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Abstract

This project explores specific usability issues relating to the Adobe @ IR&hyer and the
Microsoft® Silverlighte Player in the adoption of Rich Internet Applicatiods.critical
usability research study was undertaken to formulate an evaluation framework. The findings
of which,formed the basis of sevegtlucturedexperimentsThe Adobe FlasRlayerand the
Microsoft Silverlight Playerwere systematically tested against the framewasulting ina

thorough and comparative evaluatiorcafrent and future usability issues
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Introduction

Developers are continually pushing the Web forward in new directioastingcontinued

user demarsl for a more interactive Web experience. The standard HTpdge and
supporting browsers offer only a limited set of interaction possibil{fiestsford, 2003)
Developing engaging multimedia, games and Web applications for deployment in a model
originally designed for viewing documer{i&/3C, 1998)s becoming increasingly difficult

Businesses and users alike are demanding interactive online applications, which replicate
functionality familiar to the desktop environmemh which they are accustoméa, more
commonly known as Ri ch | PheermnReAt wasAqoipetby c at i or
Macromedia in 200ANoda, 2005)and they have been describaed a hybrid between

traditional desktop applications and Weased applicationgDeb, 2008) More familiar

terms such aisondi WedRiaplpl Welat Cl i entlader A Remo
(Rich Internet application, 2008jave been usedVhileth e t echnol ogigleseehi nd
familiar,t he daily wuses of RI AG6s ar eham@Gaog@eMaps mmo n
(maps.google, 2008)Facebook(facebook, 2008)and other sites offerin@ rich, more

dynamic interface.R1 Ad s have t he abilityandalvanced!| i ver
functionality over the WebWherebusinesses have benefited from the ease of development

and limited skills needed to create traditional Web content, developing richer content requires

a richer set of skillso be learntAs a result moreompanes aresnjoyingthe benefits gained

by implementing an additional presentation layer tactivporate Web user interfadge,order

t o host infiplovkidteractvity.d

RIA development over theé/eb has increased at a remarlalpace over the last few ges
however extensive training, increased wagestaadomplexity of software matenanceare

just someissueswhich will affect ac o mp a custdnersdevelopes, managemenand
directors. Blind adption of such technologies is careless without car@dakideration of the
consequences, the high Return on Investment (ROihiged by such technologiesll seem

like a myth. This projecwill highlight in detail, a few considerations that should be made
when planning ausiness strategy of this natwersidering which possibIRIA technology

is suitable for @aompaty 6specific needs.
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The release of Microsoftoésin&8nhwventedhtaE Whb
conferencgSneath, 2007)has created much intetdsom the commercial sector including
increased interest from developers already skilled in the competitive technology of Adobe
Flash©. The author has a specific interest in this area as he has used both development
platformsin industry The fundamentatlifference between traditional Web applications and
Rich Internet Applications is the downloadingasf additional presentation layer, commonly
calledaP| ayer, t o t h &he Rldyartakest oves respoasibilities1seich as data
communicéion, rerdering and interactiofrom theoften-strugglingHTML Document Object

Model (DOM). While thesePlayes allow for a more dynain and graphical user interface
usability often suffers as a resufthis study is not concerned with the diverse comparisons
that can be drawn between the two development frameworks and Integrated Development
Envi r onme i tTesfocuof thik @rgectis to take a systematic approach to the
evaluation by investigating the limitations that each ofRlagers may have with reghto

their usability. Specific issues investigatadclude, the performance accuracy (animation
delay) and effectiveness processing (renderirgpeeds) of the Plays. Usability is
fundamental,fia technology is perceived as not usetuljts perceived e of useREU) is

low, theacceptance of Httechnologyis also likely to be low. b-usable systems, despite the

bells and whistles, simply will not be adopted!

As Web applicatbns increase in complexity, developmeskills increase in depth and
diversity. With the innovative addition of Adobe FIex to the Flash Technology group,
coupled with the advent of the Microsoft Silverlight platform, RIA development now has real
development capabilitiedVith the Flash Player in its twelfth year of developmgaay,
2007)andt he soft war e gi antpotédmtiat coropstiivilPtayess it woeld e a s e
seem an ideal opportunity to examine the t#layers.With such diversity in technology
however developers, project managers didDirectors alike can struggle to understand
which technology, methods and mechanisms are most agieopfor each unique
development situation. This project aims devise a series of experimertssed on a
usability study in order to critically evalathe Playerand asa result, show the limitations,

benefits ancdditional considerationelating to theusability ofthese Players.
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Background Research
Delivering rich content

The innovative software development world is segregating and automatougsses,
departments, business functions and serviweating more dynamic and loeseupled

softwareto matchthe business nee@@/oods, 2003)R | Aabesset to follow suit.

Aalt i s difficult to design HTML interfac:
offers a limited set of interaction possibilities, making tasks that increase
efficiency (i ke dragging and droppi ng)
(Botsford, 2003)

Microsoft Silverlight is based on the smart client, rgaheration User Interface Platform,
Windows Presentation Foundation (WPF). WPF was designed to provide a universal building
platform for applications, allowing a clear separation leetwuser interface and business
logic. Microsoft Silverlight is now bringing loosely coupled development culture to the Web.

Silverlightis described as being;

A a c-braavseg crosglatform runtime that enables developers and
designers to add animationector graphics, and Higuality media to any
Webp a g(8neath, 2007)

Despite this definition it is important to note that the Silverligtdyeris by no means
restricted to the Wels i | v er | i-uphahgdage, XAML, laa be used in anytandard
WPF desktop applicatiowithout the need for any additional modifications. The Adobe Flash

Playeris described as;

it h e -pdrforrgamce, lightweight, highly expressive client runtime that
delivers powerful and consistent usexperiences across major operating
systems, browsers, mobile phones, and devigedobe , 2008)

Whilst most marketing information suggests that these products are performing different
functions, there are striking similags between the two technologwegh both Flash and
Silverlightsupportingg he del i very of animati ons, mul t i me
It is therefore reasonable to assume that the twatdopies are direct competitors; however,

it is also reasaable to assume that the two technologies are likely to perform certain primary
operations with different levels of effe@nessandsignificantly, their usabilityThis study

will attempt to investigatbow these key operations perform under high throughgpuations

andif the Players have the ability to maintain usability under stress.
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Evaluation specification

Before Silverlightos release there had been
such as Sun Microsystems JavaF3un Microsystems, 200&nd Ajax based Backbase
(Backbase, 2008)Each Player has different levels of functionality and market share with
Adobe Flash being the most well known and widely used to &ae.obviousto see that
eachPlayeris not an application in a strict sense mi | ar t o a tel evision
multiple uses depending upon inputs such2¥P, satellite, games console etrojects,

which may be built for thd’layer can be radically difirent but thePlayer remains & a

constant presentation platforrAn accurate evaluation of such Players therefore presents
cause for concerras most software evaluation methods are based on a clear set of software
requirementsTheserequirements are often testedhangt an evaluation framework, however

the evaluation of a Player rather than the software, cannmtdesl on such requiremenrds,

each project developed for the Player will have a unique set of requiremisrlbsites ad

features. Defining aspects of software, which are intrinsically important for carrying out
evaluations, will be different from one project to the n@&dansequentlythis dissertation will

not focus on evaluating the possible projects that can be dativier a Player, insteadthe

studywill focus on the evaluation of constants relating toRleeyersattributes, featureand

functionalityall of which canaffect usability.

