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APPLICATION OF COMPUTER AGENT MODELING FOR OPTIMIZATION
OF THE ASSEMBLY PROCESS

Computer modeling is a method for solving the problems of analysis or synthesis of a complex system based on
the use of its computer model. Simulation, as a component of computer modeling, allows you to construct most of
the possible states of the analyzed system. In this way it allows to correct the processes of assembling machines in a
minimum time and with minimal costs, to foresee possible risks and to avoid unreasonable decisions regarding the
organization of processes, to reduce material costs. Simulation gives the best results for modeling uncertain or
probabilistic systems. Simulation, as a component of computer modeling, gives the best results for modeling systems
with uncertainty or with a probabilistic nature. Mathematically calculating all possible variants of the system’s
behavior is a laborious task, and using average values in the calculations gives inaccurate results. For assembly
production systems, simulation modeling is used to select the optimal production organization parameters. The aim
of this work is to build a computer simulation model that allows you to evaluate the impact of production factors
(number of employees, operating parameters and type of assembly process) on the assembly process and
substantiate the effectiveness of the model. The current assembly process of the machine was considered for
modeling. The assembly process includes: two streams of verification, synchronization of request from these two
streams, and a machine collection stream. The vacated line starts servicing the application that entered the system
earlier than others. Such a discipline is called *““earlier entered - earlier served” (FIFO - First In - First Out).s from
flows, and a machine assembly flow. An optimization experiment was carried out after the construction and
verification of the simulation model. The maximum value of profit was chosen as the objective function. Iterations
were performed during an optimization experiment. The optimal number of employees was selected for two
inspection flows and a machine assembly stream in the assembly shop. The first experimental result showed the
effectiveness of the request flow synchronization method. The following optimization experiment showed the
relationship between the number of workers in certain threads of the assembly process and profit. The results of

using agent-based models for simulation can be used to optimize assembly processes.
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Introduction

Nowadays, information technologies occupy a
leading position in all fields, and automation and model-
ing are present everywhere. Increasingly, simulation is
being used to create models to optimize processes, in-
cluding the production of a particular product. The key
processes of any enterprise are the fulfillment of certain
requirements of the client in the production of products.
Simulation allows you to test ideas or combinations of
ideas, to find the optimal parameter values for different
situations. All this can be done at no extra cost, without
interfering with the production. These processes are
strategically important and at the same time specific and
unique. Customer order fulfillment processes include:
order processing and execution; product development
and design; product design; elimination of lack of pro-
duction; production and installation, etc.

Computer modeling is a method of solving the
problems of analysis or synthesis of a complex system
based on the use of its computer model. Simulation is
computer simulation and gives the best results if the
system is uncertain or probabilistic [4]. This is due to
the fact that mathematically calculating all possible
variants of system behavior is a very time-consuming

task, and the use of averages in the calculations is ex-
tremely inaccurate [7; 15-16; 18]. Simulation allows
you to implement discrete-event and agent models, sys-
tem dynamics models. This allows you to consider the
whole variety of production situations in various areas.

Investigation of various systems and processes by
simulation method is to determine the events that occur
in the system. To facilitate this definition, it is advisable
to first graphically depict the process of functioning of
the system and highlight the characteristic events in it.
The behavior of the simulated system is not independ-
ent; it is determined by events that depend on certain
requirements. The process of imitation should reflect the
timeline of events in the sequence that takes place in the
real process.

Modeling is considered to be a recognized means
of knowing reality. This process consists of two steps:
developing a model and analyzing that model. Modeling
makes it possible to explore the essence of complex
processes and phenomena through experiments with its
model instead of a real system. It is known that in order
to make the right decision on the organization of the
system does not necessarily need to know all the charac-
teristics of the system. It is enough to analyze its simpli-
fied, approximate representation.
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Future system bottlenecks may investigate and
evaluate the performance, cost, bandwidth optimization
through modeling [9]. That is, all the main characteris-
tics of the system can be explored before its creation.
The best operating plans and timetables for existing
complex systems will be developed based on simulation
results. In organizational systems, simulation is becom-
ing a major tool for comparing different management
decisions and finding more effective ones. To describe
real-world objects that function under random factors in
practice, a class of mathematical models called queuing
systems (QS) is often used. The functioning of these
systems is in the nature of servicing incoming request. It
is assumed that service requests form a stream - a se-
quence of applications with a special alternation of the
moments of their appearance in time. The general con-
cept of stream is based on the assumption that the event
of interest to us will occur at previously unknown times
t,ty,..t (they are usually considered random).

