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Abstract— There exists a huge amount of vertical applications that are developed for isolated computing environments. Due 
to increasing demand for additional resources there is a clear need to adapt these applications to the distributed 
environments. However, this is not an easy task and numerous variants are possible. Moreover, in this transition a new 
quality requirements become important, such as application elasticity. Application elasticity has to be built into a software 
system to enable smooth cost optimization at the run-time. 
In this, we provide a framework for evaluating different transformation variants of vertical Java EE multi-tiered applications 
into elastic cloud applications. With support of this framework the software developer is guided how to transform its 
application achieving optimal elasticity strategy. The framework is evaluated on slicing and evaluating elasticity of existing 
SaaS multi-tiered Java application used in Croatian market. 
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I. INTRODUCTION 
 
Software quality has been a focus point in software 
engineering which produced methods and tools to 
attain the software quality. Elasticity has been just 
recently recognized as one of the important quality 
attribute for cloud software systems. It is a software 
attribute providing ability to efficiently adapt to 
dynamically scratched resources, coined by cloud 
provides that in ’as a service’ paradigms offer elastic 
on-demand resources based on the ’pay-as-you-go’ 
(PAYG) concept. In such an environment the term 
elastic imposes strong requirements on software. 
Dynamic allocation of resources according to 
workload changes and within Service Level 
Agreements (SLA) but with optimizes resource cost. 
To maximize PAYG benefits, elasticity attribute 
should be closely related to costs [2]. It has been 
widely discussed its definition in terms of software 
quality attributes and how to incorporate this new 
quality perspective into existing list of well known 
software quality attributes. 
It is a software this is defined and built according to 
user’s specific requirement in order to achieve 
specific function and the process that are to the user. 
It is specific for target enterprise or organization in 
order to meet its own special needs. It may support 
business or organization in different business units 
(like sales, marketing) but may not work for another 
business that do not have similar process to the one 
for which it was built. 
Our approach is to provide the necessary insights for 
finding an optimal structure in distributing an existing 
vertical (monolithic) application. The design of 
optimal software structure with regards to elasticity is 
guided by the framework provided in this paper. In 
this paper we present a framework that guides 
developers aiming to transform their vertical 
applications into elastic cloud applications providing 
run-time cost optimization. 

II. LITERATURE SURVEY 
 
Vertical application sometimes are complicated to 
understand and use if the users are not specifically 
trained by developer, this is because the application 
are customized and unique to specific business. 
Vertical application is any software application that 
support a specific business process and targets a 
smaller number of users with specific skill set and job 
responsibilities within an organization example (ERP, 
CRM). 
It is often customized to meet the industry specific 
users. It is also more complicated to use than 
horizontal application and they need to integrate with 
other systems used in organization and require IT 
assistance & deployment. In terms of W3C, vertical 
application is to denote particular, generic application 
area, specific communities etc. that explore W3C 
technologies help their operation improve efficiency, 
provide better user experience. 
Inherent advantage for particular vertical application 
area to get better familiarity with particular W3C 
technology. It may bring forward specific and 
sometimes highly non-tirval use cases, requirements 
in terms of say expressivity of vocabulary or query 
languages, efficiency consideration. 
Common Location-independent Online Utility that is 
available on Demand a basic abbreviation which we 
can give for a cloud system. Cloud computing is a 
style of computing in which application data and 
resources are provided as a service to user over web. 
Service provided may be available globally always 
on, low in cost, on-demand, massively scalable, pay-
as-you-grow. Consumers of the services need only 
core about what services does for them, not how it is 
implemented. 
There are several fundamental elements which build a 
cloud system properly with efficiency. Universal 
connectivity, open access, reliability, privacy, 
interoperability & user choice, security, economic 
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value. These are somethings which serve as the basic 
elements for cloud system and to understand about 
the cloud system. 
There are various types of cloud which should be 
brought into light before explaining the system. 
Public Cloud: which is open to everyone and anyone 
can register and avail the service, it also known as 
external cloud. Private Cloud: which is set up for the 
use of specific purpose and limited to the user of the 
organization, it is also known as internal cloud. 
Community Cloud: which is set up for the use of 
specific purpose and limited to the user of the 
organization, it is also known as internal cloud. 
Hybrid Cloud: nothing but the mixture arrangement 
of the three types of cloud, it is also known as 
integrated cloud. 
 
Vertical Application Advantage 
It is built for user specific requirements, user defines 
all the requirements and the business logic and other 
constraints to the developer. It will focus on the 
current business point of view and the current running 
conditions. 
It targets enterprise to meet specific need. It focus on 
a particular enterprise and targets it and develop the 
application only for that purpose only. 
It need a lot of training process before the user work 
with the application. The user who is going to use the 
system should be given a proper training towards the 
system that how to work with the system. 
 
