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MODELS OF ZONING OF URBAN TERRITORY FOR RATIONAL
DELIVERY IN THE MICROCONSOLIDATION SYSTEM

Lidia Savchenko, Volodimir Davydenko. “Models of zoning of urban territory for rational delivery
in the microconsolidation system”. Urban logistics (or city logistics) is developing rapidly due to the strong
growth of e-commerce. Accordingly, the last-mile urban logistics faces a significant number of orders that need
to be fulfilled in a dense urban development, environmental constraints and permanent congestion. One of the
possible systems of rational city delivery is the use of a network of consolidation centers at the micro level. Such
a network provides for a two-tier system of urban delivery - 1) from the central warehouse or warehouses to the
network of microconsolidation centers; 2) from microconsolidation centers to end consumers. This scheme is
especially relevant in the presence of restrictions on the movement of trucks or heavy vehicles in certain areas of
the city, as well as in significant congestion and the problem of parking trucks when unloading at the location
of the client.

Methods (research methodology). To create a rational delivery network through a microconsolidation
system, the primary task is to determine the delivery zones (or geographical clusters) - their number, size,
location. To solve this problem, optimization models are proposed based on several minimization criteria -
delivery distance, time, cost and integrated distance-time criterion.

Results. The result is the optimization models creation, based on those it is possible to divide urban
consumers into several delivery zones. Delivery routes are planned within each zone of the respective centroid
and minimize the cost of last-mile logistics. Delivery of goods to the centroids can be carried out by light or
medium trucks, and within the zones should be dominated by delivery of environmentally friendly modes of
transport (motorcycle or moped, bicycle, car, on foot delivery with the possibility of public transport usage).

Conclusion. Thus, the article provides a mathematical apparatus for obtaining territorial zoning of
existing customers of the city in order to minimize the cost (distance, time or their combination) for delivery
within each zone.

Perspectives. A perspective study may be an analysis of the costs of operating a network of urban
consolidation centers and the delivery of goods from the central warehouse or warehouses to this network.
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Accordingly, the task of minimizing the total costs of the city freight delivery system should be solved, taking into
account economic, environmental and social aspects.

Keywords: city logistics, zoning of territory, zoning (territorial clustering) of clients, models of
optimal territorial zoning, city consolidation, two-level (two-tier) system of urban delivery.

Jlidia Caeyenko, Bonodumup [asudenko. "Modeni 30HyeaHHA micbkoi mepumopii ons
payioHanbHOi docmasku y cucmemi MikpokoHconioayii'. Micoka nozicmuka cmpiMko po3susaemocs
3a805KU NOMYXHOMY 3PpOCMAHHIO e/leKMpPOHHOI mopeiesni. BionogioHo, miceka s02icmuka ocmaHHboi Musi
CMUKAEMbCA 3i 3HAYHOIO KiZlbKiCMIO 3amossieHb, AKY NompibHO 8UKOHy8amu 8 yMO8ax WislbHOI MiCbKOI
3a6y0o08u, ekon102idHUX 0bMexeHb ma nepMmaHeHmMHuUx 3amopis. OOHI€EI0 3 MOXJ/TUBUX cUCMEM pAUYiOHAbHOI
MicbKOi 0oCmasKu € 3aCcmoCy8aHHA Mepexi KOoHconmioayitHux uyeHmpie Ha MiKpopigHi. Taka mepexa
nepedbauyae 080pigHe8y cucmemy Micbkoi 0ocmasku - 1) 8i0 yeHmMpanbHO20 ckaady Yu ckaadie 00 mepexi
MiKpoKoHcoioauiHux yeHmpis; 2) 3 MikpokoHconioayitiHux ueHmpie 0o KiHuyesux cnoxusayie. Ocobsuso
Maka cxema € akmyasabHOK Npu iCHYB8AHHI 0bMexeHb U000 pyxXy BAHMAXHO20 MpaHcnopmy abo 83azari
MPAHCNOPMHUX 3dcobi8 y nesHUX paloHAX MICMA, @ MAkoX Npu 3HAYHUX 3amopax ma npobsemoro y
NAapKy8aHHi BGHMAXXHUX ABMOMObINie npu 8UBAHMAXeHHI 6isia Micys po3mauly8aHHA KilieHma.

