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ABSTRAK 

Perkembangan ilmu tidak terjadi secara bertahap, tetapi melalui 

serangkaian revolusi yang merubah landasan pemahaman kita. Seperti 

terlihat pada ketidakrelevanan Hukum Moore dalam meramalkan 

kecepatan mikroprosesor, serta munculnya bilangan kompleks sebagai 

solusi dalam permasalahan matematika yang kompleks. Algoritma 

merupakan fondasi penting dalam ilmu komputer. Algoritma yang 

efisien dan efektif sangat penting untuk menyelesaikan berbagai 

permasalahan komputasi dengan cepat dan akurat. Namun, banyak 

permasalahan komputasi yang kompleks dan sulit untuk diselesaikan 

dengan algoritma tradisional. Di sinilah peran analisis kompleks 

menjadi penting. Penelitian ini bertujuan untuk mengkaji peran 

bilangan kompleks dalam menemukan solusi algoritma yang efisien. 

Metode yang digunakan dalam penelitian ini adalah studi pustaka 

dengan menggunakan metode review jurnal buku-buku yang relevan 

dengan penelitian. Data dikumpulkan dengan mendokumentasikan 

semua jurnal yang diperoleh, kemudian data tersebut dianalisis dalam 

penelitian ini. Subyek penelitian adalah jurnal dan buku-buku yang 

relevan. Hasil penelitian ini dapat memberikan pandangan baru 

terhadap permasalahan algoritma yang kompleks. Hasil penelitian 

mencakup kemungkinan pengembangan algoritma baru yang lebih 

efisien, pemahaman yang lebih mendalam tentang dampak bilangan 

kompleks dalam komputasi, dan diharapkan artikel ini dapat 

kontribusi terhadap peningkatan kualitas solusi dalam pemecahan 

masalah algoritma. Manfaat dari penelitian ini melibatkan pemahaman 

lebih dalam terhadap aplikasi bilangan kompleks dalam konteks 

algoritma, membuka peluang untuk peningkatan efisiensi dan 

keakuratan dalam pemrosesan data. 

Kata Kunci : Analisis Kompleks, Solusi Algoritma, Efisien 
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ABSTRACT 

The advancement of knowledge does not occur gradually but through 

a series of revolutions that change our foundational understanding. 

This is evident in the irrelevance of Moore's Law in predicting 

microprocessor speeds and the emergence of complex numbers as 

solutions to complex mathematical problems. Algorithms are a crucial 

foundation in computer science. Efficient and effective algorithms are 

essential for solving various computational problems quickly and 

accurately. However, many complex computational problems are 

challenging to solve using traditional algorithms. This is where the 

role of complex analysis becomes crucial. This research aims to 

examine the role of complex numbers in finding efficient algorithm 

solutions. The method used in this research is a literature review 

using relevant journal and book reviews. Data are collected by 

documenting all obtained journals, and then this data is analyzed in 

the research. The research subjects are relevant journals and books. 

The results of this research can offer new insights into complex 

algorithm problems. The research results include the possibility of 

developing new, more efficient algorithms, a deeper understanding of 

the impact of complex numbers in computation, and it is hoped that 

this article can contribute to improving the quality of algorithm 

problem-solving solutions. The benefits of this research involve a 

deeper understanding of the application of complex numbers in the 

algorithm context, opening opportunities for increased efficiency and 

accuracy in data processing. 
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INTRODUCTION 

Knowledge is not only evolving gradually but through revolutionary 

change. As the revolution proceeds, old views are tested by more advanced new 

ideas. Gradually, more and more people accept these new views, especially when 

they are still learning at a young age. (Kurniawan, 2010). Technological progress 

is not only through evolution but also through revolution. For example, 

technological advances have made Moore's Law, which says that the complexity 

of a microprocessor will double every eighteen months, becoming increasingly 

irrelevant in predicting the speed of the microprocesor. It encourages researchers 

to find new solutions to existing challenges. Despite having computers with high 

specifications, researchers felt the need to continue developing technology to 

solve increasingly complex problems. The demands are on the rise for the 

capacity and performance of computers, which can be met through parallel 

computing. (Abdullah et al., n.d.) 

Prastyo, (2014) said that in the fast-growing digital age, time and resource 

efficiency have become key factors in many aspects of life, including in 

computing. The algorithms used in computer programs play a crucial role in 

determining the speed and efficiency of such programs. The complexity of an 

algorithm, defined as the amount of time and resources needed to solve a problem, 

becomes an important metric for evaluating the performance of an algoritm. An 

inefficient algoritm can cause programs to run slowly, consume a lot of 

computing resources, and even fail to resolve problems within a reasonable time. 

