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Abstract

The article is devoted to the analysis and study of human resource management for the enterprise engaged
in the technological assembly of products. The target of research in this article is employees of the
enterprise engaged in the production of technological products. The subject of the study is labor supplies
dealing with the technological process of an enterprise. It implies series assembly of a product as well as
packaging in small batches. The purpose of the study is the theoretical and methodological justification of
simulation modeling methods use for workforce optimization at an enterprise engaged in the
technological assembly of products. The main points of development and testing of the simulation model
Any Logic are characterized. A discrete event approach will be used for the problem analysis. A
workforce optimization algorithm based on the example of the technology product assembly process, has
been proposed. The proposed approach includes production management both with the help of employees
and robots, capable of balancing the conduct of processes in production. Experiments will be carried out
on the model, proving the effectiveness of the developed simulation model.
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1. Introduction

Human resource management within an organization is an activity aimed at the effective use of the
potential of employees in achieving the goals of the enterprise. At the same time, management is based
not only on the beneficial corporate interests, but includes safeguarding interests of employees. Human
resource management is designed to solve the main tasks of the enterprise: recruitment needs, staff
development and their rank advancement (Chernyaeva & Denisenko, 2016).

In any organization, labor force is often at the top of the mind, requiring heavy expenses. The
financial performance of the organization's activities depends on their level. An important indicator
characterizing the work of any enterprise is its workforce productivity and the efficiency of labor supplies
use. Sticking points in the effective use of labor supplies are interconnected with all production processes,
which imply a thorough study of them. The solution of the problem connected with inefficient workforce
in the study lies in using simulation modeling methods (Filippov et al., 2016).

At the moment, simulation modeling methods are some of the most powerful and effective
methods in studying production processes at the enterprise. The simulation model gives a large number of
parameters making possible to track the logic and patterns of the simulated object conduct. After the
simulation, it is possible to describe the behavior of the system, evaluate the impact of various system
parameters and select the optimal number of equipment and workers to perform all operations of the
production process. It is also promising to find out the size of shippable quantity within product transfer
among different workplaces (Leonov et al., 2017).

The main problem of modern enterprises is inefficient human resources management. As a result,
the company loses profit, staff resources and potential for development. Analyzing workforce, the task of
the manager is to assess the number of employees necessary for performing a particular process, as well
as to develop a work schedule so that the production can be optimized without excessive load on human

resources. To improve labor force efficiency is possible due to:

= study and assessment of labor supplies endow by trade at the enterprise and its business units;
= identification of labor supplies with more complete and effective use of them;

= study of labor-consuming of products;

= determining of product generation per unit time by one employee;

= increased supply of necessary tools for faster production;

= timing of working hours and staggering of schedules;

= time limit for the execution of any given action point in the employee's task.

Working schedule formation is the most obvious method for effictivization of work processes. To
increase the process of assembling products consisting of several parts, it is hecessary to stagger a sound
work schedule and set up the delivery of parts with good frequency (Leonov et al., 2019).

The program Any Logic was used to build the simulation. The system Any Logic developed by
XJTechnologies is a general-purpose machine modeling environment. This development covers the main
areas of modeling for the time being, such as discrete event, system dynamics and agent-based simulation
(Efromeeva & Efromeev, 2020).
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2. Problem Statement

Simulation modeling makes it possible to play different behavior scenarios of consumers,
suppliers, employees, competitors, helping to determine largely the development of the organization in

the future. In any study related to the use of simulation modeling, there are the following stages:

= designing an abstract model,

= implementation of the model using a software product;
= model analysis;

= conducting experiments with a working model;

= evaluation of results.
Production processes simulation offers means for (Padushin et al., 2021):

= detecting and eliminating problems in advance that appear at the start-up stage and would
require time or financial costs;

= reducing investment in production, having the same performance parameters at the same time;

= optimizing production and choosing the most rational solution from a variety of options;

= making tradeoffs on the distribution of labor force in the employment sector.

