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AxTyanbHble TTPOOJEMbI aaredpbl U aHaan3a: cOOPHUK MaTepuaaoB MexK TyHapOo HOM
HayYHO-TIpakTHIecKoil KoHdepenimu (20-21 okrsibpst 2025 rona, r.Tepmes, Y3bekucran). — Tep-
me3, 2025. -370c.

JlaHHBIA COOPHUK BKJIOYaET MaTepuaJibl MexKyHapomHOl HayJHONW-IIPaKTHIECKONH KoHbe-
peHIun Ha TeMy «AKTyajibHBIE IPOOJEMBI aJireOpbl U aHaJIU3a», MPOBeJeHHOH B Tepmesckom
FOCYJAPCTBEHHOM YHHUBEPCUTETE C IEIbI0 PACIIUPEHNs COTPYIHNIECTBa YIEHBIX, pabOTAIONINX B
CUCTeMe BBICIINX yUeOHBIX 3aBeJIEHNI 1 Hay THO-UCCJIEI0BATEIbCKUX HHCTUTYTaxX Halleil peciyo-
JINKH, 00CY2KJI€HNsT HOBBIX PE3Y/ILTATOB B ODJIACTH MATEMATHKNI M METOIOB €e IPEeIoJIaBaHnsd, a
TaKKe OIpelesIeHNs MEPCIIEKTUBHBIX HAaIlpaBjeHuil. B 9acTHOCTH, B HETO BOIILIN JIOKJIAJIBI C ILIE-
HapHBIX 3aCeIaHuil, a TaKyKe Te3NCHI MaTEeMAaTUKOB, UCCAEI0BATEE U MAIUCTPAHTOB, BEIYIINX
HAyJHBbIE UCCJIE0BAHUI B 00J1ACTH AJIreOphl, AHAJIM3a U CMEXKHBIX HAIIPABJIEHUI HA CEKITMOHHBIX
3aceIaHnIX.

Koudepenrust 3amniannpoBana Ha OCHOBaHUU NpUKa3a MUHUCTEpCTBA BBICIIETO 00pa30BaHUSI,
mayku n naHOoBanmit Ne 490 ot 27 nexabpst 2024 roja.

OPTAHUBAIIMOHHBINT KOMUTET KOHOEPEHIINN

Conpeacenarein:

TomukysioB A.X. — pekrop Tepme3ckoro rocy/1IapcTBEHHOTO YHUBepcUTeTa, Ipodeccop
AromnioB II1.A. — npesuyent Axajemun HayK ¥Y30eKHCTaHA, aKaIEMUAK

3amMecTuTeNIM npeacegaTeJIs:

Po3ukoB ¥Y.A. — Axkajemust Hayk Y3bekucrana, Macturyr maremaruku umenun B.W. Pomanos-
CKOT0, aKaJ eMUK

Armrypos P.P. — Akajsiemust nHayk Y36ekucrana, Uucruryr maremaruku nmenn B. 1. Pomanos-
CKOTro, mpodeccop

IMTaiixynnaeB A.ILL. — upopekrop Tep/lY mo mHaydHoit paboTe n MHHOBaIUSM, 1. (.1.H.

COCTAB KOMUTETA

AxmenoB ¥Y.Y. — nupopekrop TeplY no yuebuoit pabore, joreHT
Xoamyxamenos O.P. — npodeccop (Ysbekucran)

XaéroB A.P. — npodeccop (Ysbekucran)

XynoiibepaueB A.X. — npodeccop (Vzbekucran)

PysueB M. — npodeccop (Y3sbekucran)

A names 2K.K. — npodeccop (Ysbekucran)

AnnakoB U. — npodeccop (Y36ekucram)

MupcabypoB M. — npodeccop (Y3bekucran)

TypaeB P.H. — npodeccop (Y3bexucran)

Hopmypozmos U.B. — npodeccop (Y36ekucran)

Cadrapos A.ITI. — jonent (Y3sbekucran)

Yopuesa C.T. — (oTBeTCTBEHHBIH ceKpeTapb) JOIeHT (Y36eKncram)
Bozopos 2K. — (orBercrBennblii cekperaps) J1.¢b.d.-M.H. (Y36exucran)

