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Cloud computing refers to the combination of lasgale hardware resources at
datacenters integrated by system software thatigesvservices, commonly known as
Software-as-a-Service (SaaS), over the Internet. aAsesult of more affordable
datacenters, cloud computing is slowly making i@ywnto the mainstream business
arena and has the potential to revolutionize théntlustry. As more cloud computing
solutions become available, it is expected thatetiwell be a shift to what is sometimes
referred to as the Web Operating System. The Wekrdlipg System, along with the
sense of infinite computing resources on the “clohds the potential to bring new
challenges in software engineering. The motivatibhis report, which is divided into
two parts, is to understand these challenges. ifétepfart gives a brief introduction and
analysis of cloud computing. The second part fosuse Google’s cloud computing
platform and evaluates the implementation of a snfdpgging site using Google’s App

Engine.
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I ntroduction

Cloud computing received its name from the repriedem of the Internet as a
cloud on blackboard diagrams. Cloud computing eefer the hardware, systems
software, and datacenters that provide services tbeelnternet [1]. Cloud computing is
not a new concept. In fact, it is in use in mangcpk, but on a smaller scale. For
example, researchers at university campuses pertammplex computations on bio-
chemical models and weather pattern predictionshnfaster on grid computers [2].
Users play the same online game from different gggagcal locations. Documents are
created and shared by many users through Google. Doc

These are examples of cloud computing concepts sm in smaller scale.
Recently, cloud computing has made into the maieast business arena due to the
commoditization of computers. Many companies haaeted to offer their own cloud
computing solutions. Companies like Amazon, Goodlerosoft, IBM, and Sun have
released innovative cloud computing solutions. €hsslutions vary from virtualized
hardware to well designed APIs [4]. In a few montbsers will have an increased
number of options when more companies release thair cloud computing solutions.
The business of providing cloud computing solutiossgrowing very fast because
businesses taking advantage of such offeringsraxeirgg as well [10].

As users move to the cloud, it is expected thatetell a migration to the Web
Operating System (Web OS). Cloud computing isregttine stage for a revolution in the
IT industry. There is a possibility that desktopplagations will be replaced by web
applications and companies will use cloud compusioigtions for their IT needs [10]. At
the moment, cloud computing is at its infancy. Ay ather platform development cycle
(Figure 1), there will be an adjustment phase Wwdd by the standardization of cloud
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computing technologies [9Puring the initial phaseit is important that uselievaluate
and gain expertise on tlodouc technologiedbecause as in any other development ¢
there will be a few technologies more successfahtbther. It is important that usel
become familiar with the different technologies ander to choose the prevag
technology when the industry stabilizUntil the cloud computing industry staizes,
the user needs to evaluated choose the clouéchnology that best fits his ne: for the
short term. For the long term, the user needs to compare amdrasbd diferent
technologies. These experiments should not be llgmosince the cloud technologi
are cheap. fie affordability ofcloud solutions makes the technology even more attra

to users [10].

Platform
Converges and
ot
cai Iy

%, Standards Set

New Type of
Platform
Emerges

Figure 1: The Computing Platform Lifecyc



The Google App Engine (GAE) platform, which is exatkd in the second part of
the paper, is free up to a point. With affordaldiisons like GAE, there is no reason for
users to stay away from the cloud technologie$adty there are plenty of reasons to stay
up to date with the technology because the cloudbles creativity to drive the
development of products and businesses. The sumtaepetition from fast-followers can
cause a major impact on businesses in generalTfgrefore, careful evaluation of
technologies like GAE helps keep one eye on then@ogy and the other eye on the

competition.



Cloud Computing

IMPACT ON BUSINESS

Cloud computing and the promise of the Web OS iisirgd the IT Industry.
Businesses that traditionally had very little presein IT have become major players on
this new business endeavor. Amazon is a good exawipsuch company. From its
humble beginnings as an online store, Amazon hasme one of the leading cloud
computing providers [10]. Many other companies asing their strengths to create
successful cloud computing offerings. Some comgaséem to have an advantage over
the competitions since they built their companyNAaround the web. One example of
such company is Google. Google has harnessedp&siernce and presence on the web to
provide enterprise solutions on cloud computingaditronally, Google has not been
involved in enterprise solutions but with its redeaof GAE it has plans to expand its
businesses beyond online advertisements [10]. Mdmyd providers are offering new
cloud solutions and the market does not seem torliked to large companies only. The
same commoditization of computers that has injtinlosted the cloud business has also
opened the doors for smaller companies who waptdweide their unique solutions [1].
The cloud has become a large centrifugal force kie&ps attracting companies and

businesses.
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Figure 2: The cloud computing arena [10]

For users, the bottom line is that cloud computmgffordable. Amazon sells its
service for only 10 cents per hour and its Scal&itrage Service (S3) for $0.12 per
gigabyte-month. The majority of today’s cloud cortipg clientele are medium and
small businesses (i.e., startups). For these comepaaffordable services like S3 provide
a golden opportunity to launch new products witimgicantly less capital upfront [10].
The economics around cloud computing allow innasattompanies to create products
that were economically challenging or are signifitacheaper than the competition [9].
Traditionally, many business ideas took time tdizegbecause of the prohibitive cost of
computing power, scalability issues, and primaittilg high risk due to large capital. This

has all changed and innovation is now the key.



