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1. Introduction

An indicator verification issue regarding its compliance
with an optimization criterion is important from the practi-
cal point of view. The optimization criterion should ensure
the coordination of the owner’s (super-system) goal with
the results of the executive system procedural activity. Only
then the control processes can be completely automated.
And this is possible only if the choice of the optimization
criterion is systematically substantiated.

A feature of the verification method [1] is the technology,
based on the exclusion of the estimated indicator from the
set of the tested ones if the results of rating estimation of
the models of operations, where the verified indicator was
applied, don’t correspond to the rating estimates, received
by using local efficiency criteria.

The indicators, that provide rating efficiency evaluation
of compared operations within a certain class of reference
models of operations, have been defined as the local efficien-
cy criteria.

The verification method development is carried out in a
number of directions:
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— limitation of the set of verified indicators by specifi-
cation of the set of formal signs of estimated indicators [2];

— expansion of the method on a class of indicators that
provide an assessment of operations with the distributed
parameters [2] and classes of models of reference operations.

It is obvious that the reliability of the verification meth-
od is increased at the expansion of the number of classes of
operations reference models. At the same time, the expansion
of the classes demands the idea development about the used
cybernetic model and specification of the models of local
efficiency criteria.

Thus, the extension of the classes of reference models of
identified operations is an important scientific and practi-
cal task.

2. Literature review and problem statement

The verification issue of estimated indicators for their
use as the operational process optimization criterion is dif-
ficult for a number of reasons. The first reason is caused by
the fact that now a large number of technical and technical




and economic indicators, which developers associate with
the indicator intended for use as an optimization criterion,
are developed.

The technical indicators may include criteria that use
the object technical parameters as a reference point for de-
cision-making in choosing the most advantageous control.

Thus, in the work [3], an attempt to use the “critical
load” value as an optimization criterion has been made. In
the development [4], the authors plan to solve the issue of
the operational process efficiency assessment with the use
of an indicator “reliability”, in [5] — by means of such indi-
cator as “filling criterion”. In [6], an optimization attempt is
carried out by applying the indicator that defines an “energy
of selection error”, and in the work [7], for the optimization
problem solution, the value of minimum deviation from the
predetermined trajectory is used.

Despite the fact that the technological operation change
in time leads to energy product cost change and to the equip-
ment wear, the criterion “productivity” continues to be used
in optimization problems [8].

Recently, the number of works aimed at the power effi-
ciency issue development [9] has considerably increased.

Traditionally, there are a lot of researches, in which the
optimization process is associated with cost minimization
[10]. At the same time, the equipment wear [11] as the output
product cost reduction function from control, is considered
extremely seldom.

The second class of indicators, which are offered to
be optimization criteria is based on the use of mixed es-
timates, received as a result of scaling of important basic
indicators [12].

In the research [13], the generalized criterion that is
formed by the results of processing the extremum values
of integrated indicators and defined by the authors as an
“efficiency criterion” is used. At the same time, the accuracy
assessment of the developed indicator as the efficiency crite-
rion hasn’t been proven in the work.

Consequently, the estimated criteria have the most vari-
ous internal structures that don’t display the cybernetics of
the studied process [14].

On the other hand, the works within the “operations
research” are more directed to the illustration of the identi-
fication possibility of classical operational models with the
use of various mathematical methods [15]. At the same time,
the issue about the development of the adequate cybernetic
concepts, the operational models and methods of their iden-
tification remains open.

For example, the mathematical modeling language
Marked Petri Net is more developed by mathematicians for
logical tasks solution. Thus, Petri nets are used in the work
[16] to model dynamic discrete systems. However, this device
is not used by cybernetists to solve optimal control problems,
in particular as a tool for identifying system operations.

3. The purpose and problems of the research

The purpose of the work is the development of the veri-
fication method of estimated indicators that can potentially
be used as a global optimization criterion.

For the research goal achievement, the following prob-
lems have been solved:

— definition of the rules for the operational process
equivalent converting;

— definition of an additional class of global models of sim-
ple operations that have been chosen from subclasses with
pre-defined rating efficiency.