ITPOTPAMMHBIN KOMUTET KOH®EPEHIIUN

Compenacenaresn:
Anunmos ITT.A. — akajnemuk (Y36ekucran)
An3amoB A.A. — akajemuk (Y3bexncran)
YsieHbl KOMUTETA:
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Xoxnen 2K.X. — akagemuk (Y30exkncram)
®apwmanos IIT1.K. - akagemuk (Ysbekucran)
JlakaeB C. — akamemuk (Y30eKuCTaH)
®aranax B./I. — npodeccop (Masnaiizusi)
Bepaumes A. — npodeccop (Kazaxcran)
PaxmanoB 3.X. — akajemuk (Tamprukucran)
Xynoitbepranos I'. — npodeccop (V3bekucran)
ApunioB M. — npodeccop (Ysbexucran)
ITounmkysnoB B.A. — npodeccop (Ysbexucran)
OmupoB B.A. — npodeccop (V3bekucran)
XacauoB A. — npodeccop (Y3bekucran)
XyxkasipoB B. — nmpodeccop (Y3sbexncran)
XacaunoB A. npodeccop (Ysbexucran)

CosteeB A. — npodeccop (V3bekucran)
IMTomumeroB X.M. — npodeccop (Vzbekucran)
Bukupos O.C. — npodeccop (Ysbexucran)
UNcnomos B. — npodeccop (Y3bekucran)
Hapwmanos A.4. — npodeccop (Y3bekucran)
Hdypaues 1. — npodeccop (Ysbekucran)
Kynaiitbeprenos K.K. — npodeccop (Vsbekucran)
Nmomos A.A. — npodeccop (VY3sbekucran)
Apruk6oeB A. — npodeccop (Vzbekucran)
BautoB A.A. — npodeccop (Y3bekucram)

CekpeTapuar:
Berasues O. — Tepl'Y 2KypaeB B. — Tepl'yY
AbpaeB B. — Tepl'V CakwueBa O. — Tepl'V
Typcynosa B. — Tepl'yY Dmikobuisosa . — Tepl'yY
>xaBnueBa I'. — Tepl'yY >xypaeBa . — Tepl'Y
XyxamkyjigoB B. — Tepl'Y Caarmypozaos III. — Tepl'V
Maxxkungosa 1. —Tep1Y XyxkakymnoB 2K. —Tep/1Y
XaramoB M. —TepY Awmanos B. —Tepl¥Y

OTBeTCTBEHHBIE 3a BBITYCK:
Ja.d.-M.H., podeccop U. Asakos,
a.db.-m.H., mpodeccop M. Mupcabypos.

JlaHHBII COOPHUK PEKOMEHI0OBaH K IIyOuKalun Ha ocHoBaruu pertenust Cosera Tepmesckoro

rocymapcrBennoro yaupepcurera Ne7 ot 3 oktsiopst 2025 rosa.

ABTOpBI HECYT OTBETCTBEHHOCTD 32 JIOCTOBEPHOCTH CBEJIEHUI, BKJIIOYEHHBIX B

cOOpHUK.
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+¢V (glf - \/§<d+h - ;glh2N> +3(1 - ﬁ)fg(zv)> );

N
Cp = % (qﬁ (—iglfﬂ +V3dh +3(1 - \/§)f2(0)> +6v3 Zoq'ﬁ—v'fm) + f2(B = 1)-
=

S8 + fa(8+ 1)+ ¢ (Jout = VB (@ = SN ) 4301 - VB () ) ) ;

N
Oy = % (qN <_41191h2 +VBdh+ (3 - 3\/5)f2(0)> +F(N=1)+6V3) ¢" o)+
v=0

+(1—+/3) <d+h - ;glh2N> -4+ 3\/§)f2(N));

where ¢ = v/3 — 2 is the root of the second-order Euler polynomial.
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Analysis of the efficiency and complexity of parallel numerical solution algorithms
in a model of radon volumetric activity with a fractional derivative of variable
order

Tverdyi D.A.%2, Parovik R.I.!
!Institute of Cosmophysical Research and Radio Wave Propagation FEB RAS,
Paratunka, Russia; parovik@ikir.ru
2Digital technologies and artificial intelligence development research
institute, Tashkent, Uzbekistan; dimsolid95@gmail.com

In modern science, close attention is paid to fundamental directions that have practical
applications. the deformed state of the medium. For the Kamchatka region, in particular, this
is a research of the processes of migration of subsurface radon gas using the most modern
mathematical modeling methods in order to interpret anomalies preceding earthquakes. The
authors in [1] propose mathematical hereditary a and «(t)-models of RVA (volumetric radon
activity), taking into account the nonlocality of the radon transport process over time. The main
hypothesis of the hereditary models of OAR is that the order of the fractional derivative is
associated with a change in the permeability of the geological environment due to a change in
the stress-strain state of the medium.

