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OPTIMIZATION OF THE SIMULATION PROCESS OF PRODUCT SUPPLY
FROM THE MANUFACTURER

Introduction and formulation of the problem

In many areas of transport logistics, cargo delivery
can increase its value by an amount equivalent to the
value of the goods themselves. Of particular relevance
are studies that allow to accurately calculate the
volume of cargo transportation, calculate the number of
transport units required to ensure cargo flows,
determine rational routes for the movement of vehicles
with cargo, as well as optimize the total cost of
transportation. Besides vehicle routing, real transport
companies also need to solve the problem of vehicle
loading [1].

Transportation management includes many
different aspects, such as planning and organizing
transportation and fleet maintenance, human
resource management, and risk management.
Information technology will benefit the organization
only if it forms an integral part of the business
planning, business process design and business
process operation.

The use of simulation modeling allows you to
determine the maximum load of vehicles, minimize
transportation costs, and also calculate the
probability of exceeding costs. Simulation modeling
solves real-world problems safely and efficiently. It
provides an important method of analysis which is
easily verified, communicated, and understood.
Across industries and disciplines, simulation
modeling provides valuable solutions by giving clear
insights into complex systems. Unlike physical
modeling, such as making a scale copy of a building,
simulation modeling is computer based and uses
algorithms and equations. Simulation software
provides a dynamic environment for the analysis of
computer models while they are running, including
the possibility to view them in 2D or 3D [2].

One of the most effective software platforms for
creating a model and conducting simulation
experiments today is the AnyLogic system.

AnyLogic is the standard in multimethod modeling
technology, delivering increased efficiency and less
risk when tackling complex business challenges. The
unmatched flexibility found in AnyLogic allows
users to capture the complexity of virtually any
system, at any level of detail, and gain a deeper
insight into the interdependent processes inside and
around an organization. These issues can be solved
by software AnyLogic, and therefore the main task
of transportation management can be solved.

In the case of a company that commercializes
products with a high level of personalization,
managing the supply chain and inventory levels can
be a very difficult task. This paper examines an
example of this kind with a company that produces
spare parts for many different models of aircraft and
performs their maintenance at Ukrainian airports.

Analysis of recent research and publications

Modeling of the cargo transportation process helps
to depict all stages of cargo delivery from a place of
production to the end consumer. One of the simulation
tools is AnyLogic software, whose users have the
opportunity to imitate this process and obtain
quantitative indicators that will help in choosing a
transportation organization. AnyLogic is the only
simulation tool to offer a full range of cloud
technologies, changing the way people run models.
Users of which have the opportunity to simulate this
process and get quantitative indicators that will help in
choosing the organization of transportation. AnyLogic
uses GIS maps and builds routes as close to real as
possible. To use this software, it is enough to have
basic training in the field of information technology,
which is an undoubted advantage of AnyLogic [3].

It is a modern Java-based model development
environment with a multilingual graphical interface
and a well-designed contextual help system. This
software product contains a large library of visual
components [4-6]. The developer can also create and
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add their own components to the environment.
Models are stored as Java applets.

Optimization of the AnyLogic model consists in
successive execution of several model runs with
different parameter values and finding the optimal
parameter values for a given task.

For example, a significant range of literature is
devoted to the problems of simulation modeling of
economic systems [6, 7]. However, the development
of this mathematical direction dictates new research to
improve the means of formulating and implementing
models and planning simulation experiments.

The author [8] has developed a simulation model in
the AnyLogic environment for the execution of orders
by the car fleet, which takes into account the
coefficient of car utilization, which will be defined as
the ratio of "car operating time to total working time".

Studies [9-13] use AnyLogic to solve a wide
range of problems related to cargo and passenger
transportation. The analysis of literature sources
shows many simulation models in the AnyLogic
environment, which are developed on the basis of
local tasks and each of them is unique. Therefore,
the solution of the task of transportation of spare
parts by the manufacturer is actual.

Formulation of article goals

The main goal of the research is to build a
simulation model of the process of supplying spare
parts from the manufacturer and to conduct an
optimization experiment to determine the required
number of trucks, provided that they are loaded at no
more than 85%. Describe the logic of application
processing by the enterprise, where it is necessary to
take into account: receipt of an application, time for
loading a truck, sending it to a client, unloading a
truck, notification of delivery and returning a truck
to the enterprise.

Presenting main material

The task for modeling the transportation process
consists of the following order. There are seven
airports (Boryspil International Airport, Lviv
International Airport, Zaporizhzhia International
Airport, Odesa International Airport, Sumy Airport,
Kharkiv International Airport, Chernivtsi International
Airport), which require spare parts for aircraft
maintenance and repair twice a week.

