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MATHEMATICAL MODEL OF E-LEARNING
TRANSACTION PROCESS

Shmatkov S.I., Kuchuk N.G.
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Background. In the case of hyper-converged management, granular updating of the system is impossible. In addition,
the processing time of transactions compared to distributed systems increases. Therefore, the task of ensuring the timely execu-

tion of transactions is relevant.

Objective. The aim of the paper is to develop a mathematical model of e-learning transactions in a hyper-converged envi-
ronment supporting electronic educational resources. In this model, timely execution of transaction requests minimizes the costs

of the computing resource.

Methods. A two-stage method for constructing a mathematical model is proposed. At the first stage, a set of valid transac-
tion options for resources is defined. At the second stage, there is an optimal time allocation of resources between transactions.
Results. A mathematical model of the transaction process is developed. The adequacy of the model is verified with the

help of the simulation model.

Conclusions. A mathematical model of e-learning transactions in a hyper-converged environment supporting electronic
educational resources is proposed. This model allows minimizing the cost of a computational resource with timely execution of

transaction requests.
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I. Introduction

Application of structured, purposeful use of computer
technology to support the learning process (e-learning) is
increasingly used in the teaching process of higher edu-
cation institutions of various countries. So, according to
the Babson Survey Research Group in higher education
institutions in 2015 in the USA, in varying degrees more
than 8 million students were enrolled in online education
[1].

The purpose of using e-learning systems is to man-
age the knowledge of each learner based on a reliable
assessment of his knowledge (in the process of training,
advanced training, etc.), as well as on the basis of an in-
dividual, adaptive learning plan, taking into account the
available opportunities and features. E-learning is char-
acterized by the independence of the student's territorial
position, flexible individual schedule of the curriculum,
the lack of subjectivity of the examiner in assessing
knowledge, etc. The consequence of using e-learning is
costs reduction, ensuring the quality of the educational
process and time saving for students.

The basis of e-learning is electronic educational
resources (EER). EER is generally understood as a com-
bination of software, information, technical and organi-
zational support, electronic publications placed on elec-
tronic media. EER can be classified according to [2]:

« the purpose of creation - educational, socio-

cultural, etc.;

* the user category - teacher, student, etc.;

« the form of organization of the educational
process - classroom activities, independent edu-
cational activities;

* special needs - without restrictions, with lim-
ited health possibilities;

« the nature of basic information - textual, ele-
mentary audio-visual, multimedia;

« the technology of distribution - local, network,
combined distribution;

* the function in the educational process - infor-
mation, practical, control and other types of
EER, etc.

Because of the excessive enthusiasm for the
concept of straight and direct use of information and tel-
ecommunication Internet capabilities, in contrast to the
content aspects of training, many higher education insti-
tutions paid little attention to the development and im-
plementation of EER in their educational activities.
However, as shown by numerous studies in the field of
e-learning [3 - 5], it is impossible to achieve quality edu-
cation without own EER.

Creation and development of university EER re-
quire the investments which are fully unbearable for
most universities in Ukraine. Therefore, when creating
EER, attention is paid to platforms, which at least par-
tially reduce costs.

Currently, in the IT market, distributed cloud
platforms are gradually being replaced by convergent
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and hyper-converged platforms [6]. The infrastructure
created on the converged platform involves the integra-
tion of memory, computing and network resources into a
pool preconfigured to work in the data center [7], and
with a hyper-converged infrastructure, computing power,
storage, servers, networks are integrated into a single
whole with the help of software tools, and they are man-
aged through a common administration console [8].

With a hyper-converged structure, one system
administrator is often sufficient to manage the EER. This
significantly reduces the cost of maintaining the system.
Therefore, this platform is preferable for university e-
learning.

I1. Problem formulation

Hyper-converged structures have several ad-
vantages over other platforms. One hyper-converged
node combines computing resources and data storage
resources, which, therefore, leads to the reduction in the
number of individual devices and, as a consequence, to
the reduction in the number of objects that need to be
bought, installed and maintained. In addition, the easier
deployment and maintenance of hyper-converged devic-
es are facilitated by the fact that they are based on stand-
ard server components. Finally, the availability of inte-
grated management tools in many solutions simplifies
administration tasks. However, accordingly, there are a
number of shortcomings. So, granular updating or opera-
tive reconfiguration of system are impossible. You may
experience problems configuring storage disks for a par-
ticular application. In addition, despite the higher per-
formance of hyper-converged devices, the processing
time of transactions compared to distributed systems is
increasing (by e-learning transaction we mean a group of
logically combined sequential operations on data pro-
cessing, processed or canceled entirely). Therefore, the
task of ensuring the timely execution of transactions is
relevant.