CLouD COMPUTING CHALLENGES

Many of the challenges in cloud computing are ceteteto security. The idea of
moving the entire company’s private data to sonmaote data center controlled by a
third party company may seem like exposing busisessets. It will take time to adjust
to this new model and security will be one of thggest challenges to cloud providers
[10]. Imagine that a company has put all its dataAmazon’s S3. Despite the fact that
Amazon has built its reputation on reliability, tbas still the risk of the service going
offline for a few hours. If that happens, the usefata is no longer available and he is at
the mercy of Amazon’s ability to recover [10]. Howvee, with heavier investments on
systems software and hardware, Amazon’s servicesldéhstill be more resilient to
system failures and secure than any in-house Ltisal

There is also the concern that “once you are in, 3@ really in” [5]. For many
startups, the decision whether to adopt a cloudpeimg platform is simpler. However,
for more established companies, the worry abouk-locis a real concern. Some
companies are concerned that if they opt for dqlat, they may lose their investment if
the cloud provider goes under. There is alwaygidieof lock-ins if a technology is used
before fully understanding it. For example, naiweplementation on Google’s App
Engine may result in a suite of applications thatyrbe challenging to port to another
environment. If for some reason Google decidesntoease their fees and the cost no
longer makes economical sense for the client tp with Google, the migration back to
the client company’s environment or another proviak&y turn out to be difficult and
costly. The challenge is to understand the strengthd limitations of each cloud

computing solution to make intelligent long terntideons.
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CHOOSING THE RIGHT CLOUD COMPUTING PLATFORM

As mentioned above, there are several cloud comgunlutions in the market
today. The choices range from virtualized hardwarall-in-one API packages. The key
to model computation, storage, communication, drditusion of infinite resources is
the level of abstraction these different solutipnsvide. Each solution seems to focus on
different aspects of abstraction [1]. For exam@@azon’'s Elastic Compute Cloud
(EC2) provides very low level abstraction to thedweare. EC2 virtualizes the hardware
and offers a set of libraries that allow develodeaiiscontrol over the software stack. In
contrast, Google’'s App Engine (GAE) provides a feamark based on well defined
interfaces and APIs that allow quick developmenthwjuality. The development on
GAE is done on either Java or Python. There is augpr a few other languages but
they are not as significant as for these two. F@n®le, Google’s data storage service
supports Java Data Object (JDO), which completbbtracts the implementation of the
database.

At the moment, it is difficult to determine the igcloud computing platform. It
is up to the user to determine whether he needietet of hardware control provided by
Amazon’s EC2 or the easy migration of Java codthéoApp Engine environment [9].
Hopefully, as the platform development cycle coneea full circle, there will be enough
standards that allow users to develop on one ptatéind store data on another. At that
point, the right choice will be the platforms tlsafpport the standards and allow users to

migrate seamlessly from one provider to another.



Google App Engine

Google App Engine (GAE) is the platform that allowsftware developers to
leverage Google’s cloud computing infrastructure @b application development [3].
Similar computing resources (or services) used bgdgB Docs are available under the
GAE. Google offers the same reliability and opesnas its other flagship products like
Google Search and Google Mail. GAE is free up fmimt, but there is plenty of room
for the experiments that are needed to evaluateetimnology. The following are some of
GAE'’s key features [3].

» Dynamic web serving, with full support for commoetechnologies

» Persistent storage with queries, sorting, and aetiens

» Automatic scaling and load balancing

» APIs for authenticating users and sending emailgu§oogle Accounts

* A fully featured local development environment tlsmulates Google App

Engine on your computer
» Task queues for performing work outside of the scofpa web request

» Scheduled tasks for triggering events at spectfirads and regular intervals

JAVA AND SANDBOX

GAE released the support for Java only recentljtially, it only supported
Python, but since most of web enterprises havedatdized to either .NET of Java, it
was a matter of time to have Java support in GAe Java run time environment in
GAE is feature rich and offers comprehensive suppbdava’s standard libraries and
APIs. All the development can be done in nativeaJand the application interacts with

GAE via Java Servlet Interfaces. The Java environirppovides Java 6 JVM, JavaMalil,
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JCache, and standard interfaces for GAE’s datastdre Java Data Object (JDO) and
Java Persistence API (JPA). Java standards makdetiedopment on GAE easy and
familiar.

There are some limitations due to sandboxing, gpating existing code to GAE
requires some minor changes. The JVM runs on absando provide security to
applications. The sandbox assures that each appfican GAE do not interfere with

each other. It also guarantees performance andlslitl

GAE PLUG-IN FOR ECLIPSE

Eclipse is an open source community with the objectf building a standard
development platform. The Eclipse Integrated Dgwelent Environment (IDE) provides
Java as its primary programming language, but gpetts plug-ins for many other
languages such as C, C++, etc. Development on GAffaight forward with the GAE
plug-in for Eclipse IDE. Eclipse manages the wodagand makes the development on
GAE as simple as developing any other Servlet-basdalapplication. The Eclipse plug-
in allows developers to create new GAE applicatrom within Eclipse IDE. Provided
that the user has a GAE account, the user canecréeploy, and run web applications
directly from the IDE. The App Engine SDK provides web server for testing
applications locally in a simulated environment.eTplug-in adds extra buttons to the
Eclipse menu bar (Figure 3) that allows the appbee to run on the local web server in

hosted mode.
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Figure 3: GAE Menu Buttons on Eclipse

The management of client and server source fileslss done from within the
IDE (Figure 4). Eclipse’s development tools and wghng facilities are available for
developing web applications. GAE application depetent on Eclipse is no different
than writing a Servlet or desktop application. Ortbe application is ready, the

deployment is as easy as a button click.

i Package Explorer &2 2 Hierarchy = EI.

a iz Other Projects
4 ‘1_—‘,1 MicroBlog
4 75 src
T2 microblog
[ microblog.client
[ microblog.server
= META-INF
2| logdj.properties
=, App Engine SDK [App Engine - 1.2.5]
B GWT SDE [GWT -1.71]
B, IRE System Library [jrel.6.0 (3]
=, Referenced Libraries
= META-INF
i war

Figure 4: Eclipse Package Explorer
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When creating a new web application, the wizardFe 5) takes care of the
creation of the necessary configuration files ndederun applications on GAE. The

web.xml and the main HTML files are generated awaieally by the GAE plug-in.

