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ABSTRACT

Sharing a common view while collaborating in networked
virtual environnents is conplex. The SOFT project exam nes
a new approach: using generic scene graphs as a bus, for
graphics distribution. This thesis (as part of the SOFT
project) exam nes network architecture for distribution of
generi c scene graphs.

We design and inplenent the network architecture with
a centralized Java server. Thi s server provi des
scalability, per si st ence, reliability, and | at econer
support. The server provides interoperability and can
support any SSGs on any platform The extraction of
information from the network layer is inplemented in two
ways. In the first, we use Java s inherent serialization
mechani snms; in the second, we use the Dial-a-Behavior
(DaBP) protocol.

W enpirically test the server’s overhead with both
network nechanisnms. We have concluded that using DaBP
significantly reduces the server’s overhead by a factor of
six but only for less than 50,000 packets. WNbreover, the
use of DaBP provides inplenentation flexibility because
data format can change dynamcally wthout requiring re-
conpilation. Finally, DaBP, while promsing, nust mature

and be shown to reduce overhead for |arge nunber of packets



before it is ready to be incorporated into the final

architecture solution for SOFT.
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| NTRODUCTI ON

A OVERALL GOALS

Alvin Toffler, in his book The Third Wwve, forecasts

that future white-collar workers will be able to work from
home. “Honme will becone the center of society,” but people
will still “need face-to-face contact with each other to

develop the trust and confidence necessary to work
toget her.” [ TOFF80]

Wth the capability of conputer systens rapidly
increasing, and the swift expansion of conputer networks
these predictions are approaching fulfillnment. Today this
vision is materializing through the Software Framework for
Tel e-i mrersion ( SOFT) pr oj ect, Nat i onal Tel e- | mrer si on
Initiative (NTII), and Internet2. Their goals respectively
ar e:

1. SOFT

The goal of the SOFT project s the painless
introduction of networked collaboration into single-user
conputer graphics applications. The applications as well as
the platfornms they run on can be dissimlar.

2. NTI

The NTIl goal 1is to provide a rigorous test for

Internet2 and increase the degree of cooperation between the



research | aboratories involved. This will aid advances in
virtual reality research [WEB1].
3. | nt ernet 2

The goals of Internet2 are [ VWEB2]:

Enabl e a new generation of applications;

Create a | eading edge research and educati on network
capability;

Transfer new capabilities to the global production
| nt ernet.

B. SCOPE OF THI S THESI S

The scope of this thesis is the design and
i npl ementation of a network architecture for distribution of
generic scene graphs. This network architecture provides a
common graphical distributed environnent for renote clients,
whi ch use various platforns. W exam ne the nost effective
structure to support this streaned communication between
server and clients. Myreover, we investigate how Java- C++
server/clients can be integrated into the SOFT architecture.
W examne nmulti-tier architecture and multicasting
technology in order to transfer the vast anounts of data
requi red for networked graphical applications.

1. Server Design

SOFT will support distributed graphical applications

col | aborating freely in conput er gr aphi cs client



communities. Thus, the server nust have the follow ng

characteristics:

a) Mul ti-Client

The client/server nodel can support rel ationships,
such as one-to-one and one-to-nmany. The one-to-many
relationship refers to one <client sending information

through a server to multiple clients (multi-client).

b) Mul tithread

A thread is “a dispatchable wunit of work.”
[ STAL98] Each thread is executed sequentially and can be
interrupted so that a single processor can switch to anot her
thread. Each process can be divided into threads able to run
si mul t aneously whil e executing an application. Mreover, al
the threads can share the state and resources of the sane
process. This nakes multithreading useful for applications
that can execute independent tasks which do not need to be
serialized. As a result, running multiple threads under the

sanme process can result in |l ess processor overhead because:

Thread creation requires less tine than the creation
of a new process;

A thread can termnate nore rapidly than a process;

Swi tching between threads is | ess expensive.



stack, while sharing the sanme address space of

whi ch each thread has its own contro

bl ock,

Figure 1 illustrates a nultithreaded process node

user stack, and

comon process. An exanple of this nodel is a server
listens for and processes nmultiple clients’ requests.
Thr ead Thr ead Thr ead
Thr ead Thr ead Thr ead
Cont r ol Cont r ol Contro
Process
Cont r ol Bl ock Bl ock Bl ock
Bl ock
User User User
User St ack St ack St ack
A%d;g:s Ker nel Ker nel Ker nel
P St ack St ack St ack
Figure 1. Miltithreaded Process Mdel [ STAL9S]

gr aphi cal

c) Per si st ence

Two different

the SOFT project:

(1)

comunity wll

t hey nust

envi ronnent .

Scene

vi ews of

be able
However,

Per si st ence.

to nmake changes
when they log out and log in
see the scene as they left

persi stence are needed

scene persistence and persistence binding.

users
in

it. Thus,




is a need for scene persistence, which nust be supported
either in the server or the client.

(2) Persistence Binding. Wen two applica-
tions make a | ogi cal connection and are prepared to exchange
commands and data, they perform a client/server mechanism
called binding. The binding mnechanism can be either
persistent or nonpersistent. The SOFT server nust be able to
support communi cati on anong nmultiple clients. These repeated
call s nmust be maintained through persistent binding fromthe

server side, which will keep the |ogical connection open as
|l ong as active clients are still in the system
2. Mul ti-Tier

The term tier is wused to “describe the 1ogical
partitioning of an application across clients and servers.”
[ EDWA97] A  two-tier client/server system exchanges
information directly between a client and a server. In a
three-tier architecture, an application | ayer between client
and server exists (Figure 2). The three-tier architecture is
| ess conplex on the client side and has high security, high
data encapsul ation, excellent Internet support, hetero-
geneous resource managenent support, rich comunication
choices, flexible hardware architecture, and excellent
performance. The mddle-tier in the three-tier architecture
is responsible for servicing requests and responses between

the client and the server.



Tier-1

Tier-2
Resour ce
Managment _ _ GU
Two-Ti er Architecture
Tier-1 Tier-2 Tier-3
Resour ce QJ
Managnent

RPC s, Queues, Broadcasts, etc.

Figure 2. Milti-Tier Architecture [ EDWA97]

The m ddl e-tier conponents are of two types:

a) Servi ces

These are statel ess procedures.




b) bj ect s
These have nethods and can comunicate across
net wor ks, operating systens, and | anguages. They are called

hj ect Request Brokers (ORB' s) and support:

(1) Stateless bjects. These do not
have a wunique state. Mcrosoft’s Distributed Conponent
(bj ect Model (DCOV) is one exanple and Comon Obj ect Request
Broker Architecture (CORBA) of (bject Managenent G oup (OMG
i s anot her.

(2) Stateful hj ect s. These use a
uni que object identifier in order to request services of a
certain object.
C. CONTRI BUTI ONS AND GOAL OF THI'S THESI S
In a shared graphical environnment wth nmultiple
clients, maintaining the sane view for all clients networked
together is generally the vital issue. Today, popular
graphics libraries, such as Openlnventor, VRM., Java3D, and
Fahrenheit use a scene graph as their main data structure.
A client in a distributed graphical environment may wish to
use any of these various scene graph inplenentations. SOFT
envi sions sharing via the scene graph. Each client is able
to nodify his or her own scene graph. Through network
col | aboration, this scene graph as bus netaphor provides the

changes to other clients for a shared common view. The



primary inplenmentation contribution of this thesis is the
server, which efficiently allows for reliable nessaging,

occasional reduction in traffic, and persistent storage.

D. CHAPTER SUMVARY
The remainder of this thesis consists of the follow ng

chapters:

Chapter 11: SOFT. W provide the objectives of the
SOFT project, considering network collaboration and
interoperability. W propose clients of SOFT, such
as telecubicle, telesurgery, and generic sharing of
st andal one applications. Mreover, we present the
| ogi cal architecture for the mapping | ayers of SOFT.

Chapter I11: Related work. Here we evaluate other
research related to and simlar to SOFT projects.

Chapter V. SOFT network architecture. Here we
justify the wuse of the Java server and its
centralized role. W also design the client side and
provide a nulticasting technique for the network
architecture.

Chapter V: Server design and inplenentation. The
met hodol ogy and the phases that followed in
desi gning and inplenenting the server are discussed.

Chapter VI: Cient side architecture and design. W
provi de the NSG protocol and its serialization.

Chapter VII: Enpirical study of efficiency. W
exam ne t he over head for t he server and
commruni cation in exanpl e sessions.

Chapter VIII: W reach conclusions and nmake
proposal s for future work.



1. SOFT PROIECT

A OBJECTI VES

As stated by Brown University, the goal of the SOFT
proj ect IS t he pai nl ess i ntroduction of net wor ked
col | aborati on into si ngl e- user conput er gr aphi cs
applications. The primary research goal is to determne
those mnimal alterations needed to integrate a stand-al one
programneatly into a networked environnent.

1. Net wor k Col | abor ati on

In a networked shared environnent (Figure 3) each
client is able to create his or her own objects and nodify
any other object, provided it has perm ssion of the owner
Each new client, upon logging in, nust be able to share the
sanme view. Additionally, when the user selects an object on
his imge plane and brings it into his natural working
volume, we nust decide how this appears to an observer
standing close by or at a distance. [Pl ERO8]

A graphical scene may contain various objects,
different colors, objects within objects, different |evels
of detail, etc (Figure 4). These can be defined as a set of
nodes organized into a set of hierarchies. The scene graph
(SG 1is the data structure “used to denote the entire

ordered collection of these scene hierarchies.” [LEA96]



Net wor k
Resour ces

C.dient

Figure 3 - Conmmon Vi sual Environnent

/% I " el

Plition of W Piition & PRiton &

Eiffel Tower oremation Orientation

Eiffel Arcde Mot Vemailes
Towar Tromphe Dz Palace

CSB0 metry CRaMmetny I G0 metry G0 metny

A ppEErance App&aram&l Appeamnce ||| Appeamnce

Figure 4. A Sanple Scene of Paris and Its Correspondi ng
Scene G aph [WEB3]
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SOFT will provide the network framework for these SGs
(e.qg., Openl nvent or, Fahr enhei t, Java3bh, etc.) to
communi cate. A graphical application using Openlnventor wll
be able to nmake calls to another which uses Java3D as SG
Essentially this should lead to free collaboration in
conputer graphics client communities. The need for access to
the application is vital in order to ensure consistency and
atomcity in scene nodifications. W trade progranmm ng

conplexity for additional collaboration functionality.

a) Layeri ng
Dividing SOFT into three |ogical |ayers reduces

this programm ng conplexity. The three | ayers are:

(1) The Standard Scene G aph Layer (SSG .
The SSG is the SG used by a specific application. Any
extensions to the SSG will be contained as a sublayer in
order to provide the functionality needed for the next
| ayer, the mapping |ayer.

(2) The Mapping Layer (M.). The M. provides
the mapping between the SSG and the Network Scene G aph
(NSG) . As we nmay have different ki nds of SSGs,
architectures, and | anguages, a new M. has to be witten to
support each desired conbi nati on.

(3) The Network Scene G aph Layer (NSG.
The NSG is a special abstract SG that is not displayed, but

11



rather changes to it are napped to changes in the SSG The
NSG is shared anong all networked hosts in a SOFT session.
It nust contain data formats and contention resolution
mechani snms. Additionally, it nust specify the SG data
semantics to be inplenented in the mapping of the mapping
| ayer. Thus, an APl is used indirectly through the mapping
| ayer. The SOFT | ayering is shown in Figure 5.

TN <
D A
SSG SSG

(e. g. Openl nvent or) (e.g. JAVA 3D

b~ A

M w
ML ML

~

w [
NSG Net wor k j NSG

N N

Figure 5 - SOFT Layering

b) Sharing via Scene G aph
The NSG is responsible for maintaining the sane
view for all the clients networked together in the sane

session. This is achieved as foll ows:

Each SG node maps its own set of 3D objects and
attributes to the NSG

12



The network |ayer uses the NSG as a bus netaphor to
transmt the created or nodified nodes to the renote
client’s NSG

The NSG of the renote client is then mapped to its
own SG

B. PROPOSED CLI ENTS OF SOFT
SOFT ains to support any kind of distributed graphical

application. Such applications can be, for exanple:

Tel ecubicle (office of the future, enhanced
t el econf erenci ng);

Medi cal Diagnosis and Tel esurgery;
Survei |l | ance;
Bonb Di sposal ;

M ni ng.

W focus on the telecubicle because sone industrial
progress has been nmade in this area [WEB4]. Also, sone
significant progress has been nmade in tel esurgery, although
it is too early for a commercialized product.

1. Tel ecubi cl e

As synt hesized by Andy van Dam a pioneer of graphics

at Brown University, imersion and presence can be
i ndependent. Peopl e surrounded by panoramc views will fee
i mrersion wthout presence. [DERT98] Telecubicle wll be a

new i nterface design of an office that can appear to becone

13



one quadrant in a larger shared virtual office space. As
shown in Figure 6, a telecubicle will consist of a stereo-
i mrersive desk surface and at |least two stereo-inmersive

walls. Projectors on the ceiling and various other points

will render the images on the walls with ultra high color
resolution (i.e., 5000x5000) . Mor eover , a telecubicle
[ DeFA98] :

WI| be stereo capable w thout special glasses;

WI1l be networked to teraflop conmputing via nulti-
gi gabit networking with | ow | atency;

WIl be available in a range of conpati bl e hardware
and software applications;

And will incorporate Al-based predictive nodels to
conpensate for |latency and antici pate user
transitions.

