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Abstract - The method of creating an automated
enterprise management system is considered. The method is
based on the ideas of the imitation approach and fuzzy
mathematics. Real-time enterprise planning is the goal. The
method is relevant in the context of setting up the market for
goods and services with the expansion of e-commerce. The
model of the formation of the plan of the enterprise for the
execution of the orders received is considered.
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INTRODUCTION

On the modern market of goods and services, the
manufacturer should not only have and offer a certain
product. One of the trends of the modern market is the
desire of the enterprise to find a client and lead to a
significant negotiation with him, including remotely in
real time. Customization of the goods and services market
occurs [1]. At the same time, a potential customer is trying
to provide itself with more favorable conditions: the price
of goods, deadlines and delivery scheme, as well as other
components of the services. The interests of the buyer are
becoming increasingly important argument in the
conditions of exceeding the proposal on the need. The
introduction of e-commerce [2], as well as the emergence
and development of the technology of the blockchain [3],
contributes to solving these tasks

Blockchain is a tool for transferring and storing data.
For business cooperation, partners use databases. The
process of interaction between business partners is
associated with operations in the database, that is, with
transactions.  All transaction can be performed using
Blockchain technology.

Bitcoin, Ethereum, NXT, Side Chans are the most
popular platforms operating on the Blockchain principle.
They are created mainly for the financial sector. However,
Ethereum is a good platform for creating smart contracts

[4]

Blockchain and smart contracts technology allow
modern enterprises to switch to small-scale production.
Such possibilities are very convenient for buyers.
However, they create a number of business difficulties.
The fact is that each order requires the development of its
own unique technology. The company must
simultaneously perform a large number of small orders.
This requires qualitative changes in the operational
planning of the enterprise.

Any enterprise is an open system. Streams of matter,
energy and information flow through it. This makes him
dependent on the external environment and makes him
adapt. A modern enterprise operates in a single economic
space. Its dependence on the environment is constantly
growing. The success of activities in such conditions
depends on an adequate reaction of the enterprise to the
market situation, as well as on the ability to predict the
development of the situation.

Each new order must take into account the
technological capabilities of the enterprise and the
availability of resources. There are many orders, they come
at a random time. The company needs up-to-date databases
for all production components. Databases should contain
changing information about all orders, equipment
utilization, the maximum allowable lead time for each
order, and the availability of financial and other resources
at the enterprise. When new orders arrive, tools for
adjusting production plans are required.
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Currently, work is underway to create specialized
enterprise management systems from a variety of positions.
In this aspect, the most interesting is the MES
(Manufacturing Execution System) [5]. This is an
information and communication system of the enterprise,
focused on the management of current production activities
in accordance with incoming orders, the requirements of
design and technological documentation, the current state
of the equipment and pursuing the goal of maximum
production efficiency. .. It can be viewed as a link between
ERP-systems focused on financial and economic tasks [6]
and the operational production activities of an enterprise at
the site or production line level. Despite significant
advantages, MES systems actively use the calendar
planning toolkit, thereby not being suitable for solving the
entire complex of online management tasks.

To implement the mechanism of enterprise
management in extreme situations, situational centers
began to form. The main purpose of their purpose is as
follows:

1. Monitoring the status of the management object and
its environment;

Support for the process of solutions (including on
the basis of information and analytical systems and
mathematical planning models);

Support for operational management in crisis
situations.

Undoubtedly, many tasks of situational centers are
related to the functioning of an enterprise and online
management. However, online control mode becomes the
norm. Apply the actions intended for serious critical
situations (as a rule, force majeure circumstances) is
inappropriate.

The emergence of new and new controls causes the
need for further improvement and adaptation. At the same
time, the active development of new approaches and
methods of their creation are made.

Thus, the central task for online management is to form
solutions and plans based on current information. In this
regard, the effective solution of the problem under
consideration, as well as progress in automatic control in
general, can be obtained by a common information field,
which is updated by the continuous monitoring system of
the control object [7].

