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Abstract: Modern methods for solving problems of planning the execution of batches of tasks in
multi-stage systems are characterized by the presence of restrictions on their dimensionality, the
impossibility of guaranteed obtaining better results in comparison with fixed packages for different
values of the input parameters of the problem. In the article, the author solved the problem of optimizing
the composition of job packages running in multi-stage systems using the branch and bound method.
Research has been carried out on various ways to form package execution orders tasks in multi-stage
systems (heuristic rules for ordering packages tasks in the sequence of their execution on MS devices).
A method has been determined ordering packages in the sequence of their execution (heuristic rule),
ensuring minimization of the total time for implementing actions with them on devices Based on the
obtained rule, a method is formulated for ordering task types, according to which their packages are
considered in the method procedure branches and boundaries. A mathematical model of the process of
implementing actions with packages on the devices of the system, which provides calculation of its
parameters.

Key words: analysis, management of multistage processes (MSP), flotation, optimization,
automated control system, digital technologies.

Annotatsiya: Ko‘p bosqichli tizimlarda vazifalar paketlarini bajarishni rejalashtirish
muammolarini hal gilishning zamonaviy usullari ularning o ‘Ichamlari bo ‘yicha cheklovlar mavjudligi,
kirish parametrlarining turli giymatlariga yega bo ‘Igan sobit paketlarga nisbatan kafolatlangan yaxshi
natijalarga yerishishning mumkin yemasligi bilan tavsiflanadi. muammolar. Magolada muallif ko p
bosqichli tizimlarda bajariladigan vazifalar paketlarining tarkibini filiallar va chegaralar usuli bilan
optimallashtirish muammosini hal qildi. Kop bosqichli tizimlarda paketlarni bajarish uchun
buyurtmalar vazifalarini shakllantirishning turli usullarini o ‘rganish (paketlarning vazifalarini MS
qurilmalarida bajarish ketma-ketligida buyurtma gilishning yevristik goidalari) amalga oshirildi.
Paketlarni ularni bajarish ketma-ketligida buyurtma gilish usuli (yevristik qoida) aniglanadi, bu ular
bilan qurilmalarda harakatlarni amalga oshirish uchun umumiy vaqtni minimallashtiradi. Olingan
goida asosida vazifa turlarini buyurtma qilish usuli shakllantiriladi, unga ko ra ularning paketlari usul
protsedurasining tarmoglari va chegaralarida hisobga olinadi. Tizim qurilmalarida paketlar bilan
harakatlarni amalga oshirish jarayonining matematik modeli, uning parametrlarini hisoblashni
ta’minlaydi.

Kalit so “zlar: tahlil, ko ‘p bosqichli jarayonlarni boshqarish (MSP), flotatsiya, optimallashtirish,
avtomatlashtirilgan boshgaruv tizimi, ragamli texnologiyalar.

Auuomauuﬂ: COSpeM@HHble Memoobl peuienus 3a0ay NIAHUPOBAHRUA BbINOJIHEHUA naKemoe
3a0ay 8 MHOCOCMYNEHYaAmvlx cucmemax xapaxkmepusyromcsa Haiuduem oepcmuqenuﬁ HA ux
PA3MEPHOCMb, HEBO3MONCHOCMbIO 2APAHMUPOBAHRKO20 NOJAYYEHUS AYHUWUX pe3)lbmamoe no
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CPABHEHUIO C PUKCUPOBAHHBIMU NAKEMAMU NPU PAZHBIX 3HAYEHUSIX BXOOHbIX RAPAMEMPOS. NPOd.IEMbL.
B cmamve asmop pewwun 3adauy onmumuzayuu cocmasa NAKemo8 3d0aHull, GbINOIHAEMbIX 8
MHO20CIYNEHUAMBIX CUCEMAX, Memooom eemeell u epanuy. IIposedenvl ucciedo8anus pasiuuHbIx
€cnocob06 Gopmuposans 3a0a4 NPUKA308 HA GLINOJHEHUE NAKEMO8 8 MHO2OCMYNEHYAMbIX CUCEMAX
(38pUCMuUYEcKUX NPAGUL YROPSIOOHUBAHUSL 3A0AY NAKEMOE 68 NOCAEO08AMENbHOCTNU UX 8bINOJHEHUS. HA
yempoucemsax MS).  Onpedenen memoo ynopsoouusanusi naxkemos 6 NoC1e008amelbHOCMU UX
BbINONIHEHUSL  (IBPUCIIUYECKOE NPABUNO), 00ECRedU8AIOWUll  MUHUMUZAYUIO  00We20  8peMeHU
peanuzayuu deticmsutl ¢ HumMu Ha ycmpoticmsax. Ha ocnoge nonyuennozo npaguina cqhopmyauposan
Memoo Yynopsadouusanus munog 3a0au, co2ldcHO KOMOPOMY UX NAKenbl YYUMbl8AIOMCsl 8 emesX U
epanuyax npoyedypvl memoda. Mamemamuueckas moodenvb npoyecca peanusayuu Oetucmeuil ¢
nakemamu Ha yCmpoucmeax cucmemvl, 06ecneuusanuds pacien ee napamempos.

