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COMPUTER MODELING OF WAREHOUSE
LOGISTICS PROCESSES: TECHNOLOGY OF
RATIONAL SLOT SELECTION FOR
PICKER’S ROUTE MINIMIZATION

The article is devoted to solving scientific and practical problems
of increasing the efficiency of logistics systems by minimizing the duration
of material handling equipment (MHE) routes using the example of picking
orders in warehouses with shared storage. The order picking process is
one of the most labor-intensive and expensive operations, as the
movement of staff or machinery accounts for over 50 percent of the total
picking time. When goods are scattered throughout the warehouse, an
additional problem arises regarding the rational selection of slots for
picking goods in accordance with the order. To ensure the rational
selection of locations, the PIV (Proximity Indexed Value) multi-criteria
decision-making method was applied in this study. The locations of a
particular item are considered as alternatives, each characterized by
different criteria. Three criteria have been selected. To evaluate the
alternatives (slots) according to the criterion 'degree of satisfaction of
demand for other items in the order), it is proposed to take into account
the potential of adjacent locations.

A hypothesis has been formulated regarding the impact of
sorting goods within orders for the subsequent application of the PIV
method. A heuristic for the preliminary ranking of items within orders has
been justified and proposed, based on the scarcity of alternative locations
in the warehouse, thereby implementing the principle of 'limited choice".
To verify the hypothesis, a three-dimensional simulation model of the
goods storage area of the sorting center with a capacity of 360 unigue
slots was developed. Computer modeling in the MATLAB environment
allowed us to recreate the topological labyrinth of the warehouse, record
the coordinates of the aisles between racks and the operational routes,
and ensure that virtual equipment moved strictly along the center lines of
the aisles via designated access points. As part of experimental research,
a comparative analysis of route construction using the nearest neighbor
algorithm for two scenarios was performed: classical processing of the
consignment note “top-down” and processing according to the proposed
principle of ‘limited choice”. The results of a series of computer
experiments for order waves of 5 to 15 items confirmed the validity of the
hypothesis and showed a reduction in the total duration of the material
handling equipment route by 2-9% when processing an order according
to the principle of limited choice.

Keywords: warehouse logistics, rational choice, choice
constraints, computer modeling, multi-criteria decision making, PIV
method.

Introduction

In recent years, the retail sector has been undergoing
structural transformation [1]. Before the paradigm shift in retail
led to the growth of e-commerce, which in turn has attracted
significant attention to warehouses, which have become the main
customer fulfillment centers today. One way to achieve a
competitive advantage for a company is to improve the
functioning of all processes, including warehouse operations.
Optimizing warehouse fulfillment processes is becoming crucial
for the company's efficiency, competitiveness, and customer
satisfaction.

The order fulfillment process involves searching for and
retrieving specific items from the warehouse based on customer
orders. Achieving the desired level of customer service at minimal
cost equires continuous improvement of working methods,
technologies and warechouse management strategies and becomes
the main goal of warehouse management systems [2,3].

Although companies are increasingly paying attention to
automation of the processes of placing and collecting goods in
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warehouses, however, many companies, especially small and medium-sized enterprises, still prefer a "person-to-
product" system ("picker-to-product"), in which a warehouse worker, moving along the aisles, picks goods according
to the order. Companies use manual order picking because of the high variability of demand and the flexibility of
people to changes in the order picking process [4]. K. Dmytrow notes that 60% of companies still use classic manual
order picking systems [5]. However, even classic manual order picking systems are constantly improved through the
use of material handling equipment (MHE). E-commerce warchouses often combine two approaches to order
fulfillment.

Rational order picking technology and reducing costs for this warehouse operation are a priority for many
companies due to the fact that the order picking process is one of the most time-consuming and expensive in the
warehouse. The order picking process can reach, according to various estimates, up to 55-75% of all labor costs in
the warchouse [6,7].

Optimizing the picking process leads to reduced costs for businesses. Therefore, the attention of scientists
and companies to improving the order picking process is constantly growing.

