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PROCEDURE OF TRANSFORMING THE MINIMAXED PROBABILITY
DISTRIBUTION DUE TO TRACING AN OBJECT FOR EVALUATING THE
OBJECT FACTOR WITH A FINITE SET OF ITS THEORETICAL VALUES
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Estimation of an object factor, assigned to a finite set of theoretical values, is stated. The basic
object factor evaluation is made via the probability distribution per the minimax risk. There is
advanced the procedure of transformation of the minimaxed probability distribution due to tracing the
object. The finally transformed probability distribution is accepted only if it is sufficiently close to the
accumulated statistical distribution.
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1. POSING A QUESTION

When exploring the object, there springs a lot of its factors to be observed and
described mathematically. An object factor may be assigned to several values
simultaneously, being at that also depending upon a series of inner variables, such as time,
location, energy consumption and so forth. One of the questions for identifying and tracing
the object properly is in evaluating its factors, and this needs an adequate probability
distribution (PD) over the aggregate of the factor values.

2. ANALYSIS OF MEANS

Every factor of the object should be estimated, wherever the object exploration
process is. In the very beginning of that process there is poor information about PD over the
aggregate of the factor values [1, 2], although at least a few ways of estimating the factor
always exist. Within those ways a primitive PD may be determined via minimizing
assuredly the absolute deviations among the theoretically fixed factor values [3, 4]. Any
other PD is hard to substantiate without watching the object for a short or even long while.
And if to accept the equiprobable distribution (EPD) for a basis, then it will yield to the
primitive minimaxed PD [5, 6]. But even with the basic PD there ought to be advanced a
procedure of evolving this PD into such PD over the theoretically fixed factor values, that
the evolved PD would be as sufficiently close as practically required to the statistical PD,
obtained through the procedure of tracing the object.

3. TARGET

For the start of the procedure of tracing the object there is going to be considered a
finite aggregate of the factor values, over which no PD is defined due to that any PD is
equipossible. Each value depends upon a series of its inner variables, being permanent for
all the theoretically fixed factor values. However, as the tracing procedure starts with its
observations and measurements over the object, the statistical PD is being progressively
obtained. The target is to evolve PD from the basic one through a given number of steps
towards the finally transformed PD, which can be used for evaluating the object factor
under its inner variables.
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4. ADVANCING THE PROCEDURE OF THE MINIMAXED PD
TRANSFORMATION
Let
{(w (X)), at NeN\{1} (M
be the set of the object factor w values under its inner variables, grouped into the point
X=[x x - x,, x,]eR" )
with
x, €eX, cRby m=1,M at MeN. 3)

If to have hit the spoken above target, the object factor w uncertainty, generated by the set
(1), can be reduced into the evaluation
w(X) Vx,eX, cR form=1, M 4)
by the finally transformed PD.
The basic PD for the set (1) for (2) with (3) can be estimated per the minimax risk
[3] only. Particularly, minimizing Euclidean distances
ky (X) =[w, (X)=w, (X)| by i=1, N and j=1, N )

ij
as elements of the matrix

K(X)=[k,(X)] (6)

in the game

(e s k() )

=
for every point (2) with (3), where the first player pure strategy ¢, means that the i-th
object factor value w, (X) from the set (1) actually prevails under its inner variables (2),
whereas the second player as investigator practically selects the j-th object factor value
w /(X) via its pure strategy s;. In the game (7) with the matrix (6) of elements (5) the
investigator has its optimal strategy

QX)=[a(X) & (X) -~ ¢, (X) 4y (X)]eQ(X)c

N
cQ ={Q=[ff| 4 v Gy ff.\']e RY 1q; E[O; I] ¥V j=1 N, Zc}f = I} ®)
i=l

from the set of all the second player optimal strategies
>, — aromi Ap. .O7
Q(X)—algglclglp&_a;s(P K(X)-Q ] ©)

under inner variables (2) for the (N —1) -dimensional fundamental simplex

N
‘P={P=[Pl Py Pao p.\]ER.\.:pf'E[O;I]VI=W’ZPf=1} (10)
i=]

of all possible PD over N different values, though conditions of generating those PD
cannot be structured or forecasted [3, 7], what is personified by the first player.
Having minimized the distances (5) over (N - 1) -dimensional fundamental simplex

@ in (8) under non-forecasted conditions as the maximized distances (5) over (N —1) -
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dimensional fundamental simplex (10), the components of the optimal strategy (8) may be
used to determine the minimaxed expectation

(%)= 30, (%93, (% an

of the object factor w. Nevertheless, through the procedure of tracing the object in the
given number of steps U € N the minimaxed PD in (8) should be evolved into some PD,
which would be sufficiently close to the statistical PD.

