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Abstract - The Evolvable Software Systems (ESS) concept
allows software to keep up with the changing requirements
in work and reduces costs associated with upgrading
software. Many technologies exist that can be used to
create ESShased enterprise software, and selecting the
appropriate technologies can be difficult. We propose a
classfication scheme intended to divide software
technologies into categories that support certain aspects of
ESS. Representative technologies are surveyed to
determine their strengths and weaknesses with respect to
supporting ESS*
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1.0. Introduction

The United States Air Force (USAF), other US
Government agencies, and many commercial orgaorti
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practical development of Evolvable Software Systesmsl
comments on their role in ESS design. The categtioia
will be helpful in guiding the selection of appraie
technologies as ESS-capable applications are ingitad.

2.0. Background

Unlike most desktop applications, where data isallgc
available and accessed by an individual user, cgmeary
enterprise applications often involve collaboratwerk
and frequently require access to information disted
across remote locations. These applications aragbei
developed to take advantage of networking capésilin
order to access remote data and promote collabarati
within the work environment.

The US Air Force understands the advantages obgliey
fully integrated, networked, enterprise-wide comchamd
control (C2) applications. In this net-centric wisj various
systems and devices, such as satellites, airdPaitis,

spend a great deal of time and money upgrading ankptops, and existing C2 systems fully collabor&temning
managing enterprise software, adding new and emldanc the basis of new USAF enterprise applications. The
functionality to keep the system relevant as therkwo inclusion of ESS concepts also adds value to tmese
environment and requirements change. The subdtantigystems. In addition, components used by ESS Giredte

initial investment in enterprise software underssothe
importance of extending the useful life of custooftware
systems. It is not practical to refactor or reeegmentire
fielded systems due to time, cost, and other caimt.
However, integrating a mechanism that enables soéwo
be modularly modified in the field may be a praatiway
to extend system usability and lifetime by allowitige
software to continually adapt to changing work reeadd
requirements. In some cases, the software is progead
to evolve dynamically,
terminology exists to describe such systems, gealbri
referred to as Evolvable Software Systems (ESS) [1]

advantage of net-centric concepts and help furéixéend
the capabilities of a software application.

ESS concepts are supported by not only large framesy
but also a variety of networking technologies. tiuld be
futile to try to assess every technology to detaemits
applicability to ESS, and even when the list issoaed to
just network-based technologies there are still yntm
choose from. This paper strives to show a mechafidsm

often autonomously. Various categorizing potential ESS technologies. A smatiga of

specific technologies is chosen to demonstrate the
categorization scheme, providing an example sorstiél
be able to select appropriate new technologies when

Features and capabilities supporting an ESS must baesigning ESS-based applications.

explicitly programmed into the system. However, BESS
the realization of a concept, not a technology aftveare
design methodology. Implementation of ESS is addev
using a collection of technologies integrated amtsoftware
system. The result is a system capable of keepgingith
the changes in work as it evolves. This paper caiegs
contemporary technology options that could be usdte
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3.0. Categorizing the Technologies

The development of Evolvable Software Systems is no
about using a specific type of programming language
technology, but deals with the concept of creasiofjware
that is useful longer than typical software, adaptio the
changing requirements in functionality and work.
However, just because ESS does not specify a oertai
technology doesn't mean all technologies will wedkally
well in designing such a system. An assortment of
technologies was examined to find out which feaure



might best support the creation and maintenanes ®&SS, messages may include information used within the
and how that support is provided. application, or metadata to monitor the applicdi@tatus.

