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Urbi et Orbi: Unusual Design and Implementation Choices for Distributed Virtual Environments Didier Verna Yoann Fabre Guillaume Pitel EPITA / LRDE, 14-16 rue Voltaire, 94276 Kremlin-Bicêtre cedex mailto:[email protected] http://www.lrde.epita.fr August 4, 2000 Abstract This paper describes Urbi et Orbi, a distributed virtual environment (DVE) project that is being conducted in the Research and Development Laboratory at Epita. Our ultimate goal is to provide support for large scale multi-user virtual worlds on end-user machines. The incremental development of this project led us to take unusual design and implementation decisions that we propose to relate in this paper. Firstly, a general overview of the project is given, along with the initial requirements we wanted to meet. Then, we go on with a description of the system’s architecture. Lastly, we describe and justify the unusual choices we have made in the project’s internals.
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Introduction



This paper describes Urbi et Orbi, a distributed virtual environment (DVE) project that is being conducted in the Research and Development Laboratory at Epita. Urbi et Orbi is a virtual environment system: it provides users with a virtual world in which they can interact with objects or other members. In addition, Urbi et Orbi is a distributed virtual environment system: the world description is spread over several computers connected via a network. Urbi et Orbi has been initially designed to be a large scale DVE: a potentially large number of participants could exist around the world, no-one having a complete control over the virtual world at any time. Because of this required scalability [1], there must not be other material requirements than a standard personal computer, with a connection to a local network or the Internet. This constraint brings up non trivial problems that the system must handle, in particular, to cope with network bandwidth and information propagation latency. This paper is structured as follows: firstly, a general overview of the project is given, along with the initial requirements we wanted to meet. Then, we go on with a description of the system’s architecture. Finally, we describe and justify the unusual choices we have made in the project’s internals.
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2 Initial requirements 2.1 High Level Scene Description An important characteristic of Urbi et Orbi is that contrary to many other DVE systems, we wanted to provide rich semantics and high-level descriptions of the world components: forests are composed of trees of which there are several types, objects such as a house has an inside and an outside etc. We also wanted to avoid the 3D bias: virtual worlds should be thought of as an abstract idea. Hence, thanks to a text terminal it should be possible for the user to walk around and interact with the world textually. With our approach, the world has enough semantics for a terminal to represent it faithfully, whatever its nature: textual, 3D rendering, etc. Currently, we have a textual terminal, which is actually a shell to the application kernel, allowing for textual action on the world components, and a 3D rendering engine that uses an OpenGL display. Another benefit of rich descriptions of scenes is that a lot of extra optimizations can be performed, for instance related to the distance. Imagine a forest far off on the horizon: there is no need to compute the graphic rendering of every single tree, since it will most probably result in a green spot. The traditional answer is level of details (LOD) generated by mesh simplification: objects present different LOD according to the distance from the observer. Here, using a richer semantics, such as the variety of the trees and some of their characteristics, we may provide different views, ranging from the green spot to the fully detailed rendering, through approximations based on functions depending upon the nature of the trees and their spatial disposition, etc. The nature of the flat green spot is very different from the fully detailed description of the forest. Our “levels of details” not only imply a quantitative change of the semantics of the objects, but also a qualitative change. And again, since the observer may not have a 3D rendering engine, the type of the object, here “forest”, can be used to deduce the fact we don’t need to request further details. In addition to the nature of the objects of the world, we also need relations between them. Of course, we need relations such as “is on” or “is adjacent to” but we also need non-spatial relations such as “is composed of” or “activates”. We are therefore naturally led to the notion of conceptual graphs. Figure 1 illustrates a partial view of the world’s state: there are two geometrical cells, i.e. regions or zones of the world, a tree decorating cell 2 and an avatar somewhere in this cell. Yet in this simple example, there are three different relations involved: the link between the two cells stating that we may reach one from the other, the oriented edge “is localized on” specifying the presence of the avatar on a cell, and finally “decorates” which is similar to the previous relation but slightly different: “decorates” gives the additional information that the



Figure 2: A landscape from Urbi et Orbi



tree is unessential and can be passed over at first approximation (for instance because some more urgent updates need to be performed). Please note that this approach is fully compatible with current solutions to reduce the volume of information flow: a hierarchical description of the world as proposed by Sugano et al. [16] and/or an aura management as proposed by Hagsand and Stenius [6] or by Hesina and Schmalstieg [8]. The nature of the data can depend on the scale on which the graph is consulted; the world must be also represented by a multi-scale graph.



