
 
 Program Title :- comparaƟve Performance Analysis of Fibonacci Series 

and Digital Sum Algorithms across MulƟple Programming Languages (C, 
C++, Java, Python) in Windows and Linux Environments. 

 
 Student InformaƟon :- 

 

  Name:  Raman Kumar  

  College ID:    24IT40  

  OperaƟng System: Kali Linux (64-bit) on VirtualBox  and windows 11 home  

 System info and configuraƟon :- 
 OS:  Kali Linux 

PRETTY_NAME="Kali GNU/Linux Rolling" 

NAME="Kali GNU/Linux" 

VERSION_ID="2025.2" 

VERSION="2025.2" 

VERSION_CODENAME=kali-rolling 

ID=kali 

ID_LIKE=debian 

HOME_URL="hƩps://www.kali.org/" 

SUPPORT_URL="hƩps://forums.kali.org/" 

BUG_REPORT_URL="hƩps://bugs.kali.org/" 

ANSI_COLOR="1;31" 

 Kernel Version: 
Linux kali 6.12.25-amd64 #1 SMP PREEMPT_DYNAMIC Kali 6.12.25-1kali1 (2025-04-30) 
x86_64 GNU/Linux 
 

 System configuraƟon: 

A. Host Machine (Physical Hardware) 



Laptop Model: HP Victus 15-ĩ0108AX 

Processor: AMD Ryzen 5 5600H (6 Cores, 12 Threads) 

Base Clock Speed: 3.3 GHz (Max Boost up to 4.2 GHz) 

Total System RAM: 8 GB DDR4 

OperaƟng System: Windows 11 Home (64-bit) 

Storage: 512 GB PCIe NVMe M.2 SSD 

     B. Guest Machine (Virtual Environment via VirtualBox) 

The programs were executed on Kali Linux running inside Oracle VM VirtualBox. The 
virtual machine (VM) was configured with the following parameters: 

VirtualizaƟon SoŌware: Oracle VM VirtualBox (Version 7.x) 

OperaƟng System: Kali GNU/Linux Rolling (64-bit) 

Allocated RAM (Base Memory): 3500 MB (Approx. 3.5 GB) 

Processor Cores Allocated: 3 Virtual CPUs 

ExecuƟon Cap: 100% 

ParavirtualizaƟon Interface: Default (KVM) 

Hardware VirtualizaƟon: Enabled (Nested Paging) 

Chipset: PIIX3 

PoinƟng Device: USB Tablet 

 Windows 

Host Name:                     LAPTOP-8LBVM1SK 

OS Name:                       MicrosoŌ Windows 11 Home Single Language 

OS Version:                    10.0.26200 N/A Build 26200 

OS Manufacturer:               MicrosoŌ CorporaƟon 

OS ConfiguraƟon:              Standalone WorkstaƟon 

OS Build Type:                 MulƟprocessor Free 

Registered Owner:              HP 

Registered OrganizaƟon:       HP 

Product ID:                    00356-24752-96997-AAOEM 



Original Install Date:         2/28/2026, 11:04:24 AM 

System Boot Time:              3/18/2026, 6:02:42 PM 

System Manufacturer:           HP 

System Model:                  Victus by HP Gaming Laptop 15-ĩ0xxx 

System Type:                   x64-based PC 

Processor(s):                  1 Processor(s) Installed. 

                               [01]: AMD64 Family 25 Model 80 Stepping 0 AuthenƟcAMD ~3301 Mhz 

BIOS Version:                  AMI F.25, 1/9/2026 

Windows Directory:             C:\WINDOWS 

System Directory:              C:\WINDOWS\system32 

Boot Device:                   \Device\HarddiskVolume1 

System Locale:                 en-us;English (United States) 

Input Locale:                  00004009 

Time Zone:                     (UTC+05:30) Chennai, Kolkata, Mumbai, New Delhi 

Total Physical Memory:         7,518 MB 

Available Physical Memory:     2,706 MB 

Virtual Memory: Max Size:      18,782 MB 

Virtual Memory: Available:     11,644 MB 

Virtual Memory: In Use:        7,138 MB 

Page File LocaƟon(s):         C:\pagefile.sys 

Domain:                        WORKGROUP 

Logon Server:                  \\LAPTOP-8LBVM1SK 

 

 

 

 

 

 



 

 Screen shots of programs:- 
 

 Kali Linux 
 
1. Single digit sum 

 
 Python 

A. Recursive Method 
Logic: The funcƟon calculates the sum of digits of the number. If the result is greater 
than 9, the funcƟon calls itself again with the new sum as the input. 

