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Abstract: Web 2.0-style services and capabilities collectively define a comprehensive distributed computing
environment that may be considered an dternative or supplement to existing Grid computing
approaches for e-Science. Web 2.0 is briefly summarized as building upon network-enabled, stateless
services with simple message formats and message exchange patterns to build rich client interfaces,
mash-ups (custom, composite, Web applications), and online communities. In this article, we review
severa of our activities in these areas. service architectures for Chemical Informatics; Web 2.0
approaches for managing rea -time data from online experiments; management and federation of digital
entities and their metadata obtained from multiple services, and the use of tagging and social
bookmarking to foster scientific networking at minority serving ingtitutions.  We conclude with a
discussion of further research opportunitiesin the application of Web 2.0 to e-Science.
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1. INTRODUCTION: BROADENING THE DEFINITION OF GRID
COMPUTING

Distributed computing research has been greaty influenced by developmerts in Internret
computing and e-Commerce. The key concep of thes systems is the Senice Orierted
Architecture [1], in which network accesible services expose well-defined programming
interfacesand communicate with well-defined, application-layer network protocols and mesage
formats. The global scale of electonic commeace and online communities provides an
unprececerted opportunity to invedigate resarch problems in scalahlity, reliakility, system
robustness, systemfederation, ard security.

The gereral Web Seavice Architecture [2] concepts that build upon service oriented
architecure abstractons are typicaly specified using XML-based standards and
recanmerdations. The Web Sevice Deription Language (WSDL) is used to de<ribe a
serviceOgapabilities It also is a guide for requegdor agents to construct valid messages for
interactng with the servicee SOAP is the most common network message format and
encapsulates the specific communications between a requegor agert and a service (and also
possibly routing intermedarieg. SOAP is also an extersible format additional directives for
secuity, reliakility, addressing, and similar higher level qualities of service are added as
supplemenal informaion to the SOAP heacer.



Grid computing [3], as it is normaly defined, is aligned closely with Web Senice
Architecure principles The Open Grid ForumO®pen Grid Computing Architecture (OGSA) [4]
provides through a framework of specificaions that undergo a community review proces, a
precise definition of Grid computing. Key camhilities include the maragemen of application
execuion, data, ard information. Secuity and resource state modeling are examples of cross
cutting capahbilitiesin OGSA. Many Grid middleware stacks (Globus, gLite, Unicore, OMII,
Willow, Narej, GOS, ard Crown) areavailade. Webard Grid Sevicesare typicaly atomic and
gereral purpose. Workflow tools (including languages and execuion engineg [5] are used to
compose multiple gereral services into specialized taks. Callecions of users, services and
resourcesform Virtual Organizaions are managed by administrative services The numeraus
Web Senice specifications that constitute Grids and Web Senice systemsare commonly called
QVs*0.

There are alternativesto this approach As we have shown in previous discussion [6], Web 2.0
cdlecively represents a comprehensive distributed computing paradgm that, while compatible
with Web Senice Architecture principles is a challenge to the usual WS-* implemenrtations. The
initial applicaions of Web 2.0 to e-Scierce are surveyed at the workshop, OVeb 2.0 and GridsO,
at Open Grid Forum 19 (see http://www.semarticgrid.org/OGF/ogf19/). Seealso keynote talks
by Hey amd Goble and also the parel discussion moderated by Fox at Grid 2007
(http://www.qrid2007.org/). As we survey in this article, Web 2.0 approaches can meetthe
requirements of cyberinfradructure actvities (such as chemical informatcs and online
laboratoriesg). It furthermore suggeds a broader view of cyberinfragructure to include support for
userand community-driven metadata, social networking and online communitiesof sciertists.

Key Web 2.0 Concepts: Web 2.0 is a divere and uncoordinated acivity, but we may
charecterizeit gererally asbuilding on the following key concepts.

Represertational Sate Transfer (REST) Services REST services[7] stringertly avoid issues
of exposed state and provide a single programming interface (essertially, HTTP GET, PUT,
DELETE, and POST) for all services REST servicesoperate on URLS, which mayregpond with
XML mesages aswell asother formats. XML payloads may be in any format News feeds
using RSS and Atom formatting are typical examples Thes are bed known as news feed
formats, but they canbe used asgeneralpurpose ervelopesfor conveying sequertial data (similar
to SOAP). JavaScipt Object Notation (JSON) is an altermative to XML for message excharge.
The combination of clients to multiple servicesin a single applicaion is caled a mas-up (see
www.programmaldeweb.com). REST services are purposefully simpler and have les
sophisticated interacton patterns than WS-* senvices relying on human developers rather than
tooling to construct applicaions.