There are many studies of software analySisrtdlessa, 2004)each separating the analysis
into defined approache€ortellessadefines two primary approaches to analysis; functional
and norfunctional. Functional analysis is described as the analysis of a set of inputs, the
behaviour and the associated outputs. Preliminary development research in both
environmentgSilverlight, 2008)shows that functional analysiesults in only a small set of
differences and the argument contintiest while the methods, librarie and languages are
quite differentthe limited differences in functionality can be resolbgda number of work
arounds As a rault, the functional approach witlot be used in this study ashis relates to

the development goals and outputs of thévwsfeto be developed for the Playerst he

behaviour or outputs of thddyersexplicitly.

The nonfunctional analysis of software can be described as the analysis of criteria that can

be used to judge the operation of a system, rather than sjpetifwiours.
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A N efunctional requirements include constraints and qualities. Qualities
are properties or characteristics of the system that its stakeholders care
about and hence will affect their degree of satisfaction with the system.
Constraints are nb subject to negotiation and, unlike qualities, are
(theoretically at any rate) offmits during design trade f f (lglalan, 2001)

Such qualities affecting usability, arisinghot throughthe software design procebst as a
side effect othe Playerwhicharethe focusof this project. The analysis of ealayerfrom

a usefcentric perspective is essentidl decisions are to be made regarding possible

integration of one of these PlayeMeilsen(1999) statesfiUsability rules the Web. Simply

stated, i f the customer <canot f d Furthermore,pr od u c

Abram (2003t al state;

AUsabl e products can be designed by
and attributes, which are benefal to users in particular contexts of use.
Users are interpreted directly as interactive system users. They can include
operators, as well as direct or indirect users who are influenced by or
depend on usi(Abgn20B3® soft war eo

Therefore, the evaluation criteria used in this report will be based offunctional
characteristics and attribute@redominantly performance and efficiency, which will

influence the user either directly or indirectly as a side effect oé ttreeria.
Usability evaluation

The primary usability issue to be considered is trequired downloading of a Player
StandardWeb applications manipulate the DOM,-rendering parts of the current XHTML
page allowing interaction with no extra downlog§8neath, 2007)Using a Playeto present
rich content has one main negative consequenceothpulsorydownloadingof the Player

to the client machine. This process is essential, gakkire ¢ | i ennotder to viewctle 6

nco.

Gichbcontent. The argument is that downloading a Player to the client machine increases the

load time for the user. Studies sh@®mith, 2007hat over half of users that are prompted to

install a plugin, leave the site andavigate to another site to avoid the installation. It is true

that a large download footprint will deter potential customers, however with the benefits of

user interaction and user interface design, companies are investing heavily in the future

developma t o f (A8bbeA 2068)in essence, the future of usability on Weeb. This

presents the argument that as home internet connection speeds increase, rich client downloads

are becoming less of a concern to esdrs.
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The corern of downloading male becoming less important, the case for Player usability

however is as important as ever.

AA recent Computerworld panel on AThe Fut
(I'T)o indicated that u s-leebeffits, intlding and t ot al
user inefficiency and ineffectiveness costs, are becoming IT user
organizationso top priorities [Anthes, 2
panel i st W Brian Arthur was HAComputers
need. The bottleneck is making itals a b (Boehng 2005)

There is an abundance of work relating to the usability of computer based s{3dekts
2003) however while there are many differing guidelingiich detail the implementation of
usability within Human Computer Interfaces (H@Berlman, 2000)there is nb a specific

set of rules which is followed unconditionally.

AThe term Ausabil ity oncepts Suehas execatiolm set of
ti me, perfor mance, user satisfaction and
taken together. But usability has not been defined homogeneously, either by

the researchers or byAbram2003st andar di zati on

Because of this nestandardisation, the concepts of usability must be derived from a sense of
importance regarding issues directly relating to the problem domain, based around, but not

restricted tahe many pralefined usability guidelies(Mariage, 2008)

Norman (1998) states thatihe most obvious reasons for using IT are to have an effective and
enjoyable interaction with technology that

t i mMow dhat applications are no longer restricted to the desktop, the same considerations

mu st be made f or RI A6 s . The userdés interact
Companies developing RIA6s for praeafandRAwi | | r
development for internal usky in-house employees will lack any productivity benefits if the
application frustrates the user. With such importance being placesbftwiare ROJ the

usability of Players cannot be overlooked.

AFi xi ng proBkleanb iddrimgttlye later stages of development has
proven to be costly since any changes cannot be easily accommodated by the
soft war e &Folnmérj200d)ct ur e o

Jame Flash Vs Silverlight: A Usability Evaluatio
Mallorie



7|Page

Player evaluation

There are many way suatedhiratermsRof thérusalligpomebige e v al
2008) The work that has been carried out regarding usability engineering of desktop
applications is extensiv&luch of this usability experimentation and analysis can be directly

apd ied to the devel opment of RIAOGs and conse

developed.

Chung (2000) defines four critarfor nonfunction requirements in software engineering;
AGeneral, Adaptati on, Wbhenseaay rof thesedterid? €hurfgor ma n ¢
elaborates on each point in much more detail, however it is clear only a small set of these can

be related specifically td’layer usability. Thesecriteria are classified asiper f or manc e
accuracy, effectiveness communication and effedives p r o Due $oghie diffjcalties

in maintaining a controlled network for accurately testfigctiveness communicatjate

scope of this study will focus specifically on performance accuracy (animation lag) and

effectiveness processing (rendergpged).

Facilitating flow should be a, if not the, goal of user interaction de§ldke, 2004) If a user

is forced to wait for th@layerto render the next page in an application, or an image

associated with a set of inputs, then the flow is broken. To create a successful RIA is to create
rich content, which encapsulates a sense of.fldve quicker the rendering time of tRéayer

theles chance there | s ¢thérefdrerpeehktingmpgssiliieysiveu s er 0 s

user experience.

Measuring performance accuracy (animation lag) and effectiveness processing (rendering
speed) in terms of retrieving data from tests does not ppsebéem howeverthe accuracy

of the data collectiorand measuremenis debatable. The problem surrounding accurate
measurement is influenced by the ability to obtain accurate cdimre$ to measure against.
Understanding the time model of the systemwhich experiments areun, is crucial if

accurate data collection is to be achieved.
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There are two system time models; r@ale systems and neneattime systemgWikipedia,

2008) Liptak defines the the systems in detail:

i Ha r d-tine esystems are scheduled so tasks are guaranteed to start
within a precise length of time from an external event. Hard-tiead
systems are deterministic. Soft réiahe systems generally list the average
length of time to start the routindut a small probability exists that the
maxi mum ti me wi (Liptdkp2602)much | onger O

Testing platform

While much time critical testing isarried outon UNIX systems because of the Epoch time,
there are still restrictionso data collection accuracy as most general purpose operating
systems (OS) are non re@he systemsThis means that the process scheduler on the system,
not the userdetermines whiclprocess on the CPU is to be run nexit permittingthe user

to control the kernehnd manage systenmterrupts.The CPU controls the scheduling of
system tasks, thus data collection accuracy will be determined by the cycle speed of the
processarnot program method callé further claim can be made thhe operating system
delays the system time interrupt fraynchronigng to the BIOS clock or Real Time Clock
(RTC), when the system is under heavy laddsder these circumstancttee CPU will have
many queued processes waiting to (Musumeci, 2002jhus reducing accuracyhe ideal
environment for testing would be based a realtime systenfor the most ecurate results;
however,a compromise must lirawn,as most modern systems are guackl likely to have

a reasonablyow processing latencyThe decision to perform the evaluation testing on a
clean default test systethereforeresuled in a level of accuracygonsideredsuitable for

evaluation testing.

