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Abstract – Modern day innovations in software 

development, deployment and maintenance now allow Java 

client applications to customize and reuse Java Application 

Programmable Interface (API) to suit their various 

purposes/tasks. Such java-based web/desktop applications 

dynamically send request to application servers for linking 

and loading of the required version of API. In decentralised 

java computing systems, long queues of client application 

API requests create serious overloading of application 

servers. In a distributed computing system where there are 

many java client applications running on different machines 

(operating systems) in different geographical locations, 

keeping track of API references to ensure binary 

compatibility when higher/new versions of java API are 

released becomes a limiting problem. Consequently, Java 

client applications in such a system cease to work due to 

numerous linking and loading errors during compilation and 

run time. This research addresses the underlying causes of 

poor performance of java application servers using a java 

version control system. This involves the design and 

simulation of an admission controller to obtain improved 

results. Results obtained from the simulation using step 

response are: settling time of 1.6 seconds, rise time less than 

0.23 seconds and a negligible steady state error. These 

simulation results show a better performance of the modern 

distributed java computing system. 

 

Keywords – Java Client Applications, Distributed Java 

Computing System, Java Version Control, Java Application 
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I. INTRODUCTION  
 

Recent improvements in software development, 

deployment and maintenance now allow Java client 

applications to be customizable and reusable. Java client 

applications are normal programs embedded/installed in 

computers, cell phones, home security systems, ATMs 

(Automated Teller Machines), robots, televisions, lottery 

systems etc. Java software mostly goes through some 

levels of modifications and integration to achieve the end 

user’s goal. The levels include the java class development, 

Application Programming Interface (API) development 

and Java client application development. An application 

programming interface (API) is a set of functions, 

procedures, methods, classes or protocols that an operating 

system, library or service provides to support requests 

made by computer programs [4]. 

Java is an object-oriented, platform-neutral, secure and 

high level programming language designed to be easier to 

learn and use in most modern day software [1]. Object-

oriented programming (OOP) is a software development 

methodology in which a program is conceptualized as a 

group of objects that work together [1].  A collection of 

java classes is known as Java Class Library. Java Class 

Libraries can be found in java compilers and Java 

Archives mostly available on the web or java application 

servers. 

Creating and executing java programs (applications) in a 

java development environment, involves five phases 

namely: edit, compile, load, verify, and execute [2]. Most 

java-based applications/softwares and web/online services 

rely on java Application Programming Interface (API). A 

java API is a set of functions/methods, classes or protocols 

that, an operating system, library or service provides to 

support requests made by computer programs [4]. In other 

words, an interface linking java applications to java 

classes or class library as part of the Java development kit 

(JDK) is called a Java API. 

A Java Development Kit (JDK) is a software 

development environment used for developing Java 

applications and applets. JDK includes the Java Runtime 

Environment (JRE), a compiler (javac), an archive (jar), a 

documentation generator (javadoc), an interpreter/loader 

(java) and java packages, classes, and interfaces, as well as 

their fields, methods and constructors used for developing 

high performance applications.  

With the exponential growth in the number of systems 

and subsystems that forms part of the internet (distributed 

computing system), without autonomic networking the 

management of the computing network, to deliver 

expected performance will become impractical [14]. In a 

distributed computing system, each Java client application 

depends on the API class version from which it was 

developed and all the client applications depend on the 

main java class library mostly located in the java 

application server. On regularly bases, the client 

applications either send request for the latest versions of 

their based API or receive notifications. Therefore, a very 

high performance and efficiency as well as optimally 

controlled java-based application server is required to 

ensure the success of such systems.  

A distributed computing environment with java client 

https://en.wikipedia.org/wiki/Web_application
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applications running on difference computer platforms and 

network locations, a java API is mainly located in 

web/application servers. An Application server is a server 

program that resides in the dedicated computer, providing 

the necessary API support for application programs. The 

server can be a part of the distributed java computing 

systems network. 

