NFAs - Nondeterministic Finite Automata


There are three differences between DFAs (deterministic finite automata) and NFAs (nondeterministic finite automata):

1. Each state in an NFA can define more than one transition for any given input.

2. NFAs can define empty transitions (transitions that can be taken without using any input).

3. NFA states do not have to define transitions for every possible input.


The transition function of a DFA takes a state and an element of the alphabet and returns a state, but the transition function of an NFA takes a state and either an element of the alphabet or nothing, and returns an element of the powerset of the states of the NFA. As a consequence of the above, there is usually more than one way to read in a string with an NFA. The rules for acceptance and rejection of strings are the same for an NFA as they are for a DFA: if the final state is an accept state, the string is accepted; otherwise, it is rejected. If the NFA is in a state that does not define a transition for the next element of the string (and defines no empty transition), the string is rejected.


While it would initially seem that an NFA is more capable than a DFA, due to its extra 'features,' that turns out to not be the case. A DFA can be constructed that is equivalent to any NFA. The procedure is as follows:

1. The list of states in the DFA will consist of one state for every element of the powerset of the NFA's states. For example, if an NFA has states A, B, and C, the DFA will have states A, B, C, AB, AC, BC, ABC, and an empty state.

2. The alphabet for the DFA remains the same as it was for the NFA.

3. The initial state of the DFA is the one with the same name as the initial state of the NFA.

4. The transition function is constructed in a manner that almost has to be seen to be understood, but is basically as follows. Starting at the initial state, find which combination of states each element of the alphabet results in; the concatenation of these states is the state you go to in the DFA. For example, if reading a 0 from state A allows you to go to either state B or C in the NFA, then in the DFA reading a 0 from state A will lead to state BC. Repeat the above procedure for each resulting state until all possible transitions are covered. It will often turn out that not all combinations of NFA states are actually reachable, and as such can be completely omitted from the DFA.

5. The accept states of the DFA are all states that include at least one of the accept states of the NFA. For example, if the NFA has states A, B, and C, with A and C being the accept states, the accept states of the DFA are A, C, AC, and ABC.


Once this process is complete, the DFA will be functionally identical to the NFA.

