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Abstract

Cloud computing is a new benchmark towards enterprise application development
that can effectively facilitate the execution of workflows in business process
management system. The workflow technology can manage the business processes
efficiently satisfying the requirements of modern enterprises. A description of a
business process is required in the form of a workflow specification to deploy the
process as a workflow-based enterprise application. To run a workflow application,
workflow management software is required which includes a process editor to support
the design of workflow models. Workflows in context of software development are
used to rapidly develop the software application improving the software quality.

The part of the thesis work involves the design of a workflow for an online banking
application in an open-source workflow system, YAWL (Yet another Workflow
Language).With its built-in verification facility, it analyzes and validates the
workflow specification according to the YAWL schema. The work also involves how
the same workflow specification can be designed in the process perspective of a visual
modelling development environment, Orangescape Studio that itself runs as a cloud
application. The application with its four-tiered architecture is built on REST-style
service interface. The application built can be deployed on some of the major cloud

infrastructures offered by Google, Microsoft and IBM.
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CHAPTER-1

INTRODUCTION

This chapter introduces a description of the work presented in the thesis. It gives a
brief introduction of Cloud computing, concept behind workflows, workflow

management systems and overview of work done.
1.1 Background

The underlying concept of cloud computing dates back to the mainframe days of
1960’s when the idea of utility computing was coined by MIT computer scientist John
McCarthy. He wrote that “computation may someday be organized as a public
utility”. Utility computing became a sort of business for companies such as IBM. IBM
saw the potential for enormous profit to be made in this type of business and started
providing computing services [1]. Figure 1.1 shows the evolution The Cloud from

Clustering.

Clustering

Balance computational load across

Computers talk through protocols machines

Multiple independent clusters link together High end storage management

Wraps the grid concepts into data center
services

Use of Internet for connectivity

Figure 1.1: Evolution of Cloud Computing from Clustering [1]

In 1980s, the term “workflow” was first used in its modern form in the software
industry by FileNet founders Ted Smith and Ed Miller. The company called its

business process automation software "WorkFlo".



In 1995, the publishing industry studied how traditional publishing processes could be
re-engineered .The term “electronic workflow” was used to describe the publishing
process, from online delivery of digital manuscripts to the posting of content on the
web for online access [2].

1.2 Concept of Cloud Computing

Cloud Computing, the long-held dream of computing as a utility, has the potential to
transform a large part of the IT industry, making software even more attractive as a
service and shaping the way IT hardware is designed and purchased[3].

According to Gartner, Cloud computing is a style of computing where service is
provided across the Internet using different models and layers of abstraction [4].
Cloud Computing refers to the applications delivered as services [5] to the mass,
ranging from the end-users hosting their personal documents on the Internet to
enterprises outsourcing their entire IT infrastructure to external data centers. Clouds
aim to power the next generation data centers by designing them as a network of
virtual services (hardware, database, user-interface, application logic) so that users
can access and deploy applications from anywhere in the world [6].

Cloud computing typically involves provisioning of dynamically scalable and often
virtualized resources [1].Typical cloud computing providers deliver common business
applications online accessible from another web service or software like a web
browser, while the software and data are stored on servers. Most cloud computing
infrastructures consist of services delivered through common centers and built-on
servers. The key characteristic of cloud computing is that the processing and the
related data is not in a specified, known or static place [1].

Cloud computing is a new paradigm for distributed computing that delivers
infrastructure, platform, and software (application) as subscription-based services in a
pay-as-you-go model to consumers. When a Cloud is made available in a pay-as-you-
go manner to the general public, it becomes a Public Cloud and the service being sold
is called as Utility Computing. Current examples of public Utility Computing include
Amazon Web Services, Google AppEngine, and Microsoft Azure.



The term “Private Cloud” refers to internal data centers of a business or organization
which are not made available to the general public. Thus, Cloud computing is the sum

of SaaS and Utility Computing [3].
1.3 Introduction to Workflow

The concept of a business process has been defined by Davenport and Short (1990) as
"a set of logically related tasks performed to achieve a defined business outcome".
The outcome of a business process can often be described more explicitly as the
product, which is created by the process. A business process that delivers services is
often referred to as a workflow, service or administrative process [7]. A business
process is generally visualized using a workflow as a sequence of activities. A
workflow applied to a business process brings the details of that process into focus
[8].Workflow is concerned with the automation of procedures where documents,
information or tasks are passed between participants according to a defined set of
rules. A workflow enables the structuring of applications in a directed acyclic graph
form [9], where each node represents the constituent task and edges represent inter-
task dependencies of the applications [10].A single workflow generally consists of a
set of tasks each of which may communicate with (depends on or is depended upon)
another task in the workflow. Multiple workflows have multiple instances of
workflow. A final and empirical interpretation is to consider these business processes
as workflows that are supported by Workflow Management Systems [7].

1.4 Workflow Management

Workflow management is a fast evolving technology which is increasingly being
adopted by businesses. Its primary characteristic is the automation of processes
involving combinations of human and machine-based activities, particularly those
involving interaction with IT applications and tools. Although it’s most prevalent use
is within the office environment in staff intensive operations such as insurance,
banking, legal and general administration, etc, it is also applicable to some classes of
industrial and manufacturing applications [11].

However, any system that incorporates knowledge about how the business process is
executed logistically can be used for a workflow system. Today, Enterprise Resource
Planning (ERP) and Customer Relation Management (CRM) systems are
incorporating more and more workflow functionality.
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A workflow system does not execute any tasks of the business process itself. It
focuses on the logistics of the work. In this sense, it is relevant to distinguish between
the generic software with which business processes can be managed i.e. WIMS
(Workflow Management Systems) and a system that is used to manage a specific
business process i.e. a workflow system. Clearly, WIMS can be used to build
workflow systems [12].

