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Abstract: Today, with the increase in the power of computers in storing and processing data, as well as the
advances made in the field of information technologies, especially artificial intelligence, the facilities and
capabilities of CAD systems have increased significantly. In the fundamental approach, the process design is created
based on the information available in the production database and process mining. In this approach, the process
design system operates in the form of knowledge-based systems and artificial intelligence, and in some cases as a
DSS system, in order to automate the design, and by receiving information about the details of the desired part, the
types of production operations available and their capabilities in terms of accuracy and tolerance, experience related
to previous parts, etc., it designs the appropriate process for the part. These systems have been created for the
production process of parts that were previously carried out by specialists in manufacturing methods. These systems
are very important in terms of integration. The outputs of a process design system include: selecting the appropriate
operations and determining the sequence of these operations on the part, selecting the necessary machines to
perform the operations, determining the tools and fixtures, as well as the operating instructions for adjusting the
machine, the path of the tools, the operation parameters such as speed, duration, load, etc. Of course, it should be
noted that since the planning and design of the parts manufacturing process is very dependent on the experience and
judgment of the planners, automating all of the aforementioned activities is a very difficult task and most of the
existing process design systems are not capable of performing all of the above activities, but in most cases they can
only provide decision support services. In a distributed industrial environment, different factories with different
machines and tools in different geographical locations are often combined to achieve the highest production
efficiency. Process designs may differ due to different resource constraints. Therefore, obtaining an optimal or near-
optimal process design seems important. In other words, it is necessary and essential to determine which factory and
with which machines and tools each product should be produced. For this purpose, it is necessary to choose a design
from different designs that minimizes the cost of producing products while being possible. In this research, a genetic
algorithm is introduced that can quickly search for the optimal process design for a single manufacturing system as
well as a distributed manufacturing system according to predetermined criteria such as minimizing the process time.
This research presents an emerging genetic algorithm for process design with the help of data obtained from process
mining that has a successful application in a traditional and distributed multi-factory environment. The application
of genetic algorithm for a distributed multi-factory environment in distributed manufacturing systems was developed
based on the geographical distribution of manufacturing machines and tools. It can produce an optimal or near-
optimal process design compared to other main approaches for single-product manufacturing. The most suitable
manufacturing plant can be established when the distributed manufacturing problems are considered. Furthermore,
this approach is able to perform multiple optimization objectives based on the lowest production cost or the shortest
production time. Based on the selected objectives, near-optimal solutions can be obtained by using genetic
algorithm. Through experiments, it has been shown that the developed techniques are better or comparable to other
systems in a distributed multi-factory environment.
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1-INTRODUCTION

Today, the use of information technology can be clearly seen in education, management and organization, medicine,
business, military affairs, manufacturing and industry, research, transportation, traffic control and the publishing
industry. The search for a better way to produce parts has always been the driving and fundamental factor in
automation (1). Computer-integrated manufacturing is a type of technology that can be associated with and guided
by any industry, meaning that each industry provides special conditions for computer-integrated manufacturing
according to its own set of experiences, needs and situations. Hence, there are different definitions and descriptions
for it. Below are some examples of the descriptions made (2). An integrated computer system involves the
comprehensive and systematic computerization of the manufacturing process. Such systems integrate activities such
as computer-aided design, computer-aided manufacturing, computer-aided engineering, testing, repair, and assembly
using a common database (3,4,5,6). With a little more attention to the descriptions and perspectives mentioned
above about integrated computer manufacturing, one can understand the role and importance of information and
information technologies in realizing an integrated computer manufacturing system. In other words, it can be said
that this system has emerged and expanded as an important activity alongside information technology during the
development of information technology (7). To examine the role of information technology in this system, it is best
to first clarify the aforementioned perspective. As Harn, Brown and Shionan point out in their book, the
understanding of this system depends on the empirical background and the perspective of the individuals towards it.
Hence, there are different attitudes and perspectives regarding it, some of which they have mentioned in their work.
What is taken as the criterion here is the view that Harn and his colleagues themselves have presented about this
system. This view, shown in Figure 1, seems to be the most appropriate view among the existing views in terms of
comprehensiveness and systems perspective(8). Communication indicates the integrity of the set of operations and
also indicates the closed loop of information feedback. In summary, it can be said that computer integrated
production means the integration of automation islands related to administrative-financial operations, engineering
support, production management and operations related to the executive level. This process is carried out by means
of computer communications and data storage facilities (9).

In the past, the design of parts and products was done manually using large tables and drawing tools, and the
drawings were often drawn on paper. For this reason, the designs were generally time-consuming and troublesome.
Also, in the event of a mistake in drawing or a change in the design, correcting and redrawing the drawings took up
a lot of time. This problem was more evident in cases where the product had numerous and complex parts.
Maintaining and caring for the drawings was another issue that required a lot of space and also took a significant
amount of time for coding, archiving and retrieving. However, these drawings only represented the geometric shape
and position of the parts relative to each other, and that too in two dimensions (10).

