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I.  INTRODUCTION  

Morse code is a system to represent letters of the alphabet, 
numbers, and punctuation marks using a series of dots, dashes 
and spaces. There are two Morse code system, one is invented 
by an American artist and inventor Samuel F.B. Morse in the 
United States during the 1830s, and the other is called the 
International Morse Code, which was devised by a conference 
of European nations in 1851 to account for letters with diacritic 
marks. Although both systems are similar, the International 
Morse Code is simpler and more precise and complete. The 
original morse code used a patterns of dots and spaces while the 
International one uses combinations of dots and dashes of 
constant length.  

 

Image 1.1 Comparison of the two morse code system 
Source: https://www.britannica.com/topic/International-Morse-

Code, accessed on 15/6/2026 

International Morse Code was used back in World War II 
and also in the Korean and Vietnam wars. It was mainly used by 
the shipping industries and communications in the military. In 
today’s day and age, morse code can be used as an emergency 
survival communication, military and tactical operations, an 
educational tool, cybersecurity, and also an assistive technology 
for the disabilities.  

In the modern computing system, processing serial data 
streams like Morse code is different with the standard keyboard 
whereas each keypress maps instantly to a specific character. To 
handle this, traditional software allocates a temporary memory 
buffer, waits for the mark such as a pause or a space, seals the 
stored buffer and runs a search algorithm to translate into a 
readable character. However, this approach is inefficient, while 
the signals are being transmitted, the processor is idle until the 
sequential check one by one. In the worst case scenario, the letter 
could be found at the end of the list.  

This paper aims to apply Rooted Binary Tree structure to 
optimize sequential decoding process or Morse code. Using this 
approach, the decoding process is expected to eliminate post-
stream latency and minimizing workload on system. Other than 
that, this paper will use an algorithmic complexity analysis using 
Big-O notation to provide mathematical proof regarding the 
performance efficiency of the tree structure compared with 
linear search.  

II. BASIC THEORIES 

A. Graph and Tree Theorem 

A.1 Graph 
Graph is commonly used to represents discrete objects and 

the relations between them. A graph G is defined as G = (V, E) 
in which V is a non-empty set of the vertices {𝑣1, 𝑣2, . . , 𝑣𝑛} and 
E is a set of edges that connects a pair of vertex {𝑒1, 𝑒2, . . , 𝑒𝑛}. 
Based on the directional orientation of the edges, a graph can be 
classified as undirected graph which is a graph whose edges do 
not have a directional orientation and directed graph or digraph 
whose every edge has a directional orientation.  

 

Image 2.1 Illustration of undirected graph G1 and digraph G2 
Source: 

https://informatika.stei.itb.ac.id/~rinaldi.munir/Matdis/2025-
2026/20-Graf-Bagian1-2026.pdf, accessed on 15/6/2026 
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 In formal graph terminology, data can be analyzed or 
evaluated through the graph configuration using the properties 
of paths and cycles. A path with the length n from an initial 
vertex 𝑣0 to a destionation 𝑣𝑛 in graph G is an alternating 
sequence of vertices and edges of the form 
𝑣0, 𝑒1, 𝑣1, 𝑒2, 𝑣2, … , 𝑣𝑛−1, 𝑒𝑛, 𝑣𝑛 such that 𝑒1 = (𝑣0, 𝑣1), 𝑒2 = 
(𝑣1, 𝑣2), …, 𝑒𝑛 = (𝑣𝑛−1, 𝑣𝑛) are edges of the graph G. 
Meanwhile, a cycle or a circuit is a path that starts and terminates 
at the exact same vertex, meaning 𝑣0 = 𝑣𝑛. 

