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ABSTRACT
Distributed directory services are an evolvingapiagm in the distributed computing
arena. They are a shift from the centralized dimgcthat causes delay and does not scale well to
widespread peer-to-peer networks. With networkiegaming more pervasive, there is a need to
integrate the heterogeneity of device, data andior&t with the applications that are built on
them. SyD or System on Mobile Devices is a middievthat is being used to implement such a
distributed directory service. To provide a pemistglobal view of data, we serialize and
synchronize the distributed directories. The SyDIsApProvide a high-level environment to
rapidly develop collaborative applications for suatworks in a systematic manner. An inter-
vehicle communication application that notifies théver of a vehicle of the available parking
spots in the vicinity, allows us to see the pradtiworking and benefits of the distributed

directory paradigm.
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1 INTRODUCTION

Mobile wireless technology usage has mushroomeahéndously in recent times. To
keep up with the rapid hardware evolution of dewilike cell phones, laptops, gaming devices
and PDAs, there is a need to integrate greater atafufunctionality and performance into the
applications that are available on them. We areattyreinterested in leveraging off this
widespread usage so as to provide group collaberatpplications in a peer-to-peer (P2P)
mobile computing environment. Such applications Maequire co-operation between peers to
provide useful, up-to-date information in a quicidafficient manner.

A particularly good example would be of users é¢thng in cars communicating with
other cars about current information on trafficegheaccident awareness or resource availability
in the vicinity. In the near future, every vehiclell be equipped with wireless connectivity
devices that enable communication with roadsidecaibjand also with other vehicles. Drivers in
these vehicles are interested in information releva their trip. For example, a driver would
like his/her vehicle to continuously display on apnat any time, the available parking spaces
around the current location of the vehicle. Ordhiger may be interested in the traffic condition
one mile ahead wherein the application may suggestalternate route based on certain
parameters. Such information is important for dsve optimize their travel, alleviate traffic
congestion or avoid wasteful driving.

More specifically, the ability of geographicallyose devices to participate in transient
groups and communicate with each other by formipgraonal area network is an active area of
research called proximity networking. At the foreft of this research, is the necessity to have a

high-level programming environment that would allay to concentrate on collaborative
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application development without being held backthey heterogeneity of devices on which the
applications will be hosted. This transparencycisieved through the middleware layer that acts
as an interface between the application layer atdork layer. This is an active area of research
with enormous potential and in this thesis work pvesent a way to enhance the System on
Mobile Devices (SyD) [2, 3] middleware by incorptng a distributed directory to achieve this

objective.

1.1 Motivation

There is a need to have a framework that allow&rdevelopment and deployment of
collaborative applications in peer-to-peer netwoilkse sheer number and variety of devices and
services available make it necessary for providirtgansparent layer that can provide a simple,
uniform view of the devices and services availdij)enodeling them as generic objects. This is
where the System on Mobile Devices (SyD) middlewammes into the picture. Keeping this in
mind, the work done in this thesis focuses on emiptp a distributed directory of these
application objects, which would periodically synmhize with proximal directories and update
its application objects with relevant data. UsindpSwe show how to develop and deploy such
an application rapidly so as to always provide aqoldte information to the co-operating peers.

The applications are modeled as SyD Applicatione€b that have server and client
components providing services (server) or requgstigrvices (client) from a particular user’'s
device. Therefore, each peer acts as both a dmohta server. The SyD Directory is where all
the data regarding these Application Objects isliphbd, so that the participating peers know
where, how and what can be accessed. The centtalizectory version did not translate well to

our peer-to-peer environment which was the mainivatbbn behind developing a distributed



directory version of SyD that uses synchronizati@tween the peer directories to mimic the

presence of a central directory for proximal peers.

1.2 Aim of Thesis

The main aim of this thesis work is to extend 8 middleware so as to allow co-
operating SyD-enabled peers to synchronize theacthry information with neighboring peers
regarding SyD Application Server Objects. As statadier, the earlier version of SyD makes
use of a centralized directory in a relational dat® to maintain SyD Application Object
information. A distributed directory version of Sy® developed to support the transient nature
of the peers in our proximity-based environmentlEpeer maintains its own SyD Directory as
opposed to a central SyD Directory that was acbkst all users earlier.

A parking lot application that tells the user ghrng in a vehicle about the available
number of spaces in nearby parking lots is implagegknsing the distributed directory version of
SyD. This is possible by modeling the SyD Directasyan object and eliminating the usage of a
central database. This application helps demoestnat ease with which a peer can access local
and neighboring Application Server Objects to gétvant up-to-date data, after synchronization

between their respective SyD Directory objects.

1.3 ThesisLayout

The document layout aims at presenting the researdrdevelopment work done in a clear and
comprehensive manner. The chapter details ardlas/$o
= Chapter 1 provides the introduction to what is getione in this thesis work by way of

motivation and aim of the thesis.



Chapter 2 discusses the related work being dottesrarea by leading researchers.

Chapter 3 provides an overview on the SyD middlewdescribing the functionality of the
various modules in the central directory versiosgb.

Chapter 4 presents the theory and reasoning beleweloping a distributed directory version
of SyD and how it is suitable to our peer-to-pe@xpnity network.

Chapter 5 presents a case study on the Parkingdpbication that has been developed using
the distributed directory version of SyD.

Chapter 6 concludes the thesis work by presentpen @roblems and future research work

on extending SyD.



2 RELATED AREAS OF RESEARCH

The evolution of distributed systems and mobilenpating has led to the vision of
pervasive computing. We are looking into the coratof environments [7] saturated with
computing and communication capability, yet grattefintegrated with human users. Such
profound technologies weave themselves into theidatlf everyday life so as to become
indistinguishable from it. With pervasive computifiggcoming more of a norm than the
exception, middleware [1] appears as a major kgldolock for the development of future
software systems. The work done in this thesishiss tsignificant as it is a step towards
developing a pervasive computing environment. Thispter examines related research work in
the areas of distributed directory middleware frewmiks, software development using such
middleware, distributed databases in mobile enwiremnts and resource discovery protocols like
MobidiC [21] and Carmen [9] that were a startinggimation to develop a parking lot application

using the SyD middleware.

2.1 Mobile P2P Databases

Mobile P2P databases [23, 24] are a very closelsgted area of research where a
database is stored in the peers of a mobile P2konketThe network is composed of a finite set
of mobile peers that communicate with each otharshort range wireless protocols, such as
IEEE 802.11, Bluetooth or Ultra Wide Band (UWB). €Be protocols provide broadband
(typically tens of Mbps) but short-range (typicall9-100 meters) wireless communication. On

each mobile peer there is a local database thedssemd manages a collection of data items or



reports. A report is a set of values sensed oremtey the user at a particular time or otherwise
obtained by a mobile peer. Often a report describghysical resource such as an available
parking slot. All the local databases maintainedthy mobile peers form the mobile P2P

database. The peers communicate reports and quenmesghbors directly, and the reports and
gueries propagate by transitive multi-hop transiomss A peer may not know the identities of

other peers in the network and the data they store.

Mobile P2P databases enable matchmaking or resodiscovery services in many
application domains, including social networks,n#jgortation, mobile electronic commerce,
emergency response and homeland security. Comntiomiéa often restricted by bandwidth and
power constraints on the mobile peers. Furthermaiten reports need to be stored and later
forwarded, thus memory constraints on the mobiMia#gs constitute a problem as well. Thus,
careful and efficient utilization of scarce peesaerces (specifically bandwidth, power, and
memory) are an important challenge for mobile P2Ralohses. Despite these challenges, the
main advantages of mobile P2P databases are:

0] As short-range wireless networks (eg: Bluetoothizet the unlicensed spectrum,
communication to the mobile P2P database is free.

(i) They can be used for search in emergency, disamtel,other situations where the
infrastructure is destroyed or unavailable.

(i)  They are more reliable in the sense that failurehef central site will not render the
system unavailable.

These factors have been used in the design oftabdied directory for SyD that works on

similar principles.



In [24, 25], the authors present a problem whieeechallenge is processing queries in a
highly mobile environment of hundreds of vehiclesth an acceptable delay, overhead and
accuracy. One approach to solving this problem asntaining a distributed database stored at
fixed sites that is updated and queried by the ngpwiehicles via the infrastructure wireless
networks. Potential drawbacks of this approach are
= responses to queries may be outdated
= response time may not meet the real-time requiré&men
= access to infrastructure communication servicessly

The Mobidic or Mobile Discovery of Local Resourga®ject [21] aims at creating an
environment that will enable a new class of locadrsh-and-discover applications that are
independent of an infrastructure or a databaseeseBach vehicle is assumed to have the
capability of communicating with its neighbors. Alle user discovers the desired information
from its neighboring vehicles or from remote vebsclby multi-hop transmission relayed by
intermediate moving vehicles. Thus, resource disppis performed in an inter-vehicle ad hoc
network.

A novel rank-based broadcast algorithm that makes of the relevance of spatio-
temporal data [8] to provide latest data to userseal-time is presented. The major work done
here is on algorithms for opportunistic resourcgsemination in mobile peer-to-peer wireless
networks but there is no actual framework that fieigpidly develop high-level distributed
applications. Also, all the research work here eomates on issues specific to VANETs

(Vehicular Ad-hoc Networks).



2.2 Dynamic Service Discovery

The growth of ubiquitous computing will see theesal of autonomous agents and
distributed systems in the devices surroundingTasbe effective, these devices will need to
interact and access each other’'s services in acmwleprovide the user with a productive
experience. But in order to work together theredsde be a mechanism for devices to find each
other based on the services they require. Serv®eovkery protocols are network protocols
which allow automatic detection of devices and e offered by these devices on a computer
network. When the location of the requested serytgpically the address of the service
provider) is determined, the user may then accegdsise it. The authors in [10] present a survey
on various kinds of service discovery protocols dise in mobile ad-hoc networks. This is an
extremely informative paper that can help in thsigle of discovery protocols for the distributed
SyD Directory.

The Carmen [9] project is an effort to design av@dul service discovery protocol for
“smart” access points capable of delivering a wgred services to mobile hosts. It is used to
enable a very large number of heterogeneous nbd#sdynamic and static, to offer and search
for an unlimited number of services and informati®his makes use of the static nature of the
core network to facilitate search and service discpfor dynamic users. The authors claim that
Carmen can be deployed in a variety of environmentsridge the gap between local dynamic
service discovery and global static search. Itszzale to global proportions, maintain up-to-date
information on short-lived services and allow amgvpder to input its own service descriptions.

Such a discovery protocol is interesting from @aint of view as the usage of a

distributed directory is based on dynamic discové@iyough actual device discovery is outside



the scope of this research work, a protocol liken@&n would work as an excellent precursor to

help implement a similar architecture for the dtted SyD Directory.

2.3 Middleware-based Software Engineering

As the focus of this research is on the develognéna high-level programming
environment for creating collaborative applicatiarstng middleware, an excellent paper on this
topic [1] showcases the various kinds of middlewane the need to come up with a generic
software engineering process for developing apidina for them. Middleware establishes a
new software layer that homogenizes the infrastirets diversities by means of a well-defined
and structured distributed programming model. Ower years, the role of middleware has
proven central to addressing the ever increasimgpéexity of distributed systems in a reusable
way. Further, methods and related tools are reddoemiddleware-based software engineering.
This need becomes even more demanding if we can#ii@ediversity and scale of today’s
networking environments and application domainsctwimakes middleware and its association
with applications highly complex.

Middleware contributes to relieve software develspfrom low-level implementation
details, by abstracting socket-level network prograng in terms of high-level network
abstractions matching the application computationatflel and managing networked resources
through reusable middleware-level services. Howesgeftware development accounting for
middleware support is an emerging area of resedvtdiure engineering methodologies to
comprehensively assist the development of middlevsased software systems from

requirements analysis to deployment and maintenareckagging behind.



Figure 2.1 taken from [1] depicts the phases ésgmted by squared boxes) of the overall

middleware-based software development processhemdproductions (represented by ovals).

Model Driven
Engineering
alema|ppIN

Figure 2.1: Middlewar e-based Softwar e Process

SyD provides a perfect platform for delivering wans for such kind of application

development. In the next chapter, we look at theutar architecture of SyD that facilitates such

a high-level programming environment.
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3 SYSTEM ON MOBILE DEVICES (SYD): AN OVERVIEW

System on Mobile Devices (SyD) middleware wasglesil to enable rapid development
and deployment of collaborative applications by k&g the heterogeneity of the distributed
infrastructure. This has been achieved by moddlegheterogeneous devices and applications
as objects that help in providing a uniform andsgstent view, independent of devices, data and
underlying networks. SyD combines ease of appbcatdevelopment, mobility of code,
application, data and users, independence from ankt@nd geographical location, and the
scalability required of large enterprise applicat@oncurrently with the small footprint required
by handheld devices.

This chapter presents a description of the SyDutesd SyD methodology that facilitates
rapid application development and deployment, drel \tarious layers in the SyD Runtime

Environment.

3.1 SyD Modules

Every application developed using SyD is modeled aas Application Object with two

components, namely the Server Object and the Clhépect. The SyD Directory is responsible

for maintaining a list of SyD Application Server @btts that provide remote services. The core

SyD modules [2, 27] and their functions are desatias follows.

1. SyDDirectory provides user/application publishing, managemant] lookup services to
SyD users and Application Objects. It keeps tratksgD Application Objects and their

associated devices via location information (IPsghoert number). Since connectivity cannot
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be maintained all the time especially for mobileides, server applications can register their
proxies too. The SyDDirectory actively maintaing #vailability of applications hosted on
mobile devices vs. their proxies via a "livebit"thre directory entries; this bit can be set/reset
by an application on power-off/power-on or by thgD&ngine on timing out on a method
invocation on a server application.

. SyDRegistrar registers the SyD Application Server Objects asate services so that they
are accessible for remote method invocations. Ragjen is done locally to the local object
repository (RMI registry) and globally to the SyD&gtory. This is a sub-module of the SyD
Listener.

. SyDListener is instantiated at the application server side @gr@iorms listening, parsing and
invoking of local methods in response to remoteogations from the application client
objects. This kind of dynamic method invocation ataipty is achieved in the SyDListener
by integrating Java reflection mechanism with RMI.

. SyDListener Delegate is at the application client side and performs gamication with the
SyDListener, including transmission of request rages and receiving of results. The
SyDListenerDelegate acts as an adaptor for the &@ier and hides all the communication
details from clients. This is a sub-module of tly®3.istener.

. SyDDispatcher is the major component in tHeyDEngine that allows users to execute
services remotely. It is responsible for providingethod invocation capabilities for
applications to access data either on the locailcdex on remote devices in a transparent
manner. At runtime, the SyDDispatcher looks up 8SDirectory for current device

location and makes calls to the methods accordifdig SyDDispatcher class has an invoke

12



method that can be used to invoke a single metmochwitiple application objects located
remotely.

6. SyDDoc utility provides a uniform data exchange capaptiitroughout the SyD middleware
and SyD-enabled modules by making use of XML-lilkeeument strings. The data to be
transmitted from one module to another is compadtéd an XML document string.
Methods within SyDDoc are then used to retrieve thiormation at the other module that is
located (possibly) at another device. SyDDoc idusg the SyD Dispatcher component of
the SyD Engine to compose method calls into sesvicde invoked on devices. The method
details such as parameter types and values andeilsm types are packaged into a single
XML string and then extracted by the user servitethe remote end. SyDDoc is also used

by server applications hosted on devices to pulifgirmation to the SyD Directory Service.

3.2 SyD Methodology

Now that we have a clear idea of the working afheaf the core SyD modules, the SyD
middleware simplifies the efforts of an applicatideveloper by providing APIs and guidelines
for application development. We now describe tepsinvolved in application development.
Stepl Model the application using SyD objects (SyDApg€erver and Client) using the rich set

of SyD APIs provided.