The main purpose of a workflow management system (WfMS) is to support the
definition, execution, registration and control of business processes. It allows
organizations to define and control the various activities associated with a business
process. Each time an essential piece of work has been completed during a business
process execution, the WIMS determines how the business process execution is to be
continued by delivering the next piece of work to one or more resources that are
capable of executing it. The goal of workflow management is to make sure that the
proper activities are executed by the right service at the right time [12].

1.5 Organisation of Thesis

The chapters in this thesis are organized as follows —

Chapter 2 — This chapter describes in detail the literature survey, concept of cloud
computing and workflow management system.

Chapter 3 — This chapter describes the problem statement of the thesis. It describes
the gap analysis and the need for implementing workflows in cloud environment.
Chapter 4 — This chapter describes the solution of problem, design of solution and
implementation of solution.

Chapter 5 — This chapter gives the Experimental results i.e. Snapshots of the
deployed application.

Chapter 6 — This chapter describes the conclusion and future work that can be carried

based on the work presented in this thesis.



CHAPTER-2

LITERATURE REVIEW

This chapter describes in detail the literature survey, concept of cloud computing and
workflow management systems.

2.1 Cloud Computing

With the promotion of the world’s leading companies, cloud computing is attracting
more and more attention for providing a flexible, on demand computing infrastructure
for a number of applications [13]. The name cloud computing is inspired by the cloud
symbol representing Internet. Hence, Cloud computing refers to the practice of
moving computing to the Internet.

Cloud computing is Internet-based computing, where shared resources, software and
information are provided on-demand, like a public utility. Software applications,
processing power and data storage are being accessed online. A Cloud is a type of
parallel and distributed system consisting of a collection of inter-connected and
virtualized computers that are dynamically provisioned based on service-level
agreements established through negotiation between the service provider and
consumers [ 14].

UC Berkeley defines cloud computing to be “the sum of SaaS and Utility
Computing”. In their view cloud computing has all the advantages of SaaS, including
ease of installation and maintenance, access from anywhere and centralized control
over versioning [3].Berkeley's researchers moreover limit their definition with several
additional assumptions — a) the ability to “pay-as-you-go” as the necessary billing
model and b) that users “store their data safely in the infrastructure”. Clouds are a
large pool of easily usable and accessible virtualised resources (such as hardware,
development platforms and/or services). These resources can be dynamically re-
configured to adjust to a variable load (scale), allowing for optimum resource
utilisation. Cloud offers many potential advantages such as lower cost, device and
location independence, user friendliness [4] which can also benefit workflow systems

built on top of a cloud.



Citrix president Mark Templeton said, “Optimization of the user experience will
happen in the data centre, at the edge of the network and in internet cloud, allowing IT
to deliver any application to any user with the best performance, security and cost
savings possible [15].The opinions differ, but the wording in almost all explanations
hovers around the keywords scalability, on-demand, pay-as-you-go, self-
configuration, self maintenance and Software as a Service.
Companies like Google, Yahoo, Amazon, IBM and Microsoft have built Internet
consumer services like search, social networking, Web e-mail and online commerce
based on cloud computing [16]. A simple example of cloud computing is Yahoo mail
or Gmail. A user does not need software or a server to use them. All a user would
need is just an internet connection and one can start sending emails. The server and
email management software is all on the cloud (internet) and is totally managed by the
cloud service provider like Yahoo, Google, etc.
2.1.1 Features of Cloud Computing
Cloud computing is a technology where dynamically scalable, device-independent
and task-centric computing resources are obtained over the Internet on a pay-per-
usage basis [17].
¢ Cloud computing is dynamically scalable

Cloud computing is dynamically scalable as users can draw as many or as few
computing resources from the cloud as they require at any particular moment. One of
the major suppliers of dynamically scalable cloud computing resources is Amazon.
Cloud computing developments like Amazon EC2 allow users to purchase any
capacity of computing power on an hourly basis. Amazon EC2 reduces the time
required to obtain and boot new server instances to minutes, allowing users to quickly
scale capacity, both up and down, as computing requirements change [17].

e Cloud computing is device-independent

Cloud computing resources can be accessed from any computing device on the

Internet. The computing device can be a traditional desktop or laptop, a netbook,

tablet, smartphone, e-book reader, surface computer, etc [17].



e Cloud computing is task-centric
Cloud computing is task-centric because the usage model is based entirely
around what users want to achieve, rather than any particular software, hardware or
network infrastructure. Users do not have to purchase or install anything before using
a cloud computing resource. Also, they do not have to maintain or pay for anything
during periods in which no resources are being used [17].
e Cloud computing has no fixed costs
In Cloud computing, all costs are on a per-usage or variable basis. Software
applications purchased from the cloud incur only variable costs. In case of Amazon
EC2, processing power can already be purchased from the cloud on an hourly basis
[17].
e Cloud computing is service-oriented
The cloud is a natural home for service-oriented applications, which need a
way to easily scale as services get incorporated into other applications [18]. Cloud
computing is utility-based. Users only pay for the services they use, either by
subscription or transaction-based models. Large amounts of computing resources can
be provisioned and made available for new applications within minutes instead of
days or weeks. Developers can gain access to these resources through a portal and put
them to use immediately.
¢ Cloud computing is SLA-driven
Clouds are managed dynamically based on service-level agreements that
define policies like delivery parameters, costs and other factors [18].

