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First Mid Term

Monday Oct 7, 2002

Fall 2002






Olin 155  9:05-9;55

This is a 50 minute in class closed book exam.  All questions are straight forward and you should have no trouble doing them.  Please show all work and write legibly.  Thank you.

1.  Write a regular expression for the set of all strings of 0’s and 1’s such that the number of occurrences of the substring 01 is even.  Zero occurrences is even.

Argue in English that your regular expression is correct.

1*(0* (01)1*0*(01)1*)*0*, or more concisely, 1*(0+1+0+1+)*0*.

Note that, in this expression, all occurrences of the substring 01 come from within the inner expression, 0+1+0+1+, since repeating this expression, or preceeding it by a string of 1’s, or following it by a string of 0’s does not create any additional occurrences of 01.  Furthermore, this inner expression contains exactly 2 occurrences of 01.  Starring this expression allows any even number and only even numbers of occurrences of 01 to appear.  Finally, we allow all possible strings not containing the substring 01, i.e. 1*0*, between any two occurrences of 01, before the first occurrence, and after the last occurrence.

2.  Let 
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 be the regular expression denoting all strings that take a finite automaton from state i to state j without going through any state numbered higher than k.

(a) Give the formula for 
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 in terms of 
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 for l<k.

Rijk = Rijk-1 +Rikk-1(Rkkk-1 )* Rkjk-1

In English it reads all regular expressions going from state i to

state j without going through any state numbered higher than k-1

plus those going through state k. The latter being what it takes to

go from state i to k (still without going through a state higher

than k-1 - that's Rikk-1), then going from k to k - that's

(Rkkk-1)* and finally back from state k to state j - that's

Rkjk-1.

What does it mean to go from state i to state j without going

through a state numbered higher than k (R_{ij}^k)? It means that you

can start and/or in a state numbered higher than k, but all the

intermediary states have to be less than or equal to k. So say i=5

and j=3. 511123, 5213, 53 are allowed, but 553, 51313,

553, 5133 etc. are not.
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(b)  What is the regular expression for 
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 for the above state diagram?

01 + 111

(c)  What is the regular expression for 
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 for the above state diagram?


0 + 11

3.  Let 
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 be a deterministic finite automata.  Let K=
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(a)  Describe in English the set K.

The set K is the set of strings over sigma star such 

that a string is in K if and only if there is some string in the 

language of M of the same length.
(b) Construct a nondeterministic finite automaton 
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accepting the set K.

To accept the set K, we will modify the deterministic finite automata M, creating a 

nondeterministic machine M'.  

The states of the machine, the alphabet, the start state, and the end state remain the same, and only the delta function changes.  Specifically, for any transition in M of the form delta(q, a) = p for some a in the alphabet and any states q and p, we create 

transitions from q to p over all symbols in the alphabet.  This makes our machine M' nondeterministic.  By modifying the delta function in this way, any path to an accept state in M implies that there is a path in M' to an accept state for any string that is the same 

length as the path in M.
4.Let R be a regular set over the alphabet 
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.  For each string in R replace the first occurrence of the substring baa by ba.  Let 
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 be the resulting set of strings.  Show by using homomorphisms, inverse homomorphisms and intersection with regular sets that 
[image: image11.wmf]R

ˆ

 is regular.
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 = h( g-1(R) ∩ L ),  where

g is the homomorphism from {a, b, c}* to {a, b}* defined by g(a)=a, g(b)=b, and g(c)=baa.

h is the homomorphism from {a, b, c}* to {a, b}* defined by h(a)=a, h(b)=b, and h(c)=ba.

L is the regular set defined by the regular expression a*(ba+b)*c(a+b)*.

Observe that a*(ba+b)* is the regular expression for all words in {a,b}* that do not contain substring baa.  Thus, g-1(R) ∩ L is the set of all strings in L with their first occurrence of the substring baa replaced with c, and so the image of this under h is indeed 
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So, since R is a regular set, and regular sets are closed under homomorphic image, inverse homomorphic image, and intersection, 
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ˆ

 must also be regular.
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