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Project Report: Performance Measurement of Minimax and Alpha-Beta Pruning using 

Tic-Tac-Toe Game 

1. Introduction 

The field of Artificial Intelligence (AI) has witnessed significant advancements, particularly in the domain of game playing. The Minimax 

algorithm and its enhancement, Alpha-Beta Pruning, are widely used in creating game-playing AI agents. This project aims to explore and 

compare the performance of these algorithms in playing the classic game of Tic-Tac-Toe. Tic-Tac-Toe is a simple yet strategic game that serves as 

an ideal platform to evaluate the efficiency and effectiveness of these AI algorithms. By analyzing the number of explored nodes and the 

execution time, we can assess the strengths and weaknesses of each algorithm in the context of this game. 

In this project we will analyze the performance of both the algorithm by using two kinds of tic-tac-toe game, one the classic 3x3 one and the 

other one is a special 4x4 tic-tac-toe game with 3 matching sequence. We will observe what is the performance difference of the AI algorithms 

in both version of tic-tac-toe game. 

 

 

3x3 Tic-Tac-Toe: The 3x3 version of Tic-Tac-Toe is the quintessential representation of the game. Played on a 3x3 grid, players take turns 

placing their symbols, usually 'X' and 'O', in an attempt to create a line of three symbols in a row, column, or diagonal. Its straightforward rules 

and limited grid size make it an ideal introduction to strategic thinking for beginners. 

4x4 Tic-Tac-Toe: In contrast, the 4x4 Tic-Tac-Toe takes the game a step further by increasing the grid size to 4x4. While the basic objective 

remains the same – forming a line of three symbols – the larger grid introduces a heightened level of complexity. With more cells and increased 

pathways for victory, player and the algorithms must anticipate moves more strategically and navigate a broader range of potential winning 

combinations. 
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Example of Wining combination in a 3x3 game: 

 

 

In the basic tic-tac-toe to win player or the algorithm have to form a line of three symbols in a row, column, or 

diagonal. 

 

 
Example of Wining combination in a 4x4 game: 

 

In the advance version of 4x4 tic-tac-toe, to win player or the algorithm have to form a line of three symbols in a row, 

column, or diagonal but in a 4x4 grid where there are more combination of wining posibilities and more grid points to 

chose input from. 

 

 
We will implement minimax and alpha beta pruning in both version of the game to see the preformence difference 

between them. 
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0 depth = 

2. Background 

2.1 Minimax Algorithm: 

Minimax is a decision-making algorithm commonly used in two-player games with perfect information. In such games, both players have 

complete knowledge of the current game state and all past moves. The Minimax algorithm operates on the principle of exploring all possible 

moves in a game tree and assigns a score to each leaf node based on the game's outcome (win, lose, or draw). It assumes that both players play 

optimally, trying to maximize their own gains and minimize their opponent's gains. By backtracking through the game tree, the algorithm 

chooses the best move for the current player. 

The Minimax algorithm's basic concept is to search the entire game tree, which can be computationally expensive in games with large search 

spaces. For Tic-Tac-Toe, the search space is relatively small, making it feasible to implement the basic Minimax algorithm effectively. 

Algorithm: 

 

function 

if 

return 

 

 
heuristic 

is 

then 

if maximizingPlayer then 

  
for 

 

return 

 

value 

 

do 

max(value, 

else(* minimizing player *) 

  

for 

return 

 

value 

 

do 

min(value, 

or 

value := −∞ 

value 

value := +∞ 

value 
TRUE)) 1, − minimax(child, depth 

FALSE)) 1, − minimax(child, depth 

node value of 

terminal a node is 

:= 

node child of each 

:= 

node child of each 

the 

node 

minimax(node, depth, maximizingPlayer) 

(* Initial call *) 

minimax(origin, depth, TRUE) 
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function alphabeta(node, depth, α, β, maximizingPlayer) is 

if then 

return t  heuristic 

if maximizingPlayer then 

for each child do 

value := max(value, 

if value > β then 

break(*  cutoff *) 

α := max(α, 

return 

else 

 

for do 

value min(value, 

if then 

break(* α cutoff *) 

 

return v 

 

 
∞, +∞, TRUE) 

alue 

value) := min(β, β 

value < α 

TRUE)) β, α, 1, − alphabeta(child, depth := 

node child of each 

:= +∞ value 

value 

value) 

β 

FALSE)) β, α, 1, − alphabeta(child, depth 

of node 

:= −∞ value 

f node value o he 

terminal node is or == 0 depth 

2.2 Alpha-Beta Pruning: 

Alpha-Beta Pruning is an enhancement to the Minimax algorithm that reduces the number of nodes explored without affecting the final decision. 

It works by maintaining two values, alpha and beta, during the tree traversal. The "alpha" value represents the best (highest) option found for 

the maximizing player, while the "beta" value represents the best (lowest) option for the minimizing player. 

