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An easy and close to the optimal heuristic algorithm to solve a problem of scheduling
theory with some restriction is offered. Such algorithms it is useful to represent of a secure
Petri net. The figure steps for solving the problem are present using graphic notation in
classical Petri nets plus additional extensions. The reasons for the fall in popularity of Petri
nets and the ways of development of its expressive possibilities analyzed. In particular, it
will contribute to creating a more complete standard models library with a clear graphical
representation.
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Introduction

Separate process describes by a program that can be written in many languages. Petri
nets successfully represent the structure of the control programs, convenient for program. To
calculate values they are not designed, but they are designed to simulate instructions and the
flow of information.

The standard way of presenting control programs structure is a block diagram
algorithms. Block diagram represents the flow of control in a program.

Each algorithm can be depicted as a flowchart and then programmed. Thus, describing
the proposed algorithm in the article as a Petri net, we represent and Petri net and, indeed, the
follow-up program.

But first, let’s solve one application task.

Tusk formulation

State the task of scheduling theory with this formulation.

One performer must perform n works with known duration of /,i=1..n. In the
specified calendar dates inspection work carried out, and only completed work accepts. Fix
the following sequence works to minimize performed but not accepted works (not performed
as a whole at the time of acceptance). This problem makes sense if unfinished deadline work
fined.

For the sake of simplicity (not narrowing its mission), assume all integer values. Works
will be planning as a whole, without gaps in the performance of any work.

Main body

To solve the problem proposed heuristic (not strict) algorithm acceptable computational
complexity.
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Sequence of operations when solving:
1. Distribute all upcoming work in order of duration /,.

2. First step: k =1. Time step (the moment) #=0. When this U, =W, V, =<, where
W is the quantity of numbers all works; V, — the quantity of numbers planned activities; U, —

the quantity of numbers have not yet scheduled works.
3. Define the quantity of candidates B, (step k) among the unplanned works: i € B, ;

ift+/ <c,ieU,; c, —planned completion date.

4. If B,=J,turntop. 9.

5. Calculate the value of the reserve ¢, and the amount of losses (fine) s,:
g, =c,—(t+1) and s, =(t+1)—c,, 1.e. if ¢, >(t+/), include the difference to the reserve,
and if ¢, < (¢ +1/,) —add to the amount of losses.

6. Calculate the index value for each work candidate: J, =d-s,+(1-d)q,, i€ B,,
where d €[0,1] — weighting factor.

7. Choose the following work in according to minimum index: v, =min{J.},i € B, .

8. Eliminate the planned work of the unplanned for the next step: U, +1=U, \{v,}.
Increase the next step time on the duration of planed work: #=¢+1, . Turn to step 11.

9. When there are no candidates, find an unplanned work with minimum time delay in
the end (a fine proportional to the duration of delay).

10. Repeat pp. 3,5, 6,7, 8.

11. If the scheduled less than n—1 work, perform the following step: k=k+1,
referring to p. 3. Otherwise, proceed to the next item.

12. At the final step plan to the rest of unplanned last work.

Submitted algorithm requires less on average than n’ elementary action.

After obtaining sequences of operations typically to build a graphic block diagram of
the algorithm.

Fig. 1. Modeling with right secure Petri net of operations sequence when solving the task

Block diagram much like Petri nets [1]. Block diagram is visualized in the form of two
types nodes (the decision and computation) and arcs between them (like Petri nets). However,
in Petri nets transitions modeled actions, whereas in flowcharts nodes modeled actions. Thus,
the correct translation of flowcharts in network nodes replaces on transitions network, and arc
flowchart — on position of the network. Each arc flowchart corresponds exactly one position
network. Flowchart nodes appear differently depending on the type: calculation or decision.

The fig. 1 shows these rules based Petri net that is equivalent to a possible flowchart for
the proposed solution algorithm formulated task. Transitions numbering corresponds to the
rows numbering of operations sequence when solving. Each position here has only one output
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transition, except the one that preceded the adoption of the decision; such positions have two
output transitions corresponding to the true and the false value of the predicate.

Transitions are associated with the actions of the program: computing and acceptances
of decisions. To interpret the Petri net must interpret each passage. It should also be noted that
transitions for calculations have one input and one output; the transition represents a
calculation could not be in conflict, because his input position is not input for any other
transition. The same action that is associated with the adoption of the decision, introduces a
network conflict.

From the perspective of semantic interpretation in terms of simulated problem positions
are associated with data, states or goals, while transitions are associated with operations
(processes, procedures), that perform data conversion, implement response to input events,
etc. Assumed that the transitions are performed instantly.

In Petri nets to represent the momentum used markers (tags, chips), which can be placed
in position. Making a marker in the starting position breeds chain positives transitions. Move
of marker from position to position reflects the dynamics of the network, and their initial
location determines the specific process instance. The current distribution of markers in the
positions sets the current state of the execution process modeled with Petri net.

One of the most important properties of Petri nets which simulates a real device or
process is safety. The position of the Petri net is safe if the number of markers it never
exceeds one. Petri net is safe if all net positions are safe.

The position is interpreted as a condition. The condition of being a logical expression is
or true (represented with the token at position), or false (no token); multiple markers have no
interpretation [2]. Thus, if network interpreted as conditions and events, marking each
position must be safe.

Summation of the algorithm construction. The proposed algorithm is heuristic and
does not guarantee an optimal solution, but studies with Monte-Carlo method indicate that
decisions are close to optimal.

The average efficiency of the algorithm depends on the weighting factor d . Analysis
made it possible to give a general recommendation: at low tension works expedient d ~ (.75,
at high — d =0.4. Low tension corresponds to the more lengthy execution of works (when
someone has time any delay to catch up later).

