ISSN 2522-9052

CyuacHi indopmariiitai cucremu. 2023. T. 7, Ne 1

UDC 004.934:141.1

doi: https://doi.org/10.20998/2522-9052.2023.1.04

Anton Poroshenko, Andriy Kovalenko

Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

OPTIMIZATION OF A BASIC NETWORK
IN AUDIO ANALYTICS SYSTEMS

Abstract. Relevance. The sound is a source of data that provides information necessary for survival and warns of potential
dangers. Audio analytics solutions allows detecting and responding in time to illegal actions and violations of the law, which
are accompanied by appropriate sounds. Therefore, the problem of reducing delays in the transmission of audio streams in
network-based systems of audio analytics becomes relevant. The object of research is the process of audio signals transmit-
ting. The subject of the research is mathematical models of audio and video streams transmission in network systems. The
purpose of this paper is to develop an approximate method for quickly solving optimization equations for a network of
connecting links and to assess the adequacy of the developed method. Research results. A method for selecting the network
structure of the audio analytics system is proposed. The optimization of the network structure of audio analytics system under
non-ordinary Poisson load is presented. The optimization of the basic network of audio analytics system was studied accord-
ing to the cost criterion. Comparisons of the optimization results shows that the given link distribution options are not signif-

icantly different from each other and are close in cost.
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Introduction

Relevance. Sound is a source of data; it helps to ob-
tain information necessary for survival or warns of dan-
ger. Early response to dangerous sound events can help
save lives. Loud events such as gunshots or glass break-
ing are very easy to detect precisely with the help of au-
dio analytics solutions, and to transmit information about
these events to the relevant authorities.

Low latency is an important factor that ensures reli-
able operation and high performance of multiservice net-
works. Audio and video analytics solutions are highly de-
pendent on network latency. Increasing the delay by just
a few milliseconds can result in distorted picture and
sound, software failure, or loss of a life-saving oppor-
tunity. Therefore, the task of reducing delays in the trans-
mission of audio streams in network systems of audio an-
alytics becomes urgent.

An overview of scientific works. Many scientific
works are devoted to the issues of audio signal transmis-
sion in network-based audio analytics systems and audio
signal processing in general.

Thus, in [1] a mathematical model of audio signals
transmission in network-based audio analytics systems
was developed. Articles [2-5] present modern ap-
proaches to audio information processing and detection
of sound events.

Article [6] discusses the issues of creating a data set
for training an audio analytics system. Article [7] is de-
voted to audio codecs and the issue of audio compression.

Articles [8, 9] discuss the development of mathe-
matical models in network systems. Article [10] is fo-
cused on the study of audio data transmission in multi-
service networks.

Setting objectives. Therefore, it becomes necessary
to optimize the corresponding mathematical models.
Based on this, the goal of this paper is to optimize the
mathematical model of audio signals transmission in net-
work-based audio analytics systems. To do this, it is nec-
essary to develop an approximate method for quickly
solving optimization equations for a multiservice net-
work.

The method of choosing network structure
for an audio analytics system

Solving the optimization equations for the corre-
sponding basic network structures makes it possible to
determine optimal structural parameters of these network
fragments under a given limitation on quality of service.
However, iterative procedure for obtaining such a solu-
tion even for simplest 3-node structure is quite time-con-
suming, which leads to the need to use approximations
that make it possible to reduce number of calculations
and, at the same time, guarantee fairly reliable estimates
of the considered network parameters.

The conducted studies [1] revealed that when solv-
ing optimization equations for basic structures, it is ad-
visable to use the approximations proposed in [8] to op-
timize the link switching network of a hierarchical struc-
ture, because they make it possible to take into account
modularity of transmission systems, structure of the
switching field and the connection establishment algo-
rithm, and, at the same time, significantly reduce number
of calculations.