In [2], the inverse problem is formulated and solved for the hereditary a-RVA model in order
to restore the values of the model parameters, on the basis of which estimates of changes in
the radon flux density are given with a change in the stress-strain state of the medium. The
estimates obtained are reliable and more accurate than those based on the ODE model. The
practical significance of the evaluation results is that it can help in more accurate selection of
radon monitoring points.
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When solving inverse problems, it becomes necessary to cyclically recalculate the direct
problem for different values of model parameters and compare the results with experimental data.
At the same time, a direct problem can have a sufficiently high computational complexity both
when increasing the size of the input data N and when choosing a solution method. Therefore,
it is important that the solution of each individual direct problem is completed in the shortest
time, but at the same time it is necessary to take into account the possible memory costs of
the algorithm used. All this leads us to the development of various parallel algorithms for the
numerical solution of RVA model equations. This study examines parallel implementations of
numerical solution methods: EFDS (non-local explicit finite difference scheme) [3] and IFDS-
MNM (non-local implicit finite difference scheme solved by a modified Newton method) [3] in
order to evaluate the computational complexity and efficiency of these algorithms. In particular,
EFDS-omp and IFDS-MNM-omp based on the OpenMP API, as well as EFDS-hybrid and IFDS-
MNM-hybrid hybrid CPU-GPU algorithms based on the OpenMP and CUDA APIs.

As a test example, we use hereditary a(¢)-RVA model, is a Cauchy problem of the form:

AW A(t) = —a(t)A(1)2 — b()A(E) +ct),  Alt) = ii’;)m, Alto) = Afi(zm’

where A(t) is RVA in dimensionless form; A(t) ~RVA; A4, is the maximum RVA value
observed in the data; Ag is the RVA at the initial moment of time; t € [tg,T] is the time
of the process under consideration; {p and 7" > 0 are the initial and final moments of time;

alt)— 1 LA
30’?),4(75) = T = a(0)) /0 T _(:_))CZ)&) is a member of the model describing the delay in radon

transport through the medium, a fractional derivative of the Gerasimov-Caputo type [4] of
variable order 0 < a(t) < 1. Since only the time from the beginning to the end of the model
calculation is important for this study, we will not specify the dimensions of the model members
further to simplify the work.
According to [1], the problem is considered at the values of the parameters: T = 22 Z =
) =

0, Amar = 1,00 = 0.05,  a(t) = =2x + 12X (2cos (1) + cos (52 = 7)7), bt

a(t) = 0.99 (1 - ((T;t) cos (3772'5) )) , o c(t) = 12X (121(57}) sin (27}t) + (T;t) sin (3T ) ) ,
but with different N multiples of 100, this is done for clarity, simplification of plotting and
convenience of working with estimates. This test case was chosen for two reasons. Firstly, such a
task is not synthesized specifically to analyze the effectiveness of an algorithm, but is important
from the point of view of applied mathematics. Secondly, the task may have a sufficiently high
computational complexity for efficiency research with an increase of N by several tens of times.

The Cauchy problem was solved numerically, but regardless of the scheme, the solution is
considered in a uniform grid domain: Q = {(t; =ih): 0<i < N}, h =T/N, A(t) = 4;,0 <
A <1, a(t) =a;c(t) = c,alt) = aq;.

We will analyze the efficiency and estimates of the "time complexity"of parallel algorithms
based on data on the average execution time of T}, ,(NN) in [sec.|, where p is the number of CPU
threads; ¢ is the number of GPU multiprocessors; N is the size of the input data. Similarly,
notation is introduced for estimates of "memory complexity"of Mgg(]\f ) — RAM CPU and

Mgg(N ) — RAM GPU. The terms "number of operations"and "computational complexity"are
sometimes used synonymously with the concept of "algorithm execution time"[5].

