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AN INTELLIGENT PRODUCTION PLANNING SUPPORT SYSTEM BETWEEN
BAKERY ENTERPRISES

The paper proposes an intelligent system for production planning support between bakery enterprises. Considering the spe-
cifics of bakery enterprises, a mathematical model of profit is proposed. This model takes into account logistical features when
distributing orders among several enterprises in this industry. The paper considers the complex task of taking into account
the necessary raw materials supply to corresponding factories, as well as the supply of finished products to customers.

The proposed mathematical model allows the creation of an order fulfillment plan that takes into account all opera-
tions of the technological process in the manufacturing of products. It also allows adjustment and evaluation of the order
fulfillment efficiency depending on the objective and subjective advantages provided by the decision maker and allows
both consideration and exclusion of certain partial criteria depending on a specific situation. The model makes it possible
to estimate and build an operational-calendar order fulfillment plan.

The paper analyzes several methods and approaches that are included in the intelligent support system for planning
the manufacturing of products between bakery enterprises that belong to the same company or have a cooperation agree-
ment concluded between them, which will make it possible to derive the entire management process to a new level.

The proposed information system structure makes it possible to combine the use of modified algorithms and methods
based on combining algorithms, which were also analyzed in the work, as well as some classical approaches. The system
provides a possibility to select a set of algorithms and methods, which increases the range of applications.

The proposed system quickly forms an operational calendar plan for order fulfillment with cost minimization aimed
at maximizing profit; enables reduction of logistics costs, which ensures obtaining higher quality products with minimal
waiting time, allows quick adjustment of the existing calendar plan of orders, which makes it possible to respond to
orders in real-time and ensure optimal use of technological equipment; significantly increases the efficiency of using
raw materials, and also ensures the minimization of costs for their storage; ensures a quick response in case of negative
and extraordinary situations by making appropriate changes to the current order fulfillment plan.

Key words: artificial intelligence, decision support system, intelligent system, mathematical model, production
planning, bakery enterprise.
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IHTEJEKTYAJIbBHA CUCTEMA HIATPUMKHU IIJIAHYBAHHS BUT'OTOBJIEHHSA
MPOJIYKIIII MIXK XJIBONMNEKAPCHKUMM NIJIINPUEMCTBAMUA

YV pobomi 3anpononosano inmenexmyanvhy cucmema niOmpuMKY NiaHy8aHHs 6U20MOBNEeHHs NPOOYKYTT Midc X1i6o-
nexapHumu nionpuemcmeamu. Bpaxoeyroui cheyugixy xnibonekapcokux nionpuemcms, 3anponoHo8ano Mamemamuina
Mo0enb ompumants npubymky. Mooens 8paxogye no2icmuyti 0codIU80CMI NPU PO3NOOLIEHHE 3AMOBIeHb MIdC 0eKIIbKO-
Ma nionpuemcmeamu yiei eanysi. B pobomi po3ensanymo KOMIIEKCHY 3a0ayy 8paxXy8anHs NOCMAYaHHsA NOMPIOHOI cuposu-
HU Ha 8i0N0GIOHI 3a800U, A MAKONC NOCMAYAHHA 20MOB80I NPOOYKYIi 00 3AMOBHUKIB.
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3anpononosana mamemamuura Mooenb 003805€ CHOPMY8AMU NILAH BUKOHAHHS 3AMOBLEHb 13 YPAXYBAHHAM YCiX One-
payiii mexHoN02iuH020 npoyecy npu 8u20moesienHi npodykyii. Bona maxoc 003605€ kopuzysamu ma oyinoeamu egex-
MUBHICMb BUKOHAHHS 3AMOBIEHb 3ANENCHO BI0 00 EKMUBHUX MA CYO EKMUBHUX nepedas, Ha0aHux 0coboio, Wo npuiMae
pliwienns, a maxodc 3a0e3nevye K ypaxyeanHs, max i GUKIIOUEHHs NeGHUX HACTNKOBUX KpUMepiie 3a1eicHo 6i0 negHol
cumyayii. Modens 0ae 3moey oyinumu ma nooyoysamu OnepamusHO-KaieHOApHU NiaH BUKOHAHHS 3AMOBIIeHb.

