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Personal Systems Laboratories, Fujitsu Laboratories Ltd, 64 Nishiwaki,
Ohokubo-Cho, Akashi 674-8555, Japan

Received 17 March 1998

Abstract. This paper describes our proposal for a new virtual community
architecture that employs a technique for dividing and managing virtual space, a
message-model, and a space-sharing technique. We also describe certain
concepts that can be used to apply our architecture to PCs and modems: the
pack-delivery method for messages, and an asynchronized-rendering method.
Finally, we review the results of our experimental service: ‘CyberCity96’.

1. Introduction In relation to this, we considered three technical points.
—Simultaneity means that changes of status of each

In this paper, we describe an architecture designed client-terminal are synchronized.

for virtual communities [1-3] in three-dimensional (3D) —Scalability means that the network load does not

spaces. Our goal was to develop a flexible and generalizedincrease with the number of users.

communication system by combining two characteristics: —Consistency indicates the same virtual world exists

the variety of sites in the world-wide web (WWW) and i each client-terminal.

the ability of near real-time communication, such as that In this paper, we propose a new architecture that

exemplified in chat rooms. , , includes a technique for dividing and managing virtual
Distributed virtual environment (DVE) is a typical gpa0e a4 message-model, and a space-sharing technique.

technology employed for realizing virtual communities. \ye 5150 explain certain concepts that can be used to apply

DVE has to address more Serious problems, _S_UCh as thet)ur architecture to PCs and modems: the pack-delivery

Cf)erI qf networ_k traffic, latency, and reliability, than method for messages, and an asynchronized-rendering

simple virtual reality systems do _[4_7]' method. Finally, we describe the result of our experimental
The control of network traffic does not depend on service ‘CyberCity96’

the load on the user’s terminal or on the central server We refer to our broposed architecture as ‘AGORA’

system, but on the amount of messages. A trade-off . ) L . L )
- X . . : which means ‘market’ or ‘public place’ in ancient Greek.
relationship exists between improving the latency and

preserving the reliability of networks. Recently, various
prototypes have been developed to solve this problem
by using such techniques as IP-multicast or point-to-point 2. Architecture
communications [8, 9].

These problems must be solved by a combination 2.1. Construction model
of techniques, and the solution must consider the real
environment of the network or utility purpose. We set the
following technical goals in our approach to this problem.

—The ability for the general public to communicate
freely in DVE systems.

AGORA was constructed as a server—client model,
which provides the benefits of security and collective
management. The server that manages communities, a
client that can browse communication channels, and the
—To provide DVE system support via PCs, modems, communication protocol petween the server and the cli_ent,
and telephone-lines in the home. are called the ‘community server’ (CS), the ‘community

—To achieve a balance between the functions used for Prowser’ (CB), and the ‘community protocol’ (COMMP),

creating communities and dispersing the network load. ~ respectively. The database for the community spaces
_ ) _ resides not only on the CS and WWW, but with each client,

t E—ma!: aggress: hzradagc?at?.ffq!;ts“-CO;Jp if necessary. However, only the server can maintain the

I E-mall aqaress: nkawal ap.fujitsu.co.jp . .

§ E-mail address: iwakawa@Mab.fujitsu.co.jp consistency (_)f the dgt_a. In other words, AGORA is a DVE

| E-mail address: kmatsui@flab.fujitsu.co.jp system that is classified as a shared, centralized database

€ E-mail address: ohno@flab.fujitsu.co.jp system. Figure 1 shows the display of a user terminal.

0967-1846/98/030101+06%$19.50 (© 1998 The British Computer Society, The Institution of Electrical Engineers and IOP Publishing Ltd 101



H Harada et al

Community’s URL Avatar image Buttons for
communication mode

File Fdit MNavigateilf Bookmarks Option  Conversationg Conversation  Help
matsui = .
Avatar Y
i Logtun 55}5' = @ﬁg
[ nkawa ]: ZAWEE>ALL [+]
* [ nkawa ]: ZANEWE T
| matsui 1: ZAMCEE. nkava F A |
[ nkawa 1: SR E e TF -
[ mateui ]2 £5TFHRx.
[ matsui ]: WAL
[+
E Kﬂ ':i:' "E" IE' [ |[Bend]
avatar nkawa 20 N\
\ Y / \
. Avatar
Buttons for walking
3D Window Chat Window

Figure 1. Example of CB screen.
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Figure 2. lllustration of region and message model.

Table 1. Message types.

REQUEST Request from CB to CS
CS replies to CB

REPLY Reply from CS to CB

NOTIFY Notifies a special CB

NOTIFY_ALL Notifies all CBs in a region

NOTIFY_NEIGHBOURS Notifies all CBs in a region
(CS does not notify the
requested CB.)