2.1.2 Architecture of Cloud

Application

Platform

Unified Resource

Fabric

Cloud Architecture

Figure 2.1: Cloud Architecture [19]
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The unified resource layer contains resources that have been abstracted/encapsulated
(usually by virtualisation) so that they can be exposed to upper layer and end users as
integrated resources, for instance, a virtual computer/cluster, a logical file system, a
database system, etc. The platform layer adds on a collection of specialised tools,
middleware and services on top of the unified resources to provide a development
and/or deployment platform, for instance, a Web hosting environment, a scheduling
service, etc. Finally, the application layer contains the applications that would run on
the cloud [19].
2.1.3 Cloud Computing Stack
The cloud computing stack consists of the following layers:
¢ Cloud Infrastructure Layer

The cloud infrastructure layer provides the core middleware capabilities on a
pay-as-you-go basis [20]. The capability is to deliver computing power, network and
storage over the network where the consumer is able to deploy and run arbitrary
software, including operating systems and applications. The consumer does not
manage or control the underlying cloud infrastructure but has control over operating
systems, storage, deployed applications [21]. Infrastructure can scale up and down
dynamically based on application resource needs [22]. Although user interface to the
cloud infrastructure components varies substantially from one system to another,
SOAP and REST are two examples of interface protocols used with some cloud
computational resources.

¢ Cloud Platform Layer

The cloud platform layer provides a high-level integrated environment to
design, build, test, deploy and update online custom applications [22]. The platform
segment of cloud computing refers to products that are used to deploy applications. In
the context of cloud computing, Platform as a Service (PaaS) represents an
intersection between laaS and SaaS. It is a form of SaaS that represents a platform
provided to serve as the infrastructure for development and running of new
applications in the cloud. PaaS offerings are typically presented as API to consumers
[20]. A typical advantage is the ability to build and deploy scalable web applications

without the cost and complexity of procuring server and setting them up.



Many of the companies that started out providing on demand application services
have developed platform services as well. Prominent examples are Google AppEngine
and SalesForce.com's business software development platform, Force.com. Google’s
AppEngine enables customers to build web applications on the same scalable systems
which power Google applications. Other examples are Apache Hadoop and Yahoo’s
Pig [22].
e Cloud Application Layer

The cloud application layer consists of SaaS applications developed using the
cloud platform services. Software as a Service (SaaS), the term coined by IDC and
summarized by SIIA in 2001, initially referred to the Application Service Provider
(ASP) model in general, and the shift from desktop/packaged software towards web-
based, outsourced solutions in particular[23].Application services are delivered over
the network on a subscription and on-demand basis. Using an On-demand service, the
end-user pays the software provider a subscription fee for the service. The software is
hosted directly from the software providers' servers and is accessed by the end user
over the internet [20].Salesforce Customer Relationship Management (CRM) system
and GoogleApps are two examples of SaaS. Microsoft’s Live Mesh allows files and

folders to be shared, and synchronized across multiple devices [22].

Cloud Infrastructure Software Cloud Services
Application Software as a Service (SaaS)

Platform Platform as a Service (PaaS)
Unified Resource Infrastructure as a Service (laaS)
Fabric

Infrastructure

Figure 2.2: Cloud Architecture related to Cloud services [24]



Category | Characteristics Product Type Vendors & Products

SaaS Customers are provided | Web applications | SalesForce.com
with applications that and services (CRM),Google
are accessible anytime | (Web 2.0) Documents, GoogleMail

and from anywhere.

PaaS Customers are provided | Programming Google AppEngine,
with a platform for APIs and Microsoft Azure,
developing applications | frameworks, Manjrasoft Aneka
hosted in the Cloud. Deployment

system.

JEEN Customers are provided | Virtual machines | Amazon EC2 and S3,
with virtualized management GoGrid.
hardware and storage ,Storage

on top of which they Management
can build their
infrastructure.

Table 2.1: Cloud computing services classification [6]
Table 2.1 shows the classification of Cloud computing services based on its
characteristics, Product Type and Vendors. Figure 2.2 shows the relationship between
Cloud Infrastructure and Cloud Services (SaaS, PaaS and [aaS).
2.1.4 Classification of Clouds
Clouds can be classified according to who the owner of the Cloud data centre is.
Clouds can be classified as:
e Private Clouds
The cloud infrastructure is operated solely for an organization. It may be
managed by the organization or a third party and may exist on premise or off premise
[21].
e Community Clouds
The cloud infrastructure is shared by several organizations and supports a
specific community that has shared concerns (e.g., mission, security requirements,
policy and compliance considerations). It may be managed by the organizations or a

third party and may exist on premise or off premise [21].
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e Public Clouds

The cloud infrastructure is made available to the general public or a large

industry group and is owned by an organization selling cloud services [21].
e Hybrid Clouds

The cloud infrastructure is a composition of two or more clouds (private,
community or public) that remain unique entities but are bound together by
standardized or proprietary technology that enables data and application portability
[21].

2.1.5 Cloud Computing Platforms
As the computing industry shifts toward providing Platform as a Service (PaaS) and
Software as a Service (SaaS) for consumers and enterprises to access on demand
regardless of time and location, there will be an increase in the number of cloud
platforms available.

e Amazon Elastic Compute Cloud (EC2)

Amazon EC2 provides a virtual computing environment that enables a user to
run applications. The user can either create a new Amazon Machine Image (AMI)
containing the applications, libraries, data and associated configuration settings or
select from a library of globally available AMIs. The user then uploads the created or
selected AMIs to Amazon Simple Storage Service [14].