Step2 Incorporate SyD Directory functionality to pultlisobjects along with their data and
methods in the SyD Directory Service.
Step 3 Develop high-level application server code by Eyimg the SyD Application Objects in

Stepl. Develop client code that typically includes user interface.

13



SyD Core Middleware

[1] SYD APPC S U
SERVEF : :
REGISTRATION

SyD
Directory

2.2
y N Sy[? Engine’s SyD
SyD T,\ SyD Registrar ’ Dispatcher @ AppC
AOPC v <23 i |dient
Server /\\Ii SyD Listener ’ SyD Listener Delegate ’ N
N :

[3] SYD APPO SERVER REMOT [2] REMOTE INVOCATION BY
METHOD INVOCATION SYD APPO CLIENT

1.1

(2) SyD Application Object (SyDAppO) Server Regasiton

1.1 Lookup Directory for SyDAppOServer Object ID

1.2 IF 1.1 does not succeed, send SyDAppOSentailigito SyDRegistrar

1.3  Globally register with SyDDirectory and obt&bject ID
(2) Remote Method Invocation by SyD Application &dijClient

2.1 Invoke Method Call

2.2 Lookup SyDAppO in SyDDirectory

2.3 SyDAppO location sent to SyDListenerDelegate

2.4 Make a remote call to the SyDAppO locatiomfrd.3
(3) SyDAppOServer Remote Method Invocation

3.1 Listener receives client request

3.2 Listener invokes local metlwadl on SyDAppOServer

Figure 3.1: SyD Middleware Architecture
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Figure 3.1 illustrates the interactions betweendbre SyD modules and the application objects.
An explanation of the sequence of interactionofed.

Once an application has been developed using Sypligation Objects and APIs, the
next step is the deployment of the applicationha $yD environment. The steps involved in
deploying a SyD application and the interaction aghiearious SyD modules are as follows:
Step 1 SyD Application Server Object registers its seewvith the SyD Registrar and SyD

Directory Service. Please refer (1.1, 1.2 and ih &igure 3.1.

Step 2 SyD Application Client Object calls the SyD Disgaer to utilize the service of other

users. Please refer (2.1, 2.2) in Figure 3.1.

Step 3 SyD Dispatcher provides the SyD Listener Delegatk details of the SyD Application

Client Object’s location. Please refer (2.3) igue 3.1.

Step 4 SyD Listener Delegate calls the SyD Listenertimeo devices over TCP sockets. Please

refer (2.4, 3.1) in Figure 3.1.

Step 5 SyD Listener in the remote device calls the szlagervice. Please refer (3.2) in Figure

3.1. The results are finally returned back todaking SyD Dispatcher.

Step 6 SyD Dispatcher returns the results to the user.

To run an application, the application server imtzhed on a device A’s SyD middleware and
registered with the SyD Directory Service. A SyOe@t Application is launched on a remote
device B’'s SyD middleware and can now access tmeeggonding SyD Application Server
Object being hosted on device A. As describedptieess of developing SyD applications takes
on a highly distributed approach that creates lbiéiy and ease of programming, allowing rapid

development of applications by effectively using 8yD APIs.
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3.3 SyD Runtime Environment

The various layers in the SyD Runtime Environmghtare illustrated in Figure 3.2
below. The clear distinction between the applicgtieyD middleware and communication layers
shows how the middleware layer provides distributi@ansparency which helps with the high-
level application development. It is located betwapplications and the communication services
provided by primitive distribution middleware (TCFbckets, RMI). Each layer depends on the
services provided by a lower layer and each laygshcomplexities of the tasks provided in that
layer from upper layers. In this framework, appiigas are developed rapidly using SyD Kernel

modules without any knowledge about the lower layer

Application ParkingL otAppO | | SyDCalendar AppO
L ayer
SyD Directory SyD Listener
_ -Directory Server -Listener Delegate
Middleware -Directory Updater | -Registrar

L ayer

SyDEngine SyD Event

Communication

L ayer TCP Sockets Java RMI
Virtual ' '

M achine Java Virtual Machine

OS/ Network  Heter ogeneous Device Har dwar e/Softwar e
Layer

Figure 3.2: SyD Runtime Environment
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The different layers at which the SyD middlewaral dhe application objects operate

provide a structured, easy to understand way téem@nt our requirements.

3.4 Chapter Summary

To summarize the concepts presented in this chapéehave

(1) Publishing on SyD Directory Service
Application Objects register and publish theirommhation including location and service
availability on SyD Directory Service for othereus to lookup and execute via SyD
Engine.

(i) Registering services as listeners using SyD Regiattd SyD Listener
SyD Registrar registers application methods lgcallthe RMI registry and globally in
the SyD Directory. SyD Listener provides assodaditgeners for remote invocations.

(i)  Execution via SyDEngine
Users can execute individual server objects relyotgng the SyDEngine that executes

remote services by invoking the SyDListener onrdraote device and returns results.

This completes the entire cycle of the SyD Appima process from development to
deployment. There is a central SyD Directory tlsaticcessible to all users and centrally hosts
the list of all available SyD Application Server j@tis. In the next chapter, we present the
motivation behind the development of a distributicectory version of SyD and its design

methodology.
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4 DISTRIBUTING THE SYD DIRECTORY

In this chapter, we present the rationale for tgyeag a Distributed Directory version of
SyD. Starting off with a discussion on peer-to-ps@nputing, we also look into proximity as an
attribute of the network for which the applicatis being developed. These elements were
factored into the actual design of the directorferafwhich the implementation details are

presented.

4.1 Peer-to-Peer Computing

Peer-to-peer computing [14] exploits the diversanectivity between participants in a
network and is typically used for connecting nodislargely ad hoc connections. The term “ad
hoc” is important as it specifies the transienunaf the peers in the network. The earliest peer-
to-peer network in widespread use was the Usenets ngerver system, in which peers
communicated with one another to propagate Usepets marticles over the entire Usenet
network. The most popular example of P2P applioatis content-sharing, besides which such
networks are also useful for providing real-timeéadaherein it is not feasible for a central server

to maintain and update it self continuously in #&ddito serving client requests.

4.1.1 Peer-to-peer Model vs. Client-server Model

A pure peer-to-peer network does not have thenaif clients or servers, but only equal
peer nodes that simultaneously function as botleritd" and "servers" to the other nodes on the
network. This model of network arrangement différem the client-server model where

communication is usually to and from a central senA typical example for a non peer-to-peer
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file transfer is an FTP server where the client aadrer programs are quite distinct, and the
clients initiate the download/uploads and the smrveact to and satisfy these requests. An
example of a pure peer-to-peer application layerdharing network is Gnutella that uses a fully
peer-to-peer structure and is greatly facilitatgddirectory servers that inform peers of the
network addresses of other peers.

Figure 4.1 [14] clearly illustrates the differenbetween the peer-to-peer and client-

server models of computing.

 Ep— .. ..
v \ NS
= = - 7 T"'-
P = =

Figure 4.1: Peer-to-Peer Modd (L) vs. Client-Server Moddl (R)
In pure peer-to-peer networks:
= Peers act as equals, merging the roles of cliemttsarver.
= There is no central server managing the network.

= There is no central router.

4.1.2 Advantages of Peer-to-Peer Networks

An important advantage of peer-to-peer networkbas all the peers provide resources,
either hardware or software, such that as the numbpeer nodes in the system increase, the

capacity of the system also increases. This istnuet in a centralized architecture, wherein an
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increase in the number of clients would inevitatdgult in a decrease in overall performance.
The distributed nature of peer-to-peer networkviples fault-tolerance by replicating data over
multiple peers, and by enabling peers to find th&advithout relying on a centralized index
server. These features were a primary design ceratidn behind the development of the

distributed directory for SyD.

4.2 Proximity Networks

The ability of devices or systems to move inteetworked environment and immediately
gain access to all relevant services will beconmegairement for future networks. Connecting
portable devices with the underlying computing aswmmunications infrastructure should
becomes as simple as turning these devices on.dxetvin which the physical proximity of a
user to the network allows interactions with thealonetwork service environment are called

proximity networks. [13]

4.2.1 Propertiesof Proximity Networks

Proximity networks have the following unique prapes that differentiate them from

wired networks.

(1) They are ad-hoc and dynamic in nature. So, de\he@e no prior knowledge of other
devices they will be connecting to.

(i) They are independent of any infrastructure supf@ogt Access-point, Base-stations).

(i)  Their existence is only for a short period of ticempared to wired networks and they
usually disappear without any trace. This makemthgtremely transient.

(iv)  They are not bound to a specific location and eafobmed anywhere and anytime.
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(v) They are self-organizing and once connected, devaa automatically configure a
channel for communication.
These unique properties of proximity networks gared-users the freedom to connect
anywhere, anytime to any device without any exteasaistance. Once a proximity network is
established, it creates a local service environff@nénd-users who can use several proximity

services.

4.2.2 Requirements of Proximity Networks

In order to establish a proximity network, thddeling requirements need to be met.

0] A fast and efficient device discovery protocol tsaver neighboring devices.

(i) A simple mechanism to authenticate and connectds\alled device pairing.

(i) A fast and efficient hand-off mechanism to handrodata sessions to other devices,
independent of infrastructure (e.g. Access Point).

(iv) A middleware framework to run high-level distribdtapplications.

Now that we have a clear picture of what peer-ter@nd proximity networks are , we present

the features of our parking lot application thageuthe need to have a distributed directory.

4.3 SyD Directory: Central vs. Distributed

The properties and requirements of proximity nekscspecified in the earlier sections
uniquely suit the specifications of the parking &giplication mentioned in section 1.2. To
reiterate our objective, we would like to develapagpplication that would allow users travelling
in vehicles to get the latest updated number ofi@va parking spaces from parking lots in the
vicinity. This information needs to be derived frqmeers that are in close proximity of the
requesting vehicle. We will look more into the apation details and any assumptions that
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we've taken in chapter 5. In this section, usinggh-level view of the application, we develop
the reasoning behind why we need a distributedttirg for such a scenario.

We treat this as a transient proximity networkhesexchange of information is supposed
to occur when two vehicles, that have no prior kieolge of each other, come close enough to
exchange their respective parking lot server datauaavailable parking spaces. This kind of
data is relevant to the devices/vehicles that atl@mthe vicinity of a particular parking lot. i
irrelevant to other vehicles that are in some otbeation or geographically far away from the
requesting vehicle. It makes sense therefore tmtaiai each device’'s data on the device itself
instead of on a central directory. The device wotlldn get updated with the necessary,
requested and latest data from its neighboringogsvand not be concerned with other irrelevant
data about other devices or parking lots. Had theen a central directory, such data would not
be useful in a global context at all, which credbesneed for a distributed directory.

The final result is that the application servejeots get updated with the latest number of
available spaces based on a timestamp (assumiodpa gmestamp). This is taken care of at the
SyD middleware layer instead of the applicatioretayl'here is no explicit instruction from the
user to perform the exchange, but occurs implicifppn discovering a neighboring peer device.
This satisfies the requirement of automatic dewdEovery for proximity networks. Also, a
point to note here is that this kind of vicinityaseh is irrelevant to and is not supported had we
been using a central directory. All devices wouldblsh themselves in the central directory and
there would be no incentive for discovering neigimp devices, as a simple lookup would
return the currently available devices.

As the vehicles keep moving, these proximity neksaan be formed anywhere and at

any time. Once the vehicle goes out of range, wiappens quite soon, the vehicle gets
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disconnected from the proximity network. These @it connections and disconnections
reaffirm the transient nature of proximity netwarRgain this would put a whole lot of load on a
central directory to publish services at such adrgace, as a device may no longer offer its
services or the data it offers may become staér @ftnoves away from a particular location.

Besides the requirements of the parking lot appbo, the centralized directory has
performance drawbacks that make us think in aildiged fashion. The obvious issues here are
those of network delay and non-scalability. In abi® wireless environment, there is no
guarantee of maintaining a stable connection. Bp kad of disruption may end up in data loss
or inconsistent data being published to the dimgctdypically, a central directory is placed in a
fixed physical location that may lead to delayespanses while servicing the requests of mobile
clients that are rapidly connecting and disconnegctirom the network. Such a centralized
directory would also create a bottleneck when sergi the requests of several clients, each
requesting data on a different parking lot. Thisea issues of non-scalability as the performance
of the entire system is affected.

The parking lot application that we've chosen ¢velop demonstrates the need to have a
distributed directory that would offer the servickmt we've described above. The central
directory version of SyD would simply not allow s have a pure peer-to-peer network as
indicated in section 4.1 above. This urged us i@t st a distributed directory paradigm that

would make it easy to satisfy all the properties gieer-to-peer proximity network.

4.4 Distributed SyD Directory Design

Now that we’'ve gained an idea on why we need teeha distributed directory, we

proceed to clearly define what the requirementsa afistributed directory are, pertaining to
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applications like the parking lot application. Ttasction details the elements that were taken
into consideration in the design of a distributé@ctory version of SyD. Before we proceed, we
need to also have a high-level view of how SyD dewiconnect to the central SyD Directory to
help differentiate it from the distributed directorersion of SyD.

In the centralized directory version, every SyDvide would contain the core SyD
modules and access the central SyD Directory ghavailable at some fixed location. Figure 4.2

shows the way in which SyD devices connect to @rakdirectory.

' '

SyD Registrar SyD Registrar

SyD Listener SyD Listener

SyD Listener SyD Listener
Delegate Delegate

SyD Dispatcher SyD Dispatcher

Central
SyD Directory
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SyD Registrar

SyD Listener

SyD Listener
Delegate

SyD Dispatcher

SyD Registrar

SyD Listener

SyD Listener
Delegate

SyD Dispatcher

Figure4.2: SyD Devicesusing a Central SyD Directory

To satisfy the requirements of our application, meed to make the SyD Directory
device-resident along with the core SyD moduleser&hshould also be a Directory Updater

module that is responsible for device discoverynchyonization between directories and
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updating the services available on a device. Téasld to a scenario as illustrated in Figure 4.3

where SyD devices with a distributed directory aeetrio each other.

SyD Directory

SyD Directory
Server

Server

SyD Registrar SyD Registrar

SyD Listener SyD Listener

SyD Listener
Delegate

SyD Dispatcher

SyD Listener
Delegate

SyD Dispatcher

SyD Directory
Server

SyD Directory
Server

SyD Registrar

SyD Registrar
SyD Listener

SyD Listener

SyD Listener SyD Listener
Delegate

Delegate
SyD Dispatcher

SyD Dispatcher

Figure 4.3: SyD Deviceswith Distributed SyD Directory
The figure above depicts a pure peer-to-peer campenvironment wherein the devices
communicate with each other directly without angdkiof lookup in a central directory. Every
SyD device now has its own SyD Directory. Notice flacement of the Directory Updater
module whose sole purpose is to discover neighbatavices, synchronize SyD Directory data

with them and update the local Application Servejedts with latest data available.

4.4.1 Support for Device Discovery

The Directory Updater module is responsible fovicke discovery. The network layer
monitors the availability of SyD devices in theimity. Short-range wireless technologies like

Bluetooth and Ultra Wide Band (UWB) can be usedtfos purpose. This module receives a
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trigger from the network layer whenever a neighbgriSyD device is found. This trigger

initiates the synchronization of the SyD Directdata between the two devices.

4.4.2 Support for accessing SyD Directory data

Once device discovery occurs, the discovered d&videtails like location information
are obtained so that a remote connection can be neadis Directory Server. Once connected,
the discovered device’'s SyD Directory object isereed for synchronization purposes. Any new
devices registered here are passed on to the &ydlDirectory Server to be published in the
local SyD Directory. This makes it possible for@tldevices that are searching for SyD devices
to lookup in the peer’s directory and directly asxdéhe services published without actually
needing to discover all the devices available. phemise here is that whenever a device is
discovered, a quick update is done by comparind\jiglication Server Object with the local
Application Server Object. Thus, a client access®yg the local application server to obtain the

latest results. This can be tailored to meet atiggipn’s specific needs.