2.2. Message model

CS. Therefore, the CS does not always swallow messages
from CBs and data in CBs. For example, the CS does not
guery a CB on its information. A CB sends a REQUEST or
NOTIFY message to the CS when hoping to change some
attributed values in the database. After the CS receives the
request, it changes the attributed values and notifies all CBs
of the change. If a CB has changes for a client’s attributes,
an illegal change cannot spread to the other clients. The
CS manages all information regarding users and therefore
confirms all queries from all CBs.

3. Space-sharing techniques

In a virtual community, it must be possible for everybody
to obtain any object as a subject for communication, and
for everybody to be able to manipulate the object and see
it in real time. In other words, objects and time both need
to share virtual space. This concept of consistency and
synchronization between clients is called ‘space sharing’.
Space sharing denotes the notification of a phenomenon in
one virtual space to all clients immediately.

This technology is known as DVE, and there have been
several studies carried out in this area. However, most
of the proposed technology, such as IP-multicasting, is
inconvenient and has yet to be implemented in practical,
wide-spread network services.

The goal of AGORA is to provide a communications
technology for communities by sharing space on home-

Figure 2 depicts a message model between a CS and a CBcomputing equipment (PCs, modems, and telephone lines).

The types of messages are shown in table 1.

This section describes two techniques for solving the

A significant characteristic of AGORA’s message trade-off between convenience for the community and the

model is that the exchange of messages is enclosed withinnetwork load.
one small space called a ‘region’. In public communities, —A technique that divides communication space into
there is the danger of a CB sending illegal messages to thefixed sizes.
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Space-sharing architecture for a three-dimensional virtual community

—Using an ‘interactive VRML server’ to maintain the Object-Managing

communication space. Server (I-VRML)
T—

3.1. Region 8

‘Aura’ or distance filtering, is a famous technique for (1) Event

managing virtual space [10]. Employing this idea, Barrus — pnqify (5) Bvent broad, ting
et al have proposed the use of combinations of small areas ~/ Mftp.— 4 ¥ Toa ¥
called ‘locales’ [11]. B N 7 ¢cB \3}5 V-

This idea is effective enough to prevent network traffic ( Script 4 (\ Script
from rapidly increasing in a wide virtual space. Conversely, w

the combining of auras in the aura technique may add

overhead processes, and the size of auras in crowded spacesFigure 3. Space sharing by the object-managing server.

may not be determined properly. It requires a strict control

of communications and traffic forecasts for point-to-point

communications between several clients. (3) The object-managing server initiates a process
We presume that the size of the area does not needcorresponding to the message that changes the status of

to be so wide in a virtual community, because the chance the space.

of meeting and the number of participants are both small. (4) The CS is then notified of the result of this process.
Thus, a community does not need a wide area controlled  (5) The CS broadcasts the message to all clients.
by an aura. AGORA applies the ‘region’ technique, which (6) The object-managing server presents a snapshot of

is a small static area of a fixed size instead of the dynamic the status to all clients.
aura technique. A region corresponds to a uniform resource  Figure 4 illustrates the details of the ‘interactive VRML
locator (URL) and is the smallest unit available for sharing server’ (I-VRML server) which is a type of object-
space and communications. A community space is divided managing server. The I[-VRML server manages shared
into several regions. space in the database in the form of VRML via external
A direct effect of the region concept is that it can controls. When a new CB in the community requests the
decrease the traffic in the community. When there Mre  http controller of the I-VRML server to get a snapshot of
people in a space speaking together simultaneously, thethe community, the I-VRML server translates the objects

order of messages iQ(N?). If a space divided intaW in the database into VRML form (the requested CB can
regions and persons can only speak within a region, the ‘GET’ the snapshot through http protocol).
order of messages becomegN/M = N) = O(N?/M). When a CB wants to present its own objects to the

It can reduce the network load by a suitable size of community, the CB can ‘PUT’ the objects into the I-
M. In addition, the region does not require a special VRML server directly through ftp protocol, after the CB
control technique and does not create any overhead. Thishas been certificated by the CS. The result of this process
simple region technique can be applied to home-computing is broadcasted by the CS to all the clients in the community.
environments. On the other hand, a self-directed script in the I-VRML
server can update the status of the virtual world in the same
manner, and send messages to all clients through the CS.

The following are some of the advantages of I-VRML
All users must be able to bring their own objects into the server architecture.

3.2. Interactive VRML server

virtual community. In addition, clients share the same —A newcomer CB can synchronize with the commu-
world after connecting to the community. Therefore, the nity via the snapshot.
community needs a function to register user’'s objects and  —lllegal registrations from a CB can be checked by the
a degree of consistency in the shared space. CS.

