Network connectivity: approximation algorithms via iterative rounding I

Lisa K. Fleischer

Carnegie-Mellon University, Pittsburgh, USA

ABSTRACT

Network design problems arise in a variety of settings. The traveling salesman problem is one famous example; another is the Steiner tree problem. This talk focuses on telecommunication network design. The goal is to build a network cheaply that satisfies some set of specified connectivity requirements. The Steiner tree is a special case of all the problems we consider, and hence these are hard problems. We examine heuristics that obtain provably good solutions for these problems.

The type of heuristics we consider use linear programs to give a lower bound, and then round the solutions to the linear programs. Rounding fractional solutions to a linear program is a popular and powerful technique in the field of approximation algorithms. There are usually two critical steps to obtain an approximation guarantee: determining a good method of rounding; and proving that this method obtains the guarantee. We review some rounding techniques and present a simple one that yields a very strong approximation guarantee for survivable network design when connectivity requirements are for edge-disjoint paths. Variants of this simple algorithm has been used in practice as a heuristic with much success. While the algorithm is simple, the proof is non-obvious and elegant.

References [1] Cheriyan, J., S. Vempala and A. Vetta: An approximation algorithm for the minimum-cost k-vertex connected subgraph, Manuscript, July 2001. [2] Fleischer, L.: A 2-approximation for minimum cost {0,1,2} vertex connectivity, in: Integer Programming and Combinatorial Optimization, Lecture Notes in Computer Science no. 2081, Springer-Verlag (2001) 115 - 129. [3] Fleischer, L., K. Jain and D.P. Williamson: An iterative rounding 2-approximation algorithm for the element connectivity problem, Proc. 42nd Annual Symposium on Foundations of Computer Science (2001) 339 - 347. [4] Goemans, M.X., A.V. Goldberg, S. Plotkin, D. Shmoys, É. Tardos and D.P. Williamson: Improved approximation algorithms for network design problems, in: Proc. 5th Annual ACM-SIAM Symp. on Discrete Algorithms (1994) 223˙ 232. [5] Grötschel, M., C.L. Monma and M. Stoer: Computational results with a cutting plane algorithm for designing communication networks with low-connectivity constraints, Operations Research 40 (1992) 309 - 330. [6] Jain, K.: A factor 2 approximation algorithm for the generalized Steiner network problem, Combinatorica 21 (2001) 39 - 60.

[7] Jain, K., I. Mandoiu, V.V. Vazirani and D.P. Williamson: A primal-dual schema based approximation algorithm for the element connectivity problem, Proc. of the

10th Annual ACM-SIAM Symposium on Discrete Algorithms (1999) 484 ˘ 489.

[8] Khuller, S. and B. Raghavachari: Improved approximation algorithms for uniform connectivity problems, Journal of Algorithms 21 (1997) 434 ˘ 450.

[9] Kortsarz, G. and Z. Nutov: Approximating node connectivity problems via set covers, in: Approximation Algorithms for Combinatorial Optimization (Proc. of

APPROX 2000), Lecture Notes in Computer Science no. 1913, Springer-Verlag

(2000) 194 - 205.

[10] Ravi, R. and D.P. Williamson: Erratum: An approximation algorithm for minimumcost vertex-connectivity problems, Manuscript, July 2001.

(available at www.almaden.ibm.com/cs/people/dpw)

[11] Stoer, M.: Design of survivable networks, Lecture Notes in Computer Science no. 1531, Springer-Verlag (1992) 194 - 205.