
Language L acceptable if there is

a Turing machine M sit Accept M

decidable if there is a Turing
machine M sit Accept M L

Reject M ETL

Etcorrespondanceproblom



Undecidable Halt Msw

M halts on w

Reductions
To prove a language is undecidable

do a black box reduction from a

known undecidable language to L

usually just use

Halt



Never Halt CM Halt M

Thm Never Halt is undecidable

Proof Suppose there is a Turing machine

NH that decides Never Halt

Given an instance CM w of Halt

let Mu be the following machine

Multi
1 ignore
return M w



Will build a machine H to decide

Halt
H Msw
Build Mw as described above

return NH Mw
H accept

Mw

rej

Need to prove H decides Halt
Suppose M halts on W



Mw halts on every string
NH reject Mw
It accepts CMS w

Suppose M diverges on W

Mw diverge on every string
NH accepts Mw

H rejects
So H decides Halt

But It cannot exist so NH does not
exist

NeverAccept NeverReject Never Diverge



are undecidable also

Neither are the Halt analogies
Accept Reject or Diverge

If h is undecidable 2 11 is

undecidable

Halt Same CM M

Halt M Halt M

T hm Halt Same is undecidable

Proof Suppose there is a machine HS
that decides Halt Same



N Turing machine that immediately
goes into an infinite loop

Build a machine NH for Never Halt
N

its coms Ns

Claim NH decides Never Halt

Suppose M never halts

Neither does N so HS CMS CN

accepts
Suppose M halts on at least one

string
HS CM CNS rejects



But there is no machine NH no

no HS exists either

Important Give the machines names

always use those names to refer to

them in writing thought

Accept Same Reject Same Diverge Same

are also undecidable



Rice's Theorem

Acceptance

et L be any family of languages

set of sets of strings
sit

there is a Turing machine Y

where Accept Y E L
there is a Turing machine N

where Accept N L

Then Accept In L M AcceptM EL



is undecidable
suppose there is a machino Ay to decide

Proof Assume L symmetry otherwise

lot Y be any Turing machine sit

Accept Y L

Given Halt instance CM w let Mtw

Mtw x

Tompute M w ignore result

return Y x

Build machine It for Halt

as above



Return Ag CMT
But no It so no Ay



Thm These are undecidable
empty

CM I M accepts a string

Proof By Rice's theorem

L all languages containing E

Y accepts everything
N accept nothing

CM M accepts all even

length palindromes
L all languages that contain all

even length palindromes



Y accepts everything
N accepts nothing use Rice

CM M accepts a non regular

language
Rice's

L non reg languages
Y accepts 0 120
N accepts everything

Also Reject Halt Diverge versions

Pick one




