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Abstract

Project Name
Simulation of Automated Meter Reading System

Designed by

Ala' Isma'el Al-Dawadeh Sami Mohmmad Ghannam
Thaher Mohammad Abu Hamdan

Palestine Polytechnic University — 2006

Supervisor

Eng. Radwan Tahboub

The increasing human beings in the world affect on consuming and the way of
distribution the power among them, and the technology used for years ago become unpractical
way according to the power company in collecting data manually by groups of manpowers and
entering these data by another huge groups, this is one of critical problem from many of ther

faces power companies today, and the good question that each company asked is about the

solutions.

As new technologies and new programming methods appear, the solutions become
available for collecting data by using a network technology without depend basically on
increasing human beings and used mobile agent technology as intermediate software between

those human and power companies.

So, in our project we will explain these new technologies present a good solution for

that power companies and how the world will be change to accommodate new recent century.
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Chapter One

Introduction

1.1 Overview
Over the past few years, it becomes clear that world has changed forever. We are
now in the information age — the second industrial revolution. This revolution talk

about the way people worked through networking and data communications.

The value of high-speed data communication network is that it brings people

together in a way never before possible. Today, people can communicate and access
information anywhere in the world regardless of their location. In fact, the problem

today is that we cannot handle the quantities of information we receive.

In our world the computer stands at the top of human civilization in this era to
make their life more comfortable in many fields, here we will talk about the
Automated Meter Reading (AMR) Field, and how this system using networking

technology that will present clear effect to serve human beings in their real life.

Automatic Meter Reading helps the consumer, the power provider and energy
services provider access to the latest and accurate information from the metering
software simulation setup in each hosting computer and also provides savings in

time, manpower, and helps in efficient energy management. Energy Tracking and

Automatic Meter Reading (AMR) provides immediate benefits for power energy.
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The data is transmitted to server that collects the information using client-server
technologies. The customers access this information by using a dedicated network
that is connected to the Internet. All meters transmit the stored data over the network
to the data collection server that store, calculate and aggregate the energy
infornmtion at the web page. Briefcase is created which bring all the metered data to
a centralized view. The data is automatically collected and aggregated; one does not
need spreadsheets or spend time entering energy usage for multiple areas for energy
management. As the role of the networking is getting an important, new tools are
needed to cope with its distributed nature. Software Mobile Agents present methods

for maintaining and using distributed systems.

In many applications software, agents changed the way client-server systems are
designed. They provide simple and effective methods for dealing with and
distributed networks in Java Runtime Environment (JRE). A mobile agent is a
program (code and data) that can migrate from machine to machine in a network of
heterogeneous computer systems. It works independently and communicates with

other agents and host systems.

In this project, we will introduce the term of the Automatic Meter Reading

system using Mobile Agent method and the client server method for collecting data.

Then, we will present a Simulation and implementation testing to the AMR
system and shows the applicability of this approach in improving the bandwidth

usage for number of networked Power meters, hence a better performance compared

to traditional client-server approach and mobile agent approach.
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1.2 General ides

The overall idea of this project is build a simulation for the Automated meter
reading system by using different approach and then comparing the performance and
the bandwidth by using different approaches (client-server approach and mobile
agent approach) to determine the better performance, speed and other factors on the

network with each apprach.

The Automated meter reading system (AMR) will read the power energy
consumed by each hosting machine (consumer), automatically, using the two

approaches, independently, along the network .

Each approach has a special way to collect the readings (data) from each power
meter reader which is connected to the hosting machine that impact directly on the

system performance.
1.3 The Project Importance

Meter Reading, storing reading and produces Billing considers the most time
consuming functions performed in utilities. These functions have a major influence
on the utilities cost, efficiency, productivity and structure as well.

In the past, solutions based on collecting and recording readings manually. then
entering it into a central billing system are time consuming, prone to errors and

delays in delivering bills to customers.

There are many methods involved in the meter reading process; this includes

traditional manual methods up to fully automatic meter reading systems.
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1.3.1 Traditional Systems

[n the past, there are several techniques to collect the meter readings, At first, the
power companies depend on manpower to travel from one place to another for

collecting data from each meter.

FFor a while, some power companies in other countries depend on a customer
rather than the manpower for reading the meter that have it, and tell the company

about its reading by the phone or before pay the previous bill.

These ways to collect data readings are very time consuming and does not
satisfy the business requirements for the power company, and less accuracy in the

reading operation.

1.3.2 Hand-Held units

Hand-Held units for meter reading and billing system: speed, accuracy, and cost
cffectiveness are the strongest features in this System. In addition of providing a
solution that is able to deal with a current billing system which exists or to be
integrate with the lunched system; therefore the presented solution is able to provide
a middle program that works as translator between any billing system and the Hand-
Held Units. The delay between reading the meter and delivering the bill to customers

is reduced to zero, but it still not powerful way to the consumers in all time: because

it still need man reader.
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1.3.3 Automated Meter Reading System

As mentioned above, the previouse ways to perfom the major utilities
fuctions is not a proper solution for both power energy side and consuumer side. so.
the search on another alternative way becomes necessary for both sides as a suitable

solution to pass the drawbacks that appear in old ways.

Nowadays, the direction towards to the automated meter reading system as a
perfect solution to release from all previous problems appear in old system are

increasing rabidly to perfom the utilities of system functions in best way.

The Automatic Meter Reading (AMR) technology is a network-based
application used by power company to increase performance and reliability of their

power transmission and distribution systems.

The automated meter reading system (AMR) used for many purposes,
including theft detection, outage management, customer energy management. load

management, on/off services, and distributed automation .

In real world, AMR system has three major components: the meter interface
unit (MIU), central office system and communication system (responsible for data
transmission between central office and MIU). The meter interface unit (MIU)

collects data from the meter and manages communications.

In this project ,we will study the the AMR system using suggested approach ,

then measures the performance factors for each approach.
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"A PERFORMANCE ANALYSIS FRAMEWORK FOR MOBILE-AGENT
SYSTEMS"

This paper prepared by Cyprus university, It focuses on some objectives like:

e Study & argue about performance issues of mobile-agent based systems.
e Compare mobile-agent platforms quantitatively.
e Discover potential performance bottlenecks.

e Monitor MA-based systems’ performance.

"USING MOBILE AGENTS TO IMPROVE PERFORMANCE OF
NETWORK MANAGEMENT OPERATIONS"

This paper prepared by Illinoise University, and it organized to show some
subject related with the mobile agent implementation and performance issues in
network management describe a proposed architecture for mobile agent in network
management, explain the performance model for network management using Health
Function, and presents a proposed method in mobile agent implementation using

simulation.

2 Related with Automated meter reading system

"Power meter reading through internet connection"

This paper prepared by kambridge University in U.K., it gives good information

about how the system can read the power meter value through the internet, and it

explain the idea of AMR system.




Chapter One Introduction

"Power meter reading system based mobile agent"

this paper talk describe AMR system in detail that used a mobile agent
technology start with creating agent until it returns to the source and explain how
this technology solving many problems related with the network bandwidth and

collecting reading.

1.5 Estimated Cost

In this section we can describes the hardware and the support software required

to carry out the development.

So, we can estimate the price of these machines and cases if this hardware and
software are bought and we put these prices in schedule which can include all what

we needed.

1.5.1 Hardware Resources cost

In our project, we will assume that the existing network is the network we will
use without any additional components, and the machines that connected to the
network are responsible to generate "consumed power reading random numbers" as a

simulation instead of using the physical meter hardware .so there is no hardware cost

we can mention here.
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1.5.2 Software Resources cost

In this section, we will mention the requirement of software applications used in
our project, and there is :

Table 1.1: project software cost.

Requirements Cost
Java Application $150
Jade Package Pree
Java Runtime Environment $50
Total $200

1.5.3 Human Resources cost

We will mention here the requirement of the human payments that create and

build this project.

We have three engineering with salary 800$ per month for each.

So, the total cost =3 * $800 * 8 month = $19200.

The Total Cost is:
Software cost + Human Cost = $200 + $19200
= $19400.
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1.6 Project Schedule:

In this section we want to specify the tasks with its flags to give knowledge to

which this system likes.

1.6.1 Phase One: First Semester

Tl> gathering theoretical information related with JAVA environment using JADE

package, AMR systems and mobile agent, then organize it.

T2 > study the implementation JAVA language that are use and JADE package
theoretically and programming.

T3 > build simple network that contain two computers as client-server and setup
JADE packages in JAVA languages.

T4 represent a different system models and determine the system components.

TS5 built a simple program using JADE programming,.

T6> writing a chapter one from project.

T75 writing a chapter two from project.

T8> writing a chapter three from project.

T9> printing the final copy of project.
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Table 1.2: First semester project schedule

Duration in Weeks

SRR o6 (7 (8 (9 (1ot 1213 141516

Task

O

1.6.2 Phase Two: Second Semester

T1> Start the Programming of the system components

T2 Debugging each component alone to verify that it works well.

T3> Gathering components in one program and apply it in real network.

T4 Modify the result errors that may occurs.

TS5~ Write full documentation and print it.
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Table 1.3: Second semester project schedule

Duration in Weeks ;
[ask

R T R SR T8 9 10 T 2 13 T 15 16 |

1.7 Risk Management

In this section we want to describe the possible project risks and how we solve

these problems.

From search operations and predict to some risks which may be affect on the
way and creation system, we suggest some risks which require to create security
planning to avoid these risks or to reduce its effect on each stage, and it's effect on

performance and the quality of the system .

There are two types of risks:

. Team risks when we begin.

2. Project risks.
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1.7.1 Risks that face the project team:

[. May be the university studies condition cause to make the team busy for this
project study, and this affect on our time scheduler to submit our project, and to

complete writing.

2. Loss of resources related to our project, this made us to take more time in
searching about resources near to our project in the idea.
3. Study new programming approach that we are not dealing with it previously so.

the problems face us take more time to solve it, especially the problems related

with the network.

4. Geographical distance among project team cause difficult to manage our

meeting.

1.7.2  Risks which face the project

I. Any development in network that belongs to the system may cause badly in

system performance.

2. This project needs special environment that must be setup on each client

computer that is connected to the system.

Some suggestions solving to avoid or reduce the effective of these risks

which affect on this system are:

I. Determine suitable time for team members meeting with supervisor that not

conflict with lecture in university or the team member themselves.
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2. According to the special environment it must be consider as system requirements
for each client connected to this system.

We try to accommodate the development of the networking by create program

(OS]

support to most types of network.

1.8 Report Content

This project includes Six Chapters divided into Two Semesters explain it as

follow:

Chapter One: The Introduction

This chapter includes the general idea about the project, its importance, literature

review on this field, the estimated cost, time schedule and the risk management.

Chapter two: Theoretical Background

This chapter include the theoretical subjects related to the main idea of the

project, the information a bout the special components and the system requirement

especially from software viewpoint.

Chapter three: Architectural design

This chapter includes the project objectives, the general block diagram, how

system works and the system modeling.
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Chapter four: Detailed System Design

This chapter includes the discussing design options and justifying those chosen

for the project, detailed description of project components, user interface design and

the general algorithms and its flowcharts.

Chapter Five: Implementation and testing

This chapter includes the real implementation and testing for the subsystem

(components) of the project.

Chapter Six: Conclusions and future work

This chapter include the list of the problem faced the project team in

accomplishing the system and how did they resolved. The conclusions that help the

readers are included here with the future works.
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Chapter Two

Theoretical Background

2.1 Overview

The concept of networking is that a simple network consists of two computers
connected to each other by a cable ,so they can share data, all networking, no matter

how sophisticated, stem from that simple system.
The three basic hardware components for a data communications network are
server or host computer (e.g., microcomputer, mainframe), client (e:g.,

microcomputer, terminal), and circuit (e.g., cable, modem) over which message flow.

Both server and client also need special-purpose network software that allows

them to communicate.

The server stores data or software that can be accessed by the clients. In client-

server computing ,several servers may work together over the network with a client

computer to support the business application.

The client is the input/output device at the user's end of a communication circuit.

It typically provides users with access to the network and the data and software on

the server.
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The circuit is the pathway through which the messages travel. It typically a
copper wire, although fiber optic cable and wireless transmission are becoming more
common. There are many devices in the circuit that perform special function such as

hubs, switches, routers, and gateways.

2.2 Theoretical subject related to the main ideas of the project.

There are many different ways to categorize networks along with its geographic
scope; these are local area networks, backbone networks, metropolitan networks, and

wide area networks.

2.2.1 LANs (local area networks)

Local area networks (LANs) consist of computers, network interface cards.
networking media, network traffic control devices, and peripheral devices. LANs
make it possible for businesses that use computer technology to make possible
communications such as e-mail. They tie together: data, communications, computing,

and file servers. LANs support moderately high-speed data transmission., commonly

operating at 10 to 100 million bits per second (10-100 Mbps).

LANs are designed to do the following:
o operate within a limited geographic area
e allow many users to access high-bandwidth media

o provide full-time connectivity to local services

e connect physically adjacent devices
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2.2.2  WAN:Ss (wide area networks)

WANSs interconnected LANSs, which then provided access to computers or file
servers in other locations. As a result of being networked or connected, computers,
printers, and other devices on a WAN could communicate with each other to share

information and resources, as well as to access the Internet.

Most organizations do not build their own WANSs by laying cable, building
microwave towers, or sending up satellites (unless they have unusually heavy data
transmission needs or highly specialized requirements, such as Department - of
Defense). Instead, most organizations lease circuits from international

communication companies.

2.2.3 Components and Devices

2.2.3.1 Ethernet 10BASE-T

The Ethernet 10BASE-T technologies carry Ethernet frames on inexpensive

twisted-pair wiring. The first four components are passive, meaning they require no

energy to operate. They are:
e patch panels
o plugs
e cabling
o jacks
The last three are active. They require energy to do their jobs. They are:
e transceivers

e repeaters

o hubs
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2.2.3.2 Connectors

The standard 10BASE-T termination (end point, O plug, and connector) is the
registered jack-45 connector (RJ-45). It reduces noise, reflection, and mechanical
stability problems, and resembles a phone plug, except that it has eight conductors
instead of four. It is considered a passive networking component because it only
serves as a conducting path between the four pairs of Category 5 twisted cable and
the prongs of the RJ-45 jack. It is considered a Layer 1 component, rather than a

device, because it serves only as a conducting path for bits.

Fr Ty ry:
EETTE EE
Figure 2.1: RJ-45 Connector’ Figure 2.2: RJ-45 FrontView”

RJ-45 plugs fit into RJ-45 jacks or receptacles. The RJ-45 jack has eight
conductors, which snap together with the RJ-45 plug. On the other side of the RJ-45

Jack is a punch down block where wires are separated out and forced into slots with a

fork-like tool called a punch-down tool. This provides a copper-conducting path for

the bits. The RJ-45 jack is a Layer 1 component.

