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BknageHi mepexi MNeTpi (Nested Petri Nets — NPN) — 04VH i3 cydyacHUX iIHCTPYMEHTIB MOZEe/0BaHHSA i LOCNiKEeH-
Hs1 napasieNibHO NPALOYMX CUCTEM, LLIO BOMOAITb MEBHOK HE3AIEXHICTHO | BNACHOK aKTMBHICTHO. Li pucu pobnsTtb
npVBab6/IMBYM X BUKOPUCTAHHSA NPY MOLENOBAHHI HABY4a/IbHOMO NPOLIECY, MPOBEAEHOTO MPYMOI0 YUHIB AK Y TPaAWLiiA-
HOMY HaB4Ya/IbHOMY NPOLEC], TaK | NPU iHTEPAKTVBHOMY KOMM'HOTEPHOMY HaBYaHHI. Y po60oTi BnepLue NponoHyeTbCA
[IBOpiBHEBA MOAE/Nb HABYaHHSA, AKa CKNajaeTbCa 3 LEHTPAUIbHOI CUCTEMM | HABOPY CUCTEM-CATENITIB, MOLE/THOUNX
iHAMBILYaUTbHY MOBEAIHKY YYHIB. [HTEpaKTVBHE, TOOTO 3HAYHOK MIPOK CaMOCTIIHE HAaBYaHHA 3 BUKOPUCTAHHAM Cy-
yacHMX iIHhopMaLiiHNX TEXHONOTiN, — OAHE i3 HaBaXNMBILLMX HANPSIMIB YAOCKOHA/IEHHSA CMCTEMU OCBITU. LLIBUAKKiA
PO3BUTOK TENEKOMYHIKaLLiiA, i 0COBMBO Mepexi IHTEPHET, CTBOPMB TEXHO/OrYHY OCHOBY A/151 0OMiHY iHChopMalLlieto
MiX OpraHisaLisiMi Ta OKpeMUMKU ocobamu, He3aIeXHO Bifl IXHbOTO COLLia/IbHOrO CTaTycy, lepXXaBHOI NpUHasIeXHOC-
Ti, reorpadpiyHoro MOJIOKEHHS, i CTaB MOTY)XXHUM CTMMY/IOM PO3BUTKY AMCTaHLiHOI ocBiTU. Mepexi MeTpi, no cyTi,
€ OfHIEL i3 hopM IMiTaLii ANCKPETHNX NpoLueciB. BoHn 6ynn ayxe MogHWMK pokiB 20 TOMy, KOK 3 iX fOMNOMOrow
CrnoAiBasncst po3paxoByBaTh 3rafaHi npotecu (6e3 imitauii). Y nepeBaxHii 6ibLLOCTI 3aCTOCYBaHb Bif 3BUYANHNX
iMiTaLiiHUX MoAeneli BOHW Bigpi3HAIOTLCS MLIE BEIMKUM HAYKOMAHITTAM i cneuudivyHo TepMiHOOrieto.

KntouoBi cnosa: mepexi MeTpi, ABOpiBHEBA MOAE/b HABYAHHSA, IHTEPAKTUBHE HaBYaHHSA, MPOLECU, PO3NOAINEHI
cUcTeMM.