3anpononosana cmpykmypa iHopmayitiHoi cucmemu O0A€E MONCIUBICHb NOEOHAMU BUKOPUCHAHHSA MOOU@iKosa-
HUX an20pummie ma memoois, 3aCHOBAHUX HA KOMOIHYBAHHI an20pummis, AKi makodc Oyau npoananizosaui ¢ pooomi,
a makoxc Yinoi HU3KU KIACUYHUX nioxodie. Y cucmemi nepedbaueno modicaugicmes nidiopamu CyKynHicms aicopummis
i MemoOis, wjo 30inbULYE chepy 3aCmoCy8aHHsL.

3anpononosana inmenexmyanvha cucmema wWeUOKO opmye onepamusHo-KaieHOapHULL NiaH 6UKOHAHHS 3AMOGIEHb
i3 MIHIMI3QYIEI0 BUMPAM, CRPAMOBAHUT HA MAKCUMI3AYII0 NPUOYMKY; OA€ 3MO2Y SMEHWUMU T02ICIUYHT 6Uumpamu, 00360-
JIAIOYU OMPUMY8AmMu Oinbul AKICHY NPOOYKYIIO 3 MIHIMATbHUM YACOM OYIKYB8AHHA, Od€E 3M02Y ONEPAMUBHO KOPUSY8amu
ICHYIOYULL KaeHOapHULL NLAH 3AMO8/IeHb, pedazy8amu Ha 3aMOBIeHHs 8 PealbHOMY Yaci ma 3abesneuysamu ONmuMaibHe
BUKOPUCTNAHHS MEXHONO02TUHO20 00NAOHAHHA; 3HAYHO 30INbULYE eheKmMUBHICNb BUKOPUCIMAHHA CUPOSUHU ma Mamepia-
T8, @ MAaKoxc 3a0e3neuye MIHIMI3aYilo Umpam Ha ix 30epieanis, 3abe3neuye wmeuoKke peazy8anHs npu UHUKHEHHI Head-
MUGHUX MA RO3AWMAMHUX CUTTYAYITL ULTSAXOM GHECEHHS 8IONOBIOHUX 3MIH 00 NOMOYHO20 NAAHY BUKOHAHHS 3AMOGILEHD.

Knrwouosi cnosa: wmyunuii inmenexkm, cucmema niOmpumKu RPUUHAMMS pilienb, IHME1eKmyaibHa cucmema, mame-
MAMUYHa M0oOenb, NIAHYBAHHSA BUPOOHUYMBA, XIO00NeKapcbKe NIONPUEMCTEO.

Introduction

The food industry is one of the strategic industries in any country as it ensures its food independence. The food industry
market is characterized by very high competition. The main fields of the food industry include the bakery industry, which
is characterized by a wide assortment, and a specific technological process. Its main task is to satisfy the population's
demand for food products in accordance with needs and physiological norms. It should be noted that, in addition to
the manufacturing process, the quality of finished products is affected by the delivery of finished products to the customer,
namely the product range, the specification of production equipment, the influence of production factors, and logistics.

Therefore, an urgent task is to create and use an intelligent support system for production planning between bakery
enterprises.

Analysis of recent research and publications

I. Novoytenko [1] examines the main trends in bread development in Ukraine, analyzes equipment for bread factories,
and offers a solution to the problem of extending the shelf life of products. However, the main attention is paid only to
the direction of product packaging, and delivery to shops of packaged bread cut into pieces.

In the work of M. Corrado [2], the issue of storage of finished products is considered from the point of view of changes
in their chemical properties. A conclusion is drawn about which types of bakery products have better storage properties
and do not go stale so quickly.

