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Summary

Offline sales in the fashion industry are currently facing intense competition from online
sales. In order to successfully exist, offline retailers need to optimize their processes.
Demand forecasting is a critical factor for retailers in the shoe industry and in particular for
company B. The demand forecast close to real values allows the company to prevent sales
losses due to a shortage of goods or overcrowded stores with goods. This thesis paper
discusses methods and approaches for demand forecasting based on machine learning and
time series forecasting.

Also in the thesis work reviewed methods for the primary distribution of goods in the fashion
industry. The adaptation of these methods to the needs of the company has been made. The
replenishment of goods in the store is considered depending on the demand for a certain
period and the current balance of goods in the store to minimize sales losses. The same
approach is used at the end of the collection's life cycle to transfer goods between stores.
In this real case, the relevant demand forecasting methods are selected. The most suitable
and rarely used forecasting method has been implemented. Also considered are the methods
of primary distribution, replenishment and redistribution of goods between stores, which are
used in the company at the moment. Own heuristics were also proposed for these processes
and an experiment was conducted on their effectiveness.

To perform all these tasks, it was necessary to collect a large array of data. Data was

collected and formatted for convenient use for analysis.
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1.0 Introduction

The first subchapter will present an analysis of the shoe market and competitors in Belarus
and Russia. After that, the background and motivation of the research, the problem of the

research, the organization of the rest of the thesis are presented.

1.1 The situation in the fashion industry

Online commerce with the development of the Internet has received a tremendous impetus
to development. This is well seen in companies like Amazon, Alibaba, Ebay, etc.
Consequently, there is an outflow of buyers from offline retail to online, which leads to a
drop in revenues of companies that only work online. The decline of offline retail is
especially noticeable on the example of the US market. Many have noticed this in the light
of recent news about the closure of Macy’s large retail chain. Macy’s is a 160-year-old
company that has lost $ 34 billion in market capitalization to participating companies in the
retail sector.

Many retailers did not see the benefits of digital opportunities. Over the past few years,
consumers have realized that going to the store is a much less productive process compared
to online shopping. And it does not depend on which online stores are discussed in
comparison. Below are the indicators that the analytical group PYMNTS received. They
compared data from the Census Bureau and other sources and built their own model based
on them. Analysts say that stores selling clothing, sports goods and electronics cannot

confirm that 90% of retail sales still occur in their premises, if they occur at all.



Percentage of e-commerce in retail
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Figure 1.1: E-commerce share in retail (Wirex 2019)

You do not need to be an analyst and build complex information models in order to
understand that people began to buy less in physical stores than ever before. It was enough
for the last four years to visit physical outlets and communicate with their staff, who would
say that the flow of customers is steadily decreasing.

Mobile applications and logistics innovations have significantly improved online shopping
practices. But the in-store experience has become less reliable. Consumers, who call time
the most valuable resource, want the buying process to be convenient and free from any
uncertainties. Trips to the physical store do not always meet these two requirements.
Therefore, people prefer to buy online those things that were once more convenient to buy
only in physical retail - clothes, jewelry, sports goods, electronics. Increasingly, this also
includes home goods and car parts

A PYMNTS research last fall, which was attended by 2,600 people, confirmed this thesis in
two product categories. These are clothes and cosmetics. After all, it is assumed that the
opportunity to personally touch and try out samples of goods gives real stores a tangible
advantage. However, only 42% and 34% of consumers who bought clothes or cosmetics,
respectively, reported that they purchased the goods in a physical store.

Over the past few years, retailers have spent hundreds of millions of dollars trying to lure
consumers into their stores. They organized demonstrations of fashionable clothes and
shoes, called experts for the presentations of new products, agreed with the stars and famous
athletes to represent brands, install special mirrors to make fitting of clothes or shoes more

comfortable. They gave the sales staff tablets with recommendations, combinations of



products or tips on the use of certain products. They offered discounts and promotions, valid
only when visiting physical outlets.

Next in line are robots who greet customers at the doorstep of the store and help them find
the right products. Perhaps there is an application of AR and VR technologies. A few years
ago, analysts expressed the opinion that the future of physical retail as a category and
physical stores as points of interaction with consumers will be similar to the evolution in the
media sphere: only the most large-scale or highly specialized projects will survive. The
largest retailers will be able to take advantage of their branching to provide a range and
efficient logistics. This will satisfy the needs of consumers across all channels, including
digital.

Physical retail of the future will pass the road of modern media: there will be only players
who have adopted new technologies, and business models offering a new look at familiar

processes (Wirex 2019).

1.2 Market situation and competitor analysis

Since our company has a network in Russia and Belarus, it is necessary to divide the analysis
of the market and competitors into two parts. The capacity of the markets is significantly
different and the competitors are also different. In Belarus, the main producers and retailers
of footwear are Marco, Kari, Megatop and the company, which is referred to in the diploma.
Less than a year ago, the company Inditex came to Belarus, with its subsidiaries Zara,
Bershka, Pull & Bear, Massimo Dutti, etc. In the future, Inditex and its subsidiaries may
become a major player in the Belarusian market, but now their footwear sales are
insignificant and occupy about 3% of the market.

In 2018, footwear production in Belarus decreased by 4% compared with 2017, to 9.6
million pairs, and consolidated the downward trend observed in recent years (Kollontai
2018).

Another reduction in output occurred against the background of an increase in 2018 in retail
sales of footwear in the whole country by 11.2% to $ 486 million, including large and
medium-sized trade organizations - by 12.6% to $ 278.6 million.

Consistently increasing the number of stores, some shoe chains continued to strengthen their
presence in the market. In November 2018, the share of shoe sales in the markets and
shopping centers increased to 8.5% (against 8% a year earlier), which strengthened the
position of this retail segment. Growth in sales could benefit mainly sellers of imported

products.



In 2018, the import-oriented sales model was formed on the Belarusian footwear market:
foreign footwear was widely represented in trade, while the share of domestic footwear in
sales volumes decreased to 47.9% against 52.8% in 2017. Our company also influenced the
decrease in the share of footwear produced in Belarus on the market, which began selling
imported footwear in stores.

The largest share in the Belarusian shoe market is occupied by the manufacturer and retailer
of footwear “Marco”. This company owns 37% of the market, the annual production of about
5 million pairs. Retail chain has 81 stores throughout Belarus. Half of the shoes produced
are sold wholesale to Russia and sold in stores of other shoe retailers. Some shoes are made
in China and India.

Also one of the largest shoe retailers on the Belarusian market is Megatop. This company
does not have its own production, the company buys shoes from small local manufacturers,
and also imports shoes from China. This company has 69 stores in Belarus. Kari is also
represented in Belarus. This is an international company that sells shoes, accessories and
clothing. In Belarus, has 39 stores.

Our company is represented in Belarus 51 store. About 25% of the company's annual output
goes to Belarusian stores. 18% of imported footwear goes to Belarusian shops.

Based on the above, we can say that our company is in the top 3 shoe retailers in Belarus.
We also have a big advantage over Megatop, which is currently superior to us in the number
of stores. They do not have their own production. Therefore they are less dynamic in
replenishing stores with goods. This leads to large sales in the stores and, consequently, to
sales losses. Since we can more quickly respond to customer demand and meet their needs
through our own production in Belarus. We have the opportunity to compete for the second
line of the rating of the largest shoe retailers in Belarus.

Experts predict a growing footwear market in Russia. At the end of the year, it will grow by

4 percent with the improvement of the economic situation (Popova 2018).



Forecast of the Russian shoe market in 2019
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Figure 1.2: Forecast of the Russian shoe market in 2019 (Popova 2018)
The size of the shoe market in 2018 was 18 percent lower than the 2014 crisis year. Care
continues for weak players and the closure of inefficient stores. Retailers continuously
optimize business processes. However, a quick recovery of the shoe market to the level of
2014 is not expected. At the same time, buyers continue to strive for discounts and special
offers. 33 percent of Russians in 2018 tried to buy shoes that are sold with discounts. 11

percent specifically waited for discounts and promotions for buying shoes.



Leaders among shoe retailers by number of stores, February 2018
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Figure 1.3: Leaders among shoe retailers by number of stores on February 2018 (Popova
2018)
The data in the table for the year is a bit outdated. Now our company has 342 stores in
Russia, 37 stores will be opened during 2019. In general, experts believe that our company
is in the top 5 shoe retailers in Russia based on a combination of factors such as the number

of stores, turnover, revenue, etc.

1.3 Research problem

In this thesis, we consider the case of a shoe company, which has an extensive network of
stores in Belarus and Russia. Based on the above, it is a great luxury to lose new or already
loyal to the brand customers because of situations when the store did not have the right shoe
model or was not the right size. The purpose of this thesis is to propose methods for
forecasting the demand for goods in stores to minimize the situation when a customer chose
our store, perhaps even a specific shoe model, but could not buy it because it was not
available in the store. Proper demand forecasting is critical for a company for a number of

reasons, including the growing share of online trading. Also, near-to-reality demand



forecasting allows the company to increase revenue, reduce operating expenses and working
capital.
Company B wants to use the forecast of demand for products in stores with a time horizon
from 14 to 275 days to distribute products to stores. An error in forecasting demand up to
90 days should not exceed 25%, while in forecasting demand with a time horizon of 275
days, the prediction error should not exceed 40%. The companies are also interested in
developing heuristics for the distribution, replenishment and redistribution of goods between
stores. An effective way is needed to increase sales, reduce sales losses, increase revenues
and reduce working capital.
In the framework of this thesis, we set ourselves the tasks:

e Offer a demand forecasting method and test its performance in real life;

e Offer heuristics for the initial placement, replenishment and transfer of goods

between stores.

1.4 Organization of thesis

The second chapter presents a description of the problem, explains the company's model of
work in the shoe business, describes the company, and describes the processes that are
currently used by the company to forecast demand, distribution, replenishment and transfer
of goods. The third chapter is defined problem (research tasks) and the formulation of the
problem. In the fourth chapter, we made a review of the literature on the topics of forecasting
the demand in retail, the optimal range of the store during the initial placement,
replenishment of goods in stores, the transfer of goods to stores to increase sales. The fifth
chapter describes the methodology for solving the tasks assigned to us. The sixth chapter
describes the data that was available to us and how to obtain this data. The seventh chapter
discusses the selection and development of a prediction method. The eighth chapter presents
heuristics for initial placement, replenishment and transfer. The ninth chapter is the last part
of the diploma, consisting of conclusions, recommendations and directions for future

research.



2.0 Problem description

The first subchapter describes the general principles of business in the shoe industry. In the
second subchapter, the company's case is described. The third subchapter describes the
demand forecasting method that was used in the company. The methods used by the
company to distribute and replenish goods are described in the fourth and fifth sub-chapters.

In the sixth sub-chapter, existing approaches are criticized.

2.1 Shoe industry

Shoe retail is part of fashion retail, which is characterized by seasonality of the product. In
the shoe business there are four main seasons:

e Winter;

e Summer,

e Demi-season (insulated shoes for the off-season during spring and autumn);

e All-season or year-round.
The average duration of the seasons varies from region to region. For example, in St.
Petersburg (59 © 56.3457 '0 "N, 30 © 18.9521' 0" E) the duration of the winter season is very
different from the duration of the winter season in Sochi (43 © 35’57 " N, 39 ©43'32 "E ).
In order to simplify this part of the diploma averaged over all regions, the duration of the
seasons. We assume that the summer and winter seasons last 4 months, the demi-season lasts
for two months from mid-September to mid-November and from mid-March to mid-May.
For each season, designers are developing a new collection of shoes, focusing on new trends
in the fashion world, or simply rethink the classics. After that, a new collection begins to be
produced.
Obviously, it is silly, for example, to sell winter shoes in the summer. Of course, almost no
one will buy it, and therefore the company will not receive income. Consequently, shoes of
the right season need to be delivered to stores at the right time. Suppose we know the time
when you need to deliver shoes. The next step is to understand how many shoes you need to
get into stores. This step will be considered in this thesis in fact, this is demand forecasting.
Suppose we know how many shoes customers want to buy during the entire season.
Should we immediately bring all the shoes to the store and wait for them to buy? The
probability of selling on store shelves is higher than in stock. However, this is physically
impossible for several reasons. The most significant reasons are the limited capacity of the

stores and not always the right amount of shoes is available at the very beginning of the



season. In reality, production cannot provide all the shoes for distribution to the stores at
once, the reproduction takes place during the season.

Restrictions of real life lead to the fact that shoes for the season are delivered to stores in
several stages. The first batch, usually the largest, is called initial placement. Subsequent
batches from the warehouse during the season are called replenishment.

Towards the end of the season, stocks in warehouses are running out. Sales and revenues are
also falling. In some stores from the seasonal collection, almost nothing remains or the
dimension of the articles is incomplete. For example, the article should be presented in the
amount of 36-40, but only 36 and 40 sizes remained in the store. In this case, the goods are
redistributed between stores. This operation is necessary for the company to stimulate sales
and maximize the speed of sale of the collection. This stage in the life of the collection is
called the transfer between stores.

Next, the company needs to minimize the number of pairs of shoes of this collection in the
store. The sales stage begins, which includes big discounts on seasonal shoes.

In general, the life cycle of the collection can be described by the schedule:

Percentage of e-commerce in retail

stocks in

order  collection delivery —movelty effect maturity warehcuses end of the collection life cycle
un out
o
=]
8
g
calculxtion of the
o time
first distribution replenishment in-stores transfer

Figure 2.1: Shoe collection life cycle
When the season ends, comes a new collection of shoes for the new season. The remains

of the old collection are returned to the warehouse of the company for storage.

2.2 About company

In our example, we will work with a real problem for the Belarusian shoe company B. The

company produces various types of shoes for all seasons and bags. Company B was founded



in the late 80s in the city of Vitebsk. It was the time of the decline of the USSR, the country's
economy was in a disastrous state. Nevertheless, people had money to buy food, clothes,
shoes and other goods, but there was an incredible shortage in the stores. At that time there
was a situation in which it was possible to buy something only with coupons issued at the
place of work. However, even with a special coupon, it was necessary to wait until goods
were brought to the stores. But the production is almost not working because of the terrible
economic condition of the country.

Company B was opened with the participation of foreign capital, so the problems of the
Soviet economy did not affect the company directly. At that time, company B only had shoe
manufacturing and did not have its own stores. State-owned companies or structures bought
shoes from company B and distributed shoes to the population by coupons through
government stores. Thus, the company gained fame and respect in the USSR, and later in

Belarus and Russia.