Rich user interfacesbased on JavaScript, AJAX, and JSON: Rich user interfacesmake use of
client-side Web browser scripting coupled with REST-style server calls to erabe browsers to
provide erhanced interacivity that overcames the limitations of the HTTP Requeg/Regponse
invocation pattern Updated contert is deliveredfrom the server to the user based on interactve
events such askeystroke and mouse everts rather thanthrough HTML FORM actions. Numeraus
JavaSaipt librariesard tools exist for creatng these gpplicaions. Thes range from high-level
JavaSaipt libraries (YahooOsy Ul, Praotype, Scriptaculous) to JavaScrpt and HTML gererators
(GoogleOsGWT ard Ruby on Rais, for example). Related commercial ervironmerts (Adobe
Flad/Flex and Microsoft Silverlight, for examgde) also areavailabe.

Virtual communitiesand social networks. Web 2.0 servicesareoftendedgnedto enale users
to edablish networks and share content (such asuploaded images movies and interesing Web
siteg. Online communitiescandevelop in a number of ways, but a common examgde is through
sharedtags of online resources Tags are single word de<riptions of URLs. Coallectons of tags




that describe a particular online resource or type of resource are known as a OfdksonomyQ a
coinedtem thatindicatsthe emergent and user-driven nature of the description.

Widgets, gadgets, and badges The content and metadata of Web 2.0 servicessuch asFlickr
and del.icio.us may be accessed through their Web sites via RSS feeds, and via REST API calls.
They may also be accesedvia exportable badges (typically XHTML and JavaScript) that may be
emlkedded by a user into other Web pages Start Pages such asiGoogle and Netvibes aggregate
these small, self-contained user interfacesto Web 2.0 services Such piecesare known aswidgets
or gadgets and are concepually similar to Java portlets that are often used to build scierce
gateways [8]. Architecurally, badgesand gadgets are very different from portlets, asthe former
areaggregated on the client side and are (essertially) unregricted by the Web container, while the
latter are aggregated on the server side and are under the control of the portal service provider.
Gadgets canbe shared and tagged to creat user environmerts.

In the remainder of this chapter, we examine a range of applicaions and case studies using
Web 2.0 for e-Science. Section Il de<ribesthe applicaion of service architecturesto chemical
informaics, in which we aresupplemeriing WS-* serviceswith Web 2.0 approaches Section Ili
de<cribesthe applicaton of Web 2.0 approachesto instrumertsin online laboratories Secton IV
discusses our work in federaing multiple online servicesfor seaching scholarly journals. This
research addressesimportan gaps (federation and synchronizaton) in unrelated services Secfion
V de<ribesour efforts to adapt the concefs of tagging and online bookmarking to the problem
of helping reseachers at minority serving institutions idertify collaborators. Finally, Section VI
summaizesthe work and describesfurther resach opportunities

2. CHEMICAL INFORMATICS AND WEB 2.0

The field of chemical informaitcs, or cheminformatics hasits origins in the 1960's with the
developmert of the first representations of 2D and 3D chemical structures and structure-acivity
models [9] to relate chemical featuresto biological activity. Since then the field has increased
significartly in terms of scope and tecmiques The field is highly multidisciplinary - mary
methods used in cheminformatics have first appeared in the statistical, matematcal, text
searching, machine learning and artificial intelligenceliteraure. In addition, in recen years there
has also been an increagd interecfon of biology and chemistry (chemical biology [10, 11],
chemayenomics[12], etc.).

Commercial tools and private, proprietary data controlled by industry have historicaly
dominated cheminformaics. Howewer, the growing field of academic cheminformatcs has
brought more open source tools ard libraries (such as Opereye, Daylight, CDK [13], ard
JOELib) to the community, and the National Institutes of HeathOopen research (PuoMed) and
open community data (PuoChem) online services are spearfeadng a greater amaunt of open
informaion. Thus, aswe review in this secion, the time is ripe for the application of service-
oriented computing architecturesand distributedinfrastructure to the field.

To this end, we have developed the Chemical Informatics Cyhberinfrastructure Collaboratory
(CICC) to dewelop state of the art cheminformatics tools and teciques and provide aces to
these via cyberinfragructure [14, 15]. In this context cyberinfragructure includes facilities such
as computational grids, databases and Web Senices. The goal is to make cheminformaics
functionality availabe in such a mamer that non-expert users can use the infragructure as
prepackaged tools but will also be able to combine different tools and methods to creae
aplicatons that are peronalizedfor their specific problem. In the following secions we discuss
agects of the infragructure that allow us to achieve these goals.