With so many technologies available, a categorizingThe final categorysupport, is for technologies that fit into
scheme is needed to help differentiate the teclgiedoand  multiple aspects of ESS, providing low-level assise.
indicate how they assist the needs of an ESS. Th&his category includes technologies that transfatad
technologies were divided intiramework, architecture, within the system as well as communicating witheoth
communication, andsupport. To help understand how each systems. Part of that communication deals with gisin
of these levels supports ESS, the main compondES8 common data formats and transformations to promote
(self-maintaining, self-testing, and evolve-abiljiy}) were  interoperability. When deciding upon technologi¢shas
identified with the categories they were most hkebd level, common interfaces and data formatting armamy
support. These assignments are not absolute, bue so considerations. Various standards exist for usimgnroon
technologies seem to match certain ESS requiremenfsrmats, such as XML.

better than others. The categorization is showrainle 1. ; )
4.0. Technology Discussion

The first categoryframework, contains technologies that The following sections and subsections discusspleeific
contribute to the maintenance and evolve-abilitytie  technologies from Table 1 in more detail.

system. Maintaining an ESS from a framework stamtpo )
can be easily achieved as long as the framewomkeis  4.1. Framework Technologies

structured. Also, in order to incorporate evolvdigbinto The framework technologies in Table 1 include TBand

an ESS the framework has to be structured to handl8onstellationNet, but could also be expanded tdude
evolutionary changes to the system. The framework

technoloaies create hiah-level views of the ovessfitem Similar frameworks. These frameworks help to define
nolog nig ) ¥ high-level ESS architecture without fully commitiirto

architecture and outline the key interfaces andctire of roaramming languades and message formats

the software system. Such technologies include EBord brog g languag 9 ’

ConstellationNet. Frameworks describe the systethont  4.1.1. TBone

designating specific programming languages or cdtingi o ) _

to specific computing technologies. The vision of the Theater Battle Operations Nethien

Environment (TBone) is to "Create dynamic planning,

The second categorgrchitecture, touches on all of the €xecution, and assessment capability that linksiest,
ESS components, testing, maintainability, and emglv  &ffects, operational guidance, and supporting tasksn a
Architecture technologies can help with testing the  t8mporal and geospatial unified database environij
systems by enabling creation of benchmark tests andBone advances collaborative planning and suppaifts
establishing system metrics. The architecture, likeAir Operations Center (AOC) processes such aseglyat
framework, provides a definition for structuringspstem, ~ targeting, planning, execution, and assessment.

which helps with the ability to maintain and evoltre ) ) ) ) )
ESS. This category provides a deeper view of tlisvace TBone aims to provide a single resource that |§1d}_m
system and is where more fine-tuned details areettfor ~ and event-driven, and promotes temporal, geospaial
specific ESS software. Depending on the featured annodally linked visualizations. It is also scalealilem a
capabilities needed for the system, specific tymés Single point laptop to an enterprise environmeiBoffe is
architectures are determined and described. Sontheof

technologies in this category include CORBA, AJA¥d Table 1. Categorization scheme for the various
Macromedia. Selection of these technologies begins |technologies that can be used to develop an ESS.
limit other design and implementation options, swh : -

; . oy Categories Technologies
choice of programming languages. Technology detssio
here also guide hardware platform and operatingesys + Framework - TBone
selection. AJAX, for instance, is generally used daline * Maintaining + ConstellationNet
web applications, whereas CORBA has a reputation fo | * Evolving
being used in developing desktop applications gaifin it « Architecture « CORBA
is now used for enterprise applications as well). « Testing « AJAX

» Maintaining - Macromedia

The third categorycommunication, supports ESS with « Evolving
testing and maintaining. Networking is dependentitsn —

" ) . « Communication « Java — RMI
ability to communicate with other systems, and éfane . Testin . RPC
must also have ways to test communication statdisirwi >ung

X L .| » Maintaining - HLA/DIS
an ESS. There is also a need to maintain apprepriat
communication requirements to ensure ESS avaifabili » Support « XML
These technologies tend to focus on providing lbédia - all categories « XML XUL
communications and data messaging services. Datd - Java Applets (WAR)
- Java EJB




intended to be intuitive and interactive, and piaEia
common look and feel for user content.

