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Introduction

The investigated object or phenomena become more
complex and functionally shared. The measurement
system are used for their serving. There are some
problems to need solving. The multichannel problem, the
object state corrective estimation and the multiplex
measurement system informative possibility researching.

The first one is solving by the numerous information
technologies using such as the neuronal networks, expert
system, fuzzy logic methodology, compression
techniques etc. [1-4].

The second problem the best decision is
corresponding with the object parameters entropy
estimation [5]. The measurement system created for the
observing object uncertainty decreasing. In the
information theory sense, such uncertainty is described
by the object entropy. Therefore, this entropy estimation
mapping allows to describe the object information state
as well. The expression for the multiplex system
information capacity calculated depended on the
measurement signals models and the measurement
parameter precision measure using is found.

The third task realization is corresponding with the
system operating information quantity calculation [6].

These problems are discussed in applications to the
digital adaptive multiplex measurement system
investigation. Such systems use the adaptive
commutation or polynomial prediction compression [7].
Every one non-redundancy sample allows to receive all
object parameters information activities estimation. It was
found: the non-redundant samples identification marks
sequences permutation coding give us the unique number
corresponding with certain sequence. These numbers are
the object parameters or phenomena information
activities image convolutions and its entropy numerical
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estimations. Such compression estimation is reversible:
the primary samples marks sequence may be presented
back due to decoding procedure.

The totality system sources activities
statistics is a priori well known.

In this case sources set, which shape sequence of the
non-redundant samples and the amount isolated to any of
them of positions in it are fixed. But on contrary to the
regular type system the source signal sampling is random,
corresponded with the signal current behavior. At the
length N >>1 the i-th non redundant selective values

will occur in the sequence boundaries N, times

(N ;=a,N ) . If it is compressed the information from n

sources, then the sequence versions amount is () = n",
as on the sequence any position can be a non redundant
value of arbitrary of packed multiplexed sources.
Nevertheless thanking to the convergence of the event
frequency to its probability at a considerable experiences
amount, for N >>1_1It is conditionally possible to
arrange all sequences on two subgroups: typical, for
which N, = a,N and atypical - for which this relation
is variable [8]. Thus all typical sequences aggregate
probability with the lengths N increasing will be guided
to one, and atypical - to zero, so there will be only
necessity of the typical sequences enumeration. From the
mathematical point of view such N-positions sequences is
the permutation with the repetitions [9, 10], in which each
the i-th element address will occur in the sequences
boundaries N, [11]. The different typical

sequences number is as follow
o=NV][]N,!
i 6]

and the corresponding each corresponding numbering
we shall spend as

kfmme = 10g2 Q = logz N'_ zlogZ Mi '

times
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This number we shall term as a code of a disposition.
Having taken advantage a Stirling formula for factorials

n!=~r"e “+2/m , we shall note
ln(n/):%ln27z+%lnn+n(lnn—1),

lim{ln(n /)} ~n(lnn—-1)
n>>1

and now

—NZ a,log, a,

k, =k,=—N» alna, = i ~
frame (0] Z i i logze

~ —NZ a,log, o, =—NH () )

On an disposition code enumeration of one sequence
sample will come

kQ :kframe /N:_Zai 10g2 ai EH(C[)

The above obtained relation is by the upper estimation
of number log, O , namely

_N;ai log, a; > log, —N1 A

As for the left-hand part of an inequality we have

N/

N, N
—ZN,- log,— = Zlogz(ﬁ)N’ :log2H

[Iv)

N; N
(N)
=log,—4=——=1o .
gz H]V[ g2 HM
And analyzing the polynomial formula [11]
(X, + X, ++X,)" =
(N, +N,+---+N,)!

N,IN,}-- N, |

(here K, - manifold numbers sets, subordinated by

N,

(€)

Ki+K,+-+K,=N

the requirement H K,=N , fori= 1,_71), we observed,
that the different sets mediums are the natural numbers
K, there is the set, in which K; =N, (that it is possible
to realize, as Z N, = N). And this combination gives
only one of possible addend of this sum. Therefore bodily

is obvious, that the sum (3) will be more than it’s non-
negative composite, namely:

(N, +N,+--+N,)!
N,IN,tN |
x XM X XN

(X1+X2+-~+XH)N>

(N)" _

XX X (4
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If the equation X, =N, is also accepted, then we

1

shall have as follow
(N, +N,+--+N,)!
X
N,IN,}--N |

N
KNVNY N N

n > Nt .
v IV

Having compared Eq. (2) and (4), at the logarithm
basis more than one, there is true to note
N !
log, N N

(N1+N2+-~+NH)N>

©)

vt

>

1 +e- n

as it was necessary to prove.

Totality sources activity statistics is unknown

In this case the sequence set and its positions,
distribution between separate source samples are not
fixed. Therefore besides an arrangement code by a size

ky »

length by a size kq and sequence sources set by a size

it is necessary to give also the information about its

kH , as the activity distribution {a l.} a priori are not

known. That is, the sequence service information
kﬁ’ame = kQ +kq +kH. (6)

But in practice for the frame synchronization
facilitation it is necessary to work with sequences of a
stationary value of length, in particular from stationary
values both information, and service parts. As against the
parsed above structure it is possible, shaping a service

part, thus to do without only by the set and disposition
codes, which digit capacity k, and k,,, accordingly, are
fixed.

Let's assume, that the sequence shaping ceases at the
sequence information part or the disposition code digit
grid filling.

