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Abstract
Material stock management modern economic and mathematical models   are studied. Materials stock formation system at one of Poltava construction enterprises was analyzed by the author. It is proposed to use a deterministic and probabilistic model for determining the optimal size and time of placing an order depending on the group of building materials. It will increase financial resources usage        efficiency to hold stocks and increase construction enterprise profit.
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1. Introduction

In the international economy globalization context, competition is growing practically around the world. National construction companies have to face fierce competition both on the external and on domestic markets with market relations development in Ukraine. Uninterrupted production processes condition at any construction company is certain stocks of raw materials, building materials, own manufacture semi-finished products creation etc.

Warehousing is a social production necessary element. The main tasks are to preserve materials and raw materials consumer qualities, stocks optimum amount rational allocation, as well as materials movement constant accounting, raw materials and stocks thorough time. Accounting correct organization depends on the construction sites material resources provision quality and            effectiveness. The inventory management system (Inventory    System) is a regulation set of rules and methods, which controls the stocks level and determines at what time it is necessary to replenish the stock and what should be the order amount.

Goods inventory levels analysis by means of economic and mathematical modeling and the use of modern computer technologies to develop a program for calculating optimal inventory sizes based on built models will increase the efficiency and effectiveness of management decisions, as well as reduce financial costs for    building stock construction companies.

Despite the fact that the maintenance of material stocks involves certain costs, enterprises are forced to create them. The main reasons for stocks formation are the need to ensure the production process uninterrupted supply,  various types production  frequency products by suppliers, the most types of products  transportation from the manufacturer to the consumer batches, as well as the discrepancy between production  rhythm and consumption rhythm.
Construction projects management detailed approach analysis is carried out in books [1, 2]. Building materials and stocks stream research analysis with six basic methodological approaches allocation is given in the article [3]. An empirically proven solution for construction projects material logistics management is proposed in the scientific paper [4]. Confidence formation factors in building materials supply all parts was found in the study [6].               Economically feasible model of ordering with limitations typical for construction projects is constructed in [6]. ERP modules system implementation influence on the change in operational efficiency in market conditions results study was performed in [7, 8]. Supply systems usage with automated control in a dynamic market environment is proposed in [9]. Visual forms programming in Visual Basic (VB) models are presented in [10]. Creating and managing Windows Forms technology is presented in [11].  Warehouse management system influence on material resources amount reduction along with the reliable supply system           performing is explored in [12]. The article deals with logistics management quality improving problem solving directions. [13]. Three-level inventory management algorithm model is presented in [14]. A stochastic model for minimizing warehouse and logistics operations total cost has been used in the study [15]. The model for stock formation cost optimization is proposed in [16]. The system for calculating material resources with the batch size production operational determination is developed in scientific work [17]. Despite a large number of scientific publications on the chosen topic, inventory management model improvement is an urgent task.

In a modern city, construction is often carried out in areas of dense building, so often there is a problem of limited areas for the storage of industrial stocks. In order to optimize the work of the enterprise, it is important to determine the material stock            management rational level directly on the construction site. Consequently, there is a need to develop material stock management economic and mathematical model where total costs for system operation will be minimal.

The decisions on material stocks management are influenced by four types of costs: stock purchase; order arrangement; storage of stocks; loss from deficit. Costs that do not depend on accepted decisions are not taken into account during the analysis.

It is expedient to take into account the cost of purchasing the products only if the unit price depends on the lot size. Order    arrangement cost includes fixed costs for placing orders. Storage costs include only those costs that depend on the material stocks size. It includes the costs of the physical presence of material assets in the warehouse (natural losses, payment for production funds) and the loss from the stocks funds immobilization. Losses from the deficit at production enterprises are calculated as total profit loss per one monetary unit of scarce materials cost.
2. Economic and mathematical models     analysis
Real situations variety determines the need to develop various material stock management economic and mathematical models. The main factor influencing the type of model is the nature of demand or the need for material resources. Demand may be deterministic or probabilistic. One more important factor is to take into account while creating a model the order execution time being more exact, the time interval between the moment of placing the order and its delivery. If the factor is taken into account then it is a late delivery model. Material stock deficit in management system may be assumed.
At present, a large number of optimization deterministic stock models are developed, where the regulatory parameters are:

– Minimum stock level (order point);

– Goods orders volume (minimum of expenses);

– The interval between two goods possible purchases.

