BiJ] TOT'0, HACKUJIBKU IIPOCTUM, 3pYYHHUM Ta JIETKO OCBOIOBAaHUM € IXHIH
KOPHCTYBAIbKUH THTEp(EHiC;

® 1iporiec MoOyJ0BH KOPHUCTYBALIBKOTO 1HTEpdeNcy Bce Iue 3aju-
IAETHCSI HEJOCTATHBO (hOPMAITI30BAHUM MPOLECOM, L0 POOHTH J0-
CJII/DKEHHS y IIbOMY HAmpsMi JTy’Ke BRKIMBHUMHU JUISI IIBUIKOTO BIIPO-
BaJDKEHHS Ta eekThBHOI ekcrutyaraii [YC.
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OPTIMIZATION OF THE ELECTRONIC DOCFLOW
DURATION BASED ON PETRI NETS AND CONTROLED
BY GENETIC ALGORITHM

ANNOTATION. The article describes a method for determining the optimal
duration of the document life cycle by a simulation model based on Petri nets.
The parameters of this model are determined by the genetic algorithm. The
author makes recommendations of using genetic algorithm for resource
allocation problems.

KEY WORDS: Petri net, imitation modeling, risk, electronic document flow,
genetic algorithm.

AHOTALIA. OnucaHo memod eu3Ha4YeHHs1 onmuMaribHOI mpueasocmi xum-
megozo UuKly OOKyMEeHmy 3 8UKOPUCMAaHHAM imimayitiHoi Modesii Ha OCHOS8I
mepex Nempi, napamempu sIKOI' 8U3HAYaOMbLCS 2eHeMUYHUM an2opummom.
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CebopmynbosaHO pekomeHOauii 3 8UKOPUCMAHHSA 2EeHEeMUYHO20 anaopummy
0na 3aday po3nodiny pecypcis.

K/TIOYOBI CJ/IOBA: mepexa [lempi, imimayitiHe modesnto8aHHs, pu-
3UK,es1ieKmpoHHUU O0KyMeHmMoobia, 2eHemuYHUl an2opumm.

AHHOTALIMA. OnucaH memod onpedeneHusi onmumarbHoU npodosmKumesib-
HOCMU XU3HEHHO20 yukna OOKyMeHma C UCMOob308aHUEeM UMUMAayUuOHHOU
modesnu Ha ocHogse cemedl Nempu, napamempbl KOMopoU onpedenstomcs 2e-
HemuyeckuMm anzopummom. Popmynupyromcesi pekomeHOayuu o Ucrosb306a-
HUI 2eHemuyeckoeo anzopumma 0115 3aday pacrpedesieHusi pecypcos.

KJ/TKOYEBBIE CJIOBA: cemb Mempu, umumayuoHHoe modesnuposaHue, puck,
371eKMPOHHBIU O0KyMeHmMoobopom, 2eHemu4yecKul anzopumm.

Definition of the problem. In the present economic system, each
company wants to operate in the existing conditions with the least risk
in order to get high returns. First and foremost the question of
optimization affected not only financial resources, but also doctlow.
Many top managers think that optimized docflow is the electronic
document management systems using. However, companies can only
partially reducing the various categories of costs — a number of risks
are transferred from paper-based docflow to electronic, though these
risks would have to be eliminated at the design stage of an electronic
docflow.

One should note here that using an economic and mathematical
model of effective design of electronic docflow can help to eliminate
such risks. Firstly, this model allows us to find the optimal scheme of
documents movement. Secondly, in such way we can minimize the
total time of document life cycle. In addition, the model can solve the
problem of inefficient distribution of documents between the
performers. It is undeniable that such situation can help to minimize
risks that arise at a particular stage of the document lifecycle.

The aim of the article is to validate the effectiveness of the
method optimizing the duration of the life cycle of docflow based on
the genetic algorithm control by Petri net.