Picture 2.1: lllustration of shoes made by company B

Company B won the hearts of the people not only because of the economic condition of the
country. The way of development of the factory was revolutionary in the shoe industry.
Since its inception, the company has used advanced world technologies and unique
knowledge necessary for production. comfortable and high-quality shoes. Company B today
is a high-tech, full-cycle enterprise. This is one of the largest shoe companies in Eastern
Europe, successfully developing for 28 years. The company works in tandem with science,
introduces innovative technologies in production, designers collaborate with Italian design
studios. The company is aware of global fashion trends and gives everyone the joy of good
shopping.

Due to the expansion of staff, IT department of company B was reorganized into a separate

company. Employees are involved in programming, IT support, data analysis, robotics, etc.
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This decision was made due to the need to keep up with the times and comply with the

technological level of the leading companies in the shoe industry.

Picture 2.2: lllustration of shoes made by company B
Company B has its own production in Vitebsk, which produces more than 2 million pairs of
men's and women's shoes per year. The company also buys more than 1.5 million pairs of
shoes and about 400 thousand from Italian, Spanish and Portuguese manufacturers and
delivers them to warehouses in Vitebsk for distribution to stores for sale. The company also
has its own network of stores selling goods in Belarus and Russia. New stores are opening,
some of the old ones are closing. At the moment, the company has 342 stores in Russia, and
52 stores in Belarus. In 2019, the store chain is expected to increase by 10 percent. The
geography of stores in Russia from Kaliningrad to Ulan-Ude, from Sochi to Novosibirsk.
The company employs about 4,000 people. The company's annual turnover in 2018 was $ 97

million.
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Picture 2.3: lllustration of shoes made by company B

For the production, storage and delivery of goods to the stores, the company has several
production workshops, two warehouses and a vehicle fleet. The main production facilities
are located in the city of Vitebsk in the north of Belarus. Production facilities are located on
the same territory. The main industrial building consists of four floors. On average, about
200 technological operations are carried out for the production of a pair of shoes, therefore,
one workshop is located on one floor. On the ground floor there is a workshop for laying out
and cutting pre-processed skins. The workshop receives a task for which articles you need
to get the details from the skin. In the workshop there are both modern complexes for laying
and cutting skins, as well as morally and physically outdated installations. The task for
layout and cutting comes in electronic form for modern complexes. In the form of physical
samples that need to be laid out on the skin, and then served on the cutting.

Nevertheless, even modern equipment cannot yet completely replace a person. For example,
the skin of an animal on a ridge is thicker than on a belly. Therefore, in accordance with the
requirements of the production of various models of shoes, the skin of an animal must be
zoned into several parts. This is necessary because some parts can only be put in certain
areas. Modern complexes do not zone the skin, so this technological operation is performed
by people.

As an experiment, one of the authors of this thesis modernized the software of the automated
complex for automatic zoning. As a result, when the skin is on the desktop of the complex,
using computer vision, it is determined on the table and its orientation in space. As a result,

the operator of the complex sees the below image on the monitor in front of him.
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This is followed by the process of troubleshooting, which also does not do without a person.
A worker with a laser pointer marks areas with defects and assigns them a certain degree of
damage. This is necessary because some parts can be applied even to those places where
there are defects. Troubleshooting requires a lot of experience, exceptional attentiveness,
sharp eyesight and sharp tactile sensations from the operator. This job is one of the highest
paid in the workplace. It is also considered that only women can save the required level of
care in the process of defending for a long time.

After the operation of troubleshooting, there are two possible modes of operation on the
automated complex. The first mode is fully automatic layout and cutting. The complexes
used for the layout of the genetic algorithm, which is iterative and computational. Because
of this, several iterations of the layout algorithm take several minutes, which is quite often
prohibitively long for production.

13
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Picture 2.4: The result of the algorithm of automatic skin zoning

Therefore, operators often stop the algorithm after the first or second iteration. Because of
this, the percentage of use of the useful skin area is far from the maximum possible. The
second mode of operation is the layout of parts on the skin by the operator. On the screen of
the complex, the operator, using a computer mouse, places the parts into accessible places
over the entire skin area. Real-time complex lasers project the location of parts on the skin.
This is done for the convenience of the operator of the complex and to monitor possible
errors. When working with skins of light color, it is possible to work only in the second
mode of operation.
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Picture 2.5: Cutting complex

After that, the parts are conveyed to the second and third floors, where sewing shops
operate. Seamstresses make the upper part of the shoes from details, after which the upper
of the shoe is sent to the next floor to be joined to the sole. Soles for shoes are either
purchased from supplier companies, or manufactured by the company B. The workshop
where the soles are made is called injection molding. The main production building on the
fourth floor connects the top of the shoe to the sole. A special glue is applied to the sole
and top of the shoe, after which it is processed in special equipment under high pressure
and temperature.

After the last technological operation, shoes undergo quality control. If the shoe meets the
quality requirements, it is marked and packed in boxes to the warehouse. If the shoe does
not meet quality standards, then it is sent for revision.

After labeling and packaging, the shoes are immediately sent to the finished goods
warehouse, because there is no storage space in the production building. The warehouse of
finished products is located 1.5 kilometers from the production building. The products are
delivered by the transport of company B. The building of the finished product warehouse is
a two-story building with two freight elevators with an area of about 8,000 square meters.
Up to 600,000 pairs of shoes can be stored in the warehouse of finished products at a time
At the moment, the work of the warehouse of finished products is organized as follows.
After the arrival of the car with shoes, it is unloaded on carts and lifted to the second floor,
where all the boxes from the lot are placed on the storage sites. After that, part of the shoe
is packaged in a box, in which six pairs of shoes are usually placed, the box is marked and

put in the address storage box. The box can be stored in the address box on both the second
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and the first floor. Some shoes are not packaged in boxes, but placed in boxes in address

cells. As arule, this is done to quickly select the right pair of shoes to the store.

Picture 2.6: Product warehouse

Zone A 1is called shelving where shoes are stored “placers”, Zone B is called shelving where
shoes are stored in boxes. The process of placing boxes or “placers” by workers is called the
replenishment of zone A or zone B.

After the task comes to the warehouse to send a certain batch of shoes to the stores, in the
SAP warehouse system, a task is issued to the workers. This operation is called the selection
of shoes. Each worker has a portable scanner, and it is up to him to take a certain box or box
with shoes in a certain address cell into the trolley.

After the boxes are selected, they are marked and put on pallets for shipment. For the
“placer” there is another operation: packaging. Packaging takes place in boxes that are pre-
assembled and labeled. This was done by other workers during the placer pick. After packing
"placer" in the box, they are also put on pallets to the boxes already standing. After that, a
batch of shoes ready for shipment to the store.

There is also a second finished goods warehouse. It is a one-story building with an area of
about 8,000 square meters. It processes and stores shoes that are returned from stores at the
end of the sales season. Before putting the shoes into address storage, the operation of
receiving shoes is performed on this hoard.This operation is necessary because there are

cases when the shoes are returned from stores in non-commodity form. At the acceptance
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stage, the shoes are checked for compliance with the presentation. If a shoe passes the test,
it goes to address storage in zone A or B. If the shoe does not pass control, then it goes
through the procedure of purchasing the presentation before being stored.

Also imported shoes arrive at the second warehouse. For her, the procedure for placing in
storage is no different from the one when the shoes returned from stores. It is not uncommon
for a box to have only one shoe or a brick instead of shoes. Naturally, in such cases, the
company imposes penalties for the importer for non-compliance with the contract for the
supply of shoes.

In general, the transfer of goods in company B can be illustrated by the scheme.
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At the same time, company B is not only one of the largest shoe manufacturers, but also one
of the largest shoe retailers in Russia and Belarus. The chain of stores currently consists of
342 stores in Russia and 52 stores in Belarus. By the end of 2019, it is planned to open about

thirty new stores, mainly in Russia.
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Picture 2.7: Showcase store company B
Types of stores can be divided into two types: street and located in shopping centers. The
distribution of stores by type is presented below. Currently, street-type stores are still more,
but in recent years there has been a trend that the share of stores located in shopping centers
has steadily increased. At the moment, the share of stores located in shopping centers is
42.1%.

Types of stores of company B

= Street = Shopping center

Figures 2.3: Types of stores company B
For convenience, we have visualized the company's network of stores. On the interactive

map, you can zoom the map, select a store and view information on it. The map was
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developed in the Python programming language using the Folium visualization library.
Circles mean the location of the stores in the region and their number. The color of the circle

means the density of the stores in the region.
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2.3 Company demand forecasting

Forecasting demand for products in stores is crucial for any retail company. The problem
lies in the shortage or surplus of products. At the very beginning of the company’s life cycle,
the excess products do not significantly worry the owners. The curve of growth of margin
and sales initially goes up. This suggests that all goods not sold this month can be sold in
the following. If the surpluses can hide behind optimistic forecasts for some time, then it is
easier to see deficits: there is nothing to ship to stores, and all that could be earned during
shipment is lost profit.
The solution to the problem seems obvious - you can simply increase the safety stock. But
as soon as we begin to do this, the value of the stock begins to grow and does not solve the
problem of deficiencies. Over time, we wonder: why with the growth of the company and
the volume of production, profits stop growing? And sometimes even there is not enough
working capital to pay off receivables or to purchase the necessary components for real
orders. Just at this moment, attention switches to money frozen in stocks. What to do in this
case? One way to find a balance between shortages and surpluses is accurate forecasting of
demand in stores.
At the moment, in company B, the global forecast of sales in the markets of Belarus and
Russia in the preparation of a business plan is carried out by specialists of the economic
analysis and controlling department. Forecasts in this department are tactical, with a time
horizon of one month, or strategic, with a time horizon of 1-3 years. A more accurate
definition of the activities of this department is the word planning, not forecasting. The result
of the work of this department is informing other departments about how much we have to
sell products in the next month or year. Further, in the marketing and advertising department
it is predicted how much a certain article should be produced. Production forecast algorithm:
e Displays the average weekly sales rate. Taken to calculate the periods when the value
of the indicator was not zero. To calculate the average value of the weekly sales rate
of the article, in the reports of the SAP BI system, select the indicator “Rate of sale
of the article”. After that weeks of active sales are selected. For shoes of each season,
there are weeks of active sales. For all stores, the weeks of active sales of each season
are the same, although many stores are located in different climatic zones. For the
summer season, active weeks are 10-41 weeks. For spring all-season shoes 4-23
weeks, for autumn all-season shoes 29-49 weeks, for spring insulated shoes 4-19
weeks, for autumn insulated shoes 33-49 weeks, for winter shoes 36-13 weeks;
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e Predicted sales are calculated as the average sales rate per item per week multiplied
by the number of active sales weeks multiplied by the number of stores and
multiplied by a coefficient of 0.7. The number of stores is calculated as the sum of
existing stores and stores that will be opened. The coefficient of 0.7 is the accepted
threshold value of the implementation coefficient;

e The need to start is determined by the estimated sales volume of the article minus
the current balance of the article. Under the current balance refers to the number of
pairs of shoes of a certain article in the finished goods warehouse, in stores at the
moment or in transport;

e After receiving the value of the parameter of the need to run, the decision is made to
launch the article into production. If the article should be presented with full size,
dimensions 36-41 or 35-41 for women's shoes, 40-45 for men's shoes, then the article
will go into production with the “need to start” parameter set to more than 500.

This algorithm is applied only to articles that are issued several seasons in a row, that is,
they are transferred from the old collection to the new one. For absolutely new articles, this
algorithm cannot be applied due to the lack of statistics. When forecasting sales of new
articles, or rather, forecasting the volume of production, decisions are made based on the
expert opinion of the most experienced employees. The approaches they apply are not
documented. In general terms, their methodology was able to identify during the interview.
The approach is that the new article X is very similar to the article Y from the previous
collection. Article Y we produced in the amount of 1000 pairs, the implementation ratio was
0.7. Therefore, we will produce 1000 pairs of the article Y. There may be some fluctuations
in the parameter of the forecast sales volume associated with new trends in the fashion world.
Table 1 shows the calculation of the sales forecast for a specific article. The estimated
number of pairs sold based on sales statistics for 2017, 2018, as well as the beginning of
2019 is given. As can be seen from the table, sales are planned at the level of 2180 pairs of
this article. The current balance is 409 pairs, therefore the calculated launch volume is equal
to 1771 pairs.
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2.4 Distribution of goods on the shops in the company

To describe the distribution problem, we need to describe the distribution process that exists
now. Now the number of stores is about 400. In each store there is a senior manager. At the
moment, the senior manager of each store creates a list of items that he wants to get from
the factory. There is a motivation system for senior store managers. The more goods sold in
the store, the more cash bonuses the senior manager. Now we see the personal interest of
people who make decisions about placing an order in a store.

What negative consequences can be for a company if you follow the above strategy? Senior
managers are trying to order the shoes that they think will sell better. It often happens that a
senior manager orders products more than the store can sell. The goal of any private
company is to maximize profits. But if the goods are not sold in the store, the company
incurs losses. This may be due to the fact that the purchasing power in the area for this type
of product has been exhausted.

Secondly, each shoe model has its own level of sales. In other words, this is the popularity
of the shoe. Senior managers order such models mainly in large quantities, so the demand
for such models from senior managers exceeds supply from production. In this case, those
stores whose senior managers have the best ability to convince will get the necessary shoe
model.

As a result of this approach, some stores get more goods than they can sell. Other stores may
sell more merchandise, but cannot, because they have no goods to sell. The existing supply
chain is based on the experience and personal interests of employees who compete with each
other for goods and do not apply scientific methods.

Recently, the company is beginning to realize the negative aspects of this approach. As an
experiment, the distribution of goods across the shops in the company created focus groups
of employees who are trying to systematize the approach to the distribution of goods.
Experimental approaches have been applied for the past year and a half. One of the authors
of this thesis got into such a focus group, so we can tell you about the heuristics that were
used to distribute the winter collection to stores.

After arriving at the warehouses of finished products for the winter range, footwear was
selected from production and unsold residues from the stores, which had a salable
appearance. Also, for the distribution of the winter assortment, the store rating for sales of
the winter assortment was made from 08/01/2018 through 03/01/2019. At least 3 sizes of

one article must be received in each store, with at least 1 size being the most common. These
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sizes for women's shoes are sizes 37-39, for men 42-43. The distribution of articles starts
with the collection in 2018 in descending order. During the year, the collection is distributed
according to the articles with the most residues.