4. Development of the verification method of the
estimated indicator intended for use as optimization
criterion

In the work [1], it is established that the simple operation
cybernetic model (SOCM) can always be presented in the
form of the triple (RE, TO, PE). Here RE is the integral
expert evaluation of operation input products, TO is the
operation time, PE is the integral expert evaluation of oper-
ation output products.

Also, the simple operation cybernetic model can be rep-
resented in the form of marked Petri net (MPN) fragment

(Fig. 1).
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Fig. 1. A simple operation cybernetic model in the form of
marked Petri net fragment

If the quantitative parameter of the transition Ty is con-
nected with the moment of the beginning of the operation
model (T{=t;), and the quantitative Ty parameter is connect-
ed with the operation model end moment (T,=ty), then the
operation time is TO=ty—t;.

As a cybernetic task, when performing a technological
operation, is the increase of value of the operation output
products in relation to the value of operation input products,
the transition P represents the model of the marker transfor-
mation system mechanism (k).

This means that the cybernetic mechanism k converts the
input marker with the quantitative parameter RE into the
output marker with the quantitative parameter PE=kRE.
So, if RE=2 units, k=1.5, then PE=3 units.

In the work [2], it is established that among the Q set
of estimated indicators, the internal structure of which
corresponds to the functional f (RE, TO, PE), there is a
certain indicator X that is the E sample of the set Q display-
ing the resource efficiency of the simple operation model
(XeQ)A[IX—>E].

The essence of the E indicator identification method con-
sists in the fact that in case of imposing certain limitations
on the parameters of cybernetic models of simple operations,
it is possible to create classes of models of simple operations
(K1, K2, K3,..., Kj). In this case, each simple operation cy-
bernetic model within a certain class can be identified with
respect to its rating efficiency.

For a possibility of such identification, for each operation
class or subclass, the indicator that can be used as a local
efficiency criterion (LEC) has been defined.

Due to the identification of SOCM by using certain
LEC, the verification possibility of an indicator of the Q
class on the SOCM set of the corresponding class appears.
At the same time, the indicator value allows ranging mod-
els of operations concerning the rating of their efficiency.
However, the identification of operations by LEC doesn’t
give the answer to the question of how much SOCM
with a higher rating is more effective than SOCM with
a lower rating.



Let’s determine the objects of MPN (Fig. 2) as SOCM
of the subclass A of the class K; by the three (RE4, TOj,
PE4, (PEs=ks-RE4) (ka>1)). Then, SOCM of the subclass
B of the class Ky can be determined through the SOCM
parameters of the A subclass (REg=REj, TOp=2TO,,
(PEp=2-(PEo-REA)=2-(k REs~RE-4)=2-REA(ka—1)),
kB=PEB/REB).
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Fig. 2. An example of defining the class K1 of models of
simple operation: a — A subclass model; b — B subclass
model

At the same time, if the MPN cybernetic model (Fig. 3)
is adequate, i.e. it is possible to accept that REx2=PE,j,
PE2=ks-REz2=k%RE,;, then for comparison of the opera-
tions A and B it is possible to apply the results of LEC compar-
ison of type AE(A1,2):ki and AE(B):kB. If (AE(A1,2)>AE(B)),
the operation A is more effective and vice versa.
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Fig. 3. An illustration of the method of direct comparison
of the results of marker transformation of identical
initial investments with the use of: @ — the consecutive
two-operational transformation; b — one-operational
transformation

The proof is based on the assumption that the MPN
model adequately displays the cybernetics of the converting
process. That is, the marker weight of the A operation out-
put is transferred to the A, operation input.

We will determine the operational process of consecutive
marker transformation (Fig. 3, a) by the concept “developing
operational process”.

For the operation B, which has a long duration, the added
value of AEg at t3 time is defined from the expression AEg=
=PEB*REB=REB(1{B*1)=REA1(1{B*1).

For an operational process, based on the operations
of the subclass A, the AE 15 value at the ts time is deter-
mined from the expression AE 1 9=(PEs1—REA{)+(PE2—
—REA2)=REai1(ka—1)*RE 5 (k?~k)=REx(k}~1).

