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1 Exercise 2.18 bls 121

Use the pumping lemma to show that the following languages are not context free.
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2 Exercise 2.20 bls 122

Let G be a CFG in Chomsky normal form that contains b variables. Show that, if G
generates some string using a derivation with at least 2 steps, L(G) is infinite.



3 Exercise 3.9 bls 148

Let a k—PDA be pushdown automation that has k stacks. Thus a 0—PDA is an
NFA and a 1-PDA is conventional PDA. You already know that 1-PDAs are more
powerful (recognize a larger class of languages) than 0-PDAs.

a) Show that 2-PDAs are more powerful than 1-PDAs.
Hérna eetlum vid ad lata 2-PDA vél leisa pad sem PDA vélin gat ekki { deemi 1
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[ byrjun er $ 4 bada staflana til ad vita hvenar komid & botninn 4 staflanum.
Sidan er fyrri staflinn notadur til ad telja 0 in pegar fyrstin dsinn kemur p4 eru peir
taldir 1 hinum staflanum og 0 in eytt. Petta er svo gert i tvigang og pa 4 bara ad
vera $ 4 bAdum stoflunum.

b) Show that 3-PDAs are more powerful than 2-PDAs.
(Hint: Simulate a Turing machine tape with two stacks.



4 Exercise 3.14 bls 149

Show that the collection of decidable languages is closed under the operations of

a) union.

Keyrum strenginn w { gegnum vélina M; ef hin sammpykkir hann pd er hann
sammpyktur ef hann er ekki sampykktur pd keyrum strenginn i gegnum vélina
My ef htin sammpykkir hann pa er hann sammpykktur annrs er honum hafnad

b) concatenation.

Tokum ordi w og skiptum pvi nidur { w; og we. Keyrum svo M;(w;) og ef hun
sampykkir pa keyrum vid Mz(w2) og ef pad sampykkir ennig pd er strengurinn
sampykktur annars ekki

c) star.

Tokum ordid w og skiptum pvi nidur { n hluta. ef w strengurinn er témur pa
sampykkjum vid strenginn annars Keyrum svo i=1 og upp i n L(w;)
Ef allar vélarnar sampykkir strengina pa er strengurinn sampykktur

d) complemenation.

keyrum vélina 4 L(w) ef vid faum ja pa segjum vid nei annars ja

e) intersection.

keyrum vélna M;(w) og sidan My (w) ef bddar vélarnar sampykkja strenginn pa
sampykkjum vid annars ekki.

5 Exercise 3.15 bls 149

Show that the collection of Turing-recognizable languages is closed under the op-
erations of

a) union.

Keyrum badar vélarnar samhlida og ef énnur peirra sampykkir pd sampykkjum
vid strenginn.

b) concatenation.

c) star.

Ef strengurinn er témur pd sampykkja ...

d) intersection.