¢ Google App Engine

Google AppEngine allows a user to run web applications written using the
Python programming language. It also supports Application Programming Interfaces
(APIs) for the datastore, Google Accounts, URL fetch, image manipulation and email
services. Currently, Google AppEngine is free to use with up to S00MB of storage
and about 5 million page views per month [14]. AppEngine is purely a PaaS that
supports running restricted versions of Java and Python code with a 30 sec timeout
and read-only file system capabilities. Application execution can only be invoked via
HTTP requests. Google accounts are required for setting up the applications and could

also be used for programming user modules for user authentication.
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e Microsoft Azure
Microsoft Azure Services is a platform that supports general purpose
computing by enabling applications written in a .NET language (C#, VB.NET, J#) to
run in the cloud environment managed by the underlying Azure operating system. To
support this, Azure has a comprehensive collection of proprietary development tools
and protocols which consists of Live Services, Microsoft .NET Services, Microsoft
SQL Services, Microsoft SharePoint Services and Microsoft Dynamics CRM Services
[14]. The user has access to some functions that could be integrated in their
application code, but the user has no control on the underlying Windows Azure OS.
Windows Azure acting as the managing OS provide automatic load balancing, geo-
replication, application life cycle management and many additional features such as
SQL Services, .NET Services, Share Point Services [23].
e Aneka
Aneka is a .NET-based service-oriented resource management platform. It is
designed to support multiple application models, persistence, security solutions and
communication protocols such that the preferred selection can be changed at anytime
without affecting an existing Aneka ecosystem. To create an Aneka Cloud, the service
provider only needs to start an instance of the configurable Aneka container hosting
required services on each selected desktop computer. The purpose of the Aneka
container is to initialize services and acts as a single point for interaction with the rest
of the Aneka Cloud. Aneka provides SLA support such that the user can specify QoS
requirements such as deadline (maximum time period which the application needs to
be completed in) and budget (maximum cost that the user is willing to pay for
meeting the deadline) [14].
e Eucalyptus
Eucalyptus is an open source software framework that implements an laaS
environment. It can deploy private or public clouds and gives users the ability to run
and control entire virtual machine instances deployed across a variety of physical
resources. The Eucalyptus API is compatible to Amazon EC2 and hence makes it
possible to control both Amazon and Eucalyptus instances with the same tools. Its

main objectives are to provide a platform for testing applications before they are
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moved to Amazon's infrastructure, as well as to manage and control large collections
of distributed resources [24]. Eucalyptus, an open source project now supports
standardized integration of Amazon's API into Linux distributions for the purpose of
building clouds.
e OpenNebula

Opposed to Eucalyptus, and currently the only software in the market that
describes itself as hybrid cloud toolkit is OpenNebula. OpenNebula transparently
integrates external resources in the cloud. OpenNebula also integrates drivers for
Amazon EC2 that can be easily extended to support other cloud providers [24].
2.1.6 Associated Technologies
In addition to the above mentioned concepts, theoretical background is also given on
Virtualization and Service-oriented Architecture (SOA).

e Virtualization

Virtualization has already become a major trend in the IT industry, resulting in
large enterprises reaping substantial benefits. Popek and Goldberg proposed in 1974 a
now often cited definition of a Virtual Machine (VM) which is an “efficient, isolated
duplicate of the real machine” [23]. Virtualization in general implies many tasks
related to the abstraction of computer resources. Those may include: OS/Platform
virtualization, specific hardware resource virtualization, software application
virtualization, virtual application appliance. VMware President and CEO Diane
Greene say that the evolution of virtualization began with users deploying virtual
machines for testing and development and then easing into server consolidations for
production environments. The third phase was resource aggregation, with entire data
centers being virtualized, followed by automation of all aggregated workloads [25].
Infrastructure virtualization enables providers such as Amazon to offer virtual
hardware for use in data intensive workflow applications.
Platform-as-a-Service (PaaS) clouds expose a higher-level development and runtime
environment for building and deploying workflow applications on Cloud
infrastructures. Further up in the cloud stack are Software-as-a-Service providers who
offer end-users with standardized software solutions that could be integrated into

existing workflows.

13



e Service-oriented Architecture

A service comprises of a software component accessible to the users over a
network [26]. Service-oriented architecture defines a way to design software to be
delivered as a service that communicates using messages over well-defined interfaces.
Taking into consideration the present development scenario, most of the applications
are built as web services on the principles of SOA paradigm [27]. They are flexible
enough to replace the existing services with the new sub-systems as well as allowing
the new services to be created by composing other services. A SOA can be
implemented through the use of any service based technology, such as SOAP (Simple
Object Access Protocol) or REST. For most of the applications to be deployed on
cloud, performance plays a key role. Also, the rapid application development and
shorter time-to-market has become important for most of the service users.
The REST has the ability to map basic create, update and delete operations to the
HTTP (Hypertext Transfer Protocol) commands such as PUT, GET, DELETE and
POST. Considering these factors, REST-style web services fits well for most of the
applications delivered as services on cloud. In other words, REST is suitable for
applications hosted as web service since the basic REST operations are supported by

any browser [27].
2.2 Workflow (Business Process)

A business process is a collection of activities designed to produce a specific output
for a particular customer or market. It implies a strong emphasis on how the work is
done within an organization, in contrast to a product's focus on what. Figure 2.3
shows the model for a business process.
A business process:

e Has a Goal

e Has specific inputs

e Has specific outputs

e Uses resources

e Has a number of activities that are performed in some order
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Figure 2.3: The Business Process Model [28]

A business process is generally visualized using a workflow as a sequence of
activities. A workflow applied to a business process brings the details of that process
into focus. A workflow models a process as consisting of a series of steps that
simplifies the complexity of execution and management of applications [29].
Workflow is concerned with the automation of procedures where documents,
information or tasks are passed between participants according to a defined set of
procedural rules.

