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'Definition:' Algorithm A decides set LO{0,1}* |if
e on inputs XL prints 1 and terminates, fll finite

e on inputs XOL prints 0 and terminates. Seg'&‘;ﬁg

A semi-decides if terminates on X[lL, else diverge.

Hilbert Hotel] Halting ProblemH only semidecidable

(countable!] [ eg. U={ algorithms } x { inputs }
Universes U otherthan {0,1}* (e.g. N): encode.

Techniques: a) simulation b) diagonalization
c) dovetailing d) reduction (in/output translation)

Theorem: L decidable iff both L, L¢ semi-decidable

Infinite LO{ 0,1}* is semi-decidable iff L=rangef)
for some computable injective f:IN-{0,1}*
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'‘Definition:' Algorithm A decides set LIJ{0,1}* if
e on inputs XL prints 1 and terminates,

e on inputs XLIL prints 0 and terminates.

Halting problem: H = { (AX) : Aterminates on X }
Hilbert's 10th: The following set is undecidable:
{ (P | PUN[X,,...X ], NUN, [X,...x.0JIN p(X;,...%x,)=0 }
WordrProbler fortfinitel§ ,préseéntedgroapsode.
MetbaliGy €30 bieanfotation 2 1xP diagatridézation
Hof&ehio PEh) o Yiitiad dimpliciaHEdRapIRREON)
For L,L'[{0,1}* write L<L' if there is a computable
f:{0,1}* -{0,1}* such that [Ix: x[IL < f(x)LIL".
a) L' decidable = so L. b) L<L'KL" = L<L"
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Exercise Questions OARS
Martin Ziegler

Which of the following are un-/semi-/decidable?
a) Given an integer, is it a prime number?
b) Given a finite string over +,x,(,) ,0,1,X,,... X,
IS it syntactically correct?
c) Given a Boolean formula ¢(X,,...X)),
does it have a satisfying assignment?
d) Given Mz™" and blz",
does there exists a real vector X s.t. M-x<b?

e) Given an algorithm A, input x, and integer N,
does A terminate on input x within N steps ?
f) Does a given algorithm terminate on all inputs?

g) Does given algorithm terminate on some input?



