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DEVELOPMENT OF SOFTWARE OF E-LEARNING INFORMATION SYSTEM
SYNTHESIS MODELING PROCESS

The article reflects the results of the study of the created model of the information structure of the system of support. The
model allowed to carry out the process of modeling the synthesis of the information system e-learning. A program with a
graphical user interface for the synthesis model of the e-learning information system was used for modeling. The program
uses the parameters of the hyperconvergent base network and the e-learning system as the input. The result of the synthesis
is the optimal placement of users, applications and data blocks by the nodes of the base network. This takes into account
the capacity of the system's transactions. This optimizes the capacity of nodes. As a result, the effiency support of the e-
learning system is increasing. The structure of the hyperconvergent base network e-learning support network is considered
as the main factor that affects the quality of the system's requests. Therefore, it is important to analyze the structure when
choosing options for building a hyperconvergent base network and its management. The main purpose of the structure
analysis is to determine the parameters of the data streams in the network communication channels. The obtained results
are necessary for an adequate estimation of network channels and nodes capacity. Data streams form e-learning tasks,

which use applications that launch on network nodes and generate network traffic.
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1. Setting objectives

In accordance with the developed model of the
information structure of the system e-learning [1],
deployed on a hyperconverting server the criterion for
evaluating this structure is the balance of the load on the
nodes. Indicator function is the sum of deviations of
nodes loading from the average load. The lower the
download variance index, the higher the quality
performance of the e-learning system. With the aim of
obtaining the most effective structure of the basic support
network e-learning and adding to this knowledge about
the genetic algorithm we can say about indicator of the
efficiency of the structure of the basic network is the
value of the fitness function in the genetic algorithm.

From here we have input data. This is information
about the number of applications (A), users (U),
transactions (E), nodes (N) and data stores (D)
functioning in the e-learning system. We also need
information about transactions. There are some

applications (E =(a,,...a,4)) and data stores
(d,=(d
application launch (We =(w;;)). But this is not enough.

ol»--dep))are used. Also the order of

We need to have an idea of the functioning of each
application in a particular transaction. This requires
knowledge of the volumes of data exchange

(A =(haoBae ) 26 Rae =Orgetrdaen) i
Bae =(Bael.. Baea))- In order to simulate the real

functioning of the system. With its user interaction, we
need the user-initiated transaction intensities.

After working the genetic algorithm with the
original data which will characterize the structure of the
basic support e-learning network will accommodate
users (H), applications (G), data stores (S) by the nodes
of the network. All this together will form a tuple model
of the information system e-learning:

S=(My, My, Mg Mp{E,} {4,},GHS) [1].

2. The algorithm of the synthesis
of the e-learning system

The genetic algorithm is based on the algorithm for
the synthesis of the model of the information structure
of the e-learning system. A stop for the algorithm will
be the condition of the number of generations. Or
approximation to the objective value of a fitness
function.

It remains to look at the algorithm for calculating
the value of the fitness function. Having all the
necessary data, we will do the following

1. By the intensity matrix of the start of
transactions by users

(@=(o,)i;20:i=1...Uj=1..E)

total intensity of requests to start the j-th transaction:

- U
o=(o, )0, =2 =10, (M
2. Find the total intensity of k-th application start-
up (k =1, ..., A) all system transactions, here aj; —

Boolean vector of required applications for j-th
transaction:

E
0=(0;).0; = ijl © ;0 k 2)
3. functioning of j-th transaction on information
nodesnandm (n, m=1, ..., N):

4 D
Z jum1 =Z§:I %je8en (anl a.l‘,ngn,mﬁé,n) 3)

4. Define for (j, n, m) the volumetric data that are
transmitted from the data store:

4 D
Z jnm2 = Zg:l %je8en (anl dj,nsn,mki,n) )

5. Then the volumetric data in the network can be
determined by the formula:
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Z= (Zn,m )’Zn,m = Zle (Zjnml + Zjan) G

6. We construct the intensity matrix of the

exchange between the information network nodes
runtime the j-th transaction:
C; =(Cinm ) Crnm =2 mm: 6)

