COT 4210 Fall 2014 Midterm 2 Name: <eY
Total Points Available Your Raw Score Grade
7 1. Present a Mealy Model finite state machine that reads an input x € {0, 1}* and produces the bmary
number that represents the result of adding binary 1011 to x (assumes all numbers are positive.
including results). Note: The binary number is read from least to most significant bit.
Examples: input 01010 results in output 10101; input 0011 results in output 1110
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5 2. LetLa be defined as the language accepted by the finite state automaton A:
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Present a right linear grammar G4 that generates the language La.
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5 3. Consider the regular grammar G = ( {S, A, B}, {0, 1}, R, S ) where R is the set of rules:

S — 1S | 1A | 0B
A — 0B | 0A | 1
B — 0S | A

Present an automaton A that accepts the language generated by G:

A= <{5A\scz 5{0\185 {sel)
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8 4. Write a Context Free Grammar for the language
L={a* b"c"|k=n+m,orm=Kk+n, or n=k+m, k>0, m>0, n>0 }.
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5 5. Use Myhill-Nerode to show that the language of Problem 4 is not Regular. That language is
L={a* b"c"|k=n+m,or m=k+n, orn=k+m,k>0, m>0, n>0}.
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8 6. Consider the language
L={anb® |n>0}.
Use the Pumping Lemma for Context-Free Languages to show that L is not context-free.
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8 7. Present the CKY recognition matrix for the string bbabb assuming the Chomsky Normal Form
grammar, G = ({S,A,B,C,D }, {a,b}, R, S), specified by the rules R:
S—- AB | BA|BD
A— CS|CD|a
B—+ DS|b
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4 8. Choosing from among (Y) yes, (N) No, categorize each of the following closure properties. No
proofs are required.

Problem / Language Class (C) Regular Context Free
Closed under union with Context Free languages? ‘\l \(

Closed under quotient with languages of its own , .

class (C), i.e., L1/L2 M N

Closed under difference with languages of its own P

class (C), i.e., ( difference (L1,L2)=L1-L2)? \]/ N

Z

-Closed-under-union-with-Context-Free languages?— -

8 9. Prove that any class of languages, C, closed under union, concatenation, intersection with regular
languages, homomorphism and substitution (e.g., the Context-Free Languages) is closed under
Erase Middle with Regular Sets (em), where L € C, R is Regular, L and R are over the alphabet
2,andLem R={xz | x,yE =" and dy € R, such that xyz € L }. You may assume substitution
f(a) = {a, a’}, and homomorphisms g(a) = a’ and h(a) = a, h(a’) = A. Here a€ZX and a’ is a distinct
new character associated with each a€X.
You must be very explicit, describing what is produced by each transformation you apply.

LemR = Q50 N1 s*gq(R) 3%
S0 = { o |wel { wiers W Was
SOME (Ok oD OF TS LETTERS PRIMED,S(L) 54
%(R\ - {2' lv&éﬂi} \WwHERE ﬁ‘ HAS RLL (TS
LETTeRS PRINEP. 2(&\ 1S REBULAR,
Z'ng(’\@»é"" :g xé 2 | % 'éei*'QéfS?}
TTHAS S RECULAR.
‘SCL\H Zt,ik(‘aaz-%—_—:%)(%m )&i'ée&_ (\geﬁ\
L, 3€ _\ TTHIG S
fFLELS élNCL N o CFELARER

g( L. %K§ xgef‘”cx:k%e(”
}xi_g)é:\ﬁ}
L om R



COT 4210 Discrete 11 -5- . Fall 2014 Midterm 2 Exam — Hughes

8 10.

Describe a PDA that accepts the following language by empty stack and final state.

{wexw® |w,x € {a,b}+ }

Your description must include a state transition diagram or table that indicates start state, initial
contents of stack and, of course change to state and stack based on current state, input and stack top.
Hint: Non-determinism is real useful.
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. Consider the context-free grammarG=( {S, A,B}, {a,b }, R, S), where R is:

S — SAB | BA
A— AB|a
B—bS|b|A

a.) Remove all A-rules from G, creating an equivalent grammar G’. Show all rules.

G
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b.) Remove all unit rules from G’, creating an equivalent grammar G”’. Show all rules.
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c¢.) Convert grammar G’ to its Chomsky Normal Form equivalent, G**°. Show all rules.
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