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UNIVERSITY EXAMINATIONS
EXAMINATION FOR SEPTEMBER –DECEMBER 2024/2025 FOR BACHELOR OF SCIENCE IN COMPUTER SCIENCE
COURSE CODE RCS 204: COURSE UNIT: THEORY OF COMPUTATION
DATE: 11TH DECEMBER 2024	TIME: 2 HOURS
GENERAL INSTRUCTIONS:	
Students are NOT permitted to write on the examination paper during examination time.
This is a closed book examination. Text book/Reference books/notes are not permitted. 

SPECIAL INSTRUCTIONS:	 
This examination paper consists Questions in Section A followed by section B.
Answer Question 1 and any Other Two questions.
QUESTIONS in ALL Sections should be answered in answer booklet(s).  
1. PLEASE start the answer to EACH question on a NEW PAGE. 
1. Keep your phone(s) switched off at the front of the examination room.
1. Keep ALL bags and caps at the front of the examination room and DO NOT refer to ANY unauthorized material before or during the course of the examination.
1. ALWAYS show your working.
1. Marks indicated in parenthesis i.e. ( ) will be awarded for clear and logical answers.
1. Write your REGISTRATION No. clearly on the answer booklet(s).
1. For the Questions, write the number of the question on the answer booklet(s) in the order you answered them.  
1. DO NOT use your PHONE as a CALCULATOR.
1. YOU are ONLY ALLOWED to leave the exam room 30minutes to the end of the Exam.
1. DO NOT write on the QUESTION PAPER. Use the back of your BOOKLET for any calculations or rough work.
			
					

Question one    (30 Marks)
a) Let the sets: A={a, b}, B={c,d} and C={e, f}; use the two sets: Define and prove the following set laws -							           	(8 Marks)
i. Commutative law
ii. Associative law                                 
iii. Distributive law
iv. Demorgan law 
b) The figure below shows the state diagram of a finite automaton M1. Give the formal description of this automaton. 						(5 Marks)
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c) Given L={ambn  / n<m}							(5 Marks)
Derive 
i.  a context free grammar that accepts L
ii. a PDA accepting L by empty store
iii. a PDA accepting L by final state
d) What is the simple difference between a finite automaton and a pushdown automaton? 											(3 Marks)
e) Let A be the language consisting of all strings over {0, 1} containing a 1 in the third position from the end (e.g. 000100 is in A but 0011 is not). Design a  four-state NFA machine N2 that recognizes A. 						(5 Marks) 
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f) Given a Turing machine M6, that recognizes the language consisting of all strings of 0s whose length is a power of 2. It decides the language A = {02n | n>=0}. E.g. 20, 21, 22, 23 …2n. {0, 00, 0000, 00000000 …}						
The formal definition of M6 = (Q, , , , q1, qaccept, qreject). Where; 
Q = {q1, q2, q3, q4, q5, qaccept, qreject}; 
 = {0};  = {0,x, };  
q1 = Start State; 
qaccept = Accept State and 
qreject = Reject State = described using the state diagram below
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i. Show that the language 00 is accepted by machine M6 				(2Marks)
ii. Show that the language 000 is not accepted by machine M6			(2Marks)
Question Two (20 Marks)
a) Explain the following set expressions as used in discrete mathematics 
i. C={kB/k<3} 							(3 Marks)
i. AB={x/xA or xB} 							(3 Marks)
ii. A-B={y/yA and yB} 							(3 Marks)

b) Given the state diagram for the NFA machine N1 below, provide the formal description of the machine. 								(5 Marks) 
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c) Design a Turing Machine that copies strings of 1’s				(6 marks)
Question Three (20 Marks )
a) One can use the following production to obtain a context free grammar: - S->S + S/S – S/S*S/S/S/(S)/a. Proof that (a* a)/a – a using the same derivation. 		(5 Marks) 
b) Using the pumping lemma determine whether the language given by L={a n2 / n>=1} is a context free or not								(10 marks)
c) Given G=(VTSP) with P given by
S 	As/A/ C
A	a
B	aa
C	 aCb
         Eliminate the useless symbols and productions from G  			(5 marks)
Question Four (20 Marks)
a) Explain Equivalence of NFA and DFA 					(5 marks)
b) Let the alphabet  be the standard 26 letters {a, b, c…z}. Let A and B be languages where: - 
A= {good, bad} and B= {boy, girl}, Define the regular operations union, concatenation and star for the two languages. 								(10 Marks)
c) Consider the CFG with productions 						(5 Marks)
S	S1S   S1	S1+  T/T     T	         T*F/F    F	(S1)/ a
i. Write down the CFG obtained from this one by eliminating left recursion(2)
ii. State the rules for DPDA and give a transition table for a DPDA that acts as a top parser for this language


Question Five (20 Marks)
a) A Context free grammar (CFG) given by productions is
S → a,
S → a AS, 	
and
A → bS
Obtain a derivation tree of the word w  = abaabaa. 				(8 marks) 
b) Construct a Push Down Automata (PDA) accepting { an bm an \   m , n ≥ 1} by empty store. 										(8 marks) 
	
c) Determine whether the language give is context free or not  		(4 marks)	
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