Measuring performance accuracy, as with all-iurctional analysissi subjective. Therare
many ways to test accuraend with any result, decisions must be made as to what qualifies
as accurate. Due to the possible interPlafyersbeing used t@rocess financial transactions
and deliver ofline games returning cash pei rewards, iraccurate animation within an RIA

couldresult in a possible financial loss for a business orusais due to

a) Poor design of thdeliveredapplication.

b) Performance restrictions of the delivery system (Playg=iilting in poor
usability.
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Defining the accuracy of each experiment may be subjectiayever, performing
comparative experimentsill instil a high levelof confidence in the results as the Players

will be measured against one another, not against a possible, intaogilale

The most obvious difference between Biayersis the animation timeline. The Adobe Flash
platform incorporates a fra®ased model timeline, which by adjusting the frames per
second (FPS) will adjust the overall speed of the animafitve. Microoft Silverlight
platform incorporates a tret@ne model, it is not inherent of the frarbased model, thus the
speed of the animation is static and is res
time. With such a fundamental difference betwelkaRlayers,it is essential to evaluate the
robustness of each timeline model. Animation lag generated by the timeline model in an
animation will generate a distorted and inaccurate representation ofAimaetion within a
Playeris triggered by an eventhese events can be programmed in association with or used
primarily based on the timing of an animation. The repercussions of animation lag could
seem trivial on the outset; an animationyrshlp a few frames for exampl®wever if events

relating to fnancial transactions are placed within the animation timeline, then an animation
which loses time could also lose money. Animation lag can also affect human response and
create egative workflow distractionsall reducing the productivity cinemployee ging the

application or frustrating a customer trying to purchase a product.

Measuring effectivenessqressings again subjectivewith similar principles asee with

performance effectivenesbut with more detailecconsiderationdo be made. To mease
effectiveness processing there must first be a clear classification of what factors affect the
user6s interaction with t hereldtetovaayldevplapuohents o f t we
inadeqgacies. A good user interaction can be defiasne whiclgives the user a sense of

flow and does not distract with extended waiting times.

Measurement accuracy

Measuring software performance and efficiency can be bdgnssinga techniqgue known as

benchmarking. Spelearwell (2005)describes benchmidng as;

nSpeci fically, a computer benchmark i s a
strictly defined workload (i.e., a set of operations) and returns some form of

measurable result (i.e., metric), describing how the system under test (SUT)

per f o (Fanset, 005)
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Using a benchmarking tool, test applications can be run iRlthgeersandwith the use of the
benchmarking tool metrics data can be returned for analysigever by design, the use of
such a tool does not ensurecarate results, as the resulting metrics need to be clearly
defined.

AComputer benchmark metrics wuswually meas
workload completed) or throughput (how many workloads per unit time were

measured). Running the same computer bendhmarmultiple computers

all ows a c¢omp a(Spes GRU2000 20014 made. O

Adaptng this analogyfor software exchanging multiple computers, for multipRdayers
however using the same control system, will allancomparison of the software (the

Players3, instead of a comparison of the system.

There is an abundance of benchmarking tools on the maretever studies suggest

(Seltzer, 1999)hat accurate benchmarking can only be achiafthe benchmarking tool is

created specifically to measure the intended application. With the benchmarking tools on the
market, this is not the casadwhile each tool may lean towards a certain type of application

or environment, they are still veryyrch 6one type fits alld tool :
into each application folPlayer specific benchmarking will result is the best way of

producing accurate results.

It is clear that theompanies now hawen invested interest in the usabilitysafftware
now more than everwith surveys suggesting up to 53% of retail companies boosting
usability investment in 200@8nternet Retailer, 2008With the ability to deliver applications,
multimedia and games to 98% of the rds internet userqFigure 13), substantial
investments are taking place ensuring that the content of these Players are usable. This study
intends tosystematically determine whether the content delivery method (the Player) can

maintain usability.
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High-Level Requirements

¢ Develop necessary experiments to Rlatyers against the evaluation framework

e Developexperiments in such a walyat they enabléheduplicaton of similar
mechanisms, methods and logic in each technology, to create the mésasion
results.

¢ The data retrieval methods must retrieve valid and accurate data for analysis.

e Each test as part of an experiment must be run multiple tionallow for any system

inconsistencies, drain on resources or any unexpected and inaccurate data.

Development Strategy
Problem description

Can the adoption of a rich media presentation layer such as the Flash Player or the Silverlight

Player adversglaffect the usability of thdeliveredrich conten?
Methodology

After an evaluation of current methodoleg{Appendix C) the decision was made to
incorporate a spiral methodology for the development of each experiment. The spiral
methodology allowethe experiments to be carried out, followed by the results analysis, then
a new cycle of the experiment was designed andlrased on what was learned from the

previous cycle.
Evaluation framework

In order toevaluatethe Players objectively two expenments were developed containing
multiple tests.The first experiment was designed to analyse the possibility of animation lag
over time. The second experiment was designed to analyse the rendering speeds of the
Players under heavy and repetitive lodelsd test was designed to iteratively cycle through

pre defined processes and record specific system data for analysis.
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The tests were designedthvthe aim of creating a critical comparison between the two
Players evaluaing eachPlayerrespectively froma user perspective. In short, to evaluate

specific usability issueslefinedin thebackgroundesearch.

Successful experiments were defined by the retrieval of accurate data, showing comparative
results highlight key differences, between the SilverlRjayer and the Flash Player.

Experimental D esign

The experiments used for the evaluatidallow some keymethodologies of formal
experiments explained in detail ljltan, 2003) The following software evaluation pitfalls
taken from (Pfleeger,2006) were considered during the desigitevelopmentand data

collection of the experiments.

Tablel: Formal experimentation pitfallgPfleeger, 2006)

Pitfall Description

Confounding Another factor is cauisg the effect

Cause or effect  The factor could be a result, not the cause of the treatment

Chance There is always a small possibility that your results happened by chance

Homogeneity You can find no link because all subjects had the same level fafdioe

Misclassification You can find no |ink because you (¢
of the factor

Bias Selection procedures or administration of the study inadvertently bias the re

Too short The shoriterm effects ardifferent from the longerm ones

Wrong amount  The factor would have had an effect, but not in the amount used in the stud
Wrong situation  The factor had the desired effect, but not in the situation studied

To aid the retrieval of the most considtand accurate results possible with a non-tiez
system specificprocedures werperformed The experiments were explicitly conducted on a
control test machineexclusively setup to avoid any anomalies in the results. Certain
considerations were madering the setup of the test machine, such as the deactivation of all
non-critical applications and services for example antivirus software and network
connections. The test machine specificatieseas follows:

Processor:Intel Core Duo T2300 @ 1.66GHz (1.67GihZ MB L2 Cache
Memory (RAM): 1022MB DDR2

Graphics Support: 256MB NVIDIA T GeForce Go7600

OS: Microsoft Windows Vista (Business Edition) -Bt
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Data Collection

To make a accuratecomparisorbetween theéechnologes, the data collection methodology

must bethoroughlyevaluated in order tensure accurate results foomparison
Flash

The ability to measure the system time in AddHash can be done using one of two
methods. The first and most popular method usethe getTimermethod. ThegetTimer
method is essentially no more tham iaternalcounter, once the animation has started the
getTimermethod The progranstarts timing the duration of the animationNhlliseconds
This method is used widely iRlashgames andapplications.The downside to thgetTimer
method is that itannotbe resetA common way to get the current number of milliseconds
from onereferencepoint to the next is by simply storing tigetTimermethod in a varialel
and then matchinggainst thevariable when a comparison is needed

The second method of calculating time is usingla¢e class in flash. Creating a new date
will store the date adictatedby the OS, then, by using subsets of Bede class such as
getSecondsind getMilisecondsthe same information can be gathered. This has the added
benefit of being able to store the system time @gelanitedformat.

