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Notes: 

• Videos numbered 1 to 7 are explanations of the example exam paper. 
• Video 8 demonstrates a tool that can be used to test whether your FA 

accepts/rejects the words that it should. 
• Videos 9 to 11 are examples of using the algorithms for proving Kleene’s 

Theorem, part 3. It is suggested that you work through the sections in the 
prescribed book before watching these. Included are PDFs of the completed 
solution. 

• Video 12 is an example of using the algorithm for finding the intersection 
language of two other languages. It is again suggested that you work through 
the sections in the prescribed book before watching this. Included is the PDF 
of the completed solution. 

• In videos 9 to 12 we refer to an “end” state. In keeping with the textbook, 
these should really have been referred to as “final” states. You should still be 
able to follow the procedures explained, though. 

 
1 Languages 1 
Let S = {a bb bab aba abaab}.  
For each of the following strings, state whether or not it is a word in S*.  
Justify your answer. 
(i)  abbbaabbbab 
(ii) abaabbabbbaabb 
 
1 Languages 2 
Let {a b} be the alphabet. Give an example of a set S such that S* only contains all possible 
strings of combinations of a’s and b’s that have a length divisible by three. 
 
1 Languages 3 
Let {a b} be the alphabet. Give an example of two sets S and T of strings such that S* = T* 
but S ⊈ T and T ⊈ S. 
 
1 Languages 4 
Consider the alphabet {a b} and the language ODDAB where ODDAB consists of all words 
of ODD length which contain the substring ab. Provide 
(i) an appropriate universal set, 
(ii) the generator(s), 
(iii) a function on the universal set, and then 
(iv) use these concepts to write down a recursive definition of the language ODDAB. 
 
1 Languages 5 
A recursive definition for the language EVENnotAA over {a b} must be compiled where 
EVENnotAA consists of all words of even length and not containing the substring aa. Provide 
(i) an appropriate universal set, 
(ii) the generator(s), 
(iii) a function on the universal set, and then 
(iv) use these concepts to write down a recursive definition for the language EVENnotAA. 
 
 
 



2 Induction 1 
(i) Give a recursive definition of the set P of all positive integers greater than 0, 
(ii) formulate the appropriate induction principle, and then 
(iii) use mathematical induction to prove that 11 + 15 + 19 + … + (4n + 7) = 2n2 + 9n for 

all positive integers n > 0. 
 
2 Induction 2 
(i) Give a recursive definition of the set P of all positive integers greater than or equal to 

5,  
(ii) formulate the appropriate induction principle, and 
(iii) then apply the induction principle to prove that 2n – 3 ≤ 2(n - 2) for all n ≥ 5. 
 
3 Regular expressions 1  
General notes on regular expressions 
 
3 Regular expressions 2 
Does the regular expression 
[b*+ (abb*)* + (aabb*)*]* bbb [b* + (abb*)* + (aabb*)*]* 
define the language of all words where 

• bbb appears at least once 
• aaa does not appear at all?  

If not, give a counterexample. 
 
3 Regular expressions 3 
Provide a regular expression defining the language over {a b} of all words containing 

• exactly one occurrence of the substring aa, and  
• no occurrence of the substring bb.  

 
4 Finite automata 1 
Build an FA that accepts the language of all words such that 

• ALL words end with a double letter (i.e. either aa or bb), and  
• NO word contains the substring bba. 

Note: Only one FA should be built. 
 
5 Kleene's theorem TG to RE 
By using Kleene’s theorem, find a regular expression that generates the language accepted 
by the above TG (transition graph). 
 

 
 



7 Pumping lemma with length 1 
Use the Pumping Lemma with length to prove that the following language is nonregular:  
L = {anbnam, for some n = 1,2,3,… and m = 1,2,3,…}. 
 
7 Pumping lemma with length 2 
Use the Pumping Lemma with length to prove that L = {abn+1c5an  n = 1, 2, 3,... } is 
nonregular.  
 
8 Building an FA with JFLAP 
Build an FA that accepts only those words in which the ab-substring occurs an even 
number of times and words end in a b-substring. 
 
9 Kleene’s Theorem Pt3 Rule 2 union 
If there is an FA called FA1 that accepts the language defined by the regular 
expression r1 and there is an FA called FA2 that accepts the language defined by the 
regular expression r2, then there is an FA that we shall call FA3 that accepts the 
language defined by the regular expression (r1 + r2). 
Ensure that you read through pages 109-117 in Cohen first before watching this 
video. 
 
10 Kleene’s Theorem Pt3 Rule 3 product 
If there is an FA1 that accepts the language defined by the regular expression r1 and 
there is an FA2 that accepts the language defined by the regular expression r2, then 
there is an FA3 that accepts the language defined by the concatenation r1r2, the 
product language. 
Ensure that you read through pages 117-125 in Cohen first before watching this 
video. 
 
11 Kleene’s Theorem Pt3 Rule 4 closure 
If r is a regular expression and FA1 is a finite automaton that accepts exactly the 
language defined by r, then there is an FA called FA2 that will accept exactly the 
language defined by r*. 
Ensure that you read through pages 125-134 in Cohen first before watching this 
video. 
 
12 Intersection of regular languages 
If L1 and L2 are regular languages, then L1 ∩ L2 is also a regular language. 
In other words, the set of regular languages is closed under intersection. 
Ensure that you read through pages 186-191 in Cohen first before watching this 
video. 
 