 

Image 2.2 Illustration of undirected graph to demonstrate path 
and circuit 

Source: 
https://informatika.stei.itb.ac.id/~rinaldi.munir/Matdis/2025-

2026/20-Graf-Bagian1-2026.pdf, accessed on 15/6/2026 

For example, the graph shown above has a path from the 
vertex 0 to destination 10 with the length of 5 that goes through 
the edges (0,6), (6,3), (3,7), (7,9), (9,10). The graph also contains 
multiple circuits, for example, one of the path that goes through 
these vertex 0, 4, 8, 5, 1, 0 is a circuit with the length of 5. 

A.2 Tree 
 A tree is an undirected graph, that is connected and does not 
contain any circuit. According to the foundational graph 
theorem of G = (V, E) is a simple undirected graph with n 
vertices, a tree can also be defined if there exist a unique simple 
path between two distinct vertices in G, and a connected graph 
G contains m = n – 1 amount of edges. 

 
Image 2.3 Simple illustration of a tree 

Source: 
https://informatika.stei.itb.ac.id/~rinaldi.munir/Matdis/2025-

2026/23-Pohon-Bag1-2026.pdf, accessed on 15/6/2026 

 A tree in which one of the vertex acts as a root and its edges 
are given a direction so that it became a digraph is called a rooted 
tree. There are multiple important terminologies within rooted 
tree such as: 

1. Parent, Child, and Sibling 
 If there is a directed edge from the vertex u to vertex 
v and also from vertex u to vertex w, then u is defined 
as the parent of v and w, while v and w is called the 

children of u. The vertices u and v themselves are 
sibling as they share the same parent vertex. 

2. Degree, Internal Vertices, and Leaves 
 A degree of a vertex is decided by how many 
subtree or children that vertex has. If a vertex has at 
least one child, it is called an internal vertices, else it 
will be called a leaf. 

3. Path, Level, and Height 
 A vertex is connected to another vertex if there exist 
a path that goes through an alternating sequence of 
vertices and edges. The exact depth of any vertex in a 
tree is tracked by its level, where the root sits at level 0 
and the number increase along the rooted path. The 
height of the tree is taken from the highest or maximum 
level. 

 

Image 2.4 Illustration of root, levels, internal node and leaf 
of a tree 
Source: 

https://informatika.stei.itb.ac.id/~rinaldi.munir/Matdis/2025-
2026/24-Pohon-Bag2-2026.pdf, accessed on 15/6/2026 

 One type of rooted tree is binary tree. A binary tree is an m-
ary tree with m = 2, which means every vertex can only have a 
maximum of two children. A binary tree is also an ordered tree, 
which means the order of its children is important, that’s why 
the left child and the right child must be clearly differentiated. 

 

Image 2.5 Illustration of two different binary tree 
Source: 

https://informatika.stei.itb.ac.id/~rinaldi.munir/Matdis/2025-
2026/24-Pohon-Bag2-2026.pdf, accessed on 15/6/2026 

 A binary tree can be classified as a full binary tree if every 
vertex has exactly two child except the leaves, as a complete 
binary tree if every level is filled except the last one and the 
leaves are sorted from left to right, and as a perfect binary tree if 
every level is completely filled.  
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Image 2.6 Illustration of the comparison between full, 
complete and perfect binary tree 

Source: 
https://informatika.stei.itb.ac.id/~rinaldi.munir/Matdis/2025-

2026/24-Pohon-Bag2-2026.pdf, accessed on 15/6/2026 

 One application of the binary tree is a binary search tree. A 
binary search tree (BST) is a type of binary tree, in which each 
vertex has a unique key and follows a specific ordering pattern 
or property. All vertex inside the left of the subtree’s root contain 
a value less than the root, while all the vertex in the right side of 
the subtree’s root contain a value greater than the root.Using this 
binary search tree makes searching, insertion and deletion of 
elements more efficient. 

  

Image 2.7 Illustration of a correct BST (left image) and wrong 
BST (right image) 

Source: https://www.geeksforgeeks.org/dsa/binary-search-tree-
data-structure/, accessed on 16/6/2026 

 After a binary tree is constructed, the elements inside can be 
systematically visited using 3 different traversal techniques, 
which is preorder, inorder, and postorder. 