It can be fatal in a variety of applications, such as financial, medical, and scientific 

systems, where speed and accuracy are the key. (Nst et al., 2023). 

With the increasing complexity of the problems encountered and the 

constraints of computing resources, the need for efficient algorithmic solutions is 

becoming increasingly pressing. Experts in computer science are constantly 

working on developing new algorithms and refining existing ones to improve the 

efficiency and performance of computer programs. 

In a modern era of complexity, mathematics is an indispensable tool. His 

ability to simplify problems makes him an important key in a variety of fields, 

from technology to science. Almost every problem we face, both in technology 
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and science, can be solved with the help of mathematics. In conceptualizing and 

analyzing problems, mathematics offers a framework for systematic and logical 

thinking. It allows us to understand the roots of problems in greater depth and 

formulate effective solutions.  

Today's advances in technology and science are not apart from the 

fundamental role of mathematics. From the development of sophisticated 

algorithms to revolutionary scientific discoveries, mathematics has always been 

present as a solid foundation. His ability to model natural phenomena and predict 

the results of experiments makes him an invaluable tool in research and 

innovation. 

In other words, mathematics is not just a set of numbers and formulas, but 

also the key to opening the gateway to solutions to complex problems. A good 

understanding and mastery of mathematics will open up opportunities for us to 

contribute to the advancement of technology and science in the future (Fajar 

Mahardika, 2019).  

In The discussion of mathematical models, a problem can be simpler to 

understand, presented, analyzed, and solved, both numerically and analytically. 

Using mathematics models, we can represent a complex problem in a more 

abstract and structured way. It allows us to separate the essential elements from 

the problem and focus on the crucial aspects. Both in numerical and analytical 

form, the solutions derived from mathematical models provide a strong 

foundation for decision-making and prediction. The results of numerical analysis 

provide an accurate quantitative picture, while analytical solutions provide a 

deeper understanding of the relationship between the variables involved in the 

problem. (Ririn Mufidatur Rohmawati, 2022) 

In numerical analysis, finding the roots of complex function equations is a 

challenging task. Although methods such as Newton's iteration, Muller's 

interpolation, and the gradient method are often used, they require precise starting 

values. The arithmetic of circular iteration is also complex to calculate. The down 

mountain method is relatively simple, but may lead to unwanted extremes 

(Abdullah et al., n.d.). 



ICONIE FTIK UIN K.H. ABDURRAHMAN WAHID PEKALONGAN 

920 

 

Complex analysis is an important tool in helping experts find efficient 

algorithm solutions. By analyzing the complexity of different algorithms, experts 

can determine which algority is most appropriate to solve a problem in the most 

efficient way. Complex analysis involves understanding of the structure of the 

algorytm, the number of operations performed in the Algorithm, and how 

complexity changes as the input changes. Various complex analysis techniques, 

such as running time analysis and space analysis, are used to evaluate the 

performance of the algoritm and compare it with other algorítms. Based on the 

above discussion, the author is interested in conducting research that explores the 

role of complex analysis in finding efficient algorithmic solutions. 

 

RESEARCH METHODS 

This research adopts a literature study approach to explore the role of 

complex analysis in finding efficient algorithmic solutions, focusing on the 

context of mathematics education. This research design makes it possible to 

analyze existing related works and present a comprehensive understanding of the 

topic. 

This method will concentrate on finding and analyzing relevant literature, 

including scientific journals, articles, books, and previous research related to the 

role of complex analysis and algorithm efficiency in learning mathematics. Data 

Analysis Methods used: 

1. Thematic Analysis: Identify key themes that emerged from the literature 

review, including understanding of the concept of complex analysis, the 

application of algorithms in mathematical problem solving, and their impact 

on learning. 

2. Synopsis and Synthesis: Summarize and synthesize information from 

various literature sources to build a holistic understanding of the topic and 

identify similarities, differences, and conclusions that can be drawn. 

Using a literature study approach, this research will provide a 

comprehensive overview of the role of complex analysis in finding efficient 

algorithmic solutions in the context of mathematics education. An in-depth 
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analysis of previous works is expected to provide valuable insights to support the 

achievement of the research objectives. 