2.2.3.3 Routers

The router is the first device that will work with that is at the OSI network layer,

) D)

or otherwise known as layer 3. Working at layer 3 allows the router to make

''Network Cisco Academy.

* Network Cisco Academy.
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decisions based on groups of network addresses (Classes) as opposed to the
individual MAC addresses like is done on layer 2. Routers can also connect different
layer 2 technologies, such as Ethernet, Token-ring, and FDDI. However, because of
their ability to route packets based on Layer 3 information, routers have become the

backbone of the Internet, running the IP protocol.

The purpose of a router is to examine incoming packets (layer 3 data), choose
the best path for them through the network, and then switch them to the proper
outgoing port. Routers are the most important traffic-regulating devices on large

networks.

2.2.4 Digital Bandwidth

2.2.4.1 Digital bandwidth measurements

Bandwidth is the measure of how much information can flow from one place to
another in a given amount of time. There are two common uses of the word

bandwidth: one deals with analog signals, and the other with digital signals.

The most basic unit used to describe the flow of digital information, from one
place to another, is the bit. The next term is the one used to describe the basic unit of

time. It is the second.

A bit per second is a unit of bandwidth. if communication happened at this rate,

I bit per 1 second, it would be very slow.
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Table 2.1: The units of bandwidth.?

511s per second bos 1 bps = fundamenial unit of banewidin

Kilobis per secont kbos 1 Kbps = 1.000 bps = 16°bps
NMegabils per second  Mops 1 Mbps = 1,000,000 bps = IObnpa
Giqabits per second Cbps 1 Gbps = 1,003,600,000 bps = 107 bpa

2.2.4.2 Media bandwidth differences

Bandwidth is a very useful concept. It does, however, have limitations. No
matter how to send a messages, no matter which physical medium used. bandwidth is
limited. This is due both to the laws of physics and to the current technological

advances.

Figure below illustrates the maximum digital bandwidth that is possible.

including length limitations, for some common networking media.

Table 2.2: Typical media according its Bandwidth*

50-Ohm Coaxial Cable 10-100 Mbps 185m

{Ethernet 10Base2. ThinNet)

75-Ohm Coaxial Cable 10-100 Mbps  500m

{Ethernet 10Base5, ThickNet)

Category § Unshielded Twisted Pair (UTP) 10 Mbps 100m

{Ethernet 10BaseT)

Other technologies being researched 2400 Mbps 40km =
{2.400 Gbps) 40,000m

Wireless 10 Mbps 100m

¥ Network Cisco Academy.
* Network Cisco Academy.
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2.2.4.3 Data throughput in relation to digital bandwidth

Throughput refers to actual, measured, bandwidth, at a specific time of day,

using specific internet routes, while downloading a specific file.

The throughput is often far less then the maximum possible digital bandwidth of
the medium that is being used. Some of the factors that determine throughput and
bandwidth include the following :

o internetworking devices
e type of data being transferred
o topology
e number of users
e user's computer
e server computer

e power and weather-induced outages

When design a network, it is important to consider the theoretical bandwidth.
The network will be no faster than media will allow. When clients actually work on
networks, they will want to measure throughput and decide if the throughput is
adequate for them.

width of a Medium,

What variables affect throughput? + Your PC (client)
+ The server
+ Other users on your LAN

* Routing within the "Cloud"

+ The design (topology) of all
networks involved

+ Type of data being
transferred

+ Time of day

Figure 2.3: Throughput Variables.’

> Network Cisco Academy.
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2.2.4.4 Data transfer calculation

An important part of networking involves making decisions about which
medium to use. Figure 2.4 below summarize a simple formula that Estimated Time =
Size of File / Bandwidth. The resulting answer represents the fastest that data could
be transferred. It does not take into account any of the previously discussed issues
that affect throughput, but does give a rough estimate of the time it will take to send

information using that specific medium/application.

' Best DOW"‘Qéd T= BW . Typlcal Download T = _'S:_

BW = Maximum theoretical bandwidth of
the "slowest link" between the
source host and the destinatlion

host.

B o Actual throughput at the moment
of transter,

T = Time for file transfer to occur.

S= File size in bits.

Figure 2.4: File Transfer Time Calculation®

2.2.4.5 The importance of bandwidth

The importance of bandwidth could be summarized as:

1. Bandwidth is finite. Regardless of the media, bandwidth is limited by the
laws of physics. The bandwidth of the electromagnetic spectrum is finite -

there are only so many frequencies in the radio wave, microwave, and

® Network Cisco Academy.




Chapter Two Theoritical Background

(8]

(U8}

infrared spectrum. Because this is so, the FCC has a whole division to control
bandwidth and who uses it. Optical fiber has virtually limitless bandwidth.
However, the rest of the technology to make extremely high bandwidth
networks that fully use the potential of optical fiber are just now being

developed and implemented.

Knowing how bandwidth works, and that it is finite, can save lots of money.

It is a key to measure and understand the network design and performance..
They are major factors in analyzing network performance. In addition. as a
network designer of brand new networks, bandwidth will always be one of

the major design issues.

It is a key to understanding the Internet. So, there are two major concepts
related to the "information superhighway". The first is that any form of
information can be stored as a long string of bits. The second is that storing

information as bits, while useful, is not the truly revolutionary technology.

[t is not uncommon that once a person or an institution starts using a network,
they eventually want more and more bandwidth. New multimedia software

programs require much more bandwidth than those used in the mid-1990s.

The programmers are busily designing new applications that are capable of

performing more complex communication tasks, thus requiring greater

bandwidth.
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2.2.5 The OSI Reference Model

Computer networks are designed in a highly structured way to reduce their
design complexity. Most networks are organized as a series of layers or levels. The
number of layers, the name of each layer, and the function of each layer differs from
network to network. However, in all networks, each layer clearly defines various data
communication functions and logical operations. Each level is functionally
independent of the others, but builds on its predecessor. In order to function, higher

levels depend on correct operation of the lower levels.

2.2.5.1 Encapsulation

All communications on a network originate at a source, and are sent to a
destination, and that the information that is sent on a network is referred to as data or
data packets. If one computer (host A) wants to send data to another computer (host

B), the data must first be packaged by a process called encapsulation.

Encapsulation wraps data with the necessary protocol information before
network transit. Therefore, as the data packet moves down through the layers of the

OSI model, it receives headers, trailers, and other information.

2.2.5.2 TCP/IP protocol Model

The TCP/IP model emphasizes maximum flexibility, at the application layer, for
developers of software. The transport layer involves two protocols - transmission

control protocol (TCP) and user datagram protocol (UDP).. The lowest layer, the

network layer, refers to the particular LAN or WAN technology that is being used.
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In the TCP/IP model, regardless of which application requests network services.
and regardless of which transport protocol is used, there is only one network protocol
(internet protocol, or IP). This is a deliberate design decision. IP serves as a universal

protocol that allows any computer, anywhere, to communicate at any time.

Application

~ Transport

Internet
Network Access

Figure 2.5: TCP/IP Model’

2.2.6 Threads

The thread is defined as a sequence of a program which runs a certain
function within a program. Some operating systems can run multiple threads at one

time, allowing for fast execution of an application.

A thread is similar to the sequential programs ,it has a beginning, a sequence,
and an end. At any given time during the runtime of the thread, there is a single point
of execution. However, a thread itself is not a program; it cannot run on its own.

rather a thread runs within a program.

threads -in real- is not a single sequential exactly : it's about the use of
multiple threads running at the same time and performing different tasks in a single

program.

" Network Cisco Academy.
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As a sequential flow of control, a thread must own some resources within a

running program like execution stack and program counter.

Basic support for threads in the Java platform is in the class java.lang.Thread.
It provides a thread API and all the generic behaviors for threads. The behaviors

include starting, sleeping, running, yielding, and having a priority.

To implement a thread using the Thread class, it should be in run method that

performs the thread's task.

2.2.6.1 Thread Attributes

Java threads are implemented by the Thread class, which is part of the
Java.lang package. The Thread class implements a system independent definition of
Java threads. the actual implementation of concurrent operation is provided by a

system-specific implementation.
The features that determine the threads in general are:

I. Thread Body : All of the action takes place in the thread's body--the thread's
run() method. You can provide the body to a Thread in one of two ways: by
subclassing the Thread class and overriding its run() method, or by creating a

Thread with a Runnable object as its target.

2. Thread State : Throughout its life, a Java thread is in one of several states. A
thread's state indicates what the Thread is doing and what it is capable of
doing at that time of its life: is it running? is it sleeping? is it dead?

3. Thread Priority : A thread's priority tells the Java thread scheduler when this
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thread should run in relation to other threads.

4. Daemon Threads : Daemon threads are those that provide a service for other

threads in the system. Any Java thread can be a daemon thread.

5. Thread Group : All threads belong to a thread group. ThreadGroup, a
Java.lang class, defines and implements the capabilities of a group of related

threads.

2.2.7 Information about Special Software Components
2.2.7.1 Java Language

Java was the programming language of choice because of its many attractive
features, particularly geared towards object-oriented programming in distributed
heterogeneous environments; some of these features are Object Serialization,

Reflection API and Remote Method Invocation (RMI).

2.2.7.2 JADE Environment

We choose the Jade Environment to use it in our programming over than other

programming language because:

— Distributed agent platform. The agent platform can be split among several
hosts only one Java application, and therefore only one Java Virtual Machine.
is executed on each host. Agents are implemented as Java threads and live
within Agent Containers that provide the runtime support to the agent

execution.
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— Graphical user interface to manage several agents and agent containers from a
remote host.

— Debugging tools to help in developing multi agents applications based on
JADE.

— Intra-platform agent mobility, including transfer of both the state and the
code (when necessary) of the agent.

— Support to the execution of multiple, parallel and concurrent agent activities

via the behavior model. JADE schedules the agent behaviors in a non-
preemptive fashion.

— FIPA-compliant Agent Platform, which includes the AMS (Agent
Management System), the DF (Directory Facilitator), and the ACC (Agent
Communication Channel). All these three components are automatically
activated at the agent platform start-up.

— Many FIPA-compliant DFs can be started at run time in order to implement
multi-domain applications, where a domain is a logical set of agents, whose
services are advertised through a common facilitator. Each DF inherits a GUI
and all the standard capabilities defined by FIPA (i.e. capability of
registering, deregistering, modifying and searching for agent descriptions;
and capability of federating within a network of DF's).

— Efficient transport of ACL messages inside the same agent platform. In fact,
messages are transferred encoded as Java objects, rather than strings, in order
to avoid marshalling and unmarshalling procedures. When crossing platform
boundaries, the message is automatically converted to/from the FIPA
compliant syntax, encoding, and transport protocol. This conversion is
transparent to the agent implementers that only need to deal with Java
objects.

— Library of FIPA interaction protocols ready to be used.

— Automatic registration and deregistration of agents with the AMS
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JADE comes bundled with some tools that simplify platform administration and
application development. The following tools are available:
° Remote Management Agent (RMA) acting as a graphical console for
platform management and control. A first instance of an RMA can be started

with a command line option ("-gui"), but then more than one GUI can be

activated.
° The Dummy Agent is a monitoring and debugging tool, made of a

graphical user interface and an underlying JADE agent. Using the GUI it is
possible to compose ACL messages and send them to other agents; it is also
possible to display the list of all the ACL messages sent and\or received.

° The Sniffer is an agent that can intercept ACL messages while they
are in flight, and displays them graphically using a notation similar to UML
sequence diagrams.

° The Introspector is an agent that allows to monitor the life cycle of an
agent, its exchanged ACL messages and the behaviours in execution.

° The DF GUI is a complete graphical user interface that is used by the
default Directory Facilitator (DF) of JADE and that can also be used by every
other DF that the user might need.

o The LogManagerAgent is an agent that allows setting at runtime
logging information, such as the log level, for both JADE and application
specific classes that use Java Logging.

o The SocketProxyAgent is a simple agent, acting as a bidirectional
gateway between a JADE platform and an ordinary TCP/IP connection. ACL
messages, travelling over JADE proprietary transport service, are converted
to simple ASCII strings and sent over a socket connection. Viceversa. ACL
messages can be tunnelled via this TCP/IP connection into the JADE

platform.
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2.3 System Requirement

2.3.1 Java Virtual Machine (JVM) And Java Development Kit(JDK)

Software requirement to execute the system is the Java Run Time Environment
(JRE) .In order to build the system, the JDK1.4 is sufficient because pre-built the
Interface Definition Language (IDL) stubs and Java parser classes are included with
the JADE source distribution. Those users, who wish to regenerate IDL stubs and
Java parser classes, should also have the JavaCC parser generator, and the IDL to
Java compiler. Notice that the old "IDL to java" compiler available with JDK1.2
generates wrong code and it should never be used, instead the new "IDLJ" compiler,

that is distributed with JDK 1.3, should be used.

JVM is executed on each host. Each JVM setup on hosts is a basic container of
agents that provides a complete run time environment for agent execution and allows
several agents to concurrently execute on the same host. The main-container. or
front-end, is the agent container where the AMS and DF lives and where the RMI
registry, that is used internally by JADE, is created. The other agent containers,
instead, connect to the main container and provide a complete run-time environment

for the execution of any set of JADE agents.

The Java Runtime Environment software size nearby 131MB.

2.3.2 The Network

The Automated Meter Reading System(AMR) dealing with a distributed
systems ,and the machines in this system should be connected to each other by a

network .

|98}
(NS
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The network error prone ,specifications and distribution is not our field project .
we suppose that network exists and works properly and reach to the each machine

connected to the system.

We will use the existence network in IT-center building in the Palestine

Polytechnic University to carry out our system and ensure it will work properly.

2.3.3 JADE Environment

JADE (Java Agent Development Framework) is a software development
framework aimed at developing multi-agent systems and applications conforming to
FIPA standards for the agents. It includes two main products: a FIPA-compliant

agent platform and a package to develop Java agents.

In our project, the jade packages will be installed fully in the power company
computer , and some class jade package needed in consumers' computers to create a
suitable environment for agent to work probably, the size of the jade packages

software that needed to activate the environment nearby 12.6MB .

2.3.4 Agents Hosting software environment

In our system ,we build a special software package installed at host side
instead of using the whole jade environment which contain a requirement classes to

do its work properly.

The agent hosting packages mainly responsible to create a container in the
main-container that exist in a power company side to be able dealing with agents

moving.-

('S
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This software "Agent hosting software" package size nearby 799KB | so. it

reduces the requirement about 12MB .
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Chapter Three

Architectural Design

3.1 Project Objectives

The goals from this project could be summarized in the points bellow :
. To check the aplicability of the Automated meter reading system by using

different approaches.

2. Find easy way to collect meter reading rather than using manpower or hand
held unit to collect and store them for calculation.
3. Save the collecting time of data and compare between the different methods

used.

4. solve the problem that result in collecting and storing the meter reading by
using different techniques.

5. Analyzing and comparing the performance, bandwidth and effectiveness of
Automated meter reading system by using mobile agent and the client/server

technologies to find which is better.