The work of T. Vorkut et al. [3] substantiates theoretical and methodological approaches to improving the efficiency
of perishable product supply management. They are based on methods and models of rational management of transport
service systems in the corresponding supply chains. The analysis carried out in the study showed that the supply system,
which involves additional deliveries, is more economically feasible from the point of view of the operating conditions
of the supply chains of perishable products. However, it does not take into account the seasonality of the demand for
bakery products.

The research [4] describes the formulas that allow applying the obtained results to optimize and forecast decision-
making in the enterprise's procurement logistics system against the background of changes in external and internal
business environments. S. Markova proposed the formulas of the optimal value of the delivery frequency of several
goods based on the asymptotic approach in conditions of minor changes in the input parameters. These formulas should
be used to determine the cost of maintaining stocks and the optimal order interval when placing an order. But the proposed
models and methods of inventory management in the enterprise's logistics system and corresponding software products
that improve inventory management mainly perform accounting functions, which significantly limit their effectiveness
for enterprise management.

In the work of D. Bikulov [5], discrete increase in order fulfillment costs and inventory storage costs are assumed
the parameters that take into account periodic fluctuations in the demand. The built model can be used to optimize
the enterprise's logistics management system due to its closeness to reality and ease of use. It can help determine
the optimal order quantity and total costs, but it does not take into account the seasonality of demand and the rapid period
of product spoilage.

Based on the model of the order’s economic volume, which has developed significantly over the past decades due to
the inclusion of realistic factors, a model of reverse logistics is proposed in [6]. S. Sanni argues that in practice enterprises
can implement a return policy, that is, they can reuse products to increase customer loyalty and, at the same time, not
suffer a loss of profit. The inventory problem of when to order and how much to order when there is a reverse flow
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of goods into the system is considered in profit maximization form but does not consider the maximization of customer
demand satisfaction.

Innovative enterprises are leaders in the product sales market and differ from other enterprises in their high
competitiveness and economic growth [7]. L. Rodchenko considers an example of solving the problems of time and resource
limitations during the work tasks. This approach is based on the developed complex methodologies of implementation
management. It is worth considering this issue from the point of view of using the information system for the optimization
of innovative projects according to the criterion of time and with limited resources.

To identify the main trends, prospects, and threats to the sale of finished products, V. Nemchenko considered
and researched the consumption of food products by the population [8]. The author claims that a person becomes the goal
and the main factor of production, and production itself is directly social and non-market, which requires the use of such
levers of enterprise management as planning, forecasting, etc. But increasing the competitiveness of the bakery is
considered from the point of view of improving the quality of the manufactured products, and does not take into account
the improvement of the functions of delivery of raw materials or products.

In [9], L. Irtysheva shows an active interest in the problem of changes in logistics systems, and the lack of their tools,
which could become a technical and methodological basis for well-founded decisions. The growing role of material
and technical support, the number and intensity of product flows, the expansion of the company's activities, and high
market demand are described. However, with the author's high attention to ensuring the enterprise survival and improving
the company's adaptation to the market, the question of increasing the profitability of the enterprise due to the reduction
of transportation costs is not covered.

Order fulfillment time, as one of the main constraints that affect planning at each stage of the supply system, is
considered by scientist M. Vijayashree [10]. The paper investigated how the order cost reduction depends on the order
execution time and the problem of two echelons of the supply chain for one supplier and one buyer was considered.
The analysis was carried out by determining the optimal decisions regarding the quantity, cost of the order, lead time,
and the number of deliveries from one supplier to the customer in one production cycle, but the costs of fuel and lubricating
materials were not taken into account.

In[11], information technology is proposed for solving the problem of planning the order execution for the manufacturing
of products at food enterprises. It is based on information technology with a combination of the method of data mining,
modified multi-agent, and genetic algorithms. The paper proposes a mathematical model of the problem of planning contract
execution but does not take into account the criterion of storage and supply of finished products. A combined algorithm for
solving the planning problem was developed, aimed at taking into account the peculiarities of the subject area.

The authors of [12] use methods of linear programming to optimize profit in bakery production by allocating resources
and finding maximum and minimum limits for product types.

