h.n n8
*indo* .ioM in FiBUE (l r.
lYtt=a tl-A a6 cd(21?,/^. L

:0 ln<NJ .-.(4)
-0 : zi.*h.c

I. this cqudon. n.quih tn. spk
andd: 0. l, 2 and $ d up b N-
r.[3.r4-rr],

Bcrore ida jiing ar' roi6 or
niinine ! FMr b bc id.flin.d ny
rt$ef,, tl. .r4h signal Nsl h.
Proc.sd b .r@r inpomr
cl'@jstics ol rp*h. By usire
only the ihponsl !p.eh cia nie
ics. $. md oa dd u&d fn
conp..is n SEdty ,.d8.d ,nd
rhB, lss c6puhiio fd ld rirr. it
d..ded for onplrisoE ot for

llE &Mic t .-fi !8! hs
inaonnation 'bou ihr eookcr
&p.nd. Fl!trr.R such $ veal
rEd l68rt. v6, hd chlPe,
vihrioi of vd.l @ds .c'c TheE
.rc aeveGL leonniqu.s which .xin lo
.xim p.ErHB ir tin. d.hrid or
fr.qus.y .lm'n Ml,5h [],91.
Acmidin8 to pEvioB .xr.Nirc
cdch, lh. Iollowing *o@ic
DtueLR h&e bei fomd @a!l ltr

l.ll Li*0 PrdlcIv. Co.m.i.tr.t
orc)
Oie of lhc Dosl pNrtul sFech
.i.lysis r@hniqu.c ir d. m.thon of
line Fnicri@ udFn. nE

cF.chpr@.sinakchiiqudnvcr the
p.sr yB6, r*d lo !nid. in. baic
rp...h prmh ll5l. 11. bak

s,.x.ic6.iiti6s}adU,hgc.lldr

c@pl b€hiid liMr Prcdi.lilc
mlFi! i6 thrr ! spdt spl. q
he lpproxidrrcd b, i lin.e
@mbinliion of pali spcch simPl6
t&rr,lt.
Th. mlin .quraon for LPC h:

5qEn,-;X,-r) .6)
=rrlrbft-)\j-tr,,p

Th! n ! q ofpliI@ cqutids fd p
udrowns 6r,,,.,, $l ,g n i5

lqrirkd b inwnina. ,' p d.lrix
12, .47. r91.
TI.E ft !e.nl m.thods Bidenr in
I r 5] *hiclr m ud io solw t lin{r
pEdid'o .qulio xEt !
'do6Rl&iion ndhod rnd

t' E D$rbl. b lidplit tt. sbow
.qdion in ffi of d.
r!tuntdio. function al

r(-)=r,G),[,-.)

x(., i(/)
i(7) R(o)

r(! t
R(P-2

RQ-t) NP-2) ..

",1 ldn],.,lraI,,,].I
",J l^ol

Rlo)

,,,o)
srv.6l .fficicn! GuBiv. prc@duEs
hrv. b@ d\*is.d lG $lvins $i3
51sh ol .q!.rio6. Th. mdt
popul.r ed well knos ol $e*
mdfiods e Durbir'L ins n.lhod
t, rr, t9l.



h4&r&ind$,Vol]1'No,'Ic

3.?J Piich nnd Pirch Cotrtor.
Pitch or eguiv.lenrl!. lundrmcnhL
f.eqxeoc, (r_0) ihich Dkes iom as a
result of vMl cord bBtiof, is ode of
the nron imponMt problens in
speeclr Droce$iig Wh.i Lhe pieh is
used as i lidure irs $urinical or
dyn{n ical value cotr ld b€ used
A Bmd pitch eniDdor oush $ tb]l
qhei presenled wnh a pfliodic iipu!
end $ giv6 a Eliable indicatio. of
lYnefid dE lGme of sE.h is roi..d
or .or Ir 9]. h is e\rmlcd lron 5pecb
signal eith$ in time ,lonrin or

The al8ornnn which k used in this
work op.rctes by fiMinc a pal
Dosition \Yhich exc*ds a ce@io
threshold in appmpri.le raige in lhe
ACI of pddiction esidual srenal
ll5l In fisuE (1), a c!ftc i! drau
$rough ibur poina to pEdicr thr
posirion of lhe finh. and only rhe
prcdj.tion elior lr a urll)
tesmftred. lf the o.der cl lri.r
pEdidion is hign .no!eh, md if sd
coeftic enk m .tosen.ord!lt. +.
pEdication will closely model $.
r.$na les of dE voml r.d. Ttu! ln.
e or *il1 aclully b. aro, excepr ar
pnuh pukes. So rhis is ogoodqay ro
detennrtre rhe pibh by exoirine $e
emr sic,ar l9l. In dris medod ine
accur.c) based on the choi.. dllhe
Erg. ond ihe rhftslEld value Il lhs
se8oe{ 6 yoi€d, rhe Hiproal ol
the leeiion ol lhc interpolared peak

Tlc resuh of a lipalprce$ing isb
!rcduce ihe valdes ola sd offealurs
Thes ieitufts e de linee
pEdiction coclilsient dd th.

A pah ola$inor is a svsEm ror
cdi'nallnelhe cla$ ro uhi$ r pdnem
belonss. Somerechniqucs rvdlablc b

do dris nmdion are Drnamic Tine
vupi,B @T\) vector Quantialion(vO, Itiddm M0kov Mddel
(HMM), Afriffoial Neual Nso*!
In thi work ne, dasiffcreneitre sc
lalled Cellular Autortu (c,\) has
beei ptuented So this *ori aims ro
inrenigalc ro $na! extcnt th. @ltulai
sutomao emcienr Enge Rho i1 is
lsed 3s dasificr model lor sp.sler
ftcosnirion d ilice Bog,ririotr.