Tele-imersive applications need to support nine
distinct flow types [FOST98], which are shown in Table 1.
Tel ecubicles wll be linked to form a common work
envi ronment, dermanding the previous flow of information. As
showmn in Figure 7, workers will be able to share virtual
objects and data while having eye contact with each other.
Henry Fuchs believes that “the ceiling lights are replaced
by conputer controlled canmeras and ‘smart’ projectors that
are used to capture dynamc imge-based nodels wth

i nperceptible structured light techniques, and to display
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hi gh-resol uti on

i mages on

surfaces.” [ FUCHI8]

desi gnat ed di spl ay

Table 1. Supported Fl ow Types of Tel e-I mrersive Applications
Fl ow type Latency | Reliable | Miulticast Stream
Cont r ol < 30 ns Yes No No
Text < 100 ns | Yes No No
Audi o < 30 ns No Yes Yes
Vi deo < 100 ms | No Yes Yes
Tr acki ng < 10 ns No Yes Yes
Dat abase < 100 nms | Yes Maybe Maybe
Sinmulation |< 30 ns M xed Maybe Maybe
Hapti cs < 10 ns M xed Maybe Yes
Renderi ng < 30 ns No Maybe Maybe
A goal of telecubicle technology is to give the
scientist, the engineer, and the worker the inpression of
col | aboration. People will interact with each other through
this mx of real and virtual environment - rmanipulating
obj ects, experinenting, sinulating, designing, anusing, and
t eachi ng.
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Figure 6. Conponents of a Tel ecubicle [WEB5]

i

Figure 7. Intuitive Human Communi cation [Andrei State]
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Figure 8 shows the first four telecubicles that have been

connected. [WEB7]

Link to Ma3SA
Emphasis onfacial
sensing and

representation, and
on sonic elements.

Link to CAWE, supercormputing, and
irttertational researmh comrrriniti es.
Emphasis on cubicle design,
app lication connectivity.

softvear e

" medical appications
¥Yale University

Lzer interface

Columbia
University

authoring tools

Brown Univessity

Canegie Mellon
University

Emphasis on netwark
research, user interface

’”3»» \///\/
AL
/ Bl bbbl
NN
/ software, aathoring,
- i i Link to worlds of eduration,
Linkto DARPA entertairement, other funders.

Univ_;rersity_of m.m network design and research
integration with . &

physical part hawval Postgraduate School
falrication _University of Wisconsin  Internet2

Figure 8. The First Four Tel ecubicles [WEB7]

Tel e-i mrersive work stations, such as CAVE (Figure 9,
[VWEB8]), |mersabDesk3 (Figure 10, [WEB9]), Totally Active
Wor kspace (TAWS), and Personal Augnented Reality | mrersive
System (PARIS), have already been inplenented [DeFA98].
During her nomnation as Indiana University's first

Di stinguished Visiting Technol ogi st in its Advanced
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| nformati on Laboratory at University, Professor Donna J. Cox
described this process as “stepping inside the conputer,
because it wdens the user’s creativity and contro

[ WVEB10] .

Figure 9. CAVE [ V\EBS8] Fi gure 10. | nmersabDesk
[ WVEB9]

2. Tel esurgery

A. Alexander in 1978 [ALEX78] was one of the first
researchers to fornmulate the concept of telesurgery. “The
driving force behind mlitary interest in renote surgery is
that 90% of all deaths in wartinme occur on the battlefield,
before surgical care can reach the casualty” [H LL97].
Tel esurgery can save the lives of isolated patients in the

battl efield, rural areas, and aboard ship.
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Wth telesurgery, the surgeon can perform surgery
remotely (Figure 11, [WEB11l]) using a special telesurgery
console (Figure 12, |[WEB12]), instrunments (Figure 13,
[ WEB13]), and haptic devices (Figure 14, [WEB12]).

But surgery usually involves nmany other people (other
surgeons, nedical staff, and observers) all needing to share
informati on. These people nust also share the same view in
tel esurgery. This can be achieved through the network
col | aboration between clients. Each can interact and
sinmul ate face-to-face cooperation. The major conponents of

tel esurgery are [VWEB14]:

Human Conputer Interface (HC);
Conmput er Assi st ance,;
Communi cat i on Met hods;

Tel esurgi cal Wrksites.

SOFT could benefit the “comuni cation nethods” conponent by
provi di ng the networked col | aboration anong clients, and the
HCl by providing an identical view to everyone.
3. Ceneric Sharing of Stand-Al one Applications
Stand-al one applications, already witten in popular
scene graph inplenentations, should be able to use SOFT for

networking capabilities wth mninum effort. This wll
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i ncrease reusability and performance of graphics stand-al one

appl i cati ons.

| PARTITION |

Figure 11. Tel esurgery System
Conponent s [ VEEB111

Figure 12. Tel esurgery Figure 13. Master Too
Wor kstation [ VEB12] Handl e [ WEB13]

Fi gure 14. Datagl ove
[ WER121
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C. ARCHI TECTURE

Tel e-i mrer si on IS likely t he nost technically
chal | engi ng advanced network application. Thus, considering
interoperability and standardi zation, the architecture shown
in Figure 15 has been chosen to support the previously
identified nine distinct conponents to tele-imersion
architecture, such as flow control, audio, video, tracking,

etc.

T
<

SSG s

=

SG
Modi fi cations
& Reporting

M.’ s DaBP j XM

Serializing
SG
Represent ati ons

Regi st ered
Cal | backs

Net wor k
Layer

Figure 15. SCOFT Architecture
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1. SSG and Reporting

SOFT S desi gned to be I ndependent of SG
i npl enent ati ons. Openl nvent or has been chosen as the primary
SG, and Java3D and Fahrenheit wll likely follow
| mpl ement ati on has begun in C++ on SE@ and SUN machi nes. SSG
will be conposed of nodes and fields wth a unique
identifier (ID) for each host. The SSG wll report any
nodi fications to the M.. Every nodification requires |ocking
for consistency purposes.

2. Mappi ng Layer (M)

The M. is a single-base nmapping |ayer between the SSG
and the universal NSG Being the interface between the SSG
and the NSG the M. accepts callbacks from the NSG The M

behaves as fol |l ows:

Establishes top |evel reporting and defaults,
initializing the NSG and network;

Recogni zes SSG changes and serializes them
Passes changes to the NSG
Regi sters cal | backs from the NSG

Deserializes NSG information and reconstructs the
respective SG nodes (special nodes with no anal ogy
in the supported SG are sinply ignored);

Passes deserialized SG nodes to the SSG
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The M. will require an APl for |ocking objects on the
network for editing. This APl cannot be in the NSG |ayer
because it nust translate an SSG node to enable |ocking of
t he appropriate NSG node.

3. Net wor k Scene Graph Layer (NSG

The NSG nai ntai ns a common hi erarchy of nodes avail abl e
to the client community. Any M. nodifications are napped to
the NSG and reported to the other <clients. This s
i npl emented through an APlI, responsible for exchanging
information between the M. and the NSG The NSG has the

foll ow ng structure:

a) NSG Node

A node is the fundanental elenent of a scene
graph, such as separator, color, cone/sphere, etc. The NSG
node supports any type of node. To do so, it contains

certain fields.

b) NSG Node Fi el ds

Node type;

Uni que identifier for the node, nanely a node ID and
a tinestanp;

Uni que identifier for the creator/owner of the node,
i.e. the correspondent | P address and the
communi cating port;

A set of contention flags.
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c) NSG Fi el d Contention Fl ags

Proper handling of contention issues requires a
network token/locking/check-out mechani sm The desired
behavior is integrated into the system with the follow ng

flags to this point (Table 2).

Tabl e 2. NSG Contention Fl ags

Fl ag Tr ue Fal se
Distribute If (own object) Do not share wites
Distribute locally
El se
Send to owner
Local edit Set val ue on | ocal none
wite
Renote edit Set val ue locally when none
readi ng networ k change
Local call back I nvoke a list of |ocal No cal I back on
cal | back when reading | ocal change
| ocal change
Renot e cal | back |Invoke a list of renote No cal I back on
cal | back when reading | ocal change
| ocal change

This architecture benefits in hiding network
proprietary issues. Additionally, it gives the opportunity
to various SGs to call each other, even over different

har dwar e pl atforns.
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4. D al - a- Behavi or Prot ocol (DaBP)

Fundanental |y, a protocol is used for exchanging data.
This data exchange is a «crucial 1issue in the SOFT
architecture. Serializing and deserializing the exchanged
data anong clients over the network is a very cunbersone
approach. Wth this approach, whenever there is a change in
the data format of the exchanged data, the programmers nust
remwite and reconpile the application. For such a |arge
project as SOFT is, flexibility was needed. This flexibility
is provided through the DaBP, which provides nethods to
return the data fromthe network packets.

The DaBP, devel oped at the Naval Postgraduate School
is currently inplemented with Java and there is a C++
versi on under devel opnent. In this protocol, we nust specify
the field nanes and types of the exchanged data. This
information is specified in a structured text file, using
the Extensible Markup Language (XM), which is a
reformulation of Standard Ceneralized WMarkup Language
(SGW). XM. is nore powerful than Hypertext Markup Language
(HTM.), a standard SGW subset, because it can identify and
process docunent structure and provide extensibility
[ SURVO9]. Moreover, XM. allows users to define their own

tags and custom ze the way the protocol behaves.
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DaBP is described with a predefined set of fixed tags.
Each tag is uniquely associated with a specific field in the
XM file. Beyond this, the protocol interpreter is
responsi ble for converting binary data into wusable
i nformati on. Consequently, with the use of this protocol, we
achieve the required flexibility. Thus, the NSG | ayer does
not have to serialize and deserialize the exchanged data.
Instead, the NSG |ayer retrieves the data fields needed,

querying the packets using DaBP net hods.
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I11. RELATED WORK

A | NTRODUCTI ON

The spread of software systens, the expansion of
networks, and the relatively |ow cost of graphics cards and
their increased performance has generated the need for
net wor k col | aborati on anong gr aphi cal appl i cations.
Additionally, the variety of inportant standal one graphi cal
applications led developers to consider reusability and
networking carefully. Concerning these tw factors, the

related work is divided into three areas of interest:

| nt erconnecting proprietary stand-al one
appl i cations;

| nt er connecti ng heterogeneous virtual environ-
ment s;

Building franmeworks for di stributed virtual

environnents based on client/server approach and
replication.

B. | NTERCONNECTI NG PROPRI ETARY STAND ALONE APPLI CATI ONS
The popularity of the Virtual Reality Modeling Language
(VRML) used to describe 3D worlds established it as a
| anguage whi ch devel opers could use for gr aphi c
applications. The great progress in the presentation of
stand-al one virtual worlds encouraged the VRVML comunity to

inplement nultiple worlds and users to interact wth each
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other. This progress was made possible by the network
capabilities of the Java | anguage, whi ch  provides
appropriate and efficient conmuni cati on nmechani sns.

Wl fgang Broll presented an approach in *“Supporting
Mul tiple Users and Shared Applications with VRW” [BROL97].
He exhibits a network infrastructure and appropriate
mechanisns to partition the virtual worlds. He uses a
mul ti-user daenon, whi ch provi des reliable TCP/ I P
connections in order to download shared virtual worlds. To
overcomnme the problem of inconsistency between shared worl ds,
t he daenon retains incomng events and transmts themto new
clients after the transm ssion of the basic virtual world
has been conpleted (Figure 16.) After the successfu

transm ssions, the TCP/I P connection is cl osed.

Mul ti-User
Daenon 3
(2) World connects
and events
(1) Connect
to world
New O i ent Mul ti cast
———————— G oup
(3) New connection
to be established

Figure 16. Connecting to a Virtual Wrld
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The multi-user daenon acknow edges all events sent by
consecutively nunbered nessages. The sender resends al
messages that haven’ t been acknow edged. A uni cast
connection is used for receiving the mssing nessages. To
avoid the nulti-user daenon bottleneck caused by unicast
connections, additional server daenons may be used. However,
to avoi d sl ow ng down the performance of nulti-user daenons,
all the additional servers require access to the multicast
group.

Usually, in a large-scale virtual environnment, the
client needs to participate in only a portion of the world.
According to Broll, the solution is to subdivide the world
in regions and link them through nechanisns that do not
interfere with user navigation. Thus, only currently visible
parts of the world need to be updated, reducing the network
traffic. Broll’s approach exploits the VRWL Region node.
Moreover, he uses the VRWML User node and the VRML Avatar
node to |imt wuser interactions in the shared virtual
environment. Each user has a personal VRWML file, which is
transmtted by the | ocal browser to all the participants and
the central daenon. In this way, each participant has his or
her own individual scene graph. Fur t her nor e, shar ed

behavi ors and interactions between clients are required.
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Br ol | identifies four general classes of shared

behavi or s:

Aut ononous behaviors (e.g. a clock, a blinking
light);

Synchroni zed behaviors (e.g. a bouncing ball, a
flying bird);

| ndependent interactions (e.g. a button to ring a
bel I');

Shared interactions (e.g. avatars with a single

regi on where the behavior is described within this
singl e region).

He represents these shared behaviors and interactions
wi th nodes. Behavi or nodes receive and send events. Finally,
he wuses synchronization and |ocking nechanisnms for the

events.

C. | NTERCONNECTI NG HETEROGENEQUS VI RTUAL ENVI RONVENTS
Capps et al. in their work “Distributed Interoperable
Virtual Environnents” present the use of a software bus
(Polylith) as a utility to conpose existing applications
i nstead of nmodi fying them [ CAPP96]. They focused on the
i ssue of interoperability between different graphic software
applications that run on different hardware platforns. They

assuned that next generation virtual environnments wll not
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depend on specific | anguages and hardware. Furthernore, they
wer e concerned about reusing software conponents.

Based on these issues, they used a Polylith software
bus as a connection nodule, capable of I|istening to a
variety of event cl asses and handling them both
simul taneously and asynchronously. They built an event-
listener as a central internediary that can serve all the
conponents in the wvirtual reality environment. Thi s
internmedi ary provides the “glue” for interconnecting the two
different virtual reality applications.

This software bus encapsul ates deci si ons concerning the
interfacing of nodules instead of distributing them anong
the participants. Thus, there is only one responsibility for
mappi ng each domain into the abstract bus specification.
Then developers for either side can easily use these
abstractions wthin their configurations.

These researchers conclude that the same coll aboration
issues used in shared editors and workspace environnments
apply in nulti-user virtual environnments. These can be
exploited by software bus nodules that provide for the

mappi ng between the interconnecting domains.
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D. BUI LDI NG FRAMEWORKS FOR DI STRI BUTED VI RTUAL
ENVI RONVENTS BASED ON A CLI ENT/ SERVER APPROACH AND
REPLI CATI ON
W present the following three different approaches

using a client/server mechani snms and replication:

1. Community Place (CP) Architecture
Lea, Honda, and Matsuda in their work “Community Pl ace:

Architecture and Per f or mance” [ LEA97] present ed a

client/server system where a central server is responsible

for sharing a VRM. scene. Participants connect to this
server in order to load the VRML file that is responsible

for rendering the shared scene. The basic architecture is

shown in Figure 17. The order of actions is:

The Community Place (CP) browser |oads the 3D data
file (VRWL format);

The CP browser contacts the server via the Virtua
Society Cient Protocol (VSCP) that runs above IP

The server informse the CP browser for other
partici pants.