Vertical Application Disadvantage 
It need a lot of training process before the user work 
with the application. The user who is going to use the 
system should be given a proper training towards the 
system that how to work with the system. 
It is a system which is very complicated to 
understand and to work with as it requires a vigorous 
training. 
It cannot adapt or easily take the growing/developing 
business requirements, as this system is intended to 
target a specific need of an enterprise. 
It requires a lot of IT assistance an deployment 
procedures which has to be carried out before usage 
of the system as the system is built by a third party 
and it is being given as a software only which needs 
to be deployed at the user end for the usage of the 
system. 
Integration of application with other system in 
organization is a critical task and cannot be done as 
the system is bounded for the purpose of the 
organization or enterprise. 
Importance of Mapping 
In this growing technological word, every single 
point of time the business requirement is changing 
day by day. While using vertical application there we 
cannot adapt the requirements. 
In cloud, as we know we have various options for 
user interaction and also the way to show up things. 

Usage of this application is very easy and do not 
require any special training. 
This transformation is much needed by the small 
industries which are still running the vertical 
application. It will help them to adapt with the 
growing business condition and will help them to 
develop organization. 
 
A: Cloud Migration Research: Systematic Review 
By leveraging cloud service organization can deploy 
their software system over pool of resources. 
Organization depends on business critical systems 
which has been deployed a long period and these are 
deployed on premise. 
In recent years cloud migration research has been 
carried out and a systematic review report has been 
given out as per the review outcome. It brings out the 
whole details of the review outcome with set of 
migration types. 
 
Migration Types 
 
Type I: Replace 
 Application tier with cloud offering is the least 

invasive migration types. 
 Data and/or Business tier have been to be 

migrated to the cloud stack. 
 It is regarded as a cloud entering treatment 

around on-premises legacy application rather 
than a pure cloud enabling. 

 It requires a series of reconfiguration to adjust 
incompatibilities to use functionality of ported 
layer. 

 
Type II: Partial Migrate 
 Migrates some of the software system 

components to cloud. 
 Migration only one functionality of a system to 

cloud. 
 
Type III: Migrate Whole Application Stack 
 Easiest way of migration where the whole 

application is monolithically encapsulated in 
one or more virtual running on cloud. 

 
Type IV: Cloudify 
 Fully make the application as a cloud system. 
 Cloud Migration Process with Specific Task 
 Planning: Feasibility study 
 Execution: Code modification, Architecture 

extraction. 
 Evaluation: Deployment, Testing, Validation. 
 Cross Cutting Concern: Government, Security, 

Training, Organization Change. 
 
B: Performance Modelling To Support Multi-Tier 
Architecture Deployment To Iaas Cloud 
IaaS allow migration of multi-tier application through 
virtualization of diverse application stack of 
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components which may require various operating 
systems and environment. 
IaaS maximizes performance on application deployed 
while minimizing deployment cost, it is necessary to 
create virtual machine image to host application 
components with consideration for component 
dependencies that may affect load balancing of 
physical resources of virtual machine hosts including 
CPU time disk and network bandwidth. 
This investigates utilizing physical machine and 
virtual machine resource utilization statics to build 
performance model to predict application 
performance. 
Investigate the utility of using virtual machine and 
physical resource utilization statics as predictor for 
performance model for application deployed to cloud. 
Use of application models can support determination 
of ideal components compositions which maximize 
performance using minimal resources to support 
autonomic multi-tier application deployment across 
virtual machines. 
 
C: Mela: Monitoring & Analysing Elasticity Of 
Cloud Services 
It introduce, novel concept namely elasticity space 
and elasticity pathway for understanding elasticity of 
cloud service and technique for evaluating and 
monitoring them. 
A customizable framework that enable service 
provider and developer to analyze cross-layered, 
multilevel elasticity of cloud service to service units, 
based on service structure dependencies. Besides 
support for real time elasticity analysis of cloud 
service behavior it provides several customizable 
features for extracting functions and pattern that 
characterize the behavior. 
It also provide a customizable mechanism for 
extracting runtime boundaries of cloud services that 
fulfil user defined elasticity requirements. It also 
defines a technique for evaluating multi-level user 
defined elasticity requirements over service custom 
analysis of cloud services elastic behavior. 
 
III. DESIGN 
 
In this, we present a framework that guides the 
developer aiming to transform the vertical application 
to elastic cloud application providing runtime cost 
optimization. Our approach is to bring an automated 
mechanism for observing performance of existing 
vertical web application and identifying bottlenecks. 
A decision support system for structure design in 
transformation process of vertical application. 
Proposed work is intended for smaller business 
application that require scaling and are planned to 
rewritten for distributed architecture (such as cloud). 
By using the above framework, application developer 
is provided with functionality to test different scaling 
possibilities together with information. 
 

