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Abstract— This paper presents a detailed description of the Server Cluster with Real Time Load Balancing. It explains the 
purpose and features of the system, the interfaces of the system, what the system will do, the constraints under which must 
operate and how the system will react to external stimuli. This system is designed to allow a programmer to manage and 
integrate a cluster of load balancers and worker nodes to cater the web requests over a distributed network. The Server Cluster 
with Real Time Load Balancing is stand alone software. It is completely customizable and is intended for meeting the 
requirements of programmers. The code will be open source allowing programmer to use it and embed his/her code in the 
software to make completely customizable server with functionalities. Any application or web server code can be embedded 
in a very efficient manner with pre-provided load balancing facility. The software will facilitate communication between 
worker nodes, load balancers, and the programmer via message passing. Preformatted reply forms are used in every stage of 
the client requests’ progress through the system to provide uniformity. 
 
Index Terms— Component, Main process, Receiver thread, Sender thread.  
 
I. INTRODUCTION 
 
Serving all the clients simultaneously and in given 
time limits is becoming more and more difficult as the 
number of clients continue to increase. With 
tremendous growth of Internet and the number of 
users, the internet servers must be enhanced to serve 
the present scenario clients. The server must also 
maintain the rapid response property while serving the 
request. To address the problems of scalability and 
high availability, we have designed the java server 
cluster with real time load-balancing. A cluster is a 
group of resources that tries to achieve a common 
objective and is aware of one another. Clustering 
usually involves setting up of resources (servers 
usually) to exchange details on a particular channel 
(port) and keep exchanging their states, so a resource’s 
state is replicated at other places as well. It usually also 
includes load balancing, wherein the request is routed 
to one of the resources in the cluster as per the load 
balancing policy. 
One of the many features of this cluster is real time      
because worker nodes can update their current load 
status at connected load balancers which gives a better 
distribution of load  even in case of highly 
asymmetrical loads.  
Linux Virtual Server [4] is reference for our solution to 
the requirements. Linux Virtual Server is a software 
tool that directs network connections to multiple 
servers that share their workload, which can be used to 
build highly scalable and highly available services. 
Whole cluster comprises of many single nodes. Each 
node contains components which are responsible for 
carrying out some specific task. 
 
There are three types of components 

1. Main process: The Main process reads 
configuration file, to extract the information about 
the port on which it is going to be executed. 

2. Load Balancer: Load balancer works with the 
clustering framework to manage the server 
workload within the cluster so that it is evenly 
distributed among the nodes. 

3. Worker: The worker thread serves the web 
request that is assigned to the server by remote 
clients.   

Each components run in one or more threads 
(Customizable). 
There are two additional threads called receiver thread 
and sender threads used for receiving and sending TCP 
communication. 
 
II. RELATED WORK AND APPROACHES 
 
The different methods used to find a solution to the 
load balancing problem can be classified using 
Casavant and Kuhl's taxonomy [5]. There are two 
important distinctions of load balancing techniques, 
between static and dynamic techniques and between 
optimal and sub-optimal techniques. 
In [1], an advanced load balancing technique proposed 
is based on network controlled handover but the 
implementation of this algorithm requires extensive 
amount of signaling and presence of a centralized 
architecture is preferred. 
Linux Virtual Server extends the TCP/IP stack of 
Linux kernel to support three IP load balancing 
techniques, which can make parallel services of 
different kinds of server clusters to appear as a service 
on a single IP address and achieves its scalability by 
transparently adding or removing a node in the cluster, 
and high availability is provided by detecting node or 
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daemon failures and reconfiguring the system 
appropriately. 
Whereas Peder J. Emstad [3] says load control and 
load balancing are two closely connected policies that 
may be applied to achieve low rejection probability for 
new calls, maintained response times for accepted 
calls, and balanced load on available resources.  
The GST [2] algorithm partitions the set of 
n-independent, intercommunicating tasks dynamically 
and form a parallel or distributed program among m 
processing nodes connected in a given topology, this 
dynamic allocation uses information about program’s 
structure fetched at compilation time. 
 
III. IMPLEMENTATION 
 
A. Overview 
First of all Configuration details are provided to the 
system described later in this section to configure the 
server. Main Process starts and it starts load balancer 
and worker then it instructs worker to connect to load 
balancer, Worker connects to load balancer, 
Connection completed. 
Now main process connects to senior nodes and then 
they interchange list of their components and instruct 
their worker to connect to opposite load balancer. 
There is a Monitor program for testing purpose of this 
project which interacts with the main process to know 
the loads of the servers in cluster in draw their graphs.  
 