May on the u -th step of tracing the object under inner variables (2)

X, =[_\,;jr y _rgx:} ‘Y,:%.{Fl.ill.:: _\,:;j\:f.,j:-} cRM at A= { tm}M_l by { x,<,f”’>} cX, (12
"= 1,€T,,
of its factor w there be measured the value

W<u>(XA):W<u>({x§i"’>}M ) by u=1,U at UeN (13)

m=1
of this factor. Every set of indexes in {Tm }f:l is finite, as tracing the object generally

cannot be continual, and so the m -th inner variable of the factor w varies within the finite

set {xfﬁ} . The procedure of evolving PD in (8), giving the minimaxed expectation
1n€l,

(11), into PD

Q(XA)zliql(XA) ‘72(XA) QN—I(XA) éN(XA)] (14)
with
N
4,(X,)e[0:1] by D g,(X,)=1 (15)
Jj=1
forevery ¢, €T, oftheset 4= {tm}ff:l in (12), is starting as the following. Initially
30(X,)=4,(x,) ¥ =T ¥ a6)
and then the j. -th probability is corrected as
7 (X,)=0q"(X,) at j.e{L N| (17)
with some coefficient
1
ae| L ————|, (18)
{ ‘Iﬁ; ! (XA)]
whereupon other probabilities
g (X,)=pg" " (X,) for je{l, N)\{).} (19)

are corrected with the coefficient

R
B: 1 an/} (XA) , (20)

2, 47X

Je{l N

using a classification rule [8]

j*earg]r_g%‘w<“>(XA)—w.(XA) 21
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with the factor w expectation
N
(X, )= ij (X, )q</u_]> (X,) (22)
j=1

in (12).

It is clear the correction coefficient (18) should be chosen due to the distance

after the (u—1) -th correction for every 7, €T, of the set 4={, }ZI:I

between w'"’ (X,) and (22), being a nondecreasing function

a=a(w (x,)- 7 (X,)), 23)

that is

a(z)<a(z,) for z, <z, (24)
by any value (13) and any (22) for all possible points (12). The nondecreasing function (23)
as (24) should be defined carefully or else the final probabilities

qj(XA):q<U>(XA) vj:la_N 25)

J
forevery ¢, €T, oftheset 4= {tm}ff

=1

G,(X,)-m,(X,)| <8 Vj=LN (26)

in (12) are running to fail conditions

and
N

Z(‘?; (X,)-n, (X, ))3 <p Q@7

J=1
for sufficient closeness PD (14) to the statistical PD from probabilities {n ; (X y )}Nl . These
=

statistical probabilities are accumulated due to the classification rule (21), where
n,(X,)=n)"(X,) ¥j=LN (28)

J
after

(X)) +1
a0 (x,) < o (X)L e fi ) (29)
’ u

and

(u-n""(X,)

() _ j N e B
ny(X,) = for j e {l, Nj\{J.} (30)

by u = 1, U . Hence, every evaluation

W(XA)=ZNZW,-(XA)%(XA) 3D

of the object factor w under its inner variables (12) by PD (14) is valid only if conditions
(26) and (27) are true for some &3>0 and p>0. Consequently, the procedure of the
minimaxed PD (8) transformation into PD (14) satisfies the requirement of sufficient
closeness PD (14) to the statistical PD (28) in the sense of making true (26) and (27). And
if (26) or (27) is false then there should be continued the object tracing, where the
nondecreasing function (23) will probably be refined, until for the increased U
requirements (26) and (27) are true.
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5. ILLATIVE SPOTS

When there is poor information about PD over the aggregate of the theoretically
fixed factor values (1) of the object, being theoretically traced in the location (2) of the

M
inner variables space HX . =&, then the minimaxed PD (8) is based for PD
m=l
transformation start-off. For start-off EPD is unacceptable, yielded [5, 6] to any PD from
the minimaxed set (9). Note, that if the set (9) is non-singleton, then before starting to
evolve the minimaxed PD the problem of selection the single element (8) must be
solved [6]. Having defined some 6>0 and p>0 for requirements (26) and (27) in the

fixed location (12), measurements (tracing the object practically) in (13) with subsequent
(16) — (24) for evolving the minimaxed PD (8) are carried out until the steps total is U or
requirements (26) and (27) are true. Probabilities (25) with (15) of the evolved PD (14) are
used for the object factor w evaluation (31) in the location (12). This lets reduce the object
factor w uncertainty, generated by the set (1), into the evaluation in the form (4) as

w(X,)=w(X,) VX, eX (32)
by the finally transformed PD (14). Furthermore, the accumulated statistical probabilities
(28) after (29) and (30) by u =1,U may be alternatively used for the object factor w
evaluation

ﬁ}n(XA): ij (XA)T]/' (XA) VX, eX (33)

by the traced statistics. Both evaluations (32) as (31) and (33) are acceptable, being non-
identical, though. And there remains a final spot to hit that the represented paper actually
states acquiring not a single PD from N elements in (14), but a finite number of PD