The most common are models with a fixed order size, which are carried out when the stock is reduced to a certain critical level and a fixed-frequency ordering model that involves ordering at regular intervals.
Classic inventory management models and their size control are aimed at providing the highest possible level of customer service with minimum current costs associated with holding stocks. In practice, stock management reduces to a reply to two main     questions: when to replenish stock and what is the amount.

Stock management classic model is the Wilson model, which  calculates the optimal batch size and time period for ordering:
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where y* is the optimal order size (material resources units     quantity);

D is stock usage intensity (stock units’ quantity per unit time);

K is order placing cost (batch design and delivery cost);

h is unit storage costs per unit time;

Q is ordered batch.

Real stock replenishment cannot happen instantly, so it also needs to take into account the order term. The proposed inventory management model provides an opportunity to determine the goods order optimum amount, which is relevant for a large assortment.

Many models main assumptions built on the Wilson model basis are as follows: the demand for products is known, order time implementation (delivery) is known and constant, goods receipt is instantaneous; the model does not take into account wholesale discounts and no deficiency is allowed. The obvious disadvantage of these models is the demand immutability assumption, wholesale prices independence from the orders amount for goods consignment and other hypotheses that are not always satisfied. Therefore, such a model should be improved according to input change assumptions, but it is difficult to construct a universal model.

The main difference between models is determined by the demand pattern assumption (static or dynamic). An important factor in terms of formulating and solving the problem is also function cost type. Different methods can be used for solving, which include the classic optimization scheme, linear and dynamic programming.

Economic order size deterministic model can be generalized for a probabilistic case with stock level continuous monitoring [4], which uses the reserve stock that exists throughout the planning period and corresponds to random demand. The reserve amount is set so that the stock decrease probability during the order execution does not exceed the predetermined value. The reserve stock amount B is determined from the probabilistic condition:
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where xL is random demand value during order execution;

μL is average value of demand during the execution of the order;

α – stock reducing probability maximum possible value;

L – order lead time.

When constructing a randomized model it is assumed that xL  for a time L is a random variable with normal distribution N (μL,σL). Then the random variable z is a standard normal distributed random variable with a distribution of N (0,1). Appropriate reserve stock amount satisfies the inequality:
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This model is approximate, because the probabilistic demand characteristics are taken into account only in the last stage of computations.

Studied models main disadvantage is conditions immutability for their functioning, but the market conditions, and, consequently, the need for material resources inventory are constantly changing. Delivery terms may change over time, and so on.
3. Enterprise warehouse stock levels modeling and programming
Warehouse accounting data analysis at one of the construction enterprises in Poltava at the beginning of 2018 is done, concerning supply and demand for a group of wall building materials, which is distinguished by the greatest demand and the need for no    shortage of supplies. For that group material stocks formation at the enterprise the classic model with the fixed size of the order is used. For example, construction site material stocks replenishment of red brick full M–125 in the amount of 24,000 pcs. (50 pallets) from the enterprise warehouse is carried out by three trucks DAF LF45 with a trailer (the maximum total transportation weight 69 t) for 3 – 4 days. To determine the optimal size of the order, the average daily demand for bricks was calculated, taking into account the rate of painter brigade production for an 8-hour working day (V= 7800 units). Then, the cost of storing a unit per day (h = 0.025 UAH; 0,001$) and overhead costs (K = 1200 UAH; 45$). At the same time, the minimum storage costs for each lot will be L = UAH 684.10 (26$). Thus, the optimum amount of bricks in each order is Y = 27360 pcs. (57 pallets), and it should be repeated within 3 days intervals.

The deterministic models imply the immutability of the operating conditions, but such constancy is almost impossible at production. The main problem is the delay in deliveries, which can lead to downtime and due to the failure of construction dates. So, the demand for materials often depends on the number of workers replaced; weather conditions under construction; technical      condition of construction equipment used in construction; the height at which it is necessary to raise the building materials and the shortage or lack of building materials, etc.