Today, with the increase in the power of computers in storing and processing data, as well as the advances made in
the field of information technologies, especially artificial intelligence, the facilities and capabilities of CAD systems
have increased significantly. Today's advanced CAD software has provided the designer with the possibility of
creating solid three-dimensional models. These software, by making extensive use of artificial intelligence
techniques and thanks to the expert systems embedded in them, also have the ability to analyze designs. For
example, they are able to calculate and determine the mass of the design, the volume of the design, and the center of
gravity of the parts (11). They can examine the contact point or interface of assembled parts and analyze the
mechanical properties of the parts such as stress or heat flow. Some of these software can also study the movement
of parts, and others can determine the points and times of inspection of the part. They even create a database
required for product production. The database includes all information related to the product from a design
perspective, from geometric information, parts and materials lists, material specifications, etc. to additional
information required for production. Current powerful CAD systems also have the ability to exchange information
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with database systems and transfer data to other manufacturing software, which has significantly increased their
efficiency (12). Another of the process mining islands created in the field of manufacturing is the computer-aided
process design system. These systems have been created to automate the design of the production process of parts
that was previously done by manufacturing methods specialists. These systems are very important in terms of
integration because they are one of the key points in creating a connection between CAD and CAM. (13) The
outputs of a process design system include: selecting appropriate operations and determining the sequence of
operations on the part, selecting the necessary machinery to perform the operations, determining the tools and
fixtures, as well as the operating instructions for adjusting the machine, the path of the tools, the operation
parameters such as speed, duration, load, etc. Of course, it should be noted that since the planning and design of the
part manufacturing process is very dependent on the experience and judgment of the planners, automating all of the
aforementioned activities is a very difficult task and most of the existing process design systems are not capable of
performing all of the above activities, but in most cases they can only provide decision support services (14). The
role of information technology in the process design system and process mining is also very evident. In general,
there are two approaches in the development of these types of systems: 1 - the improvement or diversified approach;
2 - the generative or fundamental approach. In the improvement approach, which is based on the use of group
technology and classification and coding tools, a master composite part is used to represent the range of
manufacturing shapes in a family. Whenever the system identifies a new part as a member of a particular family, the
process design of the composite part of that family is modified in such a way that it can create the process design of
the new part. In this approach, the system uses part classification techniques to determine the shape of the parts and
matches them with the corresponding shapes in the master parts (15). In the fundamental approach, the process
mining design is created based on information available in the manufacturing and process mining database. In this
approach, the process design system operates in the form of knowledge-based systems and artificial intelligence, and
in some cases as a DSS system, and by receiving information about the details of the desired part, the types of
manufacturing operations available and their capabilities in terms of accuracy and tolerance, experience with
previous parts, etc., it designs the appropriate process for the part. In a distributed industrial environment, different
factories with different machines and tools in different geographical locations are often combined to achieve the
highest production efficiency. When producing different parts and products, process designs are produced by the
existing factories. These designs include the type of machine, equipment, and tools for each operational process
necessary to produce the part. Process designs may differ due to different resource constraints. Therefore, obtaining
an optimal or near-optimal process design seems important. In other words, determining which factory and with
which machines and tools each product is produced is necessary and essential. For this purpose, a design should be
selected from among the various designs that minimizes the cost of producing products while still being possible
(16). In this section of the research, a genetic algorithm is introduced that, according to predetermined criteria such
as minimizing the process time, can quickly search for the optimal process design for a single manufacturing system
as well as a distributed manufacturing system. Using the genetic algorithm, computer-aided process planning can
create optimal or near-optimal process designs based on the considered criteria, and case studies clearly demonstrate
the feasibility and robustness of the method. This work is carried out using the genetic algorithm in CAPP in both
distributed and connected manufacturing systems. Case studies show that this method is similar to or better than
conventional single-factory computer-aided process planning. After providing a summary of the work, we will
describe the method in the following sections of the research (17). In the fundamental approach, the process mining
design is created based on the information available in the production and process mining database. In this approach,
the process design system operates in the form of knowledge-based systems and artificial intelligence, and in some
cases as a DSS system, and by receiving information about the details of the desired part, the types of manufacturing
operations available and their capabilities in terms of accuracy and tolerance, experience with previous parts, etc., it
designs the appropriate process for the part. In a distributed industrial environment, different factories with different
machines and tools in different geographical locations are often combined to achieve the highest production
efficiency. When producing different parts and products, acceptable process designs are produced by the existing
factories. These designs include the type of machine, equipment and tools for each operational process necessary to
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produce the part. Process designs may differ due to different resource constraints. Therefore, obtaining an optimal or
near-optimal process design seems important. In other words, it is necessary and essential to determine in which
factory and with which machines and tools each product should be produced. For this purpose, it is necessary to
choose from among the different designs a design that minimizes the cost of producing the products while being
possible (18). In this part of the research, a genetic algorithm is introduced that, according to predetermined criteria
such as minimizing the process time, can quickly search for the optimal process design for a single manufacturing
system as well as a distributed manufacturing system. Using the genetic algorithm, computer-aided process
organization can create optimal or near-optimal process designs based on the considered criteria, and case studies
clearly show the feasibility and robustness of the method. This work is carried out using the genetic algorithm in
CAPP in both distributed and connected manufacturing systems. Case studies show that this method is similar to or
better than the conventional computer-aided process organization of a single factory. After providing a summary of
the work, we will describe the method in the following parts of the research (19). Increasing product variety,
customer-oriented product and shortest lead times are the controversial points for a manufacturing plant. Existing
manufacturing systems cannot adequately adapt to these needs. Due to their inflexible and fixed methods of decision
making and the existence of these systems in a highly variable environment, it seems necessary to change the
manufacturing system from the status quo to a new perspective in order to avoid facing various challenges. Several
approaches have been developed such as compact factory, superhuman manufacturing systems, holonic
manufacturing systems, distributed manufacturing systems, etc.(20,21) Further research and study have proven that
distributed manufacturing enables marketers to achieve superior production quality, lower production cost and
reduce management risk. This research aims to develop a genetic algorithm to solve the problem of computer-aided
process organization based on the category of distributed manufacturing (22,23). A distributed industrial
environment creates a high degree of complexity where there are different process design options. Obtaining an
optimal or near-optimal process design is a difficult task for the manufacturing research group. Traditional CAPP
systems aim to achieve optimal machine processes by limiting the machines and tools suitable for performing a
specific manufacturing operation to the production resources available in a factory. However, in a distributed
manufacturing environment, there are different factories to perform a specific production, and one of them may
produce a better and more efficient process design. Therefore, the development of a CAPP system that can produce
better process designs in a distributed manufacturing environment is the main objective of the present study. The
complex nature of manufacturing systems and the difficulty of optimizing them necessitate the use of evolutionary
algorithms that follow living systems in obtaining optimal solutions. In this study, the genetic algorithm is chosen to
solve the optimization problem. The mechanized process design is based on the genetic algorithm. However, most of
the reported works and case studies have dealt with the process design of a single factory that produces parts under
certain conditions and a specific manufacturing environment.