The algorithm includes several stages. The first stage of the algorithm is the highest priority,
the second stage is the second in priority, and so on in descending order:

e |f a store has 5 or more sales of a certain article, the full size range of this article is
delivered to this store. If it is not possible to supply a full size range, at least 3 sizes
are supplied. At the same time at least 1 size is the most popular;

e |f a store has 4 sales of a certain article for a period of a taken store rating and the
rest of this article is in store 0 or 1, at least 3 sizes are supplied, with at least 1 size
being the most popular;

e Ifin the store for the period of the taken rating of stores there were 3 sales of a certain
article and the remainder of this article in the store is zero, at least 3 sizes are
supplied, with at least 1 size being the most popular;

e Instores where a specific item has not been presented during the past winter seasons,
the full size range of this item is supplied. If it is impossible to supply a full size
range, at least 3 sizes are supplied, with at least 1 size being the most popular;

e Iftwo or less sales of a certain article occurred in the store for the period of the taken
store rating, the remaining sizes are delivered, but not a fuller size range;

e Replenish the remnants of articles with purchased sizes to the full size range. Usually
the full size range for women's shoes is 35-40 sizes, for men 40-45 sizes.

This heuristic managed to distribute about 250000 pairs of shoes of past winter collection.

2.5 Replenishment of stores in the company

Replenishment of stores is engaged in the sales department of the company. The work
process of the department is to track sales of goods in the store and respond to it. The
department employs about 20 people. The authors of the thesis for a long time monitored
the work of the staff of this department and compiled the average work algorithm. The
algorithm is very simple. If there is a sale of a certain article in a certain size, then the
employee adds to the next delivery to this store the exact same pair of shoes. They must also
take into account the opinion of senior managers who have their own preferences for the

assortment and its quantity presented in their store.
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2.6 Criticism of acting methods

Company B’s main problem in demand forecasting, distribution, replenishment and transfer
between merchandise stores is not using scientific approaches. Let's look at each part
separately and determine what is going wrong. We believe that the company does not
forecast the demand for goods in stores, because a sales forecast does not mean a forecast
for demand. For example, a buyer entered X store and purchased a 35 size article Y. We
considered it as a sale and were taken into account in the statistics. However, after half an
hour, another potential buyer came to the same store, which saw article Y, but did not find
his size 35 and left without buying anything. At the moment, the company does not take into
account lost sales in forecasting. We believe that sales forecast at the item level are in fact
the planning of the production volume of this article.

The overall sales forecast, developed by the department of economic analysis and
controlling, is essentially a sales plan, which in percentage terms correlates strongly with
the expansion of the chain of stores as a percentage. The above criticism concerns the
forecasting of demand for articles that were already on sale and there are sales statistics for
The method of forecasting the demand for articles from the new collection, for which there
are no statistics, is very dangerous for the company due to the fact that a person is not a
computer and may be mistaken or under the influence of cognitive distortions, also known
as life experience. In addition, an employee who makes decisions only on the basis of his
thoughts puts the company at a disadvantage. If he wants to leave the company, it is not
possible to find a replacement for him. Therefore, the company offers such an employee a
large salary and various social bonuses. Sooner or later, the amount of dividend payments
to an employee becomes greater than the benefits brought by this employee.

The distribution of goods in stores is also a problem for the company. The system of
motivation of senior managers is built in such a way that the personal interest of employees
is not aimed at achieving the common good for the company, but to increase their income
even to the detriment of the company. Cases where a senior manager orders products more
than the store can accommodate are not rare. Because of this, the work of the staff slows
down, customers have an unpleasant feeling after visiting the store. There were cases that,
due to the congestion of the store, fines were exhibited by the fire inspectorate due to the
fact that the evacuation routes were blocked in the event of a product fire.
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We did not see a scientific approach to solving problems when replenishing stores. The task
of replenishment works on the human factor. As practice shows, employees at this stage
make a lot of mistakes that lead to decisions that do not bear the company's benefit.

Summing up, we consider it necessary to bring a scientific approach to solving the above
tasks.
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3.0 Research tasks

We set ourselves the task of developing a method for forecasting the demand for goods in
stores, conducting experiments on the effectiveness of the method of forecasting proposed
by us. We also want to implement and conduct experiments of already known methods of
forecasting based on machine learning. We also set ourselves the task of creating heuristics
for distributing goods to stores, replenishing stores with merchandise and transferring goods
between stores.

To perform the tasks for each of the problems identified, we conducted literature studies.
Since the problems that we need to solve are crucial for each retailer, and the retail business
IS very competitive, most of the scientific articles on our problems cannot be found in the
public domain. Many authors of scientific articles on demand forecasting in retail
collaborate or work in research departments of the largest retail networks in the world, such
as Nike, Adidas, and so on.

Therefore, we made a decision to hold negotiations with companies that deal with the
problems of forecasting demand, optimizing the distribution of goods to the stores of the
chain, and so on. Thus, we received information about what methods and approaches are
currently used in the most technological retail companies in the world.
Also, in order to accomplish the tasks set by us, it was necessary to carry out a huge work
on the date of mining and data analysis. Without data, it is impossible to solve the problems
posed by us, therefore the task of obtaining data and analyzing them is one of the main tasks
of this thesis. Therefore, we needed to determine what data we need, in what way it is
possible to obtain it, in what form it should be presented for analysis and with the help of
which approaches and tools to work with them.

We also have the task of analyzing and studying existing forecasting methods, choosing the
most relevant forecasting methods for us.

After developing their own method of forecasting and analyzing existing methods of
forecasting, the task is to develop a methodology for distributing goods to stores. If there is
an opportunity, we will use it to conduct an experiment on the effectiveness of our
methodology in comparison with the method that is used in company B at the moment.
The next task is to develop a methodology for replenishing goods in stores during the season.
The next step is the development of a methodology for the transfer of goods between stores,

given the legal restrictions in force in Russia.
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4.0 Literature review

The review of literature is divided into two subchapters. The first subchapter will provide
an overview of the literature on demand forecasting. The second subchapter contains a

review of the literature on the topic of optimizing product placement.

4.1 Demand forecasting

In (Li and Lim 2018), the authors suggested using greedy heuristics to predict demand in
fashion retailing. They work with a real case for one fashion retailer in Singapore. The
essence of heuristics is to predict sales of a certain sku (stock keeping unit) without taking
into account other products that are sold in the store. The demand forecast is calculated for
each sku in each store for each day.

The complexity of the algorithm is O (n3), which makes it inapplicable to our case because
of the large number of stores and sku. The Mean Absolute Percentage Error when using the
heuristics proposed by the authors was 20% with a planning horizon of 15 days. With a time,
horizon of 275 days, MAPE was 77.2%. This work did not take into account the possibility
that the goods may not remain in the store on one of the days. The article stipulated that the
entire range of stores is always available for purchase. In the real world, this is an impossible
condition.

The last few years it has become a trend to use neural networks and artificial intelligence to
forecast demand in retail. One of the landmark works in this direction is the study given in
(Veiga et al. 2016). This paper shows the results of WNN (Wavelets Neural Network) and
TS (Takagi-Sugeno Fuzzy System). The authors of the article use these neural networks to
predict the demand in food retail. Three categories of products were selected: yogurt, milk
and dairy dessert. This was done not only to simplify the presentation of the technical part
of the article, but also because the prediction methods proposed in the article are
computationally complex. Although they show minimal error with a short forecast horizon.
As a result of the analysis of the article and the results presented in it, we came to the
conclusion that these methods are difficult to apply in our case. This is due to the extremely
difficult implementation of the neural network architecture and the operating time of the
neural networks. In addition, the prediction error increases greatly with the increase in the
forecast horizon.

An interesting case is considered in article by (Ma, Fildes, and Huang 2016). This is

important because the methods that are considered in it make it possible to forecast demand

30



during the validity of promotions. Just take into account how the demand for products of
one category will affect the demand of another category. The advantages of this technique

include the simplicity of the data that is needed for the model to work.

Number Category Number of SKUs Mean units sold per week Median units sold per week Percentages of weeks concerning promotional activities

Price reductions  Displays  Features

1 Beer 98 12.80 7 0.30 0.27 0.13
2 Carbonated beverages 76 3825 16 042 0.09 0.18
3 Coffee 46 5.90 5 0.34 0.02 0.10
4 Cold cereal s 15.60 9 0.20 0.05 013
5 Frozen dinners 79 18.50 13 0.43 0.04 017
6 Frozen pizza 62 21.05 14 0.47 0.10 0.31
7 Frankfurters 21 2295 10 0.35 0.08 0.16
8 Margarine/Butter 21 2920 13 0.37 0.05 013
9 Mayonnaise 17 15.70 12 0.21 0.03 0.08
10 Milk 40 59.60 24 0.19 0.01 0.06
11 Peanut burter 16 14.30 10 0.22 0.01 0.07
12 Salty snacks 80 17.95 1 0.31 032 012
13 Soup 129 15.05 9 023 0.03 0.10
14 Spaghetti sauce 70 9.40 7 0.38 0.03 011
15 Yogurt 52 4945 37 0.29 0.01 0.08

Table 4.1: Used data in (Ma, Fildes, and Huang 2016)
Data that is used to work the model is not difficult to obtain in company B. The second
advantage was the clear algorithm scheme. To forecast demand, the Multistage LASSO

process is used, presented in the diagram below.
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Figure 4.1: Model used in (Ma, Fildes, and Huang 2016)
However, a prediction error with a time horizon of more than 4 days is unacceptable for
our task.
Forecasting true demand includes your entire supply chain. Everyone needs to share
information that increases demand. This is a tough task. Most likely, you will have to
develop trust covering your supply chain, that is, with other organizations. Once you do this,
the operations for everyone will become smoother.
Effective demand forecasting is in fact part of integrated business planning or sales,
inventory, planning operations. Inventory accuracy is one of three key performance

indicators (KPIs) that you will use to measure your planning effectiveness. The outcome of
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your business depends on high prediction accuracy. Unfortunately, consumer demand is
incredibly unstable, which can make forecasting difficult. In addition to historical sales data,
you need to include:

- Market research;

- Consumer research;

- Resource and Capacity Planning;

- Possible economic, political or social factors.
Many businesses are trying to keep accurate historical data. A flexible inventory
management system will help you keep numbers, as well as facilitate daily operations.
The purpose of demand forecasting is consumer demand forecasting. Demand forecasting
models are grouped into two categories: qualitative and quantitative. Quantitative methods
rely on data, and qualitative methods rely on expert opinion.
Methods of demand forecasting are divided into estimated and experimental. They are
usually used when historical data is not available for your products. As in the case of new
products. A frequently used evaluation method is based on the opinions of available experts.
You will receive subjective evaluations from suppliers, marketing, sales and purchasing
specialists.
There are quite a few different qualitative methods, from basic to complex. All of them can
be very valuable in developing an accurate forecast.
Causal methods use a number of internal and external factors, such as price, legislation, and
even weather, as well as another qualitative method to accurately draw a picture of future
inventory requirements.
Projective forecasting methods are based on mathematical formulas that can provide an
easier answer to your forecasting needs. These methods use past data to estimate future
demand. Often software is used to forecast demand.
Life cycle prediction can be useful for technology products or any inventory with a high
probability of obsolescence. This type of forecasting takes into account the fact that demand
changes during the product life cycle. Accurate forecasting of the life cycle of your products
can help you save even less and take into account future releases of new versions of your
product.
When considering trends in inventory, it is important to consider seasonality. Seasonality is
the change in demand on a periodic basis. Trends - this change in demand, which occurs for
various reasons, for example, when changing consumer behavior. If the product is sold at a

constant rate for many years, and then demand increases, this is a trend.
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Companies have always tried to get ahead of sales trends.

The correlation between accurate forecast and cost reduction in the supply chain has long
been clear. Progress in technologies such as artificial intelligence and data analysis has
allowed companies to see accuracy rates like never before.
The potential savings in the supply chain exceed the cost of tools such as software for
demand forecasting. This means that you cannot afford to ignore this technological
development of the supply chain. As large and small businesses are struggling for forecast
accuracy, expect to see all kinds of investment in this technology in the coming months and
years. Higher forecast accuracy does not depend only on the methods that you use quarterly
or annually to plan your reserves. What you and your employees do every day in the
warehouse, receiving inventory and completing orders, is more important. Every day is
based on the foregoing. If your daily numbers do not match, you will not be able to
disentangle it and effectively create accurate prediction models. Focus on the accuracy and
precision of the entire supply chain, and you will get the advantage of more accurate demand
forecasting (Gasparian et al. 2018).

Marketing professionals consider forecasting to be an important part of their work.

We discuss methods for forecasting demand. People often use the terms “demand” and
“sales” in the same meaning. It is reasonable to do this because these two terms are equal
when sales are not limited to the offer.

Sometimes it is advisable to forecast demand directly. When direct prediction is not feasible
or where uncertainty is and changes are expected to be significant, marketing managers may
have to predict market size or Product Category. In addition, they will have to predict the
actions and reactions of key decision makers, such as competitors, suppliers, distributors,
employees, governments and themselves - especially when questions are related. These
actions can help predict market share. The resulting predictions allow calculate the demand
forecast.

Methods Based on Judgment

There are methods based on judgment. In this case, you need to ask the experts what will
happen. This is a good method if the experts are unbiased, big changes are unlikely, the
relations are well understood by the experts, the experts have accurate information, the
experts receive accurate and generalized reviews about their predictions.

Forecasting markets, also known as betting markets, information markets and futures
markets, have a long history. Some commercial organizations provide Internet markets and

software that allows participants to bid on trade contracts.
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The Delphi method was designed to help gather the knowledge of various experts, while
avoiding the shortcomings of traditional group meetings. The latter are a waste of time. The
Delphi Forecast is the median or form of the final expert forecasts.

The outcomes of similar situations from the past can help the marketer predict the outcome
of a new situation. People often use analogies to make predictions, but they do not do it in a
structured way. The method of structured analogies uses a formal process to overcome the
biased and inefficient use of information from similar situations.

Game theory has been advertised in textbooks and research as a way to get more accurate
predictions in situations involving negotiations or other conflicts. Despite the tremendous
research efforts, there are no studies that directly test the ability of game theory to predict.
The idea of judicial decomposition, is to divide the problem of forecasting into parts that are
easier to predict than the whole. Details you can predict separately using methods that
correspond to each part. Parts are combined to produce a forecast. One approach is to break
the problem down into components. For example, to predict sales for a brand, you can
predict sales by industry, market share, and selling price per unit. Then collect the
predictions by multiplying the components together.

Subjective evaluation turns subjective judgments into structured procedures. Experts ask.
They are then asked to make predictions for various cases, which may be real or
hypothetical. For example, it may be new products. The data is then converted into a
regression equation.

As the name implies, expert systems are structured rule representations that experts use to
predict or diagnose. Rules are often created from opinions, according to which weather
forecasters talk about what they do when making forecasts. Expert opinion, collaborative
analysis and bootstrapping can also help in developing expert systems.