The simulation model of production processes can be presented in the form of a "black box"
model. Such a model is used at the sheduling stage and for implementing numerical experiments with the
model (Kuzmenko et al., 2020). Then we get data-out on the number of manufactured products and the
number of batches received. The simulation method makes simulating the production process in reality
possible as if it were going on in very deed, but in accelerated time mode. In any production process,
delays may occur due to the priority of tasks or staff workload, when performing a particular task, as well
as a shortage of materials necessary for task execution (Lozbinev et al., 2017).

Process simulation for series assembling of 10 pieces per package will be viewed in the article.
3. Research Questions

A feature of modeling systems with discrete events is the construction of a model with transactions
that display dynamic modelled entities (applications), and blocks, which are objects, capable of
processing these applications. Parts act as such applications in the designed system. Services use
resources for their work. Resources can be understood as employees, including premises in case of its
being viewed as a model. This method is ideal for a product assembly shop simulation. A discrete-event
approach will be applied for the projected model. In this approach, an agent-application that is serviced
on various operations will be taken up. Parts and the product itself will be treated as an agent- application
for this task. Manufacturing process within a workshop aimed at parts production is considered to be the
service of the agent- application, made through various services. Let's develop a model that will have the
following parameters. In product assembly, the first part is subjected to two technological operations

before assembly, the second and third parts are subjected to one technological operation before assembly.
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The first technological operation with the first part lasts from 3 to 5 minutes and is performed by
one robot. The second technological operation with the first part lasts from 4 to 8 minutes and is
performed by one employee according to the work time schedule (from 9 to 18 on weekdays with a lunch
break from 13 to 14) (Kuz'menko & Kondrashin, 2019). The technological operation for part process with
the second part lasts from 6 to 10 minutes and is performed by a worker. The technological operation for
part process with the third part lasts from 5 to 8 minutes and is performed by a worker. The product
assembly, performed by a robot, lasts from 5 to 10 minutes. Then product is packed in 10 pieces per
package. It takes a worker from 10 to 16 minutes to make parcels. The first part for assembly is delivered
from warehouse 1 with a rate 1 piece per hour. The second part for assembly is delivered from warehouse
2 with a rate 2 pieces per hour. The third part is delivered from warehouse 3 with a rate 1 piece per hour.
This model does not imply a workload for manual workers. The process of product assembling runs
measuredly and sequentially, not impeding technological operations, just on employees' working days.
Either outside working time or on weekends, there are some problems, reflected in the model in yellow or
red (Lozbinev et al., 2017).

4. Purpose of the Study

This is a model algorithm for WFO (workforce optimization) at the enterprise engaged in the
technology product assembly for optimizing them and improving the efficiency. A comprehensive
approach for reducing labor resources workload is recommended (Text book on modelling in AnyLogic
TM, 2005):

= each technological operation is performed separately by one worker in the shop, no employee
performs 2 operations simultaneously;

= arobot is introduced to perform certain types of technological operations;

= acontrolled simulation model is created in AnyLogic to describe the main agents and
operations involved in the assembly process at the enterprise;

= the study of real production processes and fixing the time to perform a particular technological

operation.
5. Research Methods

To build a simulation model within studies, the following elements were used to write the article
(Efromeeva & Efromeev, 2020):

Source. Creating agents. It is usually used as the initial block of the process diagram. So that the
block can create agents with certain animations and attributes, an agent type is in the making and the
name of this type is specified into the property of the block "New Agent".

Service. Captures a specified amount of resources for the agent, delays the agent for a specified
time, and then releases the captured resources. Implemented as a sequence of blocks Seize, Delay,
Release and it should be used in cases where all that is required is to delay the captured resources for a

certain time, and then release.
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Resource Pool. Specifies a set of a certain type. Resources are objects required by agents to
perform their tasks. Resources can be captured and released by their agents using blocks Seize, Release,
Assembler and Service. There are three types of resources: moving, static and portable. Static resources
are tied to a specific complex (rooms, machines); moving resources can move by themselves (personnel,
transport); portable resources can be moved by agents or moving resources (Text book on modelling in
AnyLogic TM, 2005).

Assembler. Builds one new agent from a certain number of agents coming from various sources
(up to 5). The type of the new object, as well as its initialization, is determined by the user. The number of
agents that is to arrive at each individual port for one new agent being created is set using the block
parameters (number 1, number 2, etc.). The assembly begins when all the agents necessary for the
assembly are received (in case of availability of all necessary resources, if specified). The assembly time
is set in the Delay Time parameter.

