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Abstract: Classical network design models, such as the Survivable Network Design problem (SNDP), are
(partly)motivated by robustness to faults under the assumption that any subset of edges upto a specific number
can fail. We consider non-uniform fault models where the subset of edges that fail can be specified in different
ways. Our primary interest is in the flexible graph connectivity model, in which the edge set is partitioned
into safe and unsafe edges. Given parameters p and q, the goal is to find a cheap subgraph that remains p-
connected even after the failure of q unsafe edges. We also discuss the bulk-robust model and the relative
survivable network design model. While SNDP admits a 2-approximation, the approximability of problems
in these more complex models is much less understood even in special cases. We make two contributions.

Our first set of results are in the flexible graph connectivity model. Motivated by a conjecture that a constant
factor approximation is feasible when p and q are fixed, we consider two special cases. For the s-t case we
obtain an approximation ratio that depends only on p,q whenever p+q > pq/2 which includes (p,2) and (2,q) for
all p,q. For the global connectivity case we obtain an O(q)-approximation for (2,q), and an O(p)-approximation
for (p,2) and (p,3) for any p, and for (p, 4) when p is even. These are based on an augmentation framework
and decomposing the families of cuts that need to be covered int a small number of uncrossable families.

Our second result is a poly-logarithmic approximation for a generalization of the bulk-robust model when the
“width” of the given instance (the maximum number of edges that can fail in any particular scenario) is fixed.
Via this, we derive corresponding approximations for the flexible graph connectivity model and the relative
survivable network design model. We utilize a recent framework due to Chen et al. that was designed for
handling group connectivity.
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