One of our primary activities has beento build a service-orierted computing framework,
implemerting Web Senicesusing the CDK and other libraries We highlight below one of these
sernvices which wraps the R statistical package, and discuss the natural extersion of this service
into aWeb 2.0 approach

R Statistical Services and Community Models: A common tak in cheminfomatcs is the
developmert of predctive models. These may be simple linear regesion models or more
complex models such assupport vector machnesor random foreds. The tradtional approachhas
beento develop the model and report its statisticsin a publicaion. Such a model of dissemination
precludes ary form of machine (or even human) interacton with the model. An alternative
approachis to provide a web page front end to the software that can evaluate the model. Such an
aporoach is cerainly an improvemert, but still facesthe redriction that one must marually
navigate to the web page to make use of the model for predctive purposes Another agpect of
such models is that they may require calculation of featuresthat arenot publicly availabe. Thus
evenif one did have access to the underlying model, one could not calcul ate the feauresrequired
asinput to the model.

Our approachto this problemis the developmert of an R based web service infragructure, in
which one can deposit a previously built model (currertly a R binary file representation of the
model) thatis then mack availalle asaweb service. The infragtructure is suffi ciertly general that
any model support by R canbe depoyed Once defdoyed, one canacces the model via SOAP
based web servicesto obtain predctions and various statistics. However the current limitations
include the factthat it is diffi cult to interrogate the model without actually loadng the model in
R, models areredrictedto R and that the featre calculation problemis not addressed

Future work aims to address these issues by way of deweloping an XML-basd mode
specificaion documert. Such a documert will include informaion regardng the type of the
model (linear regession, SVM, eftc) as well as various model statistics. In addition the model
must include provenance data such asauthor, data of developmert and so on. As we discuss in
more detail in Secton V, these de<riptions are suitabe for keyword tagging. An important
component of such a description will be a specificaion of the input features This is egecially
challenging due to the wide variety of featuresthat one may calculate using differernt software

A key feature of any solution to this problemwill involve community consernsus on how one
specifiesfeatures This may be done using a top-down ontology approach but it is also a good
ted cas for tagging and folksonomy-style approaches We ervisage folksonomy-based approach
using keyword tagging, wherefeatureswill be characterizedby what they repre<ert, the software
(and verdon of the software) required to calculate them and so on. Such an approach has the
advartage of being open-erded and usage-driven Given such a model decription, one neednot
load models into an R session (thus saving time) but more importartly, models can now be
searcked This represerts a significart advantage over the currert state of the art. In addition to
model specfficaion, we also planto invedigate the issue of model exchange. As noted above, our
infragructure is based on R. But there are many other popular statistical platforms and models
built in R camot be run on them. We plan to use Predctive Modeling Markup Language
(PMML) asa mears of converting our R models to a platform-agnostic XML format A number
of platforms such as(SPSS DB2 Miner efc.) support this format

With a combination of model specffication and model exchange, we believe that the R based
computational infragructure will provide a flexible and open approach to the dedoyment and
searchahilty of predctive modelsin cheminformatcs

Databases and Data Handling: Though various computational servicesare very useful akey
component of cheminformaics developmert is eay acces to data as well as methods to
maripulate datasets. To this end we have developed a number of databassthat arederivatives of
PuwChem. The PubChem databas is a callecton of nearly 10 million molecuar structuresalong



with bicassay reaults for 549 assays. Along with developing our infragructure we have built
databass that provide add-on functionality to the data in PubChem. Examples include
performing docking with the PubChem structures and gereraing 3D structures for 99% of
PubChem. All our databasesare relational databases based on the PostgreSQL platform. Though
we have provided direct SQL acces to thes databases we strove to provide a mode of acces
that is similar to our other services Thus each database can be accesed via SOAP basd Web
senvices In addition to providing acces to databasswe also provide servicesthat allow one to
maripulate datasets. One examge is the VOTallesservices VOTabesare an XML specifi cation
for handling takular data. Our servicesallow one to convert various forms of tabular data (plain
text and Excel formafs are supported) to a VOTales documert and vice versaa. Mary of the
statistical Webservicescanacceg VOTabesdata directly.

