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The problem of change point detection arises often in different applications connected with time series analysis,
financial mathematics, image processing etc. Sequential methods include a special stopping rule that determines a
stopping time. Due to a special stopping rule, we construct statistics with variances bounded from above by a known
constant. Consequently, we can estimate non-asymptotically the probabilities of false alarm and delay, but we also
investigate asymptotic properties of the statistics.

We consider scalar autoregressive process AR(p)/ARCH(q) specified by the equation
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Here {£,},., —1is a sequence of independent identically distributed random variables with zero mean and unit variance.

The density distribution function f; (x) of {&,};s, is strictly positive for any value of x . Parameters A=[A,,..., &,] and

A=[ay,..., a,] are supposed to be unknown.

Since the noise variance of the observed process is unbounded from above, we transform the model; hence, we
obtain a model with the noise variance bounded from above by an unknown constant. For parameter estimation of the
process, we construct a special factor I', at the interval [0,n+s], where s=max{q,p}, to compensate the influence of the
unknown constant. Then, we estimate autoregressive parameters by using this factor in the frame of sequential

procedure. We introduce a stopping time t(H ) depending on the positive parameter A and construct a weighted least-

squares sequential estimator on the interval [#+1,t]. Due to the stopping time and the weights, the standard deviation of
the estimator is bounded from above by a known constant, which is inversely proportional to H. Also we prove a variant
of vector central-limit martingale theorem, which allows investigating asymptotic properties of the estimator.

Suppose that after a certain instant 8, parameter vectors (A, A) change their values from (Ao, Ag) to (A1, Ay), and

lAc— Ai|*>A. We construct a series of sequential estimation plans (r[,A[ ), where {t;} is the increasing sequence of

the stopping instances (tp=—1), and f\i is the guaranteed parameter estimator on the interval [t,-;+1,7;]. Then we choose
an integer / >1 and associate the statistic J; with the i—th interval for all i >1

Ji= ([\l —/A\[_[ )T ([\l _Al—l) :

This statistic is the squared deviation of the estimators with numbers i and i—/. The proposed statistics change their
expectation after a change point. That allows us to construct the following change-point detection algorithm. The J;
values are compared with a certain threshold 8. The change point is considered to be detected when the value of the
statistic exceeds .

The probabilities of false alarm P, and the probability of delay P; in any observation cycle [1,.;+1,1;] are
important characteristics of any change point detection procedure. Due to the application of the guaranteed parameter
estimators in the statistics, we can obtain the upper bounds for these probabilities

4(H+p—1) p< 4(H+p—1)
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Asymptotic properties of the estimators let us establish the following asymptotic upper bounds of the error probabilities.
For ergodic AR(p)/ARCH(q) process and for sufficiently large H we obtain the inequalities
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We conducted numerical simulation of the proposed estimation and change point detection algorithms for
AR(p)/ARCH(q) process. For the estimator, the mean number of the observations increases linearly by H. This property
is important for sequential estimators. The sample mean-square error of the estimation is about three times less than the
theoretical one. One can see that when the difference between the parameters is sufficiently large then the sample error
probabilities are much less than their theoretical upper bounds. Moreover, generally no false alarms and skipping the
change point were registered. The results of numerical simulation prove the possibility to use the proposed algorithm
used for change point detection of recurrent processes with unknown noise variance. However, the algorithms should be
improved through more accurate compensation of the noise variance.
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PaccMOTpuM OTKpPBITYIO CETh MaccoBOTO OOCITY>KHBAaHUS C OZHOTHUIIHBIMHU 3asBKaMH, OOINEE YHCIO KOTOPBIX
orpanuueHo. Ilycts S;, i = I,n — CMO, Mexay KOTOPBIMH LIUPKYIUPYIOT 3adBKU, S, — BHewmH:s cpena. Kapas

i

n
3as1BKa BXOJIHOTO ITOTOKA HE3aBUCHUMO OT JIPYTHX C BEPOATHOCTBIO p,; Hampasisercs B i-10 CMO, j = [ g, Z poi =1.

i=1
HPGHHOJ'IO)KI/IM, 4TO cucTEMa S ;i AMECT m; JIMHUT O6CJ'Iy)KI/IBaHI/IH, KaxKaas u3 KOTOPbIX O6CJ'Iy)KI/IBaeT 3asABKH I10
IMIOKa3aTCJIbHOMY 3aKOHY C HMHTCHCHUBHOCTBIO (U, i= 1,7 . B CUCTCMY IOCTyNnacT HpOCTeﬁHIHﬁ IIOTOK 3as4BOK C
HHTCHCHUBHOCTEIO A . 3aHBKa, 3aBepHIaronias O6CJ'Iy)KI/IBaHI/Ie B CUCTCEMC Si , MTHOBCHHO HC3aBUCHUMO OT APYTUX 3asABOK
n
C BCPOATHOCTBIO Pij > j= 1,7 , IEPEXOAUT B CUCTCMY Sj WK C BEPOATHOCTBIO p ;o IHOKHAACT CCTb, ZPU =1 .
j=0

Matpuupl  BeposTHOCTEH  mepexonos P = | pj;

COOTBETCTBYIOIIEH HENPUBOJUMON MAPKOBCKOM LIETIH.
Bynem cumtath, 4TOo OOIIce YMCIO 3asiBOK B PacCMATPUBACMOW OTKPHITOM CETH OrpaHWYCHO KOHCTaHTOH K.
CocTosTHHE CETH ONPEENIETCS] BEKTOPOM

,0 < pij <1, SIBIIAKOTCA CTOXaCTHYCCKUMU MaTpuliaMu,

k(@) = (ky (0, k5 (1),eees e, (1)) (1)
e k;(f)— 9MCIIO 3asBOK B CUCTEME S; B MOMEHT BPEMEHHU /, i = 1,7 .
[IpoBenen acuMNITOTHYECKU aHAIN3 MapKOBCKOTo rporecca (1) mpu 60IbI10M, HO OrpandeHHOM YHCIIE 3asBOK.

Hycts @;,a; , fBjj — yclnoBHBIC BEPOSTHOCTH COOBITHH, onpeneneHubie B [1], i, j = 1,n.

Uro0BI HATH pacnpeieTICHIe BEPOSTHOCTEH CITyJaifHOTO BEKTOpa k(?) paccMaTpUBAETCs BEKTOP

k k k k
xX()=(x7(), x3(t)se, x,, (1)) = [%j = [ ]K(t) R ;(t) yeues ,};t)]

1
I[OKaBaHO, YTO INUIOTHOCTb pacHpeACiICHUSA BCKTOpPA (1) C TOYHOCTBIO JO 0(—2 YAOBJICTBOPACT YPAaBHCHHUIO

Konmoroposa-®okkepa-Ilnanka:

P < 0, P
a Z{;axi (A,(x,t)p(x,t))+Zijzzlo—aXixj (Bjj (x.0p(x.1)), tne
AO(XJ)ZZﬂjgj(xjsf)(ﬂ()j—5j)+/1(1—2x,-)(1—¢)0),i=ﬂ 2

J=0 i=0
Ai(x=t)=Zﬂjgj(xjst)(ﬂij_5j)+2/1j€j(xj,t)(aj—5].),1‘:],_,1, 3)
Jj=0 j—0

riae 6;; — cumBon Kpouexepa, ¢ (xj,0)=min(x ; (£),m),i = I,_n
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