4.4.3 Support for high-level distributed applications

Our high-level parking lot application’s server updated with the latest data after
comparing its data with that of the discovered de's application server object. This guarantees
that even after the discovered device moves awaynaw client device joining the network is

guaranteed to get the latest available data frontomal device.

4.4.4 Effect of Frequent connections/disconnections

There is no bottleneck caused at any single paidtrao single point of failure. If any device

fails, the features of the environment are suchttiere are other devices ready to co-operate in
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providing the necessary services as they would baea updated with the latest data available.
So, the design is well suited to the transient meatdi the environment.

By incorporating the Directory Updater module Ire tdesign of our SyD Distributed
Directory, we satisfy the requirements of a simpteximity network that allows peer-to-peer

networking with transient nodes.

4.5 Distributed SyD Directory | mplementation

The SyD Distributed Directory design has two memmponents, namely the local SyD
Directory and the Directory Updater module. Javilaésprogramming language of choice for the
implementation and we make use of the Generic Codies Framework available from Java 1.5.
The SyD Directory is modeled as an object withoitsn methods. This is in stark contrast to the
centralized version of the SyD Directory that wassted on a relational database and was
accessed using Java Database Connectivity (JDBR).this section, we present the
implementation details of the SyD Directory, SyDrdaitory Server, SyD Directory Updater and
the way in which synchronization is achieved betwago SyD Directory objects. Finally we

also explain a subscription-based method for updatie local application server objects.

45.1 SyD Directory

The SyD Directory is modeled as an object thatlements the Serializable class. This
was an important design decision that was baseéteoneed to have a persistent view of the data
in the directory. Object serialization [12] is theocess of saving an object's state to a sequence
of bytes, as well as the process of rebuilding éhmges into a live object at some future time.
The Java Serialization API provides a standard rma@ism for developers to handle object
serialization. Using this, each of the SyD tablest twere earlier a part of the database in the
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centralized SyD Directory, are now a part of theebiory object. As they are Serializable, they
are saved to disk in a file named “syd.data” anémaver the Directory Server is stopped and
started again, the directory data is loaded frois fite “syd.data” which mimics persistence.
There is no lapse while loading this file as itlevice resident and completely depends upon the
amount of available storage space on the device.

Please refer to the source code of Directory.javaAppendix B and its methods
load(filename) and save(obj,filename ) for a cldgpiction of how the Serialization APl works.
The following table details the data values ordgethat are stored in each of the tables of the
SyD Directory.

Table4.1: SyD Directory Tablesand Fields

SYD _USER SYD_USER PROPERTIES USER_APPO_MAPPING
userlD userlD userlD
userName userName applD
userPassword directoryame SydObijectID
userURL devicehost local Bit
userLiveBit directoryPort
userPublishTime listener Port
appServerPort
SYD_APPO SYD METHOD APPO METHOD MAPPING
appID methodID appID
appName methodName methodID
methodReturnType
methodParam
SYD_GROUP | USER_GROUP_MAPPING SYD_PROXY
grouplD grouplD proxylD
groupName useriD userlD
applD appID
proxyHost
proxyPort
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= SYD_USER

This table stores details about the user/device/fled is hosting a particular service on the
network. Every device is assumed to host a simgdance of an application server object. This
instance is then registered with a unique userNaahes across all devices.

= SYD_USER_PROPERTIES

This is a new table that has been introduced inDistributed Directory version of SyD. It
mainly provides a way for the Directory Updater mledto obtain a device’s details accurately
in order to make remote method calls to servicasing on the ports specified in the fields.

= SYD_APPO

This table stores the name of the SyD applicatibat tcan be used for the lookup of
corresponding SyD server objects.

= SYD_METHOD

This table again stores the methods that are &lailaith a particular SyD application and are
accessible remotely.

= USER_APPO_MAPPING

Provides the list of applications associated witlpaticular user device. It also stores a
SydObjectID that is used to register the objecthie RMI registry. A new field called the
localBit indicates whether the object is hosted tba local device or not. It is used with
Subscription-based Updates to obtain a referentieettocal Application Server Object.

= APPO_METHOD_ MAPPING

Provides the list of methods associated with aqdar SyD-enabled application.

= SYD GROUP

This table provides support for the formation oérugroups for a particular application.
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= USER_GROUP_MAPPING

This table stores the list of users belonging ¢paup.

= SYD_PROXY

This table keeps track of proxy information foratpgcular SyD application.

The SYD_GROUP, USER_GROUP_MAPPING and SYD_PROX& carried forward
from the central directory version of SyD. The gvdables have not been used in the distributed
directory implementation due to the transient ratir the nodes in the proximity network that
inhibits the maintenance of long-term groups. Thexyp table is included so as to provide
support for a future implementation of the proxydule.

The SyD Directory objects can now be manipulated fike any other object using their
own methods, or can also be passed as parametetheilomethods. This becomes important
when synchronization needs to be done between who[Hrectory objects. The best argument
here for a distributed directory is that there & more lapse while accessing data from the
centralized SyD Directory and there is no posgipdif the Directory never being accessible as it
is already device resident. This was one of theondjawbacks of the central directory version
wherein the system hosting the SyD Directory shalldays be up and running. The SyD
Directory Server provides methods for manipulating SyD Directory that are presented in the

following section.

4.5.2 SyD Directory Server

The SyD Directory Server initializes the Direct@grver by creating an RMI registry at
the port specified (“directoryPort” field from SYD'SER_PROPERTIES table). This Directory
Server is then bound to a name so that it can tesaed remotely by other SyD devices. It also

provides methods for adding data to the tableshen SyD Directory, publishing data to the

30



directory, lookup of data from the directory andndyronization. This prevents the SyD

Directory from being changed by any of the otheD3gyodules and control is restricted to the

SyD Directory Server that a SyD Directory is at@dho. The following private methods add the

data provided in the method parameters to the sporading table in the SyD Directory.

(i) SydUser (userID, userName, userPassword, userUsekl iveBit, publishTime)

(i) SydUserProperties  (userlD, userName, deviceHostrectdryPort, listenerPort,
appServerPort)

(i)SydAppo (applD, appName)

(iv) SydMethod (methodID, methodName)

(v) UserAppoMapping (userlD, appID, SydObjectID, loagiB

(vi) AppoMethodMapping (appID, methodID)

Please refer to the source code in Appendix B fmraplete listing of these methods.

The getDirectory( ) method is useful to obtain tlewice’s SyD Directory as an object
that can be used as a parameter to other methbisisTespecially useful during SyD Directory
Synchronization. The getSydObjectID (appname) nstiine local application server object’s ID
which is useful during application update.

The Lookup(SydTable, ...) method is similar in fuooglity to the SQL SELECT
statement. It returns the value of a particulaldfifor the condition specified in the method
parameters. This function is used while publishdaja to the directory and also to check
whether an application object has already beenighdal in the SyD Directory.

The publish(info) method publishes information afbthe SyD application server object
whose details have been passed as a parameteistonéithod. Additions are made to the

SYD_USER,SYD_APPO,USER_APPO_MAPPING,SYD_METHOD,APRMETHOD_MAP
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PING and SYD_USER_PROPERTIES tables after whiclsyi® Object ID associated with this
application is returned. The SyD Object ID is alsgistered with the local RMI registry so that
the application server object can be accessed edynot

The other important methods here are Sync(dirgctand Update(Application Server
Object). Sync( ) performs synchronization betwebka tocal directory object and the one
specified as the method parameter. Update( ) pesfdhe subscription-based update of the
application server object with the details obtaifredn the object in the method’s parameter. As
they are called by the Directory Updater, a mor&iteel explanation is given in the next few

sections.

4.5.3 SyD Directory Updater

The SyD Director Updater is a major module thas \waveloped to add functionality to
the distributed SyD Directory. The main functioresfprmed here are:
(1) SyD Device Discovery
(i) SyD Distributed Directory Synchronization
(i)  Update of local server objects

From the perspective of the middleware, thesedorg Updater modules of several SyD
devices seem to be talking to each other about élveilability and location information. As can
be seen in Figure 4.3, externally these modulesimbpeer device information and SyD
Directory data which gets internally sent to théd3yirectory Server for Synchronization and
Application Server updates. This keeps the SyDddamy safe from being arbitrarily changed by

other device. Let us look at these three functiorgetail in the following sections.
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4.6 SyD Device Discovery

The device discovery module searches for SyD @sviic the vicinity. This discovery is

currently represented as an abstraction at theanktlayer which is responsible for activating a

trigger that causes SyD Directory Synchronizatiparudiscovery.

The process of device discovery is a matter oflifig the closest neighboring SyD

device. Upon device discovery, the searching degets a copy of the discovered device’s

sydprop.properties file which contains the diregteervice name, device host, directory service

port, listener port and the application server partonnection is made to the remote directory

server using the values specified in devicehosectryport, directoryname and its directory

object is obtained. Taking this into consideratie,can come up with a set of methods that will

be used during device discovery.

device = ifDeviceFound ( ) — As the name suggehts,device waits on a trigger from the
network layer that gets activated whenever a nedewice is found. This may or may not be
a SyD device. The method should return the deviaestification information like IP
address and port so that the Directory Updaterotasin the device’s sydprop.properties file
using getProperties().

getProperties (device) — This method should beoresiple for a quick, efficient and easy
way to transfer the neighboring device’s sydprappprties file to the local device by setting
up a communications channel especially for this ppse. If an appropriate
sydprop.properties file is found, it means thaty® Slevice has been discovered and it is

renamed as device2.properties locally for furtlyeckronization.
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= sendProperties (device) — Corresponding to the eboethod, this method is on the
neighboring device and after establishing the chhrsends out its sydprop.properties file to
the device looking for it.

These simple high-level abstractions hide the &ctatworking details and can be changed to

suit the type of wireless technology being useddiscovery (Bluetooth, UWB or CALM etc.).
Consider two devices A and B which are in closexjnity to each other. The Directory

Updater modules of both the devices have beeredtatet us look at the steps that take place

during device discovery from device A’s perspecti&éso indicated are the high-level API that

SyD would provide to accomplish device discovery.

(1) A trigger from the network layer tells device A alboneighboring device B —
B=A.ifDeviceFound ()

(i) A rerequests B’s properties file - A.getProper{igs

(i) B sends out its sydprop.properties file — B.sengertoes (A)

(iv) Rename B’s sydprop.properties file as “device2.prips” on A, using whose details A
remotely connects to B’s directory server. DeviciscDvery ends here, followed by
synchronization.

(V) A obtains B’s directory object and passes it oragmrameter to be synchronized with
A’s directory — Sync( B.getDirectory( ) ) definedthe SyD Directory Server

(vi)  Every remote object that is synchronized is alsdatgd with the local application object
— Update( Remote Object Details )

By the time synchronization and update have oedyrdevice A and device B would
have moved farther apart from each other. The sssgaence of steps has occurred on device

B’s side too. The following figure shows the ab@eguence of steps.
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Figure 4.4: Device Discovery Process

The final result of device discovery is that deviée obtains a copy of device B’s
sydprop.properties file which is used to remotdbyamn device B’'s SyD Directory object used
during synchronization.

The next section presents in detail the purposklagic behind synchronization of the

SyD Distributed Directory data

4.7 SyD Distributed Directory Synchronization

The SyD Directory Server (section 4.5.2) is resige for the actual synchronization
between SyD Directory data. There is no need facksonization in a centralized directory as it

is a single entity providing a complete, persistghibal view of the data to every SyD device.
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We aim to achieve this view at least partiallytfog neighboring devices in consideration and for

whom such information would make sense in a looatext than a global one.

Continuing with the devices A and B from sectiab.3, after A receives B’s directory

object, the Sync () method provided by the SyDeBtiory Server is called. The synchronization

that takes place from A’s perspective is as follows

(i)
(if)
(iii)

(iv)
(v)

(vi)

For every entry in B's USER_APPO_MAPPING table tpet userIlD and applD.

Using userID from (i), obtain corresponding useridnom the B’'s SYD_USER table.
Check if userName from (ii) is published in devi€s directory.

If already published, obtain userIlD from directody else add the new user B to
SYD_USER and SYD_USER_PROPERTIES tables in dirgco

Using appID from (i), obtain corresponding appNdnoen SYD_APPO table.

Check if appName from (iv) is published in devics Airectory.

If already published, obtain appID from directéyelse add the new application and its
methods from B to SYD_APPO, SYD_METHOD and APPO T™WIOD MAPPING
tables in directory A.

Using the current values for userID and appID fret@ps (i) through (v) above, add a

new entry to the USER_APPO_MAPPING table.

The following is a simple example of how two dewick and B synchronize their distributed

SyD Directory data.
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SyD Directory data for devices A and B before Synchronization

SYD _USER: (userID, userName, userPassword, userURL, useBitiveublishTime)
Device A => (1001, A, ***,192.168.15.2, 1, 11/18(27 11:30)
Device B => (1001, B, ***, 192.168.15.2, 1, 11/160%7 12:30)
SYD_USER_PROPERTIES:
(userID, userName, directoryName, directoryHostedaoryPort, listenerHost, listenerPort)
Device A => (1001, A, DirectoryA, 192.168.15.2, 90992.168.15.2, 8888)
Device B => (1001, B, DirectoryB, 192.168.15.2, @1092.168.15.2, 8889)
SYD_APPO: (applID, appName)
Device A => (2001, ParkingLot)
Device B => (2001, ParkingLot)
SYD METHOD: (methodID, methodName, returnType, methodParams)
Device A => (3001, getparkingLot, java.lang.Strifgring)

(3002, setparkingLot, java.lang.String, Strintetyer Long)
Device B => (3001, getparkingLot, java.lang.StriSgying)

(3002, setparkingLot, java.lang.String, Strintetyer Long)
USER_APPO_MAPPING: (userID, appID, SydObjectID)
Device A => (1001, 2001, 4001)
Device B => (1001, 2001, 4001)
APPO_METHOD MAPPING:  (applD, methodID)
Device A => (2001, 3001) (2001, 3002)

Device B => (2001, 3001) (2001, 3002)
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SyD Directory data for devices A and B after Synchronization

SYD _USER: (userID, userName, userPassword, userURL, useBitiveublishTime)
Device A=> (1001, A, ***, 192.168.15.2, 1, 11/18(27 11:30)
(1002, B, ***, 192.168.15.2, 1, 11/15/2007 12:45)
Device B => (1001, B, ***, 192.168.15.2, 1, 11/160%7 12:30)
(1002, A, ***,192.168.15.2, 1, 11/15/2007 12:45)
SYD_USER_PROPERTIES:
(userlD, userName, directoryName, directoryHosedaoryPort, listenerHost, listenerPort)
Device A => (1001, A, DirectoryA, 192.168.15.2, 90992.168.15.2, 8888)
(1002, B, DirectoryB, 192.168.15.2, 1100, 192.168, 8889) +
Device B => (1001, B, DirectoryB, 192.168.15.2, @1092.168.15.2, 8889)
(1002, A, DirectoryA, 192.168.15.2, 1099, 192.1682, 8888)  +
SYD_APPO: (applD, appName)
Device A => (2001, ParkingLot)
Device B => (2001, ParkingLot)
SYD METHOD: (methodID, methodName, returnType, methodParams)
Device A => (3001, getparkingLot, java.lang.Strifgring)
(3002, setparkingLot, java.lang.String, Strintetyer Long)
Device B => (3001, getparkingLot, java.lang.StriSgying)
(3002, setparkingLot, java.lang.String, Strintetyer Long)
USER_APPO_MAPPING: (userID, applID, SydObjectID)
Device A => (1001, 2001, 4001) (1002, 2001, 400H)

Device B => (1001, 2001, 4001) (1002, 2001, 400%H)
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APPO_METHOD _MAPPING:  (appID, methodID)
Device A => (2001, 3001) (2001, 3002)

Device B => (2001, 3001) (2001, 3002)

Note: Typically A and B are devices having two differéRtaddresses. For the purpose of this
example, we have shown otherwise. Also a ‘+’ sigmtrto a record indicates that it has been
added newly after synchronization.