Java client applications build on APIs located in an 

application server must fetch, compile and execute the API 

in order to function properly. It involves an error-free 

resolution of some external interclass/API references to 

achieving the application server successfully compiling 

and running client application/software. This is called 

dynamic Linking and Loading. Modern programming 

languages and compilers offer the ability to dynamically 

link the binary files that they produce[5]. Such a dynamic 

system requires the compatibility of the binary code 

(bytecode) of both the client applications and the API 

used. In order to achieve this, dynamic linking and loading 

request from client applications for latest versions of java 

APIs must be properly controlled and attended to at the 

application server using a distributed java version control 

system. 

Distributed Java Version Control System (DJVCS) is a 

third-party control system that manages revisions of java 

APIs required by java client applications function well in a 

distributed network. A version control system keeps the 

record and history of changes in java API versions and 

gives client applications access to the information. DJVCS 

takes a peer-to-peer approach, as opposed to the client-

server approach of centralized systems such that rather 

than a single, central repository on which clients 

synchronize, each peer's working copy of the 

API/codebase [6]. Some examples of distributed java 

version control system include Git, Bazaar, and Mercurial. 

DJVCS makes use of admission control to allow java 

client applications easy access to new API versions from 

the application server.  

The validation process in communication systems where 

checks are performed to see whether server resources are 

sufficient to establish a connection and accept client 

requests is known as admission control. An admission 

control mechanism is intended to prevent the system from 

becoming overloaded by rejecting client requests [7]. 

Admission control can be better explained by the queuing 

theory. In distributed computing system, queuing theory is 

the mathematical theory of waiting lines of client requests. 

The queuing theory a model is required to predict queue 

lengths and waiting time using admission control. 

Decentralised java computing systems involve long 

queues of client application API requests, creating serious 

overloading of application servers. Most application 

servers are highly sensitive to overload. When an 

application server fails due to overload, other application 

servers cannot pick up the failed-server’s load, which may 

provide an undesirable user/client experience. As a result, 

these application servers adopt load-balancing trategies 

that involves client request rejection, longer response time 

and service timeouts. This results in the overall poor 

functionality of affected user/client applications.  

Also, using an API to develop java client applications 

involves API referencing (sub-classing) of existing java 

library classes and run-time binary compatibilities [5]. A 

limiting problem when higher versions of java API with 

new features are released is keeping track of interclass 

dependencies to ensure binary compatibility. 

Consequently, Java client applications in such a system 

cease to work during compilation and run time due to due 

to numerous linking and loading errors.  

The main objective of this research work is to design a 

java version control system that uses an admission 

controller in order to resolve the problems of poor 

application server response to requests, encountered by 

java client applications in a distributed java computing 

system. Also, to design a tool that will enable end users of 

java-based client application in a distributed java 

computing system to be updated or upgraded 

automatically and to ensure that java-based client 

applications are at least notified whenever their base API 

undergoes changes or notifications. 

 

II. LITERATURE REVIEW 
 

Some previous research work has been done so far in 

the field of distributed java version control system. The 

closely related research to this work among others include 

the following: The design of an automatic version control 

system for distributed software development was carried 

out by SandraWeber [8], Susan Eisenbachand Chris Sadler 

[9], in a recent research work, proved that java programs 

can experience frequent change of API versions with fast 

response from the application servers.  

A research on binary component adaptation in java 

client applications was carried out by Ralph Keller and 

Urs Hölzle [10]. Robertsson et al. [11], studied the 

nonlinear discrete-time model of a server system and the 

designing and analysis of server load control mechanisms. 

Eric Raymond [12], performed a study on understanding 

version control systems, achieving great improvements on 

distributed java version control system. Mikael et al. [13], 

carried out the modelling and design of admission control 

mechanisms for web servers using non-linear control 

theory. 

 

III. DESIGN METHODOLOGY 
 

In a distributed java-based computing system, the 

resolution of binary codes (bytecode) compatibility 

between the java API and the client java applications 

depend on the high-availability of APIs, high-performance 

of distributed application servers and support for complex 

database access. A fast and accurate response from API 

servers, for instance, enables client java applications to 

fetch and execute referenced java classes without binary 

break or service time out. Also, automatic and regular 

notification of client java applications during new API 

release help to avoid binary errors or incompatibilities.  

