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Abstract. @gss¢:'v 1'm¢t‘“;re s bee'ow wely nsey for gak ™oyeleg
aty atalysgamy tPen al r{cb'ﬂ"‘:s gerenlly e'm*'BIOyed for &s w-
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l?ql ™ax @a of Ale Igel?ooy amy & er lags t0a ro7g resnlt &
iPe P berki)f €O ROTerts § POt PR TOR T tely get. Teeertly, t}]”e [oln
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rg o tbro“gb the Byese ™ Mgro-Ma rg (BNV) by e oy stop ergergn,
¢stay of ihe | ©ngly ngey ﬂ“’-}r‘terﬂt . t“id em™ongty, tey by iha
s b e & pergerts hy § onr BTOROsey TR . al gor‘tbm- ontp erform g
the orgeta | Ore on bot? ™oy el seleai@r g my e " eter ety b7
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1 Introdu tion

As a powelhy] stain tea] ool Causs@n gy Xle has been wilely used 10 tae
fies of 51 naJ P focessin agfl patieln leco mtion Tnfact gele a eady expt
seVela] s i tica] | ctadls for e Gaussin mXtle Sleln . such as te k
means @] olithy % ) afl e x xpeciation  Wexy, 1#ation (8 W 2] ol 2L
FoweVel e X W2l olitny canpotdete I 1ne e ¢ollect my, bel of Sauss s
1 e qpixule fora sapple daga set because e likelhodl 1o be m X 1
acwally & ncleasin function of e my Pel of Gaussiams  Woleoel a bad
itiali4a fion usually j) akes 1t tlapp « aga jocal m XUy - ag 5Qq et & e
E_Na] olithy, conVel es 1o tne boaflaty of e pala, ctelspace
onVentionaly, tne petndls of ;) dlel selection ot Gaussimn ) xtule se.
detely1nin @ best may, bet b of Gauss@ns fof a saple data set ale based
on celfain selection ¢hitela such as Akakes I ololyation Ttelion (AT ) * .
B wes@nl ooty ation hiel@ gl ) O, af  Mopuy  Mssa elen 0 (MN)

c¢litelion FoweVel fhese ¢litela pave celtain Iy, 19 tions afl often lead toa
wlon lesuld
[

orrege o Pga uilor.
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R ccently. with tnedevelgey ent of theg avesian Yin Yan VYY) haly o
JeaInin sYstey a,r,d theoly 7IE, thelepave gy el A a pew kifl of leatnin a] o
iy s on e Gaussny Xt le y dlehn basd on te ) axy, 18
ton of tne hal, oy by nction. whh © eeu1Valent to taeg YV haly oy Jealnin
on¢eltain ke 1tec b Tes of theg YV Jealnin syste, lela wd {0 e Gaussiany X
wle, dlel These lealnin &l olitays can au tgy 2teally detel) 10e e oy, bel
of Qaussiams fol e sayple daja setdyng palaetel Jealnin. _NoleoVel we
successes of fnese al oty s alsoshow 1t fne haly o hunction ¢an bese 1ved
as aq efficient ¢itelion of m dlelselection on Gaussian m Xt le
Althor h teseg VY haly o Jealnin a] olityys ale quite efficient fo! e
Gaussian gy Xt le ) dlelin | especially on au tqpawd ) dlelselection. ey need
an assuy on @t e myp belk of Sauss@ms 10 theq X leshor® besh by
Jal el fan e the myy bel B* of Saussians 1n wesaypledat Tnfacy { &k »
sm@llel ol toopuch 12l el han k™, they jn & conVel e toa Wlon lesuld n tne
otnelpadl, 14msula d‘lfﬁCU._]tp Ioblg), %o esty, ate & leasonable uppel boa 1
of & with a2 sapple dat@ sed  ne possible way 4o oVelegpe s dufficuly ©
to ntidluce we sp it agl mel e gelation ol cqppeutiVe p echansy, 1nto e
E_Wal ohithy, toake ey dlelselectiondy nay, wally B2L Fowevel he MW
m SAelselection ¢ iteionused 1nsuch a cgppetitie X N( £ W al ol 1 not
Vely efficient fo! the Selselection on Ceduss 1#n ., X le
Intas papel weplgpose a new X_Nal olithy; Whieh stll Wolks 1n @ split
afl jet e dle usin taeg YV haly oy ¢htelion 1€, ey axXyy 1% tion of
tne nal, oy function @ @ stge ¢htelion The smulation expely, ents d ¢n on
stlate nat oalplgposedd £ Wal oty oapelolys te ol 1na]l £ Wal o
Ly, on botn p dlel selection arfl pata etel es iy ation

