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1. (24%) Give the state diagram of a Turing machine for the language {0i1 j |
0≤ i ≤ j}.

2. (28%) Consider the language of strings of the form
xn−1 · · · x1 x0#yn−1 · · · y1 y0 that satisfy the following condition: if x
is the number represented by xn−1 · · · x1 x0 and y is the number repre-
sented by yn−1 · · · y1 y0, then x ≥ y . The alphabet is {0,1, . . . ,9,#}.

In Assignment 6, you were asked to show that a similar language is not
regular. A similar proof would also show that the above language is not
regular. In fact, it’s also possible to show that this language if not even
context-free.

For this assignment, show that the language is decidable by giving a low-
level description of a Turing machine. (You can describe a multitape Turing
machine. But whether you use one or more tapes, make sure your descrip-
tion is detailed enough. It should be clear from your description how the
machine moves its memory heads and how it modifies the contents of its
tapes.)

3. (24%) A Turing machine with two heads is a single-tape Turing machine
that has two memory heads. Each move of the machine depends on the
symbols currently scanned by both heads. And at each move of the ma-
chine, both heads move and they move left or right independently of each
other. Initially, both heads scan the first memory symbol.
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(a) Give a formal definition of this type of Turing machine. (You don’t
need to repeat things that are identical to the basic Turing machine.
You can simply explain what needs to be modified in the various def-
initions given in Section 7.2 of the notes.)

(b) Show that any Turing machine with two heads can be simulated by
a Turing machine with only one head.

4. (24%) Consider the problem of determining if all the strings accepted by
a DFA have length at most 10. This corresponds to the language of strings
of the form 〈M〉 where M is a DFA and all the strings in L(M) have length
at most 10. Show that this language is decidable.
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