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A Synchronization Mechanism
for the Virtual World Database System: VWDB2

CHIEMI WATANABE and YOSHIFUMI MASUNAGATt

In this paper, the VWDB2, a network virtual reality system with a database function, is
investigated particularly from the cooperative work support point of view. In order to realize
the database function in the VWDB2, a set of virtual reality systems are system-integrated
with a single back-end database system. A novel transaction model is introduced where three
types of transactions are introduced, namely primitive transactions, group transactions, and
continuous transactions. In the shared work environment provided by the VWDB2, more
than one worker may issue continuous transactions concurrently. In that case, some ab-
normal phenomena are observed mainly due to the inconsistency of database states among
virtual reality front-end systems. In order to resolve these phenomena, the neighboring ghost
objects are introduced. The ghost objects are effective at eliminating the above difficulties.
Based on the neighboring ghost objects, a novel synchronization model is implemented on the
VWDB2 to realize a shared work environment. To verify the effectiveness of our approach,
some experiments are done by using a new game named the block composition game created
for this purpose. It is shown that the approach proposed in this paper ensures both high
reliability and high synchronism which are known as the essential features for realizing an
efficient shared work environment.
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Fig.1 System architecture of the VWDB2.
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Fig.2 Update synchronization of the VWDB2 clients by
multi-cast.
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Fig.6 Explanation of phenomenon 2.
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Fig.9 Neighboring ghost objects and P2P connections.
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Table 2 Score by 20 players for each trial.

Ghostobject gooo ooooo
oooo 1000 | 3000 | 5000 | 8000 | 1000 | 3000 | 5000 | 8000
(ms)
a(TeamA)
b(TeamA)
¢(TeamB)
d(TeamB)
e(TeamC)
f(TeamC)
g(TeamD)
h(TeamD)
i(TeamE)
j(TeamE)
k(TeamF)
1(TeamF)
m(TeamG)
n(TeamG)
o(TeamH)
p(TeamH)
q(TeamF)
r(TeamI)
s(TeamI)
t(TeamJ)
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Table 3 Time required to finish game for each trial.

Ghost object gooo oooog
ooog 1000 | 3000 | 5000 | 8000 | 1000 | 3000 | 5000 | 8000
(ms)

TeamA 12 | 106 | 120 | 120 | 166 | 140 | 180 | 180
TeamB 150 | 147 | 120 | 115 | 157 | 177 | 165 | 165
TeamC 160 | 156 | 161 | 220 | 154 | 155 | 140 | 168
TeamD 119 | 115 | 103 | 140 | 94 | 116 | 120 | 140
TeamE 110 | 113 | 98 | 152 | 108 | 110 | 160 | 189
TeamF 133 | 122 | 100 | 128 | 98 | 110 | 116 | 120
TeamG 113 | 122 | 82 | 110 | 106 | 120 | 126 | 150
TeamH 129 | 110 | 106 | 190 | 110 | 128 | 209 | 189
Teaml 112 | 100 | 94 | 120 | 101 | 120 | 160 | 160
TeamJ 148 | 132 | 125 | 189 | 113 | 213 | 204 | 220
oo 123.4 [113.4[101.1|147.0|104.3 | 131.0|156.4 | 171.0
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Fig.12 State of virtual world on clientA, clientB and
server when the game was finished (without us-
ing neighboring ghost objects).
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Fig. 13 State of virtual world on clientA, clientB and
back-end database when the game was finished
(using neighboring ghost objects).
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Table 4 Average of distance which user q and user r move
object between two sub-transactions, and par-
centage when the distance exceeds 2.0 m.

0000 (ms) 1,000 | 3,000 | 5,000 | 8,000
user | 000000 (m) | 048 | 1.75 | 2.12 | 5.4
q |2m00000 (%) | 96.9 | 73.7 | 49.9 | 39.6
user | 000000 (m) | 0.36 | 1.09 | 1.16 | 5.2
r | 2m00000 (%) | 100.0 | 79.4 | 64.4 | 36.8
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