DEPARTMENT of COMPUTER SCIENCE

BEng/BSc Resit Examinations 2000

Module P220: Theory of Computation


1. A Finite State Automaton is a 5-tuple: (Q, (, q0, (, A).

Consider the following FSA:

(a)
Identify its five components, Q, (, q0, ( and A.
[10]

(b) Construct a trace of its operation on each of the strings:

(i) aaabbba
[5]

(ii) bba
[5]

(c) Derive a regular expression for the language it accepts by applying Kleene’s Theorem,


showing all the conversion steps.
[30]

(d)
State the Pumping Lemma for Regular Languages in its stronger form, and
[20]

(e) use it to prove that the language PALINDROME (with both odd and even length words and 


alphabet {a,b}) is non-regular.
[30]

2. (a)
Consider the Context Free Grammar: S ( aSa | bSb | a | b| aa | bb


(i)
Transform this grammar to Chomsky Normal Form, showing all the conversion steps.
[30]


(ii)
Hence, or otherwise, construct a Push-Down Automaton that recognises the language

generated by this grammar.
[20]

(b)
In a CNF grammar, what is

(i) a live production?
[10]

(ii) a self-embedded non-terminal?
[10]

(c) Show how the Pumping Lemma for Context Free Languages follows from the derivation trees of an arbitrary CNF grammar with self-embedded non-terminals and p live productions.
[30]

3.
(a)
Consider the following Turing Machine, T:


(i)
Give one member of each of the sets of strings: ACCEPT(T), REJECT(T) and LOOP(T).
[15]

(ii) Define a Code Word Language in which any TM with alphabet {a,b,(}may be encoded and construct the word in your Code Word Language that encodes  T.
[25]

(iii) The language ALAN is the set of all words in your Code Word Language that are not accepted by the TMs that they encode, or that do not represent a TM. 


Prove that ALAN is not accepted by any TM. 
[30]

(b) Define

(i) the class of languages DTIME(ni)
[15]
(ii) the class of problems NP
[15]
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