In [13], a total quality management system for a small bakery is considered, but the paper does not cover the issues
of production planning. The paper [14] tells about using Enterprise Resource Planning (ERP) to support decision-making
and resource management, but the authors do not go into detail on the mathematical foundations for such planning.

A number of works [15, 16, 17] consider certain important aspects of production planning, but the described models are
either general or intended for use in other industries. Therefore it is hard to apply those approaches to bakery enterprises
due to their specifics.

Some papers [18, 19, 20, 21, 22] propose models for perishable products and therefore may be useful for our research.

The authors of [23] have made a systematic review of modeling approaches for supply chains in the food industry that
describe the methods used by researchers in recent years.

Aim of the Study

The analysis of the above mentioned literary sources gives reasons to assert the feasibility of creating and using

an intelligent support system for manufacturing of products planning between bakery enterprises.
Methods for Solving the Problem

The above aspects characterize different approaches in production methods, accounting, and formation of the cost
of finished products, in the construction of analytical accounting of enterprises of the bakery branch of the food industry
and are characterized by a specific production process, organizational and technological features. Since a significant
number of bakery enterprises of various capacities and forms of ownership operate in this industry, a competitive
environment is characteristic of bread factories.

One of the peculiarities of the bakery branch is the conditionally constant demand for the products produced. This
is related to the historically formed specifics of the nutrition of the Ukrainian population. For us, bread is a mandatory
component of nutrition, not a supplement to food, but the main product. The historically formed specifics of the Ukrainian
consumer's diet are constant demand for the main products produced by bread factories. The volume of bread and bakery
products can be sold within the physiological norms of human consumption (0.3-0.33 kg per day), and their assortment
depends on the traditions, tastes, and preferences of consumers.
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The production of bread and bakery products is clearly regulated by the recipes of the technological process and has
a short production cycle (for wheat flour, the maximum duration of the production process is up to 9 hours, for wheat
and rye —up to 12 hours, for rye varieties of bread — up to 36 hours) [24].

Bread must be sold at food courts from the very morning, fresh and in full volume. Therefore, the time for its delivery
from the bakery is very short, and the costs for this delivery are among the highest among food products.

The way out of this situation can be a significant increase in the delivery radius, going beyond the “home” regions, or
changing logistics flows.

A preliminary analysis of logistics flows that are formed and implemented at the enterprise, which is diverse in their
economic nature (material, financial, information, and labor) was conducted. This analysis allowed us to divide them
according to the importance of their influence on the content and form of organization of industrial logistics of the enterprise.
The majority of foreign and domestic scientists in the field of logistics single out the material flow as the key, and other
types of flows — informational, financial, service, human, and transport — are considered secondary. The management
of the enterprise's logistics system covers the entire set of tasks for managing material flows in the "supplier-consumer" area.

Bakery products spoil quickly, so delivery to the consumer must be high-quality and fast, and optimization of the routes
of transportation of bakery products is an important logistical task. The routes are planned in such a way that the car,
leaving the factory, goes around the shops in a circle and returns to the enterprise.

The sale volume of these bakery products primarily depends on freshness, and only after that on other quality
characteristics [25]. Immediately after leaving the oven, the crust of the bakery product is strong and fragile. When
the product is stored, moisture from the middle of the product migrates to the crust and softens it, which leads to staleness.
Characteristic signs of bread staleness are a decrease in its elasticity, and an increase in fragility, which is a consequence
of a change in the microstructure of the finished product. The technological process of baking must be carried out by
the calculations of the productivity of the equipment for each technological line, as well as all technological parameters
and hardware for the execution of the recipe.

The production capacity of the enterprise is characterized by the leading equipment, which is bakery ovens. The main
elements are assortment and quality of manufactured products; the composition of the equipment and its quantity by type;
equipment operation time and use of space during the year; progressive technical and economic norms of productivity
and use of equipment, manufacturing of products per unit of area, norms of the duration of the production cycle and the labor
intensity of the manufactured products.