Jna cmeopeHHA pauioHanbHOI mepexi 00Cmasku 4Yepes cucmemy MIKPOKOHCONIOAUiih nep8UHHOK
3a0a4el0 € BU3HAYEHHA 30H 0ocmasku (abo e2eozpdchiyHux Kacmepig) - ix KinbKocmi, po3mipis,
po3smawuysarHs. [Jna supiweHHs yiei 3adadi nponoHyromeca onmumizauiliHi Mooesti, 3aCHO8AHI Ha OeKinbKoX
Kpumepisax MiHimizayii - sidcmani docmasku, Yyacy, apmocmi ma iHmezpo8aHo20 Kpumepito 8idcmaHe-yac.

Pe3yniemamom pobomu € cmeopeHHA onmumizayitiHux modesel, Ha OCHO8I AKUX MOXJ/1U80 po3bumu
MiCbKUX CNOXUBAYi8 Ha 0eKinbka 30H 0ocmasku. Mapuwipymu 00cmasku n/iaHylomecs ycepeouHi KOXHOI 30HU
8i0 8i0N0BIOHO20 UeHMPOIdy ma 00380J/1810Mb MiHIMI3ysamu 8umpamu Ha J102iCcMuKy OCMAHHLOI MUJI.
JosedeHHA moesapie 00 UeHmMpoidie Moxe 30iliCHIO8AMUCA Jie2KUMU ab0 CepeoHiMu 8aHMAXHUMU
asmomobinamu, a ecepeOuHi 30H Mae npesano8amu 00CMAsKa eKkos102i4HO OpYXHIMU 8UOAMU mpaHcnopmy
(Momouyukn 4u moned, senocuneo, ieekoguli asmomobinb, niwa 0oCcMaska 3 MOX/IUBICMIO 3a/TyYeHHsA
2pomMadcbKo20 mpaHcnopmy).

Takum 4uHOM, cmammsa Hadae mamemamuyHul anapam 0718 OMPUMAHHSA MepumopianbHO20
30HYBAHHA HAABHUX KJiEHMI8 Micma 3 Memoto MiHImMi3ayii sumpam (8iocmari, yacy abo ix kombiHayii) Ha
docmasky ycepeOuHi KOXHOI 30HU. [lepcnekmusHUM OOCHIOXeHHS Moxe Oymu aHania eumpam Ha
(hYHKUYIOHYB8AHHA Mepexi KOHCONiOayiliHux yeHmpig ma Ha 008e3eHHS Mmo8apie 3 UeHMpasabHO20 CKIAdy Yu
cknadie 0o uiei mepexi. BionosioHo, Mae 6ymu supilieHa 3adayqa MiHimizayii 3a2ansHUX sumpam Ha cucmemy
MicbKoi' 0ocmasku 3 ypaxy8aHHAM eKOHOMIYHUX Md eKoJ102i4HO-CoyidIbHUX acnekmisa.

Knioyoesi cnoea: wmicbka noricTMka, 30HyBaHHA TepuTOpii, 30HYBaHHA (TepuTopianbHa
Knactepusauif) Ki€HTIB, Mogeni OMTMMASIbHOrO TepPUTOPIalbHOrO 30HYBaHHA, MiCbKa KOHconigauis,
ABOpiBHEBa cMCTeMa MiCbKOT fOCTaBKMU.

Jluous CasyeHko, Bnadumup [Jasudenko. "Modenu 30HUpoeaHus 20podcKoli meppumopuu 011
payuoHanbHoli docmasKku 8 cucmeme MUKpOKOHconudayuu". [opoockas 02ucmuKka cmpemumesbHO
passusaemca 651a200apA MOWHOMY pocmy 3/1eKmpoHHOU mopeosnu. CoomeemcmeeHHO, 20pO00CKasA
Jloeucmuka nocsedHel Muiu cmankugaemca ¢ 60MbWUM KO/IUHECMBOM 3dKA308, KOMOPYIO HYXHO
8bINOJTHAMb 8 YC/I08UAX NJIOMHOU 20p0OCKOU 3acmpoliKu, 3KO/I02UYeCKUX 02paHUYeHUl U nepMaHeHMHbIX
npobok. OOHOU U3 BO3MOXHbIX cuCmeM payuoHdibHoU 20podckol docmasku 6ydem npumeHeHue cemu
KOHCOMUOAYUOHHbIX UeHMpo8 HA MUKpoyposHe. Takas cems npednosiazaem 08yXyposHesylo cucmemy
20po0ckol 0ocmasku - 1) om UeHMpaabHO20 CKAAOA UsU CK/Ia008 8 cemu MUKPOKOHCOMUOAUUHUX UeHMpos;
2) € MUKPOKOHCONUOAUUUHUX yeHmpos 00 KOHeYHbIx nompebumernel. OcobeHHO makas cxema akmyasnabHa
npu CyuecmgosaHuu 02paHuYeHuli 0BUXEHUSA 2py308020 MpaHcnopma usau 80obuwe mpaHcnopmHsix
cpedcme 8 onpedesieHHbIX paltioHax 20p00d, a MAkXe Npu 3Ha4yumesibHoix NPobKax u npobemoli 8 NAPKOBKe
2py308bix asmomobusieli npu ebizpy3Ke y Mecma pacnosioxeHuUs KiaueHma.