@ MNew Web Application Project == & |

Create a Web Application Project
Enter a name for the project

Project name:

Package: (e.g. com.example.myproject)

Location
(@ Create new project in workspace
) Create new project in:

ory: | C:\Program Files\eclipse\workspace

Google SDKs

[¥] Use Google Web Toalkit
@ Use default SDK (GWT -1.71) Configure SDKs...
(D) Use specific SDK: | GWT - 171

|¥| Use Google App Engine
1@ Use default SDK (App Engine - 1.2.5) Configure SPKs...
(2) Use specific SDK: | App Engine -12.5

-

Figure 5: GAE Web Application Wizard

I®] Deploy Project to Google App Engine
priEro] gie APR A

Deploy

Enter your Google account password

Project: MicroBlog lBrowse...

Emaik: myappengineaccounﬁ@gmail.com

Password:

LCizple Cancel |

Figure 6: GAE Deployment Tool on Eclipse
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GOOGLE WEB TOOLKIT

Developing web applications can be tedious and tioresuming. It is fair to say
that software developers spend most of their tingendg to figure out little quirks in
JavaScript or compatibility issues on certain brenss Asynchronous JavaScript plus
XML (AJAX) is usually a popular option for writingnteractive and attractive web
applications. AJAX is a web development techniquesedl on standards such as
JavaScript, XML, HTML, and CSS. AJAX allows clienveb applications to
communicate with the server asynchronously in theckground allowing the
development of interactive web applications. Howeweriting scalable, reusable, and
maintainable code in AJAX can be challenging.

Google Web Toolkit (GWT) abstracts the complexitydavaScript by providing
a rich set of Java tools to develop attractive thiemd applications. Developers use GWT
to design the layout of web applications and thepldy of Graphical User Interface
(GUI) elements in pure Java. GWT'’s interfaces amcities mimic those of existing User
Interface (Ul) frameworks such as Swing and Stahd@idget Tool (SWT). The main
difference is that GWT dynamically generates HTMistead of pixel based graphical
elements. For example, GWT’s Button results in HT8fkbutton>’ instead of an image
or pixel based element. As a result, there ar@ialigt no cross-browser incompatibility
issues.

Behind the scenes, GWT compiles the Java codeoiptimized JavaScript that
runs on most of commercial browsers. Events, sadbugon clicks, are coded directly to
the GUI element in Java so it follows object oreshprogramming. GWT code running
on Eclipse in hosted mode enables programmersetaeisugging tools allowing them to
step into the code line by line. Writing interaetiweb applications with attractive GUI
elements in GWT is very similar to writing deskiapplications.

12



DATASTORE

GAE makes data persistency on Google’s distribakmteh storage facilities very
simple. GAE abstracts the administrative work regplito maintain a distributed system
and database such as Bigtable [6]. Bigtable is @golution for high availability
distributed storage system. The system managedypesaof structured data across
multiple scalable commodity servers. As resouraesreeded more machines can be
added to the clusters without interrupting the exyst Depending on the type of web
application, the user could be interacting withesal/ servers at any given time. With
GAE, the programmer does not worry about any ofrtr&cacies needed to maintain and
synchronize data in the datastore. The engine ta&es of all the transactions, load
distributions, and even backups. The access to @G#tgstore is provided via standard
APIs, which result in a portable system. In oth@rdg, web applications built on these
interfaces can be ported to and from Google enmient effortlessly. This is an
important characteristic of Google’s datastore bhseahe resulting system has no risk of
lock-in with Google’s BigTable. The engine suppdite Java Data Object (JDO) and
Java Persistence API (JPA). Both standards are fhenbataNucleus Access Platform,
which is an open source platform of many Java stalsd[7].

GAE also supports a SQL like query language caB€ll.. Because the datastore
is not a traditional relational database, GQL pdesi a layer of abstraction with query
notations similar to SQL. GQL simply provides faiamity to programmers accustomed
with SQL statements on relational databases. SBQe& is a proprietary abstraction of
Google’s Bigtable, it is not recommended to designsystem on it because of the risk of
coupling and lock-in. The resulting system would athow the user to port to a non-

Google environment easily.
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Micro Blogging Site on Google App Engine
MOTIVATIONS

The main motivation for implementing the micro bjotg site is to evaluate
GAE'’s services and technologies. A standard midamgding site has the following
features:

» User registration and secure login

» Client-server model

* Dynamic updates and data persistence

» Events and notifications

* Email communication

The goal is to implement the features listed abosmg the tools and APIs
provided by GAE development platform. This effoitlygrovide an insight on the level
of usability, scalability, portability, and flexility in developing web applications on the
GAE'’s platform.

