COMP 335 Worksheet

Context-free pumping lemma and closure properties

1. Let ¥ = {a,b}. Determine if the following languages are context-free, and prove your answers.

(a) {ww | w € (a+b)*}

(b) {a"b’ | n < j°}

(c) {a™™ct | € =nm}

(d) {a"bick | k> n, k> j}

() {w € (atb+0)" | ng(w) < my(w) < ne(w)}
(f) {a"wwfa™ |n >0,w € (a+b)*}
(g) {a™b™a’t* |n+m=L+k}

(h) {a"b™a’b* | n+ £ =m+k}

(i) {a™b"ck | n <k < 2n}

)

(k) {a™ [n >0}

{a"b™ | n is not a multiple of 5 }

2. Let L1 be a cfl, Ly a dcfl and let R be regular. Can we conclude that

(a) L1 —Ris acfl?
(b) R— Ly is acfl?
(¢) LaUR is a dcfl?
(d) LyN R is a dcfl?
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