TBone replaces older systems with new state-ofatthe-

One benefit of CORBA is the ability to quickly geate
interoperable code, allowing applications to be |olgd
rapidly. CORBA has a better architecture than trawil
software due to the applications being designedirato

technologies such as XML-enabled database, and usekscrete services. The architecture divides apiidina into

network architecture. This architecture remainsseiant
with tools used in the systems it is replacingpribvides
web services for third party applications, is naiggietary,
and has been built net-centric from the ground-Tipe
TBone framework design fits well into the ESS caice
because it strives to handle changes that ocdilneinvork.

modules or object groups based on functionalitye TL
interface definition is independent of the programgn
language used, and maps to all of the popular progring
languages via OMG standards. The learning curve for
CORBA and its standards (such as IDL) can be simeg,
using IDL for a programming language that isn'tmuped

TBone could thrive as an ESS framework becausdsof i can be labor-intensive. Fortunately, most languages

ability to define and communicate

architectural definition.

4.1.2. ConstellationNet

ConstellationNet (C2 Constellation) is a commuriarat
network overlooking the air, space, and groundvalig a
free flow of information to be rapidly accessible the
users (for the USAF, the warfighters) at the rigjime and
right place [3]. ConstellationNet allows users achaism
to access a globally distributed common knowledagelnf
shared information, providing a consistent level

understanding and situational awareness betwearsais.
ConstellationNet was created to assist the Air &arc
building a network-centric, peer-based system stesys,
which can operate in a seamless and fully interager
framework. ConstellationNet takes a two-tiered apph;
the top tier defines C4ISR enterprise integratiod at the
bottom tier solves near term, quick turnaroundgrdaéon

solutions for the USAF.

ConstellationNet eliminates stovepipe system imgleta-
tions by providing decisive information superiority
collaborative planning, and synchronized operatiéms
users. It exploits advances in open systems aothit
information processing, expanded bandwidth, andsaen

technologies. It is a subset of the USAF Enterprisgorogramming

Architecture, following the precepts established Jont
(DoD-wide) Architecture. ConstellationNet SuppoBESS
by helping various systems work together flexibly.

4.2. Architecture Technologies

Architecture technologies represented in Table dude

the system’scovered, including C, C++, Java, COBOL, Smallt#ika,

Lisp, Python, and IDLscript. Using automated tdolsnap
IDL to language creates code stubs based on thedne,
but some of these tools may not integrate new crangth
existing code well [4]. Also, CORBA does not suppie
transfer of code or objects. Some of CORBA's
specifications are still in a state of flux so douning
training is to be expected.

CORBA is a great choice for enterprise development

ofbecause of its ability to integrate different maehi

hardware architectures, such as mainframes, desktop
minis, handhelds, and embedded systems. Withimeeise

it is able to handle a large number off clients,hah
throughput, with high reliability, leading to itsctensive
use for web sites. CORBA’'s modular design allows
different modules to be transitioned for work suppasks.
This capability fits well into the ESS concept.

4.2.2. AJAX

Asynchronous JavaScript and XML (AJAX) is a method
for building interactive web applications that haadast
interactive desktop feel. AJAX itself is not a teclogy,
but a development approach using existing techiiedotp
create a specific effect. AJAX generally combinesesal
tools: JavaScript, dynamic HTML
(DHTML), Extensible Markup Language (XML),
cascading style sheets (CSS), the Document ObjecdeM
(DOM), and the XMLHttpRequest object [5].

Traditional internet-based applications generatents/
when the user clicks buttons or makes other selexti

CORBA, AJAX, and Macromedia. These help to establis These events trigger communications back to theeser

the functional details of the ESS.
4.2.1. CORBA
The Common Object

Request Broker

open, vendor-independent architecture and infrettre

that computer applications use to work togetherrove

networks [4]. CORBA achieves interoperability thgbu

use of the OMG Interface Definition Language (OMG

IDL) and the standardized protocols GIOP and |1@#th

these, a CORBA-based program from almost any vendo
computer, operating system, programming language, 0
network can interoperate with another CORBA-base

program across similar or different platforms.

