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Abstract

The study of quantum information
science has expanded rapidly since the
theoretica model of quantum computers
were introduced in the early 1980's [1-3]. In
this project, we study the architecture of
guantum computing systems from the circuit
point of view and demonstrate physical
implementations using nuclear magnetic
resonance (NMR) technology.

To implement a quantum computer, it is
necessary to develop an efficient quantum
circuit synthesis method. Since the quantum
bit (which is the basic component of a
guantum circuit) is very expensive, a good
guantum circuit has to be designed in a
cost-effective way and, at the same time, it
must be easy for implementation. In this
project we describe a simplification method
of quantum Boolean circuits using a
tabulation algorithm. This method performs
AND and XOR function simplification
simultaneously. After a quantum Boolean
circuit is simplified, we verify the circuits to
confirm its function is correct.

With the capability of performing
guantum circuit synthesis, we report an
experimental realization of quantum switch
using nuclear spins and magnetic resonant
pulses in this project. The nuclear spins of
'H and *3C in carbon-13 labeled chloroform
are used to carry the information. Then
nuclear magnetic resonance pulses are
applied to perform guantum operations on a
two-qubit quantum computer prototype. Note
that, an ideal quantum computation system is
independent of the underlying physical



implementation, as long as the information
carrier (qubit) can be manipulated according
to quantum mechanics.

Keywords: Quantum Computing, Quantum
Communications, Quantum Circuits, Circuit
Synthesis, Circuit Testing, Nuclear Magnetic
Resonance (NMR).
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< @ Currently the topology of quantum communication networksis
dom| nated exclusively by the so-called point-to-point configuration.
The reason why atrue network is still not popular isthat thereis no
switching or routing capability in the current quantum networks.
However, the technology of quantum switching provides a possibility
to extend the current quantum point-to-point configuration into atrue
guantum network.

|
=
s
[

o

&
[
A

22
s

L

A PET E F Bk 7 f’si’? 2 ig— -}'bF”‘?); B
%(ﬁiﬁﬁ'ﬁﬁ),x W%’ ”“‘TL’xﬁ'l

K

e
FT

g b2 7

R

GRAEWT BE L A B g2 BEEI AR
j‘%*l?ji,{ﬁn‘?,'/"til%‘\ i?l,@I%sb’ ’I";‘; ,5'-3}’3/,%'?
ARG et &

B S RRRURTRE ST R SERCE Ut

E + i

#REEE

* i

MEHEILR Z E Y };’1%' Bd3 7 :fa’_% ﬂ\:,lj:,{h"‘f"’lfl R
EFUGAEREALL BRI T
2ZFEE Wb o R CHBEERFT S ”‘%“L%ﬂi%

:m

R
4

| E g S kg g -

R DS RFLEEAE - P

FEXEHAE > (i o)

>< 2.2 BAFEXEEFYARY 3
3. A& FE A Ecig ¥ ";FE f’f%/g’j%’i* °

FEHr BT FEIZIRP G o