7. The loading matrix for information nodes is
determined by the formula:
A
C= (Cn,m )’ Cn,m = Jj=l Cj,n,m (7

8. Determine the average load of one network
node:

Co = (0, 2N N ®)

9. Define the characteristic of the system. The
criterion is the load balancing of the nodes. The
indicator is the sum of the deviations of the load from
the mean:

N N
Y= Zn=l Zm:l (9)

10. So, we have a fitness function for the genetic

algorithm:

Cn,m - Ccp. :

(10)

11. Also, we calculate the load of nodes in the
network. The intensity of the request flow for running
the i application installed on the node n:

Y —> min .

B = (bi,n ) = e()iaz.G’bi,n = eigi,n : (11)

12. Loading nodes with data repository elements: j-
transaction, n- node, d- data stores:

¢j,n,d = e_/"S’n,ddj,n . (12)

13.Then, to the data block d on node n, the
intensity of requests to the data store is equal to:

®=(0nd ) Ona = Zle jnd -

3. Diagram of options
for using a computer program

(13)

Let's consider the usage diagrams. They describe
the relationships and dependencies between the groups
of use options and the participants. Which are involved
in the process. Usage diagrams are not intended to
display the project and can not describe the internal
device system. Usage diagrams are designed to simplify
interaction with users and clients. Especially useful for
determining the necessary characteristics of the system.
Usage diagrams indicate what the system should do
without specifying the methods themselves [2, 3].

The use case describes a group of actions in the
system. Which lead to a concrete result. Usage options
are descriptions of typical interactions between system
users and the system itself. They reflect the external
interface of the system.

Specify the form of what the system should do.

Rules at work:

- each use case refers to at least one user

- each use case has an initiator

- each use case leads to the corresponding
result (the result with a "business value").

Use cases can also interact with other uses. The
most common types of interaction include:

1. Enable - indicates that the use case is embedded
in another use case.

2. Adding - indicates that in certain situations or at
a specific point (called an extension point) the use case
will be extended by another.

3. Generalization - indicates that the use case
inherits the characteristics of the "parent" use case and
can override some of them or add new ones, similar to
inheritance in classes.

The person acting is an external source (not an
element of the system) that interacts with the system
through the use case. Actors can be either real people
(for example, users of the system), or other computer
systems or external events [4, 5].

Actors do not represent individuals or systems, but
their roles. When a person interacts with the system in
various ways. It is displayed by several characters. For
example, a person who works in the customer service
and receives orders from customers. It will be displayed
in the system as a "member of the support department"
and "member of the sales department" [6].

Considering the knowledge of the diagram of
usage options and information about the obtained model
of synthesis of the information system of e-learning. We
will get a diagram of the use cases (Fig. 1). This will
help in the future to develop a synthesis program.

4. A class diagram
that was used in design

Class diagram - displays system classes. Their
attributes, methods and interrelationships between them.
There are different points of view on the construction of
class diagrams. It depends on the purposes of their
application [5, 7]:

- Conceptual point of view. The class diagram
describes the model of the subject domain. Only
application application classes are present in it.

- View point of the specification. A class diagram
is used in the design of information systems.

- The point of view of implementation. The class
diagram contains classes. They are used directly in the
program code).

In the future, a viewpoint for implementation will
be used to construct a class diagram. Which will
describe the necessary classes and interrelationships
between them.

To specify the visibility of members of a class,
these notation must be placed before the participant's
name [4, 7]:

«+» —public;

«-» —private;

«#» —protected;

«/» —derived;

«~» —package.
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TTognenTics iHGOpMAaIiD TO
TEHETITIHOMY AITOPHTMY