Additions have been made to the SYD_USER, SYD_USHFOPERTIES and the
USER_APPO_MAPPING tables only. As the same Parking application occurs in both
devices, no additions have been made in eithercd®avidirectory to the SYD_APPO,
SYD_METHOD or APPO_METHOD_MAPPING tables

The sample scenario shows that at the end ofytehsonization process, each directory
has a uniform view of applications and users. Tphieves that the distributed directory
synchronization was effective in capturing the eseeof a centralized directory without any of
its drawbacks. Using this data, we now have to tgotte data in our application server objects

which is dealt with in the following section.

4.8 Subscription-based Service Updates

An important benefit of synchronization is thatvimg information about all the
neighboring devices in one place, namely the |&#dD Directory enables us to make method
calls to them and receive their results. A standasthod called syncAppServer( ) is made
available to the application server object andnigked using the Java Reflection API by the

SyD Directory Server module after synchronizatidinis method would take the recently
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published remote Application Server Object as gu@ent. Data can then be compared between
the local and remote application server objectserAthis, whatever is the latest data based on a
higher timestamp value, is updated to the localiegjon server object. In this way, the client
need only access the local server object and heeibsf getting the latest data.

The Update (remote Application Server Object d€tanethod is provided by the SyD
Directory Server that is responsible for invokinigetlocal Application Server Object's
syncAppServer( ) method. Now the rules for updatihg server object may vary between
different applications, but having a generic naraps call the same method for the appropriate
local server object. Java Reflection helps us aehthis kind of dynamic method invocation,
where all we need to know is the method name, ofpthe parameter and parameter value for
the syncAppServer( ) method. Any Application Ser@ject should be designed to support a
method called syncAppServer( Remote Stub ), whagles a single remote stub as its parameter.
This makes it easy for the Update method to magallao the syncAppServer( ) method on the
corresponding local Application Server object afteyviding the remote stub as a parameter.

An important point to note here is that the Clalsgct corresponding to the remote stub
is of the form _Stub. For example, in the Parkiog &pplication, the remote stub being accessed
has the following Class associated with it:

syd.sydapp.ParkingLot.ParkingLotimpl_Stub
So, the method signature of the syncAppServergjhod defined in the ParkingLotimpl.java is

void syncAppServer( ParkingLotimpl_Stub p)

Though not implemented, we can also have the mati@ subscription bit attached to the

local Application Server Object. By default, evegyote object that gets published in the SyD

40



Directory is updated. However, the subscription pibvides a way to update only specified
objects to save time and improve performance. Whenbit is set to 1, it would mean that the
server object is subscribed for updates and g mot set, then no updates need be performed.
This avoids wasteful processing when memory, powtitage and other resources are at a

premium in mobile devices.

49 Chapter Summary

In this chapter, after clearly defining peer-teepand proximity networks, we presented a
detailed description of why we need the distribudedctory version of SyD, its advantages over
a centralized directory and how it is well-suited the parking lot application. A comprehensive
description of the SyD Directory, SyD Directory $&rand the SyD Directory Updater built the
background to clearly explain the distributed dioeg synchronization process. Subscription-
based updates of the local Application Server Qbjaltow results to be delivered much faster to
the client as opposed to the client making rematks ¢o all the remote objects published in the
directory.

The next chapter presents a case study of thengaldt application that enables us to
clearly see the distributed directory, its synclzation and subscription-based service update in

effect.
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5 CASE STUDY: A PARKING LOT APPLICATION

In this chapter, we present the details of thekiRgrLot application that has been
developed for showcasing the working of the distielol SyD Directory and its synchronization.
The preceding chapters have given us some idea #iparking lot application that highlights
the need for a distributed SyD Directory for useairpeer-to-peer transient proximity-based

environment.

5.1 Application Description

We proceed to substantiate the working detailthefparking lot application by taking
into consideration all the assumptions involved atsdactual relevance to the real world.
Consider a real-time traffic scenario wherein npldtivehicles are searching for available spaces
in parking lots in their vicinity. A point to notieere is that such information in not useful in a
global context or to all vehicles that may not deking for a parking lot or are far away from the
parking lot. This fact clearly justifies the neext & distributed directory as opposed to a central
directory in such an environment.

Every vehicle stores information about one or naking lots, the number of available
spaces in that lot and a timestamp that indicatesnvhis information was last updated. At any
given time, a vehicle near a parking lot would ltkeknow which parking lot has free spaces so
that it can directly go there and not waste timd &rel searching for one. This is a realistic
scenario in the downtown area of major cities, whearking space is limited and expensive.
There is a demand for such an application suppdrbtn the hardware and software level that

provides current, up-to-date information on the fly
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Before we can proceed with the actual detailsoov this is accomplished, we enumerate

the assumptions that were taken while designirgapplication.

(i)

(ii)

(iii)

(iv)

(v)

(vi)
(vii)

Each vehicle is equipped with a wireless devicé tha&yD enabled and runs the SyD
middleware.

Vehicles leaving a parking lot know that the numbkavailable spaces has increased by
one. This information should typically be sensed apdated to the parking lot server
object. But for now, this data is manually entered.

Vehicle discovery occurs when vehicles come intcheather's transmission range that
starts the synchronization process, basically ngpkinappear as if information is
exchanged as two vehicles physically cross eadtr.oth

Such SyD enabled devices cooperate with each sthghe middleware to synchronize
their distributed SyD Directory data.

Cooperation is necessary as there is currentlyecars authentication module in SyD
that can take care of such detalils.

All cooperating devices make use of a “global” &dc generate the timestamp values.
SyD device discovery is done using some kind of gxéwV, robust, wireless technology

like Bluetooth that provides short-term “devicerpaj” for simple data exchange.

Keeping these assumptions in mind, we detail tisegdeof the application elements that will be

integrated to smoothly operate with the SyD middiev

5.2 Application Design

In a peer-to-peer system, every node behavedbkie a client and a server. Therefore,

we have to design both the client and server abjectour parking lot application. Each module
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would be responsible for performing the designatéel. This clear demarcation helps to assign
a set of functions to each object that confirmshwite modular architecture of the SyD
middleware. This high-level application design dddae unaffected by the workings of the SyD
middleware itself. So, details like distributed Sfirectory synchronization, SyD Listener and
SyD Listener Delegate communication, SyD Regisletrils should be made transparent to the

application.

5.2.1 Design of Parking Lot Server

The Parking Lot server side maintains a list okpay lots, their available parking spaces and

associated timestamp values. It has the followmmgartant functions:

(1) Register itself as a service with its local SyDdatory.

(i) Provide necessary data to local or remote cliequests.

(i)  Provide a generic method that allows the SyD DiedbUpdater to update local
application server objects after SyD Directory $yoaization.

In order to register itself with the SyD Directptlie application server needs to know the
register method’s signature from the SyD Registnadule for registration to the local SyD
Directory.

To service remote clients, there is a need to leavemote object with methods that
service these remote requests. A remote interfatespecifies the methods that can be accessed
remotely, its corresponding implementation for thesethods and the server itself that hosts
these remote application objects must be develépethe application server. At the least, our
parking lot application has methods to send parlohgnformation from clients and also receive

new parking lot information to be added or upddtethe server object’s data.
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A simple method called syncAppServer( ) should rbade part of every kind of
Application Server Object. This method would taleec of updating the local server object
based upon rules pertinent to the application atigren context. So, in the case of the parking
lot application, this method would be responsilde dpdating the local server object with the

latest data.

5.2.2 Design of Parking Lot Client

The Parking Lot client side requests the availapiaces in a specified parking lot and assumes
that it is the most recent data available. All thient needs to know is the invoke method’s
signature from the dispatcher module and also #mes of the methods from the Parking Lot
interface that are accessible by it. It requiresoneer layer information like IP addresses or port

numbers. Everything is taken care of by the cordutes of the SyD middleware.

This shows how quick and easy it is to formuldte tesign for any SyD application
following which the implementation becomes a matiérputting the methods together and

making the necessary calls.

5.3 Application Implementation

The implementation details of the Parking Lot Apglion are described in this section.
There are four main files that will be used fossthurpose:
(i) ParkingLot.java
This is the main interface file for creating rematkjects of the parking lot application. It
provides three methods that can be called by reolgects, namely, getParkingLot( ) that takes
a parking lot name as its method parameter andadetigLot( ) that takes three arguments,
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namely the parking lot name, the number of avaglaplaces and a timestamp value. Finally, we
have the syncAppServer () method that provides@uytiion-based application updates.

(i) ParkingLotimpl.java

This is the implementation file for the ParkingLioterface specified in (i). The important
methods implemented here are

- getParkingLot( ) to retrieve the parking lot infation

- setParkingLot( ) to add or update new parkingnédrimation.

- syncAppServer( ) is the generic method that takedt@ argument another remote
ParkingLot object. The local and remote objectscarapared and the local server object
is updated with the latest data based on the maritmaestamp value.

(imParkingLotServer.java

The Server is responsible for registering itsetfiwthe SyD Directory. It accepts the username

and password for accessing the server object. Ubege details, an XML-like string containing

the user, application and method details is pubtisihis data is parsed and used to register the

application server object in the SyD Directory. Tdenerated SydObjectID associated with this

application server object is registered with thmaldRMI registry at the application server’s port.
A quick mention of the sydprop.properties filenscessary here. This file keeps track of

the following values:

directoryname= The name with which the SyD Directory Serveregistered

devicehost= IP address of SyD Device on which SyD Directohpplication Server and its

Listener are running

directoryport= Port at which the SyD Directory Server is regist
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listenerport= Port at which the SyD Listener receives invawaitietails from the SyD Listener
Delegate

appServerPort Port at which the Application Server Objectagistered with the RMI registry.
Using these values from the sydprop.propertieswihéch is unique for every SyD device, the
Server Object is bound to a URL of the form [ ridievicehost:appserverport/SydObjectID |
which is used by the SyD middleware to access fh@i¢ation Server Object.

(iv) ParkingLotClient.java

The client needs to know the name of the parkingvlizere the driver of a vehicle is looking for
free space. This parameter, its data type and metiamely the getParkingLot, are sent to the
SyD Dispatcher which makes sure they reach theecbmestination sever object to obtain

results.

5.4 Execution Flow

Let us look at the sequence of steps that occtingrexecution of the Parking Lot application

using the SyD Distributed Directory.

5.4.1 Start SyD Directory Server

The SyD Directory Server is started and ready teive requests at the directoryport, whose

value is present in the sydprop.properties file.

5.4.2 Start Application Server Object

The ParkingLotServer is started which registedfitwith the SyD Directory Server, binds itself
to its appserverport, whose value is specified ha sydprop.properties file, and waits for

ParkingLotClient invocations.
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5.4.3 Start SyD Directory Updater

The SyD Directory Updater is started and it begiresprocess of “discover and publish” that is
discovery of neighboring SyD devices and publishimgm in the local SyD Directory, so that

synchronization occurs continuously independenthefapplication.

5.4.4 Start SyD Listener for Application Server

The SyD Listener is started and listens for climguests from the SyD Listener Delegate. It
processes these requests and sends the resultevwsck TCP socket connection back to the

SyD Listener Delegate on the client side.

5.4.5 Start SyD Application Client

The client’s user interface accepts details abdoiprameter values for the methods that need to
be sent to the server. The SyD Dispatcher sends trexjuests to the SyD Listener Delegate
which communicates with the SyD Listener to invdke remote methods and obtain results.
The SyD Dispatcher again receives these results free SyD Listener Delegate and conveys
them back to the client’s user interface.

This process is very similar to that of the SyDdMeware Architecture shown in Figure
3.1, the only difference being that there is als&y® Directory Updater module now that

constantly keeps updating the distributed SyD Dingc

5.5 Experimental Results

In this section, we will look at simple timing nemements that were done to find out
how long it would take to actually synchronize t8gD devices. These results are important

from a practical point of view as we only have védirgited time available to us when two
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vehicles cross each other. When two Directory $essare run on the same machine, we obtain
an average timing value of 300ms. This indicates thinimum time required to perform
synchronization and application update.

The tables below show a sample scenario that s@after the subscription-based update
of two Application Server objects. What's importasmhow the data is updated between the two
objects based on their timestamp values, keepimg tbat data which is most recent. This is

indicated by the rows highlighted in red in thetbot two tables.

Table5.1: Subscription-based Application Update on Devices A and B

BEFORE UPDATE
ParkingL otServer Data on Device A

BEFORE UPDATE
ParkingL otServer Data on Device B

Available . Name Available | Timestamp
Name Spaces Timestamp Spaces
GSU 10 11:30 GSU 12 12:00
TSRB 15 12:45 TSRB 8 12:30

AFTER UPDATE

ParkingL otServer Data on Device A

AFTER UPDATE
ParkingL otServer Data on Device B

Name Available | Timestamp Name Available Timestamp
Spaces Spaces

GSU 12 12:00 GSU 12 12:00

TSRB 15 12:45 TSRB 15 12:45

A quick note on the java.rmi.ConnectException ézassary here. While trying to run
two directory servers on two different machines,emeountered this exception that prevented us
from successfully testing out the application adally. In [19 p.202], there is a clear

explanation for this kind of RMI behavior that ispendent upon router firewall settings that
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prevent RMI access by default. By reconfiguringsthsettings, it may be possible to avoid these

exceptions.

5.6 Extendingthe Parking Lot Application

This simple setup provides an easy to understasl to use template that allows us to
extend this application or create new applicatitired include more features. For example, if a
positioning system is integrated with the vehi@edistance parameter can be added that also
finds the closest parking lot.

Another useful application in this category wobkltraffic rerouting. Instead of available
parking spaces, we would maintain the average spkadffic near certain exits or predefined
landmarks. If a vehicle knows this information betfvand, slow moving traffic wherein the
average speed falls below a certain threshold yalre alert the user to take an alternate route to
avoid traffic.

In this way, distributing the SyD Directory hadgesl us develop applications that allow
SyD devices to directly communicate with each atfiée rapid development of any application

using SyD shows its powerful simplicity that canrbelded to perform more complex tasks.
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6 CONCLUSIONAND FUTURE RESEARCH

The work presented in this thesis focuses on dmogi a high-level programming
environment for the rapid development of peer-terpapplications using the distributed SyD
Directory. Applications like the SyD Calendar [26]eet [27] and a SyD Travel Application
[28] have been developed using the central dirgatersion of SyD. But the requirements of the
parking lot application urge the need for a disttddl SyD Directory. With the help of this
extension to SyD, SyD devices behave like smootidgducted musical instruments in an
orchestra, to produce up-to-date results to thersusé&/e have successfully shown the
methodology that paves the way for developing simalpplications in the future and opens up
the following research issues that need to be esglturther.

The next step in this research would logicallytbeport the code developed here to
mobile handheld devices like iPAQs with hardwarppsut for wireless communication using
IEEE 802.11 or Bluetooth. Testing on these devieesild paint a realistic picture of the
problems presented by the environment and the amoifintime required to perform
synchronization and updates.

In a peer-to-peer network, instead of providindgpssuiption-based service updates, a
mobile agent paradigm can be designed that wouwidcla a “virtual knight” kind of program
that has the ability to jump’ from one peer to tiext to collect service related information. This
virtual knight can keep sending results back tosthierce peer and continue on its way to collect
results from some more peers.

There is immense scope for developing a SyD Siyamadule that encapsulates the core

SyD modules from being tampered by any outsidetyeniim the real world, with increasing
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concerns over security and privacy, such a modsilenperative in the final delivery of a
working SyD application. Also, as described in amlier chapter about SyD device discovery,
Bluetooth is seen as an effective way to accomglisfr Bluetooth is a short-range wireless
technology that is emerging as a de-facto techyologwireless network. Its attractive features
like support for ad-hoc connections, power efficierand robustness to interference makes it
suitable for creating proximity networks. The adee of using Bluetooth is that it has a well
defined protocol to discover, authenticate and echto other devices.