Architecture
(CORBA) is a part of Object Management Group's (QMG

and the user is forced to wait as results are éet@nd the
page is reloaded. With AJAX techniques, these seraks
are performed asynchronously; the page doesn't have
reload when the server call returns. This signifia
reduces the time the user has to wait for inforomatind
actions to occur. AJAX improves the user experience
making internet application behave more respongiviide
desktop applications. (This can also be a dowrdate
many users will not be expecting this style of iatdion,
and may not realize the page has been updatedldpevse
must take this into account and give visual feedliache

r . .
user as event actions are occurring.)

d

AJAX is still a new way to create web applicatioasd
with new territory comes risks. AJAX techniquesyren



browser support for the XMLHttpRequest object. Alligh  to JavaScript, but movie-centric rather than braowse
most modern browsers have this support, some $gcuricentric. Using Flash on the web works well becaiise
settings may disable the support. Therefore, AJAXeld compresses content into very small files. Thisakieved
applications meant to be used by the general pulgledls by using vector graphic technology. It is also ablenake
to have a fallback option when XMLHttpRequest suppo use of common graphics files in presentations, siscBIF,
is not available. Another concern is how AJAX "tkg€a JPG, and AVI. Flash presentations are viewablestaad-
the back button: when the page is updated asynobstyy  alone Flash player or with a Flash-enabled intelbnetvser
the URL in the browser does not change, and browseusing a plug-in. Both of these options are ava@ldbt free
history isn’t affected. One technique developedaarect for a variety of major browsers and operating syste
this problem is to create an artificial history tthawrites
the URL in the browser with information telling hawis  ColdFusion is the underlying architecture for cireaiRIA
page was created, so the back button would work awith Macromedia, allowing for production and deliyef
expected. Yet another drawback for AJAX is theredgs products more quickly than applications createdCiat+
guarantee that XMLHttpRequest events will be conggle and other high-level programming languages. Colatfus
in the order they were dispatched, so applicatimost be  uses CFML, a markup language based on HTML, andhas
designed to handle this accordingly. shallow learning curve for those already familiaithw
HTML. ColdFusion has powerful support capabilitiast
AJAX does not have to strictly use JavaScript atitelo  help integrate structured business reporting withiab
programming tools mentioned here: it can be intiegia applications. It can also be used to create inst@#saging
with PHP and other utilities as needed, taking athge of  (IM) applications by leveraging IM presence sersice
web standards so that cross-browser viewing wildyi  which identify when specific users are online.
common results. AJAX concepts, such as asynchronous
server calls and page updates without reloadingg tie  Flash Remoting is the connection between Flashthed
user a responsive “local desktop application” eiqree. web application server. It has a powerful yet senpl
This makes AJAX a great tool for ESS applicationsprogramming model that can easily be integratech wit

executed over the network. Flash content in applications using ColdFusion, ivkoft
. .NET, Java, and SOAP-based web services. Flash
4.2.3. Macromedia Remoting provides easy access to business logic. It

Macromedia consists of a web-based suite of soéwar @ccesses XML documents and web services using
providing a way to create Rich Internet Applicason ActionScript, and _prowdes a communications integfdo _
(RIA). This suite consists of Macromedia Flex, Blas Other Macromedia products so data can be easily
ColdFusion, and Flash Remoting. Other Macromedidransmitted to different areas.
products can be used in conjunction with these,these ] . .
four are the mainstay. Although the suite actsraemtire ~ 1he main drawbacks to the Macromedia suite are the
framework, architecture and communication solutidren ~ €xpense and a potentially steep learning curveusars
used together, each component has its own strength. who are unfamiliar with the proprietary languages suite
uses. Once mastered, these programming languages al
Flex is the presentation tier for RIA. There arerf&ey for changes to be implemented quickly, though itnslear
benefits that allow Flex to help developers buildda if the capabilities would support dynamic changé§S
deploy more effective applications: improved daispldy features _could be implemented using Macromediaebase
and visualizations, more versatile skinning andiregy  Web services.
multiplatform  deployment options, and . enhanced4.3' Communication Technologies
performance. Flex makes use of technologies such as
MXML and ActionScript, and has class librariesiteract The communication technologies examined are Javg RM
with J2EE and .NET. Flex uses a standards-baseRPC, HLA and DIS. These technologies wouldn’t tgtlic
architecture that is able to compliment currentegrise  be used to directly establish an ESS, but are Lgefihe
developer tools, methodologies, and design pattdflex  overall design, since communication is a critieaddtion.

