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Abstract

Distributed virtual environments impose a heavy load on the network upon which they reside.
Bandwidth is a potential bottleneck because # users imply O(nQ) update messages per time unit,

which is prohibitive for a large number of users. Efficient message filtering is called for, in both
centralized systems, having a central server, and decentralized systems, having no central server. We
solve the message filtering problem for decentralized multi-user systems based on geometric virtual
worlds, popular in interactive 3D graphics applications. This is achieved by exploiting the visual
relevance relationship (based on proximity, visibility and direction criteria) between pairs of users to
compute mutually irrelevant regions in user parameter space. These regions are then used as update-free
regions (UFR’s); i.e. no communication between users is required while they are in their respective
regions. Geometric algorithms for computing UFR’s for the proximity, visibility and direction relevance
criteria are described. Our implementation and experimental results show that the message filtering
algorithm is output-sensitive. Use of our algorithms is especially effective where messages are sent
through a slow communication network, such as the Internet.
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1. Introduction

Distributed multi-user systems, where many agents roam within a virtual
environment, have recently gained popularity. Two major technical advances drive
this trend: computer graphics and computer networks. With the advent of the Internet
and the virtual reality modeling language (VRML) [1], 3D shared environments are a
reality. Commercial VRML-based examples are Blaxxun’s Community Server [2] and
Sony’s Community Place [3].

Distributed environments can be implemented on two kinds of system architectures:
centralized or decentralized. Centralized systems are typically based on a server (or
servers) connected to a large number of clients. All information sent between clients
passes through the server. Despite its simplicity, the client-server architecture has
serious drawbacks. The first is latency: using an intermediate relay between two
clients can cause significant communication delays (consider two clients located in the
same city and the server in another continent). The second is scalability: handling the
multitude of messages generated by a large number of clients can seriously overload
any single server machine. O(n*) messages per time unit must flow through the server

(between all pairs of clients) to keep # clients up-to-date. To make this manageable,
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the server must reduce the number of outgoing update messages by employing
message filtering techniques (e.g. the RTIME “Intelligent message filtering”
technology [4]). The third drawback is the vulnerability of the system to server
failures, which may paralyze the entire system. Because of these drawbacks, a
decentralized implementation is to be preferred.

In decentralized systems, or so-called point-to-point systems (e.g. Earnshaw et al’s
VRMUD environment [5]), communication between clients is done directly. This
minimizes latency. However, the scalability problem remains, since requiring that all
clients have an up-to-date knowledge of the states of other clients implies that each of
n clients will receive n-1 messages per time unit. Here too, message filtering
techniques are required to reduce the load to the bare minimum. This is potentially
possible since not every message from every client is relevant to every other client.
Examples of relevance relations are proximity (“is B too far from A for A to care
about ?”), direction (“is A looking at B ?”") and visibility (“is B visible to A ?”*). The
main question then becomes how can each client be sent only what it needs and not
much more than this.

Existing message filtering algorithms in distributed systems are suitable primarily for
the centralized model. The filtering is done relatively easily by the server which
constantly has an up-to-date knowledge about all the clients. In this system there is
one fully-updated entity, the server, and a collection of partly-updated entities, the
clients, who are guaranteed to have all relevant up-to-date data. In decentralized
systems, with no central server, message filtering is much more complicated. In these
systems, contradicting requirements are to be met: intelligent decisions are to be made
at each client, but yet no client is guaranteed to have full knowledge about the world.

The following example demonstrates why the decentralized message filtering
problem is difficult: Consider a simple environment consisting of two agents (clients)
A and B. Furthermore, assume that A and B cannot see each other (for example, they
are occluded from each other), namely, they are mutually irrelevant. In this situation B
should not update A (of its movements), because A has no use for these updates until
B becomes visible. However, for B to continue to make the correct decision whether
to update A, B must always know where A is, namely, A must always send messages
to B. The same holds for A: In order to decide correctly, B must always update A. The
result is a paradox: A and B must a/ways update each other in order to be able to
decide when not to update each other. For an example of an erroneous situation which
might arise if care is not exercised in these situations, see Fig.1.
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Figure 1: An erroneous situation arising in decentralized multi-user systems: (a) A and B are located on
opposite sides of an occluder. (b) A moves upwards, not updating B since A’s trajectory is invisible to B.
(c) B also moves upwards, not updating A, since B is invisible to A according the information B has about
A. The result is inconsistent: A and B think they do not see each other, even though they do.



Achieving absolute message filtering, i.e. sending only relevant updates, is probably
impossible, but it is possible to decrease the messages traveling in the network to
almost only the relevant ones. This paper shows how.

The general technique is as follows: if a pair of agents are irrelevant, it is possible to
compute two regions in their parameter space containing the agents' respective states,
such that as long as each agent is in its respective region — they remain irrelevant.
These regions are called update-free regions (UFR’s) (see Fig. 2). The protocol for
updates between each pair of agents will then be as follows: as long as each agent is
inside its UFR - updates need not be sent, and the agents are silent. When an agent
exits its UFR, a mutual update is required. From that time on - updates are transmitted
between the agents and relevance is tested for at every time step. As soon as the
agents become irrelevant again, new UFRs are computed, the agents fall silent, and
the process iterates. See Fig. 3 for an example. The key is to design the UFRs as
cleverly as possible, so as to maximize the time until each agent exits his respective
region. This will minimize the number of updates.
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Figure 2: Possible UFR’s for the example in Fig.1. As long as A and B do not exit their respective
UFR’s, no communication is required between them.


































