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Summary. The work is devoted to solving im-
portant scientific and technical problems of formation of
the optimal method of mean-square linear extrapolation
implementations of vector random sequences of any
number of known values used for the forecast. The result-
ing method, in contrast to existing solutions prediction
problem, take full account of a priori information about
the target sequence for each component.

Forecast model is synthesized based on the linear
vector of the canonical decomposition of the random se-
quences. The formula for determining the mean square
error of extrapolation, which allows us to estimate the
accuracy of solving the problem of the prediction by the
proposed method for some fixed number of known values
and components of the vector sequence. The paper also
shows a block-diagram of an algorithm for determining
the parameters of the proposed method.

The method of extrapolation, as well as vector ca-
nonical decomposition, put in its basis, does not impose
any significant restrictions on the class of projected ran-
dom sequences (Markov, stationary, scalar, monotony,
etc.). Given the recurrent nature of the calculation of es-
timates of future values of the target sequence method is
quite simple computationally.

Since most of the physical, technical, economic or
other real processes are stochastic, the proposed method
has the wide range of applications in solving problems of
governance in various fields of science and technology:
predictive control of the reliability of technical devices,
medical diagnostics, radar, control of technological ob-
jects and so on.

Key words: vector random sequences, linear canoni-
cal decomposition algorithm extrapolation.

STATEMENT OF THE PROBLEM

The solution of many actual scientific and technical
problems associated with the use of algorithms and ex-
trapolating devices, which are known ie observable part
of the process make it possible to estimate the unknown
inaccessible part of it. In particular extrapolating algo-
rithms used in automatic control systems and objects iner-

tial systems with delay. Exceptionally widely spread algo-
rithm linear prediction vocoders used in modern digital
communication systems, in the compressed audio and
video signal [1]. It is also widely used predictive algo-
rithms based on neural networks, Kalman-Bucy filter,
group method of data and some others [2-16]. However,
despite this diversity, the need for high-speed, robust and
highly accurate algorithms and devices of the forecast
continues to be relevant in the present and in the future.

ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS

Assume that the random vector sequence
{Y} = {Xy(i)--Xp (1)--Xp (i)} in the study a number of

points t;,i=1,1 given full matrix functions M [Xh (|)]
h=1H, M[ X, (v)X, ()],

A,h=1H . Itis necessary to synthesize a method of pre-

i=11; vi=11,

dicting the future values of a random sequence {Y} of

known valuesx, (i), i=1k, k<1,h=LH, which are
obtained by measuring the target sequence on the obser-
vation interval [t...t,].

OBJECTIVE OF RESEARCH

Method, in contrast to existing solutions prediction
problem, take full account of a priori information about
the target sequence for each component.

MAIN MATERIAL

The most universal method in terms of the re-
strictions that are imposed on the predicted sequences is
the algorithm of extrapolation [17]:

M[X,(i)] k=0, i=11,
mi® (i) = 4 m® rk’1)(i)+[xrk(k)—mﬁk“ """ rk’”(g)}x(l)
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In the expression (1) r,, ;zzl,_k - number of compo-
nents in the section t, . The parameters of the algorithm
(1) are elements of the canonical decomposition'
X, (i)=M[X, }+ZZVW¢$ i
P} )
h=L1H,i=11.
Relations for their definitions are of the form:

VO =X, (1)-M[X, (i)],

V=X, (1) =M X, ()] >

ZVV )

=1

<

_| M’

DY [0 (i)] . @)

¢hv)()—

MV (X, ()-M X, (i)])

h:1,H, A=1h, v,i=11.
Expression (1) in the framework described in the
canonical decomposition (2) the probability linear rela-

tions of sequence { } allows to get the best result in the

()

mean-square values of extrapolation
%, (i), i=k+11, h=1H. However, the full properties

of the target sequence { } in (2) takes into account only

Xy} (for {X

the formula (2) of interrelation communication {Xh}

for component { n}, h<H it is not used in

with {X,;}, j=1H—h) and, thus, only this component

results extrapolation algorithm (1) can be considered
strictly optimal for the available capacity of a priori in-
formation about the investigated vector random sequence.
For other component characteristics estimation accuracy
(1) can be improved by increasing the amount of a priori
information, which is used for the forecast.