3.2 General Block Diagram

In this section we will explain the general diagram for each phases in our

automated meter reading system(AMR) and its idea to perform its function as a

whole.
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3.2.1 Phase One: AMR system using Mobile Agent

In our project, the mobile agent in the AMR system will visit each consumer's
power meter to collect data of the power meter along a network and then return to

Power Company again as below.
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Flg,me 1 general Mobile Agent s Idea.

3.2.1.1 Power Company Software Component

At the power company side, the agent will be created at specific time by the
process that build in its main-container, then allocate a required table fields that
needed by the agent , specially the static IP addresses of each client connected to the
system, note that all clients exist at same platform, after that occur, the process will

send the Agent to the network as shown in figure (3.2).
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Main-Container

MAMR
# agentname : string(idl)
# action() I

Fiotess Database

Power Company

JADE Platform
Environment

Figure 3.2: Power Company Platform.

3.2.1.2 Communication between Agent and the client platform

When the agent reaches its destination (host platform) according the IP address
table carry it, the class in host platform have some operations need to do when agent

enter the platform, there are:

e Verify the agent platform if it is come from the power company.
e Verify the [P address and meter ID.

e [Execute the agent required task.

After agent tasks finished, it be ready to leave the platform to another one as

figure (3.3).
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Load 1 Load 2 Load 3
Process Process Process
Unique Meter ID
-
Process

Local Data Reader Interface

Database

Client Machine PMP

Agent Hosting Environment

Figure 3.3: communication client with platform

3.2.2 Phase Two: AMR system using client/server

In this section, each clients(host) in the AMR system will send an http
message contains the 1‘eadiﬁgs of power meter to the server to gathering all clients'
readings through the network in its database for future use, the idea of this phase

shown in figure (3.4).
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Figure 3.4: Client/Server Idea

3.2.3 Simulation of Host Power Meter Platform (PMP)

At the AMR system,each host owns three local processes as a simulation to the
real loads connected with main process to perform a real power meter peripheral as a

whole.

At this power meter inside ,there is a database that build to store the simulation

loads value every period time to be collected in future.

Uniguiz Rater 103

{Local Dats R'éd(iér'l?iiér"f&cé]
| r

|
|

Database

Client Machine PMP

Figure 3.5: Simulation of Host (client) Power Meter Platform (PMP).
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3.3 How System Works

For the two phases, A simulation program for power meter device installed to
cach host computer in the AMR system host machines to give actual consumption of

the power meter for that hosts as a real value.

3.3.1 Phase One

At the AMR system using mobile agent technique ,agent collector will be create
from the main-container that contain the main container at specific time from each
month, and then "move" in the network to reach each client computer, one by one
until collect all readings from the clients, then, the agent collector comeback to the

server with all readings and fill it automatically in the Database.

After this operation completed, we will calculate the bandwidth on the network

that the operation needed.

3.3.2 Phase Two

In this phase , the clients' machine in the AMR system will send an http message
carry the readings from each host to the server according to the server-ID . then fill
the readings in the server Data Base to be ready monitor it after required calculation

on some interface for all clients.

After this operation ends, we will analyze the bandwidth on the network by
using this method and compare it with the first phase to decide which way is the best

and the difference between them.
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Accounts

Reading

Figure 3.7: power company database.

The figure above explains the tables and its relationship at power company
sides, these tables contain a data that used by a company to make its calculation to

issues a bill for a clients in future.

LocalDB

Figure 3.8: local Database for power meter Agent

The figure above shown the Database that should the visitor agent carried to
fill the readings takes from each visited clients and the client ID that the visitor agent

takes from.
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3.4.2  Data Flow Diagrams at Clients(Hosts) Sides

Process 2

Process 1 Process 3 Local Address

|j; Reading Processes | | Store Readings

| Encapsulate Message

l DB Storag:f il .
Unit AR Read info.

/

Figure 3.9: DataFlow of a power meter that collect the sub process (loads) values.
v The figure above shows the power meter at client(host) machine that collects
the consumed power meter value from the sub process(Load) which indicate a real
timer value for loads, we assume that exist three loads consumption to measure in

our application, we could use more loads or less to measure them.
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Initiate timer to give real
meter reading

‘ Get specific delay related to |

| | timer
| |
| r’\
S ‘ }
' No - L
f i R
l——< If timer end counting |
Yes
Update reading value
|

| Terminate the timer ?

Figure 3.10: Flowchart of the sub process in each client’s machine with time delay.
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I'he figure (3.10) shown the sub process that programmed as a timer to
express loads value consumed by client machine, we assume that we have 3-load

(sub process) read by main-process to tabular these readings.

Power Meter Client Server Storage Unit
-—-—-—-DB Connection
e Get Readings-———
Connection Request
Connection Ready
Send Message——
—Storg—————

Figure 3.11: AMR system transaction on network using Client/Server system

The figure above shows the client/server transaction on a network and its

functional procedure to do at the AMR system to collect data from the system.
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Chapter Four

Detailed System Design

4.1 Introduction

This chapter will present system design in more detail ,user interface . 1

algorithms and flowcharts for each component of the hole system.

Our system well divided into two phases , first for the client/server and the

other is a mobile agent, each phase split into sub component that interact each other

in some way to achive their objective .

4.2 General Design options
4.2.1 Software application options

There are many application can be used to programming our system like Java.
and C++, but we choose Java application for many reasons, some reasons related
with system programmers, other related with libraries that Java application can
support, and the main reasons related with the easy use and simple configuration for

the application and that it is a standard.
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" programmers reasons

The programmers of the system have a good background knowledge and
good experience that can help them to install, configure and deal with Java

application in a good way rather than other application.

Because the application consider as object-oriented programming, the
programmers could divided the system work among the them and then collect all
subprograms into one programm this option ables programmers to share in building

the system and save the time that takes comparing to the serial way in programming.
" Application Libraries and good userguide
Java application has a huge build-in library in it, so. it can help the

programmer for programming system in easily way, and so, java can configure to

install other library if needed easily without confusion.

The java also support userguide file that help the programmer to use

application and gives them the necessary assistant while programming.

4.2.2 Network options

The system idea depend on collecting data from different machines which
may exist in diffent locationm so, there is necessary to connect that machines by a

network.

A network maybe use different protocol, so the system should compatible

with these different and also compatible with heterogeneous machines that maybe
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appear at network terminals, Our system designed and programmed to support all

these consideration .

4.2.3 Environment options

The most powerful system is the system which build with less possible

requirement or with requirements that exist in most machines.

Our system uses Runtime environment because our system depend on java

programming, so this environment used to execute these java program as well.

Another option is a jar file to able the mobile move from one machine to
another as well.

4.3 Detailed description of system components and related flowcharts

This chapter describes the system design, including the application, the

database. Topics that are to be covered in this chapter :

. Functional design: This part will be implemented by means of flow charts

and a description of interface and constraint.

1\

Database Design: This part will present the complete design for the system

database tables, fields and relations.
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4.3.1 Functional Design

This section describes the functional design for the modules in the software
system, it also present the description of the 1/0 Exceptions, the constraints. All of f

these are covered in means of diagrams to make a better understanding of the system

services and functions.

4.3.1.1 senderClient.java
e Description

[t is a program setup on client side responsible for creating a specific
socket on itself to connect with server socket where the client can write its data
on its socket and transfer immediately to the server socket after insure there is a
connection between client and server machine, and opening a streams between
them for reading and writing the clients on a server socket to enable the server

from reading the data in the client message.

A connection between the client machine and its database will create and
take copy of data that stored in database to a message with some valuable
information related with that client for a server, client Identifier; subprocesses

Identifier with reading that express a bout the consumed power.

The Query instructions determine the reading from database, and then

transfer read data to a message.

After sending message to server, the connection closed with the database.

streams and the socket.
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a- Should create a socket to connect with server.

b- Should be a specific Driver for used Database, and this cause in

connect the bridge between the ODBC that special for Database itself

and JDBC that special for the Java program.

(S N oD ElaSiisg PEVItS ww
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\*'.' ¢ £ ___The Library A....S,li
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No

o Flowchart

Start

Y
Creates a stream socket

A 4
Connects it to the specified
port number and specified [P
address

A4

Crgat_e a PrintWriter from the
existing socket output stream

\ 4

Create a buffering
character- input stream

A4
Establish a connection to the
given database URL

If Socket,
PrintWriter and input
stream created

' Yes

A4

If(Jdbc- Odbe)
bridge driver exist

I"Yes

v 0
Creates a Statement object
for sending SQL
statements to the database

A4
Executes an SQL statement
that returns a single
ResultSet object

l

OutputStream and the socket

Read the data from the
ResultSet row by row and
save it in string

A4
Releases a Connection s
database and JDBC
resources and Statement
object's
A4

If there is
error in database = —%,
reading

Nov ‘

A 4
Read line from the socket
InputStream

v |

v

If the read
msg is ok

Yes

Y
Write the data to the
OutputStream
( send data to server)

A4
Write the data to the
OutputStream
( send data to server)

v
Close the InputStream,

— -

| v

| End

Figure 4.1: senderClient flowchart
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e Unified Model Language(UMIL, design)

javalang

<Default Package::
senderClient | java.ant
i
Q ._IJ mam() 2 vald jaya'io |
R o I s o e e bt
:::::::::::::::::::a _______ ! 1 |
_____________ | |
“““““““ ‘} _] 1 ] 1 i
| i ' i i i
| BulferedReader || 10Eception | Inputstream | [ InputStreamReader || Dutputstream || PrintWriter || Reader |
javalang
e e |
———————————— : I | |
————— i 1 1!! il il
] y i

' ) {
| Class || ClassotFoundException || String || StringBuilder || System |

java.net

:::::::'l'_—"“——"' 7
I i )

| InetAddress || Socket || UnknownHostException |

javasql
= e
- e 7 1 | |

7 A‘t (X

[ Connection || DriverManager || ResultSet || SQLException || statement |

javax.swing

Figure 4.2: senderClient UML design
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4.3.1.2 SharedModelDemo.jnva

e Description
[his class considers as simple representation for the database

to view the fields in it and the values store in, it could be instead

with accounting program in future.
e Constraints
a- The connection to the server database should be active.

b- The database driver should be exist.

e Unified Model Language(UML design)

javaxr.swing | javax.swing.table
| DefaultListModel [<— ' |[ TableModel }~r]
_______ i
l
|
|
clientserver.displ :
client;erver.displ SharedModelDemo.SharedDataModel javalang
| SharedModelDemo |——— ———— ]
: v o’ columniames | String[] - _1 W

java.lang « @ tableModel : TableModel | Object

- 5 & ol addTablemodelListener() ; void f javar.swing.event

, ey & o getColumnClass() : Class | ks
javax.swing.table & o getColumnCount) it = T ablg&ode!hstene?]

= ) [ ) N, Chyl ; 2
TangMode! = & of getColumniame() : String T

& of getRowCount() ! int i
& of getvalueat() ; Object — — — %:ubstracnab!eMode! ]
& of isCelEditable() : boolean

& of removeTableModelListener() : void
{ of rowChanged() : void
®
Q

of setValugat() : void
! sharedDataModel() : void

{r

Figure 4.3: SharedModelDemo.SharedDataModel UML design
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Javax.swing
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Figure 4.4: SharedModelDemo UML design
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4.3.1.2  launcherC.java

e Description:
This code works as the pervious launcher except the process

here connected with the client (specially with senderClient

program).

e Constraints

The server launcher should be active to ensure that server is

work properly.

e Flowchart:

:Start X )
v

C

~
= > 4 = =
l Get Instance from time

Calendar
3
‘ Set the Calendar to the |
specific time and date J

{

|
v

l Creates a new timer |
| J
I i

Schedules the specified task ]
for execution after the [
specified time took from |
Calendar

[N =

= T
——1f the time —_
- _task begin__—

[ ves]
1

A

Get Runtime instance |
| associated with the current |
| Java application ‘

PTFY [

— > 4 e
Executes the specified

| application in a separate
i process

v

Terminates this timer

[

Figure 4.5: launcherC flowchart
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e  Unified Model Language(UML design):

java.lang

[Object J=+

clientserver.trans
| java.u;il ‘ laoncherC java.lang
| I I’k @ calendar ; Calendar
' ' ¥ : @ month ; int java.util
| Calendar |[ Date ][ Timer | e ik

79 time : Date | R

& timer : Timer

4
¢
¢ & neww : Date
¢
¢

Y ;L'[J main{) : void

Figure 4.6: launcherC UML design

java.util

<

clientserver.trans
launcherC.RemindTask i java.io
— — — —=={ I0Exception
& & run() : void java.lang |

& P runna() : void

[_Process |[ Runtime |[ String |

java.util

i~ 38| Timer |

Figure 4.7: JauncherC.RemindTask UML design
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4.3.1.3 launchersS.java:

e Description:

this class build in java to activate the server program at specific time based on

calendar to adjust the activation at suitable time.

The server activation process ends after creation a process that connect a

calendar with a server program, this class is the first program should be activate on

the network, and this class should be on the server side to prepare the server machine

for incoming message from the client side.
e Constraints

The class should has ability to interact with user by create a message to tell if

there is a problem in connecting process with the server program.
e Unified Model Language(UML design)

java.lang

[Object =

clientserver.trans

et launchers java.lang
- — —~{String |
¢ © calendar : Calendar

W Y I‘ ¢ & month ; int java.util
| Calendar |[ Date |[ Timer | & @ neww : Date

time : Date — — — ==l TimerTask
& ¢ time : Date ,

& & timer ; Timer

& & main() : void

Figure 4.8: launcherS.RemindTask UML design
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]
Terminates this timer j

—
[

Figure 4.9: launcherC UML design
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4.3.1.4 mainP.java
e Description:

This code represent the Power Meter that contains the User Interface to

explain the Power work.

