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Hidato Gameplay
● Initially there is a grid of hexagons with some prefilled fixed numbers.
● The aim is to fill the empty hexagons with consecutive numbers from 1 to the 

largest number in the grid
● In other words, 1 must be adjacent to 2, 2 must be adjacent to 3 and so on, 

generating a continuous path.

Every Hidato puzzle has a unique solution!



Beehive Hidato Rules
● Rule 1: Each hexagonal cell of the grid must 

be filled with a natural number ranging from 1 
to n;

● Rule 2: Each number, ranging from 1 to n, is 
only in one hexagonal cell (i.e., number 
repetition is not allowed on grid)

● Rule 3: Prefilled numbers are not allowed to 
change.
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The Proposed Genetic Algorithm
● Initiates generating a random initial population of candidate Beehive Hidato 

solutions.
● Uses common genetic operators and the RTS niching technique to preserve 

population diversity.
● A new strategy based on gene convergence rate.
● The population evolves until the maximum number of fitness function 

evaluations (FEs) allowed or until the global optimum is found.



Representation
● Solution is represented by a permutation of integers of 1 to n, where n is the 

total number of genes on a given chromosome (e.g.: {1, 5, 3, 2, 4}).
● Always starting from the top left to the bottom right hexagonal cell of the grid.
● Fixed prefilled numbers of Hidato are not included in the chromosome.
● Arranging only the non fixed numbers of the problem.
● Are considered only in order to complete the solution in the fitness 

evaluations.



Fitness Function
● For each hexagonal cell of the Beehive Hidato, we sum one point to each 

following number (successor or predecessor) that is connected to it in an 
adjacent hexagonal cell.

● For a Beehive Hidato of size N, the fitness of the optimum solution is equals:

FOpt = (N*2) - 2



Diversity Preservation and Restricted Tournament 
Selection
● To avoid premature convergence to local optimum.
● In this scheme, parents are randomly selected and a newly generated 

individual is inserted in the population replacing the most similar among w 
randomly selected individuals if it is better than the most similar one.

● The distance between two solutions for the Beehive Hidato problem was 
defined here as the number of hexagonal cells with distinct values.

● the w parameter was dynamically set to linearly decay from 100% of the 
population to 10%.



Genetic Operators
Partially Mapped Crossover (PMX):



Genetic Operators
Swap Mutation:

Crossover probability was set to 90%, and mutation probability was set to 10%.



Convergence Based Gene Insertion - (CBGI)
● after a elapsed evolution time S (a percentage of the total evolution time, 

calculated on the maximum number of tness function evaluations), for each 
gene of the current best individual, the algorithm evaluates the number of 
occurrences of its gene value, in the same position, for all individuals in the 
population.

● Then, this quantity is divided by the population size, to get its rate. The gene 
with the highest convergence rate (above of a parameter c) is then selected to 
be inserted in the Beehive Hidato problem as a fixed number, in its 
corresponding position.



Results
● Problems 1 to 10   have 19 hexagons (class 1 problems)
● Problems 11 to 21 have 37 hexagons (class 2 problems)
● All experiments have:

○ Population size of 250 individuals
○ A maximum of 2.0E + 05 fitness function evaluations.
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Conclusion
● This is the first work to address this problem.
● The proposed algorithm uses GA and the RTS niching technique.
●  A new strategy based on gene rate convergence (CBGI) is also proposed 

and tested in an attempt to improve the GA search.
○ a higher success rate for more challenging cases
○ a higher convergence speed
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