2.2.1 Workflow Representation

A workflow enables the structuring of applications in a directed acyclic graph form
[9], where each node represents the constituent task and edges represent inter-task
dependencies such as input and output files, of the applications [10]. Figure 2.4
represents the workflow as a directed acyclic graph. Tasks in a graph are arranged in a
hierarchy according to their dependencies. Each task has an outgoing edge connecting

to all other tasks that are dependent on it.

Figure 2.4: DAG Representation of a workflow [30]
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A DAG can be divided into levels based on dependencies. Tasks at level 1 are not
dependent on any other tasks in the workflow. Each subsequent level is dependent on
tasks from the level above it and any previous levels. For example, level 2 is
dependent on level 1; level 3 is dependent on levels 1 and 2, and so on. Tasks are
executed in an order starting from level 1[30].

2.3 Workflow Management

Workflow management is a fast evolving technology which is increasingly being
adopted by businesses. Its primary characteristic is the automation of processes
involving combinations of human and machine-based activities, particularly those
involving interaction with IT applications and tools. Although it’s most prevalent use
is within the office environment in staff intensive operations such as insurance,
banking, legal and general administration, etc, it is also applicable to some classes of
industrial and manufacturing applications [11].A workflow specification defines
workflow activities (tasks) and their control and data dependencies. At run time, a
workflow enactment engine manages the execution of the workflow by utilizing
middleware.

The workflow definition (or workflow schema) defines the sequence of activities that
are to be carried out. It specifies what should be done and when by the definition of
activities and transitions. An activity represents something to be done: reviewing a
document, publishing a document, placing an order, sending an e-mail, and so on.
Transitions define the appropriate sequence of activities for a process. A user or
system is generally assigned to carry out the activity, through its application.

A Workflow Management System is software providing support for the necessary
services of workflow definition and process creation, workflow enactment,
administration and monitoring of workflow processes. Figure 2.5 illustrates the basic
characteristics of WfM systems and the relationships between these main functions
[33]. A workflow management system defines, manages and executes workflows on
computing resources [32]. The goal of workflow management is to make sure that the
proper activities are executed by the right service at the right time [12].

Workflow scheduling is one of the key issues in the management of workflow
execution. Scheduling is a process that maps and manages execution of inter-
dependent tasks on distributed resources.
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It introduces allocating suitable resources to workflow tasks so that the execution can
be completed to satisfy objective functions specified by users. Proper scheduling can
have significant impact on the performance of the system [31].

Workflow management systems are the software systems that enable workflow
management. There are a variety of software systems available for planning and
executing workflow applications, including: YAWL, jBPM, Intalio, ProcessMaker,
BonitaSoft, GoFlow and EnhydraShark. YAWL is a good example of one of these

workflow management systems.

Process Design Businecss Proccess Analysis,
& Definition Modeling and Definition tools
Build Time Process

Definition

! i Process changes

Workflow Enactment Service

Run Time

Process Instantiation
& Control

Applications
& 1T Tools

Intcraction with
Application Tools

Figure 2.5: Workflow System characteristics [33]

2.4 Benefits of implementing workflows in cloud

Moving workflows to a cloud computing environment enables the utilisation of
various cloud services to facilitate workflow execution. The primary benefit of
moving to clouds is application scalability. Unlike grids, scalability of cloud resources
allows real-time provisioning of resources to meet application requirements at
runtime. The elastic nature of clouds facilitates changing of resource quantities and
characteristics to vary at runtime, thus dynamically scaling up when there is a greater
need and scaling down when the demand is low. This enables workflow management
systems to readily meet quality-of-service (QoS) requirements of applications. The
"user-centric" model in a cloud computing environment makes workflow execution
more user-friendly thus increasing user satisfaction. The "pay as you go" business

mode in a cloud can reduce the execution cost of workflows.
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Cloud providers also take advantage of economies of scale, providing compute,
storage and bandwidth resources at substantially lower costs. Thus utilizing public
cloud services could be economical as compared to the more expensive dedicated
resources [29].

Figure 2.6 illustrates how a client request for executing a business process (workflow)
is satisfied by the orchestration layer by invoking two different services provided by

cloud service providers [34].

4 Execute Servicel 5 Execute Servigé

Orchestration layer

1. Register Servicel 2. Register Service2

3. Execute Business Process

[ Client ]

Figure 2.6: Cloud Orchestration [34]

The advantages of moving workflows to cloud can be summarized as:
e [Illusion of infinite resources
Unlike grids, clouds give the illusion that the available computing resources
are unlimited. This means that users can request and are likely to obtain sufficient
resources at any given time.
e Leases
In grids and clusters, the user specifies the amount of time required for a
computation. In clouds, the user directly allocates resources as required to schedule
their computations. This model is ideal for workflows and other loosely-coupled