In the "picker to product"” scheme, the process of completing includes: moving around the warehouse,
searching for goods, removing goods from storage locations, and organizational activities. Among all the activities
related to picking orders, the picker's movement takes up the largest part of the time, which is 50-55% of the total
order picking time [7,8]. Therefore, significant attention of researchers is directed at reducing travel time of picker,
i.e. building an optimal picker's travel route.

Before building a route that the picker must follow, it is necessary to determine the places that need to be
visited (route points). And this depends on the method of storing goods in the warehouse. There are two main storage
methods: dedicated storage and shared storage. In dedicated storage, a certain product is stored in only one place, in
other words, the specified place is designated only for storing a certain product. In the case of shared storage, a certain
product can theoretically be stored in several places. Shared storage provides much better use of storage space, but in
this case the product is “dispersed throughout the warehouse” [7].

Many modern companies, especially e-commerce warehouses, use shared storage, also called the mixed-shelf
concept or distributed storage. As M. Schiffer et al. [9] point out, this storage method increases the likelihood that
items ordered together will be located nearby somewhere in the warehouse.

In the case of shared storage, an additional problem of choice arises: from which places should the necessary
goods be taken [1,5]. To optimize the route, it is important that the places that need to be visited during order picking
are as close to each other as possible. As noted K. Dmytrow, the problem of choosing locations in shared storage
systems is little considered by scientists [5].

Literature review

Warehouse operation and management as an important area of research has been relevant for a long time and
remains relevant today.[7]. Warehouse processes are a set of operations related to receiving, storing, picking and
shipping products. The implementation of these processes can take place according to different strategies. The
attention of companies to effective warehouse operations is constantly growing. Therefore, numerous studies concern
various aspects of improving warehouse processes. Most researchers point out that the key to improving the efficiency
of warehouse operations is optimization order picking process. Over the past decades. Much research has been
conducted on improving the order picking process, but managing this process remains challenging.[7]. Also, there is
still a gap between real practice and scientific research. Modern requirements for increasing the efficiency of
warehouse operations require new improved methods and algorithms. Many algorithms developed by scientists cannot
always be applied in real warehouse conditions and need adjustment and improvement.

The majority of academic research focuses on storage allocation strategies, order bundling problems, and the
picker routing problem.

The problem of storage space allocation is addressed, in particular, in the work of I. Cobanoglu and others
[10], Xu, X. and Ren, C [11,12], Alban et al. [13]. The problem of order packaging is considered, in particular, in the
works of Esra Boz and Nil Aras [14, 15], A. Eydi et al. [16].

Many scientists combine these tasks in their research. So X. Feng and X. Hu [17] solved the problem of
jointly optimizing order packaging and minimizing the total order fulfillment time. Kubler P. et al. [18] considered
the problem of simultaneous optimization of storage, packaging and routing. Silva A. etc. [19] considered the
integration of storage location and order picking issues. Simultaneous optimization of storage utilization and
minimization of movement time were considered in their work by Fontana et al. [20]. Bolafios-Zuiliga et al. [8]
presented in their work a review of works related to the combination of the storage location assignment problem and
the routing problem.

However, scientists pay most attention to the problem of constructing the optimal route for the picker.
Choosing the optimal path for the picker to move ensures increased productivity in the order picking process.

Researchers have developed various approaches to solving the warehouse routing problem, aimed at
minimizing the distance and travel time of workers during order picking. Exact methods, heuristics have been
proposed [11,12, 21,4], metaheuristics [19,5], genetic algorithms [22,23,24,25] and stochastic models [23, 26].
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H.D. Ratliff and A.S. Rosenthal in 1983, using graph theory and dynamic programming, developed an exact
algorithm that allowed solving the problem of optimizing the picker's route for a single-block rectangular warehouse.
This algorithm provides an optimal solution for warehouses with any number of parallel aisles and two main aisles.
K.J. Roodbergen and R. De Koster later generalized the algorithm of H.D. Ratliff and A.S. Rosenthal to the case of
warehouses with two blocks (three main aisles). For other types of warehouses, finding the shortest path is a more
complex and time-consuming task [27,7]. In practice, optimal approaches to the routing problem are not often used.
This is primarily due to their high computational complexity. It is also worth noting that the optimal algorithm is not
available for every warehouse layout. And optimal routes may seem illogical to workers picking orders, who as a
result deviate from the specified routes [7,5].

