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Def M accepts an input string w e E
iff M enters the accept state gaccept on denotes

end of the
input w input string

at the beginning
of computation

Def The language of the machine
h m we Σ M accepts w Turing
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Looping never entering the He thoughtthatthis
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humans compute
on paper

IE
fix
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answernotpossible



turing recognizable

Def We say that a language A is or
recursively enumerable

if a M
thane

St A LCM

Deff A TM M is said to be total decider if it
halts on every input w e Σ

In practice

ID A language B is said to be we need total

recursive if a total TM M st turing machines
or

turingdecidable B L M



Halting problem later
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What happens when the machine moves left on the

leftmost cell

Two options

keep it at the leftmost cell

Add another cell

denotes the start

me

Eigg
will reject this

For proof modify the machine to first check 1k
easier



We don't care about the time costs for now

Computability theory

Complexity theory

Hilbert Is math decidable

Given P X1 Rm

HI 2H Mr 9ns Nz

0

Find integer roots

Give me a procedure at the end of which
I can decide whether P has integer 501

B P P has integer roots is B recursive



Multiple tapes finite same for all inputs
111

Single tape
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notes

variants of TM

Multitape TM equivalent

Non deterministic TM

Two way infinite tape TM equivalent
prove equivalent

to multitape

Otine

1mL
Ema



time and space
resources

we want to optimize both

Readonly

offline Inputtape 1 I 1 I 1

TM

worktape 1 1 RIW

Write

Outputtape 1 1 only

move

Separates the computation

Output could use n bits while work tape would need only logn
bits



Another version
each cell has

registers

that can do basic

RAM model add subtract

operation

Enumerator Enumeration machines does not have input
tape

worktape 1 1

Outputtape 1 I 1 I

at certain point it keeps printing out a string nest



e.g print all the primes

is 1 a prime I print No

2

3

Language of such a all strings generated

machine throughout its lifetime

may or may not halt

halt finite language regular



theorem L is recuisiiingdinimifm.it

is generated by an enumerator
That hee boilging
generating not
accepting

ejecting

Let M be an enumerator generating L

Single tape TM

S on input x

behaviour accepts a n E L n e G M

keep waiting e

M



Let S be a TM recognizing L

M

I
generate all inputs Σ Problem

Run S on n for some input
print n of S accepts 5 may not halt

keep an upper bound on what bound
number of operations

Ston for i 1 2

Run S for i steps on R1 Ni

Print those Ris where computation halts in accept

End for



Makes sure that every string is considered for some finite
E

no of steps
is 1,2

Can a turing machine modify itself

Input Output
changes control

control

AIC HumaM



NondeterministicTuringmachine
8 Q xp P QxT x L R

start config

A
1 possible configs

f

not

Make space
to store all

the information



Alternative Make guesses

Try all possible
choices and

men
jly
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Q1 If L is a CFL then is L recursive

if a topdecided g

LIM L



Q2 If L is regular then is L recursive

DFA never get stuck inEII.noloops
in DFA

Yes

Q1 CFL CFG in CNF form

implement CKY algorithm

taught
earlier

probably



Q3 If h is recursive then is I recursive

Yes swap accept and project for M that
accepts L

Q4 If L is re then is I v e too

Swapping won't work

they can be many
won't be

accepted
cases of looping

in either



Q5 If L is v e

and I is v e

then is 2 recursive

Mc accepts n iff ne EL
run

simultaneously

1 step in
MI accepts a iff N EI each

one one of thesevariants

ofTM will accept

me accept
cept

Me accept
reject



If L e re but not recursive

I re then L is recursive

L e re does not always mean

I re

Note For now we are interested in solving yes no

questions and we want a recursive TM

recursive decidable



Given an integer n decide if n is prime

Lprime p primep

a Lprime

Undecidable not recursive



Detours Cardinality of Sets

We say that A and B have same size if
a f A B s.tt is one one

and onto

bijective

works for both finite and infinite sets

Ex N 1 2

I 2 1 0 1
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1 A is said to be countable

2 if A IN
3 1 bijection from A to N

4 2
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Q is IN NI INI



Q N vs 2 or P N

Proof by Contradiction Suppose a bijection

f N 2N
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is T in PCN
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T Sj for any j because if jeSj then

j T o w j e T

Doubt
Construction of T takes a time

It's not about

time it's about existence