The main material of the article. Formally, the problem of
effective life cycle of the electronic document is as follows. Suppose
an employee of the company to be treated n documents (or packages).
Denote L;; = (gy, t;) operation with the number i (i = 1, m;), which is
performed on the j-th document (j = 1, n); m; — the number of
operations to be performed on the j-th document; g; — number of the
document lifecycle participants group (employees of one of the
department) that is configured to perform an operation L;; t; —
nominal duration of operations L;. Denote ¢;° as the beginning and #;*
as the end of the operation L;. In addition, there are normative values
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of maximum permissible duration of the operation on the document
by employee of one department. There must meet the following
condition:

Obviously, only one operation on the document is fulfilled at the
moment. Given these constraints, there may be many ways of moving
the document with different total duration. The set of numbers

P = {tg }, that satisfy all the constraints, is an effective document

lifecycle in the aspect of time. The solution of this problem is to find
the unknown quantities {#;}. Formalized statement of the problem of
optimization of the duration of the life cycle of the document you
need to specify an objective function which each regulatory P assigns
a certain number of F(P), evaluates the effectiveness of the duration
of the operation on the document. The problem of optimal scheduling
time of an operation fulfillment on the document is to find a plan P*,
which has the extremum of the indicator F and certain conditions that
described. To select the criterion of efficiency is carried out
individually for each department according to the analysis of its
features. of minimizing the delay of the untreated document, the total
time spent, the load of workers are the most often used criterions for
the efficiency [1].

Solving the problem of optimal planning of document lifecycle
using a genetic algorithm-driven Petri nets is proposed in the article.
The genetic algorithm is used to determine the initial position of the
flow relations of network. Optimizing docflow expressed in
minimizing the duration of the life cycle of the document.
A simulation model of the process. Let’s consider the process of
solving the problem on the example of incoming documents of the
company, which operates in the energy sector.

Input documentation (correspondence) — documentation or other
recorded information that was addressed and enrolled in the company.
In addition to the document, such information may be in the form of
file records by e-mail. It should be noted that this process always
begins from chancery of the company, which is directly and process
owner. The process of «Managing the input documents» begins with a
step «Documents received in chancery», and the final step (process),
«Management of the output documents.» Details of this process are
depicted in Figurel.
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Fig. 1. The process of the input documents managing

Figure 1 depicts the process as it is, and how it should be after
optimization. The reason for this was the fact that the design of the
company’s business docflow processes are treated fairly generalized
and as a result top managers have to adopt resolutions for the most of
the electronic documents (Figure 2). Thus document flow was
unevenly distributed and until the document got to direct artist —
passed a lot of time.

Middle managers
10%

Fig. 2. Distribution of incoming documents
by chancellery between performers
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Petri nets allow describing and analyzing the duration of the
operations and interactions within the processes of different levels in
order to identify bottlenecks industrial and economic systems, as well
as determine the size and potential for reducing the cost of human,
financial and other resources for the implementation of these
processes. So the next figure shows the model of business process
using Petri nets.
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Fig. 3. Petri net of the process of «Managing the input documents»

There are transitions and positions shown in table 1 and 2
According to the functionality.
Table 1

MANAGING TRANSITIONS IN PETRI NETS

Transition Control action

‘ Correspondence officer checks the validity of the document
1

addressing
t Registration of the incoming document
‘ Correspondence officer determines further destination (competent
3 person)
If the condition «k», then the document is addressed to the leadership
t )
of the highest level
‘ Unless the condition «4», then the document is addressed to the
s

appropriate responsible department
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Transition

Control action

t6 Endorsement of the incoming document

t Lines of responsibility in a department according to resolution
tg If the recipient is properly defined, the document is accepted

to If the recipient is wrong, it returns the input document’s Office
fo If the document requires a response, then the transition process

«Management of the original documentation»

1

If the document does not require a response, you must save it in a

data warehouse

As seen from figure 3 the process requires three resource groups to

be performed:
e correspondence officer (group of correspondence officers)
e leaderships
e a department responsible for handling incoming document

Table 2
FUNCTIONALITY POSITIONS IN THE PETRI NET
Place Assignment
D1 an incoming document to chancery
)2 input document is returned to the sender
D3 input document is addressed correctly
Pa registered the incoming document
Ps identified all the details of the incoming document Chancellery
Ds document received by senior level
P7 identified responsible for processing the incoming document
Ds document had responsibility in accordance structural division
Do worked inbound document
Pio control of the output document
Pu save the document in a data warehouse of department

Optimization algorithm. In general, the problem of optimizing the
duration of docdlow is to define the optimal performer for each stage
of the document lifecycle. Solution of this problem should be reduced
to finding min (max) key performance indicators. Optimality criterion

is chosen to minimize the total time of the document lifecycle.

