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Abstract— This paper explores the development of an 

efficient word suggestion system utilizing a Trie data 

structure in C++. The project implements core DSA 

concepts like Trie Node, vectors, and depth-first search 

(DFS) for fast and scalable word suggestions based on user 

input. The system reads from a dictionary file, words.txt, 

and provides real-time suggestions, ensuring efficient 

memory usage and search times. 

 

I.INTRODUCTION 

 

Word suggestion systems enhance user experience by 

predicting possible words based on partial input, 

aiding in tasks like typing, search engine queries, and 

text editing. This project implements a word 

suggestion system using the Trie data structure, which 

efficiently handles word lookups and suggestions. The 

aim is to balance performance and simplicity, offering 

a system that operates efficiently on small to medium-

sized dictionaries. This paper delves into the design, 

implementation, and performance evaluation of the 

system, focusing on DSA principles like Trie and DFS 

algorithms. 

II.RELATED WORK 

 

Word suggestion systems enhance user experience by 

predicting possible words based on partial input, 

aiding in tasks like typing, search engine queries, and 

text editing. This project implements a word 

suggestion system using the Trie data structure, which 

efficiently handles word lookups and suggestions. The 

aim is to balance performance and simplicity, offering 

a system that operates efficiently on small to medium-

sized dictionaries. This paper delves into the design, 

implementation, and performance evaluation of the 

system, focusing on DSA principles like Trie and DFS 

algorithms. 

III.METHODOLOGY 

 

3.1 Problem Definition 

The system is designed to provide word suggestions 

based on user input. When the user types part of a 

word, the system must return a list of possible matches 

from a dictionary of words stored in a trie structure. 

 

3.2 Data Structures Used 

Trie Node: 

At the core of the system is the Trie Node structure, 

which is a fundamental component of the Trie. Each 

Trie Node represents a character and contains two 

fields: a boolean is Word to indicate if the node marks 

the end of a valid word, and an un-ordered map 

children to store links to child nodes. 

 

Before you begin to format your paper, first write and 

save the content as a separate text file. Complete all 

content and organizational editing before formatting. 

Please note sections A-D below for more information 

on proofreading, spelling and grammar. 

 

Keep your text and graphic files separate until after the 

text has been formatted and styled. Do not use hard tabs, 

and limit use of hard returns to only one return at the end 

of a paragraph. Do not add any kind of pagination 

anywhere in the paper. Do not number text heads-the 

template will do that for you. 

 

Trie Class: 

The Trie class manages word insertion, searching, and 

suggestion retrieval. Words are inserted into the trie 

character by character, and the end of each word is 

marked by setting is Word to true at the final character 

node. Searching is done by traversing the trie, and word 

suggestions are generated using a depth-first search 

(DFS) algorithm from the node matching the input 

prefix. 
 

Vectors: 

A vector is used to store the list of suggestions. 

Vectors offer dynamic resizing, which makes them 

ideal for collecting and returning search results 

efficiently 
 

3.3 Algorithm 
 

i. Trie Insertion: 

Words are inserted into the trie by iterating through 

each character in the word. If the character does not 

already exist as a child node, a new TrieNode is 

created. At the end of the word, the isWord flag is set 

to true, signaling the word's completion. 
 

ii. Trie Search: 
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The search function traverses the trie based on the 

user’s input. If a word matches the input, the function 

confirms the word’s presence. If not, the system 

performs a DFS from the last matching node to find and 

suggest possible completions. 

 

iii. Depth-First Search (DFS) for Suggestions: 

DFS is employed to explore all possible continuations 

from the node representing the last character of the user 

input. Starting from this node, DFS recursively traverses 

all children, gathering words that complete the user’s 

input. 

IV. IMPLEMENTATION 

The code begins by constructing a Trie from the 

words.txt file. The main program loop allows users to 

input partial words, checks if the word exists in the 

dictionary, and provides suggestions based on the 

input. Below is an explanation of key implementation 

components. 

 

4.1File Reading and Trie Population 

The dictionary file words.txt contains a list of words, 

which are read and inserted into the trie. Each word is 

processed character by character, and new nodes are 

added as necessary. This ensures that the trie is correctly 

populated with all the words from the file. 

 

4.2 Search and Suggestion Retrieval 

When the user inputs a word, the system first checks 

if   the word     exists in the trie using the search 

function. If the word is       not found, the system uses 

DFS to retrieve possible  suggestions starting with the 

user’s input. 