This thesis reiterates the fact that middlewareaisnajor building block for the
development of future software systems. Futureiegpbdns will need to cope with advanced
properties such as context-awareness and molfdityyhich adequate middleware support must
be devised, together with accompanying softwareeldgwment notations, methods and tools.
There is a need for closer integration of middleavaith application development that ultimately
suggests middleware-based software processes.

The vision of future computing infrastructure wards a global, virtually loosely
connected world with invisible computers everywhtrat are embedded in the environment.
Exploiting both mobility and availability of a poteally infinite number of heterogeneous
resources at the same time requires scalabilityhagi performance resource-discovery. With
all the technology that is available to us at ongértips, it is up to us to develop frameworks to

make this technology work for us in pro-active wéysour benefit.
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APPENDIX A: SYD SETUPDETAILS

In order to set up SyD and run SyD applications on a device, the
details on the following checklist must be taken care of.
= Install the Java Development Kit and Java Runtime Environment 1.5 or
higher.
= Make sure a period (.) is added to your CLASSPATH. Add the following files
too. They can be downloaded from the Internet if not available.
0 JDBC Drivers: classesl2.jar
0 XML Parsing: xercesImpl.jar
= Check the values of the host and port in sydprop.properties
= Always compile files from the directory or folder in which you place them
due to directory structure dependency in ©-SyDCompiler.bat.
The contents of the compilation file ©-SyDCompiler.bat are as follows:
javac syd\sydutil\SyDDoc.java
javac syd\sydutil\Publisher.java
javac syd\sydutil\SyDPropertyFile.java
javac syd\syddirectory\Directory.java
javac syd\syddirectory\DirectoryServer.java
javac syd\syddirectory\DirectoryServerImpl.java
rmic -vcompat syd.syddirectory.DirectoryServerImpl
javac syd\syddirectory\DirectoryUpdater.java
javac syd\sydlistener\SyDListener.java
javac syd\sydlistener\SyDListenerDelegate.java
javac syd\sydlistener\SyDRegistrar.java
javac syd\sydengine\SyDDispatcher.java
javac syd\sydapp\ParkinglLot\ParkinglLot.java
javac syd\sydapp\ParkingLot\ParkinglLotImpl.java
rmic -vcompat syd.sydapp.ParkinglLot.ParkinglLotImpl
javac syd\sydapp\ParkinglLot\ParkinglLotServer.java

javac ParkingLotClient.java
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The directory structure for all the SyD files is shown in the figure
below. A + indicates a folder and - indicates a file. Java 1.5 or later is
preferred for the JDK and JRE. The batch files are to be executed in the

naming order starting from 1 onwards.

+ Folder in Home Directory (eg: C:\syddemo)
+ syd
+ sydapp
+ Parkinglot
- Parkinglot.java
- ParkingLotImpl.java
- ParkinglLotServer.java
+ syddirectory
- Directory.java
- DirectoryServer.java
- DirectoryServerImpl.java
- DirectoryUpdater.java
+ sydengine
- SyDDispatcher. java
+ sydlistener
- SyDListener.java
- SyDListenerDelegate.java
- SyDRegistrar.java
+ sydutil
- Publisher.java
- SyDDoc. java
- SyDPropertyFile.java
- @-SyDCompiler.bat
- 1-SyDDirectoryServer.bat
- 2-ParkinglLotServer.bat
- 3-ParkinglLotListener.bat
- 4-SyDDirectoryUpdater.bat
- 5-ParkingLotClient.java
- sydprop.properties
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APPENDIX B: SOURCE CODE

The source code for the SyD middleware using the distributed SyD Directory
and the Parking Lot Application are included here. The code is organized as
follows:

= syddirectory - Major contribution of this thesis work

Directory.java

DirectoryServer.java

DirectoryServerImpl.java

DirectoryUpdater.java
= sydengine
- SyDDispatcher.java
= sydlistener
- SyDListener.java
- SyDListenerDelegate.java
- SyDRegistrar.java
= sydutil.java
- Publisher.java
- SyDDoc.java
- SyDPropertyFile.java
» sydapp.ParkinglLot - Case Study developed for this Thesis work
- ParkinglLot.java
- ParkingLotImpl.java
- ParkinglLotServer.java

= ParkinglLotClient.java
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Directory.java

package syd.syddirectory;

import java.util.*;
import java.io.*;

public class Directory implements Serializable

{
//
//
//
//
}
{
}
specified

private static final long serialVersionUID = 42L;
Vector<Integer> ID;

Vector<HashMap<String,String>> SYD_USER;
Vector<HashMap<String,String>> SYD_APPO;
Vector<HashMap<String,String>> SYD_METHOD;
Vector<HashMap<String,String>> USER_APPO_MAPPING;
Vector<HashMap<String,String>> APPO_METHOD MAPPING;
Vector<HashMap<String,String>> SYD_USER_PROPERTIES;
Vector<HashMap<String,String>> SYD_GROUP;
Vector<HashMap<String,String>> USER_GROUP_MAPPING;

Directory()

ID = new Vector<Integer>(5);

SYD_USER = new Vector<HashMap<String,String>>(1);

SYD_APPO = new Vector<HashMap<String,String>>(1);

SYD_METHOD = new Vector<HashMap<String,String>>(1);
USER_APPO_MAPPING = new Vector<HashMap<String,String>>(1);
APPO_METHOD_MAPPING = new Vector<HashMap<String,String>>(1);
SYD_USER_PROPERTIES = new Vector<HashMap<String,String>>(1);
SYD_GROUP = new Vector<HashMap<String,String>>(1);
USER_GROUP_MAPPING = new Vector<HashMap<String,String>>(1);

String nextID(int n)

Integer i = (Integer)ID.get(n);
it++;

ID.setElementAt((Integer) i,n);
return Integer.toString(i);

//Returns record from SydTable matching the key and value pair

public HashMap<String,String> getRecord(String SydTable,String
key,String value)

{

Vector<HashMap<String,String>> table = new

Vector<HashMap<String,String>>();

HashMap<String,String> record = null, t = null;
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table = getTable(SydTable);
for(int i=@;i<table.size();i++)

{
record = table.get(i);
if(record.get(key).equals(value))
t = record;
}
return t;
}
/**
* @param filename String - The filename for the file to be loaded
*/
Object load(String filename) throws Exception
{

ObjectInputStream objstream = new ObjectInputStream(new
FileInputStream(filename));

Object obj = objstream.readObject();

objstream.close();

return obj;

/**
* @param obj Object - The object that is saved.
* @param filename String - The filename of the file it is saved to.
*/
void save(Object obj,String filename) throws IOException

{
ObjectOutputStream objstream = new ObjectOutputStream(new
FileOutputStream(filename));
objstream.writeObject(obj);
objstream.close();

}

void DisplayDirectory()
{
System.out.println("\nSYD_USER: " + show(SYD_USER));
System.out.println("\nSYD_APPO: " + show(SYD_APPO));
System.out.println("\nSYD_METHOD: "+ show(SYD_METHOD));
System.out.println("\nUSER_APPO_MAPPING: " +
show(USER_APPO_MAPPING));
System.out.println("\nAPPO_METHOD MAPPING: " +
show(APPO_METHOD_ MAPPING));
System.out.println("\nSYD_USER_PROPERTIES: " +
show(SYD_USER_PROPERTIES));

System.out.println("\nID = " + ID);
// System.out.print("SYD_GROUP");
// System.out.print("USER_GROUP_MAPPING");
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String show(Vector<HashMap<String,String>> v)

{ String s = "\n";
HashMap<String,String> h = new HashMap<String,String>();
for(int i = 0;i < v.size(); i++)
{
h = v.get(i);
s = s + h.toString() + "\n";
}
return s;
}

Vector<HashMap<String,String>> getTable(String SydTable)

{
Vector<HashMap<String,String>> table = null;

if(SydTable.equalsIgnoreCase("SYD_USER"))
table = new Vector<HashMap<String,String>>(SYD_USER);
else if(SydTable.equalsIgnoreCase("SYD_APPO"))
table = new Vector<HashMap<String,String>>(SYD_APPO);
else if(SydTable.equalsIgnoreCase("SYD METHOD"))
table = new Vector<HashMap<String,String>>(SYD_METHOD);
else if(SydTable.equalsIgnoreCase("USER_APPO_MAPPING"))
table = new
Vector<HashMap<String,String>>(USER_APPO_MAPPING);
else if(SydTable.equalsIgnoreCase("APPO_METHOD_ MAPPING"))
table = new
Vector<HashMap<String,String>>(APPO_METHOD MAPPING);
else if(SydTable.equalsIgnoreCase("SYD_USER_PROPERTIES"))
table = new
Vector<HashMap<String,String>>(SYD_USER_PROPERTIES);
/* else if(SydTable.equalsIgnoreCase("SYD_GROUP"))
table = SYD_GROUP;
else if(SydTable.equalsIgnoreCase("USER_GROUP_MAPPING"))
table = USER_GROUP_MAPPING;
*/ else
System.out.println("Invalid SydTable: " + SydTable);

return table;
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Direct

oryServer.java

packag

import
import
import
import
import
import

public
{

Lookup

!/

e syd.syddirectory;

java.io.*;

java.util.*;

java.net.*;

java.rmi.*;

java.rmi.server.*;

java.rmi.registry.*;

interface DirectoryServer extends Remote
public Directory getDirectory() throws RemoteException;
public String getSydObjectID(String appname) throws RemoteException;

public void Sync(Directory d) throws RemoteException;

public String Lookup(String SydTable,String
Key,HashMap<String,String> map) throws RemoteException;

public String publish(String info) throws RemoteException;

//SyD Group Methods
public void addUser(String groupname,String username) throws

RemoteException;

!/

public void deleteUser(String groupName,String username) throws

RemoteException;

//

public String listUsers(String groupname) throws RemoteException;
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Direct

oryServerImpl.java

packag

import
import

import
import
import
import
import
import
import
import

public

{

Remote

e syd.syddirectory;

syd.sydutil.*;
syd.sydengine. *;

java.io.*;
java.util.*;
java.text.*;
java.net.*;
java.rmi.*;
java.rmi.server.*;
java.rmi.registry.*;
java.lang.reflect.*;

class DirectoryServerImpl extends UnicastRemoteObject
implements DirectoryServer

private static final long serialVersionUID = 1L;
private String DSName;

private Integer DSPort;

public static Directory d;

private DirectoryServerImpl(String dsname,Integer port) throws

Exception,Exception
{
DSName = dsname;
DSPort = port;
Directory temp = new Directory();
try
{
d = (Directory) temp.load("syd.data");
System.out.println("SyD Directory Loaded");
d.DisplayDirectory();
}
catch(FileNotFoundException e)
{
System.out.println("Creating new SyD Directory ...");
d = new Directory();
d.ID.add((Integer) 9);
d.ID.add((Integer) 1000);
d.ID.add((Integer) 2000);
d.ID.add((Integer) 3000);
d.ID.add((Integer) 4000);
}
}

private static Registry initialize(int port) throws RemoteException
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try
{
return LocateRegistry.createRegistry(port);
}
catch (Exception noRegistry)
{
return LocateRegistry.getRegistry(port);
}
}
private void SAVE() throws RemoteException
{
try
{
d.save(d,"syd.data");
System.out.println("\nSyD Directory Updated\n");
}
catch(Exception e)
{
System.out.println("Error updating SyD Directory: " + e);
}
}
public Directory getDirectory() throws RemoteException
{
return d;
}
private String sysdate() throws RemoteException
{
Date date = new Date();
SimpleDateFormat sdf = new SimpleDateFormat("MMMM dd,yyyy hh:mm
aa");
return sdf.format(date);
}

private void SydUser(String id,String user,String pass,String
url,String bit,String ptime) throws RemoteException

{

HashMap<String,String> v = new HashMap<String,String>();

.put("userID",id);
.put("userName",user);
.put("userPasswd",pass);
.put("userURL",url);
.put("userLiveBit",bit);
.put("userPublishTime",ptime);

< < << <K K<

Q.

.SYD_USER.add(v);
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private void SydAppo(String id,String app) throws RemoteException

{
HashMap<String,String> v = new HashMap<String,String>();
v.put("appID",id);
v.put("appName",app);
d.SYD_APPO.add(v);
}

private void SydMethod(String id,String method,String returnType,String
paramTypes) throws RemoteException

{
HashMap<String,String> v = new HashMap<String,String>();
v.put("methodID",id);
v.put("methodName" ,method);
v.put("methodReturnType",returnType);
v.put("methodParamTypes",paramTypes);

d.SYD_METHOD.add(v);
}

private void UserAppoMapping(String uid,String appid,String
SydObjectID,String localBit) throws RemoteException

{
HashMap<String,String> v = new HashMap<String,String>();
v.put("userID",uid);
v.put("appID",appid);
v.put("SydObjectID",SydObjectID);
v.put("localBit",localBit); //indicates whether object is local
or remote
d.USER_APPO_MAPPING.add(v);
}

private void AppoMethodMapping(String appID,String methodID) throws
RemoteException

{
HashMap<String,String> v = new HashMap<String,String>();
v.put("appID",appID);
v.put("methodID",methodID);
d.APPO_METHOD MAPPING.add(v);
}

private void SydUserProperties(String userID,String userName,String
filename) throws RemoteException

{
SyDPropertyFile p = new SyDPropertyFile(filename);
HashMap<String,String> v = new HashMap<String,String>();
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.put("userID",userID);

.put("userName",userName);
.put("directoryname",p.getValue("directoryname"));
.put("devicehost",p.getValue("devicehost"));
.put("directoryport"”,p.getValue("directoryport”));
.put("listenerport”,p.getValue("listenerport"));
.put("appserverport",p.getValue("appserverport”));

<K <K <K<K <K<K KL

d.SYD_USER_PROPERTIES.add(v);
}

//Returns the SydObjectID for the local Application Server Object for
the appname specified
public String getSydObjectID(String appname) throws RemoteException
{
HashMap<String,String> record = new HashMap<String,String>();
HashMap<String,String> h = new HashMap<String,String>();

String objID = "";

h.put("appName",appname);
String appID = Lookup("SYD_APPO","appID",h);
h.clear();

for(int i = @; i< d.USER_APPO_MAPPING.size(); i++)
{
record = d.USER_APPO_MAPPING.get(i);
if(record.get("localBit").equals("1") &&
record.get("appID").equals(appID))
objID = record.get("SydObjectID");
}

return objID;

//Returns true or false depending on whether record exists or not
private Boolean ifPublished(String SydTable,String key,String value)
throws RemoteException
{
Vector<HashMap<String,String>> table = new
Vector<HashMap<String,String>>();
HashMap<String,String> record= new HashMap<String,String>();

table = d.getTable(SydTable);
for(int i = @;i<table.size();i++)

{
record = table.get(i);
if(record.get(key).equalsIgnoreCase(value))
return true;
}

return false;
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}

//synchronize local directory d with remote directory d2
public void Sync(Directory d2) throws RemoteException
{
Boolean userPublished = new Boolean(false);
Boolean appPublished = new Boolean(false);

String userID = "",appID = "",methodID = ;

//Get all of d2's server objects
for(int i = @; i < d2.USER_APPO_MAPPING.size(); i++)
{
HashMap<String,String> h = new HashMap<String,String>();
h = d2.USER_APPO_MAPPING.get(i);
String d2userID = h.get("userID");
String d2appID = h.get("appID");
String d2objID = h.get("SydObjectID");

//Begin publishing to local SyD Directory
//Add user to SydUser table

h = d2.getRecord("SYD_USER", "userID",d2userID);
String username = h.get("userName");

String userURL = h.get("userURL");

userPublished =
ifPublished("SYD_USER","userName",username);
if(!luserPublished)
{
//change the userID to be consistent with local
directory
userID = d.nextID(1);

SydUser(userID,h.get("userName"),h.get("userPasswd"),h.get("userURL"),h
.get("userLiveBit"),h.get("userPublishTime"));