2-PROCESS MINING

Process mining is a relatively young, simple technology, and is essentially a data-driven process management
approach. Despite its young age, its benefits and potential have been widely accepted in organizations and
businesses of all sizes. Awareness of the technology has also been increasing worldwide since the publication of the
Process Mining Manifesto by leading academic experts in the field in 2011 (16). Organizations that have used
process mining tools and software have achieved an understanding of their processes that they have never
experienced before. But how can such great results be achieved?

Today’s organizations rely on a variety of information systems to support their business activities. Whether it is an
ERP system to track manufacturing processes or a CRM system to coordinate sales and customer service processes,
it is difficult to find a process today that is not supported by an IT system. These systems continuously collect large
amounts of data (for example, data from every time a purchase order is placed or a service is delivered), or the
digital footprint of a business process (25). In a typical organization, this results in thousands of events being
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recorded every day. Worthless information that is simply recorded every day. This is exactly where process mining
comes in. Process mining uses data collected by IT systems (so-called event logs) to analyze the process in detail.
Unlike traditional, intelligent business intelligence approaches, this not only reveals weaknesses, but also allows the
user to find the cause of the problem. With the help of process mining tools, organizations can move away from the
judgment-based approach to business process management (BPM) and move towards a data-driven approach,
making fundamental changes based on real-time data. (26)

Process mining allows organizations to monitor, analyze, and improve their business processes with extraordinary
accuracy. The true process model is easily revealed and monitoring process KPIs is easier than ever. The four
functions of process mining are based on various analyses of event logs, which we will read together below. (27)

Choose suitable
data sources
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goals

Use data-driven

Clean and prepare
decision-making e

the data

Process Mining best
practices

et
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processes

Use apropriate
algorithms and
models

ms and models
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Use visualization
to communicate
findings

Collaborate with
stakeholders

Figure 1 - Process mining

3- COMPUTER-AIDED PROCESS PLANNING

One of the applications of the computer is related to supporting the creation and development of technical designs
required for the production of a part. In the terminology, this application is called Computer Aided Process
Planning. This application is very important in terms of integration, because it is one of the key points in
establishing the connection between CAD and CAM.

Automating all process planning activities is a difficult task that should not be underestimated. For this reason,
computer-based systems are often unable to perform all of the above activities. In fact, existing CAPP systems can
only provide decision support services in most of the above cases. In general, there are two approaches to
developing CAPP systems (20):

The Diversified (or Improvement) Approach
The Generative (or Fundamental) Approach
3-1- Diversified Approach

In the diversified (or improved) approach, a standard or similar part design is used to prepare a process design. In
the improved process design approach, a composite part is used to represent the range of production shapes in a
family, and then a composite process design is developed for that composite part. In simpler terms, whenever a new
part is identified as a member of a particular family, the composite process design of that family is modified in such
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a way that it can create the process design for that new part. The improved approach is widely used in practice,
despite some important disadvantages. It is clear that only parts can be designed that are within the range of the
existing part variety. Also, experienced designers in the field of process design are needed to carve out and modify
the composite process design and to add the necessary details to it. Another approach tries to overcome some of
these disadvantages, this approach is known as fundamental or generative process design.

3-2- Fundamental Approach

In the fundamental approach, the process design is created based on information available in the production and
process mining databases. The requirements of this approach include a detailed description of the part, the types of
manufacturing operations available, and the capabilities of the operations in terms of process accuracy, tolerances,
etc. For example, in the field of machining, this system examines all the surfaces of interest and compares the
tolerances of these surfaces with the tolerances achievable by the existing process. If the existing process is capable
of achieving the desired tolerance, then that process may be used to create the surface. Otherwise, the process is
eliminated from further consideration (22).

Assembly process planning support systems, which act as intelligent decision support systems (DSS), effectively
leave the final decision on the selection of operations to the process designer. Developing a multi-stage design
system is another way to plan the assembly process. The system is capable of detecting the contact points of parts,
assessing the possibility of moving assembly parts, providing an analysis of the degree of accessibility of parts,
selecting basic parts, and finally determining the sequence of assembly operations.

4- PROPOSED SYSTEM MODULES A METHOD FOR PROCESS ORGANIZATION USING GENETIC
ALGORITHM

Computer-aided process organization is an important intersection between computer-aided design (CAD) and
computer-aided manufacturing (CAM) in computer-integrated manufacturing (CIM). The development of the pre-
programming module, as part of the CAPP system, is described. Pre-programming leads to a sequence at the form-
form level (22).

In manufacturing systems, the process processing for a new part is automatically created and information is
combined. For this purpose, the logical circuit is built inside the computer system in the form of a tree, table, system
based on expert system, etc. (21).

These include process organization, operation selection, and sequence existence with two main tasks: selection of an
operation based on the geometric form of the underlying process, which is the technological requirements, and
mapping of these specifications to a specific operation or set of operations. The development of a graph theory for
sequence operations was divided by Sundaram. In another work, the elimination of unsuitable sequences of
operations and the use of three structures for counting all paths to separate the unsuitable sequences were reported.
After analyzing the technological requirements and optimizing them, Rho based the sequence operations on the
scale of tool cutting changes and tool travel time, and used the superiority matrix. The possibility of alternating
sequences with available resources was not discussed in their paper. Irani used a Hamiltonian path analogy based on
the preferred graph and the performance matrix for the process organization problem (20).