3,3.1 C.llulrr Aurodrr, s Binary

cAs rere inhduced in lne lare
1940\ E loh, Voi N.un.ni dnd
Sbnislqw Ulam. The late John Vot
Ncumm (1903-1957) is consideEd
to be rhe lounder oa cellular

CAs ec conDuler model lhat lry io
emular lhe *ay rhe Ia*. ofnatuie are
stpposeJ to Nrk i. nlture ftcy aie
di$de d)nMical systems thal
disDla) mmplex hehavDr daspire
thrn simplc constuction. Fis!rc (5)
shoqs an *mple of such r
cA. o,r7l.
The CAs conlisr of ! trm&r ol
.onstitul'rg elemei6, onen .alled
cclls. All oelh arc idenrical lnd
simple of @nsdudion. he valucs of
the cclls ovolvc in discere Iime steps
Noidiq b deteministic rules thai
speciry rbcvdlueofedch.ire in rems
of the valu.s of ncighboiiA oelk
Lik i. nguE above. rhe sde ofa ccll
al rim! .+l deplhds on rhc srrtc of
numbe. ol cclk (in $me derned
nei8hborhood ) at time tllTr0l

4. Brildi.g .ho Cellullr Aulomata
Building rhe euula uromala
includes soDe ccDcept as rhe



4.1 rt. C.ll .!d St 16 S.l
Th. b8n:.hm ofaCA is $e ell.
A cellis, kirJ of r mtury.tercr{
iid noEs sr.re In ilre sinDlos Bse,
ccch cell crn h.rc $e bin*- sd6 I

or 0 0ifdd.o r) I! 8or. coDplx
3imulrri6n rh. cik * hrv. ffi

Tne c.llt @ 
'l@eql 

h i !p.ti.l
s.b. nr. simphsr q. n dE on.
dineniioirl'linic.',.inine rhar.ll
slL ft .naiscn in a lin. likc .
silg of parls. nrc 6st @mo.
c^s m bui\
dairssions. o1r tlE otfi( hr.d rhc ]x
dlnhsiotrll CA h!! tho bi8
idvlrkg€, lh.r ir is ec,1 easy ro

Tlo updatif,g ota sirei ell Equiq
.rc ro lnow oily lhe slrl. of rh! alls
i ia $cirily. 'ftere e snl
po$ih,. htic.! ud *igfibrnood
dnrctuE Fol d r$.rc is no
rcn cdon oi lne siu. of lh.
trlklbornBJ bur irrh. neirhbodood
h b brs. d. .splaiq otd. d.

'1.4 Two Dlftemlobrl C.llulrr

!trM.rl The n.isibdhd
Ehijodhip in d.ii@sio.l
aurom.r. cNi* of pr.doas o
sDcc.lbr. one of rh6 bscrnudisd
neishboftoodr ror onc-dimensio..l
rDturi .6nes of lk rdoMrion
islf..rl iE t{. 'ffi rcichboE.

In cellll.r lllomh i silc b€loisi.g
r fiG ldalr bdn&ry d@s Dor ha*
thc s. mishboltl@d 6 dls
inemel sit.s. It is ro$ible to definc
BE df bound,ries, uscd in this worl,
flr
.r.6.l P.rlodi. Bomdrr) Codnion
(PBC)
A cA h sidrob€ priodir bouMsry
cA il!h. .em *lk e .dj&.nr ro
*h od.r a in 6!ilE (7) oI @
dilMi@l l.nia. ln tt. ce of .
M-dimnrional lanic. lhc bn atd
rishr sidq @ 6n6rcd, ei s .rt
rh. upF ..d lo*s sid. [?].

{.7 rr.Bldoi r.n.lio! ol lt.
Th. m6r impodr Gpct ol !
ellrla rull)l@! n U. 

'mnaonnnlci6. Otc@ rfi. ln snio. ol.
d.D€ndr oi, ih. neilhborhmd, .nd
6. st.rc sL TXe n.q slrle or.mh
iurmdfi is . tuncion of irs oNn
sEr. rd u\d of ib fou inm€diie
neignbo/3 *!s. a4 @nh hd s(h
s Fi3lE{E). T)lh nnily of,momdr
cs bo difin.d by meiN offiv. biB
rh,i Ept!5r rte sri. ollie rciBhbot
wirll si! ol rh€ .!r@bi ib.li
ThB thfr !6 25 - 12 dilLE.t
inpul wh6 dd 2^ 12 po$ible s1{.
chos. ruL!, Th. tu|. o&res.d.s !
l&kup Ebl. rhd li* fd *h Idl
Eisl'5qlood Dd lhe ulr.kt sr6
e nLfti b rh. o[9ur biB of rh.

definn,ons ud !!€i in rii! *!.t i5
rh. Voi NdDstr ncigl$ornood:
Fou! c.lk. dlq coll abovc 6d belo$.

ght ud lcn lM .sch c.ll &. carl.d
fi. Vm iiomm ftisnbdhood ol
ts.cll.Ih ndius ol$ii d.6nilim
ir l, 6 onLy lhe n*r hyE is
conrids.d [7, ] 7], FisuE (6).

aS OncDieNiold C.[or,r

A one-din.Nionrl (lD) cellllar
ouiomarion h ,



One ol the naii psblems rrising i'r
lh. application ol CA !o Eal'{ond
Ploblms is how ve can litrd rlt
suirablc nle rhai €n ptrlom a
desired behavior .sp.ciallt in rwo
dimensianal CA where &. seoEh
space is l.ree a we ca. t applr all
rules 10 C^ confrguraion to
eiimaring rhe be* rule 6.ie!i.
*arch k trsed ro give ur rhe \oluio!