In order to eliminate this disadvantage use to gener-
ate a extrapolation algorithm a canonical decomposition

[18-20] sequences { } with full consideration of interre-
lation connections for each component'

X, () =M [X, (I)]+ 5 vl (i)
v=l A=1 (6)
+ZV%¥) ) i=11.
Elements of the expansion (6) are given by:
VA =X, (v)-M[X,(v)]-
v-1 H A1 o (7)
22V (v) =2 Vel (v),v =11
u=1 j=1 j=1

SO - @

o (i) = ———— =

u| vy’ ©)
)] -M [Xa (V)} x

5.0 )(M[x (v) X, (

xM [Xh() -
_ZD

The coordinate functions ¢l (i),
v,i=1,_l

hA=1H,

are characterized by the following properties:

Lh=1&v=j
) ’ ’ 10
%V() {O,i<v. (10)
Block diagram of the algorithm for calculating the
parameters of the canonical decomposition (6) is shown in
Fig. 1.
Suppose value

that at known

X;(1)=x(1) of the first component {X,} sequence

time =1

{Y} and thus knows the value of the random coefficient

M[X, 1)].

Substituting v into (6) gives:
X&) (i)=M[X, (i)]+ (xl(l)—M [%, (1)})%(?()

+ZV1“)(p|§f) (i)+

ivv(l) (ﬂ) ZV (/1)%5'/1) ( ) i=11.

v=2 j=1 =1

X9 (i)= X, (i/%(1)) - a posteriori random se-

quence in which the component {

Vl(l) V(l) V(l) Xl(l)_

(11)

i-1

X,} passes through the

coordinate x, (1) at time x =1.

Application to the operation of the expectation (11)
provides an estimate of the future value:

mi (i)=M[ X, (i)]+ (xl(l)—M [%, (1)])@5?( ) (12)
Let us consider the value x,(1) of the same imple-

mentation. For it is the expansion (11) that allows you to
specify the value of the coefficient V. =v{. In view of

(12) the expression for the coefficient v{" can be written
as:

v =x, (1)—m{* (1). (13)
that allows to record
m}f 2) m(“) +[x m(“) ] o (|) (14)
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Fig. 1. Block diagram of the algorithm for calculating the parameters of the canonical decomposition (6)
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With a further increase in the a posteriori information
is used to forecast the resulting pattern gives a generaliza-
tion of extrapolation algorithm for an arbitrary number of
measurement points

M[X,(@0)], u=

m{I-D ( [x )—m@D ](om
m“D (i) =1 11, y:l,k, i=k +1,1; (14)

e )+ 6 ) () o ),

=1, ,uzl,k, i=k+1,1.

meD @) =M | X, ()/x, () A =L H,v =1 u-Tx,(u), j =11},

h=1H, i=k,l - optimal for the criterion of the mini-
mum mean square error of the forecast estimates of future
values of the target sequence, provided that the values of
X, (V), A=LH, v=Lu-1 X (,u), j=1l

The first expression of the algorithm (15) corre-
sponds to the case where a posteriori information is not
provided, in the second ratio consistently recurrently
known value is accounted for vector random sequences
for the fixed time, and the third expression moves to the
next point in time for the further accumulation of infor-
mation, which is used to forecast .

The mean square error of extrapolation algorithm

(15) is given by

u-1

H

(ﬂl) (2) (1) (1 (J)

E 1Z;V» 2 ( ZV o (i
v=l A=

CONCLUSIONS

In the paper is formed prediction algorithm vector
random sequences. Method well as the canonical decom-
position, put in its basis, fully take into account for each
component of all known information about the target se-
quence. This ensures the absolute minimum mean square
error linear prediction for an arbitrary component. It is
also an expression for the mean square error of extrapola-
tion, which allows to evaluate the quality of solving the
problem of forecasting for any number of dimensions and
the number of components of the study of vector random
sequences.

