Modeling Computation

Introduction to Formal Languages and Automata

Turing Machines



Finite Automata (DFAs, NFASs)
» Storage: None
. Recognizefeoy»\av languages

Pushdown Automata (PDAs)
+ Storage: _Siwngle Stack
* Recognize Conved) e languages

What languages can be recognized by any computational
device whatsoever?



A more powerful model of a computer

1928: Hilbert’s Entscheidungsproblem.
1936: Alan Turing proposes the a-machine,

a model of any possible computation.
Shows that a general solution to

the entscheidungsproblem is
impossible.




Turing Machine
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Turing Machine (TM)
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The language L(M) of TM M is the set of strings
w € X" such that M halts on w.

The class of languages recognized by Turing
machines is called ecursively enumeralde




Graphical Re@esentatlons of TMs
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Computations by TMs

Let N\(WY[\ denote that TM M never halts on input w. Llanks

head B:. | )
R

A configuration C: A _>specifies

current state —
string to left of tape head/j\ C- <S/ O\E\)@ b>

symbol under tape head

string to right of tape head



\vdosh = _ _ _
Let C, = C. denote that configuration C; yields

C, in one step by applying a transition
5(s,a),s € Q,a € X.

C1tiCn denotes C, }—'sz,)f - \, Cn
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Suppose M starts in (”]0 ,\U> with head over
the leftmost symbol in w and halts in (h, U\\

forh € F andu € X*.

(4o,) H (I, w)

Denote U by M(w) and call it the owtput
M onw.

of



let f: X" - X7 Pm—*\/\ o dotal “unchion

Let Dom(f) = {w | f(w) is defined}
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Partial Turing Computable function f
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Undecidable problems are those whose
corresponding language is
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The Church-Turing Thesis:
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Building Turing Machines

Build up large TMs using smaller ones like
subroutines and define correct interfaces.

Example: Acceptw € {a"b™c" | n > 0}

Strategy: (1) oycrwrite  Sexs s\ A, b, Wit XXX
(e A, ’Clrs‘f"s/ Liest 0\./\\’\0(>

-\/\,,W\» \ Yeva | n
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Acceptw € {a"b"c™ | n > 0}
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Does the machine accept abcabc?



