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Abstract

In general, a server-client (S/C hereafter) type of network topology may be em-
ployed in the Distributed Virtual Environment (DVE hereafter) such as Second Life.
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 hereafter)
network topologies are available for designing DVEs. P2P-type DVE can decen-
tralize computing load of a server and decrease latency of turnarounds since each
peer communicates directly with all of the other nodes. However, synchronization
between nodes is not easy because such a network has no server for synchronization
management. This issue is the so-called consistency-throughput trade-offs.

In this thesis, the author studied the most effective design strategy for real-time
type DVE that maintains high quality of consistency and throughput. The topology
of DVE is divided into S/C type and P2P type. Moreover, these DVE models
are classified by existence of synchronizer of virtual space considering role of each
terminal. In this research, the model where virtual space synchronizer exists is
called Lockstep type. The other type is called Non-Lockstep type. Consequently,
DVE models are classified to Lockstep type S/C, Non-Lockstep type S/C, Lockstep
type P2P, and Non-Lockstep type P2P. Then, update interval depends on network
latency and communication frequency in two kind of Lockstep type. Therefore,
Lockstep type is difficult to be employed in real-time type DVE. In this thesis, the
author studied feasibility for real-time type DVE from a perspective of consistency
and throughput.

First, Non-Lockstep type P2P was discussed. In this model, while the information
about a local avatar (virtual player in the DVE) can be quickly available at a local
host, 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. Thus, the author proposed
a way to improve consistency to maintain the shared object without sacrificing



v

throughput. Concretely, a priority field to control shared object is allocated to each
avatar. Moreover, the author proposed the method to avoid absolutely inconsistent
phenomena about shared object between peers. As an example of the application, a
real-time networked doubles air-hockey was implemented for evaluation of validity
of proposed method.

Secondly, as an example of the representative of Non-Lockstep type S/C, the au-
thor focused on the current Web Ajax (Asynchronous JavaScript + XML) system,
the most widely used infrastructure of this type, and proposed a strategy for de-
signing real-time Web games. When a game is actualized on the Web, users can
easily play it through a browser, and this tends to lead to growth in the number of
users. On the other hand, if HTTP is used to transmit the data, the transmission
will not be limited by a firewall. Here, client side prediction by using Ajax can be
used in real-time Web games to overcome the limitations of HT'TP communication.
As a result, proposed concept can be extended to various types of real-time Web
interactive application.

Finally, this thesis studied feasibility for real-time type DVE from a perspective
of consistency and throughput. As a result, in Non-Lockstep type DVE, the author
proposed real-time exclusive control about shared object for the first time in the
world. Moreover, it was confirmed that feasibility for real-time type DVE and its
topology were irrelevant. Therefore, this research will contribute to the method of
designing real-time type DVE in the future.
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—— Tuning Method

- -% - Count Down Protocol (without priority method)
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9 . 4

“name” : “name of the avatar (= ID)”,
“Px “: x component of the position,
“Py” : y component of the position,
“Pz” : z component of the position,

“t” :current time }

a Sampling data format

9 . G

“name” : “name of the avatar (= ID)”,
“Px” : x component of the position,
“Py” : y component of the position,
“Pz” : z component of the position,
“Vx” ' x component of the velocity,
“Vy” 1 y component of the velocity,
“Vz” : z component of the velocity,
“Ax” : x component of the acceleration,
“Ay” : y component of the acceleration,
“Az” : z component of the acceleration,

“t” :current time }

b Transmitted data format
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