The aim of the article is to propose a formal
statement of the task of planning the implementation of
e-learning transactions in a hyper-converged environ-
ment supporting electronic educational resources, in
which timely execution of transaction requests minimiz-
es the costs of the computing resource.

III. Mathematical model of e-learning trans-
actions planning

The initial data for the mathematical model are:

T, - apredetermined planning time interval,

At - is the value of the sampling step for the interval 7

, equal to the minimum continuous time interval availa-
ble to the e-learning transaction when requesting an
EER;

e

Z - set of transactions of the e-learning system users,
serviced during the interval.

In this case, the time interval can be divided into
subintervals by points from the set

T = {’zrtzy“"tzz"“"cht}’
Where t;, - is the beginning of the i-th sub-interval,
0<t, <T,1<i<h; h -Is the number of timeslots

of the time interval 7,. Each transaction z, € Z,

1<b<h,, card Z = h_, is characterized by parameters

'z
¢Zb , M 4(;{) , Where ¢Zb - the size of the computing re-
source required to obtain the required EER by z, transac-

tion; T, = {th t

stz } - the time interval during which
()

the required EER should be provided; ¢, - initial time

by

subinterval of the interval 7, ; ¢. - a finite time subin-

Zp sz
terval of the interval T, .
Each possible allocation of transactions y is

given by a matrix M(g/) = (m(Pbi) with the size of
h, x h, in which each transaction z;, € Z is co-supplied
with a row vector my, = (m¢b,1 e Mg, ) , Tepresenting

a schedule for allocating computational resources (CR)
for transaction z; processing, where the Mg, . COmMpo-

nent determines the allocated computing resource for the
transaction z; in the i-th time sub-interval.

To determine the quality of fixed distribution v,
we introduce the penalty function for the allocation of
the transaction z, € Z of the subintervals. A penalty is

imposed if the resource is not provided for the time in-
terval during which the required EER should be provid-
ed. If the EER request for a transaction zj,, character-

ized by the processing time interval 7, o =il - t, 5y },is

performed in the i-th sub-interval, then the penalty cor-

responding to this element of the matrix M g/) , 1s de-

termined thus:

0, ecnu thl <t

Stp; = (thl — 1, )/d)Zb, ecmu 1y < thl; ?2)

(tZi - th2 )/(I)Zb , e 1 > th2 .
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So, for each transaction z;, € Z, we have a penalty
vector §;, =|S, ,..,8 |, in which the component
b by b,

$, » 1 <1</, determines the amount of penalty when
]

allocating a transaction z; of a unit of ENP into the i-th
time quantum. The resulting set of penalty vectors de-
termines the quality of planning in the distribution 1.

The value of the penalty characterizing the obtained
distribution vy, allocated by the EER for processing the
set of transactions Z determines the quality function

hz ht
FO =% Yomy, s, - 3)
b=li=1

When constructing the distribution of transactions y
EOR by quanta in a given time interval T, it is neces-

sary to minimize the value F (Y) In this case, the distri-
bution of y must satisfy the following conditions:

Ve, eZ, Vi, €T, ,my 20,5, 20; “
ht
Vz, e Z, Yimy <4 )
i=1
hZ
Vtzi € TZ zm(bb,i < ¢ti 5 (6)
b=1

where (I)ti - is the total available computing resource at

the i-th sub-interval of the specified time interval T, .

If we introduce a scale with step Az in the time
interval 7., then the set of points of the partition (1) can
be approximated by a continuous subset of the series of
natural numbers: 7' — Tht = {1,...,ht} )

We introduce the following vectors:
¢z = (¢zl=¢z2""5¢znb )

mines the required CR for each transaction z, € Z to

- vector that deter-

process it;

l21 = (t21,1’t22,1"“’t2nh,1);

l,, :(tZ1,2’t22a2""’tZ”b,2) - vectors indicating for

each transaction z;, € Z the time interval for its pro-
cessing;

o, = (¢t1’¢f2""’¢tn, ) - a vector that determines for
each sub-interval 7, € T, the total accessible computing

resource.

