CS 341 Homework 17
Turing Machines

lLeM=(K,Z,9,s, {h}), where
K :{q01 qli h}’
>={abQ,0},
S= 0o,

and & is given by the following table,

q o 8(q,0)
Yo a (91, b)
Jo b (91, @
Co Q (h, Q)
Jo 0 (9o, =)
Ch a (%, —)
Ch b (%, —)
Ou a (9o, =)
o} 0 (0, -)

(a) Trace the computation of M starting from the configuration (qo, ¢aabbba).
(b) Describe informally what M does when started in g, on any square of atape.

2. Repeat Problem 1 for the machineM = (K, %, 9, s, {h}), where
K ={do, a1, G, h},
>={ab,0Q,0},
S= 0o,
and & is given by the following table (the transitions on ¢ are &(q, ¢) = (q, ¢), and are omitted).

q o 8(q,0)

o a CR)
o b (%, =)
Qo a (9o, )
Ch a R
L b (%, -)
G a (9, <)
02 a (%, -)
02 b (%, -)
02 Q (h, Q)

Start from the configuration (g, 0abbQbbO0aba).

3. Let M bethe Turing machineM = (K, Z, 9, s, { h}), where

K ={do, O, G, h},
> ={a 0, },
S=Qos
and & is given by the following table.
Let n> 0. Describe carefully what M does when started in the configuration (g, 0Qa’a).
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q o 6(q,0)

o a (%, <)
Jo d (90, )
o 0 (%, —)
Ch a (02, )
ql D (hv D)

L 0 (%, —)
02 a (92, @

02 Qa (Qo, <)
0 0 (%, —)

4. Design and write out in full a Turing machine that scansto the right until it finds two consecutive a's and then
halts. The alphabet of the Turing machine should be {a, b, 14, 0}.

5. Give a Turing machine (in our abbreviated notation) that takes asinput astring w [ {a, b} * and squeezes out
the as. Assume that the input configuration is (s, ¢dw) and the output configuration is (h, 0Qw"), wherew' = w
with all the a's removed.

6. Give a Turing machine (in our abbreviated notation) that shiftsits input two characters to the right.
Input: awd
Output: Qaaawd

7. (L & P5.7.2) Show that if alanguage is recursively enumerable, then there is a Turing machine that
enumerates it without ever repeating an element of the language.

Solutions

1. (a) Of - Of - o, Ogabbba
Oz, ¢babbba

y abd/ - o, ¢babbba

q0 \ al G, Obbbbba

alb; b/a 4 o, Obbbbba
o/ Cll

0z, ¢bbabba
o, ¥bbabba
0z, Obbaaba
@ o, Obbaaba
0z, Obbaaaa
o, Obbaaaa
0, Obbaaab

o, Obbagab
h, Obbaasb

(b) Converts al asto b's, and vice versa, starting with the current symbol and moving right.
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2. (a) b,a/ - al/ ~ ab/- o, ¢abbQbbO0aba

A 0o, 0abbAbb00aba
N al . bl - (o, 0abbabbO00aba ...
q0 " al @ G, 0abbbbO00aba

i gy, abbbblUaba ...
a

—

= G, 0abbObbaaba
0, ¢abbQbbQ0aba

@ h, ¢abbObbO0aba

(b) M goesright until if finds an a, then left until it finds a b, then right until it finds a blank.

3. Q/Q N go,0ldaaaaa

ala
‘ gl, ¢Qaaaaa
y al \ ald g2, {0aaala
qo0 "\ gl @ 0l - g0, ¥Qaaala
O gl, ¢Qaaala
Ol - Q/a g2, 00abala
g0, ¢0alala
gl, ¢Qalala
@ h, 0Qadala

[

M changes every other a, moving left from the start, to ablank. If nisodd, it loops. If niseven, it halts.

4, M= (K, Z, 9, s, {h}), where
y al - y ala K:{qO,ql, h},
O e O ) B 5 5
b,a/ - S=0o
o (T

5. Theideahereisthat first we'll push all b'sto the left, thus squeezing all the asto theright. Then we'll just
replace the aswith blanks. In more detail: scan the string from left to right. Every timewefind an g, if there are
any b'sto theright of it we need to shift them left. So scan right, skipping as many ds as there are. When we
find ab, swap it with thelast a= That squeezes one afurther to the right. Go back to the left end and repeat.
Eventually all the aswill come after all the b's. At that point, when we look for ab following an a, all we'll find
isablank. At that point, we just clean up by rewriting all the as as blanks.

¥ |
>Rag a }Rb,a b E\L bL,
a a

a
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6. Theideaisto start with the rightmost character of w, rewrite it as a blank, then move two squaresto the right
and plunk that character back down. Then scan left for the next leftmost character, do the same thing, and so
forth.

- |
>L___az j0R%L L,

g
Ru3

7. Suppose that M isthe Turing machine that enumeratesL. Then construct M* to enumerate L with no
repetitions: M* will begin by simulating M. But whenever M outputs a string, M* will first check to seeif the
string has been output before (see below). If it has, it will just continue looking for strings. If not, it will output
it, and it will also write the string, with #in front of it, at the right end of the tape. To check whether a string has
been output before, M* just scans its tape checking for the string it is about to output.
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