Ontology is used to describe a subject area or a specific
task (Ontology in the theory of objects and their ties) [8].
The ontological approach makes it possible to describe the
structure of an enterprise and its components. It is a good
tool for creating a database and building a real-time control
system [9], [10].

In the conditions under consideration, real-time control
is necessary for an enterprise (plant, factory). However, it
is also necessary for other areas of activity: service [1],
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trade [11], energy supply [12], transport [13], vocational
education [14] and others.

Problems of the formation of continuous monitoring
systems of processes occurring both in the system and in its
environment were practically freed from technical and
technological restrictions. Now it is basically a decision of
organizational issues. Search for answers to these
questions occurs when the information system of the
enterprise is introduced. At the same time, complex
economic, social and psychological problems arise. This s
the need for a partial or complete reorganization of the
enterprise structure and the need to change business
technologies. The resistance of the company's employees
and a number of other problems can also arise.

Because of the above, the following task is of interest
to solve. The company implements an existing set of
orders. At some point in time, the company receives a new
proposal (order) for the supply of products described by a
number of parameters: assortment, quantities, price,
execution time and others. It is necessary to form a plan
that is provided with resources, technology and can be
implemented (permissible plan). Such a plan takes into
account the interests of the enterprise, its condition and
opportunities, the entire set of orders that have been taken
earlier. The plan should be supplemented with performance
indicators (we denote them through W) to quickly take a
reasonable solution.

The features of this task is as follows: 1) there are a
large number of factors; 2) high degree of uncertainty in
the development of the situation; 3) It is impossible to use
averaged indicators and traditional planning methods
(mathematical programming, probability theory).

For the sake of convenience in presenting the essence
of the proposed solution to this problem, we will restrict
ourselves to a number of simplifications:

e during this period, only one application for the
production of one type of product is being

considered,;
production is characterized by integral productivity;

for the manufacture of a unit of production, material
is used as a generalized concept;

for each present and subsequent time intervals there
is information about the available amount of
material and the financial capabilities of the
enterprise.

As the analysis shows, the expansion of these
conditions leads to a complication of the description and to
an increase in the dimension of the problem, but does not
affect the essence of the proposed approaches.
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CONSTRUCTIVE-SIMULATION METHOD OF
PLANNING

In the theory of decision-making, a prominent place is
occupied by the tasks of modeling the activities of various
kinds of organizational systems, where so-called weakly
structured problems often arise. An essential feature of
these problems is ignorance of the object of modeling and,
as a consequence, the presence of various kinds of
uncertainties that prevent the construction of formal models
for describing possible trajectories of the functioning of
these systems. The problems that arise when solving
problems of the type formulated above are also weakly
structured.

In the field of management of organizational systems,
an important place belongs to the concept formulated by
management, presented, as a rule, in verbal form. The idea
usually includes: the main goal of the control object, a
possible way to achieve it is schematically indicated, some
recommendations for solving specific problems are
described, and the main performance indicators are
formulated. Obviously, this only determines the scheme of
subsequent management actions and requires the
development of a complete detailed plan for translating the
idea into reality. It is desirable to accumulate such
information in the knowledge base of each enterprise [15].

When planning (in the traditional sense), various
mathematical models can be used, which are based on
hypotheses about a specific variant of the development of
situations with certain values of parameters and schemes
for performing individual actions [16]. While the use of
traditional mathematical methods justifies itself for
forecasting and developing plans for a sufficiently long
term, the situation is different for operational planning
tasks. The scheme for the formation of operational
decisions is usually not fixed, since it significantly depends
on the developing situation. So, given the possibility of
fulfilling the request, we can fulfill some part of it at the
expense of stocks of finished products in the warehouse
(the question is in what part?). Then the rest will need to be
done specifically for this order (in what time frame, with
what resources?). Since the volume of the order for the
manufacture of products changes over time, you can form
a large number of options for the potential activities of the
production itself. The situation is similar with the
expenditure of material, financial and other resources. This
means a dramatic increase in the variability of production
support situations.

