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Abstract: Optimization techniques are important for improving the efficiency and effectiveness of
systems in various fields, including engineering, data science, and business management. These methods
aim to identify the optimal solution by refining objective functions while adhering to predefined
constraints. Traditional methods such as linear programming (LP), nonlinear programming (NLP), and
dynamic programming (DP) are commonly used to address complex optimization challenges. In
addition, advanced meta-heuristic algorithms, including genetic algorithms (GA), particle swarm
optimization (PSO), and ant colony optimization (ACO), have become popular for handling large-scale,
multi-objective, and convergent problems. With the rapid progress in machine learning and artificial
intelligence, hybrid approaches that combine deep learning models with optimization algorithms are
increasingly attracting attention. This paper provides an in-depth analysis of various optimization
techniques and their real-world applications their effectiveness in solving real-world problems. In
addition, it emphasizes the importance of selecting an appropriate technique based on problem
complexity and computational efficiency. Optimization plays a key role in developing accurate models,
fostering innovation, and generating sustainable solutions. It helps researchers tackle complex problems
with greater accuracy, ultimately leading to advancements in technology, industry, and society. The
optimization process follows a systematic approach to finding the best possible solution within defined
constraints. It begins by defining an objective function that represents the goal to be optimized, followed
by identifying constraints that limit the solution space. Alternative Decision Making Techniques: For
example, in selecting the best car, methods such as Analytical Hierarchic Properference Similarity to
Ideal Solution (TOPSIS) are useful. AHP prioritizes criteria through pairwise comparisons and assigns
weights, while TOPSIS identifies the best alternative by measuring its proximity to an ideal solution.
Factors such as cost, efficiency, safety, and effectiveness are essential for making informed decisions.
Car D: Choosing the right car involves evaluating many factors such as cost, fuel efficiency, safety,
comfort, and performance, Car E: Normalize the decision matrix to standardize different criteria. Assign
weightage based on user preferences. Reliability: In this scenario, reliability is assigned a weight of 0.4,
which is the most important criterion compared to the other factors. This means that the optimization
process will prioritize car A, B, C, D, or E based on their reliability scores. Style: Since style is assigned
a weight of 0.1, it has a smaller impact compared to more important factors like reliability (0.4) or fuel
efficiency (0.2). However, when all factors are considered together, cars with better styling will still
score higher. Cost: Price is 0.3, which is one of the most important factors, but not the only one. Cars
with lower prices and lower long-term costs will score better in the MCDM rankings. Fuel Economy:
Fuel economy is a key factor in choosing a car, affecting operating costs, environmental impact, and
long-term affordability. ~Optimization techniques are crucial for addressing complex real-world
challenges in various domains. Choosing the right approach, whether traditional or meta-heuristic,
helps researchers effectively identify optimal solutions. The integration of machine learning with
optimization improves accuracy and efficiency, ensuring continued advances in both research and
practical applications. The application of optimization techniques consistently yields improved solutions,
improving efficiency and effectiveness in various domains. The results demonstrate that advanced
methods such as met heuristics can effectively solve complex, non-convex problems that traditional
methods struggle with. These techniques provide optimal or near-optimal solutions, significantly
improving decision-making and resource allocation.

Keywords: Optimization methods, meta-heuristics, genetic algorithms, particle swarm optimization,
linear and nonlinear programming, dynamic programming, constrained optimization strategies, solution
approaches, resource management, evolutionary algorithms, decision-making strategies, and many
other objectives.
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1. INTRODUCTION