 

DISCUSSION 

In the context of mathematics education, complex analysis plays an 

important role in crafting efficient algorithmic solutions. (Fitriana Yolanda, 2021) 

By understanding the time and space complexity of algorithms, researchers can 

develop more efficient algorithms to solve various mathematical problems. (Basir, 

2020) For example, in learning about data structures, a deep understanding of the 

complexity of search algorithms, such as binary search algorithms, enables the 

development of faster and more efficient solutions for finding elements in large 

data sets. (Sinata, 2023) 

Algorithm comes from the words algorithmic and rhythmic which were first 

introduced by Abu Ja'far Muhammad Ibn Musa Al Khawarizmi in 825 AD in the 

book Al-Jabr Wa-al Muqabla. In the field of programming, an algorithm is 

defined as a method consisting of a series of structured and systematic steps to 

solve problems with the help of a computer (Jando & Nani, 2018, 5). According 

to (Munir & Lidya, 2016, 5), an algorithm is a sequence of steps to solve a 

problem. An algorithm is an effort with a sequence of operations arranged 

logically and systematically to solve a problem to produce a certain output (Kani, 

2020, 1.19). An algorithm is a set of instructions or steps written systematically 

and used to solve logical and mathematical problems or problems with the help of 

a computer (Sismoro, 2005: 29). 

So, according to several expert opinions above, it can be concluded that an 

algorithm is a method or step that is planned in an orderly and sequential manner 

to resolve or resolve a problem with an instruction or activity. The development of 

science and technology makes humans capable of producing increasingly 

sophisticated and complex works. Even though computers can perform 

calculations faster than humans in general, computers cannot just solve problems 

without being taught by humans through a sequence of steps (algorithms) that are 

defined first. Apart from being used for solving problems using computers, 



ICONIE FTIK UIN K.H. ABDURRAHMAN WAHID PEKALONGAN 

922 

 

algorithms can also be applied in solving everyday problems that require a series 

of processes or procedural steps. 

In addition to improving efficiency, complex analysis also contributes to 

improving the accuracy of algorithmic solutions. By understanding the complexity 

of the algorithm, researchers can identify and reduce errors in the implementation 

of the algorithm, thereby improving the accuracy of the results. (Ilham 

Muhammad, 2022) For example, in digital image processing, a deep 

understanding of the complexity of image segmentation algorithms can lead to 

more accurate results in identifying objects in an image. (Imam Cholissodin, 

2019) 

Besides providing direct benefits in learning mathematics, complex analysis 

also has far-reaching implications in technology development. Through a deep 

understanding of algorithm complexity, software developers can create more 

efficient and responsive applications. This can be observed in areas ranging from 

business software development to computer game development. (Nurrahim Dwi 

Saputra, 2021) 

However, it is important to remember that complex analysis is not the only 

factor that affects the quality of an algorithm. Other aspects such as algorithm 

design, implementation, and optimization also play an important role in 

determining the performance of an algorithm. Hence, holistic and integrated 

research is required to thoroughly understand the role of complex analysis in 

finding efficient algorithmic solutions. (Sulistiyorini, 2019) 

Complex analysis is a branch of mathematics that studies functions 

involving complex numbers. Complex numbers are pairs of real numbers arranged 

in the form 𝑎 + 𝑏𝑖, where a and b are real numbers, and i is an imaginary unit that 

satisfies 𝑖2 = 1. This concept is important in modeling various mathematical and 

physical phenomena. (Fitri Aryani, 2020) 

In the process of learning mathematics, the application of efficient 

algorithms is indispensable to teach students how to solve various mathematical 

problems. Efficient algorithms can help students understand math concepts better 

and solve problems faster. 
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Furthermore, complex analysis expands the range of mathematical learning 

by enabling more complex problems to be solved. By using more efficient and 

accurate algorithms, students can more easily grasp difficult mathematical 

concepts and expand their understanding of the subject. For example, in learning 

about optimization, understanding the complexity of optimization algorithms can 

help students develop better solutions to complex optimization problems. (Fenina 

Adline Twince Tobing, 2020) 

A deep understanding of the concept of complex analysis enables the 

development of more efficient algorithms in math learning. Efficient algorithms 

help improve students' understanding of the material, accelerate the learning 

process, and improve academic performance. 

Some formulas related to the discussion: 

a. Euler’s Formula: 𝑒𝑖𝜃  =  𝑐𝑜𝑠(𝜃)  +  𝑖 𝑠𝑖𝑛(𝜃), where e is the natural 

logarithm base, 𝑖 is the imaginary unit, and 𝜃 is the angle in radians. 

b. Cauchy-Riemann Formula: It is a condition that complex functions must 

fulfill in order to be differentiable. If 𝑓(𝑧)  =  𝑢(𝑥, 𝑦)  +  𝑖𝑣(𝑥, 𝑦) is a 

differentiable complex function, then the Cauchy-Riemann condition is  

𝜕𝑢

𝜕𝑥
 =  

𝜕𝑣

𝜕𝑦
 𝑑𝑎𝑛 

𝜕𝑢

𝜕𝑦 
=  

−𝜕𝑣

𝜕𝑥
. 