There is an enterprise in Kiev — the Antonov
Serial Plant, which manufactures and delivers the
necessary components for aircraft. Notification from
airports comes to the enterprise in the form of an
order. After that, it takes two to three hours to load
the truck. The same amount of time is required for
unloading a truck at the airport. After receiving the
spare parts, the airport notifies the company about
this by the message «Delivered! ».
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Then the truck is sent back to the Plant. It is
required to simulate the process of delivering spare
parts to estimate the optimal number of vehicles,
given that the company has a total of seven trucks.

The coordinates of the airports and the company
that manufactures and supplies spare parts for
aircraft, as well as the route between them, which is
used for delivery, are set using the GIS Map
component. In the properties of the GIS map the
source of routes was selected — OSM server (Open
Street Map server). After than go to the map editing
mode to select a specific display area (Ukraine) and
find all airports, enterprise. Select Convert To GIS
Points/Regions, the label of the selected object will
appear on the map.

For the convenience of placing Agents in the
marked points, combine them into a collection. To do
this, select all the airport labels, right-click on any of
the labels and select Create Collection. In the
properties of the collection, set the name airport
Location. As the name implies, the coordinates of
airports will be stored in this collection. Airports must
be placed in these coordinates. To do this, create a
Population of agents that will be models of airports.

Now it is necessary to associate the created
population of the Airport agent with the coordinates of
airports and with the number of airports, that is,
associate with the airport Location collection. To do
this, let's go to the properties of the population, click
the Contains a given number of agent of airports on the
object main. Enter the following expression in the
Initial number of agents column: (airport Location.
size). This function returns the number of elements in
the airport Location collection (7 in this case).

To associate airports with their coordinates, in
the Initial location section, select Place agent: in the
node and in the graph Node enter an expression:
airport Location .get (index). This function returns
the addresses (indexes) of elements in the airport
Location collection (the same marks on the map).

At first step, the single agent for the factory
«Manufacturing», the population of the agent
«Airporty, which contains a collection of airports
with their coordinates (airport Location), the
population of agents «Truck» and the agent type
«Order» are created.

Create A single agent named Manufacturing to
host the Kyiv plant. Now we need to associate the
manufacturing agent with the label on the map.

Create a new population of agents named Truck
to add them into the model, that notice delivery is
carried out by trucks. For further optimization, take
out the number of trucks as a separate parameter
of Track.

It is clear that all trucks belong to the production
(manufacturing agent), it is necessary to specify the
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initial location in the properties of the trucks agent
population, as the Antonov Serial Plant.

Airports must form an order to receive spare
parts, so agent is created by Instead of Agent
Population, select Agent type only named Order.

Need to show that trucks are a production
resource. To do this, from the Projects tab (or from
the main object), open the Manufacturing agent type
and transfer the Resource Pool block from the
Process Modeling Library palette to it, which
specifies the set of available resources, in this case
trucks (Fig.1).

O Properties &3

i trucks - ResourcePool

Number of resources value corresponds to the
value of the previously created number Trucks
parameter, and it should also be noted that this block
adds the trucks population to the new resources
(Population of agents: main. trucks). This completes
the initial data entry.

The initial data is described: airports (their
coordinates), production (coordinates), trucks (as a
production resource), an application for ordering
spare parts is created (as an Order agent type). Now
let's move on to the logic of airports and production.

MName: | trucks ‘ Show name
[ 1lgnore

Resource type: = |Moving v

Capacity defined: =. | Directly )
Capacity: = | main.numberTracks

When capacity decreases: =, | nits are preserved ('End of shift]

MNew resource unit;

= @ Agent ¥

create a custom type

Speed: = | 10

meters per second ¥

Fig. 1. Properties of the Resource Pool block

The process of placing an order for new spare
parts is described, taking into account that each
airport sends an application in the same form. The
logic of this process includes the normal operation
state (time period when no spare parts are needed),
the spare parts waiting state (time period when the
order is sent to the factory) and back (transition to
normal operation, which is done when the
«Delivered!» message is sent). The structure and
properties of the transition to normal operation of
Airport are shown in Fig. 2.

Parts are required by airports 2 times a week -
this means that the transition from the state of
normal operation to the state of waiting for spare
parts occurs at a given intensity:

With a given intensity / Rate; 2 times a week /
per week.

