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ABSTRACT
Legacy networks are often designed to operate with simple single path routing, like
the shortest path ,which is known to be throughput sub-optimal. On the other hand
previously proposed throughput optimal policies (i.e,back pressure)require every device in
the network to make dynamic routing decisions .In this paper we study an overlay
architecture for dynamic routing ,such that only a subset of devices(overlay nodes)need to
make the dynamic routing decisions. We determine the essential collections of nodes that
must bifurcate traffic for achieving the maximum multi-commodity network throughput. We
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apply our optimal node placement algorithm to several graphs and the results show that a
small fraction of overlay nodes is sufficient for achieving maximum throughput. Finally ,we
propose a threshold based policy(BP-T)and a heuristics policy(OBP),which dynamically
control traffic bifurcations at overlay nodes. Policy BT-P is proved to maximize the
throughput for the case when underlay paths do no overlap. In all studied simulation
scenarios OBP not only achieves full throughput but also reduces delay in comparison to the
throughput optimal Backpressure routing.
Keywords: designed to, optimal policies, dynamic routing, placement
CHAPTER 1
1.1. INTRODUCTION
We study optimal routing in networks where some legacy nodes are replaced with
overlay nodes. While the legacy nodes perform only forwarding on pre-specified paths, the
overlay nodes are able to dynamically route packets. Dynamic backpressure is known to be
an optimal routing policy, but it typically requires a homogeneous network, where all nodes
participate in control decisions. Instead, we assume that only a subset of the nodes are
controllable; these nodes form a network overlay within the legacy network. The choice of
the overlay nodes is shown to determine the throughput region of the network. A first finding
is that ring networks require exactly 3 controllable (overlay) nodes to enable the same
throughput region as when all nodes are controllable, independent of the total number of
nodes in the network. Motivated by this, we develop an algorithm for choosing the minimum
number of controllable nodes required to enable the full throughput region. We evaluate our
algorithm on several classes of regular and random graphs.
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In the case of random networks with a power-law degree distribution, which is a
common model for the Internet, we find that fewer than 80 out of 1000 nodes are required to
be controllable to enable the full throughput region. Since standard backpressure routing
cannot be directly applied to the overlay setting, we develop a heuristic extension to
backpressure routing that determines how to route packets between overlay nodes.
Simulation results confirm that maximum throughput can be attained with our policy in
several scenarios, when only a fraction of legacy nodes are replaced by controllable nodes.
Moreover, we observe reduced delay relative to the case where all nodes are controllable and
operate under backpressure routing.
Backpressure (BP) routing, first proposed in [10], is a throughput optimal routing
policy that has been studied for decades. Its strength lies in discovering multipath routes and
utilizing them optimally without knowledge of the network parameters, such as arrival rates,
link capacities, mobility, fading, etc. Nevertheless, the adoption of this routing policy has not
been embraced for general use on the Internet. This is due, in part, to an inability of
backpressure routing to coexist with legacy routing protocols. With few exceptions,
backpressure routing has been studied in homogeneous networks, where all nodes are
dynamically controllable and implement the backpressure policy across all nodes uniformly.
As will be shown, backpressure routing — as proposed in [10] — is suboptimal when applied
only to a subset of nodes in the network. Techniques to provide throughput-optimal multipath
routing have been explored in various contexts.
The work in [3] considers the problem of setting link weights provided to the Open
Shortest Path First (OSPF) routing protocol such that, when coupled with bifurcating traffic
equally among shortest paths, the network achieves throughput equal to the optimal
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multicommodity flow. The authors of [11] use an entropy maximization framework to
develop a new throughput-optimal link state routing protocol where each router intelligently
traffic for each destination among its outgoing links. These techniques all require centralized
control, universal adoption by all network nodes, or both; thus none of these techniques could
provide incremental deployment of throughput optimal routing to wireless networks.
Moreover, these techniques cannot be used in conjunction with throughput optimal
dynamic control schemes, such as backpressure. We would like to enable new network
control policies to be deployed in existing networks, alongside legacy nodes that are unaware
of the new control policies. There are many reasons to integrate controllable nodes into
heterogeneous networks in a gradual manner, not the least of which is the financial cost of
replacing all nodes at once. Other reasons include a need to maintain compatibility with
current applications and special purpose hardware, a lack of ownership to decommission
legacy equipment, and a lack of administrative privilege to modify existing software.
Conceptually, we model controllable nodes as operating in a network overlay on top of a
legacy network. Network overlays are frequently used to deploy new communication
architectures in legacy networks [8].
To accomplish this, messages from the new technology are encapsulated in the legacy
format, allowing the two methods to coexist in the legacy network. Nodes making use of the
new communication methods are then connected in a conceptual network overlay that
operates on top of the legacy network, as shown in Figure 1. Several works have considered
the use of network overlays to improve routing in the Internet. The work in [1] proposes
resilient overlay networks (RON) to find paths around network outages on a faster timescale
than BGP. Similarly, [4] proposed a method for choosing placement of overlay nodes to
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improve path diversity in overlay routes. While both of the preceding works show that their
strategies choose high quality single-path routes, we go further and identify multipath routes
that offer maximum throughput.
Delay reduction for BP routing has been studied in a variety of scenarios. While
multipath routes are required to support the full throughput region, the exploratory phase of
BP can lead to large queues when the offered load is low and single-path routes would
suffice. In [6], a hybrid policy combining BP with shortest-path routing is proposed, where
flows are biased towards shortest-path routes, yet still support the full throughput region.
This hybrid policy is extended in [5] to also include digital fountain codes, and shown to
achieve good end-to-end delay performance in the presence of random link failures. The
work in [12] develops a policy that achieves a similar shortest-path result by minimizing the
average hop count used by flows.
In a scenario with multiple clusters that are intermittently connected, [9] combines
BP with source routing in a network overlay model to separate the queue dynamics of intracluster traffic from longer inter-cluster delays. The work in [2] applies shadow queues to
allow the use of per-neighbor FIFO queues instead of per-commodity queues, as is typical
with differential backlog routing, and finds that this can improve network delay.

