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To understand the physical limits of computation it is necessary to shift
our classical computer models to ones that take into account physical

considerations. The best current theory of physical reality is quantum
mechanics, which take us to think on computer models based on i1t. Quantum
computatioh is the study of the power and limitations of computer models that
consider quantum mechanical effects like interference and entanglement.

Several of the classical computing models like boolean circuits, Turing
machines, etc., can be extended to quantum models of computation. In this
research we focus on two particular models: the decision tree complexity and

communication complexity.

This research is divided in two parts. First we consider Quantum Walks, a
very powerful paradigm for the design and analysis of quantum algorithms.
Clear mathematical foundations are still lacking for this paradigm. Hence,
as a step toward this objective, the following question is being addressed:
Given a graph, what is the probability that a quantum walk arrives at a given
vertex after some number of steps? This is a very natural question, and for
classical random walks it can be answered by different combinatorial

arguments. For quantum walks this is a highly non—trivial task. Furthermore,



this was only achieved before for one specific coin operator (Hadamérd
operator) for walks on the line. Even considering only walks on lines,
generalizing these computations toz;general SUCZ)éoin.operator is a complex
task. The main contribution of this part is a closed-form formula for the
question above for a general symmetric SU(2) operator for walks on lines.
As the second contribution, this thesis presents how some basic properties
of the walk can be deducted by means of weak convergence theorems for quantum

walks.

The second part of this research considers communication complexity; in
particular, quantum nondeterministic multiparty communication. There are
three different types of nondeterminism in quantum computation: i) strong,
ii) weak with quantum proofs, and iii) weak with classical proofs. This thesis
is focused on strong quantum nondeterministic protocols where a correct input
is accepted with positive probability, and an incorrect input is rejected
with probability 1. By extending the definition proposed by de Wolf to
nondeterministic tensor-rank (nrank), this thesis shows that for any boolean
function £, when there is no prior shared entanglement, the strong quantum
nondeterministic communication complexity 1) is upper—-bounded by the
logarithm of nrank(f) in the Number-On-Forehead model; and, 2) in the
Number—In-Hand model it is lower—bounded by the logarithm of nrank (). One
application is a new lower bound for the generalized inner product function
on the Number~In—Hand model. As another application of the main result this
thesis shows that when the number of players in the protocol is o (Zoglog n)
we have that NQP is not included in BQP in the Number—On-Forehead model.
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