The most prominent of their research work is the use of heuristic or Arvind-like suggestions for the random
generation of alternating sequences. Mr. Vaneza developed a genetic algorithm (GA) that had elements in each
string corresponding to the shape states generated by the machine functions. It was reported that the use of mutation
and merging operators resulted in about 10% of unsuitable sequences in the operators that had preferred elements.
Messrs. Hip, Dutta and Dutta used a new coding strategy in GA for the sequence of machine-aligned functions,
which used combinations of work-preserving and tool-preserving interactions.
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In order to properly examine the problem of process organization, we can divide it into two parts: the primary and
the secondary. The primary stage involves the sequence of form shapes, their geometry and their internal
dependencies. The secondary and secondary levels of organization are related to the fabricated information such as
operations, machine tools, cutting tools, operation sequences and fixed processing for the given part. This research
also showed a trend towards CAPP-derived shapes. In a fully automatic process organization system, the shape
interpretation is done from the CAP database. However, different interpretations may be created depending on the
specific area such as design, machine, assembly, inspection, etc. Extensive research is being done to develop area-
dependent schemas. An infallible method that can completely replace human intelligence is still being developed.
For process organization, the existence of structural shapes is required. This plan should include a description of the
composition of the shapes and their internal dependencies. In this work, active use is made of a purpose-adapted
modeler.

In this work, the details of the preliminary organization method of rotating components with C-axis shapes were
given. As the sequences can be obtained quickly, a proposal can be effectively used by a process organization with
appropriate and alternating sequences to obtain a functional environment.

4.1- Modules of the proposed CAPP system

The modular structure of the proposed CAPP system is given in Figure 2-3, which is divided into preliminary
planning and part planning (as shown by the broken lines). Preliminary planning includes the sequence at the form
level that is not dependent on resources. Part planning includes the selection of operations, machine tools, cutting
tools, the sequence of operations at the process level, and the optimization of machine parameters in production. The
input base of any CAPP system is part information. In the absence of a CAD modeler that creates forms with
geometric construction (shape, dimensions, etc.) and technological information (tolerance, surface smoothness, etc.),
the user interface for form forms and their dependencies is expanded. The user activity causes the entry of details
from the engineering drawing of the part. The system also creates a priority graph (FPG) using precedence and delay
diagrams. There is an integrated research strategy in the system that includes 3 paths of research and generates
suitable initial sequences. These sequences are optimally organized and include: shape proximity, shape preservation
and shape reference. In the next phase, part planning has the ability to produce form forms based on geometric and
technological requirements. Machine tools and cutting tools that can produce functions are implemented by a system
from the machine tool database of the tool base information. After the selection of machines and cutting tools, the
functions at the level The process is sequenced and the optimal cutting parameters are determined. Finally, the
system produces a process that has a number of tabulated operations, operation descriptions, machine tools, cutting
tools, and cutting parameters for each operation.
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Figure 2- Proposed CAPP diagram
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3.2- Visualization and storage of geometric and technological information

The system interacts with the user and technological information, geometric, related to each form. The classification
of form classes (radial, axial hole, keyway, etc.) exists in the primary forms and details are added to this section.
They are defined depending on the primary form. The term C-axis form is used in work that has a coordinated NC
system and represents a set of forms that require additional control of the axis direction and the rotating tool that
exists in the CNC center. The model of primary, secondary and C-axis forms was proposed in a parametric manner.
Each form represented an example that existed as a form class among the part modelers (cylindrical, thread, radial
hole). The number of data points across categories is shown in Figure 4. Figure 3 shows the classification of form
shapes as primary, secondary, or C-axis shapes. Primary shapes (cylindrical, funnel-shaped, planar) give the section
an overall shape. Both secondary shapes and C-axis shapes )cavity.

Class form_feature [
protected:
char name{15];

: in
ubtype[15]. /f primary or secondary

, I
float neg_ref_tol.
float surface Finish;
geometric_tol g toll I;
public:
form_feature( );
virtual void select_opra( );
virtual void pring( );
b
class cylinder : public form_feature {
private:
float length;
float pos_len_tol;
float neg_len_tol;
float diamerer;
float pos_dia_tol; £ 5
float neg_dia_tol,; =
public:
cylinder ( ),
void select,_oprm ) ;
void print ( );
b
class cone : public form_feature {
private:
float length;

float pos_len_tol;
float neg_len_tol;
float major_dia;
float minor_dia;

Figure 3 - Structure within each form shown Figure 4 - Hierarchical structure of typical form
features

It is quite obvious that the data is less general than the form class as a cylindrical, thread or radial hole class. For
example, the form class contains data that is common to all forms of the form (shape feature, name, tolerance,
surface finish, etc.). The cylindrical class contains data that is dependent on the form shape. (diameter, length, etc.)
Each form class contains a guide that is considered as a reference for the form or forms. Each primary form contains
a guide for secondary forms, and each secondary class will have a guide for its primary form. All this information is
necessary to generate the appropriate requirements. Also shown in Figure 2-5 is the structure within each form that
defines the procedure for selecting the function or sequence of operations. To produce a form with all technological
features such as shape and dimensional tolerances (strategic, flat, rotational and cylindrical) and surface smoothness,
the information is only needed at the part organization stage.