1.1 LITERATURE SURVEY
Literature survey is the most important step in software development process. Before
developing the tool it is necessary to determine the time factor, economy n company strength.
Once these things r satisfied, ten next steps are to determine which operating system and
language can be used for developing the tool. Once the programmers start building the tool
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the programmers need lot of external support. This support can be obtained from senior
programmers, from book or from websites. Before building the system the above
consideration r taken into account for developing the proposed system.
Throughput Region
The throughput region ΛG(V) is the set of all arrival rates that can be
achieved by any policy implemented at controllable nodes V on graph G. For the case where
all nodes are controllable, i.e., V = N , the throughput region equals the stability region of
graph G. This section characterizes this region for a given set of paths P(V). Packets destined
for node c are called commodity c packets. Let λ c a be the rate of exogenous arrivals at node
a for commodity c, and let λ = (λ c a) be the multicommodity arrival rate vector for all
sources a and commodities c. Let f ab,cij be the edge-flow for commodity c on edge (i, j)
along the shortest-path from node a to b. Flow for a path is allowed only on the edges along
that path, i.e. f ab,cij = 0 unless (i, j) ∈ P SP ab . Let ¯f c ab be path-flow for commodity c
along shortest-path P SP ab , from node a to b. Decision variable vi = 1 if node i is
controllable, and vi = 0 otherwise, for all nodes i ∈ N . The capacity of edge (i, j) is Rij .
The controllable throughput region ΛG(V) is then the set of all arrival rate vectors (λ
c a) such that Eqns. (1-6) can be satisfied. Instead of evaluating P2, we propose a surrogate
condition that is easier to evaluate while still leading to the same optimal solution. Recall that
the set of paths P(V) includes all underlay paths P SP and all n-concatenations (for any n) of
these paths at controllable nodes V. Let PG be the set of all acyclic paths between all pairs of
nodes in G. A first observation is that P(N ) = PG. This holds by the assumption that all 1-
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hop paths are included in the set P SP, and since all nodes are controllable we can produce
any path in G as a concatenation of 1-hop paths. Next, we define an important condition.
Problem Statement and Contributions
Given a graph G with nodes N supporting shortest-path routes between each pair of
nodes, we wish to identify a minimal set of controllable nodes V ⊆ N such that if only these
nodes are allowed to bifurcate traffic, maximum throughput can be achieved. Given any
subset of nodes that are controllable, we also wish to develop an optimal routing policy that
operates solely on these nodes. Ideally, we would like to solve (P1) where ΛG(V) is the
throughput region (i.e., the set of multi-commodity arrival rate vectors that can be stably
supported by the network) for graph G when only nodes V are controllable, while ΛG(N ) is
the throughput region when all nodes are controllable. Note that comparing throughput
regions directly can be difficult, so instead we identify a condition that is necessary and
sufficient to guarantee the full throughput region, and then we search for the minimal V that
satisfies this condition.
Second, we develop a modified BP routing policy and show through simulation that if
applied on nodes V, it stabilizes any arrival vector in ΛG(V). Our solutions for the first and
second problems are complementary, in the sense that they can be used together to solve the
joint problem. However, our node placement algorithm can be used with other policies, and
our backpressure policy works under any overlay node placement. Our contributions are
summarized below. We formulate the problem of placing the minimum number of overlay
(controllable) nodes in a legacy network in order to achieve the full multi-commodity
throughput region and provide an efficient placement algorithm.
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We apply our placement algorithm to several scenarios of interest including regular
and random graphs, showing that in some cases, only a small fraction of overlay nodes is
sufficient for maximum throughput.

