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Abstract

The task of reducing the time for the purchase of essential goods is especially relevant in cases of shortage of free time
of buyers. To do this, it is necessary to predict and estimate the time required to purchase goods. Traditional approaches
based on cartographic systems do not provide estimates and forecasts, but only allow you to build a route to the right
place based on an assessment of the traffic situation. For this reason, the problem of developing a more modern model
is relevant, taking into account such factors as the infrastructural location of the store, user evaluation, and the workload
of the store. The paper proposes an information model that includes such time costs of the buyer as the search for goods,
the route to the place of sale of goods, the purchase of goods. The time spent on the purchase of goods is described
using elements of queuing theory. Statistical and direct methods for assessing the workload and queues in the store are
highlighted. The developed generalized model contains the parameters necessary to estimate the required time using
statistical methods which include traffic forecasting based on user ratings and reviews, analysis of the infrastructure
location and public video surveillance cameras, public Application Programming Interface of stores, and Internet
services. Correction coefficients have been introduced to adjust the estimation of model parameters depending on the
infrastructure location of the store and user ratings. A new information model has been formulated that allows taking into
account the dependence of the time required to purchase emergency goods on the workload of the store, its infrastructure
location, ratings and user reviews. The simulation model is developed in the AnyLogic environment. An example of
using the model to estimate the average time spent on the purchase of emergency goods is demonstrated. The simulation
results are consistent with the conducted experiment in which purchases of emergency goods were made in various
stores in Saint Petersburg. The developed model can be used when searching for the optimal route to the place of sale
of essential goods when planning the construction of stores as well as in the areas of marketing and delivery of goods.
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Information model of the essential goods purchase duration