The mainP program responsible for creating 3 sub processes , each of them
represent amount of consumed power(represent load) in that client, the cost of each
consumed power per unit is different from sub process to another this difference

result from the timer that represent consumption period time.
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e Constraints:

a- the connection to the local database should be active.

b- The database driver should be exist.

e [Flowchart
Start

A 4
Creates 3 instance of
Processimpl with
different load consume

Y
Set timer to one second

—

\ £
r—» <
No v
‘- If time’s up
Yes |
\ £

Get reading and ID from each
process and hold it for later

A4
Establish a connection to the|
given database URL

\4
No If (Jdbe-Odbe)
[ bridge driver exist
Y
Display .l
ClassNotFound Yes
Exception

Y .
Creates a Statement object
|———> for sending SQL

statements to the database

Y
Executes an SQL statement
that returns a s.mglc
ResultSet object

=]
\/

Creates a prepared
Statement object for
sending parameterized
SQL statements to the
database

A 4
Read the data from the
ResultSet row by row and
save the values temp.

v

Add the readings to the
values from database

Y
Define the SQL prepared
Statement parameters

A4
Executes an SQL prepared
Statement that UPDATE
the data into the database

\ 4
Releases a Connection's
database and JDBC
resources and Statement
object's

v
[f there is

error in database
reading

Yes

No

Y
Display the
values with

specific format

1

RN A S )

Display
ClassNotFound -
Exception

Figure 4.10 mainP flowchart
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° Unified Model Language(UML design)

javalang

clientserver.simul

dlientserver,simul | : :
mainP Java.awt
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an : Connection T T S S 1

|
0 ¢ « Connection —-——l | |
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. 3 = ' javaiio
Timet |=—— & & process1 : Processir ol +———-={ PrintStream
- - v i} Process? : Processmpl i
java.swing
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{_Class ][ ClassNotFoundException |[ Double |[ StringBuilder || System |
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A AT (R R e Il ::;
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| DriverManager || Resultset || SQLException |

java.text
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| i
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Figure 4.11: mainP UML design
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java.util |

[merTask Js

clientserver.simul

mainP.RemindTask clientserver.simul

§
java.lang
- —— =

javas.swing

&

run() : void

LBorderFactor?] | JL;b(?I | Jranel |

| javax.swing.border

| Border |[ TitledBorder |

Figure 4.12: mainP.RemindTask UML design

4.3.1.5 Processimpl.java:

e Description

This class represent simulation processes to some load in real, it is connected
with the "mainP" class that determine the time for its consumed unit through task,

therefore, the time in each sub process will different because these difference in task

time.
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It contains some me e danl; ~
4iis some methods dealing specially with the main process only for

S g y *Q a1 1a Iran o i
reading ;so, there is no direct reach to these sub process by users or other, and this
gives them type of data security.

e Constraints:

No Constraints.

e Flowchart:

S 15 4
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|
L |

' Schedules the specified task |
for execution after the

[ specified delay

Y
(AR
e
N
T

LN

'No Sl e
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task begin
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A 4

{
' Increment the read and store |

|
i
f
! |

A/ e T oy el

r,
%

' Terminates this timer |
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Figure 4.13: Processimpl flowchart
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Unified Modeling Language(UML, design):

Javalang

[Object J=

- clientserver.simul

chents.grver.smmlb i Processimpl clientserver.simul

[ mainP | ‘ - e — — — méinP.RemindTask ]

o | v & read : double
javalang i| v & sectint java.util

- ; s B timer  Timer
= ———=={_TimerTask |

P util' & ' getread() : double
: Q of Processimpl() : void

Timer = & o Processwork() : void

< ' PID 1 String

Figure 4.14: Processimpl UML design
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java.util

L { Timer]

Processimpl.RemindTask

& o run() : voud

Figure 4.15: Processimpl.RemindTask UML design
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4.3.1.6 KKMultiServer.java:

e Description:

This class responsible mainly to create the first thread on the server

and then create other threads(multithread) for each incoming message from a

client where each thread accept one incoming message from a client to prepare

them for process.

e Constraints:

No constrains.

e Unified Model Language(UML design):

Java.lang

Object |<=

clientserver.trans

KKMultiServer clientserver.trans
— — — —=={ KKMultiServerThread |
< §3 listening : boolean ; ;
java.awt
& Ve e s R
@ =7 main) : void | S =5
java.io

— — — —==] IOException |

java.lang

N
[ string |[ System |

java.net

¥
[ serverSocket |[ Socket |

javax.swing

R JObtionﬁane ]

Figure 4.16 KKMultiServer UML design
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If(Jdbe- Odbe) No
bridge driver exist

Yes

A 4
Establish a connection to the
given database URL

) 4
Creates a prepared
Statement object for
sending parameterized
SQL statements to the
database

A4
Define the SQL prepared
Statement parameters

4
Executes an SQL prepared
Statement that INSERT the
data into the database

Y
Releases a Connectiols
database and JDBC
resources and Statement
objects

v

[f there is \4
error in database
storing
Yes
No!

v

A

>
L

I et

Error
Message
If listening
Equal to true

End

Figure 4.17 KK MultiServer flowchart
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HEs T KKMultiServerThread.jaVa:

e Description:

This class will be created at a server side, it has multi function each of

them responsible for some tasks to do, we summarize its responsibilities as:

1. create threads to be able accept all client-message from clients side.

2. opening a port to give client the abilities for making a connection on the
server port and socket.
3. Analysis the messages that comes from clients on the network and store the

result at server Data Base depend on used Query in program and the data read
from a message as a group of records ,each record in a server database
belongs to specific clients' machine according to its IP address.

4. creating streams between server machine and client machine, one for reading

from client and the other for reply on client for security reasons.

W

closing the streams ,connection between client and server, socket and

Database server.

e (Constraints:

a- Should create a socket to connect with server.

b- Should open streams for reading and writing

c- Should be a specific Driver for used Database, and this cause
in connect the bridge between the ODBC that special for
Database itself and JDBC that special for the Java program.

d- Should be connection with Database to be query result correct.

Threads should work in good manner and create as normal.
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e Flowchart:

This class inhiret fi :
ass inhiret from KKMultiserver classm so, its flowchart exist there

e Unified Model] Language( UML design):

Javalang

—lhTead—}—l—

clientservertrans

javalang - L KCMuliServerThread i dlentsetyer.rans

s ; = ——— KMultiServer
| ¢ & 0. Sting]
! e Pepareddtatencnt javaaut

-———':‘{ (omponent

javaio

javanet

javasql

i bl

S | |
i ! i { | , 1} i i
| Bfferedheader | 10ception | iputstrean || InpuStreameader | Dutputstream | PrinStream || Prntrter | Reader |

|

java lang

:::::‘_], ______ ] I }
tem |

i i ¥ {
[ (lassNotFoundException || Object || StringBuilder || Sys

javasql

¥ v * i;;
1 !
[ Connection [ Date [ DriverManager || SQLEsception

java.util

_._—--_-:-{ (alendar |
javaxswing

Figure 4.18: KKMultiServer UML design
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4.3.1.8 Containercreat

e Description

This clas e e B
ass consider as small program which create a container in

Power ¢ Pl ] ;

OWEr company platform through Creating a profile which take IP address of

the local host and put it as a name of the created container by using the Java

Runtime Environment (JRE).

e Constraints:

The main-container on the power meter company shoud be active

e Flowchart:

o = = Y ~ -
| (JF?I Imstance of Runtime |
\ of JADE runtime system

- A 4
[ Set automatic shutdown
| When there is no container |
B OALe S I 2 2

s A 4
| Creates a default Profile
for launching a platform
e e =L
= h 4
| Set the container name, host, |
port. name of remote ‘
platform

[ |
[Creates a new agent container |
‘ with specific profile

\
|
> 4
3
)
i‘ <

g

%

es] — If there is ~_[No ]
ETEOLE .

N

Y _—1If container ~~__
% B <~ still active _—
@ End ] e S
7 7 Toasel

: »—_T' LMJJ

Figure 4.19: Containercreat flowchart
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e Unified Modeling Language

java.io

ﬂ]
l
|
l
I
l

n1obileAgenf.client
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java.lang

jade.core

containercreat

jade.core

' - i ¢ @ c: AgentContainer

i rProﬁleImm [iuntin‘F] ¢ & con ; AgentContainer
p @ @ pr: Profilelmpl

¢ © r:Runtime

{

jade.wrapper

—— — ~<{ Profile |

java.lang

! .

|_AgentContainer Jos— |

|_Exception |[ String |

& o containercreat(’ : void
Q & main() : void

java.net

————=={ InetAddress

Figure 4.20: Containercreat UML design

4.3.1.9 Mobiagent

e Description

The "mobiagent" is the sub class from Agent class which provide methods to
perform basic agent tasks, such as: Message passing which using ACLMessage
objects ,Complete Agent Platform life cycle support, including starting,
suspending and killing an agent ,method for Scheduling and execution of

multiple concurrent activities and method for Simplified interaction with F7PA

system agents for automating common agent tasks (DF registration, etc.).




.
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Thc agent l C ac . V I i € &, =%
5 . n I.]n]l' T ¢ ' egi ' ' ¢
. ) ‘ d“LI ddd]n J nglStrauon. I ()Eldlng I’ ] z
an({ l\/l()\’lllg [)Chil\/IOUIS

The agent registration ine .
gent registration includes Register concepts(jade-mobility-ontology .

FIPA Agent Management specifications and the supported languages like FIPA

» actions and predicates ontology that relates to the JADE specific actions
that can be requested to the JADE AMS and DF.

name)

After that , the agent Fill ACL messages fields with 3 communicative
performative to FIPA (SUBSCRIBE, CANCEL and REQUEST) . then.the agent
could Read the database from server side to fill the vector object with IP as nodes
that will be filled with readings later and moving under the jade platform until the

IP addresses ended and return to the main-container on the power company

machine.
e Constraints
a. Jade environment should be active.

b. MA Should be registered at the jade environment.

c. Should contain setup() method in there.
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e [lowchart
Start

Y
Set the agent in active
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\
Call the setup method

A4
Add registration,
LoadTabel and Moving
behaviours

h /

Register concepts, actions
and predicates Ontology
(JADEManagement)

\ £
Register Introspection
Ontology

b £
Register FIPA Agent
Management specifications!
(FIPAManagement)

Y
Register JADE mobility
Ontology
v

Register the supported
languages (FIPANames)

b £
Fill ACL messages fields
with 3 communicative
performative to FIPA
(SUBSCRIBE, CANCEL
and REQUEST)

v

Create Vector object

N/
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ke

|
Y
create
m()hiIc-ugcnl-dcscripllon
instance

5
Set the name slot of
move-agent action to the
mobiagent

A

Set the destination to
specific location

X
Create concept of
requesting to move an
agent within the platform
with specific description

b, 4
Fill the of ACL Message
with specified concept

h s
Validate the language and
ontology

) 4
Add
SimpleAchieveRElInitiator
behaviour

>
The initiator sends a message
(to performs moving)

v

No If moving

No If the agent in
startup mode

{Yes
Y
Read the database from
server side to fill the vector
with IP as nodes that will
be filled with readings later

v

———— the vector still
have node
Yes
- ',
lake the IP from vector
node
Y

Y
Set location to the

Set location to that IP Main-Container

_v—————J

success

Yes
V-

If the current
e Yes
No location is the
(main-Container)

\ 4
Read the reading from client Get the data stored in vector
DB and add it to vector

then put it DB in server-side

End

Figure 4.21: Mobiagent flowchart
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e Unified Modeline Lanpuape

jade.core

mobileAgentMAMR
: [T ey
jade.lang.acl ] mobiagent Jade.content
ACLMessage fes—— T -

& conname ; String

java.lang & 50 count : Vector
ety | 6 counttmp ;int
[@'__— & o Failer ¢ boglean

¥ notstartup : boclean jade.content.onto.basic
* orderlist : Vector 2 i
d = —={ Action
£x 1 int s
At5Cancellation : ACLMessage
AMERequest 1 ACLMessage
A AMSSUbscription ¢ ACLMassage

java.util

<

jade.core

{

<

¥ afterdova() ; void
@ beforeMove() : void

$

A3

{ < 0BMS() 1 void jade.core.behaviours
L% iContainer() ; void
% o moveAgent() : void
% 5 readClentData() : vod
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&
9
%
9
®
A3

e
[———=={ Behaviour |
J-Senaveoue |

iadc.domnin.JADEAqentManaqcmcnt

&

* setup() : void —_-—__—...——_——__‘i
" shutDownPlatform() : void ¥ i
takeDowni) : void {_Killcontainer ][ ShutdownPlatform |
§ getCancel() : ACUMassage
getRequest() ; ACLiMessage
¥ getSubsabe()t ACLMessage [ — . B S RS e R 57

l ¥
{_MabileAgentDescription | [ MoveAction |

i jade.mtp

; ———~_TransportAddress |

s

jade.domain.mobility

) =0

java.awt
e — — Component ]

java.io

- — — == PrintStream |

javalang

|
|
| I

¥ i 1
ject |[ StringBuilder [ System |

= ; | ,

e | ] ¥ i o Y
L_E‘JEM"J D:}te [ DriverManager | [ Freparedstatement | [ Resultset | [ SQLException | [ Sta

jJavar.swing
|- — ——=={ JoptionPane |

mobileAgent MAMR

_———‘—.a@
Figure 4.22: Mobiagent UML design
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‘ jade.proto

SimplenchieveREInitiator }c:}—

mobileAgentMaAMR

| javalang

: l String } =

v/ (4 actionblame ; String

g et S T[E
m0blagent.AMSClientBehaviour

e ———
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jade.core

®

& % handeagres() : void
L handleFailure() ; void
& § handelnform() : void

v ¥ handleRefuse() ; veid

aP AMSClientBehaviour() : void

&
& R handlefslotUnderstood() : void
<

jade.domain.FIPAAgentManagement
=

jade.lang.acl

I ——-=+_ACLMessage

java.io

—— ——-=>1 PrintStream

javalang

;:::II:F"___]],

I ;
| StringBuilder ][ System |

Figure 4.23: Mobiagent. AMSClientBehaviour UML design

jade.core.behaviours

|_DreskotBehaviour |-=i—

mobileAgent.MAMR |

mobiagent.LoadTabelBeh

java.lang

& & action() ; void

[ Exception || Integer |[ Object |

java.util

| [ edtor]

‘I%igure 4.24: Mobiagent.LoadTabelBeh UML design
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jade.core.behaviours

[_DneShotBehaviour |-y

mobileAgent.MAMR

& & action{y : void

S|
mobiagent.MovingBeh

e ———
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jade.core
——-am)

ja?aJahg

R ==
| Integer | @b;em LStlrLing |
java.util

iy Yedor |

mobileAgent.MAMR

————{_datat |

Figure 4.25: Mobiagent.MovingBeh UML design

jade.core.behaviours

| DneShotBehaviour =i |

mobileagent.MA&MR

mobiagent.readdataBeh

java.lang

L — —=-{ Exception |

W ' action() : void

Figure 4.26: Mobiagent.readdataBeh UML design
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jade.core.behaviours

OneshotBehavioyr '\':H

mobileAgent‘.MAMR

mobiagent.registerationeh Jade.content
——— ContentManager |
e ]

& & action() : void ;
)i vo ]ade.content.lang

jade.content.lang.sl
jade.content.onto
—-—-—-=+ Ontology
jade.core

jade.domain.FIPAAgentManagement

— —— | FIPAManagementOntology |

jade.domain.JADEAgentManagement

— — — —=={ JADEManagementOntology |

jade.domain.introspection

— — ——=={ IntrospectionOntology |

jade.domain.mobility

— — — —=[ MobilityOntology |

jade.lang.acl
|— — — == ACLMessage
java.lang

[ -y

Figure 4.27: Mobiagenl.registrationBeh UML design
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4.3.1.10 Datat

e Description

This class consider e 1N
g onsider as storing unit of data at the agent that is collected from

the host Database ,and it carries the [p address which is taken from the power

company Database.