Mathematical modeling of queuing systems con-
sists of modeling the flow of applications and modeling
the process of functioning of the aggregate of serving
channels. To describe the QS, you must specify:

1) the incoming stream of requests that are re-
ceived for service;

2) the procedure for placing an order in the queue
and choosing from it;

3) the rule by which the service is carried out.

For assembly production, the purpose of simula-
tion is to select the optimal parameters for the organiza-
tion of production. Traditionally, for modeling such
processes, discrete event models are used [2; 6; 10-12;
14]. Recently, however, some works have used an
agent-based approach to simulate the assembly process.
An Adaptive Large Neighborhood Search (ALNS) heu-
ristic with next developed and integrated into the simu-
lation model in [5]. In [17], an assembly process with a
single stream is considered. At the same time, most as-
sembly processes have multiple threads and queues.

This paper aims are to build a computer simula-
tion model that allows to assess the impact of produc-
tion factors (number of worker, operating parameters
and type of assembly process) on the implementation of
the assembly process and justify the effectiveness of the
assembly process model.

Statement of the main material

Problem statement of simulation assembly ma-
chines. The current technological process of assembly
of the machine unit was considered for simulation. To
build the model it is necessary to develop and deter-
mine:

a scheme of the manufacturing process of the ma-
chine tool assembly in the assembly department,

a set of rules for receipt of applications in different
situations,

the number of channels and storages,

the storage capacity.

The assembly process of machines unit takes place
in the assembling department, where all the necessary
components for the assembly of the machine unit come
(Fig. 1).

The assembly diagram includes three streams. In
the first two streams, parts and blanks are tested before
being sent to the assembly. The third stream is per-
formed unit assembly. Each stream is characterized by:
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Fig. 1. Assembly process of the machine unit
for welding semiautomatic devices

number of workers;

time to complete operations.

The input variables for the model are:

the number of employees at two inspection sites;

time to check details for defects;

the number of workers involved in the manufac-
ture of machine parts;

time for production;

data for the calculation of wages.

System Simulation AnyLogic. AnyLogic is a pro-
fessional next-generation tool designed to develop and
research simulation models. The AnyLogic toolkit is
based on an object-oriented concept. Another basic con-
cept is to represent the model as a set of interacting,
parallel-functioning activities. An active object in Any-
Logic is an object with its own functioning, interacting
with the environment. It can include any number of in-
stances of other active objects [1; 3].

To create an AnyLogic model, you must create
classes of active objects (or use AnyLogic library ob-
jects) and specify their relationships. AnyLogic inter-
prets graphically created classes of active objects into
Java classes, so you can take full advantage of object-
oriented modeling. Active objects have clearly defined
interfaces. They only interact with their environment
through their interface elements. This facilitates the
creation of systems with complex structures and also
makes active objects reused.

OptQuest is built into AnyLogic, one of the best
optimizers available today. The OptQuest Optimizer
automatically finds the best values of the model parame-
ters, given the set constraints. AnyLogic provides a
user-friendly graphical interface for configuring and
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tracking optimization progress. Optimization consists of
several sequential runs of a model with different pa-
rameter values.

The graphical modeling environment supports the
design, development, documentation of the model, the
execution of computer experiments, and optimization of
parameters for a certain criterion [7]. AnyLogic used the
concepts and tools of several classic areas of simulation
modeling, such as: discrete-event modeling, system dy-
namics, and agent modeling for designing the model.
Similarly, AnyLogic has the ability to integrate different
approaches to get a better picture of how complex proc-
esses interact. In AnyLogic, agent modeling is com-
bined with a discrete-event approach or system dynam-
ics.

In this work, an agent method of simulation was
used. Agent simulation is one of the modern methods of
simulation modeling, a method that enables analyzing
the work of decentralized agents and as such behavior
determines the behavior of the whole system.