In practice, the order picker routing problem is often solved using heuristic methods that allow achieving
solutions close to optimal ones. Heuristic methods are a popular area of research in warehouse operations due to their
simplicity and ease of implementation. However, their performance usually depends on the specific parameters of the
particular warehouse they are applied to. The most common heuristic methods are S-Shape, Midpoint, Return, Largest
gap, Combined.

Many studies have been devoted to comparing heuristic methods with each other or comparing heuristic
methods with other approaches to the problem of picking routing. In particular, Esra Boz and Nil Aras [14] compared
the results of applying heuristic algorithms. Cipto Purwanto et al. [28] compared the distance traveled by pickers in
the current state (without a specific method) with the optimization results obtained using heuristic methods.

Heuristic methods have also been used, in particular, in the works of X. Feng and X. Hu [17], O. Kucheruk
and I. Drach [7], Cipto Purwanto and Rienna Oktarina [28], T. Engels et al. [4], R. Puka and others [29], Y. Z. Zeng
et al. [25].

In modern research picker routing problems one of the main approaches is to use a genetic algorithm [25].
Often, genetic algorithm is used in combination with other methods in research. In particular, X. Feng and X. Hu [17]
used genetic algorithm and heuristic method in their research. Fontana et al. [20] proposed a hybrid approach based
on multi-objective genetic algorithm and multi-criteria decision making.

It is worth noting that the problem of rational selection of locations (slots) for storing goods that the picker
should visit has received little attention from scientists. In particular, this problem is considered in the works K.
Dmytrow [5, 30], where he suggests applying methods multi-criteria decision making.

Purpose of the article
Research objective is to develop an approach to rational selection of slots for minimizing the length of
material handling equipment (MHE) routes in warehouse logistics systems with shared storage.

Methodology

Order picking is one of the most important operations in a warehouse. Therefore, warehouse work should be
organized in such a way as to optimize the time for picking orders. One of the factors affecting warehouse efficiency
is the problem of determining effective routes for pickers. The length of the picker's route primarily depends on the
selected routing method, the size and configuration of the warehouse. The goal of routing in a warehouse is to find
the shortest path.

Building a route begins with determining the route reference points, i.e. the storage locations that the picker
needs to visit. In the case of shared storage of goods, a certain product may be located in several locations. Therefore,
it is necessary to decide from which location to pick a certain product from the list of equipment.

In this case, we can consider the locations of a certain product (slots) as alternatives, which are characterized
by different criteria. To select the best alternative, multi-criteria decision-making methods can be used. For example,
K. Dmytrow in his research [5] to select locations uses COPRAS method.

In this study, we propose the use of the PIV method, which was created in 2018. The advantage of this method
is to minimize the phenomenon of rank shifting, where the rankings of alternatives change when one or more
alternatives are added to the created list of alternatives to be ranked. Due to this advantage, this method is actively
used for ranking solutions in many different industries [31].

The steps of the PIV method can be described as follows [31,32].

Let n be the number of criteria by which alternatives are evaluated, and m be the number of alternatives.

Step 1. Building a decision matrix:

X11 X12 o Xin

X X .o X
mxn “en “en “es

Xml  Xm2 Xmn

where Ai, (i=1,2,...,m) are alternatives, Cj,(j = 1,2,...,n) are criteria by which alternatives are evaluated, Xij

— evaluation of the i-th alternative according to the j-th criterion.
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Step 2. Constructing a normalized decision matrix using equality

ny = @)

1) m
2
PR

i=1

Step 3. Construction of a weighted decision matrix:

Vij = Njj - W A3)

where wj is the weight of criterion j.
Step 4. Estimating the weighted index of proximity to the best solution
uj; =max vy —v;; , for benefit criteria; 4)
1
uj; = vj; —min vj;, for cost criteria. (5)
1
Step 5. Determining the overall proximity value.

n
di = Zuij . (6)
=i

Alternatives are arranged according to the principle that the best alternative is the one with the lowest value. d; .

