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QUESTION 1: Languages [10]

(a) LetS ={abbb}andletT ={ab bb bbb}
() Is S* a subset of T*? Motivate your answer
(n) Is S* = T*? Motivate your answer (4)
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(b) Given S = {ab abc cc}, give all the words in S* that have length less than or equal
to 4 : (3)

O\\OJ’ C«\:)c) C”C_) OLJ cC )‘CCQ\O/. G\\7C|\/)) cC CC

(c) Given S ={ab bab baab} Are the following words in S*? Indicate why or why not
n A
(v) abbabaabab (3)
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QUESTION 2: Regular expressions [10]

(a) Give a regular expression that generates the language that consists of all words that
start with a double letter (that is, two a's or two b's), end in a b, and have at least 4
characters (3)

ac b ) (0 WY (ab) b

(b) Can abbaabaaabba be generated by the regular expression (a + b)(abb + baa)*aa*?
Explain fully why you say so by showing how the word 1s, or i1s not, generated by the
regular expression (2)

Q\0\<)<‘< ‘Ik)clf\ & J\C/(\ chm“(.)\ \/ /\fﬂﬁtc k,LCQ

Q C S\wde \\/«:ﬁ) le NQ LJ\Q\

= Q c\, >
_LOb”’“k“‘”\ it i k R \e\»\e ki 3

(c) Does the regular expression
a(aa + bb + ab + ba + aaa + abb + aab + aba + aab + bbb + baa + bab)”
define the language consisting of all words starting with an a and in which words of
length 2 do not occur? If yes, explain why you say so, If no, give a counterexample  (3)

Fc) \\ C\QP@ ﬂO\V D G f«LQO’ =B “’
o\v\(gu(,u) i L:,/bki CGL;”)V7O\~ jcy(scLQ:ﬂCQ Lﬂ

{L = (3\&0\_’\—' 0L (Jf( %gch

(d) Descnbe in words, In the simplest terms possible, the language generated by the regular
expression (a*b*)*. Provide another regular expression that generates the same

language (2)
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QUESTION 3: Recursive definitions [10]

A recursive definition for the language ODDA defined over the alphabet ¥ = {a b} should be
compiled ODDA consists of all words of odd length that contain the a-substring

Provide

(a) an appropriate universal set, (1)

(b) the generator(s) of ODDA, (1)

(c) an appropnate function on the universal set, and then (1)

(d) use these concepts to wnte down a recursive definition for the language
ODDA (7)

NOTE Marks will be subtracted for words that are introduced into the language that are not In
ODDA

)

(b)
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QUESTION 4: Mathematical induction [10]
(@) Provide a recursive definition for the set P of all integers greater than or equalto 0, (1)
(b) formulate the associated induction pninciple, and then (1)
(c) apply this induction principle to prove that n® + 2n i1s divisible by 3 foralln 2 0 (8)

Remember that to prove x is divisible by 3 you need to show that x = 3y for some ye Z
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QUESTION 5: Finite automata [10]
(a) Provide an example of a finite automaton (FA) that does not accept any words (2)
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Consider the language L, defined over the alphabet 3 = {a b}, consisting of all words
that

« are of even length, and
« do not contain the ab-substring
Build an FA (finite automaton) that accepts L Note that if you provide a nondeterministic

finite automata (NFA) or transition graph (TG), the maximum mark you may be awarded
1s 2 Ensure that you build a determimistic FA (8)

[TURN OVER]
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QUESTION 6: Regular language acceptors [10]
Consider the following Mealy machine
a/l
- Far R
o Qg ¢ b/O

b/l 7 _____j 0/1

(@) What s the output if the input stnng aabab 1s run on the above Mealy machine? (1)
"\ O

(b) Convert the given Mealy machine to a Moore machine (5)

[TURN OVER}
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(c) What is the output if the input stnng aabab is run on the Moore machine from (b)? (1)

VLo

(d) Give a transition graph (TG) with two states that accepts the same language as the
language accepted by the following finite automaton (FA) (3)

[TURN OVER] .
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QUESTION 7: Kileene’s theorem (TG to RE) [10]

By applying Kleene's theorem, find a TG with 2 states that generates the language accepted
by the following TG (10)

ba

—— ey,

ab
fitﬁw e e =
o o=
—- a
@ (2)
S
. ‘\‘\\\ b //
B . AR
. S A,

Create a unique end state
oo .
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&

Eliminate state S ey

) e Y

‘| Enminate state _ 2
L

oo ;\%4
5
aloas
Caa &
lil\lr:'\lrate state é Q\O:‘QG‘((\E&)%\

gg%,,_F_g()_gﬁgaﬂ%b

' Eliminate state _2, (gving the final regular expression)
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O
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QUESTION 8: Kleene’s theorem (RE to FA) [10]

Let r1 and r2 be regular expressions and FA1 and FA2z be finite automata that accept exactly
the languages defined by r: and r2 respectively By applying Kleene's theorem, build another
FA that accepts all the words of the language defined by ry + rz (the union language) (10)

FA, a a FA,

Use the table below to find your solution Some z states have been provided for you, and they
are not an indication of how many you will need. Remember to indicate start and final state(s)

New state a b

2= X : .
’ "ﬂ‘ xlzuj'”btl"l X’L)u)\cg'?

2= X’L Ti\‘z. X\ ,u\/L, T? \s \(3 ) SKZ/‘L Q—@

)
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Q
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i
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Now draw the new FA forry + r2
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QUESTION 9: Pumping lemma with length [10]

Use the Pumping Lemma with length to prove that the following language is non-regular
L={a™™'c", n20} (10)

»
D,

J

' We thus conclude that

Use the prompts below to complete the proot

e Regula
Then there exi
s \”‘i w\ \&m \,\,.\\/\ N 6\tzbv€

e e g 0 i}\‘L %‘PQ&Qf Ao, ‘\:

We choose any word w = Q

s N ('\)L,\,UV\LDQ(" CQ ‘3\

Thus we can wnte w =
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If y 1s pumped in each of the above case(s),
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And

Thus we retract our assumption and conclude that L is not regular according to the pumping

oy
1 . -

lemma.with length
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QUESTION 10: Decidability [10]

(@) Use the algonthm that eliminates symbols from a regular expression Iin steps to show
that b(aa + bb)*(ab)* + (A + a*) accepts at least one word (3)

s (oot W) (a5 ¢ (Ay o
\o (CJ\ A {L)LDCQ\ L)) & C& \ q,

b (e >@3) N

kﬁ A o\b

(b) State whether the following are true or false
(1) There is an effective procedure to decide whether a given FA accepts any words
(1) There is not an effective procedure to decide whether two FAs are equivalent (2)

O Teus

G NS

(c) LetF be an FA with N states State the theorem or test that can be used to determine
whether F accepts an infinite language (2)

\% (\/j Al e P\ié o ‘/;“QPC§ UNBIS ‘%w\«\
NaXe Oy ¥ |
10 & \ene () £ 2N

*‘\Ae o (F O\CCQG\ C— \v\(‘\;\\\e) \'OL"‘FJL'\QC\Q,
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(d) Using the theorem or test given in (c), determine whether the following FA accepts an
infinite language (3)

—

L

2 la, b
= "

Y a b
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ROUGH WORK
Work done here will not be marked
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