AHHOTaNMA

IIpeamer uccnenoBanusi. 3agada COKpAIIEHHs] BPEMEHN HA MOKYTKY TOBAapOB MEPBOl HEOOXOAMMOCTH 0COOEHHO
aKTyallbHA B CJIydasx Je(HIUTa CBOOOJHOTO BpEMEHH MOKymaTenael. s 3Toro HeoOX0MMO CIIPOTHO3UPOBATH U
OLICHUTb BPeMsl, KOTOpoe TpedyeTcst Ul IOKYIKH TOBapoB. TpaauIMOHHBIE MOIXO0IbI HA OCHOBE KapTorpaduueckux
CHCTEM HE JIalOT OLEHKH U IPOTHO34, a JIMILIb MO3BOJIIOT CTPOUTH MApLIPYT [0 HYAKHOTO MECTa Ha OCHOBE OLICHKH
JIOpOKHOM cutyanuu. 1o 310l mpuuKMHe akTyanbHOW sBIIseTCs MpodiemMa pa3paboTku 6osiee COBPEMEHHOH Mozeu
C y4eTOM TakuX (akTOpoB Kak MH(YPACTPYKTYPHOE PACIHONIOKEHHUE U 3arPY’KEHHOCTh Mara3uHa, a TaK)Ke OLIEHKa
nonb3oBareneil. Meroa. B pabore mpeanoxena nHOpPMAaMOHHAS MOJENb, KOTOpas BKIIOYAeT B ceds Takue
BPEMEHHBIE 3aTPaThl MMOKyTIATeN s KaK TOUCK TOBapa, MapuIpyT 0 MECTa pealn3aliy TOBapa 1 MOKyIKa ToBapa. Bpems,
3aTpaunBaeMoe Ha ITOKYTIKY TOBapa, OMICAaHO C MIOMOIIBIO IEMEHTOB TEOPHH MACCOBOTO OOCTyKMBaHMs. Brigenens
CTaTHCTUIECKHUE U PSIMBIE METOBI ISl OLICHKH 3arpy>KeHHOCTH M OuepeIy B Mara3uHe. Pa3paborannas o6o0meHHas
MOJIE/Ib COAEPKHUT ITapaMeTphbl, HEOOXOIUMBIE 115 OLEHKH TPeOyeMOro BpEMEHH € HOMOIIBIO CTATHCTUYECKUX METOJIOB,
K KOTOPBIM OTHOCSTCSI IPOTHO3MPOBAHUE MOCEIIAEMOCTH Ha OCHOBE PEHTHHIOB M OT3BIBOB MOJIb30BATENCH, aHAIN3
NH(PACTPYKTYPHOTO PACIOIOKEHUS ¥ OOLIEAOCTYHBIX KaMep BUAeoHaOmoaeHus, obmenocrynusie Application
Programming Interface Mara3uHOB U MHTEPHET-CEPBUCOB. BBe/IeHBI MONPaBOUYHBIE KOIDPUIMEHTBI, TO3BOJISIOINE
CKOPPEKTHPOBATh OLIEHKY MapaMeTPOB MOJAENH B 3aBUCHMOCTH OT MH(PACTPYKTYPHOTO PACTIOIOKEHUS Mara3uHa 1
OIIEHOK Nonb30BaTeneil. OcHOBHBIE pe3y bTaTbl. ChopMynupoBaHa HOBas HH(POPMAIIMOHHAS MOJIEIb, TIO3BOJISIOIIAS
YUHTHIBATh 3aBHCHMOCTH BPEMEHH, HEOOXOANMOTO Ha MOKYIIKY TOBapa SKCTPEHHON HEOOXOANMOCTH, OT 3arpyKeHHOCTH
MarasmuHa, ero HHQPaCTPYKTYpHOTO PacIONOXKEHHs, PEHTHHIOB U OT3HIBOB TOJIb30BaTeNel. ViMurannonHas Moziens
paspaborana B cpene AnyLogic. IIposeMOHCTpHUPOBaH MpUMEp UCIIONb30BAHUS MOIEIH [Isl OLIEHKH CPEIHEr0 BPEMEHH,
3aTpayMBaEMOro Ha IOKYIKY TOBapOB SKCTPEHHOI HE0OXoqMMOCTH. Pe3ynbraThl MOJIEIMPOBAHUS COIIACYIOTCS C
MIPOBEJCHHBIM HKCIIEPUMEHTOM, B KOTOPOM OBLIM COBEPIICHBI TIOKYIKH TOBAPOB 3KCTPEHHOI HEOOXOANMOCTH B
pasnnunbix MarasuHax Cankr-IlerepOypra. IlpakTnyeckas 3HaYMMOCTh. Pa3paboTaHHast MOJIENIb MOXKET ObITh
HCMOTb30BaHA MPU MONCKE ONTHUMAIBLHOTO MapHIpyTa K MECTy NMPOAaKU TOBAPOB MEPBOH HEOOXOAUMOCTH MpPHU
TUIAHWPOBAHUHU CTPOUTENHCTBA MAara3uHoOB, a TAaKke B cpepax MapKeTHHTa M JOCTaBKH TOBAPOB.

KanroueBsbie ci10Ba
MOJIeIb, ONITUMAIBHBIN MapuIpyT, OLEHKa BPEMEHH, KapTorpaduueckas CHCTeMa, MOKYIIKa TOBapOB

baaronapuocTu
HccnenoBanue BBIMONHEHO NpH (pruHAHCOBOM moeprkke Poccuiickoro HayaHoro (onma, cormamenne Ne 17-71-30029
nipu copuaancuposannu banka «Cankt-IletepOypr».

Ceplaka aaa uutupoBanus: Xmronuaa 10.M., Kysnenos /I.A., JlanteB A.A. UadpopmanmonHass Moaeib
MPOJIOJKUTEIIBHOCTH IMOKYIIKH TOBApOB MepBoi HeoOxonumocTH // HaydHo-TeXHUYEeCKHi BECTHUK WH(POPMAIIMOHHBIX
TEXHOJIOTUiA, MexaHuku 1 onTrku. 2023. T. 23, No 2. C. 323-330 (na aHm. s13.). doi: 10.17586/2226-1494-2023-23-2-323-330

Introduction

High congestion of transport routes, a busy work
schedule strongly constrains a person in his right to freely
dispose of his personal time. A person is forced to adapt to
the changing pace of life in modern cities, sharply limiting
his free time. Thus, modern living conditions dictate the
need for rational use of time.