The above discussion has focused on accesing the various servicesvia SOAP calls using
standard Web Senice techiques which constituted the majority of our initial work. However,
we have subsequertly examinedthe use of Web 2.0 techniquesfor building services Given that
the services are effectively remae function calls, we can consider other ways to expose their
functionality. One example is the use of RSS feeds and REST (specificaly HTTP GET)
invocaions. Tradtionally, news sites have used RSS feeds to syndicaie news items More
gereraly, RSS feeds can be used to syndicake ary type of "new" item or state change in an
existing item. In our case we have made availabe a number of database seachesin the form of
RSS feeds. For example the user can specify a query for the PubDock database, aking for
docking reaults for molecues that have a score above certain specified value. The query is
execued ard the return value is an RSSfeed (in RSS 2.0) format that can be viewed with any
RSS reader. Furthermae our RSS feeds are able to embed chemistry within them by the use of
Chemical Markup Language. Thus, if a given RSSitemhasan associated 2D or 3D structure, the
structure can be embedded as a CML [16] fragmert within the item. Such combinations are
termedCML-RSS [17] feeds ard canbe viewed in a variety of ervironmerts such as Jmal or
Bioclipse. Exampge of such CML-RSS feeds can be found at
http://www.chembiogrid.org/cheminfo/pcrss/dockrss/form and
http://www.chembiogrid.org/cheminfo/rssint.html.

Workflows and Mashups: Workflow tools and mash-ups offer alternate approaches to
aggregating multiple sourcesof informafion and computation into new and ad-hoc applicatons.
Workflow tools are gererally redricted in the kinds of links that can be made between services
(for example, one can usually follow a linear path through a set of services the output of one
senving as the input to another, but more complex constructs like looping and non-sequertial
interacton fit less well into the paradgm), although they usually are built with user-friendly
interfacesthat allow development by non-programmers. The Yahoo! Pipesservice is an attempt
to allow such workflow developmert on the Web, specffically for procesing RSS and Atom
feeds. Completed workflows canusually be sharedwith others Mash-ups permit a much higher
degee of flexibility in the intercanmunicaton of services but generaly require scripting or
programming using API's to achewe this (although thereis no intrinsic rea®n why mad-ups
could not be creatd in a graphical user interfae, and indeed the lateg verson of blogging
programs like BlogSpot pemit the use of computational components in a page). In the
pharmaceuical industry, one particular workflow tool caled Pipeline Pilot (www.scitegc.com)
has been widely used in cheminformatics. This tool uses a graphical interface for workflow
developmert, and includes extensive pre-packaged computation and database functionality for
cheminformaics and bioinformatcs. In the non-commercial secbr, Taverma
(taverra.sourcefargenet) and Knime (www.knimeorg) have beenused While mash-ups have
beendewveloped for cheminformaics, they have not revolutionized or commaditized the field in
the same way that has happened with online magping. The reason for this could be lack of




availahility of simple, eay to use API's or the underlying complexity and proliferaion of the data
structures in the field. However, given the growing use of distributed computation in both
cheminformaics ard bioinformatics, mas-ups, aswell asworkfl ow tools, seem like an excellent
way of integrating the<e two fields.

User Interfaces: RSS feeds are one way to acess and view information provided and
gererakd by our cyberinfragructure. Another mode of access to our functionality is the use of
Userscripts, which are examplesof rich cliert interface tecmiques Userscripts aresmall scripts
that canrun in browsers when particular URLs or groups of URLSs are visited in the browser.
What makesthemunique is that they canmodify the contert of a Web page on the fly, by altering
the page componerts in the script. They can therefore be used to make user-customized varians
of Web pages We have applied userscripts, particularly Greasemonkey scripts for Firefox
(https://addons.mozilla.org/en-USfirefox/addon/748) that use our Web service infragructure to
erharce existing chemical and cheminformatcs resourceson the Web [18]. These scripts include,
inter alia, the visualization of 3D representations of molecudeswhenvisiting PubChem (using our
Pw3D database), and the auomatic mark-up and hyperlinking of chemical structuresin journal
articles

3. SCIENTIFIC INSTRUMENTS AND WEB 2.0

Online Instruments and Services: Instruments and sersors provide observational data
neectd to drive the proces of discovery in science. Along with simulation, experimertal
observation forms the bads for forming and teding thearies Availaklity and accesibility of
aporopriate instrumertation for a given resach program can be a rate limiting factor in
discovery. Furthemore sensors and sensor networks are playing an everincreasng role in
longitudinal studiesin ecdogical, earh ard biological sciences Remote acess to instrumerts
and sersors sharedby a researchcommunity is a highly desrale or critical capahility in mary
fields of reseaich ard is becaning requiremert for many new large-scale instrumert installations
such assynchrotron light source beamlines [19]

There are numeraus solutions to the problem of remote acess to instrumerts, ranging from
exterding an instrumertOsconsole to users via screen sharing (eg. VNC [20] or NX,
http://www.nomactine.com/) to specifications for embedded Osnart sersorsOsuch as the IEEE
1451 suite [21]. There are also domain-specific solutions such asthe Antelope mesagng system
(http://www.brtt.com) used in seismology to network ground mation sensors and the Monterey
Bay Agquarium Resach Institute Opug arnd  workO instrumert,  Puck
(http://www.mbari.org/pw/puck.htm). Each of these solutions provides part of the solution for
remde access but individually is only suitabe for a narrow range of applicatons.