Ccnetic aLsoriLhm is ssrch slgorhhfr
based oi dre mechilics ol naxml
kle.ti.! and naturxl generics. The
bqinniig Bork on Berctic al8orithms
was b, John Holland, fron thc
Unive6ity of Michis& ar lhe

5l Tne r_rluBl Perrcclivs ror

rhe popula!otr.aD he simply vie{ed
asa.ollecrion.f i cdcliiCreatores
As ach g.nedion ol:tBE6 Fm:;
0d gcs, the werker onei tend 6 dis
a$.y virhout prcducing children,
*hile the sdngei nate combins
attribulcs ol bor! paients 10 podu!-
N\r, a]'l p..haps utrique childrf, ro
conrinue ihe cycle O.D6ioiallr, 3
mmaiion cEEps inlo one ni thc
..c.rurcs. di!cdi8itrg lie populaao'

5.2 G:nerlc dlgoilhh Oper{oB
Moving fiotr, r nndlmly crcated
populition to a \,.11 adrpte'l
population is a eood tci ofllgod$m.
The sinplei lorn of g.netic
alsonthm involros $ree !?es or
opsation: Seleclion .ossver, rnd
nruration applien b eaeh of i\c

SelecLion is ihe comp.ietri th3t guides
rhe alsorirhn ro the solurion by
pEfering individuak wlth [hi
!ihe$ ov.r low-fitted ones. Ir can be

! de6mi.isrio operation, but in most
nnplmenrarions ir has random
66ponents [4]. We used svo ty?es of
selecri.n {mregies as follo$:

t) Eu@ke !L!e!!!@iaa
In !5e ce ol g.Detic

algoriihh mulen€ wheel could be
us.d !o selecL individutls lor funhcr
rcpDducio.. Tlle *hel mrespotrds
b fih6 day ud rh€ mEble h a

tudom usigned inlqet l.$ than $e
sum of all fibe$ in population l}le
nEhles vduc k le$ ihr $e cuftnr
fihe$ elcmmr, rhe corespondinA

2) tou.nadent s.tdion
P.trs olindividuak are picked

d rmdom liom rha populalion, lne
hide. fiin.s is copicd inlo r matin8
pol. This is rcpeared u ilihenating
p.ol h tull. rr is po$iblc to rdju$ irs
s.l4rion pre$ure by chrngina
ioum,nmt si7!. The *innq oi dE
louri.ment is lh. individual virh rh.
higle$ ntne$ of rhe lousument
mmpetitoc, dd lh. rin.q is
insded inb maline pool Thn fih.$
dilterence prcvides the *leiion
pre$!re, vhich d v.s rhe generic
algorirh'h to inprcve (he fii.e$ ol
coh succecdinP smearion l5l

To perfom t6ssver. do of rhe
paren cindid es m chos.tr to mare

a1 o ebilBry poi in lhe bi.ary
sting, dr ren.indeE ol thei hi,1.ry
nrings aE swlpped. For exanplc, two
bi@ sbinxs m chosen lo mar€. The
Genelic Algoidm docides to ,e.fomr
cro$ove. .ne ihc M bit i! acb



strilg. Atur th. cosq B
compldcd tt h_o olr +n!s the'
Eplrcc Ue nrc *.!k.n solurions in
th. populriion T$! plEna md, or
ma, not bc Npl.c.d in ihe ori! i.l
P.Pu.li@ for dr n.$ S eatioi.
Tic .dme ctlsr.r ryDB !s.d in
thir wolt is jrgk poim M..
frrl.
ln i siiglc p.int.r@ov.r, & poi is
picl.d in lne chain nMorlyjoined
. lwo pare los.rh.r. All bii!

b.foE lnai F.irr ,E htd tm on.
penr. 'It Eruiring biB c rhen
bj.n lmn thr ort.r, Tnir Dcrnon G
oi.n u!.d for GA, *hiqh opeBte or
bin.ry $ ns.. Fo. othd Dm6lems or
codlng, oLter cFsvf merhods c@

Tn. mubrim oFriid inl4du.es
sndon chdg* in ftclB in dr.
popularion 'rh. hur.rioD qmrio,
m b. b.n.fici.l in fri'tbdeinS
di!.EiD in p.puldion 6d my b.
r.ndiru @ 6vsF prh,tu.e!. Tli.
indn idlrl i5 *le.red sirh pm6a6ility
prcponioiatro re non! lized fihcs.
ftc 6ul! of rhii up.dion n one
dn'sprioS whe6! uidout $€
muurion. .ll rl. indiidu.ls i.
poruhtioi $ill 6oMll, b. d.
sft (b.qe af.$htriec ofgeneri.
htrrli ) Mu6ion i'r c.s. ofbinJy
fiis is just iircniis o bu in ih.
scl.dcd .hroneic ll.l ll.