When bread, which stayed some time in the trade network, becomes not fresh, its further sale at a constant price is
extremely small. Unsold discounted products are returned to the enterprise as raw materials for processing (depending on
the recipe for the production of breadcrumbs or bakery products).

With a sufficiently wide range of products, the composition of production stocks is not very diverse, since the products
do not require a large variety of raw materials. We have a short term of product storage and the need to sell it within
a day, transportation restrictions, and the impossibility of long-term storage of products in warehouses. All this determines
the need to take into account the features of product delivery to the consumer.

In the conditions of the economic crisis and the constant increase in prices for fuel and lubricating materials,
the question arises of optimizing the process of supplying raw materials to bakery enterprises and routes for the sale
of finished products.

To reduce the load on the logistics system and ensure prompt adjustment of the order fulfillment plan, it is worth
considering the complex task of taking into account the supply of the necessary raw materials to the relevant factories, as
well as the supply of finished products to customers. Fulfillment of an order can be unsatisfactory if it is fulfilled before
or after the specified time, because it can cause spoilage of finished products, failure of the sequence of replenishment
of stocks, etc.

As the basis, we have taken the mathematical model of the task of planning the execution of contracts, which is
presented in works [11, 25]. The authors also propose using a modified ant colony algorithm, but the mathematical model
and solution are aimed at enterprises of the non-food industry.

Let's introduce the following notations:

F — set of factories owned by the enterprise;

f— factory number, f'€ F;

P — set of types of products (assortment) manufactured at all factories;

p — product type, p € P;

J;— set of technological equipment for manufacturing of products at factory f;

Jr— number of technological equipment for manufacturing of products at factory f;

I — the set of all orders received by the enterprise;

i —number of the order that is in the execution queue;

t;— the specified deadline by which the i-th order must be completed;

w;, — the volume of products of the p-th type that must be produced for the i-th order.
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The main indicator is obtaining the maximum profit in money from the fulfillment of orders for manufacturing
of products for a given period, which is described by formula (1) for the planned period dt.

I F Jr
Z(dry =33 % ((r, = X, * ¢y ) ¥ w, * g,) > max (1)

i=1 f=1j,=1

where dt is the planned period for which the order must be fulfilled,;

rp; — the cost of products of type p for the i-th order for the period df;

x,,; — a parameter that takes the value {0,1} (1 if products of type p according to the i-th order will be manufactured on
Jrtechnological equipment at factory f;

¢,;, — the production cost of products of type p for the i-th order, if it will be manufactured on j~th technological
equipment at factory f;

q; — the coefficient of the fine, which depends on the prescribed conditions of the order, corresponding to the i-th order,
which is calculated according to formula (2):

g =1+d*

i

{_dfn (ff, - ti) < O’ (2)

0, 0<( 1)

where d;is a coefficient of 1 if a fine is provided for the untimely execution of the i-th order;
tf; — the time for which the i-th order was executed;
df; — penalty coefficient 0=df<1 if the service is not performed on time, which is described by the condition (¢/—#;)<0.

In case of storage of finished products in the warehouse, additional costs arise, because depending on the type
of products, it is necessary to ensure the necessary storage conditions, which incur additional costs, which is determined
by formula (3):

Z,(dt) =3 (vz, * wip,) — min 3)
i=1

where vzp; is the storage cost of a unit of product type p for the i-th order for the period df;
wzp,;— the volume of products of type p for the i-th order, which will be stored for the period dt.

The production time of each i-th order per period (++Af) is a partial criterion and affects the overall effectiveness
of the plan option (4), and constraint (5) regulates products manufacturing for the period (z+Af), constraint (6) conditions
the completion of the products manufacturing no later than the specified period.