As the ratio of REa(k3—1) and RExi(kg—1) models is
determined by the AE(A1,2)=ki and AEg)=kg relation, these
indicators are LEC allowing to identify operations of the A
and B subclasses of the K; class.

As ((k3=1.21)>(kp=1.2)), the A operation is more effi-
cient than the B operation (Fig. 2).

Creation of operation model classes that have been
identified by local efficiency criteria (LEC) provides the
verification possibility of the estimated indicator, which can
potentially be used as the optimization criterion. Such veri-
fication allows defining the consistency of processing results
of the identified operation data triple with the estimated in-
dicator use, in relation to the results of the operation rating
assessment with the LEC use.

So, the indicator

_(PE-RE)'T;
~ PE-RE-TO’

in relation to the operations A and B (Fig. 2), gives the fol-
lowing estimates: EL,=0.0022; ELg=0.002.

The rating assessment of the A and B operations, re-
ceived with the use of EL indicator, doesn’t contradict the
rating assessment with the use of LEC.

The proposed verification method with identified SOCM
classes is based on the exclusion of the indicators in the case
of conflicting estimates. Therefore, the more classes of the
identified SOCM with the use of LEC, the more reliable the
verification results.

Estimation consistency, at the same time, is a necessary
but not sufficient condition for final decision-making.

Reliability of the verification process could be increased
significantly if there was a possibility of creation of the
equally effective models of operations, which belong to dif-
ferent subclasses.

For example, if the MPN model (Fig. 3, @) is adequate,
then it is possible to state a hypothesis concerning the fact
that models of the operations A and B, which have k%=kg,
are equally effective.

This follows from the fact that the operational process
based on the operations of the A subclass of the K2 class at
the t3 time, leads to the equal result (Fig. 4).
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Fig. 4. An example of fragments of Marked Petri Nets, the
operational processes of which are synchronized in time:
a — two-operational process; b — one-operational process

On the other hand, the EL indicator, which still was
verified for consistency [1], has shown that the operation
B (EL=0.002278) is more effective than the operation A
(ELA=0.002273).

Therefore, if the MPN model is correct, then:

—the EL indicator isn’t an efficiency indicator;

— the A and B operation models can be used as a standard
for equally effective operations.

If the MPN model isn’t correct and the operation B is
more effective than the operation A, then:

— using the proof of inadequacy of models of the A and B
operations, it is possible to develop a constructing method of
a new class of models with the predetermined identification;



— the EL indicator has shown consistent estimation re-
sults of the new class of identified operations;

— it is necessary to redefine (to specify) the AE(a1,2) and
AE(g) private criteria determination model for adequate as-
sessment of the operation subclasses of the class K.

Like any other mathematical model, MPN displays
objects and processes of the real world simply. At the same
time, the MPN, developed for the solution of problems of one
class without a certain complication and specification can’t
be used for solving the problems of another class. Respec-
tively, without the development of a conceptual framework
and marker transformation model classes, the MPN can’t
complexly solve problems in the theory of optimal control.

For example, modeling of control processes, in fact, is
based on a number of postulates:

P. 1. The start moment of any operation, as well as its
finish moment, can be defined.

P. 2. Each position defines the logic of the converting
process simple mechanism.

Corollary of P. 2. All MPN models of operations are
models of simple operations, but not of operations with the
distributed parameters.

P. 3. Movement of markers (products) between opera-
tions takes zero time.

P. 4. The marker movement process doesn’t demand
resources.

Limitations, formulated in the form of postulates, make
it possible to significantly simplify the solution of problems
of a certain class. However, the need of the system task solu-
tion demands interaction of models, each of which solves the
problem of its own class.

So, the principle of marker transformation

PE=k-RE,

in fact, is axiomatic when determining the process cyber-
netics.

Axiom 1. Any operation is carried out for the purpose
of increasing the value of output products in relation to the
value of input products.

The second rule, imposing a restriction on the principles
of display of arches as elements of the cybernetic PN, is their
interrelation with the operation time.