Process: f(n) = f(sum_of_digits(n)) unƟl n < 10. 

CharacterisƟc: It represents the mathemaƟcal definiƟon perfectly but uses more "Stack 
Memory" due to repeated funcƟon calls. 

 
 

Average Ɵme = 0.0555ms, by recursive method 



B.  Non-Recursive / IteraƟve Method  

Logic: It uses a while loop to repeatedly sum the digits. The outer loop conƟnues as 
long as the number has more than one digit. 

Process: A nested loop structure where the inner loop extracts digits and the outer loop 
checks if the final result is a single digit. 

CharacterisƟc: This is the most efficient pracƟcal approach for standard programming 
as it avoids memory overhead and is faster than recursion. 

 

Average Ɵme = 0.0562ms, by non recursive method 

 

C.  Formula Method  

Logic: This method uses a mathemaƟcal property of numbers in base 10 (Divisibility by 9). 

Formula: Digital Root = 1 + ((n - 1) (mod 9)) 

CharacterisƟc: This is the fastest possible way to find the single digit sum. It executes in 
constant Ɵme (O(1)), meaning it takes the same amount of Ɵme regardless of how large the 
number is. 



 

Average Ɵme = 0.0569ms, by formula method 

 

 C++ 
A. Recursive Method 

 



Average Ɵme = 0.01293ms, by recursive method 

 

B. Non-Recursive / IteraƟve Method  



Average Ɵme = 0.011966ms, by non recursive method 

C. Formula Method  
 

 

 

Average Ɵme = 0.00020ms, by formula method 

 

 

 

 



 Java 
A. Recursive Method 

 

 

 

Average Ɵme = 0.04289 ms, by recursive method 
 
 
 
 



B. Non-Recursive / IteraƟve Method 
 

 

 

 

 

 

Average Ɵme = 0.0324ms, by non recursive method 

 



C. Formula Method  

 

 

 

 

Average Ɵme = 0.0105ms, by formula method 

 

 

 

 



 C  programs 
A. Recursive Method/ Non recursive method/ formula method 



B. Average Ɵme = 0.0013 ms, by recursive method 
C. Average Ɵme = 0.0153ms, by non recursive method 
D. Average Ɵme = 0.0010ms, by formula method 

 
 Table  on Kali Linux 

 
S.N Logic Input  Result Run Ɵme of the programs in ms 

    Python C++ Java C 
1. Recursive  12345 6 0.0555ms 0.01293ms 0.04289ms 0.0013ms 
2. Non Recursive 12345 6 0.0562ms 0.01196ms 0.03240ms 0.0153ms 
3. Formula  12345 6 0.0569ms 0.00020ms 0.01050ms 0.0010ms 
4. Kruskal’s V.I 15 0.0293ms    
5. Prim’s V.I 15 0.0114ms    

 
 

2. ComparaƟve Study of MST Algorithms: Kruskal's vs Prim's 
 
1. Kruskal’s Algorithm 
DefiniƟon: Kruskal's algorithm is an edge-based, greedy approach used to find the 
Minimum Spanning Tree (MST) of a connected, undirected graph. Its primary goal is to 
select edges with the minimum possible weight while ensuring that no cycles are 
formed in the resulƟng tree. 
Steps to Implement: 

1. Sort all edges in non-decreasing order of their weight. 
2. Pick the smallest edge. Check if adding this edge forms a cycle with the MST formed so 

far. 
3. If no cycle is formed, include this edge in the MST. 
4. Repeat the process unƟl there are (V-1) edges in the MST, where V is the number of 

verƟces. 

