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ABRSTRALT

The protlem of estimating the unknown

function miblmom peoint 1s considered in the
function  walues are

situatlon whore

measured at seome polbote  with  rapdom

dependant (or  independent) errors, The
difference f[rom the ordinary stochastic
approximation i= in the Eact that
measurement -polnte are chosen with additive
rapdoi measurable nojmes - probing noiees,
The probability one and mean  square
convergence ls proved by the assumption of
the probing and moature noleas
indeprndence. The method may be umed for
enlving the problem of the spotting signal

with dependent noises.

1.INTRODUCTION

let £ (@)@ - R, @@ be a family ot

1 H
unkbiown Functiones, TeIcR ha randan

parameter with the distribution Pr arwi mean

value I. The function #£(0)=f (8] is

€
vensidered. lLet {6} has the unique minimum

beint 4, in 8.

We rconaider the faollowing prodalem:
. L]

astimate g From glven meazuremants

E

yn=ftlfrnj+5n,n=1,2,..., where polnks E

are generatod by some random source, fEnJ
are unmeasurable noi=zes, ;tn} are randon
with the ldentical distrikuticn F_.

The difference from the olassical
framrwork of the =stochastic approwimation
is , at firet, in the [aet that pointa fx }
estimates

Aoezn t coincide only with

grierated by the algocltho, at  seoond,
usually the minimum fixed function f{a)
point  estimating  problem ies  considered
f1-6}., There area many eolved problems of
the gtochastio approximation mathods
convergenoce |, but almost all of them is
constdered cAses where meanure noises £ 1
are independent or nay be hold propertlies
of "wrong perturbation®.

This paper ie devoted to the general
alyorithm of the stocﬁastic approximation

with additive neizes. Ik was

probing
proposed and investigated by Polyak and
Tsybakov (4] at the cases of jindependent
measure nolses and Lixed function Fre} and
by Ehe autheor of thiz paper in [5,6] at
partirular cases with dependent weszure
helses. In this paper more. general proklem
ie considered. The investigated functions
dependence on the unknown paramster T is

additional practical

promised te get



lore P, iz the projection operator on 4,
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9 i= a  urrent approximatieon to 8,
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Theorem. Lel tha conditions 1-5

for a Lamily of function= F (+) haold, fi=2,

measutre noises {F{n} : I:Eﬁ:f;r.lz, for all [ifed

n (n and Ei.,‘,,En,t!,,.,.T.“ AYEe
Iindependent. Then
(a) Efle -6, " <o,

and B ——8, as n—uw wilth probability one.
Kutws, conditions (2)-{3) for Functiona

¢ ¢-), 0 {+) hold, for example, for f[unctions
n "
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whare the vector—-function KiZ)} is

determined by octhogonal Lepeulye’ 8

polynoms pjf'). J=0,1,...,8 [2.4]
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and i, n=1,2,.,. r arciom

N

independant

uniformly H

distributed an [=1/2,0.,2]
vectors.

Proof. Since for the sufficiently large
n 8.8 then by the projection property we

hawve
IEn g.sle e*—ynw“rgnjl
Applying the: donditienal expectation of both

sidee of glven Sn. -e..9 | wWe have
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Consider the second item in the right hand
[*). Bilnwe En and {“ are independent then

according to conditions {3y={3} for

¢} and property 1 of a functlons
n "

ft(vj Family we have



and E;len—a*l"jn‘ﬁ"”“-:m.

—2(e -0, LE(y ¥ (3 6,.....8 }) =
Ccongider the random seguence {V"J
=2¢ ® n_]—u*.fl{f_:;an_l-r¢n(zjj L N CIUUDRL- I =
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according te famous Doghs theorem [7] It

But

e follows that for =some w v, am h—aa
- a g . .
en'®la_-e,1 2 K2 sqeen e g |® . o

-l n-l with probability ohe. For the seguence {7 j:

Lor any E,v»?. Acoording to propert 4 of & .
g ¥ -n“=|gn—ﬂ*|£—-pn from [1u) we alsa have