Simulated interaction is a form of role-playing game for predicting the decisions of people
who interact with others. This is especially useful when the situation is related to a conflict.
To use simulated interaction, the administrator prepares a description of the target situation,
describes the main roles of the main characters and provides a list of possible solutions. Role
players learn the situation. Then they improvise realistic interactions with other players until
they decide. The decisions of the role participants are used to make a forecast.

In surveys, people are asked about their intentions, how they intend to behave in certain

situations. Similarly, in a survey of expectations, people are asked how they expect to
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behave. Expectations are different from intentions, because people understand that
unexpected things happen.

By interviewing consumers about their preferences for alternative product design in a
structured way, it can be concluded how different functions will affect demand. Thus, a
potential client is forced to compromise between the various functions, choosing one of each
pair of offers in such a way that it represents how they will choose in the market. The
obtained data can be analyzed by comparing the selection with the characteristics of the
product. This method is called “conjoint analysis,” since respondents are jointly reviewing
product features.

Methods requiring quantitative data

Extrapolation methods use historical data about what they want to predict. Exponential
smoothing is the most popular and cost-effective statistical extrapolation method. It
implements the principle that the latest data should be weighed more intensively and
“smooth out” cyclical fluctuations to predict trends. To use exponential smoothing to
extrapolate, the administrator must first clear and cancel the seasonality of the data and select
reasonable smoothing factors. The administrator then calculates the mean and trend based
on the data and uses them to get a forecast.

Retail scanning technology provides reliable and up-to-date data to extrapolate sales of
existing products. As a result, the forecast accuracy should improve, especially because the
error in assessing the current situation is reduced. Ignorance of what you start with is often
the main source of errors in predicting future values.

Experts can identify situations that are similar to this situation. They can be used to
extrapolate the results of a situation. For forecasting using quantitative analogies, situations
are identified that are similar to the target situation and for which data are available.

Rule based prediction (RBF) is a type of expert system that allows you to integrate the
knowledge of managers in this field with time series data in a structured and inexpensive
way.

Neural networks are computer-intensive methods that use decision-making processes similar
to those of the human brain. They have the ability to learn when changing patterns and
updating their parameter estimates. A lot of data is required to evaluate neural network
models and reduce the risk of data iteration.

Data mining uses sophisticated statistical analysis to identify relationships. There are
ambitious statements and great research efforts, but we do not know which mining methods

are useful for forecasting. Most of this was due to the fact that only a few studies used the
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correct data evaluation scheme.
Causal models are based on prior knowledge and theory. These models allow you to explore
the impact of marketing activities, such as price changes, as well as key aspects of the
market, thus providing information for contingency planning.

Segmentation involves splitting the problem into independent parts, using data for each part

to make a forecast, and then combining the par (Armstrong and Green 2005).

4.2 Assortment planning

Assortment planning is difficult problem for company. There is a scientific approach such
as product assortment planning (PAP). When companies planning the assortment they
determine variety of merchandise (number of categories), the depth of merchandise (number
of stock-keeping units within a categories) and service level or the amount of inventory to
allocate to each stock-keeping unit (SKU) (number of individual items of a particular stock-
keeping unit). These indicators should be in balance. It is also necessary to consider amount
of money that can invest in inventory and physical space. However, there are limitations in
these categories.

Considering all these factors, companies hope to satisfy customers. They want to provide
the right merchandise in the right store at the right time.

Product assortment planning consider consumer perceptions and preferences, their supply-
side constrained and the external environmental factors, such as economic conditions and
competitor’s strategies. Customers benefit from these costly investments by finding and
buying what they want and it brings company revenue.

Retailers must identify how many and which stock-keeping units, number of distinct brands
or product types to offer, the number of variants of each brands, number of units of each
variants of each brand or product or type to carry in inventory.

Consumers prefer flexibility because buying cases are often separated in time from
consumption and often change their preferences. Another factor related to the size of the
assortment is associated with the assumption about the stability of consumer preferences
over time. In many cases, there is no single most preferred element, since the most preferred
element is created at the time of selection, depending on the circumstances of the decision.
Consumers may not be able to select a favorite element because they are trying to maximize
global utility through a sequence of choices rather than local utility during a choice and can
negatively perceive a large range if they cause frustration or a feeling of depression. In order

to complicate the seller’s task when assembling an assortment, the actual variety of the
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assortment may not match the intended diversity that the consumer faces. When a consumer
finds an acceptable product in one retail store, he may still be unsure whether there are
similar products in other stores, and will want to go to another store to explore other
alternatives hoping to find the best product, although this includes the cost of search.

Even if the retailer is able to determine the optimal assortment for transportation, he may be
unjustified to store such an assortment. Therefore, stock-out situations are key factors for
retailers who need to predict how consumers will react to these events.

Despite progress in understanding how consumers influence PAP solutions, much remains
unknown. PAP problems from the point of view of the consumer are associated with the
complex problem of working with a range of products that are attractive but difficult to
choose.

The most obvious restriction on the size and composition of the range is the space available
in the store. Excluding costs, the size of an ideal store is equal to the sum of all ideal
assortment categories. Since the expansion of the physical size of stores is very expensive
and often impossible, the total floor area remains substantially fixed. The variety of
categories and the depth of the SKU within the categories that determine the type of seller
and its position in the market.

In addition to consumer responses and retailer constraints, external factors affecting the
organization make important contributions to the retailer's PAP solutions. The same product
category can be purchased in stores that use very different retail formats.

Macroeconomic and environmental trends also influence the diversity and depth of PAP
solutions.

Retailers must adapt the range and depth of their range to the changing tastes and profile of
consumers. Most retailers segment their markets or shopping areas primarily based on
customer-specific, market-specific or store-specific factors, and then modify the variety and
depth of their product range based on these factors (Mantrala et al. 2009).

Visual merchandising is the practice of displaying goods to help customers find what they
want and encourage large purchases. Visual merchandising is much more than just installing
shelves. It helps you find the optimal store layout and determine exactly where to place the
goods.

Visual merchandising is the process of designing your layouts, racks and products to
maximize sales and give customers an exciting shopping experience. Visual merchandising
as a science explains how shoppers behave in a store, and thus, how your product placement

can provide them with an optimal shopping experience. Make sure that when customers go
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to your store, they know that they are in the right place. Influencing the shopping habits of
buyers - the correct layout of the shelf and the placement of products lead buyers in all areas
of your store where income items live. With these two things in mind, you can come up with
a floor plan and a merchandising plan for the relevant product to maximize the full sales
potential of your store.

A good floor layout ensures that you can place all your products in the places that give the
most change for sale. Buyers should notice how easy it is to move and shop in a store without
taking their eyes off the store shelves.

Since you are planning where you want your goods to appear in your store, it is important
to know the type of store. The store layout refers to how your racks are placed all over your
store, so your goods are easily bought and the flow of customers goes to products that bring
you the most profit. There are three basic layouts and designs that you can use, and it is
important to know a little about each one, as they will determine how you plan your product
placement. It is important to spend a lot of time planning your goods placement, because
when everything is done right, your customers will always take extra things on the way to
get what they really need. They will also find it easier to find the products they want to buy.
Today's consumers are bombarded with goods and offers. The question is how to design and
deliver the offers that stand out. Understanding this can help retailers decide how, when and
where to display goods. Manufacturers also recognize the importance of ensuring that
consumers pay attention to their goods and offers, to look for ways to make their goods stand

out among competitors on the shelf (Reed 2012).
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5.0 Methodology

Systematizing the information obtained in the process of studying the literature, negotiations
with companies that are engaged in solving problems, announced in this thesis, interviews
with employees of company B, it was possible to systematize the methods and approaches
used to predict demand in shoe retail:

e Econometric approaches;

e Methods of machine learning;

e Deep learning, using artificial intelligence.

Machine learning methods include probabilistic and statistical approaches such as
regressions (linear, nonlinear, autoregression), the support vector method and its variations,
random forest regression, model ensemble combining, and so on.

Deep learning includes prediction using recurrent and convolutional neural networks of
various architectures.

Having conducted a comprehensive analysis, it is clear that in the modern world with the
current level of technology development, econometric approaches are outdated. They were
very popular in the 80-90s, but now the mood in business circles and the scientific literature
is that machine learning and artificial intelligence have a future of forecasting.

In-depth training methods require a huge amount of data and computational resources. This
direction for research seems very promising. One of the indicators of the effectiveness of
deep learning methods is the success of companies that use them in demand forecasting. We
are talking about companies such as Amazon and Zalando. Last but not least, their explosive
growth is due to lower logistics costs due to effective demand forecasting.

Unfortunately, within the framework of the thesis, we cannot choose methods associated
with deep learning. In January 2019, company B purchased the NVIDIA DGX-Workstation,
which is focused on working with deep learning algorithms. Delivery and tuning of the
station to Belarus was expected at the end of March 2019. However, legal difficulties have
made adjustments. The station arrived at company B on 4 May. Naturally, the research could
not wait so long, therefore, in this thesis work, machine learning methods are used to predict.
Since forecasting is long-term, you cannot rely on methods that use weather data to forecast
demand. These methods can work well with a time horizon of about a week, then the quality
of the forecast deteriorates dramatically. In world practice for quite a long time there is a

trend to use time series to forecast demand with a time horizon of up to a year.
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There are many approaches to predict time series, such as ARIMA, ARCH, regression
models, neural networks. Implementation from scratch of the above methods (except for
regression models that make a prediction at the level of “what happened yesterday, it will
be tomorrow”) requires a team of highly qualified mathematicians and at least six months.

Comparative analysis of forecasting methods shows that the mathematical apparatus used in
the model implemented in this thesis is more accurate in predicting almost the entire time
interval than other most popular forecasting methods. More information about the method

will be described in Chapter 7.
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Figure 5.1: Comparison of the accuracy of various prediction algorithms
Having conducted an extensive study, including in closed sources, no retail companies were
found that would use the method used in this thesis to forecast demand.
To solve the problems of initial placement, replenishment and transfer, the main criterion
for choosing a method was to reduce the human influence factor and to make the processes

systematic and orderly.
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6.0 Data mining and data transformation

To develop methodologies for solving the problems posed, a large amount of data is needed.
Different techniques may be required for different methods. When using random forest
regression, weather data may be needed in the regions where the stores are located to
increase the accuracy of demand forecast. On the other hand, for forecasting methods based
on time series, in the simplest case, it is enough for each store to know the daily sales and
the daily supply of goods in the store.

We proceed from the concept that there is not much data, therefore we tried to get as much
data as possible. Software from SAP and POS (point-of-sale) stores a huge amount of data
on the company's activities, so before we start data mining, we compiled a list of the data
that we need to obtain first. Here is a list of data that we wanted to get:

1. Directory of goods
® Product ID

* Name of product
* Description of product groups (gender, season, stylistic line, etc.)
* Date of entry of goods

*  Aset of attributes of the product (color, size, style, etc.)
2. Directory of shops

e Name

e Store Address

e Store ID

e Region

e Store characteristics
0 Location (street / shopping center)
0 Area
0 Open / closed showcase

3. Sales history (by day for 3 years)

* Product ldentifier (SKU)
* Store ID
* Date

* Sales, units
4. History of balances (by day for 3 years)

* Product Identifier (SKU)
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» Store ID
* Date
» The rest of the goods at the end of the day
5. The history of changes in prices for goods
*  Product Identifier (SKU)
e Store ID
+ Starting date of the price
*  The price of the product
6. Promotional History
* Product Identifier (SKU)
* Store ID
* Type of promotion / mechanics
* Amount of discount
* Name of promotion
« Starting date of the promotion.
* End date of promotion
Data with a list of products and their characteristics could be obtained through SAP BI.
Uploading data was done to Excel. The result of the work of unloading the directory of

goods was the following table:
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A B C D E F G H I

1 |vendor_code size name SEX season style_line date_start lining_material heel_height
2 |1638267P 37 Tydnn NetHne  Hewckme fetHan MofenbHanA knaccuka 2016-01-01  Kosa Hatypanss H/K
3 |1638267P 38 Tydnu NetHue  Hewcuue NeTHas MOZenbHaA knacckka 2016-01-01  Hosa Hatypanss H/K
4 1638267P 42 Tydnn NeTHne  HeHckue JeTHAR MOJenbHanA knacckka 2016-01-01  Kosa Hatypanse H/K
5 |1638267P 36 Tydnn NetHne  Hewckue NeTHAn MogenbHasA knacckka 2016-01-01  Kosa Hatypanse H/K
6 |1638267P 41 Tydnu NetHne  HeHckue NeTHAA MOJENbHaA knacckka 2016-01-01  Homa Hatypanss H/K
7 |1638267P 35 Tydnu NeTHue  HeHcuue NeTHas MOJENbHAA KNacckka 2016-01-01  Koma Hatypanss H/K
8 |1638267P 40 Tydnn NeTHne  Hewckue feTHAA MofenbHanA knacckka 2016-01-01  Kosa Hatypanse H/K
9 |1638267P 39 Tydnn NetHne  Hewckme NeTHAA MogencHaA kiacckka 2016-01-01  Komsa Hatypanes H/K
10 1638270 38 Tydnn MeHckve BcecesoHHas  MOGENbHaA wnaccvka 2015-01-01  Koma Hatypanok B/K
11 [1638270 40 Tydan HeHckme Brcece3oHHan  MoAenbHad knaccuka 2015-01-01  Koma Hatypansk B/K
12 [1638270 35 Tydunn HeHckve BcecesodHad  MogenbHan wnacckka 2015-01-01  Koma Hatypanok B/K
13 '16382?0 39 Tydan HeHckwe BcecesonHad MogenbHan wnaccuka 2015-01-01  Koma Hatypanok B/K
14 1638270 41 Tydnn MeHckue BcecesoHHas  MOGENbHan wnaccuka 2015-01-01  Koma Hatypanok B/K
15 '16382?0 36 Tydan HeHckme Brece3oHHan  MoAenbHad knaccuka 2015-01-01  Homa Hatypansk B/K
16 '16382?0 37 Tydnn HeHckve BcecesoHHad  MoAenbHan wnacckka 2015-01-01  Koma Hatypanok B/K
17 |1638270/0 35 Tydnu NetHne  Hewcume fetHan MogenbHasA knacckka 2015-01-01  Komsa Hatypanss B/K
18 |1638270/0 41 Tydnu NeTHue  HeHcHue NeTHas MOZEnbHaA knacckka 2015-01-01  Koma Hatypanss B/K
19 |1638270/0 37 Tydnn NetHne  HeHckue feTHAR MOJenbHadA knacckka 2015-01-01  Koxa Hatypanoe B/K
20 |1638270P 41 Tydnn HeHckwe BrecesoHan Kosma HaTypanok B/K
21 |1638270P 36 Tydnn HeHcuue BrecesodHan Koma HaTypanesk B/K
22 |1638270P 37 Tydnn HeHckue BrecesodHan Koma HaTypansk B/K
23 |1638270P 35 Tydunn HeHckue BrecesodHan Koma HaTypanbk B/K
24 |1638270P 38 Tydan HeHckme BrecesodHan Kosma HaTypaner B/K
25 |1638270P 40 Tydnn HeHcuue BrecesodHan Koma HaTypanesk B/K
26 |1638270P 39 Tydan HeHckme BrecesoHHas Koma HaTtypaner BfK
27 '16382?1 40 Tydnn HeHckve BcecesodHad  MogenbHan knacckka 2016-01-01  Koma Hatypanok B/K
28 '16382?1 36 Tydnn HeHckwe BcecesonHad MogenbHan wnaccuka 2016-01-01  Koma Hatypanok B/K
29 1638271 37 Tydnn MeHckwe BcecesoHHas  MOGEnbHan wnaccuka 2016-01-01  Koma Hatypanok B/K
30 '16382?1 35 Tydan HeHckve Brece3oHHan  MOoAenbHad knaccuka 2016-01-01  Homa Hatypansk B/K
31 '16382?1 41 Tydnn HeHckve BcecesoHHad  MogenbHan wnacckka 2016-01-01  Koma Hatypanok B/K
32 1638271 38 Tydnn MeHckme BrecesonHas  MogenbHas wnaccuka 2016-01-01  Koma Hatypanok B/K
33 1638271 39 Tydnn MeHckve BcecesoHHas  MOGENbHan wnaccuka 2016-01-01  Koma Hatypanok B/K
34 |1638271P 41 Tydnn HeHckve BrecesoHHad  MOAenbHas knacckka 2016-01-01  Koma Hatypanok B/K
35 |1638271P 39 Tydun HeHckve BcecesonHad  MogenbHan wnacckka 2016-01-01  Koma Hatypanok B/K
36 |1638271P 35 Tydnn MeHckve BcecesoHHas  MOGENbHan wnaccvka 2016-01-01  Homa Hatypanok B/K