 

Image 2.8 Illustration for Travesring Binary Search Tree 
Source: 

https://informatika.stei.itb.ac.id/~rinaldi.munir/Matdis/2025-
2026/24-Pohon-Bag2-2026.pdf, accessed on 15/6/2026 

 Preoder traversal starts at the root or R, then traverse to the 
left subtree or T1 and then traverse to the right subtree T2. 
Meanwhile inorder traversal starts at the left subtree or T1, then 
visit the root or R, and finally traverse the right subtree or T2. 
Lastly, postorder traversal starts with the left subtree or T1, and 

then traverse to the right subtree or T2, and then visit the root or 
R. 

B. Algorithmic Complexity 

An algoritm doesn’t just need to be correct, it also needs to 
be efficient. A way to measure its efficiency is by comparing the 
time it takes to run the algorithm and also the space or memory 
it needs. Time complexity or T(n) is measured from the amount 
of computation steps in an algorithmas a function with input n. 
There are many operations inside an algorithm, such as read and 
write, algorithm, assignment, comparison, and etc. Time 
complexity can be classified into three categories: 

• 𝑇𝑚𝑎𝑥(𝑛): Worst-case time complexity, the maximum 
execution time required. 

• 𝑇𝑚𝑖𝑛(𝑛): Best-case time complexity, the minimum 
execution time required. 

• 𝑇𝑎𝑣𝑔(𝑛): Average-case time complexity, the average 

execution time required. 

Asymptotic Time Complexity expressed using Big-O 
notation (O) is used to mathemathically quantify these 
variations. This  approach focuses on how the execution time 
grows as input size approaches infinity. Big-O notation establish 
a theoritical upper bound on the growth rate. In data lookup 
operations, most algorithm usually fall into a contant time O(1), 
logarithmic time O(log n) or a linear time O(n).  

III. . ANALYSIS AND DISCUSSION 

First, the latin alphabet need to be translated first into the 
form of a binary tree by following the pattern of dots and dashes. 
The tree will expand into the left subtree if the pattern is a dot 
(·), and it will expand to the right subtree if the character is a 
dash (-).  

 

Image 3.1 Morse code in the form of binary tree 
Source: https://morse.cool/tree  

The core application is engineered in C programming 
language, using a pointer operation on a dynamically allocated 
tree structure. To compare the time between the two algorithm, 
the program will use <time.h>, and both of the structure need to 
be defined first. Other than that, an array of morseMapping 
which consist of both characters and binary is needed for the 
linear searching algorithm.  
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Image 3.2 Header and definitions part 
Source: Author’s implementation 

  

 

Image 3.3 Binary tree implementation code 
Source: Author’s implementation 

 This part functions as the tree node construction and also for 
the alphabet path mapping. This module initializes memory 
dynamically with malloc and also hardcoded the tree hierarchy 
structural matching the Morse code depth layers. 

 

Image 3.5 Binary Tree Decoding 
Source: Author’s implementation 

 This tree parsing routine uses a cursor pointer to go left or 
right children addresses by checking if it’s a dot or a dash. 

 

Image 3.6 Linear search program 
Source: Author’s implementation 

This implementation process the incoming Morse code 
stream character by character using a loop, extracting into a 
buffer array. If the program meets the character space ( ) or slash 
(/), the function will appened a null-terminator to solidify the 
token and then using another loop to sequentially search in the 
linearLookupTable 

 

Image 3.7 Main code (1) 
Source: Author’s implementation 
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 This part of the code functions to make the Morse code being 
tested multiple thousand time and make the workload larger. 
That way, the time difference to compare the binary tree system 
and linear search can be more clear.  

 

Image 3.8 Main code (2) 
Source: Author’s implementation 

 This part of the main code will print out the binary and the 
translated version and also the workload ran by each algorithm. 