applications because it decreases the scheduling overheads.
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e Elasticity
Clouds allow users to acquire and release resources on-demand. This enables
workflow systems to easily grow and shrink the available resource pool as the needs
of the workflow changes over time [29].For these reasons there is a need to migrate
workflow executions to cloud computing platforms.
2.5 Challenges of implementing workflows in cloud
The challenges with such an approach are as follows:
e Cost
Although in reality some cloud services say, Google searching is free, some
cloud services for execution of business workflow applications are not. This means
users may need to pay for what they use. Cost becomes a major concern for cloud
workflow applications. Given that the attributes of both time and cost are involved,
users may decide on the fly to pay slightly more to reduce execution time, or save
execution cost by allowing longer execution time as long as the final deadline can be
met for workflow execution [16].
e Service level agreements
With most cloud computing services coming from large commercial
organizations, service level agreements have been an important concern to both the
service providers and consumers. Due to competitions within emerging service
providers, greater care is being taken in designing SLAs that seek to offer (a) better
QoS guarantees to customers and (b) clear terms for compensation in the event of
violation.
e Data volumes
Depending on the provided service, the data volumes required to be
transported across cloud services is another important factor to be considered.
e Platform support
Depending on the service, the platform support required by the cloud
application service could also be a limiting factor. Apart from the above, there could

be other challenges like security, regulatory compliance, data transparency [34].
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CHAPTER-3

PROBLEM STATEMENT

3.1 Gap Analysis

In a collaborative environment, different application development teams are situated
at different places of the world. When working on a single application, it is difficult to
maintain versions of application modules. To solve this, applications need to be
deployed in cloud environment.

Many workflow applications are data-intensive and processing and managing such
large amounts of data requires the use of a distributed collection of computation and
storage facilities. In the current development scenario, the workflow management
requires the use of database servers. The coordination between workflow scheduling
and database management requires more accurate management of service usage and
accurate estimation of service load. So, workflows for a business application need to
be implemented in cloud environments.

Since it is difficult to integrate most of the workflow management systems with any
of the cloud platforms to carry out the deployment of applications, there is a need to
follow an approach that can easily integrate workflows with the cloud. There is a need
to follow an approach that can easily port applications built for one cloud platform to
another. Applications should be built once and deployed several times on any cloud
platform as per user’s requirements. Hence, the aim is to design a workflow-based
application and deploy it in cloud using a visual modeling development environment.

3.2 Need for implementing workflows in cloud

Initially, workflows were being implemented in grids. Due to the reduced
performance faced in grids, now there is a need to implement workflows in cloud. The
recent progress in virtualization technologies and the rapid growth of Cloud
computing services have opened a new paradigm in distributed computing for

utilizing existing resource pools for on demand and scalable scientific computing.
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The primary benefit of moving to Clouds is application scalability. Unlike Grids,
scalability of Cloud resources allows real-time provisioning of resources to meet
application requirements. The elastic nature of clouds facilitates dynamically scaling

up when there is a greater need for additional resources and scaling down when the
demand is low. This enables workflow management systems to readily meet Quality-
of-Service (QoS) requirements of applications, as opposed to the traditional approach
that required advance reservation of resources in global multi-user Grid environments.
Cloud services like compute, storage and bandwidth resources are available at
substantially lower costs. Thus utilizing public cloud services could be economical as
compared to the more expensive dedicated resources. Workflow applications often
require very complex execution environments that include specific operating systems,
libraries, file system structures and numerous application programs and configuration
files. These environments are difficult to create on grid resources. In addition, each
grid site has a different configuration, which results in extra effort each time an
application needs to be ported to a new site. Virtual machines allow the application
developer to create a fully customized, portable execution environment configured

specifically for their application.
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CHAPTER-4

SOLUTION OF PROBLEM

4.1 Design of Solution

This section gives an overview of the workflow-based Online banking Application
and shows how it can be designed in an open-source workflow management system,
YAWL.

4.1.1 Example Application

Online banking is a service where people can perform financial transactions such as
account to account transfers, deposit of cash and withdrawal of cash and so on. In our
demo system, the security is provided by giving a Personal Identification Number
(PIN) to every customer to access his/her account. The system checks whether the
PIN entered by the user is valid or not. It also takes care of the remaining balance in
the customer’s account. If the amount entered by the user to withdraw the cash
exceeds the current balance, the system gives a warning message else it allows the
user to withdraw the cash. Figure 4.1 shows a graphical overview of the functionality
for an online banking application in terms of actors, their goals (represented as use

cases) and dependencies between the use cases.
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Figure 4.1: Use case diagram for Online banking application

Customer
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4.2 Tools used for the design of application

This section introduces the Workflow Management System, YAWL in designing the
workflow for the example application. Further, it describes a visual modelling
development environment, OrangeScape Studio which is used to design and deploy
the complete application on cloud platform, Google AppEngine.

4.2.1 YAWL (Yet Another Workflow Language)

YAWL (Yet another Workflow Language) started as a language focusing on the
control-flow (process) perspective. Later the attention shifted to include other
perspectives and a workflow management system supporting YAWL was
implemented [35].

YAWL [36], an open source workflow management system is chosen as a start point
for its formal definition language and extensible service-oriented architecture. YAWL
is proposed as a variant of Petri Net and expresses workflow patterns more explicitly.
Petri Net is a mathematical modelling language widely used in describing distributed
systems and is deemed for process modelling. Compared to other process modelling
languages, it has exact mathematical definition of execution semantics and hence
well-formed theories in process analysis.

YAWL is composed of YAWL engine, YAWL designer, YAWL manager and
YAWL services [37]. A workflow specification in YAWL is a set of process
definitions which form a hierarchy. Each process definition consists of tasks (either
composite or atomic) and conditions which can be interpreted as decision points. Each
process definition has one unique input condition and one unique output condition.
Workflow specifications are designed using the YAWL designer and deployed into
the YAWL engine which, after performing all necessary verifications and task
registrations, stores these specifications in the YAWL repository. Once successfully
deployed, workflow specifications can be instantiated through the YAWL engine,
leading to workflow instances (cases). The engine handles the execution based on the
state of a case and its specification determining which events it should offer to the
environment[35].YAWL services provide the interfaces for clients to access to
YAWL system [37].Figure 4.2 shows the graphical symbols used to design a
workflow in YAWL workflow system.
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Figure 4.2: Symbols used in YAWL

Designing the workflow

The workflow for the online banking application can be designed in YAWL process

editor.
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The workflow specification is created by clicking the “New Specification” under
Specification tab. The workflow specifications are also referred as Net specification.