The agent here contains a vector object that carry out the sequece data object

as a list ,and distinct the hosts according to the IP address filled by the agent at

the power company.

e (Constraints

a. The fields in this class should agree the fields in hosts DB.

e Flowchart

This class combine with Mobiagent class .

e Unified Modeling Language

java.io javalang
it pld )

[ sevializable k::-f [ object }c»——‘
|
I
|
|
i

mobileAgent. MAMR

mabileAgent.MAMR

java.lang datat
== [ _mobiagent |[ mobiagent.tiellobehaviour |
@-b v {4 ContName : String [
@ ContNeme:String || | | il

o @ reads : readings[]

mobileAgent.MAMR |
o & rowcount :int

_datat.readings }~——-—-————-——

% o addread() : void

& of datat() : void

& I’ getConName() : String
& off getread() : float

~ ol' ContlP : String

Figure 4.28: Datat UML design
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Java.io

Java.lang
’HL

datat.readings

< o processip : String
v @&l value : float

Java.lang

S @ readings() : void

Figure 4.29: Datat.readings UML design

4.3.2 Database Design

In this section database design will be discussed in details, including tables
descriptions, fields, keys and relations between tables. For our system the database
consists of two table that are related through relations and keys The following notes

represent naming used in this chapter:

— PK: Primary Key of a table.

— FK: Foreign Key of a table.

— Length: Size of the field in bites.
— Type: Type of data in the field.

— Related Tables: Tables in some relation.

Table 4.1: General table description.

| Table Name Table Description

PMPR This table holds the received readings from clients

This tables holds the special identifier and general information

Info e
for each connected client in a network

This table holds the client power meter readings that express

PMPT

the consumed client power.
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4.3.2.1 Client Database:

The database in clien( machine containg o

: o me fields determine the clients'
personality like Process I(lentiﬁer(PID) as primary key field and readings field
1€ consumed power in each load, it could b

Password for a table.

that represents t|
€ a secure by set a

Table 4.2 : Client Database description fields

Field Type Length PK | FK

Description
PID Text 10 Yes | NO | Process Identifier
Read iiext 10 NO [ NO | Simulation consumed Power

4.3.2.2 info Database:

This tables exist in a sever , it holds a general information for the consumers

who owns the meter device.

Table 4.3 : info Database description fields

Field Type | Length | PK | FK | Description

[P liexit 50 | Yes | No | Internet Protocol Address
Name Tiext 50| No | No | Consumer Name
Address Text 50| No | No | Consumer Location
Phone# Text 16| No | No | Phone Number
Sign_Update Date -| No | No | Registration Date
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4.3.2.3 PMPR Table

The table 4.3 holq
: ; the meter readings from each clien in specified date for
future manipulation,

Table 4.3 : pMpR database description fields.

Field Type m PK | FK Description

IP Text 50 Yes | Yes Internet Protocol Address

Date Date - Yes | No | Registration Date

Pl Text 10 No | No | First Simulated Process

P2 Text 10 No | No | Second Simulated Process

P3 Text 10 No | No | Third Simulated Process
Tot 5

e Tt it s, otal consumed Power by
all processes

4.3.2.4 Database Modeling

The following diagram (Figure 4.30) shows the database tables, fields, keys

and relations using the UML (Unified Modeling Language) notations.

info

PK [IP

Name
Address
Phone
Sign__Update

PMPR
PK,FK1 |IP
PK Date

| P1
P2
P3
Total

Fioure 4.30: Database relation Jfields and keys.
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B

PK |PI

Read

Figure 4.31- Database fields and keys.

4.4 User-Interface design

4.4.1 Introduction

In this section, we will present the system interface related with database
and the error messages that may appear while executing the system in a real world

to check the functionals task of the system work properly .

Because our system doesn't accept input data from client or server side. so.

there isn't exsist real interface that deal with them.

4.4.2 Database Interface

The database interface for the both side of system built to show the data that
are collected and check the functionality of the system by comparing the data

stored in client side with the data stored at server side at specific moment of time.

The interface in figure (4.32) bellow show the Power Meter Reading

: s : ress(expres
processes which executing at the client side; it contains the Local Address(express

: - for each process,
the TP address) of the client machine and the consumed power for each p
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these two fields stored ip client database

at specific tim ‘mine i i
¢ determine in pro Jramming
to be send to the server datab Eis G

ase.

Local address: asdi192.168.0.1
. Process1
i
|
| 00 0003 86
. Process?
00 0002 48
Process3
‘ 00000316

Figure 4.32 :Power Meter Reading Interface for client database.

The figure (4.33) shows the content of the database at the server side . it
contains the IP address of the client machine .the date that data collected from client

,the process values(P1 ,P2 ,P3) and the summation of process values

Table oo

P | Date P1_| P2 P21 Toul
192.168... 2006-05-. 819 264 146 1229
192.168.... 2006-05-.. 1063 344 194 1601
192.168... 2005-05-... 365 56 768 897

Figure 4.33 :Power Meter Reading Interface for client database

4.4.3 Client/server Interface

ot tion .we will present the general interfaces that appears and the
n this section ,

o time.
error message that maybe at program setup
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4.4.3.1 Client/server AMR Managey Interface

As shown in figure bellow

it LN
' . | Presents the majp Interface(contro] panel) for
client side and server side to jngt

all appropriate software to work the system as well.

the toolsbar at the top conro panel contains File option which contain exit
button , Configure option which used to transfer between two g

d pproaches (client/
server,mobile agent) and Hel

P option to show general information about program.

agey

| File  Configure  Help

i Server

Launcher timer
ok i ol el

Time in Milisecond: 1000 |_ Launch timer )

Launch Meter Simulation

To launch Meter Simulation: I Launch Si...

Figure 4.34 :Power Meter Reading Interface for client database

The field Launch time used to determine the time to send http message to

. : _ ot i ient side.
server, and the field Launch simulation used to meter simulation at client s
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The figure bellow shows the server side

options to install m the field DB
atabase op the seryer side.

simulation used (o present the D

Help

! Launcher Hrmer

Time in Milisecond: 1000 l Launch timer l
CE el

DB Simulation

| LSS O s
! To launch DB Simulation: { Launch Si,,,

Figure 4.35 :Power Meter Reading Interface for client database

4.4.3.2 Exception Message Interface

In this part ,we will present the exception interface that explain where the

error be occur if happen at client side or server side ,so,this kind of message help the

user to know about error.

: : rver machine
The figure bellow explain that there is no connection to server ma

whose IP address is 192.168.0.1 .
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s > Q7= ¢
Figure 4,36 -Connection error message

The message bellow will appear when the path of the data source is not found
in windows.

(X

SOLException: [Microsoft][ODBC Driver Manager] Data source name not found and no default driver specified

fOK;

Figure 4.37 :error database path message.

The figure bellow explain that there is no driver in a machine suitable the

database type , in our project , we use the ODBC driver to access database.

X | sqLException: No suitable driver

OK

Figure 4.38 :driver error message.

The figure bellow explain that there is no suitable driver found on a machine .

therefore , the database on a machine will be undefined .
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-&Sﬁ, DiotiFound|Fxceptiop

B¢ ClassNotFoundExcemmn
- Sun.jdhe, odbc, thcOdbcDrn/eM

0K |

Figure 4.39 :ODBC driver CITOr message.

The message bellow appears when theye ; I8 an error in the construction of
table ,name and fields type.

SQALException: [Microsoft][ODBC Microsoft Access Driver] Too few parameters. Expected 1.

0K

Figure 4.40 : Power Meter Reading Interface for client database

The error massege bellow will happen when there is no (PID) field in a table

that used .

X SQLException: [MicrosoftJlODBC Microsoft Access Driver]ivalid character value for cast specification on column number 1 (PID)

Figure 4.41 :Table field error message.

Tl ge bellow will appear if the launcher don't fid the program
he error messa

that to be launched at the machine.
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iy o A "
,.Ww.&r‘.«);«:&,;w;

i TR

letlmeExcention: Cannot find the Seruerreciever jar

OK

Figure 4.42 ‘luancher error message

4.4.3.3 Mobile agent AMR System Manager Interface

S

: T —; A
| File Configure Help

{ Host | power Company

Launch aAgent Hosting Envirarment

i

§ ——
, Agent Hosting Enviroment [ Run Enviro. ..

|

Launch Meter Simulation

To launch Meter Simulation; | Launch Si... ]

Figure 4.43 : MAMR Interface for host side
The figure above shows the second option in the figure option, it contains

Agent hosting environment field which used to install a necessary jade package at

. : i tion.
host side and Launch meter simulation to launch meter simula

86




Chapter Four

Detailed S stem Desion

Launch JADE Enviroment

and Agent

Run JADE Enviromert l Run JADE [
ot el

DB Simulation

: To launch DB Simulation: | LaunrH Si ]

Figure 4.44 :Power Meter Reading Interface for client database

The figure above shows power company side interface, it contains Luanch
jade environment field which used to install a Jade package at power company side

and DBsimulation to launch Database simulation in it.

° Simple mobile agent fualt tolerance

There is a proplem occure when the agent visit a hosting machine that are
shut down ,but no error message will appear in this kind of problem, so the agent

well visit the next hosting machine depending on the IP address exist at the table (the

agent could not stop his task,and go to next move ).
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Chapter Fiye

lmplementation and Testing

5.1 Implementation

In this section we will discuss how to implement our system on machines for

each phase independently and identify the coding and program of the system to work

as well.

5.1.1 Development Environment

5.1.1.1 Hardware Environment

[n order to complete the system implementation process successfully, the
following hardware were used(we suppose it is exist):

1. Computer laboratory

2. Network connections among the computers.

S.1.1.2 Software Environment

i cecute the system
The software that is used in the development process to ex

are:
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Cl

and Testing
[. Java Runtime Epyie
© Environmeny (RE) : This program is f
software i P ram is free-
sofiwae isediiinitays Project to ey S
~ e

: : cute the jayg
installed in each computers Java code and shoy|q

o

Jade Package : this package instq]

. led in each computer when
implements the mobije agent phase

it fully-installed in "central"
computer and abstracted-installeq in other computer.The package
. ® : c
include the mobile agent environment .creating platform and the

containers which the mobjle agent needed it to work as wel]

(%)

Java application to program the system code.

4. MS-access application to create a database tables that needed to store

the meter reading data.

5.1.2 Development Process

Here ,we will discuss in detail how the system implement and configure on

a machines to acheive its goals.

5.1.2.1 Phase One: AMR system using Client/Server technique

. £ - el-
The development process of the AMR system by using clisptizeny

technique be as the following steps : 4
: ent and server in known place for the

I. put the database of each cli

JIDBC-ODBC driver on a machine, and th
ect that determine the database

is step specified already in

path on a
the CD software proj

machine.
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2. activate the procesge .

w
&
G
=
<
S
=4
o
g
5
(5
)
=
5
o
=7
e
%)
~
D)

activate launcherC py.
Program on g ¢J;
client mach;
ine.

after these steps the AMR system start its work
ork.

P

5.1.2.2 Phase Two: AMR system using Mobile Agent approach

The development process of the AMR system by using Mobi

technique be as the following steps :

I. activate the Jade environment op 2 power company machine side to

prepare a suitable platform for future connected host machine.

2. Activate the agent hosting software on a hosts machine which cre
container on the power company side.

4 . :

3. setup a host database on its machine.

4. setup a simulation power meter reader on a hosts to give a consumed

power for each them.

5. Activate the agent : there is two method to activate the agent;first by
entering a command to activate it (use Batch file contain a comand),or

by adding the agent and datat code to the jade environmevt here the

agent will activate when the jade environment be active.
5.1.3 The Bandwidth Comparison for AMR system approaches.

To measure the perfomance factors for €a

: i machin
the network should connect a large number of client(host) 1

different for that factors at server side and co

; a uring .
a5 1n the reg] world, so, the router needed for measuring

S on server machine,

le Agent

ch approaches in the AMR system,

es to notice the

nnect the network to the WAN network
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Cha

[n our system implcmenlalion

yManager program that exist in W indows

as busy and ha\'

change its network as there in oy network € NO permission to
ork s

yStem S0, to v

. ; o > > SOlv .

partially, We use a LAB. Computer that contain ] P roticn
m

: achine and :
connected them as a LAN without roytey one server and

5.1.3.1 The Client/Server performance

The figure bellow results when the bandwidth of network equal to 10Mb
| . Mbps.
uses 11 client machine and one server: the figure shows that the network will be busy

all the time. and this make more activity with little information
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s}

6 130,345 0
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| Processes: 43 CPU Usage: 2%

Figure 5.1: Client/Server performance.
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5.1.3.2 The Mobile Agent Performance

The figure bellow shows that the network

at this approach will be at idle state
until yhe agent move from one

achine to another,
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?
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Processes: 68 (@ sage: 2%

Figure 5.2: Mobile Agent performance.
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and Testing

5.2 Testing

This section will discysg the most

oo S e b i Important step  after coding and

that the system performs gg CXpected ang

requirements. All functions muyst be tested ip

others; so in this section we wi]] test the system
. Unit and module testing,

2. System testing,

(OS]

Acceptance testing,

5.2.1 Module & Unit Testing

In this section units and modules are tested by executing each module
individually and test the actual output message that appear while setup and execute

cach module on a host or company machines.

Table 5.1 : Module Testing

Module Result
Processimpl Sccess
mainP Sccess
senderClient Sccess
KKMultiserver Sccess
KKmultiserverThread Sccess
LauncherS Sccess
LauncherC Sccess
Mobiagent Sccess
containercreat Sccess

datat —§Ec’eS_s—"—

__’__/—‘__‘_—J/_J
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entation and Testing

52.2 System testing

. ~ 1 Y
data reach to the power company machipe £

and entere( correctly.

Table 5.2 . System Testing
AMR system approaches

Result Testing

Client/Server approach

Mobile Agent approach

52.3 Phase One (AMR system using client/server approach)

The way to test if the system work correctly be in check the database of the

SErver.

After install the system on the client and server machines, we will check the
database of the server to be empty at first, then, when the system execute and no
crror message appear, we will check the database of the clients and the server
visually to sure that meter reading reach and enter in database fields correctly and it

is the same of meter reading on client database at that moment.