Then the distribution I'(y) obtained under the

condition that satisfied constraints (4) - (6) is described
by means of a tuple

P(r) = (20 Tt MO FD ). 0)

On the set of all possible distributions {I'} we
construct a subset J in the following way:

3= {r(y)| FO = o}; @®)

card 3 =0 =

9
3= {r(v )| £ = minF(Y)}. ©
Y
As a result, the mathematical model of the e-
learning transaction planning is determined by the for-
mulae (1) - (9).

IV. SETTING THE TASK OF SELECTION
OF E-LEARNING TRANSACTION PLAN

The transaction execution plan is based on the
developed mathematical model.

If card 3 =1, then the distribution, which is its
only element, is the exact plan.

In casecard 3 > 1 , then it is necessary to make
a choice from its elements, each of which meets the re-
quirements to transaction requests e-learning.

Define the value of the maximum total allocated
CR, which is one sub-interval of the given time interval
T, in the distributiony € J for all transactions of the set

Z:

O

max

m max

hZ
my, .
i:l,...,h,E‘l ¥,

In this case, the average value of the minimum
total required CR, per one subinterval of the interval T,

can be defined as

| &
(I)ch = h_z(bzb

t b=1

To select the required transaction plan, we will
provide further detail of the hyper-converged infrastruc-
ture under consideration (HCI).

Consider a subset of HCI nodes involved in pro-
cessing transactions from the set Z —

Y = {yl""’ya""yhy} Ca]"d Y = ht
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Then, within the fixed distribution y , one can
define the transaction intensity matrix of the set Z with

the nodes of the set Y: U, =

Uz, > 10 which each

element u

z,; - 1s the transaction traffic intensity z, € Z

ht
with the node y;, calculated as Uy, ;= Z(m(pbi . Ib, j,i)
. = .

where [;, ;; - is a boolean function equal to 0 if and on-

ly if the processing of the transactionz;, € Z request by
the node y; € Y does not fall into the i-th time interval.

For each column vectormy, = (m¢1 s My, )
] N 751

of the matrix M é)Y) defining the allocated BP for pro-

cessing the transactions of the set Z in the i-th sub-
interval of the given time interval, it is necessary to find
such partitioning of the set of transactions Z into subsets
and their distribution over nodes of the hyper-converged
infrastructure (HCI), so that the total execution time of
the queries transactions took on a minimal value. Then
the objective function of the task of searching for the
rational partitioning of the set of transactions Z, whose
requests are processed by elements of the hyper-
converged infrastructure Y, into subsets and their distri-
butions over the nodes y, € 7, is defined by the formula:

1

™) hZ hy
F L E S s, 00

b=la=1

Zmax

Where u_ is a value independent of the dis-

tribution T’ (y), which determines the maximum aggre-

gate intensity of the transaction exchange with the nodes

h, h
Y in accordance with the formula Uy, = ZZqui ;
b=li=l

my, - CR of node y,, necessary for transaction pro-

Zp,
cessing zj; 5, - penalty for distributing the transac-

tionz, € Z to the node y, € Y, defined by the formula
h
Yy

Sups = .zl(qu’i .hwa,i) /2, & hyqy - the length of the
im

shortest route between the nodes y, and y;. The resulting
distribution y must satisfy the following conditions:

h;
Vy, eY Zmzh’a < ¢, 5 (D)
b=1

h
Y
Vzp € Z |3 m,,  <b, (12)

a=1

hy hy
Yo, =360 (3)
a=1 b=1

S)’b,a = O’ n¥b,a 20

for 1Sa£hy,lﬁbshz, (14)

where 9, - the available CR of the node

yaeY.

In view of the above conditions, the problem of
finding a rational partition of the set of Z transactions
processed in HCI into subsets and their distributions
over nodes y, € Y can be formulated as follows. Let the
sets of transactions Z and Y nodes of the HCI, given by
tuples

(Z.9..U,) and (¥,4,.H,,).

where §, = ((1)21,...,4)th ) is the vector of the required

BP for
U. =

z

processing the set of transactions Z;

u, bi“ - transaction intensity matrix of the set Z

with nodes of the set Y; ¢, = (d))’l""’d)J’h J - the vec-
y

tor of the accessible BP of the set of nodes Y of the HCI;
H, = thaiu - the matrix of the lengths of the shortest

routes between each pair of HCI nodes y, and y;,
1<a<h, 1<i<h,.

