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Introduction. Nodes in a Sensor Network can collaborate to process the sensed
data but, due to unreliability, a monitoring strategy can not rely on individual
sensors values. Instead, the network should use aggregated information from
groups of sensor nodes [2,3,7]. The topic of this work is the efficient computation
of aggregate functions in the highly constrained Sensor Network setting, where
node restrictions are modeled as in [4], the random node-deployment is modeled
as a geometric graph, and the resulting topology, node identifiers assignment
and the assignment of input-values to be aggregated is adversarial.

While algebraic aggregate functions are well defined, the implementation of
such computations in Sensor Networks has to deal with various issues that make
even the definition of the problem difficult. First, the input-values at each node
might change over time. Therefore, it is necessary to fix to which time step
correspond those input-values. Second, arbitrary node failures make the design
of protocols challenging. It has been shown [1] that the problem of computing
an aggregate function among all nodes in a network where some nodes join and
leave the network arbitrarily in time is intractable.
Results. The protocol proposed interleaves two algorithms, one following a tree-
based approach and one following a mass-distribution approach. The tree-based
algorithm will provide the correct result with low time and energy complex-
ity in a failure-free setting. If the presence of failures prevents the tree-based
computation from finishing, the mass-distribution algorithm will compute and
disseminate an approximation of the result. The time taken by this algorithm
is larger, but it is only incurred in presence of failures. Hence, the combined
algorithm is early stopping.

The efficiency is measured in two dimensions: time and number of transmis-
sions. These metrics are strongly influenced by collisions, especially because no
collision detection mechanisms are available in this setting. In order to reduce
collisions and energy consumption, a two-level hierarchy of nodes is used. The
actual computation is done by a small set of nodes, called delegate nodes, that
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collect the sensed input-values from the non-computing nodes, called slug nodes.
This structure has several advantages. First, collisions are reduced since they
can only occur while the delegate nodes collect the sensed input-values from the
slug nodes. After that, delegate nodes are able to communicate in a collision-free
fashion. Second, energy is saved because the slug nodes can idle during the com-
putation. Third, the subnetwork of delegate nodes has constant degree, which
allows to easily build a constant-degree spanning tree. Finally, since the set of
delegate nodes is small, there is a smaller probability that the tree-based algo-
rithm will fail (since only failures of delegate nodes impact on it). Notice that,
in presence of failures, the two-level structure may have to be reconstructed;
fortunately, this can be done fast and locally.

The main contribution of this work is the presentation of a time-optimal
early-stopping protocol that computes the average function in Sensor Networks
under a harsh model of sensor restrictions 4. More precisely, it is shown that,
in a failure-free setting, with high probability, this protocol returns the exact
value and terminates in O(D + ∆) steps, which is also shown to be optimal,
and the overall number of transmissions is in O(n(log n + ∆/ log n + log∆)) in
expectation. On the other hand, in presence of failures, the protocol computes
the average of the input-values of a subset of nodes that depends on the failure
model. More precisely, it is shown that, after the last node fails and w.h.p., the
protocol takes an extra additive factor of O(log(n/ε)/Φ2) in time and an extra
additive factor of O(n log(1/ε)/Φ2) in the expected number of transmissions,
where ε > 0 is the maximum relative error, and Φ is the conductance [6] of the
network of delegates.
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4 Other aggregate functions can be computed using a protocol for average without
extra cost as described in [3, 7].


