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Abstract

The effective management process of a manufacturing enterprise under current
conditions depends on how rationally the in-plant management accounting system is
built and how objectively reflects it the production processes.

Notwithstanding the fact that diverse tasks may originate in practice proceeding
from a different character of production, the production processes can be so grouped
as models built on the general principle be developed for a large group, whose
application with the desirable completeness will informationally support an analysis of
variations related to future activities’ planning and the corresponding decision-making
process.

Models related to the issues of optimal, cost-effective satisfaction of the static
and dynamic product demands in batch production are developed in the thesis. The
application of these models enables the decision-maker, manager to make a variation
analysis, taking into account the production cost minimization criteria, storage costs,
preparatory engineering work, and other expenditures.

The batch production-related decisions are dependent on a type of
manufacturing enterprise, based on the specificity of their different production
processes. The work deals with a full-scale type of manufacturing enterprise, for
which production in recurrent batches/lots is characteristic. Since the quantity of
products manufactured by one manufacturing enterprise is small to influence the
market price, the price determined by market conditions is taken up. It implies that the
product price does not depend on the quantity of the manufactured and sold products.
Hence, since the price is dictated by the market, an increase in income is possible
through cost management.

The effectiveness of the developed models also depends on how accurately the
product demand forecast is made, which is quite a complicated task. The thesis
considers the cases of static and dynamic product demands.

The optimization problem related to batch production consists in the following:
a production plan for a specific type of products needs to be drawn up for a period that
consists of n interval. Supposedly, each such interval is to have its accurate product
demand forecast. Demands of different intervals are different. Likewise, the products

manufactured during the t interval of time, can be used for complete satisfaction of the
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demands of this and subsequent intervals, since the batch size of the manufactured
products influences the economic indicators of the production. It would be expedient
to manufacture such quantity of goods during the given interval that exceeds the
demand within this interval and to store the surplus for satisfying the demand of
subsequent intervals. However, in such case the stock tends to accumulate which leads
to additional storage-related costs (warehouse rent, insurance, control of storage
conditions, etc.).

Based on the above, there is the importance of developing and applying
mathematical models which make possible to define in the course of batch production
the optimal batch size with minimal costs, including: production costs, cost of
preparatory engineering work, stock warehousing costs, and the other process-related
benefits or losses.

The attainment of these objectives needs the conduct of a research work, in the
direction of both the formalized description of the actual industrial project and
compilation of the optimization mathematical model, as well as the development of
effective calculation methods for composite models.

For achieving the said goals and end-to-end solution of tasks, a scheme of
discrete representation of the process has been designed, which provides for not only
the natural discreteness of the production process but also the possibility of quick
calculations. We have considered the problems of discrete optimization with the
characteristic of them factors, such as the existence of multiple optimal decision
outcomes/solutions, the obtaining of optimal and close to them, some subsequent-by-
degree decision outcomes/solutions for multi-criteria analysis, and decision
outcome/solution sustainability study purposes.

Based on the analysis, computational procedures have been developed to ensure
the uniformity of computations on the basis of a graph model.

Within the considered scalar optimization models, the task consists in finding
the shortest forward path of the graph. In case the task is a multi-criteria one, which is
more practical, and the model provides for one of the optimization criteria, the
problem of variation analysis will arise: the optimization of one indicator leads, as a
rule, to a change in another (conflicting with it) indicator.

For such cases, it is possible that optimization problems are established by one
of the criteria and both their optimal decision outcome/solution, as well as the

subsequent decision outcomes/solutions with a certain degree are found. Obviously,
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such an approach is particularly efficient in the case of discrete optimization and can
be called a method of finding the k-shortest paths. The significance of all the criteria is
determined for the k-number of decision outcomes/solutions and thus a set of
evaluation vectors is produced. All the subordinate vectors are excluded from the set;
as a result, a set of Pareto-optimal decision outcomes/solutions is produced and
submitted to the decision-maker.

According to the cost minimization criterion and under conditions of limited and
unlimited capacities, models of the optimal satisfaction of the static and dynamic
product demands and computational schemes have been developed. An optimal batch
size determination model has been developed by the total cost minimization criterion,
taking into account the time of production; in addition, an optimal batch size
determination algorithm has been established by the total cost minimization criterion
and taking into account a reduction of prices on resources.

A dynamic product demand satisfaction model by the production cost
minimization criterion has been developed and a variation analysis of decision
outcomes/solutions produced by the k-shortest path finding algorithm has been
conducted, taking into account additional indicators — labour hire/discharge-related
costs, costs of preparatory engineering work, and stock warehousing costs. Also
considered is a case of the dynamic product demand satisfaction by the storage cost
minimization criterion.

In addition to unlimited capacities, the cases of limited capacities are also
considered in the work.

On the basis of a specific example, the effectiveness of application of the
developed models is demonstrated for the case of batch production in the final
decision-making process.

The developed models can be generally used for handling the small- and
medium-scale businesses’ tasks, which belong to the sphere of microeconomics. Such
firms/businesses shall be  distinguished by the ability of fast response to changes in
external factors. Thereupon, the developed models are worthy for their ability to
enable us to take many decisions on the basis of a standard approach. The obtained

results are original.
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