B. Feedback Based System 
This is the proposed load balancing algorithm, in this 
system each worker node updates the load balancers 
about its load periodically. So a better picture of load 
distribution across the cluster is present to route the 
requests to worker with the minimum load. 
Algorithm 
Integer turn=0 
Integer  WaitBeforeReorder=10 
Worker=WorkerList.top() 
Worker.dispatchWork(work) 
Worker.load++; 
If(turn++  % WaitBeforeReorder) 
  Reorder() 
 
Function Reorder() 
{ 

WorkerList l2 
While(WorkerList is not Empty) 
{ 

Worker=WorkerList.min() 
WorkerList.remove(Worker) 
L2.add(Worker) 

} 
WorkerList=l2 

} 
Ideally reordering of the worker nodes should 

take place after every job dispatched but doing so 

would result in huge overhead associated with 
reordering. So it takes place after a few jobs. This 
parameter can be controlled by "waitBeforeReorder" 
variable. 

 
C. Component Class 
Component is the base class which provides the basic 
functionality which is common to all components 
(LoadBalancer , Worker, MainProcess). 
 Config stores the configuration of the local 

system parsed from config file. 
 MsgQueue and MsgOutQueue are used for 

receiving and sending messages. 
 Sender and Receiver threads manage the actual 

TCP traffic. 
 Handlers are callbacks which are called when a 

certain message arrives. 
 handleClient is an abstract function in 

Component which is meant to be overridden by 
subclasses to provide a more meaningful 
implementation. 

 The connectTo function is used to connect to 
other components in a different thread to avoid 
blocking the calling thread. 

 keepRunning is the boolean variable used to 
control the eventLoops of the components. 

 initializeHandlers is an abstract function in 
Component which is called at the end of the 
constructor. Subclasses can override this 
function to set the proper msgHandlers with 
their callbacks. 

 Go function is used for start the event loop 
 stop functiom is used for end the loop 
 loop function contains the actual event loop 

code 
 

D. NonMPComponent 
NonMPComponent class represents a component 
which is either a loadbalancer or a worker. mpPort 
holds the value of MainProcess port and mpMsgQueue 
holds the msgQueue of Main Process. 
 
E. Message Hierarchy 
Message hierarchy is implemented to keep all the 
messages to be used for inter-thread communication 
and inter-node communication. 
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Message Names  
 MN_NEW_NODE_JOIN : Sent by the new 

node when connecting to a senior node. 
 MN_NEW_NODE_JOIN_ACK : 

Acknowledgment of 
MN_NEW_NODE_JOIN. 

 MN_COMPONENT_CONFIRMATION = 
Sent by LB to MP for confirming incoming 
connection. 

 MN_COMPONENT_CONFIRMATION_R
ESULT:  component conformation result. 

 MN_NEW_WORKER_JOIN = sent by 
worker when connecting to a LB; 

 MN_NEW_WORKER_JOIN_RESULT = 
Result of new worker join; 

 MN_JOB = new job; 
 MN_JOB_RESULT = job's result; 
 MN_LOAD_UPDATE = update of latest load 

sent by worker to LB; 
 MN_CLIENT_REQUEST = Request by 

client; 
 MN_CONNECT_TO = Instruction of 

connecting to some LB give to worker by MP; 
 MN_ALARM = alarm alert; 
 MN_TELL_LOAD = tell the current load 
 MN_TELL_LOAD_ANS = current load; 
 MN_TELL_STATUS = tell current status; 
 MN_TELL_STATUS_ANS = current status; 

 
F. Main Process 
The Main process reads configuration file, to extract 
the information about the port, on which it is going to 
be executed. Main thread prepares a linked blocking 
queue for message. It invokes the receiver thread on 
port, which was read in configuration file. It invokes 
the sender thread and acquires the Message out queue 
(takes reference). 
A job id is assigned to each incoming requests and this 
jobID is matched in response to ensure that it is same 
pair of request-response. jobIDs are also used to 
synchronize the request - response cycles between load 
balancers and workers. JobID is a 4 byte long int stored 
at the head of the message containing jobs and results. 
Workers have no use of them and return these ids 
along with the result of the calculation. Load balancers 
use these ids to route the results to end client. 
 