The secondary motivation for developing the appilicais to design components
for a micro blogging framework. The goal is to deyea set of modular components and
building blocks for developing micro blogging sit&he use of micro blogs has made
into corporate life where the tool helps create mmmities within the company
environment [8]. The messaging and notificationctionality of blogging tools help the
exchange of information among colleagues at wohe &xchange of messages does not
need to be between people. Systems can be intdgmathe blogging system so that it
can notify users of events. For example, a bloggysiem could be used by a software
engineering team to monitor the development efféktken new code is checked into the
Version Control System (VCS), a text message id serthe software architect or

developer about certain events (e.g., build or dgtatpn errors). Depending on the type
14



of business the requirements for a micro bloggipglieation can vary and commercial
products may not support them out of the box. Hetleere is a need for a platform for

quick development of customizéshtureq8].

BAsIc APPROACH

The MyMicroBlog micro blogging site (Figure 7) implemented in GWT and
Java on GAE using the Eclipse IDE. The Web AppiwatWizard, which is a tool
provided by GAE plug-in for Eclipse, helped creatiethe preliminary client and server
code, configuration files, and application settirfgggure 5). Once the application was
created, the deployment to Google’s cloud enviramnweas a two button click process
using the Web Application Deployment tool (Figuje ®nce the deployment completed,
the site was running on http://mymicroblog.appsqmrt/. The entire process of creating
and deploying the web application did not take ntben a few seconds. The client and
server folder structure shown in Figure 5 is creddy the wizard and the environment is

ready for development of the remaining pieces itigtes the micro blogging site.
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Sign Out

Welcomes o MyMicooBlog

=i : Title: Google App Engine
| F Category: Business

| Entry:
Google App Engine is a new platform that allow use

Title: Whale watch
Category: Health

Entry:
Whale watching in Hawaii is very popular. During t

f Title: Formula 1
W Category: Sports

2002 Formula 1 season has started and we already h

Figure 7: MyMicroBlog main page on GWT Dark Theme
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MICROBLOG ARCHITECTURE

The basic architecture of MyMicroBlog is based ba Model View Controller
(MVC) architectural pattern (Figure 8). The pattdras the benefit of isolating the
business logic from the presentation and data $aydremodel encompasses the object
or data structure used by the application. Any mpalation to the domain’s data is dealt
within themodel and notification is sent to the views. T¥iew presents thenodd (i.e.,
data) to the user. Typically, theew has only the implementation of the GUI elements
that visualizes the state of tlmodel. The controller is the object that receives inputs
(usually user inputs) and notifies th@del or theview. The resulting application using
the MVC pattern is modular and easy to test. Madafgplications have the benefit of

reusability, extensibility, and rapid development.

Figure 8: Model-View-Controller Diagram

The implementation of applications using MVC pattasually uses the Observer
design pattern. In the observer pattern, the obgadted the subject, manages a list of
“observers” and notifies them when an event occursviVC, the controller is usually

implemented using the observer pattern.
17



The MyMicroBlog does not use the observer patteut,implements a controller
class in the MVC pattern. The following diagram idéepthe high level architecture of

MyMicroBlog.

I IBlogView

Blog Entries on

Google Datastore LT

Figure 9: MyMicroBlog Diagram

MicroBLOG CLASS

The MicroBlog class is the main entry point for tygplication. It implements the
EntryPoint interface from com.google.gwt.core.digackage. The ‘onModuleLoad’
method from the EntryPoint interface is called wiies application first starts. The user
validation is performed in the onModuleLoad methble user authentication is done via
GAE’s UserServieFactory, which is a service thatheaticates users with Google
accounts. If the user is validated successfully,rttain MyMicroBlog page is loaded. If
the user is not validated, the user is directethéoGoogle account sign-in page (Figure
10). The class is also the controller on the MV@equa. The class handles the messages
from the views and generates notifications. Figd& shows the MicroBlog class
diagram.
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Sign in with your
Google Account
Email:
Password:
[¥] Stay signed in
Signin

Can't access your account?

Figure 10: Google Sign-in Screen

The main navigation bar for the application i®atsthe MicroBlog class. The
navigation bar receives the user input and the dlikrg class loads the appropriate
views or re-routes the notifications to the model.

The MicroBlog class has unnecessary complexitpréter to improve the object,
the controller logic can be replaced by an obsgpattern. The navigation bar also adds
complexity and makes the MicroBlog class less b&xilf the navigation bar logic is
moved into its own class, it will allow for bettemstomization and reuse. The result
would be a lightweight MicroBlog class that serasghe entry point for the application
and delegates the core functionality to the Mica@BMVC architecture.

One important point to make about the class idabethat it uses the EntryPoint
interface. The use of EntryPoint can impose a @mokfor portability since the interface
is part of the GWT package. However, after the itmprovements mentioned above, the
class should be very light weight and porting tphpligation to a non-Google
environment would require very little refactoring.addition to that, GWT is open

source and is available under the Apache 2.0 leens
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Figure 11:

MicroBlog Class Diagram
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|BLOGVIEW

IBlogView implements the interface that allows tkéferent views in the
MyMicroBlog application to be displayed. The inteé implements the following
methods.

» void Initialize(MicroBlog)

* Widget GetWidget()

» void Reset()

The view that implements the IBlogView interfacedee plugged into the
MicroBlog main page seamlessly. Each of the vieagssts renders the GUI interface and

handles the user inputs. The following table shthesdifferent views implemented in

MyMicroBlog.
View Name Description
AboutUsView Displays the AboutUs page
CreateBlogView Displays the create blog page with controls to allow new blog entries

DisplayBlogListView Diplays a page with a list of blogs

DisplayBlogView Displays the blog entry

DisplaylmageView Displays the page for image loading and display
EditBlogView Displays the page to edit blog entries

HelpView Displays the Help

ReportAbuseView Displays the report abuse page

ReportProblemsView Displays the report problems page

SearchBloggerView Displays the search page for bloggers

SearchByCategoryView | Displays the search page for categories

SendEmailView Displays the email communication page
UserProfileView Displays the user profile page
Table 1: List of Views in MyMicroBlog
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Figure 12: Partial Class Diagram of View ClasseSlyMicroBlog

Each view class renders the GUI interface forrdqadar function in the system.
For example, the EditBlogView class creates thdrotsineeded to edit the blog entry
and handles the user commands (i.e., Update orealmbe commands (events) are sent
to the MicroBlog class, which in turn re-routesoitthe BlogEntry object, which is an
object in themodel component on MVC.

