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Abstract: Greedy algorithms are a significant topic in computer science because they 

provide a simple and efficient way to solve many optimization problems. An optimization 

problem is a problem where the aim is to find the best possible solution among several 

available choices. The main idea of a greedy algorithm is to make the best choice at the 

current step and continue this process until the final solution is obtained. This method is 

called “greedy” because the algorithm always chooses the option that seems most beneficial 

immediately, without looking deeply into all future possibilities. Greedy algorithms are 

widely used in graph theory, scheduling, data compression, network routing, and resource 

management. Their main advantages are simplicity, speed, and low memory usage. 

However, greedy algorithms do not always guarantee the optimal solution. They work 

correctly only for problems that have special mathematical properties, such as the greedy-

choice property and optimal substructure. This paper discusses the definition, working 

principles, applications, advantages, limitations, and scientific importance of greedy 

algorithms in computer science. 
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INTRODUCTION 

Algorithms are the foundation of computer science. They are step-by-step 

instructions used to solve problems and process data. In programming, different types of 

algorithms are used depending on the nature of the problem. Some algorithms are 

designed for searching, some for sorting, some for calculation, and others for 

optimization. Among these approaches, greedy algorithms are considered one of the most 

practical and understandable methods. 

Many real-life and computer science problems require choosing the best possible 

option. For example, a navigation application needs to find the shortest route, a company 

may want to reduce production costs, a computer system may need to schedule tasks 

efficiently, and a network engineer may want to connect several devices with minimum 

cable length. These are examples of optimization problems. In such cases, it is often 

impossible or inefficient to check every possible solution, especially when the amount of 

data is large. Greedy algorithms help by making quick decisions at each step. 
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The greedy approach is based on the idea that a sequence of locally optimal choices 

can sometimes lead to a globally optimal solution. A local optimum means the best choice 

at a particular moment, while a global optimum means the best final solution for the 

whole problem. The main challenge is that the local best decision is not always the global 

best decision. Therefore, greedy algorithms must be applied carefully and only when the 

structure of the problem allows this method. 

Greedy algorithms are important not only because they are fast, but also because 

they teach a useful way of thinking. They show how a complex problem can sometimes 

be solved through simple and logical decisions. At the same time, they also show the 

importance of proof and analysis in computer science. A greedy algorithm may look 

correct, but without proper reasoning, it may produce an incorrect answer. 

I. Concept of Greedy Algorithms 

A greedy algorithm is an algorithm that builds a solution gradually by choosing the 

best available option at each step. Once the algorithm makes a decision, it usually does 

not return to change it. This is one of the main differences between greedy algorithms 

and other methods such as dynamic programming or backtracking. Greedy algorithms do 

not explore all possible combinations. Instead, they focus on the most promising choice 

at the current moment. 

The word “greedy” does not mean something negative in this context. It simply 

describes the behavior of the algorithm. The algorithm takes the best immediate option 

because it assumes that this choice will help create the best complete solution. For 

example, if we are trying to select the maximum number of non-overlapping activities, a 

greedy algorithm may always choose the activity that finishes earliest. This seems simple, 

but for this specific problem, it gives the optimal result. 

The general structure of a greedy algorithm includes several stages. First, the 

algorithm starts with an empty or incomplete solution. Then it examines the available 

choices. After that, it selects the choice that looks best according to a specific rule. This 

selected choice is added to the solution, and the process continues until the solution is 

complete. The success of the algorithm depends strongly on the correctness of the rule 

used for choosing. 

For example, in some problems the greedy rule may be “choose the smallest value,” 

while in another problem it may be “choose the largest value,” “choose the shortest time,” 

or “choose the minimum cost.” The rule must be designed according to the problem. If the 

rule is chosen incorrectly, the algorithm may give a poor result. 

II. Principles of Greedy Algorithms 

The main principle of greedy algorithms is making a local optimal choice. This means 

that at each step the algorithm chooses the option that seems best at that moment. The 

algorithm does not consider all possible future results. It trusts that the current best 

choice will help create the final best solution. This makes greedy algorithms fast, but it 

also creates a risk because future consequences may be ignored. 

For a greedy algorithm to work correctly, the problem should usually have two 

important properties. The first property is the greedy-choice property. This means that 
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an optimal solution can be reached by making a greedy choice. In other words, the best 

local choice must be safe. It should not prevent the algorithm from reaching the best final 

answer. If this property does not exist, the greedy method may fail. 

The second important property is optimal substructure. A problem has optimal 

substructure when the optimal solution of the whole problem includes optimal solutions 

of smaller subproblems. This property means that after making one correct choice, the 

remaining part of the problem can also be solved optimally. Many graph problems and 

scheduling problems have this structure. 

These two properties are very important because they explain why greedy 

algorithms work for some problems and fail for others. It is not enough to say that a 

greedy algorithm is simple or fast. In scientific analysis, we must also prove that the 

algorithm gives the correct result. This proof can be done using methods such as 

mathematical induction or exchange arguments. 

