a) COT 3100 Homework # 6 Solutions
Fall 2000

1) Give regular expressions for each of the following languages: (Note: each language is over the alphabet L = {a,b}

b) The language of all strings containing the substring ab.
(a ( b)*ab(a ( b)*
c) The language of all strings of length ( 3.
(a ( b) (a ( b) (a ( b) (a ( b)*
d) The language of all strings with exactly 3 b’s. a*ba*ba*ba*
e) The set of all strings where every 

a is followed by 3 or more b’s.
b*(abbbb*)*

2) Create a DFA to recognize the following languages over the alphabet L = {a,b}.

In each of these solns, the start state will be q0. Each final state will be underlined. A self loop will be designated by the letter right above or below the

a) appropriate state.

b) The language of all strings of odd length.

       a,b

q0 ----------> q1

     <---------         

c)          a,b

d) The language of all strings that contain exactly 2n a’s where n is an integer.

b             a           b

q0  -------------> q1

     <-------------

e)                a

f) The language of all strings that have the same number of substrings ab as substring ba. (So, for example, abaaabbba would be in this language since there are 2 occurences of ab and 2 occurences of ba.)

                      a          a         b            b

q0 ----------> q1  -----------> q3

   |                       <-----------

   | b                            a

               v      a         a   

           b q2 -------->q4

                   <--------

                         b
3) Let T, W, and X be sets of strings over the alphabet L = {a,b}. Prove or disprove the following statement: if (T ( W)* = (T ( X)* then W = X.

4) False. Let T = {a, b}, W = (, and X = {aa}. Here we have (T ( W)* = (T ( X)* = (*.

But, W(X.

4)  Let T and W be sets of strings over the alphabet L = {a,b}. Prove or disprove the following statement: if T ( W, then (TW)* ( W*. Is it necessarily true that W*( (TW)*? Prove your answer.

(TW)* ( W* is true. To see this, note that T ( W, then we must have TW ( WW. (If we have a string x(TW, then x = uv, where u(T and v(W. But in this case we also have that u(W because T ( W. So, u(W and v(W and we can conclude that x(WW.) Now, using the theorem given in class, we can “star” both sides to yield:

(TW)* ( (WW)*. 

Now I will show that (WW)* ( W*.

We have that W* = (W*)*, so it suffices to show that (WW)* ( (W*)*.

W* = {(} ( W ( WW ( WWW ( ...

In particular we have that WW ( W*. But now, we can “star” both sides of this yielding:

(WW)* ( (W*)*, as desired. Thus we have established the following:

(TW)* ( (WW)* ( W*, and can conclude that (TW)* ( W*.

The statement is not true the other way around. Consider the example where W={a} and T={a}. a(W*, but a((TW)*

5)   Let T, W, and X be sets of strings over the alphabet L = {a,b}. Prove the following statement: ((TW)* ( (TX)*) ( (T(W ( X))*. Is (T(W ( X))* ( ((TW)* ( (TX)*)? Why  or why not?

We want to show that ((TW)* ( (TX)*) ( (T(W ( X))*. This boils down to showing two things:

1) (TW)* ( (T(W ( X))*, and

2) (TX)* ( (T(W ( X))*.
To show one, we will first show that TW ( T(W ( X). Technically, to show this, assume that we have a string x(TW. We must show that x( T(W ( X). 

If x(TW, then we can decompose x = uv, where u(T and v(W. But if we have v(W, then we must have v( W ( X. So, we can conclude that x = uv ( T(W ( X). 

So, we have TW ( T(W ( X). We can “star” both sides to get (TW)* ( (T(W ( X))*.

The proof of (TX)* ( (T(W ( X))*, works in an analogous manner.

Here is a small counter example over the alphabet {a,b,c} to disprove the second claim:

T = {a}

W = {b}

X = {c}

f) Here we have abac ( (T(W ( X))*, but abac (((TW)* ( (TX)*).