To obtain the optimal solution when faced with many similar options, a strategic decision must be made. Since
these alternatives are different but part of the same real-world system, choosing the best one among them is
complex and requires careful evaluation. Improving the selection process involves distinguishing between
options and ranking them effectively. This requires identifying relevant qualitative and quantitative factors that
help differentiate and evaluate the available choices. [1] This review article aims to provide a thorough analysis
of the various methods, their developments, applications, and possible future directions. It explores hybrid
approaches that combine data-driven models with multiple techniques, leveraging machine learning and big data
analytics. A detailed assessment of the strengths and limitations of each method will provide valuable insights
into their suitability for different decision-making situations. These techniques have proven their effectiveness
in addressing complex decision-making challenges. In various fields such as business, management,
engineering, environmental planning, health, and public policy. Rapid technological and economic
developments over the past five decades have had a significant impact on human life, leading to increasingly
complex decision-making challenges. These methods are designed to assist individuals who are faced with
multiple decision-making criteria and alternatives. The development of these techniques is driven by real-world
problems that require consideration of multiple factors, while practitioners are able to apply advanced decision-
making methods through recent advances in mathematical optimization and scientific computing. [3] To face the
difficulties of global competitiveness, manufacturing companies are faced with the concern of selecting the most
preferred practices, product design, machinery, equipment and process. The large number of options, combined
with conflicting criteria, makes the decision-making process challenging. To aid in this complex process,
optimization serves as a valuable tool for analysing real-world problems and selecting the most appropriate or
cost-effective alternatives, especially in manufacturing processes. Since there is no single, definitive solution,
different problems are classified based on the nature of their solutions. Optimization, as an engineering
discipline, focuses on identifying the optimal values of the design criteria. However, This often requires
balancing Many competitive goals, where Improving one metric may come at the cost of another. Multi-
objective optimization (MOO) overcomes these conflicts by providing a mathematical framework for achieving
an optimal design that satisfies multiple criteria for a specific application. The process of optimizing multiple
objective functions simultaneously this process is referred to as multi-objective optimization. Due to the
similarities between single and multi-objective optimization, the same algorithms can often be used for both.
The primary difference lies in the transformation of the multi-objective problem into a single-criteria
optimization problem. Like many countries around the world, Turkey is focused on reducing energy use,
especially in the construction sector. The extensive and growing reliance on fossil fuels to meet rising energy
needs is a major contributor to global warming and climate change. With the growing demand for
environmentally friendly building solutions, there is a continuous drive to use sustainable building materials
more efficiently while reducing their environmental impact. In recent years, environmental problems arising
from energy production using non-renewable resources, coupled with the growing demand for energy, have
greatly accelerated the transition to renewable energy sources. Of these, solar energy is the most promising
option, with an annual production capacity that exceeds the world's total energy consumption. Infectious
diseases have posed a global threat to human health for centuries. They can be transmitted from animals to
humans, from humans to humans, or from humans to animals. The human immunodeficiency virus (HIV),
which causes human immunodeficiency syndrome (AIDS), was first identified by French researchers forty years
ago, two years after American scientists reported the first cases of AIDS. Since the beginning of the HIV/AIDS
epidemic, the virus has spread worldwide, leading to more than 84 million infections and more than 40 million
deaths. HIV weakens the immune system, which includes white blood cells, antibodies, and other key cells that
protect against infections. In vitro studies reveal that HIV spreads by two mechanisms: virus-to-cell (VTC) and
cell-to-cell (CTC) transmission. CD4 white blood cells, which play a key role in immune defines, are
specifically targeted and affected by HIV. The life cycle of the virus begins when it attaches to a CD4 cell and
injects its proteins and genetic material into the host cell. In parallel, rapid technological advances have led to
the decline of traditional machining methods, giving rise to a variety of non-traditional machining (NTM)
techniques across industries. Although NTM requires significant initial investment, it offers significant
advantages such as high precision, smooth surface finishes and the ability to machine a variety of materials
including composites, ceramics, high-strength alloy steels, and complex geometries. In addition, NTM reduces
thermal deformation and heat-affected zones (HAZ), making it a preferred choice in modern manufacturing. On
another front, osteoarthritis (OA) is a chronic and progressive joint condition characterized by pain, swelling,
and restricted motion, which significantly affects a person’s mobility and quality of life. Furthermore, Alloy
718, a nickel-based super alloy, is widely recognized for its exceptional mechanical strength, corrosion
resistance, heat and fatigue resistance, and low thermal conductivity. These desirable characteristics make it a
popular choice for manufacturing critical components in aircraft, rockets, and submarine engines. However,
these same properties make Alloy 718 difficult to machine. As a result, extensive research is being conducted to
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investigate its machinability under various cutting and lubrication conditions and to investigate the performance
of various cutting tools. Similarly, wheelchairs are one of the most widely used assistive devices, meeting the
daily needs of millions of people with disabilities. With the global population of disabled people increasing, the
demand for assistive devices is steadily increasing every year.

