
CSC236 – WINTER 2011 – WEEK 11

NON-REGULAR LANGUAGES
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1. What’s a Regular Language?

Definition. A Regular Language is a language which can be represented by a Regular Expression. i.e., L is
regular iff there is a Regular Expression R such that L(R) = L.

As mentioned in class, every Regular Language can be represented by a DFSA (and an NFSA). Furthermore,
every NFSA (and DFSA) describes a regular language. In other words, REs, DFSAs and NFAs are all equivalent.
So far, you have just been trusting us that the following theorems are provable:

Theorem. If a language is accepted by a NFSA, then it is also accepted by a DFSA.

Theorem. If a language is accepted by a DFSA then it’s regular (i.e. can be expressed by an RE).

Theorem. If a language is regular then it’s accepted by an NFSA.

Let’s continue to use these theorems without proof in order to prove non-regularity.

2. Proving a Language isn’t Regular

The key to understanding non-regularity is realizing that the F in DFSA means “finite.” The idea is that
DFSAs only have a finite number of states. So their memory is finite. Languages that aren’t regular are often
ones where you need an unbounded counter. We’re going to take a look at the following language:

L = {anbn : n ∈ N}
Recall what Gary does in his notes, showing that we’ve used the minimum number of states. In order to show

that we need 4 states, we find 4 strings that need to go to different states (we show that if two of them go to the
same state, then the DFSA accepts things it shouldn’t).

Here, we’re going to show that we need an infinite number of states.
The idea of the proof that L is not regular: We assume we have a DFSA for L. We find an infinite set of

strings that all need to go to different states (i.e. we should that if two of them go to the same state, we have a
contraction). And, then we have that the DFSA was no good, and thus L is not regular.

Proof. Assume that we have a DFSA that accepts L.
Look at the set of strings: ε, a, aa, aaa, aaaa, aaaaa, . . . = {an : n ∈ N}. Since the DFSA has a finite number

of states, two of these strings must go to the same state. Let’s say an and am go to the same state, say q. Since
anbn is accepted: starting at q, the string bn must take you to an accept state. Thus, ambn is also accepted,
which is not in your language. This is a contraction. So there is no DFSA for L and thus L is not regular. �
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