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Background

Starting from the late 90s, the concept of hard vertex capacities was introduced to the
fundamental optimization problems and this has drawn attentions from theoretical
computer scientists. Studies on the approximability of cover problems, in particular, vertex
cover and facility location with hard capacities (CVC, CFL), led to interesting and important
works, but not yet comprehensive answers. In fact, after nearly two decades of
developments, CFL was listed as one of the ten open problems in the textbook “The design
of approximation algorithms” by Williamson and Shmoys published in 2011.

Approach & Outcome

We made breakthroughs for the CVC and CFL problems. For CVC, a simple and novel
rounding-based approximation is presented that, assuming the UGC conjecture, closes the
gap of approximation for this problem since first considered in 2002.

For CFL and its important variation CFL-CFC, we made significant conceptual and technical
contributions. In particular, we developed novel sophisticated rounding and clustering
scheme for the multicommodity flow network (MFN) relaxation (see Fig.1) and the natural
relaxation for these two problems. For the CFL problem, we obtained an LP-based 9.0927-
approximation, which significantly improves the previous result from FOCS 2014. For the
CFL-CFC problem, we made progress upon the decades-old result of 5-approximation that
existed for 16 years since 2004 and presented a 4-approximation.

Significance

Our results have considerably deepened the current understanding for the long-standing
CFL problem and delivered the message that, an LP-based guarantee strictly better than 5

may still be possible to pursue.
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Figure 1. The construction of MFN and the corresponding LP constraints.
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