Table 6.1: Item Characteristics Data

The table consists of 9 columns and 140062 rows. Product ID is represented by a
combination of the first two columns (vendor_code) and size. Since in company B the same
shoe model of different colors is considered to be different article numbers, then by adding
size to the article, we get SKU. The sex attribute shows whether the SKU is women's or
men's shoes.
Season shows the seasonality of shoes. Style line means to which stylistic line the shoe
belongs. This division is rather conditional, and often there is no stylistic line for shoes.
Date_start - the date when the SKU was taken into development. Lining_material indicates
the material from which the shoes are made. Heel_height characterizes the height of the heel
of shoes. Heel height is not indicated in centimeters, but in categories: low heel, medium
heel, high heel.

The next step was to get the data for the stores. The identifier, address, region and location
(street / shopping center) of the shops were also obtained from SAP Bl and uploaded to

Excel. However, in SAP Bl there was no data on the area of stores. These data, although not
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complete, were obtained thanks to the employees of the marketing and advertising
department. Then we manually attached to our Excel file data on the total area of the store
(total_area) and the area of the sales area (sale_area) in square meters. As a result, the
following table was obtained:

A B C D E F
1 |id_store address region location total_area sale_area
2 24110 r. KpacHoropck, ya. 3HameHckan, 0.5 LLEEHTP TL,
3 24109 pn. PMaBrKW, MEPH. 2, cTp. 20 LLEEHTP TL,
a4 '2410? r. OaMHLOBO, y. HegenwHa, 4.9a LLEEHTP CTPHUT
5 (24104 r. Pocnaens, yn. Nponertapckan, 82 LLEEHTP TL, 137 60
6 (24101 r. Meimmwg, np-T Wapanoeckuid, Bn.2, c1p.3, n.1 LLEEHTP TL, 121 93
7 26104 r. Mockea, yn. KpacHoro Maawka, .26 MOCKBA TL,
8 '26103 r. Mockea, np-a Yeuepckuii, g.51 MOCKBA TL,
9 26102 r. Mockea, yn. Bonbwas Tynsckas, g.13 MOCKBA TL,
10 [02110 r. BopoHex, Np-T JIeHWHCKMEA, 0.1740 LLEEHTP TL, 93 59
11 [02124 r. BopoHex, 6-p. MNobegp, g. 236 LLEHTP TL, 193 150
12 '02122 r. Miuneuk, yn. Tutoea, 4.10 LLEEHTP TL, 261 145
13 [02120 r. BopoHes, np-T MOCKOBCKMIA, 0.129/1 LLEEHTP TL, 98 65
14 '02119 r. Muneuk, yn. A.l.CraxaHoea, 0.36 LLEEHTP TL, 192 149
15 [02113 r. BopoHex, Nnp-T JIeHWHCKMA, 0.1163 LLEEHTP TL, 140 56
16 [02111 r. Muneuk, np-1 Mupa, o.1 LLEEHTP CTPHUT 87 40
17 [02109 r. BopoHex, yn. NnexaHosckan, 4.43 LLEEHTP CTPHUT 124 79
18 [02108 r. BopoHex, yn. Mapwawa, .76 LLEEHTP CTPHUT 109 a7
19 [02107 r. BopoHex, np-T MockoBckMiA, 0.78 LLEEHTP CTPHUT 153 79
20 '02102 r. lnneuk, nn. 3aeoncKan, a.2 LLEEHTP CTPHUT 127 66
21 '02101 r. iuneuk, yn. BogonsAHoea, A.70 LIEEHTP CTPHT 525 96
22 '02103 r. luneuk, yn. CoeeTcran, a.77 LIEEHTP CTPHT B8 a1
23 [02115 r. BopoHewx, yn. Kmpoea, 0.9 LIEEHTP CTPHT 122 85
24 (06146 r. CaHkT-NeTtepbypr, yn. CasywrKHa, 0.141, nuT.A CEBEPO-3ANALO TLL
25 [06147 r. CaHkT-Netepbypr, Np-T MpaMaaHckKi, o.41 nutep A CEBEPO-3ANALO TLL
26 [06140 r. CaHkT-Netepbypr, nn. KomeHaaHTckan, 4.1, nut.A CEBEPO-3ANALO TLL 253
27 [06133 r. CaHkT-Netepbypr, w. NynkoBckoe, .25 CEBEPO-3ANALO TLL 187 119
28 [06144 r. CaHkT-NeTtepbypr, Np-T 3aHeBckMiA, 0.71, kopn.2, nuT.A CEBEPO-3ANAL TLL
29 [06141 r. CaHkT-Netepbypr, BpaHToBCKaA popora, 4.3, nom. 249  CEBEPO-3ANAL TLL
30 [06145 r. CaHkT-Netepbypr, np-T CTadyex, 4. 99, AuT. A CEBEPO-3ANALO TLL
31 [06130 r. CaHkT-MeTepbypr, yn. Mpasckan, 4.48/50 CEBEPO-3ANALO TLL 153 109
32 [06137 r. CaHkT-Netepbypr, Np-T BoNbWEBWKOE, A.18, NMT.A CEBEPO-3ANALO TLL 102 70
33 [06120 r. CaHkT-NeTtepbypr, Np-T XyA0KHWKOE, A.14, NKMT.A CEBEPO-3ANAL cTpHT 104 64
34 iDGlDl r. CaHkT-MNeTtepbypr, Np-T 3aHeBCHMiA, 0.10 CEBEPO-3ANAL cTpHT 168 89

Table 6.2: Store Characteristics Data
The third step in the date-mining process was the process of obtaining sales data. Sales
history is in the PIC system (point-of-sale) and is stored in the Oracle database. Therefore,
to obtain this data, we wrote SQL queries to the database. It is possible to upload data from
Excel database to Excel file, but more than two million lines cannot be imported to Excel
file. It was decided to upload the sales history for each store to a separate file. Total sales
history is a 392 Excel file of the following form:
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A B C D E

vendor ¢
1 |ode size id store |date count
2016-01-
2 |531030/1 |39 23010 |03 1
2016-01-
3 |531030/1 |38 23010 |03 1
{ 2016-01-
4 |432050 |37 23010 |04 1
2016-01-
5 |1638040/1|39 23010 |05 1
i 2016-01-
6 430066 |40 23010 |05 1
i 2016-01-
7 234197 |38 23010 |05 1
i 2016-01-
8 (314176 |42 23010 |05 1
i 2016-01-
9 430330 |38 23010 |05 1
i 2016-01-

10 (413040 |43 23010 |05 1
i 2016-01-
11(214106 |42 23010 |06 1
i 2016-01-

12 (430201 |40 23010 |06 1
i 2016-01-

13 (430380 |41 23010 |06 1
i 2016-01-

14 (534001 |38 23010 |09 1
i 2016-01-

15 (435106 |40 23010 |09 1
i 2016-01-
16413010 |42 23010 |10 1
i 2016-01-
17421000 |24 23010 |10 2
i 2016-01-

18 314030 |42 23010 |11 1

Table 6.3: Sales history data
However, another problem arose: since not only shoes are sold in stores, but also related
products such as socks, stockings, tights, shoe care products, etc. When uploading data from
the database, they also fell into the sales data. We only need to forecast demand for shoes,
so we needed to get rid of the “noise in the data.” Benefit related products are of zero size

and easy to remove using the programming language Python.
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for file in files:
data = pd.read_csv(file, encoding="utf-16")
data = data.drop(data[data.SIZE == 8.8].index)

Figure 6.1: Fragment of program code for converting Excel files into csv files
It is worth considering that there are cases when the buyer returns the purchased goods. We
track returns in sales history as a regular sale with the count parameter set to -1. Of course,
this method of tracking returns has one drawback: usually returns occur on a different day
than buying shoes. Therefore, it happens that on one particular day 17 pairs of shoes were
bought, 2 of which were returned to the store the next day. We still consider the number of
sales on that day equal to 17, but the next day we consider the number of sales made minus
the returns made on that day.
Also at the stage of unloading sales history, we faced the problem of Big data. The data
weighs several gigabytes, and downloading from the database took several days due to the
load on the system by other processes. Therefore, it was decided to write the SQL queries
as simple as possible and to transform and clean the data without accessing the database
using the Python programming language and the Pandas library.
The next stage was the unloading of the history of the remnants of the goods in the shops
for every day. The look of the tables is the same as in the files containing information about
the sales history. However, even the history of residuals for 3 years for one store does not
fit into one Excel file. The history of balances for one store takes from 3 to 5 Excel files.
Total data on the history of the remnants occupy 48 gigabytes. For the convenience of
working with leftover data, it was decided to use the csv extension files. This file format has
no limit on the number of lines. Transformation of Excel files to csv format was done using
Python.

def stocks(path):
““"Convert .xlsx files|to .csv format™""

files = glob.glob(path)
i=1

for file in files:
data_xls = pd.read_excel(file, 'Sheet®’, index_col=None)
data_xls.to_csv( d:\Anaconda3\Scripts\Future prediction\Stock\ucTopwa octatkoe_ " + str(i) + ".csv')
i=1i+1
stocks("d:\Work\Data_sas‘\Stock\*.xlsx")
Figure 6.2: Fragment of program code for converting Excel files into csv files
The same situation exists with the history of changes in prices for goods. The solution to the

problem was the same as in the previous paragraph. The view of the table with the data on
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price changes for goods in stores is as follows. Price for the markets of Russia and Belarus

is always in Russian rubles.

A B C D E
vendor c

1 |ode size id store |start datejprice
2015-09-

2 4374381 |37 24104 09 3997
2015-09-

3 4374381 |37 24101 09 3997
2015-09-

4 |437438/1 |37 23022 09 3997
2015-09-

5 |437438/1 |37 23021 09 3997
2015-09-

6 4374381 |37 17124 09 3997
2015-09-

7 14374381 |37 17122 09 3997
2015-09-

8 |437438/1 |37 17121 09 3997
2015-09-

9 |437438/1 |37 17118 09 3997
2015-09-

10 |437438/1 |37 17116 09 3997
2015-09-

11 |437438/1 |37 06147 09 3997
2015-09-

12 |437438/1 |37 06146 09 3997
2015-09-

13 |437438/1 |37 06145 09 3997
2015-09-

14 4374381 |37 06144 09 3997
2015-09-

15 |437438/1 |37 06141 09 3997
2015-09-

16 |437438/1 |37 06140 09 3997
2015-09-

17 |437438/1 |37 02124 09 3997
2015-09-

18 (437438/1 |37 02122 09 3997

Table 6.4: Data on prices of goods in the stores
A similar situation exists with data on promotions. In the csv format, promotion data takes
up 120 gigabytes of memory. Unloading was slow, and errors were found in the database:
in one and the same SKU in 2016, two actions acted simultaneously and it was unclear which

of them actually worked. However, the most interesting thing was that this SKU in 2016
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was in the store, which began to work only in 2018! An error report was sent to the software
development department, but later it was decided not to use the promo history to forecast
demand.
Many people advised us to use weather data in forecasting demand, so we did not try.
However, the problem was how to assemble it for more than 200 cities in a short time? There
were two possible solutions to the problem:
e Use paid services that contain historical data about the weather in different regions;
e Develop your own software that can download weather data from weather forecast
sites. Such sites store weather data in the regions for a long time.
We checked both ways to solve the problem. In the first case, we collaborated with company
A to obtain historical weather data. The cost of their services was $ 800 for one-year weather
history for one city. We selected the 10 smallest cities in Russia where there are stores of
company B and received incomplete data from company A. Of the ten cities selected, only
four cities had weather data. It was decided to refuse the services of company A. Therefore,
it was decided to write a program for web scraping of the weather forecast site. Python and
the BeatiufulSoup library were used. The use of weather data is necessary as one of the
attributes for machine learning algorithms, for example, for random forest regression.
For the problem of distribution of goods to the shops of critical information is the volume
of the store. Knowing the maximum capacity of the store, you can forget about such
problems as store overload and penalties associated with this. Direct data on the capacity of
stores in the company was not. The option to go to each store with a tape measure and
measure its volume is extremely time-consuming. Our technique is as follows:
e Determine the size of the boxes in which shoes are delivered to stores. This
information can be found in SAP BI;
e For each day, sum up the amount of residues in the store. Knowing the size of his
box for each article, calculate the total volume in cubic meters;
e Find the day for each store when the volume occupied by the shoes was maximum;
e Interview senior store managers to clarify the results and get an expert opinion.
In the first step, we obtained the types and sizes of boxes that are now used to store shoes.