3BepHyTHCH B
MEHIO JOIIOMOTH

TloanBHTHCA JOXATKOBY
irbopMalio oo Moxemi

TloguBITICS JOIATKOBY
indopMarito Mo pesyapTaTaM

CTBOPITI HOBY 0a30BY
iHOpMALIiIO

36epertn g0 6azM JaHIX
CTBOpeHy 0a30By
indopmanino

Kopnctysag

C]IHTES}’BaTII MOAeIbE

30epertu o 6a3u DaHHX
CIIHTe30BaHy MOIEIb

TlepernanyTn
CIIHTE30BaHI MOJIeNL

HanamryBatn mporpamy

ToguBNTIHCS pe3ynbTaTI
pPO3paxyHKIB

Tlo6ymyBari rpad) CIpyKTYpI
iHdopManiiHel Mojeni

BimaanTi CHHTE30BaH1
Mozeni

Fig. 1. The developed diagram of the use of the program synthesis of the information system e-learning

Interconnection is a special type of logical friendly operation. In this case, the MVC programming
relationship between entities, shown on the charts of pattern was used. This will allow you to make
classes and objects. Relationships in UML are depicted  convenient transfers and extensions of the program. The
in fig. 2. corresponding diagram of classes is presented in Fig. 5

association

@ & ParamOfApp l

—§> extending 1
.

««««« ..i> instance/implementation

—————— > | interactiot @® % Transaction |

—<> aggregate ﬁr—q
—’ composing @ Basiclnfo.

Fig. 2. Types of relations in UML

Having an idea of the class diagram and the
structure of the model. With a genetic algorithm, we
have a class diagram (Fig. 3). It depicts the classes *
necessary for the functioning of the genetic algorithm.

We also need to store the basic information and results 1 1

© & GenomeOfAgent

of the synthesis of the information structure of the e- i ﬁb .Po;;al.e;ti.on"

learning system in the database. To do this, we have a

diagram of the classes in Fig. 4. It is also necessary to Fig. 3. Diagram of the classes necessary
arrange the graphical interface of the program. For user- for the functioning of the genetic algorithm
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€ & Basidnfo

Fig. 4. The diagram of the classes required
to work with the database
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Fig. 5. The diagram of classes required
for graphical user interface work.

The database schema is its structure. The scheme
is described in a formal language that is supported by
the engineering data-base management system. In
relational databases, the schema defines tables. Fields in
each table and integrity constraints. Schemes are
generally stored in a data dictionary. Although the
schema is defined in the database language as text. The
term is often used to denote a graphical representation
of the structure of a database. The main objects of the
graphical representation of the schema are tables and
links. They are defined by foreign keys. Having about
the input and output information of the model is not
difficult to draw a conclusion. About the fact that in
order to save it to a database, you need a relational
database whose schema is shown in Fig. 6.

5. Explanation of the choice
of the software programming language

The program will have a large user interface. At the
same time, the scheme of the genetic algorithm will have
a high cost of resources. Only in the case of a large

dimension of the task. Therefore, it is advisable to use the
Java programming language. It will be able to ensure the
portability of the program with minor losers compared to
C / C ++. To create a graphical interface, we will use a
platform based on Java - JavaFX. Tables do not have
very complex interconnections. Small tables are small. So
to use the built-in database. Do not overload an excessive
functionality to preserve the benefits of relational
databases. Namely SQLite database. Which will also
allow you to use the SQL query language.

result_of_modeling
id_of_result

id_model

arraY B
array_s

array_h

comment_result

param_of_app

id_param_of_app

id_model

about
date of create
id_basic_information -

basic_information
id _basic_information

apps
users

-

nodes id_transaction
transactions num_of_param
dimentions exchange_app

intensity_of_start exchange_storage

transaction_b

« | id_transaction
"id_basic_information
used_apps

used_dim

used_users

orders

Fig. 6. Database connection that stores input and output data

Conclusions

The developed algorithm for synthesizing the
information structure model is presented. The basis of
which lies the genetic algorithm. The algorithm with
formulas for calculating fitness functions is presented
below. He characterizes the fitness of the agent. The
formulas for calculating the load on the nodes and
network equipment of the system are developed. Also
the information on the diagram of variants of use of
computer programs is given. According to this
information and knowledge of the tuple of the model, a
diagram of the program usage options is given. That in
the future will help in the development of the program.
The chosen point of view of implementation takes into
account the genetic algorithm. To create a visual
interface, a class diagram has been designed. They are
necessary for creating a program. The presented
diagram of the developed database with several tables.
It is able to store incoming and outgoing data.
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Po3podka nporpamMHoro 3aée3neyeHHs NpoLecy MOAe/IOBaHHS CUHTe3Y iH(opMauilinoi cucremu e-learning
B. B. lonens, H. I'. Kyayk, C. 1. llImaTkoB