When applying agent methodology, the entities
(objects) are considered as agents. Agents are some
atomic entities that have activity, autonomous behavior,
and decision-making ability, interaction with the envi-
ronment and with other agents. The main purpose of
agent models is to model the general behavior of a sys-
tem based on assumptions about the individual nature of
the behavior of active objects and the interaction of
these objects in the system. In this simulation, the pa-
rameters of the active objects, that is, the agents them-
selves, are first set and their behavior is determined [8;
13]. In agent modeling, the overall algorithm of system
behavior, unknown, is a consequence of the interaction
of agents with each other and with the agent environ-
ment.

When creating the model, AnyLogic developed
three phases of simulation: development of simulation
models, their subsequent run for analysis, optimization.
Model development is done in AnyLogic graphical edi-
tor, this software product contains numerous support
tools that greatly simplify the work [7].

Creation of a simulation model. Simulation of
queuing systems consists mainly of simulation of re-
quest flows and modeling of a set of channels served.
For this purpose it is necessary to set the characteristics
of the application streams and the application service
flows on separate channels.

The purpose of modeling was chosen to study the
parameters of the system, namely the evaluation of sys-
tem characteristics in terms of its efficiency, that is, the
appearance of downtime. To do this, you must deter-
mine the load of the primary and reserve channels, the
number of interrupted messages processed by the pri-
mary channel and the reserve channel, as well as opti-
mization parameters.

The process "Creating a simulation model" based
on the agent approach (Fig. 2), includes such tasks as:

creating the necessary model agents;

adding the necessary variables;

analysis of the current state of the model;

error correction during the first run of the model;

running the model and generating reports.

[ Create \

\ model /

Create agents
Adding the
necessary
variables
Running the -
Error
correction

the model

Generating
reports

Analysis of
results and
make
decisions

plementation
of decisions

Fig. 2. Creating a simulation model

Agents can be any entity that matters to the system
under study: people, households, cars, equipment, prod-
ucts, and companies. In our case, the components of the
machine assembly processes will be used as agents.
Model creation begins with the creation of new types of

agents:
delay, delayl, delay2, delay3;
match;
queue, queuel, queue?;
sink;

source, sourcel;
and connectors:
Detal 1, Datal 2.

20



Obpooka inghopmayii 6 CKNAOHUX MEXHIUHUX CUCeEMAX

Then the communication between the agents is set
up, the environment is established and the simulation is
started. Due to the individual actions of each agent, a
global behavior is formed and modeled.

After creating the agents, model elements were
created and the following parameters were added:

parameter A is responsible for the number of
workers in the first point of verification of parts;

parameter B is responsible for the number of
workers in the second check point;

parameter C is responsible for the number of peo-
ple involved in assembly the unit.

The value of the parameter for calculating the
wages of workers for one shift was given by the dy-
namic variable Z, (Fig. 3). The wages of workers is de-
termined as

Z, =(A+B+C)xz.

Such parameters are used to calculate it:

T, — the time it takes to check one part in the first
section;

T, — the time it takes to check one part in the sec-
ond section;

T; — the time required to assemble one unit.

The values of the “Pribol” (profit) and “Prodano”
(number of machines) variables will be calculated dy-
namically as the program runs.

Fig. 3. Dynamic variable parameters

Fig. 4 presents a diagram of the process of assem-
bling the machine unit. “Source” and “Sourcel” objects
generate requests of a certain type. Requests are objects
which are produced, processed, served or still somehow
exposed to the actions of the simulated process. “queue”
and “queuel” objects model a queue of pending details.
“delay” and “delay1” objects delay requests for some

time. This time is required to check the details. The
“match” object synchronizes the two request streams by
finding pairs of requests that match the specified pa-
rameters. Requests are accepted for service in the order
of priority. The vacated line starts servicing the applica-
tion that entered the system earlier than others. Such a
discipline is called “earlier entered - earlier served” (in
English literature FIFO - First In - First Out). Those
requests for which the pair has not yet been found are
stored in two queues.

Two java classes are created (“entityl” and “en-
tity2”). These classes will include verified parts from
first and second streams. Synchronization is performed
under the condition:

entityl.id == entity2.id

Fig. 4. Process diagram

The “Combine” object waits for two requests “de-
tal 17 and “datal 2” to be received in ports, and then
creates a new request “entity” and sends it to the output
port. The application that arrives first is stored inside the
facility until another application is received. As soon as
another application arrives, the previous application
immediately leaves the object.

