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Introduction

To analyze the likely-time characteristics of reconfigurable multifunctional automated
monitoring systems (MF AS), the most effective is the use of queuing models. They are
characterized by an active change in the order of request processing, which necessitates the
application of the theory of managed queuing systems (QMS) [1, 2]. In [3, 4], an overview of
the classes of QMS is given and five types of management are considered: input flow
management, service mechanism, system structure, service discipline and integrated
management. Approaches to the construction of loss functionals are considered, including
average waiting times, random loss function, average costs of using a maintenance device
and switching between modes of operation. When analyzing MF AS, two approaches can be
applied to solving optimal control problems: Howard and linear programming. In [1], general
approaches to the modeling of MF AS by controlled queing systems based on Markov and
semi-Markov processes and circuits are considered. Approaches to the synthesis of controlled
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QMS have been developed, in particular with dynamic requirements, variable sets of
parameters of service devices and variable service intensity [2,5].

With the help of queuing models, the problems of structural synthesis of suitable
controlled QMS and strategies for optimal management of MF AS can be solved. For
example, in [6] the possibility of finding the number of service channels and their
performance for a closed multichannel queing system according to the requirements for its
characteristics is considered — nomograms for solving synthesis problems are obtained. Thus,
in [7], the issues of modeling multichannel QMS when managing the queue discipline and
service discipline by the administrator, as well as the distribution of resources between
processing channels, are considered. A special case of QMS is the failure of servicing
devices: management of a two-server computing system with failures [8]; two strategies for
managing the maintenance of applications in a single-channel QMS G/M/1 with a random
discipline of server removal [9]. A more general task involves connecting backup service
devices. Thus, in [10], the application of the dynamic programming method for controlling
multilinear QMS with a set of plug-in backup service devices is considered. Another special
case is the use of heterogeneous devices and devices with variable performance. In [11],
controlled QMS with heterogeneous devices with two optimization criteria are considered:
NJM (mean number of jobs minimization) and PCM (processing cost minimization). In [12],
a single-line queuing system with variable service intensity characteristic of computing and
communication systems is considered. To increase the automation effect, several
controllability factors are used simultaneously. Thus, in [13], the issues of managing
heterogeneous heterogeneous servers with failures and continuous recovery using managed
QMS are considered. In [14], the issues of using semi-Markov QMS with a group input flow
for the analysis of systems in the presence of rest devices, single or double Markov flow of
breakdowns, multiphase QMS with a monotonous control strategy are considered.

The analysis of known approaches and modeling methods carried out above in order
to manage the service of applications during the functional development of MF AS showed
the need to adapt known approaches and use reconfigurable systems [15-19]. Since the
problem of modeling the MF AS is associated with an additional factor, in relation to the
factor of reducing the time spent in the queue, taking into account changes in performance as
a result of dynamic adaptive adjustment of the monitoring system to the conditions of its
implementation.

Application service model in the MF AS based on BMAP/G/N/1

The solution to this task is a joint representation of the processes of functioning and
functional development of the MF AS a service of applications based on a managed batch
Markovian arrival process (BMAP). The general ideas of modeling the process of functional
development are determined by the following initial provisions:

— functional channels serve applications for monitoring of natural-technical systems;

— changes in requirements are modeled by changes in the flow of applications;

— the process of functional development is modeled by changing the performance of
channels and creating new functional channels.

The processing of tasks in the MF AS can be presented in the form of a QMS with an
expectation (Figure 1). Without losing the generality of the approach to modeling, we will
present the MF AS in the form of a single-channel QMS with expectation. The input stream

of applications is the sum of single streams of the same type of applications:A = Z§=O A
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Figure 1 — A model of the application processing in the MF AS
A feature of the MF AS highlighted in the work is the different intensity of service for
different classes of applications: M = {uj}- The adaptation allows to increase the productivity
of servicing applications. The probabilistic nature of the receipt and processing of

applications for reconfiguration of the monitoring system itself allows us to present this
process in the form of a QMS (Figure 2).

My L=Jt) Mg \L

> MF AS

1 channel

Figure 2 — Model of the MF AS reconfiguration process

Without losing generality, we can consider that the dedicated server unit of the MF
AS has one channel and at the same time the performance of only one channel can increase.
In general, the performance gain of the server block u,, decreases when the reconfiguration
stage increases. The input stream of modernization requests 4, is formed when new types of
processing tasks appear and has the intensity: 4, << A. Processed applications are returned
to the system. There are applications in the service queue by the number of task types:
L=]().