 
Fig 1: Research Overview 

 
We are going to slice the business tier in the vertical 
application such that the vertical application can 
easily be rewritten in the distributed architecture. 
 
Architecture Diagram 
 

 
Fig 2: Architecture Diagram 

 
Data Flow Diagram 
Level 1 
 

 
Fig 3: Level 1 DFD 

 
IV. IMPLEMENTATION  
CLOUDSIM 
Implementation is carried out in java programming 
language with NetBeans IDE. The IDE is supported 
with jar file of cloudsim. Cloudsim is a simulation 
tool for cloud environment, which is available as jar 
file extension which can be extended with Eclipse 
IDE or NetBeans IDE. We need to extend the jar file 
in our project so that to include all the cloudsim 
features into our project. 
Cloudsim support for modeling and simulation of 
large scale cloud computing infrastructure, including 
data centers on a single physical computing node. It 
provide availability of virtual engine, which aids in 
creation and management of multiple, independent, 
and cohosted virtualized services on a datacenter 
node. Provides basic classes for describing data 
centers, virtual machines, applications, users, 
computational resources, and policies. 
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Cloud infrastructure in Cloudsim, consist of one or 
more data centers which consists of physical 
computing nodes called as Host. This Host initiate 
Virtual Machine scheduler that allocate the core 
Virtual machine and also manage Virtual Machine. 
Datacenter models the core infrastructure level 
services (hardware). It is composed of set of hosts 
which is responsible for managing VMs during their 
life cycles. Host represents a physical computing 
node assigned a pre-configured processing 
capabilities, memory, storage, and a scheduling 
policy for allocating processing cores to virtual 
machines. VM Scheduler determines how processing 
cores of a host are allocated to virtual machines. 
Cloudlet models the cloud based application services 
which are commonly deployed in data centers. Every 
instruction has a pre-assigned instruction length. 
Cloudlet Scheduler determines how the CPU 
resources of virtual machine are divided among 
cloudlets. It is of two types SpaceShared and 
TimeShared. 
 
Working of Cloudsim 
 Initialize cloudsim package 
 Creation of datacenters 
 Creation of brokers 
 Creation of VM 
 Creation of Cloudlets 
 Start Simulation 
 Stop Simulation 
 Result 

First, we create a data center which will be the base 
part of all the cloud environment. In our scenario will 
be creating one data center on which one host 
machine will run. This data center will be the having 
the host which is created on it. 
This host consists of various virtual machine which is 
considered as the user end system and also a virtual 
machine scheduler which will allocate the core for all 
virtual machines. Every virtual machine is controlled 
by the host which is created on data center. 
Each virtual machine core work is separate. This 
work is called a cloudlet in Cloudsim simulation 
which binded with the virtual machine. Every 
cloudlet will be having unique id for it and we 
provide the working details for those cloudlet which 
is nothing but a work of a particular virtual machine. 
Cloudlets also have their own utilization model which 
is taken as full in out implementation. 
 
V. RESULT 
 
Result of the project is a java application where the 
cloudsim jar files are extended and the simulation for 
the cloud is created. A datacenter is created which is 
the base part of all the cloud architecture. A particular 
host is created which acts as a base for running virtual 
machines. 
Required number of virtual machines can be created 
with separate specification of each virtual machines. 

Every virtual machine will be having separate 
cloudlets which will help model the application 
which are hosted in the datacenter for processing. 
This will increase the number of users accessing the 
application and each user can have their own custom 
application for their separate work. We can have as 
many number of users as we want in part of virtual 
machine which is independent of others in all aspect. 
 
CONCLUSION & FUTURE WORK 
 
In this paper, we focus only on small production 
industries which are running multi-tier architecture as 
their automated system. First we observe the 
bottleneck in multi-tier architecture application where 
the system works till the system get crashed. 
Secondly we go for slicing framework which are 
possible for the system that is running currently 
which will not disturb the ongoing process and also 
provide a good division to bring it into cloud. 
Business logic slicing technique also included in this 
paper which will help to demonstrate how the slicing 
goes on. 
CloudSim has been applied for virtualization of the 
sliced business logic which will break the bottleneck 
issue in the multi-tier architecture. CloudSim 
provides various functions to create various virtual 
machines. It also provides to form a datacenter in 
which hosts run and for every virtual machine there 
will be a cloudlet which will be the working part for 
the respective virtual machine. These cloudlets of 
respective virtual machine will run and execute on the 
host. 
This work demonstrated slicing functionality through 
cloud simulation for smaller application. Feasibility 
of this application need to be examined with larger 
application. 
Future work will focus on scaling this approach of 
slicing to implement in larger application which is 
more complicated where we will apply modelling on 
software structure and software network level. It also 
focus on distributing application by enabling 
asynchronous and parallel service execution and on 
developing optimization algorithm that would be 
useful as decision support for application deployment 
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