Lea et al proposed two concepts for space sharing: —It only takes a short time to synchronize all of the

‘simple shared script’ (SSS), a model, in which a selected CBs and the CS, because the CS can immediately broadcast
client manages the entire space, and ‘application object’ a message from the I-VRML server if the same script is
(AO) model, in which a selected client (AO) registers new being processed on the CBs and the I-VRML server.
objects in the space [4]. However, these concepts are —Even a general VRML browser that is not a CB client
insufficient in a public community, because the consistency can browse the snapshot of the community, because the I-
of the space cannot be assured and because public client¥ RML server can be accessed by http protocol.
cannot register their own objects in the public community. In the following, two aspects of the I-VRML server are
AGORA includes an ‘object-managing server’, which discussed.
manages all the status pertaining to the virtual space, as —Unrestricted registration of objects from each CB
shown in figure 3. to the shared space as shown in figure 3(7), leads to
(1) A CB which has changed status in the space sendspossible consistency conflicts because different objects
a message generalizing the event to the CS. registered from some CBs might occupy the same position
(2) The CS send this message to the object-managingsimultaneously. To avoid such cases, a management rule
server. for the shared space is necessary. We applied the simple
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Table 2. Effect of the pack-delivery method.
Avatars in

Case Regions Clients per region all the regions Load average
A 1 100 10 (and 90 ghosts) 0.8~ 0.4
B 10 10 100 1.0~04
C 100 1 100 0.5~0.3

rule ‘first come, first served’. The I-VRML server checks to the CS, the CS gathers and re-packs several
the respective position in the shared space whenever a CBpackages from CBs forg(s) in a new packaggVi(1),
requests to register an object, and permits registration onlyV1(2), ..., Vi(tg), ..., Vx(D), ..., Vy(tg)} and broadcasts
when there is no object at the respective position. AGORA it to all the CBs.
does not address complex conflicts between the objects, In this manner, the CS broadcag)$N) messages for
such as a case in which a CB requests to remove an object Aeachts(S).
(registered by this CB) under an object B that was registered =~ However, a delay (ne® s in thebest case(ts +t5) ()
by another CB. in the worst case, anttg + t5)/2(s) in the mean) occurs
—The http protocol for getting snapshots is not always before the package reaches a CB (not including the delay
advantageous for performance. On the other hand, it istransmission through the network). When the notice vectors
difficult to receive large quantities of VRML data smoothly include the positions of avatars, the rendering of each avatar
in any protocol. We selected the http protocol for snapshots can be compensated by the dead-reckoning method and
because of its ease of use and popularity. the linear interpolation in each CB. The avatar can walk
smoothly by the interpolation diV; (1), V;(2), ..., Vi(tg)}.
In practice, the interval times;, rg, are setto 1 s.
An exception to this is when an event, which is
4.1. Pack-delivery technique important despite its rare occurrence, is sent immediately
to the CS as a sole message.
‘Pack delivery’ is a technique of message passing that uses  Table 2 shows the effect of the pack-delivery method.
a dead-reckoning method [12] and delivery by the CS to In this experiment, the CBs and the CS process were run
resolve latency problems. This technique can decrease theon the same workstation (Sparc-20/Model 612, 64 Mb,
network load and synchronize all the CBs. Solaris 2.4). Three experiments were conducted for 1 h
Messages from the CBs passing through the CS areeach in which the number of regions, the number of
called ‘notice vectors’. They indicate the coordinate CBs, and the number of avatars were changed. In
position of an avatar, or the changes in an object's these experiments, avatars were continuously walking, had
attributes. A notice vector from CB at time ¢ describes chatted every 15 s, and entered and exited the scene every
Vi(t) (shown in figure 5). 5 min. These conditions mean that notice vectors of the
The CS send€D(N) messages to all CBs via one position of an avatar are constantly sent to the CS, and
message from a CB (in AGORA, a ‘multicast’ network for short text messages are included every 15 s.
broadcasting is not used). The CS has to mar@geé?) The following is a explanation of table 2. The region
(where N is the number of CBs in a region) messages to used in this explanation refers to a small area which is
accept and broadcast continuously in all. To solve this part of shared space. In experiment A, the shared space
problem, the broadcast interval times are fixed. consists of only one region. In experiment C, shared space
After each CB gathers its notice vectdigi (1), Vi(2), is divided into 100 regions. The number of clients, as used
..., Vi(tg)} for tg(s) in a package and sends it in this explanation, means the number of CBs that access

4. Performance
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Figure 5. Pack-delivery method.

the region. In total, 100 clients access the shared space. Table 3. Experimental system.

