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Abstract: This research examines the impact of different data structures on the efficacy, precision, and efficiency of AI systems' 

decision-making. These data structures include arrays, linked lists, trees, graphs, and hash tables. Artificial intelligence's (AI) 

decision-making process is highly dependent on the data structures utilized to arrange, retrieve, and modify information. Knowing 

how data architectures affect AI decision-making is crucial as AI develops and applications get more complicated.  
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I. Introduction: 

This paper explores the role of data structures in computational processes and, in particular, the role that data structures play in AI 

systems that are designed to make decisions in everyday life and many applications with societal impact. We discuss several cases 

where the internally used data structures are at odds with organizational rules for a decision-making process and show that such 

discrepancies may lead to ethical problems. To mitigate the severity and frequency of these issues, we argue for a significant 

research shift: away from solely focusing on the data and the statistical algorithm, which generates the rules for the decision-making 

process, towards also scrutinizing the role of the computational decision-making machinery that, by way of the data structure, 

enforces, materializes, and applies these rules. The general point, therefore, is to alert the broader computer science and data 

engineering communities to a new role: not only to provide machines that make trustworthy predictions, but also to provide data 

structures that lead them to show trustworthy, coherent, and beneficial behavior in context. 

1.1 Data Structures Overview 

Specialized formats called data structures are used to arrange and store computer data. Their main goal is to make data access and 

change more efficient. There are several varieties of data structures, each having special qualities. Some basic data structures that 

are pertinent to AI decision-making are described here. 

1. Arrays 

Arrays are groups of items that are recognized by a key or index. They make it possible to traverse and retrieve data efficiently. In 

artificial intelligence, arrays are frequently used for numerical calculations and simple datasets where fixed-size lists are sufficient. 

Inefficient insertion/deletion processes and fixed size are among its disadvantages. 

2. Linked Lists 

Linked lists consist of nodes connected by pointers. Each node contains data and a reference to the next node in the sequence. This 
dynamic structure allows for efficient insertion and deletion. In AI, linked lists can manage dynamic datasets that require frequent 

updates, such as tracking user interactions in recommendation systems. 

3. Trees 

Trees, particularly binary trees and their variations (e.g., binary search trees, AVL trees), organize data hierarchically. They 

facilitate efficient searching, inserting, and deleting operations. Decision trees are a specific application in AI, where they are used 

to model decision-making processes based on datasets. Thus, understanding tree structures is vital for building interpretable AI 

models. 

4. Graphs 

Graphs are non-linear data structures consisting of vertices (nodes) and edges (connections between nodes). They are essential in 

AI for modeling relationships and connections, such as social networks, transportation systems, and knowledge graphs. Graph-

based algorithms heavily influence decision-making processes in applications like route optimization, clustering, and social 

simulation. 

5. Hash Tables 

Hash tables employ a hash function to map keys to values, providing efficient data retrieval. They are suitable for applications 

requiring fast lookups and are extensively used in caching mechanisms within AI systems. However, hash collisions can impact 

performance, making it essential to implement efficient handling mechanisms. 

 

https://doi.org/10.51583/IJLTEMAS.2025.1413SP032


INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,  

MANAGEMENT & APPLIED SCIENCE (IJLTEMAS) 

ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Special Issue | Volume XIV, Issue XIII, October 2025 

www.ijltemas.in                                                                                                                                                  Page  149 
 

Note: By understanding the interplay between data structures and AI algorithms, developers can create more intelligent and efficient 

systems that can make informed decisions in complex environments. 

1.2 AI in Decision-Making Overview: 

Definition of AI: 

"Artificial Intelligence (AI) is the study of how to make computers do things which, at the moment, people do better." 

Importance of Data Structure in AI Decision- Making: 

Data structures are the foundation of AI systems, and they provide a framework for representing and manipulating data. The 

selection of an appropriate data structure is essential for organizing and processing data efficiently. Different data structures provide 

unique advantages and are suited for specific tasks. The choice of data structure can impact the speed, memory usage, and overall 

performance of AI algorithms. By selecting the right data structures, AI systems can achieve optimal decision-making capabilities.  

2. Influence of Data Structures on AI Decision-Making 

The choice of data structure significantly influences the AI decision-making process in various ways. This influence can be 

categorized into three main areas: efficiency, scalability, and interpretability. 

1. Efficiency 

Performance is crucial for AI systems, and the efficiency of data structures directly impacts their operational speed. For instance, 

algorithms that utilize arrays may perform well for fixed-size problems but become inefficient when dealing with dynamic datasets. 

Meanwhile, trees provide logarithmic search times, making them more suitable for searching and decision-making tasks in sorted 

data. 

Efficiency also refers to computational resources. Graphs can model complex relationships, but their processing often requires 

sophisticated algorithms like Dijkstra's and A* for shortest-path problems. The efficiency of these algorithms can dictate how 

quickly an AI system can make decisions, especially in real-time applications such as autonomous vehicles or financial trading 

systems. 

2. Scalability 

AI systems must handle rapidly growing datasets and increased user interactions. The chosen data structure must support scalability 

without significant performance degradation. For example, while linked lists enable dynamic size adjustments, they may not be 
optimal for high-frequency lookups. In contrast, hash tables can efficiently handle large datasets but might require careful sizing to 

avoid collisions. 

Scalability also indicates the adaptability of AI systems to new data types. For instance, trees can be effectively restructured as the 

complexity of decision-making increases, leading to enhanced decision accuracy. 

When handling large datasets, hash tables can provide quick access to elements through their key-value mapping, making them 

invaluable in applications such as managing user data on online platforms. 

In contrast, trees and graphs can scale well by maintaining structure even as data grows, although their performance may degrade 

without appropriate balancing techniques (e.g., using AVL trees or self-balancing binary search trees). 

3. Interpretability 

Interpretability is essential for AI systems, especially in fields where understanding decisions is crucial, such as healthcare and 

finance. Data structures like decision trees offer clear pathways from input features to decisions, making them easier to interpret. 
On the other hand, complex structures like deep learning models often operate as "black boxes", obscuring the decision-making 

process. The choice of data structure thus influences not just how decisions are made but whether they can be understood by human 

stakeholders, impacting trust and adoption rates in AI systems. 

3. Case Studies 

3.1. Decision Trees in Predictive Analytics 

Decision trees use a tree structure to model decisions and their possible consequences, making them highly interpretable. The 

structured nature of decision trees allows AI systems to make decisions based on a match of criteria, leading to effective 

classification tasks. 

3.2. Graphs in Social Network Analysis 

Social network analysis leverages graphs to model interactions and relationships. The performance of algorithms used in this context 

(like PageRank) demonstrates how the underlying data structure can influence the positioning and recommendations offered by AI 

systems. 
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II. Conclusion 

The influence of data structures on AI decision-making processes is profound and multifaceted. As AI systems become increasingly 
complex, choosing the right data structure becomes essential not only for performance and efficiency but also for the systems' 

ability to learn from data and adapt over time. As a result, engineers and researchers in AI must consider not just the immediate 

implications of data structures but also how these choices impact the holistic functioning of intelligent systems. Future research 

may further illuminate the intricate balance between data structure selection, algorithm efficiency, and scalable, adaptable AI 

capabilities. 
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