Trips to shops/pharmacies are an integral part of every
person’s daily life. At the same time, the delivery of goods
is not always possible for technical or other reasons.
In addition, according to research!, more than 45 % of
the Russian population has never used delivery services
(Fig. 1).

Studies of the time spent in queues? indicate that on
average people spend up to 9 days a year waiting in line.
Thus, in conditions of a shortage of free time, it is an
unacceptable luxury to waste precious time on everyday
purchases.

It is especially worth noting the need to purchase
emergency goods, such as medicines, some types of
household and food products. In this case, the buyer is

1 The audience of Russian online stores 2021: portrait of the
customer. Available at: https://pemienne-sepHoe.pd/sites/default/
files/2021-10/Uccnenoanue Iloura Poccuu ¢uuan 5 10 0.pdf
(accessed: 20.11.2022).

2 Time spent in queues. Available at: https://rus-opros.com/
about/articles/vremia-v-ocherediah (accessed: 19.11.2022).

keenly interested in speeding up the process of buying
goods. Therefore, it is necessary to develop a unified
mechanism for estimating the time required to make a
purchase to speed up the purchase process and rational use
of time.

In order to purchase an emergency product, you need to
perform the following actions:

— Find an emergency product in stock at the place of its
sale;

— Build a route to the place of sale of the goods and arrive
at the place of sale of the goods;

— Buy goods at the place of sale.

Based on these points, we will analyze existing
solutions that allow us to estimate the time spent on their
implementation.

To date, there are many cartographic solutions on the
market. The study analyzed such services as Google Maps,
Apple Maps, Yandex.Maps, 2GIS, Microsoft Bing Maps,
OpenStreetMap, Wikimapia, Qwant Maps, HERE WeGo3.

Among these solutions, only Google Maps,
Yandex.Maps and 2GIS represent the API (Application
Programming Interface) for software developers, and also

3 Yakubova D.R. Comparative analysis of GIS: Yandex.
Maps, Google.Maps and 2GIS // All-Russian Scientific and
Practical conference “Geoinformation systems in the modern
world”. Available at: http://econf.rae.ru/article/10967 (accessed:
21.11.2022).
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Moscow region

Saint Petersburg
The rest of the cities are
millionaries

Cities 500,000—1,000,000
population

Cities 100,000—500,000
population

Cities lower than 100,000
population

Russia

W Online customers m Offline customers

Fig. 1. The share of online buyers by cities of residence

have the greatest detail and coverage for the territory of
Russia [1].

A study of the proposed services found that only
2GIS has the ability to search for goods and install
their availability in all cities of Russial. 2GIS receives
information about goods and medicines, their availability
and prices in two ways: from the stores and pharmacies
themselves or from the 2GIS Check application, with which
users scan receipts to get cashback for purchases.

In addition to the API of Internet services, the search for
goods and the installation of its availability can be carried
out using the API of Stores, however, this method requires
considerable time: you must first find the goods in the
search aggregator, for example, in Yandex.Products, then
select a store from the suggested ones and go to the store
website where it is already possible to establish the fact of
the availability of goods in a particular store.

