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Part I: The introduction
Linear bounded machines are like Turing machines, they boéhehaet of states

operating on a tape. Their only difference is thadmbounded machines have a tape
with finite length, while Turing machines have a tape wiftmite length. This paper
will formally define what a linear bounded machine is anthgare it to all the other

machines we have studied over the semester.

Part Il: Formal definition
| will define a linear bounded machine as follows. Mz{Q , , o, S, E, F),

where M is a linear bounded machine. Inside the tupleave

Q as the finite set of states

¥ as a finite set of alphabet

I' as finite a set of tape symbol

d as a list of all the transition functions, suchtthé, X), if defined, is a triple (p,
Y, D), where q is a state, X is a tape symbol, pasrxt state in Q, Y is the symbollin
that will replace the current symbol, D is the dil@t which the head moves, could be
left, right, or stay where you are.

Qo Is the start state where the machine starts, a mewhiger

S is the starting tape symbol to mark off the low entheftape, and the machine

will not be able to shift to the left beyond that



E is the ending tape symbol to mark off the higher entieotape, and the
machine will not be able to shift to the right beyond that

F is the accepting state in the machine, a member of Q

The tuple for this machine looks very similar to the tdptea Turing machine.
The only difference is that a Turing machine has a tapdal B to represent the blank
spaces on the tape, and a linear bounded machine has SaarepEesent the start and
the end of the tape. Note that the transition funstamfrthe linear bounded machine are

the same as the transition functions of a Turing machine.

Part lll: Comparing linear bounded machines to push
down machines and Turing machines
A push down machine can not accept a language such that'2'3 [1> 0}. To

show that a linear bounded machine is more powerfulttt@push down machine, | will
demonstrate an example on how to use linear bounded magtsiole L = {123 | i >

0}. Diagram 1 is an example of a linear bounded machingtctaguage L. The
machine places the input string into the tape with atadtend symbol at the beginning
and the end such that the tape looks like the followlg:1 | ... |1]2]...12]|3] ... | 3]
E. The start state of the machine begins reading theatdpe first position after the one.

Please note that the language must reach the acceatiados the string to be accepted.



Diagram

The difference between a Turing machine and a linear bdundehine is that
the linear bounded machine has a finite tape length. It twing linear bounded
machine can solve recursive problems, but not recursivaerailble problems. To show
that a linear bounded machine can not solve a recunsivaerable problem, consider
the following. Suppose machine M is a linear bounded machjpebte of solving a
particular recursive-enumerable problem. Since M isiibeanded, it implies that there
are only a finite number of combinations between stagpe position, and tape. That
implies the machine will go through all possible scermsainaa finite amount of time, and
a conclusion to the problem will be drawn in a finiteoaimt of time. This contradicts
with the definition of recursive enumerable problems, teeursive enumerable problem
does not end if it hasn’t found the answer yet.

Here is another example, let’'s suppose we’re using arlim@unded machine to
solve the following problem: Find a natural number that’s tiegga Note that the
problem is a recursive enumerable problem. A linear boumzethine can attempt to

solve that problem with such a machine shown in diagramhtBis is a diagram for a



Turing machine, it is the solution to solving such problenmcesthis is a linear bounded
problem, there is finite space on the tape, and theréf@re can only be a finite number
of executions before all the tape is used. Not all poss#ses are examined under the

linear bounded a model, so therefore a linear bounded maselisofsolve this

Negative Number Accepting

particular problem.

Positive Number /

Same numbel -> Diagram 2

Part IV: Chomsky’s hierarchy and context-sensitive
grammars
In terms of Chomsky’s hierarchy, linear bounded machirssedietween push

down machines and Turing machines. As demonstrated abliveamabounded machine
could solve problems a push down machines can’t solve, andrg Toachine can solve
a series of problems that a linear bounded machine cavé. stilturns out all linear
bounded machines can be represented using context-sensitivengrs. A context-
sensitive grammar is similar to the context free grammxcept that it’'s possible to have
statements such as AB => BC. A more formal way 8tdee context sensitive
grammar is to say that X =>Y, such that the numb&eagébles of X is less or equal to

the number of variables of Y.



Part V: Linear bounded machines and algorithms
Linear bounded machines can be considered as an algoritisiniké the Turing

machine, the linear bounded machine has an accepting ¥¢atm you hit the accepting
state, whatever is on the tape is the end resutt afgorithm. Linear bounded machines

can be used as sub-routines for other linear bounded machinging machines as well.

Here is another example, suppose you have a linear boursdédhe M traverse
through the tape to the right until you hit the E symbdi. can be used as an algorithm
by another machine Mo go to the end of the table. ;M an algorithm can be used by

Mo.

Part VI: Determinism in linear bounded machines
Non-deterministic linear bounded machine does not exist.a lRon-

deterministic linear machine to be non-deterministioust be able to simulate multiple
tapes, such that each tape simulates a particular tageaction can not be performed
on a linear bounded machine since the tape size is preniteed; and number of tapes is
pre-determined. Considering a non-deterministic statéenayecuted any number of
times, the number of tapes to allocate before hanchatibe determined. The only way

to simulate non-determinism is with a tape that hasitefiength.

Part VII: Conclusion
Linear bounded machines are not as powerful as a Turingimeadut almost as

powerful. Linear bounded machines are very similar to tedagl machines, since no

real machine truly has “infinite tape”. The goal of ghisject is to design a machine



that’s not covered in class, and this paper is writteacbas my own understanding of

linear bounded machines.