Knroueevie cnosa: ananus, ynpasnenue mrococmaoutinvimu npoyeccamu (MCII), ¢promayus,
ONMUMU3AYUSL, ABMOMATNUSUPOBAHHASL CUCIEMA YNPAGLEHUS, YUPPOBble MEXHON02UU.

Introduction

For a wide class of mathematical models of
complex systems, in particular, MSPs, the presence
of a relationship between measurements and noise is
characteristic; therefore, the identification of an
object by traditional methods of mathematical
modeling [1,3,4, 7, 11] often leads to mixed
estimates, regardless of the number of observations.
At the same time, the objects under study are not
stable, which is why the mathematical model cannot
describe the behavior of the identified object with the
required accuracy over a long period of time.

Material and Methods

In this regard, there is a need to develop and
apply adaptive identification algorithms that allow,
both at the initial stage of modeling and during the
operation of the model, to appropriately adapt the
working model of the object to the changing
characteristics of the control object by adjusting the
model parameters at each control step.

Adaptive methods are used in the construction
of:

- optimal automated process control systems
for which there is no complete information about their
mathematical model;

- optimal systems for automated process
control with parameters that are available in time due
to changes in conditions and modes of operation.

There are various methods and algorithms for
adapting mathematical models that differ in scope,
the amount of information required, the speed of
convergence, the required amount of PC storage and
other characteristics.

In various MSP management systems,
different indicators can be limiting, as a result of
which it is impossible to specifically specify the
general criterion for the quality of the algorithm and
the corresponding adaptation algorithm. The criterion
for the quality of the algorithm in most cases, both for
stationary and non-stationary processes, is the
minimum of the root-mean-square error of the
product of the output indicator of the process [2, 3]:

Q@) = Mig?} = M{(y - $(x,a))’} > min (1)

Here, the value Q(a) characterizes the degree
of discrepancy between the outputs of the object and
the model and depends on the parameters of the
model; R¥ — K —dimensional Euclidean space of
vectors a*. If the model structure is chosen correctly,
the # residual function (1) is equal to zero, i.e., the
model is adequate to the object.

In most cases, the correction of the coefficients
of the MRP mathematical model is carried out by one
of the following recursive relations:

n n
* — * *
a; ny1=a; x T Vr (Z AN +1 XN +1 Z a’i,]\fx;‘,]\f+1> X;N+1 (2)
i=1 =1
n n
2 _ Vi1 AN +1%iN+1 — Die1 AN Ej N +1 . 3)
5 N+1 = %5, N n 2 AN +1t
Ve + 2ie1 Xinia
Here V" —is the number of the corresponding The convergence of these adaptation

iteration; x; »-41-value of input parameters at V" +
1the -th step of integration; a; ;.- the value of the
coefficients of the mathematical model at v + 1the -
th step of integration: - the number of inputs; y,.-
some positive number, taking into account the
influence of interference.

The value X;when calculating the free member
agalways takes equal to one.

algorithms was proved in [2, 5, 6, 9, 12, 15]. The
value of the parameter y,.can be detailed based on the
analysis of previously obtained arrays x and y¢based
on the condition of minimizing the residual variance.
In general, the parameter value yis defined as follows:
for the algorithm (2)
1

V=0
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and for (3)

m
Y = z Dy
i=1

where Dis the dispersion symbol, mis the
number of input variables.

Often the characteristics of continuously
functioning MSPs are described by nonlinear
equations ¢ = F(x1, %2, ..., X, A1, A2, .., Ay ), IN
such cases, correction of the coefficients of equation
y=F(x,%5,...,%,,aq,a,....,4,), by direct
application of the adaptation algorithm (2), (3) is
impossible.  Therefore, before correcting the
coefficients of mathematical models of the form ¢ =
Flx1,22,...,%,,a44,a5,....,4,,), it IS necessary to
bring them to a linear form

n
Y = dg + Z a;x;.
i=1

In the adaptation algorithm, at each moment of
time, the output of the process and the output of the
model are compared, while the square of the

difference in outputs is minimized by an appropriate
choice of the parameters of the model operator (Fig.
1). Then the model will constantly adjust to the object
so that the reactions to the same input at each moment
of time differ minimally.

Results and Discussion

The principle of constructing an adaptive
control system for an MSP with an identifier consists
in parametric compensation in the adaptive controller
of parametric disturbances affecting the control
object. At the same time, an identifier is a kind of
sensor for deviations of object parameters from their
nominal values.

An adaptive control system is a set (complex)
of algorithms that provide real-time solution of
problems of structural and parametric adaptation, as
well as software and hardware tools that implement
them. Conventionally, management U can be divided
into management of the structural Ug and parameters
U,, of the system.

3 (1)

v

A 4

R = |ly(t) — y* ()]

A

x(%)
»  Technological process
x(%)
' Mathematical model
[
x(t
> Error minimization

Fig.1. Scheme of adaptation of the mathematical model of MSPs.