4.3-Generating Possible Sequences

In the preliminary organization, the emphasis is on the correct sequence of the shape process rather than the
selection of the exact operation, machine, cutting tool, etc. To this end, a significant degree of abstraction is required
for the shape process. The program abstraction basically generates a process shape, for example a hypothetical
process for an external cylinder, the machines that operate may include: lathe motor, lathe head or wheel clamp,
CNC lathes and CNC turning center. Also, a number of machine functions may be required to create the shape.
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- Priority requirements

The priority requirements are shown in Figure 5. Before shape a is made, shape b cannot be machined. In other
words, the machining of shape a must take precedence over the machining of shape b. Priority requirements can be
classified based on location, accessibility and non-destructive requirements as previously reported.
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(b} Accessibility Constroint (e} hon- destruction Constraint

Figure 5 - Examples of Priority Requirements
4-4-Optimization using GA genetic algorithm

GA is an intelligent search method that requires a specific domain to solve the problem. The natural evolution of
generations in GA is done by combining the most suitable generations randomly and changing information and
producing children. In GA, the selected solution is the existence of members known as chromosomes or strings. In
this case, each element (gene) in the string (chromosome) has a process form. The order of elements in the string
indicates the sequence of different processes. The set of chromosomes is called the population and the population
produces generations over time. The size of the population is maintained constant from generation to generation,
which has a significant impact on the performance of GA. The judicious selection along with the appropriate
sequences of genes using the relationship of activities and their precedence and backwardness creates the strings and
causes the creation of the initial population, and the size of the initial population is determined by the user
depending on the number of elements in the string and the complexity of the problem. This size is one to two times
the elements in the strings. Table 3 shows the initial population.

Table 1 - Details for the sample fragment Table 2 - Priority and proximity patterns

djacency and preference templates

Features

djacency
Template 1 1.2.19

Set 1 1,2,89, 12, 14,15, 19 Template 2 3.4.5.6
Template 3 17.1

Set 2 3,456,710, 11, 13, 16, 17, 18 P
reference
Template 1 1.2, 19,9, 8,12, 15, 14
Template 2 6.7.3.5.4.13, 10, 11. 16. 17. 18

Table 3 - Initial sequences
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Initial population, fitness function and count
String ~ String Total Fitness value  Expected count  Actual
no. score () (f =ty =) (E=f/fre)  count (C)
1 6=5=10=7=1B3=11=16=1T=3=4=18=1=8=12=2=15=14=19=9 29 6 0.882 1
2 6=T7=16=1T=5=10=18=3=4=13=11=1=9=8=12=2=15=14=19 X 1 0.147 0
3 6=7=3=16=17T=5=10=4=13=11=18=1=8=12=9=2=19=15—=14 3l 4 0.588 1
4 6=10—=18=17=3=7=5-10-B=11—-4=1=-2=19-9=8=12=15=14 20 15 2206 2
5 6=5-10-B=1=7=16=1T-18=3=4d=1=2=15-14-8=12-=19=9 21 14 2058 2
0 6=3-T=5-4=10=10-8=13=11=1T=1=8=12-9-2-15—=14—-19 3l 4 0.588 1
7 6=16-17T=3=T=5=10-B=11-4-B8-1-9-8=12-2-=19—=15—=14 35(u,) 0 0,000 0
3 6=3=1618=1T=7=5=-13=4=10=11=1=8=12=9=2=19=15—=14 27 8 1.176 1
9 6=7=3=5=-10=B=11-4=16=17T=18=1=9=8—=12=2=15=14=19 28 7 1.029 1
10 6=5=10=B=11=16=1T=18=7=3-4=1=-9=2=19=8=12=15—=14 26 9 1323 1

In this study, a PMX operator is modified and used to generate a suitable child. The merging is done with a
probability called the merging probability (PCROS). Only strings that fall within this probability range are merged.
In generating a suitable child, two parents are randomly selected from the population, which is randomly generated
based on the length of the string (number of elements in the string), the merging location (point). The child, child 1,
is generated by ordering the elements of the selected part according to the other parent and then taken from the first
parent while maintaining the order of the first part. The role of these parents is then changed to generate another
child, child 2. The merge operator can be described as follows:

Choose 2 strings randomly from the population as parents 1 and 2:
Parent 1: [1,2,3,4,5,6,7]
Parent 2: [8,2,1,4,5,6,7,3]

The merge point is randomly set to X=3 and the part of parent 1 from the merge point to the end of the string is
considered.[4,5,6,8,7]

Arrange the selected elements according to parent 2 and obtain [8,4,5,6,7]
Then the child, child 1, of parent 1 is produced as the opposite:[1,2,3,8,4,5,6,7]
The merge process for practical sequences is well illustrated in the example problem in Table 2-13.

The strings obtained after merging and mutation may deviate from the requirements in the previous section for
generating suitable sequences checked. To prevent this, a new operator causes the elements of the resulting string to
be properly checked. If any element of the string exceeds the constraints, the string is unsuitable and receives a high
total score that cannot be passed to the next section.

The chromosomes resulting from these three operators, called transcription, crossover, and mutation, are often
referred to as offspring, and these form the population of the next generation. This process is repeated for the
required number of generations, usually until the system reaches a point where the execution sequences are
significantly improved.

The GA variable parameters are: population size 25, merger probability 0.9, mutation probability 0.01, and number
of generations 100.

