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Chapter  6   

Conclusion Remarks 

 

 
 
6.1 Conclusions 
Since Richard Kaye [4] proved that Minesweeper is NP-complete in 2000, it has been 

recently studied by many researchers. Meredith Kadlac [3] proposed one-dimensional 

MCP and showed that one-dimensional MCP is tractable and can be recognized by a 

DFA.  

 

In this thesis, we extend Meredith Kadlac’s one-dimensional MCP [3] to 2×n MCP 

which is more complex and difficult to be dealt with. According to the properties of 

2×n Minesweeper game, we analyze all possible input symbols, states, and state 

transitions and successfully construct an NFA which can determine the consistency of 

2×n MCP. We further simplify the original 43 states to 8 state sets according to their 

behavior. Then we can convert this NFA to a corresponding DFA which also takes 

linear time to solve the 2×n MCP. Hence we proved that 2×n MCP is tractable and in 

class P.  

 

When we know a 2×n Minesweeper board is consistent, we may spend exponential 

time expanding the search tree to find all consistent configurations for that board or 

spend linear time walking on any path of the search tree from the root to a leaf node.  
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6.2 Future work 

The topics of “Minesweeper consistency problem” are worth studying further in the 

future. Furthermore, we hope that we can extend the problem to more general problem 

and try to prove the complexity of the problem. Because Richard Kaye has proved the 

general MCP is NP-complete, we may devote to find a number m which causes m×n 

MCP to be NP-complete. 

 

Here, we give some topics for future study: 

 First, what is the complexity of 3×n MCP?  

 

 

 

 

Figure 21. A 3×18 Minesweeper board. 

 

On a 3×n rectangular Minesweeper board, there are squares decorated by numbers 0-8, 

mines, ‘?’-marked squares (equivalent to covered squares). It is just like the general 

Minesweeper. The consistency problem for 3×n Minesweeper is more complicated and 

difficult than one-dimensional or 2×n ones. For designing an NFA for 3×n MCP, we 

need to find all legal input symbols and analyze all possible configurations on any 3×n 

Minesweeper board. Roughly speaking, there are 1331(=11×11×11) possible input 

symbols, and a large number of states.  

 

 Can we construct any logic circuit on an m×n Minesweeper to show that m×n 

Minesweeper is NP-complete? That is, we want to find a number m which causes 

m×n MCP to be NP-complete. 
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