Eamily of runctions fEf-_j we find
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]
EfIE“—B_l |Hu“--.'5'“_1} = © Rince E(nn—l‘nnlj.}—m then from Doob's theorem
(19) g-1 [7] it foilows that 3 —w, as n—= Wilh
R ik} "
E -1 ]
g R iT(I-4C N +(Sc2+1£11 i [ M, probabillty one. Since [F{IGr—S*Iz}—aO -
n—sm Wwe wobtain 18 =9, |—d as n—we wWith
where n
probabllity one.
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wample wa conaider the blem of
Haw apply the ancdnditional expectation For e e pre

from both mides of (10} we find the spotting signal with dependent nolses: a

mean value of the random seguencea (T } iz tn

1
; H=
Ef|5 _9.|£; = F{le -8 |2}r1_5[3 nfiee n i o discovered From dlven measeremente
n h-1 * I T !
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c =18 +507 426470 )¢ +1L*{:’&"r::n“ﬂc v where the signal {f } is the sequence of che

W B ¥
randem measurabhle independent and uniformly
From the lemma on numerjcal eeguences ([3], digtribwted on [-1/2,1/73] wvalues, {v_ 1 are
ch.?, Lemma 3) it follows that “measutremsnt noises, i;n and v are
™

niin —EI*IE}—M‘J a3 h——3a independent, frhj Tandom tdentically



capabilities of the cvonzidersd algorithm.
For sxampla, wWa may congider the asomebody
internal structure investigatlon prablem by
tesking series of some impulses. In =ome
hehaviar of the:

cages the rasulting

detectaor is decermined net anky by
structure of the body, probing series of
Impulzes and measure neises, but by some
probability characteristice of the Thody
hehavior.

The lazt part of the paper deals with
the problem of the spotting signal with

canal iz

holses. The measure

dependent
dezcribed hy the linear model with additive
nolses, The Algorithm of the steochastic
approximation with additive probing nolses
iz u=zed for constructing estimates of the
signal unknown paramater. The almost sure

and Weans sgQuars CORYergence 12 prowvied,

2.PROBLEM STATEHENT

7

Lot rrfﬂj:ﬁ'--ﬂﬂ . @R be A family of

nonllnear functlens, X X ... be

1 F4
mrasurement polnts, n=I,2,... time =erien,

ancd
L

ke resultz of wmeasurlng f'_IT (-1 at these

L]

pointe contalning the random noise En, frnJ
be Lhe sequence of random wectors with the
ldentical distribution Pr alel mean walue T,

T_ETcR“, T - sowe seb.

Lat us formulate the maln azsumptions.
1. For all 1T the function £ (Blec’ is
the ! times differentiakle functlon witkh

f-th derivative esatiafying on o the

Hpeldar’s conditions with vonstant @, oowsid

!l n ™ B
eI E‘EEF'” £ (a)z-a)"|su|z-8|",
Iml=
where g=f+o, m={m1,...,m%jemu, m =0, u“=uif...
L.} n
_ Mo fmb_ ;b 1 ]
u—fu],..,,uu}em Y L /Hui...ﬂuﬂ.

2. The fupstian I{@)=f _(8) [I=Et} has
L8

unique minimom in 8<8° at the lnternal point

+] where B 18 the convex closed kounded

wr
st for amome A= ¥ Aed dixE{8, o687 J3A.

3. For all Sefd

-4
l(u BI,Uft{S))dPrtﬁlﬂ—S.i.
4. For all points  e¢®, TuT

iP££6) — VE_(8, J<AIB-8,1.

5. For all ©eT |F_(8,}IsB, |vf (6, )1=.

Hare and further &n 1xi denotas the
Euclidean norm, and ¢+,¢) = inner produckt,
amd A.B,C,L,o.8,(A»x) are gsome positive
canstants.

The minimum function f{§} point g, 1s
te he estimated Erom given measurements ¥,

n=i, a2, ...

3. MAIN RESULT

ir ol
Lt [ﬂnj. (n EELRT, w=1,2,... be rapdom,

indapendent fon each other) and ildentlically

distributed [i.i.d.}) vectorz wikhh  the
distribution PQ on £,
‘Tha following recursive algorithwm is
proposed:
ﬂl:l=b' xn=En_1+¢n{cn_,'l !
{1} Bn= Efﬂn_l—}'nﬁ'“{cnjj,

¥ =F(x )L



distributed on =gegment (T ,T ] values with then the type of algorithm (12) 1 similar

the distributlen F and mean valus T, £, and tao (1}.The point T i= the function
T are indeperdent. If =0 then the =zlanal f{sj=ff{e) mloimum. The convergence rate of
is abksent, otherwise the signal 1s present. algorithm {13) is Cl{n_':ﬂ'”'rﬂj,
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