As soon as the airport enters the state of waiting
for spare parts, an order must be formed and sent to
the enterprise. To reflect this in the state diagram,

let's return to the properties of the waiting Details
element. In the Entry action column, write the
following expression:

Order order = new Order(this),
Send (order, main.manufacturing).

In the first line, a new order is formed with this
parameter, which indicates the airport from which
the order is received. The second line of code is
needed for sending — the send function, which has
two arguments: what to send (the order created
above) and to whom to send (to production — to the
manufacturing agent). Now the airport can send
orders for spare parts.

The next step is to construct an order processing
process on the plant, which takes into account:
receipt of the application, time to load the truck,
send it to the customer, unload the truck, notify
about the delivery and return the truck to the
company.
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Fig. 2. Structure and properties of the transition to normal operation

After receiving an order, a resource (truck) is
allocated in plant for the execution of this order. It is
loaded with ordered spare parts, which takes two to
three hours, and sent to the airport. There, the truck
is unloaded (within two to three hours), after which
a delivery notification is sent, and the truck returns
to plant, becoming a free resource. Below, in Fig. 3,
a model of this process is shown.

The process is entered through the Enter block,
which receives orders. Next, the received order
enters the queue for waiting for resources, to do this,
drag the Seize block, which is responsible for
capturing resources, and connect it to the Enter
block. Open the properties of the Seize block and in
the Resource sets item click on the «+» image - from
the pop-up list select trucks (trucks).

E;:I Main 5] Airport 5] Manufacturing &3 =
trucks
enter seize unpacking release sink
o oo
» —o

resourceTaskStart  Packing toAirport

I

moveTa resourceT askEnd

- ]

Fig. 3. Processing and execution of the order in the plant

Before a resource can be grabbed, it must be
prepared, which in our case means booting the
machine. Resources are prepared and sent in a
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special sub-process for resources, which begins with
the Resource Task Start block.
It takes time to load the resource, that describe
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this process use bloc Delay. For the delay time, a
uniform distribution between two and three hours is
specified: uniform (2, 3). After the resource is
loaded, it is sent to the airport by Move To.

The resource (truck) is sent to the Seize block,
now information inside the order must be passed to
this resource so that it knows exactly where the
cargo should be delivered. To do this, go to the
properties of the Seize object and in the Actions
section in the column On seize unit write the
following expression:

((Truck) unit). client = agent. Customer.

In this expression, the value of the client
parameter, which is stored inside the Truck resource,
is set to the value of the customer parameter of the
Order agent.

As soon as the truck has arrived at the airport, it
must be unloaded. This process is modeled similarly

€ manufacturing,

connections
rootmanufactring

& airportLocation
rot connecled i

yairports
Airport [7]

to the machine loading process, namely by the Delay
block, which in this case will be called unpacking.

After the order is completed, the resource
becomes free (Release block), and the agent (Order)
is sent to the Sink block, where it will be deleted.
Since the resource (truck) has been released, it must
be sent to production, to do this, use the Move To
block again, in which specify the destination of the
manufacturing agent, which is located on the main
agent.

The subprocess for a resource must end with a
Resource Task End block. In order for the resource
to return to the shared Resource Pool and be
available for a new order. The last stage of order
processing is to route all incoming orders to the
order processing block Enter.

The result of the constructed simulation model of
order fulfillment at the factory is shown in Fig. 4.

Qs%%'ﬁsm @gumneﬂmcks
Kovel (‘hc\vlmhw
Nizhyn
Koroster Sumy
Lutsk
Rivne g @ Belgorod
Zhytomyr O
CE] Kharkiv
5iv 2
Ternopil Polfava
5 Cherkasy
Vinnytsia
%uk
Ivano-Frankivsk Ukraine
Kropyvnytskyi Dnipro
Ch%lsi
" Zaporiwa
+ Botogani Balti .
1Mare 0
3 Voznesensk Nikopol
lasi

Moidova
Napoca Tiraspol Melitopol
% X g Kherson

Térgu Mures Bacau Odfsa §

@ OpenStreetMap contfibutors
C EmE G ® A- Rumning

Fig. 4. Simulation model for delivering spare parts to airports

Pay attention to the truck block by opening the
manufacturing agent. During order processing, the
number of seized resources is fixed, by which it is
possible to assess the rationality of resource use.
When using seven trucks, the average resource
utilization is approximately 24 percent (Fig. 5).

Under the terms of the task, the loading of
resources during the transportation of spare parts
should be no more than 85%, so some of the
resources are idle and cause damage to the plant. It is
necessary to create an experiment to optimize the
number of trucks to deliver the order to all airports.
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Fig. 5. Resource usage for parts delivery
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In the optimization properties, the parameters and requirements were specified according to Fig. 6.