1.2 EXISTING SYSTEM
Backpressure (BP) routing, first proposed in is a throughput optimal routing policy that
has been studied for decades. Its strength lies in discovering multipath routes and utilizing
them optimally without knowledge of the network parameters, such as arrival rates, link
capacities , mobility, fading, etc. Nevertheless, the adoption of this routing policy has not
been embraced for general use on the Internet. This is due, in part, to an inability of
backpressure routing to coexist with legacy routing protocols. With few exceptions, backpressure routing has been studied in homogeneous networks, where all nodes are
dynamically controllable and implement the backpressure policy across all nodes
uniformlyThe problem is further exacerbated by the mutual interference inherent in wireless
networks which, complicates both the scheduling mechanisms and their analysis. Some novel
analytical techniques to compute useful lower bound and delay estimates for wireless
networks with singlehop traffic were developed in. However, the analysis is not directly
applicable to multi-hop wireless network with multi hop flows, due to the difficulty in
characterizing the departure process at intermediate links. The metric of interest in this paper
is the system-wide average delay of a packet from the source to its corresponding destination.
We present a new, systematic methodology to obtain a fundamental lower bound on the
average packet delay in the system under any scheduling policy.
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1.3 PROPOSED SYSTEM
We formulate the problem of placing the minimum number of overlay (controllable)
nodes in a legacy network in order to achieve the full multi commodity throughput region
and provide an efficient placement algorithm. We apply our placement algorithm to several
scenarios of interest including regular and random graphs, showing that in some cases, only a
small fraction of overlay nodes is sufficient for maximum throughput. We propose a
threshold-based control policy BP-T as a modification of BP for use at overlay nodes, and
prove this policy to stabilize all arrival rates in AG(V) when tunnels do not overlap.
1.4 OVERVIEW
We model the network as a directed graph G = (N , E), where N is the set of nodes in
the network and E is the set of edges. We assume that the underlay network provides a fixed
realization for shortest-path routes between all pairs of nodes, and that uncontrollable nodes
will forward traf- fic only along the given shortest-path routes. Further, we assume that only
one path is provided between each pair of nodes. Let P SP ab be the shortest path from a to b,
and let P SP = (P SP ab ), for all pairs a, b ∈ N , be the set of all shortest paths provided by
the underlay network. If (i, j) is a link in G, then we assume that the single hop path is
available, i.e. P SP ij∈ PSP. Whenever a packet enters a forwarding node, the node inspects
the corresponding routing table and sends the packet towards the pre-specified path.
Therefore, the performance of the system depends on the available set of paths P SP .
Optimal substructure is assumed for shortest-paths, such that if shortest-path P SP ac
from node a to c includes node b, then path P SP ac includes shortestpaths P SP ab , from a to
b, and P SP bc , from b to c. This optimal substructure is consistent with shortest-paths in
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OSPF, a widely used routing protocol based on Dijkstra’sshortestpath algorithm [8], where
OSPF allows for the use of lowest next-hop router ID as a method for choosing between
multiple paths of equal length. Next, we consider the subset of nodes V ⊆N , called overlay
or controllable nodes, which can bifurcate traffic by directing packets to the destination or
other controllable nodes along the provided shortest-path routes. Intuitively, these nodes V
can improve throughput performance by generating new paths and enabling multipath
routing. The remaining uncontrollable nodes u ∈ N \ V provide only shortest-path forwarding
in the underlay network, with an exception that any uncontrollable node u can bifurcate all
traffic that originates at u; this may occur, for example, in the source applications at
uncontrollable nodes, or in a shim-layer between the network-layer and application-layer.
CHAPTER 2
WORK DONE IN PHASE TWO
2.1 SYSTEM ARCHITECTURE DESIGN
System Design is a solution, how to approach to creation of a new system. This
important phase is composed of several steps. It provides the understanding and procedural
details for implementing the system recommended infeasibility study. Stress in on translating
performance requirement into design specification design goes through logical physical
stages of development. Logical design reviews the present physical, prepare input and output
specification. These steps are as follow:


Problem definition.



Input output specification.



Data based designed.
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Modular program design.



Preparation of source code.



Testing and debug.

INPUT DESIGN
Input Design plays a vital role in the life cycle of software development, it requires
very careful attention of developers. The input design is to feed data to the application as
accurate as possible. So inputs are supposed to be designed effectively so that the errors
occurring while feeding are minimized. According to Software Engineering Concepts, the
input forms or screens are designed to provide to have a validation control over the input
limit, range and other related validations.This system has input screens in almost all the
modules. Error messages are developed to alert the user whenever he commits some mistakes
and guides him in the right way so that invalid entries are not made. Let us see deeply about
this under module design.Input design is the process of converting the user created input into
a computer-based format.
The goal of the input design is to make the data entry logical and free from errors.
The error is in the input are controlled by the input design. The application has been
developed in user-friendly manner. The forms have been designed in such a way during the
processing the cursor is placed in the position where must be entered. The user is also
provided with in an option to select an appropriate input from various alternatives related to
the field in certain cases.Validations are required for each data entered. Whenever a user
enters an erroneous data, error message is displayed and the user can move on to the
subsequent pages after completing all the entries in the current page.
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OUTPUT DESIGN
The Output from the computer is required to mainly create an efficient method of
communication within the company primarily among the project leader and his team
members, in other words, the administrator and the clients. The output of VPN is the system
which allows the project leader to manage his clients in terms of creating new clients and
assigning new projects to them, maintaining a record of the project validity and providing
folder level access to each client on the user side depending on the projects allotted to him. A
new user may be created by the administrator himself or a user can himself register as a new
user but the task of assigning projects and validating a new user rests with the administrator
only.The application starts running when it is executed for the first time. The server has to be
started and then the internet explorer in used as the browser. The project will run on the local
area network so the server machine will serve as the administrator while the other connected
systems can act as the clients. The developed system is highly user friendly and can be easily
understood by anyone using it even for the first time.
Choosing the right output method for each user is another objective in designing
output. Much output now appears on display screens, and users have the option of printing it
out with their own printer. The analyst needs to recognize the trade-offs involved in choosing
an output method. Costs differ; for the user, there are also differences in the accessibility,
flexibility, durability, distribution, storage and retrieval possibilities, transportability, and
overall impact of the data.
One of the most common complaints of users is that they do not receive information
in time to make necessary decisions. Although timing isn’t everything, it does play a large
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part in how useful output will be. Many reports are required on a daily basis, some only
monthly, others annually, and others only by exception.
Designing Output to Serve the Intended Purpose
All output should have a purpose. During the information requirements determination phase
of analysis, the systems analyst finds out what user and organizational purposes exist. Output
is then designed based on those purposes. You will have numerous opportunities to supply
output simply because the application permits you to do so. Remember the rule of
purposiveness, however. If the output is not functional, it should not be created, because
there are costs of time and materials associated with all output from the system.
Designing Output to Fit the User
With a large information system serving many users for many different purposes, it is
often difficult to personalize output. On the basis of interviews, observations, cost
considerations, and perhaps prototypes, it will be possible to design output that addresses
what many, if not all, users need and prefer.Generally speaking, it is more practical to create
user-specific or user-customizable output when designing for a decision support system or
other highly interactive applications such as those using the Web as a platform. It is still
possible, however, to design output to fit a user’s tasks and function in the organization,
which leads us to the next objective.
Delivering the Appropriate Quantity of Output
Part of the task of designing output is deciding what quantity of output is correct for
users. A useful heuristic is that the system must provide what each person needs to complete
his or her work. This answer is still far from a total solution, because it may be appropriate to
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display a subset of that information at first and then provide a way for the user to access
additional information easily.
The problem of information overload is so prevalent that it is a cliché, but it remains a
valid concern. No one is served if excess information is given only to flaunt the capabilities
of the system. Always keep the decision makers in mind. Often they will not need great
amounts of output, especially if there is an easy way to access more via a hyperlink or drilldown capability.