G. Sender Thread 
The Sender thread has one “linked blocking queue 
<msgout>” (message out queue). The Sender thread is 
polling on this blocking queue for message out object, 
and as soon as it receives the object, it extracts the 
content in raw form (Byte form) and sends it to 
respective TCP connection. 
 Function   
take() 
 

It is a java predefined function in 
LinkedBlockingQueue, used for polling on the queue. 
Code 
Public LinkedBLockingQueue<msgout> getmoq() 
{ 

return moq; 
} 
 
H. Receiver Thread 
The Receiver thread uses JAVA NIO’s utility 
“selector” which monitors the events on the socket 
based input output devices. It is used to process 
multiple clients in a single event loop by waiting on the 
selector in that single thread. 
Function   
Register() 
Register input output channel with NIO selector.  
Reentrant locks are used to achieve multi-threaded use 
of selector. 
Code 
Receiver(int LPort, LinkedBlockingQueue<msg>  mq) 
{ 
  //code 
} 
 
I. Configuration file Parser 
Configuration file Parser is a program that parses the 
content of the configuration file. Configuration file 
format is based on simple XML format. 
e.g:  <Own> 

<Components> 
Main_process port 2100 
Load_Balancer Port 2200 
Worker Port 2300 

</Components> 
Public_Address 198.168.0.102 
Private_Address 10.2.12.56 

      </Own> 
Parsing of this format is achieved by using Integer 
stack, which is used to store previous modes to keep 
track of the nested block. 
 
J. Connection Manger 
Connection Manager is used to store the connection 
specific information like type, Socket channel etc, are 
stored when we register with the selector. This 
information is later used by Receiver thread to read 
from respective socket and access other session 
information. 

Types of Connection Managers (CM) :  
1. CLIENT : used for clients connected to the 

network. 
2. MP : used with Main Process. 
3. LB : used with Load Balancer. 
4. WORKER : used with worker. 
5. TIMER : used with timer. 
6. LISTNING_INTERNAL : used with sockets 

which are using internal binary protocols. 
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7. LISTNING_EXTERNAL : used with sockets 
which are using external text based protocols. 

 
Components integration to set-up one server includes 
the implementation of JAVA Built-in data structure 
(Concurrent). Linked Blocking queue, which is shared 
by sending thread and receiving thread to push and 
pull the message. Access to this queue (data structure) 
is synchronizes for both the threads. 
The port can configured by editing the configuration 
file. Multiple threads are not used for doing same 
work. 
 
Overview of connection process 
When a new server requests to connect to the cluster, 
certain sequence of messages are exchanged between 
the two nodes, these messages are as follows: 

 
1. Connection_request : By new node 
2. Authentication_request : By existing node 
3. Authentication_reply : By new node 
4. Detail_exchange : By both new and existing 

 
Then, after completion of these messages 
communication a mesh connection is established 
between new and existing node’s balancer and worker 
node. To exchange any message we use the same 
sender and receiver thread, along with the message 
hierarchy previously implemented. 
 
Binary protocols for intra cluster communication  
 
1. Every message starts with a 2 byte (short) number 
denoting the name of the message. The name of the 
message is used to map the message to the appropriate 
msgHandler in O(1) complexity. 
2. Data is packed in form of shorts , ints and longs 
mostly. 
3.  Much more efficient than text based protocols. 
4. Much more complex to implement than text based 
protocols. 

Two types of listening sockets are used for binary 
based communication and text based communication. 
LISTNING_INTERNAL for binary 
LISTNING_EXTERNAL for text based. 
 
K. Timer Thread 
The Timer thread is a JAVA thread dedicated to only 
sending timed events (alarms) to other threads. Every 
thread is given a handler to interact with the timer 
thread. When the specified time has passed the timer 
thread sends the ‘id’ of the timed event back to the 
thread which registered the timed event in the first 
phase.  
Object user data can be used to store any data which 
might be used in the function process. 
Message Handler is an abstract class with one 
parameterized type ‘T’. It has two data members: 

T o; 
int PermittedSender; 
 

o is the object to which this message handler 
belongs, PermittedSender is used to verify whether the 
sender has the permission to send that message. 

Timer thread is used for setting alarms for 
executing ertain code in future. Any thread can set an 
alarm by sending a TimedEvent object to the timer. 

Timer save these objects against the time 
value stored in these TimedEvents. These time values 
are set by the thread setting the alarm. After sleeping 
for 1000 milli seconds it processes the alarms which 
are to be sent to respective threads and then processes 
further alarm setting requests. 

Timer uses a central queue of TimedEvents 
for receiving alarm requests. 

 
L. Timed Events 
TimedEvent has a targetMsgQueue which is the 
msgQueue of the thread requesting the alarm. Timer 
thread uses these queues to deliver the TimedEvent 
back to the alarm setting thread. 