//add user to SydUserProperties table
h =
d2.getRecord("SYD_USER_PROPERTIES","userID",d2userID);

SydUserProperties(userID,h.get("userName"), "device2");

}

else

{
h = d.getRecord("SYD_USER","userName",username);
userID = h.get("userID");

}

//add app details
h = d2.getRecord("SYD_APPO", "appID",d2appID);
String appname = h.get("appName");
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appPublished = ifPublished("SYD_APPQO", "appName",appname);
if('!appPublished)
{

appID = d.nextID(2);

SydAppo (appID,h.get("appName"));

//Also add methods
for(int j = 0;j<d2.APPO_METHOD MAPPING.size();j++)

{
h = d2.APPO_METHOD MAPPING.get(j);
String d2methodID = h.get("methodID");
methodID = d.nextID(3);
AppoMethodMapping(appID,methodID);

h =
d2.getRecord("SYD_METHOD", "methodID",d2methodID);

SydMethod(methodID,h.get("methodName"),h.get("methodReturnType"),h.get(
"methodParamTypes"));

}

¥

else

{
h = d.getRecord("SYD_APPO", "appName",appname);
appID = h.get("appID");

¥

if(!userPublished)
UserAppoMapping(userID,appID,d20objID,"0");

Update(userID,appID,d20bjID);
System.out.println("Application Server Object Updated for

userID = "+userID+" appID = "+appID+" objID = " + d20objID);
}
SAVE();
d.DisplayDirectory();
}
void Update(String userID, String appID, String objID) throws
RemoteException
{

HashMap<String,String> h = new HashMap<String,String>();

h = d.getRecord("SYD_USER_PROPERTIES","userID",userlID);

String appHost = h.get("devicehost"); //listener is for the
appServer, so same Host

String appPort = h.get("appserverport");

String url = "rmi://" + appHost + ":" + appPort + "/" + objID;
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h = d.getRecord("SYD_APPO","appID",appID);
String appname = h.get("appName");

String localObjID = getSydObjectID(appname); //Get local
Application Server Object's ID

SyDPropertyFile p = new SyDPropertyFile("sydprop");

String localAppHost = p.getValue("devicehost");

String localAppPort = p.getValue("appserverport");

String localURL = "rmi://" + localAppHost + ":" + localAppPort
"/" + localObjID;

//Get Remote Object & Local Object
Object localRef = null,stubRef = null;

try
{
localRef = Naming.lookup(localURL);
}
catch(RemoteException ex)
{
System.err.println("Couldn't contact rmiregistry for" +
localURL);
}
catch(NotBoundException ex)
{
System.err.println("There is no object bound to " +
localURL);
}
catch(MalformedURLException ex)
{
System.err.println("Invalid URL " + localURL);
}
try
{
stubRef = Naming.lookup(url);
}
catch(RemoteException ex)
{
System.err.println("Couldn't contact rmiregistry for " +
url);
}
catch(NotBoundException ex)
{
System.err.println("There is no object bound to "+url);
}
catch(MalformedURLException ex)
{
System.err.println("Invalid URL: "+ url);
}
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try

//syd.sydapp.ParkinglLot.ParkinglLotImpl
Class<?> appClass =

Class.forName("syd.sydapp."+appname+"."+appname+"Impl_ Stub");

Method m = null;

Object result = null;

Class[] paramTypes = {stubRef.getClass()};

Object[] paramValues = {stubRef};

m = appClass.getMethod("syncAppServer",paramTypes);
result = m.invoke(localRef, paramValues);

//getAllData() method can be coded for all server objects
//Here it is used to return server data - not mandatory
paramTypes = null;

paramValues = null;

m = appClass.getMethod("getAllData",paramTypes);

result = m.invoke(stubRef, paramValues);

System.out.println("getAllData remote = " +
result.toString());
result = m.invoke(localRef, paramValues);
System.out.println("getAllData local = " +
result.toString());
}
catch(Exception e)
{
System.out.println("Error in Application Server Update in
DirectoryServerImpl: " + e);
e.printStackTrace();
}

}

//Searching Directory
public String Lookup(String SydTable,String
LookupKey,HashMap<String,String> map) throws RemoteException
{
Vector<HashMap<String,String>> table = new
Vector<HashMap<String,String>>();
HashMap<String,String> record = new HashMap<String,String>();
Set<Map.Entry<String,String>> condition = map.entrySet();
String t = null;
int recordNum = -1;
int i = 0,j = 0,k = 0;

//Search the table
table = d.getTable(SydTable);
for(i=0; i < table.size(); i++)

{
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record = table.get(i);

j=26;

k = 0;

//AND Condition Check within record

for (Map.Entry<String,String> x : condition)

{
j=3+1
String key = x.getKey();
String val = x.getValue();
if(record.get(key).equalsIgnoreCase(val))
k =k + 1;
recordNum = i;
}
}
if(j == k) break;
}
if(recordNum != -1)
t = table.get(recordNum).get(LookupKey);
return t;

}

public String publish(String info) throws RemoteException

{
//Used to store key-value pairs for searching in DirectorylLookup
HashMap<String,String> map = new HashMap<String,String>();

Publisher p = new Publisher(info);
String userName = (p.getSimpleValue("userName"));
String appName = (p.getSimpleValue("appName"));
String userPass = (p.getSimpleValue("userPasswd"));
String url = (p.getSimpleValue("userURL"));

String bit = "1";
String proxyID = (p.getSimpleValue("proxyID"));

//Check if SyDAppO has already been published

String userID = null,appID = null, objID = null,methodID = null;
map.put("userName",userName);

userID = Lookup("SYD_USER","userID",map);

map.clear();

map.put("appName", appName);

appID = Lookup("SYD_APPQ","appID",map);

map.clear();

if(userID != null && appID != null)
{
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//

}

map.put("userID",userlID);

map.put("appID",appID);

objID = Lookup("USER_APPO_MAPPING","SydObjectID",map);
map.clear();

if(objID != null) return objID;

//IF this is a new SyDAppO, publish it in the Directory
if(userID == null)

{

}

userID = d.nextID(1);
SydUser(userID,userName,userPass,url,bit,sysdate());

if(appID == null)

{

appID = d.nextID(2);
SydAppo (appID,appName);

p.getMethodDetails();

Vector methodNames = p.getMethodNames();

Vector returnTypes = p.getReturnTypes();

Vector paramTypes = p.getParamTypes();

String temp3="", temp4="";

for(int i=@;i<methodNames.size();i++)

{
String templ = (String)methodNames.elementAt(i);
String temp2 =(String)returnTypes.elementAt(i);
Vector params = (Vector)paramTypes.elementAt(i);
for (int j=0;j<params.size() ;j++ )

{

(String)params.elementAt(j);
tempd +" "+temp3;

temp3
temp4

}

SydMethod(d.nextID(3),templ, temp2,temps);

temp4="";
}

for(int k=0;k<methodNames.size();k++)

{
String temp = (String)methodNames.elementAt(k);

map.put("methodName", temp);

methodID = Lookup("SYD_METHOD", "methodID",map);
System.out.println("methodID = "+ methodID);
AppoMethodMapping(appID,methodID);
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objID = d.nextID(4);
UserAppoMapping(userID,appID,objID,"1");

//Also add syd user properties file
SydUserProperties(userID,userName, "sydprop");

//Save Directory Object
SAVE();
d.DisplayDirectory();
return objID;

}

public static void main(String args[]) throws RemoteException

{
SyDPropertyFile p = new SyDPropertyFile("sydprop");
int port = Integer.parselnt(p.getValue("directoryport”));
String dsname = p.getValue("directoryname");

try
{
System.out.println("\nSyD Directory Service Initiated\n");
DirectoryServerImpl ds = new
DirectoryServerImpl(dsname,port);
Registry r = initialize(port);
r.rebind(dsname, ds);
System.out.println(ds);

System.out.println("\nWaiting for invocations from
clients...\n");

}

catch(Exception e)

{
System.out.println("SyD Directory Service Error: " + e);
e.printStackTrace();

}
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DirectoryUpdater.java

package syd.syddirectory;

//import syd packages
syd.syddirectory.*;
syd.sydengine. *;
syd.sydlistener.*;
syd.sydutil.*;

import
import
import
import

import
import
import

public
{

java.util.
java.io.*;

* o
>

java.rmi.*;

class DirectoryUpdater

HashMap<String,String> h;

public DirectoryUpdater()

h = new HashMap<String,String>();

public void startDeviceDiscovery()

Start device discovery by network layer

While device is not discovered,keep searching

If device discovered, obtain device's sydprop.propertiesfile
Rename file as device2.properties and copy to C:\0SyD

//The new device has been discovered (eg: Bluetooth)
//and its sydprop.properties file has been received
//and copied as device2.properties in C:\OsyD

//Code for steps 1-4 is triggered by the network layer

setHashMap("device2");

public void setHashMap(String filename)

SyDPropertyFile p = new SyDPropertyFile("device2");

{
}
{
//1.
//2.
//3.
//4.
}
{
h
h
h
h
h
h
}

.clear();
.put("directoryname",p.getValue("directoryname"));
.put("devicehost",p.getValue("devicehost"));
.put("directoryport”,p.getvValue("directoryport”));
.put("listenerport”,p.getValue("listenerport"));
.put("appserverport"”,p.getValue("appserverport"));
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url);

//
//

//Assumption: All SyD userNames are UNIQUE between different devices
public void sync()

{

}

DirectoryServer localDS=null,remoteDS=null;

String dirhost,dirport,dsname,url="";

try
{

}

//Compare local and neighbor directory data
SyDPropertyFile p = new SyDPropertyFile("sydprop");
dirhost = p.getValue("devicehost");

dirport = p.getValue("directoryport");

dsname = p.getValue("directoryname");

url = "rmi://"+dirhost+":"+dirport+"/"+dsname;
localDS = (DirectoryServer)Naming.lookup(url);

dirhost = h.get("devicehost");
dirport = h.get("directoryport");
dsname = h.get("directoryname");

url = "rmi://"+dirhost+":"+dirport+"/"+dsname;
remoteDS = (DirectoryServer)Naming.lookup(url);

catch(Exception e)

{

try

}

System.out.println("Error in DirectoryUpdater.sync(): " +

e.printStackTrace();

Directory d = remoteDS.getDirectory();
localDS.Sync(d);

catch(Exception e)

{

System.out.println("Error in DirectoryUpdater.sync:
e.printStackTrace();

public static void main(String[] args)

{

DirectoryUpdater x = new DirectoryUpdater();
while(true)

{

//Discover closest SyD device
x.startDeviceDiscovery();

//synchronize with neighbor's directory
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Long start = new Long(System.currentTimeMillis());

x.sync();

Long end = new Long(System.currentTimeMillis());

Long timeTaken = end - start;

System.out.println("Time(ms) taken for synchronization and
update = "+ timeTaken);

!/ }

SyDDispatcher.java

package syd.sydengine;

import java.util.*;

import java.lang.*;

import java.awt.*;

import java.io.*;

import java.rmi.*;

import java.rmi.server.*;
import java.rmi.registry.*;

import syd.sydutil.*;
import syd.sydlistener.*;
import syd.syddirectory.*;

/**
* Generic class for dispatching method calls remotely
*/

public class SyDDispatcher
{

Vector<Object> doclist = new Vector<Object>();

/**
* invoke method is used to invoke a methodname using the list of
parameters specified
*  @param appname: application name
*  @param methodname : method to be executed
*  @param paramlist : parameter list
*  @return Vector

*/

public Vector<Object> invoke(String appname,String methodname,Vector
paramtype,Vector paramvalue) throws IOException

{
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SyDPropertyFile p = new SyDPropertyFile("sydprop");

String dsname = p.getValue("directoryname");

String dirhost = p.getValue("devicehost");

Integer dirport = Integer.parselnt(p.getValue("directoryport"));

Integer listenerport =
Integer.parselnt(p.getValue("listenerport"”));

DirectoryServer DS = null;

try

{
Registry r = LocateRegistry.getRegistry(dirhost,dirport);
DS = (DirectoryServer)r.lookup(dsname);

}

catch(Exception e)

{
System.out.println("Error in SyDDispatcher.local lookup: "

+ e);
}

//System.out.println("ACCESS LOCAL DIRECTORY SERVICE FOR
AVAILABLE USERS ...");

String url = "";

String teststring = "";

SyDDoc doc = new SyDDoc();

Vector<Object> resultstrings = new Vector<Object>();

HashMap<String,String> h = new HashMap<String,String>();

SyDListenerDelegate sld = null;

//Returns the local Application Server Object's ID
String objID = DS.getSydObjectID(appname);
System.out.println("dispatcher.objID = "+ objID);

sld = new SyDListenerDelegate(dirhost,listenerport);

//System.out.println("CALLING SYDDOC FOR CREATING THE REQUEST
DOCUMENT \n");

doc.createRequest(objID, methodname, paramtype, paramvalue);

teststring = doc.getString().toString();

// Engine to syd listener
teststring = sld.invoke(teststring);

resultstrings.addElement(teststring);
return (resultstrings);
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SyDListener.java

/**

* Listener class for receiving invocation message on given port and make
method invocation using RMI.
*/

package syd.sydlistener;
import syd.sydutil.*;

import java.rmi.*;

import java.rmi.server.*;
import java.rmi.registry.*;
import java.net.*;

import java.io.*;

import java.lang.reflect.*;
import java.util.*;

public class SyDListener

{
String RMIHost;

int RMIPort;
String url;

public SyDListener(String RMIHost, int RMIPort)

{
this.RMIHost = RMIHost;
this.RMIPort = RMIPort;
this.url = "pmi://" + RMIHost + ":" + RMIPort + "/";

}

public SyDListener(int RMIPort)

{
this("localhost", RMIPort);

}

public SyDListener()

{
this("localhost", 1099);

}

/**
Wrapper for actual invoke method.
*  <BR><BR>

@param info invocation information
*  @return invocation result
*/
private String invoke (String message) throws
java.rmi.NotBoundException
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// parse xml document
SyDDoc outDoc =null;

try

{
SyDDoc doc = new SyDDoc(new StringBuffer(message));
String objectName = doc.getObjectID();
String methodName = doc.getMethodName();
Vector parameterTypeStrings = doc.getParameterType();
Vector parameterValues = doc.getParameterValue();

for(int j=0;j<parameterTypeStrings.size();j++)

{
Object a = parameterTypeStrings.elementAt(j);
}
for(int k=0;k<parameterValues.size();k++)
{
Object ¢ = parameterValues.elementAt(k);
}
Vector<Object> parameterTypes = new Vector<Object>();
try
{

for(int i=@; i<parameterTypeStrings.size(); i++)
{
String type =
(String)parameterTypeStrings.elementAt(i);
parameterTypes.addElement(Class.forName(type));

}

}

catch(Exception e) {
System.out.println("Error in Listener.invoke(String):
" +oe);
return null;

}

String result = invoke(objectName, methodName,
parameterTypes, parameterValues);

outDoc = new SyDDoc();

outDoc.createResponse(result);

}
catch(Exception e)
{
e.printStackTrace();
}
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}

return outDoc.getString().toString();

private String invoke (String objectName, String methodName,

Vector parameterTypes, Vector parameterValues)

throws java.rmi.NotBoundException,IllegalArgumentException

{

Object result = null;

try
{

System.out.println("listener url = " + url+objectName);
Object stubRef = Naming.lookup(url + objectName);

// use Jjava.lang.reflection package to make invocation
Class<?> c¢ = stubRef.getClass();

Object[] tempArray = vectorToArray(parameterTypes);

Class[] parameterTypesArray = new Class[tempArray.length];

for(int i=0; i<tempArray.length; i++)
parameterTypesArray[i] = (Class)tempArray[i];

Object[] argumentsArray = vectorToArray(parameterValues);

Method method = c.getMethod(methodName,

parameterTypesArray);

}

}

result = method.invoke(stubRef, argumentsArray);

catch(Exception e)