The number of all avatars, as used in this explanation, refers

to the number of all clients. However, as there can be only Client (CB) CPU: Pentium 90 MHz or more
10 avatars in one region, the other 90 clients access as Memory: 32 Mb or more

OS: Windows 95
Program size: 814 kb
Netscape Navigator or

‘ghosts’ in experiment A. Ghost mode is a mode in which
the CB sends no messages to the CS. The ghost is not  \www browser)

visible, but can move everywhere and can eavesdrop. Internet Explorer
Table 2 shows that the load average in experiment B is
not so high and it is comparable to A or C, despite having ~ Server (CS) CPU: Sparc-20 Model 712

Memory: 64 Mb
OS: Solaris 2.4
Capacity: 300 avatars

the highest number of messages in these experiments.

4.2. Dual message queues

3D space Region: 27
Each CB client must accept numerous messages from the Total amount of data: 23 Mb
CS eachrs(s). Therefore, the response of |np_ut devices Communication  LAN (TCP/IP) o
such as a keyboard or mouse may slow down if they place Telephone-line
too much demand on the CB terminal’'s CPU. (PPP, Modem: 14.4 kbps)

In AGORA, the messages from the CS are separated
into two queues: a sequential-type queue and a non-
sequential-type queue (shown in figure 6). ) . . ) )

The messages in the sequential-type queue must bedMOUSe, or (b) the user is changing their perspective while

processed in the order of arrival and involve the rendering OPerating their own avatar. In these cases, the person using
of menus or managing of the database. On the otherth® CB may not need rigorous rendering. , ,
hand, the messages in the non-sequential-type queue may N the first example, a user must be conferring with
be processed in any order, or may be ignored when theanother user using a kgyboard or mouse, re.adllng some html
queue overflows. An example of this type is the positions d0cUments, or executing some other application program.
of avatars. The highest priority for processing is assigned Prgmse rendering is not required in this case as the user is
to sequential-type messages and input/output control. Non-P€ing subtracted from a 3D scene. The second example is
sequential-type messages have a lower priority. a case when the user is yvatchmg a 3D scene co_ntrollmg
their own avatar. When this avatar is moving and its eyes
are wandering around the scene, the 3D scene changes so
4.3. Asynchronous rendering widely and quickly that the user would not notice changes
The rendering of 3D computer graphics requires a large of small det_ails anyway. While the simulated 3D scene may
portion of the CB’s CPU power. The CB has to render r\ot be moving smoothly, if the CPU power of the cllent. P_C
VRML data in the correct order to the notice vectors from IS not sufficient to render the whole scene precisely, priority
the CS in real time. was given to maintaining consistency.
VRML, which is the standard form for CG, describes
3D objects and their attributes via a tree construction nameds, Experimental result
a ‘scene graph’. The rendering is processed according to
the scene graph. Because the rendering may exceed thatVe made a prototype CB, CS and I-VRML server, and
of updating the scene graph, instances may occur in whichhave established an experimental network service called
rendering cannot keep up with the scene graph updates. ‘CyberCity96’, which operated from July to December
To solve this problem, the rendering of 3D scenes will 1996. Table 3 shows the specifications of the prototype
be suspended when (a) the user is operating the keyboard osystem. The CS and WWW server were run on the same
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Table 4. Result of experimental service.

Total number of access 11949 counts

Average access time 39.7 minutes
Maximum number of users per region 15 people
Number of guests 6655 people
Number of inhabitants 556 people

of ‘UniversalAvatars’ [14] for defining each avatar.
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In this experimental service, all of the 3D data described
in the VRML had been prepared beforehand, and the CBs
were not permitted to generate, dissolve, or register any 3D 1]
regions or objects. The results of this experimental service
are shown in table 4.

All of the virtual spaces were opened to the public via
the Internet, but users did not have to enter them. The
actions of the users included the following. 3]

(1) A type of pick-up program or personality program
had been accessed, (2) some volunteers such as the guide
and the publisher of a virtual newspaper appeared, (3) some [4]
inventors of new greetings and non-verbal actions appeared. (5]

(2]

6. Conclusion

[6]
In this paper, we proposed an architecture that can share 7
objects and space and can synchronize CBs in a virtual
community. The advantages of this architecture include
the following.

—The construction of regions is simple,
implementation easy and efficient.

—The I-VRML server can synchronize its speed to that
of the event passing, and can open a snapshot to new CB$10]
and other types of browsers.

—The pack-delivery method can prevent an increase
of traffic by using a message delay. This delay can be [11]
compensated for by the dead-reckoning method.

The AGORA architecture demonstrated its practicality
during this experimental service.

In the future, we will study security and distribution
technologies for wide virtual communities. In addition,
it will be necessary to improve the standardization of [13]
‘LivingWorlds’ [13] as the standard for avatar control and [14]

(8]

making [9]

(12]
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