6. S0.rLr lte.oadrio! TEili.C
ln odc. b lur. r sFdcr
qognnion ynd. wc !@d to !Ear.
tr dcEble ol spRloE. A *r or
sampl. utennces is recodcd lor ceh
u*r, $ 6 10 b€ tr*d for ldni.E sd
r.ding in the !5.m ,n lllh wt
c&, w. hav. us.d sund f@
rrplitrlion md suihblr{ualiry
nicBphotr. in DedDie roon durnA

ln. ronlinB sEg. b Idosrm $c*
ft'.l6 b 'Mv" fi16 $!r *n bG

r6ily moipuhtd by aldost .ny
ndo* ,EgEm. V/e hdc srvcd

rhen' ,s Mi.6!on *Ye mono fil.s.
using I l0:, Hu splin3 

"rE 
and 8

bilrsmpr. Tlis it a cmmon .hoic..
q.d i. mly sp€lEr PNiing

The !p.-h d.u consnr.d of 550
r.peti'iotr5 lor I woids !'Proj. . JrP-
compucl spol.n by 14 jr€lk.6 (7
n.lci 7 l.Nl..) For e*h spc.lci
r. hrvc o*! 40 urt',l6 ol @
qod, l0 uftan6 potiding 0!.
es ial iipd d.i. for tno ,r3r4 b
nain ud tle Enoinina *h.E lh.!
uqal rd rh. v.rindi.n dd
iddriliurioi ol dE us.''r id.nrity.
C.lkcdnA ol $B d& N6 achi.rtd
oi so $plnk *ios foi Gh

ln ih. an46ie iugc ach un Bic.
ru n'n a.nipulltln hy u .nd! point
d.Ldd. rh. ouipur ftm.. *6
divlLd i.ro . numb.r oa ldm6 or
2l-2 c *illl ,0% 6!er!4pin8. Thc
frurc s6 sirdorinB br himEing
wiDdow .nd pssiig b fdu(
exh$ion s6a. &ft sF*h d!r. h
Educ.d ro much sF.]l.r mounl! of
d.l! shi.n EpE*.t rhe inpodlnr
chd.iei.3 of rlE spdn. Tti.
tulpd of $it $3. i5 . v4ror rhat
.onkins ll , im.tcr d a Th.
.cclhulad of dEse recroA ar. so.
calkd f6rE !e1oE thal.r. us.d !s
!e{l6si6.d p.n B. Fig@ (l l)

6.1 EtMla C.llub A4ort

we hav. u*d ! !.ndi. alsorithn to
le.irh CA ru|. toble to pqfom
clGsifidi xrk E*h.hmmGoru
in 6e poFohiio fpEsiEd !
.0didac rulc hble Ii @rincd of
rh. onip( bn. ol rn. rulc u61., Th.
chomosomes rcpr.scnting rul6 *tr
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rh6 l.n8$ ?r5. Th. sia ordie +s
in Niich CA ao&ed Ms rd 1..g. ao.
3$' tind nl .S!unir. .kluid.
Tne 6A h.gan *ilh iririalpopulolion
ol 100 chrchcsotrEs led.Brcd
rodomly. Tho llb.$ fs @h
indilidurl srs DdnicuLria.d b! E
fouosing: ltc cA ir fert wirt i
raining s.r of Os,cla$ifiBron
P,ncms rnd evolvd wi& fi.
indi.{.d indiridut. tlE h.:t fihc$
ftr ach etl ii rrE grid ie cmp{d
.nd Etlmd &e iqdividLrl, w;$ h6r
local iih.$ an,i cell locirion

Th. n.! poFulaio $.r lomed 6,
sinEl.@id .lr)5ocr ber@
Bdoml, che, prits of ehe
idividu.h qith orc$ovcr mte 06
frcm th. old poplldion. Th. pir.r!
inrlivi{ir.ls wE ch@n b{br
toun@ *ldim 6.ilmd Ih.
offspring fbm e,.,r crcsovsr r.rc
och nubred !iera ll r$o B omly
.hos.n loriridn! siri Fuarcn Br.
0 00I. Thii ,rc.* ia ,.ranqi 6ril
sp din rid enslEd fd . siBle M
of fi. GA. Th. b€f CA dle fo. och
per$n ls u*d for cL*incaidn n s.
NinC th. nnd srfu ol dre
ciBf@rion c.ll 6 a bu.rry .Lpd

61.1kcdFil!6conp !tio.
Fihe$ tuncliotr ir used to evaluat.
th. fih.$ ot rhe individuak in
P(',ul.rionl bchq soluri@ will SEtI'tLr soE Eulqlion iumdon
dner. populilim 1o*.di prce,c$
bocaule gsd sor{ion, will b.
selectcd dud.A selecrion pcd .nd
pdr eru{io.s $jll be rerdcd l5,l3l.tet fih* is .hfi..d b, lh.

iG,",,,.,,0,), rs,
!,-

spnr.r R@iioi srr.h u34 c.ll'iu

wheE hiliviq n shpur.d on tllr
tr{6k hining s .s lh. tuqMcy
*iln *iich th€ ell hl! r.rcrd th.
"l" srar. i( th. pEscncs of por!.m!
h.lonSitrg 1! $. r.rSet cl.$,
+.cifEi9 L! .rrid.$n c U.
arqaic, wit[ *nich O. ell ha
,atr.d lh. '0' sre in 1i. ,l,renc. 6f
d. E B* clas. Ih. us. offie m..i
sq@ rcor .nrlEs lhd a eoodb6lra b.kecn sp..ificit .nd
eBniviry L ech.d 0l. Thir tune
k local,.! n is n6uEd only on ih.

Sbp cricrio, for dr. sysEm i! l00za
p€rfom.nE level for cach sp€iker or
. en.it tumber of CA seneraliont
(l{ sn.r.lions in rhir rot).

