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PART 1 : overview of Quantum computation
Classical computers use bits with discrete values of 0 and 1 which
interact through discrete operations, which we call gates. These
classical bits are made up of a large number of atoms, so they
behave as macroscopic classical objects. Alternatively, if we were to
use a smaller number of atoms, then these bits would behave as
macroscopic quantum objects. What this would mean is that
instead of the classical way of a bit being in one position or the
other (0 or 1), the bits would be in a superposition of 0 and 1 and it
would be unknown which until measurement. We call these bits
“quantum bits” or “qubits”.
Classical and Quantum gates are often represented as 2x2
matrices. Common classical gates include the NOT, AND (not
quantum gate), OR, as well as the XOR gates, where we compute
the result of the interactions of these bits in the same manner as
we do boolean truth tables. Quantum gates encompass some of the
classical gates (but not all) as well as others. In this talk, we will
focus mainly on the Pauli gates: X, Y, ad Z.
PART 2: The importance of using clifford circuits now
But why would we want to simulate these circuits on a classical
computer? Surely if it is our goal to build a quantum computer,
should we not be moving away from the classical computer and
building quantum circuits without the need to simulate them? If
we were to build a quantum computer and it didn’t work, there
would virtually be no way to ﬁnd the problem. On a classical
computer, we can debug circuits by adding test conditions,
monitoring registers, halting at intermediate steps. However,
doing so on a quantum computer would probably require
measurement and destroy the system.
Why we would want speciﬁcally Clifford circuits
Though there are currently programs such as QuIDD, the
calculations are slow. The package took more than 22 hours to
simulate Grover’s algorithm on 40 qubits.

PART 3 : overview of clifford circuits
Clifford gates are permutations of the Pauli group. So we start with
Pauli X, Y, and Z; from these we can get the Hadamard gate,
Controlled-not gate, and phase gates. Clifford circuits can generate a
high degree of entanglement.

PART 5 : implementing quantum circuits on classical
computers
Haskell is a functional programming language, which a couple
researchers have used to create an interface for quantum circuits.
One example is the Quantum IO monad. These particular
researchers chose this language to be able to exploit the existing
means of abstraction present in Haskell to structure their quantum
programs.
PART 6 : Applications:
The preference of quantum algorithms over classical algorithms is
largely due to the efﬁciency of the quantum algorithm. All
classical algorithms can be run on quantum computers after they
have been cast into reversible algorithms. However, quantum
computers do not uniformly speed up all classical algorithms.

PART 4 : Gottesman-Knill Theorem
Gottesman-Knill Theorem Every (uniform family of) Clifford circuits,
when applied to the input state |0> and followed by a Z measurement of
the ﬁrst qubit, can be efﬁciently simulated classically in the strong sense.
The input starte, |0> N times, followed by Z measurement. When
we say “in the strong sense”, we mean to “compute the probabilities of
the output measurement efﬁciently classically with high accuracy” .

One of the major applications of quantum computing is Shor’s
algorithm which takes in a number N and ﬁnds N = pq such that p
and q are large primes. Shor’s algorithm to factors numbers is
signiﬁcantly faster than classical methods. In fact, the fastest
classical algorithm for actually ﬁnding the prime divisors of N
takes exp(O(n1/3)) steps, while Shor’s quantum algorithm took
only O(n3) steps, later improved to O(n2log[n]).
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