2. MATERIAL

Alternatives: Car A: It sounds like you are referring to multiple criteria decision making (MCDM) techniques
for car evaluation. These methods aid in decision making by evaluating multiple criteria to determine the best
choice among available alternatives.

Car B: Analytical Hierarchy Process (AHP) evaluates criteria by conducting pairwise comparisons and
assigning weights accordingly.

Car C: To choose the best car, one needs to evaluate many factors such as cost, efficiency, safety, and
effectiveness. Techniques help improve the decision by considering multiple factors and systematically ranking
the alternatives.

Car D: Choosing the right car involves evaluating many factors such as cost, fuel efficiency, safety, comfort,
and performance. Techniques help improve the decision-making process by systematically analyzing and
ranking the available options based on multiple criteria.

Car E: Normalize the decision matrix to standardize different criteria. Assign weightage based on user
preferences. Determine best and worst values. Calculate Euclidean distances from best and worst solutions. Sort
cars based on similarity to best solution.

Evolution Parameter: Reliability: In this scenario, reliability is assigned a weight of 0.4, which is the most
important criterion compared to the other factors. This means that the optimization process will prioritize car A,
B, C, D, or E based on their reliability scores.

Style: Since style is assigned a weight of 0.1, it has a smaller impact compared to more important factors like
reliability (0.4) or fuel efficiency (0.2). However, when all factors are considered together, cars with better
styling will still score higher.

Cost: Price is 0.3, which is one of the most important factors, but not the only one. Cars with lower prices and
lower long-term costs will score better in the MCDM rankings.

Fuel Economy: Fuel economy is a key factor in choosing a car, affecting operating costs, environmental impact,
and long-term affordability. Multi-criteria decision-making (MCDM) techniques help optimize vehicle selection
by balancing fuel efficiency with other key factors such as cost, reliability, and safety. In this case, fuel
economy is assigned a weight of 0.2, meaning it has a moderate influence on the decision-making process.

3. WSM METHOD

Topological quantum states of matter have recently emerged as an important and rapidly growing area of
research in condensed matter and materials physics. A Well semimetal (WSM) refers to a novel quantum state
that emerges due to time-reversal or reversal symmetry violation. WSMs are characterized by zero-energy
points in their bulk spectra and localized Fermi arc excitations at their surfaces. Many materials have been
theoretically predicted to have WSM properties. Based on these predictions, angle-resolved photoelectron
spectroscopy experiments have verified the existence of WSMs, leading to the subsequent observations of both
Well spots and Fermi arcs. In addition, spots were initially predicted and later found to be important in photonic
crystals. In the context of radar-based measurements, the object tracking problem focuses on identifying the
number of aircraft in the observation area, classifying them as commercial, military, or recreational, and
determining their speeds, identities, and positions. However, object tracking presents significant challenges due
to various sources of uncertainty, making it a complex task. Education is a way to face the future of a country
and state. Good quality education will affect the level of human resources in a country. Higher education is an
institution after secondary education that produces production, that is, students. Higher education is taken after
secondary education. Higher education is taken after secondary education. The primary purpose of higher
education is to develop students individuals with strong faith and devotion to God, uphold ethical values,
maintain physical well-being, acquire knowledge, demonstrate creativity, independence, talent, competence, and
cultural awareness, all for the benefit of their country. Students, as the output of a university, must have the
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skills to support themselves to achieve a bright future. Competition in work or employment is currently very
tight university graduates need to be more creative intelligent. Being creative and innovative is a need and
obligation for today's students. The increasing number of university graduates means that universities need to be
smart about improving the skills of their students. A major limitation of WSM and other techniques is the
inability to integrate data from various sources. These methods are not well suited for decision-making scenarios
that involve multiple criteria that are unknown or unfamiliar to decision makers or experts. In some cases,
some—if not all—of the criteria are only partially understood due to gaps in awareness, knowledge, or
expertise. As a result, the decision-making process involves two distinct sets of criteria: those derived from a
common information source, typically a group of experts, and those specific to an alternative information
source. Therefore, the primary objective of this paper is to improve or refine WSM to effectively process and
address decision-making scenarios that involve information from a variety of sources.