Ey(t+ At) =" >"(0, * (pty + t; + iy + 0, )) — min 4)
j=1 121

P<t+ Fo(t+At) <t + At &)

t<t + Fo(t+ Ar) < dt, 6)

where (#+At¢) is the planning period for which the production plan is calculated;
t is the start time of the plan, which is indicated by the date and time to the minute;
At — the time required to complete all orders in minutes;
i —the order, which is in the execution queue, regulates one type of product, which must be released during the (#+Af) period;
j — stage number from the set of stages (j € w;) for the i-th order;
; — the number of necessary stages of production of the i-th order;
[ — equipment number from the set of equipment (j ¢ o;)for the i-th order;
o0; — the amount of equipment used to perform all stages in the production of the i-th order;
t;— the time of the start of production according to the i-th order;
dt; — the time for which it is necessary to produce products according to the i-th order;
Aty — execution time of the j-th stage on the /-th equipment for manufacturing of products according to the i-th order;
pt; — the time required to prepare the /-th equipment for the implementation of the j-th stage in the manufacturing
of products according to the i-th order can be zero if no preparation is required,
to;, — time of transition/waiting between the execution of the j-th stage to the (j—1) stage;
nt; — time for cleaning the equipment after the j-th stage of manufacturing of products according to the i-th order on
the /-th equipment;
0; — a parameter that takes the value {0,1} (1 if the j-th stage can be performed on the /-th equipment for manufacturing
of products according to the i-th order; 0 — otherwise).

The developed mathematical model makes it possible to estimate and build an operational-calendar order fulfillment
plan, and this problem belongs to the class of multi-criteria NP-complex combinatorial problems [11, 25].
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The complexity of solving such a problem increases with the number of orders, as well as with the increase in the stages
of various execution options at different plants and technological production units. It should be noted that part of the equipment
used in domestic food enterprises requires additional adjustment efforts when introducing new types of products. In this case,
costs for setting up and adjusting technological equipment are added under each production process.

Taking into account the specifics of the task, the authors proposed the structure of the information system to support
production planning between bakery enterprises that belong to the same company or have a cooperation agreement
between them, which is presented in Figure 1. The main components of the system include (Figure 1): a “data lake”, data
download tools, data storage, knowledge bases, a server part, and a web user interface. The system architecture supports
the implementation of client-server architecture in the form of a “thin” client, where all logic is focused on the server part,
and the user part is only responsible for displaying data, that is, the result of execution is displayed in the user's browser.

The choice of such an architecture for building a system is due to the following advantages: simplified integration with
third-party software products; ease of implementation, which consists in the absence of the need to configure the hardware
or software of users; increased fault tolerance, since all software necessary for operation is installed only on the server.
The proposed structure allows integration with existing information systems at the enterprise. It is important to note that
the user interface is made in the form of web pages for display in the user's browser [25].

The simulation-based units include the following:

1. Models of the work of the repair team made it possible to analyze the quantitative and qualitative composition
of the personnel of the repair department and the workload of the employee during the production shift. An option to change
the number of workers during the execution of the model is provided, which allows viewing the result of the model in real-time.

2. A simulation model of the repair of technical equipment of the line, which took into account the type of equipment,
as well as the possibility of carrying out the repair process in time.

The use of simulation models allows us to reduce the time of making management decisions, analyze the possible
consequences of these decisions, predict the state of the repair system, and optimize the system before its implementation.
Studying the repair system with the help of a simulation model makes it possible to change the operating time of the system
without interfering with the actual operation of the bread factory, to understand the interrelationship of elements within
the system, to assess the degree of influence of various factors and to identify weak points. With the help of the developed
process model of technological equipment repair, the classification of types of repair interconnections and maintenance
of mechanisms installed and operated at the bakery enterprise was carried out.
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Fig. 1. Information system architecture

Determining the technical condition of the bakery equipment is associated with significant difficulties due to
the complexity of its structure and configuration, as well as a large number of its operational and regulatory indicators
and characteristics. Since the production capacity of the enterprise is specified by regulatory documents, the technical
support of technological equipment can be considered a tool for managing the repair work process
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The operation of simulation models and support for decision-making is provided by the information in the data
warehouse: about the state of technological equipment and its operational characteristics, available raw materials,
the current plan for the receipt of raw materials at the enterprise, the terms of current contracts, all the necessary details
of contracts (the amount of fines for late execution, general conditions ) and orders (terms, types of products, volumes,
terms) that have arrived at the moment, features of the stages of the technological sequence of manufacturing on existing
equipment, technical and economic indicators, complete information on the status of the current plan, detailed information
on orders included in the current plan, etc.