2.2



Full Distribution



A specific feature of Urbi et Orbi, with regard to most other frameworks, is that each host which participates in the world is both a “server’ and a “client” [10, 1, 16]. Therefore, all the computers run the same application which combines both server (propagating the information) and client tasks (rendering and interaction). This approach is similar to the ones of Frécon and Stenius [4] in Dive, and of Greenhalgh and Benford [5] in MASSIVE. It contrasts with client-server architectures. As is the case for the world wide web, no single host knows the current state of the whole world, or even merely an outdated approximation: the knowledge is distributed across the machines, which only know the kingdom of their user, and the part of the world where their user are. This is so called “shared distributed data bases with peer-to-peer updates” according to [12]. Now, consider a scene with a windmill whose arms are rotating, as in figure 2. One can imagine at least two ways of publishing this information: Distribution. The “owner” of the windmill sends frequent updates of the position of the arms to its observers. Replication. Several windmills are actually “created”, one per host. The implementation of the windmill is run on each machine. The distributed approach is very adapted for avatars: because their behavior is unpredictable and there can be only one command center, the person who commands the avatar. Conversely, the windmill motion is fully predictable, and frequent updates of its position would waste the bandwidth. Here, the replication is a natural solution.



2.3 Group Communication In order to reduce the amount of network communication, we have preferred, like Tramberend [17], group communication to unicast and broadcast solutions. We excluded Unicast because each time a machine needs to publish an update, it would have to send one message per connected host: destinations accumulate. We excluded Broadcast, since each time a machine publishes an update, all the machines would have to process the message, and maybe discard it, which results in useless additional work: sources accumulate. Group communication is a way of implementing the notion of aura in DVEs, and allows us to define various groups equipped with different quality of service. Group communication has several benefits [17]. Firstly, it allows the deployment of several groups with the same members but with different protocols, hence various qualities of service. The possibility to choose the protocol is a means to control the load imposed on the network: urgent messages which must be delivered safely obtain most of the bandwith, while messages of little importance may be delayed or even lost. The notion of group also helps in the design of the virtual world, since they constrain the programmer to structure its description and to partition it properly. When a user enters the world, she first joins a spatial group and some other user within this group is elected to inform the newcomer of the current state of the world, more specifically, of the current state of the view which is pertinent to the newcomer. An economic consistency of the knowledge is obtained thanks to different policies on the distribution of the messages. For instance, elections are made with an extreme care, some actions require a causal ordering, and finally some unimportant tasks are just multicast with almost no quality of service. Furthermore, the possibility of choosing different qualities of service is a means to control the load imposed on the network: urgent messages which must be delivered safely obtain most of the bandwidth at a given time, while messages of little importance may be delayed or even lost.



3 3.1



Software Architecture The Goal Language



Our requirements pertaining to the structure of the information and to the distribution system drove us to design Urbi et Orbi as a language-oriented system. The additional requirement that world management must be programmer-friendly naturally led to the concept of a scripting language. Several options were available, most prominently Java. However, because no language offered all the facilities we wanted to implement for a DVE, we decided to build our own language: Goal. Goal is the vehicular language used throughout the project. “High level” Goal is used between the user and the environment to describe and modify the world, whereas “low level” Goal is exchanged between the machines through the network and between the different modules which constitute the user application. Since one of the main purposes of Goal is to offer an abstraction of the network to the programmer, its runtime naturally resembles a miniature OS kernel. Goal has several features that are worth mentioning: Strong Typing. When Goal instructions are introduced in the environment, the Goal interpreter checks for errors before executing them and modifying the environment. The strong typing policy is a fundamental help in developing the complex features of the project, leading to safer code.



Figure 3: Code sample. // file windmill.goal @mill_shape = New Shape; @mill_shape 
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