MuHakoBa C.M. MOJAE/INPOBAHWE TPOLUECCA OBYYEHUA B JNOTMMCTUYECKMX CUCTEMAX C
CMO/Ib3OBAHVEM CETEW P NPN

BnoxeHHble cetn Metpu (Nested Petri Nets — NPN) — oWH 13 COBPEMEHHbIX MHCTPYMEHTOB MOAENNPOBaHNSA
N NccrnefoBaHnsa napannenbHo paboTarLwmx CUCcTeM, 0bnagarmx onpeaeneHHon He3aBUCMMOCTbLHO U COBCTBEH-
HOVi aKTMBHOCTbIO. DTN YepThbl AeNatoT NpuBAeKaTeNbHLIM UX UCMNO/b30BaHUE NPY MOAEIMPOBaHUM y4ebHOro Npo-
Llecca, NPOBOAMMOrO rpynnoi 06yYaeMbiX Kak B TPaAMLMOHHOM y4ebHOM mnpouecce, Tak U Npu WHTEPaKTVBHOM
KOMMbIOTEPHOM 00y4YeHWn. B paboTe Bhnepsble npegnaraeTca ABYXYpOBHEBas Mofesb 00yyeHus, cocToswan u3
LieHTpasibHOW CUCTeMbl U Habopa CUCTEM-CATEN/IMTOB, MOAE/UPYIOLWMX UHAMBUAYAIbHOE MOBELEHNEe yyallyxXcs.
VIHTepakTMBHOE, TO eCTb B 3HAUWTE/IbHOW Mepe CaMoCTOATe/IbHOe 06yYeHue C WUCMOJb30BaHNEM COBPEMEHHbIX
MH(DOPMALMOHHBIX TEXHOMOTWIA, — OAHO U3 BaXKHEWLIMX HanpaB/eHN COBEPLLUEHCTBOBaHUS CUCTEMbI 06pa30BaHus.
BbicTpoe pa3BuTne TeNEKOMMYHUKALWA, U B OCOBEHHOCTM CeTU VIHTEpHET, CO34a/10 TEXHOIOMMYECKYH OCHOBY A/15
0bMeHa nHopmaLumein Mexay oOpraHn3auysMn 1 OTAENbHbIMU NALAMK, BHE 3aBUCUMOCTU OT MX COLMA/IbHOIO CTa-
Tyca, roCyapCTBEHHOM NPUHAAJIEXHOCTU, reorpagouyeckoro NonoXeHus, 1 ABUI0CL MOLLHbIM CTUMY/IOM Pa3BUTUS
AMCTaHUMoHHOro o6pasoBaHust. Cetu MeTpu, No CyLecTBy, ABNAIOTCA OAHOW 13 (hOPM UMUTALMK AUCKPETHBIX MPO-
LeccoB. OHM BblM O4eHb MOAHbIMK NeT 20 Haszaf, Korga € MX NMOMOLLbI0 HAAEAIUCh PACCUUTLIBATL YNOMSHYThIE
npoueccol (6e3 nmuTaumn). B nogasnswoweM 60bLLIMHCTBE NMPUMEHEHUI OT 06bIYHBIX UMUTALMOHHBIX Moaenei
OHW OT/INHAKOTCA NMLWLb 60MbLIMM HayKoobpasuem 1 cneumguyeckoin TepMrUHONOTnei.

KnioueBble cnoBa: cetu MNeTpu, AByXypOBHEBAsA MOAE/b 00YUEHNs, UHTEPaKTUBHOE 06yyeHne, NpoLLecehl, pac-
npefeneHHble CUCTEMBI.

Minakova S.M. MODELING OF EDUCATIONAL PROCESS IN LOGISTICS SYSTEMS WITH NETWORKS
P NPN

Nested Petri nets (Nested Petri Nets — NPN) is one of the modern tools of modeling and research of parallel
working systems that have certain independence and own activity. These features make attractive their use when
modeling educational process, conducted by a group of students both in traditional educational process and inter-
active computer training. In this article we first offered two-level teaching model, consisting of a central system and
a set of systems — satellites, which model the individual behavior of students. Interactive, in other words, largely,
independent training with the use of modern information technologies is one of the main directions of improvement of
the education system. Rapid development of telecommunications and, in particular, the Internet has created a tech-
nological basis for the exchange of information between agencies and individuals, regardless of their social status,
nationality, geographical position, and became a powerful incentive for the development of distance education. Petri
nets are, essentially, one of the forms of imitation of discrete processes. They were very popular 20 years ago, when
with their help they hoped to count the above processes (without imitation). In the majority of applications, from usual
imitation models they differ only by broad science variety and specific terminology.

Keywords: Petri nets, the two-level teaching model, interactive training, processes, distributed systems.
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Statement of a problem. Nowadays, despite
considerable success of interactive studying,
there are many problems that are not decided.
To them, first of all, can be added development
of engineering methods of creation computer
teaching systems as a type of information sys-
tems using modern development methodologies
and technologies, in particular, CASE-technolo-
gies. In addition, it is actual the creation of meth-
ods of apriori evaluation of didactic and opera-
tional characteristics of the developed training
systems.