The attractiveness of a location (slot) from the point of view of a certain type of product depends on its
distance from the start (the place of receipt and delivery of the order), on what part of the order for this product we
can satisfy in this slot, and also on how close this slot is to the slots in which there are other products from the order.
Therefore, to select a slot, we chose the following criteria: C1 - distance from the start; C2 - the degree of satisfaction
of demand for the product according to the order; C3 - the degree of satisfaction of demand for other products from
the order that can be collected in a certain vicinity of this slot.

Criteria C2 and C3 are benefit criteria, and criterion C1 is a cost criterion.

The distance from the start can be measured in different units, in particular, the unit of measurement can be
the width of the racks. K. Dmytrow [5], for example, suggests using Manhattan distance with the unit of measurement
"rack width".

In this study, as a metric, which defines the distance between two points, the Manhattan distance is used.

The degree of satisfaction of demand for goods according to the order is proposed to be described by the
indicator p, which shows the ratio of the available quantity of the product in the slot to the remaining demand for the
order, it is clear that p < 1.

This indicator is calculated as follows [33, 5]:

K ifzsk
p = Z N (7)

1, otherwise

where k is the number of units of a particular product in a given slot, z—current demand for this product in
the order (how many units of the product are specified in the order or remain in the order after the method iteration).

Each product has a unique SKU (Stock Keeping Unit) identifier, which is used for inventory accounting,
storage, and inventory management in a warehouse. Typically, the degree of satisfaction of demand for other products
according to an order that can be assembled in a certain vicinity of this slot is implemented as a simple binary counter:
the algorithm looks for how many useful SKUs lie within radius R and returns an integer [v5]. We offer as a way to
satisfy the demand for other goods according to the order that can be collected in a certain vicinity of this slot, calculate
as the potential of adjacent locations, defined by the formula:

V=PI+PZ+“' . (8)
s

where t is the number of slots that fall into the given neighborhood R, s— the number of items of the product
range included in the order.

If, for example, within a radius of R meters there is a desired product, but there is only 1 of it, and 50 are
needed, the classical approach would still count it as a full-fledged “useful neighbor”. According to approach (8), p=
1/50 = 0.02 will be calculated for this slot, the contribution of this slot to the attractiveness of the zone will be
negligible if there are no products of the same nomenclature nearby. The loader will not go to a location where there
are “leftovers” that do not save the order. Instead, it will choose a zone where neighbors have greater potential.

The neighborhood can be defined in various ways, in particular, it can be slots located in the same alley as
the given slot, or those slots located at a Manhattan distance less thanRfrom a given slot.

When viewing an order, we select a product from the list. This product is presented in several candidate slots,
and they will be alternatives. However, the question of which product to choose first remains open.
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After applying the PIV method and selecting the first storage slot, the volume of goods to be removed from
this location is determined. The current order is updated by reducing the required quantity of goods by the amount
provided by the selected slot. The warehouse status is updated accordingly.

After that, the PIV method is used again to select the next slot. IterativeThe process continues until the
demand for all items in the order is fully satisfied andall items in the order will not become zero.

After determining a complete list of necessary (reference) slots, corresponding points are built in the access
alleys - places where the MHE moves. The next step. The nearest neighbor path construction algorithm is used.

In their research K. Dmytrow paid much attention to the issue of weighting factors for the selection criteria
of reference slots. His research proved that the values of weighting factors have an impact on the selection of reference
slots [30]. Our study used weighting factors agreed with expert practitioners, namely w1=0.4, w2=0.2, w3=0.4.
However, in our opinion, the choice of product in the order, from which the application of the multi-criteria decision-
making method will begin (in particular,PIV method), also affects the construction of the picker's optimal route.