A greedy algorithm is often preferred when the problem is large and requires a quick 

solution. Since it does not test every possible answer, it usually has better time 

complexity than brute-force methods. However, this advantage is useful only when the 

greedy strategy is correct. If the greedy choice is not justified, speed becomes 

meaningless because the answer may be wrong. 

III. Applications of Greedy Algorithms 

Greedy algorithms are used in many areas of computer science. One of the most 

famous examples is Dijkstra’s algorithm, which is used to find the shortest path from one 

starting point to other points in a graph. In this algorithm, the greedy choice is to select 

the unvisited vertex with the smallest known distance. This method works correctly 

when all edge weights are non-negative. Dijkstra’s algorithm is used in navigation 

systems, network routing, transportation planning, and map applications. 

Another important example is Kruskal’s algorithm. It is used to find a minimum 

spanning tree in a weighted graph. A minimum spanning tree connects all vertices with 

the minimum total edge weight and without forming cycles. Kruskal’s algorithm sorts all 

edges by weight and repeatedly chooses the smallest edge that does not create a cycle. 

This greedy approach is useful in designing communication networks, road systems, 

electrical networks, and computer networks. 

Prim’s algorithm is also used to find a minimum spanning tree. It begins from one 

vertex and grows the tree by adding the cheapest edge that connects the current tree to 

a new vertex. Like Kruskal’s algorithm, Prim’s algorithm follows the greedy approach 

because it always selects the lowest-cost connection available at the current step. Both 

algorithms are important in network design because they help reduce cost and avoid 

unnecessary connections. 

Huffman coding is another well-known application of greedy algorithms. It is used 

for data compression. In Huffman coding, characters that appear more frequently are 

given shorter binary codes, while characters that appear less frequently are given longer 

codes. The algorithm repeatedly combines the two least frequent symbols. This greedy 
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method reduces the total size of encoded data. Huffman coding is used in file 

compression, text encoding, and communication systems. 

Greedy algorithms are also used in scheduling problems. For example, when several 

tasks need to be completed, a greedy algorithm may choose the task with the earliest 

finishing time or the shortest processing time. This can help reduce waiting time and 

improve efficiency. Scheduling is important in operating systems, project management, 

manufacturing, and service systems. 

Another simple example is the activity selection problem. In this problem, there are 

several activities with different start and finish times, and the goal is to select the 

maximum number of activities that do not overlap. The greedy strategy is to choose the 

activity that finishes earliest. This works because finishing earlier leaves more time for 

other activities. 

Greedy algorithms can also be used in resource allocation. For example, if a company 

has limited resources, it may use a greedy strategy to assign resources to the most 

profitable or most urgent tasks first. Although such an approach may not always give the 

perfect result, it can be very useful when decisions must be made quickly. 

IV. Advantages of Greedy Algorithms 

One of the main advantages of greedy algorithms is simplicity. Their logic is usually 

easy to understand because the algorithm follows a direct rule: choose the best current 

option and continue. This makes greedy algorithms suitable for students, programmers, 

and researchers who need a clear solution method. 

Another advantage is efficiency. Greedy algorithms often have lower time 

complexity than brute-force algorithms. A brute-force algorithm may check all possible 

solutions, which can be very slow. A greedy algorithm avoids this by making decisions 

step by step. In many cases, the most time-consuming part of a greedy algorithm is sorting 

the input data. After sorting, the solution can often be built quickly. 

Greedy algorithms also usually require less memory compared with dynamic 

programming. Dynamic programming stores results of many subproblems, which can 

require significant memory. Greedy algorithms often store only the current solution and 

necessary data. This makes them useful for systems with limited memory. 

In practical applications, greedy algorithms are valuable because many real-world 

problems need fast decisions. For example, in network routing, delays can cause serious 

problems. A fast algorithm that gives a correct or acceptable result is very important. 

Greedy algorithms are often chosen because they are both practical and efficient. 

Another advantage is that greedy algorithms are easy to implement in programming 

languages. Their code is usually shorter and more readable. This reduces the chance of 

implementation errors and makes the algorithm easier to test and maintain. 

V. Limitations of Greedy Algorithms 

Although greedy algorithms are useful, they have serious limitations. The most 

important limitation is that they do not work for every optimization problem. A greedy 

algorithm may choose the best option at the current step, but this choice may lead to a 
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worse final solution. This happens because the algorithm does not fully analyze future 

possibilities. 

A common example is the coin change problem. Suppose we need to make the 

amount 6 using coins with values 1, 3, and 4. A greedy algorithm that always chooses the 

largest possible coin would choose 4, then 1, then 1. This gives three coins. However, the 

optimal solution is 3 and 3, which uses only two coins. This example shows that the 

greedy method can fail if the problem does not have the correct structure. 

Another limitation is that greedy algorithms require proof of correctness. It is not 

enough to create a rule that seems logical. The programmer must prove that the rule 

always leads to the optimal answer. Without such proof, the algorithm may work for some 

examples but fail for others. 

Greedy algorithms also may not be suitable when the problem requires 

reconsidering previous decisions. Since greedy algorithms usually do not go back, they 

cannot easily correct earlier mistakes. In contrast, methods such as backtracking and 

dynamic programming can explore different possibilities and adjust the solution. 