We are developing the Common Instrumert Middleware Architecture (CIMA) [22], a broad,
middleware-based approach that can be used to solve remde acess ard control problemsin
mary areasand on mary scales Use of a common middleware specffication erabesinstrumert
usersto build, teg ard depoy softwareto implemer their experimerts asneeded, and to continue
to use existing softwarewith minimal modifi cation wheninstrumerts areredesgned or upgraded.
[23] Suwch middleware also allows hardware developers to open up their products to take
advartage of community driven applicaion developmert efforts. CIMA provides applicaion-
level acess to remde instrumerts and sensors through interfaceand protocal standards based on
Web Senvicesard a Senice Oriented Architecture (SOA) approach.

We are now invedigating approaches for the next gereraton of CIMA. As discussed in
Secton |, Web 2.0 is a counterpoint to Web Sevicesthat shows greatpromise for increasng the
diverdty and rate of production of new servicesaswell asthe accesibility and reuse of existing



senvices The immedate challenges for CIMA middleware are to re-implemert a Web Seavices
product asa URL-basd RESTful service and to develop gateways to existing CIMA instrumert
services CIMA in its current form canpotertially leverage WS-* layered products such asWS-
Secuity, WS-Addressing, and WS-Attachment, so in migrating to a service basedon a Web 2.0
approach the functionality provided by these WS-* specifi caions needto be considered

The advartages for adopting the Web 2.0 approach are clear with hundreds of new services
being creaed and madcke avalade as Web 2.0 APIs (see for examgde
www.progammakl eweb.com). As a mater of developmert cost and camlhility, the pool of skilled
developers and integators of these servicesis very large and growing rapdly, represerting a
potertially huge marketplaceof developersworldwide, contraging shargy with the availahility of
developersfor more tradtional Web Sevices In e-Science applicatons, where specifi cations can
be fluid, developmert time horizons are close, ard funding is often aimedat science, not system
developmert, using Web 2.0 approaches may provide a path to high quality, low cost software
systems

In sections below we will discuss the impact of Web 2.0 tecmologiesand applicaions on the
evolution of the CIMA architecture and the desgn of RESTful servicesfor instrumerts, sersors
ard other reattime data sources

CIMA Service Architecture: An instance of a CIMA instrumert service has three main
components. the service code consisting of instrumert independert communications and
maragemert functionality and plug-ins for specific instrumerts, sersors and actuators; the
Chamel protocal and Pacel XML Schema that define operaions on instrumerts availabe to
clierts; and the instrumert description which allows clierts to underdarnd the functionality and
data providedby the instrumert.

The service componert provides a Web Senices (WS) endpoint for cliernts to communicate
with the instrumert using the Chamel protocaol. Senice life-cycle mamagemert functions include
loading and execuion of hardware device drivers (plug-ins), regstration of the service instance
with directory services and communications transport start-up and shutdown.

The secand component, the Chamel protocal, is used by clients to interact with remote
CIMA-emabed instrumerts by sending and receving chunks of XML based on the Parcel XML
Schema. SOAP over HTTP is used asthe primarytransport for parcek, the encoding and style of
the SOAP mesagesis documert/literal rather than RPC/encoded to reduce dependence on Web
Senicesand to make ag/nchronous communications possible betweenclients and the service. A
complete cliert-server Chamel consists of the serverOsWS endpoint for commands ard data
requeds in Parcel XML chunks to the instrumert, and a secand WS endpoint at the client to
receve redies ag/nchronously from the instrumert. The parcel schema defines a tag that
enumerates operatons that clients can perform on the instrument and data types that can be
returned by an instrumert. Additional elemers provide source and dedination information for
routing, and data plus metadata.

The third CIMA component is the instrumert description, provided in RDF as OWL-DL
instances The de<ription is based on a controlled vocakulary that provides informaton about
instrumert capahilities acces methods ard input and output dataformais [24].

