T-79.192 Seminar on Distributed Algorithmics (Autumn 2002)

The network computing and communication models underlying distributed systems give rise to new opportunities and challenges also in the fields of algorithm design and analysis.

Modern algorithmics has developed a sophisticated set of tools for tasks such as approximate solution of hard combinatorial optimisation problems [6, 12], efficient computation of network flows and other digraph characteristics [3], speeding up algorithms by randomisation [8], and the design and analysis of computational methods in an “online” setting where the input stream unfolds as the computation proceeds [2, 5].

While traditional sequential algorithm design is already a rather mature discipline, the novel requirements of the distributed environment — especially in systems such as mobile ad hoc networks [10] — place heavy emphasis on many design parameters that have only recently begun to be addressed in the literature. Firstly, the computation and communication substrata change in this setting from the traditional centralised, stable, and reliable models to being decentralised, mobile, and susceptible to faults. Secondly, new system design objectives and constraints arise from the properties of the participating nodes, when e.g. their mobility, or the limitations on their battery life and signal strength need to be taken into account. In addition to the response time and throughput of a system one now needs to consider also its fault-tolerance, energy-intensity and signal-locality characteristics. Furthermore, the computation nodes may be noncollaborative and distrustful of each other.

Despite all these differences, the fundamental models and techniques of algorithm design can be adapted to provide a solid methodology also in the distributed setting, and this area of research is currently the focus of intense attention in the theoretical computer science community. For instance, Rajaraman [11] surveys some recent analytic work in the topology control and routing in ad hoc networks, while Meyer auf der Heide et al. [7] perform a geometric graph-theoretic analysis of the congestion-energy-delay tradeoff in a simplified network model, and Dolev et al. [4] design randomised self-stabilising algorithms for establishing group communication services even in the case where the agents can be mobile and faulty. Papadimitriou [9] discusses game-theoretical approaches to bringing a collection of selfish nodes to collaborate on a networked computation or communication task. The study of such analytically well-founded algorithmic work is the goal of our seminar.

References

[1] B. Awerbuch, P. Berenbrink, A. Brinkmann and C. Scheideler, Simple routing strategies for adversarial systems. Proc. 42nd Ann. IEEE Symp. on Foundations of Computer Science. IEEE Computer Society, Los Alamitos, CA, 2001.

[2] A. Borodin and R. El-Yaniv, Online Computation and Competitive Analysis. Cambridge University Press, 1998.

[3] J. Bang-Jensen and G. Gutin, Digraphs: Theory, Algorithms and Applications. Springer, Berlin, 2001.

[4] S. Dolev, E. Schiller, J. Welch, Random walk for self-stabilizing group communication in ad-hoc networks. Proc. 21st Ann. ACM Symp. on Principles of Distributed Computing. ACM, New York, NY, 2002 (in press).

[5] A. Fiat and G. J. Woeginger (Eds.), Online Algorithms: The State of the Art. Lecture Notes in Computer Science 1442. Springer, Berlin, 1998.

[6] J. Hromkovič, Algorithmics for Hard Problems: Introduction to Combinatorial Optimization, Randomization, Approximation, and Heuristics. Springer, Berlin, 2001.

[7] F. Meyer auf der Heide, C. Schindelhauer, K. Volbert and M. Grünewald, Congestion, energy and delay in radio networks. Preprint, 14 pp. Universität Paderborn, 2001.

[8] R. Motwani and P. Raghavan, Randomized Algorithms. Cambridge University Press, 1995.

[9] C. Papadimitriou, Algorithms, games, and the Internet. Proc. 33rd Ann. ACM Symp.

on Theory of Computing, 749–753. ACM, New York, NY, 2001. [10] C. E. Perkins, Ad Hoc Networking. Addison-Wesley, Boston, MA, 2001. [11] R. Rajaraman, Topology control and routing in ad hoc networks: A survey. ACM SIGACT News 33:2 (June 2002), 60–73.

[12] V. Vazirani, Approximation Algorithms. Springer, Berlin, 2001.

2