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CHAPTER 1
HyperCast 2.0 Overview

1.10VERLAY TOPOLOGIESIN HYPERCAST

The HyperCast software builds and maintains logical overlay networks between
applications on the Internet. HyperCast provides support for data transmission between
applications in the overlay. Applications self-organize into a logical overlay network,
and transfer data along the edges of the overlay network using unicast transport
services. Each application communicates only with its neighbors in the overlay
network. Using the overlay, services for one-to-many transmissions ("multicast") and
many-to-one transmissions ("incast") are relatively smple to provide.

Figure1.1. An overlay network in the Internet is avirtual
network that isimplemented on top of a network of routers and
links. Each logical link of the virtual network consists of a
compl ete end-to-end unicast route. Nodes in the overlay
network can be hosts, routers, servers, or applications.

HyperCast builds topologies that are graphs with well-known properties. Therefore, it is
feasible to make statements about worst-case properties of the overlay networks built by
HyperCast. Currently, HyperCast can build two types of overlay network topologies,
logical hypercubes and logical Delaunay triangulations. An important property of
HyperCast overlay topologies is that, once the overlay networks are established, packet
forwarding in the overlay networks can be performed without the need for a routing
protocol.

University of Virginia HyperCast 2.0
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1.1.1 Hypercubes

The logical hypercube overlay network topology
organizes the applications into a logica n-
dimensional hypercube. Each node is identified by a
label (e.g., "010"), which indicates the position of the
node in the logical hypercube.

One advantage of using a hypercube is that each node
has at most log(N) neighbors, where N is the total
number of nodes. Also, the longest route in the
hypercube is log(N). One disadvantage of
hypercubes is that they completely ignore the
physical network infrastructure. Another disadvantage . _ _
is that the hypercube construction must be done Figure 1.2. A 3 dimensional
sequentially, i.e., one node at a time. Therefore, for hypercube.

large groups, it can take a long time before the

overlay network is built. Also, the departure of a single node may require substantial
changes to the overlay topology.

We refer to [HCOverlay] for a detailed description of a protocol that builds hypercube
topologies. The protocol has been tested with up to 10,000 nodes running on up t0100
hosts (see [BEAM99] and [LORINO1]).

1.1.2 Ddaunay Triangulation

A Delaunay triangulation is a special type of
triangulation. Its main characteristic is that for
each circumscribing circle of a triangle formed
by three nodes, no other node of the graph isin
the interior of the circle. Each node in a
Delaunay triangulation has (x,y) coordinates
which depict a point in the plane. In Figure 1.3,
we show a Delaunay triangulation of five nodes
and the circumscribing circles of some of its
triangles.

An advantage of the Delaunay triangulation Figure 1.3. Delaunay triangulation.
overlay network topology is that it can be

constructed in a distributed fashion. Therefore, Delaunay triangulations can be built
very quickly. Ina Delaunay triangulation, each node has, on the average, six neighbors.
In the worst-case, the number of neighbors of a node is N-1, where N is the total
number of nodes.

If the coordinates of a node in the Delaunay triangulation reflect the node's
geographical location, then nodes in the overlay network are likely to be neighbors if
their geographical location is close. However, Delaunay triangulations are not aware of
the layer-3 network infrastructure.

University of Virginia HyperCast 2.0
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A protocol that builds a Delaunay triangulation overlay network is described in
[HCOverlay]. The Delaunay triangulation topology has been tested with up to 10,000
running on up to 100 computers (see [LIEBEO1b]).

1.2EVALUATION CRITERIA FOR OVERLAY TOPOLOGIES

There are severa criteria to evaluate an overlay network topology. We discuss how the
hypercubes and logical Delaunay triangulations perform for some important criteria

* Need for global information: The scalability of an overlay network, in terms of
the achievable size of the overlay network, is limited if the state information at a
node grows fast with the number of nodes in the overlay network. In both
HyperCast topologies, the state information at each node is limited (with the
exception of worst-case scenarios in the Delaunay triangulation).

« Effort to build and maintain the overlay topology: |deally, the number of
computations performed after a node joins or leaves the overlay network should
be constant. The hypercube satisfies this for adding nodes to the overlay
network, but not for removing them. The Delaunay triangulation satisfies this
for both the average case of adding nodes and the average case of removing
them.

* Need for a routing protocol in the overlay: For data forwarding in an overlay
network, nodes generally maintain a routing table which determines the next-
hop for the data towards its destination or destinations. Most existing overlay
network approaches require the nodes to run a shortest path algorithm in order
to establish the routing tables. In contrast, hypercubes and Deaunay
triangulations can use the logical addresses of nodes (binary strings or
coordinates) to determine next hop routing information. This eliminates the
need for routing protocols.

* Match of the overlay network to the Internet topology: Data forwarding in
overlay networks is done at the application level. Therefore, data may traverse
the IP network several times before it reaches its destination or destinations.
This may result in inefficient use of network capacity and increased delays
compared to transmission at the IP layer. These disadvantages, which are shared
to some degree by all overlay network topologies, are least pronounced if the
overlay network is constructed with respect to the of the underlying Internet
topology. Since the overlay topologies of HyperCast are constructed without
awareness of the Internet topology, the overlay networks may not be good
matches for the underlying Internet topology.

1.3 DATA TRANSPORT

Data is exchanged in the overlay network as formatted messages. Data transmission
between two members of an overlay network can be done with either UDP or with TCP.
An application selects a specific overlay topology and a specific protocol for data
trangport when it instantiates an overlay socket.