The micro blog view classes use GWT to creatéaiéelements. The layout of
the controls is done via the GWT panels. The conakpaneling allows developers to
take a page layout and translate it into code.aliggment of controls within a page is all
done by specialized GWT panels. Having an upfroeaiof the layout helps the selection
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of the panels. Figure 13 shows the different pansésl in the layout of the

CreateBlogView.

~ VerticalPanel
Title: FlexTable
Category: Arts -
Entry:

Create |

Figure 13: Layout of CreateBlogView using GWT Panel

Since the view classes make heavy use of GWT aime ®bservation regarding
lock-in due to GWT applies. However, as long asapglication conforms to the Apache

2.0 license, the code should be fairly portable.

CreateBlog View

The Create Blog view allows users to create a rleg éntry. The view is a
simple page with the blog title input box, the bt@jegory selection box, and the blog

body input box (Figure 14).
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Home

My Blogs
Create Blog

Title:
Category:  AMlS -

My Profile
Entry:

Watch List
Search
Help
Report

-Crea =
Contact Us :

Figure 14: Create Blog view

Edit Blog View

The Edit Blog view allows user to edit, deletesbhow images associated with the

blog entry.
HDmE Title: World Cup 2010
=] My Blegs Date Created: Sat Mowv 21 11:31:52 GMT-800 2005
Tactd Categorny; Sports
test3a
TODO List s
The stage is almost set for next year's Worl Cup in South Africa
Testd
Whales
Google App Engine [ Edit | [ Delete ] Show
Whale watch l g
Formula 1
Comments:
World Cup 2010
Create Blog
My Profile

Figure 15: Edit Blog view
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ImageList Viewer and Uploader

The Image List Viewer displays the images assodiaféh the blog entry. The

view also allows the upload of new images with taratags (Figure 17).

Home 341'2.1\;&: {click on thismbnails to display full image)
= My Blog=
Testt
testd
TODO List
Testd
e Newl Upload
Googe Agp Engine ew Image Uploat
Whale watch Emage Name: {required)
Foomta 1
Wiorld Cip 2010 | Browss.
Sepiive
My Profile
» Image Coordinates
Watch List
Search Dore |
Figure 16: Image List Viewer and Image Uploader
New Image Upload
kmage Name: {required)
Browss_
Add Image
¥ Image Coordinates
Enter Street Address:
Get
Lat/Lng
ex. 1600 Amphitheatre
Farkway, Mountain View, CA
Lat
Lng
Figure 17: Image Uploader expanded
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BLOGENTRY AND IMAGEENTRY CLASSES

The BlogEntry and ImageEntry classes are the datatgre that handles the blog
and image entries. They both make timedel component in the architecture. The
BlogEntry class has the interfaces to create afidaedew blog entry. The ImageEntry
class has the interfaces that allow the loading stathge of images in the application.
They both implement the Serializable interfacewaiihg them to be passed to the server

by the Servlets (see BlogEntryServicelmpl below).

BLOGITEM AND IMAGEITEM CLASSES

The Blogltem and Imageltem classes are the couantsrfor the BlogEntry and
ImageEntry on the server side. The BlogEntry andgefentry are stored in the datastore
as instances of Blogltem and Imageltem respectiffélyure 18). The main difference is
that the item classes are simple data structuagsatfow the storage of blog and image
information. Both Blogltem and Imageltem classegehanly getter and setter functions.
On the other hand, BlogEntry and ImageEntry carop@r specialized functionality to

handle events in the application.

Blogltem Entities
¢Prev20 110 Next 20 »
"] ID/MName m_CreateDate m_LastUpdated m_NickName m_strCategory m_strEntry m_strimages m_strTitle
i 2009-10-27 2009-10-29 ; This is a test entry on
d=T021 435307 696000 022850 58g000  Ratams? £t mymicroblog. L st
For best visual results
IE 7or8. There are
2009-10-27 2009-10-29 e :
id=7025 0417-20 128000 00-17-03 336000 kajtams2 Computers a few items on this page 3005 MicroBlog1
that do not render well on
Chrome.
¥ 2009-10-27 2009-10-29 :
|71 id=59002 03-24-23 559000  02-29-09 923000 kajitams1 Business Test1 9003.11002.12001 Test1

Figure 18: Blogltem Entity on Google App Engine &stbre
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| BLOGENTRYSERVICE AND | BLOGSERVICEASYNCH | NTERFACES

The IBlogEntrySernvice and IBlogServiceAsynch ifdaees makes up the code
needed for the Remote Procedure Call (RPC). Therfates are used to invoke the
server and pass the BlogEntry object between thentchnd server. Although both
interfaces are written in Java, GWT compiles th&o JavaScript. Both the client and
server serialize and deserialize the data objeeintb from simple text form during the

data exchange.

