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EEIty.is re

Empty is not r.e

Empty M LCM and M is a TM

Empty M LCM

stepP k e 0 138

i i y



MP m Empty
A is me A mB
does not necessarily

mean B is re

MTP
m Empty Empty is not re

not re

if MP re
MP re

MP recursive



Takeaway

1 To show B is undecidable reduce a known

undecidable problem A to B

2 To show B is not v e Give a manyone

reduction from a known not me set A

Suppose now you want to show that a language is

not v e

MP m L

MP m I



EQ Me Ma L Mi L Ma

Claim 1 MP m EQ

M x Ma Ma

M N E MD Ma Ma EQ

11

f Mins

M doesn't accept a LCM L Ma



Cle Empty m EQ

M Mi Ma

L M 0 LMa Ma

M M M

M M Mreject

EQ is not p.ee
8 is manyone reduction



M M Mau

accepts everystring
Mall

same Σ

M M Man

LCM LM

LCM 0 L Mi

How to find M
Tissible

Claims Empty m ET

Empty m EQ



M on input y
1 Simulate M on every input with larger and

larger time

2 If M accepts some string then M accepts y

If LCM then LCM

If LCM 0 then L M

Both EQ and EG not re



Mendon
is transitive

reduction

A m B and B m C then A m C

QQ

Next few classes complexity theory

time resources class P class NP etc



A a b I n 0

I

FA f f f b b
n

1 Scan the input to check a b

01m steps



17APT20
p.me of steps

Space cells accessed input space

I

FA f f f 6 b
n

A a b I n 03

1 Scan the input to check a b

2 Scan back and forth to cross off one a

and b in each iteration



T n maximum time taken on any input of length
N

t N impious
time

Def We say that a det.IM M sentiment if
on every input x of length n M halts on a

within n steps
class

In such a case LCM TIME n

DTIME HR B B can be recognized by a det TM

M running in time O n



Example at first A DTIME m

deterministic

DSPACE SGD B B recognized by M using space Scn
no restriction

on time
no requirement

One tape turing machine SCN N of halting
Other models SCN space used on the work tape

Homework you can always build an equivalent halting TM



Lemma DTIME TCR DSPACE n

run withintime n at most n steps

made

DTIME m DSPACE m

Nondeterministic

Def a NDTM M runs in time ten if TM

on every input n of length n

A notallaton every branch of non deterministic

choices the machine halls within ten Iii isance
steps

accept accept

forany
one

reject
project



Connected G 1 G is undirected connected graph

NDTM M Guess this spanning tree

22 m edges

1 3 12 logn
write

bits peredge

Nondeterminism Guess a spanning tree O n logn bits

Verify if it is indeed O n
You are not

a spanning treeexploring all
branches at Accept iff verification passes
once

NTIME m

N



DTIME TCR NTIME Hr

P DTIME NR

Problems that have an algorithm running in time nk

NP NTIME NK

R 0

P NP



DTIME ER DSPACE n

DSPACE n logten

DSPACE FER 3 months

ago