The VSCP runs above TCP and ensures connectivity. It
has an obj ect-oriented packet definition al | owi ng
applications to extend the basic packet format wth
application specific nessages. Thus, VSCP ensures exchangi ng

of script level nessages that permt browsers to share
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events and therefore support shared interaction with the 3D

scene.
Appl i cation
bj ect s
Aut henti cati on
VSAP Server
Message -
Repl i cat or Voi ce Chat
Server Ser ver
VSCP
CP Browser
(Java)

Figure 17. CP Architecture

Each user navigating through the scene sends position
information to the server. Using area of i nt er est
al gorithns, the server decides which other browsers a user
needs to be aware of. The server need not know information
about the scene | oaded by the browser.

Lea, Honda, and Matsuda introduced the idea of a Sinple
Shared Script (SSS) nodel nechanism which is responsible

for downl oadi ng the sanme script and executing it locally. To
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deal with issues such as ownership and persistence, they
added the notion of a master browser to the SSS nodel.
Whenever the master browser is selected by the server, it is
told that the master has been selected. Scripts are capable
of sending events to other browsers. In cases where the user
wants to inplenent serialization as a scene object, it is
done via the master browser. Afterwards, the master Dbrowser
di stributes the changes.

For nore conplex situations, they introduced the idea
of an Application Object (AO which exists externally to the

browser and the server. This AO consists of three parts:

The 3D data description that represents the
application in the shared scene;

The associated scripts that accept user input and
communi cate back to the AQ

The AO side code that inplenments the application
| ogi c.

The AO allows the creation of 3D objects dynamcally
during run-time. The applications use the Virtual Society
Application Protocol (VSAP) to register their application
objects with the server

They use a spatial nobdel to reduce network traffic
anong partici pants who share a 3D scene. Their communi cation

mechani smis based on nulticasting.
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2. Spline Architecture

Anot her approach for building these frameworks is the
Spline architecture wused for the D anond Park Virtua
Reality System designed by the M thubishi El ectrica
Research Laboratory (MERL) [VEB15]. Spline’s world nodel is
not a scene graph but rather an object-oriented database
supporting visual and audio information. The objects have
ownership attributes to avoid reader/witer conflicts. The
ownership of an object can be transferred from one process
to another. Spline’ s objects do not persist over tine.

This architecture is based on replication so that each
wor | d nodel resides in each application process. Focusing on
the issue of speed Spline provides approximte equality
between world nodel copies. Users are grouped together in
locales of interest. Each locale is associated with a
separate mul ti cast communi cati on channel avoi di ng
propagation of mnessages to uninterested participants. A
hybrid communi cati on approach was proposed for the Spline
3.0 version where client/server conmunication will be point-
to-point and server/server communication will be peer-to-
peer multicast. The exchanged nessages are divided into
small rapidly changing objects, large slowy changing
obj ects, and continuous streans of data. In Spline 3.0, Java

will be the primarily high |level interface.
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3. Repo- 3D Architecture

Blair Maclntyre and Steven Feiner in their paper “A
Distributed 3D Graphics Library” present Repo-3D, a general
pur pose object-oriented library for devel oping distributed,
interactive 3D graphics applications across a range of
het er ogeneous workstations [ MACI98]. According to them from
the progranmmer’s viewpoint, objects reside in a Ilarge
di stibuted shared nenory (DSM instead of a single process.
The underlying system is responsible for replicating the
obj ects anong the processes. Sinple, renote, and replicated
are three types of distributed objects semantics in DSM

Since the refresh rate is a crucial factor in
interactive-graphics virtual-reality applications, the data
needs to be local to the process doing the rendering. Repo-
3D uses the Col unbia Object-Oriented Testbed for Exploratory
Research in Interactive Environnents (COTERIE) as the
replication nechanism because neither Inventor nor Java3D
provi des support for distribution.

The CORBA solution was rejected for being too
heavywei ght and for not supporting replication. Java proved
to be nore suitable for the inplenentation |anguage because
of its cross-platform conpatibility and support for threads
and garbage collection. The Repo-3D architecture is shown in

Figure 18 where distributed data sharing is provided by two
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packages, the Network Object client/server object package
and the Replicated Object shared object package.

Distanim3D is derived from Anim 3D, a powerful, non-
di stributed, general purpose 3D graphics library. Anim3D is
a scene graph nodel suitable to a distributed environnent.
In Aninme-3D, properties are attached to nodes and any
changes do not affect the result. Unlike Inventor, ordering

IS not necessary. Properties are only inherited down the

gr aph.
Repo- 3D
Repo D st Ani m 3D
Repl i cat ed

bj ect s
Net wor k Qbj ect s Event s Native G aphics
Modul a- 3 Runti ne
Operating System Services

< Net wor k >
Figure 18. Repo-3D Architecture
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The Network object package provides support for renote
objects. This package is simlar to Java’s Renote Method
I nvocation (RM). The Replicated bject package of course
supports replicated objects. Each process can call any
method of an object it shares. This package follows the
principles of atomcity and serialization of an object.

Repo-3D rationale provides programmers wth the
illusion of a large shared nenory using Distributed Shared
Menmory (DSM, making it easy for them to prototype
distributed 3D graphics applications. Their future work wll
nost |ikely use Java because even if Java does not support a
replication object system the JSDT may be a fine starting

poi nt .

E. CONCLUSI ONS

Qur SOFT architecture has both simlarities to, and
differences from the presented approaches. Like CP, SOFT
uses a centralized server.

Its architecture doesn’t depend on a particular scene
graph (Inventor is used as an exanple of a scene graph
i npl ementation), as the M 1is responsible for mapping any
scene graph to the NSG SOFT differs from Spline and CP
because it stores scene graphs using Java native structures,
instead of an object oriented database. Moreover, SOFT

doesn’t depend on any database replication nechanism as
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Spline does. Furthernore, instead of distributing VRWM
files, like CP or Broll's architecture does, SOFT
di stributes scene graphs.

Lastly, unlike Repo3D, which is based on COTERI E for
the underlying distribution of scene graphs, SOFT invokes

Java networ ki ng nmethods and is capable of using RM.
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V. SOFT NETWORK ARCHI TECTURE

A | NTRODUCTI ON

As outlined in Chapter IIl, wvirtual envi r onnent
researchers are attenpting to solve the problem of
net wor ki ng col | aborative virtual environnents wth various
architect-ures. Sone devel opers use nulticast groups, others
try to solve the problem using replicated databases, and a
few ot hers use hybrid techni ques. According to M chael Zyda,
replicated world databases are nore efficient t han
centralized or distributed shared database schenes, but they
generally lack a way to maintain world consistency
[ ZYDA97]. Also, large virtual environnents could use hybrid
nodels with small replicated data sets and a distributed
client/server nodel. Thus, the client/server nodul e could be
integrated in such environnents.

Thi nking of inplenentation, we considered that Java
provi des innovative nethods for building virtual worlds.
Furthernmore, since our primarily goal was to nmintain a
common shared view, and no database or replication
capability existed, we decided to design and inplenent a
centralized server wusing Java. Below, we present our

deci sion and provide nore details.
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B. SERVER

W chose to inplenent the SOFT network architecture
using a centralized server. This server would be responsible
for providing a common share view anong clients. Below we
present both our justifications for the centralized server
and the use of the Java progranmm ng | anguage.

1. Justification for Centralized Server

First let us examne the rationale for our decision to
i npl enment the centralized server. Qur decision was based on

the followng criteria:

a) Reliability

Several data exchanged in a tele-imersion session
must be sent reliably. This is required in order to ensure
consi stency of the world database or to reflect an accurate
update froma sinulation or user interface event. [FOST99]

As stated in Chapter Il, a nmgjor aimof SOFT is to
provide a common graphical distributed environnment, where
each client nust be able to share the sane view This neans
that every action on any client nust be broadcast to all the
other clients concurrently connected. Mreover, users nust
be able to collaborate using the avail able objects. Object
use must have the permssion of the owner and thus a
uni versal | ocking nechanism nust exist. The wuse of a

centralized server facilitates all these transactions.
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Clients notify or query the server in order to create,
modi fy, or use an object. The server is responsible for
st or age, | ocki ng, and Dbroadcasting to the currently
connected users (Figure 19).

The only drawback is that this kind of inplenent-
ation is based upon the reliability of a single server. Any
failure of this server will affect the common shared virtua

envi ronnent .

b) Scal ability

Usually a server creates a Dbottleneck, an
undesireable factor in terns of scalability. But using
mul tiple servers, we can overcone the bottleneck and
increase the scalability. Furthernore, nultiple servers can
be used in conjunction with the Reliable Milticast Transport
Protocol (RMIP). RMIP uses receivers associated wth |oca
regions or domains. In each domain, there is a special
receiver, <called a designated receiver (DR [PAUL98].
Additionally, a special client can also be a server during a
session, called a designated server (DS) (Figure 20).

A centralized server inplenentation nmay reveal
potential problens that could be spread in a networked
col | aborative environnent. Fortunately, the <centralized

server inplenentation can isolate and solve these problens,

43



provi ding a nore robust scal able nodul e that can nore easily

be integrated in the previously nentioned architecture.

c) Per si st ence

The status of the objects in a virtual environnment
varies according to the indication of their contention
flags. Some objects will vanish when their owner disconnects
from the system while others may remain until their owner
deletes them even if the owner is not currently |ogged on
the system

Wth a centralized server, storing the contention
flags and providing the necessary persistence is easy. Also,
obj ects can be independent from client existence and can be

retrieved easier froma centralized server.

d) Lat econer Support

Wen new clients join the virtual environment,
they nust be aware of all the currently existing objects.
The server can store and nmaintain the current status of
every object which is present in the environnent. Al so,
whenever new clients connect to the network, the server
sends them all the available data. Thus, the new client

beconmes a nmenber of the common virtual environnent.
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e) Concl usi on
The centralized server inplenentation has sone

dr awbacks such as:

Net wor k bottl eneck through which all traffic nust
pass;

The environnment depends on the reliability of a
si ngl e machi ne.

But the benefits are:
Si npl e and cl ear inplenentation;
Uni ver sal | ocki ng nechani sm

Can be used as a scal able nodule to serve a donmmin
in a nore conplex inplenentation;

Easier storage/retrieval mechani sns used to provide
per si st ence;

Lat econer support.

Since the benefits provide a flexibility which is nore
inportant in the current state of the project, we chose the
centralized server inplenentation

2. Justification for Java Server

In Chapter |11, the derived conclusions focus mainly on
Java inplenentations. Since the working prototype had been
developed in C++ with UNI X as the operating system we had
to chose between C++ and Java. Bel ow we present our criteria
and analysis which resulted in Java being chosen for the

i npl enent ati on.

46



a) Built-1In Standard Libraries

Java contains standard libraries for solving
specific tasks [ECKE98]. These tasks include networking and
multi-threading, which are major aspects of the server
i npl enentation. Using standard libraries pronotes rapid
devel opment tinme allows us to focus on the specifications
and requirenments for the server. On the other hand, C++
relies on third-party non-standard libraries or on code from
scratch. Developnent is time consum ng and involves higher
risk potential. Mreover, Java standard libraries support
dat abase connectivity via JDBC and distributed objects via
RM and CORBA. These features are not of imediate val ue,
but they enhance the scalability and flexibility of the

project in the future.

b) Gar bage Col |l ection

Menory managenent during the server session is a
factor dramatically affecting robustness. Java provides a
built-in nmechanism for nenory managenent called garbage
collection [CHEWS8]. Garbage collection is responsible for
non-referenced nenory release so that it may be reused. This
way nenory-| eaked-addresses are corrected, and explicitly
deal l ocating nenory is not needed. Note, however, that a
menory leak can still exist if wunused nenory remains

referenced. Menory managenent is a critical factor for the
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server because there is a permanent “read a stream into a
buffer, store the data, release the buffer” | oop.

Robust nmenory managenent may affect perfornance
too. According to Bruce Eckel, overall, Java could possibly
be as fast or faster than C++ [ECKE98]. This can happen
because, even though interpreted Java code can be even 20
times slower conpared to equivalent conpiled C++ code, the
new- del ete mechanism for nenory nmanagenent in C++ | eaves
holes in the heap eventually making it slower. The
al l ocation nechanism has to seek available space through
those holes in order to prevent running out of heap storage.
This searching may seriously decrease performance. The Java
garbage <collector rearranges nenory, allowing the high-
speed, infinite-free-heap nodel to be used while allocating

st orage. [ ECKE98]

c) Pl at f or m | ndependence

Java prograns are conpiled to an architecture-
neutral byte-code format [FLAN97]. These byte-codes can be
interpreted by the sane version or newer Java Virtual
Machine (JVM on any platform Platform independence is a
real benefit for the SOFT server as it allows users to use
SOFT w thout purchasing new hardware or installing a new

operating system
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d) XM., Java and DaBP

As stated in Chapter I, XM. is quite powerful. It
provides a wuniversal schema or netadata nechanism for
defining, understanding, and interchanging files and data
between two systens [SURV99]. XM. is already being used by
the DaBP. W intend to examne the feasibility of
i ncorporating DaBP in the SOFT architecture. Mreover, “Java
is on the XML action both as driver and utilizer of XM

capabilities.” [SURV99]

e) Evol uti on - Maintenance

The SOFT project is an evolving environnent, and
major nodifications are likely in the future. Every
nodi fication or inprovenent may affect the server also. A
sinple Java server wll require less effort and tine to

update than a C++ inpl enentation.

f) Concl usi on

The built-in standard libraries for networking,
t he garbage coll ection nmechanism the platformindependence,
the cooperation with XML and DaBP, and the easiest way to

mai ntain the system pronpted us to enpl oy Java.