Figure 2.1: SYSTEM ARCHITECTURE
2.2 SYSTEM REQUIREMENTS
2.2.1 HARDWARE REQUIREMENTS
Processor : Pentium dual core
RAM

: 1 GB

Hard Disk Drive

: 80 GB

Monitor

: 17” Color Monitor

Key Board

: 108 Keys
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Mouse

: 3 Buttons

2.2.2 SOFTWARE REQUIREMENTS
Front End/GUI Tool

: Microsoft Visual studio 2012

Operating System : Windows Family
Language
Application
Back End

: C#, ASP.NET
: Web Application
: SQL Server 2005
CHAPTER 3
SYSTEM ORGANIZATION

3.1 USE CASE DIAGRAM
The use case diagram that was finally designed for the Student Admissions system
can be seen in Figure 4.3.2. The most important step to fully understanding the requirements
and scope of this system was the creation and subsequent refinement of this use case
diagram. Many changes were made to the initial diagram before a consensus was met on the
final design used.
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Figure 3.1: Use Case Diagram
3.2 COLLABORATION DIAGRAM
A collaboration diagram, also called a communication diagram or interaction
diagram, is an illustration of the relationships and interactions among software objects in the
Unified Modeling Language (UML). The concept is more than a decade old although it has
been refined as modeling paradigms have evolved
A collaboration diagram resembles a flowchart that portrays the roles, functionality and
behavior of individual objects as well as the overall operation of the system in real time.
Objects are shown as rectangles with naming labels inside. These labels are preceded by
colons and may be underlined. The relationships between the objects are shown as lines
connecting the rectangles. The messages between objects are shown as arrows connecting the
relevant rectangles along with labels that define the message sequencing.
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Figure 3.2: Collaboration Diagram
3.3 SEQUENCE DIAGRAM
Sequence diagrams are used to help quickly picture how the objects in a use case
interact during the sequence of events in a use case . They do this by showing the behavior
of the objects in the use case and the messages they pass. The main strength of sequence
diagrams is the clarity with which they show what objects are making what calls and to
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whom, and which objects are doing what processing .