Ana co30aHus payuoHanbHol cemu 00CMABKU Yepe3 cucmemy MUKPOKOHCOUOAyuu nepsuyHou
3aoayeli A815emca onpedesieHue 30H 00CMasku (Uu 2eoz2pdguyeckux Kaacmepos) - UX Kosudecmea,
pasmepos, pacnosioxeHus. [na peweHus 3mol 3a0aqyu npeodnazarmcs onmuMu3ayuoHHble MOoOesU,
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OCHOBAHHbIE HA HECKOJIbKUX Kpumepusax MUHUMU3Ayuu - pacCmoaHUA 00CMAasku, 8pemMeHu, CmoumMocmu u
UHMe2pupoB8aHHO20 Kpumepus paccmosHuUe-8pems.

Pe3ynemamom pabomel Aenaemca co30aHue onmumu3ayuoHHbIX mMooesel, Ha OCHO8E KOMOPbIX
B803MOXHO pa3bums 20p00cKux nompebumenell Ha Hecko/bKO 30H docmasku. Mapwpymsi docmasku
NJIGHUPYIOMCA 8HYMPU KaX0oU 30Hbl COOMBEeMCM8ylowe20 UeHmMpouody U N0380/IA10M MUHUMU3UPOBAMb
3ampamel Ha 102UCMUKy nociedHel munu. [JosedeHus mosapos 00 yeHMpPoudo8 MoXem oCyuecmenamecs
JIe2KUMU U/U CPeOHUMU 2py308bIMU ABMOMOOBUIAMU, a 8HYMpPU 30H 0O0JIXHO Npesasiuposams 00Ccmaska
IKOJ/I02UYECKU OpYyXXeCmBeHHbIMU 8UOdMu mpaHcnopma (MOMOUUK/ Uiu moneod, sesocuned, sezkogol
asmomobusib, newas 0o0cmMaska ¢ B03MOXHOCMbIO nNpussedeHUs 0bwecmseHHo20 mpaHcnopma,.

Takum o06pas3om, cmamesa npedocmasasgem mamemamuydeckuli anndpam Onf NoOJyyYyeHUs
meppumopuaibHo20 30HUPOBAHUA CyWecmsyouwux KueHmos 20po0a C Yesblo MUHUMU3Aayuu 3ampam
(paccmosHusA, spemMeHU uiu Ux KoMbuHayuu) Ha 0ocmasky 8Hympu Kaxool 30Hsl. [lepcnekmusHbim
uccs1e008aHUA Moxem 6biMb AHAIU3 PACX0008 HA hYHKUYUOHUPOBAHUE cemu KOHCOUOAaYUOHHbIX UeHmpos
U HA no0s80o3 MoB8Apos8 C UeHMpasabHO20 CK1aoa usiu ckaaoos 8 cemu. CoomeemcmeeHHo, 00/KHA bbimb
peweHa3ada4ya MuHUMU3ayuu obuux 3ampam Ha cucmemy 20p00CKOU 00OCMABKU € y4emoM SKOHOMUYeCKUX
U 3K0J102U4eCKU COYUAlbHbIX ACNeKmos.

Knrouesblie cnoea: ropopackas  JIOTMCTUKA, 30HUPOBAHME  TEPPUTOPUM,  30HMPOBAHUA
(TeppuTOpManbHas Knactepusauna) KNMEHTOB, MOAENM ONTUMANIbHOTO TEPPUTOPUASIbHOIO 30HNPOBaHUS,

ropoackaa KoHconnaaunma, AByxXypoBHeEBaA CUMCTEMaA FOpO)J,CKOVI OOCTaBKW.

Introduction. The urgency of clustering
(or zoning) of the urban area is relevant to the
need to model and build rational routes of
vehicles, monitoring of freight and passenger
flows between different districts or
neighborhoods of the city. During clustering,
a certain area of the city is considered as a
whole with a certain demand for goods,
supply for other areas, with a known number
of consumers, shops, vehicles, and so on.