C. CLI ENT SI DE
In the SOFT architecture, the <client can be any

st andal one application (graphical or not). Every client nust
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be able to exchange information anmong other clients
transparently. Therefore, SOFT nust provide an APl for the
upper layers of its architecture.
1. APl to Network
The client provides an APl for the mapping |ayer core.
This makes the network |ayer independent of the SSG
i npl ementation. The nmethods available to the mapping |ayer
i ncl ude the foll ow ng:
Initialize the network;
Set and get per-typed call backs;
Serialize data into a single NSG node;
Get a list of nodes;
Map from nane to NSG node;
Set and get gl obal call backs;
Get and set |ocal root of the scene graph;
Set, get, and call end of frame call backs;
CGet list of roots of renpte scene graphs.
2. Client Hi gh-Level Architecture
The client is an abstraction that provides network
access to the mapping |layer of the SOFT architecture. It is
i ndependent from the SSG and can be wused by different

graphics applications. It is not hardware specific and
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handles large and little-endian issues, providing inter-

operability. The client has been inplenented in Ct+.

D. MULTI CASTI NG

One of the nobst common ways of communication is one-to-
one. The <client-server nodel falls into this category.
Anot her category is wunicast conmunication where the web
client retrieves information from the web server. A third
exanple is broadcast comunication, for instance radio and
tel evi sion where each client tunes to a certain frequency to
retrieve information. Milticast falls between unicast and
broadcast and “is a one-to-nmany comruni cation” [ PAUL98].

When providing the same data for nultiple graphical
applications in the client community, nulticast transm ssion
IS needed, rather than repeated unicast transm ssion to each
receiver [FOST99]. In this way, the sender can transmt a
single copy of a packet, regardless of the nunber of
clients. The routers in the network infrastructure are
responsible for delivering the packet to the clients. The
packet is replicated as many tines as the nunmber of clients,
whi ch i nproves the efficiency of the network use.

The multicast data can be in a variety of forns: audi o,
vi deo, haptic device streanms, and tracking. The size of the
data, especially the video, can be enornous in size per

second. Thus, latency plays a key role in the sharing of a
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common graphical environnent anong the client communities.
So far, the use of nulticasting has two drawbacks, which

actually do not rely on nmulticasting itself:

Difficulty in accessing high-performance nmnulticast
enabl ed net wor ks;

Lack of m ddleware tools with access to nulticast.

Based on the reliability and the |atency requirenents,
the multicasting applications are divided into three

cat egories [ PAUL98]:

I nteractive applications;
Stream ng applications;

Rel iabl e nmul ticast applications.

The relationship between Jlatency and reliability is
illustrated in Figure 21.

For many  applications, despite the issues of
reliability and | atency, there is a basic need for selective
distribution. This nmeans only a certain group of clients

must receive the information.
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V. SERVER DESI GN AND | MPLEMENTATI ON

A | NTRODUCTI ON

In the SOFT architecture, the server nust support
multiple clients, |ateconers, and use the DaBP. The client
side could be any standal one application. The server nust be
responsible for providing the clients a comon shared
environment. In order to anal yze and understand the previous
work done, we had to follow a nethodol ogy under a strict
tinme frane. W present the nethodology used to acconplish

this and the way the server was inpl enented.

B. METHODCOL OGY

Wen we were engaged in the SOFT project, a working
prototype existed. This prototype consisted of two nodul es,
a server and a client, working together as a pair. Both the
client and the server had been inplenmented in C++ on Silicon
G aphics machines running UNIX. This prototype provided a
two-way conmunication between the client and the server
(Figure 22). The server and the «client were running
Openl nventor and rendered a sinple cone. After establishing
a comuni cation channel, each one (the server and the

client) was responsible for delivering its own scene graph
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to the other. At this point, both were able to render a

synt hetic image consisting of each other’s cone (Figure 23).

S

Server Cient

Figure 22. First Wrking Prototype

In this prototype, Openlnventor was used as the SSG and
reporting nechanism The M layer was provided through
separate functionality, specifically designed for the
Openl nventor inplenentation. The NSG | ayer was al so separate
and provided the above comunication functionality. CQur
objective was to augnent the functionality of the first

prototype and to design a server nodule with

Mul ti-Cient Functionality;
Lat econer Support;
Per si st ence;

Locki ng Mechani sm

Bef ore establishing conmuni cati on:
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According to Schach, sone popular software life-

cycl e nodel s are:

Bui | d- and- Fi x;

Waterfall;

Rapi d Prot ot ypi ng

| ncrenent al ;

Synt hesi ze and Stabili ze;
Spiral;

(bj ect Oiented. [ SCHA99]
Having the above working prototype as a basis and

considering timng limtations and involved risk, we decided
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to use the spiral nodel. The spiral nodel corresponds each
cycle to a phase. As shown in Figure 24, we used the working

prototype as a core, and we gradually progressed to phase

five.

Vwrking

Figure 24. Spiral Mdel |nplenentation

C. PHASES OF DEVELOPNMENT
We devel oped the application in five phases. W present

in each phase below, our objectives and the derived
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conclusions that provided us the feedback to continue onto
t he next one.

1. Phase One

a) (bj ective

In order to examne the feasibility of such an
i ndependent nechani sm our objective was the intervention of
a client/server mechanism between the existing pair of
client and server (Figure 25). The benefit fromthis was a
better understandi ng of the working prototype and the format

of exchanged dat a.

b) | npl enent ati on

This intervening nechani smwas inplenmented in Java
1.2 on Wndows NT 4.0, as shown in Appendix A The UM
docunentation of this phase is shown in Figure 26. The new
intervening nechanism was a hybrid client/server system
consisting of two nodules - the Java client/server nodule
and the original C++ client/server nodule. The reason for
this was to enulate painlessly the current client/server

mechani sm
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The server C++ nodule started the execution of a
graphics application. Following this, the Java server and
the Java client started. The Java server waited to be
i nvoked by listening to the Java and C++ clients using TCP
sockets. Once this comunication had been established, the
Java server waited for the C++ <client requests. Upon
request, the Java server opened the communication channel
with the original Ct++ client and sent the data. Then, both
of them had a common view of the scene. Wenever the server
or the client made nodifications to its own respective
scene, these nodifications were automatically transferred

t hrough the network and reflected to the other.
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exam ned the exchanged data format and were able to build
our own server.

2. Phase Two

a) (bj ective

In this phase, our objective was providing a
si ngl e-server nmechanism between two equivalent existing
clients (Figure 27). The benefit of this was formng a new
i ndependent server-nechanism This nechanism was the basis

for the new inpl enentation.

JS: Java Server
CS: C++ Server
CC: c++ dient

Figure 27. Phase Two

b) | npl enent ati on
W inproved the phase one prototype, as in
Appendi x B. The UM. docunentation is shown in Figure 28.

Then, we created the “Serve(One” class as a thread

62



responsi bl e for opening a connection between two predefined
C++ clients. Once the connection was established, the thread
was reading the input stream from the CS client and was
witing the output streamto the CC client. W also created
the Server class, responsible for initiating the ServeOne
t hr ead.

The CS initiated a new session. Then the JS
connected to CS and waited for the CC client to connect
Upon the CC connection, the uni-directional flow of

information fromthe C++ server (CS) to C++ client (CC

c) Concl usi ons

e successful ly excl uded t he Java client
i npl ementation fromthe internedi ate server nodul e of Phase
One, managing to maintain the sanme functionality. This

sinple server nodule provided scalability for the next

phase.
server actor| client actor SErver serveOne run ,
- ——

senver actor client actar zenrer senellne Tun

start !

L.I start the tread

U ! create zenver socket




3. Phase Three

a) (bj ecti ves
Qur objectives were to establish a bi-directional
communi cation and to provide a storing/retrieving nmechani sm

for the NSG nessages communi cated via the server (Figure
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29). Thi s storing/retrieving mechani sm  demanded a
deserialization of the NSG nessages. Thus, we would be able
to gain scalability for the next phases. Additionally, we
would be able to examne the effectiveness of such a
mechani sm because the existing client i npl enent ati on

requi red the nessage retrieval in a specific order.

S

c: Hash Tabl e (:

dient dient

Server

Fi gure 29. Phase Three

First, we nodified the server in order to interact
with only CC clients. The server listened to CC clients to
connect. Upon their connection, the server initiated two

threads, one reading the input stream of the first client
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and witing to the output stream of the second, and vice
versa for the second thread.
Second, we provided the server with a hash table

i npl enentation as the storing data structure.

static Hashtable htable = new Hashtabl&();

Mor eover, we inplenented the nethod:

public void parseStream(byt€]] buf, int len)

as a deserialization nechanism in order to get the unique
identification (ID) of each received nessage and store it to

the hash table (Figure 30).

i nt i nt byt e[ ] i nt byt e[ ] . i nt byt e[ ]

(1D
| dentification

Figure 30. Parsed Stream

W chose the Hashtable Java inplenentation because it
guarantees Q(log(n)) time cost for the get, put, and renove
operations. Mreover, the Hashtable is synchroni zed [ VEB16] .
According to this unique ID, the nessage was either inserted

into the hash table (if the ID were a new one) or nodified
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an existing one (if the ID already existed in the table.)
Appendix C contains conplete inplenentation. The UM

docunentation is shown in Figure 31.

c) Concl usi ons

W managed to establish the bi-directional
communi cation between two clients. Addi tionally, we
stored/retreived the exchanged data in the hash table. In
this manner we nmaintained a common-shared-view anong the
clients. As this shared view was stored in the hash table,
we were ready to provide |ateconmer support in the future
i npl enent ati on.

During the testing, we discovered that having
stored the nessages in the hash table, we were unable to
retrieve themin the specific order required by the existing
C++ client inplementation. Consequently, we concluded that
in the next phase we had to change the hash table data

structure used for storing and replace it with a dictionary.

SEMVer al::torl client_actor | SEMVer I serveOne I run | parseStream

server actor

client actar | | senver | | servelne ‘ | un | ‘ parseStream

start

-

I_I ' v create server socket
v

1

accept 1=t client

1

get client addre=s

o

acceptzecond client

-

get client address

T

' ereate thread for client one E

U

create input stream




4. Phase Four

a) (bj ective

Qur aimwas to provide multi-client functionality
to the server (Figure 32.) The benefit from this was
| at econmer support and persistence. Lateconers would be able

to retrieve the comon environnent from the storing
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mechani sm Since the hash table proved to be inefficient
during Phase Three, we had to replace it wth a nore

appropriate one.

dient
C Q
dient
Server C
dient

E Hash Tabl e Q d i ent - Pool

Fi gure 32. Phase Four

First, we added a client-pool

static Vector castTable = new Vector();
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to store the currently running clients. In the castTable, we
stored the DataQutputStream of each client. Thus, every new
nmessage could be retransmtted to all the clients in the
pool .

Second, we provided |ateconmer support, where each new
client received all the stored nessages. Following this, we
replaced the storage data structure (hash table) with a

di ctionary.

public class NSGRepository extends Dictionary

Since the dictionary is an abstract class, we decided
to inplement it using vector. Despite its time cost of Q(n)
for get, put, and renove, we gained the required
functionality of retrieving the records in the order we
needed them This was a tenporary solution, as the clients
woul d not require an ordered set of nessages in the future.

Third, we provided multi-client support. The server
entered in an endless |loop where it accepted every new
client, creating a new thread to support it. The new thread
was responsible for up-loading the existing environnent to
the client so that each shared a common view. After this,
the new thread started to read from the InputStream of the

client and to wite to every QutputStream existing in the
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client pool. The conplete inplenmentation is presented in

Appendi x D. The UML docunentation is shown in Figure 33.

c) Concl usi ons

W managed to store the exchanged nessages in a
dictionary storage data structure. Consequently, we provided
| at ecomer support and persistence. Furthernore, we were able
to function in a nulti-client environnent.

On the other hand, we concluded that the parsing
stream nmechani sm was able to process only a limted set of
message types (e.g. primtive shapes and transformations.)
Therefore, we identified the need for an independent
mechani sm able to read formated nessages rather than sinple

byte arrays requiring deserialization.

server_actor | client _actor NSGServer N5GServeOne run parseStream
server dctor client actar NEGSener HEGSerelne mun parseStream
start

v create senver socket

oo |

aecapt client request

1

request

. get client address

craate new thread

-

T create input stream

T create output stream




5. Phase Five

a) (bj ective

Qur goal was to provide the ability to read
formated data from the InputStream of each client. The idea
was that the server should be unaware of the type of
transmtted mnessages but still be able to dynamcally

process and store them This would give better scalability
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and would rmake the server inplenentation |ess proprietary.

As a result, we examned the feasibility of using DaBP.

b) | npl enent ati on

Since DaBP requires the use of XM. files for
reading the format of the protocol, we created a sanple XM
file as in Appendix E responsible for the representation of
the transformation nessage. The transmtted nessages are
called Abstract Data Units (ADUs), and they are structured
according to the protocol.

W also created two sanple Java clients (wth no
graphical interface) because the C++ clients were not mature
enough to be invoked in a reliable testing procedure. The
Java inplenentation of these clients can be found in
Appendi x F. These Java clients sinulated the real clients by

sendi ng and receiving nessages usi ng DaBP.

The server was responsible for creating the protocol:

Protocol Description protocol;

protocol = new Protocol Description(* SOFTexp.xml”);
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and each thread was responsible for establishing a stream
for reading using the ADUStreanTCP cl ass, which reads one or

nmore ADUs transmitted across the TCP socket.