 

Image 3.9 Main code (3) 
Source: Author’s implementation 

 This part of the main code will start running both algorithm 
and outputting the time needed to run that many workload. The 
time taken by each will then be compared and will be calculated 
on which one is faster by how much.  

A. Testing Results 

The program that have been explained above will be use to 
multiple different test cases: 

1. Morse Input: . 
Translation: E 

 

Image 3.10 Test Case 1 
Source: Author’s implementation 

2. Morse Input: -.-. --- -.. . 
Translation: CODE 

 

Image 3.11 Test Case 2 
Source: Author’s implementation 

3. Morse Input: …. . .-.. --- / .-- --- .-. .-.. -.. 
Translation: HELLO WORLD 

 

Image 3.12 Test Case 3 
Source: Author’s implementation 
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4. Morse Input: - … . / --.- ..- .. -.-. -.- / -... .-. --- .-- -. / ..-. 
--- -..- / .--- ..- -- .--. ... / --- ...- . .-. / - .... . / .-.. .- --.. -.-- 
/ -.. --- --. /  
Translation: THE QUICK BROWN FOX JUMPS 
OVER THE LAZY DOG 

 

Image 3.13 Test Case 4 
Source: Author’s implementation 

5. Morse Input: --.. --.. --.. --.. --.. --.. --.. --.. --.. --.. 
Translation: ZZZZZZZZZZ 

 

Image 3.14 Test Case 5 
Source: Author’s implementation 

6. Morse Input: . . . . . . . . . . 
Translation: EEEEEEEEEE 

 

Image 3.15 Test Case 6 
Source: Author’s implementation 

B. Analysis 

Test Cases 
Linear 

Runtime 

Tree 

Runtime 

Minimum Boundary 

(E) 
0.001000 s 0.000000 s 

Single Word 

(CODE) 
0.005000 s 0.002000 s 

Standard Phrase 

(HELLO WORLD) 
0.019000 s 0.004000 s 

Maximum 

Depth/Worst Case 

(ZZZZZZZZZZ) 

0.033000 s 0.005000 s 

Minimum 

Depth/Best Case 

(EEEEEEEEEE) 

0.007000 s 0.002000 s 

Full Alphabet 

Pangram (THE 

QUICK BROWN...) 

0.081000 s 0.016000 s 

Table 3.16 Test Data 

 

From all the test data that have been gathered, it can be seen 

in all the test cases that the binary tree runtime is always faster 

than the linear runtime. The binary runtime is faster by an 

estimation around 2.5x up to more than 6x than the linear search 

runtime. For example, test case 6 is testing Minimum Depth 

Case, where E is at the very first layer of the tree and make the 

runtime fast, while test case 5 is testing the Maximum Depth 

Case, where Z is at the very end of a tree, yet it is still faster 

than the linear search runtime. 

For the sequential array search algorithm, the search time 

complexity is strictly linear, and can be denoted as O(n), where 

n represents the total size of the alphabet being tested. This 

algorithm has its best case if the alphabet is the first of the look 

up table, and its worst case is the very back of the lookup table. 

In contrast, the ordered Binary Search Tree works under a 

strictly bounded time complexity of O(h), where h is the 

maximum heigh of the tree layout. Because the test case uses 

the standard alphabet, the maximum height of the tree is h ≤ 4. 

 

IV. CONCLUSION 

Based on the results and algorithm complexity assessments, 
it can be concluded that the optimized Binary Search Tree 
implementation is vastly a more superior structural alternative to 
the standard sequential linear array mapping for decoding Morse 
code. By transforming from a loop dependent array search with 
linear time complexity into an active direct pointer with effective 
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constant time complexity, the binary tree cuts down on 
redundant processing operations. The binary tree systematically 
outspace the linear lookup framework by an efficiency factor 
scaling from 2.5x up to 6.60x.Although the hierarchical node 
require a slightly larger memory space to hold its child pointers, 
this is a good tradeoff by the significant drop in the runtime 
execution. 
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