Dimensions are in millimetres.

Name of box Length Width Height Cover height
D15 294 120 100 35
D17 291 158 98 35
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D30 320 295 108 45
D34 365 310 108 45
H17 325 182 110 40
H18 350 250 133 45
H-22 349 220 131 45
H18-H 349 189 131 45
H18B 365 275 135 45
H24 329 230 113 35
S45 445 300 108 50
S55 550 305 112 50
S49 500 300 110 50
S56 650 310 120 45

Table 6.5: Shoe box specifications

After that, a table was created with a melon about the workload of stores. There are three
large columns in the table:

e The number of unique articles;

e Total stock of shoes;

e Volume of total stock in cubic decimeters.
In each of the three large columns, there are 12 columns defining the value of the large
columns for each month in the past 12 months. Each store is represented by five lines. The
first four lines show the value of the columns for all-season, winter, summer and warm shoes
for a specific month. The fifth line is the sum of the previous four cells. After each large
column there is a column called “Maximum Value”. Thus, for each store, we learned the
maximum number of unique articles that were in the store at one time, the maximum value
of the stock of shoes in the store and the maximum value of the occupied volume in cubic
decimeters.
After that, the resulting table was transferred to senior store managers to get their opinion
on maximum volume figures. Back we got a table with the maximum allowable amount of
shoes in stores during the summer and winter season. Column F shows the maximum
capacity of the store during the summer season, column G shows the maximum capacity
during the winter season. The columns highlighted in yellow show the month in which the

stores were reset. In the future, we focused on the figures obtained for the maximum capacity
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of stores, expressed in pairs of shoes when solving problems of distribution, replenishment

and transfer.

50



I T I O e R O L O O O O T R R R R T O O T R D T
e [ b frr foos  [wass  [oor  [eme |z |ms | | EG v v v I* st [rar [z mr fmer |we  |w [re e
wes (T fuest fwes  acr [wr [wr [t e s fere fmemr [ fsor o fmer omn jmr fw o jw i i & G & s [ (me
LSS (BILLL O[S [TdD [eSSER [GRSEL  (WTET  |MAIT  |MRIT |MMEAT  |LSOT  [WTedT  [RULT I N (L L L L LU UET  MT [T [SHT 1091
R I A L L s L L S L L I LA Ligdd B E IR il A LA aTy [ETTE ues k] T ¢
e i o o R I N N N e N I T T R e o umr e [
5T 45T BT |SSTT [N |MOOL |PRE [BROL (656 (PR st 351 jEst a3 | ad |87 jrTe Far L M5 1 cr 1 115 jur [ 155
sz min oo feer et e e e fer s fmrs feee Joer fsor fmor s Jmin o fn [ i " " T T
TRLEL O (SSREL O SITID [OTORL |MTOT  |SWRAD[SSSLD [BORSL AL OWTD [LSID O [MALID |ITET e TELE L WT T ILIT  [MET  [MET WIT (SWL 5a 1 551 [b1e 1 1z
I T T L (e e e O L o (L L S S T T I L L L L L
e O e e L e (L L L i L L 976 Ll 598 st a1 18 [ors ons 117 T T [t 1 |7 loog
8T ks [MTT  |MTT  [miR (WSO [TEROD WTIL O |45RR [TME [ 1 Tt [sidt i i i |4TE jiTE [FiEt jars L #551 5Lt 151 s Tt 452 il
T T T R O - S W [d [mes  [mer fwrn fewr fmer [ [ o jux it i e & s fur e
st (west [meae [owe [eeer [oser wior [meer [est [est [feRs [eer7e  [oper  [sen  [PWE |WRE  [WeT ST |87 [T [T [sIST [T [T [weT  [9sr |we
IRET (OLOF [P (UTTAT [FOE 04T [MEET  (SIRAT |DIRAT  |STSET  [TWST  [ISTT [SISF JOETE 157§ bk UTr ST A ik il Liadd L E o T 18T [mET WL
iy [mes  [mes  [mes  [wrs  [wEr  [mEe  [wEe  [swe [wee  [wemd Wm0 [y s e [we  [ws |ws | |me  |md w0 18 ERCEG]
s ozt [MIT  |oFET  [s§1 R0 L A L I sl ki s 1 &g 1&g g [THE e ik jicqt add sore utd ur L \ i
e NS & &l £l | ise fese fmr o Jme Jwe Jws e |t s s s s i e [me
EATTL BTl [SSREL |MOSL  |OFDIT (RSSO |SBOSE  ((SESE (6NSEL (TPPTL RN [EWES [T [SERE licdd 08 1 R A s L L S A 2 kil 185 1 it i
i I o L I L L L L L R L e O L LA L (T5 E k] A Wik A sl Liadd 199 % W LT et [rivt
I I T O I A A e N I O I O O I T O A A I T
L UE J#51 £ jies [ure  [wrs [sME (SI56 |EISU MIT | i jitr 1 15 5 &5 hed ik s el e ert 55 |£EF e i i
mru [mu fmu eer [w [mr [mr [mr w0 [wes  |mes e |w mw o e e [ |6 3 o o o o e e fesr
N T T N T e N T O O O A O O R A A A A T R T C O E T O
e e i e N e A i T L T I T T T A N T T e
Fi65  [me (@RS (6T |wsr  [seT [mel  |mRT (WEL 0 [wWE [wes  [ome [ 165 e s o5 b s 151 ot vt 25 EIE T T
kg kg e o Tz ¢ (43 s TREEOL (IS akd et 551 st i e i i [ et jret Tor L BS L BT Y i et i 15
N T O O O T e O T T e 0 0 M M m m o Jws e e
e L T N N N N N G N I I R I O T O T T T e
wwselwn o fwe fwe [we fwn e e o e e fmr Jwsr fmr o _., i i i o o ] i s i fsrs
o5 9 s [ | Jor
oz st i futr e fine
] e [pe [rm Jret
e i L I L L L T L L T T L I s oA L L L L L a3 Fror  jsE By (ST RS ik Lkl ikl it
(2GRN G T U L T 35T ¢ B £ 08 (TATHL fTRTL pRITD Jaat £LL (844 2L i s e cad it5 (595 Ll ug [t ed [HE
EFT(WST [IST ST [T L L L e i 13 55 1 s il |£5F 58 i L1 Tt Te5 1 sl 5+ L had jsae e |55
P61 (esESL (AL MR |TRE 05 € ladd Ter s ek L L G ald ladd i Tt ki ad i s ad kid i il i
BRI N ) T O e N O N I I T N EE T O T I ET
sosor (e [sme fser fmri fmost [wesr [ser (muw (e [s [reee s Juze fwEe eme e [Eee [mEr o [mor feer svr e fmer feer TS
G |mat  jwam  [mas  [mEl [wer  [mer  |mie |mear |wmin [wen mm [t |we e jme @b e i | et oot e e e wr |
war  (mar  fwer [T [ [swe  (wTor [waor  |weor  [a® (T [T [ss1 sy o |en wo e e st s fmr fmr fmer e o i
EIL (eIl [SCRL R [1SE i L ki il 675 O L e L L L o L ] il I3 5 5 5% i 675 g [5ie
wpze  [srst [mowr [ssest [eest [oest fomer femst [sser [omest [mest foese [ror [ewr [war (mer [mer Jurz ez e [eer ez fwer Jmer e iz i
BLTE (TTSOF (WSS IF  [TOMHT  [TSOMT WY |LISLT O [ISEST [IMMRT (SEEST  [WMST [SMAAT [SRIT T+ £ 161 £ o8t £ t1td3 18T |sT jTeL s [58L F I5FE |05 £ [£0 £ [T |sF 1671
] 591 & |T5r L (559|685 120 5 s 98T 5 AL L L <t 1) 5% 855 szl 5% [f19 3 i e i 5 s (28] [sid d
85 1 sl it o 1 ki L L i 0589 |(§ il i [Fert il Wid kid g iad it 5 1 idd i sd i3 i \aid
FELTLSEOL o forg il i T2 sl s i |30 5 jFs L i i s iad ik il T it i il 5T il Ll sl
N N N N T T I N N T N T L ST 2T T I I D
I L e T L L e L L L L L I L L L T L L L LS [trs ikl didl (akd ekl st Wikl [FrEt
g [wes e [eee ey [ser fisee fowr jmas [ewm fsom Jew fmer fme lm s o fwe EECS B (me [mar us fum
wr lmEo o [war  wre  [wo [wes eme [ mer e I = &5 65 e I T s m iz e
wEmt e fwin [wgo [ | | e G T O O T o 3 o 65T E S
sz |wRs (e (s [mss [emrst  [WTS [TO0 [WOEL [GWOMD [SEND [eeER[sTET [WRE O [aR (SRR [BTE @Al |wel (97 [far  [sT I T T
eves [sesr [wow [owar fenar [mswr [wemr |wesr wis (oo [wer [mem |mor  Jeste igrs  lames  [mer  [eer [mme |emr [mme mes  [mer [ [
T T N O T T N N T G 5t o ke [ [ it 57 e [ fms [T
o [ E B E GO N ED I L L T t = e mar [sEmr fmsr o fmse G s it
e I I I I I T EEEEEE M M 0 i «: s s |
soor [sEa more [imer [z [mes jwrm [wes e femr feer fmer Juee e fus
o w o v o Ny Wy W w L L] w L x v w z A H "n A n 1 5




T0BBE |6LCF 6ELE £BLE B6LE $G6 £ BIGE 0ECE L0EE b8 E 6EE b 6LCt PET b 6TEE 0£0E [Tias g 0Lt 0025
¥RLO0T  |vc8 31 fa¥i BZL 11 LEL 313 i 608 60E £0L 18 ¥C8 08¢ cgz ke
CROTT |£E8 1 16 16 16 26 St 1101 coT 1 551 118 1 EEB T S1E 1 602 012 #E
88GaT  |T0ET g9z 1 1021 B9Z T ESE T 08L £T £T ET £t £1 z1 6+C #5C #9E
9oHoT  |s0z T 1391 51 0TL T 898 1 coe 1 968 1 068 1 126 1 S0Z 2 0E0 2 656 T 0L 1 s11 2 ¥iL E
CCHGE (00 F CCEE BBEE TCEE 06t £ BICE PECE 68C £ 05Tt £66 £ 00Et 076 £ 060 £ 06T £ LEF T 00ZE 00TH
Qe 1T 126 0F3 £F9 2+ 159 L1 198 £9E 89t =1 964 126 988 8cg Zie =
£I06 115 1 7z zz 1z 12 DET 128 ci01 0Lt 1 BLF 1 115 1 cH0 T 6 6 £6F
CZacr  |ozT T 86T T 0ZET T FAL 0T 009 L1 L1 L1 Fas L1 L1 £6C 9 Leg
786/T |seEZ CEF T E0C T C95 T F{ TE02 EET T DET E SeET 0ET 2 9802 £F6 T 61C T cos 1 68L e
BPIOF (96T ¢ TL6E v (7433 96T & (1487 vBr E 00'0 00'o oo'o 00'o oo'o 00'o oo0'o E6TT 00Z¥ 008
COZOT |e26 164 474 E18 teB 526 89. £7z be
T81¢ L1E 062 062 062 162 (=74 L1 z6
088CT  |eb2 1 860 1 T 1 BBT T 6¥T 1 cE6 168 zcE
B6EVT  |s002 E6LT 1081 £88 1 BT 061 8002 £EC e
LIv9E  (ISTE 09EE CIvE CECE 60 B0t [{144 LBLE 56 € 60 IB6E 00'0 00'0 00'0 0L T 005E 000
QETOT | i¥6 624 (44 col 6LL it6 189 182 06z 262 00g £+2 ke
TSTZT  |eve T 91 o1 o1 o1 ZET S0E T 195 1 8L T £06 T P61 134
08TOT |61ET ST 1 6IE T coT 1 626 +63 I
¥80LT |80z BEE T CCET 6C9 T coe 1 BOE T 997 7 626 T 188 1 668 T BEL T £+9 KE
860TF |6ZZC 620t 60t 8Tt 60T t oIt ¢ coot 0B E 0BEt 0EL b 62T G CBO b 06 £ BEBE 650 T 000t 005t
[OEET  |eb0 1 cBL [:14 #08 £28 ZE6 182 4 z0g cog 848 6¥0 T cI0 1 800 1 FHE ke
6/9TT |9%02 8EZ BEE £+2 e BLZ 156 BEE T 129 1 968 1 9902 9EE 1 (441 1A £8C
EZLOT (imTT P Fi-r AN 1221 ¥IT T ETL o ir ir ir it 34 89, ze8 968
[060T |88z 6CL T ¥9L 1 0S8 1 Ci6 1 E6T T 1422 026 1 s1z 2 88% T BEZ T 152 2 561 DEB T 06L E
LITHE (820t 65T € I6Z £ 8T E 0ZEE G6EE 9Tt € 6T E 8BLE IEB £ B0t 0 E CELT LITE ETET 00EE 004E
£950T  |e18 ¥ZL 8zs LEL 8rs s £8g 9EE LEE BEE ZTL fas: teL 678 TLZ dannduen g
OFTOT  |019 1 L1 L1 81 81 0T+ 0T c8T 1 zZL 1 018 1 PECT 610 1 3E 3E 128
COTST (2911 CET T 85T 1 FITT ca0 1 0oc 01 1 11 1 z1 6 ¥ac ¥ L
{8SPT  |81671 ELET BLET BIF T 69F 1 BEL T BFLT 124 T BTG T TLBT 0z8 1 #8951 1ZE 1 88c 1 8{9 e
. . Ep 4 0Z BOH = 0Z LMO & 0T HID |« Ep 4 0Z UYK| « |02 duy |~ EE»
g o il
B n09 = o086
< < edeu g AL = 0
O qauEe 0
MY v HY oy ELd El v av w Z A X M A n El

diHat #wadageH mxedegey p1120| ZE

diHa Hixadagey § 2 If
dunaf Hwadagey § E 0s
dinaf Hwadaged § : (=4
dunafy Hwadagey § e a7
&.-.:m__._ ._Em&wcm_._;iﬂwm: 60T£0| (T
dinaf Hwadaged § B az
dunafy Hwadagey § e (4
dunaf Hwadagey § E ¥z
dunaf HwadageH § B £7
dial]  aHeeey vA ‘anesey gers0| 77
diHal  gHesey eze Iz
diHa aHesey eze 0z
dival]  aueeey pzE 6l
diHa  gHesey eze ar
diHa]]  9HEERY vA ‘anesey ggrs0) /T
dival]  auesey pzE a1
diHa  gHesey eze cT
diHa  aHesey pze $T
dival]  gHesey BzE £T
diHaj]  9Hese) vA ‘awese)y ZoTLo| 71
divaf]  aHeeey BEe T
dival]  aHesey EzE o1
diHal  aHesey eze 6
diHa  aHesey pze 2
diHal] RaLaWALY ssatewavy goTL0| /
dlHa ssalawary Q
diHaf lealawary BB C
divaf] imalawary ¥
dlHa salawary I
« lewnry (| Todog| . 7
1

52



Also, the department of transport logistics provided us with data on lead time for each store,
if distribution occurs from finished goods warehouses. Of course, we collected and worked
with even more data, but we are not sure that the data will be needed in this thesis, so we did
not describe them in this chapter. If any additional data is needed to solve the problems we

are faced with, then we will talk about this data in other chapters.
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7.0 Selection and development of a forecasting method

By systematizing what is written in the literature review and research methodology, we
concluded that we will use time-based methods to forecast demand in stores. We will test
on our data using the Random Forest Regression algorithm. To begin with, we must prepare
our data for working with time series and add lost sales to the data.