Combining the two presented models allows us to consider MF AS a controlled QMS
with expectation. In accordance with this, the queing model can be represented as a
controlled random process ¢ (t)with control u(t). The quality of control U for a certain period
of time [s, t) is characterized by the functional

List) = L lx,u] = Llx(2),u(r);s < 7 < t] 1)

depending on the trajectories of the MF AS x,,) and the controls used in this section
Uy = ult, x;]. As a functional, the loss function is considered, showing the effects of
processing applications for the provision of monitoring services.

The purpose of control is to minimize the target functional:

Ri5,6)(8) = Rps ) (x5, ug; 6) = min ()
which is provided by the construction of such a control strategy 6 for which
Risy(8*) = inf Ryg 1y (8), (0 <s <t <o0). (3)

Since the management of the MF AS is implemented at a finite time interval, the risk
functional has the following form:
RI[x,u; 8] = MO{Lgy /%, ue }. (4)
The presented version of the controlled QMS can be given in the form of
BMAP/G/N/1 or in the special case of BMAP/SM/N/1. In accordance with [14, 20], such CFR

937

Vol. 71 No. 3 (2022)
http://philstat.org.ph



Mathematical Statistician and Engineering Applications
ISSN: 2326-9865

can be described using multidimensional Markov chains. Then, for N=1 (the number of
serving servers), the process of servicing applications for automation in the MF AU is
represented as a three-dimensional process:
fn = {itn'vtn'mtn}v nz= 1 (5)
wherei, is the number of applications in the MF AS at time ¢,, + 0; v, is the BMAP state of
the control process (input stream of applications) v, at time t,; m, _is the state of the semi-
Markov control service process m; at time t,, + 0.
Such a process is described by a multidimensional quasi-split Markov chain with a
state space:
{(0,1,...) x(0,1,..., W) x (0,1,..., M)}, (5)
and transient one-step probabilities of chain transitions &,,:
P(Gi,v,m,j,v.m) =
= Pligs1 = Jj,Vps1 =V, My =m},v,v €0,W,m,m € 1,M, (6)
represented in the form of square matrices P;; of size (W + 1)M.
Nonzero matrices P;;of one-step probabilities of chain transitions &, describing the
functioning of the MF AS have the form:
Py; =V,j=0;Pj =Y _141,j 21— 1,i >0, (7)
where the matrices I, Yy, s > Oare defined using generating functions
V(z) = X2y Vi-2° =~(=Do ® Iy) ' (D(2) ® Iy — Do ® Iy) - f(-D(2)), (4.28)

Y(2) = XioYs - 2° = B(=D(2), (8)
Whereﬁ(—D(z)) is the matrix generating function of the number of applications received by
the MF AS during service requests for monitoring:
B(-D(2) = [; "@* @ dB(®). 9)
Stationary probability distribution 7(i,v,m) of the MF functioning as &, can be
represented in vector form:

M(z) =377, (10)
whereT;is a vector sorted in lexigraphical the order of the arguments (v, m) of stationary
probabilities 7 (i, v, m). Finding the stationary probability distribution in vector form is
possible from the equation:

() (21 = B(=D(2))) = T1(0) - (~Dp ® 1) ™" - (D(2) ® 1) - B(—D (),
by finding the vector I7(0) = 7, and then by recurrent formulas finding any given 7.
fors =0,N — 1:

oy = [~ Srom ] () an
fors = N, MW —1:
Toqi = [ﬁs — YN oV — Yini ﬁiYs—H-l] -(Yo) L. (12)

Algorithm for optimal performance management of MF AS

Within the framework of this work, when conducting modeling, we considered the
following performance management strategies::

— implementing the choice to service an application from the next queue in one way or
another, for example, first-come-first-served (FCFS), first-come-last-served (FCLS) and
service-in-random-order (SIRO);

— implementing the ordering of applications according to their certain particular
characteristics, for example, by the number of applications of the appropriate type that came
to the MF AS during the last reconfiguration cycle;
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— implementing the solution of optimization problems for controlled Markov chains
using dynamic programming based on complex risk functions. These strategies allow us to
find optimal solutions for the case of the observed application processing process in the MF
AS. Finding strategies when describing QMS as a controlled Markov chain (with discrete
observation at random times — the model is described by a semi-Markov chain) allows us to
determine the quality of control through a loss functional of the form:

L[s,t) [x,u] = Zgzs lx(t)x(t+1)u(t)a (13)
wherel, ¢)x(¢+1)iS the loss of effect during the transition from state x(t) into x(¢t + 1) taking
into account the control u(t).The expression for MF AS takes the form:

RY [x,1; 8] = MO{X1_ Ly (yee+nyU(t) /xe, Ue}, (14)
with the strategy price®] [x,u] = infR! [x,u; §]with an additive loss functional has the
s

form:
D, (x) = Zréli]n [lx (W) + ZyEX Dxy (WP,q (y)] (15)

With the continuous nature of observations, the solution of the problem requires the
compilation and solution of optimization equations based on differential equations linking the
price of state change with optimal strategies:

_ d@;t(x) _ %llg[lx (W) + Xyex Ay (WP, ], (16)

whered, (x) and®, (y)are rates strategy at time x and y.

The algorithm for choosing the optimal management strategy is implemented in a
finite period of time by increasing the throughput of processing applications through one
functional channel according to expressions (13-16).

Simulation results and conclusions
The following performance management and reconfiguration strategies have been
modeled and investigated:
— SIRO (in random order);
—according to the maximum of accepted tasks during the planning period:
6 = maxn, 17)

nenN
wherenis the number of applications received at the input of the MF AS during time T.

The reconfiguration time is generally distributed according to some law F,with
intensity (performance) u,,which is usually exponential. The reconfiguration performance of
the service device u,, decreases depending on the stage of reconfiguration. A power function
can be considered as a function of decreasing reconfiguration performance:

1 KoK
Wik k-1 Hjo' 1"
wherey; ,isthe service performance of the j-th tasks stream after the k-th reconfiguration

stage; k; is the performance reduction coefficient; p; o is the service performance of the
stream at the initial time.

Figure 3 shows graphs of changes in the average service time for two types of
requests for controlled (a) and random (b) selection of the flow type for performance

changes.
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a) b)
Figure 3 — Graphs of the dependence of performance changes by query types: a)
controlled performance changes, and b) random performance changes

To conduct experiments, a simulation model has been developed "A simulation model
of a performance-controlled QMS: Manage_SMO.vi" (Figure 4). The simulation model is
based on the LabVIEW environment and allows us to manage the flow of applications, the

initial performance of the service device by type of applications and choose the discipline of
performance management.
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Figure 4 — Simulation model of a performance-controlled QMS (main interface)

The paper examines two disciplines of task maintenance:
— FIFO (first come — first served);
— FCLS (first come — last served).
The results were compared by the magnitude of the effect:
E =% &), (18)
whereé; (t;)is the magnitude of the effect of processing the i-th request, N is the number of
processed requests during the planning period.
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Figure 5 shows graphs of changes in the relative throughput p(t) and p(t), as well as
the queue size L(t) for the simulated state: ]
p(D) = 55, p(0) = 55 (19)
Figure 6 shows graphs of changes in the effect of processing tasks in the QMS from
time to time.
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Figure 5 — Graphs of changes in relative throughput and queue size from time to
time for FCLS and FCFS
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Figure 6 — Graphs of changes in the effect of processing tasks in the QMS from
time to time
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The results show that changing the discipline of task maintenance significantly
changes the effect of task maintenance in the CFR. Changing the performance management
strategy also makes it possible to achieve a significant reduction in the risk functionality. The
direction of further research is the study of the discipline of service based on the solution of
optimization problems, the construction of optimal performance management schemes,
modeling of multi-channel QMS.

ACKNOWLEDGEMENTS

The article was prepared as part of the state task "Research and development of
complex energy-saving and thermoelectric regenerative systems™ application number 2019-
1497, subject number FZWG-2020-0034. The theory was prepared within the framework of
the state task of the Russian Federation FZWG-2020-0029 "Development of theoretical
foundations for building information and analytical support for telecommunications systems
for geoecological monitoring of natural resources in agriculture™.

References

1.Rykov V.V. Controlled queuing systems // Probability theory. Mathematical statistics.
Theoretical cybernetics. 1975. Vol. 12. pp. 43-153.

2.Hsu Lie-Fern, Tapiero Charles S., Lin Cinho. Network of queues modeling in flexible
manufacturing systems: a survey // Operational Research. Vol 27. N 2. 1993. P. 201-248.
3.Rykov V. Controllable Queuing Systems: From very beginning up to nowadays // RT&A.
No 2(45). Volume 12. June 2017. P. 39-61.