The strategy of ordering and selecting target Stock Keeping Units (SKUs) from the general order list at each
iteration of the PIV algorithm significantly affects the spatial concentration of picking points and the final length of
the picking route. It is assumed that dynamically selecting initially those products that have the fewest alternative
storage locations in the warehouse allows you to fix the necessary route control points at the early stages. In our
opinion, this minimizes the risk of trajectory dispersion at the end of the picking wave and ensures a reduction in the
route length in the traveling salesman problem. A number of experiments were conducted to confirm this hypothesis.

Presentation of the main research material

To conduct experimental research, a simulation model of a three-dimensional warehouse of a sorting center
was developed. In this work, computer simulation modeling tools implemented in the MATLAB computing
environment (version R2023a) were used.

The object of the study is the storage area of piece goods of the sorting center, which is presented in the form
of a three-dimensional rectangular coordinate grid with overall dimensions: length 19.2 m, width 30.0 m and usable
height 6.0 m. The warehouse area is divided into two symmetrical blocks, which are separated from each other by a
horizontal traffic highway. Each block contains three lines of double racks. The coordinates of the rack lines along
the X axis are rigidly fixed at the marks: [0; 5.2; 6.4; 11.6; 12.8; 18.0] meters. Each individual rack has a length 0f 9.0
m and a width of 1.2 m. Each rack is divided into 6 equal structural sections along its length. The length of one section
is 1.5 m. The image of the warehouse (top view) is shown in Figure 1.
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Figure 1- 2D model of the warehouse Figure 2 —3D warehouse model showing the slot indexing scheme

The rack is divided into 5 tiers of shelves in height. The height of one tier is 0.8 m. Thus, one section on one
tier forms a unique slot with physical dimensions of 1.2 x 1.5 x 0.8 meters. The total capacity of the warehouse is:

2 blocks x 6 shelves x 6 sections x 5 tiers = 360 storage slots.

To ensure the unhindered movement of MHE or pickers, two connection systems are provided: horizontal
technological highways and vertical aisles. Horizontal technological highways consist of three through routes running
parallel to the X axis (buffer zones near the walls at a distance of 2 meters from the boundaries) and one central
separating highway. Vertical aisles are three inter-rack aisles oriented along the Y axis. The central axes of these aisles
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are located at coordinates X = [3.2; 9.6; 16.0] meters. Each such aisle serves two adjacent rows of racks (to the left
and right of the picker).

To identify the locations from which to collect items from the selection list, we need to distinguish them in
some way in order to apply the selection strategy. The identification of slots for real warehouses may be different, but
it does not affect the essence of the study, so end-to-end numbering is used, as shown in Figure 2.

Numbering of slots starts from the bottom tier of the section and goes up to the 5th tier. After all 5 tiers of
the first section are numbered, we move on to the next section of the rack (along the Y axis). When one rack is
completely numbered (30 slots), we move on to the next rack by the X coordinate. First, we completely number the
rack block located between the central and lower trunk, then, using the same principle, we number the cells of the
racks located between the central and upper trunk.

The simulation of real warehouse processes was based on the principle of random storage, i.e. each product
is randomly assigned a place in the warehouse. This storage policy is widely used in practice because it is easy to use,
requires less space than other storage methods, and improves the utilization of all aisles [4]. Also, the number of goods
in each slot is randomly indicated. Information about the initial location of goods in the warehouse (Fig. 3) has the
form of a table with the following fields: cell number, product number, number of units of a given product in a given
cell.

Cel ID SKU_ID Qty

1 79 14
2 51 42
3 56 19
4 64 49
5 10 54
6 25 27
7 62 16
8 31 49
9 77 26

Figure 3 - Fragment of information regarding the initial warehouse occupancy

An order arrives at the warehouse, which looks like a list of goods with the quantity of each item, for example,
as in the figure 4a. The initial order with the number of locations where the goods specified in the order are stored and
their list is shown in Fig. 4b.