According to optimization equation for a unidirec-
tional 3-node basic structure, the procedure for solving
the algorithm for calculating the capacities of link bun-
dles is iterative in nature and includes following opera-
tions:

1. Setinitial values g, and fs.

2. Calculate the value H; according to equation
H1=C1/(C2/ﬂ2+C3/ﬂ3).
3. Calculate the capacity of a direct bundle of links
V; = f (A, Fyy) for the value Hy, obtained in item 2 un-
der condition

b, | O (AV)
! oV

A 0By, (A)
Ny
A=const, Eg, =const

since V, 1 (AV1) = AEy, (A).
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4. Calculate: the parameters of excess load from
the bundle of links of the first choice Vy, arriving at the

first bypass direction — 1, Z{ ; load parameters received
for service on the second connecting line: r, = Ay + 1,
Z,= (A2 + rfzf)/ r, ; the capacity of the bundle of links

on the second connecting line V, provided that the losses
on the bundle V, : P, = P, ; average value of the load

served on the link: Y, =r, —r; and parameters of the
load coming to the third connecting line: r; = A5 +Y,,

Z3=(r3+Y,2;)/ 1 ; the capacity of the bundle of links
on the third connecting line V5 provided that the losses
on the bundle V3 : P; = Py -

or’

5. Calculate the value: g; =
0V |Zi=const
Fg, =const, i=2,3
6. Compare the value g (i = 2,3) with the speci-
fied value ¢:if S, = f3 < ¢, then finish the calculation;
if B,=f;> ¢, then proceed to point 2.

Z-approximation is one of the most effective meth-
ods for calculating probability of loss in switching nodes
with internal blockages in networks with bypass paths
and determining the capacities of link bundles.

According to this approximation, the probability of
connection losses on a bundle of links with capacity V
and effective availability d, which receives a load with

parameters (R;,Z;),Z; >0, is defined as:

pog|Y Ride|_gfV R FV]
Z;, Z; Z; Z, Z; Z
where E(s,s,+) —the Erlang formula for an ideal inacces-

sible inclusion.
When solving network optimization problems, in
the process of its design the availability coefficient Fy is

assumed to be known, as well as the permissible amount
of connection losses on the path of the last choice and the

parameters of initial load (R, Z) are set.

The link bundles capacities of the last choice are
calculated at fixed values of the loss values Py, = R, for

the path of the last choice and availability coefficient Fy
during determination of the derivative:

oY
&) . @
N Py =const, Fy =const

Given that the desired derivative (2) is calculated at
a fixed value Py =const, it is possible to write:

R (Py
2_\\;:(1_&'){ <§v !

where R(Py ) — incoming non-Poissonian load at the
point Py .

: ©)

}Fd =const

It follows from expression (3) that the derivative
OR/0V is defined at the point Py , therefore, it can be

assumed that
R R(V+AV)
ov
where R(V +aV ) i R(V —aV) —load value R in points
(V+aV) and (V -aV) respectively, by condition

Py =const R(V _AV)
2AV

Py =const

Py =const .
Given (1) and the fact that Py = const, it is possi-
ble to write:
V/z

> Dhpo=h @

x=VFy /Z
where [x]v i [x]v —functions R and Z.
z z

On the basis of previously obtained relations, (4)
can be represented as an equation of form R= f (V) , un-
der the condition Fy =const, Z =const .

Equation (4) can be solved using an iterative proce-
dure, which involves finding a derivative of the following
form:

v/zZ
0 X -o(x
x:\%/z[ ]V/Z O-( )
F’(R/Z)z— .
6(R/Z)
. L oY .
The definition of the derivative (—j is
oV A=const
Fq =const
reduced to the definition of the derivative
oP .
_6_V A=const * SINCE
Fq =const
ol A(1-P
o AP oAy o a0
oV oV oV oV

Thus, for the desired derivative, only a numerical
value can be found using the integral representation of
this formula.

After determining the link bundles capacities of
connecting lines, which constitute the path of the last
choice, it is possible to calculate the marginal loads S,

_ [aRij .
and f3: pBi=|—-| by -condition Z;=const,
oV,
Ej =const, Fy =const and i=2,3.