4. ANALYSIS AND DISCUSSION

TABLE 1. Optimization Techniques

Reliability Design Cost Fuel efficiency
Vehicle A 9.00 6.00 6.00 8.00
Vehicle B 7.00 7.00 8.00 9.00
Vehicle C 9.00 8.00 7.00 8.00
Vehicle D 7.00 7.00 8.00 9.00
Vehicle E 9.00 8.00 7.00 8.00

When choosing a car, several factors play a major role. Reliability (0.4) is the most significant factor, followed
by cost (0.3), fuel economy (0.2), and style (0.1). Using best option can be determined by assigning weighted
scores to each criterion. In this dataset, reliability and style are beneficial (B), meaning higher values are better,
while cost and fuel economy are useless (NB), meaning lower values are preferred.

CarE E’ H DATA SET Reliability
| (0.4)

CarD B m DATA SET Style (0.1)
Carc | — =— | DATA SET Cost (0.3)
] — B DATA SET Fuel
Car B Economy (0.2)

Car A —

0.00 10.00 20.00 30.00 40.00

FIGURE 1. Optimization Techniques

Figure 1 A 3D stacked bar chart represents the ratings of five cars based on four key Evaluation factors:
reliability (0.4), design (0.1), and cost (0.3) and fuel efficiency (0.2). Each criterion is assigned a specific
weight, with greater emphasis on reliability. The chart visually compares how each car scores in these
categories. From the visualization, cars C and E have higher overall scores, indicating stronger performance
across multiple factors.
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TABLE 2. Performance Value

Reliability Design Cost Fuel efficiency (0.2)
0.9 (0.1) 0.3
Vehicle A 1.00000 0.75000 | 1.00000 1.00000
Vehicle B 0.77778 0.87500 | 0.75000 0.88889
Vehicle C 1.00000 1.00000 | 0.85714 1.00000
Vehicle D 0.77778 0.87500 | 0.75000 0.88889
Vehicle E 1.00000 1.00000 | 0.85714 1.00000

The dataset provides performance values for five cars based on four key criteria: reliability (0.4), design (0.1),
and cost (0.3) and fuel efficiency (0.2). These values are normalized to a value of 1.00000, which represents the
best performance for each criterion. The higher the value, the better the car performs in that category, except for
cost, which is a non-useful (NB) criterion, meaning that lower values are preferable. According to the data, cars
C and E have the highest performance values, scoring 1.00000 in reliability, style, and fuel economy, making
them strong contenders. Car A also performs well but lags behind in style (0.75000). Cars B and D score low,
especially in price and reliability, which could affect their rankings.

TABLE 3. Weight

Reliability Design Cost Fuel efficiency
Vehicle A 0.25 0.25 0.25 0.25
Vehicle B 0.25 0.25 0.25 0.25
Vehicle C 0.25 0.25 0.25 0.25
Vehicle D 0.25 0.25 0.25 0.25
Vehicle E 0.25 0.25 0.25 0.25

It looks like you are comparing five cars (A, B, C, D, E) based on four different factors: reliability, style, cost,
and fuel economy, each with a different weight. The weights for each factor are as follows: reliability (0.4),
design (0.1), and cost (0.3) and fuel efficiency (0.2). From the data provided, each car has an equal rating of
0.25 on all factors. In this particular comparison, the cars are assumed to be equally efficient on all criteria, and
no car stands out based on these specific attributes.