SKU_id |Qty Number_of cells|List_of cells

SKU_ID Qty 31 18 7|18, 74, 175, 256, 292, 329, 357]
31 18 5 25 21[49, 76)
5 25 52 36 6|[123, 162, 267, 283, 330, 354]
22 36 25 32 2/[6, 50]
4213 iz 20 16 420, 64, 95, 289]
91 1 91 14 7[32, 53, 89, 126, 238, 318, 320]
87 21 87 21 3|[44, 172, 337]
12 36 12 36 6|[119, 158, 226, 264, 317, 324]
55 31 ) 55 31 924, 41, 42, 151, 163, 202, 254, 265, 316]
33 29 33 29 559, 115, 146, 230, 348]
65 14 65 14 2347, 349]
47 12

47 12 5/[105, 157, 197, 213, 306]
a) Initial order b) Storage locations for the initial order

Figure 4 — Initial order information

Figure 5 shows the warehouse configuration., where all slots containing products from the order are
highlighted in gray:
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15
0

Figure S — Initial locations of goods from the order

Experiment 1 — Top-down order processing.According to the simulation, item 31 is the first in the list of
items in the order. It is required in the amount of 18 units. In the model of our warehouse, item 31 is contained in
various quantities in slots 8, 74, 175, 256, 292, 329, 357, with some slots having sufficient quantities, while others
have less.

To form a set of slots that ensure the fulfillment of the order, the PIV method is applied for each SKU in the
order. Thus, the iterative application of the PIV method provides a step-by-step formation of a set of locations for
further route construction (Fig. 6).

15

Figure 6 — 3D warehouse model with selected target slots

A feature of the model is that the picker does not drive up directly to the rack. Each of the 360 slots has its
own access point on the center line of the nearest vertical aisle exactly in the middle between the racks. Further solution
of the traveling salesman problem is carried out precisely according to the coordinates of these access points. This
allows you to simulate the real movement of equipment strictly along the centers of the aisles. Such points are shown
in Fig. 7.

The starting point of the route, from which the picker starts moving and where he returns after completing
the picking wave, is located on the left border of the warehouse at a point with coordinates X=0; Y=15.0 m, which
corresponds to the exit to the central highway. In the figures, it is marked with a star.

The nearest neighbor algorithm was chosen for route construction because it is characterized by simplicity
of implementation, low computational complexity, and high speed [34]. The resulting route, indicating the order of
traversing access points, is shown in Figure 8. The length of the constructed route is 103.1 m.
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Figure 7 — Access point visualization Figure 8 — Visualization of the picker's movement trajectory

Experiment 2 — Order processing based on the principle of “limited choice”.First, the order is sorted
from the most scarce items in the warehouse (found in fewer locations) to those with many storage locations.
According to the simulation, item 5 is found in only two locations and occupies the first position in the sorted order
(Figure 9). Sorting of items with the same number of storage slots is done according to the lexicographic principle.

SKU_id |Qty  |Number_of _cells |List_of_cells
5 25 2\[49, 76]

25 32 2|6, 50]

65 14 2\[347, 349]

87 21 3\[44, 172, 337]

40 16 4([20, 64, 95, 289]

33 29 5/[59, 115, 146, 230, 348]

47 12 5/[105, 157, 197, 213, 306]

12 36 6[[119, 158, 226, 264, 317, 324]
) 52 36 6|[123, 162, 267, 283, 330, 354]

31 18 7|[8, 74,175, 256, 292, 329, 357]
| 91 14 7|[32, 53, 89, 126, 238, 318, 320]
) 55 31 9|[24, 41, 42,151, 163, 202, 254, 265, 316]

Figure 9 — Sorted order based on the principle of “limited choice”

Therefore, the PIV method in the first step is applied to SKU 5. Then, similarly to the first experiment, the
PIV method was applied for the other SKUs from the order.
The results of the experiment are presented in Figures 10-12. The length of the constructed route is 96.0 m.
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Figure 10 —3D warehouse model with selected target slots Figure 11 — Access point visualization
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Route length: 96.00 m
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Figure 12 — Visualization of the picker's movement trajectory

The second experiment demonstrated an improvement in the route by almost 7%.Dynamic consideration of
the density of useful stock in adjacent locations and preliminary sorting of the nomenclature according to the principle
of "limited choice" ensured a reduction in the route length.

