Assignment 5 (100 points, Chapters 11, 12, 13, 14)

Submission: Please type your answers in this WORD file and submit to Tracs. Please also zip all the created *.jff files into a single file and submit to Tracs.
Note: You do not need to answer questions labeled with “self-study”, but you’re required to study them.

1. (20) Let ( = {a, b}. For the language L defined by each of the following grammars, list the first ten elements of L in lexicographic order (shortest first, then alphabetically if same length), and then indicate whether or not L is regular (You do not need to provide a proof).
(1) S ( aS
     S ( Sb
     S ( (
(2) S ( aSa
     S ( bSb
     S ( a
     S ( b
(3) S ( aS
     S ( bS
     S ( (
(4) S ( aS
     S ( aSbS
     S ( (
2. (30) Show a context-free grammar for each of the following languages.
(1) L = {aibjck : i, j, k ≥ 0 and j = k}
(2) L = {aibjck : i, j, k ≥ 0 and either i = j or j = k}
(3) BalDelim = {w : where w is a string of delimeters: (, ), [, ], {, }, that are properly balanced}
(4) {aibj : i, j ≥ 0 and j = 4i + 2}
(5) {w ( {a, b}* : w = wR}
(6) (self-study){anbm : m ( n, m-n is even}
S ( aSb 
S ( Sbb 

S ( ( 

(7) (self-study) {aibj : i, j ≥ 0 and 2i = 3j + 1}
S ( aaaSbb
S ( aab

(8) (self-study){w ( {a, b}* : #a(w) = 2 #b(w)}

S ( SaSaSbS
S ( SaSbSaS
S ( SbSaSaS
S ( (
3. (10) Let L be the language generated by the following grammar G:


S ( 1 S 1
S ( T

T ( 1 X 1
T ( X

X ( 0 X 0
X ( 1
(1) List the first four elements of L in lexicographic order.

(2) Show G is ambiguous. You may do so by showing string 111 in G has more than one parse tree. Simply draw two parse trees below for string 111. 
4. (30) Build a PDA to accept each of the following languages. You should use JFLAP to create a *.jff file. Cut and paste the figure from JFLAP. For each of your created PDAs, indicate whether or not it is deterministic.
(1) BalDelim = {w: where w is a string of delimeters: (, ), [, ], {, }, that are properly balanced}.

(2) {a3nbn : n ≥ 0 }

(3) {aibj : i, j ≥ 0 and j = 4i + 2}

(4) {w ( {a, b}*: #a(w) = 2(#b(w)}.

(5) {w ( {a, b}* : w = wR}.

(6) (self-study) {w ( {a, b}* : every prefix of w has at least as many a’s as b’s}.
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No. It is not deterministic. 

(7) (self-study){aibj : i, j ≥ 0 and 2i = 3j + 1}.



[image: image2.png]a.caa bagae




  

No. It is not deterministic.
 (8) (self-study) {anbman : n, m ( 0 and m is even}.
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No. It is not deterministic.
5. (10) True or False. Briefly explain.

(1) If L1 and L2 are context free, then it is possible that L1 ( L2 is not context free.

(2) If (L is context free, then L must also be context free.

(3) If L1 ( L2 and L2 is context-free, then L1 must also be context-free.
(4) If L1 ( L2 is a context free language, then L1 and L2 must be context free.
(5) If L is context free, then L ( (L must also be context free.
(6) If L is context free, then L ( (L must be regular.
(7) The context-free languages are closed under union with the regular languages.

(8) The context-free languages are closed under concatenation with the regular languages.

(9) The regular languages are closed under union with the context-free languages.

(10) The regular languages are closed under intersection with the context-free languages.

(11) (self-study) The regular languages are closed under concatenation with the context-free languages.

False. 

Let L1 be {(}, which is regular.  Let L2 be {anbn: n ( 0}, which is context-free.  L1 L2 = {anbn: n ( 0}, which is context-free but not regular. 
(12) If L = L1L2 and L is context-free, then L1 must be context-free.

False.


Let L1 = {ap: where p is prime}, which is not context-free. Let L2 = a*. Then L = aaa*, which is regular and thus context-free.

(13) If L1 ( L2 is regular and L2 is context-free, then L1 must be context free.
False.  

Let L2 = {aa}.  It is regular and thus also context-free.  Let L1 = {ap : p is prime}.  It is not context-free.  But L1 ( L2 = {aa}, which is regular.
6. (self-study) The definition of PDA in JFLAP (http://jflap.org/tutorial/pda/construct/index.html) is different from ours. However, you can manage to run and test “our PDAs” in JFLAP. Describe how. You are encouraged to run and test your created PDAs in Question 4. 

Answer: In some cases, you can simply choose one of the two acceptance options (finite state or empty stack) offered in JFLAP and it should work.

In other cases, you may have to slightly modify your created PDA. The modification is as follows. For each acceptance state f, add a new transition ((f, (, Z), (f, ()). Then use empty stack acceptance. Note that capital Z is used as the start stack symbol in JFLAP.

For example, for the PDAs created for 4(6), 4(7), and 4(8), you can use finite state acceptance. 

7. (self-study) Use the pumping lemma to show that the following languages are not context-free. 
(1) {wwRw : w ( {a, b}*}

Let w = ak bk bk ak ak bk
             1  |   2  |   3   |  4

In each of these cases, pump in once:

· If any part of v is in region 1, then to produce a string in L we must also pump a’s into region 3.  But we cannot since |vxy| ( k.

· If any part of v is in region 2, then to produce a string in L we must also pump b’s into region 4.  But we cannot since |vxy| ( k.

· If any part of v is in region 3, then to produce a string in L we must also pump a’s into region 1.  But we cannot since y must come after v.

· If any part of v is in region 4, then to produce a string in L we must also pump b’s into region 2.  But we cannot since y must come after v.

(2) {(ab)nanbn : n > 0}

Hint: Let w = (ab)kakbk.  Divide w into three regions: the ab region, the a region, and the b region …

