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Abstract  An exact algorithm to improve the upper bound of vertex cover and independent set
problem for low-degree graphs is presented. The algorithm constructs recurrence relations by
concentrating on how many vertices be reduced then the NP-hard structure of the problem is bro-
ken. With this idea, running time O(1.1033") for minimum vertex cover problem on degree-3
graphs is proved. For parameterized vertex cover problem on degree-3 graphs, it also can be
solved with running time O(kn—+1. 2174*). Using the algorithm to the maximum independent set
problem on degree-3 graphs, the authors can get the running time O(1. 1033"). All of the above

results improve the previous best results.
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Background
The Maximum Independent Set (MIS) problem and
Vertex Cover (VC) problem, two of the six “basic” NP-

complete problems, are the most important two lines of im-
proving exact algorithms for solving NP-hard optimization
problems. Both for the practical and theoretical research re-
quirement. recently, new algorithms broking the upper
bounds are frequently presented. For MIS problem, now the
best algorithms are Robson’s running time O(1. 211") algo-
rithm and Beigel’ s running time O(1. 083°) algorithm. For
VC problem, the best algorithm is due to Chen et al. , with
running time O(kn+1. 285%).

One of the most important cases in the MIS and VC
problem is the problem on low-degree graphs. And it is the
bottleneck to improve exact algorithms of general graph. For

MIS and VC problem on graphs of degree bounded by 3, now
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the best results are running time O (1.1033") and O (kn +
1. 194%) respectively.

In this paper, the authors concentrate on how to break
the NP-hard structure of VC problem by reducing the verti-
ces of the original graph step by step. If the NP-hard struc-
ture is broken, the problem can be solved in polynomial time.
With this idea the authors build branching search trees from
another aspect. And the recurrence relation functions are
slightly different from the traditions. For Minimum Vertex
Cover problem and Maximum Independent Set problem on
graphs of degree bounded by 3, the above algorithm’s run-
ning time is O(1.1033"); For parameterized Vertex Cover
problem on graphs of degree bounded by 3, the running time
is OCkn+1.2174*). All of the above results improve the pre-

vious best results.