524 Phase Two(AMR system using Mobile Agent approach)

: ok i tested it by
This technique tested visually as the client/server technique, we y

the system, if the meter reading

show the database fields before and after executing
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Jata filled correctly in power comp

any machine g
Sty 0 the syste :
1ot enough in this technique, YStem work correct, but that

Here, we will be sure that the agent moved serja]| (
Vi

depend
(able) on the network and re pend on the IP address

ach th

em , this can pe tested by the Jade environment on
the power company machine where ] containers to all machine 4 th d
! . re there, and we
could notice agent clearly how it is move along the network

as shown bellow :

g d}) Lk s eieed ge&&,mnage&gﬂ!%sul

'Flle .ﬂ.ctlons Tools Remote Platforms Help

5|8 88PLY @ a @y ge

£ AgentPlatforms pey it
£ "asd: 1098/JADE" —14
W Nain-Containe
ams@asd: 1099/JADE
B RMA@asd: 1099/JADE
df@asd: 1099/JADE
3 192.168.0.2
1192.168.0.3
£2192.168.04
€1192.166.0 5
C1132.168.06
€1192.168.0.7
C3192.168.08
€1192.168.0.9
€21982.168.0.10 A
MRAB2EB01Y T e

ER

> dh S" gj e

n,a.rn,e,_, ,,..addf‘?.S%ES. __state awner

Figure 5.3 : Moving agent in the container at jade environment

325 Acceptance Testing

w 1 I nonfunctional
I'he system was tested against requirement functional and
o

requirement, its type and the testing

Specifications; the following table shows the

results:

95

y W B




Table 5.3 : v
odule fy .
: ictionality T esting
Requiremen o
—_\ Type m
Running simulation meter (Proceg ; —
: : s) Functiona] Pass
Executing processes x —
. _ Functiona] Pass
Launching client database :
Functional Pass
aunching server database ~
_ Functiona] Pass
Openning stream and co; i :
] nection Functional Pass
Sending messege -
Functional Pass
Recieving messege Functional | Pass |
ss
Opening Port Functional Pass
Writing and reading on port Functional Pass
Launchig Jade environment Functional Pass
Creating containers remotely Functional Pass
Creating agent Functional Pass
Moving agent Functional Pass
Filling database Functional Pass
Agent registration Functional Pass
Creating threads Functional Pass
Interfaces Nonfunctional | Pass
speed Nonfunctional | Pass
= ; unctional | Pass
Error handling Nonfunctiona é
Nonfunctional | Pass

usability
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Conclusi(m and Future Work

Chapter Sjy

Conclusnons and futyre works

6.1 Introduction

This system aimed to grant

a better chance for power company in serving

their cost,time and error prone that result from collecting client's power meter data:

by comparing the performance factor for different data-collecting method and

achieving fitting between power company and clients machines

But, there are some considerations that should be taken in mind that caused

the system not to be as perfect as required. Some of these considerations are:

= This system has been experienced with a limited time period and
limited resources for the development ,implementation phases and
book resources on the subject of system..

= This system depends mainly on the team and what they think of such

a system.

= The system need to be joined with many parts of its environment and

this need to deal with a database, ports and containers.
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6.2 Conclusions

Through the system developme

following:

s The performance of mobije agent technique op 4 twork
networ

; . is better tha
client/server technique in ¢cof .

o
ecting data from POwer meter device that holds

in client's side according its speed ,throuhput ang bandwidth

= The system consider as automated system, so there is no direct dealing with
O

» 10 need for the consumer to wait the

consuming power bill or power employee to come anymore

company and consumer , andso

6.3 Recommendations and Future works

The work team recommends the following actions as a future work for the

system :
= Development the database in both sides of system (consumer,
company) and connected it to the web page to view bills of client

according specific criteria insure a security.

= Development the static IP address table for the agent to be a dynamic
IP tables at programming side.
i ‘ ata in both phases
= Development the security for code and de
(client/server , mobile agent).

e - he best path to
= Development the agent o be intelligence in choose t p
o

: 2 r device.
visit clients machine power mete
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Y

or Six Conclusion and Futyre Work
Chapter:
/ /’ 

= Development the g0

gent (o deg) with differe,

1t platform Instead with
one platformm

and deg| With fay] tol

Crance that may happen through
its moving from ope machine to gapoqp

Cr.

Development 2 simulation process to

be connected in rea] ag a
hardware.
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APPENDIY. (4

enderClient.class

:

S

/Ineeded senderClient
import java.io.*;

import java.net.*;
import j ava.sql."j;
import javax.swing.*;
import java.awt.event.*;

public class senderClient extends JFrame({
public static void main(String]] args) throws IOException {

/[create jframe to make the program is visible
senderClient now =new senderClient();
now.addWindowListener(new WindowAdapter(){

public void windowClosing(WindowEvent e){ System.exit(o).}}).
now.setTitle ("senderClient"); 355)s

now.setSize (200,0);
now.setLocation (100,100);
now.setResizable (false);
now.setVisible (true);

/10 and network configuration
Socket socket = null; ‘
PrintWriter out = null;
BufferedReader in = null;

//Specify the name of DataSource
String url = "jdbc:odbe:clientjdk";

Connection con;
String createString;

/Server IP address
String Hostname="192.168.0.1";
String info[]=new String[8];

: streams
/lereate socket and conect it to server socket and open

try {

s.getByName(Hostname), 4444);

SOkt e OutputStream(), true);

out = new PrintWriter(socket.get
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in = new BufferedReader(

new InputStreamReader(socket
.get
} cateh (UnknownHostExq ge{lnputStream()));

/[error if there is no server
JOptionPane.showMessageDialo n
ull,"Dop
+HOStname, g(null, Dontknow about hogt: "

"UnknOWn Ho

J St EXCeptionu,

OptionPane.ERROR_MESSAGE)'

System.exit(1);
} catch (IOException e) {

/lerror if there is no connection to seryer
J OptionPane.showMessageDialog(null,
"Couldn't get /0 for the "+

"connection to: "+Hostname,
"IO Exception",

J OptionPane.ERROR_MESSAGE);

System.exit(1);
}

//determine the specific Query
createString = "select * from PMPT ORDER BY PID ASC";
Statement stmt;

try {
Class.forName( "sun.jdbc.odbe.JdbcOdbeDriver");
} catch(java.lang.ClassNotFoundException €) {

/lerror if ther is no jdbe:odbe bridge driver .
J OpﬁonPane.showMessageDialog(null,"ClassNotFoundExceptlon.
+e.getMessage(), i
"Class Not Found Exception®,
JOptionPane. ERROR_MESSAGE);

}

/lconnect to database and read the neaded data
try { ; .
¢on = DriverManager.getConnection(url);

Stmt = con.createStatement(); o
ResultSet rs =stmt.executeQuery(createString);
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int 1=2;

while (rs.next()) {
info[i]=rs. getString( 1);
g
info[i]=rs.getString(2);
i+

}

//close the connection tg database

stmt.close();
con.close();

//add the local IP and Local Hostname

info[()]=InetAddress.getLocalHost().getHostAddress()-

info[1]=InetAddress. getLocalHost()_ getHostN i
} catch(SQLException ex) { StName();

/ferror if any SQL error happen
J OptionPane.showMessageDialog(null,"SQLException: "+
eX.getMessage(),
"SQL Exception",
J OptionPane.ERROR_MESSAGE);
}

//send the message as string
String fromServer;
String fromUser;
if (fromServer = in.readLine()) != null) {
fromUser = info[2];
While(fromServer.compareTo("ok\n")=O)fromServer = in.readLine();
if (fromUser = null) {
for(int k=0;k<8;k++)
out.println(info[k]);

}

/Ielose the streams and the socket
out.close();

in.close();

Socket.close();

Iexit

SyStem.exit( Lz
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erC.class

//needed librar.y .
import java.ut{l.T}mer;
import java.ut?l.TlmerTask;
import java.util.Calendar;
import java.lang.Proc?ss;
import java.lang.Runtime;
import java.te>_<t.DateF ormat;
import java.}ml.* ;

import java.lo.*;'

import javax.swing.*;

import java.awt.event.*;
import java.net.URL;

public class launcherC extends JF rame{

static Timer timer;

static int month;

static Calendar calendar;

static Date time,neww=new Date();
static long tm;

static boolean startup=false;

static class RemindTask extends TimerTask {
public void run() {
String[] x={String.valueOf (tm)};

//terminate the timer
timer.cancel();
try{

startup=true;

/to launch specific program (excute specific command
Runtime runtime = Runtime. getRuntime();
runtime.gc ();
rocess process = runtime.exec(
"javaw.exe -jar "+this.getClass().getResgurcg( .
"Clientsender.jar").getPath().substring(6));

System.out.println ("sho");

Jeatch(Exception ex){




S T —

//error if it is WIong commapg

10 ptionpane.showMessageDialog(null "R

o il A untlmeException: %
" Clientsender.jar"
"Nul!Pointer Exce;)tion"
J OptlonPane.ERROR I\/iES SAGE);

}

runn3 () >

//do timer again
launcherC.main(x);

}
public void runn3(){

}
}

public static void main(String args[]) {

//startup in the first==false
if(!startup){

//create jframe to make the program is visible
launcherC now=new launcherC();
now.addWindowListener(new WindowAdapter(){
public void windowClosing(WindowEvent e){System.exit(0);}});
now.setTitle ("Launcher for Client");
now.setSize (250,0);
now.setLocation (100,100);
now.setResizable (false);
now.setVisible (true);

}

/lget and set the calendar to specific date
calendar = Calendar.getInstance();
/lcalendar. clear 0;
//calendar.set(Calendar.MoNTH’zg) ;
//calendar.set(Calendar -HOUR, 2);
//calendar.set(Calendar-MINUTE’ )
“alendar.set(Calendar. SECOND,59 ); '
“alendar set(Calendar. MILLISECOND.999);
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time = calendar.getTime();
if(args[O]-::nuH)
tm=time.getTime ();
else
tm=Long.parseLong (args[0]);

//create timer and give it the time i
timer = new Timer();
timer.schedule(new RemindTask (), tm Y

timertask

‘ JaunchersS.class

//needed library

import java.util. Timer;
import java.util. TimerTask;
import java.util.Calendar;
import java.lang.Process;
import java.lang.Runtime;
import java.text.DateFormat;
import java.util.*;

import java.io.*;

import javax.swing.*;
import java.awt.event.*;

public class launcherS extends JFrame {
static Timer timer;
static int month;
static Calendar calendar;
static Date time,neww=new Date();
static long tm;
static boolean startup=false;

static class RemindTask extends TimerTask {
public void run() {
String[] x={String.valueOf (tm)};

/terminate the timer
timer.cancel();

104




runn3();

//do timer again
JauncherS.main(x);

}
public void runn3(){
try{
startup=true;
/o 12.1111'101’1 sp.emﬁf Program (excute specific command
Runtime runtime = Runtime. getRuntimey();
Process process = runtime.exec( "javaw.exe -jar "+
this.getClass(), getResource(
"Serverreciever.jar").
getPath().substring(1));
}
catch(Exception ex){
/ferror if it is wrong command
J OptionPane.showMessageDialog(null,"RuntimeException: e &
"Cannot find the "+
"Serverreciever.jar",
"NullPointer Exception",
JOptionPane.ERROR _MESSAGE);
}
}

}

public static void main(String args[]) {

/Istartup in the first==false
if(!startup) {

/lereate jframe to make the program is visible
launcherS now=new launcherS();

apter(){ ¢

now.addWindowListener(new WindowAd t &){ System.exit(0);}});

public void windowClosing(Win"dc?WEVen
now.setTitle ("Launcher for Server");

105




now.setSize (250,0);
now.setLocation (100, 00);
now.setResizable (false);
now.setVisible (true);

}

//get and set the calendar to specific date
calendar = Calendar. getInstance();
//calendar.set(Calendar.MONTH,zg);
/lcalendar.set(Calendar. HOUR, 2);
//calendar.set(Calendar.MlNUTE, month);
calendar.set(Calendar.SECOND,S9 0 :
calendar.set(Calendar.MILLISECOND,999);

time = calendar.getTime();
if(args[0]==null)
tm=time.getTime ();
else
tm=Long.parseLong (args[0]);

//create timer and give it the time and timertask
timer = new Timer();
timer.schedule(new RemindTask(), tm);

KKMultiServerThread.class

/eeded library

import java.net.*;

import java.io.*;

?mport java.sql.*;

mport java.util. *;

import javax.swing.JOptionPane;

Public class KK MultiServerThread extends Thread {
Private Socket socket = null;

Static String info[]=new String[8];
TeparedStatement updateV;
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/jspecify the thread name
ublic KKMuItiServerThread(SOCk o
p super("KKMultiServerThrey any: Socket) ¢
this.socket = socket;

}
public void run() {

//open streams to transmit and recieve
try {

PrintWriter out = new PrintWriter(socket
BufferedReader in = new BufferedReade;(‘%etOutputStream(), true);

new InputStreamReader(socket. getInputStream()))-
String inputLine, outputLine: ’
outputLine = "ok";
out.println(outputLine);

/Iread the recieved message

int 1=0;

while ((inputLine = in.readLine()) != null) {
if(inputLine==null)break;
if(i==8)break;
info[i]=inputLine.trim();
1=

}

//close connection Stream and socket

out.close();

in.close();
socket.close();

DBMS(info);
} catch (IOException €) {
/lerror if happened in connection

JOptionPane.showMessageDialog(nulle.getMessage 0,

"IO Exception", j
J OptionPane.ERROR_MESSAGE),

€.printStackTrace();
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}
public void DBMS(String[] infor){

//Specify the name of DataSource
String url = "Jdbc:odbc:serverjdk";
Connection con;

try {
Class.forName("sun.jdbe.odbe JdbcOdbeDr
1 2 D m.
}catch(j ava.lang.ClassNotFoundException e) r{lver );

/ferror if ther is no jdbc:odbe bridge driver
J OptionPane.showMessageDialog(null,"Class
+e.getMessage 6
"I0 Exception",
J OptionPane.ERROR_MESSAGE);
System.err.print("ClassNotFoundException: )
System.err.println(e.getMessage());

}
try {

NotFoundException: \n"

]

con = DriverManager.getConnection(url);

//determine the specific prepareStatement
updateV = con.prepareStatement(
"INSERT INTO PMPR VALUES (2,2,2,2,2,2)");

//insert the data to database
updateV.setString(1,infor[0]);
updateV.setDate(2,new java.sql.Date(
Calendar.getInstance().getTimeInMillis()));
updateV.setString(3,infor[3]);
updateV.setString(4,infor[5]);
updateV.setString(5,infor[7]);

updateV.setString(6, :
String.valueOf (Double.parseDouble (infor[3])

infor[5])
+Double.parseDouble anor[ .
+Double.parseDouble (infor[7])));

updateV.executeUpdate();

/lclose the connection to database
con.close();
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} catch(SQLException ex) {

//errqr if any SQL error happen

J OptlonPane.showMessageDialog(null,"SQLException' \n"
+ ex.getMessage(), :
"IO Exception",
JOptionPane. ERROR_MESSAGE);

: System.err.println("SQLException: " + ex.getMessage());

KKMultiServer.class

/Ineeded library

import java.net.®;
import java.io.*;

import javax.swing.*;
import java.awt.event.;

public class KKMultiServer extends JFrame{

static boolean listening = true;
public static void main(String[] args) throws IOException {

//create jframe to make the program is visible
KKMultiServer now =new KKMultiServer();

now.addWindowListener(new WindowAdapter(){
public void windowClosing(WindowEvent e){System.exit(0);} });

now.setTitle ("KKMultiServer");
now.setSize (200,0);
now.setLocation (100,100);
now.setResizable (false);
now.setVisible (true);