Figure 4.3-4.5 shows the workflow specifications for the example application.

Specification Net Edit Flements Settings View Help

CIDEIRCRE](E [@]#) [o]«]4]

GO [ ©vst | T wansoncas | Clrnsacn

zm Statement Logout

Transaction
Re-enter

Figure 4.4: Workflow specification for Transaction processing
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4.2.2 OrangeScape Studio
Orangescape Studio is ideal for designing process-oriented business applications. In

the current scenario, the process is implemented in a visual modelling environment by
creating workflows, a representation of a process. The platform is flexible and
scalable enough for managing the workflow processes in different business domains.
To simplify business application development, it enables the users to build data
model, business processes and rules using a familiar spreadsheet like interface without
writing a single line of code. The visual background provides a complete version
control and test environment for the applications. The platform itself runs as a cloud
application offering techno-functional experts a service to convert their ideas into
business logic by expressing logical rules. Each object in the OrangeScape Virtual
Machine abstracts persistence, business process, rule behaviour, procedural
behaviour, authorization & Service-oriented Architecture (SOA) serialization.
System requirements

e Mozilla Firefox

e Microsoft Silverlight
Mozilla Firefox is a free and open source web browser managed by Mozilla
Corporation. To display web pages, Firefox uses the Gecko layout engine, which
implements most current web standards in addition to several features. The latest
Firefox features include tabbed browsing, spell checking, incremental find, live
bookmarking, a download manager, private browsing. Firefox runs on various
operating systems including Microsoft Windows, Linux, Mac OS, FreeBSD and many
other platforms.
Microsoft Silverlight is an application framework for writing and running browser
plug-ins or other rich internet applications with features similar to those of Adobe
Flash. The run-time environment for Silverlight is available as a plug-in for most web
browsers. The current versions support multimedia, graphics and animation and give
developers support for development tools. It is compatible with multiple web

browsers used on Microsoft Windows and Mac OS.
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The other pre-requisites required to use OrangeScape development environment are:
an account on OrangeScape Trial Studio to build applications and an account on
Google AppEngine to run applications. Users having Google account, GoogleApps
account or Yahoo account can log into OrangeScape Trial Studio.
Creating an application
The first step in building an application using Studio is to create a project workspace
for the application. Designing a process-oriented application involves: defining the
data and logical rules, designing a user format/interface and establishing a process
workflow for data processing. The current environment follows the bottom-up design
approach for rapid application development through four perspectives-Model design,
Form design, Process design and Action design. These perspectives fully support data
model and rule design (business rules), drag-and-drop form design, graphical process
design and visual designer for modelling integration and procedural logic.
e Data modelling as the start point

The application development centers on the data model. Data modelling takes
care of what data needs to be stored by the application and then creating data
structures accordingly. Instead of representing a technical database design, the data
model organizes the data by modelling real world entities along with their attributes.
The creation of a data model diagram clearly visualise the entities and their
relationships.
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Figure 4.6: Creating a data model

Figure 4.6 shows the attributes of the entity “Customer” and the relationship between
two data models namely, Customer Transactions and Customer Details for our
example application.
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The attributes for the Customer entity are namely, CustomerID, FirstName, Phone,

CurrentBalance, AccountID and AmountWithdrawn.
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Figure 4.7: Specifying rules for data model

The spreadsheet based interface allows the developers to define the complex business
rules to implement the application logic. Figure 4.7 shows the spreadsheet based
interface for the example application. An effective data model ensures that a system
built on its foundation does not need to be reconstructed to accommodate new
business requirements. The approach follows with data modelling as a start point and
progresses to reach form and process design.
e Designing user interface screens

Once the data modelling completes, the next step identifies, defines and
designs the user interface elements. The user interface wire-frame links directly to the
data model and workflow state. Form designer is a grid based page builder for
defining forms and form elements such as display fields and input fields. It includes a
point-and-click selector to validate the field elements, specify permissions and
actions. Permissions are expressed as static or dynamic based on the expressions. The
actions defined can be mapped to forms through buttons. Depending on the workflow
state, interface design can be customized such as including parameters from other
models that are related to the current model as well as enabling or disabling form field

elements.
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Figure 4.8: Form design for entering the Customer’s PIN

Figure 4.8-4.12 shows the design for the forms displayed as user interface screens

when the complete application is deployed on Google AppEngine. The user who

accesses the application enters his/her PIN number. After the PIN number is validated

by the system, the user is asked to select an option: to change the PIN number, to

inquiry account balance or to perform transactions. The user can withdraw as much

amount of cash as he/she wants provided the amount entered is less than the

remaining balance in the account. Similarly, the user can perform other transactions

like to deposit the cash or transfer the cash from one account to another.
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Figure 4.9: Form design for selecting an option after the PIN verification
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e  Workflow modelling
A business process can be thought of as a set of interrelated activities that
produces a specific service. It is generally visualized using a workflow as a sequence
of activities. A workflow applied to a business process brings the details of that
process into focus. In our approach, workflows are designed using a visual modelling

environment in the process design.
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Figure 4.13: Design of workflow for the example application

