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Abstract

Recently, the market for real-time interactive application via the Internet such as
online multi-player game expands widely; this is the result of a rapid increase of users
due to the rapid growth of the Internet. Accordingly, the problem of network latency
has been remarkable in applications with a requirement of high interactivity such as
the action game and real-time sports game. In general, a client-server type of
architecture may be employed in the Distributed Virtual Environment (DVE).

Although this type of DVE that offers the advantage of consistent states of objects in
a virtual space, its drawbacks are well known; e.g., server overload and reduction of
system throughputs. On the other hand, various peer-to-peer (P2P) architectures are
available for designing DVEs. Using P2P-type DVE can decentralize computing load of
a server and decrease latency of turnarounds since each peer communicates directly
with all of the other nodes in the network except itself. However, synchronization
between nodes is not easily available because such a network has no server for
synchronization management, as does a client-server network. This issue is the
so-called consistency-throughput trade-offs. That is, while the information about a local
avatar (virtual player in the DVE) can be quickly available at a local host in a P2P
network, a remote avatar’s information cannot be simultaneously displayed because of
latency. Consequently, shared objects cannot be controlled jointly by all the users
because of the temporal difference between the local and the remote avatars in terms of
their status in reference to each other.

This thesis studies the way to improve consistency of states in a ball-game typed
DVE with lag, in P2P architecture. The author is also studying how to control shared
objects in real-time in a server-less network architecture. Specifically, a priority field
called Allocated Topographical Zone (AtoZ) is used in for P2P typed DVE. In a critical
case (inconsistent phenomena), a stricter ownership determination algorithm, called
dead zone is introduced. In this thesis, AtoZ is extended for multi-player. Moreover, the
author proposes the method to avoid absolutely critical cases for P2P multi-player
virtual ball game. By using proposed method, a robust and effective scheme is achieved
for a virtual ball game. As an example of the application, a real-time networked doubles
air-hockey is implemented for evaluation of validity of proposed method.

As a result, avoidance of the critical cases has been confirmed. Therefore, consistency
of the ownership of the shared objects as our priority issue was achieved. Our future
works include the simultaneous control of the shared objects by several avatars, study
on the applicable situation of AtoZ, survey of the problem for the practical use of the
model on the Internet.