4.Rykov V., Kitaev M. YU. Controlled Queueing Systems. CRC Press. 1995. — 285 p.
5.Satheesh A., Kumar D., Dharmalingam P., Lakshmipriya T.K.S. Queueing system for
dynamically reconfigurable network processor // Far East Journal of Electronics and
Communications. Vol. 13, number 1, 2014, p. 41-58.

6. Tarantsev A.A., Manin P.A., Shcherbakov O.V. About one the problem of synthesis of a
closed queuing system. // Bulletin of the St. Petersburg University of the State Fire Service of
the Ministry of Emergency Situations of Russia. 2011. pp. 17-24.

7. Rusinov ILA. Modeling of controlled multichannel queuing systems // Software products
and systems. 2008. No. 2. pp. 56-57.

8. OzkanErhun, Kharoufeh Jeffrey P. Optimal Control of a Two-Server Queueing System
with Failures // Probability in the Engineering and Informational Sciences, 28 (4), 489-527,
2014.

9. Okamura H., Dohi T., Osaki S. Optimal policies for controlled queueing systems with
removable server under a random vacation circumstance // Computer Mathematics with
Applications. 39 (2000). P. 215-227.

10. Kuznetsov A.V., Mandel A.S., Tokmakova A.B. About one model of a controlled
queuing system // Management problems. 2007. No. 5. pp. 39-43.

11.Rykov V., Efrosinin D. Numeriucalanalisys of optimal control policies for queueing
systems with heterogeneous servers // Information processes, 2002, Vol. 2 (2). pp. 252-256.
12. Samochernova L.1. Optimization of the queuing system with variable intensity depending
on the waiting time // Proceedings of Tomsk Polytechnic University. 2009. Vol. 315. No.5.
pp. 178-182.

13. Bakhareva N.F., Tarasov V.N. Approximative methods and models of queuing. Research
of computer networks. Samara. Publishing house of the SNC RAS. 2011. — 327 p.

14. Klimenok V.I. Multidimensional quasi-quartz Markov chains [Electronic resource]:
Educational and methodical manual. — Minsk: "Electronic book of BSU", 2004. — Access
mode: http://anubis.bsu.by/publications/elresources/AppliedMathematics/klimenok1.pdf

942

Vol. 71 No. 3 (2022)
http://philstat.org.ph



Mathematical Statistician and Engineering Applications
ISSN: 2326-9865

15. Kuzichkin O.R., Eremenko V.T., Loginov L.V., Eremenko A.V., Eremenko S.V.,
Grecheneva A.V., Vasilyev G.S. Approach to the choice of modernization directions for the
system of geodynamic monitoring in cases of using components intensity uncertainty (2019)
Indonesian Journal of Electrical Engineering and Computer Science, 17 (3), pp. 1239-1248.
DOI: 10.11591/ijeecs.v17.i3.pp1239-1248

16. Kuzichkin O.R., Loginov I.V., Eremenko V.T., Eremenko S.V., Vasilyev, G.S,,
Grecheneva A.V. Uncertainty of the implementation time of geodynamic monitoring system
in multi-criteria ranking of alternatives (2019) Indonesian Journal of Electrical Engineering
and Computer Science, 17 (3), pp. 1249-1257. DOI: 10.11591/ijeecs.v17.i3.pp1249-1257

17. Loginov 1.V., Kuzichkin O.R., Eremenko V.T., Vasilyev G.S., Eremenko A.V., Surzhik,
D.l. The multiple source control method for functional-structure modernization of
reconfigurable infocommunication environments (2021) Advances in Dynamical Systems
and Applications, 16 (1), pp. 317-333.

18. Loginov I.V., Kuzichkin O.R., Eremenko V.T., Vasilyev G.S., Eremenko S.V., Surzhik,
D.l. The decision making method for reconfiguration of adaptive infocommunication systems
(2021) Advances in Dynamical Systems and Applications, 16 (1), pp. 335-353.

19. Kuzichkin O. R., Eremenko V.T., Loginov I. V., GrechenevaA. V. EremenkoA.V.,
DorofeevN. V. Information processing in info -communication media of geodynamic
monitoring on the basis of adaptive queuing system (2020) Bulletin of Electrical Engineering
and Informatics Vol. 9, No. 3, June 2020, pp. 1251-1259, DOI: 10.11591/eei.v9i3. 1726.
20. Klimenok V.I. Stationary characteristics of an unreliable queuing system with a group
Markov flow // Informatics. 2019. Vol. 16, No. 3. pp. 69-78.

943

Vol. 71 No. 3 (2022)
http://philstat.org.ph