1) Let the first the sequence information part is filled.
The set code length &, is determined by an information

part length value N, which should be enough large,
nevertheless from physical requirements, restricted. Its
value should be such, that least fissile of totality sources
has filled even in one position of an sequence information
part — from one, and limits by a value practically

implemented digit grids of a disposition code kQ - on the
other hand. So,

et SN, < ko /H (). 7)

The probability of the of set code fast filling, than a

disposition code, coincides probability that an sequence
information part length exceeds selected one. It is

neglectfully small, because a set code length kQ

optimality is close to an entropy. So:
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Pr{N>Nmax}=Pr{H(a)—]]€\‘;}>A}<e,

where ¢ and A - arbitrary, certainly given positive
small values.

The disposition code binary digits number, which is
necessary on one selective sample value, is determined by
a totality sources activities entropy, so, will be maximum
at the equiprobable activities distribution. From here at a
given disposition code length is possible to receive the
sequence information part selective values amount, at
which there will be already its filling

k,

min = 2 . (8)
log, n

2) The first the set code digit grid is filled. If a
sequence information part positions thus yet are not
exhausted, then the residual of positions can be allocated
on the "shadow" interrogation or other additional
information.

At a set code shaping similarly to Eq (1) here it is
necessary to enter one more numeral [13] — boundary, if
only to designate the unused sequence information part
positions, that is

(N+n)! _

N+n
kH :logzm Nlogz +

N+n

+nlog, ).

The limiting set code length is determined by the
greatest possible sequence information part selective

samples values N

= Nmax logzw_knlogzw.
N, n

max

k

H max

Expenditures, which have on one selective sampling
value are as follow

k k
kH — H max < H max
N N,

min

Taking into account relations Eq. (6) and (7), we shall
show an asymptotic optimality of the given approach Eq.
(8), i.e.

log,n| k, log 1_|_nH(05) .
H(a) °° k

0
ko
+nlog,| 1+ ——— |+ =0
nH(a)

Thus, this an enumeration method is asymptotic
effective at a sequence considerable size of N, as the
minimum possible expenditures on an enumeration can
not be less than entropy value [5, 14]. Such approach may
be used with intelligent devices designing [15].

ko>
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Serving object entropy estimation
uncertainty evaluation
The exactitude of entropy estimation depends on
exactitude of the measuring information source activity

determination. A relative error value of entropy
estimation may be found [16]

_AH(q) 1 {n 0

) H(a)  H(a) j=1§j

H(a,-)aj5aj].

At first we shall consider partial derivatives, namely:

n

iiH(ai):%[_za" lnal-jz

= Oa im1

[1+(1naj)]aj5aj}:
= (_1) y a;o,+ a;Ina; p,;
_H(ai){z jé‘d] 4 ( 11 J)gaj}

n
j=1 j=1

If relative errors of a source activity index estimation
(i. e. activities numbers detection) to accept identical to
all system sources, then

{@, /Z=1: a,-5,H(a; )} =

here 6,,; =0, for all sources (i = Ln).

5H(‘1z‘) =

(=1
H(a;)

If a relative error of an activity index estimation for
any of system sources to accept inverse to this index, that

is @,6, =c (forall i=1,n), then

O(a) = %{c!n(l+log2 c)—ji;‘log2 5‘1].]} .

In turn, exactitude of an activity estimation is
connected with an amount of probes, that is amount of the
samples in the sequence N. The amount of the i-th
sources activity demonstration is random and submits to a
binomial distribution law [7]

N -
Pr(N;) :[N[jaiNi (l_ai)N "
With mean and variance value, accordingly
ﬁizNaHizNHi dizzNaHi(]_aHi)/sz
= Nm»(l—am»)/N2 .

If an amount of the in sequence samples considerable
(near hundred or more), a source activity index a; is not

and

rather large and not rather small, namely: N (1 —ai) and

Na; is more 4, then behind the Moivre-Laplace theorem
the binomial distribution can be approximated by normal.



Proc. IMEKO-TC7 Symposium (Cracow, Poland, June 25-27, 2002)

And then the activity index estimation relative
guaranteed error value may be found as

t (1—a; —a.
5(”:6:17\/“:(1 at):t \/(1 @)
a a N P\ aN

1 1

here e and t, — the absolute error value and the

guaranteed coefficient, accordingly.
Generally for arbitrary index value a; we should

remember, that a binomial distribution asymmetric and
discrete. Therefore amount of developments of activity
demonstrations the i-th source with the probability p is

determined as Pr {

- 71 < e} =p or
Pr{N,<N,<N,} =p, e=05(N,-N,) -
neglectfully small positive number.

A probability value p, the sequence length N and the
activity index g; determine boundaries of an uncertainty
interval of indeterminacy for an activity manifestation
amount. For selected probability and admissible

uncertainty value e the necessary sequence length N can
be established behind equations [17,18]

ZCNa (1-a Nm:%(l—p)

Zcm m

For the activity manifestation estimation a, the mean

here

B

1
= 0-p)

and the variance, accordingly, are as follow a; and

2 a(l—a

() -0
N

activity index a; =0.48, probability value p=0.9 and

. In particular, N; =a:N and for an

admissible uncertainty e=0.1,
length N makes 100.

the necessary sequence

Conclusions

The binary digit rate demands at the sequence length
number N — oo is guided to the group source entropy
productivity. The code number is carried out a uniform
unique code. At the receiver side the sequence notes in
the register, and the decoded number is used for the
samples distribution from the memory register on the
relevant channels. Thus the sequence number can serve
also generalized an object information condition
performance, or as the separate channel element
estimation for the hierarchy higher degree next
representation.
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