BLOGENTRYSERVICEIMPL CLASS

The BlogEntryServicelmpl class inherits from the nit¢eServiceServiet and
implements the IBlogEntryService (Figure 19). RemSmrviceServlet is the servlet base
class that manages the RPC calls and automatpaifgrms deserialization on incoming
data (e.g., BlogEntry and ImageEntry) from therdliand serialization on the outgoing
data to the client. Ultimately, the BlogEntrySewnlimpl is a Servlet that handles the
requests from clients through the methods impleeterity the IBlogEntryService

interface.
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Standard Java Code
(Runs as bytecode on Server)

TranslatableJava Code

i
|
i
|
1
|
1
|
[
IBlogEntryService Async IBlogEntryService - - Fr—= BlogEntryServiceimpl
i
|
[
|
(Runs as JavaScript on Client) I

Figure 19: BlogEntry RPC Implementation

The configuration of the new Servlet is done anitar. WEB-INF.web.xml
(Figure 20) and MyMicroBlog.gwt.xml files (Figurd R After adding new Servlets the

web.xml file needs to be updated and re-deployed.

«!— Berwliers ——>

L3prviet>

“aerviet-name>MicroBlogServiet</serviet—nams>
“serviet-class>microblog. server.BlogEntryServiceImpl</serviec—-class>
</serviet>

“«gerviet—-mapping>
<serviet-naner*MicroBlogServiet</serviet—name>
<url-pattern»/microblog/microblogs</url-patterns
</zerviet-mapping>

Figure 20: BlogEntry Servlet Configuration
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<2zml wversion="1.0" encoding="UTF-8"2>
< 1 TYPE module PUBLIC "-f/Google Inc.//DTD Google Web Toolkitc 1.7.31//ENT http goo
<IN name-to="'microblog'>

- e e

it the core Web Toolkit atuff. >

<l—— Other module inherits -

<inherits name="com.google.gvt.Attp.HTITP"/ >

<inherits name="com.geggle.grl.maps.GoogleMaps" />

<gcript src="http://maps.google.com/maps?file=apiéamp;v=2.x&amp;key=ABCIAAAAri4C5G25
<! — <inherits name="com.mapitz.gwt.googleMaps.GoogleMaps"' /> —>

<l—— SBpecify the app entry point class. -3

<entry-point class="micrcblog.client.MicroBlog'/>

t path="/Imagese ek lass= ¥ 1 . server. Imagese gt/
| at "/ImageServiet” class="microblog.server. ImageServist"/>
¢t path="/EmailServist" class="microbibg.server.EmaiiServlet"fb

Figure 21: The MyMicroBlog.gwt.xml file

FORMATTING AND STYLE
GWT provides a very simple mechanism to format ahde its widgets. By
adding a stylesheet the programmer or designefuiasontrol over the look and feel of

the overall web application. The display propertefs each GWT control can be

customized in the stylesheet by following a namtogvention. The naming convention

follows a strict structure “.gwt-[WidgetName]” (e,g.gwt-Button’). The stylesheet used

in the MyMicroBlog application uses the GWT defastiyles with a few modifications.

There are limited customizations to make the oVeigplay area and button smaller to fit

the application in smaller screens. The followisgai snippet of the stylesheet used in

MyMicroBlog that modifies the appearance of the GBi@logBox.
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cgwt=DiaglogBox
shorder: Spwx solid #C3DIFF;
border: Zpx gutssiy
background-color: whits;

}
gwit-DizalngBox .Caption
background-color: #C3IDOFF;
padding: 3JIpx;
margin: Zpx;
gurzor: defaulb;

}

Figure 22: Custom style settings for GWT widgets

The overall application style can also be confgluby setting the module
to inherit a style from any of the GWT styles (Fig21). The application style is applied
in the Application GWT XML file (i.e., MyMicroBlogywt.xml).

IMAGE LOCATION TAGGING

The images loaded via the micro blogging site cartdgged with latitude and
longitude values (Figure 23). This enables theiagpbn to display the exact location on
the map where the picture was taken. The applicaiges another utility from GWT
called Geocoder. The Geocoder is a web servicet#tkas the user input address and
converts it into latitude and longitude values. Tét#ude and longitude values are used
to display a “pin” on a map indicating the locatihere the picture was taken. The map
is another GWT tool called MapWidget. The MapWidgkbows programmers to display

maps on web applications with similar functionaktias in Google Maps.
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Image Viewer

Whale

Lat: '34.0522342' Lng: -118.2436849 [ Place on Map

Figure 23: Image viewer with lat-long values

Figure 24: Image pin on map
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Both Geocoder and MapWidget are Java librariesthadntegration of location
and mapping capabilities to a web application mscat effortless. The only configuration
required in order to use any of Google Mapping ises/is the creation of an account
with Google and the use of the key provided with #ccount in the application xml file

(i.e., MyMicroBlog.gwt.xml).

OTHER UTILITY TOOLS

Sdenium IDE

The use of automated testing tool was limited duthre initial development due
to constant changes in the user interface. Oncagéeinterface became stable, Selenium
IDE [11] (Figure 25) was used to automatically tiest user interface. The tool integrates
with Mozilla Firefox and helps record users actionsthe web page. Once the recording
is complete, the tool helps play back the usern®r@&t The utility assisted finding a bug
in the implementation of the blog Servlet whereoanasional error was preventing the
insertion of new blog entries. Selenium created hidg entries via the CreateBlogView
page by automatically filling in the fields. Ondeetscript completed the form and hit the
Create button it waited for one second and veriiigtie entry was on the datastore by
guerying the newly created entry from the Searchi@ggory page. The script repeated
the steps every second until the problem re-ocdurfde script helped pinpoint the
problem and resolve it. When a new blog entry waerited to the datastore an error was
occurring intermittently because the Create metimodBlogEntryServicelmpl on the
server was not using javax.jdo.Transaction. Oneepiftoblem was resolved, the same

script was used to verify the fix.
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Figure 25: Selenium IDE for Firefox
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WORK BREAKDOWN

Table 2 shows the breakdown of the major tasksopedd during the

development of the MyMicroBlog application.