Conclusion

Historically, the Petri net was one of the first formal models intended for processes
model specification. The popularity of the Petri net model, which was very high before the
1990’s, is now dropped. The main reason for this is, apparently, in the weakness of
submission means operational semantics. And the model does not disclose the questions
relating to the execution environment. In view of the insufficiency of expressive possibilities
Petri net and its available extensions, for example, chromatic, inhibitory, hierarchical Petri
nets, etc., should be thinking about further expansion of models and use it as the basis for
other languages, such as language YAWL (Yet Another Workflow) for modeling business
processes first of all [3, 4, 5] or in language Workflow Net, where for some of the transitions
require explicit writing expressions to complement the structural model of Petri nets. This, in
particular, is in need of unambiguous choice of transitions requiring control logic, relevant
operations “or” and “exclusive or”. Workflow Net language allows to express the formal
semantics of workflows, i.e. clearly defines the rules of transition between nodes. But in all
cases, when there are preconditions to the model of Petri nets refuse is not worth it.

Representation of the actions sequence in the fig. 1 uses graphic notation in classical
Petri nets with small additional extensions, namely [5]:

1. Itis present position in it, which does not have input arcs (initial position);

2. It is present position in it, which does not have output of arcs (end position).
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The formal apparatus of Petri nets and their extensions [1] gives the possibility to create
a library of generic models with a clear graphic representation. This last, in our view, the most
important thing is — for the elements of Petri nets offered clear and easy-to-use graphic
notation, satisfying aesthetic orientation of different users that largely determined the
attraction of this model for developers, at least because of this model deserves no constriction

and increased use. This article, in particular, performs such role.
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MOJAHHSA AJITOPUTMY BU3HAYEHHS NOCJIILJOBHOCTI POBIT MEPEXEIO ITETPI

HNPEJACTABJIEHUE AJITOPUTMA ONIPEJAEJEHUA TIOCJIENOBATEJIBHOCTH PABOT CETBIO

O. M. Tununnka

Opnecbkuii HaIllOHAILHUH MOJIITEXHIYHUI YHIBEPCUTET,
npoct. [leBuenka, 1, Oneca, 65044, Ykpaina; e-mail: lorans53@mail.ru

3anporoHOBaHO HENAIEKUH Bil ONTUMAalIbHOTO E€BPUCTUYHUH aJITOPUTM IS PO3B’S3aHHS
oJHi€T 3a1a4l Teopii po3KiIasy 3 OOMEXKECHHIM IPHUITYCTUMOI 0OUUCIIOBAIBHOI CKIIQJHOCTI.
Taki anroput™Mu 3pydHO M TofaBaTth OesmedHoro mepexero Ilerpi. 3BepHyTa yBara Ha
JIOIUTbHICTh BUKOPUCTAHHS TPAIAWIIIMHUX 1 pO3IMMpeHnX Mepex Ilerpi mnms 300paxeHHs
moiOHNX CTPYKTYyp. Ha pHCYHKY MOCHiNOBHICTG Iili MpH pimieHHI 3aaadi 300pakeHa 3a
JoroMororo rpadiuHoi HoTarmil kiacuaHoi Mepexi [leTpi TuIFoC TOAAaTKOBI PO3IIMPEHHS.
OO0roBOpeHi MPUIHMHU MAiHHS MOMYISAPHOCTI Mepex [leTpi i TUIIXU PO3BUTKY i1 BUpa3HUX
MOXITUBOCTEH. 30KpeMma, IboMy OyJe CIpHUSATH CTBOPEHHS OUIBII TOBHOI 0i0mioTeku
THUIIOBHX MOJIENIEH 3 HAOUHUM IpadiqyHUM IPEICTABICHHSIM.

Kuaro4oBi ciioBa: Teopist po3kiiay, IOCIiIOBHICTb POOIT, aroput™, Mepexa Ilerpi
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Onecckuii HAITMOHATBHBIN TIOJTUTEXHUIECKUH YHUBEPCHUTET,
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IIpennoskeH HECIOXKHBIN 1 OJU3KHHA K ONTUMATBHOMY IBPUCTHUECKUN aJITOPUTM PEIICHUS
OITHOW 3aJadél TEOPWW DPACHHCAHUI C OTpaHHYCHHEM. ANTOPUTMBI TaKOTO poaa ymoOHO
MpencTaBiIsaTh Oe3omacHOi ceThio [leTpu. OOpamieHO BHUMaHHE Ha IEJIECO0OpPa3HOCTH
WCTIONB30BAaHUS TPAAWIMOHHBIX M pacIIMpeHHBIX cereld [letpm it wm3o0pakeHUS
MOJOOHBIX CTPYKTYyp. Ha pucyHKe MOCienoBaTeIbHOCTh ACUCTBUM MpPU PCIICHUH 3aJTa4l
MpEeJICTaBJICHA C UCTIONB30BaHUEM TpapUIecKOil HOTAIMK Kilaccuueckor cetu [leTpu miroc
JIOTIONTHUTENbHBIC pacmuperus. OOCYKICHbI NPUYUHBI TAJCHHUS MOIMYyJISAPHOCTH CeTel
Iletpu u myTH pa3BuTUs e€ BBIPA3UTEIHHBIX BO3MOXHOCTEH. B dacTHOCTH, 3TOMY OyAer
CHOCOOCTBOBATh CO3JaHKE OoJiee TOJTHOM OMOTMOTCKH THIIOBBIX MOJENEH C HATIISIHBIM
rpa)u4ecKuM TIpPEICTABICHUCM.

KiaroueBble ciaoBa: Teopus paclUCaHWHN, IOCIEIOBAaTENFHOCTh PadOT, alTOPHUTM, CETh
Tletpu
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