As part of solving the problem of finding the optimal
route of movement, popular services (Yandex.Maps, 2GIS,
Google Maps) use Dijkstra’s algorithm? [2]. With its help,
the system calculates the fastest travel option — based on
the length of each segment of the graph and the speed of
movement on this section. If the user builds a driving route
without taking into account traffic jams, then the algorithm
uses the average speed of movement on the site. If the user
wants to know how to get to the place the fastest, taking
into account the situation on the road, the algorithm uses
data about the current situation on the road. However, such
services do not take into account passenger traffic [3] and
cannot accurately predict the time for walking sections of
the route. In addition, the existing solutions do not take into
account a number of significant characteristics of the space
that affect the choice of the route by the user of the system

I Search for goods and medicines in 2GIS: how it works:
Available at: https://web.archive.org/web/20220129021728/
https://help.2gis.ru/question/poisk-tovarov-i-lekarstv-v-2gis-kak-
rabotaet (accessed: 19.11.2022).

2 Routing. Available at: https://yandex.ru/company/
technologies/routes (accessed: 20.11.2022).

[4]. Such characteristics include the presence of pedestrian
paths, openness of space, street lighting, etc.

Among the services under consideration, only
Yandex.Maps and Google Maps provide an assessment
of the workload of the place of sale of goods. However,
this information is represented by a set of relative
values of workload and their corresponding qualitative
characteristics, for example, “average workload”, “a lot
of visitors”, etc., from which it is impossible to make an
estimate of the time required to purchase goods in the store.

In existing studies in the field of estimating the time
spent on purchases, attempts are being made to form a
time model.

For example, in the study [5], the authors assess
the influence of various variables, such as age, gender,
demographic characteristics, individual factors of visual
merchandising, on time costs. It was found that only gender
and age significantly affect the time spent. The article also
notes that the longer customers stay in the store, the more
they will be exposed to incentives to purchase unplanned
goods, and the more they will be delayed in the store.

The study [6] shows the relationship of various aspects
of experience (social, pragmatic, emotional, intellectual) [7]
to consumer engagement. Based on studies of the effects
of these factors, the coefficients of their influence on the
involvement of the buyer and, as a result, the impact on the
time spent on the purchase of goods were obtained.

Also, the study [8] shows the influence of the smell of
the environment on the mood of the buyer, and thereby
affects the time spent in the store.

In addition, an indirect estimation of time can be made
by analyzing customer behavior through the creation of a
Customer Journey Map [9]. Such a map shows the history
of the customer’s interaction with the store by identified
points of contact, such as the application/the store website,
the store delivery services, the store support service, the
store itself, etc.

The analysis of these models shows that they take
into account the signs that are essential for daily visits
to stores when the buyer is not limited by the need for
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urgent purchase of emergency goods. Such models can be
used to predict the time spent on buying goods in a store
based on the free nature of his visit. However, these models
cannot be applied in predicting the average time spent on
the purchase of emergency goods when the buyer is not
affected by the involvement in purchases, but is a rational
buyer.

Thus, existing cartographic solutions and developed
models in the field of estimating the time spent on the
purchase of goods cannot fully provide the calculation
of the average time required to purchase an emergency
product. Therefore, it is necessary to develop a model that
allows you to estimate the specified time.

The model of the average time spent on the purchase
of goods in the store

The time spent on the purchase of goods in the store
consists of:

— Time spent on service at the checkout;
— Time spent waiting for a queue.

To estimate the time spent on the purchase of goods,
we describe a scheme for estimating this time in terms
of Queuing Management Systems. In this case, the
store service system in Kendall’s notation [10] will look
like M/M/S — a multi-channel CFR with an unlimited
queue [11]. Such a system will be characterized by zero
probability of denial of service p,,,, = 0, service probability
O = 1, absolute service efficiency 4 = A and the number of
n service channels with service intensity . The relationship
of the parameters of such a system is shown in Fig. 2.

The time spent on the purchase of goods will be the
service time of the application (buyer) in the Purchase
order. Thus, the required time will be calculated according
to the formula:

where 7, — average waiting time in the queue; Z,,;c —
time spent on servicing one customer.

The service time of one customer will depend on the
time spent on processing a unit of goods — 7,,,,., quantity
of goods in the basket — k,, and the time spent on other

actions of the cashier — 7,

Lservice = tproc x kg + Lother- (2)

The time spent on processing a unit of goods and
other actions of the cashier can be estimated by empirical
observations and data from electronic cash registers!.