Batch. Converts the specified number of incoming agents to one new agent. The block contains a
succession inside where arriving agents are stored. When the number of agents accumulates equal to the
specified batch size, a new batch agent is created. The batch can be permanent or temporary. When
creating a permanent batch, the agents stored in the succession are destroyed, while when creating a
temporary batch, all these agents are added to the contents of the batch and can be retrieved later by the
block. Unbatch.

Sink. Destroys entered agents. It is usually used as the final block of the process diagram.

Based on these types of blocks, a simulation model was developed.
5.1. Development of a Simulation Model of the Assembly Shop in the Any Logic Environment

The discrete-event approach assumes the presence of an application (agent) and blocks for
processing these applications. To build the model, the elements specified in the paragraph 2.1. will be

used.
5.2. Modeling of Agents-Parts and Products

The parts, which are going to be assembled and the product itself, will be presented in the model
as a Type of agents. We assign the name of a new type of agents - Detal_1 — for the first part, Detal 2 —
for the second part, Detal_3 — for the third part. Separately, it should be noted that for the product, the
name of the new type of agents is Isdelie. After carrying out all operations, there is a list of 5 agents on

the Projects tab.
5.3. Parts Supply Simulation

The parts, which are going to be assembled and the product itself, will be presented in the model
as a Type of agents. We assign the name of a new type of agents - Detal_1 — for the first part, Detal 2 —
for the second part, Detal_3 — for the third part. Separately, it should be noted that for the product, the
name of the new type of agents is Isdelie. After carrying out all operations, there is a list of 5 agents on

the Projects tab.
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5.4. A Parts Process Simulation

The first part undergoes two technological operations. Each operation is treated as a provided
service of the agent Detal_1. The Service block is used to provide agent service.

This block consists of a service queue and a block simulating the delay of a part during service.
The block has one input and three outputs: out, outTimeout, outPreempted. If the service of the parts has
been completed, they are introduced to the out. If waiting time for the service in the queue is up, the parts
are introduced to the Timeout. The output of outPreempted has the parts displaced by the parts with a
higher priority for part process. In this task, all parts must be serviced, so only the out output will be used.

The task for the first technological operation. In the block properties, set its name (Operaciya_1),
queue capacity — The maximum capacity, the duration of the operation. The duration of the operation is
set by a triangular distribution, in which the first parameter means the minimum operation time (3
minutes), the second parameter — the average duration of the operation (4 minutes), the third — the
maximum duration of the operation (5 minutes).

As mentioned in the paragraph formulating the task, the first technological operation with part 1 is
performed by a robot. To simulate an operation task for a robot, you need to specify a Set of resources in
the Service block performing the operation. To specify a Set of resources the creation of resources in the
model in advance is quite urgent. The resources in the model are set by the ResourcePool block. In its
Resource Pool properties, we set the name of the resource Robot_1, the number and type — Portable. In
general, the resources in the model can be of three types: moving, portable and static. When choosing a
moving type, the robot can serve several operations, moving from one to another.

The task for the second technological operation. Drag the Service block so that the out of the
Operaciya_1 block output and the input of the new block are connected. In the block properties, we set its
name Operaciya_2, the queue capacity is 10 and the service time is 4, 6 and 8 minutes.

The second technological operation is performed by an employee according to prescribed
schedule. To set the work schedule, the Schedule block is used.

In the Schedule block properties, set two schedules — from 9 to 13 and from 14 to 18. Add a
schedule using the + button to the right of the Schedule table. We set a yes/no schedule type.

Then set the resource using the ResourcePool block. Since the work of the employee is set by a
schedule, in the properties of the Resource Pool block, in the sub-clause Quantity Specified, select the
Availability Schedule item. In case of selecting just Schedule item, the number of workers employed at
the specified hours should be set in the Schedule block itself. Since the Schedule type is selected in the
Schedule block yes/no, i.e. the resource can be available or not, this type of schedule is called an
Availability Schedule. In the Availability Schedule item a newly created schedule is selected. As a result,

the properties of the ResourcePool block should look like in Figure 1.
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Figure 1. Properties of the worker resource Setting the processing operation of the second part

Let's simulate the execution of an operation using the Service block. In the block properties,
specify its name (Operaciya_3), queue capacity (Maximum) and operation execution time.