,. Voia Rc.€.irad l[od.l
In voie ,eogrnior model *c
recosniz. male and f6n.le voic.i.
Th. eriqq of rhe mo&l bles pla.
in i lD uirh PaC .nd lmEth of l0
-lls a in [sE (12), n'e snc vrlu.
*ill coniisl oI O o r. no
,.ishbodoodliawill bc fix.d rlFl
*id' Von N.uma. ,liglb.fiood. A
lD CA s!.ns od wirh .n innirl
sfisudioD (Ic) of c.lk tu .nd
rhir mnfiEurioi .,uige in diseEl.
limc alcpr i! whi.h alr ells .E
updsld siEulbnsaly ...ordins to
dE CA "dk'. .Iai a itr lD CA *h
*ll ol . ktlrie 6mput$ rh. rm.
ftnctinn !o lD CA Eqlircs onc fl|.
b. desigi.d tor all cdl!. fte inptrt Io
the ID CA is rh. a\q33. pitch fe.rur.
*hicb ir acod€d a $. IC. 'nr.
e6g. pahh ti, . +.&r wbr
consid.Etly fiom on. individurl lo
do&.r bul by nself i5 nor sufliciol
r. distinguish b.rw4n lMy sre.L.B,
Th. dqu k deodcd tm thc
cda'gndrioi 

'gch.d 
!t w lr.r



?.1 TEtuilb! runctio. of ri. lD
A odedlm.nrional CA h.s oelh in
M Do$ibL sd.!$ or oft E .h
all onl, ha tso n.ightou ed $e
31!t of ! @ll ie d.rsdat on irs orh
lnd i(9 r*o neignbo/s sEB in th.
,Evious AcmErioi. Tta, ,s.c !€
.jgh ,.sinL coninnids or lne
sr,stes of $os. rbro c.lE ie€ly C,00,
00t.010.0 , I0o, t0t. I0. lll.
crprcs*d a r looktrp tlblc *hich
nlF ro o e I .l lh. n4r 6E ,.p
did rhc ruli d.fin.! the slcte oa rhe
c.ll ir qud,o ld acn siru.rid.
ThB w. c.n h.ve i t@l of2^E=2t6
diiaer dl6 Arr of rhe 256
dif.Enr dl.s a b. u$d b qolv.
the celluls !uh@. aisurc ( l2).

7,2 Voh. R.cqlido, TEhirg
Th. 3F{h d.&5.8 @ir.d ot 300
Epetilions l* 4 *orG" rrcj61 ,-,
compcrr, a,.:- '!Fla ly 20
!pc,t.u (10 hal.s. l0 fh.l.!). 700
utuln s s.E ur.d fd dinin!
Yhil. rh. mainirg uerncer mrc

Th. I D CA i! tu *ith hining !d Df
dairfonEl. prn.ns lnd evolved
with.rch imlavilu.l itr lh. Fprl.tid
(cAP, or CA Bl. utl6. Th. lMr
nhss lor ach ccll in !fi. CA is
comp0tcd by fi. .quarioi (r4)slEE
Male S.nsitiri! n coEpukd or drc
\hol. hining s a .6.qmcr
lirh shich thc ell h6 Mh.d d!
'1" sle h E plq4 oa D.&n3
b.lonriie ro th. mrle clBn F.malr
SFcificiry ir .JiEr.d 6 6.
fcquercy rhh *{riot th. c.ll has
l*h.d $. 0" .r.lc ii th. pEsc.
of ptlr.ns belongiig to ihe ftft .
cl,$ like 2D CA. the bcq cA rule is
!&d lbr clairf, iotr sr.Ac Bir! rlE
6nal ftr. or the c.rl wi$ hishc$.
fib6 6 r bii.ry tuEq. The
pmbl.m.ft.e in rhh mod.l is nor rhr

,p!.e !i& or rhc rul.s but the n ps

E{uiEd io ani* suilnblrritld
c.ll. *c will chow rhar ld.r in rh.

t. Sr..L.r E@e.irlor Mod.l
Erp.na..t ConrRunrior
Ir th6. sri6 of.xt!.fin.nB. w. rrc
goirg lo azlu . rtc p€rfom*. of
tn. d.v.loFd syss duling uring
difi.er @fisMim rid ol 'u8P.no6b *ere done ro constocr
or fdE vffic Bing dif!.Ent
Lin@ F.dicrion c4ffici.ns *rEc-
tina i6 .&h inp( liee. we
.@tucr.d olr f.duE v6la rirh
4-LPC, 6LPC, 3-LPC, Io-LPC, 

'2-LPc, l4lrc ..d I6LPC in addiriM
ro fi. avnige pitch in ..ch
.$.rirm! *h.E r. .ancn b
.\ein. dE !..fo6nc. of spcik.r
rdifidix.onfigdioN. W. u..d o
e of M rFrk*, l-tulc md I
fqnde 6 . dlnbr* for rhrso
dpqim.o6. Ana Fch d. s,tu!
PerfomnE wls svilu&t d to ob$rve
ric Eoicr of ri.B difle fanurc
r.cto4, Th. netrt plots of $tr*r
c!Fe. .'. d .od.r Ejetid
Etcs i! 3r.dd v..ific.rion synam
.xnibn tL .trc! A3 w. s q. ln.
syscm Faom bdk wnh Lrc
*rfieldio. 12, 14 dd 16 $$ the
dhq ..d d fi. in. rim. E @
n. rhsr rh. l2-LPc is the suilabl.
am Bh.r $. 3yn.m Frfoms.
sDre sra ud lime prooe$iog.

fte sdd Pft! of dDdim.nts
leG dr{ .*ir.d wltn lrininr
Phe ii ord.r b obr.itr uc b.n olcs
for !U hir* s!.rlcB. Du.itr8 tn
.xp.ri@lskd..ebd@fiE
Ptradd.6: selcdior m.lhodi
Frpuliid sia .nn nrolrr ol GA
S.nsAliln, ir fi. ru.nrin. lt.
,r@.6 onellcu or sisMl



MAI)sn d CA ftfigdis kw
in!d.!lq s Eble ( I ). ob!. {? r.

E4,&rqtDl@'voPl.No3.Io,

r.bL (l)r PlBmet B.onhrl.s
ror rt..l rE bc.