In this case, the derivative is calculated in the same
way as described above for calculating the derivative
given by expression (2).

When solving the optimization equation for a bidi-
rectional three-node basic structure, problem is reduced
to considering two 3-node basic structures, into which the
considered structure is decomposed. Each of the basic
structures is optimized independently, according to the
algorithm discussed above.
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Optimization of the network structure
in an audio analytics system under
non-ordinary Poisson load

When creating digital multi-service networks, the
problem of optimal distribution of link bundles within
such a network is particularly relevant. The application
of accurate analytical models is complicated by the com-
plex functional dependence between the probability of
losses and structural parameters. In addition, the applica-
tion of strict analytical models requires a large number of
calculations, which limits the size of the analyzed net-
work. Therefore, it seems most appropriate to use ap-
proximate models, advantages of which are the uni-
formity of characteristics calculation and high speed.

Considering a unidirectional three-node basic struc-
ture [1], assume that there is a set of K non-ordinary Pois-
son loads on the link between nodes 1 and 3, which will
be replaced by equivalent recurrent loads, which are

given by the pair (R;,Z;),i=1K. In this case, the re-
current load between nodes 1 and 3 is the following:

K ZRiZi
Ri=>Ri.Z= I=1R
i=1 1

Thus, in such formulation, the load between nodes
1 and 3 will be the load generated by the recurrent flow

and is given by the pair (Ry,Z;). The nature of the self-
loads between nodes 1-2 and 2-3 is not significant, since
the resulting loads between these nodes are, as a rule,
non-Poisson.

So, assume that there is a proper load between nodes

1and 3 (Ry,Z;), a proper Poisson load between nodes 1
and 2 (Ay), and a proper Poisson load between nodes 2

and 3 (Ag).

To optimize the scheme, modify the Pratt equa-
tion [9]. Previously, the marginal use was calculated us-
ing the formula, in which the incoming load A and the
availability coefficient Fy were considered constant:

e
H=| & .
ov
A=const, Fy =const

Now, unlike this formula, the condition A = const
is replaced by the condition R =const, Z =const , i.e.:

o or"
Y '
R=const, Z=const, Fy=const

Thus, optimization equation in the case of a 3-node
network will look like the following:

G _ G G

Hi B B

In the case of using the optimization equation (5),
optimization algorithm of the 3-node network [1] gener-

ally coincides with the algorithm discussed above. The
difference is only in the procedure for determining the

®)

links bundle capacity of the path of the first choice V; by
the value of the derivative H; . Using relation (5) can ob-
tain the following:
ST S—
C2/B2+C3/p3

On the other hand, the value of this derivative can
be approximately determined using the formula:

(6)

e e
Ry —F
Hro B2 hn @
25V

where 1 = f((Ry,Z;),Vy +aV ) — the excess load oc-

curring on the links bundle of the path of the first choice,
the capacity of which is equal to V; +aV ;

i = f((R.Zy),Vy —aV ) — excess load arising on the
bundle by capacity V; —aV .
The number of excess loads rfi , =12 can be de-

termined by the formula (1):

Fy (V +aV
= RE &,Vlﬂv, a (V)
’ 21 4 Z

- Fy (Vg —aV
2 =RE B YUY a (V1 =aV) :
’ 4 4 Zy
The value of the link capacity of the path of the first
choice V; can be found iteratively from the solution of
equation (7), which in this case will take the following
form:

E[Rl Vl —AV Fd (Vl —AV)j_

R z,' 7 Z4
1
E[Rl V+aV Fy (v1+Av)J
z,' g Z;
H{ = . (8
1 o (8)

where AV =const and is chosen according to the permis-
sible calculation error.

