














Notes on these proofs
All versions are proof by contradiction: assume some DFA M accepts L3.  
M of course has some fixed (but unknown number of states, p.  All versions 
also relied on the intuition that to accept L3, you need to "remember" the 
left half of the string when you reach the middle, "memory" = "states", and 
since every DFA has only a finite number of states, you can force it to 
"forget" something, i.e., force it into the same state on two different strings.  
Then a "cut and paste" argument shows that you can replace one string 
with the other in a longer, accepted, string, proving that M accepts 
something it shouldn't. 

Version 1 (slide 15-3): pick a length large enough so that there are more 
strings of that length than states in M.

Version 2 (slide 15-5): pick increasingly long strings of a simple form until 
the same thing happens.   The argument is a little more subtle here, since 
the string length, hence the midpoint, changes when you do the cut-and-
paste, and so you have to argue that where ever the middle falls, left half != 
right half.  Some cleverness in picking "long strings of a simple form" 
makes this possible; in this case the "b" in "aib" is a handy marker.

Version 3 (slide 15-7): Generalizing version 2, an accepted string longer 
than p always forces M around a loop.  The substring defining the loop can 
be removed or repeated indefinitely, generating many simple variants of 
the initial string.  With careful choice of the initial string, you can often 
prove that not all of these variants should be accepted.  Again, some 
subtlety in these proofs because you need to allow for any start point/
length for the loop.

Not all proofs of non-regularity are about "left half/right half", of course, so 
the above isn't the whole story, but variations on these themes are widely 
used.  Version 3 is especially versatile, and is the heart of the "pumping 
lemma".
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