MyMicroBlog Work Breakdown

Client-server
folder structure

Deployment
configuration

Deployment files

Application
Deployment

Task Feature Development Comments
Time (days)
MyMicroBlog | Overall 0 Application setup took no time due to the helphaf
Application application setup Application and Deployment Wizards.

Requirements
Gathering

Time spent gathering requirements

Specification

Time spent drafting the spectfimas

Architecture

Total time spent on the architecture of the
MyMicroBlog architecture. This includes the time
spent on researching for modeling tools to use in
Eclipse. These modeling tools helped generateldss
and data flow diagrams used to define the software
architecture.

Design

Time spent on designing the MyMicroBsygtem.
This includes the time spent on researching for the
different GWT technologies and prototyping. About
80% of the time spent in this stage was on readin
learning on GWT.

Table 2:

Work breakdown of main development tasks
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Task

Feature

Development
Time (days)

Comments

Implementation

Total 11 views

3

Once the IBlogView interface was defined, the
development of the different views were very stinaig
forward. The system now supports the plug-in for a
view seamlessly.

=

MicroBlog
controller

The initial implementation of the MicroBlog classsv
not intended to use it as a controller. As a re#ult
required refactoring to adapt to the MVC patterd an
support the IBlogView interface.

Blog Entry Data
Object

Large amount of time was spent on debugging
problems with the servlet configuration files.

Automatically generated files helps development by
when edited manually can lead to hard to find bugs

—

Image Upload

—

95% of the time was spent on debugging the Servle
code and GWT configuration files (i.e., xml file$he
initial implementation was done using sample code
from online sources. It turned out that some o$¢he
sources contained errors in the Servlet code or
configuration files. The errors were very harditalf

because at runtime the debugger generated messages

that were very cryptic and hard to understand. Soime
the errors were due to an extra '/' in front ofgla¢h
name in the xml file and only caused problems at
runtime.

Image Data
Object

Similar problems understanding the need for deditat
objects in the server side caused delays in the
development of the image data object. It is impdrta
to understand that client and server objects follevy
strict Servlet or JDO rules.

Style and
Formatting

Time spent on researching for techniques to apply
styles to the web application.

Mapping

The development of the mapping feature was very
straight forward.

Total

34

Table 2, cont.:

Work breakdown of main developniasks
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RESULTS

Development Experience

The overall development experience in GAE was exttg rewarding. The
platform and GWT allow for quick development ofdrdctive web applications. The
GWT plug-in for Eclipse is a must have. There isyMdtle to do as far as configuration
and setup once you use the Create and Deploy Agpiolirc Wizards. The developer can
truly focus on the architecture and design of tled &pplication. The resulting code base
is very small. Table 3 shows the breakdown of tital tnumber of lines of code in the
client and server side of the application. Tablshdws the average time it takes to

compile and deploy the application to Google sexver

Client side 3406
Server side 1782
Table 3: Total lines of code in the client and seside
Avg. (sec)
Compilation Time 47.876
Files Upload Time 25.362
Total Deployment Time 73.238
Table 4: Project deployment time information
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Table 5 shows the system description and developerironment on which the

application was developed

Operating System Windows Vista

System Type 32-bit Operating System
Processor Intel Dual Core 1.73GHz
Memory (RAM) 2.0GB

Laptop Model Hewlett-Packard Presario C500

IDE Eclipse Galileo
Java Version 1.6.0_ 03

Type Wireless Broadband

Download 7.18 Mb/sec

Upload 4.71 Mb/sec
Table 5: System description and development enment
Performance

The overall performance of GWT does not seem tecafthe usability of the
application. GWT compiles the GWT components inrojted JavaScript, so at run time
there is no performance difference between JavaiSaoded manually and auto
generated by GWT. In fact, Google states that #wa3cript code generated by GWT
performs better because of optimizations.

The only noticeable performance problem is durihg initial creation of the
PersistenceManagerFactory. The PersistenceManagerfaused during JDO data
transactions is very costly at first. In order tgpe with the initial hit, a singleton class

wraps the PersistenceManagerFactory instance. Aftesingleton class is created, the
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PersistenceManagerFactory instance is kept in mgnmand there is no significant
performance hit thereafter. The performance hihasiceable only if the singleton is

unloaded due to low traffic or the applicationetoaded. In that case, the user who visits

the site for the first time will notice a 5~6 secerud delay (Table 6).

First time ~6000 Most of the time is spent on
the instantiation of the
PersistenceManagerFactory.

Subsequent times <500 PersistenceManagerFactory is
in memory and JDO
transactions can take place
immediately.

Note: The time was measured at the server side by placing timers in the server code and it
does not account for the network latency. The objective was to find the place in the code that
was causing the long page load time. The number above is the average of 100 page loads.

Table 6: First vs. Subsequent page load time

Table 7 shows the page load time comparison betWwbsaicroblog and some of
the commercial web sites. The value is the aveodd€00 page load requests. The
measurement was taken programmatically using ptsaritten in C# as shown in Figure

26.