ADUStreamTCP tcpStream,
Socket in_socket;

tcpStream = new ADUStreamTCP(in_socket, protocol);

Next, the thread was able to read from this stream
using an ADUData class. This class represents data received
fromthe network in the protocol defined format. Appendix G
contains the conplete inplenentation. The UML docunentation

is showmn in Figure 34.

server_actor | client_actor I MNSGServer I NSGServeOne I run !

serwer actor HSGServelne

‘ client actor

; I
E E wreate server sochet
[] initialize protocol

. accept client request

‘ HSGServer |

request

'
H L.l get client address
H create news thread

U I-:-l create output stream

|:|. create ADU TCP stream E

: -




c) Concl usi on
After examning the feasibility of using the DaBP

we concl ude that:

DaBP integrated and cooperated efficiently under the
current architecture;
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DaBP provided the necessary flexibility for the SOFT
pr oj ect because instead of a stream parsing
mechanism we could directly access the fields of
t he ADUs;

DaBP uses XM., which 1is derived from the 1SO
St andard Cenerali zed Mar kup Language (SGW) ,

cooperates with Java, and provides scalability for

future i nplenmentation;

DaBP is worth being evolved and included in the SOFT
architecture.
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VI. CLIENT SI DE ARCH TECTURE AND DESI GN

A.  NETWORK SCENE GRAPH (NSG) PROTOCOL

The NSG protocol is an information exchange nmechani sm
between the network layer and the M.. This information is
the scene graph appropriately nodified and serialized in
order to provide platform i ndependence across the network.
Each NSG is owned by one host at a tinme. Specifically, it is
conposed of nodes and fields. A node consists of:

1. u D

The U Dis a unique identifier for the node, consisting
of a conbination of owner ID and tinme of creation. A UD s
requi red because we may have nultiple clients running on the
sanme host.

2. NSG ag

This defines the type of the node. Different nodes with
the sane tag may have different type signatures. Once the
node has been created, the type signature is not changed.
Setting NSGag only during node creation enforces this
policy.

SOFT provides a base set of tags (Table 3) which every
SOFT inplenentation can interpret. The application and the
user may define any new tags they w sh, ones which are not

i npl enented yet. The tags of Table 4 have already been
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designed. Tags are sent as text strings roughly equival ent

to notations in a mark-up | anguage.

Tabl e 3. | npl enented NSG Tags

NSGsep_node

Contains an array of “noderef” U Ds. The
NSG uses |l eft-right/top-down inheritance
(as in Openlnventor) instead of top-down
i nheritance as used in Java3D and FSG

NSCGcol or _node

Contains a NSGield vec3 [rgb]

NSGxf or m_node

4x4 matri x

NSGcone_node A cone centered at (0,0,0) that goes from
-1 to +1 in each dinension.

NSGcube_node A cube centered at (0,0,0) that goes from
-1 to +1 in each di nension.

NSCGcyl _node A cylinder centered at (0,0,0) that goes

from-1to +1 in each di nension

NSGspher e_node

A sphere centered at (0,0,0) that goes
from-1to +1 in each di nension

Tabl e 4. Desi gned NSG Tags

Array of The nunber of tristrips. Atristrip

Tristrips contains two arrays of three vectors
[ position, normal] and two vectors
[texture coordinates] and an int[size]

Mat eri al Mat eri al properties such as em ssive,
specul ar, etc.

Texture Texture images [contains a URL to the
i mage]

Li ght A light object (enunmerated such as,
spotlights, point-lights)

Caner a Vi ewport mapping (aspect ratio, etc.)
near, far, position, focal distance, typed
orientation

FaceSet | ndexed face set: array of three vectors

[ poi nts] and array of ints.

Transpar ency

Cont ai ns a doubl e [ al pha]
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3. Omner

This termidentifies uniquely the creator or owner of a
node. The owner is stored as an |P address and port for
communi cat i ng updat es.

4. Contention Fl ags

Each node has a set of independent Bool ean flags for
handl i ng contention. The flags have default settings in the
NSG Any conplex sort of contention control requires
dropping to a callback. Certain callbacks, which are used
frequently in conbination to provide desired behavior, are
integrated into the systemas flags (Table 2).

5. Fi el ds

A field is one of the static, non-extensible sets of

enunerated primtive types listed in Table 5.

Tabl e 5. NSG Fi el ds

NSG i el d_doubl e | EEE 64 bit floating point nunber

NSG i el d_int 32 bit signed integer

NSGEield string String of ASCI| characters

NSE i el d vec3 Thr ee doubl es

NSGield matrix 4x4 matri x

NSG i el d_noder ef A node U D

NSG i el d_nt noder ef A-non-default-traversed reference to a
node, in U D formt

A runtinme-variable-length array of any of the preceding
types
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| f an application does not provide a traversal behavior
for a given tag, then the behavior is changed to traverse
any and all “noderef” fields of the node, according to their
order. Consequently, the point of an “ntnoderef” is that it
allows a user-defined tag node to reference another node
wi t hout being traversed by applications that don’ t
understand the tag.

The node UD and the owner are required to solve
contention issues arising during nodification of a renotely-
owned object. The ordered list of types of the fields of the
node is called the “type signature” of the node. Different
nodes with the sane tag may have different type signatures.
Once a node has been created, the type of signature cannot
be changed. A nore detailed description of the NSG node is

shown in Figure 35.

B. NSG SERI ALI ZATI QN DESERI ALI ZATI ON
All the NSG information is encapsulated in a byte
array. This byte array is actually transmtted over the

network. It consists of:

An integer that indicates the |length of the byte
array;

The body of the nessage, which carries on the sane
| ogi c.
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$yet) - NSGvec3

%unsetq) : void

:set(const MSGfield_vecd &s) :void

MEGeyl_node

MSGnode NS Geyl_node(const NSGHeld_list &1, const NSGrame &name)

$ag(iargname) | N5Gtag &
Fatatic make(const NEGTield_list &I, const MSGhname &narme) ;|

MWSGeone_node

MNEGsphere_node

*NSGcone_nnde(cunst MEGTeld_list &I, constMSGhame &hame)
$ag() : NSGtag &
$atatic make{const NEGfield_list &, const MSGname &name) : NEGnode ™

’NSGsphere_nude(cunst MEGhield_list &, const NEGname &name)
Hag(: NSGtag &
Qatatic makelconst NEGTeld_list &, const NSGhame &name) | NSGnodd®

Figure 35. UML Docunentation for

NSG Node

The serialization is inplenented overloading the “<<”
operator. According to Myers, the purpose of operator
overloading is that it 1is easy to read, wite, and
under st and [ MEYEQT] . Li kew se, deserial i zati on IS
i npl enented overloading the “>>" operator. During the
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deserialization process, the byte array is broken into its
i ndi vidual parts. This architecture provides scalability
because the inplenenters can seanlessly add new data

structures.
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VI1. EMPI R CAL TESTI NG

A | NTRODUCTI ON

A shared virtual environnment with many clients requires
| ow communi cations |atency. W exam ned the overhead of our
centralized server inplenmentation in a uni-directional data
exchange between two clients, both with and wthout the
DaBP.

For experinental purposes, we inplenented two specific
clients: a sending client (Sclient), and a receiving client
(Rclient). A sanple packet was used to sinulate the exchange
of a generic transfornmation between the two clients. Wen
DaBP was used, the packet was created from the XM file.
Wt hout DaBP, the packet was a sanple packet taken fromthe
transm ssion of a real SOFT client. The clients and server
ran on an Intel-based conputer with Wndows NT4.0. The

client inplenmentation can be found in Appendi x H.

B. TESTI NG SERVER OVERHEAD W TH DABP

In this experinent we tested the server’'s overhead
involving the DaBP. W transmtted 1,000, 5,000, 10,000,
50, 000, 100, 000, and 120,000 packets. The results are shown

in Table 6. According to the results, as the nunber of
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packets increases the timng cost per packet increases from

1.035 ms to 6.88 ns.

Tabl e 6. Average Server Overhead w th DaBP

Packets Transm tted Ti m ng Cost/

packet
1000 1. 035
5000 1.106
10000 1. 319
50000 3.085
100000 5.574
120000 6. 880

C. TESTI NG SERVER OVERHEAD W THOUT DABP

In this experinent we tested the server’'s overhead
wi thout DaBP. The results from the experinent are shown in
Table 7. The results reveal a timng cost fluctuating
between 6.023 nms and 6.162 ns per packet. The server’s
overhead 1is independent from the nunber of packets

transmtted.
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Table 7. Average Server Overhead w t hout DaBP

Packets Transm tted Ti m ng
Cost / packet

1000 6. 082

5000 6.122

10000 6. 049

50000 6. 063

100000 6. 023
120000 6.162

D. PROBLEMS TESTI NG W TH DABP

During the experinental session, we encountered sone
problenms using DaBP. First, we were unable to install it
properly due to hardcoded absolute paths. Thus, we inserted
our own absolute paths to make it work. Second, the String
data type was not supported. We tried to substitute String
wi th arrays of unsigned bytes, w thout success. In order to
solve this problem we created fixed-length byte arrays.
Third, during packet transmssion null pointer exceptions
were thrown. Qur first assunption was a buffer overflow,
which led us to increase the size of the input and output

buffers without result. The problem was sol ved by replacing
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the InputStream with DatalnputStream and the read nethod
with readFully. Finally we discovered a nenory-1|eak problem
whi ch significantly reduced its performance for |arge nunber

of packets (over 50, 000).

E. CONCLUSI ONS

Performing a trend analysis (Figure 36) we discovered
that using DaBP gives significant performance enhancenent
(approximately six time speedup) when the nunber of
transmtted packets is small (less than 50000). Wen the
nunber of packets increases, the server’'s overhead is
i ncreased, due to nmenory-| eak problens of the DaBP. The
parsing of byte streans is a nuch nore tinme consum ng net hod
than extracting the necessary information of a previously
formatted-w t h-DaBP nmessage, but it has a neutral behavior
to the nunber of packets transmtted. The previously
di scussed problens do not renove DaBP as a vi abl e candi date
for integration into the SOFT architecture. But, it needs
further inplenentation and extensive debugging in order to

becone a stabl e product.
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Figure 36. Trend Analysis with/w t hout DaBP
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VI'T1. CONCLUSI ON AND FUTURE WORK

A | NTRODUCTI ON

Thi s t hesis desi gns and i npl ement s a network
architecture for distribution of generic scene graphs. W
concentrated on the design and inplenentation of a
centralized server that supports multiple clients, providing
them with a common shared environnent. The results are

intended to be incorporated into the SOFT project.

B. CONCLUSI ONS

We built a centralized server using Java that provided
reliability, persistence, scalability, and | ateconer support
in a multi-client SOFT environnment. This server provides
interoperability and can support any SSGs on any platform
W concluded that this inplenentation denonstrated the
benefits of the DaBP

Enpirically testing the server overhead, we discovered
t hat using DaBP reduced the overhead by a factor of six for
| ess than 50, 000 packets. The performance and flexibility of
DaBP indicates that it is worth the effort to extend it to a
stable product and incorporate it into the SOFT

architecture. O course, enpirical testing to confirm
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performance inprovenent for |arge nunber of packets nust be

conduct ed.

C. FUTURE RESEARCH | DEAS

The goal of the SOFT project is network collaboration
bet ween conputer graphics applications. These applications
can be inplenmented in various |anguages over different
platfornms. SOFT clients are currently inplenented in C++ on
UNI X platforms. They use Openlnventor as the Standard Scene
Graph (SSG. In order to fulfill the objectives of the SOFT
architecture, the inplenentation nmust be extended to include
other platforns (e.g., Intel-based), |anguages (e.g., Java),
and SSGs (e.g., Java3D).

As stated in Chapter 1V, the SOFT server can be part of
a topologically larger netwrk environnent. In this
environment, various clusters can have their own server
nodul es. Furthernore, the clients have been inplenented
separately from the server. Merging the server and the
client nodules would be ideal. This new nodule would act
either as a server and/or as a client. This would nmean the
nmodul e could take turns being a server, and whenever the
server nodule left, it would mgrate and transfer duti es.

The current inplenmentation of the SOFT client and
server nodules requires an ordered procedure. Specific

progranms nust be invoked and executed using command |ine
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met hods. A user interface could be built in order to act as
a SOFT sessi on manager.

Currently, the DaBP library is [imted. For instance, a
limted set of data types is supported (e.g., integer,
float.) Additionally, the libraries are prototype versions
and contain errors. In the future, DaBP libraries could be
i nproved and conpleted resulting in a mature product. Since
DaBP provides flexibility, it can be extended to include
designs of application-specific protocols that can be
changed based on network | oad.

The feasibility of using multicasting technology for
the distribution of generic scene graphs should be exam ned
as multicast hardware beconmes nore w dely available. Al so,
the use of nmulti-tier architecture, |ike CORBA and COM can

be exploited under the SOFT architecture.

D. SUMVARY

The SOFT project approaches networking collaborative
virtual environnents these environnents with the use of the
scene graph as bus netaphor. This networking has been
inplemented with centralized servers responsible for the
distribution of the scene graphs. This shared visual
environment is the first stepping stone towards networking

client comunities. Later goals of SOFT include sharing of
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entity behaviors and actions, and wll be addressed in

f ol | ow—on wor k.

APPENDI X A — JAVA CCDE FOR “PHASE ONE”
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L e T T
/1 Filename: Server.java

/] Date: 20- April-99
/1 Conpiler: JDK 1.2
L e T T

i mport java.net.*;
i mport java.io.*;
/**

* Server for "Phase One". Creates a client/server nechani sm between
* the existing pair of SOFT client and server.

*
: @ut hor P. Fi aboli s, G Prokopaki s
pui)l ic class Server {
| *
* Main function
.

