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Abstract— Consider a placement of heterogeneous, wireless
sensors that can vary the transmission range by increasing
or decreasing power. The problem of determining an optimal
assignment of transmission radii, so that the resulting network
is strongly-connected and more generally k-connected has been
studied in the literature. In traditional k-connectedness, the
network is able resist the failure of up to k − 1 nodes anywhere
in the network, and still remain strongly-connected. In this
paper we introduce a much stronger k-connectedness property,
which we show can be implemented efficiently, and without
great increase in the radii of transmission needed to simply
achieve connectedness. We say that a network is dominating k-
connected if, for any simultaneous failure of nodes throughout
the network, with at most k − 1 nodes failures occurring in
the out-neighborhood any surviving (up) node, the set U of up
nodes forms a dominating set and induces a strongly-connected
subdigraph. In this paper, we give a simple characterization of
the networks that are dominating k-connected and design an
associated efficient algorithm for determining the dominating
connectivity, i.e., the maximum k such that the network is
dominating k-connected. We also present an efficient algorithm
for computing an assignment of transmission radii that results
in a dominating k-connected network which minimizes the
maximum radius. Furthermore, we show that the maximum
radius in this assignment is no more than a multiplicative factor
of k greater than the percolation radius ρperc, i.e., the minimum
that the maximum transmission radius can be so that the network
remains connected. We show through empirical testing that this
multiplicative factor can, in practice, be considerably less than k
and only slightly greater than that required to achieve traditional
k-connectedness. Finally, we show that for sensors placed on
the lattice points of a two-dimensional square, we can achieve
dominating k-connectedness with a multiplicative factor of at
most

√
2�√k + .5� greater than ρperc.

I. INTRODUCTION

In this paper we consider the problem of multi-hop com-
munication for geographically placed wireless devices, e.g.,
heterogeneous sensors that can vary the transmission range by
increasing or decreasing power. Of course, using more power
comes at a cost of consuming more energy. For a placement of
a collection V of such sensors, let d(u, v) denote the distance
between two sensors u, v ∈ V . If u transmits at a power level
with radius of transmission r(u), then the transmission will
reach v if r(u) ≥ d(u, v). A placement of sensors determines
a directed network N = (G, d), where G = (V,E) is the
digraph with node set V corresponding to the sensors and

edge set E consisting of all pairs uv where v is within u’s
maximum transmission range.

Each (transmission) radius function r induces a subnetwork
N(r) = (Gr, d) of N , where Gr is the subdigraph of G on
node set V consisting of the set of all (directed) edges uv of
G such that v is in u’s transmission range, i.e., r(u) ≥ d(u, v).
In order for multi-hop communication to be possible between
every pair of nodes (given that sensor u is transmitting with
radius of transmission r(u)), Gr must be strongly-connected,
i.e., there must exist a directed path between any pair of nodes
in Gr. The problem of determining an optimal assignment of
transmission radii for achieving network connectivity has been
studied in the literature (see [1], [2], [3], [4]).

For a radius transmission assignment r, let max(r) denote
the maximum value of r, i.e., max(r) = max{r(v)|v ∈
V }. The problem of determining a radius function r which
minimizes max(r), so that the network N(r) is connected to
a given sink node s ∈ V (i.e., there is a directed path in Gr

from each node to s), can be solved by computing a minimum
spanning tree T using Prim’s algorithm (see [5]), and setting
r(u) = d(uv), where v is the parent of u in T . Proof of
correctness of this algorithm is not difficult and follows as a
special case of a more general result we prove in this paper.

In practice sensors may fail; so it becomes important to con-
sider the problem of achieving greater network connectivity. A
network is k-connected to a sink node s, for a given positive
integer k, if it is able resist the failure of up to k − 1 nodes
anywhere in the network, and still remain connected to the
in-neighborhood of s. (Equivalently, there exist k internally
disjoint paths from any node v to s.) The network is k-
connected if it is k-connected to each node v ∈ V , i.e.,
it remains connected after the deletion of any k − 1 nodes
(and their incident edges). The connectivity of wireless and
sensor networks and the associated problem of fault-tolerant
routing in such networks has been studied in the literature
(see, [6], [7]). For example, in [6] approximation algorithms
are considered for determining radius functions that minimize
power while maintaining networks that are k-connected.

In this paper we introduce and study a much stronger k-
connectedness property, which we refer to as dominating k-
connectedness. We argue that this model is relevant for the
understanding of connectivity and reliability analysis of sensor
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