[ Properties &2 = g =0
3 Optimization - Optimization Experiment
MName: [Jignore <
Top-level agent: Main ~
Objective: O minimize @ maximize

root.manufacturing.trucks.utilization()

Number of iterations: 500
[ Automatic stop

Maximum available memory: | 512 ~ | Mb

Create default Ul

~ Parameters
Parameters:
Value
Parameter Type Min ‘ Max | Step | Sug..ted
numberTrucks discrete 1 7 1
» Model time

» Constraints

~ Requirements

Requirements (are tested after a simulation run to determine whether the solution is feasible):

Enabled Expression Type Bound L
root.manufacturing.trucks.utilization() <= 0.85 52
» Randomness

Fig. 6. Properties of the optimization experiment

Number Trucks (the number of trucks) is selected  According to the results of the conducted research,
as a variable parameter, which varies discretely from the average value of resource use at the enterprise
1 to 7. The objective function is the average load of  will fluctuate within 60-85 %.
all trucks, which is maximized with a constraint (no Conclusions
more than 85 %). The root.manufacturing.trucks.
utilization line of code allows you to access the
utilization average load parameter of the trucks
resource of the manufacturing agent located on the
root agent (in this case, main). An example of the run
of the experiment shows Fig. 7.

As can be seen from Fig. 6, the best feasible value
of resource utilization is 64 % when using 2 trucks.

In this paper, a simulation model of the process
of transportation of spare parts to airports
manufactured at the Antonov Serial plant is
developed. The process of placing an order for new
spare parts is described, taking into account that
each airport sends an application in the same form.
The logic of order processing by the plant is
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described, which takes into account: receiving an
application, time for loading the truck, sending it to

Supplying : Optimization

Current
1

Iterations completed 7
09
Objective: T 027

08
Parameters

o7
numberTrucks
06
05

04

the customer, unloading the truck, notification of
delivery and returning the truck to the company.

o

2 3

® Current @ Bestinfeasible @ Best feasible

ra
LJd

A-

Finished

i

Fig. 7. Optimization of the spare parts delivery process

The logic of order processing by the plant is
described, which takes into account: receiving an
application, time for loading the truck, sending it to
the customer, unloading the truck, notification of
delivery and returning the truck to the company.

An optimization experiment was created and
conducted to minimize the number of cargo vehicles
for the supply of spare parts to Ukrainian airports.
The results of the experiment showed that the best
allowable value for the use of resources is about
64 % when using 2 trucks, the average value of
resource use at the enterprise will fluctuate within
60-85 %.
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Traffic Flow Optimization in an Urban Transportation

Menseaesa H. A. Barpiiit M. M.
ONTUMIBALIA MPOIECY MOJIEJTFIOBAHHS IOCTAYAHHS ITPOJTYKIIII
BIJl BAPOBHUKA

Y pobomi pospobreno imimayiiny molenv npoyecy nepeseseHb 3anYACmuH 6i0 GUPOOHUKA 00 aeponopmis
MemoOoM a2eHMHO20 MOOento8anHs 6 cepedosuue AnyLogic. Ilpu nobyoosi modeni euxopucmosysano I'IC-kapmy
pecypcy OpenStreetMap, saxa 003601a€ 000agamu KOOpOUHamu ob 'ekmis ma 6y0y8amu Mapuipymu mpaHcnopmyeanHs
MAKCUMATLHO HADIUICEHT 00 PeabHUX.

Ivimayitina modenv nobyoosana 01s cepilinozo 3a800y «AHMOHO8» ma cemu aeponopmis Ykpainu, akum 08iui Ha
mudicoenb NOmpioni 3anacui YacmuHu Oisk MEXHIYHO20 00CTY208Y6ANHS MA PEMOHMY JIMAKIE. 3aMO61eH s NPUX0OUMb
6i0 aeponopmy 00 3a600y uepe3 nosioomienus. Ilicis yoeo 6i06yeaemvbcs 3a8aHMANCEHHS DYPU, MAKCUMATLHA
KIIbKICMb MAWUH CKAadae cim oOuHuyb. OnmumanbHull 4ac O 3d6aHmMAdiCeHHsi Mma pO36AHMANCEHHS 8ANMAICHUX
@yp cxkradae 6i0 060x 00 mpvbox 200uH. Ilicis ompumanHs 3aN4acmMuH aeponopm ONosiWAE NPo ye 3a800 yepes
nosioomnenns «Jocmasneno!y. [lani ¢hpypa éionpasniemocs Ha3a0 Ha NIONPUEMCIMBO-3AMOBHUK 3ANYACTIUH.