The alternate optimal/near-optimal sequences are shown in Table 2-15 along with their scores.
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Table 4-Optimal/Near-Optimal Sequences Table 5 - Integration Process
Sting no. Cossover?  Mate (e pwent ) Sie Offgring (child)
S S (prnt ) g 0
1 Yes 4 L]
f4T2345 424l 1141611081404 04982415 4 I : o
45444104 BT 0 W4 111141424 B040 1015 4 I e $ u
fafaddaBalb= o BT 101041204 040401415 1 I ! o
G542 11T 0444111404 0040410 15 4 i ; h ‘ !
fafal 3=l T 0010412040040 14154 \ ‘ b !
(RIEEEREtRIE BY B Y (B R R AT Y B R R B I .
fadali=Ball T84 011412040040 1415 1 I ' v
fgd4T4 Bl ll 4= 5 11 12 09024 5 W [ oor !
10 No

5-PROPOSED ALGORITHM FOR APPLICATION OF GENETIC ALGORITHM IN DESIGN IN
INDUSTRIAL ENVIRONMENT

5-1-Genetic Algorithm
- Distributed Manufacturing Systems

As shown in Figure 3-1, in a distributed manufacturing environment, various tools and machines of factory
processes are in different geographical locations, and different production capabilities are selected to obtain the
highest production efficiency. When the decision is made to produce different products and parts. Acceptable
process designs are produced by existing factories according to the relationship between different operations of
producing that part or product. The production operation can be performed by different machines and tools located
in different locations. The final optimal or near-optimal process design will be obtained after comparing all the
process designs of the part or product.

=
=
=
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—
=
=
=
=
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|kl 00, ol )
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i

Figure 6. The proportion of a distributed production system
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- Display process designs:

When dealing with a distributed production system, a chromosome does not only show the sequence of operations,
but in addition to the factory where the process plan is out of place. Therefore, the factory identification number will
be placed as the first gene of each chromosome and it does not matter that other genes are arranged irregularly.
Other genes show the operation and machine identification number and tools and tools (TAD). As a result, a process
layout will be displayed by a random set of genes. Figure 3-2 shows the process of the process of six operations. ID
'001" the factory. OP4 shows Operation 4. M-02 and T-04 and +X in the second column, respectively, the tools and
tools and tools of the tool

Op4 Opl Op3 Opb Op3 Op2

m-02 m-03 m-02 m-01 m-03 m-01

001 t-04 t-02 t-03 t-02 t-01 t-04
+x -y +z -x +x -y

Figure 7- An example of a process design
- the initial population:

Production of the primary population in the genetic algorithm is typically done by random, however, the initial
population must include the stages of producing a piece along with the sequence of operations. Given that the
number of chromosomes is given the initial community. The method of creating an early communion is as follows:

1- Randomating ID of a factory from the list of existing factories.

2- Randomly select an operation that has no suggestions.

3. Randomly selection of operations that do not require or previously selected from the remaining operation.
4- Repeat Step 3 until all operations are selected only for once (for the first time we are selected).

5. Re-inspect the first selected operations.

6. Randomly selected machines and tools from the selected plant that can be used for construction operations.
7. Randomly select a path from all possible routes to access tools.

8. Repeat Steps 6 and 7 until each operation of a machine is allocated to the tool and tool access (TAD).

9. Repeat steps 1 to 8 until the chromosome number is obtained.

-Production like:

A genetic search begins with randomized primary population. Subsequent generations are manufactured using
genetic algorithm operations. This generation of generation eventually leads to a generation with people with
excellent ability. Usually there are three operators in a regular genetic algorithm: the integration operator, the
transformation and mutation operator, the inversion operator. In the genetic algorithm, transformation operators and
integrations on chromosomes are used to create a new tissue called generation child.

The method of integrating the operation described as described (Fig. 8)
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Parent 1 4 1 6 ? 3 b
003 m06 mb6 m07 m08 m08 m07
09 10 10 12t w13
Patent 2 2 b 1 3 4 5
005 wlf mwld w17 ml7 w6 mld
t-22 t-11 20 23 21 il
Childl 4 1 6 | 3 3

(after exchange) 03 0§ wlf w5 ml7 o} nd
09 t-11 t22 20 tl4 D3

Chuld2 ? 1 6 3 4 3
(after exchange) 05 ml6 mbe m07 m07 mlf ml8
12 t-10 t10 13 21 ¢l

Child1 4 1 6 1 3 ]
(after legalization) 003 m-06 w08 w08 w07 w08 m07
09 t11 t12 10 14 w13

Chuld2 ? 1 6 3 4 3
(after legalization) 0 wle mle ml6 ml7 wmlf w8
22 t-13 t21 21 2l il

Figure 8. The integration operator
-Correction and mutation

. In the genetic algorithm, the mutation for the chromosomes twice, one for the selected factory (mutation 1) and the
other for operations (mutation 2). The Method of Leap 1 is described as follows:

1- Randomating ID of a factory from the list of factories IDs that do not exist in the current generation.

2. In order to legalize the chromosomes, machines and tools, all operations will be allocated again in accordance
with the new factory ID.

The method of mutation 2 is described as follows:
1- Randomly chromosome selection
2. Randomly select several pairs of genes and move their position.

Although the mutation may detect some different species of genes and prevent being caught in a local optimized
place, it may be discredited due to the defects of new chromosomes. Therefore, a suitable algorithm for the
chromosome mutation will be used by guaranteeing non -production of invalid chromosomes.

In practice, changing the machine is an important factor in calculating the process time and production cost. The
high frequency of car change increases the time and cost to realize and perform an activity. Overall, the designer of
an experience will try to allocate the same machines to a large number of operational operations. This study suggests
a method by modifying the algorithm used by Racha and others to minimize the status change that will be used after
the mutations.

