
• Turing Machines:

– Problems that computer cannot solve

– The Turing Machine

• Notation for the Turing Machine

• Instantaneous Descriptions for Turing Machines

• Transition diagrams for Turing Machines

• The language of a Turing Machine

• Turing Machines and Halting

– Programming Techniques for Turing Machine

• Storage in the State

• Multiple tracks

• Subroutines

– Extensions to the Basic Turing Machine

• Multi tape Turing machines

• Non-Deterministic Turing Machines

• Un-decidability:

– Definition of Recursively Enumerable Language 

– Universal Turing Machines (UTM)

– Halting Problem

– Post Correspondence Problem

– Church Hypothesis



1. Problems that computer can not solve

– Programs that print “Hello world”

– The hypothetical “Hello World” tester

– Reducing one problem to another



Programs that print “Hello world”

• It is easy to see that the following C program
main()

{

printf(‘‘hello, world\n’’);

}

• prints hello, world and terminates.



Other programs that also prints Hello World!

• Given an input n, it prints hello, world only if 
the equation                       has a solution 

• where x, y, and z are integers.

• We know now a days that it will print hello, 
world for n = 2, and loop forever for n > 2.





The hypothetical “Hello World” tester
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TM for addition

• Examples – (2 + 3) will be given as 0 0 c 0 0 0:

• Input : 0 0 c 0 0 0 // 2 + 3 

• Output : 0 0 0 0 0 // 5 

• Input : 0 0 0 0 c 0 0 0 // 4 + 3 

• Output : 0 0 0 0 0 0 0 // 7



WCWr  -Odd length palindromes





Programming Techniques for Turing 
Machine

• TM is exactly as powerful as a conventional 
computer.

• We present a number of examples of how we might 
think of the tape and finite control of the Turing 
machine.

• None of these tricks extend the basic model of the 
TM they are only notational conveniences

– Storage in the State

– Multiple tracks

– Subroutines



• Programming techniques for Turing Machines (TMs), which aim
to make the process of designing and understanding TMs more
efficient or easier, but without changing the fundamental
computational power of the TM. The key techniques mentioned
storage in the state, multiple tracks, and subroutines help to
improve the organization and functionality of Turing machine
programs. Let's break down the need for each technique:

1. Storage in the State

• Need: Turing machines traditionally store information on their tape.
However, sometimes it's more efficient or necessary to store
temporary data in the state of the machine itself. By encoding data in
the machine's states, we reduce the need to manage complex tape
modifications or keep unnecessary symbols.

• Example: If you're running a Turing machine that counts or performs
a sequence of actions based on prior steps, storing intermediate results
in states can simplify the process, avoiding excess tape rewriting.



Programming techniques

• We can use the finite control not only to
represent a position in the program of the
Turing machine but to hold a finite amount of
data



2. Multiple Tracks

• Need: Turing machines typically have a single tape
and a single head for reading and writing. By using
multiple tracks, you can simulate multiple tapes
(effectively using more than one data store). This
technique can greatly reduce the complexity of
certain computations by enabling parallel storage
of information, which can be read or written
independently.

• Example: If a Turing machine needs to compare
two binary strings, rather than overwriting symbols
on one tape, you can use one track for each string,
simplifying the comparison process.







3. Subroutines

• Need: Just like in conventional programming,
subroutines (or "functions") allow you to
modularize and reuse code. This technique helps
avoid the redundancy of writing the same
sequence of operations multiple times. It can also
make your Turing machine program easier to
understand and debug.

• Example: If the machine has to perform a
sequence of actions (like finding the first blank on
the tape or copying a segment of the tape), instead
of repeating these actions, a subroutine can be
called whenever that sequence is needed.





Example: Multiplication 2 *3



• A Turing machine subroutine is a set of states that perform some useful
process

• This set of states includes a start state and another state that temporarily
has no moves and that serves as the return state to pass control to
whatever other set of states called the subroutine

• The call of a subroutine occurs whenever there is a transition to its initial
state

• Since the TM has no mechanism for remembering a return address that is
a state to go to after it finishes should our design of a TM call for one
subroutine to be called from several states

• We can make copies of the subroutine using a new set of states for each
copy

• The calls are made to the start states of different copies of the subroutine
and each copy returns to a different state



Extensions to the Basic Turing Machine

• Multi tape Turing machines

• Non-Deterministic Turing Machines



Multi tape Turing machines

• The device has a finite control (state) and some finite
number of tapes.

• Each tape is divided into cells and each cell can hold
any symbol of the finite tape alphabet

• As in the single tape TM the set of tape symbols
includes a blank and has a subset called the input
symbols of which the blank is not a member

• The set of states includes an initial state and some
accepting states



• Initially











• 1. Multi-Tape Turing Machines

• Definition: A multi-tape Turing machine is a variant of the standard Turing 
machine that has more than one tape and multiple read/write heads. Each tape 
operates independently but can be accessed simultaneously. This allows the 
machine to perform more complex operations in parallel.

• Key Characteristics:
– Multiple Tapes: Instead of having a single tape, a multi-tape Turing machine has 

multiple tapes, each with its own read/write head.

– Parallel Processing: The machine can perform operations on multiple tapes at 
once, effectively allowing it to "store" and process more information 
simultaneously.

– Enhanced Efficiency: By using multiple tapes, the machine can carry out tasks that 
would otherwise require much more time or complexity on a single tape. For 
example, comparing two strings on separate tapes instead of overwriting one of the 
strings on the same tape.

• Computational Power: Although multi-tape Turing machines can be more 
efficient in practice, they do not increase the computational power of Turing 
machines. In terms of computational complexity, multi-tape Turing machines 
are equivalent to single-tape Turing machines. Any problem solvable by a 
multi-tape machine can also be solved by a standard Turing machine, but the 
multi-tape version might do it more efficiently.



Non-Deterministic Turing Machines

• A nondeterministic Turing machine NTM differs from the
deterministic variety.

• The NTM can choose at each step any of the triples to be the
next move It cannot however pick a state from one a tape
symbol from another and the direction from yet another

• The NTM’s accept no languages not accepted by a deterministic 
TM



• That is M accepts an input w if there is any sequence
of choices of move that leads from the initial ID with
w as input to an ID with an accepting state









Non-Deterministic Turing Machines (NDTMs)

• A non-deterministic Turing machine can choose from multiple
possible transitions at each step, unlike a deterministic machine that
has only one action per input. This means an NDTM can explore
many computation paths simultaneously.

• Acceptance: The input is accepted if any path leads to an accept
state.

• Power: NDTMs recognize the same class of languages as
deterministic Turing machines but can solve some problems more
efficiently in theory.

• Note: NDTMs are theoretical models; physical machines can’t truly
implement non-determinism. They are important in complexity
theory, especially for problems like NP-complete problems that are
solvable in polynomial time by NDTMs but not known to be
efficiently solvable by deterministic machines.























Ex-2

• Let’s try understanding this by taking 
two lists A and B

• A=[aa, bb, abb] and B=[aab, ba, b]

• 1, 2, 1, 3



Ex-3



2 1 1 3



Ex-4





• 2 1 3

• Un decidable



Halting problem