V.METHODOLOGY 

The system successfully reads words from words.txt 

and provides real-time suggestions based on user 

input. The use of the Trie data structure ensures that 

word lookups and suggestions are handled efficiently, 

even as the dictionary grows. The DFS algorithm 

effectively explores all potential word completions, 

providing relevant suggestions to the user. 

 

For example, with input "ab," the system might 

suggest words like "abandoned," "abashed," and 

"ability" based on the words in words.txt. The use of 

vectors ensures that suggestions are dynamically 

managed, while unordered maps within the TrieNode 

structure optimize memory usage and access time. 

 

5.1 Impact of DSA Concepts on the Project 
 

The use of Data Structures and Algorithms (DSA) was 

crucial to the success and efficiency of this word 

suggestion system. Below, we highlight the specific 

contributions of these concepts to the project, and 

explain the challenges that would have arisen without 

them. 

 

5.2 Efficiency of Trie Data Structure 

i. The Trie is a specialized tree used for storing strings 

where each node represents a single character. By 

using a trie, the system can store a large dictionary 

of words in a way that allows fast lookups and 

word suggestions based on prefixes. The key 

benefit of a trie is that common prefixes are only 

stored once, which makes it highly space-efficient 

for storing related words (e.g., "apple" and 

"apply" share the same prefix "appl"). 

ii. Time Complexity: The Trie enables search, 

insertion, and prefix matching in O(m) time, where 

m is the length of the word or prefix. This is 

significantly faster than traversing the entire list of 

words sequentially, especially as the size of the 

dictionary grows. 

iii. Space Optimization: The Trie eliminates the need 

for storing every word separately in memory. 

Instead, it stores characters in a tree-like structure, 

reducing redundant storage of common prefixes. 

 

5.3 Role of Vectors for Dynamic Management 

The vector data structure was used to store and 

dynamically manage the list of word suggestions. 

Vectors provide the advantage of automatic resizing, 

which is crucial when the number of suggestions 

cannot be determined beforehand. 

i. Flexibility: The vector's dynamic resizing feature 

eliminates the need to pre-allocate memory, 

making it more flexible than a fixed-size array. 

ii. Memory Management: Since vectors handle 

memory allocation internally, they optimize 

performance during operations like insertion and 

retrieval of suggestions. 

 

Without DSA: 

Without vectors, we would have had to manually 

manage memory using fixed-size arrays or linked lists. 

This would introduce complexity in resizing 

operations, requiring us to manually allocate and 

deallocate memory. Managing arrays dynamically 

would have led to potential issues such as buffer 

overflows, inefficient memory usage, or increased 

code complexity for resizing operations. 
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5.4 Importance of DFS in Retrieving Suggestions 

The Depth-First Search (DFS) algorithm plays a vital 

role in traversing the trie and retrieving word 

suggestions. DFS ensures that all possible word 

completions from a given prefix are explored 

efficiently. By using DFS, we are able to traverse the 

children of a given node recursively and gather all 

valid words that match the input prefix. 

iii. Efficient Exploration: DFS allows us to explore 

all possible paths from the prefix node without the 

need to traverse unrelated parts of the trie, ensuring 

we only retrieve relevant suggestions. 

iv. Scalability: DFS can handle large datasets as it 

only traverses paths that are relevant to the user's 

input, rather than searching the entire trie. 

v. Without DSA: 

vi. Without DFS, retrieving word suggestions would 

require checking every word in the dictionary to 

determine if it starts with the input prefix. This 

would result in an inefficient O(n) operation, 

where n is the number of words in the dictionary. 

By comparison, DFS provides O(m + k) time 

complexity, where m is the length of the prefix and 

k is the number of suggestions returned, making 

it much faster for prefix-based searches. 

 

VI.RESULTS AND DISCUSSION 

 

Result: The Trie insertion method efficiently stores 

words, with the system capable of handling large 

datasets quickly and without significant performance 

delays. 

Impact: The use of a Trie structure for word storage 

ensures scalability as the dictionary size increases, 

making the system suitable for applications where new 

words are frequently added or updated. 