{

}

System.out.println("Error in Listener.invoke2(): " + e);

e.printStackTrace();

return result.toString();

private Object[] vectorToArray(Vector vector)

{

}

int size = vector.size();
Object[] array = new Object[size];

for(int i=0; i<size; i++)

array[i] = vector.elementAt(i);

return array;

private void work(Socket clientSocket)

{

try
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{

PrintWriter out = new

PrintWriter(clientSocket.getOutputStream(), true);

BufferedReader in = new BufferedReader(new

InputStreamReader(clientSocket.getInputStream()));

+e);

/*

*/

String input = , output = ;
String inputlLine;

// Get request from client
while (!(inputLine = in.readLine()).equals("</REQUEST>"))
{

}

input += inputLine + "\n";

input += inputlLine + "\n";

out.

try

{
// invoke method

output = invoke(input);

}
catch(Exception e)
{
System.out.println("In SyDListener, error at invoke:
}

// Send result to client.
out.println(output);
println("&end&");

while (!(inputLine = in.readLine()).equals("&end&"))
{

}

// System.out.println(inputLine);

// Close input and output streams, the client socket.
out.close();

in.close();

clientSocket.close();

(IOException e)

System.out.println("Error in SyDListener.work(): " + e);

public static void main(String args[])

SyDPropertyFile p = new SyDPropertyFile("sydprop");
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String host = p.getValue("devicehost");
int serverPort = Integer.parselnt(p.getValue("listenerport"));
int RMIPort = Integer.parselnt(p.getValue("appserverport"));

SyDListener listener = new SyDListener(host,RMIPort);
ServerSocket serverSocket = null;

try

{
serverSocket = new ServerSocket(serverPort);
System.out.println("\nSyD Listener running ...\n");

} catch (IOException e)

{
System.err.println("Error in SyDListener.main() Could not

listen on port: + serverPort + e.toString());
System.exit(1);

}
Socket clientSocket = null;
while(true)
{
try
{
clientSocket = serverSocket.accept();
System.out.println("Local endpoint = " +
clientSocket.getlLocalSocketAddress());
System.out.println("Remote client connection = " +

clientSocket.getRemoteSocketAddress());
System.out.println();
} catch (IOException e)

{
System.err.println("Accept failed.");
System.exit(1);

}

listener.work(clientSocket);

}
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SyDListenerDelegate.java

/**
* Yamacraw Embedded Software - SyD Listener
* <PRE>
* SyDListenerDelegate.java, client side delegate provided by listener

provider to perform communication with server side listener object
%

Revisions: 1.0 September 8, 2002
Created class SyDListenerDelegate

</PRE>

@author <A HREF="mailto:bingaero@hotmail.com">Bing Liu</A>
@version 1.0, September 8, 2002

%
*

%

%

*

%

%

*

*/
package syd.sydlistener;
import syd.sydutil.*;

import java.io.*;
import java.net.*;

public class SyDListenerDelegate
{

public final static String END TAG = "<SyDListenerDelegate.end>";

private String serverName;
private int serverPort;

public SyDListenerDelegate(String serverName, int serverPort)

this.serverName = serverName;
this.serverPort = serverPort;
/**

* Transform invocation information into a string, open a socket to
listener and send the string.

* Then receive result as a string and transform it into Doc.

* <BR><BR>

* @param inputDoc invocation information.

* @return result

*/
public String invoke(String inputString) throws IOException

{
Socket listenSocket = null;
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PrintWriter out = null;
BufferedReader in = null;

try
{
listenSocket = new Socket(serverName, serverPort);
out = new PrintWriter(listenSocket.getOutputStream(), true);
in = new BufferedReader(new InputStreamReader(
listenSocket.getInputStream()));
}
catch (UnknownHostException e)
{
System.err.println("SLD: Don't know about host: " + e);
System.exit(1);
}
catch (IOException e)
{

System.err.println("SLD: Couldn't get I/0 for the connection to
server; " + e );
System.exit(1);

String serverOutput = "";
String serverOutputLine = "";

out.println(inputString);
out.println(END_TAG);

//Read and display server response
while ((serverOutputLine = in.readLine()) != null)
{
if (serverOutputlLine.equals("&end&"))
break;
serverOutput += serverOutputlLine + "\n";

}

out.println("&end&");
// Close all the streams and socket.
out.close();
in.close();
listenSocket.close();

return serverOutput;



SyDRegistrar.java

1.0 September 8, 2002

Created class SyDRegistrar

@author <A HREF="mailto:bingaero@hotmail.com">Bing Liu</A>

8, 2002

/**
* Yamacraw Embedded Software - SyD Listener
* <PRE>
* SyDRegistrar.java
k
* Revisions:
*
k
* </PRE>
*
k
* @version 1.0, September
*

*
~

package syd.sydlistener;

import
import

import
import
import

public
{

syd.syddirectory.*;
syd.sydutil.*;

java.rmi.*;
java.util.*;

java.net.*;

class SyDRegistrar

String rmiHost;

i

String directoryHost;

i

nt rmiPort;

nt directoryPort;

String objectName =

J

public SyDRegistrar(String rmiHost, int rmiPort, String directoryHost,
int directoryPort)

rmiHost;
rmiPort;

this.directoryHost = directoryHost;
this.directoryPort = directoryPort;

public SyDRegistrar(int rmiPort, String directoryHost, int

{
this.rmiHost =
this.rmiPort =
}
directoryPort)
{

}

this("localhost”, rmiPort, directoryHost, directoryPort);

public SyDRegistrar(String directoryHost, int directoryPort)
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{
}

this("localhost", 1099, directoryHost, directoryPort);

public void register (String dsname,Object appInstance, String
publishDoc)
{
registerToDirectoryService (dsname,publishDoc);
registerToRMIRegistry (appInstance, objectName);

}

public void registerToDirectoryService (String dsname, String
publishDoc)

{

System.out.println("Registering to Directory Service " + dsname);
System.out.println(publishDoc);
try

{

String url = "rmi://" + directoryHost + +
directoryPort + "/";
DirectoryServer remoteDS =
(DirectoryServer)Naming.lookup(url + dsname);
System.out.println("Lookup Directory Server ... Success.");
objectName = remoteDS.publish(publishDoc);
System.out.println("Publish to Directory Service ...

Success");

// System.out.println(objectName);
}
catch(Exception e)
{
System.out.println("Error in
SyDRegistrar.registerToDirectoryService(): " + e);
e.printStackTrace();
}
}
public void registerToRMIRegistry (Object appInstance, String
objectName)
{
try
{
String url = "rmi://" + rmiHost + ":" + rmiPort + "/" +
objectName;
Naming.rebind(url, (Remote)appInstance);
System.out.println("Object bound to "+url);
}
catch(Exception e)
{

System.out.println("Error in
SyDRegistrar.registerToRMIRegistry(): " + e);

86



e.printStackTrace();

}
}
public String getObjectName()
{
return objectName;
}

Publisher.java

package syd.sydutil;

import java.io.*;
import java.util.*;

/**
* Class definition for Publisher to publish Users, Methods, Services, and
* Groups and their associations in Directory Service.
*/
public class Publisher
{
private StringBuffer docString;
private Vector<Object> methods,paramTypes,returnTypes ;

/* This Constructor initialises the XML document String docString */
public Publisher()
{
docString = new StringBuffer("");
docString.append("<publisher-doc>\n");

}

public Publisher(String newdoc)

{
docString = new StringBuffer("");
docString.append(newdoc);
methods = new Vector<Object>();
paramTypes = new Vector<Object>();
returnTypes = new Vector<Object>();
System.out.println("\nReceived PublisherDoc.\n" +

docString.toString());

}

/** Retrieves the XML document
* @return String
*/
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public String getString()

{
return docString.toString();

}

public String getSimpleValue(String node_name)

{
String str = docString.toString();
//System.out.println(str);
str = str.substring(str.indexOf(node_name));
//System.out.println(str);
str = str.substring(str.indexO0f(">")+1,str.index0f("<"));
return str.trim();

}

public Vector getMethodNames()

{

return methods;

}

public Vector getReturnTypes()

{

return returnTypes;

}

public Vector getParamTypes()

{

return paramTypes;

}

public void getMethodDetails()

{

String method_str = new String();
String m_name, ret,ptype;
Vector<Object> p;
String str = docString.toString();

//Extract # of methods to be published
str = str.substring(str.index0Of("methodcount"),str.length()-1);
str = str.substring(str.indexOf("'"')+1);

int method_count = Integer.parselInt(
str.substring(0,str.index0f("'"")).trim());
System.out.println("Methods Published: " + method_count);
for(int i = 9;i<method count;i++)
{
method_str = str.substring(str.indexOf("<method>"),
str.index0f ("</method>"));
str = str.substring(str.index0f("</method>")+9);
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method_str

method _str.

method str
method_str

method_str.

method _str

method_str.

method_str

*/

publ
userPasswd
Vector ret

{

m_name = new String();
m_name =
.substring(method_str.index0f("<methodName>")+12,
index0f ("</methodName>"));
methods.addElement(m_name);
System.out.println("Method Name:

+ m_name);

ret

ret =
.substring(method_str.index0f("<returnType>")+12,
.index0f("</returnType>"));

returnTypes.addElement(ret);

new String();

System.out.println("Return Type: " + ret);

//Parameter Count

method _str =
substring(method_str.indexOf("count"),method_str.length()-1);

method_str =

.substring(method_str.indexO0f('""')+1);

int param_count = Integer.parseInt(
substring(0,method_str.indexO0f('""')).trim());
System.out.println("Parameters: " + param_count);

p = new Vector<Object>();

for(int j = ©;j<param_count;j++)

{

method str =

.substring(method_str.indexOf("<param")+6,method_str.length());

ptype = new String();

ptype = method_str.substring(method_str.indexOf("type")+4);

ptype= ptype.substring(ptype.indexOf('""')+1);

ptype= ptype.substring(0,ptype.index0f('""));

p.addElement(ptype.trim());

//System.out.println("ptype:’

}
paramTypes.addElement(p);

+ ptype + +3);

Creates Publish request envelope for SYD_USER
@param userName : Name of User

@param userPasswd : Password

@param userURL : User Location

@param liveBit : Device status

ic void createPublishUserMethodsRequest(String userName,String

,String userURL, String proxyID,String appName, Vector methodNames,
urnTypes, Vector paramTypes)
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docString.append("\t<userName>" + userName + "</userName>\n");

docString.append("\t<userPasswd>" + userPasswd +
"</userPasswd>\n");

docString.append("\t<userURL>" + userURL + "</userURL>\n");

docString.append("\t<appName>" + appName + "</appName>\n");

docString.append("\t<proxyID>" + proxyID + "</proxyID>\n");

docString.append("\t<method-details methodcount=\""+
methodNames.size()+"\">\n");

for(int i=@;i<methodNames.size();i++)
{
String temp = (String)methodNames.elementAt(i);
docString.append("\t\t<method>\n");
docString.append("\t\t<methodName>" +
methodNames.elementAt(i).toString() + "</methodName>\n");
docString.append("\t\t<returnType>" +
returnTypes.elementAt(i).toString() + "</returnType>\n");
Vector params = (Vector)paramTypes.elementAt(i);
docString.append("\t\t\t<parameters count = \""+
params.size() +"\">\n");
for (int j=0;j<params.size() ;j++ )
docString.append("\t\t\t\t<param"+(j+1)+"
+params.elementAt(j).toString()+"\"></param"+(j+1)+">\n");
docString.append("\t\t\t</parameters>\n");
docString.append("\t\t</method>\n");

type=\

}
docString.append("\t</method-details>\n");
docString.append("</publisher-doc>\n");

} /* End Of createPublishUserMethodsRequest */
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SyDDoc. java

/**

Static Model */

package syd.sydutil;

import java.util.*;
import java.lang.*;

/**
* SyDDoc.java
* Generic class for creating and parsing XML documents

public class SyDDoc

{

private StringBuffer docString;

public SyDDoc()

{
docString = new StringBuffer("");
}
public SyDDoc(StringBuffer xmlString)
{
docString = xmlString;
}
public StringBuffer getString()
{
return docString;
}

public void createRequest(String objectlID,
String methodName,
Vector parameterTypelist,
Vector parameterValuelist)

docString .append("<REQUEST>\n");
docString.append("<OBJECT id =

\"").append(objectID).append("\" />\n");

docString.append("<METHOD name =

\"").append(methodName) .append("\"/ >\n");

docString.append("<PARAMETERS>\n");
for(int j=0;j<parameterTypelList.size();j++)
{
docString.append("<PARAMETER type = \"

").append(parameterTypelList.elementAt(j));

docString.append("\" value = \"

").append(parameterValuelList.elementAt(j)).append("\" />\n");

}
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docString.append("</PARAMETERS>\n");
docString.append("</REQUEST>\n");

}

public String getObjectID()

{
String string2Parser = new String(docString);
int i = string2Parser.indexOf("<OBJECT");
int j = string2Parser.indexOf("\"", 1i);
int k = string2Parser.indexOf("\"", j+1);
/*System.out.println(i);
System.out.println(j);
System.out.println(k); */
String objectID = string2Parser.substring(j+1,k);
return objectID;

}

public String getMethodName()

{
String string2Parser = new String(docString);
int i = string2Parser.indexOf("<METHOD");
int j = string2Parser.indexOf("\"", i);
int k = string2Parser.indexOf("\"", j+1);
/*System.out.println(i);
System.out.println(j);
System.out.println(k); */
String methodName = string2Parser.substring(j+1,k);
return methodName;

}

public Vector getParameterValue()

{
int i, j, 1, m;
int k=0;
String parameterType;
String parameterValue;
Vector<Object> parameterVector = new Vector<Object>();
String string2Parser = new String(docString);
int start = string2Parser.indexOf("<PARAMETERS>");
int index = start +1;
int end = string2Parser.indexOf("</PARAMETERS>");
/*System.out.println(start);
System.out.println(end);*/

while(index<end)
{ i = string2Parser.indexOf("<PARAMETER", k);
if (1 == -1)
{
break;
}
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j = string2Parser.indexOf("\"", 1i);

k = string2Parser.indexOf("\"", j+1);

parameterType = string2Parser.substring(j+1,k).trim();
//System.out.println(parameterType);

1 = string2Parser.indexOf("\"", k+1);

m = string2Parser.indexOf("\"", 1+1);

parameterValue = string2Parser.substring(l+1,m).trim();
if (parameterType.equalsIgnoreCase("java.lang.String"))

{
String parameterObject = new String(parameterValue);
parameterVector.addElement(parameterObject);

}

else if (parameterType.equalsIgnoreCase("String"))

{
String parameterObject = new String(parameterValue);
parameterVector.addElement(parameterObject);

}

else if (parameterType.equalsIgnoreCase("int"))

{

Integer parameterObject = new
Integer(parameterValue);
parameterVector.addElement(parameterObject);
}
else if
(parameterType.equalsIgnoreCase("java.lang.Integer"))
{
Integer parameterObject = new
Integer(parameterValue);
parameterVector.addElement(parameterObject);

}

else if (parameterType.equalsIgnoreCase("double"))

{
Double parameterObject = new Double(parameterValue);
parameterVector.addElement(parameterObject);

}

else if

(parameterType.equalsIgnoreCase("java.lang.Double"))

{
Double parameterObject = new Double(parameterValue);
parameterVector.addElement(parameterObject);

}

else if (parameterType.equalsIgnoreCase("long"))

{
Long parameterObject = new Long(parameterValue);
parameterVector.addElement(parameterObject);

}
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else if (parameterType.equalsIgnoreCase("java.lang.Long"))

{
Long parameterObject = new Long(parameterValue);
parameterVector.addElement(parameterObject);

}

else if (parameterType.equalsIgnoreCase("boolean"))