Figure 3.3: Sequence Diagram
3.4 STATE CHART DIAGRAM
State chart diagram is one of the five UML diagrams used to model the dynamic
nature of a system. They define different states of an object during its lifetime and these
states are changed by events. State chart diagrams are useful to model the reactive systems.
Reactive systems can be defined as a system that responds to external or internal events.
State chart diagram describes the flow of control from one state to another state. States are
defined as a condition in which an object exists and it changes when some event is triggered.
The most important purpose of State chart diagram is to model lifetime of an object from
creation to termination. State chart diagrams are also used for forward and reverse
engineering of a system. However, the main purpose is to model the reactive system.
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Figure 3.4: State chart diagramDiagram
3.5 CLASS DIAGRAM
Class diagrams are probably the most widely used of all the UML diagrams. Not only
are they the most common but compared to any other UML diagram they have the largest
range of concepts to deal with Although there are concepts that could be used to create
deeper, more highly detailed class diagrams this project will only deal with the basics
concepts that are most commonly encountered as this will instead create the simple, easy to
understand models suggested by AM.The class diagram is created with no regard to the
programming language it will be implemented in. On the other hand there is the
implementation perspective which is the opposite of the conceptual perspective and is created
solely with how it will be implemented in a programming language in mind
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Figure 3.5: Use Case Diagram
CHAPTER 4
TECHNOLOGIES USED
4.1DOT NET OVERVIEW
Visual basic is the favorite programming environment of many users. When visual
basic was originated, it created a revolution in Windows programming, and that revolution
appears to this day. Windows programming was never as easy as it is using visual basic. It is
so easy that programs are made right before the eyes and are executed. Visual Basic was
derived from BASIC, and is an event-driven programming language. Programming in visual
basic is done visually, which means that as you design, you will know how your application
will look on execution. We can therefore change and experiment with design to meet your
requirement.
Visual Basic 2015 has many powerful features that’s are required in today’s
programming environment Visual basic introduced unheard-of ease to windows
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programming and changed programming from a chore to something very fun. In time,
Visual basic has gotten more complex as well as more powerful. Visual basic is used in a
task-oriented way, which is the best way to write about programming.
Operations
Operations are clearly defined actions that allow users to manipulate the data and the
structures of the database. The operations on a database must adhere to a predefined set of
integrity rules.
A Relational DataBase Management System (RDBMS)


Enables you to implement a database with tables, columns and indexes.



Guarantees the Referential Integrity between rows of various tables.



Updates the indexes automatically.



Interprets an SQL query and combines information from various tables



MYSQL DATABASE:
MySQL is the most popular Open Source Relational SQL database management

system. MySQL is one of the best RDBMS being used for developing web-based software
applications. MySQL is a fast, easy-to-use RDBMS being used for many small and big
businesses. MySQL is developed, marketed, and supported by MySQL AB, which is a
Swedish company. MySQL is becoming so popular because of many good reasons:


MySQL is released under an open-source license. So you have nothing to pay to use
it.
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MySQL is a very powerful program in its own right. It handles a large subset of the
functionality of the most expensive and powerful database packages.



MySQL uses a standard form of the well-known SQL data language.



MySQL works on many operating systems and with many languages including PHP,
PERL, C, C++, JAVA, etc.



MySQL works very quickly and works well even with large data sets.



MySQL is very friendly to PHP, the most appreciated language for web development.
CHAPTER 5
IMPLEMENTATION AND RESULTS