TimedEvent is an abstract class with abstract 
function "execute". Annonymous class can be created 
on the go by extending TimedEvent and implementing 
"execute" function. 

Timer uses events variable to store the future 
alarm requests. It is a hashmap which is good for 
storing unordered key data pairs.  

Vectors of TimedEvents are stored in the 
"events" map against the timestamp values. All the 
events in the same vector are processed together. 
The precision of the timer can be controlled by the 
"sleepTime" variable. Default value of "sleepTime" is 
1000 ms (1 sec). "keepRunning" is used for stoping the 
loop. 
Interface TimedEvent 
{ 

Object userdata; 
Abstract int Process(); 

} 
 
M. Event Loop 
EventLoop is the main processing loop which runs in 
every component. A message is polled out of the 
msgQueue of the component and proper handler is 
called based upon the type of message and its sender. 
MsgHandler contains a executable code which is 
called in response to incoming messages. 
MsgHandler can optionally contain a 
permittedSender field to verify the validity of sender. 

 
N. Simulation Used  for Overloading 
Class Users is used to create multiple simultaneous 
high speed users. It is used to overload the cluster to 
ensure that proper load balancing is taking place. User 
class is specifically created to create highly 
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asymmetrical load to study the advantages of a 
feedback based system over simple round robin. 
Although the these classes can be modified to create 
any level of asymmetry in load starting from perfectly 
symmetrical to highly asymmetrical. The uniformity of 
load across the cluster even in cases of highly 
asymmetrical loads is desired. 
 
IV. GRAPHS 
 
A. Current Load 
The load can be expressed in the form of pending jobs 
at a worker . Different resources should be taken into 
account for computing load to get better servicing 
times. The purpose of load balancing is to minimize 
the difference between loads of multiple workers . So if 
the algo is performing well then the difference between 
loads should be small. 

 
load : no of pending tasks in the jobQueue (current 
load) 
 y axis : no. of tasks 
 x axis : time in sec 
 

 
Figure 4.1 Current Load 

 
B. Total Queries Served 
If the queries are rather uniform in complexity and if 
distribution algorithm is doing well then number of 
total jobs served by the workers would be almost same. 
 
totalQueriesServed : no. of total queries served by the 
worker 
 y axis : no. of queries 
 x axis : time in sec   

 
Figure 4.2 Total Queries Served 

 
V. DESIGN CONSTRAINTS 
 
This project works well in personal computer’s having 
jdk environment i.e. jdk 1.6 or above installed 
properly. Any programmer can use this software and 
customize according to his needs. 
 
 Programmer can add a server to the cluster by 

entering appropriate user id and password and 
authenticating the new node to be added. 

 Programmer can add a load balancer to the 
cluster by entering appropriate user id and 
password and authenticating the new node to be 
added. 

 Programmer is required to define whether a 
node works as a load balancer or not initially 
when the worker node is added to the cluster. 

  
During serving the requests of the user an estimate of 
100,000 users should be able to hit the queries on the 
server cluster. The system can handle the simultaneous 
usage of almost 100,000 users at a time. 
 
VI. ASSUMPTIONS AND DEPENDENCIES 
 
 Wherever a web browser through which the 

clients make the requests should have minimal 
support for cookies and encrypted transactions. 

 Systems having minimum required software 
and hardware specification. 

 Working internet connection. 
 
CONCLUSION 
 
The “Server Cluster and Real Time Load Balancing” 
project, identifies the challenges faced in serving the 
web request, especially in the present scenario of 
rapidly growing users(clients). The “Server Cluster 
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and Real Time Load Balancing” project, analyses the 
related work in this area through various standard 
research papers and journals. It also proposes an 
efficient algorithm to handle the challenges identified. 
Moreover, this proposed work has a wide scope of 
further extensions to make the algorithm more scalable 
and efficient. 
 
FUTURE SCOPE 
 
This project can be further extended by creating a 
feedback mechanism between the worker nodes and 
the load balancers, so it is better than simple round 
robin in case of highly asymmetrical loads and 
multiple load balancers.  
SLOTS is a custom data structure made specifically for 
handling large number of objects with O(1) searching 
time  complexity. Each one of the object is given a 
token which contains the slot_id of the object is O(1) 
because slot_id is nothing but the slots index itself. So 

slots can also be used to enhance the efficiency of the 
algorithm. 
Other possibility of extension in this project is the use 
of load balancing concept at network layer and 
transport layer by implementing DSR and IP 
tunneling. 
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