Such interrelation externally can be shown differently,
but its need is also caused by the cybernetics features of real
processes.

Let’s assume that operations of different duration pro-
vide the input marker formation (product weighing 2 units)
in the output marker (product weighing 4 units). From a
position of the cybernetic approach, such SOCM are dif-
ferent. This is connected with the fact that the efficiency of
the operational processes based on such operations is also
different.

P. 5. For correct display of the cybernetics of the mod-
eled processes, the transitions of MPN have to be identified
relative to each other taking into account the time factor.

The identifier of transition can either display a binding
to a certain timepoint, or the temporary sequence of transi-
tions in relation to the beginning moment of the operational
process.

The model in the form of MPN (Fig. 3) visually displays
the fact that the operational P, process consists of two op-
erations (Fig. 3, a). The operational process (A4, Ay) has the
same duration in time, as well as the operation B (Fig. 3, b).

However, the operational process (A, Ay) includes the
hidden transfer operation of the A operation output product
on the input of the A, operation. Therefore, the creation of a
cybernetic model with the use of the classical idea of MPN
model restrictions can’t be used when the process cybernet-
ics are investigated.

In this case, a part of the value of an output product of
the operation A; will be used for the realization of the prod-
uct transfer from Ay to As.

This fact can be displayed, for example, in the form of
transition losses (Fig. 5).
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Fig. 5. A representation of the marked Petri net fragment
with a possibility of display of the marker transition losses
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Thus, on the operation B input, the RE;y product with
a smaller value, in relation to the expert assessment of the
previous operation output product PE, will be created. That
is, if the model is constructed correctly, then the equality
REx2=PE,; can be established only in the presence of addi-
tional investment of the process (Ay, A,) at the time t, (Fig. 6).
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Fig. 6. An illustration of the principle of equivalent
transformation of synchronized operational processes with
the use of the office of the marked Petri nets:

a — two-operational process of marker transformation
with compensation of losses of transition; b — equivalent
representation of two-operational process with
compensation of losses of transition

This means that in the description of the process cyber-
netics, it is necessary to consider the resource consumption
value that is necessary for ensuring interoperational inter-
action.

P. 6. The transfer process of the investment marker from
the previous cybernetic operation to the subsequent one
demands nonzero investments of overcoming the marker
transition.

P. 7. The lack of the marker transition investments re-
duces the weight of the transferred marker by the value of
losses of transition investments.

Thus, the models that describe the cybernetics of pro-
cesses using the PN should take into account the marker
weight loss when passing the marker transition.

The conducted researches allow formulating the rule of
the SOCM transformation:

Any SOCM of the form

P(A)>[(RE,, TO,,PE, APE, =k, -RE, )]



can be converted into the operational process

P(B,B,)— [(REm, TOg, PEy ARE, =RE, ATOy, =(TO, /2)A

APEy = [k, ~REB1):|/\[(REB2, TOy,, PEy, ARE,, =(k,RE,, ~XE) A

ATO,, =(TO, /2) APE,, = [k, -REBZ)]

and vice versa.

Let’s state a hypothesis concerning the fact that if the
system mechanism of the operational process Py displays the
marker converting process cybernetics in the following form:

PE=kRE,

and the system mechanism of the operational process P
displays the cybernetics of the marker converting process
PE=k2RE, then the operation model of the type (Fig. 3, a) is
less effective than the operation models of the type (Fig. 3, b).

Theorem 1. Let XE be the losses of overcoming the mark-
er transition Ty. Then any operation in the form of:

A—(RE,,TO,,PE, =k-RE,)
is less effective in relation to the operation of the type:
B—(RE, =RE,,TO, =2.TO,,PE, =k’RE,).

Proof. As a result of the marker transformation at the
output of the operation Ay, the cybernetic product is formed
as follows:

PE,, =k RE,,.