It is required to find a distribution y € I , satis-
fying conditions (11) - (14), so that formula (10) as-
sumes a minimum value.

V. Discussion of the results

To test the theoretical provisions of the third and
fourth sections, a software package was developed that
simulates the distribution of the computational resource
in the hyper-converged environment of supporting EER.
The planning time interval was chosen equal to the aca-
demic hour (45 minutes).

For fixed values h,. h,, ¢y, > 5 o, the

graduation of the scale 7, was changed. The results of
the experiment are given in Table. 1 (t - is the calcula-
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tion time of the plan, the choice of the optimal distribu-

tion was carried out by the method of full search).

TABLE 1. EXPERIMENTAL RESULTS

h, card3 | Fp) | 1

h,=20, h,=10

15 1 1 2

45 5 0,92 19

90 3 0,88 78

180 47 0,87 322
h, = 100, h, = 30

15 3 0,95 124

45 124 0,88

90 2842 o o

180 s s e

* Results were not received within an astronom-
ical hour

The results of modeling allowed forming re-
quirements to the developed algorithm for solving the
problem of planning implementation of e-learning trans-
actions in a hyper-converged environment supporting
electronic educational resources:

to solve the problem of choosing the optimal
plan from the set of permissible it is necessary to devel-
op an approximate method that allows finding a solution
close to optimal within acceptable time periods;

it is necessary to find the optimal graduation of
the scale of the planning time interval, since too small
scale significantly increases the calculation time, but
does not lead to a significant improvement in the plan;

it is necessary to take into account the priorities
of transactions, especially in the case of obtaining in the
first stage an empty set of admissible solutions.

VI. CONCLUSIONS

The formal formulation of the task of planning
the implementation of e-learning transactions in a hyper-
converged environment supporting electronic education-
al resources has been proposed. The solution to this
problem allows minimizing the costs of computing re-
source with the timely execution of transaction requests.

At the first stage of the research, the mathemati-
cal model for e-learning transaction planning was devel-
oped, which allows obtaining a set of feasible execution
plans.

The second stage of the research allowed us to
formulate the problem of choosing the optimal plan from
the set of computational resources that are admissible by
the criterion of minimization.

The direction of further research is related to the
search for a method for solving the formulated problem,
taking into account the requirements specified in the
previous section.
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HImamkog C.1, Kyuyk H.I.

MartemaTH4Ha MO/ie/Ib IPOLECY BHKOHAHHS TPaH3aKLii e-learning

Ipobaemaruxka. [Ipu rinepkoOHBEPreHTHOMY yIpaBITiHHI HEMOXIMBO TpaHYIsIpHE OHOBIEHHS cucTeMu. Kpim Toro, wac
00poOKM TpaH3aKILiil B HOPIBHAHHI 3 PO3MOIUICHUMH CHCTeMaMt 30UIbIIyeThest. ToMy 3aBaHHs 3a0e3MeUeHHS] CBOEYACHOTO BU-
KOHAHHS TPaH3aKLiH € aKTyaIbHIM.

Merta pocaifzkenb. Po3poOurn MaTeMaTHuHy MOJENb MPOIECY BUKOHAHHS TPaH3aKIiH e-learning B TinmepKOHBEPTeHTHO-
MY CEpeIOBHIII MiITPUMKHU eIEKTPOHHUX OCBITHIX pecypciB. Y NaHiil MOJelNi Py CBOEYaCHOMY BUKOHAHHI 3aITUTIB TPAH3aKI[iH
MIHIMI3YIOThCS BATPATH OOUYHCIIOBAIBLHOTO PECypCy.

Metoauka peanizanii. 3aIpoIOHOBAHO JBOETAHA METOANKA IMOOYI0BH MaTeMaTnaHOi Moneni. Ha mepmomy erami Bu-
3Ha4aeThesl OE3/1i4 JOMYyCTUMHX IO pecypcaM BapiaHTiB BUKOHAHHS TpaH3akLii. Ha npyroMy erami 3HaXOAWTHCSI ONTHMAIbHE 32
4acoM PO3MO/LT PeCypCiB MiXK TPaH3aKIIISIMH.