487.5577194 | 379.7156 | 492.8234 | 542.9673 | 503.1726 | 550.1769 | 579.463

Table 7: Page load time measurement in msec.
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=3t request =
tpWebRequest regquest

Create ("htcp://twitter. com/ ") ;

tpWebReguest

eate ("http://google. com/ ™)

m

T &
S fHetpWebRegquest re Cr
//HetpWebRegquest regquest SETE
J/fHetpWebBeguest reguest Ere
ffHttpWebRequest reguest Cre
Stopwatch timer = new Stopwatchli):

for (int nIndex = 0; nIndex < 1000; nIndex++)

HEG Eesponse response = [(HoopWebResp se) request.GetResponse ()

if (response.StatusCode = Hit . 0K}

i

timer.Stop():
imeSpan timeTaken = timer.Elapsed:
dg.WriteLine (string.Format ("{0}", timeTaken.TotalMilliseconds)):
I
Figure 26: Script used to measure page load time

Figure 27 shows the statistics generated by YSI®Yy for Firebug when loading
the MyMicroBlog main page. According to the repgenerated by YSlow, the main
page makes poor use of Content Delivery NetworkNCBnd gave MyMicroBlog main
page an overall grade of C. However, this is bezdlis main page displays images and
use stylesheet and these are standard files fowabypage. Figure 28 shows the YSlow
statistics for a commercial blogging site. The Y&leport also points out the problem

with CDN and gave a D grade to the site.
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The page has a total of 15 HTTF requests and a total weight of 202.0K bytes with empty cache
WEIGHT GRAPHS
HTTP Requests - 15 HTTP Requests - 11
Empty Cache = Primed Cache =
Total Weight - 202.0K Total Weight - 105.1K
|| 1 HTML/ Text 0.7K | 1 HTML/Text 0.7K
6 JavaScript File 101.8K 2 JavaScript File 6.6K
2 Stylesheet File 4.4K | 2 Stylesheet File 4.4K
| 1 €85 Image 0.2K | 1 €55 Image 0.2K
| | 5 Image 46K | | 5 Image 92.9K
Figure 27: Y Slow statistics for MyMicroBlog main ga

The page has a total of 72 HTTP requests and a total weight of 283.0K bytes with empty cache

WEIGHT GRAPHS

HTTP Requests - 72 HTTP Requests - 22

Empty Cache Primed Cache
Total Weight - 283.0K Total Weight - 32.7K

| 1 HTML/ Text 16.3K B 1 HTML/Text 16.3K
20 JavaScript Fila 130.4K 14 JavaScript File 8.6K
3 Stylesheet File 18.7K 1 IFrame 0.06K
1 TFrame 0.06K | | 6 Image 7.7K

] 2 Flash Object 5.1K

| 24 €55 Image 20.1K

B 21 Image 92.1K

Figure 28: YSlow statistics for a commercial bloggsite

L essons L earnt

The Create Application and Deploy Application widsirare very useful. They
automatically generate configuration files, foldstructure, and source code. The
configuration of the application is done once, se auto configuration feature is very
helpful. The auto generation of the greeting pageseful because the wizard builds the
package structure for the client and server as. viakk only drawback of auto generation
of code and configuration files is that the develomay end up with unnecessary code.
Debugging through auto-generated code can be timsuming due to unfamiliarity and

amount of unnecessary code. Errors in the configurdile introduced by new features
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added manually can be hard to detect, especialgnvpinogrammer is a novice on Servlet
coding. As reported in table 2, most of the tinperg during the development of the
client and server code was spent on troublesho&@erglet and configuration file errors.
These errors can be extremely hard to find if thegmmmer does not have a good
understanding on the technology. The wizard doest mibthe work, but it is important
that the programmer knows exactly what the wizardding because manual changes are

needed.

FUTURE WORK

There is room for improvement on the MyMicroBlogatiorm. The current
implementation requires refactoring on the MicraBtbass in order to make the platform
truly modular. For example, the complexity of thecMBlog controller class does not
allow for easy plug-in of new functionality in theavigation bar. The two refactoring
points made in the MicroBlog Class section willukesn a better design.

Security is also another aspect that needs attentidhe platform. The calls to
blog and image Servlets have no authenticatiorhatmhoment. Any malicious web
crawler could invoke the Servlets causing unnecgdsads on the server.

The user interface uses the default GWT styles. défault styles are regular
Google styles and the page has the look and femhpbther Google application. Adding
a mechanism to load a custom style sheet will alliogvuser to add personality to the
web application. GWT controls have their own praoiesrand need to be set on the main

style sheet.
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The image location tagging uses only the user edtstreet address. Further
improvements to the system will be to allow usersise GPS coordinates from devices

such as the iPhone to tag images.
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Conclusion

There is no doubt that cloud computing has opered Inusiness opportunities
and has started a new Internet revolution. For sets, the cloud promises unlimited
computing power at very affordable prices. Creatiompanies can take advantage of the
cloud services to deploy applications that beforerentoo expensive to develop or
maintain. There is the opportunity of getting ridtloe IT department in the company all
together resulting in savings and less overheads.cloud providers, there is a new
business opportunity where commoditized computssuees can be sold as pay-as-you-
go model.

The race is on for cloud providers and the marketsdnot have a clear winner
yet. All the cloud solutions available in the mdrkeday make the early stage of the
platform development cycle. Until the cycle comesat full circle, users should gain
experience on the cloud technologies availables ©&a very important step to create the
sense of direction in the industry and the creadiostandards. From the start of the cycle
to the end when the cloud computing platform siadsl, users will most likely be
winners since the capital to experiment on techyieb such as GAE is low. GAE has
proven to be a well thought-out and designed platfd he use of standard APIs in GAE
allows the development of well designed and attraciveb applications. The experience
on GAE shows that users can focus on the busiogss While developing flexible and

portable web applications.
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