TABLE 4: Weighted normalized decision matrix

Reliability Design Cost Fuel efficiency
Vehicle A 1.00000 0.93060 | 1.00000 1.00000
Vehicle B 0.93910 0.96717 | 0.93060 0.97098
Vehicle C 1.00000 1.00000 | 0.96220 1.00000
Vehicle D 0.93910 0.96717 | 0.93060 0.97098
Vehicle E 1.00000 1.00000 | 0.96220 1.00000

In a weighted normalized decision matrix, each car is rated on four factors: reliability, style, cost, and fuel
economy. The matrix uses normalized values for each factor, and each factor is assigned a weight: reliability
(0.4), design (0.1), and cost (0.3) and fuel efficiency (0.2). According to the data, Car A scores well on
reliability, cost, and fuel economy, but scores slightly lower on style. Although it is slightly lower than Car A in
reliability and cost, Car B performs reasonably well on all factors. Car C scores well on style and matches Car
A’s performance in reliability and fuel economy. Car D shares similar ratings to Car B, with minor differences
in style and fuel economy.

TABLE 5. Priority Rating

Vehicle A 0.93060
Vehicle B 0.82072
Vehicle C 0.96220
Vehicle D 0.82072
Vehicle E 0.96220

The preference score represents the overall performance of each car based on a weighted normal decision
matrix. These scores provide a clear indication of which car is best aligned with the weighted criteria of
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reliability, wear and tear, cost, and fuel economy. From the given data, both Car C and Car E lead with a
preference score of 0.96220, reflecting their strong performance on the factors evaluated.

CarE

CarD

CarC

CarB

CarA

Preference Score

0.70000 0.75000 0.80000 0.85000 0.90000 0.95000 1.00000

FIGURE 2. Optimization Techniques

Figure 2 Comparison of preference scores for different car models the bar chart illustrates the preference scores
for five car models (Car A to Car E). The horizontal bars represent scores ranging from 0.7 to 1.0. Car E
exhibits the highest preference score, while Car B and Car D have relatively low scores.

TABLE 6. RANK

Rank

Vehicle A

Vehicle B

Vehicle C

Vehicle D

Vehicle E

(S I O SN PO 0

The horizontal bar chart in Figure 1 shows the priority scores for five car models: Car A, Car B, Car C, Car D
and Car E have scores ranging from 0.7 to 1.0, with a higher score indicating higher priority. Car E has the
highest priority score, followed by Car C, Car B and Car D, which have relatively lower scores.

Rank
CarE |
CarD _ .
CarC _
CarB _ o
Car A _
0 é 3

W Rank

FIGURE 2. Optimization Techniques
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Figure 3 Car C and Car E share the first rank (rank 1), while Car A ranks 3rd. Car B and Car D share the lowest
rank (rank 4), indicating relatively poor performance. This visualization allows for a clear comparison of how
each car model performed based on the ranking criteria.

5. CONCLUSION

MCDM is a valuable approach to address decision-making challenges, from everyday choices to complex
scientific problems. It serves as a powerful tool that not only streamlines the selection process but also improves
its accuracy. This in-depth review explores the advances, Applications and future possibilities of MCDM
techniques. We explore fuzzy-based techniques, data-driven models, hybrid approaches, and other methods,
emphasizing their advantages, disadvantages, and applications in various fields. This review underscores the
important role of MCDM in facilitating complex decision-making processes involving multiple criteria and
objectives. These methods provide valuable insights to decision makers, helping them evaluate and select
alternatives based on their preferences and priorities. Furthermore, the study identifies potential areas for future
research through an analysis of 628 articles from 20 scholarly journals organized using a structured
classification framework. In general, optimizing multiple criteria requires more computational effort than
optimizing a single criterion. Preference expression methods typically require Users can define their preferences
through objective functions. On other hand, methods that use a posteriori priority allow users to explore possible
solutions in a criterion space. Choosing a specific measurement method for top priority helps decision makers
create a utility that reflects their preferred preferences. University department websites serve as valuable
platforms for sharing details about academic staff, training facilities, and laboratories, making them an essential
resource for current and prospective students. These websites should focus on attracting a wide audience to
increase the visibility of the department and provide comprehensive information to students. Apart from the
visitors who access the site directly, there are also those who come through search engines. To increase traffic
from search engines, departmental websites should secure high rankings in the search engine results page
(SERP).
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