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Formal Description:


A quintuple where M = (K, (,(,s,H)
where:



K: a finite set of states




(: an alphabet, containing the ( and ►, 

but not containing the symbols → and ←.



s ( K: the initial state



H ( K: the set of halting states



(: the transition function from (K-H) × ( to K × (( ( {→, ←}) such that

i.) for all q ( K-H, if ( (q,►) = (p,b), then b =  →

ii.) for all q ( K-H and a ( (, if ( (q,a) = (p,b) then b ( ►

Push [on]:
↓on
(
Add item to top of deque


Pop  [off]:
↑off
(
Remove item from top of deque
Push off:
↓off
(
Remove item for bottom of deque
Pop on:
↑on
(
Add item to bottom of deque
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Turing machine with a deque:


Comparison with Turing machine:  Since our machine is only a Turing machine with a deque, we are going to show how it is equal to that of a regular Turing machine (equivalent in ability, more capable in efficiency – in our case).  Since a deque can also be described as a vertical tape that has unlimited length on each side, we are able to easily see that our regular Turing machine is just as capable of our Turing machine with a deque by Theorem  4.3.1 because our machine isn’t any more powerful than a TM with 2 tapes (deque).

Algorithmic Machine


Is it reasonable to think of your machines as algorithms?
Yes


To think of your machine algorithmically, would be to think of your machine as capable of being able to process information in a step-by-step systematic fashion.  In fact, each and every time that you go through the process of solving a question, you evaluate the question and comprise a grammar (rules) that systematically solves the question.  Also, the machine can be algorithmic when it computes a string.  And when it cannot compute the string, then technically it is not an algorithm.  

Chomsky Hierarchy Problems:


{anbncn :  n ≥ 1}

TM 



Our turing machine will run in N stages.  Each stage, M starts from the left and moves right looking for an a.  When that is found, it will push it on the deque.  Then it will look for a b and then again for a c.  As long as it keeps finding an 
a, b, and c, then it will keep traversing the tape.  When it doesn’t have anything left then it will have accepted the language.  And if it finds an a and not a b then it will have quit, and the language wouldn’t be accepted.

{wwR :  w ( {a, b}*}

TM, n-PDA



With this language, M will again start from the left, then it will take the first input and push it on the deque.  It will keep pushing the inputs onto the deque until it comes to the end of the inputs.  At which point it will then pop everything off, and put them at the end of the tape, and then the language will have been accepted.  

{wcwR : w ( {a, b}*}

TM, n-PDA, PDA

This example will be exactly the same as the previous example, except when the input is the C, then it will start popping the inputs off, and putting them after the C.




{abab : ( = {a, b}*}

TM, n-PDA, PDA, FSA



For this example our turing machine will run much the same way, except instead of looking for a c after it finds a b, it will then start the cycle over.  
Determinism vs. Non-determinism


We have seen that making a Finite Automata act non-deterministically that this makes the machine no more powerful than it was before.  A push-down automata, when allowed to act non-deterministically, is much more powerful than a deterministic one.  A non-deterministic TM is likely on certain combinations to have more than one possible outcome for the input value.  By definition a non-deterministic TM is:


A quintuple (K, (,(,s,H), where K, (, s, and H are as for standard Turing Machines, and Δ is a subset of ((K-H) X () X (K X (( U {,})), rather than a function from (K – H) X ( to K X (( U {,}).  

To sum that up, one configuration could possibly have many different outcomes.  For a machine to be non-deterministic, and compute a language, it must stop or halt at every computation.  To do this we assure that there are no computations after N steps, N has to be an upper bound.  Also, for M to be able to decide a language, it’s required that one of its computations accepts the input.  And all of the computations agree on the outcome.  If not, then we wouldn’t know which outcome is correct.    

Turing Machine w/ Deque Problems

(i.)
L = { anbmcp : m, n, p > 0 and m != n or m != p }

(ii.)
L = { cnab }
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