This section describes the process of improving the 

performance of a java based distributed (decentralised) 

computing system. This involves the following 
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assumptions: 

i) Designing a java API server discrete-time admission 

control mechanisms with a combination of queuing 

theory and control theory. 

ii) Designing and tuning a discrete-time PI-controller 

aimed at performance optimization and stability of the 

java API server admission control mechanisms. 

A diagram of a java based distributed computing system 

with three Java API Servers is shown in figure 1.0. 

 
Fig. 1.0: Java Based Distributed Computing System 

 

Each of the servers in figure 1.0, its clients and database 

constitute a 3-tier architecture connected to the internet. 

The java API database stores java classes, java archive 

(.jar) files and methods that make up the API. The server 

system attends to incoming requests for java API classes 

from the API database by client applications.  In addition, 

the server exchanges new API updates with other servers 

through the internet.  

As often as necessary, the client java applications send 

update/upgrade requests to the API server. Also, when 

new updates or upgrades (API versions) are added to the 

database by API developers, the API server notifies its 

client applications and the other API servers in the system. 

The new API version is send to all the client applications 

and the other API servers using jini network technology. 

A.   Java API Server Modeling 
The performance of a java API server (also known as 

the service control node) does not mainly depend on the 

client applications and network bandwidth. Often times, 

the bottleneck is always the server system performance. A 

java API server/service control diagram is shown in figure 

2.0. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.0: Java API Server/Service Control System 

 

The service node in Figure 2.0 has 3-Tier architecture 

constituted by the following: firsttier which is the front 

end-Browser, a graphical user interface lying at the 

client/workstation, second tier- the middle tier-Application 

Server (set of application program) and third tier- the back 

end-database derver. The 3-Tier architecture includes a 

server system with one or more servers processing 

incoming client requests at a certain rate. Each server has a 

waiting queue where client requests are queued while 

waiting for services. 

Since all service control nodes (java API servers) are 

sensitive to overload, distributed computing system may 

become overloaded during temporary traffic peaks when 

more client requests arrive than the system is designed for. 

An admission control mechanisms based on queuing 

theory is implemented in the service control node to 

reduce overload and to improve the server performance 

B. Modeling an Admission Control Mechanism 
A simple server system queuing model that can used to 

investigate by simulation, the normal opertion of a 

web/appliction server is shown in figure 3.0. the model is 

designed using Java Modelling Tool (JMT). The setup 

consist of two client applications sending request to the 

server system through the router. In the  server system (or 

control node), there are two servers with equal ditribution 

of load (client requests) from the network. The output of 

the system is a measure of the number of request admitted 

by each of the  server.  

 
Fig. 3.0: A Simple Server System Queuing Model 

 

A typical performance model of a java API server 

admission control takes is shown in figure 4.0. 

 

 
Fig. 4.0: Admission Control Queuing Model 

 

The queuing model for admission control mechanism 

shown in figure 4.0 considers the following performance 

variables: λ = client request arrivals, ρ = server utilization 

(system output), μ(kh) = requests attended to, �̅�(kh) = 

accepted/admitted requests (system input), k = sampling 

interval, h = sampling period, u(kh) = number of requests 

the average response time and queue length. The 

components of figure 4.0 are explained as follows: 

Monitor: The monitor measures the average value of 

the control variable such as the server utilization ρ, during 

interval kh. 

Gate: This device allows or reject client request on 
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arrival based on an enable control signal. The client 

request admittance port is available if the control signal is 

positive and arrived client request depart immediately.  