At clustering (zoning) of the territory of
the city the following purposes can be set:

— modeling of logistics flows for the
rational organization of traffic, construction of
routes, assessment of bottlenecks in transport
infrastructure, etc.;

— systematization of urban planning
(obtaining zones with approximately the
same indicators for the application of certain
rules, technologies, restrictions, etc.);

— organization of cargo delivery,
customer service of the city (division of the
city into zones for customer service within
each zone).

Urban logistics (or city logistics) is
developing rapidly due to the strong growth
of e-commerce. Accordingly, the last-mile
urban logistics faces a significant number of
orders that need to be fulfilled in a dense
urban development, environmental

constraints and permanent congestion. One
of the possible systems of rational city
delivery is the use of a network of
consolidation centers at the micro level. Such
a network provides for a two-tier system of
urban delivery - 1) from the central warehouse
or warehouses to the network of
microconsolidation  centers; 2)  from
microconsolidation centers to end
consumers. This scheme is especially relevant
in the presence of restrictions on the
movement of trucks or heavy vehicles in
certain areas of the city, as well as in
significant congestion and the problem of
parking trucks when unloading at the location
of the client.

Analysis of the latest research. The
issue of clustering or cluster analysis is
reflected in a significant number of
mathematical methods and models for
dividing a certain set into several groups
[1,2,3,4]. Widespread use of clustering (or
grouping, separation) methods proves to
some extent the universality of this approach
and existing methods.

In modern city logistics, grouping of
customers by geographical zones is widely
used, with the possible assignment of drivers
of a certain car or group of cars, couriers to
each zone. This method of planning allows
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drivers and couriers to thoroughly study the
service area and establish contacts with
receivers, which generally speeds up the
delivery process and increases customer
satisfaction [6]. However, mathematical
methods and models of geographical
clustering for the needs of creating a rational
distribution system are missing. Against this
background, it should be noted a significant
number of software products for urban
delivery [7-11], which optimize the process of
building rational routes, but do not allow to
divide them into territorial zones to minimize
delivery costs within each zone.

When dividing the territory into transport
areas (zones or clusters), the number and size
of such areas depend on the size of the city
and population. When setting the boundaries
of transport areas, it is recommended to
adhere to the following principles:

— use of lines of natural and artificial
obstacles (rivers, railway lines, etc.);

— observance of administrative zoning
of the territory;

— accounting for functional zoning of
the city;

— preservation of existing building
blocks;

— prevention of formation of transport
areas of elongated configuration [5].

The problem of an urban area clustering
and possible tasks that can be set for zoning
of city customers are considered in [16]. The
authors [18] consider possible ways of
interaction of participants of the process of
city delivery, in particular, with the use of city
consolidation centers of different levels.

Accordingly, with a significant number of
studies on clustering, in particular territorial,
there is a shortage of theoretical and practical
information on the rational division of
customers into groups for further planning of
optimal routes within each group of relevant
centroids (for urban logistics - from
microconsolidation centers).

Formulation of the purpose of the
study. Given the lack of research on territorial
clustering to divide city customers into zones
and further delivery through a network of

62-73
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microconsolidation centers, the aim of the
article is to obtain basic mathematical models
for grouping city customers into delivery
zones by minimizing delivery costs within the
respective zones.

Presentation of the main research.
1. General approaches to clustering that can be
used in the city customers zoning for delivery
through a network of microconsolidation
centers. Clustering (or cluster analysis) is the
task of breaking a set of objects into groups
called clusters. From a mathematical point of
view, clustering helps to identify a set of
closely related (by a certain criterion) objects
in a certain set of such objects. Within each
group should be "similar" elements, and the
elements of different groups (clusters) should
be as different as possible. The main
difference between  clustering  and
classification is that the list of groups is not
clearly defined and is determined during
cluster analysis.

The application of cluster analysis in
general is based on the following stages:

1. Selection of objects for clustering.

2. Defining the criteria by which objects
will be evaluated.

3. Calculation the degree of similarity
between objects.

4. Application of a certain method of
cluster analysis to create groups of similar
objects (clusters).

5. Obtaining and analyzing the results of
the analysis. If necessary - adjusting the
model.

The first task that is recommended to be
performed before starting the cluster analysis
is to assess the overall clustering tendency of
the available data.

