









































































































UNIVERSAL TURING MACHINE

Turing Thesis TM is as powerful as a computer

computer can run any program TM works for a single problem
La and TMI

Addition multiplication a m
atb TMZ

Aim one TM which can solve every problem

universal TM
universal single TM

Finite control

T1 T2 73

transitifen Iput states

atb

B B R












































































































110II.sc tapes input
Tape3 states

0 90 91,92 93 94
r a 92,93

Encode every symbol
90 1 a I

9 all az 11

92 111
as 111

93 7111

Take1 transition fans

s a ar 92 92 R

Eat
Entire transition fr can be written as a string ofOs 1 s

Entire TM can be represented as

1,2
1 s

TM is one of the string of
Not every string of O's 1 s is a TM












































































































Machine Language

FA RegularLang
PDA CFL context free Language

TM RE or Recursive

TM is powerful than PDA

CFL is a subset of RE language

GEFdoesnot have power to accept E but E can be

accepted by PDA

Cfc are asubsetof RE language not considering E

1Éyrable
and Recursive Language

Language accepted by TM is called as RE language

0,1Izfsetffattstrin.gs
possible 0,1 00,0110,11 100

L subset of Etf fo 1111

evenlength strings

string 0011

String 01111
EfrNO N












































































































infinite
cackled Epted loop

thattsat u don't

halt at a non final knowwhento
state stopyourtilate turing mk

beating
7MHalting TM

Recursive Recursively
Enumerable
Language

Halting TMM

plat at non find state
string is not in
the language

tax
striking is in
the language

Languay
Every Recursive

IIfttt

language is

9 am












































































































Bi9P
machine language Games
NonHalting
TM TM

RE language
Yatinted

Halting TepcoTuring machine Recursive

Linearly
BoundedAutomata
NPDA

CSC
e

in
re 4

Type3

Every Recursive language is RE
Every CSL is Recursive

CFL is CSL

RC 1 is CFL

Unrestricted Grammar

A grammar is called unrestricted grammar if all

the productions are of the form u V

ue VVT T.imEals
v e Vue

LHS of production
can't beempty




























and atleast
variable

Q what language does the following unrestricted grammar
derive

S S B

9516 ᵈᵈ 9ᵗʰ
bB bbbB

S

a s b
ans b

allib
al's b

C

taking 1 b generating 2 b's

b's are increasing with a common ratio of2

S
S B

anS b B

an b B

an aa b B

an a bn B

ant bn 1 B

ant bn b B

A



BI b15 bbbB
ant b b x

ant b bbb B
ant bn 1 ant brt B

1
an In It b

Besantb bbbB

ant bnt3B

B A
an b ʰx n 1 k 1,135 antight

Membership Algorithm

Given a string and a language tell whether
string belongs to the language or not

Give an answer in Yes NO

String aabb language c m

Recursive Language Recursively
Enumerable
Languagew

xbband

FIL.is ooroYes No



WEL W L WEL W L

halts at a Crates at hatesat mayhalt
finalstate 9 9amail

Membership algo exists an

Item melts at non final a loop

Fam halts at a final membership algo doesnot
exist bcz we might go

EnceponoPwaiting
we donot get the
answer in YesNO

If you are not able
toget ans in YesNo

membership algo doesnot
exist

FIfT language its complement I both are

recursively enumerable then both languages are

recessive

rating

4
Proof a are strings

E wears

13 0

T T
l4



itteg.hn h

in

Using TMI and TMZ create a new TM3

Give strings to both TMI TMZ

Atrtest one of them will stop I say string is present in

If TMI halts at final state Spring is present in L

If TMZ string is not presentin L

There is a TM3 which will give ans in YesNo

L I are Ictually recursive

fL recursive then I is also recursive and

consequently both are R E

TMnew

wei F.ttItweI
T yes

I



w I wet

is Recursive Halting TM for T

Pricing is 19st Apr E Hence everything that is

Recursive RecursivelyEnumerable

Halting TM TM
TM which halts may halt or

maynot hate

n
halt at halt at

finalstar
halt at

mately final stat halt at

mag
membership algo exists no membership algo

RE Recursive languages are a proper
subset of RE language

this has already been proven that

there5th to nests.tnlanguage which



Decidability
Problem Ans YesNO

to solve
ElisTypeset et YI can say problem

Eg number n'is prime or not 3
ago do

Decidable

1 77
is

Theuring it ate that ormnottewenwshtegwo.is
provided to it

IEProof by contradiction

Assume Halting Problem is Decidable 3825TEur

Titers Ñs
a
Ashmage Enchanted if

mmeansweE.it

EwsDm Yorno stringhuge sting alleged
in Iaet a pad W L

WEL
W L

RE there exist albmership ago
All RE languages are recursive

D



I
but this contradicts our fact that there exist
atleast 1language which is RE but not recursive

Hence our initial assumption is wrong and
Halting problemof TM is undecidable