B crarri BinoOpakeHO pe3yibTaTH CTBOPEHOI Mozeni 1H(GOPMALiHHOI CTPYKTYpH CHUCTEMH IIATPUMKH €IEKTPOHHUX
OCBITHIX pecypciB e-learning. BixnoinHo no wiei Mozeni, Oyiia cTBopeHa Mojenb cuHTe3y iH(dopMmaliiiHoi cucremu e-learning.
Pe3ynbraToM MoJeIIOBaHHs € mporpama i3 rpadidauM iHrepdeiicom KopucTyBauya Mozelni cuHTe3y iHdopMauiiiHoi cucremu e-
learning, mo mnpuiiMae Ha BXiJ NapaMeTpH TilEPKOHBEPreHTHOI 0a30BOi Mepexi Ta CHUCTEMM EIEKTPOHHOIO HaBYaHHS, a
PE3yNIbTaTOM CHHTE3y € ONTHUMaJIbHE PO3TAlLIyBaHHS KOPUCTYBadiB, JOJNATKIB Ta OJOKIB JaHMX IO By3naM 0a30BOi Mepexi 3
YpaxyBaHHAM 3aBaHTA)KEHOCTI TPaH3aKLili CHCTEMH, ILIO ONTHMI3ye 3aBaHTaXEHHA By3NiB. lluM caMuM mHoOKpamiyro4u
e(eKTUBHICTh (DYHKLIOHYBaHHS cucrteMu e-learning. CTpykTypa TrinepkoHBEepreHTHoi 0a30BOI Mepexi MiATpUMKH e-learning
PO3IIISIIAETBCA K OCHOBHMIT (hakTop, IO BIUIMBAE HA SIKICTh 3allUTIB CHCTEMU. TOMY Ba)XUIMBO NPOAHAII3yBaTH CTPYKTYPY HpH
BUOOpi BapiaHTIB MOOYOBM TiNEPKOHBEPreHTHOI 0a30BOI Mepexi Ta il ympasiiHHA. OCHOBHa MeTa aHali3y CTPYKTYpH —
BU3HAYEHHs MapaMeTpiB IOTOKIB JaHMX B KaHalaX 3B’s3Ky Mepexi. OTpuMaHi pe3yibTaTd HEOOXiiHI Ul aJleKBaTHOI OL[HKH
HABAHTa)KCHHS KaHAJIB Ta BY3JIiB Mepexi. AJle NOTOKH JaHUX (OpPMYyIOTbCA 3aBHaHHAMU e-learning, siki BHKOPHCTOBYIOTBH
3aCTOCYHKH, IO 3alTyCKalOThCSl Ha BYy3JaX MepeXi Ta I'eHepyloTh Iue Tpadik Mix coboro. Takok HaBeneHa iHpOpMALio Ipo
JiarpaMd BapiaHTIB BUKOPHUCTaHHS KOMII'IOTEPHHMX IporpaMm. BiamoBinHo no wiei indopmaiii Ta 3HaHB IPO KOPTEX MOAENI
HaBeJIeHa Jliarpama BapiaHTiB BUKOPHUCTAaHHs IIPOrpamy, 110 Hajaji JOIoMoXe B po3pooui nporpamu. BucHoBok. O6pana Touka
30py peajizamii Ta ypaxoBYIOUHM T'€HETHYHHH ajrOpUTM, HEOOXIIHICTh B 30€peKeHHI Pe3yNbTaTiB Ta CTBOPEHHS Bi3yaJbHOTO
iHTepdeiicy crpoekroBaHa Aiarpama Ki1aciB HEOOXiJHHX I CTBOpPeHHs nporpamu. IIpencrasieHa cxeMa po3poOieHol 6a3u TaHux
13 IeKUTbKOMa TaOJMISIMY, 3/1aTHA 30epiraTé BXi/iHi Ta BUXI/JHI J]aHi, Ta HE NIEPEeBAHTAKECHA 3B’ I3KaMIL

Kaw4doBi caoBa: e-learning; MojenroBaHHS, TillGPKOHBEPreHTHA MEpEkKa; TCHETHYHHH aJCOPUTM; IMpOrpaMHe
3a0€e31eueHHsl.