To estimate lost sales, we used SAP BI features. Now in SAP BI you can calculate the
average value of the weekly sales rate. We also have the remnants of the goods in the shops
every day. We tracked down the daily balances when the item is not in the store. For
example, consider the article X, it refers to the spring collection, the active sales of which
fall on 4-23 weeks. Only 20 weeks of active sales. Moreover, a report from SAP Bl showed
us that the average sales rate per week for one store of article X is 2 pairs of shoes per week.
From the history of balances, we see that in store Y from 20 active sales weeks, 8 weeks of
item X were not in store Y. Therefore, we estimate lost sales of item X in store Y in the
amount of 16 pairs. These 16 pairs of lost sales were randomly added to a copy of the sales
history data. This was done in order to predict not sales, but demand. Therefore, we made
this assumption in order to imagine that at any time in the store can satisfy customer demand
100%. So, let's proceed to the preparation of data for forecasting.

7.1 Data preparation

Let us remind you that we have sales data for each store over the past three years. The
estimated value of lost sales has been added to this data. So now we have the right to call
our data historical data on demand in stores.

For our algorithm, based on predicting the time series for each store, we need to bring the

data to the form shown in Table N.

Date y
2016-02-16 20
2016-02-17 29
2019-03-04 17

Table 7.1: Sample data for prediction
The values in the y column indicate the number of sales (including lost sales) that occurred

on February 16, 2016. Let me remind you what our demand data now looks like after
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transferring them to csv format. First of all, we need to remove products that are not shoes
and remove columns that are redundant in time-series forecasting of demand. Figure N

shows the code that performs the operations we need. We used the Python programming

language, the Pandas library, the Jupyter Notebook development environment.

(=D B I T T e T R S

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
a5
36

A B
0,1,1,"MOAOLK GMPM.
1,1,1,"NMOACLUK ®HPM.
2,1,1,"MOMAOLK OHUPM.
3,1,1,"MONOLK @UPM
4,1,1,"NMONOLK GHPM.
5,1,1,"MOMIOLK GHPM.
6,1,1,"MOMNOLK OHMPM.
7,1,1,"MOMAOLK @UPM.
8,1,1,"MONOLK ©UPM
9,1,1,"MOMOLK ©MPM.
10,1,1,"MONOLK GMPM

11,1,1,"MOAOLK @MUPM.
12,1,1,"MOAOLK ®MPM.

13,1,1,"MONOLK ®UPM

14,1,1,"NMONOLLK ®MPM.

15,1,1,"MOAOLK @MPM

16,1,1,"NONOLK GUPM.
17,1,1,"NOMIOLK ©UPM.
18,1,1,"MOMOLK GMPM.
19,1,1,"NOMOLK ©MPM.

20,1,1,"MOAOLK ®MPM

21,1,1,"MOAOLK ®MUPM.

22,1,1,"MOACLK ®MPM

23,1,1,"MOAOLK @UPM.
24,1,1,"MOAOLK @UPM.

25,1,1,"MONOLK ®UPM

26,1,1,"MOACLK ®MPM.

27,1,1,"NONOLK ®1PM

28,1,1,"NONOLK GUPM.
29,1,1,"MOMOLK ©UPM.
30,1,1,"MONOLK ®MPM.
31,1,1,"MOMOLK GMPM.

32,1,1,"MOAOLK @MPM

33,1,1,"NMOAOLK ®MPM.

34,1,1,"MOACLK ®MPM

@ D

MAFA3KMH Nel yn.
MAFA3KMH Nalyn.
MAFAZMH N2l yna.

. MATA3WMH Nol yn.

MAFA3KMH Nel yn.
MAFA3MH Nal yn.
MAFA3KMH N2l yna.
MAFA3MH N2l yn,

. MATA3WMH Nel ya.

MAFAZMH Nol ya.

. MATA3WMH Nalyn.
MATA3MH N2l ya.
MATA3MH Nelya.
. MATA3MH Nel yn.
MATA3KMH Nalyn.
. MATA3MH Nol yn.
MATA3MH Nelya.
MATA3KMH Nelyn.
MATA3KMH Nalyn.
MATA3MH N2l ya.
. MATA3MH Nel yn.
MATA3KMH Nel ya.
. MATA3MH Nalyn.
MATA3MH Nal ya.
MATA3MH Nelya,
. MATA3MH Nel yn.
MATA3KMH Nalyn.
. MATA3MH Nol yn.
MATA3MH Nelya,
MATA3KMH Nel ya.
MATA3KMH Nalyn.
MATAZMH N2l ya.
. MATA3MH Nol yn.
MATA3MH Nelya.
. MATA3MH Nalyn.

E F G H | J

|JQﬁHOP#HOPNUMﬁHOPNAMEARTﬁEASONﬁROUPMM&HZEKOL&ALEﬁATE

" BW-1028, , ,0.0,1,2016-02-16

",GR17, ,HeHcHKe, 0.0,1,2016-02-16

",KS1001-01, , ,0.0,1,2016-02-16

", 141001, 31umMHAA, HeHckue,35.0,1,2016-02-16

" 15C1456 2/40/6EPOH3, HMeHckme,0.0,1,2016-02-16

" 1635000, YTenneHHan, eHckKe, 39.0,1,2016-02-16

", 1635041, YTenneHHan, HeHckme, 39.0,1,2016-02-16
",1637162/1,Bcecesonnan, enckne, 38.0,1,2016-02-16
HommyHMcTMUeckan, a.13a ", 1637511, BcecesorHan, enckme, 38.0,1,2016-02-16
HOMMYHMCTMUECKAA, A.133 ",216072, /IeTHAA, My#ckMe, 44.0,1,2016-02-16
KommyHMCcTHUeckan, 4.13a ",238100,/1eTHAA, HeHckue,38.0,1,2016-02-16
KommyHMcTHueckan, a.13a ",238165,/1eTHan, MeHckune,38.0,1,2016-02-16
HommyHMcTMUeckan, a.13a ",238375,/leTHan, HeHckme,39.0,1,2016-02-16
HKOMMYHMCTHMUECHAA, 0.13a ",330605,3MMHAA, HeHcHKe, 37.0,1,2016-02-16
KoMMyHMCTHUECKaA, O.13a ",410051,3MMHAR, My #ckie,41.0,1,2016-02-16
KommyHMcTHUeckan, a.13a ", 410095,3umHAR, Myckne,40.0,1,2016-02-16
HommyHMcTMueckan, a.13a " 413096, 3umHAR, My ckme, 44.0,1,2016-02-16
HKoMMYHMCTHMUECHARA, 0.13a " 437172, Beece3oHHan, HeHokMe, 40.0,1,2016-02-16
KoMMyHWCTMUecKaA, 4.13a ",445001/6,YTenneHHan, eHckme, 43.0,1,2016-02-16
KommyHMcTHMUeckan, a.13a ", 445010,VTenneHdHan, HeHckme,37.0,1,2016-02-16
HommyHMcTMUeckan, a.13a " 445010, VrenneHdHan, HeHckme, 38.0,1,2016-02-16
HomMmMyHMCTHMUECHaA, 0.13a ",5C3134 P27, ,My:ckue,0.0,1,2016-02-16
HomMmyHMCTUUECKaA, A.13a ",526071,BcecesoHHan, Myxckue,41.0,1,2016-02-16
KommyHucTiueckan, a.13a " 547037/1,Bcece3onHan, MeHckne, 38.0,1,2016-02-16
KommyHMcTHUeckan, a.13a ",925000,YrennedHan, Myxckme,44.0,1,2016-02-16
HommyHMCcTHMUecHanA, a.13a ",BW-1097, , ,0.0,1,2016-02-17

HomMmyHMCTUUeCKaA, 4.13a " KAOEMM 40CM, , ,0.0,1,2016-02-17
KommyHucTiueckan, a.13a "..015D?_,fDl,Bcece3GHHaﬂ,Mymcme,46.0,1,2016—02—1?
HKommyHMcTHUeckan, a.13a ",016200,BcecesonHan, My cume, 44.0,1,2016-02-17
HKommyHMCTHMUECHaA, 0.13a ",037501, Bcece3orHan, eHckMe, 38.0,1,2016-02-17
HKOMMYHHMCTHMUECKAA, 0.13a ",138300,/1eTHAA, HieHckKke,40.0,1,2016-02-17
KommyHMcTHUeckan, a.13a ",15C1456 3/40/BEPOH3, ,}eHckwe,0.0,1,2016-02-17
KommyHucTmueckan, a.13a ",1632002/1,¥TennexHan, Heuckme,40.0,1,2016-02-17
HommyHMcTMUeckan, a.13a ", 1635005, YTennexnHan, HeHckuwe,39.0,1,2016-02-17
HOMMYHMCTHMUECKAA, O.13a ",195101, ,,0.0,1,2016-02-17

KommyHucTueckan, o.13a
HommyHMCcTHUECKaA, 0.133
KommyHucTHueckan, o.13a
KommyHucTHueckan, o.13a
KommyHucTueckan, o.13a
KommyHMcTUUEeCKaA, A.13a
KommyHHWCTHUeCKaA, 0.13a
KommyHucTmueckan, o.13a

Table 7.2: Historical demand data before processing
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def delete rows in csv(path):
"""Removes lines in a .csv file that contain sales of related products

files = glob.glob(path)

for file in files:
data = pd.read csv(file, encoding="utf-16")
data = data.drop(data[data.SIZE == 8.8].index)
del data[ 'Unnamed: 8']
del data['ID SHOP']
del data[ 'SHOPHNUM']
del data[ "SHOPHNAME ']
del data[ "ART']
del data[ "SEASON']
del data[ "GROUPMW']
del data[ 'SIZE']
data.to_csv('Data_for_predict/'+file[18:14]+".csv', encoding="utf-16")

L W W e T e W e W e |

delete rows _in csv('Full data/*.csv')

Figure 7.1: A piece of code to remove unnecessary data
After this operation, we received data containing the purchase 1D, quantitatively purchased
shoes and the date of purchase.

A E
|, KOL,SALE_DATE
13,1,2016-02-16
|2,1,2016-02-16
|6,1,2016-02-16
|7,1,2016-02-16
|8,1,2016-02-16
|3,1,2016-02-16
110,1,2016-02-16
|11,1,2016-02-16
10|12,1,2016-02-16

= = B B = R

After that we need to summarize the sales of the day and change the columns in some places.
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def prepare for predict{path):

"""Permutation of KOL and SALE_DATE columns. Daily sales summation™™"

files = glob.glob(path)

for file in files:

data = pd.read csv(file, encoding="utf-16")

del data[ "Unnamed: &']

data[ 'ds’'] = pd.to_datetime(data[ "SALE DATE'])
data = data.set_index('ds")
data.drop([ 'SALE DATE'], axis=1, inplace=True)

data.columns = ["y']

data = data.resample('D").sum()
data.to_csv('Ready data/"+file[17:21]+".csv', encoding="utf-156")

prepare for predict('Data for predict/*.csv')

After that we get an almost ready set of data for all the stores in the network. It remains to

delete only the purchase ID. As a result, we get what we wanted.

L= = R I s R N L

10

A

E

ds,y

2016-02-16,20
2016-02-17.29
2016-02-18.30
2016-02-19,15
2016-02-20,30
2016-02-21.42
2016-02-22,18
2016-02-23,19
2016-02-24,15

7.2 Forecast Method Description

We use the time series model with three main components of the model: trend, seasonality

and holidays. They are combined in the following equation (Harvey and Peters 1990):

y() =g +s@) +h(®) + &

Here, g (t) is a trend function that models non-periodic changes in the value of a time series,

s (t) represents periodic changes (for example, weekly and annual seasonality), and h (t)

represents the effect of holidays that occur on potentially irregular graphs one or more days.

The term error represents any specific changes that are not related to the model.

This specification is similar to the generalized additive model (GAM) class of regression

models with potentially non-linear smoothers applied to regressors. Here we only use time
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as a regressor, but perhaps several linear and non-linear functions of time as components
(Hastie and Tibshirani 1987). Modeling seasonality as an additive component is the same
approach used for exponential smoothing (Gardner 1985). Multiplicative seasonality, where
the seasonal effect is a factor that multiplies g (t).
In essence, we formulate the problem of forecasting as an exercise on a curve, which by its
nature differs from time series models, which explicitly take into account the structure of
time dependence in the data. Although we discard some important output advantages of
using a generative model, such as ARIMA, this formulation provides a number of practical
advantages (J. Taylor and Letham 2017):
e Flexibility: we can easily adapt the seasonality to several periods and allow us to
analyze various assumptions about trends;
e Unlike ARIMA models, measurements should not be distributed regularly, and we
do not need to interpolate missing values, for example, from removing outliers;
e Thetraining of the model is carried out very quickly, which allows us to immediately
explore the result of training with different parameters of the model,;
The prediction model has easily interpretable parameters that the analyst can modify to
impose assumptions on the forecast. Moreover, the model can easily be expanded to include

new components (J. Taylor and Letham 2017).

7.3 Model implementation

To use the above model in the research department of the company Facebook, a library was
developed containing the implementations of mathematical functions. We were faced with
the task of understanding how this library works, in order to understand how to apply it to
our demand forecasting. This library has greatly simplified and accelerated our work,
because we did not have to implement the mathematical methods described in (Harvey and
Peters 1990) from scratch.

