HAOI2 (Theory of Computation)

1. For the alphabet >={0,1}, find a DFA that accepts all strings not

ending O1. For example, the DFA should accept 11, and reject 001.

2. For the alphabet >={0,1}, find a DFA for the language accepted by the odd

parity checker. For example, the DFA should accept 0001, and reject 0011.

3. Find a regular expression which is equivalent to the DFA found in the problem 2.

4. Show that regular languages are closed under intersection.

5. Determine whether or not the following grammar is ambiguous. Explain the
reason. (20%)

S —>abS | aSb | A

6. Convert the grammar into Chomsky normal form. (20%)
S —> SS|bSalaSb| A

7. Convert the grammar into Chomsky normal form. (20%)
S — aSbS | bSaS | A

8. Find a context free grammar for the language:
L={a"" n#¥ m }.

9. Find a context free grammar for the language:
L={am"™a" | n, m>0}.

10. Find a context free grammar for the language:
L={am™| n>2m }.

11. Determine whether or not the language L={ ww : w € {a,b}"} is regular. Then,

explain the reason.

12. Determine whether or not the language L={ 0"1" | n > 0 } is regular. Then,
explain the reason.

13.The symmetric difference of two sets S1 and S2 is defined as



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

S1eS2={x:xeS1orx e S2, but xis notin both S1 and S2}.
Determine whether or not context free languages are closed under the

symmetric difference.

Show that context—free languages are not closed under intersection.

Determine whether or not the language L={ ww : w € {a,b}"} is regular. Then,

explain the reason.

Explain the Chomsky hierarchy.

Explain the Church-Turing's Thesis.

What is your definition of "computation" ?

What are the differences between NFA and DFA?

Given two DFAs, M1 and M2, how do you show that
M1 = M2 or M1 =/=M27?
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25. Use the CYK algorithm to determine if the string aab is in the language generated by the
following grammar:

S > AB
A~ BB|a

B->AB|b

26. Construct an npda for accepting the language L ={ww"|we{a,b}'} , where
Q={q,,0,,0;}, 2={a,b}, T'={a,b,z}, F={q,}. Hint: define the transition function
0.

27. Construct an dpda M =({q,,9,,09,}.{a,b},{0,1},5,q,,0,{q,}) that accepts
L={a"b" |n>0}. Hint: again, define & .

28. Construct an equivalent DFA for the following NFA

O——O——0O

Q =states = {1,2,3,4,5}
Start state: {1}
Accepting state(s): { 5 }

29. Create an NFA that accepts the same language generated by ((0+01) 11*(0+11)")". Convert
that NFA to a DFA.



30. For each of the context-free languages below, create a grammar that generates the language

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

that is in Chomsky Normal Form (if the language contains the empty string then your
grammar may omit it).

C. {w € {ab} |the length of w is even and the first half is all a's}

D. {w & {0,1} | the number of times 01 appears as a substring is equal to the number of
times 10 appears as a substring}
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Draw a Venn-diagram to illustrate the relationships Dbetween the

following classes of languages:

A. RL: the set of regular languages



CFG: the set of context-free languages

UCFL: the set of context-free languages that have unambiguous
grammars

PDA: the set of languages accepted by some pushdown automata

DPDA: the set of languages accepted Dby some deterministic
pushdown automata

44 . True/False questions:

A.

B.

C.

Every context-free language is regular.
Every regular language is context-free.
If a language L satisfies the pumping lemma, then L is regular.

There exists a language that 1is not regular but satisfies the
pumping lemma.

The syntax of programming languages 1like C and Java can be
expressed by a regular expression.

The concatenation of two regular languages 1is regular.

There exists a general algorithm to remove ambiguity from a
context-free grammar.

All computer programs written in modern programming languages can
be implemented by some Turing machine.

The number of undecidable problems is countably infinite.

Every Turing machine can be represented by an expression in
lambda calculus.



