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Abstract: This research used the genetic algorithm to solve non-zero-sum and non-
cooperative games within the framework of game theory. It was noted that the genetic
algorithm has a great ability to find optimal solutions to complex problems that require
simultaneous optimization of several objectives. In this research, a model based on the
genetic algorithm was developed to solve the problem of competition between sports
clubs within the framework of game theory, and then this model was applied to a real-
world case study to evaluate its effectiveness. The results indicated that the genetic
algorithm provides effective and applicable performance in such types of problems.

Keywords: Game theory, non-zero-sum games, non-cooperative games, Genetic
Algorithm.
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# Load necessary libraries
library(foreach)
library(iterators)
library(GA)

library(ggplot2)

# Define the payoff matrix for a simple game (rows: Player 1, columns: Player 2)
# Assume payoff_matrix[i, j] gives a vector c(payoff to player 1, payoff to player 2)
payoff_matrix <- array(c(17, 2, 17, 2, 28, 28, 4, 4), dim = c(2, 2, 2))
rownames(payoff_matrix) <- c¢("Mosul: Indivdual group™, *Mosul: Team group")

colnames(payoff_matrix) <- c("Ninevah: Indivdual group”, "Ninevah: Team group™)
print(payoff _matrix)

#,, 1

#Hit

i Ninevah: Indivdual group Ninevah: Team group
## Mosul: Indivdual group 17 17

## Mosul: Team group 2 2

#Hit

##,, 2

#Hit

i Ninevah: Indivdual group Ninevah: Team group
## Mosul: Indivdual group 28 4

## Mosul: Team group 28 4

# Fitness function based on the payoff matrix
fitness_function <- function(strategy) {
# Ensure strategy is a valid input
if (length(strategy) != 2) {
return(-Inf) # Return a very low fitness for invalid inputs

¥
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# Convert binary representation to indices (1 or 2)
playerl strategy <- strategy[1] + 1
player2_strategy <- strategy[2] + 1

# Calculate the combined payoff as the sum of both players' payoffs
payoff <- sum(payoff_matrix[playerl_strategy, player2_strategy, ])

return(payoff)
¥

# GA parameters
popSize <- 50
maxiter <- 50
crossover_prob <- 0.6
mutation_prob <- 0.1

# Storage for best strategies
best_strategies <- matrix(payoff_matrix, nrow = maxiter, ncol = 2)

## Warning in matrix(payoff_matrix, nrow = maxiter, ncol = 2): data length [8] is
## not a sub-multiple or multiple of the number of rows [50]

# Run the genetic algorithm with tracking of the best strategy
ga_result <- ga(
type = "binary",
fitness = function(strategy) {
fit <- fitness_function(strategy)
if (is.null(fit) || length(fit) == 0 || lis.finite(fit)) {
return(-Inf)
}
return(-fit)
h
nBits = 2,
popSize = popSize,
maxiter = maxiter,
pmutation = mutation_prob,
pCrossover = crossover_prob,
monitor = function(obj) {
# Ensure the solution is valid and store the best strategy of the current generation
if (Yis.null(obj@solution) && length(obj@solution) == 2) {
best_strategies[obj@iter, ] <- obj@solution
}
return(FALSE)
}
)

# Extract the best strategy found
best_strategy <- ga_result@solution
cat(""Best Strategy (Mosul, Ninevah):", best_strategy, "\n")

## Best Strategy (Mosul, Ninevah): 1 1
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