PesyabTaTi nocaizkens. Po3pobiieHo MaTeMaTHIHy MOZIEIb MIPOIECY BUKOHAHHS TPaH3aKIiil. AZeKBaTHICTh MOJENI TIe-
PEBIPEHO 3a JOMOMOTOI0 IMITAIIIHHOT MOJIETI.

BucHoBKkH. 3anponoHOBaHO MaTeMaTU4Hy MOJIENb MPOLECY BUKOHAHHS TPaH3aKilii e-learning y rinmopKOHBEPreHTHOMY
CEepEeIOBHUIII MiITPUMKH EIEKTPOHHUX OCBITHIX pecypciB. JlaHa Mosiens JO3BOJISE MPH CBOEYACHOMY BUKOHAHHI 3aIHTIB TPAH3aK-
Iiif MiHIMI3yBaTH BUTPATH OOUHCITIOBATLHOTO PECYPCY.

Kawuogi ciioBa: E-learning; enekTpoHHI OCBITHI pecypcH; TiEpKOHBEPreHTHA TuiaTgopMma.

IlImamkoe C.HU., Kyuyx H.I.

MaTemaTHueckast MoJeJIb polecca BLINOJIHEHHS] TPAH3aK1Mii e-learning

IpodaemaTuka. [Ipu runepKkoHBEPreHTHOM YIPaBIEHUH HEBO3MOXKHO TpaHyIApHOEe 00HOBIEHUE cucTeMbl. Kpome Toro,
BpeMsl 00pabOTKM TpaH3aKIHH M0 CPABHEHHUIO C PACHPEAeNICHHBIMH CHCTeMaMH yBennauBaeTcs. [lostomy 3amaga obecredeHus
CBOEBPEMECHHOTO BHIITOJHEHHS TPAH3aKIMH SBIACTCS aKTyaJIbHOM.

Ileap uccaenoBanuii. Pa3paboTaTh MaTeMaTHUeCKyI0 MOJENb Ipoliecca BBHIIOJIHEHMS TpaH3akIui e-learning B rumep-
KOHBEPTeHTHO! cpesie MOANEP:KKH AIEKTPOHHBIX 00pa30BaTeNbHBIX PeCypcoB. B maHHOIN Momeny mpu CBOEBPEMEHHOM BBIOI-
HEHHH 3aIPOCOB TPAH3AKINH MUHUMU3HPYIOTCS 3aTPATHI BBIUHCIUTEIBHOTO pecypcea.

Metomuka peanm3amuu. [IpemioskeHa IByXdTalHas METOAMKA OCTPOCHHUS MaTeMaTHdeckoi Mosieny. Ha mepBom stare
OMpe/IENAeTCs MHOKECTBO JOIyCTUMBIX 10 PecypcaM BapHAHTOB BBIIOMHEHUs TpaH3akuuid. Ha BTopoM 3Tame HaxoauTcs ONTH-
MaJbHOE TI0 BpEMCHH PacIpe/IelieHIe PECypCOB MKy TPAaH3aKIUSIMH.

Pe3yasTaThl HecieqoBanmii. Paspaborana MareMaTHdecKasi MOJICb MPOLECCa BBITOJIHEHHS TPaH3aKIHH. AJIEKBATHOCTh
MOJIeITH TIPOBEPEHA MPH TTOMOIY UIMUTAL[HMOHHON MOJEIH.

BoiBoabl. IIpemnoxkeHa MaTeMaTHdecKas MOJENb MPOIIECcCa BBITONTHEHHS TPAH3aKIHHK e-learning B rHIOPKOHBEPTCHTHOM
cpene TOICPKKH INEKTPOHHBIX 00pa3oBaTelbHBIX pecypcoB. J[aHHAas MOZENB MO3BONISET NMPH CBOCBPEMCHHOM BHITOIHECHAH
3aIpoCOB TPaH3aKIUi MUHUMU3HPOBATh 3aTPAThl BEIYUCIUTENBHOTO Pecypcea.

Kurouessble ci1oBa. E-learning; snekTpoHHBIE 00pa3oBaTeIbHBIE PECYPChL; THIICPKOHBEPTEHTHAS INIAT(hopMa.