ServerSocket serverSocket = null;

//create server socket
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try {
serverSocket = new ServerSocket(4444);

} catch (IOException e) {

/lerror if couldn't create the socket
JOptionPane.showMessageDialog(null,

"Could not listen on port: 4444.",

"]O Exception",

JOptionPane. ERROR_MESSAGE);
System.exit(-1);

3

//create threads to get more than one client
while (listening)
new KKMultiServerThread(serverSocket.accept()).start();

//close the socket
serverSocket.close();

Processimpl.class

//needed library
import java.util. Timer;
import java.util. TimerTask;

public class Processimpl {
private String PID;
private Timer timer;
private int sec;
private double read=0;

//constructor to initiate the load cor}surning and PID
public Processimpl(int seconds,String PID){

sec=seconds;
this.PID=PID;
Processwork();
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public void Processwork(){

//create timer and give it the time and timertask
timer = new Timer();

timer.schedule(new RemindTask(), sec*1 000);

}

class RemindTask extends TimerTask {

public void run() {
if(read<99999999)
read+=1;
else read=0;
timer.cancel(); /Terminate the timer thread
Processwork();

}
}

//to get the process ID
public String getPID(){
return PID;

}

//to get the process read
public double getread(){
return read;

}
}

[ mainP.class

import java.util.Timer;
import java.util.TimerTask;
import javax.swing.*;
import javax.swing.border.®;
import java.awt.event.*;
import java.util.*;

import java.text.*;

import java.awt.®;

import java.sql.*;

import java.net.*;
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public class mainP {

Timer timer;

static JLabel labell,label2,]label3:

static JPanel scl,sc2,sc3; :

static String s="",s1,s2,s3;

static double no1,n02,n03,key=0;

static double p1,p2,p3;
PreparedStatement updateV;
Processimpl Process1,Process2,Process3;
Connection con,conl;

Statement stmt;

public void mainp() {

//create timer and give it the time and timertask
timer = new Timer();

/lupdate every 100 miliseconds
timer.schedule(new RemindTask(), 0,1*1000);

}

class RemindTask extends TimerTask {

public void run() {

//get the reading of processes and ID's
pl1=Process]1. getread();
p2=Process2. getread();
p3=Process3. getread();
s1=Process1.getPID();
s2=Process2.getPID();
s3=Process3.getPID();

DBMS();

scl .setBorder(BorderFactory.createTitledBorder(s1));
sc2.setBorder(BorderFactory.createTitledBorder(s2));
sc3.setBorder(BorderFactory.createTitledBorder(s3));

//show the values in GUI in custom formate
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s=customFormat("000000,00", p1):
labell.setText(s); 007, pl);

s=customFormat("000000,00", p2):
label2.setText(s); i

s=customFormat("000000,00", p3);
label3.setText(s); :

}
}

public void DBMS(){

//Specify the name of DataSource
String url = "jdbc:odbce:clientjdk";

String s,Query,n;

//determine the specific Query
Query= "select * from PMPT";

try {
Class.forName("sun.jdbc.odbc.J dbcOdbcDriver");

}catch(java.lang.ClassNotFoundException e) {

Jlerror if ther is no jdbc:odbce bridge driver

J OptionPane.showMessageDialog(null,"ClassNotFoundException: \n"
+e.getMessage (),
"JO Exception",
J OptionPane.ERROR_MESSAGE);

System.err.print("ClassNotFoundException: e
System.err.println(e.getMessage());

}

//connect to database and read the neaded data

try {

con = DriverManager. getConnection(url);
conl = DriverManager.getConnection(url);
stmt = con.createStatement();

//determine the specific prepareStatement
updateV = conl .prepareStatement("UPDATE PMPT SET Read"+
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" — ? WHERE PID like ?u)

o)

ResultSet rs =stmt.executeQuery(Query);

é;r(iaec}ll ihzeoif{ored data from database (old values)
rs.next();
s = rs.getString(1);
n = rs.getString(2);
nol=Double.parseDouble(n);

System.out.println(s +" " +n);

rs.next();

s = rs.getString(1);

n = rs.getString(2);
no2=Double.parseDouble(n);

System.out.println(s +" " +n);

rs.next();

s = rs.getString(1);

n = rs.getString(2);
no3=Double.parseDouble(n);

System.out.println(s +" "+ n);
key=1;
}

p2+=nol;
pl+=no2;

3+=no03;
if(p1>99999999)p1=0;
if(p2>99999999)p2=0;
if(p3>99999999)p3=0;

//update the database data .
updateV.setString(1 String.valueOf((int)pl ));

updateV.setString(2,sl);
updateV.executeUpdate();

updateV.setString(1 ,String.valueOf((int)p2));
updateV.setString(2,52);
updateV.executeUpdate();
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updateV.setString(1,String.value Of((i ;
updateV.setString(2,s3); eOf{((int)p3));

updateV.executeUpdate();

//close the connection to database
stmt.close();

con.close();

conl.close ();

} catch(SQLException ex) {

//error if any SQL error happen
JOptionPane.showMessageDialog(null,"SQLException: \n"

+ ex.getMessage(),

"TO Exception",

JOptionPane. ERROR_MESSAGE);
System.err.println("SQLException: " + ex.getMessage());

}

}

//method to manipulate the formate of reading
static public String customFormat(String pattern, double value ) {

DecimalFormatSymbols decimalFormate=
new DecimalFormatSymbols(new Locale("en", "US"));

decimalFormate.setGroupingSeparator(' s
DecimalFormat myFormatter = new DecimalFormat(pattern,decimalFormate);

String output = myFormatter.format(value);

return output;

public static void main(String args([]) {

J/create GUI of simulation for power meter reading
JFrame DialogFrame;

String localad="";
label1=new JLabel();
label2=new JLabel();

label3=new JLabel();
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mainP mainpr=new mainP();

JPanel zx=new JPanel(new GridLa 4
JPanel zz=new JPanel(); iy
JPanel content=new JPanel(new BorderLayout());
sc1=new JPanel(new BorderLayout()); :
sc2=new JPanel(new BorderLayout());

sc3=new JPanel(new BorderLayout());

try{
localad=InetAddress.getLocalHost().toString();
}catch(UnknownHostException ¢) {}
DialogFrame=new JFrame("Power Meter Reading");
DialogFrame.addWindowListener(new WindowAdapter(){
public void windowClosing(WindowEvent €){

System.exit(0);
}

3s
sc1.add(labell,BorderLayout. EAST);

sc2.add(label2,BorderLayout. EAST);
sc3.add(label3,BorderLayout. EAST);

labell.setB order(BorderFactory.createTitledBorder(" )
lab612.setBorder(BorderFactory.createTitledBorder(""));
label3.setBorder(BorderFactory. createTitledBorder(""));

zx.add(scl);
zx.add(sc2);

zx.add(sc3); :
zx.setBorder(BorderFactory.createTltledBorder(

BorderFactory.createEtchedBorder(),"Local address: "
+localad,TitledBorder.CENTER,TitledBorder.DEFAULT_POSITION ));

content.add(zx,BorderLayout.CENTER);.
content.setBorder(BorderFactory.createTltledBorder(""));

DialogFrame. getContentPane().add(content,BorderLayout.CENTER);
DialogFrame.setSize(25 0+localad.length(),200);
DialogFrame.setLocation(ZOO,1 00);

DialogFrame.setResizable(false);

DialogFrame.setVisible(true);

/finitiate 3 instance of processes
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mainpr.Process1=new Processimpl 1,"P A

mainpr.Process2=new Processimplg3:"Pigcczee:zz;")5
- ainpr-PrO_CCSS3=neW Processimpl(S "Proces 3")3
mainpr.mainp(); ’ i

SharedModelDemo.class

import javax.swing.*;

import javax.swing.event.*;
import javax.swing.table.*;
import java.util.*;

import java.awt.*;

import java.awt.event.*;
import javax.swing.border.*;
import java.sql.*;

import java.net.*;

public class SharedModelDemo extends JPanel {

JTable table;
static SharedDataModel dataModel;

//constructor to initialize the GUI
public SharedModelDemo() {
super(new BorderLayout());

DBreader();
table = new JTable(dataModel);
JScrollPane tablePane = new J ScrollPane(table);

ISplitPane splitPane = new JSplitPane(J Splitpane'VERTICAL‘SPLIT);

add(splitPane, BorderLayout. CENTER);

JPane] topHalf = new JPanel(); M.
topHalf.setLayout(new BoxLayout(topHalf, BoxLayout.X_. )

ridLayout(1,1));

JPanel tableContainer = new JPanel(new G ateTitledBorder("Table"));

tableContainer.setBorder(BorderFactory .cre

U1

_




tableContainer.add(tablePane);
tablePane.setPreferredSize(new Dimension(300, 100));

topHalf.setBorder(BorderFactory.createE
ol ), eEa0)

topHalf.setMinimumSize(new Dimension(400, 50));
topHalf.setPreferredSize(new Dimension(400, 1 10)),'
splitPane.add(topHalf); ,

JPanel bottomHalf = new JPanel(new BorderLayout());

bottomHalf.setPreferredSize(new Dimension(0, 0));
splitPane.add(bottomHalf);

}

public static void main(String[] args) {

//create GUI for Server DB Check
JFrame frame = new JFrame("Server DB Check");
frame.addWindowListener(new WindowAdapter() {
public void windowClosing(WindowEvent €) {
System.exit(0);
3
s

frame.setContentPane(new SharedModelDemo());

frame.pack();
frame.setVisible(true);

}
public void DBreader(){

//Specify the name of DataSource
String url = "jdbc:odbc:serverjdk";
Connection con;

String Query;

//determine the specific Query
Query= "select * from PMPR";
Statement stmt;
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int 1;
try {

Class.forName("sun.jdbc.odbe.Jdb :
: . : JdbcOdbeD ".
jeatch(j aVa-l'clng.C1assNotFoundExceptioncﬁ:) r{lver 5

//erro_r if ther is no jdbe:odbe bridge driver
JOptionPane.showMessageDialog(null,"ClassNotFoundException: \n"
+e.getMessage(), .
"C1a§s Not Found Exception",
JOptionPane. ERROR_MESSAGE);

System.err.print("ClassNotFoundException: ");
System.err.println(e.getMessage());

}

//connect to database and read the neaded data
try {
con = DriverManager.getConnection(url);
stmt = con.createStatement();
ResultSet rs =stmt.executeQuery(Query);

//get the name of columns for GUI purpose

String[] columnNames = { rs.getMetaData().getColuanabel(1),
rs.getMetaData().getColuanabel(2),
rs.getMetaData().getColuanabel(S),
rs.getMetaData(). getColumnLabel(4),
rs.getMetaData(). getColumnLabel(5),
rs.getMetaData(). getColumnLabel(6) };

dataModel = new SharedDataModel(columnNames);

//read the data from server database

while (rs.next()) {

String[] oneData= new String[6];

i=0;

while (i<6){
ifi!=1)

oneData[i] = rs.getString(i+1);

else oneDatali] = rs.getDate(i+1).toString();
i+

2

}
dataModel.addElement(oneData);
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//close the connection to database
stmt.close();
con.close();

} catch(SQLException ex) {

//errqr if any SQL error happen
JOptionPane.showMessageDialog(null,"SQLException: "
+ ex.getMessage(),
"SQL Exception",
JOptionPane.ERROR_MESSAGE);
: System.err.println("SQLException: " + ex.getMessage());

//class for create table for display the database values
class SharedDataModel extends DefaultListModel
implements TableModel {

public String(] columnNames;

public SharedDataModel(Stringf[] columnNames) {

super();
this.columnNames = columnNames;

}

public void rowChanged(int row) {
ﬁreContentsChanged(this, TOW, TOW);

}

//TableModel implementation
private TableModel tableModel = new AbstractTableModel() {

//get the name of column :
public String getColumnName(mt column) {

return columnNames[column];

}

//get the number of rows (impl)
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public int getRowCount() {
return size();

}

Il get.the number of column (impl)
public int getColumnCount() {
return columnNames.length;

}

/Ito get the specific value from table (impl)

public Object getValueAt(int row, int column) {
String[] rowData = (String [])elementAt(row);
return rowData[column];

}

/lto check the cell editable (impl)
public boolean isCellEditable(int row, int column) {
return true;

}

//to update the value of cpecific cell in table (impl)

public void setValueAt(Object value, int row, int column) {
String newValue = (String)value;
String[] rowData = (String [])elementAt(row);

rowData[column] = newValue;
fireTableCellUpdated(row, column); //table event

rowChanged(row); //list event

}
-

//Implement the TableModel interface.

//get the number of rows
public int getRowCount() {
return tableModel. getRowCount();

}

//get the number of column
public int getColumnCount() {
return tableModel. getColumnCount();

}

121




}

//get the name of column
public String getColumnName(int columnIndex) {

return tableModel. getColumnName(columnIndex);

}

//get the class of column

public Class getColumnClass(int columnIndex) {
return tableModel.getColumnClass(columnIndex);

}

//to check the cell editable

public boolean isCellEditable(int rowIndex, int columnIndex) {
return tableModel.isCellEditable(rowIndex, columnindex);

}

//to get the specific value from table
public Object getValueAt(int rowIndex, int columnIndex) {
return tableModel.getValueAt(rowIndex, columnIndex);

}

//to update the value of cpecific cell in table
public void setValueAt(Object aValue, int rowIndex, int columnIndex) {
tableModel.setValueAt(aValue, rowIndex, columnindex);

}

//to add table :
public void addTableModelListener(TableModelLlstener 1) {

tableModel.addTableModelListener(l);
}

//to remove the table :
public void removeTableModelListener(TableModelLlstener 1) {

tableModel.removeTableModelListener(l);

}
}
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containercreat.class

//needed packages

import jade.core.Profilelmpl;

import java.net.InetAddress;

import jade.wrapper.AgentContainer;
import jade.core.Runtime; :
import javax.swing.*;

import java.awt.event.*;

//this: class to create container on the power company platform
public class containercreat extends JFrame implements java.io.Seriali
: : nts java.io.S
static AgentContainer c; : : N
static AgentContainer con;
static ProfileImpl pr;
static Runtime r;

public containercreat(boolean what)throws Exception{

//Get instance of Runtime of JADE runtime system
Runtime r=Runtime.instance ();

//Set automatic shutdown When there is no container
r.setClose VM (true);

//Creates a default Profile for Jaunching a platform
//Set the container name, host, port, name of remote platform

pr=new ProfileImpl("asd",-1,null);

//set Profile parameter (container name) to local IP address

pr.setParameter (
ProﬁleImpl.CONTAINER_NAME,
java.net.InetAddress.getLocalHost ().getHostAddress ());

//Creates a new agent container with specific profile
con=r.createAgentContainer (pr);