During the search, if a node's evaluation exceeds the "beta" value for a minimizing player or falls below the "alpha" value for a maximizing player, 

the algorithm can prune the remaining branches below that node. This pruning ensures that the algorithm does not explore unpromising 

branches, significantly improving its efficiency. 

Algorithm: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(* Initial call *) 

alphabeta(origin, depth, − 

https://en.wikipedia.org/wiki/Infinity
https://en.wikipedia.org/wiki/Infinity
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defevaluate(real_pos) : 

 
for element in wining_combination: 

 
if(real_pos[element[0]-1] == player and real_pos[element[1]-1] == player and real_pos[element[2]-1] == player): 

return10 

if(real_pos[element[0]-1] == opponent and real_pos[element[1]-1] == opponent and real_pos[element[2]-1] == opponent): 

return-10 

return0 

defevaluate(real_pos,wining_combination): 

score =0# variable used to generate the heuristic value of score 

for element in wining_combination: 

if(real_pos[element[0]-1] == player and real_pos[element[1]-1] == player and real_pos[element[2]-1] == player): 

return ('leafNode',100) #stating that it is a leaf node and there is no ferther way 

3. Methodology 

3.1 Implementation: 

The Tic-Tac-Toe game and both algorithms (Minimax and Alpha-Beta Pruning) were implemented in a high-level programming language Python. 

The implementation was designed to allow a human player to play against an AI using both algorithms. The game's user interface provided a 

visual representation of the game board, allowing the human player to make moves using mouse clicks. 

 

Implementation of heuristic function of 3x3 tic-tac-toe : 

 
For valid comparison the heuristic function to calculate score(node) of the both minimax algorithm and alpha_beta algorithm are same so they 

both requre same amount of resources. 

Below I gave the code of the heuristic function: 
 

 

 
In here we simply check whether in the game tree computer successfully get an wining combination or not, if they do, they get +10 as heuristic 

score, on the other hand if user can able to generate a wining sequence then he will get score of -10. and at last if the game is tie then the score 

is 0. 

 
 

 

Implementation of heuristic function of 4x4 tic-tac-toe : 

 
As written above the heuristic function of 4x4 tic-tac-toe game’s minimax and alpha-beta version are same, but they are a bit more complex 

then the 3x3 ones, because a 4x4 tic-tac-toe game tree can able to expand far more than the 3x3 ones, 

Below I gave the code of the heuristic function: 
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In here we check whether in the game tree, computer successfully get an wining combination or not, if they do, they get +100 as heuristic score, 

on the other hand if user can able to generate a wining sequence then he will get score of -100. and at last if the game is tie then the score is 0. 

Additionally if computer manage to get any combination where he got 2 elements from a 3 elements wining sequence he will get +15 sore, and 

for the user he will get -15. 

 

 

elif(real_pos[element[0]-1] == opponent and real_pos[element[1]-1] == opponent and real_pos[element[2]-1] == opponent): 

return ('leafNode',-100) #stating that it is a leaf node and there is no ferther way 

else: 

 
if(real_pos[element[0]-1] == blank and real_pos[element[1]-1] == comp and real_pos[element[2]-1] == comp): 

score +=15# heuristic value for 'o' computer 

elif(real_pos[element[0]-1] == comp and real_pos[element[1]-1] == blank and real_pos[element[2]-1] == comp): 

score +=15 

elif(real_pos[element[0]-1] == comp and real_pos[element[1]-1] == comp and real_pos[element[2]-1] == blank): 

score +=15 

 

 
elif(real_pos[element[0]-1] == blank and real_pos[element[1]-1] == user and real_pos[element[2]-1] == user): 

score -=15 # heuristic value for 'x' computer 

elif(real_pos[element[0]-1] == user and real_pos[element[1]-1] == blank and real_pos[element[2]-1] == user): 

score -=15 

elif(real_pos[element[0]-1] == user and real_pos[element[1]-1] == user and real_pos[element[2]-1] == blank): 

score -=15 

 
 
 
 

 
return ('notLeafNode',score) #stating that it is not a leaf node and there is ferther way 
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4. Experimental Setup 

The experiments were conducted on a computer with the following specifications: 

 
⚫ CPU: intel core i3 

 
⚫ RAM : 8gb 

 
⚫ Operating system: Windows 10 

 
⚫ Language : python 

 
 
 

 
 
 

 
. 
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5. Results 

The experiments were conducted by running the Tic-Tac-Toe game against both algorithms separately for each test case. The results were 

recorded, 

First, for 3x3 tic-tac-toe game I recorded performance metrics(both the number of explored nodes and execution time)using minimax and alpha 

beta pruning to see which preforms better. For fair comparison. both the time the user will give the same input. 
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Minmax alpha_beta 
 

User input user input 
 

 

 
Computer’s move Computer’s move 

time taken for the minimax algo : 0.191026s time taken for the alpha_beta algo : 0.03187310s 

total number of node visited : 55504  total number of node visited : 6138 
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Minimax alpha_beta 
 

 
User input user input 

 

 

 
Computer’s move Computer’s move 

time taken for the minimax algo : 0.00372s time taken for the alpha_beta algo : 0.004395s 

total number of node visited : 932 total number of node visited : 339 



13  

Minimax alpha_beta 
 

 

 
User input user input 

 

 

Computer’s move Computer’s move 

time taken for the minimax algo : 0.0001426s time taken for the alpha_beta algo : 0.0013958s 

total number of node visited : 37 total number of node visited : 34 



14  

As we can see from the following observation, for same input, both the algorithms will give same move as output but the preformance metrics 

are different. 