Hopkins statistics are one indicator of a
trend toward grouping. To calculate it, several
pseudo-data sets are created, randomly
generated based on a distribution with the
same standard deviation as the original data
set. For each observation j with n calculate the
average distance to k nearest neighbors: w;
between real objects and g; between artificial
objects and their nearest real neighbors. Then
Hopkins statistics
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Zn:Wi
Hind - n = n
20+ 2 W,
i=1 i=1

greater than 0.5 would correspond to the
null hypothesis that g; and w; are similar, and
the grouped objects are randomly distributed
and homogeneous. A value of Hj,s <0.25 with
90% confidence indicates an existing
tendency to group the data.

Clustering with a known number of
clusters.

Partitioning algorithms [4] decompose a
set of data consisting of n observations into
k groups (clusters) with previously unknown
parameters. The search for centroids - the
most distant from each other the centers of
condensation of points C¢ with minimal
scatter within each cluster. The separation
algorithms include:

- method of k-means McKueen (k-means
clustering; MacQueen, 1967), in which each of
the k clusters is represented by a centroid;

- division around k medoids or PAM
(Partitioning Around Medoids; Kaufman,
Rousseeuw, 1990), where the medoid is the
center of gravity, the coordinates of which are
shifted to the nearest of the original data
objects;

- CLARA algorithm (Clustering Large
Applications) - a method very similar to PAM
and used to analyze large data sets.

The most common clustering algorithm is
the method of k means. It performs clustering
as follows:

1. Assign the number of groups (k) into
which the data should be divided. Randomly,
k objects of the source set are selected as the
initial centers of the clusters.

2. Each element is assigned a group
number on the nearest centroid, ie on the
basis of the smallest Euclidean distance
between the object and the point Ci.

3. List the coordinates of the centroids uk
of all k clusters and calculate the intra-cluster
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variation W(C,) = Z (X —#)%. If the data
X €Cy
set includes p variables, then uk is a vector of
averages with p elements.
4.The general intragroup scatter is

minimized ~ Wtotal =Y W(C,) - min, for
k

which steps 2 and 3 are repeated many times
until the group assignments stop changing or
the specified number of jiter.max iterations is
reached.

It is convenient to perform clustering
using the programming language R. The
maximum  number of iterations for
minimizing Wi, set by the function kmeans ()
by default, is iter.max = 10 [5].

Clustering by the method of k means is a
very simple and efficient algorithm. However,
the results of clustering are sensitive to the
initial choice of group centers. A possible
solution to this problem is to repeatedly
execute the algorithm with the choice of
different primary centroids.

Partition into (approximately) identical
clusters.

For urban zoning, obtaining the same
clusters makes sense if the clustering objects
are customers with certain geographical
coordinates. Then the cluster can be a set of
such clients, the number of which allows one
delivery route, while fully loading the vehicle
or courier. Thus, it is possible to get areas of
the city with approximately the same number
of customers in each of them.

An example of clustering with the same
cluster size is proposed in R [3].

Evaluation of clustering quality.

After receiving a cluster solution, the
question usually arises as to how stable and
statistically significant it is. There is an
empirical rule here - a stable group must be
preserved when changing clustering
methods: for example, if the results of
hierarchical cluster analysis have a
coincidence of more than 70% with clustering
by the method of kmeans, then the
assumption of stability is accepted. Other
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methods and criteria for assessing the quality
of clustering validation results can be studied
in [4].

2. Models of urban area zoning for rational
delivery in the microconsolidation system.

In conditions of city delivery freight
companies have to deal with an array of

\%g/

OTer'minaI

O Terminal-dependent

activities
Agglomeration

<= [nter-terminal link
A — Terminal-client link

S
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customers located in different parts of the
city. When planning delivery routes often
appeal to clustering of territory, which for the
city is called zoning. In this case, we mean the
division of the city into zones (clusters) in
order to reduce transport costs (Fig. 1).

Cluster Structure Cluster Governance
(Dis)agglomeration Intermediaries
forces Trust

—+| Internal competition |«=> Leader firms + -
Cluster barriers Collective action
Heterogeneity regimes

v

Cluster Performance
Added value

Figure 1 — Terminals (consolidation centers) as centroids [12]

Accordingly, the main criteria used for
urban zoning are the distance of the route
and the time of transportation. The time
criterion is necessary in urban conditions,
especially when delivered during morning
and evening traffic jams. At this time, the
minimum distance does not mean the
minimum  transport costs. Sometimes
increasing the distance even twice allows, on
the one hand, to speed up delivery, on the
other hand, to reduce transport costs.

Consider the general mathematical
formulation of the problem of zoning the
urban area.

It is necessary to divide the urban area
into zones to minimize delivery costs (Fig. 2).

For zoning of the territory, information is
required on:

— the needs of the points of the territory
(demand);

— location of points.