An intermediaryexperiment was carried out test theaccuracy between the two methods of
obtaining the system tim&he results showed that over tiggrationsof the tests, there is no
significant difference betweerthe use of thegetTimer method and theDate class for
obtainingsystemtime, as the results Figure 1 shows.

Figure 1: A comparison between thgetTimer method and theyetMillisecondsmethod
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Because both methods of system time collection do not vary, both metbatt be
interchanged as needed. Due to the added formatismgfits, the Date class was

predominantlyusedin the Hash experiments to obtain the system time.
Silverlight

Measuring the system time in Silverligtdn be done in many ways. BecaGsleerlight has
accessnuch of theNET framework and thassociatedibraries, any time and date functions
specifiedwithin the .NET librariescan be deployed in tt&lverlight application. This opens
asimilar debate regarding the accuraaydsuitability of themethod usedDue to the many
differing methods availabléull testing for each method was rfeasible however during the
development stagegetTickCounter windows highResolutiomimer and the DateTime
functions were used to explore and evaluate them.inButhe development of the
experiments, it wagnperativeto use a time measuringechanism, whichvould duplicate

the measuring mechanism used in tHash Player, keeping within thescope of the
requirementsThe tests proved that tiateTimefunctions available throug8ilverlight from

the .Net library would give suitably accurate and similar results to the measurement
mechanismaused in Fash. The following example shows the methods used to collect the

system time and the accuracy of thepotifproduced.

/I Create a new date/time object with the current date/time.
DateTime Ten = DateTime.Now;

Il Calculate the difference between this date/time

/l'and a previous date/time

TimeSpan result = (TS - Ten);

/I Send the results to a text box.

testTimeTotal. Text = result. ToString();

[[Example result format
startTime(20secs):,13/03/2008 17:25:28,
stopTime(20secs):,13/03/2008 17:25:48,
total(20secs):,-00:00:20.0140000

The collection of data during these testnaations results in specific information detailing

the length of the animation in seconds and milliseconds. Using this information, we can show
the timeelap®d as defined within thelayerand calculate a comparative time offset between
this and the expeted durationThe result of this data collection i® analyseand formulate

conclusionswith confidence
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Performance Accuracy Experiment
Overview

To test performance accuracy (animation J@&xperimental tests were designed to replicate
animations within théPlayersandto retrieve specific information at precise intervals. The

basic concept of the experiment can be explained as:

1. Start the animation

2. Record the starting system time from within Blayer with acceptable precision.

3. On the completion of the animation

4. Record the ending system time from within Blayer with acceptable precision.

5. Make the appropriate calculations to show total dunagapected duratioandan
offset if any.

The following conceptual workflow diagra(figure 2), was used in the development of the
experiment.

Figure 2: Conceptual workflow diagram of the performance accuracy experiment
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2 time
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|
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animation t?mg time
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To avoid extensive repetitive test runs for each animation, the experiments were piggybacked

within one master animatiomhe ending action of each aninaegi resulted in the initiation of
the succeeding test, until all tests had compagdhown irFigure 3. The animation itself

was not intrinsically important, however the duplicatioriurfctionality withinthe animation
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in both technologies was. For consistency and for illustrative purposes, a simple native shape

was rotated 360e¢e doERmpaemon.over the durati on

Figure 3: Conceptual workflow diagram of piggybacking mechanism

Start Start the next
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Flash design

To meet the needs of the performance accuracy experimentRiastg a master animation
was created encapsulating each recursiveaishation. The test animations were created
using standard tweening on a timeline set tofdas is the defaulfps. On the starting
keyframe for each recursive test animatiéwtionScriptwas used to record and store the
precise system time. The pladd then ran through multiple clean frames for the duration of
the animation. On the ending KeyfraretionScriptwas used again to record and store the
precise system time at that point. This process was then duplicsti@id the master
animation until ach test had completed. To avoid any additional processing overhead all
unused keyframes were cleaned from the timediméthe calculation of results was dooe

the completion of all tests.

The issue of time precision withiAlash is worthy of mentionas theDate class used in
ActionScript does not support the precision required for accurate testitigput
modification however using aubseimethod of theDate class the current milliseconds can

be returned as an integer1000), for example:

/I Create a new date object

var time = new Date();

/I Get the millisecond count from the date object

var mSec = time.getMilliseconds();

/I Trace the output for testing

trace(fAcurrent milliseconds = 0 + mSec) ;
/loutput: current milliseconds = 642
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Due to the Framebased timeline model associated with Flash animation the following
equation(Equation1l) was used based on frames per seconddamation of animationo

calculate the equivalent time duration of each animation.

Equation 1: Equation used to calculatéotal expected length of animation in milliseconds

total number of frames
animation (FPS)

Total expected length of animation (ms) = ( ) %X 1000

Silverlight design

A systematic approach was takenniee the needs of the performance accuracy experiment
using Silverlight A series of animations were developed firstly within Microsoft Blend. The
ability to mimic the naster animation as used withitafh was noimplementedn the same
manner, as blend sidoards seemingly did not have the ability to call methods within nested
storyboards; howevethe functional similarities between ti¥ayersremained To achieve

this, Silverlight storyboards were created on the same timeline with different attribudes an
durations With the use of Microsoft Visual Studio 2008, the C# code behind was edited and
custom methods written, giving each test storyboard instance the abilityolce the next

test in sequence. Once this was achieved the same principles foimgamd storing the
systemtime as used irFlash, could then be performed in the same manner. The same

appreciationsvere in place to avoid additionptocessingverhead.

The previous issues regarding time precision were not valid during the development of the
Silverlight test animations as the defdb#teTimeclass within the .NET library returns a

time with a millisecond accuracy of eight decimal places.

Development cycle one

To quantitatively evaluate th@erformance accuracy the test animations had a starting
duration of 2 seconds. From this base starting point, the testdemgtbenedncrementally
by a magnitude of 2 seconds per animation. The overall test wasmuimes to create an

average time offset, thus avoiding any anomalies caused by any one set of inaccurate results.
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Development cycle two

After analysis of the results in the first test run, a hypothesis arose highlighting the possibility
that the aagracy of any results in a frarmsed timkne could be fundamentally flawed.

Each animation within @ramebased model, running at the standard 12fps, has the
opportunity to call methods and invoke actions, only 12 times in every second. Logically this
in itself could cause inaccurate results. For example, each second of animation has a length of
12 framesand each frame, if divided by the total number of milliseconds has a length of
083ms. This poses two opposing arguments wdpactifying results with an ecuracy of

1000" of a second.

