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Theory of Computation
Turing Machines (TMs)

Control unit;

lr/w h

old stat
read char. write char

TM Instruction: S,a, T,b, D
e/$ 4 2\L, R,orN

new state





[image: image4.png]<, theory.aam

Theory of Computation
Turing Machines (TMs)

Control unit;

Starting at the left en
binary number, invert it, ending
with the R/W head on the right
end.





[image: image5.png]<, theory.aam

Theory of Computation
Turing Machines (TMs)

Control unit;

Starting at the left en
binary number, invert it, ending
with the R/W head on the right
end.





[image: image6.png]<, theory.aam

Theory of Computation
TM to add 1 to a binary number

Control unit;





[image: image7.png]<, theory.aam

Theory of Computation
Computability

How does one define computable?

Church-Turing Thesis:
Anything that is computable is computable
ona TM (i.e., is Turing-computable).

Other equivalent models:

Recursive Functions
Post Production Systems





Multiple tapes, multiple R/W heads not anymore powerful
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Theory of Computation
Turing Halting Problem

An unsolvable problem:

‘Write a program in, say, C++ or Java, that takes
any program, and that program's data, and decides
whether the program will halt or never stop.

Originally shown to be impossible by Alan Turing for
TMs, so called the Turing Halting Problem.

Impossible

. _ { Yesif P(d) halts
Pr® = { No if P(d) loops




Proven way before there were computers, in the 30’s. 

Any program this has to be true. Every program. 
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pres®) { Halts if P(P) loops

Prrx(Pr##) =

{ Loops if P***(P***) halts
Contradiction

Halts if P***(P***) Joops




[image: image11.png]<, theory.aam

Theory of Computation
P=NP??

P: Set of all functions computable in polynomial
time on a deterministic computer

Binary Search O(log n)

Linear Search O(n)

Sorts O(n log n) to O(n?%)
Matrix Multiply Om“#7) to O(’%)
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Theory of Computation
P=NP??

NP: Set of all functions computable in polynomial
time on a non-deterministic computer
Traveling Salesperson Problem (TSP)

2 versions:  Find shortest route
Find route < some threshold

Definitions of non-determinism (2 versions)
Computer always guesses best choice, which
must be checked in polynomial time
Computer can be in many states at one time
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Theory of Computation

Exercise: add 2 to a binary number

Control unit;

Add 2 (101in
e head starts one space to tl
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s one space to the left of tl

inary) to the binary number.
e right of the number.

e number.
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Theory of Computation
TM to add 1 to a binary number

(a) Skip over first digit in state 0
(b) Change 1's to zeros in state 1
(c) Change first 0 or * to 1, go to state 2

(d) Go to the left in state 2
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