@aram args: Conmmand |ine argunents
* @xception | OException
*/
public static void main (String[] args) throws | COException {

Server Socket s = new Server Socket (9999);
Server Socket is = new Server Socket (8099) ;
Systemout.println("Server started: " + s);
Systemout.println("Local server started: " + is);
I net Addr ess addr = | net Addr ess. get ByNanme("royal ");
new C i ent Thread(addr);

Systemout. println("Connection with master started ...");
Socket in_socket = is.accept();
try {

whil e(true) {
Socket socket = s.accept();
try {
Systemout.println("Slave found ...");
new ServeOne(socket, in_socket);

}
cat ch(l Oexception e) {
Systemout. println("Server. main: | CException");
socket . cl ose();
}
} /1 end while
}
finally {

s.cl ose();
is.close();
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} // end of main()
} // end of class Server

/1 end of file Server.java

L e T T
/1 Filename: ServeOne.java

// Date: 20- April-99

/1 Conpiler: JDK 1.2
R e R T

i mport java.io.*;
i mport java.net.*;

/**

* Thread running for each connection. A sinple client/server
* mechani sm reading fromthe input streamand wighting to
* the output stream

*

* @ut hor P.Fiabolis, G Prokopakis
*/
cl ass ServeOne extends Thread {

/**

* Socket of the current thread.
*/

private Socket socket;

/**

* Streamto read from
*/
Dat al nput St ream i n;

/**

* Qutput stream
*/
Dat aQut put St r eam out ;
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Cl ass constructor

@aram s: Socket for output

@aram i n_socket: Socket for input

* @xception | OException

*/

public ServeOne(Socket s, Socket in_socket) throws | OException {
socket = s;

E o I

i n = new Dat al nput Strean{i n_socket. getlnputStream());
out = new Dat aCut put Strean{(s. get Qut put Strean{());
start();

} // end of Serve(ne

/*
* Thread main | oop. Perfornms the read/wite operation unti
* the clients are di sconnected.
*
*/
public void run() {
byte[] buf = new byte[1024];
int len =0, tnmp = 0;

try {
whil e(true) {

try {
len = in.readlnt();

i n.readFul l y(buf, 0, len);

out.witelnt(len);
out.wite(buf, 0, len);

}
cat ch(l Oexception e) {

Systemout.println("Cannot read ...");
}
}
.
finally {
/1 Always close it:
try {

socket . cl ose();

}
catch (1 CException e) {

Systemout. println("ServeOne.run: | OException");
}

}
} // end of run()
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} // end of class ServeOne
/1 end of file ServeOne.java

/1 Filename: dientThread.]java
/] Date: 20- April-99
/1 Conpiler: JDK 1.2

i mport java.net.*;
i mport java.io.*;

*

/
Thread i nplementation of the internal client nodule.
This npdul e reads fromthe C++ SOFT Server, and wites
to the Java server nodul e.

* Ok X ok F

*

@ut hor P. Fi aboli s, G Prokopaki s
*/
class dientThread extends Thread {

/**

* Socket of the current thread.
*/

private Socket socket;

/**
* Qut put socket.
*/
private Socket out_socket;

/**
* Streamto read from
*/
Dat al nput St ream dat a_i n;

/**
* Qutput stream
*/
Dat aCut put St r eam dat a_out ;

/*
* Class constructor
*
* @aram addr: |Inet address where this client should connect
*/
public dientThread(lnet Address addr) {
Systemout.println("Making client ...");

try {
socket = new Socket (addr, 8080);

I net Address self = | net Address. get ByNane("127.0.0.1");
out _socket = new Socket (self, 8099);

}
catch (1 CException e) {

/1 1f the creation of the socket fails, no need for cleanup.

}
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try {
data_i n = new Dat al nput St rean(socket. getlnput Streamn());

data out = new
Dat aQut put St r ean{ out _socket . get Qut put Stream() ) ;
start();

}
catch (1 COException e) {
/1 The socket should be closed on any failures
/1 other than the socket constructor
try {
socket . cl ose();
out _socket . cl ose();

iatch (1 OException e2) {
}

/*
* Thread main | oop. Perfornms the read(from C++ server)/wite

* operation until the clients are disconnected.
*

*/
public void run() {

byte[] buf = new byte[1024];
int len =0, tnmp = 0;

try {
while(true) {
try {
len = data_in.readlnt();
data_i n.readFul  y(buf, 0, len);
data_out.witelnt(len);
data_out.wite(buf, 0, len);
cat ch(l1 Oexception e) {
Systemout.println("Cannot read ...");
}
} // end while
}
finally {
/1 Always close it:
try {
socket . cl ose();
out _socket . cl ose();
}
catch (1 COException e) {
}
}
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} // end of run()
} // end of class dientThread
/1 end of file dientThread.java

APPENDI X B — JAVA CCDE FOR “PHASE TWO’

L e T T
/1 Filename: Server.java

// Date: 04- May- 99

/1 Conpiler: JDK 1.2
R e R T

i mport java.net.*;
i mport java.io.*;

/**

* Server for "Phase Two". Perforns the read/wite operation
* petween a C++ SOFT server and a C++ SOFT client, w thout
* needing an internal client nodule.

*

* @ut hor P.Fiabolis, G Prokopakis

*/

public class Server {

/*

* Main function

*

*

@aram args: Conmmand |ine argunents
:/ @xception | OException
public static void main (String[] args) throws | COException {
new ServeOne();
} // end of main
} // end of class Server

/1 end of file Server.java

L e T T T
/1 Filename: ServeOne.java

/] Date: 04- May- 99

/1 Conpiler: JDK 1.2

L e T T T

i mport java.io.*;
i mport java.net.*;

/**
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* Thread running for each connecti on.
* mechani sm

* the output stream

*

* @ut hor P.Fiabolis, G Prokopakis
*/
cl ass ServeOne extends Thread {
/**
* Sockets for read and wite.
*/
private Socket in_socket, out_socket;
/**
* Server Socket for
*/
private Server Socket server_socket;
/**
* Streamto read from
*/
Dat al nput St ream i n;
/**
* Qutput stream
*/

Dat aCQut put St r eam out ;

/*
* (O ass constructor
*
* @xception | OException
*/

public ServeOne() throws | OException {
new Server Socket (8080);
| net Addr ess. get ByName("royal ") ;

server_socket =
| net Address addr =

A sinmple client/server

reading fromthe input streamand wighting to

t he connection of the C++ client.

i n_socket = new Socket (addr, 9999);

i n = new Dat al nput Strean{i n_socket. getlnputStream());
out _socket = server_socket. accept();

out =

start();

* Ok X

the clients are di sconnected.

*/

public void run() {
byte[] buf = new byte[1024];
int len =0, tnp = 0;

99

new Dat aQut put St r eam( out _socket . get Qut put Streamn() ) ;

Thread main | oop. Perforns the read/wite operation until



try {
whil e(true) {

try {
len = in.readlnt();

i n.readFul l y(buf, 0, len);

out.witelnt(len);
out.wite(buf, 0, len);

}
cat ch(l1 OException e) {

Systemout.println("Cannot read ..."

}
}
.
finally {
/1 Always close it:
try {

i n_socket. cl ose();
out _socket . cl ose();
server _socket.cl ose();

iatch (1 OException e) {
}

}
} // end of run()
} // end of class ServeOne

/1 end of file ServeOne.java
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APPENDI X C — JAVA CCDE FOR “PHASE THREE”

L e T T
/1 Filename: Server.java

/1 Date: 03-June-99

/1 Conpiler: JDK 1.2

L e T T

i mport java.net.*;
i mport java.io.*;

/**

* Server for "Phase Three". Perfornms the read/wite operation
* petween two C++ SOFT clients.
*

* @ut hor P.Fiabolis, G Prokopakis
*/
public class Server {

/
Mai n function

* Ok X

@aram args: Conmmand |ine argunents
* @xception | OException
*/
public static void main (String[] args) throws | COException {
if(args.length = 3) {
usageMessage();
Systemexit(0);
}

String server_nanme = args[0];
Server Socket server_socket;

Socket in_socket, out_ socket;
| net Addr ess addr;

try {
server_socket = new Server Socket (I nteger.parselnt(args[2]));

i n_socket = server_socket.accept();
I net Address client_addrl = in_socket.getlnet Address();

Systemout.printin("Client found ..." +
client_addrl. get Host Nane());
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out _socket = server_socket. accept();
I net Address client_addr2 = out_socket. getl net Address();

Systemout.printin("Client found ..." +
client_addr 2. get Host Nane() ) ;

try {
new ServeOne(in_socket, out_socket, "SOFT client 1");

new ServeOne(out _socket, in_socket, "SOFT client 2");

System out. println(Thread. activeCount());
whi | e( Thread. activeCount () > 1) {
} // end while

}
finally {
try {
i n_socket . cl ose();
out _socket . cl ose();

}
catch (1 CException e) {

Systemout. println("Could not close socket.");
}

}

}

cat ch(l OException ie) {
Systemout. println("Server probleni);
System exit(0);

}

} // end of main

/*
* Provide help nessage if the conmand |ine argunents
* are not valid.
*
*/
public static void usageMessage() {
Systemout. print ("Usage: java Server <server name>");
Systemout.println(" <server port> <client port>");
Systemout.println();
Systemout. println("Exaple: java Server venus 9000 8000");
Systemout.println("\tvenus - nachi ne running the SOFT server");
Systemout.println("\t9000 - venus machi ne port");
Systemout.println("\t8000 - client machine port");

} // end of usageMessage
} // end of class Server

/1 end of file Server.java
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L e T T
/1 Filename: NSGStreanRecord.java

/| Date: 04- May- 99

/1 Conpiler: JDK 1.2

L e T T
/**

* I nplementation of a record to be stored by the SOFT server.
*

* @ut hor P.Fiabolis, G Prokopakis

*/

cl ass NSGStreanRecord {

/**

* Uni que key for the nessage.
*/

String key;

/**

* Message as it was received fromthe network.
*/
byte[] data;

/*

* Class constructor

*

* @aramid: Message ID

* @aram |l en: Message |ength

* @aramrecord: Oiginal nmessage
*/

public NSGStreanRecord(byte[] id, int len, byte[] record) {
key = new String(id, 0, len);
dat a new byt e[ 65535] ;
dat a record,

} // end of NSGStreanmRecord
} // end of class NSGStreanRecord

/1 end of file NSGStreanRecord.java
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APPENDI X D — JAVA CCDE FOR “PHASE FOUR’

L e T T
/1 Filename: NSGServer.java

/1 Date: 18- June- 99

/1 Conpiler: JDK 1.2

L e T T

i mport java.net.*;
i mport java.io.*;
/**

* Main class for the NSG server. Enters an endl ess | oop waiting

* for client requests.
*

* @ut hor P.Fiabolis, G Prokopakis
*/

public class NSGServer {

/
App main function.

* Ok X

@aram args: Conmand |ine param Should have the port nunber.
* @xception | OException
*/
public static void main (String[] args) throws | CException {
if(args.length = 1) {
usageMessage();
Systemexit(0);
}

Server Socket server_socket;
| net Addr ess addr;

int counter = 1;

try {
server_socket = new Server Socket (I nteger.parselnt(args[0]));

while(true) {
Socket in_socket = server_socket.accept();
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addr = in_socket. getlnet Address();

Systemout. println("Wl cone " + addr.get Host Nane());

try {
new NSGServeOne(i n_socket, counter++);

}
catch(| OException e) {
i n_socket. cl ose();

}
} // end while

}

cat ch(l1 Oexception e) {
Systemout.println("Cannot initialize server. Exiting ...");
System exit(0);

}

} // end of main

/*
* Message to display in case of invalid command |ine argunents.
*

*/
public static void usageMessage() {
Systemout.println("Usage : java Server <port nunber>");
Systemout.println();
Systemout. println("Exanple: java Server 9999");

} // end of usageMessage
} // end of class NSGServer

/1 end of file NSGServer.java

L e T T T
/1 Filename: NSGServeOne.java

/1 Date: 18- June- 99

/1 Conpiler: JDK 1.2

L e T T T

i mport java.io.*;

i mport java.net.*;

i mport java.util.Hashtabl e;

i mport java.util.Enuneration;
i mport java.util.Vector;

/**

* An instance of this class is running for every client connected to
t he
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* NSGServer.

*

* @ut hor P.Fiabolis, G Prokopakis
*/
cl ass NSGServeOne extends Thread {

/**

* Unique ID for each thread. For the nonent this is a sinple counter
*/

int threadl D

/**

* Streamwhere this thread reads from
*/

Dat al nput St ream i n;

/**

* Streamwhere this thread will wite the NSG s stored in the
repository.

*/

Dat aCut put St r eam ne;

/**

* Table holding the ports for all conected clients. Common for all
t hr eads

*/

static Vector castTable = new Vector();

/**

* Tabl e holding SG data sent fromclients. Comon for all threads
*/

static NSGRepository table = new NSGRepository();

/**

* Semaphore for thread exit.
*/

bool ean stopThread = fal se;

/**

* Socket associated with this thread.
*/

Socket threadSocket;

Cl ass constructor

@aramin_socket: Socket for this thread connection

@aramid: unique ID for this client. For the noment just a counter
* @xception | OException
*/

publ i c NSGServeOne( Socket in_socket, int id) throws | OException {

E o

threadl D = i d;
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t hreadSocket = i n_socket;

in = new Dat al nput Stream (i n_socket. getlnputStrean());

nme new Dat aQut put Stream(i n_socket. get Qut put Stream());

// Add the new coner to the client |ist.
cast Tabl e. addEl enent ( e) ;

start();
} // end of NSGServeOne
/*

* Thread main oop. Runs until thread needs to be alive.
*

*/
public void run() {
int len = 0;
Dat aQut put St r eam out ;

/1 Send the data (if any) fromthe repository to the newconer.

try {
Enumer ati on enum = NSGServeOne. tabl e. el ements();

whi | e(enum hasMor eEl enents()) {
NSGSt r eamRecord s = (NSGSt r eanRecor d) enum next El enent () ;
if (s.threadlD != threadl D) {
Systemout.println("TABLE " + s.key);
byte[] tmpBuf = new byte[ 65535];
t mpBuf = s. dat a;
me.witelnt(s.datalLength);
me.wite(tnpBuf, 0, s.datalLength);
me. fl ush();

}

}
cat ch(l1 Oexception e) {
Systemout. println("Thread stopped. Connection with " +
threadlD + " failed.");
cl oseThread();

}

whi | e(! stopThread) ({

try {
len = in.readlnt();
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byte[] buf = new byte[len];
i n.readFul l y(buf, 0, len);

/1 Send the nmessage to everyone
Enumer ati on enum = cast Tabl e. el ement s() ;
whi | e(enum hasMor eEl enents()) {
out = (DataCut put Strean) enum next El ement () ;

if (out '=ne) {
out.witelnt(len);
out.wite(buf, 0, len);

}
} // end while

/1 Store or update the data.
par seStrean{buf, len);

}

cat ch(l Oexception e) {
System out. println("Goodbye " + threadl D);
cl oseThread();

}
} // end while(!stopThread)

} // end of run

/*

* Close the thread after finishing connection or failure
*

*/

public void closeThread() {

try {
t hr eadSocket . cl ose();

cast Tabl e. r enoveEl enent (ne) ;
stopThread = true;

}
cat ch(1 Oexception e) {
Systemout. printl n("ERROR Could not close socket @
cl oseThread");

}

} // end of closeThread

Parse data received fromthe network and store themin an appropriate
repository. Data for existing objects are been updated.