CIMA is intended to be a componert in a larger service orierted architecture in which it
providesreaktime instrumert or sensor data to downstream componerts. SOAs tend to be OpillO
oriented where clients make RPC-like requeds to the service. Grid systemsalso tend to be
stateful in which clients use operatons to query or change the state of aninstance of the target
service or associated resource dedcated to their use. CIMA is stateful in that clients canhave a
relationship with an instrument service that can lag mary trarsactions, but it also supports a
OmshOmodel in which information can be provided asynchronously to clierts as it becanes
available. This push capahility requires Web Senicesaware clients, with an instance of a Web




Senice built in to or associated with the client to provide a sink for the serviceto call back with
new instrumert data. A publish/subscribe approach is an alternative to this WS-based callback
mechanism and we have implemerted callbacks based on Java Messagng Senice and Antelope.

As an altermative to WS callbacks and publish/subscribe approachkes a Web 2.0 approach
could use Ajax on the userO&Veb browser to poll for new data continuously. If supported by the
server and the client data could also be streamed direcly to code running on the browser via
server push. Sincethe CIMA protocadl is ertirely contained in the Parel XML Schema a parcel
message could be deliveredby GET or POST HTTP transacton without the additional overhead
of transporting, pardng and handling the SOAP ervelope. Message delivery latency would now
also depend on the frequercy of polling by the cliert in addition to factors preert in the server
push scerario.

REST Services for Instruments: Our objeciveisto re-implemert the SOA version of CIMA
sernvicesso that it can coexist arnd work well with Web 2.0 applications and services We expect
that a Oresurce orierted architecureO(ROA) approach using RESTful interfageswill provide a
suitable maping from our current SOA architecture to a form that canleverag existing REST-
based servicesand Web 2.0 techologies[25]. The current callback scheme canbe preserved if
the cliert providesa Web server to which calbacks can be mace but in gereral the clientOsole
must change from message sink to polling the data source. The server must also add buff ering for
eachclient to compensate for polling latency and additional semarics for requeding buffered
data must be addedto the polling sequence but thes are relatively minor changesard suitalde to
an SOA verdon of the polledserviceaswell

There are other consideratons in moving from SOA to ROA for realtime data services
beyond the badc shift from event-based callbacks to polling. In particular, thereis a stark contrag
betweenthe procesesusedto create WS-* specificaions and Web 2.0 APIs WS-* specifications
are usually aimed at solving a more gereral erterprise-level proces problem and are carefully
vetted through a standards body such as OASIS (http:// www.oads-openorg/) and receive much
consideraion before the first evaluation implemerntations are availade. Web 2.0 APIs on the
other hand terd to be focused on providing specifi ¢ functionality rapdly and in a somewhat more
ad hoc mamer. The reault thenis that classic SOAs arestalle, evolve very slowly, tend to require
considerable developer knowledge, ard are often difficult to develop without supporting
developmert tools.

In theay Web Services specificaions can also be layered armd functionality added
incrementally to anapplication by adding the appropriate hardler ard cliert code for a givenWeb
Senicesfunction to the clientOsode and serverO$andler stack Developmert ard teging of Web
Senicesgererally requiresboth client and server ted harnessesand a complex developmert and
ted ervironmert. The hallmark of Web 2.0 israpd developmert and implemertation of APIs that
conform to a simple (i.e. REST) interacton method. This approach allows developers to
prototype ard refine a service quickly ard the reaults to be teged ard evaluated using only a Web
browser or program implementing HTTP GET calls.

The ecanomic tradedfs are stark. It seemsclea that developing REST services that can be
integated with other Web 2.0 offerings is a winning strategy where timeliness or development
cost areat issue, and Enterprise Web Senicesare appropriate where use of WS-* is required or
the client or service under developmert must interact with other Web Senices

Portals for CIMA Instruments: Although clients that acquire data to storage meda do most
of the work whenit comesto performing anexperiment with a CIMA-enabedinstrumert, on-line
instrumerts and sensors are more interesing and useful when provided with user interfaces We
also provide acces to instrumerts and data through a GridSphere portal which hosts JSR 168
portlets and provide portlets with a user log-in context for idertity maragement and aces
control [26, 27]. Individual user interface functions in the portal are implemerted as portlets



accesing back-end CIMA serviceswith Web Services interfaces Although GridSphere is very
functional and suits the current requirements for the CIMA project, the community of GridSphere
and JSR 168 usersard developersis limited and further development of both ervironmertsisin
guegion. A furtherissue is that developmert for GridSphereis nontrivial and combining this with
the need for portlets to bind data from Web Seavices and to provide Web Seavice sinks, the
complexity of the reallt is high and maintainahility is consequertly a problem.

