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- ( MD description of a
"

standard
"

Turing machine
- ( M ,W) h ' ' " ' ' ' -

plus an input to M

- There are unrecognizable languages
I

Chi :

- Aim = ( ( m ,
w) / M is a Turing machine

that accepts w }
is undecidable

- Atm is recognizable ( by a universal

Turing machine )

- Complement ( Atm) is not recognizable



Breakout Room Problems

① Give a more detailed description

of a universal TM ,
iie

. that

given (M ,
w) can

" simulate
"

M 's

computation on input w .

② Given that Atm is undecidable
,

show that
HALT.ms/Lm.w7l?!;YIw}

is undecidable

( halt means reaches either qaccept or 9 reject) .

③ If L is undecidable and recognizable
show that Lamp = { * LL is unrecognizable



When
you
"

run

"

an algorithm on a

{ §!!Boden
I.ring machine

'

.

{ graphs) is vastly uncountable,
siree V -

. {vertex set} is any finite set

But in practice - - .

if V' = { I , . . .

,
n } for some n

,

" standardized ) graph
"

then describe graph as a finite strong , e.g .

①
⇒② →

,

"

B vertices
, dodges 4,2 ) ,

{2,33
"

3 # I # 2 # 2 # 3

E { 91
,
-

>
9
,
# }*

{ o , I
, . . ,9 ,

# I
*

is countable ⇒ # fgstnjihd countable
-

Ch 4 i Need to standard Turing machines

Tm ( Q ,
E
,
f

,
S
, go , qacc , Ere 's )



But in practice .
.
.

Q = { I , . - iq} ,
E - h 's - - is)

,
f. { I

,
. . . ,g}

TT

Say go =L
J

, face
> 2

, Erej=3

J : hi , - > q) x fi , - → g) → kq3x[g3×fL ,
R}

- -

[ 93 47

Any TM is equivalent to a standardized TM ( by

renaming ) . Then if M is " "

,

( M) =

give q
#
give g

# 811,1 )
-

I# ra. . . . . . . :*:* :&:":** 812,2) # - - -

"

description of mu
# "" 9 '

✓
35 # 3 # 7- # 3 # 6 # L HI

.

# 2*5# L

(
T TH or.gg,



I
.rs Li

,
-

> $3
E = Li

, .

-
,
SJ

,
u = set↳

(my ÷. for . . .in#.4rI*

{ standard TM} c
#

← is concentable

{ languages are any alphabet} is uncountable

① If a TM
,
M

,

"

recognizes
" { wc.EE/Macwceptsf

then there are languages ( over any alphabet)

that are not arecognized by any TM
.

② (Ch 4 main point :) We will give languages
that are not recognizable .

( will involve

a
" self- referencing + negation

"

arguments )



Recall , a TM machine
,
M

,

recognises
'

. { Wes* / M accepts w}

M is a deeside if on every input w ,

M halts
,
i.e

.

M eventually reaches

first describe th
{ accept or {reject

'

f ,
well , .

*

theorem : Accept .ms Aim Hmm.ua?!jtj/
is not decidable i.e

.

there is no
-

i

TM
,
H , sit .

H is a
decider and

H recognises Atm .

[Men famous : HALT
,m
:{ Lm.ws/Mhwaltson)

is also undecidable
.]



PI : say that H is a
TM that

decides Atm .
We'll get a

contradiction
.

Using H , form a TM
,
D
,
sit .

① if W
,
iv.put to D ,

is of the inform (M)
,

then write down ( M , LM))4 ::::c:÷:::÷:c...
D rejects in - i

' ' accepts u

[Rem : if w input to D is not (m)
,
then don't care.)

(M) = 32# 3 # 7 # .
-
-

* 5 # 6 # L

(many.# *

E = { 91 , - e , 9 ,
#
, L ,

R
.)

Now : what happens when D input LD)?



D on input (DD :

accept if D on input (DD rejects

¢ reject
' - i - r

. n

" accepts
✓

But either D accepts (D) ⇒ D rejects CBD

D rejects (D) ⇒ D accepts SD) (

By design D feeds ( D
,

to H and does opposite

to H accepts ( M , Lm)) iff M accepts CM) )
→ It rejects (M.fm)) Iff M rejects Lm>

D accepts (m) → iff ¥y
}{

" accepts ( D> → iff Dejects
2-

This argument shows Apm is undecidable
.

E-act l : Atm is recognizable :

,

input ) :

%h can Imitate
"

Tm : ① ITE M on input w€
,
f
,
d
, go ,aaecirsoj

Biild U sit , on input (M ,
w) !



U accepts if M accepts w

U reject u r . reject n

U doesn't halt u n doesn't halt on input w

In [Sip] , Theorem 4. I , proof ,
8-here is

a claim that U exists w/o any
details

.

nm

Breakout Room Problems ① &②
10:29 A 10:39

You choose breakout rooms
,

but

Looms 1=6 are for people who
want " random rooms

"



Universal Turing machine : Build a TM

( M
,
w)

( use multiple tape's)

l l
,

O ITI element of [
*

G
,
E

,
r

,
.
- n

i
.

I
,

string e.g . 3221213

32# 3ft . - # R
b

-
3221213

\n thpel
I

.

ipnulpvt
in

# double separator①t stores M
,

#
ape 2

universal

Tm
!#

÷;:3
each step of M on W

simulation



describes m
i### t.pe 2
-

offends

ELITE mis del .
'
Pe 5,6

rum

class ended
-

Midterm covers up to Ch 3
,

includes descriptions of { 9%1Boolean formulas

and countably many
"

standard
"

TM
, graphs , . - .

.

#