For minimax the number of node visited are greater than the alpha-beta pruning algorithm,But the execution time in 3x3 tic-tac-toe for both the 

algorithm is kinda similar. 

It improvise tha for the 3x3 tic -tac-toe the alpha-beta pruning algorithm is a little efficient than the minimax algorithm. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Now we have done the same experiment for the 4x4 tic-tac-toe, we recorded the performance metrics(both the number of explored nodes and 

execution time)using minimax and alpha beta pruning to see which preforms better. For fair comparison. both the time the user will give the 

same input. 
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Minimax alpha_beta 
 

User input user input 
 

Computer’s move Computer’s move 

time taken for the minimax algo : 8.9612218s  time taken for the alpha_beta algo : 0.6323613s 

total number of node visited : 372051 total number of node visited : 23376 
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Minimax alpha_beta 
 

User input user input 
 

Computer’s move Computer’s move 

time taken for the minimax algo : 3.4456828s  time taken for the alpha_beta algo : 0.1248282s 

total number of node visited : 132429 total number of node visited : 4133 
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Minmax alpha_beta 
 

User input user input 
 

Computer’s move Computer’s move 

time taken for the minimax algo : 1.1046676s time taken for the alpha_beta algo : 0.057936s 

total number of node visited : 47657  total number of node visited : 1894 
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Minimax alpha_beta 
 

 
User input user input 

 

 
Computer’s move Computer’s move 

time taken for the minimax algo : 0.2560964s  time taken for the alpha_beta algo : 0.0341719s 

total number of node visited : 11837 total number of node visited : 979 
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Minimax alpha_beta 
 

 
User input user input 

 

Computer’s move Computer’s move 

time taken for the minimax algo : 0.0248778s  time taken for the alpha_beta algo : 0.012187s 

total number of node visited : 1121 total number of node visited : 330 
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As we can see from the following observation, for same input, both the algorithms will give same move as output but the preformance metrics 

are very different for the 4x4 game. 

For minimax the number of node visited are much greater than the alpha-beta pruning algorithm,and also the execution time is For minimax is 

much greater than the alpha-beta pruning algorithmtic. 

It improvise that the alpha-beta pruning algorithm is much more efficient than the minimax algorithm, for a more complex games with larger 

search spaces. 

To achieve greater accuracy we will test those programs multiple times:- 

 
After running the programs multiple time the following observations were made: 

 
 

 
Execution time difference between minimax and alpha-beta pruning algorithm measure in 3x3 and 4x4 game:- 

 

 
 
 
 

 
Difference of number of node visited between minimax and alpha-beta pruning algorithm measure in 3x3 and 4x4 game:- 

 

 
From the above chart we can see that the average difference between t 
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Data of Wining and losing of minimax and alpha-beta pruning algorithm measure in 3x3 and 4x4 game : - 
 

 
 

 
As we can see the sum of wining score in 3x3 tic-tac-toe’s minimax and alpha-beta version are very much similar, and also the sum of wining 

score in 4x4 tic-tac-toe’s minimax and alpha-beta version are also similar. As because their heuristic function is same and given same input they 

provide the same output, so their wining performance is similar. 
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From the above tables we observe that :- 

The Minimax algorithm performed reasonably well in terms of choosing the optimal move. However, it explored a considerable number of 

nodes, especially in scenarios where the game tree was extensive. As a result, the execution time for the Minimax algorithm was relatively high, 

making it less efficient compared to Alpha-Beta Pruning. 

The Alpha-Beta Pruning algorithm significantly reduced the number of explored nodes compared to the basic Minimax algorithm. This 

improvement became more evident as the game tree complexity increased. Moreover, Alpha-Beta Pruning consistently demonstrated faster 

execution times than the basic Minimax algorithm. 
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7. Conclusion 

 

 
In conclusion, the performance measurement of Minimax and Alpha-Beta Pruning using the Tic-Tac-Toe game demonstrated the superiority of 

Alpha-Beta Pruning in terms of efficiency. By reducing the number of explored nodes, Alpha-Beta Pruning outperforms the basic Minimax 

algorithm while producing the same optimal gameplay. These findings reinforce the importance of efficient search algorithms, such as Alpha- 

Beta Pruning, in creating competitive and strategic AI agents for various two-player games. Additionally, the knowledge gained from this project 

can be extended to more complex games with larger search spaces, where efficient decision-making becomes paramount for a successful AI 

player. 
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