If we look to Web 2.0 technologiesthough, the situation seemsbrighter. A CIM A service that
operakesin a RESTful mamer can be composed with other Web 2.0 offerings such as Google
desktop, NetVibes or Yahoo widgets to rapdly assembe e-Sciernce portals using a mix of
community developed and commercial off erings. As an experimert we were alde to reproduce
some of the functionality of our GridSphere portal in iGoogle using off-the-shelf widgets in a
mater of afew minutesusing RESTful verdons of CIMA services

Research Opportunities for Real Time Instruments: There are further opportunities for
accesing real-time data from instrumerts and sensors using Web 2.0 technologies In a recen
experiment we used the news distribution protoca Atom (http://tools.ieff.org/html/rfc4287) asa
method for serding CIMA parcel OeentsOto interesed users through comman applicatons for
readng Atom feeds. These systemsprovide a well supported, almost zero developmert approach
for reattime condition monitoring and alerting. This approach further erables us to integate
Atom-based senvices into masup tools. As described in Secton I, highly functional signal
procesing applications that consume and proces the feed data streams from CIMA-erabed
sensors canbe developed using Yahoo Pipes (http://pipesyahoo.com/piped) and sharedbroady
both as OcdeOard as functioning service instances Y ahoo Pipes offers a compelling model for
future community-based distributed programming efforts and particularly for creatng value-
addedreal-time data products from instrumerts and sensors embeddedin our ervironmert.

Emergng Web 2.0 technologies and APIs offer a flexible rapdly evolving environmert for
developing reattime applicatons for sensors and instrumerts. Moving from a Enterprise Web
Senice approach to REST for instrumert servicespresents some challengeswith regectto client
desgn but doing so makesa broad range of Web 2.0 components and environmerts availabe for
rapid and cost-effective developmert of software systemsfor instrumert drivene-Science.

4. FEDERATING ONLINE DIGITAL ENTITIES

Many Web 2.0 servicessuch associal bookmarking sitesand scholarly journal searchservices
provide overlapping camhilities Unfortunately there has beenlittle work (and little incertive
from the service provider§ on integating or federating these services. We desribe in this
secfion a federating architecture for such serviceswith a specific applicaion to maragng online
digital ertities In Web 2.0 temminology, this may be viewed asa server-side mash-up.

Managing State in Distributed Digital Entities: We have been working on providing
consistert service based architecture based on the event-based model for reconciling the dynamic
and possibly inconsistert multiple sources of metadata informaion obtainable from Web 2.0
sernvices for resource amotation and tagging. As part of our resarcch, we have dedgned,
developed and implemerted the following modules to our prototype project the Semartic
Resach Grid (SRG). The systemarchtectureis shown in Figurel

Session and Evert Managemert: This module providesa mechansm for storing data about the
current user. These user specffi ¢ datainclude user autherticaton crecertials, any modifi caions to
a Digital Entity (caled minor everts), and the selecied Ovew optionsO,which control the level of
defail with regect to the metadata fields displayed for eachDigital Entity. Once the user has
loggedin the SRG system, the userOsiutherticaion credertials, all minor everts for each Digital



Entity, and view options for metadata fields of a Digital Entity are all maintained in the user
session. When a user logs out from the SRG system, all unused minor events (modificatons to a
Digital Entity) for a dataset creaton are removed from the currert userOsession. To solve the
consistercy problem in the SRG system, we have dedgned a novel event-based consistercy
model based on the concefs of evert and dataset [28]. In our model, we adopt the view of an
event asatime-stamped acfon on a digital entity, which only maintains the modifications to an
object We distinguish betweenminor and major everts:. insertion of a new digital ertity into the
system or deletion of an existing digital ertity from the system is considered a major even;
modifications to existing digital ertitiesare considered minor everts. Each Digital Entity hasa
reproducible state that is the sequence of the everts that have beenappliedto it.

Digital Entity Management and Update Model: This module integrates PubsOnline software
(anopen source tool for maragemernt and presnation of databasesof citations via the Web) into
the SRG system and provides an interfacefor searching the localremote databases of SRG. It
also provides a user with an interface: (1) to marually insert a Digital Entity into one of the
localremde SRG databases (2) to access to the history of a Digital Entity, from its ertry into
SRG systemto present, and akility to rollbackto a previous state; (3) to view detailedinformaton
about a Digital Entity; (4) to update any metadata fields of a Digital Entity, which is saved into
session asaminor evert for this Digital Entity.
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Figure Chapter XX-1. Semanitc Research Grid architecture.

In our system, we needto have a well-defi ned update model, which is built on top of anevert-
based model, to provide the user with flexible choices to marage their Digital Entities Our
update model useseverts for updating digital ertriesand it is based on the following concepts: a)
keepthe existing verdon; b) redacethe existing version with the new one; and ¢) merge the
existing and the new vergon.