1. Realtime accuracy of an anation in any framéased timkéne model software
can only be as accurate as the measurement in time divided by the frames per

second. For example:

Equation 2: Equation specifying the hypothesis of inaccurate data retrieval in frasmesed models

1000ms

maximum achievable real time accuracy (083ms) = Tfps

2. TheFlashtimeline is accuratandthe fps measure is merely a result of the
segregation of each full second, therefore will have no significant bearing on
result accuracy. One second, therefore is alwajimed aone second regardless

of the fps settings.

With afair assumption that #hFlashPlayerdoes not incur 0.056ms of deltor every second

of animation other possible reasons for such a diverse set of results were examined and
identified. The automation, pigdpacking of animations may have affectea tbriginal
results. This pigybacking may have added a false measure of lag to the animations as the
ActionScript called théinal scripts,invoking the next animation. Another possible cause of
the diverseresults may have been due to the mechanisms for recording and measuring the
animations. If the time capture, storage and calculation methods did not galidalata. All

the results collected in the tests would be skewed by some degred¢ingesulfalse
recording, measuremendr presentation of data. With such possibilitieke tsecond

development cyclevas designed to meet the following aims:
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e Explore the possible reasons for such extensive delays Fiablatest results, as
highlighted by the first experiment cycle.
e Explore and evaluate the differences betweerkthghanmation resultsusing

modified data collection mechanisnaser twentyseconds

The second iteration of experiments were modified it two ways. Firstly, the animations were
not selfcontained inside a parent control animatiomcht individual animation v&arun
independently of any other animatiotg specifically allow independent results. Secondly, to
explore the validity of previous argument of maximum -4teak accuracy having
depenéncies on specified Frame ratébe entire experiment was-run in duplicate, using

both 12 fps animations and 24 fps animations.
Development cycle three

With the data from the first two experiment cycléswas clear that aalgorithm could be
introducedin an attempto create a more accurate account of sydtera within the Flash
Player The following formula(Equation 3) was devised in an attempt to bridge the gap
between the accuracy shown in the Siiggflianimations and the animations shown in the
FlashPlayer.

Equation 3: Experimental equation used to improve timing accuracy

currentFrame
fps

Increased accuracy time measure = { X (1000 + [of fSet % ]) }

The third development cycle was developed in order to meet the following aims.

e Develop a new mechanism to reduce incremental l&@mnebasedimeline
animations.
e Test the portability of the new retiine algorithm on another contralieest

machine.

To ensure that the new re#he algorithm was not developed around the control system
resources, therefore onlachieving effectiveneson the control system. Thehird
development cycle included duplicate testing on dual control machines to test the portability

of the realtime algorithm.
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The second control system was configured in the same way as the original to insure clean

reliabletest data. The control systespecifications were as follows:

Processor:Pentium®4 @ 2.42GHi 2 MB L2 Cache
Memory (RAM): 1022MB DDR2

Graphics Support: 256MBT RADEON X800 Pro

OS: Microsoft Windows XP (Professional EditionSP2) 32bit

Result analysis

An analysisof the first experiment cycle results, as seefkigure 4 shows that there is an
almost direct linear correlation between the duration of the amimatitheFlash Playeand

the amount ofag, whichoccurs as a result. Based i statisticsit would appear that for
eachsecondhe animation runs, there is an added average delay of 0.056ms. By this rational
afair presumption was made that6Gsecad animation would suffer a delay on average of
3seconds and 363milliseconds. An intermediast wascarried out to examine the validity

of such a hypothesis. The results show that on five separate occasions the test animation
running for 60 seconds shed an average delay of 3.228ms, a direct representation of the

expected result.

The Silverlight test resultfor the first experiment cyclshow that there is no incremental
correlation between the duration of the animation and amount of delaylur&igon of the
animation would seem to make little difference to the amount lafydeoweverthe results

do show that there is a static delay for any animation on average of 0.0128ms. This is a
nominal figure ands likely due to theprocess queuef the CPU or other system limitation

described previously.
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Figure 4: A comparison between the Players during the first cycle of the performance accuracy experiment
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The resultsof second experimentycle show thatrunning each @mation independently

using the modified data collection mechanisms at the standard 12 fps, influenced the results
in a negligible way. Comparing the results from experiment one shows that the average frame
delay per second reduced from 0.056ms to 0.842m improvement of 0.016ms. This does
strengthen the argument that the previous experiment was not 100% effidemtver
because of such a small change in the results and the continued trend of incremental delay to
a constant value, the previous asstiompthatFlash Playedoes not incur incremental lag,

now becomes a more plausible hypothesis. A deeper look at the results of expeyrtent

two shows that while the delay of each frame was reduced the animation lag overall shows an
increase on a framgy frame basis, as illustratedkigure 5.
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Figure 5: A comparison between two identical tests with different frameesaf12fps and 24fps) in Flash
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The experiment based on 24 frames per second showed that increasing the frame rate of an
animation has no positive effect on performance. The average frame delay second increased
from 0.043ms to 0.050ms. This enforces the argument th&lakktimelineis accurateand

that the defined fps does not affect time in a positive waydoes it affecthe ability to call
functions at a more rapid rate. What this does show is that increasing the number of fps
settings in the animation will have an adverse affecperformanceThis ispossibly due to

the higher segregation of each secand the increased processing due to increased frame

rendering per second.

After much refining of the testsom development cycles one and tand analysis of the
data, the esults wereonsideredufficiently accurate and consistett employ a mechanism
which could enhance the animation performance in the R&sfer bringing it in line with
Silverlight performancen the test systenn the third experiment cycle the tdts show that
the new algorithmmproves greatlyrom the standarélashlibrary timing mechanisiiLl00%
percent.While new algorithmdoes maintain the systetime more accuratelytwo issues
remain. Firstly the negative performance of shorter animatiamshown in grapkigure 6

andsecondly, the portability of the algorithm.
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Figure 6: A comparison of the Flash standartiming algorithm and the new timing algorithm
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As stated before, the Flash Playesdependent on system resoureesl this result, while
seeminglysuccessful may only be effective once calibrabetweersystens. In order to test
the portability of tle new timing algorithm, the mechanism was tested on anothesepre

control machine.

Figure 7: A comparison of the new timing algorithm on two control test systems
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The portabilitytestslent surprising evidence to the theoryaththe new timing algorithm
maintains its performance from osgstemto another. The pattern the resulsgure 7)

show a directelationshipandwhile therewerestill anomalies the accuracy on both machines
has increased greatlyhe opportunity to use such an algorithm across multiple systems has a

good business case for companywide adoption.

Figure 8: A comparison of the Silverlight timing mechanism and the Flash timing mechanisms
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The combined resulia Figure 8 show that while the new timing algorithm has been brought
in line with the Silverlight test results up #9-secondanimations. The incrementphttern,
which it follows, indicatesa fall in performance oncéné animatiorreaches durationgreater
than 20seconds

Jame Flash Vs Silverlight: A Usability Evaluatio
Mallorie



25|Page

Effectiveness Processing Experiment

The second experiment was designed to measure effectiveness processing (rendering speed).
During the experiment, suitable attention was drawn to the possibility of inaccurate
measurements and as a result, Hamsetests were performed on each technologyntuee

that the running of such a test did not incur any time delays by default. Thineatssts ran

through the rendering algorithms, without drawing a single object, providing suitable

evidence that the algorithms themselves would not affect theroatobthe results.