As a result of the loss of the marker transition, at the in-
put of the operation Ay, the conversion process will look like:

PE,,=k-(k-RE, -XE).
On the other hand, as
RE, =RE,, k,=k?,

at the output of the operation By at the time t3, the cybernet-
ic product is formed:

PE; =k, -RE; = ki ‘RE,,.
Because:

PE, (ts ) -PE,, (t:s) =
=k’RE,, -k, (k,-RE, -XE)=k, -XE,

the operation B is more effective than the operation A.

Theorem 1 is proved.

Consequently, the A and B models of operations cannot
be used as standards for equally effective operations of dif-
ferent classes.

On the other hand, the fact that the operations of A and
B subclasses when using a certain technology of their design
are not equally efficient allows the creation of a new class of
SOCM. Operation subclasses of this class don’t demand a

definition of LEC for identification of their rat-
ing efficiency. That is, the rating identification of
their efficiency is predetermined.

Let’s consider a class formation method of
the operation models, which are previously iden-
tified concerning their rating efficiency in terms
of the MPN:

1. The initial marker value of investments of
the modeled operations REx=REgp is defined in
a random way;

2. Within the restrictions F>k>1, the coefficient of
marker transformation, where F is the external environment
restrictions, is defined,

3. Within Tpijn>TOx>Thayx the operation duration with
a smaller value of the rating efficiency identifier is defined,;

4. From the expression PE =k-RE 4, the operation output
marker value with a smaller rating efficiency identifier value
is defined,;

5.From the expression PEg=k?REg, the value of the
operation output marker with a larger value of the rating
efficiency identifier is defined;

6. The operation duration with a larger rating efficiency
identifier value TOg=2-TO, is defined.

The development of the idea about the cybernetics of the
developing operational process shows that the expression of
the local criterion of AE requires specification.

So, to state a judgment about the relative efficiency of
the Ay and B operations (Fig. 3) with the use of the direct
method, it is necessary to consider the loss of the marker
weight on the step of marker transition passing. Of course,
the marker transition passing rule change is necessary only
for those MPN models, which describe the cybernetics of the
converting process.

If we assume that the original efficiency indicator (E)
is determined, the value of the marker transition loss can be
determined from the operation balance equation of different
subclasses of the following form:

E, (REA7 TO,, [k~REA +XE:|) =
=E, (RE,,[T0, =270, ] [KRE, ]}

having solved it relatively XE or with the use of numerical
methods.

For the verified indicator, the value XE determines
not the value of marker transition losses, but the value of
a restriction on the comparison possibility of operations of
different duration.

The expression of balance with the EL indicator use will
have an appearance:

(k-RE-RE+XE)' _(k*-1)
(k-RE+XE)-RE ~ 2-k’

3

From (3) we cannot obtain an explicit expression for
XE. But

XE={(RE,Kk).

The fact that the time factor doesn’t influence the XE
value is explainable as, according to the comparison con-
dition of the A and B operations, the transition time (T}) is
equal to a difference of operational processes:



T, =TO, -2TO, =2TO, —2TO, =0.

For example, for the EL indicator, the dependence of
XE (k) at RE=3 units will have an appearance (Fig. 7).
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Fig. 7. Change of transition losses from the transformation
coefficient value (k) for RE=3 units

The conducted researches allow defining an indispens-
able condition, which needs to be considered at the reali-
zation of the verification method of the class of estimated
indicators, within which the identification of the original
efficiency indicator or optimization criterion is carried out.

So, for example, the comparison of the A and B models
of operations, in which REx=REg and 2TO,=TOp, with the
direct comparison methods use is possible only if the value
of transition losses of the operation with the smaller duration
is considered.

In the work [1], the AE absolute predictive assessment
measure of operational processes has been developed. It de-
fines the rating efficiency value of the A and D operations,
where

REA:RED TOD:2TOA,
with the use of private criteria
AE,=kIREg and AE, =k, RE,.

Here AEs and AE; are local assessment criteria for
operations of multiple duration. At the same time, the AEg
criterion estimates the operations (S) of a smaller duration,
and the AEy criterion estimates operations (L) of a bigger
duration.

For the model taking into account interoperational
losses, the expression for AEg and AE; will have the ap-
pearance:

AE;=k2-RE-ky-XE, AE, =k RE,.