T.bl. O): CA (oDtrsuorlon tor
ip.lLor rMgtritiotr ryll.n.

ln ih. ftsr cxp€nnenr impl.f,ml.d
osin8 *l*rion netlrods, qc !5.d llo
0r.! of d* mdhod! sd conD.i
b.sc. lh.s in FrfodE.,
Nl.tr rtcl el-i6 Grhod .rl
Io{6.ndr *ldim mdma 0E
pmd.c vrle! f.r GA ${ sft
!$d h fid *p.dncnr ft sird ir

sFr6r<ryfulsF'.hUj'Ecrnub

TrbL (3): P.fu.LE rn!. 6r GA
hf dpsia.nrotsRl

rn lh. Mond lli.l thc ,6?
paraoereB i! rable (r)r.E u!.d wilh
lh. crc.piion of s.letiotr B.lhod
op.mror Ephc.d b, louneor
sl..rion otr ln. s. inilill
Dotul,rion. I]]e ,Bllr of lhis
.rFne.r @ dnibird in r.Drr (4)
a'l Ebl. (t) ftr fiE lpdk 6I mLs
.nd : fed'16 r@ u5.d e d.r. ba
in ii. hinidg of n *!finE.t, l
I. h!v. . 16* .! .l,e uhl6 w c.n
.l6ly E $d by usin3 loudrmdr
!.letion El$ rirh hql fitEs
lulinncnr rapidly Ain roulctl? whal

T.bt.r (.),{s). Prrrormanc orq,r.n .a nv. lFrk 6 r .r renl.ll. .el

serecndn rii rourmm.nr shciion.
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Od,e6 experihenb ${e carie,l our
ro discover tul$ mors ruirable dr
thc preYidtrs. h rhd beginnins
,opul.rion si2e sa inc@scd lioi
l00,rdiviLluak b 150 individuak
fimlly ra 200 indivtduak *irh 20
gereErions uder bumahcnr
seledion a !r Fism (16) rbl rnol.

After tlEl we incrcricd the number of
eenemrior fiom 20 Ecncrsrior ro 30
gen arion fimlly 10 40 ghemlion
with200indilidn shpoputalio

9. Speakerkcogtriiion TesiIg
ld each synen to m6uE ia
perlomance it nru{ have ies phse
\hich 

'uis 
dner dre riirina phase.

As *t [i.\ in hining phls sj-n.m
requnes a set oa uncmnles ro
inple'nenr fih ph.se. Likewi$
Gningpha* a$em ftqunes r s.r ot
n.w utehnces ro ihplement $!s
ph:se !lso. ID tLis slr.h qe use a
new ser ol 140 dr.rdcs spokcn bt
I.1 sp.ike6 fD'n ehom previour
utraDces bad been recoid.d. As qc
have sho*n betbre spaker

sie aho under roumainent skction
6 ir [iguN (17), F]gur (13) and
FislE (19) lor sonx speak{s, the
finalexp{imenr rva inplemeoted on
all spealer daobde ro .brain rhe
resuls exhibilec id lablc (6), sone oi
rhese Esul6 cm be obtainei beder if
vcroitinu. b incrose thc number of
SeNEtion bu! rcally wc.ould not do

,is becaNe lhe lEirlngtinE eho Nill

re6ginion comDrh.s nvo rypes of
applicatiois, speoker ve Ji.alion an'l
spc*er idonrificarion rheEloie Ne
hed implem.nrcd No lrpes ofkniig

ln speater lerircarion syslem
th. pcuon whhing ro h.le fiedfix1
uneN his v.rificrioi w.rd The
spokcn un*rne mun h€ 3ccurarl]
pinpoinred. Thh is rhe job o, rhe
e'rdpoinl dceclion pbcaduto

Trble (6), Re lr3ofsp.rk r Ec%nirio. imining for 14 spek 6trnd.r40
g.dcnrioDs of cA on poput,rion of z00i.dividu.h.

AdP
4lL-
$LPL
c4L

spMre ctrstrisiton.dt
R . R0 cotumr
IFASEDEO L1 7
{?55-- lr 14
rscrorcA li - a-- t{trsp

rl{0

;oer-

0.950

!_.!!t_
0900

r-oo

6;;

tarc5 -'6rr-

8

0.381

!q0Br16 10
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d.sc.ih.d oBious!. or.. rh.
bcsiMing d .nd ol rh. DbreF
Ita€ becn found, it ir btouked ifio
21.2 ni An.r tit s sios ol
meeurehenb lnd psrdctcr
cadnnB e rsd ro pr.vir. psrbn
*hah EplErnb rI. u(.lre. ln
,rnilullr rn l,PC aMlys* ir usd L
8iv€ ll predicio' frirmcr.r., Pnchd .e' is Gcd
!v.ft8. piL[. fimlly CA-bascd
.bsincr *idr cllimod idenri!, 01.
lnd ib cl.*i6dlion c.ll r€ calld
iim drLb.s. Tli. obhin d ponln
prclc{ed 1o ihis cA.b.Ed cl4siri$
N[ich clolvcd ior 13 {eps und.r
.ltrined ideDriry rul. In fi.al n.p E
clo$iii6tio. cell is ih..led b mit.
$. &.isior\ if iB 6.il ,E@ equrl!
"oe' ttE F@. ii &..prdloutl'.nri..timi dhsi* lne p6mn

Ar we nEnrionBl Ueiore in speak.r
t.rificnion ,h.re *. uo cla$es or
ems like a..!preE md lll*
rjetion a rrl$ ejc a scu6
shcn $. srd€m i.Frudr rjeb a
coftct spqte.. A f!l* ,@PlrB
occots wicn rhc sr.t n incoGiy
,ccepN 3n jmoodd l'able (7)
.xhihirs the esrlt! lmh rpal.r

9.t Spcltd ldd rorio.