The following iterative equation was used to deter-
mine the value V; from equation (8):

V1[i+ ] :Vl[i] (1-(Hi1 —Hy2)), 9

where Hjy; =const is from (6), and Hy, — from (8).
The considered algorithm was tested during the so-
lution of the optimization problem of a unidirectional 3-
node network structure [1], for which an exact solution
was previously obtained. The influence of non-Poisson
load on the nature of optimization will be compared using
example of a 3-node network, for which: A, = A; =5 Er-

langs, C; =1 and C, =C3 =15, R, =5 Erlangs, and
Z; =12 or4.
The optimization results for three values Z; are

summarized in the table 1, which shows the results of the
network optimization, obtained by exhaustive enumera-
tion.
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Table 1 — Verification of the considered algorithm

Load dispersion coefficient
Z,=1 Z,=2 Z,=4

analyt. | acc. | analyt. acc. analyt. | acc.
Vi 7 7 9 10 13 16
& 13 12 12 12 14 12
V3 12 12 13 12 13 12
C 425 430 440 460 510 520

c,% 1.18 4.55 1.96

During network optimization, link bundles of the
path of the last choice were determined with a fixed
weighted average loss of 1%.

The method, generalized to the case of non-Poisson
loads, gives results close to optimal (error no more than
6%). Increasing the dispersion coefficient Z; causes the

first-choice link bundle during optimization to have a
higher capacity under the same conditions compared to
the case where Z; =1.

Optimization of the basic network of audio
analytics system according to the cost criterion

The number of links in a switching network is usu-
ally calculated on the basis of minimum capital costs cri-
terion with a fixed quality of connection service on the
link bundles of the path of the last choice. In addition, it
is necessary to comply with the multiplicity requirement
of the total number of links in the output and input direct
paths bundles to the number of primary module links of
the transmission system. However, at the same time,
there is some error in determining the capacity of bun-
dles, which is quite difficult to estimate analytically.
Search optimization methods can be used as methods for
estimating such error, for example, the random search
method, which is often effectively used during analysis
of individual network fragments.

The objective function C is the total capital costs for
organization of communication network:

C=> GV,
ieN

(10)

where C; — capital costs for organization of one link of
the i-th direction; V; — capacity of the bundle of links in
the i-th direction; N; —a multitude of all directions.

All bundles of links of the direct path are deter-
mined in such a way that the sum of the links in the out-
going and incoming bundles between each pair of nodes

is a multiple of the primary group accepted module of the
transmission system M:

Vin.dp +Vout.dp =kM, (11)

where k —multiplicity factor (k > 0), and the distribution
of links for each of these bundles is made on the basis of
ensuring the minimum total redundancy of the load.
During the application of random search method,
the objective function (10) must be refined by relating the

capacity of the bundles V; (i€ N) to the parameters of
load received on this bundle, the probability of an excess

load and the structure of switching node. The influence
of the structure of switching node on V;, is taken into

account using the formula:

_elRi Vi dei
P_E[Zi 'Z; ' Z, j (2

where E(s) — Erlang's third formula; P — probability
of the occurrence of excess load; V; — capacity of the
links bundle; R; — intensity of the load applied to this
link; dg; — effective accessibility in the search direction;
Z; — coefficient of dispersion of the incoming load.

To optimize the objective function, it is advisable to
use the "algorithm with a return at an unsuccessful step",
which belongs to the local methods of step search.

The peculiarity of this method is the reduced ten-
dency to wander in target area. A successful step is a step
in which the numerical value of the objective function is
less than its value in the previous step. Let some random
step be taken in the space of optimized parameters from

a point characterized by a vector of links \7, and the value

of the objective function C(\T,) In this case, new ran-

dom point will be characterized by a vector Viy and a
new value of the objective function C(\7i+1). If

C(\7i+1)<C(\7i+1), then the step taken is considered

successful, if C(\7i+1) > C(\7i+1) the step is considered

unsuccessful and a return to the previous stage of optimi-
zation is made.
The formula of this algorithm is the following:

C(Vist)=C(V +aVis), (13)

agif C(V;)<C(Viq);

where  aVi =9
—AVi if C(Vl)>C(V|71),

a — scale vector, which is determined by the possible
limits of the variable vector change; E — L-dimensional

unit random vector.

