
A language (or its associated decision problems

wasoptable of there is a machine that

for every inpot string
in the language , the machine

walts &accepts (say Yes to) the string.

(may reject or diverge otherwise)

A language is endable if there is
a machine

that always haltso correctly reports accept

or reject (Yes or No] otherwise .

ofhor wish .Undecidable
-

-

& often use a description(M3 of a

machine M as input.



the canonical undecidable problem

Hast := SSM, w > /M halts on w2

Accept
,
Reject, Diverge also undecidable.

& not acceptable

to provi
a language I is undecidable,

reduce a known undecidable problem to
↑
/languageL

.



NeverHalt := &(ML /Halt (m) = 03
↑
input strings that

make In half

Thm : NeverHalt is undecidab lo.

Reduction &from Halt .

Proof : Suppose there is a machine NA that decides

Never Halt .

Given instance (M
,
nh of Halt, let Mr Go

the following machine .

-# w(a) ⑭
↑



Build a machine I to decide Halt.
(SM
,
w() :

turNHm)
Need to prove I decides Halt.

Suppose I halts on w.

Mw halts on every inpet x.

So NH rejects <Mr?

So I accepts ( M,W

Suppo soM diverges on N.

Mr diverges on every inputx.
=> NH accepts -Mr >
=> I rejects SM, wa



S I decides Halt .

However
,
Halt is undecidable .

- NH cannot exist !

Never Accept, Never Reject,
Never Diverge also

und evid a Glor



Half Same:
= G (M ,, M , </ Halt (M , ) = Halt /M,3

Do M
,
w M
,
half on the same

sot of strings ?

thm : Half Samo is undecidable .

(Reduce from NeverHalt)

Prost : Suppose there is a machine IS that docides

Halt Same .

Let N Go a machine that nover
halfs Cimmediate

infinite loop) .
Build a machine NH for NeverHalt.



(M2) ! ,
(N
,
NS⑭turn As (<M, Na) A As#p-

Nood to prove NA decides NeverHalt.

SupposeM never halfs on any inport.

Neither does N so AS accepts (M, N ?
&

= No accepts <Ms
.

Suppose M does half on some input.

Machine Nor halts
,

so AS reject <M,N >

= NH reject . <M >·



NH does decide Never Halt.
.

But NeverHall is and ecidable, so IS cannot exist.

(Accept same , etc. undecidable



↑ Given <M3
,
does M accept languages With

- property ?
"

AsTheorem : Let L 60 anyfamily of languages
(set of sets of strings) sit .

- there is a machine Y sit. Accept (4) - L
1

all stringsY accepts

- there is a machine N sit . Accept (N) #L

Then
,

AcceptIn(h) := &(M > /Accept (M) + 23

is undecidable .



Proof : (Reduction from Halt)

Assump DAL
,

and Six a machineY sit.

Accept (i) =2 .

(symmotry for 0th).

Suppose there is a
machine Ag that decides

Accept In (2) .

Given an instance (Msw
> of Halt

,
let Mr

(x) : H) > M
,
wa)

=M(m)

returnx MoeuAnkmi



Nood too prove I decides Halt.

SupposeM halfs on we

For all strings X
,
Accopt)Mr) =Accept (i) =Y

=> Aq accepts <Mr)

=> I accepts <M
,
w
>

Suppose M does not half on W.

Machine My divorgos on all X.

Accept (Mi) = 0 A h

=> An rojects Mic
=> It reject (M, w

>

So I decides Half. 1. . No machine A
2



Thm : The follow decision problems that take

a machine discriptionsMs are undecidable :

- Does M accept G ?

G : all languages containing 3 - Rice's the

Y : accepts all strings (all a)/
- N : accepts nothing

Does M accept all palindromes with length
prime
,

2
L : all languages with all palindromes of longthmo.
- Y : accepts all strings
- N : accepts nothing



- Does M accept a non-regular language ?
f : all non-regular languages
- Y : accepts The language 30n/ /n = 03
- N : accepts all strings

12 is not non-regular