The location of the points can be seen on
the map, and then set their Cartesian
coordinates.

The problem of optimal zoning of the
urban territory can be solved with the
following criteria:

— minimum delivery distance;

— minimum delivery time;

— minimum shipping cost;

— integrated criterion.

Sometimes the optimal solution is
getting a minimum of distance, time, and cost
simultaneously. However, in conditions of
congestion, toll roads and other limiting
undesirable phenomena, one criterion should
be selected and based on it, the search for an
optimal solution should be made. If
necessary, it can be used an additional solving
of the problem to determine alternative
solutions with different criteria for the
problem.
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CCC=>HUB
—

HUB=>Recipients

CCC=> Recipients

One-level distribution

Two-level distribution

>
Mixed distribuiton

Figure 2 - Solutions based on the concept of multi-tier distribution systems Source: based
on[14,15].

1. Criterion of minimum distance.
The simplest way to determine the
distance is the formula

RG, 1) =06 = %)+ (% —y)*

where x, X, y, y; - Cartesian coordinates of the
points in the zone.

That is, the so-called Cartesian distance.
Concequently, the objective function
(minimization of the sum of all distances
between all point of all zones) is

i=1 j=1
or

OF, = S J0x =% + (v - y,)7 > min o

i1 j=1

However, the transport network does not
always have a direct path between points.

For obtaining more accurate data on the
distance, it can be used any tools for laying
routes in real time, in particular, Google Map.

If distribution routes are supposed to be
used for the delivery to the customers of the
zone, the length of the tour/route (L) can be
calculated with:

L=2l, +I,(n-1), @)

where I, — average length of the first and last
trip of the delivery tour (route), km;

l.c — average distance between customers
on a typical delivery tour (route), km;

n - number of clients/customers included
in azone.

Value /. could be obtained as an
atithmetic average of the distances between
the points of the zone:
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2. 2R(i.0)
| =i j4 )
cC N

The objective function becomes
OF, =2ml, +1 (n—1) > min
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where m - number of routs during the shift (or
working day).

One of the constraints to take into
consideration is the number of parcels that
one delivery vehicle/means can transport in a
route from the point of view of vehicle
capacity both in terms of weight and volume
capacity:

nt=min { INT {Q/q}, INT {V/v}}, (7)

where the INT function gives the number to
the nearest smaller integer;

Q - weight capacity of a means of
delivery, kg;

g - average weight of a parcel, kg;

M,..x = rounddown{t/T } = rounddown t/ t 4 e (

where the rounddown function rounds
numbers down;
t — duration of a shift (working day), h.
The minimal number of routes per one
working shift is a ratio of the number of
delivery points and capacity of delivery
means:

My, = roundup{n/n,} ()

where roundup function rounds numbers up.

OF, =2ml +I (n-1)=1 (2m+n-1)=

For the resulting objective function, the
variable will be the distance between the
route points R(i, j), which can be calculated
using Cartesian coordinates.

2. Criterion of minimum time.

Minimizing delivery times is usually more
important than minimizing distance. This is
due to the ever increasing "cost" of time in
business. For delivery services, delivery times

V - volume capacity of a means of the
delivery, m®;
v — average volume of a parcel, m®,
The maximum number of routes per shift
is calculated as the ratio of the duration of the
shift and the time of a route on this shift:

2+n—1)+nt

prep V(t) 1c [ (8)

While solving the optimal solution
equations (8) and (9) are the limitations of the
model. Real number of the routes must be not
less than mmi» and not grater than M.

If we assume that each zone will be
served from the so-called centroid, then the
distance of zero run can be taken as the
distance between route points (lp = /). Then
the objective function will look like:

(2m+n —1)Zn: ZH:R(i, i)

i=1  j=1
n

— mMin (10)

have a direct impact on significant cost items
such as wages and depreciation. The side of
customers waiting for an order should also be
taken into account. In case of failures in
delivery time, there is a risk of the need for re-
delivery if the client did not wait for the
courier. In this case, losses are incurred twice,
supplemented by reputational losses for the
delivery service company.
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The delivery time should be calculated
taking into account the time of day
(availability and intensity of congestion), as
well as the number of customers on the route
and the time for servicing these customers.
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In distribution route, the travel time could
be calculated as:

T() =ty + 2t +Too (O +T, =ty +[ 2y + (0=, VO + 1, (1)

where  tpep preparatory-final time for
delivery tour/route, h;

t, — time to travel from the sender’s base
to the first customer and to return from the
last customer to the sender’s base by mode
I during the working shift j, h;

T(t) — travel time between successive
customers, h;

T. — time spent at customers’ delivery
points, h;

V(t) - average speed, km/h;

t,c — average time spent at customer’s
delivery point, h.