The technological operation is performed by a worker. Moreover, this is not that employee, who
processes the first part. Therefore, creating a new resource is essential. He will work according to the
same schedule as the worker processing the first part, so there is no need to create a new schedule. Thus,
it is necessary to create a new resource working in concordance with the existing schedule.

Setting the assembly operation. To simulate the assembly process in the AnyLogic environment,
an Assembler block is used, which has 5 inputs and one output. The parts from which the product is
assembled are input at the entrance, at the exit of the block, a new application agent is created, namely the
assembled product. In the properties of the Assembler block, we set the assembly runtime and the type of
agent at the output in the New Agent section.

The assembly is performed by a robot designed specifically for this operation. Therefore, it is
necessary to use the ResourcePool block for creation of another type of RobotAssembler resources.

Setting packing operation. The assembly operation is also set by the Service block, while the
worker performing it is specified by the ResourcePool block. Since he works on the same schedule as all
other employees, the prescribed availability schedule is used.

Packing operation produces boxes containing 10 items each. For the simulation of boxes, we will
introduce a new agent into the model — Box. The packaging of products will be simulated using the
Batch block. This unit accepts a specified number of products as input and releases their batch. Setting a
permanent batch makes its disassembly into individual products impossible.

Packed boxes are taken away from the workshop. The block Sink is used to simulate the departure
of boxes from the model. It has one input and just cancels forming applications. The finished simulation
model is shown in Figure 2.
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Figure 2. Production model

6. Findings

Fire up the acquired model by clicking on the button on the toolpallete in the top menu. The

working model is shown in Figure 3.
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Figure 3. Demonstration of the operation of the created model
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As can be seen in Figure 3, there are problems you can face in three places: at the exit of the
technological operation, performed on the second and third parts. Accordingly, problems arise during the
assembly of parts. This is due to the time of the experiment. For three workers ~Worker_1, Worker_2 and
Worker_3 at the moment, non-working hours, namely, they are busy with these technological processes.
Also, the program itself gives an error: the agent left the block in the second operation due to the empty
set of resources. It should be noted that the optimization of working time includes not only a
demonstration of the acceleration of manufacturing, but also the optimization of employees' working time
with time management providing workers with sufficient time for rest. Problematic situations are

remeditated over time. This can be clearly seen in Figure 4.
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Figure 4. Operating time of the system

Based on Figure 4, there are problems with the system arising within the technological operation
for the first and second parts. It is connected with the delay of agents in the second technological
operation for the first part and in the third operation for the second part. This is evidently due to the lack
of time when workers process arrived parts and they queue up. At the same time, it can be noted, there is

no overtime working and the workflow is comfortable.
7. Conclusion

A simulation model of the technological process for products assembly in production has been
analyzed in the article. Thus, it can be concluded that with the help of simulation modeling, an unlimited
number of experiments with changing system parameters can be performed. With the help of simulation

modeling, it is possible to describe the structure of the system and its processes as it is, not using various
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mathematical formulas and constructions. To eliminate problems related to the optimization of labor
resources, simulation modeling is the most appropriate.

Optimization of either working time or technological process of product assembly dealing with
three parts should be performed using the capabilities of simulation modeling. Thus, the results can be
clearly seen. The following solutions are proposed:

It is possible to optimize the working hours of employees and hire workers who will work over the
lat night shift. If employees usually work 8 hours a day, then hiring extra workers divided into 2 groups of
3 people, working two shift, will make it possible to increase the volume of manufactured parts three
times, with neither discomfort nor overworking for other employees. It is possible to burden with works
the employees dealing with arriving parts : once every 1 hour, and the assembly takes no more than 15
minutes. That is, if we increase the supply of parts by 4 times, then the employee will be optimally busy
during working hours, and the productivity of the workshop will increase by 4 times.

In the process of work, a simulation model of the production process for the products assembly

was developed.
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