The “queue2” object models a queue of parts be-
fore assembling aggregates. The object “delay2” is re-
sponsible for the calculation of the verified parts re-
quired for the assembly of the machine, and “delay3” -
for the calculation of the assembled finished machines

Prodano = Prodano +1.

To build a simulation model, the assemblage de-
partment was investigated for one day. The simulation
workflow is shown in Fig. 5 and Fig. 6 parameters of
the obtained model.

source gueue delay
4507 1
P | b |
4724
4724 match )
w w 1 ) queue? delay2 delay sink
w53 combine o 0 0
N &3 N N
y 63
63 ]
sourcel gueuel delay1 y L 5 6 8 83 A3 A
411 1 &3 3 &3
A N N 0
a75
a75 64 63

Fig. 5. Workflow of simulation modeling
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Fig. 6. The parameters obtained
during the operation of the model

The analysis of the resulting model showed that
4724 parts were received on the first input and 475 on
the second input. 63 units were collected and profit was
11.5008. The time for checking parts on the first thread
is 4, on the second thread — 7.5, on the third thread —
2.273. The experiment showed the required number of
workers on the first stream — 5, on the second stream —
4, on the third stream — 11.

Process optimization. In addition, an optimization
experiment was created. During this experiment, the
values of the parameters were determined to achieve the
optimal value of this objective function - the minimum
wage of workers. As the objective function we choose
profit. Profit is defined as the difference between the
cost of assembled machine units and the wade of work-
ers.

An optimization experiment requires an objective
function to be specified. Since it is located in the root
active class of the model, it is accessed by the root
pointer. It is necessary to specify the purpose of optimi-
zation: search for minimum or maximum.

To start, you must specify an optimization stop
mode. Most models use auto-stop mode. Next, you
should specify the parameters that will change during
the optimization process (Tabl. 1). For our study, these
are the parameters A, B, C. The type of these parame-
ters must be specified as continuous, the minimum
value is 1, the maximum value is 20, and the default
step is 1.

After setting all the parameters, you need to define
the experiment interface. For performance optimization
need to run an experiment on performance.

Table 1
Parameter value
Parameter Type Value
Min Max Step
A Continuous 1 20 1
B Continuous 1 20 1
C Continuous 1 20 1

Upon completion of the experiment, the optimal
value of the functional and the optimal value of the
number of employees A, B, C will be shown in the col-
umn “Better” (Fig. 7). On the right, the optimization
process will be displayed as a graph (Fig. 8).

Fig. 7. Optimization experiment result (parameters)

Fig. 8. Optimization experiment result (graph)

During the experiment, 200 iterations were per-
formed, 53 iterations were the most profitable. The op-
timal number of workers to inspect and assemble the
machine was selected as follows: 4 —4; B —5; C - 9.
These values are optimal for the number of employees
in the assembly department.

Conclusions

The paper presents the developed agent model of
the assembly process of machine. Simulation allows you
to select the optimal parameters for the organization of
assembly production with minimal cost. The agent ap-
proach is proposed to be used to simulate the assembly
process. You can build an agent model using AnyLogic
software product tools. Optimization of AnyLogic
model consists in sequential execution of several runs of
the model with different parameter values and finding of
optimal for this task parameter values. Combining heu-
ristics, neural networks and mathematical optimization,
OptQuest allows you to find model parameter values
corresponding to the maximum or minimum of the ob-
jective function, both under uncertainty and under con-
straints.

Taking into account the data on resources, a
method of simulation modeling of machine assembly
processes was used, which allows not only to analyze
the characteristics of the model, but also to carry out
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structural, algorithmic and parametric synthesis of the The first experimental result showed effectiveness
model. As the objective function we choose profit. Dur-  method of synchronizing of the flow request. Next op-
ing the experiment iterations were performed, and opti-  timization experimental result showed the relationship
mal number of workers to inspect and assemble the ma-  between the number of workers in certain stream of the
chine unit was selected for the assembly department. assembly process and profit.
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3ACTOCYBAHHA KOMIMTOTEPHOIO ArEHTHOIO MOAENOBAHHA
ONs ONTUMI3ALIT CKNAOAIIBHOIO MPOLIECY