The speed depends on the time of day,
due to the different level of traffic/congestion,
as well as on the type of delivery
vehicle/means used [17].

OF =) Y T(i,j)—»>min

i=1  j=1

And finally, if consider lo=I:

(2m+n —1)Zn: n R(, j)

i=1l  j=1

OF =mt

prep +

3. Criterion for minimum delivery cost.

With the possibility of calculating direct
financial costs on the route, automation and
simplicity of this process, it is possible to solve
the zoning problem according to the criterion
of total costs in monetary terms. Naturally,
this criterion is the most acceptable and
allows to immediately see the delivery costs.
However, the calculation of transportation
costs is a rather difficult task, given the
constantly changing conditions on the route
(different speeds, number of stops, time spent
at customers’ delivery points, etc.). Therefore,
in practice, this criterion is rarely used.

In any case, the objective function for the
shipping cost criterion looks like

OF, :Z“: Zn:S(i, J)—>min (14

i=1  j=1

+nt, — min (13)

nVv (t)

where S (i, j) - transport costs for movement
between pointsiandj.

4. Integrated criterion.

It is often convenient to use an integrated
criterion. For this, it is usually taking several
local criteria and assign them weights
(significance coefficients), showing their
mutual significance in the integrated
criterion. It is most convenient to use the
values of the weights from 0 to 1 with the
condition that the sum of the weights of the
local criteria is 1. For example, for the distance
criterion, the significance coefficient can be
taken as 0.3, and for the time criterion - 0.7.

The most rational approach to
determining the significance factors is based
on the calculation of the cost of a typical
transportation. Further, the components of
this cost are divided into two groups: 1)
depent on the distance of the route; 2) depent
on delivery time. If some component of the
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cost price depends on both distance and time
(for example, often the driver's salary consists
of two parts - depent on the distance traveled
and hours of work), it should be divided into
the groups depending on the actual
proportion.

n n
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After receiving the abovementionned
groups of cost components, the total cost of
each group is calculated and the share of each
group in the total cost is determined. This
specific weight should be used as the
coefficients of significance in the integrated
criterion:

OF, :Z Z(Wd -D(i, j)+w,-T(i, j)) > min (15)

izl j=1

with condition W, +W, =1.

It should be noted that modern
alternatives to a warehouse can be used as a
consolidation center, with a small size and
weight of packages requiring delivery (Fig. 3),
namely:

1. Unattended delivery systems at the
customer’s home include the use of:

Security cameras

Base module of 53 lockers,
extendable

Electronic system to open the
relevant locker

Option:
Banner with backlight

(1) standard locker module

{7 Media equipment

— Reception boxes;

— Delivery boxes;

— Controlled access systems.

2. Unattended delivery systems away

from the customer’s home include:

—  Pick-up points;

—  Collection points;

—  Locker banks.

Consumers choose
deliveries from selected
e-retailers, logistics
companies and postal
operators to be made to
APM

Text message and
email notification
including a delivery
code and location

Parcel is collected by
consumer at the
selected APM

Small boxes: 20 x 320 x 540 mm
Medium boxes: 190 x 380 x 620 mm
Large boxes: 410 x 380 x 640 mm

Comfortable durable LCD =creen and keypad
Duzl Languzge
Stereo speakers

= Energy efficient
Saurce: InPost il

Figure 3 - Principle of working of Automated parcel machine [13]

Conclusions. Assessing the current state
of scientific and practical developments in the
field of urban zoning to build an effective
system of goods delivery to residents,
construction sites, business environment,
food facilities, etc. it is necessary to state some
detachment of theoretical materials from

practice. It is obvious that the need of
business for  high-quality, fast and
inexpensive software solutions for planning a
rational city delivery is growing. This is
confirmed by a wide range of companies
offering such solutions on the market of both
Ukraine and other countries. Also noticeable
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is the dynamic development of existing
programs in parallel with the development of
cloud technologies, blockchain, and other
solutions that simplify and clarify the process
of transactions of participants in logistics
processes, transmission and analysis of
information, data processing in real time.
Thus, clustering (or zoning) of the urban
territory on a territorial basis helps in the
implementation of rational logistics solutions
in customer service of the city. Considering
the city as a set of neighborhoods with a
certain number of delivery customers in each
allows to make rational delivery routes and
provide a reliable level of logistics service by
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minimizing delays and errors in the
implementation of last-mile logistics. Such a
delivery scheme is possible in the presence of
a network of microconsolidation centers
located in each defined area of the city. The
environmental and social aspects of the
solution are reinforced by the use of
environmentally friendly vehicles or on foot
delivery within each zone. Thus, the rational
division of the city into delivery zones in
combination  with the principle of
microconsolidation will reduce 1) the load on
the city road network, 2) harmful emissions
into the city atmosphere and 3) accidents and
noise pollution in densely populated areas.