All the rules contained in it must be carried out sequentially. Otherwise, 

problems in the system will not be solved. For example, let's say you understand 

"customer service skills" in a search engine. So, then the search engine will work 

according to its algorithm. It will collect articles that have the article's keywords 

and display them. In the world of mathematics and computers, an algorithm 

means a small procedure for solving a repetitive problem. In mathematics, 

complex analysis (English: complex analysis), is a branch of mathematical 

analysis that discusses the function of complex numbers (i.e. studying not just one 

number, but two numbers, namely a real number and an imaginary number. 

Complex analysis is usually known as variable function theory complex or 

complex variable function theory. 
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In mathematics, complex analysis (English: complex analysis), is a branch 

of mathematical analysis that discusses the function of complex numbers (i.e. 

studying not just one number, but two numbers, namely a real number and an 

imaginary number. Complex analysis is a key concept in algorithm development 

Efficient complex analysis is usually known as complex variable function theory 

or complex variable function theory. In the world of computing, where time and 

computing resources are precious, it is very important to have a good 

understanding of how algorithms behave at different scales The complexity of 

finding efficient algorithmic solutions should not be ignored, as it can help 

identify the best algorithm to solve a particular problem in the most efficient way. 

Role and Examples of the Importance of Complex Analysis 

Complex analysis allows us to understand algorithm performance in a 

measurable and predictable way. When we talk about algorithm performance, we 

are often interested in two main aspects: execution time and resource usage. 

Complex analysis helps us understand how an algorithm's execution time will 

change with the size of its input (scale), as well as how the use of memory and 

other computing resources will evolve. 

For example, in finding a solution to a search problem in an ordered list, we 

can choose between linear and binary search algorithms. Complexity analysis 

shows that the binary search algorithm has a time complexity of O(log n), while 

the linear search algorithm has a time complexity of O(n). Therefore, for large 

lists, binary search algorithms will be much more efficient. 

Finding Efficient Solutions with Complex Analysis 

Problem Identification: The first step in finding an efficient algorithmic 

solution is to properly understand the problem to be solved. Each problem may 

have different characteristics, such as varying input sizes, resource limitations, or 

other constraints. 

Algorithm Design: Once the problem is identified, the next step is to design 

an algorithm to solve it. At this stage, complex analysis helps in choosing the right 
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algorithmic approach. The algorithm designed must be efficient, meaning it can 

solve the problem using a minimal amount of resources. 

Algorithm Complexity Analysis: Once the algorithm is designed, the next 

step is to analyze its complexity. This involves identifying how much time or 

memory space an algorithm requires to solve a problem, depending on the size of 

its input. This analysis helps in predicting algorithm performance at different 

scales and ensures that the algorithm is efficient. 

Optimization: Complex analysis also helps in optimizing algorithms. 

Through a deep understanding of algorithm complexity, we can identify parts of 

the algorithm that may be bottlenecks and try to improve its performance. 

In the context of this research, the literature study approach has opened the 

door to a deeper understanding of the role of complex analysis in mathematics 

learning. It is hoped that these findings will not only provide valuable insights for 

researchers, but will also make a significant contribution to the development of a 

more effective and efficient mathematics curriculum. Through careful application 

of methodology and in-depth analysis, this study has successfully revealed the 

importance of complex analysis in meeting the challenges of modern mathematics 

learning. (Zindhu Maulana Ahmad Putra, 2023) 

 

CONCLUSION 

Based on the results of the research, discussion and analysis that have been 

explained, it can be concluded that in mathematics education, complex analysis 

plays an important role in developing efficient algorithmic solutions, namely by 

understanding the time and space complexity of algorithms, researchers can 

develop more efficient algorithms to solve various mathematical problems. . For 

example, in the study of data structures, a deep understanding of the complexity 

of search algorithms, such as binary search algorithms, enables the development 

of faster and more efficient solutions for searching for elements in large data sets. 

The role of complex analysis in finding efficient algorithmic solutions should not 



ICONIE FTIK UIN K.H. ABDURRAHMAN WAHID PEKALONGAN 

926 

 

be overlooked, as it can help identify the best algorithm to solve a particular 

problem in the most efficient manner. 

In the data-driven world of modern computing, knowledge of complex 

analysis is essential. Understanding the role of complex analysis in finding 

efficient algorithmic solutions helps us in designing, analyzing, and optimizing 

algorithms to solve various problems efficiently. Thus, complex analysis is a 

powerful tool in a software developer's arsenal for creating efficient and scalable 

solutions to complex computing challenges. 
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