1.O. Ymakosa

Komn'tomepne mooemosanns — ye memoo GupiuieHHs 3a0ay auanizy abo cunmesy CKIAOHOI cucmemu Ha OCHOGI
suxopucmanus i komn'tomepuoi modeni. Imimayiiine MOOen08aHHA, AK CKIAO08A KOMN IOMEPHO20 MOOET08AHHSA, 00380JIAE
nobyoysamu Ginbwicme MOJICIUSUX CMAHI6 ananizosanoi cucmemu. Tum camum 80HO A€ MOICTUBICMb KOPUSY8AMU NPOYeCU
CKNAOAHHA 6epCMAmMi6 3a MIHIMANbHUL Yac ma 3 MIHIMATbHUMU GUMPAMAMU, NEPeOdAUUMU MONCIUG] PUSUKYU | YHUKHYMU
HeOOIPYHMOBAHUX pilleHb w000 OpeaHizayii npoyecig, smeHwumu mamepianvhi eumpamu. Imimayitine mooenos8anus Oae
HAUKpawi pe3ytomamu Ol MOOENIOBAHHSA CUCIEM 3 HeusHauenicmio abo 3 iMogipHicHum Xxapakmepom. Mamemamuuno
npopaxyeamu 6ci MOJICIUBL 6apianmuy NOeOIiHKU CUCeMU — MPYOOMICIKe 3a60aHHs, d GUKOPUCIANHS 8 PO3PAXYHKAX CepeOnix
3HAueHb 0ac HemouHi pesyrbmamu. [ cucmem cKiadanbHo20 8UpobHUYMEaA imimayitine MOOEN08AHHS GUKOPUCHIOBYEMbC,
wob eubpamu OnNMUMANbHI napamempu opeanizayii eupodbnuymea. Memow Oanoi pobomu € nobyoosa kKomn'romepnoi
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iMimayiiunoi mooeni, sika 00360.1€ OYiHumu 8NauU6 eupobHu4UX hakmopis (Kitbkicmos npayiolouux, poboui napamempu ma mun
npoyecy CKIA0aHHs) HA npoyec CKIAOAHHs ma oOIpynmyeamu egexmueHicms mooeni. [[isi MoOenosants Oyi0 po3eisiymo
Olloyull mexnono2iunull npoyec ckaaoanus gepcmama. Texnonociunuii npoyec CKIAOAHHS BKIOUAE. 084 NOMOKU NepesipKu
demarneu, CUHXPOHI3AYIIO 3AA60K 3 YUX 080X NOMOKIG i nomik cknadanus eepcmama. llicis nobyoosu i nepegipku imimayiunoi
Mmooeni 6yno nposedeno onmumizayiinuil excnepumenm. B saxocmi yineboeoi @ynxyii 6yno obpamno maxcumanvhe 3HAYEHHS
npubymky. B x00i onmumizayitino2o excnepumenmy 0yau ukonaui imepayii. /[na cknaoansHozo yexy 6y10 6uOpaHo onmumanisHy
KiIbKIiCMb NpayieHuKie 011 NOmMoKie nepegipku i 30upanus eepcmamy. Ilepuwiuil excnepumeHmManvHuil pesyavmam noxKasas
epexmuenicmb Memoody cunxpowizayii nomoky 3anumie. Hacmynnuii onmumizayitinuili excnepumenm noka3as 63a€MO36's130K
MIdiC KibKicmio pobouux @ negHux nomokax npoyecy 36upanus i npubymkom. Pezynomamu 3acmocy8anns azeHmuux mooene
0151 IMIMAyitiHo20 MOOENIOBAHHS MOJICYMb GUKOPUCTIO8YEAMUCS OJisi ONMUMIZAYLL npoyecie CKIadantbHux 6UpoOHUYMS.
Knrwuogi cnosa: komn’omepua mooens, imimayitine MOOENOBAHH, A2eHMHA MOOelb, CKIAOATbHULL npoyec, ONMuMi3ayis.

