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RESEARCH
SUMMARY

The research I have done under the the direction of Quentin Stout concerns synchronization on
parallel machines, or, more generally, among the agents of any other distributed system. We find
bounds on the expected time to complete independent, identically distributed tasks under global
and local synchronization. Many parallel programs use global, or barrier, synchronization, which
can cause delays due to the variability in task times even for tasks that should take approximately
the same amount of time. Local synchronization, in which processors synchronize with only a subset
of other processors, would be adequate in many of these cases. My research explores the question
of how much global synchronization slows down a system as compared to various types of local
synchronization.

When task times are geometrically distributed — specifically, each task is modeled as flipping a fair
coin until heads appears — each processor is expected to take 2 time units to to complete each task
if there is no synchronization at all. Under global synchronization among n processors, the expected
time grows as logn. However, under local synchronization on a directed cycle of n processors, we
have shown that the expected time approaches an exact limit of 2 4+ /2 time units as n goes to
infinity.

We have also shown that it is not true in general that the expected time is bounded by a constant for
graphs of bounded degree. In particular, the expected time to complete some power-law-distributed
tasks under synchronization on a grid of two or more dimensions can grow as Q(n'/®) for some
positive a.

However, with normally distributed task times, the expected time is bounded by a constant as n
increases for local synchronization on any graph with degree bounded by a constant, while global
synchronization causes the expected time to increase as y/logn. We have shown an extreme-value-
theory proof of these bounds.

We have also started to look at a number of different synchronization models, such as randomized, in
which each processor synchronizes with a randomly chosen subset of it neighbors, and first-neighbor,
in which each processor waits only for the first k of its neighbors to finish a given task, for some
fixed k. We have shown that if k¥ = O(y/n) and the task time distribution has all finite moments,
then this time is also bounded above by a constant as the number of processors increases.