 
2. Prim’s Algorithm 
DefiniƟon: Prim's algorithm is a vertex-based, greedy algorithm used to construct the 
Minimum Spanning Tree (MST) of a graph. It starts from a single vertex and 
progressively grows the tree by adding the cheapest possible connecƟon from the tree 
to a vertex not yet in the tree. 
Steps to Implement: 

1. Choose an arbitrary starƟng vertex and keep track of visited verƟces. 



2. IdenƟfy all edges connecƟng the visited verƟces to unvisited ones. 
3. Select the edge with the minimum weight and add the connected vertex to the visited set. 
4. Repeat unƟl all verƟces are included in the MST. 

 

Feature Kruskal's Algorithm Prim's Algorithm 

Approach Edge-centric Vertex-centric 

Data Structure Disjoint Set Union (DSU) Min-Priority Queue 

Best For Sparse Graphs (fewer edges) Dense Graphs (more edges) 

StarƟng Point Starts with the smallest edge Starts from a chosen node 

 
 

 Code in Python 
 

 
 
 
 
 
 
 
 
 
 

 



 



 Windows  
1. Single digit sum 

 
 Python 

A. Recursive Method 

 
 
 
 

Average Ɵme = 0.0392 ms, by recursive method 



B. Non Recursive  

C.  

 

 

 

 

 

 

 

 

 

Average Ɵme = 0.0312 ms, by  Non recursive method 

 

 



C . Formula method 

 

 

 

 

 

Average Ɵme = 0.0376 ms, by  formula method 
 
 
 



 C++ 
A. Recursive method 

 

Average Ɵme = 0 ms, by  Recursive method 

 

 

 

 

 



B. Non Recursive method 

 

 

 

 

 

 

 

 Average Ɵme = 0 ms, by  Non Recursive method 

 

 

 



C. Formula method 
 

 

  

 

 

 

 

 

Average Ɵme = 0 ms, by formula method 

 

 



 Java  
A. Recursive method 

 

 

 

 

 

 

Average Ɵme = 0.036 ms, by Recursive method 



B. Non Recursive 

 

 

 Average Ɵme = 0.034 ms, by Non Recursive method 

 



C. Formula method 

 

 

 

 

  

 

 

Average Ɵme = 0.0075 ms, by formula method 

 



 C programs 



 

Average Ɵme = 0 ms, by Recursive method 

Average Ɵme = 0 ms, by  Non Recursive method 

Average Ɵme = 0 ms, by formula method 

 

2. ComparaƟve Study of MST Algorithms: Kruskal's vs Prim's 
Code in python 

 

 

 

  

 

  



 

 

 

 

 

 

 

 

 

 

 Table  on windows in VS code 

 

S.N Logic Input  Result Run Ɵme of the programs in ms 

    Python C++ Java C 
1. Recursive  12345 6 0.0392ms 0ms 0.036ms 0ms 
2. Non Recursive 12345 6 0.0312ms 0ms 0.034ms 0ms 
3. Formula  12345 6 0.0376ms 0ms 0.0075ms 0ms 
4. Kruskal’s V.I 15 0ms    
5. Prim’s V.I 15 2.0044ms    

 



 Conclusion  

The project is successfully completed and aŌer running all the programs, I have observed the 
following points: 

1. Methods Comparison: In the Single Digit Sum program, the Formula method $(n \% 9)$ 
is the fastest because it doesn't use any loops. Recursive and Non-Recursive methods 
also give the same result, but they take a liƩle more Ɵme. 

2. Language Speed: While tesƟng on both Kali Linux and Windows, I found that C and C++ 
are much faster than Java and Python. In Windows VS Code, the Ɵme for C++ oŌen 
shows 0ms because the code runs instantly. 

3. MST Analysis: Both Kruskal’s and Prim’s algorithms gave the same Total Weight (15) for 
the given graph. This proves that both methods are correct. In my tesƟng, Prim's 
algorithm was slightly faster in Python. 

4. Final Note: The result remains the same whether we run the code on Linux or Windows, 
only the execuƟon Ɵme changes slightly depending on the system. 

 