Changing the flow distribution in the document is essential
possibility to optimize [2]. Thus, there is the reduced number of
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duplicated stages in the life cycle of the document. It should also be
noted that you must consider the docflow options when determining
the allocation. For example, within a particular business process of the
document can only be operated with a rigid routing. Accordingly, the
optimization will be carried out only by minimizing other risks at
every stage of the document lifecycle.

The solution of this problem by means of Petri nets is expressed as
the initial marking positions, markers, and control routes in the model.
Marking control positions (px) determines which of the two positions
on the document executed operation. Formally, the problem under
consideration is as follows:

T = f(“O(pk)) - minpoeMo T’

where My= {po: poie {0; 1},i=1, n}.

Simulation methods specify the simulation experiment models,
which are structurally similar to object modeling. Structural similarity
of the model and the simulation object greatly simplifies the
application of the current changes in the model. Simulation methods
are based on the scheme of successive analysis of variants based on
the current rules. [3] This circuit is connected with the stepper
constructing variants using modeling process which simulates a
document through the document lifecycle members (Fig. 4).

Analysis
Petri net of the
solution

Genetic
algorithm

Fig. 4. Block diagram of the problem solving process

The main reasons for the use of genetic algorithm for solving this
kind of problems:

1) only because of the genetic algorithm can determine the
functional dependence of the optimality criterion on the initial
positions of control markings;
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2) take into account the particular nature of the marking control
positions;

3) to solve large-scale problems.

Further this problem can be solved in Microsoft Excel in a
sequence of steps:

1. Randomly generated initial vectors marking positions o (px), or
chromosome (chy, chy, ..., ch;) and calculated estimates of the values of
fitness function f (Ko (px)) (table 3). The minimum possible number of
individuals in a population is determined empirically. With less
population process is more likely to converge to an erroneous optimum.

Table 3
AN INITIAL POPULATION OF CHROMOSOMES
# gene chl ch2 ch3 ch4 chS ch6 ch7 ch8
1 ojrf{fojrfrjofojrfojrfojrfrj{ofoijrtl
2 oj(trf{rjrfojrfrj{ofrf{rfofrfo|lrfryfo
3 rjojt1jojt1rjofjtrjojtrjofjrjoj1rjof1yjo
4 ry1jo0j1j1rj1rfjojrjoj1fjoj1rjoj1rf{1yjo
5 r{jojt1jojt1rjoftrjojtrjofjtrjojtrjof1yjo0
6 rjy1jo0j1jojtrfojrjojtrf{frjrfrjofrijrti
7 ojrfojrfojrfrf{rfofrfofrfo|lrfrifo
8 rjojt1jo0jt1rjoftrjojtrjofjtrjojtrjof1yjo0
9 rfofojrfofrfrfofofrfrfofo|frfriyfo
10 rfofrfrfofrfrfyrfofrfofrfrjyofoq|1i
fuopr) |7 5157|567 (514[7]|5]6|6[4]|8]7

2. Selects chromosomes for mating. The selection mechanism —
using traditional random selection. Table 4 show a pair of
chromosomes for mating. It is assumed that exchange of genes carried
out starting from the fifth gene (mid-chromosome).

Table 4
COUPLES PARENTAL CHROMOSOMES FOR THE NEXT POPULATION
ch3 ch4 chl | ons chl | am ch6 ch
The pair # 1 The pair # 2 The pair # 3 The pair # 4

3. Generates a second population of chromosomes and determined
the fitness function. Confirmation of the correctness of the algorithm, as
arule, is to reduce the average value of the fitness function (tabl. 5).
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Table 5
THE SECOND GENERATION OF CHROMOSOMES

# gene chl ch2 ch3 ch4 ch5 ch6 chl ch8
1 r{ojojrjojrfojrfoyrryjrfojojr|1yjo
2 of1rj1rjo0j1o0jrf1rjofoj1foj1rjof1rjojl
3 r{foyjrjofryofrjofryojrfoyp1rjof1yjo0
4 r{rjojrfrjyrfrjofjrf1ryp1rf{ryoj1rfioj1
5 r{foyj1rjofryofrjofryojrfoyp1rjof1y]o0
6 o(frjojry1jyrfrj1rfryryof1ryp1jr|1yo0
7 o(1ryjt1rjrjojrf1rjofoj1foj1jof1joij1l
8 rjojrfojpt1rjyojt1jofrjofrjofrfoj1yfo
9 o(f1rj1rjo011jo01jofrjofo|1jryojojil
10 ry1rjof1jojrjp1rjofoj1fryjojrfojojtl
fuOo(pr)) 6|6 16|56 |6[9]|2]6|6]l6|5[6]5]5]5

One must continue to iterate until a certain chromosome is not
close to the optimum value.