Results

The developed architecture of the intelligent decision support system, which implements the proposed information
technology based on modified methods and algorithms, is based on flexible integration in the “data lake” of information
from various information sources. The proposed architecture combines several information technologies, which are aimed
at increasing the technical and economic indicators of the enterprise by supporting management decision-making in
the formation of the order fulfillment plan. The proposed architecture will also ensure: operational formation and flexibility
when changing plans for order fulfillment; will significantly reduce time spent on data collection and information
preparation; the ability to quickly adapt to the current situation and make appropriate changes to order fulfillment plans.

The sources of data for the data warehouse are the databases of information systems and the “data lake”, which ensure
the adequacy and reliability of information support to support management decision-making. Accumulation of information
in the “data lake” and the storage takes place in automatic mode due to the use of data loading tools. It is proposed to
choose a multi-level architecture of the data warehouse, which ensures the integration and coordination of data from
the “data lake” and other sources first into the “virtual data warehouse”, and from there it is loaded into the “data store”.

“Virtual data warehouse” is built according to the rules of relational databases. This ensures the avoidance of redundancy
when working with large volumes of information. Also, the “virtual data warehouse” provides intermediate granular
storage of the data set obtained from the “data lake” and other sources for loading “data marts”. Each “data mart” is
designed to hold a set of data to support a specific task or provide information over a specific time period.

Data stored in data stores are updated according to business logic and have certain aggregation and granularity. “Data
mart” is designed to solve a specific local problem, has a target purpose, and contains a set of data that ensures the following
tasks: conducting complex analytical queries; solving a specific optimization problem; formation of reporting; answers to
a certain number of requests, etc. For example, one of the “data showcases” contains information on recipe ingredients,
their physicochemical and functional-technological properties, auxiliary materials, and quality indicators, and stores user-
specific data on recipe composition, physicochemical characteristics of ingredients, and recipe status.

The knowledge base is accumulated during the formation of rules and knowledge according to the situation. It contains
rules regarding the technological features of manufacturing [26].

“Data lake” ensures the accumulation of untransformed information from various sources, which allows for
reducing the time for its consolidation and processing. “Data lake” includes structured data from relational databases
(rows and columns), semi-structured data (CSV, log files, XML, JSON), unstructured data (mail messages, documents),
and even binary data (video, audio, graphic files). In effect, the proposal is to use the “data lake” as a “standard data
archive”, the data gets there using data load packages with minimal modification. In the “data lake”, the elements
of the structures fully correspond to the structures of the corresponding sources. Thus, centralized data storage is ensured.
The advantages of “data lakes” include [27]: obtaining complete information without conversion; provision of detailed
statistics; the ability to experiment with different types of data from different sources; providing access to information that
managers need in one place; ensuring a high level of centralization and detailing of data; the possibility of scaling, which
is suitable for small enterprises, and also easily integrates with other systems; simplifying the work of users; cheaper than
storage because they do not require pre-processing.

The use of a data lake ensures the accumulation of all data represented by heterogeneous structures and then makes it
possible to obtain any data sets for solving various problems.

“Data loading tools” provide automatic acquisition of data sets from enterprise databases and knowledge bases,
transfer them to the “data lake”, and then obtain the necessary information from it and transfer it to the data warehouse.
“Data loading tools” provide data acquisition, transformation, aggregation, and loading. To avoid redundant information,
all elements of BZ, SD, “data lakes” and “data marts” are checked for available up-to-date information. If necessary, “data
loading tools” perform the destruction of redundant and redundant information. The Data Transformation Services toolkit
acts as a toolkit of “data loading tools” in modern client-server DBMSs.