The average queue waiting time can be calculated by
the formula:

Lque
tqueue: s > (3)
where L, is the average queue length, A is the intensity
of the input stream.
The average queue length is found by the formula:

n+1

p
Lque: 2 X Dos (4)
.
nxn! x|l—-—
-

where p is the load intensity calculated as:

Iy
p=" ®)
u
and p,, is the probability of finding the system in the initial
state when all service channels are free and determined by
the formula:

I What I Would Do With This: Groceries. [Electronic
resource]. Access mode: https://blog.mrmeyer.com/2009/what-i-

Tqueuing system tqueue + Lservices (1) would-do-with-this-groceries (accessed: 22.10.2022).
Store service system
| y
u

| |

A | & Outfl

> Inlet flow > Queue P 2 uttlow
i [} | . :
: : | tse)'vice
| "
|
: Service channels |
- e | Lgueest L _J tproc [Time spent on processing
a unit of goods
Statistical methods Direct methods Drer=0,0=1,4=00=1% k Quantity O’ f goods
) ] )
Plaad(t) kcush kque .
Lother Other actions
) Internet of the cashier |
Store traffic analysis Stores API| | Services
API

Fig. 2. An information model for estimating the average time spent on the purchase of goods, where: },,. — predicted input flow rate;
A, — calculated input flow rate; p,,,— probability of denial of service; T,,, — queuing system spent time; K — quantity of goods
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(6)

where k= 0 and is the number of applications.

Thus, the average queue L, can be found based on the
intensity A of the input stream, or can be calculated using
direct queue estimation methods that directly count the

number of visitors in the queue.

Total time spent on the
purchase of goods

T, travel

A

Time spent on travel to the
place of sale of goods

To estimate the number of people in the queue, you
can use direct methods that allow you to give accurate
data on the number of people in the queue k. at a given
time. These can be store APIs (if available) that allow you
to access calculated data on the number of people in the
queue, or access video cameras to make such a calculation
as well as Internet service APIs that implement these
calculations and provide quantitative information about
the cashier’s workload.

Obviously, the number of people in the queue is
proportional to the workload of the store. Thus, for a

Tpurz‘haxe

Time spent on the purchase
of goods in the store

| | Estimation of the number of
people in the queue

kcust, kque

Direct methods

f

T

yait N‘/i(‘e
T}\‘ T S Tsearc'h
Time spent waiting in the Time spent on service at the |«
Passenger Internet queue cashier
flows Services
estimation API N Lservice |
S S P S R T [ G P S G I R — . t
[ I | [ Time spent on processing a | ‘rroc
|| Time spent searching fora || | unit of goods
Number of people in the

l good Il peop Store workload ] ] kg
| [l queue | Quantity of goods
| T T I i i |
| 1 | b s sl —sepenas i s s s ] . « Lother
| nternet I K Other actions of the cashier

Stores API Services || qye.est cust.est
: API ||

Estimation of the store's
workload

P load(t)

Statistical methods

1
l
]
1
i |
l
1
1
|

Traffic forecasting

U S

kest.street(t)9 Vinfs Veust

Store traffic analysis

Internet
Stores API Services I—L
API || :
__________ |
kest.street(t)

Veust

Vinf

Keust.street Short-term analysis

Analysis of public IP video
surveillance

Keust.sireed(t) Long-term analysis

Ratings and user reviews

Infrastructural location

Fig. 3. Information model of the average time spent on the purchase of goods
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qualitative assessment of the queue L, .y, you can use
the methods of assessing the workload of the store. Such
an assessment can be carried out using direct methods
that provide accurate data on the number of visitors to the
k., store as well as using statistical methods based on the
analysis of store attendance, giving a probabilistic estimate
of the P, (f) of the store workload at time ¢, on the basis of
which it is possible to quantify the workload of the K, .-