References

1. Shitikov V.K., Mastitskiy S.E. Klassifikatsiya, regressiya i drugie algoritmyi Data Mining s
ispolzovaniem R. 2017. Elektronniy resurs. Rezhim dostupu: https://github.com/ranalytics/data-

mining.

2. Ross lhaka and Robert Gentleman. R: A Language for Data Analysis and Graphics. Journal
of Computational and Graphical Statistics. Vol. 5, No. 3. 1996. pp. 299-314.

3. Spatial Clustering With Equal Sizes. November 4, 2013. By Wesley. Elektronniy resurs.
Rezhim dostupu: https://www.r-bloggers.com/spatial-clustering-with-equal-sizes/.

4. Kassambara A. Practical Guide To Cluster Analysis in R. Unsupervised Machine Learning.

2017.  Elektronniy  resurs.  Rezhim

dostupu:

https://www.datanovia.com/en/wp-

content/uploads/dn-tutorials/book-preview/clustering_en_preview.pdf.

5. Rukovodstvo po prognozirovaniyu intensivnosti dvizheniya na avtomobilnyih dorogah.
M. Ministerstvo transporta Rossiyskoy federatsii. 2003.

6. Geo-zonyi i ih primenenie v planirovanii. Elektronniy resurs. Rezhim dostupu:
https://www.youtube.com/watch?v=RFdJ5h5QNt4&feature=youtu.be.

7. Optimalnaya marshrutizatsiya - distribyutsiya. Elektronniy resurs. Rezhim dostupu:
https://blog.ant-logistics.com/2019/04/blog-post_92.html.

8. Onlayn-servis dlya upravleniya logistikoy, mobilnyim personalom i vyiezdnyimi
servisami. Elektronniy resurs. Rezhim dostupu: https://maxoptra.ru

9. Programma dlya avtomatizatsii gruzoperevozok. Elektronniy resurs. Rezhim dostupu:

https://yacurier.com/features/

10. Servis avtomatizatsii kurerskih

https://www.aurama.ru

sluzhb.

Elektronniy resurs. Rezhim dostupu:

11. Kompleksnaya avtomatizatsiya dostavki. Elektronniy resurs. Rezhim dostupu:

https://delans.ru



The electronic scientifically and practical journal 62-73
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”, v.3 (2020)
ISSN 2708-3195 https://smart-scm.org

12. The Geography of Transport Systems. 5th edition. Jean-Paul Rodrigue (2020), New York:
Routledge, 456 p.

13. How parcel lockers can improve the delivery efficiency and boost your online business
(2015). Elektronniy resurs. Rezhim dostupu: https://www.ecinsider.my/2015/08/how-parcel-
lockers-improve-delivery-efficiency.html

14. Jacyna M.: Modelowanie i ocena systeméw transportowych. OWPW, Warszawa 2009

15. Szczepanski E., Jacyna M., An Approach to Optimize the Cargo Distribution in Urban
Areas. Logistics and Transport, vol. 17, No. 1, pp. 53-62, 2013

16. Smerichevskyi S., Savchenko L. Clusterization of urban territory for building an effective
delivery sustem // Collective monograph under the editorship of S. Smerichevska, Cluster model
of innovative development of the national economy: infrastructure and investment aspectsp. -
Poznan: Wydawnictwo naukowe WSPIA, 2020. - 205-224p.

17. Savchenko L.V., Donets A.G. Otsinka zagalnoekonomlchnih vtrat suspllistva vid zatorlv
transportnih zasoblv u mistl KiEvl. Avtoshlyahovik UkraYini. 2020, 2, s. 8-15. DOI: 10.33868/0365-
8392-2020-2-262-8-15

18. Savchenko, L., Polishchuk, V. and Grygorak, M. (2019) “Interaction of participants of urban
freight consolidation of different levels”, Management and Entrepreneurship: Trends of
Development, 3(09), pp. 89-106. doi: https://doi.org/10.26661/2522-1566/2019-3/09-07.



