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a aa PY a a a
with the estmit n 4 the Miumelers.” ne P ssif el @ Ishist sh sel best ™ oy,
the AKl1ke's inf,mylt1 n sutery n ]EI 11ls exlensi ns. BY{ the B sess FevliBifing |
s1ifen n ms Vs | ]3! ges m#u nll s st sips e We Neclt 1ePelt the entite W timaler
Telning W sess It mper £ ‘lffc&d‘lla\/‘,’ucﬁ fk. a a a a
Pr P sed 1995 a A9 systanitsliy deve wed n Mst ye s, 35 Biyeiin

Ying Ying (ByY) hldﬁ‘n ny | o myng Iets Is | genedy, sttisd] Iﬁlmmg filmew 1k
nt oy f1 ugdelstln‘mg seVerll gxisting gﬂ] Ildmlgg ‘PPIJ'hcé WM ls f1
tsking thelgfmpg W W em ywith | new, o ming mehimsm thit mikes m dg se
Tet g 1M mj l]i‘],’y dlung apl gmctcx Tl ming.,n the £1] wing, we m® enent this,
mehimsm, n | -4t nl) Inhugtuu-a(BH whitesre) £ the BYY system vil |
gildient ] dming et s!Vethe®IVssin mixtMrem ddring ® o an.

2. Gradient learning rule

a a a
A BY\% systamn dass 11lbes dath bserviti n xE€XC Ry indits ¢ 11e® n®ng nnet
teBesentiti n y €% C R™ Vil athe W tyPes f Blyesiin des mp sit g f&hc_] nt
depsity p(x,y)  p(x)p(ylx) Ind q(x,y)  q(x[y)q(y), ®eng sli ed Ying ipd Ying
mjshine, 1@PBstivdy. 1n this W Ber, y 1s gy jipited t be In mteer,Vinly ¢ 1e,
ve® {1, ... k}CRwithm 1.€&Ven) du gt D; {x;}V, thetisk o mng
n i :?Yé( systan & nsists f sWe1fying ] the IsPats £ p(ylx), p(x),q(x]y).9(»)
with [ him ny] e ming Buns1® e m P en ented by mjxmi ng the Anet1 nlf

H(pllg) / PP (x| )a(r) o by —1nz, (1)

a a a a a
whete z, 15 | 1g%in it n tgm. The detits l1e Iefclkcdal ’3 a
¥ o th p(ylx) Indg(x|y) l1c Mimetns, 1ey fr m | fmyy" £ o olbyigy densities
with | Mimelar 6 € R?, the aBYYasystcm 1selledt hive | B direati nlj Awhite-
t”rca(B[-A whites tV1e). F 1 @/ Yss1in mixtY1e m dg)ing, we usac the £11 wing sPeifis
B[ whites Ve f the BQ(Y systan. g(j) o; with o; = 0 [nd Zf p o LAs
We 12N Ie lhc I&'u,"n It n tem Z4 (l.e, sel Zq 1) Ind,' el p(x) be th% cITlPlIl“,’
density po(x) (1/N) Zivl O(x —xi),owhetex€Z  R".M 1e Ve, the B whitesre
1s ¢ nsti¥sted with the £17 wing M umetns £ m.

?

k \
qx[0x) > oq(x0)), ()

il

o;q(x[0;)

(v Jjx) FETRE

a aa a
whete g(x|0;) q(x|y j) with 0; ¢ nsistng £ 111 1ts Wi etess ind O {o;,,(),}f -
SUstiting these s M P nent densities mt Eq. (1), we hive

Loy %966
H(pllg) J(On) + — =10 oyq(x]0;) . (3
' N ;; Zfi 1 aiq(x:[0;) ’ j}
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a
Thit1s, H(pl|q) bes mcsala hlalm gy 'nsti n J(O;) h ﬂgc Haﬂa}ngtcls O, Flaﬁnltc
mixtUre m d¢, wheh wis, ngnlily ntr ®scd n Is J(k) Ind devg wed 1nt
thig £ ’3 Using Is | sée8ti n snuten n f the n¥mber k. Letting g(x|0;) e |
@ Vssiin density g1ven by

2

2 _ Ty—
q(x|9j) q(X\mj,Zj) «)’l/—wc (1 Yoe—m)' 7 (- m,) ()

whete m; % the mdn Vel 1 IndZ 1s the s Vi nlmcmhnx I%doc eﬁf/z
Frj 1, , ... kgwith —co <fi, ..., fr < + o0. By the %cnvlu\’@s fJ(O) Wllh
1Pt t f, mj Inde, we hiVe thc 11 wing gddlcnt’dmmg Ve

k N
N3 DD M) Uik )0y — ) )
i1t 1
o N
Amp 02 > hGROUGR)ZT o= m)), (6
t 1
AZ; nkthxt)Umx,)Z Cx = mj)or = my)" = f 7, ()

thI e

k
UGil) Y (8 — p(rlx))inong(x6,) + 1
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a a a aa a aa
IVgilge 11 1 between the estmited Wimeters ind the ti"e W imeters bang | ess
thin 0.1. a a a aa
Flithem 1e ye tested the g1l #ent] of ming, 1 ¢ £ 18/ Ystenng ns mesimp e il
sels 1n whieh edsh o/ Uster 15 n 1 sUbjest 131 @Yssun. The xPerment 1es™ {s hl\éc
sh wn thjt thes et nVnber o Usters oin besti] detested when th se o/ Usters sin
beseMiltedinghe smilt dgreels Ib Ve Als , Under the Bunsi® e £ the m/xim¥m
P stery n M bl iy p(jlx) £ th§ ¢ WVerged Wimelars @y, the o/ Ustanng res™1 1s
genelllyds g dis thek-melns /g gthm withk k. M wever, when tw  1m 1e
o/ Usters Jze ) ned t gether [1kg 1ns ol the g1l dent ] ming M e ein ny find Y
the seM 1l ted o/ Ustets 1 the simP e §1 sel.

4. Conclusions

The ﬁ]l mlzt p € s¢esti n feﬁutc f BaYY glalm ny | dammg hlas been €am n-
stilted n (rulassﬂn mxire m da11ng w1t£11 B whtesre fthe aBYY system, In
hgp .fthegy dient ] o myng, ™ e dchcdal nimber f exBenmgnts hive dan nstilted
thitls! ng s the ch pip ngathcﬁlussﬂns 1 ¢/ Usters 1n la‘lg sel1sn tl, se
n Ys, the ntmber f@IYssipssin bes 111y detested /Y mitely #ung | o ming,
wyhlg detmiup n Wimees f esh@lYssiine mp nent density, &ven n
iU set £l smlj] simpest e
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