In some cases, greedy algorithms are used as approximation algorithms. This means 

they may not give the perfect answer, but they give a good enough solution in a short 

time. This can be acceptable in real-world problems where perfect optimization is too 

expensive or impossible. However, when exact correctness is required, greedy algorithms 

must be used only if they are proven to be correct. 

VI. Comparison with Other Algorithmic Methods 

Greedy algorithms are often compared with dynamic programming, brute force, and 

backtracking. Each method has its own purpose and characteristics. A greedy algorithm 

makes one best choice at each step and does not reconsider it. Dynamic programming 

solves many smaller subproblems and stores their results to avoid repeated calculations. 

Brute force checks all possible solutions, while backtracking explores possible solutions 

and returns when a choice fails. 

Compared with brute force, greedy algorithms are much faster. Brute-force methods 

can be accurate because they examine every possibility, but they are often too slow for 

large inputs. Greedy algorithms avoid unnecessary checking and focus only on choices 

that seem best. 

Compared with dynamic programming, greedy algorithms are usually simpler and 

require less memory. However, dynamic programming can solve many problems that 

greedy algorithms cannot. For example, the 0/1 knapsack problem is generally not solved 

correctly by a simple greedy method, but dynamic programming can solve it optimally. 

Compared with backtracking, greedy algorithms are more direct. Backtracking may 

test many possible paths and undo decisions when needed. Greedy algorithms do not 

usually undo decisions. This makes them faster but less flexible. 

The choice between these methods depends on the problem. If the problem has the 

greedy-choice property and optimal substructure, a greedy algorithm may be the best 

solution. If not, dynamic programming or another method may be more suitable. 

VII. Scientific Importance of Greedy Algorithms 
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Greedy algorithms have great scientific importance because they show how local 

decision-making can solve complex problems. They are not only programming tools but 

also theoretical models used to study optimization. Many important problems in graph 

theory, operations research, artificial intelligence, and network science use greedy ideas. 

In computer science education, greedy algorithms help students understand 

algorithm design. They teach that a simple idea can be powerful if it is supported by 

correct reasoning. They also teach the importance of proof. A greedy solution must not 

only be implemented but also justified mathematically. 

In research, greedy algorithms are often used to design approximation methods for 

hard problems. Some optimization problems are too difficult to solve exactly in 

reasonable time. In such situations, greedy methods can provide solutions that are close 

to optimal. This is especially important in large-scale systems, where speed and efficiency 

are necessary. 

Greedy algorithms also have importance in modern technologies. They are used in 

communication networks, artificial intelligence, data compression, machine learning, 

cloud computing, and transportation systems. For example, a system may need to allocate 

resources quickly, select the best route, or reduce storage size. Greedy strategies can help 

solve these tasks efficiently. 

The scientific value of greedy algorithms comes from the balance between simplicity 

and power. They are easy to understand, but their correctness often requires deep 

analysis. This makes them an important topic in both theoretical and practical computer 

science. 

Conclusion 

Greedy algorithms are one of the most useful and important algorithmic techniques 

in computer science. They solve optimization problems by making the best possible 

choice at each step. This approach is simple, fast, and practical. Greedy algorithms are 

used in many areas, including graph theory, data compression, scheduling, network 

design, routing, and resource allocation. 

The main strength of greedy algorithms is their efficiency. They can often solve 

problems much faster than brute-force methods and with less memory than dynamic 

programming. Their logic is also easy to understand and implement. This makes them 

popular in both education and real-world programming. 

However, greedy algorithms also have limitations. They do not always produce the 

optimal solution. A greedy choice that looks best at one step may lead to a poor final 

result. Therefore, greedy algorithms must be used only when the problem has suitable 

properties, especially the greedy-choice property and optimal substructure. Correctness 

must be proven, not only assumed. 

In conclusion, greedy algorithms are powerful tools when they are applied to the 

right problems. They demonstrate how simple step-by-step decisions can solve complex 

optimization tasks. A good computer scientist or programmer should understand not 

only how to write greedy algorithms, but also when they work, why they work, and when 

another method is needed. 



Международный научный журнал                                                                        № 45 (100), часть 1 
«Новости образования: исследование в XXI веке»                                          Май, 2026 

510 
 

REFERENCES: 

 

[1] Cormen, T. H., Leiserson, C. E., Rivest, R. L., & Stein, C. Introduction to Algorithms. 

MIT Press. 

[2] Kleinberg, J., & Tardos, É. Algorithm Design. Pearson Education. 

[3] Dasgupta, S., Papadimitriou, C. H., & Vazirani, U. V. Algorithms. McGraw-Hill. 

[4] Sedgewick, R., & Wayne, K. Algorithms. Addison-Wesley. 

[5] Goodrich, M. T., Tamassia, R., & Goldwasser, M. H. Data Structures and Algorithms 

in Java. Wiley. 

[6] Skiena, S. S. The Algorithm Design Manual. Springer. 

[7] Horowitz, E., Sahni, S., & Rajasekaran, S. Computer Algorithms. Computer Science 

Press. 

  