The functional capabilities of the server part meet the needs of users of the information system and are generally divided
into units that are designed to solve specific problems. Each unit, when processing some request, turns to the SD or BZ to
receive data. After data processing and necessary calculations, the result is displayed in the client part in the given form.

The main units of the system include units for solving decision-making problems, units for solving problems using
simulation models, and units for supporting management functions that combine statistical accounting and report
generation.
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Support units for management functions provide complete and up-to-date information on order fulfillment, adherence
to calendar deadlines, movement of resources and materials, etc. These units realize the formation of reporting
documentation and the performance of the functions of creating various types of reporting documentation in the forms
and presentations selected by the user.

The units of decision-making tasks include the unit of creating a calendar plan for the execution of orders. Among
the units, it is proposed to use the BSP (Business Systems Planning) methodology. The unit for forming a calendar plan for
order fulfillment is designed for forming variants of a calendar plan using combined algorithms [11]. It is also possible to
evaluate each of the options and compare them, make corrections, and determine additional parameters. The constructed
and selected plan is submitted in electronic form for review by the responsible persons, and after approval, it is recorded
in the databases of the information systems operating at the enterprise. First, the order is received and the conditions for its
execution are analyzed. If at the moment no plans are being implemented, then an analysis of the condition of the technological
equipment is carried out to find out the planned repair and preventive works of the equipment and the possibility of their
postponement or transfer. The planned start and end dates of the order execution plan are clearly formed. All this acts as
a limitation when forming an order fulfillment plan. If necessary and by common agreement, it is possible to adjust the terms
of repair and preventive works of technological equipment, if this does not violate the passport requirements for its operation.

The proposed architecture makes it possible to combine several information technologies, namely: the use at food
industry enterprises of an expert modeling system for simulating complex product recipes, which makes it possible
to choose replacement components in the recipe under production conditions; the use of order fulfillment planning
technology through the use of combined methods and algorithms; the use of information technology to improve the process
of analysis and planning of order fulfillment at food enterprises, which, unlike the known ones, is based on determining
the assortment and adjusting recipes to reduce the cost and quickly fulfill orders.

Conclusions

The intelligent support system for production planning between bakery enterprises proposed in the paper ensures
the fulfillment of orders with the following advantages: it quickly forms an operational-calendar plan for the fulfillment
of orders with cost minimization aimed at maximizing profit; allows for reducing logistics costs, which ensures obtaining
higher quality products with minimal waiting time; allows you to quickly adjust the existing calendar plan of orders,
which makes it possible to respond to orders in real-time and ensure optimal use of technological equipment; significantly
increases the efficiency of the use of raw materials and materials, and also ensures the minimization of costs for their
storage; ensures a quick response in the event of negative and out-of-hours situations by making appropriate changes to
the current order fulfillment plan. The proposed structure of the information system makes it possible to combine the use
of modified algorithms and methods based on combining algorithms, which were also analyzed in the work, as well
as several classical approaches. The system provides an opportunity to select a set of algorithms and methods, which
increases the range of applications.

The proposed mathematical model is included in the system and the following criteria are distinguished: obtaining
the maximum profit from the execution of orders for the manufacturing of products for a given period of time, taking into
account fines for late execution of the order; the criteria take into account the need to store finished products in the warehouse,
which leads to the occurrence of additional costs, because depending on the type of products, it is necessary to ensure
the necessary storage conditions, which incur additional costs; the time for the manufacturing of products of each individual
order for a given period is a partial criterion and affects the overall effectiveness of the selected variant of the execution
plan, and the described restrictions regulate the manufacturing of products for the required period, as well as restrictions that
determine the end of the manufacturing of products no later than the specified period. The proposed mathematical model
and the corresponding unit in the system allow you to create an order fulfillment plan taking into account all operations
of the technological process during the manufacturing of products from distribution to factories. The created unit allows
you to adjust and evaluate the efficiency of order execution depending on the objective and subjective advantages provided
by the ODA and also provides both consideration and exclusion of certain partial criteria depending on a specific situation.
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