E o I I

@aram buf: Byte array send fromthe client.
* @aramlen: Length of the byte array.

*/

public void parseStreanm(byte[] buf, int len) {
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byte[] buffer = new byte[65535];

buf fer = buf;

Byt eArrayl nput St r eam byt e_stream

Dat al nput St r eam dat a_stream

byte[]

nt

nt

nt

nt

nt

nt

dat aLen

= |l en;

headerLen; [// Size of data header

namelLen;
keylLen;

| enLeft;

/1 Size of NSG node nane

/1 Length of unique key for this data

byt esToRead;

/] Create a

byte_stream
data_stream

try {
byt esToRead = data_streamreadlnt();

nane)

t np_buf = new byt e[ 65535];

new streamjust to break it and extract the NSG |ID.

new Byt eArrayl nput St rean{ buf) ;
new Dat al nput Strean( byte_stream;

len = len - 4;

if (bytesToRead == 4) {
/1 Read in header

headerLen = data_streamreadlint();

| en

= len - 4;

dat a_stream readFul | y(tnp_buf, 0, headerLen);

| en
Stri

= |l en - headerLen;
ng header = new String(tnp_buf, 0, headerlLen);

/! Read in node namne
naneLen = data_streamreadint();

| en

= len - 4;

dat a_streamreadFul | y(tnmp_buf, 0, naneLen);

i f (!header. equal s("NSGhew')) {

/1 This record doesn't describe a NSGhode, so nake a
/1 key by concatenating the header with the "key" (node

String nane = new String(tnp_buf, 0, nameLen);
String final _key = header + "|" + nane;

t np_buf
keyLen

final _key. getBytes();
final _key.length();
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el se {
keyLen = namelLen;
}

NSGSt r eanRecord streamrec = new NSGStreanRecor d(tnp_buf,
keyLen, buffer, datalLen,

t hreadl D) ;

hject val = table.put(streamrec. key, streamrec);

System out. println(streamrec. key);

if (val == null) {

Systemout.println(threadlD + ": New record added.");

el se {

Systemout.println(threadlD + ": Record found +

updated."); }

el se {

Systemout.printl n("ERROR No recorded nessage.
@ parseStream");

byt esToRead +
}

}
cat ch(1 Oexception ie) {
System out. println("ERROR Probl emreadi ng integer
parseStream");
} // end of parseStream

} // end of class NSGServeOne

/1 end of file NSGServeOne.java

e

/1 Filename: NSGStreanRecord.java
/1 Date: 18- June- 99
/1 Conpiler: JDK 1.2

* NSG record. Stored in the NSGRepository.

Lengt h

@

* Should be nodified to match the appropriate structure of the NSG

* @ut hor P.Fiabolis, G Prokopakis
*/
cl ass NSGStreanRecord {

/**
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* Uni ge key of the NSG
*/
String key;

/**

* Byte array. It is stored as it is read fromthe client.
*/

byte[] data;

/**

* Length of the byte array (data).
*/
i nt datalLengt h;

/**

* Thread that this NSG came from Used in order to avoid retransmting
t hi s back.

*/

int threadl D

/*

* Class constructor.

*

* @aramrecKey: Unique ID of the NSG

* @aram keyLen: Length of the key.

* @aramrecord: Byte array as it is read fromthe client.
*

@ar am dat aLen: Length of the byte array (record)

* @aramid: Thread ID.

*/

publ i c NSGStreanRecord(byte[] recKey, int keylLen, byte[] record, int
datalLen, int id) {

key = new String(recKey, 0, keylLen);

data new byt e[ 65535] ;

dat a record,
dat aLengt h = dat aLen;
threadl D = id;
} // end of NSGStreanmRecord
} // end of class NSGStreanRecord

/1 end of file NSGStreanRecord.java
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L e T T
/1 Filename: NSCGRepository.java

/| Date: 18- June- 99
/1 Conpiler: JDK 1.2
R e e

i mport java.util.*;
i mport java.io.*;
/ *

I mpl enentation of the data structure where NSG s are stored.
For the monent a Vector is used in order to provide NSG s
to the new conmers in the order they have arrived.

This is going to be replaced by the TreeMap class (jdk 1.2).

E R

* @ut hor P.Fiabolis, G Prokopakis
*/
public class NSGRepository extends Dictionary {

/**

* Vector to store the keys of the NSG s.
*/

private Vector Keys = new Vector();

/**

* Vector to store the byte arrays (data).
*/

private Vector Values = new Vector();

/*
* @G ves the nunber of the contents of the repository.
*
*/
public int size() {
return Keys.size();
}

/*
* Check if the vector is enpty.

*
*/
publ i ¢ bool ean i sEnpty() {
return Keys.isEnpty();
}

Insert a new NSG record in the repository.

* Ok X

@ar am key: Unique I D of the NSG

* @aram val ue: NSG record to be stored.

*/

public Object put(Object key, Object value) {
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i f(Keys. contai ns(key)) {
i nt index = Keys.indexX (key);
Val ues. set El enent At (val ue, i ndex);
return key;

el se {
Keys. addEl enment (key) ;
Val ues. addEl enent (val ue);
return null;

/*
* Get the record of the NSGwith I D = key.
*
* @aram key: Unique ID of NSGto | ook for.
*/
public Object get(Object key) {

i nt index = Keys.indexX (key);

if(index == -1) {
return null;
el se {
return Val ues. el ement At (i ndex) ;
}
}
/*

* Renpve the record of the NSGwith ID = key.

*

* @aram key: Unique ID of NSGto be renoved.
*/
public Object renmove(oject key) {

hj ect retVal;

i nt index = Keys.indexX (key);

if(index == -1) {
retval = null;
el se {
Keys. renoveEl enent At (i ndex) ;
retVal = Val ues. el enent At (i ndex) ;
Val ues. renoveEl enent At (i ndex) ;
}
return retVal;
}
/*

* Provide an Enuneration data structure for the keys Vector.
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*
*/
public Enuneration keys() {
return Keys. el enents();
}

/*
* Provide an Enuneration data structure for the el enents Vector.
*
*/
public Enuneration elenments() {
return Val ues. el enents();
}

} // end of class NSGRepository

/1 end of file NSGRepository.java

APPENDI X E — XM. FI LE

<?xm version="1.0"?>

<I-- Sinple XML file for use with the SOFT experinment -->
<I-- Note the hard-wired reference to the dtd. This should be fixed -->
<l-- in order to run on another system-->

<! DOCTYPE PROTOCOL_DESCRI PTI ON SYSTEM
"file:////DaB/ Docunent at i on/ dabp/ pr ot ocol s/ prot ocol _descri ption. dtd">

<!-- SOFT/ DABP XML PACKET DESCI PTIONS -->
<PROTOCOL_DESCRI PTI ON>

<PROTOCOL_ | NFORMATI ON>
<PROTOCOL_NAME>SOFT</ PROTOCOL_NAVE>
<PROTOCOL_MARKER_FI ELD>Packet Type</ PROTOCOL_MARKER FI ELD>
<PROTOCOL_MARKER_PGCS| TI ON>0</ PROTOCOL_MARKER POSI TI ON>

<PROTOCOL_MARKER _TYPE>or g. web3d. vrt p. dat at ypes. Unsi gnedByt e</ PROTOCOL_ VA
RKER_TYPE>

<PROTOCOL_TYPE_LI ST>

<TYPE>or g. web3d. vrt p. dat at ypes. Unsi gnedByt e</ TYPE>
<TYPE>or g. web3d. vrt p. dat at ypes. Unsi gnedShor t </ TYPE>
<TYPE>or g. web3d. vrt p. dat at ypes. Si gnedl nt eger </ TYPE>
<TYPE>or g. web3d. vrt p. dat at ypes. Doubl ePr eci si on</ TYPE>
<TYPE>or g. web3d. vrt p. dat at ypes. arr ay6</ TYPE>

<TYPE>or g. web3d. vrt p. dat at ypes. array16</ TYPE>
<TYPE>or g. web3d. vrt p. dat at ypes. arr ay40</ TYPE>
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</ PROTOCOL_TYPE_LI ST>

<I-- XXXX These fields are wong! what should they be?! -->
<PROTOCOL_HANDLER>ht t p: // www. st . nps. navy. m | / ~f oo</ PROTOCCL_HANDLER>

<PROTOCOL_SENANTI CS_HANDLER>deno. dabp. Semant i cs</ PROTOCOL_SEMANTI CS_HAND
LER>

</ PROTOCOL | NFORMATI ON\>
<ADUS>

<l-- XFORM PACKET -->
<ADU_DESCRI PTI O\>
<ADU_| NFO>
<ADU_NAVE>XFORMk/ ADU_NAME>
<ADU_MARKER VALUE>1</ ADU MARKER VAL UE>
</ ADU_I NFO>

<Fl ELDS>

<FI ELD_PRI M TI VE>
<FI ELD_NAME>Packet Type</ FI ELD_NAME>
<FI ELD TYPE>or g. web3d. vrt p. dat at ypes. Unsi gnedByt e</ FI ELD_TYPE>
<FlI ELD DEFAULT>1</ FI ELD _DEFAULT>

</ FI ELD_PRI M Tl VE>

<FI ELD_PRI M TI VE>
<FI ELD_NAME>Tag</ FI ELD_NAME>
<FI ELD TYPE>or g. web3d. vrt p. dat at ypes. array6</ Fl ELD_TYPE>
<FI ELD DEFAULT>9</ FI ELD DEFAULT>

</ FI ELD_PRI M Tl VE>

<FI ELD_PRI M TI VE>
<FI ELD_NAME>CCode</ FI ELD_NAME>
<FI ELD TYPE>or g. web3d. vrt p. dat at ypes. Si gnedl nt eger </ Fl ELD_TYPE>
<FlI ELD DEFAULT>0</ FI ELD _DEFAULT>

</ FI ELD_PRI M Tl VE>

<FI ELD_PRI M TI VE>
<FI ELD_NAME>NodeNane</ FI ELD_NAME>
<FI ELD TYPE>or g. web3d. vrt p. dat at ypes. ar r ay40</ Fl ELD_TYPE>
<Fl| ELD DEFAULT>9</ FI ELD DEFAULT>

</ FI ELD_PRI M Tl VE>

<FI ELD_PRI M TI VE>
<FI ELD_NAME>mat </ FI ELD_NAME>
<FI ELD TYPE>or g. web3d. vrt p. dat at ypes. array16</ Fl ELD_TYPE>
<Fl| ELD DEFAULT>9</ FI ELD DEFAULT>

</ FI ELD_PRI M Tl VE>

</ Fl ELDS>
</ ADU_DESCRI PTI ON\>
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</ ADUS>
</ PROTOCOL_DESCRI PTI O\>

APPENDI X F — DaBP CLI ENTS

L e T T
/1 Filename: SCient.java

/| Date: 23- Aug- 99

/1 Conpiler: JDK 1.2

L e T T

i mport org.web3d. vrtp. dabp. *;
i mport org.web3d.vrtp.util.*;
i mport org.web3d.vrtp.net.*;

i mport java.net.*;
i mport java.io.*;
i mport java.util.*;

*

/
Sd i ent

Sinmple client sending packets to the SOFT server.

It is used for the enpirical testing.

SAient uses SOFTexp.xm in order to create the protocol description
Then

* it creates a byte array according to this protocol and sends this
1000 tines

* to the server. The byte array contains the default data.

Syntax: SO ient <server name> <server port>

E R R

*
*
*

@ut hor P. Fi abolis, G Prokopaki s
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*/
public class SO i ent
{
/**
* Main method. Creates the protocol description, connects to the server
and
* sends an ADU 1000 tines to him
* W need to add a tinme delay between sendi ng packets. Whithout this
del ay
* we get a Null PointerException exception (in the NSGServeOne) at the
* Protocol Description. deterim neADUFr onBi nar yDat a net hod.
*
*/
public static void main(String[] args) t hrows Socket Excepti on
{
/1 args[0]
/1 args[1]

= Server nane
= socket nunber
if(args.length = 2) {
usageMessage();
System exit(0);
}

Pr ot ocol Descri pti on protocol;
ADUDat a packet ;

| net Addr ess addr ;

Socket socket;

CQut put St ream os;

Dat aCut put St r eam dos;

Byt eAr rayQut put St r eam bos;
Dat aCut put St r eam ne;

byte data[];

prot ocol = new Protocol Description("SOFTexp. xm ") ;
packet = protocol.get ADUDat aFor Nane(" XFORM') ;

try

addr = | net Address. get ByNanme(args[0]);
Systemout.println("addr =" + addr);

}
cat ch( UnknownHost Excepti on uhe)

System out . printl n("Unknown Host ...");
return;
}
try
{
socket = new Socket (addr, |nteger.parselnt(args[1]));
}
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cat ch( | OException i oe)

Systemout. println("Cannot create the socket ...");
return;
}
try
try
{
0S = socket. get Qut put Stream();
}
cat ch(| OException e)
Systemout.println("Could not initialize output stream
. ll);

return;

PrintStream p = new Print Strean(os);
bos = new ByteArrayQut put Stream();
dos = new Dat aCut put St r ean{ bos) ;

try {
me = new Dat aQut put Stream(socket . get Qut put Stream());

}
cat ch(1 OException ioe) {

return;
}
packet . serialize(dos);
data = bos.toByteArray();
for(int i =0; i < 120000; i++)
{
try
{ _
me.wite(data);
me. fl ush();
}
cat ch( | OException i oe)
Systemout.println("Could not wite to the output stream
),
return;
}
} // end while(true)
.
finally
{
Systemout.printin("Closing client ...");
try
{

socket . cl ose();

}
cat ch(l OException e)
{
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Systemout.println("Could not close socket...");
return;

}
} // end try-finally

} // end main

/**

* Provides a hint nessage when the nunber of the conmand |ine argunents

* is wong.

