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Minakova S.M. Modelling of the teaching process in logistic systems by using of Nested
Petri Nets. 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 interactive computer training. In this article we
first offered two-level teaching model, consisting of a central system and a set of systems — satel-
lites, which model the individual behavior of students. Interactive, in other words, largely, inde-
pendent 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 particu-
lar, the Internet has created a technological 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, dis-
tributed systems.

MinakoBa C.M. MogeqoBaHHsI NpoHecy HABYAHHA B JIOTICTHYHHX CHCTeMax 3
BUKOPHCTAHHSIM MEpeiK P NPN. Bxnageni Mepe>1<1 ITerpi (Nested Petri Nets — NPN) — omgua
i3 CY4aCHHX IHCTPYMEHTIB MOZAEJIOBAHHS 1 TOCIIIKEHHS MapalieIbHO MPAIIOI0UUX CHCTEM,
10 BOJIOAIIOTH MEBHOIO HE3AJIEXKHICTIO 1 BIACHOIO akTHUBHICTIO. Lli pucu poonsiTh anBaGJm—
BUM 1X BUKOPUCTAHHS TIPU MOJICITIOBAaHHI HABYAJILHOTO IPOIIECY, TPOBEICHOTO IPYIOI0 YUHIB
SK y TpaAULifHOMY HaBYaJbHOMY IIPOLECi, TaK 1 IpH IHTEPAKTUBHOMY KOMIT IOTEPHOMY Ha-
BYaHHI. Y poOOTi BHepIle IPOMOHYETHCS IBOPIBHEBA MOZCIb HaBYaHHS, sIKa CKIATA€ThCS 3
LEHTPaIbHOI CHCTEMH 1 HA0OpY CHCTEM-CaTelNiTiB, MOAETIOIOYNX 1HIUBIAyaIbHY MOBEIIHKY
yuHiB. [HTepakTHBHE, TOOTO 3HAYHOIO MIpOIO CaMOCTi{HE HABYaHHS 3 BUKOPUCTaHHSAM Cydac-
HUX iHQOpMaLiHHIX TEXHOJOTiH, — OHE 13 HAWBAKJIMBIIINX HAMPSIMIB YIOCKOHAJICHHS CHUC-
TemMH OcBiTH. LIIBUAKKI PO3BUTOK TeNEKOMYHIKaLil, i 0coOnuBO Mepexi [HTepHeT, cTBOpUB
TEXHOJIOTIYHY OCHOBY U1 00MiHY iH(pOpMaIli€ero Mk OpraHi3allisiMi Ta OKpEMHMH 0CO0aMH,
HE3aJIeKHO BiJl IXHBOTO COLIAJIbHOTO CTATYCY, AeP>KaBHOI MPUHAJICKHOCTI, reorpadivHoro mo-
JIOXKEHHS, 1 CTaB MOTYKHUM CTHUMYJIOM PO3BUTKY IUCTaHIIiiHOI ocBiTH. Mepexi Iletpi, mo
CyTi, € onmHiero 13 ¢opM imiTamii AUCKpeTHUX MpoleciB. Bonu Oynu ayke MOOHUMH POKiB
20 ToMy, KOIIK 3 IX JOTIOMOTOIO CIOZIBAJIMCS PO3PAaXOBYBATH 3rajiaHi mnpouecu (6e3 imiTarii).
VY nepeBaxHiit OLTBIIOCTI 3aCTOCYBaHb BiJl 3BUYANHUX IMITAIliIHUX MOJIENIel BOHU BiApi3HS-
IOTBCSI JIMIIE BEIUKAM HayKOMaHITTSM 1 ciequ(iyHOI0 TEPMiHOJIOTIELO.

Kurouogi cioBa: mepexi [leTpi, nBopiBHEBa MOJIe)Ib HABUYAHHS, IHTEPAKTUBHE HaBUYAHHS,
TIPOTIECH, PO3IOIITICHI CHCTEMH.
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Mmnnakosa C.M. MogeaupoBanne npomecca 00y4eHusi B JOTMCTHYECKHX CHCTEMAX ¢
ucnoab3oBanueMm cereii P NPN. Broxennsie ceru [Terpu (Nested Petri Nets — NPN) — onun
U3 COBPEMEHHBIX MHCTPYMEHTOB MOAEIMPOBAHMS M MCCIICAOBAHUS MapaijielbHO padoTaro-
LIMX CUCTEM, O0JIaAaIONINX ONpeaesICHHON HE3aBUCUMOCTBIO U COOCTBEHHON aKTHBHOCTBIO.
OTH 4epThl AENalOT MPUBJIEKATEIbHBIM MX HCIONb30BaHUE MPH MOJCIUPOBAHUU yueOHOTO
mpolecca, IPOBOIUMOI0 IpynIoi oOydaeMbIX Kak B TPaAMLHMOHHOM Y4YeOHOM MpoLecce,
TaK U NPU MHTEPAKTUBHOM KOMIIBIOTEpHOM oOyueHHH. B pabore BHepBble mpeaiaraercs
JIBYXypOBHEBask MOZIEJIb 00yUYEeHHsI, COCTOSIAs U3 LICHTPaJIbHOM cHCTEeMBI U Habopa cHCTeM-
CaTeJJINTOB, MOJCIUPYIOIINX WHAWBUAYaJIbHOE MOBEACHUE ydaumuxcs. HTepakTUBHOE, TO
€CTb B 3HAYUTEIBHOM MEpe CaMOCTOATENbHOE 00y4YeHHE C UCIOJIB30BAHUEM COBPEMEHHBIX
WHGOPMAIIMOHHBIX TEXHOJOTHH, — OIHO W3 BA)KHEWIIMX HaNpaBleHHH COBEpPILICHCTBOBA-
HUS crcTeMBbl 00pa3oBaHus. beicTpoe pa3BUTHE TEJIEKOMMYHUKAIMK, 1 B OCOOEHHOCTH CETH
WnTepHeT, co3qano TeXHOJIOTHMYECKYI0 OCHOBY IJisi 0OOMEeHa MHQOpMaIeld MEXIy OpraHu-
3alUsIMH U OTAENbHBIMHU JIMI[AMHU, BHE 3aBUCMMOCTH OT MX COLHAIBHOTO cTaryca, Tocyaap-
CTBEHHOHU MPHHAIJIEKHOCTH, Teorpa)uueckoro MojJoKeHHs, U SBUJIOCH MOIIHBIM CTUMYJIOM
pa3BUTHS OUCTaHIMOHHOTO obOpasoBanusa. Cetu IleTpu, mo cymiecTBy, SIBASIOTCS OXHOW U3
($hopM UMHUTALUK JUCKPETHBIX MpoueccoB. OHU ObUTH OueHb MOOHBIMH JieT 20 Hazal, Koraa ¢
UX TIOMOIIBIO HAaJEesUTUCh PACCUMTHIBATH YIIOMSHYTHIE TpoLecchl (0e3 nMuTanuu). B mogasmns-
fouieM OONBIIMHCTBE MPUMEHEHUH OT OOBIYHBIX MMUTAIMOHHBIX MOJENIEH OHU OTIMYAIOTCS

