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Mazes are accessible problem domains 
that are easily understood by those within 
and outside of CS and have applications in 
algorithm research, games, and art. 

Existing research focuses heavily on 
analyzing and producing specific topology 
within mazes as well as determining which 
algorithms produce more difficult mazes. 

However, there is little research in 
producing mazes of a specific difficulty 
according to a difficulty analysis model. 
This project proposes a parameterized 
generation algorithm coupled with a neural 
network to accurately solve this problem.

McClendon Difficulty Model:
● Product of the Complexity (number of 

turns) of path branches and the length 
of the solution path.

Bellot Et Al. Difficulty Model:
●  McClendon difficulty divided by number 

of non-significant walls.
Existing Maze Generation Algorithms
● DFS - Depth first graph traversal

Begin at root node, expand to a new 
node. Continue until reaching a dead 
end. Backtrack until the current node 
is not a dead end. Expand from that 
node. Continue until all nodes are 
dead ends for expansion.

● Prim’s Algorithm 
Mark a node as in the maze. 
Randomly select a wall that borders a 
node that is in the maze. If both 
nodes are in the maze, it can no 
longer be selected. Otherwise, break 
the wall. Continue until all walls are 
not selectable.

● Kruskal’s algorithm
Mark all nodes as being in different 
sets. Randomly join different sets by 
breaking a bordering wall until there 
is only one set. 

Data Collection
To gauge whether the parameterization of 
the maze generation algorithm will have 
an influence on the difficulty of the maze, 
mazes were generated while isolating 
each group of parameters. Mazes are 
generated multiple times for each given 
input, with the average difficulty taken to 
compare against other values for the 
same parameter grouping.

Conclusion
● The effect the parameter values have 

on the analyzed difficulty shows that 
mazes may be parameterized in a way 
that influences the overall difficulty of 
the maze. 

This project still requires work on a neural 
network. With the validation from the 
above data, the neural network should be 
able to process difficulty input to create a 
set of parameters to reach that target 
difficulty.

Future work includes working with 
imperfect mazes, new difficulty models, 
new parameters, non-rectangular mazes, 
and multi dimensional mazes. 
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Maze Generation:
Parameters: Number and position of starting 
points, range to randomly insert old nodes that 
aren’t at a dead end, and range to randomly 
insert new nodes that aren’t dead ends. Random 
range for selecting new nodes. Directional bias 
for selecting walls to remove, goal ratios for 
intersection types to the size of the maze, solution 
length.
Take starting nodes, randomly select a wall to 
remove. Add starting node and the newly joined 
node and add them to a list of nodes connected 
to the maze. Continue drawing from this until all 
nodes are part of the maze.
Merge islands of nodes created by using multiple 
starting points until all nodes are accessible.
Solution Path determination:
Parameter: Solution rank
Find the length of the path from all pairs of 
perimeter nodes, and choose the pair that 
corresponds to the rank parameter. (0 is longest, 
1 is shortest)
Difficulty Model:
Follow the solution path, count length of each 
branching path that is encountered. The more 
curves in each path, the more complex that path 
is. The more complex paths there are, the higher 
the overall difficulty is.

Implementation

Parameter Testing Average Analyzed model 
difficulty over 1000 mazes

Random Traversal 20.9144

BFS Traversal 15.1604

DFS Traversal 24.5414

Left Turn Bias 21.9410

Straight Bias 19.1614

Turning Bias 22.7948

No Bias 20.9618

Corner Starting Coordinates 20.9950

Center Starting Coordinates 22.5668

Corner Seed, BFS, Straight 
Bias
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The generator creates a maze, the maze 
image visualizes it, and the difficulty model 
rates the difficulty of the maze.
This project currently only encapsulates the 
Maze Generator, Difficulty Model, and Maze 
Image sections. The rest will be 
implemented at a future date. 

Example Mazes

DFS, No Directional 
Bias. Red dots 
indicate start and 
end points.

DFS, Strong Left 
Bias (Note the 
spiral from the 
center!)

DFS, Strong 
Straight Bias

Random, No 
Directional Bias