Traffic analysis is carried out by collecting and
analyzing data from publicly available IP surveillance
cameras. At the same time, an instant data analysis is
possible, estimating the number of people on the &, sreer
street next to the store, and a long-term analysis that allows
us to judge the seasonal and daily quantitative visits to the
kcust.street(t) [12’ 13]

In addition, when predicting the workload of the store,
it is necessary to introduce coefficients that provide an
adjustment for the rating and evaluation of users r,,,, and
an adjustment for the infrastructure location of the 7,

The presence of these coefficients is explained by the
dependence of the store attendance on the quality of its
reviews and ratings as well as on the infrastructure location.
Obviously, the more positive the reviews and the high
rating of the store, the greater the likelihood of its high
workload and with the help of infrastructure analysis it is
possible to determine the alternative of the buyer’s choice.
For example, if there is only one pharmacy in a certain area,
you can make a forecast about its high workload.

The time spent searching for a product is calculated
based on the time spent using the API of stores and online
services to search for a product. The specified time can
be obtained, for example, by averaging the results of the
experimental search time for a certain product range.

The time spent on the way to the place of sale of the
goods is calculated based on the assessment of passenger
traffic A and the way S provided by Internet services. This
time can be obtained from cartographic services such as
Yandex.Maps.

Based on the above, we will build an information model
for estimating the average time spent on the purchase of
goods (Fig. 3).

The average time spent on the purchase of a product
will be defined as:

T, aver T, search +T, travel +T, purchase* (7)

The presented model reflects the main essential
parameters necessary to calculate the average time spent
on the purchase of goods.

Based on the data collected in the web version of the
2GIS service using the Selenium WebDriver software
library, using model (1)—(7), we will build a simulation
model in the AnyLogic environment [14] (Fig. 4) to
estimate the average time to purchase essential goods for
the following conditions:

— Product search time varies from 1 to 5 min;
— Travel time to the place of sale varies from 10 to

40 min;

— Shop 5 support services;

user search way

o——1IF—

queue selectOutputS

cashdeskl gk

mans_flow

Fig. 4. Simulation model of the average time spent on the
purchase of goods developed in the AnyLogic environment

— The speed of customer service at the checkout from 40 s
to 2 min;

— The incoming flow of applications is characterized by
an exponential distribution.

These conditions are typical for the places of sale
of essential goods of one of the pharmacy chains in
Saint Petersburg.

As a result of modeling the flow of users buying
emergency goods for 10 h (the duration of the pharmacy),
we get the dependencies shown in Fig. 5 and 6.

For this example, the average time spent on the
purchase of emergency goods was 1935 s. The average
queue length is 10 people, the average waiting time in the
queue is 340 s.

To verify the simulation results, an experiment was
conducted in which 10 control purchases of emergency
goods were carried out in various stores. The results of the
experiment are presented in Table.

The results of the experiment show their consistency
with the simulation data based on the proposed information
model.

30

Rate, %

10

0 1000

2000
Time spent buying item, s

3000

@ Time spent buying item: 1942.22 s

Fig. 5. The results of estimating the average time spent on the
purchase of goods using a simulation model developed in the
AnyLogic environment
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Rate, %

1000
Average queue time, s

. Average queue time: 34291 s

Fig. 6. The results of estimating the average queue length using
a simulation model developed in the AnyLogic environment

Thus, if the necessary parameters are available, using
the proposed model, it is possible to model the user’s
behavior under certain conditions and, using the data of
cartographic services on the travel time, estimate the time
required to purchase an emergency product.

Conclusion

Based on the above, it can be concluded that the existing
models do not fully reflect the nature of the behavior of the
buyer of the emergency goods. In addition, they do not
take into account the overall workload of the store and
the length of queues, their impact on the time spent on the
purchase of goods, but only allow you to assess the impact
of individual characteristics of the buyer on the time spent
by him on visiting the store.
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