Tnere sre mrn, simileiti.E
b!t*.cn d,e probl.ms ol sFak*
vcrincirionandry..t$idcnili{rio.
ln knns 6a ln. lldice Bsii.a
.nd iiglEl pm.$in8 apsii shc
in e!3cs applacd lo sp.rk .
lolincrrion in ord+ to provide lhc
Patr. rhal ropres.trB rhc uftd.c
arc rhc $ne shges rs dDs. Blplicd lo
.Fokrr idenlilic.tio. b Fovid. rh.
e0. rr&o. TIE ditfM b4in
!i* llE prih Br oh&jtr€d To
idcntii $e !trknom sp€rlcr

id.dferion r. pmvid. 6. *c
p.(6. 1r difl.Enes berin !n r
lhe parlnn w., obtlined. fo idon !
lhe unldoen sp.alicr ric pan.n! is
pEsnr.d irro cA b3*d-orl..fci.L
.lsifin to NIe ilccGion. lf lhc
sFIrs is n.l. th€tr p6n.d i3
p,.hGd int, dE s ol m.l. CA-
bBd clr*ifid seperel, ln which
crch ono hust bc ovolved wirh thh
PrtLm lnEud 13 st ps. th. fi,i)
n& ror clarificdio ell ol @n
.l$ifi.r G cndkine to mlc ih.
dcisioi. If $. finol sLrc of .ny on
of rhe* e,lr .qu,ls otr. rhsn ir
EMs ih. rp.okd nme shos. CA-
b&d clasiilq h hh, else it euhs
uln m rp.!lc. lfrh. pat.m ii aor

,lmlc !p".to lh n i! DEslcd
itrb ! sr of ,auL CA.blsn
.lf,ssifid spmr.iy ed apllrirg rhe
sne st g! ioplem.nled .bow for

r. lpecklr id.nritc.rioo rhc€ K two
llpes of .tror lhich @.uE qh.n th.
tnd dar nor lne ln. .!rcr
F@ d tun in.orccl D.en, ln
.ddirion !o rhir r)?es of cmr, !
prcbl.d @ .m.rge Ncistivc wlth
rhis sp..kcr idcnrificarion ryx6r
ThG p6hl.n is olld cleilic.tio!
sllisions. It ecG *lE. @ or iorc
of inpd pin h b.Lng to l@ .hu
ue clar inb th. @ outpur p$.h.
In orhe! mrds fo, rhe sam. pm.m
pcsenkd to numb of CA-bas.d
.l.siar^ lhcE @ moE th.n onc
clr$ifEdio ccll i6 fin l $.1. 13

cqul b "oD.'. l*o .yF. of $lulion3
b dn DEblo tr@ s.d. ft. nEt
elulion *s impl.rol.d *i$
.seddiis d. s)slm archilrdurc by
rddine a $t ol clesifieB rhin.d on
plt m h.lo4iig !o ri. p.iB of
cl'$s rfi.r prlduc.d rhc hillEr
.mbE of @llltids- TIE ffid
sl ro. w bt G oftte nort..tily
inp!. entrbl. mdhod!. as il d*s nor
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rcqun. rnuoh addnion.l raininS,
rh. so .rlled $.ked gemralizer

spkfRfugdmisr*enUstgcdfuhl

Tablo (7) exhibiis rhe rcsuhs rom
spealtr idenrifi $tion reiinA

'nininum 
nh.$ wirl d'e indiqated

ncps Figurc (?2)anduble ('rJ Duing
all rhe* e\Perimenk lhe cA
coniSumrlon rzs nable Rnh ihe
e&eplion of n$ber of neps as able
(3).

[]

0.837

Tol,r! (r): Roult! oflpa}.. itrifsrior ud id. inurim t6lirg ., l+
sp{I{eB.

10. \'oic! R.coBbitio! Model

We hsr fthtioned pEviousl),rhdi in
on*di .Nlon cellulr auonsr. the
number olrules h ti'nir.n. ftir gives
us rhc, illil! lo apply th6e oles snh
Presnrd paliems aithout ned b ux
senertu,lgorirhn. The prohtcm.rien
is wher illthcse rul.s d. ipplied md
rhe rul! with:uibble find$ des nor
appsr so ir \ras nse$art ro
reor n. ro rhe .uhber of cellutrr
auron,r I seps. This is do.e b)
uhane. Lho $.ps numbq lor nnmb€'
oltirlr d clecking de rcsuh eveo
on.e r male su@ Lhat we obrain !
sunab. rulo froo rhis rriat. we
exoni nl ,{99 cxr€rinrcnlr bqhmin8
iiom ll) cellul
,ops EeendinS io 500 ieps.
Fdllo\ ag is a plaMing figure t r
fiMl t..,eriher, vhich e\ptatn rhe
les ts! m3ximum 6rnes ad

Trble (8): ca coDiicumtiotr
rnfolmdoE tor hice Bogririo!



rible {e): Rd rlt or r, itriis vohr ru.ogn n'n
noderrnh rDcadrs00scp6.