When faced with such obstacles, very primitive
balancing methods are usually used in practice. Schemes of
actions of the control object, its subsystems and elements
are considered fixed (guided by pre-written rules and
instructions) In another case, planning is transferred to
lower levels of management (departments and services)
without assessing the real possibilities of production. In this
case, the boss considers such tasks to be unconditionally
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completed (action on the principle: they must perform).
Obviously, for organizational systems, this approach leads
to the construction of low-quality plans, which, as the
processes of interaction between business entities
accelerate, become an ever greater obstacle to their
successful activity. As a result, the urgency of solving the
problem of providing control bodies with the possibility of
operational development of detailed resource and
technologically feasible plans increases, which implies a
transition to fundamentally new schemes of mathematical
modeling.

In practice, the manager analyzes the situation at the
present time (so to speak "for tomorrow") and formulates,
as a rule, very rational private solutions. This fact was
adopted as a basis for the design and modeling method
under consideration (CSM-method) [17].

It consists of the following cycle: 1) a description of the
situation (the state of the object and the environment); 2)
the formation of a complete set of potentially possible so-
called private solutions; 3) the choice of one of the
solutions as a fragment of the future plan; 4) modeling the
execution of this particular solution as the process of
transitting the modeling object to a new state. Thus, from
an ordered, interconnected and interdependent set of
private solutions, a general plan for achieving goals is
created. Please note that the space-time process of the
enterprise under consideration is the object of modeling.
There are various options for modeling the activity of the
enterprise. However, most of them are not suitable for
online management of the production process [18].

Thus, a two-stage scheme is implemented step by step:
in a given specific situation, a resource and technologically
possible private solution is created and the process of its
implementation is modeled. The system model is
transferred to a new state. Then the cycle of forming
another frequent solution and its modeling is repeated. That
is why the method is called by us the constructive-
simulation method (.the CSM method).

Thus, the main steps of the CSM method are as follows.

1. For the current time interval, the system generates a
complete set of possible particular solutions (a set of
permissible plans) for each functional component of the
modeling object. If the set of permissible plans is empty,
the System switches to the next time interval. The initiative
to form a particular solution belongs either to another
component or is contained in the conditions of the order.
For example, send a finished product to a customer on a
specified date.

2. Otherwise, each of the permissible plans is weighed.
Weight, as usual, is designed to account for all "for" and
"against" this solution. The weight G; of each j-alternative
is formed by the formula that we usually apply and
recommend:

Gj = th(ch gjh)/ZVr(Cr qu) (1)
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gjnis the value of the h-parameter, the increase in
which as a whole corresponds to the objectives set in front
of the object. This, for example, profits, product quality,
company quality and much more;

qjr is the value of the r-parameter, the decrease in
which in general corresponds to the objectives set for the
system. These are the indicators: the time, the cost of the
operation or product, the number of waste and the other;

ch, ¢ - model setup coefficients.

For the formation of the weight {G;} of a private
solution, corresponding cognitive cards can be used [19].

3. On the set of scales {gj} as a fragment of the
formable plan, one particular solution is selected. This
choice is advisable to carry out the method of a randomized
draw, the scheme of which is widely used [20]. Let & be
the generated value that is equally distributed on the
segment [0, 1] of a random variable. Then the same
alternative to the alternative j* which is the first (as j)
satisfies the condition

. . k16
“=min[ k|2
j [ 'zj.gls,-

>, 2
where k is the number of alternatives already
considered, jo is the total number of alternatives formed.

The possible critics of using such, in general, "blind"
procedures explain that at least at the stage of building a
model randomized draw in full alternatives are
fundamentally necessary, since the elimination of any
resource and technologically possible private solutions can
lead (by the way, that we And we see when using other
mechanisms) to an inefficient solution of the problem as a
whole (a special solution with a small weight can
sometimes lead to the best general solution of the task).
The model setup coefficients cn, ¢, serve for a finer account
of the features of the systems under consideration or the
conditions of their functioning at the operation stage.

4. The procedure for implementing a private solution is
carried out after its choice. All the actions of the plan are
carried out with all the components of the system. In
addition, it is very important, changes to the object state are
recorded at all subsequent time intervals, for example,
spending and the acquisition of resources is fixed.