Proportional Integral (PI) Controller: The PI-

controller is used in automatic control of servers because 

to eliminates steady state error, increases settling time and 

decrease rise time of a system. The discrete-time control 

law for the controller is given by: 

u(kh + h) = 𝐾𝑐e (kh) + 
𝐾𝑐

Ti
∑ e(kh)k−1

i=0   (1.0) 

Where the controller parameters are:e(kh) = ρref − ρ(kh) 

is the error between the reference and actual value of the 

control variable. Kc = controller gain, Ti = the integral 

time, k = the number of samples, and h = the sampling 

time or period.The controller gain, Kc which represents 

both the integral gain, Ki and the derivative gain, Kd and 

the integral time Tiare the controller parameters that are set 

so that the controlled system behaves as desired. The main 

objective of the controller is to minimize the difference 

between the server utilization during interval kh, 𝜌(kh), 

and the reference value, 𝜌𝑟𝑒𝑓 .  

C. Discrete - Time Admission Control Model 
The admission control mechanism in figure 4.0 can be 

represented as shown in figure 5.0 This can be used to 

describe the transfer functions and state of the system.  

 

 
Fig. 5.0: Admission Control Model for a GI/G/1-System 

 

The admittance rate, u is the input to the system and the 

server utilization, ρ is the output.The difference equation 

representing the output from the queue is given as 

x(kh+h) = f(x(kh) + u̅(kh) - σmax(kh))                   (2.0) 

where   f(w) is the limit function. The monitor estimate the 

server utilization 𝜌(kh) during interval kh which is 

represented as 

𝜌(kh) = min (
�̅�+𝑥

𝜎𝑚𝑎𝑥
, 1)    (3.0) 

The discrete-time admission control model for a Gi/G/1. 

Using the PI-controller Gc(z) without limitation and with 

gain Kc and neglecting nonlinearities the admission control 

model equations from figure 5.0 is  

𝑥1(𝑘ℎ + ℎ) = 𝜑(𝑢 +  𝑥1(𝑘ℎ) −  𝜎)  (5.0) 

𝑥2(𝑘ℎ + ℎ) =
1

𝜎
(𝑢 + 𝑥1(𝑘ℎ))   (6.0) 

𝑥3(𝑘ℎ + ℎ) =
𝐾𝑐ℎ

𝑇𝑖
(𝜌𝑟𝑒𝑓 + 𝑥2(𝑘ℎ) +  𝑥3(𝑘ℎ)) (7.0) 

Where the saturation function, u is 𝐾𝑐(𝜌𝑟𝑒𝑓 + 𝑥2) + 𝑥2. 

The linear state space representation format for the 

admission control queuing model is given in equations 8.0 

and 9.0. 

𝑞𝑧3 = 𝐴𝑧𝑧 +  𝐵𝑧𝑢𝑧             (8.0) 

𝑦 = 𝐶𝑧𝑧              (9.0) 

 

The standard state space representation can be written as 

shown in equations10.0 and 11.0 

 

𝑞 [

�̇�1

�̇�2

�̇�3

] = [

0 0 0
1/𝜎 −𝐾𝑐/𝜎 1/𝜎

0 −𝐾𝑐ℎ/𝑇𝑖 1
] [

𝑧1

𝑧2

𝑧3

] + [
1
0
0

] 𝑢𝑧        (10.0) 

𝑦 = [−1 𝐾 −1]𝑧              (11.0) 

From equations10.0 and 11.0 

𝑧 = [

�̇�1

�̇�2

�̇�3

];  𝐴𝑧 = [

0 0 0
1/𝜎 −𝐾𝑐/𝜎 1/𝜎

0 −𝐾𝑐ℎ/𝑇𝑖 1
] ; 𝐵𝑧 = [

1
0
0

]; 

and  

𝐶𝑧 =  [−1 𝐾 −1] 
 

The transfer function Gz is derived as follows: 

𝐺(z) =  
server utilization 

admittance rate
 = 

ρ 

u
 

   =  𝐶𝑧(𝑧𝐼 − 𝐴𝑧)−1𝐵𝑧 

=    [−1 𝐾 −1] ([
𝑧 0 0
0 𝑧 0
0 0 𝑧

] −  [

0 0 0
1/𝜎 −𝐾𝑐/𝜎 1/𝜎

0 −𝐾𝑐ℎ/𝑇𝑖 1
])

−1

[
1
0
0

] 