{

Boolean parameterObject = new
Boolean(parameterValue);
parameterVector.addElement(parameterObject);
}

else if
(parameterType.equalsIgnoreCase("java.lang.Boolean"))
{
Boolean parameterObject = new
Boolean(parameterValue);
parameterVector.addElement(parameterObject);
}

else if (parameterType.equalsIgnoreCase("char"))
{
Character parameterObject = new
Character(parameterValue.charAt(9));
parameterVector.addElement(parameterObject);
}

else if
(parameterType.equalsIgnoreCase("java.lang.Character"))
{
Character parameterObject = new
Character(parameterValue.charAt(9));
parameterVector.addElement(parameterObject);

}

else if (parameterType.equalsIgnoreCase("StringBuffer"))
{
StringBuffer parameterObject = new
StringBuffer(parameterValue);
parameterVector.addElement(parameterObject);
}

else if
(parameterType.equalsIgnoreCase("java.lang.StringBuffer"))
{
StringBuffer parameterObject = new
StringBuffer(parameterValue);
parameterVector.addElement(parameterObject);
}

else //Add extra parameter types here
System.out.println("Reached
SyDDoc.getParameterValue() --- to be written");
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}

return parameterVector;

public Vector getParameterType()

int i, j, 1, m;

int k=0;

String parameterType;

Vector<Object> parameterTypeVector = new Vector<Object>();
String string2Parser = new String(docString);

int start = string2Parser.indexOf("<PARAMETERS>");

int index = start +1;

int end = string2Parser.indexOf("</PARAMETERS>");

while(index<end)
{
i = string2Parser.indexOf("<PARAMETER", k);
if (1 == -1)
{
break;
}
j = string2Parser.indexOf("\"", 1i);
k = string2Parser.indexOf("\"", j+1);

parameterType = string2Parser.substring(j+1,k).trim();
parameterTypeVector.addElement(parameterType);

}

return parameterTypeVector;

public void createResponse(Object ob)

{
}
{

//

//

//

docString.append("<table>\n");
String classname = ob.getClass().getName();

if (classname.equalsIgnoreCase("java.lang.String"))
{
String str = (String) ob;
docString.append(str);
docString.append("\t<rowl>\n");
docString.append("\t\t<column type = \"string\" name =

\"\">"+str+"</column>\n");

//

docString.append("\t</rowl>\n");
}

else if(classname.equalsIgnoreCase("long") ||

classname.equalsIgnoreCase("java.lang.Integer"))

{
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Long f1 = (Long) ob;
docString.append(fl.toString());

// docString.append("\t<rowl>\n");
// docString.append("\t\t<column type = \"long\" name =
\"\">"+fl.toString()+"</column>\n");
// docString.append("\t</rowl>\n");
}

else if(classname.equalsIgnoreCase("int") ||
classname.equalsIgnoreCase("java.lang.Integer"))

{
Integer i = (Integer) ob;
docString.append(i.toString());
// docString.append("\t<rowl>\n");
// docString.append("\t\t<column type = \"integer\" name =
\"\">"+i.toString()+"</column>\n");
// docString.append("\t</rowl>\n");
}

else if(classname.equalsIgnoreCase("boolean") ||
classname.equalsIgnoreCase("java.lang.Boolean"))

{
Boolean bool = (Boolean) ob;
docString.append(bool.toString());
// docString.append("\t<rowl>\n");
// docString.append("\t\t<column type = \"boolean\" name =
\"\">"+bool.toString()+"</column>\n");
// docString.append("\t</rowl>\n");
}

else if(classname.equalsIgnoreCase("char") ||
classname.equalsIgnoreCase("java.lang.Character"))

{
Character ¢ = (Character) ob;
docString.append(c.toString());
// docString.append("\t<rowl>\n");
// docString.append("\t\t<column type = \"char\" name =
\"\">"+c.toString()+"</column>\n");
// docString.append("\t</rowl>\n");
}
else
System.out.println("Reached SyDDoc.createResponse() --- to
be written");
// docString.append("</table>\n");

/* END CLASS DEFINITION SyDDoc */
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SyDPropertyFile.java

// author : praveen madiraju

// requirements : place the properties file(propName) under some directory
// make sure the class path points to this properties directory and the
program by default checks for " .properties

package syd.sydutil;

import java.io.*;

import java.util.*;

import java.util.Enumeration;

import java.util.PropertyResourceBundle;

public class SyDPropertyFile

{
PropertyResourceBundle propBundle = null;
public SyDPropertyFile(String filename)
{
try
{
propBundle =
(PropertyResourceBundle)PropertyResourceBundle.getBundle(filename);
}
catch(Exception e)
{
e.printStackTrace();
System.exit(1);
}
}
public String getValue(String name) throws MissingResourceException
{
return propBundle.getString(name);
}
}
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ParkinglLot.java

package syd.sydapp.ParkinglLot;

import java.rmi.*;

import java.rmi.server.*;

import java.util.*;

public interface ParkinglLot extends Remote

{
public Vector<String> getAllData() throws RemoteException;
public String getParkingLot(String name) throws RemoteException;

public void setParkinglLot(String name,Integer spaces,Long timestamp)
throws RemoteException;

public void syncAppServer(ParkingLotImpl Stub o) throws
RemoteException;

ParkinglLotImpl.java

package syd.sydapp.ParkinglLot;

import java.lang.*;

import java.io.*;

import java.rmi.*;

import java.rmi.server.*;
import java.rmi.registry.*;
import java.net.*;

import java.util.*;

import syd.sydengine.*;

import syd.sydutil.*;

import syd.sydlistener.*;
import syd.syddirectory.*;
import syd.sydapp.ParkinglLot.*;

public class ParkinglLotImpl extends UnicastRemoteObject implements ParkinglLot

{

static private Vector<String> parkinglLot = new Vector<String>();
final String x = " : "; //delimiter

public ParkingLotImpl(String name,Integer spaces) throws
RemoteException

{

Long ts = new Long(System.currentTimeMillis());
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addNewLot(name, spaces,ts);

}
public Vector<String> getAllData() throws RemoteException
{
return parkinglLot;
}

//generic method that is present in all Application Server Objects
//change this method to suit how to update your server data
public void syncAppServer(ParkingLotImpl Stub p) throws RemoteException
{

//We need to update all parking lot data with the latest

available spaces
Vector<String> v = p.getAllData();
StringTokenizer t = null;

//Compare data here for all available parkinglot names in p
for(int i = 0;i < v.size();i++)
{
//Get details of each parkinglLot from remote stub
String r = v.get(i);
t = new StringTokenizer(r,x);
String rName = t.nextToken();
Integer rSpaces = new Integer(t.nextToken());
Long rTS = new Long(t.nextToken());

//Get corresponding details for the same name from local

server
int n = getRecord(rName);
if(n == -1)
{

//parkinglot not found on local server
//add it
addNewLot (rName, rSpaces,rTS);

else

//parkinglot found on local server

//update it with latest data

String s = getParkingLot(rName);

t = new StringTokenizer(s,x);

String name = t.nextToken();

Integer spaces = new Integer(t.nextToken());
Long ts = new Long(t.nextToken());

if(rTs > ts)
{

//update local data with remote values
setParkingLot(name, rSpaces, rTS);
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}
}
System.out.println("Sync with Remote Done.parkinglLot = " +
parkinglLot);
}

//Adds a new parking lot's info
private void addNewLot(String name,Integer spaces,Long timestamp)
throws RemoteException
{
//Stores [name:spaces:timestamp:,...]
String s = name + X + spaces.toString() + x +
timestamp.toString() + x;
parkinglLot.add(s);
System.out.println("New data added.parkingLot = " + parkinglLot);

}

//This method returns details for the Parking Lot name specified
public String getParkinglLot(String name) throws RemoteException

{
String s = "";
int n = getRecord(name);
if(n 1= -1)
{
s = parkingLot.get(n);
System.out.println("Data retrieved.parkingLot = " +
parkinglLot);
}
if(s.equals(""))
return "null";
else
return s;
}

//This method updates details for the Parking Lot name specified
public void setParkingLot(String name,Integer spaces,Long timestamp)
throws RemoteException
{
String s = name + X + spaces.toString() + x +
timestamp.toString()+x;
int n = getRecord(name);

if(n == -1)
addNewLot (name, spaces,timestamp);

else

{

parkinglLot.setElementAt(s,n);
System.out.println("Updated.parkinglLot = " + parkinglLot);
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private int getRecord(String name) throws RemoteException

{
int found = -1;
String s;
for(int i = 0;i < parkingLot.size();i++)
{
s = parkingLot.get(i);
StringTokenizer st = new StringTokenizer(s,x);
if(st.nextToken().equals(name))
{
found = i;
break;
}
}
// System.out.println("record num = "+found);
return found;
}

ParkinglLotServer.java

package syd.sydapp.ParkinglLot;

import java.lang.*;

import java.util.*;

import java.net.*;

import java.rmi.registry.*;
import java.lang.reflect.*;

import syd.sydlistener.*;
import syd.sydutil.*;
import syd.sydapp.ParkinglLot.*;

public class ParkinglLotServer

{

public static void main(String args[])

{
System.out.println("Parking Lot Server started ...\n");
Scanner sc = new Scanner(System.in);
System.out.print("Username: ");
String sydusr = sc.nextLine();
System.out.print("Password: ");
String sydpwd = sc.nextLine();

SyDPropertyFile p = new SyDPropertyFile("sydprop");
String dsname = p.getValue("directoryname");
String host = p.getValue("devicehost");
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int directoryServerPort =
Integer.parselnt(p.getValue("directoryport"));
int portNum = Integer.parseInt(p.getValue("appserverport"));

int flag = 1; // Change this value when using for proxy

Vector<Object> methods = new Vector<Object>();
Vector<Object> returnType = new Vector<Object>();
Vector<Object> methodParams = new Vector<Object>();
Vector<Object> paramTypes = new Vector<Object>();

/** User will use all these details to publish his methods */
//Method 1

methods.addElement(new String("getParkinglLot"));
returnType.addElement(new String("java.lang.String"));
methodParams.addElement(new String("java.lang.String"));
paramTypes.addElement(methodParams);

//Method 2

methods.addElement(new String("setParkinglLot"));
returnType.addElement(new String("java.lang.String"));
methodParams = new Vector<Object>();
methodParams.addElement(new String("java.lang.String"));
methodParams.addElement(new String("java.lang.Integer"));
methodParams.addElement(new String("java.lang.Long"));
paramTypes.addElement(methodParams);

/* try
{
myurl = InetAddress.getlLocalHost().getHostAddress();
System.out.println("localhost URL = " + myurl);
} catch(java.net.UnknownHostException e){ }
*/
Publisher publisher = new Publisher();

publisher.createPublishUserMethodsRequest(sydusr,sydpwd,host, "proxyID",
"ParkinglLot",methods, returnType,paramTypes);
String publisherstr = publisher.getString();

try
{
if(flag == 1)
{
System.out.println("Creating RMI registry at port " +
portNum + "...");

LocateRegistry.createRegistry(portNum);

System.out.println("RMI Registry created at port " +
portNum) ;
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System.out.println("Constructing server
implementations...");

System.out.print("Parking Lot Name: ");

String s = sc.nextLine();

System.out.print("Available Spaces: ");

Integer n = Integer.parselnt(sc.nextLine());

ParkinglLotImpl ParkinglLotObject = new ParkingLotImpl(s,n);

getClassInfo("syd.sydapp.ParkinglLot.ParkinglLot");

System.out.println("Binding server implementations to
registry...");

SyDRegistrar registrar = new SyDRegistrar(host ,portNum,
host, directoryServerPort);
registrar.register(dsname, ParkinglLotObject, publisherstr);

System.out.println("objectName: +
registrar.getObjectName());
System.out.println("Waiting for invocations from

clients...");

}

catch(Exception e)

{

System.out.println("Error in Registrator.main(): " + e);

e.printStackTrace();

}

private static void getClassInfo(String interfaceName)

{

Class ¢ = null;

try {
¢ = Class.forName(interfaceName);

}
catch(Exception e)

{
}

Method[] theMethods = c.getMethods();

System.out.println("Error in getClassInfo(): + e);

for (int i = @; i < theMethods.length; i++)

{
String methodString = theMethods[i].getName();
System.out.println("Name: " + methodString);

String returnString = theMethods[i].getReturnType().getName();
System.out.println("\tReturn Type: " + returnString);

Class[] parameterTypes = theMethods[i].getParameterTypes();
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System.out.print("\tParameter Types:");
for (int k = @; k < parameterTypes.length; k ++)

{
String parameterString = parameterTypes[k].getName();
System.out.print(" " + parameterString);

}

System.out.println();

}

ParkinglLotClient.java

//import any syd packages
import syd.sydengine.*;

import syd.sydutil.*;

import syd.sydlistener.*;
import syd.syddirectory.*;
import syd.sydapp.ParkinglLot.*;

//import any java related packages
import java.lang.*;

import java.util.*;

import java.io.*;

import java.net.*;

import java.rmi.*;

import java.rmi.server.*;

import java.rmi.registry.*;

public class ParkinglLotClient

{
static Scanner sc = new Scanner(System.in);
String appname = "ParkinglLot";

// Instantiating a SyDDispatcher object
SyDDispatcher dispatcher = new SyDDispatcher();

public ParkinglLotClient()
{
Integer c = -1;
while(c != 0)
{
System.out.println("\n\tParkinglLotClient v1.2");
System.out.println("\t0. Quit");
System.out.println("\tl. Get Available Spaces");
System.out.println("\t2. Update Parking Lot Server");
System.out.print("\nEnter choice: ");
¢ = Integer.parselnt(sc.nextLine());
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switch(c)
{
case @: System.exit(1); break;
case 1: getData(); break;
case 2: setData(); break;
default: System.out.println("Invalid choice ! Enter again

}

")

}

//Returns latest parking lot data from local directory

void getData()

{
Vector<Object> paramtype = new Vector<Object>();
Vector<Object> paramvalue = new Vector<Object>();
Vector<Object> doclist = new Vector<Object>();

System.out.print("\nEnter parking lot name: ");
String name = sc.nextlLine();

//Invoking Application Server Object's Registered Methods

try

{
System.out.println("\nAccessing Parking Lot Data ...");
// Add the parameter type list
paramtype.addElement("java.lang.String");
//Add the parameter value list
paramvalue.addElement(name);
doclist =

dispatcher. invoke(appname, "getParkinglLot",paramtype, paramvalue);

System.out.print("Client Received Parking Lot Data -> " +

show(doclist));
iatch(java.util.NoSuchElementException ne)
{ System.out.println("Parking Lot Name Invalid !");
iatch(Exception e)
{ System.out.println("Error in ParkinglLotClient.getData(): "
" e e.printStackTrace();
}
}
void setData()
{

Vector<Object> paramtype = new Vector<Object>();
Vector<Object> paramvalue = new Vector<Object>();
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Vector<Object> doclist = new Vector<Object>();

System.out.print("\nEnter parking lot name: ");
String name = sc.nextLine();
System.out.print("Enter available spaces: ");
Integer spaces = Integer.parselnt(sc.nextLine());

try

{
System.out.println("\nUpdating Parking Lot Server Object

")
// Add the parameter type list
paramtype.addElement("java.lang.String");
paramtype.addElement("java.lang.Integer");
paramtype.addElement("java.lang.Long");
//Add the parameter value list
paramvalue.addElement(name);
paramvalue.addElement(spaces);
paramvalue.addElement(System.currentTimeMillis());
doclist =
dispatcher.invoke(appname, "setParkingLot"”,paramtype,paramvalue);

System.out.print("Client Updated Parking Lot Data -> " +

show(doclist));
}
catch(java.util.NoSuchElementException ne)
{
System.out.println("Parking Lot Name Invalid !");
}
catch(Exception e)
{
System.out.println("Error in ParkinglLotClient.setData(): "
+ e);
e.printStackTrace();
}
}
String show(Vector<Object> doclist)
{
String s = "";
for(int i=@;i<doclist.size();i++)
s = s + (String)doclist.elementAt(i);
return s;
}
public static void main(String[] args) throws IOException
{
ParkingLotClient p = new ParkinglLotClient();
}
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