The solutions obtained in the considered time interval
are implemented only in subsequent time intervals. This
rule is practically not difficult (since the time interval can
be chosen very small). This ensures the creation of private
solutions that do not contradict each other. In addition,
since only admissible particular solutions are formed, the
decision that is selected from them can be performed
unconditionally. The duration of the implementation of this
solution can cover several subsequent time intervals, which
is also fixed.
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5. The model of the object goes into the final state (in
this case, the action plan of all enterprise components for
execution of the order is formed). A set of all selected
private solutions forms an enterprise plan to fulfill the
order. So, one of the permissible plans of the enterprise is
formed. It is supplemented by the values of all indicators
of the effectiveness of the enterprise. In other words, we
form and implement one of the possible options for solving
the problem. If the procedure for forming a plan has
repeatedly repeated, then from the received set of plans you
can choose the most appropriate option in the sense of the
selected criterion

The longer a series of tests, the greater the likelihood of
receiving the best plan. However, since in practice the
number of possible options for plans is very large,
significantly increased the number of tests of the model is
not recommended. The so-called setting according to the
criterion increases the likelihood of obtaining the best plan.

Since the operation of the randomized draw is
implemented in the process of forming a plan, the
production plan with a certain indicator of its effectiveness
W is an event random. After conducting a series of tests,
you can build a histogram describing the distribution of the
frequency of generating a plan with different values of the
criterion. This allows you to estimate the likelihood of
obtaining a plan with an efficiency indicator at the specified
value interval.

In the process of studying the model, it was shown that
due to the selection of settings, you can deform the
histogram of the distribution of plans. In this case, the
probability of obtaining the optimal plan can be
significantly increased.

ENTERPRISE PLAN MODEL FOR ORDER
EXECUTION

We describe a simplified scheme for the formation of a
permissible plan of execution by the enterprise received the
order Z [21]. Let the order for the production of products
(in the most simplified form) is the following vector:

Z=(m, Ty, (3)

where m is the volume of ordered products, T; is the
time execution of the order.

It is assumed that the company is working on the
fulfillment of its portfolio of orders already existing. In
addition, predicting the development of the situation, the
enterprise can produce products regardless of the presence
of orders (work for the warehouse). For its activities, the
enterprise acquires the necessary consumables, produces
products, contains a certain stock of materials and finished
products. All relevant information for each current day (or
selected time interval) and perspectives (which are already
scheduled and approved) are contained in a corporate
database. For further presentation, references will be
required:
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n(t) - the volume of unallocated finished products in the
warehouse per day t;

h(t) - the volume of products that can make an
enterprise per day t (characterizes the free power of
production itself);

s(t) - the volume of unallocated consumables, which
has an enterprise for the day t;

I(t) - the amount of unallocated financial resources that
can be consumed by the enterprise to purchase
consumables and other needs for the day t.

Managers formulate the rules for holding a client
dialogue and the rules for developing an order plan.

Their actions are based on the results of work
experience, on the analysis and forecasting of the
development of the situation, as well as based on the set of
goals. First of all, this desire to keep some resources. It is
advisable to formulate the rules in accordance with which
not all order is performed at the expense of products in
stock; production is not used in full force; Not all materials
are taken from the relevant warehouse (some of them can
be purchased); Not all currently available financial
resources can be spent.

Such rules can be formulated in a mild form using
elements of fuzzy mathematics. For example, we can use
linguistic variables and functions..

For example, pi(x) is the function of the belonging that
can describe the ability to take parts from the warehouse of
finished products, guided by the following rules: if I = 1,
then you can take a small part of the reserve; if i = 2, then
you can take half of the reserve; if i = 3, you can take most
of the reserve. The selection of one of these three rules can
be performed in advance when setting up the model. In

v(f(r))

essence, each value of pi(x) is a measure of expediency for
accepting an i-version of actions for which the
corresponding part of the finished product or consumables
is taken from the warehouse (0 < x <1).