Let's optimize the basic network of the audio ana-
Iytics system (Fig. 1) according to the cost criterion using
a random search algorithm.

The following routing algorithm was used: if it is
necessary to establish a connection between two stations,
use the shortest path principle. If the attempt is unsuc-
cessful, then an attempt is made to establish the connec-
tion in a bypass way.

During optimization of the objective function, it is
necessary to determine the number of independent varia-
bles. According to the requirements for the design of the
long-distance communication network, for the i-th sta-
tion, total number of input and output links forming direct
path link used for communication with the j-th station
should be chosen as a multiple of the compaction module
(30 links); bundles of bypass intermediate paths are cho-
sen with a multiplicity of one.
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Fig. 1. Scheme of a 2-node network

An enlarged block diagram of the network optimi-
zation algorithm based on the cost criterion is shown in

Fig. 2.

| Defining matrices 144l 1Gy H|

v

| Defining initial C |

—=

| Detining ¥, |

v

| Defining Vip |

¥

| Defining Fpie |

v

| Calculating el |

Analyzing the results

Fig. 2. An enlarged block diagram
of the network optimization algorithm

The initial data for optimization were the following:
matrix of loads ||Aﬁj || between stations (Table 2), matrix

of costs of one link between nodes and stations of the net-
work ||Cij || (Table 3). It was assumed that all stations and

nodes do not have internal blockages. The cost of optimi-
zation of this network is 1462,36 units.

The result of network optimization using the ran-
dom search method is illustrated by the matrix (Table 5),
which corresponds to 182 search steps. The capital costs
of this variant of link distribution are C = 1451,96 units.

Table 2 — Matrix of loads between stations

i C, c, Cs Ca
C 0 49,2 15 0,6
C, 6,1 0 95,2 13,2
Cs 1,9 14,1 0 0,9
Cy 0,4 79,8 0,7 0

- nodes

- stations

- direct path

- path of the last choise

Table 3 — Matrix of costs of one link

T, T ¢, Cs J Cs Y, Y,
C 0 | 34265 | 2453,1 | 5321,8 | 3823,7 | 6502,5
C, 39227 O 1437,4 | 4562,8 | 2752,3 | 5530,3
C; |2680,1| 1263,0 0 4208,5 | 1833,0 | 5987,5
C, |4679,1| 4232,0 | 3899,4 0 40054 | 3211,0
Y, |3855,8| 2600,3 | 1866,5 | 4682,0 0 6016,8
Y, |7005,5| 5226,9 | 6054,1 | 3022,4 | 6384,3 0

Table 4 — Matrix of link bundles

. i

F'le | ¢ Cs Cy Y, Y,
(] 0 54 4 0 11 0
C, 8 0 112 14 12 0
Cs 3 18 0 8 0
Cy 0 78 0 7 6
Y1 8 17 11 0 9
Y, 0 0 0 10 7 0

Table 5 — The result of network optimization
J

¢ | ¢ Cs Cy Y, Y,
(] 0 59 0 0 10 0
C, 13 0 106 14 16
Cs 0 30 0 10
Cs| O 81 0
Y1 8 16 9 12
Y, 0 0 0 12 0

Table 6 — The results with internal blockages
J

F'le | ¢ Cs Cy Y, Y,
(] 0 59 4 0 9 0
C, 13 0 115 11 24 0
Cs 4 31 0 0 21 0
Cy 0 72 0 0 17 4
Y1 7 15 8 0 7
Y, | 0 0 0 7 0
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As it can be seen from the comparison of the opti-
mization results, the link distribution options are not
significantly different from each other and are close in
cost.

This makes it possible to conclude that the as-
sumptions adopted during the development of the math-
ematical model of audio signals transmission in net-
work-based audio analytics systems are quite accepta-
ble and do not lead to a significant error when calculat-
ing link bundles in the network.

