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ABSTRACT

A. full binary tree is a widely used interconnection network architecture for parallel
processing. This thesis presents a study of the fault tolerance of some proposed
augmented binary tree architectures. The full binary tree is augmented in a variety

of ways with a view to improve its fault tolerance and other properties.

We propose a Link Augmented Binary (LAB)-tree as a fault tolerant and an
efficient communication architecture. This tree is regular in topology, easily
expandable and can be constructed modularly. The LAB-tree contains multiple
node-disjoint paths for each pair of nodes. Hence, in the presence of one faulty
node, the tree remains connected. The tree supports a simple algorithm for shortest
path routing. This algorithm has been modified so as to route messages through a
faulty tree. Compared to some other tree architectures, the LAB-tree is shown to
have a superior traffic handling capability.

The LAB-tree architecture is further augmented with redundant nodes. Such a
tree is called Node Augmented Binary (NAB)-tree architecture. In the presence of
one faulty node at each level, this tree can be configured into a non-faulty full
binary tree of the same height. Simple switch structures associated with nodes of the
tree are proposed. The topology of the NAB-tree is regular. This tree can also be
used for efficient routing of messages.

A systematic and generalized approach for designing a modular fault tolerant
binary tree architecture, is proposed. The new architecture based on this approach,
is called MOD-tree. A MOD-tree consists of modules connected in the topology of
a tree. It can be configured to a full binary tree in the presence of multiple faulty
nodes in its modules. Faulty nodes in a module can be replaced by spare



(redundant) non-faulty nodes in the same module and/or spare nodes from other
modules. Using the global reconfiguration algorithm, spare nodes of a module can
be used by its ancestor modules. The reliability of this tree is shown to be higher
than that of other modular tree architectures. Using this approach, a wide choice
in the size of the modules to construct a MOD-tree is available. A MOD-tree can
be constructed using efficient VLSI layouts with the area proportional to the number

of nodes in the tree.

In the presence of a large number of faults, an augmented binary tree can not
be configured into a full binary tree, then one may identify and use one of the non-
faulty (full) binary subtrees within it. We have given an algorithm for finding the
largest non-faulty subtree available in a faulty tree. The minimum number of faulty
nodes which may destroy all subtrees of a given height is also computed. We also
study the availability of a non-faulty subtree in some known augmented tree

architectures.
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