After the second iteration the values of the function decreased, and
the eighth chromosome acquired values (5, 5). There is a document in
the system will take 5 steps until complete its cycle. The experiment
can be continued in order to find the optimal result.

Conclusion. Formulated the problem of optimal distribution of the
document in terms of Petri nets has a practical application in the
document management system.

As a result we get the network model of the system, the structure
of which is presented separately for the position, describing the
amount of resources.

The proposed approach of the problem of optimizing the duration
of the life cycle of electronic docflow can be recommended for
systems with different levels of complexity.

Due to this method decrease in time for finding the optimal or
near-optimal solution will be most pronounced for systems with a
large flow of documents.

When selecting the size of the population is recommended to
minimize the number of chromosomes as each individual is associated
with a separate simulation experiment. In practice it is recommended
to select the population size in the range of 8 to 32 individuals,
depending on the requirements of speed and accuracy solutions.
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Boaomyk C. JI., k.¢.-Mm.H.,

JIOIIEeHT KadepHu eKOHOMIKO-MaTeMaTHIHOTO MOJIETIOBAHHS,
KOpkeBuu O. M., k.c.u., nouent kadeapu OaHKIBCbKUX IHBECTHIIIH,
KuiBcpkuil HalioHanbHUH eKoHOMIUHM yHiBepcuTeT iMeHi Baauma I'eTbmana

MATEMATHUYHE MOJIEJTIOBAHHS IIIJIBHOCTI AKIIIA
B CKIHYEHOMY ITPOMI’KKY IIH

AHOTAUIA. PosanaHymo duHamiyHy modersbs wjinbHocmi po3nodiny akuit 3 ouc-
KpemHuMu ro4yamkogo-kpatiosumu ymosamu. CucmemMmy noyYamkogo-Kpalosux
ymoe nepemeopeHo 0o iHmezpasnbHoe20 8uerisidy. [TobydoeaHO QOyHKUIO WiinbHO-
cmi po3nodiny akuit, sika € po3e8’si3KOM PiGHSIHHSI MoOersli ma HabrnuxxeHo 3a0060-
JIbHSIE MOYamKo80-Kpaliosi yMoa8u 32i0HO cepedHboK8adpamu4yHO20 KpUmepito.

KJ/TKOYOBI CJIOBA: yHKuisi winbHocmi po3nodiny akuiti, OucKpemHi noyam-
KOB80-Kpaliosi ymosu, cucmema iHmeaparibHUX PI8HSIHb.

AHHOTALINA. PaccmompeHa duHamudeckasi Modesib nomHocmu pacripede-
JIeHUs akyull ¢ QUCKPEeMHbIMU HavyallbHO-KpaeabiMu ycriosusmu. Cucmemy Ha-
qasnbHO-Kpaesbix ycrosull npedcmasneHo 8 uHmezpansHom sude. [NocmpoeHo
yHKYUK nnomHocmu pacripedesieHusi akyul, Komopasi Aesiemcs peweHuem
ypasHeHusi modenu u npubrnuxeHHO ydosnemeopsiem HayarlbHO-Kpaesble
ycrosus 3a cpedHekeadpamu4ecKuM Kpumepuem.

KJTHOYEBBIE CJIOBA: gyHKyusi nnomHocmu pacrpedesneHusi akyul, ouckpe-
MHble HayarbHO-Kpaesbie YCriosus], cucmema UHmeapasbHbIX ypasHeHUU.

ABSTRACT. In this article the dynamic model of the shares density distribution
with discrete initial-boundary conditions is considered. The system of initial-
boundary conditions was converted to integral form. The function of shares
density distribution was constructed. This function is an equation model solution
and approximately satisfies the initial-boundary conditions in accordance with
the root-mean-square criterion.

KEY WORDS: function of the density distribution of shares, discrete initial-
boundary conditions, system of integral equations.
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