Chapter 4

Simplified NFA and DFA for 2xn MCP

According to the state transition relations shown in Table 6, we find that some states

have the same behavior in the table, so we can combine these states as a new state set.

Then we can get 8 equivalent state sets.

0o = {So}, Qo s the start state set.

1= {?0%}

qz is the state set which means no mine is present in this and the left columns.

2= {?s?s, ?sBs, BeBs}

gz is the state set which means 2 mines are present in this and the left columns.
3= {078, 20Bs}

gs is the state set which means only one mine is present in this and the left
columns.

04 = {0000, 00?0, 1111, 11?0, 2222, 2570},

s is the state set which means 2 numbered squares (the 2 numbers are the same)
are present in this column, and they do not need extra mines to equalize them.

0s = {1olo, 10?0, 2121, 210, 3232, 3270},

Qs is the state set which means 2 numbered squares (the 2 numbers are the same)
are present in this column, and they need one extra mine to equalize them.

s = {2178, 21Bs, 3278, 3:Bs, 4378, 43Bs},

Qs is the state set which means a numbered square and a mine are present in this
column, and the number square needs one extra mine to equalize it.

25



® ;={11?s, 11Bg, 2278, 2:Bs, 3378, 33Bs},
gy is the state set which means a numbered square and a mine are present in this
column, and the number square does not need extra mines to equalize it.

®  (s={2020, 200, 3131, 3170, 3178, 31Bs, 4242, 4,70, 4578, 4:Bg, 53?8, 53Bs },
Qs is the state set which means 2 numbered squares are present, and they need two

extra mines to equalize them.

After combining those states, we can get a simplified state transition table as shown in
Table 7, where there are 6 accepting state sets: do, Q1, U2, O3, Q4, and ¢;. The state
transition diagram is shown in Figure 8. Since it is an NFA— several choices may
exist for the next state for some inputs. For example, when the machine goes to the
state set ‘g3’ with the next input symbol *??’, the machine will have three possible state

sets gy, 02 Or gz to go.
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where the double-circled state sets represent the accepting states.

Table 7. Simplified state transition Table for 2xn MCP NFA,

1712?13?47 |?B|??(00(0?|11|1B|22|2B|33|3B|44 4B |5? |5B|BB
Os | Qs | Os 02 |01 04| 04|05 | Q7 [ ds | U6 Os 02
Q7 | Qs Js | 02
03
Os | Qs | Os 02 |01 04| 04|05 Q7| Js | U Os 02
Q7 | Qs Js | 02
03
G4 105 | O6 | 02 | Q1 Q4 05 (07| Qs | Qs [ds|Us| 02
g7 | Gs | O3 | O2
U3
04 (05 | Q6 | Qs | G2 | Oa Qa Os [d7 | Qs | Qs Os g2
Q7 | Qs gs | 02
U3
(00) | s as 0u| G| Qa|0Os| |Ca
Os 07 | Qs | Os 0s | Os gz Js Os
Js 07 |96 | U8 | O3 | O3 gz Qs Os
(a7) |ga|as|as 0 G| |os| |
Js 02 | Q2 g2
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Figure 18. Simplified state transition diagram for 2xn MCP NFA.
According to computation theory [11], we have the following theorem.

Theorem 4.1:  An NFA has an equivalent DFA.

Deterministic and nondeterministic finite automata recognize the same class of
languages. Such equivalence is both surprising and useful. Now we are certainly able

to find an equivalent DFA for the NFA we constructed for 2xn MCP.

Theorem 4.2:  2xn MCPisin P.
Proof: The equivalent DFA can determine 2xn MCP in O(n) time, for the DFA takes

linear time to scan a 2xn Minesweeper board. So we proved that 2xn MCP is in class P.
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