PaspaboTka nmporpaMmMHoro odecrneyeHns npouecca MoAeJHpPOBAHNS CHHTE3a HH()OPMAIMOHHOM cHCcTeMBbI e-learning
B. B. lonen, H. I'. Kyuyx, C. W. llImatkos

B cratbe oTpaxeHbl pe3ynabTaThl UCCIICIOBAHUS CO3aHHON MOz MHPOPMALMOHHON CTPYKTYpPBI CUCTEMBI MOAIEPKKU
JNIEKTPOHHBIX 00pa30BaTElbHBIX PecypcoB e-learning. JlaHHas Mozenb MO3BOIMIA OCYIIECTBHTH IPOLIECC MOACIUPOBAHUS
cuHTe3a MH(pOpMaIMOHHON cucTeMbl e-learning. [ MoAeNMpOBaHMS HCIIONB30BAJIACh HporpaMMa ¢ Trpaduueckum
unHTepdeiicoM nonbp3oBaTeNns MOJENIN CHHTe3a HH()OPMaLMOHHON cucTeMsl e-learning. [IporpaMma B KauecTBe BXOIHBIX JaHHBIX
HCHOJI3YeT IMapaMerpbl I'MIEPKOHBEPreHTHOH 0a30BOH CETH M CHCTEMBbl 3JIEKTPOHHOro oOydeHus. Pesynbrarom cuHTE3a
SBJISICTCS ONTHUMAJILHOE pa3MEIICHUE I0JIb30BaTeleH, NMPIWIOKEHN U OJOKOB NaHHBIX IO y3iaM 0a3oBoit ceru. IIpu 3tom
YUHUTBIBAETCS 3arpY’KEHHOCTh TPAH3aKIMH CHUCTEMBI. ODTO ONTUMH3UPYET 3arpy3Ky Yy3loB. B pesynbraTe yBeTMUMBAeTCs
sddexruBHOCTh PyHKUMOHMpOBaHMs cucTeMbl e-learning. CTpyKTypa T'MIIEDKOHBEPI€HTHOW 0a30BOH CETH MOAIEPKKU e-
learning paccMaTpuBaeTCs KaKk OCHOBHOW (DakToOp, KOTOPBIH BIMSET Ha KadyecTBO 3ampocoB cUcTeMbl. I103TOMy BakHO
[IPOAHAIIM3UPOBATh CTPYKTYPY IIPH BHIOOpE BapHAHTOB HOCTPOCHMS TMIIEPKOHBEPreHTHOM 0a30BOM CETH U €€ YIPaBJICHUS.
OCHOBHOI 1I€NBI0 aHalM3a CTPYKTYPBI SBIAETCS ONpENEICHHE MapaMeTpoB IIOTOKOB JAHHBIX B KaHalaX CBA3M CETH.
IMonyueHHble pe3yabTaThl HEOOXOIMMBI sl aJICKBaTHOM OLIEHKU HArpy3KU KaHaJIOB M y3J10B ceTH. [10TOKH 1aHHBIX pOPMUPYIOT
3anauy e-learning. 3aauu NCHONB3YIOT MPUIIOXKEHHS, KOTOPbIE 3aIlyCKAIOTCS Ha Y3/1aX CeTH U IeHEPUPYIOT CeTEeBOH TpaduK.

KawueBbie cioBa: e-learning; MoaenupoBaHKe; TUIICPKOHBEPIEHTHAS CETh; TEHETHYECKUIA aJITOPUTM; IPOrpaMMHOE
obecrieueHue.
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