Solving of the given problems requires the exis-
tence of models that adequately describe all the
sides of the teaching process — functional, infor-
mation, dynamic. To describe the dynamics of the
teaching process were proposed models based
on Petri formalism nets and on closely related with
it theory of Markov chains. However, the proposed
earlier models described only interaction of a sep-
arate student with a teaching system.

At the same time, in modern education an
important role plays the ability of students to
work in a team interact while making projects.
One of the possible ways to model the processes
of teamwork of students is associated with the
use of a comparatively new class of network
models — Petri nets.

Review of recent studies and publica-
tions. Among home researches according
to Petri nets and specification and analysis
of distributed systems are marked works of
N.A. Anisimov, O.L. Bandman, 1.B. Virbitskajte,
V.V. Voevodin, N.V. Yevtushenko, U.G. Karpov,
V.E. Kotov, I.A. Lomazovoj, V.A. Nepomnyashiy,
R. L. Smelanskiy, V.A. Sokolov, L.A. Cherkasova.

In works of V.E. Kotov [1] were identified the
formalisms of regular and hierarchical Petri nets
which have convenient algebraic representation,
N.S. Pisarenkova, G.G. Garbuz [4] were study-
ing the equivalent conversion in automatics the-
ory, a theory of program schemes, to compare
the behavior of parallel systems V.A. Vasilyev
and others [3] introduced the concept of bisimu-
lative equivalent.

Tasks of a research. Nowadays, despite the
considerable success of interactive studying,
there are a lot of outstanding problems. To them,
first of all, is included the development of engi-
neer methods of creation of computer teaching
systems as a kind of information systems using
modern methodologies and technologies of
development, in particular, CASE-technologies.

In addition, the actual is the creation of apriori
evaluation of didactic and operational character-
istics of the developed training systems. Solving

of these problems requires existence of models
that adequately describe all the sides of studying
process — functional, information, dynamic.

To describe the dynamics of the teaching pro-
cess were proposed models based on Petri for-
malism nets and on closely related with it theory
of Markov chains.

There are a lot of classes of formal models
built on the base of Petri nets. Some of them are
an extension of ordinary Petri nets and by their
expressiveness are close to Turing machines,
some of them — narrowing (sometimes up to final
systems). There are Petri nets with inhibitory
arcs, with invisible transitions, networks with time
and probability, object-oriented Petri nets.

But, the proposed earlier models described
only the interaction of a separate student with
a teaching system. At the same time, in modern
education an important role plays the ability of
students to work in a team, interact in making of
projects. One of the possible ways to model the
processes of teamwork of students is associated
with the use of a relatively new class of network
models — Nested Petri nets.

Basic material of a research. Let's look
through the extension of Petri nets, which is use-
ful while modeling of the teaching process. We
speak about so-called Nested Petri networks
(Nested Petri Nets-NPN).

The appearance of a given variety of Petri
nets is connected with the desire of researches
to have a tool for adequate and convenient rep-
resentation of complex systems with difficult
hierarchical and multi-agent structure.

Nested Petri Nets are an extension of standard
Petri net formalism in which chips that represent
local resources in positions of the system network,
can themselves be complex objects with network
structure and be modeled by low-level Petri net-
works -they will be called — satellite networks.

Structurally, this network consists from system
network SN and set of network-chips (satellites)
EN, i=1, ..., n. Among some of transitions of the
system network and transitions of network-chips
can be established the correlation, allowing their
joint operation only. Such transitions are called
labeled.

Functioning of networks that form a part of
NPN largely coincides with the functioning of tra-
ditional Petri Nets. Differences make the mecha-
nisms of synchronization of different levels Petri
Nets working. In this regard, in NPN they distin-
guish the following four types of step operation:

- System-offline step which corresponds to
the operation of an unlabeled transition in the
system network;
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- Satellit-offline step which corresponds to
the operation of an unlabeled transition in net-
work-chip EN;;

- Step of the horizontal synchronization, at
which both operate transitions in networks-chips
EN,, marked with the same labels;

- Step of the vertical synchronization, at which
simultaneously operate transitions in the system
network SN and networks -chips EN,, that have
the same labels.

Of course, this suggests that in all networks
all the transitions that take a part and are active,
i.e., their input positions have the necessary
resources to operate.

Let's study the use of Nested Petri nets on
example.