For the above-mentioned conditions, network opti-
mization was also made by the method of random search,
assuming that internal blockages are allowed at all sta-
tions and nodes (Table 6). Analysis of the table shows

that the transition from fully accessible bundles of links
in the network o bundles with blocking increases costs by
approximately 7% (C = 1 551,92 units).

Conclusions

The following results were obtained in this paper:

1. A method for selecting the network structure of an
audio analytics system was proposed.

2. The case of optimizing the network structure of an
audio analytics system under non-ordinary Poisson load
was considered.

3. The optimization of the basic network of an audio
analytics system was conducted according to the cost cri-
terion, and the optimization results were analyzed.
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OnTumizanis 6a3oBoi Mepe:xi cucTeMH ayfioaHATITHKA
A. 1. ITopomenko, A. A. KoBanenko

AHoTanifi. AKTyaJbHICTh. 3BYK € JDKEpEIIOM JIaHHX, BiH JomoMarae 3100yBaTH HEOOX1IHY [T BIDKHBAaHHS iHPOpMAIIi0
a0o 3acrepirae npo HeOe3neKy. PinieHHs ayioaHaTITHKA TO3BOJIAIOTH BUABISITH Ta BYaCHO pearyBaTH Ha MPOTHIIPABHI Jii Ta 1o-
PYIICHHS 3aKOHY, III0 CYNPOBOJUKYIOTCS BiITIOBITHUMH 3ByKaMH. TOMY CTa€ akTyaJlbHUM 3aBJIaHHs 3MEHILCHHs 3aTPHUMOK Y Me-
PeKHUX CHCTEeMax ayAioaHamiTHKH. O6’€KT AOCTiIZKeHHsI — TIPOLIeC MepeiaBaHHs ayAiocurHanis. IlpeaMer mocikeHHs — Ma-
TEeMaTHU4HI MOJIEJi MPOXOKEHHS ay/io- i BiICONIOTOKIB Y MEPEKHHUX cHcTeMax. MeTor JaHoi cTaTTi € po3po0OieHHs HabmKe-
HOT'0 METO/Iy LIBHUAKOTO PO3B’sI3aHHS ONTHUMI3aLiitHUX PIBHSAHB AJIs MEpexi 3’ €IHyBaJIbHUX JIiHIN Ta OLiHKA aJIeKBaTHOCTI PO3po-
6neHoro merony. Pe3ysibTaTH HociizKeHHs. 3allpOIIOHOBAHO METOJ BUOOPY MEPEKHO! CTPYKTYPH CHCTEMH ayAiOaHaiTHKH.
BukonaHa onTMi3aIist MEpEXHOT CTPYKTYPH CHCTEMH ayTi0aHAITHKH IIPH HEOPANHAPHOMY ITyaCOHIBCHKOMY HaBaHTaxeHHI. J[o-
CITIJPKEHO ONTHMI3aIlifo 6a30B0i MepeXi CHCTEMH ayAi0aHANITHKH 3a KpUTEepieM BapTocTi. [IpoBeseHi 3icTaBIeHHS pe3ybTaTiB
ONTHMIi3amii II0Ka3yI0Th, [0 HAaBEICHI BapiaHTH PO3IOITY KaHATIB HECYTTEBO BiJPi3HAIOTHCS OJUH BiJl OJHOTO.

KawuoBi cnoBa: aymioaHamiTHKa; 3ByKOBa IIOJisl; ay/iONOTIK; MaTeMaTHYHa MOJEIb; ONTHUMI3aLLisl.

28


https://doi.org/10.20998/2522-9052.2022.4.04
https://doi.org/10.1109/JSTSP.2020.3038054
https://doi.org/10.1109/ACCESS.2020.3007906
https://doi.org/10.1109/MSP.2021.3090678
https://doi.org/10.20998/2522-9052.2022.1.11
https://doi.org/10.1109/TASLP.2020.3014737
https://doi.org/10.1109/TASLP.2021.3129994
https://orcid.org/0000-0002-2817-9036

