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Today !

- Universal TM 's

- Delightful TM's
- ACCEPTANCE

pm ,

HALTING
,-m ,

- -

undecidable
-

"

Abstract ify
"

- Program - Input Systems
Results :p ✗ I → { yes , no , loops}

- Enhanced P - I Systems
← Defined Ch G

- Oracle TM 's ← Ch 9



E = { 0,1 , # , L ,
R }

Wow !

Tf
here for

convenience

There's a map
:

*

Standardized TM → ( {wow ! )-
"

Reasonable description
of a Tm "

Standardized TM 's blank
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E
,
F

, F, go.9acc.9rej.hr )



subject to :

111 A = { 1 , - -
, q} some g- IN ,

HE={l,.→s}somesH1T@
(3) f = { 1

,
- -

,
S
,
SH

, -
- . Y }

p
blank

a- IN ④

⑤ face -2 , qmj :3 , 90=1

and
go =/ Eau , Emj

[ V3 so , 9>-3 ,
.
- )



Ded A td IM is

one that satisfies the above
,

a doted atphabet is

a E = { 1 , - - ,
s ) for some SHH

,

=

So E :{a ,b§ is not standardised

canine
"

PALINDROME
E :{ a ,b}

?

Teke bijection

{ a. b) → { 1,2}
ask same question of PALINDROME

{ i. y



Remark : Any TM ar E :{ 1
,
-sq}

has or

"

equivalent TM
"

that is standardised :

i.e
.

Result / some

Tm ,
input)

shall be {yes , no , loops}

some

P = set of programs subset ({
Wow :[of

& = set of inputs i.
in

[
way

= { 9 "
,
#
,
L

,
R}



Abstractly ,
an algorithm is

Result : P + I → { yes , no , loops]
"Nae

Prof ✗ Icecream → §
" ke

}no = doesn't

e.g.

Tm last class !

¢ in bmary) # ( s in b.my) #

( 8 in b.my) # 811
,
n

m

# rain

i



TM & input !

@ in bmary) # ( s in bump #

( 8 in b.my) # Hm

# rain

i

A- 8C { N )

# # 1st symbol / letter of input

ft 2nd - i - -

iµ↳'mµ,yg
-



So this gives

*

Encoding : P → {
wow !

Tm

Encode Both Prey And Input
*

70 ✗ I → Eww
!

I subset of {0,1 , #}*
For simplicity
I = E

*

wow !
if input is not what we expect , su,

not a



valid input
=

Back to TM 's :

ACCEPTANCE
,m

= Atm =

{ (pi) / Result pii ) )= accept

[Sip] = { ( pi) / pki))
= accept }

= { ErodeBoth ( pi ) /
7 Result pii ) = xi* }

Hepp, me to think about what is
going on



Thm : A ,m= ACCEPTANCE,m

is undecidable ( in the context
of TM's ) .

Than : HALT
,-m agent rqeject

= { ( pi) / pki) ) = yes or no }
= { Econcodmg p , it / Result /pi) =

yes or no }
=

Proof :



=

Break 10 ! 15 - 10:20
5

B¥ : For each TM
,
M

,
a- E

LANGUAGE ( M)
① '

<
= { i c- {* I m accepts'
we say M recognises

② we say M
" halts on i

"

if -
-
-

M accepts i
,
or

M rejects i
,
but

m doesn't loop on i



③ We say M is a decider
if on any input

,

I
,
M

either rejects or '

'

accepts
,
i.e. M

halts
.

I. e.

Result ( Fn
,
Ipf ) € { Yes, ne, loops}

{ accent , reject , loops)"

to decide
"

,
M is decoder

,

means

Nesbitt : Program ✗ Input → {Yes .mg/ocpsB
(TM )

also a
map

→ { Yes, no] ]
( as a subset of )



i.e. reach accept /yes

reject /no

after finitely many steps



Example !

Define U to be a universal TM

if "%( www.afstww.w.myg
= ACCEPTANCE

stwaotm

Really a universal TM is an

enhanced debugging tool

very
mild simplification ! L

yes → yes
Universal TM as sixties

, no → no

loops → loops



build a U as above

universal TM if

(p ,
I > → accept → accept

reject
→

rejloops →

a
bbut in either

as w%]
reject or deeps

§4.2)
=

Def : A TM '

program

% delightful if

ttres.FM#(D,Cm)---ResvHCM,smTICSip1D(mD---M(CM
) )



Treat / D. Encode Prglml )
=
7 Result / M

,
EncodePrglm) )

=

Th If D is delightful ,
then

① Result (D) EncodePnglb) )

= 7 Result ( D
,
EncodeRgb))gµ,µµ,µ,,yy,,

=

Car : Hence there is no U TM

that decides ACEPTANCE
,
ie -

ACECEPTANCF is undecidable .




