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1. For each of the following languages decide whether it is regular, and prove your claims.

(@) Ly ={a"™™ | m >n}, ¥ = {a,b}.

(b) Ly = {a™b™ | m < n}, ¥ ={a,b}.

() Ly ={a#y#z | z,y,2 € {0,1}* ANe+y =z}, X ={0,1,#}.

(d) Ly = {z1yp121 - - TpYnzn Vit 2,y 2i € X, T =210 Ty Y = Y1+ Yny 2 = 21 ... 2n A

r+y==z}3={01}.
2. LetP = {w : w € {0,1}*,w = w®}. For each of the following languages prove regularity or
non-regularity.
(a) PP.
(b) P*.
3. In each of the following itemd, is a regular language. Decide whettiéiis also regular, and prove
your claim.
@ L ={zylz,yeX, zc LAy ¢ L}
(b) L' ={zy|z,y € ¥* Ja € X : zay € L}

/ ., .
() L' ={xix3zs...xon-1 |Vi:xi,yi, 2 € X, Ixow4x6 ... Top : T1X2 ... Top_1T2, € L}

4. In each of the following items; is a regular expression. Describér) in words, and write a regular

expression fol(r).
(@ r=(Oun*roun)*oouU1)*
(b) »=(1U01U001)*(e +0U00)
5. LetL = {a'b/c* |i,j,k € N,i+ k = j}:
(a) Write a Context Free Grammar (CFG) such thatl, = L(G).
(b) Describe a Push Down Automata (PDAY), such thatl, = L(M).

6. For each of the following languages, decide whether it is Context Free or not. Prove your claims.

@) L1 ={z € {0,1}" [ #o(z) = #1(2)}

(b) Ly = {a™*"c*" | n € N}

(€) Lz = {x1#xo# .. . #xp | n>2AVi:2; € {0,1}* ANJi # j: x; =z}
(d) L4:{x1#x2#...#mn|n22/\Vi:xie{O,l}*AHi#j:xi:a:f}



. For each of the following operations:

(a) Decide whether the regular languages are closed under it.
(b) Decide whether the context free languages are closed under it.

Prove your claims:

(@) ReverseL) = {w | wf € L}

(b) DropMiddlg L) = {zy | |z| = |y| AJa € ¥ : zay € L}

(¢) PRL) = {z | x € L A no proper prefix of xis in .

. Show that the languagé = {a’t’cF|i,j,k > 0 and ifi = 1 thenj = k} satisfies the three

conditions of the pumping lemma even though it is not regular. Explain why this fact does not
contradict the pumping lemma.

. Bonus: Give a family of languagds,, where eachf,, can be recognized by anstate NFA but
requires at least” states on a DFA for some constant> 1. Prove that your languages has this

property.