Ilpu pospobrenni imimayiinoi moodeni cmeopeHi oOuHuyHUU acenm 011 3a600y (Manufacturing), nonyaayiio
azenmis (Airport), saka micmumbs KoAeKYito aeponopmis 3 ix Koopounamamu, nonyiayio azenmig (Truck) ma mun
azeumy (Order). Onucano npoyec oOpMIeHHA 3AMOBIEHHA HOBUX 3ANYACMUH, 8DAXOBYIOYU, WO KOXMCEH aeponopm
Haocuae 3anum 00HaAKo8oi popmu.

Onucano 102iKy 06pobKu 3aMOBIEHHsL RIONPUEMCMEOM, 0€ DAX0BAHI. OMPUMANHSL 3A516KU, YAC HA 3A8AHMANCEHHS. QypuU,
6I0npagientst 00 KIEHMA, PO36AHMAIICEHHS (hypuU, ONOGIEHHS PO OOCABKY U HOBEPHEHHS (ypu HA NIONPUEMCTNEO.

Cmeopeno ma npogedeno OnmuMi3ayitiHull eKCnepumMenm Oas MIHIMI3ayil KilbKOCMI 8AHMANCHUX MPAHCNOPMHUX
3acobi6 0151 NOCMAYANHSA 3aNYaAcmMun 00 Aeponopmie Ykpainu 6i0 6UpOOHUKA YU NOCMAYATILHUKA, 3A6aHMAICEHHSL SKUX
cknaoac ue Oinvuwe 85 %. Pesyibmamu excnepumenmy NOKA3GAU WO ONMUMALbHE OONYCIMUMe 3HAYEHHS OJis
BUKOPUCMAHHSA pecypcie cmanogumy 01u3bko 64 % npu guxopucmanti 2 6anmaicieox. 3a pe3yibmamamit npoeedeHo2o
00CHIOMNHCEHHSl CEPEOHE 3HAUEHHST KOeIYIEHmMa UKOPUCMARHS PeCypPCi6 Ha NIONPUEMCME] KOTUBAMUMEMbCS 8 MENCAX
60-85 %.

KnrouoBi cnoBa: imiTauiiHe MoaentoBaHHSs, NnepeBe3eHHs1, cepegosulle AnyLogic, onTuMi3auiiHUN eKCNepuMeHT.

Miedviedieva N., Bahrii M.
OPTIMIZATION OF THE SIMULATION PROCESS OF PRODUCT SUPPLY FROM
THE MANUFACTURER

A simulation model of the process of transportation of spare parts from the manufacturer to airports was developed
using the method of agent modeling in the AnyLogic environment. During the construction of the model, a GIS map of
the OpenStreetMap resource was used, which allows you to add coordinates of objects and build routes as close as
possible to real ones.

The imitation model was built for the Antonov Serial Plant and seven Ukrainian airports, which need spare parts for
aircraft maintenance and repair twice a week. The order comes from the airport to the factory via notification. After
that, the truck is loaded, the maximum number of cars for transportation is seven. The time for loading and unloading is
two to three hours. After receiving the spare parts, the airport notifies this enterprise by the message «Delivered!.
Then the truck is sent back to the enterprise.

During the development of the simulation model, the single agent for the factory «Manufacturingy, the population of
the agent «Airporty, which contains a collection of airports with their coordinates, the population of agents «Truck»
and the agent type «Ordery are created.

The process of placing an order for new spare parts is described, given that each airport sends a request of the
same form. The logic of order processing by the plant is described, which takes into account: receiving an application,
time for loading the truck, sending it to the customer, unloading the truck, notification of delivery and returning the
truck to the company.

An optimization experiment was created and conducted to minimize the number of cargo vehicles for the supply of
spare parts to Ukrainian airports, the loading of which is no more than 85%. The results of the experiment showed that
the best allowable value for the use of resources is about 64% when using 2 trucks. According to the results of the
conducted research the average value of the resource utilization rate at the enterprise will range from 60-85 %.

Keywords: simulation modeling, transportation, AnyLogic environment, optimization experiment.

Crarrs Haaiiwia 1o penakuii 26.02.2023 p.
IpuiinsaTo no apyky 12.04.2023 p.

© Natalia Miedviedieva, Mariia Bahrii, 2023



