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(e) If Li ,k are decidable
,
then

to determine if set is in

↳ uh we can run an L , decider

on S (which always terminates and

returns either "yes" or "not) , and

then similarly run an La decider.

We have seL0hz iff at least

one decider returns "yes" ;



hence we return "yes" (5-L , (2)
if either decider returns "Yes

,
"

and otherwise we return "no"

(SkL , vL2) . This combined

algorithm decides L
,vh

(g) Yes ! Similarly to (e) , we

answer the question "does ScLirLa?
"

by running both L , and La recognizers
in parallel on s (e . g .

run Liand L

each for one step , ther each for 2 steps,

etc.) and accept (as lying in L ,v2r)
if either L

, or La returns "yes



[Hote ! We cannot run an L , recognize

on s and then runan La recognize,

Since the L
, recognizer may not

terminate
.]

(h) L
,

= HOH-ACCEPTANCE and

LHO-REJECTION are both

unrecognizable
,

but

(4 , uL2) = HOT-PYTH-EHP

is decidable ; hence so is Livh

↑

So (h) does not generally hold

(m) L
,
= So and Lu-ACCEPTANCE



are both recognizable ,
but

↳,/ =E ACCEPTANCE

= ACCEPTANCE Comp

is unrecognizable.
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, parts (a ,
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(2) We first detect if p is a valid Rather

program
.

If so
, we

can similate p on i for

10 steps in a finite amount of time ;

we can then if p has reached

return ("yest by then or not.

If not
, ther we return ("no")

,

thereby deciding the language
Sproi /p accepts I after running

for 10 steps 7 .



(d) This is just the language

NON-REJECTION .
One can prove

this is unrecognizable by either :

(i) Showing that Na-REJECTION is

unrecognizable by assuming it isn't

and getting a recognizer for

T = 49)gLangReaBy(q)]
adapting the proof in class that

WCH-ACCEPTANCE is unrecognizable,

getting the table :



Where is
ALG

. I ALG 2 Is

989 ?
Feed gre feed

q5og get ?Universal Py into -REJ-HOT-PYTH-HPACCEPTANCE I G ⑳ I qfTREJECTION ⑪ geT

-

LOOP IHG ⑳ G get

Where -

may not terminate

( but Alg I can't be fooled
,
and Alg

can always defer to Alg 1 if Alg ?
terminates without returning "yes"



(ii) You can assume HON-REJECTING

is recognizable
,

and
prove (contrary to

what we know) that HON-ACCEPTANCE
is recognizable : namely , given any

string of the form pri with p

a valid Python program ,
we can form

↑ that returns "yes" if p returns "not

"no" if p returns "yes"

Then

Prie HON-ACCEPTANCE if

↑Gi EHO-REJECTION



Hence being able to recognize

NON-REJECTION implies the same

far NIOH-ACCEPTANCE
,
which is

impossible.

*

(f) SinceEascay is countable,

we can list all possible inputs to

p as a list

*

& i , in ,

in
, --- : Easest

How we can run p on various inputs

as follows (after checking that p is a valid prog)
Phasel ! Run p for I step on is



Phase 2 : Run p for I steps on i, and is.

"

Phasek : Run p forh steps on each of

in in , ..., a

Phasek+ 1 !

"

We stop at Phase k If p

accepts two of in
, ..., ik ,

and (if
this ever happens) we declare

pol= [p)p accepts at least 2 of

its inputs)
This recognizes L .



We clim that L is undecidable ;

if not
,
we claim that we could

decide ACCEPTANCE
.
Indeed,

given a string grod ,
we can

decide if groj e ACCEPTANCE
(i .e . a accepts j) by

creating a programa that ignores
its input , and runsa with input if

(replace the statement

is input ("Your input : ")
with

- -

↑ = J 1 .



Hence

98je ACCEPTANCE

iff

L ·

Hence Lis decidable

ACCEPTANCE is decidable,

which is impossible.


