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Abstract. We describe a novel approach for constructing a single span-
ning tree for data aggregation towards a sink node. The tree is uni-
versal in the sense that it is static and independent of the number of
data sources and fusion-costs at intermediate nodes. The tree construc-
tion is in polynomial time, and for low doubling dimension topologies it
guarantees a O(log2 n)-approximation of the optimal aggregation cost.
With constant fusion-cost functions our aggregation tree gives a O(log n)-
approximation for every Steiner tree to the sink.

1 Summary

We consider the fundamental problem of data aggregation in sensor networks
towards a sink node s. The motivation comes from the hierarchical matching al-
gorithm in [1] that constructs a data aggregation tree that is simultaneously good
for all canonical fusion-cost functions f which are concave and non-decreasing.
However, every time the data sources change the aggregation tree has to be re-
constructed. In order to alleviate this problem, a novel approach in [2] builds a
single aggregation tree which is independent of the number of data sources. This
is for networks formed by randomly distributed nodes over a 2-dimensional plane.
Here, we combine the above ideas to build a universal aggregation spanning tree
for low (constant) doubling-dimension graphs, such that the tree is independent
of the data sources, and can accommodate any canonical fusion-cost function.
Our approach gives a O(log2 n)-approximation to the optimal aggregation cost
(measured as the total involved communication cost), where n is the number
of nodes. For constant fusion-cost we obtain a spanning tree that approximates
within a O(log n) factor every Steiner tree that includes the sink.

Given a graph G, we first construct a virtual tree T based on a hierarchi-
cal clustering. The performance of T is estimated for low doubling-dimension
graphs. We then project T to a real spanning tree that preserves the asymptotic
aggregation performance. We provide a hierarchical clustering Z0, . . . , Zκ with
κ + 1 = O(log n) levels, where each Zi is a partition of G. Every cluster in Zi is
a connected subgraph of G with diameter O(2i). Each cluster has a leader; let Ii
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denote the leaders at level i. For any u, v ∈ Ii, distG(u, v) = Ω(2i). Each cluster
at level i (with leader �i) is completely contained by some cluster at level i + 1
(with leader �i+1), with the exception of i = κ. Virtual tree T consists of κ + 1
levels and has as nodes the leaders of the clusters, edges of the form e = (�i, �i+1)
(�i is the child), and weight of e proportional to distG(�i, �i+1). The root of T
is s (which is the leader of the single cluster of Zκ), while the leaves are the
individual nodes of G (partition Z0 consists of the individual nodes of G).

The data aggregation in tree T is performed level by level in κ phases. In phase
i each leader at level i receives data from its children and then fuses the data. The
size of the data produced by a node during aggregation depends on the fusion-cost
function f . Assume for now a constant function f(·) = 1. For the analysis consider
an arbitrary set of source nodes A. Let Xi ⊆ Ii be the set of leaders at level i which
hold data at the end of phase i. In phase i + 1, each leader in Xi sends a message
to its parent giving a total communication cost O(|Xi| · 2i+1). For every leader
v ∈ Xi, there is at least one node in A that belongs to the cluster of v at level i.
Let Ai ⊆ A denote the union of such data sources, where |Ai| = |Xi|. Using the
doubling dimension property of G it can be shown that there is a subset A′

i ⊆ Ai

such that |A′
i| ≥ |Ai|/(23ρ + 1) (where ρ is the doubling dimension parameter),

and for any pair u, v ∈ A′
i, distG(u, v) = Ω(2i). The optimal aggregation cost

for A is at least the cost of the Steiner tree connecting the A′
i to the sink which is

Ω(|A′
i|·2i) = Ω(|Ai|·2i) = Ω(|Xi|·2i) (for constant ρ). Therefore, the aggregation

cost of a phase is optimal within a constant factor. Considering all κ = O(log n)
phases, the total aggregation cost is within a factor of O(log n) from optimal.

For the analysis of non-constant fusion-cost functions, we further divide set
Xi into λ = O(log n) classes, X0

i , . . . , Xλ−1
i , so that at the end of phase i each

node v ∈ Xj
i contains data of size f(|Av

i |) ∈ [2j, 2j+1), where Av
i ⊆ A is the set

of source nodes which belong to the cluster of v at level i. By collapsing all the
nodes in Av

i to a single artificial data source of weight 2j, the data aggregation
problem of each class is reduced to the constant fusion-cost function case (an
additional Θ(2j) factor appears in both the lower and upper bounds). Thus, the
aggregation cost for each class is optimal within a constant factor. By considering
all classes and phases we obtain a κλ = O(log2 n) approximation.

The projection of the virtual tree to a real spanning tree is performed by
replacing every edge in T with a shortest path in G. The aggregation performance
is maintained by avoiding interference between paths of the same level.
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