makes it possible to give web applications a dgskto .
application feel by providing immediate responsesi a 4-3.1. Java Remote Method Invocation (RMI)

smooth transitions between screens and displayeenWh java Remote Method Invocation (Java RMI) is used by
Flex is executed within the Flash player, the a@plon  programmers to create communications links amorg-Ja
can interact with server—side functionality,.sueh dava phased applications, allowing methods of remote Java
objects, SOAP web services, and other services. objects to be invoked from other Java virtual maeki

) ) ) ] ) RMI uses object serialization to keep track of paeters
Macromedia Flash is an authoring toc_>| enabhnggmms and does not truncate types, supporting true oljeented
and developers to generate presentations, apphsatand  polymorphism [6]. The RMIRegistry component tracks
other interactive content. Flash projects can dor#anple  gistributed objects, so persistent connections are
animations and video, complex presentations, anGnaintained between clients and servers residing on
everything in between. Interactivity is programmedh  gjifferent machines and processes. The server define
ActionScript, a proprietary language syntacticadlyilar  gpjects for remote client access via RMI setupei@t use



these objects as if they are local objects runnimghe HLA doesn't have to be used with simulated ddtaan
same virtual machines. The client RMI keeps themanage real-time data. This makes HLA valuablenn a
underlying mechanisms of transporting method argusme ESS by giving users a forecasting mechanism within
hidden, returning values across the network. simulation by using actual data. Third-party RThgers

provide APIs in C++ and Java, but an RTI can also b
Since RMI is tightly coupled with the Java langudlgere  custom-built to meet the needs of the specificasidun.

is no need for separate IDL mappings to controbaation L . . .
of remote object methods. However, using RMI apptet ~ 4-3.4. Distributed Interactive Simulation(DIS)

the internet is impractical because of the instgodf the  pistributed Interactive Simulation (DIS) is a stand for
internet and lack of client support. There are asourity  conducting real-time platform-level war-gaming &0
threats due to remote code execution and limitation  mytiple host computers. The design concept of Bifat
functionality enforced by security restrictionsvda&RMI is  ggch simulator node is autonomous and simulatésgies
limited by interoperability only with other Javastgms.  pattiespace entity, or a group of entities in thsecof semi-
RMI by itself does have capabilities that couldphéh  aytomated forces (SAFOR) systems. DIS uses aluliséd
creating an ESS, but is a much more useful toolnwhe concept of simulation in a similar fashion to HL&ach
coupled with Java Enterprise Java Beans (EJB). node in the configuration supplies all the resosirce
4.3.2. Remote Procedure Call (RPC) necessa.ry”for its own processing, a_md. has its_ own
responsibilities. These include communicating clesnim
Remote Procedure Calls (RPC) is a technique fothe entity's state, responding to user inputs, fyiod
constructing distributed, client-server based agpions. It  entity state, maintaining a local view of the bedflace
uses the notion of conventional local procedurkscab the  environment (including all non-node entities), utka the
called procedure need not exist in the same addpsse view, and presenting the user with a view conststeth
as the calling procedure [7]. the state of the entity and the battlespace enwieon.

XML-RPC is a specification and a set of implemeintag =~ DIS does not need a centralized computer to mattage
that extend RPC to allow procedure calls to be made  interaction detection and resolution. This helpsvpnt
the Internet to machines with potentially different single-point failures from disrupting the overatieecise or
execution environments and operating systems. fhlees  mission supported by a DIS configuration. Like HLAS
use of HTTP as the transport and XML as the engpdin can be useful within an ESS by allowing users t@edast
XML-RPC was designed to be simple, but also be pfulve data, and sharing these forecasts with other iddals by
enough to allow complex data structures to be tméttsd,  using distributed capabilities.

processed, and returned. One benefit of using RPI& i .