To measure the performance effectively, tests were designed to draw a specific number of
native objects and measure the time taken to render the objects. The basic concept of this

experimentwas based oRigure 9 and is describeds follows:

=

Start thePlayer

2. Record the starting system tipieom within thePlayer, with acceptable
precision

3. Draw the first set of objects as defihiey the iteration number.

4. Record the postender, system timérom within thePlayer, with acceptable
precision

5. Loop through the previous steps adding the number of objects as defined by the
iteration number until the defined maximum number of objeassbeen drawn.

6. Make the appropriate calculations to show totabtion (time) of each rendset.

As there are many techniques to draw objects using Flash or Silverlight, such as native object
drawing, dynamic duplication of native graphics or dyrmamporting of high resolution
objects. To keep the tests fair and unbiased, the drawing methods and mechanisms used were
of a similar nature. In each test, a native graphics object walrgna in the host application

before the test was published andiatised. On the initiation of the test, the object was

duplicated multiple times within tHelayerdynamically.

The effectiveness processing experiments were divittediwo categorie$or an improved

overall view of the results.
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Figure 9: Conceptual workflow diagram used to develop the effectiveness processing experiments
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The first categoryran with the instruction of rendering a maximum of 1,000 objects,

retrieving precise results at intervals of 50 rendered objects. For example:

Start timer > Draw 50 objects > stop timer > calculate results > reset test >
Start timer > Draw 100 objects > sto p timer > calculate results > reset test >
Start timer > Draw 150 objects > stop timer > calculate results > reset test >

é
Start timer > Draw 1,000 objects > stop timer > calculate results > end test >
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The second experiment was run using the sameeggobowever the maximum number
objects to be rendered was increased to 10,000 and the results to be stored at intervals of 500

rendered objects. For example:

Start timer > Draw 500 objects > stop timer > calculate results > reset test >
Start timer > Dr aw 1000 objects > stop timer > calculate results > reset test >
Start timer > Draw 1500 objects > stop timer > calculate results > reset test >
é

Start timer > Draw 10,000 objects > stop timer > calculate results > end test >

This was done with a viewotshow differences between the speeds at which the two

technologies could;

a) Render &igh numbeof drawing algorithms, renderirrglatively smallgroups of
objects dynamically.
b) Render a high number of drawing algorithms, rendering large groups of objects

dynamically.
Overview
Flash design

To meet the needs of the effectiveness processing (rendering speed) experiatesit, ia
pre-drawn movieClip called char_m¢ was created for dynamic, rdime, duplication. The
duplication technique invoked at runtime consisted ofuplicateMovieClipmethod as

follows:

/[ Duplicate the movie clipcalled ic har mc o with the new instance na
/I with a new random positio n on stage (_X, _Y)
_root.char_mc.duplicateMovieClip(mc[i], -20, { x:random_x, _y:random_y} );

The system time was taken before the objects were drawn, therphgatingthe movie at
runtime and drawing the object to tRéayerdynamically caused thelayerto rerender the
current scene. Once tlidayerhad drawn the specified number of objects, the system time
was again stored. Once the test had completed, the data was retrievedcatated. The

average difference between the two times gave anateandication of the rendering speeds.

Jame Flash Vs Silverlight: A Usability Evaluatio
Mallorie



28|Page
Silverlight design

To meet the needs of the effectiveness processing experiment in Silverlight, similar to the
Flash tests, a native graphic class was created, for dynamitipreinduplication. On the
Silverlight onLoadfunction a simila processes as developed in thash test was initiated.

The system time was stored before digectrenderingalgorithm was called. The algorithm

was then called, drawing the specified number of objects. On rendering comptleéon,
system time was stored again. The technugged in Silverlight for drawing objects differs
slightly from Flash. The Silverlight test creates a new dynamic object frgoreadefired

class, then duplicates the object and adds the object to the costamice of the Player. For

example:

/[Create new dynamic object.

DynamicObject obj = new DynamicObject(0);

/l Add the dynamic object to the current instance of the Player.
this.Children.Add(obj);

Rather than duplicating the sammovieClip in Silverlight the movieClip equivalentwas
stored as an object filevhich wasadded to the current canvhag the Silverlight Common

Language RuntimeJLR) engine

Development cycle one

To quantitatively evaluate the performance accu(eeydering speed) the experiments were

run on the control testing systemhe experiments rendered the objects using the CLR
method, duplicating each test ten times for accuraBunning the firstiteration of the
experiment showedesults, whichwere case for immediate analysis. The first set of
completed results showed that while the Flash Player was producing results similar to what is
expected, the Silverlight Player was showing a rapid loss in rendering efficiency. Before the
experiment could contirey modificationsletailed in cycle two, were made reinforce result

accuracy and improve rendering speed.
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Development cycle two
The second iteration of this test was designed to meet the following aims:

e Explore and analyse the different Silverlight performance anomalies.
e Explore other mechanisms of dynamically rendering graphic objects in the
Silverlight Player at rurtime.

The new tests follow the same underlying concept as the first iterabwreve, the drawing
algorithm was modified to increase the rendering performance of the Silv&tkgiet in line

with the FlashPlayer. The use of the dynamic object to duplicate and render an object at
runtime as used in the first iterationtbe test, usethe CLR to rerender thePlayer. While

this kept to the experiment requirements,

AThe e x pnaust bendeveloped in such a was/to duplicate similar
mechanisms, methods and logic in each technology, to create the most non
bias resultso

The Silveright Playercan make use of another method of dynamically updating elements
within the Player There is an argument that this is not the same concept as the Flastdtest
a counter argument that the XAML mauk is essentially extern&ctionScriptdetrating

from the essence of the test$is methodis described by mangompetent&and professional
developers as the most effective and efficient method of dynamic rend&fiogsoft,
2008) The counter argument follows that; it would be used in industdtherefore should

not be dismissedAs part of this analysis, a furthexperimentwas carried out using the
XAMLReadeclass.
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Result analysis

The results of the first test cycle, &gt that based on a maximum of 1,000 dynamically
rendered objects, the Silverlightayerrapidly looses efficiency. While the efficiency follows

a steadyflow of depreciation the pattern relateso the number of objects drawn. Over the
duration of the dst, the SilverlightPlayer took an average 0.118ms to render 50 graphic
objects.Figure 10 shows that th&lashPlayer does not seem to suffer frone #amedecline

in rendering speeds, ragi#ess of the number of graphabjects that are drawmuring the

test, theFlash Player took an average of 0.002ms to render 50 graphics objects. A notable

difference in the comparative rendering spdeetsveen the tw&layerscan clearly be seen.