The choice of control system means the choice
of adaptive control algorithms{As, A,} and the
corresponding functional parameters { @(A)}, as
well as algorithms (procedures) for identifying
(predicting) the corresponding characteristics of input
actions {R,, R,}, and, if necessary, identifying the
state and the generalized functional operator of the
system functioning ¢, {Rs;, Ry}. Identification
procedures Rshould provide control algorithms
Aservice information necessary for their effective
operation (development of control decisions) and in a
form convenient for use in the control system.

A complex adaptive system can be represented
by a set of two subsystems: controlled (control object
- CO) and controlling (control system - CS) (Fig. 2),
interconnected and based on common organizational

and technical of construction and
operation.

d-sensors of the state of the environment, the
system and the quality of functioning.

Where OS is the control object; R, R, -
control devices in the forward circuit and in the
feedback circuit, respectively; A- an adaptation
device that identifies and generates control
parametric and signal actions based on information
from input, control, disturbing actions and output
processes.

To solve the problem, the control system
should be endowed with the following properties:
identify the parameters of input influences (beneficial
x and interfering z) forming a set of conditions Y =
(%, z)based on the use of a priori and accumulated in
the process of statistical information Y.

principles

Technical science and innovation. 2023. Ne 4. 23
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X()Z (¢ H (& d(1)
2O [ ) T :
S uce) O
A o5 L. . YE(9)
R, > A < R,

A,
i Q)
oy

Fig. 2. Generalized structural-functional diagram of an adaptive system

Identify the state of the managed object H,
including the integrity of the functional structure
(links) < §, F> of the system, and quantify the quality
functional ¢.

Possess an internal goal (criterion ¢), which
ensures the ability of the system to form a purposeful
activity.

Thus, the control system must have the means
to control input actions X, Z, the state of the system
H, structure Sand quality ¢, and have two
algorithms: structural and parametric adaptation.

When constructing adaptive control systems,
two approaches are possible [8, 12]: the
decomposition of an adaptive control device into an

optimal controller and a self-tuning device; and the
second, the use of dual control algorithms, i.e.
algorithms that carry out both the control of the object
and its study.

An adaptive system of the first type consists of
two circuits (Fig. 3.): self-tuning and the main one.
The self-tuning loop performs three main operations:
it determines the current dynamic response of the
system, generates a self-tuning signal, and rebuilds
the controller parameters in accordance with the
selected self-tuning criterion.

The self-tuning loop includes a process
analyzer (PA), an impact analyzer (1A), a computing
device (CD), an executive element (EE).

entry

exit

v

A 4

A

A 4

Self-tuning circuit

Fig.3. Structural diagram of a self-tuning system: R-regulator; O-object; PA - process analyzer;
IA impact analyzer; CD-computing device; EE-executive element; #;(¢)- disturbing effect.

The process analyzer is used to fully or
partially determine the dynamic properties of an
object based on current information about the object.
When the normal operating signal of the system is not
sufficient to obtain the necessary information for

process evaluation, then the PA includes a test signal
generator. IA determines the reason for the deviation
of the process from the specified (optimal) value. The
self-tuning condition (criterion) is stored or generated
in the CD. The EE transmits the necessary action
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from the output of the self-tuning loop to the changing
part of the regulator. The considered elements of a
self-tuning system are not strictly required, their
number can be increased or decreased depending on
the degree of perfection of the self-tuning system and
the optimization criterion.

The central point in constructing an adaptive
mathematical model of the system is to find a
generalized functional operator for the functioning of
systems ythat establishes the quality functional ¢and
the characteristics of input actions X u Zfor the
selected control U, i.e.

¢(1) =X, 2,U,1)

Given the random nature of the input
parameters Xand Zthe control object is stochastic,
and the operator is probabilistic.

For structurally complex stochastic systems,
the ambiguity of the results of functioning is
characteristic due to a certain technical imperfection
of the system itself, the complexity of the tasks being
solved, the random nature of the complex of
functioning conditions ¢ = (X, 2). As a result, the
system functioning process provides a sequence of
different system states 7, in each of which the system
performs the specified functions with a certain quality
level ¢, depending on the current state of the system.
The state H'can be understood as the state of health
and throughput of various elements of the system
structure, the degree of their load, etc.

Dependence ¢on the state Fis a mathematical
model of the quality of the system functioning, set by
the operator 14, i.e.

(1) = (H(2),U(2))

The law of change in time of the vector
H(t)is a mathematical model of the system
functioning process. The set of possible states of the
system H forms the phase space of states Q(H).

A functional description can be built on the
basis of an experimental study (evaluation) of the
system operator y(identification of an object in the
process of its operation) or on the basis of a
preliminary mathematical modeling (description) of
the system operation, using its monographic image
and informational description[6, 16].

Conclusion

Thus, the adaptation algorithm, based on
current information about the input and output
parameters, should bring the behavior of the model
closer to the behavior of the object. The resulting
model parameters are estimates of the object
parameters.

The advantages of systems using the method of
adaptive models are visibility, speed and versatility,

the main disadvantage is the complexity of ensuring
the conditions for the systems to work, since the
identification algorithms in them are directly
dependent on the accuracy of assessing the state of
the control object at each moment of time and the
presence of any errors and measurement leads to the
need to reconfigure the model parameters.
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