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| Question 1 Context Free Grammars [16]]

{a) Determine a regular expression for the language L over the alphabet {0 0} that con-
sists of all words that start with the substring «6 then have one or more bs and then
have at least two «s There should be no bs after the two or more us

Example of words Iin the language are b, abbbbbbun, abbauauaaaa, allbbbhbhaa etc
Examples of words that are not in the language are «a, abu, bbab «uchbbb, baabbibhanbb

etc {2}
{b) Design a deterministic finite automaton {DFA) that will recognise all of the words in L
as defined above (4)
{c} Use Theorem 21 to develop a context-free grammar (CFG) for the language 7 (4)

(d) Convert the following CFG to Chomsky Normal Form (CNF)

S = aXYZb|Wa

X = £Y |
Vo= aV ]
A —=b|\
(6)
| Question 2 Pushdown Automata [10]
Build a deterministic pushdown automata (DPDA) that accepts the language
L = {bab™aa)"(ba)"*" | n = 1w > 1} over the alphabet T = {« U} (10)
|Ouest|on 3 Pumping Lemma [12]1

The pumping lemma with length for context-free languages (CFLs) can be stated as follows
Let /. be a CFL generated by a CFG in CNF with p live productions

Then any word « In L with length > 27 can be broken into five parts

e =t ry-

such that

length{v ey} < 2¥

length{.) > 0

length{+) + length(y) > 0

and such that all the words vo” ¢z with 1 € {2 3,1} are also in the language /.

Use the pumping lemma with length to prove that the language
L= {{e)" (b)) | =1}

over the alphabet & = {« b} s non-context-free (12)

| Question 4 Closure [11]]

(a) Context-free languages are closed under product

Explain in English what this result implies for two given languages /., and /7 , generated
by context-free grammars CFG1 and CFG2 respectively (2)

(b) Define two context free grammars CFG1 and CFG2 that generate two different context
free languages
CFG1 should generate a regular language and CFG2 should generate a non regular
language (4)
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(c) Use your context free grammars from question 4(b) to generate a CFG that generates
the product language (3)

(d) Suppose you are given the two context free grammars CFG3 and CFG4 below that
generate two different context free languages

CFG3 S —aSh|A

CFG4 5 — AsSB

"1 — (Tx" ‘ .'\.
B = b3 | A
Is the intersechon of the languages of the two CFGs context free?
Explain your answer (2)
[Question 5 Tracing a Turing Machine [10]|

Consider the Tunng Machine {TM) T {over the input alphabet ¥ = {¢ 1) given below

(b 13 R) hYR)

(b.5 #) % (0 X R) % (A A1) @
S

NNV

(o a, 1) (Y 2 1)

o

(A AL

(a,a B),(b b R),(A A R)

()

Hint Trace the execution of the TM on a few strings of as and bs so that you can see how

it works

(a) What is the shortest word that would be accepted by T? {2)

(b) What s accept(7)? {2)

(c) What is reject(1)? (2}

(d) What 1s toop{T}? (2)

{e) What s left on the tape If 7 halts? {2)
| Question 6 Building a Turing Machine [14]]

Build a Turing Machine (TM) that

e accepts all words in {{(b)"a(a)* | n > 1},
¢ loops forever on all words starting with «, and
¢ rejects all other words
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Assume that the alphabet 1s T = {a b}
Hint
Write out your solution as high level pseudocode before you start drawing your TM This
will help you to formulate an approach to solving the problem (14)
10uestlon 7 2PDA [ 0};

Consider the partially complete 2PDA given below This 2PDA, when complete, should
recognise the language /. as defined below

L= {(by by (Y | n > 0} {Assume that the alphabets T = {« b} )

e ”

~

/ \\ // \\ / \\\
Start \Rad et L Qead \—~\ Read 3—\P0p1 \—>\Pop 2\
\// \ 4 A

b WA

APush 1 X] A Crsent)

Push2 ¥

(a) What 1s the purpose of the section of the 2PDA illustrated in box A?
Explain your answer clearly (3}

(b) Complete the 2PDA by showing what should be included in Box B of the diagram
Note that the edges shown in the diagram are the only edges that are needed between

what 1s outside of Box B and what 1s needed inside Box B (4)
{c) Could this language be recognised by a PDA?
Explain your answer (3)
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\Ouestlon 8 Turing Machine Encodings [10]|
Consider the Turing Machine 7" given below
{b'b R
{wa )
{a) Convert T into a summary table (3)
(b) Convert T into CWL (code word language) (3)
(c) Which language s accepted by I'? (2)
(d) Does the code word of 7" belong to ALAN? (Motivate your answer) 2)
Note that the definition provided for ALAN in Cohen holds for question 8(d)
‘Question 9 Computability [71]
(a) Suppose that you are given the function bo(r) as defined below
0 if r e Nis <45
bor(r)=1¢ 1 1 eNis>d45and <50
¢ f,eMNMis>0n
ls this function Turing-computable?
Explain your answer {3)
{b) What s a recursively enumerable language? (2)
(c) What 1s a recursive language? (2)
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