JWLIb OONBIIMM HaykooOpa3ueM U crnenr(puieckoid TepMUHOIOTHEH.
KiroueBsie cioBa: cetu [letpu, 1ByXypoBHEBas MOJENb OOyUEHHsI, UHTEPAKTUBHOE 00Y-

YCHHUEC, MTPOUCCChI, paCHPCACIICHHBLIC CUCTCMBI.

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 cre-
ation computer teaching systems as a type of
information systems using modern develop-
ment methodologies and technologies, in par-
ticular, CASE-technologies. In addition, it is
actual the creation of methods of apriori evalu-
ation of didactic and operational characteristics
of the developed training systems.

Solving of the given problems requires the
existence of models that adequately describe all
the sides of the teaching process — functional,
information, dynamic. To describe the dynam-
ics of the teaching process were proposed mod-
els based on Petri formalism nets and on closely
related with it theory of Markov chains. How-
ever, the proposed earlier models described only
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 while making projects.
One of the possible ways to model the pro-
cesses 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 dis-
tributed systems are marked works of N.A. Ani-
simov, O.L. Bandman, I[.B. Virbitskajte,
V.V. Voevodin, N.V. Yevtushenko, U.G. Kar-
pov, V.E. Kotov, I.A. Lomazovoj, V.A. Nepom-
nyashiy, 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 represen-
tation, N.S. Pisarenkova, G.G. Garbuz [4] were
studying the equivalent conversion in auto-
matics theory, a theory of program schemes,
to compare the behavior of parallel systems
V.A. Vasilyev and others [3] introduced the
concept of bisimulative equivalent.

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

In addition, the actual is the creation of apri-
ori evaluation of didactic and operational char-
acteristics 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
process were proposed models based on Petri
formalism nets and on closely related with it
theory of Markov chains.

There are a lot of classes of formal mod-
els 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 (some-
times 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 asso-
ciated 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
useful 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 stan-
dard Petri net formalism in which chips that rep-
resent local resources in positions of the system
network, can themselves be complex objects
with network structure and be modeled by low-
level Petri networks -they will be called — satel-
lite networks.

Structurally, this network consists from sys-
tem network SN and set of network-chips (sat-
ellites) EN, i= 1, ..., n. Among some of transi-

tions of the system network and transitions of
network-chips can be established the correla-
tion, allowing their joint operation only. Such
transitions are called labeled.

Functioning of networks that form a part
of NPN largely coincides with the function-
ing of traditional Petri Nets. Differences make
the mechanisms of synchronization of differ-
ent levels Petri Nets working. In this regard, in
NPN they distinguish the following four types
of step operation:

- System-offline step which corresponds to
the operation of an unlabeled transition in the
system network;

- 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-
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
corresponds 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 process 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
possibility of failure of a course, since the num-
ber 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
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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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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 net-
works EN,, (s=1,2,. .). One of the possible vari-
ants 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 q, i = 1,...,10. The meaning of posi-
tions q,,...,q, coincides with the meaning of
p,s----P, in Figure 2, the rest positions relate to
the evaluation of success of the training. Transi-
tions t,t ,...,t,, on both pictures have one and
the same meamng.

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 (work-
ing of a transition tl), 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
begirming of the studying process, working
of passing t ;

- completion of the training process and
selection of tests, working of transition t,;;

- completion of the testing process and transi-
tion 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.

Bemdes 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. Ini-

tially, in the position q, there are 100 goals,
and then at every fail, the marking of this posi-
tion 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 work-
ing transition t, and to the position c is given the
got by a student number of goals — number b.

The minimum number of goals, at which
positive mark is possible, is b, goals. If the cur-
rent meaning for [ is less than b, the learning
process is unsuccessful and the variable y takes
the meaning — true, which is passed to the posi-
tion q,, when works transition t,. All other tran-
sitions 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 particular, 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
management method based on using of
mathematical apparatus of graph’s theory
and system approach for reflecting and algo-
rithmization of complexes of interrelated
works, actions or activities to achieve this
aim, shows that the use of nested Petri nets
expands the possibility of training logistics
systems modeling and enables to make previ-
ously unavailable researches.
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