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The DT server periodically queries nodes in the cache to verify that these nodes are still members of the overlay. If a node does not respond to a query it will ... 

















 Télécharger le PDF 






 499KB taille
 3 téléchargements
 330 vues






 commentaire





 Report
























1472



IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS, VOL. 20, NO. 8, OCTOBER 2002



Application-Layer Multicasting With Delaunay Triangulation Overlays Jörg Liebeherr, Member, IEEE, Michael Nahas, Member, IEEE, and Weisheng Si



Abstract—Application-layer multicast supports group applications without the need for a network-layer multicast protocol. Here, applications arrange themselves in a logical overlay network and transfer data within the overlay. In this paper, we present an application-layer multicast solution that uses a Delaunay triangulation as an overlay network topology. An advantage of using a Delaunay triangulation is that it allows each application to locally derive next-hop routing information without requiring a routing protocol in the overlay. A disadvantage of using a Delaunay triangulation is that the mapping of the overlay to the network topology at the network and data link layer may be suboptimal. We present a protocol, called Delaunay triangulation (DT protocol), which constructs Delaunay triangulation overlay networks. We present measurement experiments of the DT protocol for overlay networks with up to 10 000 members, that are running on a local PC cluster with 100 Linux PCs. The results show that the protocol stabilizes quickly, e.g., an overlay network with 10 000 nodes can be built in just over 30 s. The traffic measurements indicate that the average overhead of a node is only a few kilobits per second if the overlay network is in a steady state. Results of throughput experiments of multicast transmissions (using TCP unicast connections between neighbors in the overlay network) show an achievable throughput of approximately 15 Mb/s in an overlay with 100 nodes and 2 Mb/s in an overlay with 1000 nodes. Index Terms—Application-layer multicasting, Delaunay triangulation, group communication, multicasting.



I. INTRODUCTION



D



UE TO the lack of a widely available IP multicast service, recent research has examined implementing multicast services in the application layer. The general approach is to have applications self organize into a logical overlay network, and transfer data along the edges of the overlay network using unicast transport services. Here, each application communicates only with its neighbors in the overlay network. Multicasting is implemented by forwarding messages along trees that are embedded in the virtual overlay network. Application-layer multicast has several attractive features: 1) there is no requirement for multicast support in the layer-3 network; 2) there is no need to allocate a global group identifier, Manuscript received September 1, 2001; revised May 2002. This work was supported in part by the National Science Foundation under Grants ANI-9870336 and ANI-0085955. The results from the overlay topologies comparison in Section III was presented in part at Globecom 2001, Global Internet Symposium, November 2001. J. Liebeherr and W. Si are with the Department of Computer Science, University of Virginia, Charlottesville, VA 22904 USA (e-mail: [email protected]; ws4a @cs.virginia.edu). M. Nahas was with the University of Virginia, Charlottesville, VA 22904 USA. He is now at 5824 Gentle Breeze Terrace, Austin, TX 78731-3799 USA (e-mail: [email protected]). Digital Object Identifier 10.1109/JSAC.2002.803067.