The results of the indicator EL verification on operations
models (Fig. 2) are given in Table 1.

Table 1

The results of the EL indicator verification taking into
account the specified LEC model of AE (a2 and AEg,

Operation |RE| TO | PE| k | AE EL XE AE’
Ay 31 2 |33 1.1]363]0.00227 | 0.0005 | 3.629
B 3 36| 1.2 ] 3.6 | 0.00208 0 3.6

The researches have shown that the AEg criterion model
specification hasn’t changed the rating of estimated opera-
tions, therefore, the EL estimated indicator has been verified
on this class of operations.

5. Research results connected with the verification of the
estimated indicators

As a result of the conducted researches, it has been es-
tablished that the mathematical model, which displays the
cybernetics of the operational process has to consider the
losses of interoperational interaction.

Creation of the specified model has allowed expanding a
set of classes of the identified operation models concerning
their rating efficiency. Moreover, the method of creating a
new class of operation models provides their predetermined
identification. That is, this method doesn’t demand determi-
nation of private efficiency criteria.

Also, the creation of the specified model has allowed
developing the rule of equivalent transformation of equally
efficient operational processes.

The data on changes in the interoperational transi-
tion losses, depending on the Petri net marker conversion
strengthening coefficient value has been received. As an ef-
ficiency indicator, the evaluation indicator was used, which
had undergone all stages of verification for the possibility of
using it as an optimization criterion.

The amendment to the formulas of local criteria, which
estimate the rating efficiency of the operations that have
different duration has been introduced.

6. Discussion of the research results connected with the
development of the verification method of estimated
indicators

As shown by the results received in the work, it wasn’t
succeeded to create reference models of the equally effi-
cient operations belonging to different classes within this
research. That is, it was failed to create the equally efficient
operation reference models. Their successful assessment
would allow indicating immediately that the verified esti-
mated indicator is an original efficiency indicator.

Therefore, the received results expand the possibilities
of the verification method of estimated indicators based on
applying indirect signs.

Nevertheless, the cybernetics research of synchronized
operational processes with the use of the expanded device
MPN, on the one hand, has shown that the rule of creation
of network models depends on a type of the studied process.
And this, in turn, has allowed developing the rule of convert-
ing the MPN fragments into the equivalent structures.

Also, depending on whether the physics and cybernetics
of the converting process or control processes are investigat-
ed, the type of the MPN model will change.

Definition of the rules of equivalent transformation of
processes with the use of operations of different classes opens
the prospects of creation of new methods of structural opti-
mization of models in the form of MPN.

Besides, the possibility of representation of processes of
different classes in the form of MPN opens the prospects of
complete description of the models of operated systems as
cybernetic objects of interactive interaction.



7. Conclusions

1. Rules of the equivalent operational process converting
in the form of MPN of one class into the model of the oper-
ational process in the form of MPN of another class, which
considers the cybernetics of the converting process have
been defined.

The possibility of the expression specification for deter-
mination of the efficiency rating of operations of different
duration is an important consequence of definition of trans-
formation rules of operational process models.

The definition method of a restriction on the possibility
of rating estimation of operation models with different dura-
tion has been developed.

2. The conducted researches have allowed developing the
rules of creation of the class of simple global operation mod-
els, the identification of which doesn’t require determination
of private efficiency criteria.

The verification method of estimated indicators, which
can potentially be used as the optimization criterion, has
been developed. The task is solved by definition of the class
of simple global models of operations of different subclasses
with the predetermined rating efficiency.

Expansion of the set of identified classes of reference
models of simple operations allows increasing significantly
the reliability of the verification method of estimated indi-
cators, which can potentially be used as the optimization
criterion.

At the same time, the positive effect of the expansion of
the opportunities of the verification method has been shown
not so much in the increased probability of excluding the
inadequate estimated indicator, but in the introduction of a
restriction on the creation rules of classes of reference models
of operations. Introduction of such a restriction prevents the
possibility of excluding the adequate estimated indicator
from consideration.
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