Figure 10: A comparison of rendering speeds between Flash and Silverligh00 max
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After the analsis of the previoudest, it was clear that the results for Flash show some
regulaity. Using Equation4 a scalableestimation was done based dynamically drawing
10,000 objects in flasiThe expected resultould take an average 6f400msto draw This

was reflected in the resultd the secondest categoryafter 10 individual runs of the test,
Flashwas shown to take an average of 0.369ms to draw, only 0.031ms difference from the
hypothesised result.
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Equation 4: Equation used to predict the Flash rendering performance of 10,000 objects

Number of Max Objects X }

TotalRenderingTime = {
g Average object render time

In thesecond testategory Figure 11, using a greater maximum number of objects to render,
not only shows a greater difference between the two rendering performancdso |
highlights something mucmore diverse andmportant, something that the previous test
failed to show. When the maximum number of objects to render is increased to 10,000, the
Silverlight results show that when the Player reaches between 5,000,084 réndered
objects, the rendering efficiency suffers incrementally from that point forward. Each time the
Player increased the number of objects to render, it suffered more than just a lineal decline in
efficiency, relevant to the number of objects lgeidrawn, an exponential pattern was

revealed.
Figure 11: A comparison of rendering speeds between Flash and Silverlig000 max
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The results also show that even though the maximum number of rendered objects has
increased, alongvith the incremental number of objects to render, Silverlight is able to
render more objects than in the previous category, in a faster time object for object. This
shows possible evidence that more time is spent initiating the Player for each itéxatias t

spent drawing the individual objects themselves.
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During the two experiments, the Flash Player maintained a consistent rendering performance
on an average of 0.002ms for every 50 objects rendered. In Silverlight however, the average
rendering perforrance of 0.118ms for every 50 objects rendered, surprisingly increased in
performance from the first experiment to the second. When dynamically rendering objects
within the SilverlightPlayer at increments of 500 objects, the results show an increase in
performance from 0.118 to 0.014ms for every 50 objects rendered. One cause for this may be
the process overhead associated with theemeering of the Silverlight canvas, as more
objects can be drawn, at higher speeds withPéesgerre-rendering, object fioobject.

For all results between zero and 6,000 objects rendered, the increase in rendering time
follows a steady linear increase of less than one millisecond. After around 6,000 objects were

rendered, the results show an increzfsen additional 0.002mand 0.003mexponentially.

During the secondevelopmentycle, the results provide suitable evidence that the previous
hypothesisregardingthe use of theXAMLReaderclassandits ability to increaserendering
efficiency isconvincing Throughout the &s at eacincrementof objects to be rendered the
XAMLReaderclass shows improvement on the previoesderingmethod in Silverlight of
between 41.86% and 78.34% as showhigure 12.

Figure 12: A comparison of rendering speeds between Silverlight (CLR & XAMLReader) and Flash
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Examining the results ifigure 12 would suggest that if the experiment was to continue at
the same rate, theomparativerendering performance improvements shown by using the
XAMLReaderclass will continue to improvexponenglly with the number of rendered

objects.In contrast,the CLR methodwould become unmanageable if the experiment was

scaled up, or an application was to procedurally draw large numbers of objects.

Evaluation
Implementation issues

As expected one of thaggest problems durinthe data collection stage of the project was
ensuring and maintaining accurate data was collected. Because of the variety of data
collection mechanisms available, intermediary tests had to be performed to ensure that not
only was he data accuratdut also that each mechanism was similar in nature from one
experiment to the next. The use obeiter timemeasuementalgorithm,that surpassed the
system time measurement mechanisms used in this study, would have added an extra level of
accuracy to the result§he system time measuring mechanisms used in this study did

retrieve data to a satisfactaggree

In order tomaximise the glume of testing carried out in the limited time availalhes
piggybacking method was used in im@mation lagexperiment. This rththe oppositeeffect,
as experiment cycle one showed, the first set of reselts not 100% accurate. Repeating a

similar study, it would be advantages to avoid such piggybacking methods.

While Silverlight enjoys many benefits of such an extensive library, the relative time taken to
duplicate each test in this experiment was much longer in comparison. Not only in the time
taken to design and develop the tests, which can change depending on developer experience,

but also in lines of written and generated code.
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Experiment analysis
Animation lag

The data shows that ti&lverlight timeline based on a trueme modelopposedo a frame
based modehas the ability to modify and adjust in order to counteract any delay imposed by
host system. The Silverlight timeline gives theSilverlight Player much more scope for
expansion within rich mul ti nabildyiaad aPRplicators i n
longevity are importanbusiness factorsthere is evidence supporting the notion that the
Silverlight Playeris the most suitable choice.Htais the ability to manage an internal timing
model with much greater accuracy than FJastaking a more stable animation and
multimedia platform in a redlme situation In direct contrast to thighe results collected
from the framebased model used ifrlash show sufficient evidence that triene
representationwhile not as accurateanbe modifiedand improvedThe dynanics of such a
timeline modelmake truetime representatiom Flashdifficult but with more modification

not impossible

Using animatiors within systemscontrolling or influencing financial transactions must be
done wih a level of caution. When making decisions on pos$tldgerto use ina financial
situdion it is the view of the author that Silverlight or any othechnology, which
implements realime modelswill be more accuratestable anckffective howeverthe level
of accuracy must still be questioned. In termsigdbility, it has beerexplairedthat a delay
in userflow will cause the user to become confused matllice theapplicatiors usability. In
this reportthe use of the new modified algorithm with tikéash Playerwill increase the

Players representation of rdahe.
Rendering performanc e

The data was gathered also for the second experiment, to give an accurate comparison of
rendering performance between the FIB&yerand the SilverlighPlayer The results of the
rendering performanceexperimentshow that while there are many different thoals in

which the Silverlight Riyer can render kects to théPlayer the speedat which it can do so

are much slower than the Flaslayers rendering methodgach test within this experiment
showed continuamprovementsn renderingspeedshowevernone of the testsults proved

evidence ofyreaterspeed to theFlashPlayer.
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On reflection, the results of this experiment would suggdsit the developmendf an
application with a high rendering throughput would be better delivered using the Flash

Player.
Project evaluation

The project was complete and the evaluation oPtlhgerswas systematic and thorougfhe

main issueduring this projecivasthe uncetainty of the new Microsoft Product. While the
author has industry experience with Silverlight and the surrounding areas, the technology is
still in the Alpha stage of development. This meant that many requirements and much of the
estimation of time andrpcesses were not as accurate @gsogect, whichevaluated a more
stable technology. As a result, additionasting had tdoe carried out in aler to ensure

confidence in many aspectsdsdta collectiorand comparable processes.

Due totheserestraintson time, the experimenigere carried out in sets of t&m one test
machine to obtain an average. This could have been lengthened to include more tests in each
setandon different machines to obtain a more accurate representation of the technologies as
a whole. Time restraints again, meant that for the animation lag experiments the maximum
length of animation was 20 seconds, with more time the tests could have exteaded

duration of each animation to explore further result patterns in extended animations.
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Conclusion

The availabilityof R I A 6spreaidisg and whilthe skills needetbr developnent increase in
complexity,this will not deteRIA growth while such gportunities for ROI are possibl&he
aim of the project was taritically evaluatethe Adobe Flash Player and the Microsoft
Silverlight Playerfrom ausability perspective The results show that neithé&tlayersuffers

from any performancessues, whichmay affect usabilityof small applications.

The study has identified that as RIA development becomes more popular and the scope of
applications grow, more complex applications may fail to provide suitable performance
required for maintaining usabilityMore preciselybecause otwo issues highlightedthe
FlashPlayeb $nability to maintain accurate animation timiagd the Silverlight Playds

inability to render at a usable rate.

Both Players evaluated in this study, as with many available RIA develofprasm@works
offer extended features in different aspects of functionality. Flash is a mature techus®#dgy
predominantly for gaming and animation which excels at fast rendehing:ontrast
Silverlight, still in its infancyat thealpha stage, showscredible accuracynd precision.
While these technologielsave beerabelled ascompetitors and share many qualities the
critical evaluationhas shownthat the future of RIA development is dependent on both
technologiesDeciding on which technology talapt will depend on many factors, the most
important of which is the business needibe Players show advanced performance and
efficiency in some areas and possible scalability ssuethers.

