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Abstract:

The Quantum Computing Model is a mathematical model based on Quantum theory.
This model is of a great significance to computer science, as it presents the Quantum
Turing Machine (a.k.a. QTM), a computational model that allows efficient solutions
to a number of problems that are not known to be efficiently solvable under the
classical Turing machine model. For example:
1) Factoring- In this problem the goal is to break down a number to its
smaller non- trivial divisors. Several ciphering algorithms (such as the widely
used RSA) use the fact that the best known classical algorithm that solves this
problem has time complexity that is exponential to the length of the input, e.g.
factoring a 5000 digit number takes around 5 trillion years. On the contrary,
factoring a number on a QTM using “Shor’s Algorithm”, has a polynomial
time complexity, thus factoring a 5000 digit number over a QTM can take at
most several minutes.

2) Search- In this problem the input is an unsorted n length list L, and a
function £ that maps each element in L to the range {0,1}. The goal is to find
all the indices of the list that include values mapped to 1. On a classical
Turing machine, it is known that the best possible solution has time
complexity proportional to n. A QTM that uses the “Grover’s search
Algorithm” solves this problem with time complexity proportional to the root
of n.

Courses on quantum computation are proposed by leading universities (Berkley,
Caltech, Technion, Tel Aviv university, The Hebrew University of Jerusalem and
more), but currently not in the Open University.

This final work suggests a new course in the Open University to overcome this gap.
The work contains a proposal for the subjects in the course, a comparison to other
courses, and a self contained guide that covers most of the material in the proposed
course.
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