- Chromosome evaluation

When all possible process plans are created in the population, in other words, the operation of abandonment is
guaranteed and they can be evaluated on the basis of the purpose of the operation. The purpose of the CAPP issue is
to obtain an optimized operation sequence, optimize resource optimization and minimize operation costs plus the
process time. In this study, two criteria for optimization, in other words, minimize process times and production
costs are used to calculate the capability of each process design and measure the efficiency of a manufacturing
system.
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A) Minimize process time:

The process time is often used as a criterion in practice and usually consists of machining time, machine change
time, tool change time, and preparation time. Here are four time indicators to evaluate a process plan: machine
change time index, tool change time index, preparation time index, and machining time index. The time index of the
machining is estimated to reflect the importance of the machining time throughout the process, and this is estimated
from the time of machining a specified volume that is assumed to be a fixed value for a specific compound of the
type of operation and machine. Machinery time indicators are specified for any operation with specific machines
with known parameters for each user. Therefore, depending on the volume and machine specified for the specific
operation, the total production time will be determined. However, the features may sometimes require more than one
type of operation to create in the real industrial environment. So it was difficult to determine the volume of
generation for each operation. It is estimated here that the sum of the remaining volume will be divided by its
operational number to create a feature and the result will be considered as the volume produced for each operation.
In practice, this is not true. Since the volume depends on the type of operation and machine used, it is used to ease
the calculation of the machining time for each feature.

B) Minimizing Production Costs:

One of the criteria that is often used to select the process plan is to produce the cost of production. General
production costs include car change (MCC), overall change cost (TCC) and change cost. In addition, similar to the
role of machining time in calculating the process time, it also includes combining the cost of machining with the
cost of the machine and the overall costs.

6- CASE STUDIES
6-1- Traditional process

Although the genetic algorithm has been introduced to create an optimized or close -up process from several
factories, the proposed genetic algorithm can also address the single factory issue. In this case, the first genes in each
chromosome will be assigned to the factory ID and the factory mutation code (mutation 1) will be ignored.

Construction information, such as the TAD/T/M operation feature and the operation designed for each piece feature
is shown in Table 6. As shown in Table 7, a workshop with four machines (a drill press, a vertical lathe, a vertical
CNC machining center and a drilling machine) and a toolbox containing eight cutters (T-01 to T-08) is selected for
the machining. Car cost indicators, tool change and preparation are MCCI = 300 and TCCI = 10 and SCCL = 90,
respectively. Other cost indicators such as machining and tool cost index are also listed in Table 8. Construction
operations are all machining operations (cutting). The relationship between the operations and delay between the
operations is shown in Table 8, which derives from a series of rules that include maintenance, tolerance factor,
commodity production technique, and the need for operational processing steps to cut a compound.
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Figure 10 - Optimized op-ID process design
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Figure 11- Optimized M-ID Process Design
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Figure 12- Optimized T-ID Process Design
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Figure 13- Case Study Process Design

According to the conclusion that the precedence relationships shown in Fig. 13 are preserved, as well as OP1 and
OP2 before OP3 will be due to the product production technique. OP9 is after OP8 and after OP7 due to the need for
operation floor. OP5 before OP21 is due to storage capability and so on. The number of repetitions to produce the
optimal process design is not more than 50 times and the time was calculated on a Pentium 3 computer and with 500
MHz CPU and with a RAM of 64 M for about 40 seconds. The final design of the process produced by Zhang,
which was selected as the best design with the least amount of preparation time after being evaluated by some
exploration methods. The repetition was 8,000 generations and the calculation time on a computer with 133 MHz
was about seven minutes.

Comparing the Zhang process design, it is observed that the proposed genetic algorithm approach can produce the
most optimal process design with the same quality as Zhang, but with less repetition than 8,000 repetitions, only 45
replications. In addition, the improvement for the algorithm is suggested that it can also optimize the distributed
CAPP issue in addition to optimizing the CAPP issue in a production unit.

6-2- Distributed CAPP

The genetic algorithm was used to evaluate the capability of the genetic algorithm. The cuts were used by Chi-Cong
and Rajit to test a law-based approach to minimize preparation time in which the RS1-RS6 surface covered with raw
materials. The precedence relationship of the parts is shown in Table 9, which shows column 2 operations that must
be completed before column 1 operation, and column 3 shows the operation that must be completed when the first
column operation is completed.

In this case, it is assumed that each piece feature can be completed by executing a production operation TAD. Each
piece feature is listed below:

F1(-y), F2(-y), F3(-z), F4(+x, -x), F5(-x), F6(+x, -x), F7(-x).

It is also assumed that there are three factories: 001, 002 and 003 that have different devices, tools as well as
different production facilities in distributed manufacturing systems. Table 10 shows the cost of car costs, tools and
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preparation changes (MCCL, TCCL and SCCCL) and the time index of machines and tools and preparation changes
in each factory. All production resources available in the three factories are shown in Table 11 and are parentheses,
car cost indicators and tools. In order to create an easy and understandable case study, the cost or time index is
intentionally higher or lower than others. From Table 11 and 12 it is seen that the factory 001 has the highest time
index but the lowest cost index compared to the other two factories, and the factory 002 has the highest cost index,
but the lowest time index of 001 and 003. At the same time, cost and time indicators in the factory 003 are lower
than the other two factories, so a process plan with the least cost of production and the least processing time can be
produced from factories 001, 002 and 003, which indicates that the distributed CAP system can use multiple targets
and determine the most appropriate factory for work.

In this case, it is assumed that for a certain type of manufacturing operation, all machining time indicators (MTLs)
are the same for different machines that can perform the production operation. All the information information is
shown in Table 13 that column shows 3 types of operations to create each feature and column 4 volume to make
each feature, and MTL is shown in column 5.