The results obtained confirmed the hypothesis regarding the influence of sorting of goods in the order for
further application of the PIV method. In particular, the use of sorting according to the principle of "limited choice"
allows you to record the necessary route control points at the early stages and minimize the risk of trajectory dispersion
at the end of the picking wave, which contributed to reducing the length of the picker's route.

Conclusions

This work is devoted to solving the problem of increasing the efficiency of logistics systems using
mathematical and computer models of route construction using the example of picking in warehouses with shared
storage. For rational slot selection, a multi-criteria decision-making method, namely the PIV method, was applied. To
evaluate alternatives (slots) according to the criterion of "degree of satisfaction of demand for other goods from the
order", it was proposed to determine the potential of adjacent locations and the total capacity of the current collection
wave.

A simulation model of a three-dimensional warehouse of a sorting center with a capacity of 360 storage cells
with a clear coordination of access points in the inter-rack aisles was created. Computer modeling allowed to recreate
the real physical limitations of the movement of MHE strictly along the centers of the aisles and technological
highways.

For a random order, picker routes were constructed in two cases: processing an order without modification
and processing an order sorted according to the principle of "limited choice".

The influence of the approach to order processing on the length of the picker's route is demonstrated.

A number of experiments were conducted to support the hypothesis of this study. The results of the
experiments for order waves of 5 to 15 items demonstrated a reduction in the total length of the picking route by 2—
9% when processing the order according to the principle of limited choice.

Prospects for further research
Prospects for further research lie in expanding the model to allow for the coordination of multiple pickers in
a warehouse environment. Another area of research could be the optimization of constructed routes.
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Tersna KMCLJIb, Okcana KYUEPYK

XMenbHULBKUI HaLliOHAJIbHUIT YHIBEPCUTET

Poman [IAJIAN

OnonbChKuil TEXHOJIOTIYHUH YHIBEPCUTET

KOMIPIOTEPHE MOJE/TIOBAHHSI CKJIAJCBKHX JTOT'TICTUYHHUX ITPOLECIB:
TEXHOJIOT'IS PAIIIOHAJIBHOT'O BUBOPY CJIOTIB JIJIs1 MIHIMI3ALIIT
MAPHIPYTIB KOMIIVIEKTYBAJIbHUKA

Crarrs pucBSYEHa BUPILLIEHHIO HAyKOBO-NPAKTUYHOI 3a4a4l MigBULYEHHS €@EKTUBHOCTI QDYHKLIOHYBAHHS JIOMICTUYHNX
CUCTEM LUJIAXOM MIHIMI3aLIT JOBXUHN MAPLLPYTIB MIAHOMHO-TPAHCIOPTHOrO 06/1aAHAHHS Ha MPUKIaAi KOMIT/IEKTYBAHHS 3aMOB/IEHb Ha
cKi1a4ax I3 BUNagKkoBuM TUIIoM 36epiraHHs (shared storage). lpoLec KOMIEKTYBAHHS € OAHIEIO 3 HAUOI/IbLL TDYAOMICTKMX | JOPOrux
0nepaLiv, OCKI/IbKM 1EPECYBaKHHS PaLiBHUKIB a0 TEXHIKM 3abMpac rnoHaq 50% 3arasbHoro 4acy 360py. B yMoBax poO3CitoBaHHS
TOBAapiB 10 CK/Iafy BUHUKAE [0AATKOBA rpob/iemMa pauioHasbHoro Bnbopy CIoTiB A4/ 360py TOBapiB 3rifHO 33MOBJIEHHS. [/
PaLIIOHa/IbHOro BHOOPY JIOKaUWi y poBOTI 3aCTOCOBaHO METOJ 6araToOKpUTEDIA/IbHOro MpuiHATTS piweHs PIV (Proximity Indexed
Value). Micya po3talyBaHHs MEBHOro TOBapy PO3r/ISAAIOTLCS K a/lbTEPHATUBY, SIKI XaPaKTEPU3YIOTECS PI3HUMU KDUTEDISMU.
Ob6paHo Tpm KpuTepii. [/15 OLIHKM a/IbTEPHATUB (C/I0TIB) 3@ KPUTEDIEM <CTYI1iHb 3a40BOJIEHHS TOMUTY Ha IHLLI TOBaPY 3 3aMOB/IEHHS»