}

public static void main(String [Jargs){

try{

//create jframe to make the program is visible
containercreat now =new containercreat(true);
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now.addWindowListener(new WindowAdapter(){

public void windowClosing(Wi
now.setTitle ("senderClient")g-f(WlmkWvaent e){System.exit(0);}});

now.setSize (200,0);
now.setLocation (100,100);
now.setResizable (false);
now.setVisible (true);

}catch(Exception ex){

//errqr if we Connont create container
JOptionPane.showMessageDialog(null,"Connont create container: \n"
+ex.getMessage(),
"Runtime Exception",
: JOptionPane. ERROR_MESSAGE);
ex.printStackTrace ();

}

datat.class

//this class used as storage media for nedded info
public class datat implements java.io.Serializable{

private String ContName;
private String ContlP;
private readings reads[]=new readings[3];

private int rowcount;

//constructor to specify container name and IP
public datat(String ContName,String ContIP){
this.ContName=ContName;
this.ContIP=ContIP;
rowcount=0;

}

//to get the name of container
public String getConN ame(){
return  ContName;
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}

//to get the IP of container
public String getContIP(){
return  ContIP;

}

/1to qdd record of data to this node
public void addread(String processID,float value){

reads[rowcount]=new readings(processID,value);
rowcount++; ’

}

//get data stored in this node
pupliq float getread(String processID){
nt 1;
for( i=0;i<rowcount;i++){
if (processID.equalsignoreCase (reads[i].processID))
return reads[i].value;
3
return -1;

}

//this inner class for data records
private class readings implements java.io.Serializable{

public String processID;
public float value;

//constructor to create a record of data with value
J/ProcessID & value of reading
readings(String processID,float value){
this.processID=processID;
this.value=value;

}

125




mobiagent.class

i

//important packages

import jade.tools.ToolAgent;

import jade.core.behaviours.Behaviour;

import jade.core.behaviours.OneShotBehaviour;
import jade.core.behaviours.SimpleBehaviour; :
import jade.core.ContainerID; ,
import jade.core.AID;

import jade.core.Agent;

import jade.core.Location;

import jade.proto.SimpleAchieveRElnitiator;
import jade.content.onto.basic.Action;
import jade.domain.mobility.MobilityOntology;

import jade.domain.FIP ANames;

import jade.domain.FIPAAgentManagement.*;
import jade.domain.J ADEAgentManagement.*;
import jade.domain.introspection.*;

import jade.domain.mobility.MoveAction;
import jade.domain.mobility.MobileAgentDescription;

import jade.content.lang.sl.SLCodec;
import jade.lang.acl.ACLMessage;

import javax.swing.J OptionPane;
import java.net.InetAddress;
import java.sql.*;

import java.util.Vector;

import java.util.Date;

public class mobiagent extends Agent {

public String conname;

public static int xx=0;

public int counttmp;

public transient boolean notstartup=false,failer;
public Vector orderlist,count;




private ACLMessage AMSSubscription =
ACLMessage(ACLMessage.SUBSSC(E,IRp}g)}rEI)- 7

private ACLMessage AMSCancellation - new
ACLMessage(ACLMessage. CANCEL);

private ACLMessage AMSRequest =’new
ACLMessage(ACLMessage.REQUEST);

//here the agent start after his state is ACTIVE
public void setup(){

failer=false;

//Add registration, LoadTabel and Moving behaviours
Behaviour bl=new registerationBeh();

Behaviour b2=new MovingBeh();

Behaviour b0=new LoadTabelBeh();

addBehaviour(bl);
addBehaviour(b0);
addBehaviour(b2);

}

//this metode called when doDelete() called
public void takeDown() {

float s1,s2,53;

String datas[]=new String[5];

int 1;

//read the data from vector then store it in database
for(i=0;i<orderlist.size OsitH){
s1=((datat)orderlist.elementAt (i)).getread ("Process1");
52=((datat)orderlist.elementAt (i)).getread ("Process2");
s3=((datat)orderlist.elementAt (i)).getread ("Process3");
System.out.println("Process1: "+s1);
System.out.println("ProcessZ: "+52);
System.out.println("Process3: "+s3);
datas[0]=((datat)orderlist.elementAt (i)).getContIP ();
datas[1]=String.va1ueOf (s1);
datas[2]=String.valueOf (s2);
datas[3]=String.valueOf (s3);
datas [4]=String.value0f (s1+s2+s3);

DBMS(datas);




}

SymBnLOULpthhK"********************************************
: ® % g * kR &Y.
System.out.println(getLocalName()+" is now shutting down."); )

}

//th1§ metbode called when the agent is leaving the container
public void beforeMove(){
System.out_println("**********************************************")-

System.out.println(getLocalName()+" is leaving "+here().getName ());
System.out.prlnﬂn("**********************************************")

}

//this methode called when the agent successfully moved
public void afterMove(){
counttmp=((Integer)count.remove (0)).intValue ();
//check if the agent arrive to main container or happening fail
if(here().getName ().equalsIgnoreCase ("Main-Container"))
doDelete ();
if(!failer){
System.out.println(
System.out.println(getLocalName()+" now in "+here().getName ());
Behaviour b=new readdataBeh();
addBehaviour(b);

"*******************************************n)
2

count.add (0,(new Integer(counttmp+l)));

setup ();
}

//return ACLMessages :
protected ACLMessage getSubscnbe() {
return AMS Subscription;

}
protected ACLMessage getCancel() {
return AMSCancellation;

}
protected ACLMessage getRequest() {
return AMSRequest;

}

//behaviour of moving :
class MovingBeh extends OneShotBehaviour{




public void action(){

//check if there is more node
if(counttmp<(orderlist.size ())){

{/ get the next IP and set the location to it

int ztmp=((Integer)count.elementAt (0)).intValue ();

conname=((dgtat)orderlist.elementAt (ztmp)).getContIP ();
System.out.println("count = "+ztmp+ " "+count.size ());

}

//set the location to Main-Container
else {conname="Main-Container";

}

//call the move method with the AID of the agent and location
moveAgent(mobiagent.this.getAID (), conname);
3
}

//this behaviour for fill the agent with IP's
class LoadTabelBeh extends OneShotBehaviour{

public void action(){

try{

if(count!=null&&!count.isEmpty 0) .
counttmp=((Integer)count.elementAt (0)).intValue (;

if(counttmp==0&&!notstartup){

//Create Vector object
count=new Vector();

readInfoData();
count.add (new Integer(0));

notstartup=true;

}catch(Exception ex1){
ex1.printStackTrace 0s

}
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//Fill the of ACL Message with specified concept
ACLMessage requestMsg = getRequest();

requestMsg.setOntology(MobilityOntology. NAME);

//Validate the language and ontology
getContentManager().fillContent(requestMsg, a);

//Add 'Si.rr_lpleAchieveREInitiator behaviour
//The initiator sends a message (to performs moving)
addBehaviour(new AMSClientBehaviour("MoveAgent",requestMsg));

} catch(Exception fe) {

fe.printStackTrace();

}
3

//this method is to store the data in power company database
public void DBMS(String[] infor){

//Specify the name of DataSource
String url = "jdbc:odbc:serverjdk";
Connection con,conl;

String s,Query,n;
PreparedStatement updateV;

try {
Class.forName("sun.j dbc.odbe.J dbcOdbeDriver");

}catch(java.lang.ClassNotFoundException e) {

//error if ther is no jdbe:odbe bridge driver
J OptionPane.showMessageDialog(null,"ClassNotFoundException: \n"
+e.getMessage 05

"]O Exception",
J OptionPane.ERROR_MES SAGE);

System.err.print("ClassNotFoundException: Wy
System.err.println(e. getMessage());

}

.' try {
i con = DriverManager. getConnection(url);

//determine the specific prepareStatement
updateV = con.prepareStatement(
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//insert the data to database

updateV .setString(1,infor[0]);

updateV .setDate(2,new java.sql.Date(System i illi :
updateV .setString(3,infor[1]); Sl e U
updateV.setString(4,infor[2]);
updateV .setString(5,infor[3]);
updateV setString(6,infor[4]);

updateV.executeUpdate();

//close the connection to database
updateV .close ();
con.close();

} catch(SQLException ex) {

Jlerror if any SQL error happen

J OptionPane.showMessageDialog(null,"SQLException: \n"
+ ex.getMessage(),
"JO Exception",
J OptionPane.ERROR_MESSAGE);

System.err.println("SQLException: " + ex.getMessage());

}

3

//Read the database from host side to fill the vector
//with value of reading that carry the local ip
public void readClientData(){

//Specify the name of DataSource
String url ="J dbe:odbe:clientjdk";
Connection con;

String createString;
String ss,ssl ,n,infor="",Hostname="",localad="";

String info[]=new String[8];

//determine the specific Query to get values and PID
createString = "select * from PMPT ORDER BY PID ASC";

Statement stmt;




try {
Class:forName("sun.jdbc.odbc.JdchdbcDriver");
} catch(java.lang.ClassNotFoundException e) {

/lerror if ther is no jdbc:odbe bridge driver
System.err.print("ClassNotFoundException: e
J OptionPane.showMessageDialog(null,"ClassNotFoundException: \n"
+e.getMessage(),
"Class Not Found Exception",
JOptionPane. ERROR_MESSAGE);
System.err.println(e. getMessage());

}

//connect to database and read the neaded data
try {

con = DriverManager.getConnection(url);
stmt = con.createStatement();
ResultSet 1s =stmt.executeQuery(createString);

//add the values in the node
while (rs.next()) {
ss=rs.getString(1);
ss1=rs.getString(2);
((datat)orderlist.elementAt (counttmp))
.addread (ss,Float.parseFloat (ss1));

}

//close the connection to database

stmt.close();
con.close();
} catch(SQLException ex) {

J/error if any SQL error happen
JOptionPane.showMessageDialog(null,"SQLException: ST
ex.getMessage()
"§QL Exception”,
JOptionPane.ERROR MESSAGE);

//Read the database from server side to fill the vector
//with IP as nodes that will be filled with readings later




public void readInfoData(){
//Specify the name of DataSource
String url = "jdbe:odbe:serverjdk”;
Connection con;
String createString;
String sS;
String info[]=new String[8];
orderlist =new Vector();

//determine the specific Query to get IP from DB at power company
createString = "select IP from info ORDER BY IP ASC"s
Statement stmt;

try {
Class.forName("sun.jdbc.odbc.J dbcOdbeDriver");

} catch(iava.lang.ClassNotFoundException e) {

//error if ther is no jdbe:odbe bridge driver

J OptionPane.showMessageDialog(null,"ClassNotFoundException: \n"
+e.getMessage(),
"Class Not Found Exception”,
J OptionPane.ERROR_MESSAGE);

3

//connect to database and read the neaded data
Lo

con= DriverManager.getConnection(url);
stmt = con.createStatement();
ResultSet rs =stmt.executeQuery(createString);

//create a datat node add the IP and hostname
/Jand add it to vector
while (rs.next()) {

ss=rs.getString(1);

orderlist.add (new datat("asd",ss));

3

| /lclose the connection to database
i stmt.close();
\ con.close();

} catch(SQLException ex) {




/[error if any SQL error happe?n v
JoptionPane.showMessageDlalog(null,"SQLExcept1on: :

ex.getMessage(),
"SQL Exception”,
J OptionPane.ERROR_MES SAGE);

class registerationBeh extends OneShotBehaviour{

public void action(){
//Register concepts, actions and predicates Ontology (JADEManagement)
// Register the supported ontologies

getContentManager().re gisterOntolo gy(
J ADEManagementOntology.getlnstance());

//Register Introspection Ontology
getContentManager().registerOntology(
IntrospectionOntology.getInstance());

//Register FIPA Agent Management specifications (F [P AManagement)
getContentManager().registerOntology(
FIPAManagementOntology.getInstance());

/[Register JADE mobility Ontology
getContentManager().registerOntolo gy(
MobilityOntology.getInstance());

/[Register the supported languages (FIPANames)
SLCodec codec = new SLCodec();
getContentManager().

registerLanguage(codec,FIPANames.C
St Conten s en0) ontentLanguage.FIPA_SIL.0);

registerLanguage(codec,FIPAN
sty ames.ContentLanguage.FIPA SL1);

registerLanguage(codec,FIP
s ConehTN iy ,FIPANames.ContentLanguage FIPA_S1.2);




registerLanguage(codec,FIPANames.ContentLanguage.FIPA_SL);

// Fill ACL messages fields

AMSSubscription.setSender(getAID());
AMSSubscription.clearAllReceiver();
AMSSubscription.addReceiver(getAMS());
AMSSubscription.setLanguage(FIPANames.ContentLanguage.FIPA_SLO);
AMS Subscription.setOntology(IntrospectionOntology.NAME);
AMSSubscription.setReplyWith(AMSSubscriber. AMS_SUBSCRIPTION);
AMSSubscription.setConversationld(getLocalName());

//Fill ACL messages fields with 3communicative performative to FIPA
//(SUBSCRIBE, CANCEL and REQUEST)

String content = AMSSubscriber. PLATFORM_EVENTS;
AMSSubscription.setContent(content);

AMSCancellation.setSender(getAID());

AMSCancellation.clearAllReceiver();
AMSCancellation.addReceiver(getAMS());
AMSCancellation.setLanguage(FIPANames.ContentLanguage. FIPA_SL0);
AMSCancellation.setOntology(IntrospectionOntology. NAME);
AMSCancellation.setReplyWith(AMSSubscriber. AMS CANCELLATION);
AMSCancellation.setConversationld(getLocalName());

// No content is needed (cfr. FIPA 97 Part 2 page 26)

AMSRequest.setSender(getAID());
AMSRequest.clearAllReceiver();
AMSRequest.addReceiver(getAMS());

AMSRequest.setProtocol(FIPANames.InteractionProtocol. FIPA REQUEST);
AMSRequest.setLanguage(FIPANames.ContentLanguage. FIPA SLO0);

//the initiator sends a single message
//(i.e. it performs a single communicative act)
private class AMSClientBehaviour extends SimpleAchieveREInitiator {

private String actionName;

public AMSClientBehaviour(String an, ACLMessage request) {
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super(mobiagent.this, request);
actionName = an;

}

//this called when the responds with not understood by rma
protected void handleNotUnderstood(ACLMessage reply) {
System.out.println ("NOT-UNDERSTOOD received by RMA during "
+ actionName+ reply.getEnvelope ()
.getComments ());

//this called when the responds with refused by rma
protected void handleRefuse(ACLMessage reply) {
System.out.println ("REFUSE received during "
+ actionName-+ reply.getEnvelope ()
.getComments ());

}

//this called when the responds with agree
protected void handleAgree(ACLMessage reply) {

}

//this called when the responds with failure of action

protected void handleFailure(ACLMessage reply) {
System.out.println ("FAILURE received during " + actionName);
failer=true;
afterMove();

}

/Ithis called when the responds with informed state
protected void handleInform(ACLMessage reply) {

}

} // End of AMSClientBehaviour class
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