Theory of Algorithms. Spring 2000. Homework 10 Solutions.

Section 9.1

(2) Here is a Turing Machine with only two states which is an acceptor for the language L(a(a+b)*).
Notice that the design of the Turing Machine employs the idea that we don’t have to read the
whole string in order to accept it. ' = {q;}. J is given by one clause: 0(qo,a) = (qf, a, R).

(3) Regarding the Turing Machine presented in Example 9.7:
qoaba - xqiba F gurya - rqoya b xygza H HALT.

Since g3 is not an accept state, aba is rejected.

qoaaabbbb = xq1aabbbb F xag,abbbb F xaaq,bbbb - xagsaybbb - xgoaaybbb = gaxaaybbb F xqoaaybbb H
rxqraybbb F xxagiybbb + xxaygbbb F xxagyybb F xrgeayybb - xgexayybb b xxqoayybb
rrxqyybb F rxxyqybb F rxxyyqbb F xxxyqyyb - xxrqyyyb F o rxrepryyyb F orrrqeyyyb F
rrxyqsyyb E rxxxyyqsyb F xxryyyqsb - HALT.

Since g3 is not an accpet state, aaabbbb is rejected.

(4) No.

(5) L(ab* + bb*a(a + b)*). Notice the (a + b)* part. This is because in the last -clause, M reads
an a and halts and accepts without looking at the rest of the input string. Compare this with the
fourth d-clause in which M doesn’t accept until it sees a blank, indicating the end of the string.
Make sure you understand this exercise!

(7a) F' = {qs}.

(g0, @) = (q1,a, R) 6(q1,0) = (q2,b, R) (g2, a) = (q2,a, R)
(g2,0) = (g3,b, R) 6(g3,0) = (¢r,0, R)

(7b) I = {qy}.

(g0, a) = (q1,a, R) (g0, b) = (q1,0, R) 6(q0,03) = (¢s,10, R)
6(q1,a) = (qo, a, R) 6(q1,0) = (qo, b, R)

(7c) F={q}.

0 QO7a) (qlaxa R) 6(q17&) = (QI7&7 R) 5(Q17y) = (qlayaR) 6(qlab) = (qQaya L)
d q27y) (Q%?LL 6((]27@) - (QQ,CL, L) 5((]2,1?) = (q07m7 R)

(
( )
6(q0,y) = (g3,y, R)  6(gs5,9) = (3,9, R)  (g3,b) = (qa,0,R)  0(qs,) = (qu, b, R)
0(qs,0) = (¢,0, R) (There are more b’s than a’s)

(

d(¢1,0) = (¢r,0,R) (There are more a’s than b’s)



(7d) F = {qs}-

6(qo,a) = (g1, 2, R)  6(qo,b) = (2,2, R) (g0, ) = (g0, %, R) (g0, 1) = (g, 1, R)
o(q1,a) = (q1,0, R)  6(q1,b) = (g3, 7, R) (q1,7) = (q1,7, R)

0(q2,a) = (g3,7,R)  6(q2,0) = (q2,b, R) (g2, 7) = (g2, 7, R)

6(gz:a) = (gz,a, R)  9(g3,0) = (g3,0, R) (g5, %) = (g3, 2, R)  0(gs,00) = (qu, 0, L)
0(qa,a) = (Q5 x,L)  0(qb) = (QGJU;L) 44, 95) = (@, 7, L) 5(61475) (Qf7|:|7L)
6(gs,a) = (g5,a, L) 6(gs5,0) = (g7, 2, L) (g5, %) = (g5, 7, L)

(g6, a) = (qr,z, L)  6(gs,b) = (g6,b, L) ;) = (g6, 7, L)

6(gr,a) = (gr,a, L)  6(qr,b) = (g7,b,L) (g7, x) = (g7, 2, L) (g7, 1) = (qo, 1, R)
(7e) F = {us)

(g0, @) = (q0,b, R)  6(qo,b) = (q1,6, L)  6(q1,b) = (q1,0, L)  6(q1,00) = (g2, 10, R)
6(q2,b) = (g3, 2, R)  6(g3,b) = (¢3,0, R)  6(g3,y) = (3,9, R) (as,a) = (q1,9, L)
6(qa,y) = (qu,y, L) 6(qu,b) = (qu,b,L)  0(qs,7) = (g2, 7, R)

0(q2,y) = (¢5,9, R)  6(¢5,9) = (¢5,9, R)  d(gs, 1) = (g7, 00, R)

() F = {ar}.

d(qo,0) = (Qf:DaR) 0(q,a) = (q1,7,R)  d(q,a) = (q1,a,R)  6(q1,y) = (q1,9, R)
6(q1,0) = (q2,9, R)

6(q2,0) = (q2,b, R) 6(q2,2) = (@2,2, R)  6(q2,a) = (g3, 2, R)

6(gz:a) = (gz,a, R)  6(gz,w) = (g3, w, R) 0(g3,b) = (qs,w, L)

6(q1,w) = (qu,w, L) 6(qa,a) = (q1,a, L) 0(qs,2) = (q1,2, L) 6(qa, 0) = (qa,b, L)
6(qu,y) = (@1, 9, L) d(qs,z) = (o, 7, R)

5((10,3/) = (%,%R) 5(615,34) = (%:%R) 5(615,2) = (Q5,ZaR) 5(615,111) = (%,UJ,R)
5((]5,D) = (vava)

(78) F = (o}

(g0, a) = (q1, 7, R)  d(q1,0) = (q1,a,R)  (q1,9) = (q1,9, R)  (q1,0) = (¢2,0, R)
0(q2,b) = (%;%L)

5((13,3/) (CIS,%L) 5(613,@) = (Q3,CL7 L) 5((]3,33) = (CIO,l’,R)

0(q0,y) = (g, 9, B)  0(q0,y) = (q0,y, R)  6(qs,0) = (g, 00, R)



(8) F = {qs}-

6(q0,a) = (g1, 4, R)  6(q0.0) = (q1, B, R)  d(q,a) = (q1,a,R)  (q1,b) = (q1,b, R)
o(qa) = (¢,a, L) 6(q1,0) = (2,6, L) (¢, 0) = (g2, 0, L)

0(qz,a) = (43,0, L) 0(q2,b) = (a3,b,L) (g3, ) = (g3,0,L)  6(g3,0) = (g3, b, L)
0(qs. A) = (a0, A, R) (g3, B) = (q0, B, R) (q0,@) = (q1,a,L) (o, 0) = (qa,b, L)
0(q1,A) = (@1, A, L) (qs, B) = (a1, B, L) 6(qs, 1) = (g5, 00, R)

6(g5, A) = (g6, 7, B)  6(gs, B) = (a7, 2, R)

0(q6, A) = (46, A, R)  6(q6,B) = (a6, B, R) 6(as,y) = (¢s,y. R) (g6, ) = (as,y, L)
d(qr, A) = (g7, A, R)  8(qr, B) = (a7, B, R) (ar,y) = (a7.9,B) (g, b) = (gs,y, L)
0(gs,y) = (a9, L) 6(gs, A) = (g3, A, L) 6(gs, B) = (g5, B, L) 0(gs, ) = (g5, 7, R)
6(g5,y) = (ar,y, R)