ability to hide the network code within the stulbg@edures. 4.4. Support Technologies

Generally RPC-based programs are easy to learrc@amd The support technologies that have been reviewed ar
be implemented in a number of languages and forsums ML XUL, Java Applet Web Archives (WAR), and
as XML, Java, C, C++, Perl, and Python. RPC calés a Enterprise JavaBeans (EJB). These technologies mogy
made synchronously so the program has to waitHer t girectly help in development of an ESS, but thegvjite

response before moving ahead. Within an RPC prografyays to create a good software system, and are table
only one transport can be used (TCP/IP). An en&#pr sypport other technologies.

network with several connections may have troultle a
times because every simultaneous active RPC cdonect 4.4.1. Extensible Markup Language (XML)
requires its own distinct connection. RPC doesatwhys
have ways of communicating with older legacy system
due to different paradigms. This may limit its afio ESS
developers.

Extensible Markup Language (XML) is a simple and
flexible text-based format derived from SGML. XME i
used to exchange a wide variety of data on the areb
between applications. One XML utility is the Extdabs
4.3.3. High Level Architecture (HLA) Stylesheet Language (XSL), a family of recomme roofesti

. ) ) defining XML  document transformations  and
High Level Architecture (HLA) is a general-purpose presentations. This is accomplished through thestspthe
protocol for managing distributed computer simwlati xs| Transformation (XSLT) language translates betwe
systems, enabling communications between computeprmats, XML Path Language (XPath) is an expression
simulations regardless of their computing platfof8).  |anguage used by XSLT to access or refer to pdreno
HLA is able to achieve interoperability through &@bility ~ xML document, and the XML Formatting Objects (XSL-

Communication is managed by its Runtime Infrastnet  semantics [10].

(RTI). The Interface Specification document defirmesv

HLA-compliant simulators interact with the RTI, aile  An XSLT stylesheet specifies the presentation ofaas of
Object Model Template (OMT) specifies what inforfoat  xML documents by describing how an instance of the
is communicated between simulations and how it iS|ass is transformed into an XML document that uses
documented [9]. HLA simulations must obey publishedformatting vocabulary, such as XHTML or XSL-FO. XML



This structure allows XML documents to be generatedVhen installing, or uninstaling XUL extensions,eth
efficiently from existing information. The documenare  browser must be restarted for the changes to téfkete
stored in plain text and can be edited or used ty a Even so, this ability to add extensions so easikes it a
platform or operating system. XML is also languagegreat tool for ESS. An assortment of extensions lcan
independent, allowing it to work with heterogeneouscreated to supplement user's work in different walke
systems. When interfacing with a non-XML-capableusers have the choice of which extensions they teanse,
system, XSLT can transform the XML into HTML or pla and can remove them later when desired. Since the X
text. XML's extensibility allows developers to ctea code is based in XML, the code can be updatedyetsil
custom tags for their own data formats, so webessrgan make adjustments for changing work requirements,
pass application parameters and return values ds. XM reducing the development cycle for any necessaangés
to the application.

XML is still young in comparison to other formatsyt is .
gaining popularity. Browser support for XML is not 44.3.JavaApplet Web Archive (WAR)