NMPUMEHEHUE KOMMNBIOTEPHOIO ArEHTHOIMO MOAEJNIMPOBAHUA
ana onTMMM3ALMU CBOPOYHbIX MPOLIECCOB

H.A. YmaxkoBa

Komnvromeproe modenuposarue — 3mo mMemoo pewieHus 3a0a4 aHaau3a Ui CUHMe3d CAOHCHOU CUCTEMbL Hd OCHO8E UC-
NOL306AHUS ee KOMNbIomepHoU Modenu. Mmumayuonnoe mooeiuposanue, Kak COCMAasaowas KOMNbIOMepHo2o MOOeIuposa-
HUsl, NO360JIA€m NOCMPOUNL DOILUUHCINGO B03MONCHBIX COCMOAHUN pACCMampuaemoli cucmemvl. Tem camvim oHO 0aem 803-
MOJICHOCHb KOPPEKMUPO8ams npoyeccyl cOOPKU CMAHKO8 3d MUHUMATbHOE 8PeMs U C MUHUMATLHLIMU 3AMPamamu, npeoy-
CMOMPems B03MONCHbIE PUCKU U U3DENHCAMb HEOOOCHOBAHHbIX PeWeHUti N0 OP2AHU3AYUL NPOYECCO8, YMEHBUUUMb MAMEPUATb-
Hble 3ampamul. Umumayuonnoe mooeiuposanue oaem ayduiue pe3yibmamyl 015 MOOIUPOBAHUS CUCEM C HeOnpedeneHHO-
CMbIO UMY C BEPOAMHOCHHbIM Xapakmepom. Mamemamuuecku npocuumams 6ce 603MONCHbIE BAPUAHIBL NOBEOEHUS CUCTEMbL —
mpyo0oemMKas 3a0a4d, a UCHOIb308AHUE 8 PACHEMAX CPEOHUX 3HAYEHUL 0aem HemouHble peynbmamol. s cucmem cOOpoOUHO20
npou3600CMea UMUMAYUOHHOE MOOETUPOBAHIUE UCNONIb3Yem s, YMobbl b10paAmMb ONMUMANbHBIE NAPAMEMPbL OPAHUZAYUU NPO-
uzgoocmea. Llenvio 0annoii pabomul sA61sIEMCA NOCMPOEHUEe KOMNLIOMEPHOU UMUMAYUOHHOU MOOeNu, KOMOpAs NO380Jiaen oye-
HUMb BIUSHUE NPOU3BOOCMEEHHbIX (Pakmopos (Koauuecmseo pabomarwux, padoyue napamempsl u mun npoyecca cOopku) Ha
npoyecc coopru u obochosams Ighpexmuernocms moodenu. /st modenuposanusi 6uL1 paccmompen 0eucmeyowull mexHoiouye-
cxuti npoyecc coopku cmanka. Texnonocuueckutl npoyecc cOOpKu @KkaoUaem: 08a NOMOKA NPOGEpKU Oemanell, CUHXPOHUZAYUIO
3a560K U3 IMUX OBYX NOMOKO8 U NOMOK cbopa cmanka. Ilocie nocmpoenus u nposepKu UMUMAYUOHHON MOOenU Oblll 6LINOIHEH
ONMUMU3AYUOHHBLIL IKChepumenm. B kauecmee yenegou yyHkyuu 6v110 8b10paAHO MAKCUMATbHbIE 3HAYEHUe npubvliu. B xoode
ONMUMUBAYUOHHO20 IKCHEPUMEHMA ObLIU 8bINOAHEH L umepayuu. s cOopounozo yexa Oblio 6bIOPAHO ONMUMATLHOE KOTUYe-
CMBo pabomHuKos 05t 08yX NOMOKO8 NPOGepKU U Nomoka coopa cmanka. Ilepgviii SIKCNEpUMEHMAanbHblll pe3yabman NoKAa3al
appexmusnocms memooa cunxponusayuu nomoxa 3anpocos. Cnedyrowuii OnmumMu3ayuoOHHbIl IKCHEPUMEHM NOKA3A 83aUMO-
C6A3b MeHCOY KOMUUECmE0M paboyux 6 onpedeieHHvlx NOMOKax npoyecca cOopku u npubvlivio. Pesynvmamsr npumenenus
azenmuuix mooeneil O UMUMAYUOHHO20 MOOETUPOBAHUS MOSYIM UCNONIb308AMbCA O ONMUMUZAYUU NPOYECCO8 COOPOUHBIX
npouseoo0Ccms.

Knroueevie cnoea: KomnvromepHas Mooenb, UMUMAYUOHHOE MOOETUPOBAHUE, A2eHMHAA MOOeNb, COOPOUHBIIL NPoYyecc, on-
MuMU3aYyUL.

25