Therefore, it is necessary to establish a constant control over the level of building materials stocks and, accordingly, to determine the future needs, to change quickly the conditions, the size of the supply, etc. So there is a need to use combined models with the possibility of self-regulation (adaptation to new conditions), which take into account the probabilistic nature of demand directly in the task formulation.

In the probabilistic model, an unsatisfied demand is assumed and an order Y is placed when the stocks reaches the level R, which is a function of the time period between the placing of the order and its execution. While model creating, assumptions are made that dissatisfied with the execution time  order the demand accumulates, only one unfulfilled order is allowed and the distribution of demand during the execution of the order is permanent (constant) in time.

The optimal values y* and R* are determined by minimizing the ratio of the expected cost of the inventory management system to the unit time. They are based on the methods of differential calculations using the formulas:
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where D is stock usage intensity (stock units quantity per unit time);

K – The cost of placing the order (batch formation and delivery cost);

h – Storage costs per unit of stock per unit time;

p – Specific losses from dissatisfying demand;

S – Expected deficit of material stocks per unit time.

Thus, the stock management strategy for the probabilistic model consists in the order of 29760 pcs. (62 pallets). The order must be renewed when the stock is reduced to 9980 pieces. Probabilistic economic-mathematical model, taking into account fluctuations in demand for materials, which allows more accurately determine the volume of optimal order and minimize the risk of simple construction due to the shortage.

In accordance with the demand character, the proposed economic and mathematical models can be used to determine the optimal order for certain types of construction materials stored at the enterprise warehouse. The deterministic model can be used to manage material stocks; the demand depends on random deviates not mainly. It is expedient to use it for building materials used for internal work.
The probabilistic model should be used to determine the optimum stock of such materials: brick K–105, M–125, foam, gravel fraction 5–30, crushed stone fraction 5–20, paving tiles, etc. Demand for them depends on a large quantity of random deviations. The main factors are: seasonality of works, weather conditions, technical condition of construction equipment, production per day, height the construction is conducted.
In order to ensure the operational efficiency and accuracy of obtaining data to justify management decisions to replenish inventories on the given models, it is necessary to automate calculations execution. The software for inventory management can have three modules: the current inventory control and the formation of applications according to the calculation of “order points” the supply module; adjustment of prices based on the compliance of the medium-term forecast of the current liquidity of the balances and the situation in the supply that means the pricing module and the forecast module.

In most Western ERP systems, inventory management is implemented using SIC (Statistical Inventory Control) technology. They use statistical methods for modeling demand and time of replenishment of inventory (inventory taking into account manufacturing time). The use of modern computer technologies (software and peripherals) in inventory management systems makes it possible to significantly reduce inventory levels and improve the quality of customer service.

The most common ERP-systems utility research in Ukraine is performed. According to the analysis, it can be noted that existing software products lack the ability to manage inventory and logistics of the company based on the batch optimal size. Consequently, building a stock management system based on determining the optimal order size is definitely an important task for a construction company.

The proposed economic and mathematical models are used to improve the existing inventory management system in stock. According to the available statistical data goods optimal orders size for different item groups is determined. The calculations are made taking into account the demand for goods, ordering and storing stock calculations, delivery time, etc. For goods with a changing average monthly demand, a reserve stock is calculated to reduce the deficit probability. A software module for automating calculations in VBA language is also developed. Program module main form contains three buttons for switching to the auxiliary forms (e. g. Figure 1).
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Fig. 1: Software module main form: Головна – Main, Файл – File, Розрахувати – Calculate, Модель Уілсона – Wilson Model, Рандомізована модель – Randomize Model, Ймовірнісна модель – Stochastic Model.
Order optimal size calculations on the auxiliary forms for the three economic and mathematical models can be performed. Thus, deterministic, randomized and stochastic models and modern computer technologies usage can improve construction enterprises competitiveness.
4. Conclusion 

Thus, the proposed material stock management economical and mathematical models can be used to substantiate operational management decisions regarding the size of the order and stocks placement time, as well as forecasting the need for a certain range of construction materials for the future period. It will allow improving schedule and order volumes for up to 1 – 3 months, as well as significantly reduce overhead by reducing delivery time to 1 – 2 days. As a result, the load of its own fleet will be optimized, since transport costs are relatively high compared to the cost of many building materials. Consequently, reducing the cost of maintaining stocks will increase construction enterprise profit.
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