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#1. (3 Points) Consider the language, L, whose strings consist of an equal number of

0's and 1's (e.g., 100011  L).

a) Using the pumping lemma, show that this language is not regular

b) Create a CFG, G, with L = L(G)

c) Show a parse tree and a leftmost derivation of 100011

#2. (2 Points) The membership question for languages can be expressed: "Given a language, L, and a string w, is w  L"

a) Is the membership question for regular languages decidable? Explain (clearly) why or why not.

b) Is the membership question for CFL's decidable. Explain (clearly)

why or why not.

#3. (3 Points) Let E be the regular expression
                                a + aa(a + b)*

Construct a deterministic finite automaton, M, such that M accepts the language denoted by E.
#4. (3 Points) Let R be a regular language and let N be a language which is not regular. Suppose X is a language such that N = R ∩ X. Does it follow that X must be regular? If so, state why. If not, does it follow that X must be non-regular? If so, state why. If neither of these is true name 1) a specific non-regular N and a regular R such that N = R ∩ X with X non-regular and 2) a specific non-regular N and a regular R satisfying N = R ∩ X with X regular.  

#5. (2 Points) Create an nfa to accept the language of “{integers} U {identifiers}”  where identifiers begin with a letter and are followed by 0 or more letters or digits. Use “L” for letter and “D” for digit.

#6. (4 Points) Convert the following to a minimal dfa using a) the subset

construction and b) Partitioning. Show both steps clearly.
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#7. (2 Points)  Given the following dfa, compute the regular expression it accepts by eliminating state 2.
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#8. (3 Points) Write regular expressions for the set of strings over {0,1}* with

a) at least 2 consecutive 1’s

b) at most 2 consecutive 1’s

c)  no consecutive 1’s

#9. (4 Points) Convert the following grammar to Chomsky Normal Form. Show each step clearly.

S ( A B C

A ( a A | 
B ( b B | 
C ( c C | 
#10. (5 Points) True or False:

a) Given G: S ( 0S | 1 S | ,   L(G) = 0*1*    True    False

b) ( + )* = ( * )* *                                True    False

c) a b b matches b* + (a + b)* b                      True    False

d) If L is regular, then * - L is regular           True    False

e) Regular languages are a proper subset 

  of the context-free languages                          True    False

#11.  (1 point) Label each concentric ring with one of the following languages:

a) context-free   b) non recursively-enumerable   c) recursive 

d) recursively enumerable e) regular. The concentric rings are intended to show the subset property.
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#12. (1 point) Show a specific language in each concentric ring that is not in the next inner-most ring. (If you need to describe one in words, do so below). You need not prove your answers.
#13. (1 Point) Explain briefly and clearly the difference between Intractable, NP and NP-Complete problems
#14.  (6 Points) Complete each sentence with the smallest one of the answers:

· regular

· context-free

· Recursive

· Recursively enumerable

· none of the above

Justify your answers 
(a) (1 points) If A is regular and B is regular, then A c ( B   is: _______________
Proof
(b) (1 points) If A is context-free and B is regular, then A c ( B   is: 
Proof
(c) (1 points) If A is regular and B is context-free, then A c ( B   is: _______________

Proof
(d) (1 points) If A is recursive and B is recursive, then A c ( B   is:  _______________

Proof
(e) (1 points) If A is recursive and B is Recursively enumerable, then A c ( B  is: _______

Proof
(f) (1 points) If A is recursively enumerable and B is recursive then A c ( B   is: ________

Proof
#15. (2 points) Circle the correct response and prove your answer: The recursively enumerable languages are/are not closed under complement.

#16. (1 point) Describe in general terms (i.e., pseudo-code) a Turing machine which makes a copy of its input. Let  = {a,b}.
#17. (2 points) Create the transitions for #6. Show a computation for the string a b
#18. (2 points) Show by reduction that there is no algorithm that determines whether an arbitrary Turing Machine prints the symbol “1” on its final transition.

#19. (2 points) Name 2 decidable questions about Context-free languages/grammars and justify your answer.

#20. (1 point) Name 2 undecidable questions about context-free languages/grammars.

You need not justify your answers.
