Brief Announcement:
Optimally Work-Competitive Scheduling for
Cooperative Computing with Merging Groups
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The problem of cooperatively performing a set of N tasks
in a decentralized setting where the computing medium is
subject to failures is one of the fundamental problems in dis-
tributed computing. This problem is normally abstracted
in terms of a set of N tasks that need to be performed
in the distributed environment consisting of P processors,
where the environment is prone to processor and/or com-
munication failures. Algorithmic solutions for this problem
are evaluated according to their computational effectiveness
that measures the number of computation steps taken in
performing the tasks. This measure is called work.

In the settings where network partitions may interfere with
the progress of computation, the challenge is to maintain
efficiency in performing the tasks and learning the results
of the tasks, despite the dynamically changing group con-
nectivity. However, no amount of algorithmic sophistication
can compensate for the possibility of groups of processors
or even individual processors becoming disconnected dur-
ing the computation. In general, an adversary that is able
to partition the network into g components will cause any
task-performing algorithm to have work Q(N -g) even if each
group of processors performs no more than the optimal num-
ber of ©(N) tasks. In the extreme case where all processors
are isolated from the beginning, the work of any algorithm
is Q(N - P).

Even given the pessimistic lower bounds on work for par-
titionable networks, we aim to design and analyze efficient
algorithmic approaches that can be shown to be better than
the oblivious approach where each processor or each group
performs all tasks.

Prior work established reasonably tight (in the length of
the processor schedule) results for a single merge [3], and
showed that a constant overhead relative to the lower bound
can be achieved by algorithms using group communication
services for a limited pattern of reconfigurations starting
with a single group [2].

In order to understand better the practical implications of
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performing work in partitionable settings, and especially in
the settings where initially there may be several discon-
nected groups, we open a new research direction in the study
of distributed load-balancing and pursue competitive anal-
ysis [5] of algorithms. Specifically, the competitive analy-
sis that compares the work of a chosen algorithm with the
work of an optimal algorithm that has complete information
about the future changes in the network topology.

Our ultimate goal is to produce algorithms with guaranteed
work efficiency for any pattern of fragmentations and merges
of the underlying network. In the full paper [1] we report our
current results for the abstract setting where asynchronous
processors start performing tasks in isolation and where an
adversary can force an arbitrary pattern of merges. Follow-
ing a merge, processors are able to share their knowledge
about the computational progress prior to the merge.

The summary of our results is as follows: (a) We formalize
an adversary model that forces processors to start in isola-
tion and be subjected to a pattern of merges: specifically,
we model the adversary as a directed acyclic graph where
each vertex corresponds to a group of processors (or a single
processor) and a directed edge is placed from g1 to g, if g2
was created by a merge operation involving gi;. We further-
more label such edge with the total number of tasks which
are completed by g1, before its merge into g2. We refer to
such a DAG as a Merge-DAG. (b) We establish lower bounds
on competitiveness: any a-competitive deterministic or ran-
domized algorithm has o > 1+ 1/e. In particular, we show
that for every scheduling algorithm there is a Merge-DAG
that causes the algorithm to be at least (1+1/e)-work com-
petitive. (c) We formalize a natural randomized algorithm
for this problem, and we demonstrate, by induction on the
number of merges, that it is (1 4+ 1/e)-work competitive: in
particular, the expected work performed by the algorithm is
never more than (14 1/e) times that of any algorithm, even
one with full knowledge of the future sequence of merges. We
also consider implementations of the algorithm using group

communication services [4].
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