In HyperCast, all data is transmitted along trees that are embedded in the overlay
network topology. For each member of an overlay network, there is an embedded
spanning tree in the overlay network with that member as the root of the tree. Given
the root of an embedded tree, each member of an overlay network can locally determine

University of Virginia HyperCast 2.0
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its children and parent with respect to that tree. Each member forwards data to its
children or parent in an embedded tree with respect to a specific node.

Hence, an important requirement for HyperCast overlay topologies is that, given the
root of an embedded tree, each member of an overlay network can locally determine its
children and parent with respect to that tree. The node forwards data either to its
children or to its parent.

Multicast transmission in an overlay network is transmitted in the embedded tree that
has the multicast sender as root (see Figure 1.4(a)). If an overlay member receives a
multicast message, it passes the message to the application and forwards the message to
all of itschild nodes in the embedded tree.

Unicast transmission is performed by sending data upstream in an embedded tree. A
unicast message is forwarded to the parent in the embedded tree that has the destination
asthe root (see Figure 1.4(b)).

Root Root
(sender) (receiver
(a) Multicast (b) Unicast

Figure 1.4. Data forwarding in overlay networks. Data is forwarded aong trees that are
embedded in overlay networks. For each member of the overlay, there is an embedded tree with
this member at theroot.

1.4OVERLAY SOCKETS

The HyperCast software is built around the notion of an overlay socket (OL Socket).
An overlay socket is an endpoint for communication in an overlay network. An overlay
socket provides application programs an interface for communications over a logical
overlay topology. The application programming interface (API) of an OL Socket offers
applications the ability to

* join and leave existing overlays,
* send datato all or asubset of the members of the overlay network; and
* receive datafrom the overlay.

University of Virginia HyperCast 2.0
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The HyperCast software is structured around components which are either part of an
overlay socket or that interact with an overlay socket. The main components of an
OL_Socket, asillustrated in Figure 1.5, are:

Overlay Node (OL Node): The overlay node implements the protocol that
establishes the overlay network topology. Currently, two overlay network
topologies are supported: a logical hypercube, and a logical Delaunay
triangulation. The overlay node isthe only component of an overlay socket that
isaware of the overlay topology.

Statistics Interface

Overlay Socket Interface

OLSocket  Application E Application
Transmit | Receive
Buffer | — Buffer

Overlay Node ‘ ?

Interface <

Forwarding Engine <¢—| Message Store
Overlay Node

!

Adapter Interface Adapter Interface

Node Adapter Socket Adapter

4}

Messages of —
Application
the Overlay
Messages
Protocol

Figure 1.5. Components and interfaces of an overlay socket.

Forwarding Engine: The forwarding engine is responsible for sending,
receiving, and forwarding messages in the overlay network. The forwarding
engine communicates with the overlay node to obtain next hop routing
information for messages.

Application Transmit Buffer and Application Receive Buffer: The
application transmit buffer contains untransmitted messages which are buffered
due to rate control or congestion control constraints. The application receive
buffer contains messages which are received but have not yet been read by the
application. If the receive operation uses upcals, there is no need for application
receive buffers.

Message Store: The message store is a repository of transmitted messages. It
buffers messages and maintains state information about them. The message
store ads in providing services with various reliability semantics,
synchronization, and other features.

University of Virginia HyperCast 2.0
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Statistics: Each component of an overlay socket supports an interface for
monitoring and managing its properties. The interface for accessing statistics is
similar for al components.

Adapters: Messages in the overlay can be transmitted over different transport
protocols, UDP or TCP. The adapters provide the interfaces for a specific
transport protocol. Each overlay socket has two adaptors. The node adapter is
the network interface for the overlay node; the socket adapter is the network
interface for application data.

The following components are external to an overlay socket, but interact closely with it.

Overlay Manager: The overlay manager is responsible for creating and
managing identifiers and properties for an overlay network. Each overlay
network has a unique identifier, the overlay identifier (overlay ID).

Remote Control and Monitoring: The statistics interfaces of the overlay
socket provide access to the value and status of the components in the sockets.
The remote control and monitoring components provide utilities for accessing
this data through the statistics interfaces.

1L.5WRITING PROGRAMSWITH HYPERCAST

Programming with overlay socket is smilar to network programming with a socket-
style API. Below is a simple example which uses some of the HyperCast overlay
socket application programming interface. Details of the application programming
interface can be found [HCProgram).

/| Gener ate the configurati on object

Over | ayManager om = new Overl ayManager (propertyfil enane);
Over |l aySocket Config config = null;

String overlayl D = om get Defaul t Property("Overlayl D");

if (overlaylD == null || overlaylD.equals("") ||

I'gm doesOver | ayExi st (overl ayl D))
config = omcreateQverl ay(overlayl D);

if (config== null)

config = om get Overl aySocket Confi g(overl ayl D);

//create an overlay socket
COL_Socket socket = config.createOverlaySocket (call back);

//Join an overl ay
socket . j oi nGroup():

// Create a nessage
COL_Message nmsg = socket.createMessage(byte[] data, int |length);

/] Send the nessage to all menbers in overlay network
socket . sendToAl | (nsQ);

/| Recei ve a message fromthe socket
COL_Message msg = socket.receive();

/| Extract the payl oad
byte[] data = nsg. get Payl oad();

University of Virginia HyperCast 2.0
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The important calls are highlighted in bold face. Before creating an overlay socket, the
application program creates an object for the management and configuration of the
overlay network. The configuration object reads configuration parameters from afile.

Then the overlay socket is created and initialized with the configuration object. Once
the overlay socket is created it can join the overlay network. A multicast message to all
members of the overlay network is accomplished with the "sendToAll" method. The
"receive" method is used for recelving data.
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