So, first we need to download a file with historical data on demand in the store. We also
decided to remove anomalous days from the very beginning. We considered the day
abnormal if the demand on that day exceeded twice the value of the arithmetic average for
all days of observations. Next, we created an empty demand forecasting model by activating
the parameter of weekly seasonality. After that they added to the model data on holidays and
vacations in Russia and Belarus. After that added monthly seasonality, lasting 30.5 days.
After that, you need to choose how often the forecast we need. You can adjust any period of
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time, but we, of course, are interested in the daily forecast. Planning horizon can be
configured from one day to one year. After that, you can train the model on historical data.

The output is the following Table N, which can be downloaded to the Excel file.

ds yvhat yhat_lower yhat_upper
1146 2019-04-07 42945358  31.045040 54208432
1147 2019-04-08 32012208 20.560192  43.272301
1148 2019-04-09 34246160 21.932629 45579514
1149  2019-04-10 34541470  23.502869  46.532006
1150 2019-04-11 33.852104  21.417881 45633005

The yhat column predicts demand for the date indicated in the ds column. The remaining
two columns are the lower and upper intervals, with which, with a 95% probability, the real
value of the demand will fall.

As an added bonus, if you wish, we can display additional graphs for analytics.

For example, the schedule of changes in demand.
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ds

Changing the trend of daily demand in the store during the collection of statistics.
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2016-03  2016-07 2016-11 201703 2017-07 2017-11 2018-03 2018-07 2018-11 2019-03
ds

It is possible to provide analytics on sales changes during the holidays.

L=

0 i i i
| [ i !

holidays

_20 -

T T T T T T T T T T
2016-03  2016-07 2016-11 2017-03 2017-07 2017-11 2018-03 2018-07 2018-11 201%-03
ds

Weekly changes in demand are available for analysis.

10.0 1

751

50 4

25 1

weekly

004

-2.5 1

=5.0 1

T T T T T T T
Sunday Monday Tuesday Wednesday Thursday Friday Saturday
Day of week

Monthly and annual changes in demand are also available for analysis.
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15 A

10 4

yearly

January 1 March 1 May 1 July 1 September 1 Novemnber 1 January 1
Day of year

2 4

= 0
3

-7

-4

01/01 01/06 0111 01116 0121 0126 01/31
ds

7.4 Experimental (esuits

The prediction error was considered in two ways: cross-validation and demand results in
real life. The cross-validation method is to break down historical demand data into 10 parts.
Training models to produce on 9 parts of the data, and the model must predict a tenth of the
data. After that, the real data and the results of the forecast are compared.

How is a mistake counted? MAPE (mean absolute percentage error) - the average absolute

error of our forecast. Let yi be real demand, §i be forecasted demand. Thenei = |vyi- i | -

forecast error. Then: p; = <

Yi
This is the absolute error of the forecast, expressed as a percentage.
Different stores have different error values. For example, for store X, the error at the forecast

horizon of 25 days was 23.1%. When forecasting for 180 days ahead, the error was 33.9%.
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For Store Y, the prediction error ranged from 28.3% to 34%. The growth of the error is due
to the fact that for the Y data store for training the model was 30% less than for the X store.
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8.0 Description of heuristics for distribution,

replenishment and redistribution

8.1 Description of a heuristic for distribution

Before describing the method of distribution of goods, it is necessary to introduce the
concept of branch. The network of stores of company B are not objects of one company.
Due to Russian tax legislation, the chain of stores is divided into several separate companies.
This was done in order to reduce the tax burden on the company. The main limitation
associated with this way of organizing a chain of stores is that the company should not
employ more than 100 people.
In Belarus, the situation is different. For the convenience of the company, stores located in
Belarus are also divided into separate companies. The criterion of separation was the

geographical location of stores in Belarus. There are 32 such small companies in total.

Company name Number of stores
Company B1 11
Company B2 19
Company B3 22
Company B4 12
Company B5 23
Company B6 16
Company B7 15
Company B8 15
Company B9 13
Company B10 13
Company B11 13
Company B12 30
Company B13 20
Company B14 16
Company B15 9
Company B16 14
Company B17 14
Company B18 6
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Company B19 8
Company B20 7
Company B21 13
Company B22 20
Company B23 3
Company B24 4
Company B25 2
Company B26 5
Company B27 6
Company B28 6
Company B29 12
Company B30 8
Company B31 6
Company B32 10

The exchange of products between companies is not possible directly. The only way to
transfer products between companies is to send goods from one company to the finished
goods warehouse. After that, it is possible to send arriving shoes from one company to
another. Inside the company, the exchange of goods between stores is free. This clarification
is very important for the in-store transfer.
In previous chapters, a method was described of how to obtain historical data from sales
history data. For each season, data on the demand of stores within one company were
combined. The total demand for the whole network for all seasons was also calculated; active
sales weeks for the seasons were taken into account. For each company, the specific share
of demand was calculated on the basis of total demand for active sales weeks for each season.
For example, the production has produced 1,500 pairs of articles for the new seasonal
collection. There is a certain branch X, the specific share of demand of which is 5%.
Consequently, 5% of the total number of article pairs available for distribution are
distributed to the branch. Inside the branch, a store rating is also compiled based on the
following factors:

e Demand data last year during the active sales weeks;

e Store format. Priority for distribution is considered to be shops located in

shopping centers due to the higher permeability of potential customers;
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e Maximum store capacity.

The growth box (full size line) receive the first 150 stores on the top of the rating.
The following 100-120 stores in the ranking receive the most popular sizes. So, if the number
of available pairs of the article was 1500, then at the initial distribution at the beginning of
the season 1050-1110 pairs of shoes would be distributed. 26-30% of the remaining shoes
remain in stock for replenishment during the season.
When the maximum capacity of the store is reached, it is eliminated from the distribution
and is not taken into account in the rating.
Thus, when using this heuristic, the company reduces the factor of influence of the personal
interest of employees in the distribution of goods. This heuristic caused extreme disapproval
of senior store managers due to the fact that they no longer have the ability to influence the
range of the store. Nevertheless, the company approved the use of this heuristic for

distributing shoes throughout the network, starting in the autumn season of 2019.

8.2 Description of heuristics for replenishing stores with goods

There are two possible strategies for replenishment:

e Use (s, s) strategy for inventory management, where S is the maximum capacity of
the store, expressed in pairs of shoes. s (safety stock) - the occupancy rate of the
store is 80%. Replenishment occurs in all stores of the branch. The main condition
is that at least one store from the branch reaches the level of safety stock. Also,
replenishment occurs at least once a week;

e Use a fixed frequency of deliveries, using demand forecasting, calculate how
many shoes you need to fill up in the store.

For both strategies, we need to know the time it takes to make a decision to replenish the
store until you receive the goods in the store (Lead time). The data were obtained in

cooperation with the logistics department.

Company name Lead time, days

Company B1 3

Company B2

Company B3

Company B5

2
4
Company B4 5)
2
4

Company B6
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Company B7

Company B8

Company B9

Company B10

Company B11

Company B12

Company B13

Company B14

0| Nl N N| ©| 0o OO oo O

Company B15

-
-

Company B16

Company B17 6
Company B18 13
Company B19 11
Company B20 12

Company B21

Company B22

Company B23

Company B24

Company B25

Company B26

Company B27

Company B28

Company B29

Company B30

Company B31

Y e ) B R e BN A I SN I O) B O Vo)

Company B32

Our approach is to use a fixed frequency of deliveries for branches, for which the lead time
takes no more than 3 days. Transportation costs for the replenishment of such stores are
minimal. Frequency of supply ensures prompt replenishment of the product range and the
absence of empty shelves. For branches, to which the lead time is more than three days, it
makes sense to use (s, S) strategy for replenishment, since a sufficient number and variety

of assortment is still present in the store. At the same time, funds are not spent on the work
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of transport, which at the same time can serve stores. They are located not so far from the
warehouses of finished products.

So, when using the first strategy, you need to predict the date when stocks at least in one
store of the branch will reach 80% of the maximum. Consider this case on a specific
example. Take Store X, owned by affiliate B12. Lead time for the stores of this branch is 7
days. The maximum capacity in the summer season of store X is 4000 pairs. 80% of the
store's workload is 3200 pairs. It remains to use the implemented method of forecasting
demand in order to find out when the date will come to replenish stocks in the store. Also,
using the data on balances, it is possible to calculate the number of pairs of shoes in the store
on any date of interest within three years.

On March 12, the number of pairs of shoes in store X was equal to 3,560 pairs. It is necessary
to find out after how many days, starting from March 13, 340 pairs of shoes will be sold out.
We use the software to predict how long the sale of 340 pairs of shoes will occur. To solve
this problem, the program has been slightly modified. The sales forecast occurred every day
until the sum of the quantity of goods sold per day did not become 340. The table shows the
projected sales for 25 days, during this period 341 pairs of shoes will be sold out.
Consequently, the decision to replenish the branch should also be made on March 31,

provided that shop X at branch B12 reached the safety stock the fastest.

mean_wval = pd.to numeric(forecast['vhat'][1716:]).s5um()
print (mean_wval

341.8612799888272
In the company, this strategy was approved by the management and accepted for use. The
approach described in the thesis allows us to obtain a general forecast of the demand for
shops and the delivery dates. This information is transmitted to the department of corporate
trade, which determine which articles will go to the store. Which determine which articles

will go to the store.
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ds yhat wyhat_lower vyhat_upper
1716 2019-03-13 12.796391 7.979354  17.928155
17T 2019-03-14 12732164 7.998729  17.933799
1718 2019-03-15 13.567699 8155737  18.721673
1719 2019-03-16 14753316 9.606795 19.611157
1720 2019-03-17 14.768291 9.628375  19.729451
1721 2019-03-18 12712524 7.648052  17.865795
1722 2019-03-19 13.733212 8.625042  13.506533
1723 2019-03-20 13.505159 8.149829  18.167506
1724 2019-03-21 13.371005 8574074  18.818210
1725 2019-03-22 14063589 8940134 19124524
1726 2019-03-23 15007222 9.853050 20.372099
1727 2019-03-24 14759404 9.561665  19.4872092
1728 2019-03-25 12538307  T7.820081  17.541120
1729 2019-03-26 13.545509 8.556165  18.247536
1730 2019-03-27 13.3930338 8.319732 18.669712
1731 2019-03-28 13.200974 7.937443  18.310007
1732 2019-03-2% 13.880993 8023718  19.055542
1733 2019-03-30 14620042 9.403963  19.566546
1734 2019-03-21 14202314 9372212 18.925977
1735 2019-04-01 11.979973 7192059  17.024434
1736 2019-04-02 13.170502  8.218934  17.913722
1737 2019-04-03  13.265397 8.3285814 18.421449
1738 2019-04-04 13.300793 8832119 13.544416
1739 2019-04-05 13.811259 9.021832  19.074847
1740 2019-04-06 14291017 8841376  19.141150

The implementation of the second strategy is easier than the first. For each store in the branch

you need to predict sales in a time horizon of 3 and 7 days. It depends on the frequency of

delivery, which can be 1 or 2 times a week. Also for each store you need to calculate the

current balance of shoes, which is not difficult. This strategy is also accepted for use by

company B.
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8.3 Description of the method for the transfer of goods between
stores

By the end of the season, seasonal shoes run out in finished goods warehouses. The
replenishment stage in the collection life cycle comes to an end. It is time to transfer between
stores. Company B has two types of transfers:
e The transfer of goods between stores within the same branch. We introduce for this
type of transfer the name "small" transfer;
e The transfer of goods between stores not belonging to one branch using finished

goods warehouses. For this type of transfer, we introduce the name “big” transfers.

The complexity of the transfer phase in comparison with the stages of initial
placement and replenishment lies in the fact that now it is necessary to operate with demand
forecasting not at the “shop-demand” level, but “shop-SKU-demand”. Due to the fact that
at the end of the season in stores you cannot find articles with full sizes, you have to operate
with goods at the level of SKU. Due to the number of stores and SKUs, the software must
quickly produce a result due to the high load. Therefore, it was decided to implement
heuristics, which is not computationally complex. For this reason, it was decided to abandon
the calculation of the probability of selling SKU in all stores of the branch and transferring
SKU to the store with the highest probability of sales. When calculating the sale probability,
Bayesian methods are used that are computationally laborious.
The essence of this heuristics is estimated for each SKU. In which store this SKU will sell
faster. If a store is found inside the branch, where the potential sale rate of a given SKU is
higher than in the store where it is located, then an edge is created between the stores, to
which other SKU are subsequently added. The work of heuristics is a graph where nodes are
stores, and edges are those SKUs that need to be transferred from store to store. After that,
for each edge is considered the potential additional income derived from the transfer of a set
of SKU between the two stores. The potential additional income is compared to the cost of
transporting this transfer. If the cost of transportation is higher than the potential additional
income, then the transfer is not made. If the potential income is higher than the cost of
transportation, the transfer is made. Non-redistributed shoes are shipped back to the finished
goods warehouses. For this footwear the mechanism of replenishment of shops works.
It was decided to test this heuristic within one branch with the number of stores equal to 12.

Also, 100 SKUs were selected for redistribution, which are sold in the stores of this branch.
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Unfortunately, the moment of the beginning of the transfer comes May 25, 2019, so the

thesis cannot describe the results of the experiment.
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9.0 Conclusions and future researches

In this thesis, we managed to implement a demand forecasting method based on time series,
which was not previously used in shoe retail. It also developed software that is used by
company B daily. A side effect of solving the forecasting problem was systematized data of
the company, which allowed obtaining new analytical data for company employee.

A method for distributing goods to stores was proposed, based on the demand rating in
stores. The influence of the human factor on the distribution of goods has been reduced. This
method was used in the distribution of shoes from the summer collection of 2019.

Also developed and implemented strategies for replenishing the range in stores, based on
the frequency of deliveries and the use of knowledge about inventory management. Made
integration with software to predict demand in stores.

Heuristics were proposed and software was developed for the transfer of goods between
stores. To test the heuristics in the near future an experiment is planned at one of the branches
of company B.

The economic department has calculated that the economic profit from the introduction of
methods for forecasting demand and replenishment was about 570,000 dollars. The decrease
in lost sales was 2.1%.

Further studies plan to build infrastructure for working with large amounts of data and more
accurate data collection. One of the goals is to reduce the demand forecast error for a large
time horizon. It is also planned to introduce a new methodology for estimating lost sales.
One of the priorities for the future is to optimize the work of production and warehouses. In
the future, forecasting will be made at the “shop-article” level. This will further reduce the
human influence on the distribution of goods. It is planned to introduce article clustering
methods based on analogues based on computer vision algorithms.

In the near term for the implementation of all planned research, it is planned to establish a

data science department, including a group of specialists in analytical logistics.
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