5.1 IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned out
into a working system. Thus it can be considered to be the most critical stage in achieving a
successful new system and in giving the user, confidence that the new system will work and
be effective. The implementation stage involves careful planning, investigation of the
existing system and it’s constraints on implementation, designing of methods to achieve
changeover and evaluation of changeover methods.
The following chapter looks at how the system implementation progressed over the
course of the build. It starts off by detailing the plan that was used to order how the
implementation would progress. The chapter then covers some of the important aspects of
implementation that were carried out throughout the building of the system. The data-tier and
then the web tier will be looked at in turn, and for the web-tier the implementation of each
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aspect of the Model-View-Controller will be considered. Finally, the testing that was carried
out on the system will be examined and the effect the results had on the system will be
looked.
Designing Plan
As was stated in the Technology and Literature Survey chapter the methodology
being followed for the development of this system is the Dynamic Systems Development
Method (DSDM). Many of the core principles of the DSDM come about from the idea that
the designing and building of a system should be an incremental process. To benefit most
from the methodology being used it was decided that the implementation phase of the
development would be carried out in an incremental fashion and to do this the system would
have to be split into distinct sections. Due to the manner in which the requirements were
gathered it was very easy to view the system in such a way. It was decided that the best way
to split the system up would be by the main tasks that the system was required to achieve and
it was hoped that by doing so each increment of the build would be kept to a manageable
level.
The testing for the system will also be carried out as it is built with a slightly more
thorough test at the end of each cycle. It is hoped that by doing this the system will nearly
always be in a relatively stable state, and that if when it gets to the deadline not all the
functionality is present this would not cause major problems with the final implementation.
Data-Tier – Implementing the Database
The implementation of the database for the system was carried out continuously as
the system was constructed. Before each aspect of functionality was coded the database was

International Journal of Research Review in Engineering and Management
(IJRREM),Volume -2, Issue-6,June-2018,Page No:119-144 ,Impact Factor: 2.9463, Scribd
Impact Factor :4.7317, academia Impact Factor : 1.1610
Page 141

www.ijrream.in
Impact Factor: 2.9463
INTERNATIONAL JOURNAL OF RESEARCH REVIEW IN
ENGINEERING AND MANAGEMENT (IJRREM)
Tamilnadu-636121, India
Indexed by

Scribd impact Factor: 4.7317, Academia Impact Factor: 1.1610
ISSN NO (online) : Application No : 17320 RNI –Application No 2017103794
looked at to make sure that all the necessary data that would be required for the new piece.
Functionality could be stored, and if this was not the case then new tables or fields were
added to the database. By carrying out the implementation in this way it meant that the initial
design of the database was the first area to be implemented for the system. Throughout the
course of the implementation phase many of the tables in the database had many minor
alterations made on them. The was especially obvious on the application table, which
probably had the most changes over the course of the system build, starting out with less than
10 fields and ending up with over 30.
User Classes
The user classes within the system are those that model each different user level
available to a user. When designing the system there were originally five different possible
user levels considered, these were applicant, officer, tutor, secretary, and referee, however
only three were implemented in the end. The two that were removed were secretary and
referee. The secretary was left out of the system because it was felt that it had no distinct role
and that everything that was being carried out by the secretary could be automated or carried
out by one of the other users of the system. The referee user has always been considered an
expendable user within the system and would only be implemented if time allowed, this was
not the case however so had to be left out.
When a user logs into the system the user class that corresponds with their user level
is initialized and stored in a session variable, as shown in Figure 5.1. The user classes are
necessary because this is where all the different methods that each user can carry out within
the system are held. For example, an applicant has the ability to add or edit applications, send
or delete applications, and accept or reject offers made for applications. Nearly all the
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methods that are used with the user class require some interaction with the objects modelled
within the system. This can be seen with the create Application method that an applicant has,
this method requires an application to be sent to the create Application method, which is then
added to the database.
CHAPTER 6
CONCLUSION & FUTURE WORK
The optimal routing in legacy networks where only a subset of nodes can make
dynamic routing decisions, while the legacy nodes can forward packets only on pre-specified
shortest-paths. This model captures evolving heterogeneous networks where intelligence is
introduced at a fraction of nodes. We propose a necessary and sufficient condition for the
overlay node placement to enable the full multi commodity throughput region. Based on this
condition, we devise an algorithm for optimal controllable node placement. We run the
algorithm on large random graphs to show that very often a small number of intelligent nodes
suffices for full throughput. Finally, we propose a dynamic routing policy to be implemented
in a network overlay, which demonstrates superior performance in terms of both throughput
and delay.
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