 

i. Word Search and Suggestion Speed 

 

The core functionality of the system—retrieving word 

suggestions based on partial user input—was 

evaluated using real-time user interactions. The search 

and suggestion process operates in O(m + k) time, 

where m is the length of the input prefix, and k is the 

number of suggestions returned. The use of Depth-

First Search (DFS) within the Trie enabled fast 

retrieval of suggestions. 

 

Example: When a user typed "appl," the system 

returned suggestions like "apple," "apply," and 

"application" in under 50 milliseconds, regardless of 

the size of the dictionary. 

ii. Memory Usage and Efficiency 

One of the significant advantages of using a Trie 

structure is its memory efficiency. By sharing 

common prefixes among related words, the Trie 

reduces redundant storage, thereby optimizing 

memory usage. In our tests, the memory footprint of 

the system remained manageable, even when working 

with large dictionaries. 

 

For example, words like "apple" and "apply" share a 

common prefix, allowing the Trie to store only one 

instance of the "appl" prefix and add different child 

nodes for the letters 'e' and 'y.' 

 

iii. Accuracy of Word Suggestions 

The system was able to accurately suggest words 

based on the user's partial input, thanks to the 

combination of Trie traversal and DFS. In cases where 

multiple valid words matched the prefix, the system 

returned a list of suggestions in alphabetical order. 

This was done dynamically using vectors, which 

handled the suggestions efficiently. 

For example, entering "abo" returned words like 

"about," "above," and "abound" in the correct order. 

 

iv. Time Complexity Analysis 

The time complexity for the core operations—word 

insertion, search, and suggestion retrieval—are 

summarized as follows: 

 

Word Insertion: O(m), where m is the length of the 

word. 

Word Search: O(m) for searching the prefix, and O(m 

+ k) for retrieving suggestions, where m is the length 

of the prefix, and k is the number of suggestions. 

 

v. Comparative Analysis 

To further evaluate the system's performance, we 

compared it with a Hash Map-based approach for 

word suggestions. While hash maps provide O(1) time 

complexity for word lookups, they are less efficient 

when it comes to handling prefixes and providing 

word suggestions. In contrast, the Trie-based system is 

specifically optimized for prefix-based searches, 

making it the more appropriate choice for a word 

suggestion system. 

 

Result: 

 

i.Enter a word (or type 'exit' to quit): zo 

zo is not found. Did you mean: 

zoo 

zooplankton 



© November 2024 | IJIRT | Volume 11 Issue 6 | ISSN: 2349-6002 

 

IJIRT 169162   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY    1663 

zoology 

zodiac 

 

ii.Enter a word (or type 'exit' to quit): ki 

ki is not found. Did you mean: 

kite 

kitchen 

kiss 

king 

kind 

kill 

kick 

 

Overall System Performance and Simplicity 

 

The combination of trie, vectors, and DFS not only 

optimized the system’s performance but also 

simplified the implementation. By using standard DSA 

techniques, we avoided unnecessary complexity in 

managing word suggestions, making the code more 

maintainable and scalable. The system remains 

responsive, even as the size of the dictionary increases. 

Without these DSA concepts, the project would have 

required more manual and complex memory 

management, resulting in slower search operations, 

increased code complexity, and reduced scalability. 

Implementing features like real-time suggestions and 

prefix matching would have been significantly more 

difficult without these data structures and algorithms. 

 

Future Work 

 

i. Improved Error Tolerance: Implementing fuzzy 

matching algorithms like Levenshtein distance to 

handle misspelled words. 

ii. Optimized Storage: Implementing compression 

techniques like compact tries or Ternary Search 

Trees to reduce memory consumption. 

Scalability: Expanding the system to handle larger 

dictionaries by using more advanced techniques such 

as Patricia tries. 

 

Limitations and Challenges 

While the Trie data structure performed efficiently 

overall, there are some limitations and challenges 

observed: 

 

i. Memory Consumption for Large Dictionaries: 

Although Tries optimize memory usage by 

sharing prefixes, the overall memory footprint can 

still be substantial for very large dictionaries with 

tens of thousands of unique words. 

ii. No Error Tolerance: The current system does not 

handle misspelled words or user errors. 

Implementing error-tolerant algorithms such as 

Levenshtein distance or fuzzy matching would 

improve user experience in real-world 

applications. 

iii. Sorting and Suggestion Prioritization: The system 

currently returns suggestions in alphabetical 

order. Future work could explore prioritizing 

suggestions based on word frequency or relevance 

to the context. 
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