such as an IP multicast address; and 3) since data is sent via unicast, flow control, congestion control, and reliable delivery services that are available for unicast can be exploited. A drawback of application-layer multicast is that, since data is forwarded between end systems, end-to-end latencies can be high. Another drawback is that, if multiple edges of the overlay are mapped to the same network link, multiple copies of the same data may be transmitted over this link, resulting in an inefficient use of bandwidth. Thus, the relative increase of end-to-end latencies and the increase in bandwidth requirements as compared with network-layer multicast, are important performance measures for overlay network topologies for application-layer multicast. Most overlay topologies for application-layer multicast fall into three groups. Topologies in the first group consist of a single tree [8], [9], [12], [15], [26], [29]. A drawback of using a single tree is that the failure of a single application may cause a partition of the overlay topology. The second group of topologies are mesh graphs, where data is transmitted along spanning trees which are embedded in the mesh graph [3], [4]. A drawback of mesh graphs is that the calculation of spanning trees requires running a multicast routing protocol (e.g., distance vector multicast routing protocol [DVMRP]) within the overlay, which adds complexity to the overlay network. Generally, in the aforementioned topologies, nodes in the overlay network send probe messages to each other to measure network-layer latencies. These measurements are used to build an overlay network that is a good fit for the network-layer topology. The third group of topologies assigns to members of the overlay network logical addresses from some abstract coordinate space, and builds the overlay network with the help of these logical addresses. For example, the overlay in [19] assigns each member of the overlay network a binary string and builds an overlay network with a hypercube topology. In [28], logical addresses are obtained from -dimensional Cartesian coordinates on an -torus. An advantage of building overlay networks with logical addresses is that, for good choices of the address space and the topology, next-hop routing information for unicast and multicast transmissions can be encoded in the logical addresses. A disadvantage of building overlay networks using a logical address space is that the overlay network may not be a good match for the network-layer topology. Note that recent proposals for location services in peer-to-peer networks have adopted logical coordinate spaces that assign logical addresses to data items, e.g., [27], [31], [32]. Even though lookup services and application-layer multicast services have different objectives, some logical coordinate spaces can be applied in both contexts [28].
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In this paper, we present an application-layer multicast solution that is suitable for very large group sizes with many thousand nodes. Our approach is to use a Delaunay triangulation (DT) as overlay network topology. The choice of the overlay topology falls into the third group of application-layer multicast solutions, which draw logical addresses from a coordinate space. Specifically, each member of an overlay coordinates in a plane. We network is assigned logical show that Delaunay triangulations can be built in a distributed fashion, and that multicast trees can be embedded in a Delaunay triangulation overlay without requiring a routing protocol in the overlay. A disadvantage of a Delaunay triangulation overlay is that the mapping of a Delaunay triangulation overlay network to the network-layer infrastructure can be poor, especially if the logical coordinates of a member in the overlay network are not well matched to the underlying network topology. We present a protocol, called DT protocol, which creates and maintains a Delaunay triangulation overlay of applications on the Internet. The DT protocol achieves scalability through a distributed implementation where no entity maintains knowledge of the entire group. We evaluate the DT protocol through measurement experiments for overlay networks with up to 10 000 members on a cluster of PCs. The results show that the DT protocol can maintain a Delaunay triangulation overlay for a multicast group with dynamically changing group membership. In other experiments, we evaluated the performance of the overlay’s topology using multicast batch file transfers to groups with up to 1000 members. The contribution of the presented Delaunay triangulation and the DT protocol is that we can build and maintain very large overlay networks with relatively low overhead, at the cost of suboptimal resource utilization due to a possibly poor match of the overlay network to the network-layer infrastructure. Hence, in terms of John Chuang’s taxonomy of scalable services [5], the Delaunay triangulation overlay network trades off economy-ofscale for increased scalability. The remaining sections are organized as follows. In Section II, we define Delaunay triangulations and Delaunay triangulation overlay networks. In Section III, we compare Delaunay triangulation overlay networks with other proposed overlay network topologies. In Section IV, we describe the DT protocol. In Section V, we present measurement experiments that evaluate the performance of our implementation of the DT protocol. In Section VI, we present brief conclusions. II. DELAUNAY TRIANGULATION AS OVERLAY NETWORK TOPOLOGY
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A Delaunay triangulation for a set of vertices is a triangulation graph with the defining property that for each circumscribing circle of a triangle formed by three vertices in , no vertex of is in the interior of the circle. In Fig. 1, we show a Delaunay triangulation and the circumscribing circles of some of its triangles. Delaunay triangulations have been studied extensively in computational geometry [7] and have been applied in many areas of science and engineering, including communication networks, e.g., [1], [10], [14], [18], [23].



Fig. 1.
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Delaunay triangulation.



A. Delaunay Triangulation Overlay Network In order to establish a Delaunay triangulation overlay, each application, henceforth called “node,” is associated with a coordinates. The coordivertex in the plane with given nates are assigned via some external mechanisms (e.g., GPS or user input) and can be selected to reflect the geographical locations of nodes. Two nodes have a logical link in the overlay network, i.e., are neighbors, if their corresponding vertices are connected by an edge in the Delaunay triangulation that consists of all vertices associated with the nodes of the overlay. The Delaunay triangulation has several properties that make it attractive as an overlay topology for application-layer multicast. First, Delaunay triangulations generally have a set of alternate nonoverlapping routes between any pair of vertices. The existence of such alternate paths can be exploited by an application-layer overlay when nodes fail. Second, the number of edges at a vertex in a Delaunay triangulation is generally small. The average number of edges at each vertex is less than six. Even though, in the worst-case, the number of edges at a vertex is 1, the maximum number of edges is usually small.1 Third, once the topology is established, packet forwarding information is encoded in the coordinates of a node, without the need for a routing protocol. Finally, the Delaunay triangulation can be established and maintained in a distributed fashion. We elaborate on the last two properties in the next subsections. B. Compass Routing Multicast and unicast forwarding in the Delaunay triangulation is done along the edges of a spanning tree that is embedded in the Delaunay triangulation overlay, and that has the sender as the root of the tree. In the Delaunay triangulation, each node can locally determine its child nodes with respect to a given tree, using its own coordinates, the coordinates of its neighbors, and the coordinates of the sender. Local forwarding decisions at nodes are done using compass routing [17]. The basic building block of compass routing is that a node , for a root node , computes a node as the parent in the tree, if is the neighbor with the smallest angle to . This is illustrated in Fig. 2. Compass routing in general planar graphs 1The worst case is created when vertex is in the center of the circle.
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Fig. 2. Compass routing. Node has two neighbors, as the parent in the tree with root , since the angle than the angle = 30 .
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Fig. 5. Locally equiangular property for a node and its neighbors. Node can enforce the equiangular property for all quadrilaterals formed by and can determine that the locally its neighbors , , , , , and . Here, equiangular property is violated for triangles and . Thus, the edge should be replaced by an edge .
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