Chapter 1

Introduction

1.1 Motivation and Theoretical Background

The theory of computation has obvious connections with engineering practice, and as
in many sciences, it also has purely philosophical aspects. It studies the fundamental
mathematical properties of computer hardware, software, and certain applications. In
the theory of computation we seek to determine what can and cannot be computed,
how quickly, with how much memory used, and on which type of computational model.
And computational complexity theory is an important branch of the theory of
computation that studies the resources, or cost of the computation required to solve a

given problem on a computer.

In computational complexity theory, a complexity class is a set of problems of related
complexity. The complexity class P is the set of decision problems that can be solved
by a deterministic Turing machine in polynomial time. The class P corresponds to an
intuitive idea of the problems which can be effectively solved in the worst cases. The
complexity class NP is the set of decision problems that can be solved by a
nondeterministic Turing machine in polynomial time. This class contains many
problems that people would like to be able to solve effectively, including the Boolean

satisfiability problem, the Hamiltonian path problem, etc.

One famous open problem is "P=NP?" question: to determine whether there exists an
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efficient algorithm which can solve an NP-complete problem or alternatively to prove
no efficient algorithm exists for these NP-complete problems. This is one of the
biggest and most important open problems at this moment, and is the subject of a

$1,000,000 prize offered by the Clay Math institute in the USA.

1.2 Overview and Contribution

Minesweeper [2] is a single-player computer game which was invented by Robert
Donner and Curt Johnson in 1989. The game has been rewritten for many computer
platforms and is most famous for the version that comes with Microsoft Windows. The
game consists of a rectangular field of squares much like a chess or checker board, and

all squares are covered initially as shown in Figure 1.
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Figure 1. An initial 16x16 Minesweeper board.

Some mines are randomly and secretly distributed throughout the board. A player can
uncover or mark any square by left- or right-clicking on it. If a covered square with a
mine is left-clicked upon by a player, the mine would expose and the game is over as
shown in Figure 2. At the time, what a player should do is to try his/her best to guess

where the mines are. If a player is sure that a mine is hidden under a square, he/she can



mark (right-clicked once) that square. However, if he/she is not sure that a mine is
hidden under a square or not, he/she can mark a question mark(“?”") by right-clicking
twice on that square instead. A player just uses the question mark to remind
himself/herself that those squares are probably mines, but actually those squares are
still covered squares. So we treat the “?”-marked squares and the covered squares as
the same. If a covered square without a mine is left-clicked upon by a player, two
possible results could happen. A number between 0 and 8, indicating the amount of
adjacent (including diagonally-adjacent) squares containing mines, would appear on
this square. If the number “0’ appears on the square, then all the squares reachable from
this square will be uncovered, and their amounts of adjacent squares containing mines
will be appeared on these uncovered squares. The game is won when all squares
without mines are uncovered. The goal of Minesweeper is to locate all mines (or
“bombs”) without touching any square with a mine as quickly as possible. A won
Minesweeper game where all squares with mines were marked and others are

uncovered is shown in Figure 3.
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Figure 2. A lost Minesweeper game—a covered square with a mine is clicked (left-clicked) upon by the

player, the mine would expose and the game is over.
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Figure 3. A won Minesweeper game — in this 16 x 30 Minesweeper board, all squares with mines were

marked and others are uncovered.

Richard Kaye’s [4] result states that a decision problem called "Minesweeper
Consistency Problem™ (abbreviated as MCP) is equivalent to the problem of playing
Minesweeper games which is an NP-complete problem. That is, the problem of simply

determining which squares are mines or not is equivalent to MCP.

Meredith Kadlac [3] had showed that one-dimensional MCP is easy. One-dimensional
MCP is the original problem with one dimension restricted to one. Meredith Kadlac
showed that one-dimensional MCP is tractable and can be recognized by a
deterministic finite automaton. In this thesis, we will extend his work to 2xn MCP
which is more complicated and difficult to be dealt with. We want to show that 2xn

MCP is tractable, too.



1.3 Organization of this thesis

This thesis is organized as follows. In Chapter 1, we give a brief introduction. In
Chapter 2, we describe the literature reviews and fundamentals, including properties
and definitions of MCP. Chapter 3 introduces a nondeterministic finite automaton
(abbreviated as NFA) to solve 2xn MCP. Then in Chapter 4, we simplify the original
NFA and discuss the corresponding DFA. In Chapter 5, we analyze the time to find

consistent configurations. Chapter 6 exhibits our conclusions and future work.