3aI1POrIOHOBAHO BPaxoByBaTH MOTEHLIIA/ CYMKHIX JIOKALJIA.
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CgopmoBaHo rirnoTesy 1o[0 Br/MBY COPTYBAHHS TOBAPIB B 3aMOBJ/IEHI A/1 1043/IbLUIOrO 3aCTocyBaHHS merogy PIV.
ObrpyHTOBaHO Ta 3arporioHOBaHO EBPUCTUKY OMEPELHOIO PaHXKyBaHHS MO3NLIM Y 3aMOB/IEHHSX 3a MPUHLNITOM AE@iynTHOCTI
Q/IbTEPHATUBHUX JIOKALI Ha CKIadi, O Peasni3ye MpUHUNI <«OOMEXEHOCTI BUOOpy». 75 Bepugikauli cipopMoBaHoOi rinotesmn
PO3DOBSIEHO TPUBUMIDHY CUMYJISLIVIHY MOAE/Tb 30HM 36EPIraHHs TOBapIB COPTYBA/IbHOMO UEHTPY MICTKICTIO 360 yHIKa/IbHUX CIOTIB.
Komr'torepHe mogentosaHHs y cepesosmiyi MATLAB £03B0/m/10 BIATBOPHTY TOMOJIOMYHIY SIAGIPUHT CKaAY, 3aQiKCyBaT KOOpANHATH
MDKCTE/IKHNX aJ1e4 Ta TEXHOJIOMYHNX MAriCTpases, a Takox 3a6e3rneynty pyx BipTyas/ibHOI TEXHIKM CyBOpPO MO LEHTPaX npoi3ais
HYEePE3 BUOKPEMJIEHI TOYKU [OCTYITY.

Y Mexax eKcriepuMeHTa/IbHUX AOC/IAXEHD BUKOHAHO MOPIBHA/IbHMY aHam3 o6y[osu MaplpyTis 3a a/roputMoM
HabKk4oro cyciga 419 ABOX BUNAAKIB: KIACUYHOIO OfpaLilOBaHHS HAK/IAAHOI <«3BEpXYy [OHW3y» Ta OfpauytoBaHHs 3a
3arporioHOBaHNM MPUHLNITIOM <OOMEXEHOCTI BHOOpPy». Pe3ysibTati CEPIi KOMIMIOTEPHUX EKCIIEDUMEHTIB /151 XBW1b 3aMOBJIEHH
o6csarom BiA 5 40 15 no3nyivi nigTBEpAn/M BUCYHYTY FiIOTE3y Ta MPOAEMOHCTDYBAIM CKOPOYEHHS 3ara/ibHOI JOBXUHU MapLIPYTY PyXy
MAVIOMHO-TPaHCIoOPTHOro 06/1aAHaHHS Ha 2—9 % rpu OnpaLtoBaHHI 3GMOB/IEHHS 3a PUHLMITOM OBMEXEHOCTI BUGOPY.

Kmo4oBi  c/10Ba: CKIaACLKa JIOFICTUKE, PaLioHansHmi Bubip, OOMEXEHICTb BUOOPY, KOMIIOTEDHE MOAEMOBAHHS,
6araToKpUTEDIasIbHE NPMUHSATTS pilueHs, metog PIV.
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