=  [−1 𝐾 −1] ([

𝑧 0 0
−1/𝜎 𝑧 + 𝐾𝑐/𝜎 −1/𝜎

0 𝐾𝑐ℎ/𝑇𝑖 𝑧 − 1
])

−1

[
1
0
0

] 

𝐺(z) =
−𝑧(𝑧−1)

𝑧(𝑧2+ (− 1+𝐾𝑐/𝜎)𝑧 +𝐾𝑐(ℎ − 𝑇𝑖)/(𝜎𝑇𝑖))
             (12.0)   

The tuning and simulation ofthe PI-controller together 

with the discrete-time admission control model was 

carried out to obtain the most suitable parameter values 

using Matlab/Simulink. The parameter values obtained 

include: sampling period, h = 0.2, average maximum 

number of departure client requests during a control 

interval, 𝜎 = 10, integral time, Ti  = 0.6, controller gain 

Kc=12.14. Applying these parameter values to the 

modelgive the transfer function, G(z) as 

𝐺(z) =
1− 𝑧

𝑧(𝑧2+ 0.2𝑧 +0.8)
               (13.0)   

The transfer function (13.0) was simulated in a 

Matlab/Simulink softwareto obtain improved values 

presented in the next section. It is worthy of note that the 

standard design specifications to be achieved in this 

research for an optimised performance java application 

server using MATLAB unit step response plot include the 

following: percentage overshoot less than 0.1%, settling 

time less than 0.2 seconds, damping ratio of 0.944, rise 

time less than 5 seconds. 

 

IV. RESULTS AND DISCUSSION 
 

The simulation results of the distributed java version 

control system is presented and analysed in this section. 

The unit step response and the root locus plots from the 

transfer function as well as the simulation of a normal java 

application server system at peak period with Java 

Modelling Tool (JMT) are used to analyse the results. In 

the analysis, the optimising effects of a PI-controller on 

the performance of a server system are discussed. 
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A. Initial Discrete Step Response Analysis 
The initial state of the system performance was 

investigated by simulating a normal java application server 

system at peak period with java modelling tool to 

determine some important characteristics. This was 

achieved by assuming the absence of the PI-controller in 

the system. The resulting response plot/graph obtained is 

shown in figure 6.0. The resulting response plot/graph 

shows that under overload situations most application 

server system is responds very sluggishly. From the plot, 

the system has an undesirable steady state error and a long 

settling/response time (more than 408 seconds). 

 
Fig. 6.0: Initial Response Time of a java application server 

 

B. Discrete Step Response for PI-Controller 
The PI-Controller ensures a faster response of the 

admission control system model by reducing the step 

response settling time and rise time to its barest minimum. 

The simulation result using Matlab/Simulink can be seen 

in figure 7.0. In figure 7.0, the settling time is 1.6 seconds, 

the rise time of less than 0.23 seconds and the steady state 

error is negligible. A small the settling time or rise time 

for a server system suggests high admittance rate and fast 

response to client request. 

 

 
Fig. 7.0: The discrete step response of Gz 

 

It can be inferred from the result that the PI Controller 

has improve the response time and the stability or load 

balancing capability of the system. 

 

C. Root Locus Analysis for Gz 

Also, the Root Locus plot simulation of the admission 

control system Transfer Function is shown in figure 8.0.  

 

 
Fig. 8.0: The Root Locus plot of Gz 

 

All the poles in figure 8.0 are located at points -0.1 + 

0.889i and -0.0331 are found within the unit circle of the 

plot. This further confirms that the system is now 

acceptably stable.  

 

V. CONCLUSION 

 

The design of an optimised response java version 

control system that uses admission controller mechanisms 

for a distributed computing system application server has 

been achieved. A discrete PI-controller has been designed 

and tuned to improve the performance of the java 

application server. The stability of a java API server 

discrete-time admission control mechanisms is closely 

linked to its optimum load balancing capability and 

normal utilization. With the results from a simulation of 

the java version control system explained above, it can be 

concluded that the Java API server system performance is 

greatly improved. Long queues and service time of client 

request can now be attended to with little or no delay. 
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