Such functions are entered for all other subsystems:

vi(X) - the function of the belonging, which describes
the feasibility of using a part of the production capacity to
execute the order;

¢i(x) - the function of the belonging, which describes
the feasibility to ensure the production of existing stocks of
consumables;

¢i(X) - the function of the belonging, which describes
the feasibility of partial financing of the purchase of
necessary materials from borrowed funds.

The choice of each next private solution is implemented
on the basis of such function of the belonging.

Naturally, the formation of an order execution plan
must be started with the definition of a potential
opportunity to satisfy the conditions of the order. It is
necessary to check the condition:

trgrﬁ;g n(t) + Z:Z:tl h(®)=2m (4)

If the condition is not fulfilled, it means that the
company does not have the ability to fulfill this order. In
this case, the order is rejected. Changing the stated
conditions can be coordinated. This can be viewed as a
formulation of a new task. The formation of the plan
continues if this condition is performed. In fig. 1 is a
scheme of the order execution plan.

Fig. 1. Scheme of the order execution plan

Let us describe the logic for calculating the feasible
plan. To do this, we will use the following idea of the CSM
method: at each stage of creating a plan, we will consider a
solution for only one subsystem. For example, it is
necessary to decide how much of the resources can be taken
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from the finished goods warehouse. For these purposes, a
randomized test is performed on the set of all values of the
membership function p; (Xk). This allows you to form a
decision on the issue of finished products in the amount of
U = min {n (t) X, m} units. from the warehouse. Such
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calculations can be carried out not only for the day the order
is received, but also for all days in the interval. [t+1, T, -1].

When choosing a specific solution,

u=min {n (t) xx, m},

()

the rest of the order in the amount of r = (m-u) units
should be performed due to the production itself.
Obviously, this can be implemented, for example, for
several days of production. What and how many products
do in each of them? It is clear that the extraction days
should be placed in the interval [t+1, T,-1], where the
condition is recorded that the results of production can be
issued to the client, for example, the day after their
production. Determining how many units of products and
what day should be done to execute an order is carried out
at two stages. Initially, one of the arguments of the function
of the belonging vi(xx) is selected, which determines which
part of the free power can be used, that is, xx. Previously
received orders remain in the plan of the enterprise. Then
day t is selected from the interval [t+1, T,-1]. For the
selected day, the production volume is recorded, which is
designed to perform orders, in the amount of r; = min {h (z)
Xk, I’} units. After that, the solution must be fixed:

P(v)=r: ; h(t)=h(1)-I.. (6)

Then R =R-R_t and the procedure described continues,
and until the condition R_t = 0 is executed. In the end, we
get many plans for production in the interests of the order
under consideration:

P (1) Vi€ [t+1, T, -1] O

Consumables are needed for planned production. The
determination of which volume of materials take from the
warehouse of materials, and which is purchased on the
market, it is proposed to be carried out according to a
similar scheme, but taking into account the time required to
deliver purchased materials. Similarly, the question of
financing can be solved.

The procedure described forms an enterprise action
plan (its main divisions) to fulfill the order::

P2 ={u (T2, P(x), Ps(t-1), Pi(t-0)}
forallte[t+1, T-1].

Here Py(t-1) and Pi(t-a) are fragments of the plan for
the activities of the warehouse of materials and financial
bodies, respectively, o is the time interval necessary for the
procurement of materials.

®)

It should be noted that the formed plan is always a
permissible plan, therefore the procedure for its formation
occupies a central place in the decisions on the
management of the enterprise from the point of view of
orders.

CONCLUSION

New business technologies require fast planning and
enterprise management tools. The considered method uses
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a production model. This allows you to take into account
the resources of the enterprise, the orders received and the
possible time frame for the fulfillment of these orders. The
changing database of the enterprise provides the ability to
quickly get a permissible plan, that is, a plan that is
provided with resources, technologies and can be
implemented. Such plans are the basis for fulfilling
contractual obligations. The method described in the
article allows us to hope for the practical effectiveness of
such a control technology.
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