To analyze the efficiency, a series of computational experiments of the test example was
conducted at N = 6000, but the number of CPU threads used changed in increments of 2
threads. Next, the data on T}, 4(NNV) is considered in terms (TAECO) applicable to algorithms: T'
execution time, A acceleration, F efficiency, C cost, O cost-optimal indicator.
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The complexity estimates were carried out as follows: a series of computational experiments
of the test example was conducted at N = 1000...15,000 and a fixed, optimal number (16 pcs.)
of CPU threads. Next, using polynomial interpolation, we construct T, the algorithm’s execution
time function, where T is a n—th degree polynomial, and the growth order of the execution time
function is determined by its senior, dominant term f, 4(N). We give ©-asymptotically accurate
estimates of the complexity of algorithms when the condition is fulfilled:

@(fpg(N)) _ Tng(N) : S dk1 > 0,ky >0, dNp € {0, 1,2, },
= 1fp,g(N) < Tp,g(N) < k2fp,g(N)a VN = Np.

A similar logic applies to «memory complexity» and M are functions of the algorithm’s memory
usage.

Computational experiments on the test example were carried out using the FEVO v1.0
software package, designed to simulate and analyze the volumetric activity of radon as a precursor
to strong earthquakes in Kamchatka. The MATLAB environment was used to analyze efficiency,
construct polynomials, and estimate complexity. All calculations were carried out on a computer
with the following characteristics: CPU — AMD Ryzen 9 7950X, 16 x 4.5 GHz core, cache L2 16
Mb & L3 64 Mb; RAM 8'hH 96 Gb; GPU — GeForce RTX 4090, 24 Gb, 2235 MHz, ALU 16384.

As a result, the following conclusions can be drawn for the considered software
implementations of numerical methods for solving the hereditary model equation of radon volume
activity:

e An analysis of the efficiency and optimal CPU utilization showed that for all the considered
parallel algorithms, an increase in the number of CPU threads of more than 16 does not
give a significant increase in performance;

e It is shown that the parallel EFDS-omp and EFDS-hybrid algorithms do not provide a
significant increase in computing speed (on the order of 30%) compared to EFDS. However,
taking into account the stability constraints associated with using an explicit scheme and
the fact that orders of magnitude more RAM is needed, their use can speed up calculations
when solving inverse problems;

e At the same time, the parallel IFDS-MNM-omp and IFDS-MNM-hybrid algorithms provide
a significant increase in computing acceleration by 13 and 17 times, respectively, while
increasing RAM costs by no more than 2.5 and 5 times, respectively, compared with
sequential IFDS-MNM;

e The parallel EFDS-omp and EFDS-hybrid algorithms have an asymptotically accurate time
complexity estimate of the order of ©(n), however, the RAM estimate is already on the
order of ©(n?);

e The parallel algorithms IFDS-MNM-omp and IFDS-MNM-hybrid have asymptotically
accu-rate time and RAM complexity estimates of the order of ©(n?);

e [t is also seen that when solving a test problem with a uniformly increasing input data
size of N and an optimal number of CPU threads of 16, using -hybrid algorithms gives a
significant advantage over -omp algorithms only when solving problems with N > 15,000,
but with the total memory consumption of computing nodes, it is 4 times more. This is
due to the fact that operations on vectors and matrices are carried out mainly on the GPU,
which have an advantage over the CPU when working with large-dimensional tensors.
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The Burgers-Huxley equation models were implemented to traffic flows, acoustics, turbulence
theory, hydrodynamics and mechanics. Thus, in this note semi-analytical technique is applied to
obtain a universal solution for Dirichlet and symmetric boundary conditions of Burgers-Huxley
equation. One of the famous semi-analytical approximation method is Adomian decomposition
method (ADM) and homotopy analysis method (HAM). The Adomian decomposition method
was first introduced by George Adomian in 1980 to solve the system of stochastic equations. This
decomposition method can be an effective procedure for obtaining analytical solutions without
linearization or perturbation or restrictive assumptions on stochastic cases. The HAM is proposed
by the Liao in 1992 as semi-analytical method for highly nonlinear problems. Unlike perturbation
techniques, the HAM is independent of any small /large physical parameters at all and can always
transfer a nonlinear problem into sequence of iterations which can be solved easily.

In this study, we examine the generalized Burgers-Huxley equation of the form

wp(x,t) + o (2, t)ug (x, 1) — Witgy (, 1)
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