2 The _NIA]gorIthm for Gausslan _ Mixtures

We comflel the followin Gaussin gy xiale ) olel

K K
p(a|Ok) = > aipl(al0i) = > aipla|pi, ), a
i=1

i=1

whele k 5 iy Pelof ¢qnponents 10 ey Xt le, a;(> 0) ale they Xin  lgp ol
tioms of cqnponent satslyin Y5 a1 afl caen cqpponentdemsiv p(z|6;)
5 2 Gaussiwnp lobaby demiv function 1ven by,

e
~—

bl S ), (
2

x|0;) — p(alp, Xi) — 1
p(x]0:;) — p(z|p (977) ‘Ez|é

whele p; 5 the ean Veciol! afl ¥ 5 te coValmnce m VX Whieh 1 3631.1med
positVe defintte Folelaliy, we Jet Oy be te collection of 2l e palaetels 1n
ﬁlemlxtl Iev, 1@, Qk - (9i7 Tt 79k7a17 T 7ak;‘
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Given aset of N aad sapples, X — {z 3. te o Tikeln od! funetion for
the Gaussn ) X le ) dlel s exp lessed as Lollows,

Jo p(X[|Ok)~ lo Hp z¢|Ok) — Z]o Zalp x¢(0:), ()
t=1 i=1

whih ¢an De ) axyy, 1w {0 eta _Wexpun L kel odl (W) estyate o O Via
tne followin £_WaJ oltny,

N
ZP il )i - thp \xt/ZP i|zt) (4>

=1

N
S Pl — i e — i S Pl ()
t=1 t=1

whele P(i|zy) — a;p(x¢]0;)/ Zle a;p(r¢]0;) ale tae posteliolp lobabilites
Althor h the E_Na] oltny, ¢annaVesqpe odl conVel ence P lopelhies, 1%
cleally has no abihy todetely 1ne the spp Iop Tate myy bel of the cquponents
forasa pledataset because 183 s on te y axy, 1% 00 of tne hikeln odl
function Tn ofel 4o oVelegpe s difficul v, we will use tneg YV haly o
funetion 105 kead of the likeln od! function fot ont Caussian ) X le Jealnina

3BYY eaming gysten and Hammony \Fun ton

Tnag YV Jealpin systey, . each oselVationz € X C R afl 1% C‘ol'l'esporfim

1nnel Iep lesent@tion y € ¥ C R™ alke desenbd wity two tvpes ofg ayesian
decqumasttion p(e,y) — p(@)p(ylz) adl q(z,y) — a(y)a(zly). whren ate called
gy Yan adl Yin g achine. lespectVelk aVenadaw@sei D, — {x1, -, 2,}
{19, theYan olobselMatonspace, e @sk of Jealnin onag YV syste, Conss
o 5P eedyin all we aspect o p(y|z).p().q(zly).q(y) Wik & haly o Jealnin

phneple pplepentd by axy 1mn e faoction

Hp | q,-'/ (ylz)p(x) 1n q(x]y)q(y) dady. (N

Fol the Gauss@n gy xile ; dlel we Jevy be Jjy16d 40 be an 1nke e Valable
y—{1, -k} € Radl uihze welollowin specicng ] Alkpitectnle of fheg VY

SY8 .-

N
1 )
p(z) = polx) — Y G —a)- ply—ile) — ciq(x|:)/q(z|O%)- 7 (7)

t=1

k k
q(@|Ok) Y aiq(@l0:)- 7 aly)—qly—i)— i >0-7 Y ai—1, ()
1=1

i=1
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whele G(-) 1 & kelnel function afl g(zly — i) — q(z|6;) 5 & Gaussandens1¥
fynction Tn s akpitectnle, ¢(y) s 2 flee plobabliy function q(zly) © 2
Gaussian Qensiy, adl plylz) s comsiesd T1g, q(y) adl ¢(zly) udler te
B &esian Jaw
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ForeukconVel ence.dutin eachsta eof heal o Lihm . hecqpponent With
a X0 plopoltiona; Pein Jess thana tespof € > 0 wyl] bed gead f1ﬁqn
fne Gaussin g i led lectlx Wit such @ ¢qpp onent 2nnin 118 t1on y e€hansy, .
thea] olithy, ¢apnescapea Jotof Cqnpu t*ton afl conel ¢ to thesol tony ole
tap {1 1