Process model of interactive teaching by
using of nested Petri networks. We illustrate the
possibilities of Nested Petri nets for getting the
model of the teaching process with the subsys-
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Preparing Teaching Testing Evaluation Taking a decision
Fig. 1. System network SN-painted Petri network with part-time and probable
mechanisms, modeling coming through the training course in logistics systems
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tems of different levels. Let's see a model of a
process of interactive teaching shown in Fig. 1. In
this model, each student is modeled by one chip,
marked as variable var s: STUDENT that corre-
sponds to the integer code of a student. While
the information about the passing of a course by
a concrete student is lost after the training pro-
cess is completed.

In addition, in the model in Figure 1 there is
no possibility of a differentiated evaluation of the
success of learning. Also is not foreseen the pos-
sibility of failure of a course, since the number
of attempts to study the material and the test is
not limited. And finally, there is no possibility to
model the interaction of students.

Functioning of the system can be improved if
to make a model of the behavior of each student
with a separate Petri net. Then chip, marked by
the variable s will be the network of ENs, where s
is the code of a student, as in Figure 1.

Taking this, will be the Nested Petri network
which consists of the system network SN (it is
shown in Fig. 2) and the set the satellite networks
EN., (s=1,2,. .). One of the possible variants of
network ENs is presented in Figure 2.

We’ll describe briefly the work of the nested
network. In figure 2 positions are marked with the
letters ¢, i = 1,...,10. The meaning of positions
q,,...,0, coincides with the meaning of p,,,...,p,,
in Figure 2, the rest positions relate to the eval-
uation of success of the training. Transitions
t,t,.....t, on both pictures have one and the
same meaning.

The line above the marking of transition in
figure 2 means an existence of vertical synchro-
nization: the same transitions can work only
simultaneously. This means synchronization the
following actions:

- arrival of a student into the system (working
of a transition t1), creation in the system network
SN of a satellite network EN_, as a chip s; in turn,
in the satellite network variable s refers to the
color set of STUDENT;

- choice of a training module and the begin-
ning of the studying process, working of pass-
ing t,;

- completion of the training process and selec-
tion of tests, working of transition t.

- completion of the testing process and tran-
sition to the evaluation- working of transition t ,;

- taking of a decision according to the test-
ing results — working of transitions: t -studying
of additional material, t .-completion of module
studying, t,.-re-studying of all material.

Besides the described events, EN_ network
allows us to estimate the number of goals got

by students in the process of module studying.
For this purpose were put additional resources,
given by color varieties:

- Color BALL = integer;

- Color FAILURE = Boolean;

and appropriate variables:

var B: BALL, var y: FAILURE.

Variable B means the number of goals got by
students while making of a module. Initially, in
the position g, there are 100 goals, and then at
every fail, the marking of this position decreases:
if necessary to study additional material — on
b, goals and if necessary to re-study the whole
course — b, goals. In case of successful passing
of studying process is working transition t, and to
the position ¢ is given the got by a student num-
ber of goals — number b.

The minimum number of goals, at which pos-
itive mark is possible, is b, goals. If the current
meaning for B is less than b, the learning pro-
cess is unsuccessful and the variable y takes the
meaning — true, which is passed to the position
d,, when works transition t.. All other transitions
here are blocked.

In this example, that was looked through, is
shown only vertical synchronization, which is
in the requirement of simultaneous activation
of transitions in SN and E_ networks. It is pos-
sible to foresee and horizontal synchronization
also between E_ networks, which would allow to
model a joint work of students, such as when you
perform a collective project.

Of course, the practical use of the proposed
model is possible only at presence of the proper
program providing, which is currently being
developed.

Conclusions. The final result of this work
became mathematical models with use of Petri
nets, building of dynamic models on the base of
Petri nets, using of network models with the help
of Petri nets. Petri nets are an effective tool for
discrete processes in logistic systems, in particu-
lar, the functioning of the machine-tool systems.
Are developed theories of modeling with the help
of Petri nets. In this work are given the examples
of models, the program.

Looking out of a network planning, as man-
agement method based on using of mathemat-
ical apparatus of graph’s theory and system
approach for reflecting and algorithmization
of complexes of interrelated works, actions or
activities to achieve this aim, shows that the
use of nested Petri nets expands the possi-
bility of training logistics systems modeling
and enables to make previously unavailable
researches.
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