completely standardized, but this can easily beramree  jaya Applet Web Archive (WAR) files allow Java 2
by using server-side technologies to handle XMLobefit  pjatform, Enterprise Edition (J2EE) Web modulest tha
gets to the browser. Since XML is in plain texte fsizes  nclude Java Serviets and JavaScript Pages (JSPE to
are typically larger than binary formats, but aswwek  packaged together with the application, associdiled,
performance improves this will become less of &ués  and a required XML deployment descriptor file. J2EE
XML would be useful as a protocol for data exchaimge AR applications include client components consistof
ESS. Using different stylesheets, XML can be tramséd dynamic web pages, applets, and a web browserhfor t
into many different layouts depending on the need. client machine. The web components include sendets
4.4.2. XML User Interface Language (XUL) JSP, runr_ling within the b_rowser. Business component
modules implement a particular enterprise domaind a
XML User Interface Language (XUL) is a markup enterprise infrastructure software runs on legaagiines.
language, like XML and HTML, that can be used for
creating dynamic user interfaces. Since it is ptatt  WAR files have the same format as JAR files, bsbal
agnostic, XUL can be used to create applications oilinclude a deployment descriptor file within the JARach
Windows, Macintosh, or Linux. XUL is based on XMiq = WAR file contains the servlets and JSP along wétlated
it inherits XML's standards and capabilities: XSIXIRath, resource files. The web components tier in the Asce
and DOM functions can manipulate the user interfaceManager model can be customized to meet the ndeais o
Even though these technologies are not individuadlyy  organization. WAR files allow for an easy way to kaa
powerful they can be combined to create interfdoesull updates to the system, providing new functionalifiis
fledged applications, such as the Mozilla Fireforvbiser  makes the Java Web Archive a good tool for an ESS.

and Mozilla Thunderbird email client. XUL can albe .
used to create stand-alone applications or instatie a 4-4-4. Enterprise Java Beans (EJB)

browser extension. These extensions modify existingjaya's Enterprise JavaBeans (EJB) technology &\ers
browser behavior and graphical interfaces. For @@m side component architecture for the Java 2 PlatfdaB
XUL can make modifications to the menu structure, 0 epables rapid and simplified development of disitek,
simply change the look of "Back," "Forward,” and transactional, secure, and portable applicatiorgedzn
Refresh” buttons within the browser. XUL is a paft  java technology [13]. EJB development encapsulates

Gecko engine used in many Web browsers. Gecko $t$po pysiness logic in a component framework that masisige

SOAP, and WSDL.

] _ EJBs come in three varieties: an entity bean hasigtent
Having XUL based on standards such as XML allows it qata with a specific bean representing databaserdec
easily work across browsers and operating syst&imsse  information, a session bean simply provides a seraind
web-based languages are also much easier to IBam t ng data, and a message-driven bean provides a esimpl
standard programming languages such as C++. Usifig X method of asynchronous communication (rather tremgu
to develop web applications as extensions is muashee  jaya Message Services (JMS)). Java's practice ofe"w

than creating stand-alone applications. XUL hasagre gnce, run anywhere" holds true for EJB as well, wodks
flexibility for being used on web sites becauseaih make oy most operating systems.

use of server-side architectures such as PHP aRdtdS

display dynamic content [12]. Its oyeraII flexib}l_iallows EJBs make is possible to build distributed appiicet by
Gecko to be a two- or three-tier application modelcombining bean components from different vendotsis T
depending on the needs of developers. XUL make®lise flexibility promotes ESS generation by offering
existing standards, but XUL itself is not yet anslard. (It programmers a variety of development components. EJ
has been submitted for approval.) Other drawbaékhe  applications are easier to write because develogert
current state of XUL are that creating stand-alonehave to deal with low-level details of transactiossate
applications with XUL can be tricky, but progressitg  management, multi-threading, or resource poolihgldo
made to simplify this process. allows experts to gain low-level access throughsAPI



Buying commercial EJB containers can be expensivebetween its local and remote systems. Tagport
Using them can also create large and complicatedategory concentrates on interoperable messageaferm
specifications and increase development time whemnd low-level support issues common to other catego
compared to straight Java programming, but thedeaam This classification scheme is expected to help tiflen
reusable for future projects. EJB limitations imduack of — appropriate components for implementing ESS.

support for local files, limited GUI support, nopedility

to act as a network server. Nevertheless, EJB matlul Continuing research in ESS will focus on the coratf

may make EJB technology useful for ESS. ESS-based enterprise software, especially witheatsip
; the selection of specific technology componenttabie to
5.0. Impact of Technology Selection software evolution. The technologies surveyed heme

The classification scheme is not intended to bieiet sode likely candidates to be used in this work.

for selecting technologies, but should be lookedrnugs a
set of guidelines for choosing the foundations bé t
enterprise application. Even within this classifica, the
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