The advanced workflow features includes branching (conditional or parallel), routing,
association of various forms and users to activity states, linking of routing logic with
the complex business rules .Figure 4.13 shows the workflow design for the example
application.
¢ Defining automation tasks

Action design perspective can be visualized as a typical procedural
programming structure. Action designer includes a set of predefined commands such
as updating the current entity, creating a loop which breaks on a condition, searching
and calling parent/child entity, sending mail, calling an external web service. The
“update” command updates the current model entities, while the “submit” command

submits an instance from current workflow activity to the next activity.
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The commands when graphically arranged create more complex commands. The
created composite command maps to a button within the process design for automated
execution. Figure 4.14 shows the update and submit commands in the action design
perspective of the example application. This perspective defines automation tasks

(such as email notification) and integration with external systems using REST.
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CHAPTER-5

EXPERIMENTAL RESULTS

This section shows the analysis of the workflow specification designed in YAWL as
well as the snapshots for the example application deployed on Google AppEngine
cloud platform.

5.1 Analysis of the workflow design

Once the workflow is designed in workflow management system, YAWL, the next
most important step is to analyse the workflow specification. At any stage, the
specification can be validated and/or saved to a YAWL engine file (.yawl). By
clicking the validation button on the left corner of the workflow editor, the
specification can be tested against YAWL schema. If problems are detected, a table
listing them will appear at the bottom of the Editor with details of any inconsistencies
that would stop the specification from running in the YAWL engine. Figure 5.1 shows

the specification for the example application with no validation problems
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Figure 5.1: Validating the workflow specification against YAWL syntax
The analysis toolbar button on the left corner of the editor or the matching Analyse
Specification menu item under the Specification menu allow workflow designers to

analyse the specifications.
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A number of potential problems with a workflow can be automatically spotted with
analysis. Examples include spotting potential deadlock situations, unnecessary or-join

decorators. Figure 5.2 shows the analysis of the workflow specification for the

example application.
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Figure 5.2: Analysing the workflow specification in YAWL

5.2 Application deployment

The packaged application can be deployed on Google AppEngine by using a single-

click deploy option in-built in the Studio environment.
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Figure 5.3: Example application deployed on Google AppEngine
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Figure 5.3 shows the example application deployed on Google AppEngine. The
various user interface screens can be viewed under the folder “Transaction specifics”.
When the user first starts to access the application, a welcome screen is displayed.
Figure 5.4 shows the welcome screen of the application. On clicking the “OK” button,
the user is redirected to another user interface screen, login page of the application.
Here, the user enters his/her CustomerID and the system displays the name of the
customer accessing the application. Figure 5.5 shows the login interface screen for the

example application.
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Figure 5.4: Welcome screen of the application
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Figure 5.5: Customer login screen of the application
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When the user clicks on “OK” button, another screen appears which enables the user
to select an option. The user can opt for banking transactions, can subscribe for SMS
Alerts and even can transfer cash from one account to another. Figure 5.6 shows a
user interface screen to opt for any one of these options. After the user selects an
option, the system asks the user to enter his’her PIN number to proceed for further
transactions. Figure 5.7 shows the interface screen for the user to enter the PIN
number. The system checks if the value entered is correct or not. If the value exactly
matches with the Customer’s PIN value stored in the system server, the user is

allowed to proceed further. Otherwise, the system asks the user to re-enter the PIN.
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Figure 5.6: Selecting an option for Banking, SMS alerts and Transfer account
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Figure 5.7: Entering the PIN to proceed for transactions
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After the successful submission of the user’s PIN value, the system again redirects the
user to another screen where the user has the option to change the PIN, to inquiry the
remaining balance in the account or to proceed for transactions. Figure 5.8 shows a
user interface screen to opt for any one of these options.
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Figure 5.8: Selecting an option for changing the PIN, Balance inquiry and
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Figure 5.9: Changing the Current PIN to New PIN

Figure 5.9 shows the interface screen to change the current PIN value to new PIN
value. The value is automatically changed in the system’s server. Similarly, the user

can select the type of transaction.
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The user can either deposit the amount in his/her account or can withdraw the amount
from the account provided the amount value is less than the remaining balance. Figure
5.10 shows the interface screen to select the type of transaction. Figure 5.11-5.12
shows the screens to enter the amount to be deposited in the customer’s account or to

withdraw the amount from customer’s account.
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Figure 5.10: Selecting the type of Transaction
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Figure 5.11: Entering the amount to deposit in Customer’s account
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Figure 5.12: Entering the amount to withdraw from Customer’s account
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CHAPTER-6

CONCLUSION AND FUTURE WORK

The application that has been developed as part of this thesis is a contribution towards
workflow scheduling in cloud computing environment. In this thesis, a workflow-
based business application was designed supporting REST architecture style. The
workflow specification for the application designed in workflow management system,
YAWL was validated against YAWL syntax and semantics. YAWL, an open-source
workflow management system is based on the concept of workflow patterns and Petri
nets. The work also involved the design of the application in the process perspective
of a visual modelling development environment, Orangescape Studio that itself runs
as a cloud application. The application with its four-tiered architecture is built on
REST-style service interface. From the implementation, we conclude that the REST-
style web services can be combined with cloud computing platforms. It can help many
enterprises to design and deploy process-oriented applications based on workflow.
Future work
e The current workflow management system, YAWL can be extended with
support for more workflow patterns.
e Some future extensions can also be possible by considering multiple
workflows for enterprise applications.
e Applications supporting multiple instances of workflow can also be designed
and deployed on some of the cloud infrastructures offered by Google,

Microsoft and IBM.
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