Future work

The further development and testing of the Irleesattime algorithm would be very

beneficial. The results gathered on two control systems show that this algorithm has great
potential, however limited time restricted additional development in thatlareare time

was availablethe animation lag ex@iments could have been extended in duration to follow
the existing lag patterns and provide a more comprehensive prediction of scaldtdity. T
rendering testsould alsohave beemdapted to test rendering speeds of imported high

definition images, agast the native graphics.
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Appendices

Appendix A: Original Project Plan
Introduction

Cross browser, cross platform interactiveb presentation technology is evolving. With the
release of MicrosofSilverlight (formally Windows Presentation Foundation) it is time to re
evaluate the capabilities of th&eb browser as a platform for future presentation, data
manipulation and communication software. While Adobe has over 10 years experience in this
technology withthe Flash Player and now the release of Flex 3.0, Microsoft are now pushing
Web technologies forwardThe goal of this project is to define the key evaluation criteria
between the Adobe and Microsgitoductsandto measure the effectiveness of each solution

against the other
Background

Before the fir sFlashr Rlayed\els pageso\ere Aalymddienénsional

forms displaying data, with occasional pictures, audio and possibly video. The release of th

Flash Playegave developers the opportunity to start desighifep pages which could look

more familiar to a desktop application. Using thkash Playerdevelopers could create
animations, timeline and event driven applications andhlatad interactie interfacego fit

inside theFlash Player The Flash Playeris installed on an estimate@B% of network
connected pcobds today a nPthyemthetupdatabibtycperiohieless r e | e ¢
than12 months

As the internet evolves so do the deygshent tools and applications, which in turn drive the

next evolutionary stage of the internet. Businesses today are looking tofatgateorking

applications online, which have; the richness of desktop applications; the data retrieval
capabilities of dtabase management driven applications; and the security of an encrypted
business applicatiormhe term Rich Internet Application (RIA) was coined to describe such

an application, built to meet the growing needs of business. To keep up with the demand for

RI A6 s, the next generation of tools have Db
introduction ofMXML the Adobe XML based matkp languagandMi cr osof t 6 s Si | v
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Microsoft have previously kept up with internet evolution and user demand biyngrea
environments that create dynamic data connections to servers via ASP.NET and java
scripting capabilities, however with the release of Windows Vista they have introduced a new
XML based markup language, XAML (extended application markup language,upicet

iz aenh 0 ) a n d Flash equivdlentWeb browser Player called Silverlight. With

developmentadd ns t o Microsoftds Vi andthd nevibdepathteo f or

graphical devel opment tools (expreghstheon pac

attention of many RIA developers both who are well versed in Microsoft products and those
who formally have used adobe products for RIA authoffing critical evaluation is not for a
specific client or business, but for the writers own persoaial. § here are many discussion
boards and other informal platforms of debate, often heavily bias, between the two products;
however there is no evidence of a critical evaluation of key areas between the products. It is
the aim of this project to design amparison framework for identified key areas and
characteristics of the two products and to be able to conclude a critical evaluation based on

the non bias data gathered.

Current RIA developers and potential developers of Adobe Flash and Mic&iseftight
will be interested in the conclusions of this project. Project managers, software decision
makers, plugn developers and students will also be interested in this project. The
conclusions of this project will aid many of these people create an irdoopmion or

decision of these two products.
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Objectives

The main objective of this project is to define the key evaluation criteria of two prahetts
to measure the effectiveness of each solution against the other to gain a set of definitive, non

biased results showing how well each evaluation criteria performed.
The main objective will be achieved by the following the prioritized ailectives

Objective priorities

1. Identify key areas of interest for both the writer and industry RIA developers within
the two products.

2. Define a comparison framework to obtain Amased, quantifiable data for each key
area.

3. Critically evaluatehe collected data to form accurate andmfifiable results.

4. Highlight the following based on the results.
e The full capabilities of each key evaluation area.
o Drawbacks or restrictions of any part of the key evaluation areas.
e Future potential and possible improvement areas of each key evalasda.

5. Learn more about the development of RI AOs
Silverlight and all of the surrounding technologies.

Constraints

Timescale

Limited research
Limited experience
Legal requirements
Specific standards

Method

The overall projecwill be managedising the modified waterfall model as it will allow for
milestone constraints, phased handatfsl continuous risk analysis. Dataodellingwill be

done using subsets of UMAndprototyping will play a heavy role in theedelopment of test
caseexperimentsA prototype model for each product will be created if needed to satisfy
each experiment goal and collect data based on the identified evaluation criteria. Each
prototype model should represent the same cause or gitdati@ach product to allow for
accurate data collection. The collected data will be evaluated and concluded against the

evaluation framework for the products.
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The tools, software and technologies defined have been chosen because they are the most

indust y specific, common orfr

Mi crosoftds Silverlight.

Adobe FlasHPro8

Adobe Flex 3.0

MXML

Adobe ActionScript 2.0
XHTML

Microsoft Visual Studio 208
Silverlight plugins for MS Visual Studio 2G®
Microsoft Silverlight 2.0
JavaScript

XAML

Microsoft .net 3.5

XML

Deliverables

Project Plan
Literature Review
Evaluation framework
Test case Prototypes
Data collection

Data analysis Results
Conclusions

Activities

essenti al

Work Breakdown Structurésee next page f@BANTTChart)

Task ID Milestone Task List Predecessor
1 Project Management - inc diary -
2 Research -
3 yes Project Proposal - first sign off -
4 yes Project proposal - second sign off 3
5 yes Project Proposal & Plan - finished 4
6 Contingency Plan -
7 Risk Analysis -
8 yes Project Report i progress 5
9 Requirements Specification -

10 Design -
11 What needs to be built? -

when
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12 UML Designs -
13 goals of prototypes -
14 Implementation -
15 Prototype module 01 -
16 Prototype module 02 -
17 ? Prototype module 03 ? -
18 ? Prototype module 04 ? -
19 Contingency -
20 Project Report - draft v1 -
21 Abstract - v1 -
22 Acknowledgements - v1 -
23 Introduction - v1 -
24 Literature Review - v1 -
25 Construction of Prototype modules - v1 -
26 Evaluation of Prototype modules - v1 -
27 Evaluation Results - v1 -
28 Conclusions - v1 -
29 Bibliography - v1 -
30 Appendices - v1 -
31 Contingency -
32 Literature Review - draft v1 -
33 Contingency -
34 Literature Review - complete 32
35 Contingency -
36 yes Project Report - first draft 8
37 Project Report - draft v2 20
38 Project Report i complete 37
39 Flash cards & trial demonstration -
40 Contingency -
41 yes Project Report - submission 36
42 Poster Design - v1 -
43 poster Design i complete & Print -
44 Contingency -
45 yes Poster Submission 41
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Resources

The resources needed to carry out this project are mostly software, tools and technologies

listed in the background section of this plan. Most of these are installed and ready to use.

Risk analysis

Risk Likelihood Severity Risk Index

Time Overrun 8 3 24
Lack of information from experts 7 1

Lack of personal skills 3 3

Sickness 2 3

Software bugs / knowunknown issues 4 2 8
Software limitations leading to incomplete tests 6 2 12
System or hardware failures 2 3 6
Ambiguous test results 4 4 16
Poor planning leading to failed or incomplete project | 4 4 16
Insufficient research material 7 3 21
Insufficient hardware or software 2 3

Insufficient guidance 3 3 9
Loss or data / hardware / software 2 4

Misunderstood or incorrect requirements 2 3 6
Insufficient effort 4 4 16
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