{{‘?; (X, ]}\ I} for the corresponding evaluations (32). A further-work problem is tied
’ =X ex
with fitting the nondecreasing function (23), whose efficient fit will decrease the steps total
U (what accelerates the procedure of the minimaxed PD transformation) by the unalterable
requirements (26) and (27).
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MHNPOUEAYPA NIEPETBOPEHHA MIHIMAKCHOI'O PO3IIOALTY
MMOBIPHOCTEM 3T'IJTHO 3 BIICTEXKYBAHHSIM OBF’EKTA JIJIS
OIIHIOBAHHA OB’EKTOBOI'O ®AKTOPA 31 CKIHYHEHHOIO
MHOXXHHOIO OO TEOPETUYHUX 3HAYEHD

B. Pomaniox

XmenvHuybKull HayioHanbHUU YHigepcumen,
eyn. Inemumymcoka, 11, Xmenvnuyokui, 29016, e-mail: romanukevadimv@i.ua

BukinaneHo BU3HaYCHHS 06’ €KTOBOTO (hakTopa, sIKWi MPUIMCAHUI 10 CKIHUCHHOT MHOXHHH
TEOPETUYHUX 3HaueHb. ba3oBa oOIiHKa 00’€KTOBOro (hakTopa BUKOHYETHCS 3 JONOMOIOI0 PO3MOALLY
HMoOBipHOCTEH 3rigiHO 3 MiHIMakcHUM pusukoMm. IlomaHo mnpouexypy NEpeTBOPEHHS PO3MOALTY
HMOBIpHOCTEH, OTPUMAHOrO 3a MPABHJIOM MiHIMAaKCy, BIANOBIZHO 1O BIACTeXKYBaHHS 00’ €KTa.
OCTaTOYHO TEPETBOPEHUI PO3MONIN IMOBIPHOCTEH NPHHMAETHCS, TINBKUA SKIIO BiH JOCTaTHBHO
OJU3BKUI 10 HAKOITMYCHOTO CTATHCTUYHOTO PO3IOILTY.

Kniouosi cnosa: 06’ektoBuii  GakTop, TEOPETHUUHI 3HAYEHHS, PO3MOALT IMOBIpHOCTEH,
MIiHIMAKCHHH PHU3MK, ONTHUMalbHAa CTpaTeris APYroro rpaBls, OYiKyBaHE 3HAYCHHS, NPABHIO
kacugikarii, CTAaTHCTUYHIHA PO3NOALI, JOCHTH OJIM3bKI PO3MOILITH.

MMPOLEAYPA ITIPEOBPA30OBAHNSA MUHUMAKCHOI'O PACITIPEJIEJIEHHUSA
BEPOSITHOCTEM B COOTBETCTBHU C OTCJEXUBAHUEM OFBEKTA
JJIs1 OHEHUBAHUSA OBBEKTHOI'O ®AKTOPA C KOHEYHBIM
MHOKECTBOM EI'O TEOPETHYECKNX 3HAYEHUM

B. Pomaniox

XmenbHuyxuii HayuoHAILHBIL YHUGEpCUmMEn,
ya. Hnemumymcekas, 11, Xmenvuuyxuit, 29016, e-mail: romanukevadimv@i.ua

W3naraercst onpenenenne o0bEKTHOTO (hakTopa, MPUIHCHIBAEMOTO K KOHEYHOMY MHOXKECTBY
TEOpeTHYeCKHX 3HaueHMil. bazoBast olleHKa OOBEKTHOrO (haKTOpa OCYIIECTBISICTCS C ITOMOIIBIO
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pacrpesiesicHHsT BEpOSTHOCTEl COrflacCHO MHHHMAakCHOMY pHCKy. IlpencraBisiercs Iporeaypa
npeoOpa3oBaHusl PACHPE/CICHUs. BEPOSTHOCTECH, MONYYEHHOr0 110 IPaBHIy MHHHMMAaKca, B
COOTBETCTBHU C OTCJIeXKUBaHHEM o00bekTa. OKOHYATeNbHO INpeoOpa3OBaHHOE paclpeleneHHe
BEpPOSITHOCTEH NPUHHAMACTCS, TOJNBKO €CIIM OHO JOCTATOYHO OJNU3KO K HAKOIUICHHOMY
CTATUCTUYECKOMY PaCIpPESIICHHIO.

Knwuegvie cnosa: 00beKTHBI ~ (aKTOp,  TEOPETHYECKHE  3HAYCHHUs,  paclpeesiCHUE
BEpOSITHOCTEH, MHUHHMAKCHBIH PHCK, ONTHMalbHas CTPATErdsi BTOPOrO0 HIPOKa, OXHIAEMOE
3HAaYCHHE, MPABWIO KIACCH(MUKALMY, CTATUCTHYECKOE paCIpeleieHue, HOCTAaTOuHO ONM3KUe
pacrpezeneHus.