Table 9- Priority Relationship for Case Study Table 10- Time and Cost Indicators in three
factories
Operation 1D Predecessor Successor FactorgID  MCCI  TCCI SCCI MCTI  TCTI  SCTI
Opl op3 opl opd
on op! el 001 il BN 6 55 45
gp;‘ opl op2 op3 ops opé 002 90 40 ] pL] 25 15
pesind op2 P op7 003 80 0 40 5 NN
Op7 opl opb
Table 11- Resources used in three factories Table 12- Describe seven main operations
Factory-ID Avillible machines Avalale tools Feature-ID %mmm g{;rmm f o f:;‘:d ::;‘fhl::;:f
0! MAOI(20), MOX20MA3(ES) T0I(3), T-0202), T-03(4), T4, T055) Fl Opl Milling 4 3
F2 op2 Milling 7 3
02 M-O4(40), MOS(30), MOG3S), M0T40) TH06(15), T07(10), T-08(12), T-0909), T-10113) F3 Op3 Milling 6 3
F4 Opd Milling 9 3
03 DEOB(23), MO9G30), M-1013) T, T-13), T-13(3),T- W7, T-13(6) Fs Op5 Drilling 4 5
F& Opb Milling 6 3
F7 Op7 Drilling 4 5

Table 13- The sources in the machining operation

Operation-ID Machine candidates Tool candidates

Opl M2 M3 M-04 M-05 M-8 M:10 T-03 TS T407 T-09 T-12
Op2 M2 M3 M-04 M-03 M-8 M-10 T-03 T4 T T-09 T-10 T-12T-13
(Opi M2 M3 M-04 M-03 M-8 M-10 T3 T07 T-09 T-11 T3
Opd M2 M3 M-04 M-05 M-8 M-10 T-01 T43 T07 T-10 T-12T-I5
0Op3 M-l M2 M3 M-04 M7 M-08 M-09 M-10 T02 T T-08 T-I1 T-14
(Opéi M2 M3 M-05 M-06 M-8 M-10 T01 T43 T8 T-10 T-11 T3
Op? M-l M-02 M3 M-04 M7 M-08 M-09 M-10 T2 T-06 T-08 T-II T-14
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Given that Table 13 columns 2 and 3 of the candidates and tools for each operation are shown in which machines
and tools from different factories are separated by columns, such as M-02, M-03, M-05, M-08, and M-08 and M-
100, respectively, 001 and 002 and 003.

In this case, the lowest cost of production and the shortest time the process will be selected separately as the
optimization goal to test the most appropriate factory for the specific work by the proposed CAP system and
produce the optimized or close -up process plan, which varies according to the desired purposes. Assessment of
Optimized Process Plans discussed in Table 4

Table 14-Process Design in accordance with minimizing The first criterion
production costs

The lowest cost of production: The final process plan with

e the overall cost of its production, the process time and the
Opein D kD ToD WD number of devices, tools, and the change in preparation are
0 M3 T3 - shown in Table 14 that the prerequisite relationship in
ggi ::gj Igj ! Table 9 is observed. From Table 13 it can be seen that all
Op& i ™ o operations can be completed on M-02 and M-03, since the
gPZ ::2; Ig: t cost index of M-03 is slightly lower, instead of the M-02.
opp4 Wi T o Using the equations (3-1) to (3-5), the final cost of

production and process process process time can be
achieved, if the production cost is selected as the

The total processing tme is 336 T C

The ol oduction st s 2% optimization goal, the distributed CAP system of the

factory 001 with the lowest index chooses the cost instead

of the 002 and 003 factories, indicating the most

appropriate genetic algorithm.

Number of mackine change: 0 Number of tool change: 2 Number of set up change: 2

Table 15- Process Design by Minimizing Process Time - Criterion 2

The lowest process of the process: Table 15 shows the

P 0 final production design based on the second criterion and
Operatin D Michine-ID TooHD TDD | it is observed that the factory 002 has been selected for
o S T . this because its cost index has the lowest value among the
0l M3 TH -y three factories. The process time is much lower than the
0pl M3 T -y project 1, although the cost of producing it is much higher
QOpf M5 T X . .

o il o o due to the high cost index and more replacement of the
0ps M T4 % car. This process design may seem a little useful in
Opt Wt o Rk practice, but it shows that the genetic algorithm can
Number of machine change: | Number of ool change: | Number of st up: 2 respond to the criterion. The results mentioned above
The ol s e s 26 show that the proposed genetic algorithm can be divided
The tota poducion eos s 560 into different criteria, provided that the optimized or close

to the optimized process plan is effectively and efficiently
for a distributed manufacturing system in accordance with
the selected criteria.
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In the fundamental approach, the process design is based on the information available in the production and process
data database. In this approach, the process design system acts as a DSS system in the form of knowledge -based
and artificial intelligence system, and in some cases, the details of the part in question, the types of available
operations available and their ability to be accurate and tolerance, the experience of the previous components, and
the experience. In a distributed industrial environment, different factories and different machines and tools in
different geographical locations are often combined to achieve the highest production efficiency. This research
offers an emerging genetic algorithm to design the process with the help of data obtained from the process that has a
successful use of distributed CAPP (ie, a traditional and traditional environment). The application of genetic
algorithm for CAPP in distributed manufacturing systems was developed geographically based on the distribution of
machines and tools. This can compare the production of an optimal or close -up process design with other key
approaches for single production. The most suitable manufacturing plant can be set up when the distributed
production problems are investigated. In addition, this approach is capable of performing multiple optimization
targets based on the lowest cost of production or the least production time. Based on the selected goals, solutions
close to the optimal can be obtained by using genetic algorithm. By performing the experiment showed that
developed techniques are better or comparable to other CAPP systems

7-CONCLUSION

This research offers an emerging genetic algorithm that has a successful use of distributed CAP (ie a multipurpose
environment) and traditional. The application of genetic algorithm for CAPP in distributed manufacturing systems
was developed geographically based on the distribution of machines and tools. This can compare the production of
an optimal or close -up process design with other key approaches for single production. The most suitable
manufacturing plant can be set up when the distributed production problems are investigated. In addition, this
approach is capable of performing multiple optimization targets based on the lowest cost of production or the least
production time. Based on the selected goals, solutions close to the optimal can be obtained by using genetic
algorithm. It has been shown that the developed techniques are better or comparable to other CAPP systems.
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