I l. V.i.o Recogtrnbn Mod€l Tst
Tcn phise olv.ice Eoogtrition mod.l
1!is .i,ied .ui in ilt eme $eps
whirh \.E.arried our in rhe tai',ing
ph6e.ln the beginniog sre.ker voice
aE re.orded, analyzd lo exnad lhe
averaee pitch which *rs represented
by L\e liinrc vetor.nd pMe ed as
pafrcnr n rhe rule, obtaif,cd duriry ile
taini!,! phase and $orcd prcviodsly

io lne dabbe rith tle number oa
s@ps ol(500 6rcp, ud cla$ifi sion
..11. Tl. recognirion depended on rhe
final nft of thh €l : it i! is equals

"l' ih. speaker is male orheNise
remde EisE (21) '{r'e have tcsled
lO0 v4rots (50 nales, t0 lenale$
and rhe Muli is explai"ed in hble
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Trble (I0): Voie Rognlriotr Esl.tr 50 recloR o0l0 mtlee



sp*@nq+nldosrsLUsnAc!fuhl

heihod has n'fiicienc, qualificarion
rhE rill gi'e more po$ibilit! ro
inpoY.mftt of the odspi.g for rh.
nat S.nertion. llre have a ldk ar
&ble (4) md iable (5) we ctn cle,rly
scc rhar usirP rotrh.mont *ledioi
enhances rh. pcrlommce of our
s)$em &n r oEi mulete sheel
s.lection becaEc in roumamcn!
seleclio! Ere md rhe individuahwilh
dre hign6i fih6r h.ve highest
selection cc. o]r the olher hdd in
roulene rhel ea.h individu0l ir de
populdioi h6 a rcul.tre wh.cl slor
sia ii pop.nion to ib fihss.
llNe have, 1@k ar Iigure (14) we
c clea'Iy $e increasi4 the
popularioi stzc @n enhone ihe
p.Tforhancc ol our sy$cm This ir
done minly beBuse inc6in8 the
nunbe. of individual in th.
populaiion sia *iU givs usfie.bility
ro check p.rfomanoc lor a large
numb€r ol itrdividul in each
gener.rion, oD lo.di(ioi rha! $is
populdion sir *ill nor inci4e rh.
rime ol preesitrg ro lhe Ievel ihtrr
eafecl o! de number of Beneratio.s.
as we can se in fisme (lJ) bY
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Trhle (11): Voice F.ornirion ts1 o! 50 ydtoB of l0 renalB

12. Result Discusion ,nd

I" ordq Io ndy the !.rfo,roe of
rhe syrn during lh. pEviors si6
ol experiments, fi6t of all. w. .re
going ro discus smearhsofthe*

If wc lire a lftk a( ijigure (ll) R
.4 clearly *e ihar usins toor.
cocffi.i.trb of s la$re s.r c.n

hance $e p.dbm ce of our
systetr'. Tliis is niinly du. ro rhc Lcr
rhd by increaring rhe ord6 of de
.oefilic ts. E vocalhcl lsmodeled
mors r'icietril, rh. (larionshi,
bcsv.or rhe sy{emt ptrfoma&e d
the ordd .r thg trficient fi. r'oc,
t&r i rnodelc'l ncrg efi.i.n y. The
rElarionsl,ip bcnve$ ihe synem!
D.rtbmance and the older of lhe
fca&f. lot cad tut b€ linee, impjyire
thd dr perfonnancc ol our sr$en
mt rr i'npsre aier . Enain

In GA 10 achieve be$ rc$h we hu$
ch gc $m. op€rarots whatever
ndre. aLiqted in our solt. I1.
*lecrioi opector is ihe boulene.l for
OA oN itioi rhereas if the sdledior



inc@i.g ri. trmh.r ol g.lmtoi
\ e *ill obein bener otrsprnlg $m irs
pi.&t.s n s it rc! di. teE .E
liocar rclaiotrships betw..n fiem,
imDlyi[ an.r tr c.tuin ouhb.r of
sh.rarions, $e s.vs!.F r.nds Io h.ve

lr* kD* c1 d'. q6l. (7) trc 6i F
lhe pc ohhn.e ol so4ker
rtiaKr on sysm li, 14 spalt.s,
lho d. percentasc for coll&liDn of
ttu &ii..r a.ccptan.. is 38q,0 hd de
t rMbie for collenoi oa $e
corEct rejed n ,0%. so rhe
psiomine ol sp.dcr rtnfic{ion
s)$eh is 39% dc ricy. lli. s€cord
,.n oflh. kiin: lrll. in.rb it le
sra(cr id.nifieidr slsk *hqe
*. c6 *e dE r.suhs llso in e6l. (71

sldqi.@ibis!j.66iicdehl

sutfrci.nr to dimv6 $c M.r orrl s

Th. iirol6 raluF ltr
Dllrren.lc cld$ifEdrion ir the $.
re.63e pirch f6ruE. h G v.ry sful
in 

'i. 
dkdoinsrior proEs qhilc

pE\ious Esedch Bf.E only to

13. Prepdb tor F.t{E WoiL
I) Usin! fi. dkedy d.v.loped
inaGtur@ on 6 co'in.u siB
oi cxp.riftnts in od.. ro exPloE rh.
.trcd ol the lollosins on tne ,YsM I

I Thc lensd oleach lEmc,
I 'Ilc ov€Lpping olio in

2) Cdnbini!8 Cclrnhl Aur@& rB

rF*d @snnion n d.l .Id o$or
sD.lkd tude,ins te.hniqes, luch B
Ndrll Na*qts .!d v&ror
Omn$otioi ro ilnlledlnt th. r6k of

ll Fi.all', il *. s !, ro Ne a

sFA.r @Slirion !ys@ ii t dl
lif. o(mm.nq dtis inplieE 6.t r.
@ ncn Spira b us. lMPlc ,r.4h
@nlinar fDm . sp..ci d.6be
lhcn mly b. *. will nlve b d61 wilh
lh. FJsibL bsclErcund mi*, speah
.nh.!cm.il r*hniqucs hrvs b..n
piopos.d for r in ,F*.r
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