Wity )] thep lepalations, We ¢ansu,p, 2hde the £_Nal oliny, {of Gauss@n
mxtles Wity tneg YV naly o ¢hielion as follows

Step 1: I mitahi#@tion Select b adl set he mtid] pala, etels O as Mffiqn g
aspossible Adl setl—Q

Step 2: Ipley ent the (conVentional) £ Mal olithy afl et e newpala, e
tels as Op(l) of the Gauss@n,y xile

Step 3: I pley ent e Sphis agfl mel e gelatons on e esiy aid cqnp o
neas of e ‘taubsﬂnm i le with Ox(1) afl obtain the the newpa

g etels O (1) agl 1 (1) T1gy tne pele afl split geelations,

lesp ec f1Velx

Step 4: anpu Ace(M)— J(O),_ (1)) — J(Or(1)y T§ Ace(M) > 0, accep & tne
mel e qaelanon,update e et atd xute by 0, (1), afl o to
Stqz ~ helwse, otovtqa N

Step 5:  qppute Acc(S) — J(O) (1)) — J(Or(1)} T Acc(S) > 0, accep t e
split qoem‘uon, wpdate e estyyawd | xule by O (D). afl o0
St 'l welwse sig the a) olitny, afl et e paly e’ of we
Gaussian g Xt le

Step 6:R ¢y, oVe the cqnponents Whose jy Xin  lgp oltions ale Jowel fhan e
pledefind tleshol e >,0 Wit the lon 21 palay etels afl & Jet
- 1+1afl oS X%

Jeally tasp lop sd x wal o L 106 leases e haly o hunction on each
st eadl Teacy 16 m & myiy a4t el The m Xy 144 100 o thena h o b1 n¢tion
as well as the K_Mal olithy, walapntee the new K _Nal olithy, ¢an Jead {0 a

od! Tesult on botn m Selselection adl pala, etel esfyy ation {oT the Qaussian
m Xt le Sleln with sanple data set when will be dem omtaid by e
Sulation expely, ents 1n the nextsection

v xperm dital Results

I'n as section, sqp espulation expely, ents wele corfluctd todemons tlate fhe
petfol ance of thepigposedd £ Wal ol witag YV haly o’ ¢hitelion A¢
wally, thep Igp wd  x ma olityy, Was 1 pl qnentéi on twod1felentsy ntnete
data sets. cacn of whn contarndd 2000 sdpples _NoleoVel theplgp asd £ W
a] olitay, Was cqppald Wit the ol @] £ Wal oty

The fils tsamp‘]edaﬁ sel Cons‘rsted ol seVen Suassians As shown 10 e Jelt
subg ule of Fial, thep 1qo osed X _Nal olithy, was 1kahad wig k- fan
the pala etels obtﬁmed " fae km eans a] olitng, Altelsqye 1teliions, as
shown 1n the m fidje su bﬁ ule of F1.1, one 1n1ta) cqnp onent wWas sp it 1nto
two Qaussiams b the a] olithyy Sucn & split p locess contimed wnwl 2]l the
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awlon lesulton Potn g S elselection adl pala, eteles iy, ationatjass Thete
fole, 1 tplgposedd X _Wal olityy, ¢an orwelol, the ol 3] £ _Nal olity,
on bota Selselection adl pala, etel es iy, ation 1n Celiain Cases

6 Con lusions

WenaveinVest akd thecgypettel Nal ol {lg, the View of theg ayesian
Yin Yan §VYV)hal) o lealmn adlpigpoda _neW E_Nal olihyy Wit tae
BYY hal, o ¢hitelion ?fnep I osed cgnpeutVe £_Nal olitny, ¢an au g, 2t
wally deteet ne collect My bel of Gaussiams fora sanpl ledatasctadl obtaina
od! estyy ation of hepatay etels fof e Causs@ny, xtuley, Helin tloa h 2
sehies of nesplivadd ) el e gpelations on tne ety atd Gaussiams ob@ind {19,
theL_Nal ol [t d €n oS tatd well by e smulationexpelp, ents thattae
plposd £ Wal ol canachieVea bettelsol tionfo! the Gdussin, X le
m SHelin onbot m Selselec tion adl pala, eteles §yy ationonasay,p Jedatases

l%ow]edgem ants
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