,|:k+LI.
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METO/JI ONTUMAJIbHOM JIMHEMHOM
SKCTPANOJISIIUASA BEKTOPHBIX
CJIYUYAHHBIX NOCJIEJOBATEJIBHOCTEM C
MOJIHBIM YUYETOM KOPPEJISIIIAOHHBIX
CBSI3EM U151 KAJKJIOIO KOMIIOHEHTA

AnHoTanus. PaboTa mocBsIeHa pEICHUIO BaXKHOM
HAyYHOM M TEXHWYECKOH mpobieMbl (GOpMUpPOBAHUSA OI-
TUMAJIBHOIO METOJAa CPEIHEKBAIPAaTUYHON JIMHEHHON
SKCTPANOJISLMs peanu3aluii BEKTOPHBIX CIy4YaWHBIX IO-
CJIe/I0BAaTENHLHOCTEH JII0O0TO YKcCiia U3BECTHBIX 3HAUCHHH,
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UCIIONIB3YEMBIX JJIsl IIporHo3a. Paspaboranublii MeTox B
OTJIMYME OT CYIIECTBYIOIIEH HPOOJIEeMbl penIeHHs Hpo-
THO3UPOBAaHMSA, B MOJIHONH Mepe YYHUTBIBAET alPUOPHYIO
nH(pOpMALUIO O MMOCIEOBATENEHOCTH A KaXK0r0 KOM-
[IOHEHTA.

[IporHo3 Mozaenu CHUHTE3UPOBAIM HA OCHOBE JIMHEH-
HOTO BEKTOpAa KaHOHHUYECKOTO PA3JI0KEHUS CIydaWHBIX
nocinenosarenbHocTell.  DopMmyna  UIsl  ONpeAeTICHUs
CpemHero KBajpaTa OMIMOKH 3KCTPAIOJISAINH, YTO TT03BO-
JISIeT OLICHUTh TOYHOCTh PELICHUS 3aJa4H NPeICKa3aHus C
MIOMOIIBIO MPETIOKEHHOTO METO/1a JAJIsl HEKOTOPOTo (PHK-
CHUPOBAHHOI'O YHCJa U3BECTHBIX 3HAYEHHUH M KOMIIOHEH-
TOB BEKTOPHOH IocienoBaTelbHOCTH. B pabore Takxke
MOKa3aHoO OJOK-CXeMy alropuTMa IJIs ONpeielieHus Ia-
paMeTpoB IpeyIaraeMoro crocooa.

MeTon SKCTpanossiuy, a TakKe BEKTOp KaHOHHUYE-
CKOI'O pacIpeleleHHs] Pas3iokKEeHUs], IOCTaBUTh Ha €ro
OCHOBE, HE HAKJIAaAbIBACT KAKWUX-THOO CYIIECTBEHHBIX
OrpaHMYEHUN Ha KJIAacC IPOTHO3UPYEMBIX IOCIEN0BA-
TenpHOCTeH (MapkoB, CTalMOHAPHEIE, CKAJIAP, MOHOTOH-
HOCTh, U T.J.). YUHTHIBas PEIUIUBUPYIOMINN XapakTep
pacueTa OIICHOYHBIX 3Ha4eHUIl Oynymux 3HaYeHUH Me-
TOJIOM LIEJIEBOI1 ITOCTIeI0BATEIBHOCTH JOCTaTOYHO POCTO
B BBIYHCJIIUTCIIbHOM.

Tak xak OONBIIMHCTBO (PU3UYCCKHUX, TCXHUUCCKUX,
OKOHOMHYCCKUX WJIN APYIUX PEaJbHBIX IMPOLECCOB CTO-
XaCTUYECKUM, MPEIJIOKCHHBIH METOJN HMEET IIMPOKUHI
CIIEKTp MPUMEHEHMS B PEIICHUM 33Jad YIPABJICHUS B
Pa3THYIHBIX OONACTSIX HAYKH W TCXHUKHU: WHTCIUICKTYallb-
HOTO KOHTPOJIA HAaJIEXHOCTH TEXHUYECKUX YCTPOUCTB,
MEIUIIMHCKOW TMarHOCTUKHU, PalapoB, YIPABJICHUE TeX-
HOJIOTHYECKUMH OOBEKTaMH U TaK Jajice.

KiiioueBble cj10Ba: BEKTOpPHBIC CIy4aiHbIE TOCIe-
JO0BaTCJIIbHOCTH, JIMHEHHBIE KaHOHHMYECKHE AJIrOPUTMbI
Pa3I0KEHUSA SKCTPATIOJIALIH.