*

*/

public static void usageMessage() {

Systemout. print("Usage: java SCient <server nane>");
Systemout.println(" <server port>");
Systemout.println();
Systemout.println("Exaple: java SO ient venus 9000");
Systemout.println("\tvenus - nachi ne running the SOFT server");
Systemout.println("\t9000 - venus machi ne port");

} // end usageMessage
} // end of class SOient

/1 end of file SClient.java

L e T T
/1 Filename: RCient.java

/] Date: 23- Aug- 99

/1 Conpiler: JDK 1.2
R e R T

i mport org.web3d. vrtp. dabp. *;
i mport org.web3d.vrtp.util.*;
i mport org.web3d.vrtp. net.*;

i nport java.net.*;
i mport java.io.*;

i mport java.util.*;
/ *
RC i ent

Sinple client readi ng packets fromthe SOFT server.

It is used for the enpirical testing.

RO i ent uses SOFTexp.xm in order to create the protocol description.
en,

* it reads ADUs fromthe server. No packet processing takes place.

* Syntax: RO ient <server nanme> <server port>

e

T

*
* @ut hor P.Fiabolis, G Prokopakis
*/

public class RO i ent

{
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/**

* Main method. Creates the protocol description, connects to the server
and

* reads ADUs from him

*

*/

public static void main(String[] args)

5/ ar gs[ 0]
/1 args[1]

= Server nane
= socket nunber
if(args.length = 2) {
usageMessage();
System exit(0);
}

Pr ot ocol Descri pti on protocol;
ADUDat a packet ;

| net Addr ess addr ;

Socket socket;

CQut put St r eam os;

Dat aCut put St r eam dos;

Byt eAr rayQut put St r eam bos;

ADUSt r eaniTCP t cpStream
ADUDat a dat a;

prot ocol = new Protocol Description("SOFTexp. xm ") ;
packet = protocol.get ADUDat aFor Nane(" XFORM') ;

try

addr = | net Address. get ByNanme(args[0]);
Systemout.println("addr =" + addr);

}
cat ch( UnknownHost Except i on uhe)

System out . println("Unknown Host ...");
return;

}

try

{

socket = new Socket (addr, |nteger.parselnt(args[1]));

}
cat ch( | OException i oe)

System out . println("Unknown Host ...");
return;
}
tcpStream = new ADUSt r eanTCP(socket, protocol);
try
{
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whi | e(true)

data = tcpStream readNext ADU(67) ;
if(data !'= null) {

Systemout.print(".");

} //}end whi [ e(true)

.
finally

Systemout.printin("Closing client ...");

try
{

socket . cl ose();

}
cat ch( 1 OException e)

Systemout.println("Could not close socket...");
return;

}

} // end try-finally

} // end main

/**

* Provides a hint nessage when the nunber of the conmand |ine argunents

* |'s wong.
*

*/

public static void usageMessage() {

System out .
System out .
System out .
System out .
System out .
System out .

}

print("Usage: java RAient <server name>");

println(" <server port>");

println();

println("Exaple: java RAient venus 9000");
println("\tvenus - machine running the SOFT server");
println("\t9000 - venus nmachi ne port");

} // end of class RAient

/1 end of file RClient.java
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APPENDI X G — JAVA CCDE FOR “PHASE FI VE'

L e T T
/1 Filename: NSGServer.java

/| Date: 28- Aug- 99

/1 Conpiler: JDK 1.2

L e T T

i mport org.web3d. vrtp. dabp. *;
i mport org.web3d.vrtp.util.*;

i nport java.net.*;

i mport java.io.*;

/**

* Main class for the NSG server. Enters an endl ess | oop waiting
* for client requests.

*

* @ut hor P.Fiabolis, G Prokopakis

*/

public class NSGServer {
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App main function.

* Ok X

@aram args: Conmand |ine param Should have the port numnber.
* @xception | OException
*/

public static void main (String[] args) throws | COException {

Pr ot ocol Descri pti on protocol;

if(args.length I'= 1) {
usageMessage();
System exit(0);

}

prot ocol = new Protocol Description("SOFTexp. xm ") ;
Server Socket server_socket;
| net Addr ess addr;

int counter = 1;

try {
server_socket = new Server Socket (I nteger.parselnt(args[0]));

whil e(true) {
Socket in_socket = server_socket.accept();

addr = in_socket. getlnet Address();
Systemout. println("Wl cone " + addr.get Host Nane());

try {
new NSGServeOne(i n_socket, counter++, protocol);

}
catch(| OException e) {
i n_socket. cl ose();

}
} // end while

}

cat ch(I Oexception e) {
Systemout.println("Cannot initialize server. Exiting ...");
Systemexit(0);

}

} // end of main

/*

* Message to display in case of invalid command |ine argunents.
*

*/

public static void usageMessage() {

Systemout.println("Usage : java Server <port nunber>");
Systemout.println();
Systemout. println("Exanple: java Server 9999");

} // end of usageMessage
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} // end of class NSGServer

/1 end of file NSGServer.java

L e T T
/1 Filename: NSGServeOne.java

/] Date: 20- Aug- 99

/1 Conpiler: JDK 1.2

L e T T

i mport org.web3d. vrtp. dabp. *;
i mport org.web3d.vrtp.util.*;

i mport java.io.*;

i nport java.net.*;

i mport java.util.Hashtabl e;

i mport java.util.Enuneration;
i mport java.util.Vector;

i mport java.util.Cal endar;

/**

* NSGSer veOne

*

* An instance of this class is running for every client connected to
t he

* NSCGServer. Reads from an ADUStreamlCP stream Each ADU is transforned
to

* a byte array and retransmitted to the other clients currently

connect ed.
*

* @ut hor P.Fiabolis, G Prokopakis
*/

cl ass NSGServeOne extends Thread {

/**

* Unique ID for each thread. For the nonent this is a sinple counter
*/

int threadl D

/**

* Streamwhere this thread will wite the NSG s stored in the
repository.

*/

CQut put St ream ne;
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/**

* Tabl e holding the ports for all conected clients. Common for al
t hr eads

*/

static Vector castTable = new Vector();

/**

* Tabl e holding SG data sent fromclients. Comon for all threads
*/
static NSGRepository table = new NSGRepository();

/**

* Semaphore for thread exit.
*/

bool ean stopThread = fal se;

/**

* Socket associated with this thread.
*/

Socket threadSocket;

/**
* DaBP streamto read from W can read ADUs directly from here.
*/

ADUSt r eaniTCP t cpStream

/**
* Represents one ADU read fromthe network.
*/

ADUDat a dat a

/*

* NSGSer veOne

*

* Class constructor. Initialize input and output streans, adds this
client

* to the client pool, and starts the thread execution

* A Nul | Poi nt er Exception occurs after reading a nunber of packets
(265).
* Reason is not known for the nonment but it is elimnated when a
time delay is added to the sending client (SCient) between packet
sendi ng.

@aramin_socket: Socket for this thread connection

@aramid: unique ID for this client. For the nonment just a counter
* @xception | OException

*/

publ i c NSGServeOne( Socket in_socket, int id, Protocol Description

pr ot ocol )

E o I I

t hrows | OException {

threadl D = id;
t hreadSocket = i n_socket;

/* /] try to increase the input buffer size

125



Systemout.println("Buffer size 1 = +
t hr eadSocket . get Recei veBuffer Si ze());

t hr eadSocket . set Recei veBuf fer Si ze(t hreadSocket . get Recei veBuffer Si ze()
3);

Systemout.println("Buffer size 2 =" +

t hr eadSocket . get Recei veBuffer Si ze());

*/
me = new Dat aQut put Stream(i n_socket. get Qut put Stream());
/1 Add the new coner to the client |ist.
cast Tabl e. addEl enent ( e) ;
tcpStream = new ADUSt r eanTCP(i n_socket, protocol);
start();

}

/*

* Waits until a packet arrives. Then, it starts reading ADUs, stores
them and

* retransmits themto the other clients. Wien done (1000 reads)

cal cul ates

* the duration.
*

*/
public void run() {

int len = 0;
CQut put St ream out ;

Cal endar begin, end;
byte[] byteData;
try {
/1 | ate-conmer support not needed for this experimnent.
Input Streami s
/1] VWit until there is sonmething avilable to read.
whil e(l en == 0)
{
try
o
is = threadSocket. getlnput Strean();
len = is.available();

}
cat ch( | OException i oe)

Systemout. println("Cannot get input stream...");
cl oseThread();

} //}end whil e(l en == 0)
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[l Start the tinmer.
begi n = Cal endar. get |l nstance();
Systemout.println("Tiner started ...");
int counter = O;
whi | e(! st opThr ead)

try

{

data = tcpStream readNext ADU(67) ;

if(data != null) {

try {
nj ect val = table.put(data.get("Tag"), data);

}
cat ch(Fi el dNot FoundException fnf) {
Systemout.printin("Field not found ...");
}
Enumer ati on enum = cast Tabl e. el ement s() ;
byt eDat a = dat a. get Bi naryDat a() ;
whi | e(enum hasMor eEl enent s()) {
out = (Qutput Stream enum next El emrent () ;
if (out !'= me)
out.wite(byteData);
}
} // end while
count er ++;
i f(counter >= 120000) {

end = Cal endar. getl nstance();

long startTine =
(begi n. get ( Cal endar . HOUR) *60* 60* 1000) +

(begi n. get (Cal endar. M NUTE) *60* 1000) +
(begi n. get (Cal endar . SECOND) *1000) +
(begi n. get (Cal endar. M LLI SECOND) ) ;
| ong endTine =
(end. get ( Cal endar . HOUR) *60* 60*1000) +
(end. get ( Cal endar. M NUTE) *60* 1000) +
(end. get ( Cal endar . SECOND) * 1000) +
(end. get (Cal endar. M LLI SECOND) ) ;
| ong duration = endTinme - startTi ne;

Systemout.println("Duration =" + duration );
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System out. println("Goodbye " + threadl D);
Systemout. println("1000 packets read ...");
cl oseThread();

}
} /1 end if

}
cat ch( | OExcepti on eee)

{
System out. println("Goodbye " + threadlD);
Systemout.println("Could not read next ...");
cl oseThread();
}
} // end while(true)
}
finally {
cl oseThread();
}
}
/*
* Close the thread after finishing connection or failure.
*
*/
public void closeThread() {

try {
t hr eadSocket . cl ose();

cast Tabl e. r enoveEl enent (ne) ;
stopThread = true;

}
cat ch(1 Oexception e) {

Systemout. printl n("ERROR Could not close socket @
cl oseThread");

}
}
} // end NSGServeOne

/1 end of file NSGServeOne.java
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APPENDI X H — JAVA CODE FOR TESTI NG CLI ENTS

L e T T
/1 Filename: SCient.java
/1 Date: 24- August - 99

/1 Conpiler: JDK 1.2
/1 Comrents: Sinple client sending packets to the SOFT server
/1 Used for the enpirical testing.

i mport java.net.*;
i mport java.io.*;
i mport java.util.*;
public class SO i ent
public static void main(String[] args)

/1 args[O0]
/1 args[1]

Server nane
socket nunber
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if(args.length = 2) {
usageMessage();
System exit(0);

}

| net Addr ess addr;
Socket socket;
FilelnputStreamfis;
Dat aCut put St r eam dos;

try

addr = | net Addr ess. get ByNanme(args[0]);
Systemout.println("addr =" + addr);

}
cat ch( UnknownHost Excepti on uhe)

System out . println("Unknown Host ...");
return;

}

try

{

socket = new Socket (addr, |nteger.parselnt(args[1]));
}
cat ch( | OException i oe)

Systemout. println("Cannot create the socket ...");
return;

}
try
/1 packet.exp contains a byte array extracted froma C++
client.

/1 this packet corresponds to a transformation.
fis = new Fil el nput St rean{" packet. exp");

}
cat ch(Fi | eNot FoundException fnfe)

{
Systemout.println("File packet.exp not found ...");
try
{
socket . cl ose();
}
cat ch( | OException i oe)
Systemout.println("Can not close socket ...");
}
return;
}
byte[] b = new byte[65535];
int len;
try
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len = fis.read(b);

dos = new Dat aCut put St r ean{ socket . get Qut put St ream() ) ;
for(int i =0; i < 120000; i++)

{

dos.witelnt(len);
dos.wite(b, 0, len);
} // end for

System out . printl n("Done");
}
cat ch( | OException i oe)

Systemout.println("Can not read file ...");

try
{

socket . cl ose();
}
cat ch( | OException i oe)

Systemout. println("Can not close socket ...");
return;

}

} // end main

public static void usageMessage() {
Systemout. print("Usage: java SCient <server nane>");
Systemout.println(" <server port>");
Systemout.println();
Systemout.println("Exaple: java SO ient venus 9000");
Systemout.println("\tvenus - nachi ne running the SOFT server");
Systemout.println("\t9000 - venus machi ne port");

}

} // end of class SOient

L e T T T
/1 Filename: RCient.java
/1 Date: 24- August - 99

/1 Conpiler: JDK 1.2
/1 Comrents: Sinple client receiving packets fromthe SOFT server
/1 Used for the enpirical testing.
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i mport java.net.*;
i mport java.io.*;

public class RO i ent

public static void main(String[] args) throws | OException

{

Server nane
socket nunber

/1 args[0] =

/1 args[1l] =

if(args.length = 2) {
usageMessage();
System exit(0);

}

| net Addr ess addr ;

Socket socket;
Dat al nput St ream i n;

try

addr = | net Address. get ByNanme(args[0]);
Systemout.println("addr =" + addr);

}
cat ch( UnknownHost Excepti on uhe)

System out . printl n("Unknown Host ...");
return;

}

try

{

socket = new Socket (addr, |nteger.parselnt(args[1]));
}
cat ch(l OException i oe)

Systemout. println("Cannot create the socket ...");
return;

}

byte[] b = new byte[65535];
int len;

i n = new Dat al nput Stream (socket. getlnput Streamnm());
try
whi | e(true)
len = in.readlnt();
byte[] buf = new byte[len];

i n.readFul l y(buf, 0, len);
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} // end while(true)

.
finally
{
try
{

socket . cl ose();
}
cat ch(l OException i oe)

Systemout.println("Can not close socket ...");
return;

}

} // end main

public static void usageMessage() {
Systemout. print("Usage: java RO ient <server nane>");
Systemout.println(" <server port>");
Systemout.println();
Systemout.println("Exaple: java ROient venus 9000");
Systemout.println("\tvenus - nachi ne running the SOFT server");
Systemout.println("\t9000 - venus machi ne port");

}
} // end RAient
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