Theory of Computation — CSE 105

Context-freeLanguages
StudyGuideandHomework 2

Homework 2: Solutionsto the following problemsshouldbe turnedin classon
July 21,1999.

Instructions:

e Write your answerslearlyandcompletely Pleaseuse8.5 x 11 inchespa-
per Useastapleror aclip to attachthe individual pages Write your name.

e Whenpresentingary constructionfor example,analgorithmor anautoma-
ton, pleasegive an overvien of the main ideasandthen presentthe con-
struction. Alwayssupportthe correctnes®f your constructiorwith a short
informal proof.

Problems:

1. ShavthatL = {z1#zo# ... #zk | kK > 1, eachz; € {a, b}* andfor some
iandj, z; = 77 } is contet-free.

2. Let L = {z#y | z,y € {0,1}* andz # y}. Show that L is a context-free
languageCFL).

3. Constructa PDA for the languageof all non-palindrome®ver {a,b}. A
palindromeover {a, b} is ary stringw € {a, b}* suchthatw = w?.

4. Usethepumpingemmato shaw thatthelanguagd. = {z1#zo# . .. #xk | k >
2, eachz; € {a,b}* andfor somei # j, z; = z;} is notcontet-free.



Study Guide:

1 Basicsof Context-freeGrammars

To practicewriting derivationsandparsetrees,try problems2.1and2.3 on pages
119/120.

2 Context-freeGrammars and Ambiguity

Thefollowing problemswill give you practicein designingcontext-freegrammars.
They alsocover ambiguityof grammarsandnormalforms.
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11. In eachcase describethe languagegeneratedy the context-free grammar
with the productions.

(@) S — aSalbSble
(b) S — aSa|bSb|a|b

(c) S — aSa|bSbh|A
A — aBb|bBa
B — aBa|bBblalble

(d) S — aS|bSbS|e



() S — aS|bS|a
(f) S — SS|bS|Sbla

12. Find contet-free grammardor eachof thefollowing languages
(@) {a’b/ckli = 5 + k}
(b) {a’b/ck|j =i+ k}
(©) {a’bick|i # j + k}
(d) {a®bck|j #i+k}
(e) {a’b/c¥|j =iorj =k}
(f) {a'vicF|i < jori>k}
(@) {a’¥]i < 24}
(h) {a?®7]i < j < 2i}

13. Find a deterministicfinite automatorfor the following languagegenerated
by a contet-freegrammar

S — SSS|alab

14. For eachof thefollowing context-free grammarg7, find anequialentCFG
in Chomsly normalform thatgenerateshethelanguagel.(G) — {c}.

(@ S — SS|(9)|e
(b) S — S(S)|e

3 Pushdovn Automata

Thefollowing problemsgive you practicein dealingwith pushdevn automata.
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6. Write apushdavn automatorfor eachof thefollowing languages.

(a) Thelanguageof all odd-lengthpalindromesver {a, b}.
(b) Thelanguageof all non-palindromesver {a, b}.
(c) Thelanguag€e(aVz|N > 0.z € {a,b}* and|z| < N}.

7. Write a deterministicpushdavn automatonfor eachof the following lan-
guages.

(@) {z|Na(z) = No(z)}
(b) {a"o*V|N > 0}
(©) {aVbNtMgM | M N > 0}

4 Closure Operations and Non-context-freeLanguages
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Shaw in eachcase usingthe pumpinglemma,thatthegivenlanguages not
aCFL

(@) L = {a't/cF|I < j <k}
(b) L = {aVb*Na"|N > 0}
(€) L ={a"b™|m = n?}

6. Decidein eachcasewhetherthelanguagéds a CFL. Prove your answer

(@) L ={a"b™a™b"|m,n > 0}
(b) L = {zayblz,y € {a,b}", || = [yl}
(c) L= {.Ty.f']?,y € {aab}*a |:I)| > 1}

(d) L = {z € {a,b}*|Ny(z) < Np(z) < 2N4(z)} whereN,(z), and
Ny(z) arethenumberof a’sandb’sin z respecirely.