In our update model, we can provide the user with an akility to select an option from the
above update model to be applied for all matching digital entries or an eachindividual digital
ertry. In this mamer, updates can be applied to an eachindividual or all digital ertries as a



defadt based on the selecied choice. We have also desgned and developed OPdodic Seach for
UpdatesO module that allows a user to searchand retrieve updates for Digital Entitiesin the
system.

Annotation Tools. This module implemerts an interface that allows a user to marage the
social bookmarking tools such as Delicious, CiteULike, and Connotea. Through this module a
user can (1) upload Digital Entity data and metadata to one of thes social bookmarking Web
sites (2) download Digital Entity data and metadata from one of the social bookmarking
Welsitesinto one of the SRG resarch databass (3) transfer Digital Entity data and metadata
betweenthes social bookmarking Websites

Search: This module provides an integration layer that allows searching over multiple
databass This is an extersible module that includes implemertations for searching Google
Scholar, Microsoft Windows Live Search and multiple local databases

Consistercy Model: We have beenalso working on the consistency mecharism of the system.
We have two mecharismsto provide consistercy: push ard pull. We push updatesto amotation
Welsites from our system once they occur by using the remae siteDWeb API. We also
periodically checkamotation Websitesfor updates and pull theminto our systemif thereis any.
Our consistency model is a data certric consisterncy model. It implements strict consistercy: once
updatesoccu in the system, they are propagated right away. Our model is based on the primary
copy consistercy protocal. Since updates are treaed as everts, a user canalways roll backto a
previous state at ary time by undoing everts.

User Management: The SRG system has the following modules for marmagng user
interactons: (1) user regstration module; (2) username and password recovery module; (3) user
profile maragemert module, where a user can edt personal informaton, modify system
password, and requed subscription to available SRG system groups; (4) Digital Entity metadata
Ovew optionsOmecharism, which allows a user to define the metadata fields of a Digital Entity
to be displayedor hidden

Figure 1 shows the overal architecture of the SRG system. This system consists of three
main layers (a) the cliert layer; (b) the Web layer; and (c) the data layer. The client layer is
implemerted using Java Sener Pages (JSP) but can be built with any Web Senice client. The
cliert layer communicaies with the Web layer over the HTTP protocal through SOAP mesages
encapsulating WSDL-formated objects. The Web layer consists of several Web services that
handle communication with the existing online tools. As with other project de<ribed in this
paper, we are invedigating alternative protocols and mesage formats (such as REST APIs ard
RSS/Atom feeds) for mamagng interactions with the Web layer. Our goal is provide all major
Web 2.0 access modes(see Secton 1) in the Web layer. The Web layer communicates with the
data layer through JDBC connectons. Finally, the data layer is composed of sewveral local ard
remde databases

Authentication and Authorization Issues: In collaboration systemssuch asSRG, usersmay
acces group-edtabde metadata. We must provide mechanismsfor edalishing privilegesto view
and possibly edt portions of Digital Entitieswithin the SRG system.

Acces Rights: We have adopted anacaess-control matrix model that supports multiple groups
and multiple users for eachobject The model should support any changesfor group of peaple.
There are set of objects (Digital Entity or database, access rights) pairs for users Digital Entities
may be creaked by the users of the SRG system in several ways: (a) using amotation tools
(Delicious, CiteULike, and Connotea); (b) using seard tools; (c) marually, through the Olrsert
New CitationOWeb interface. The acces policy has two basc modes Public: Digital Entity
creaton must be associated with at leas one group, including possibly universal memkbersip
groups. Private: the Digital Entity canonly be assessed by its owner. The owner can modify the



acces mode. For both public and private operation, read and write (i.e. modify or edt)
permission are givento user or group for the inserted Digital Entity.

The SRG system distinguishes between three kinds of users Owner is initiator of the Digital
Entity and database creation; Group is ary availabe groups in SRG system; ard finally Other
usersare all remaining users The owner of Digital Entity and database can specify the Digital
Entity and database permissions for all threekinds of usersmertionedabove.

We have used a permission model similar to UNIX file system. In SRG system, Digital
Entity correonds to the file elemen, ard its home database corregonds to the direciory
elemer. For each Digital Entity and database, there are threetypesof acces rights definedin the
systems Acces rights, summarized in Tabe 1, are used in the implemenation of the
auhorizaion module. Authenticated users can create databases dynamically. A user need to
have write pemission for the database in order to put Digital Entitiesinto the database.

Table 1. Access rights summary

Access Right Digital Entity Database
(DE)
Read Read DE Access to database for viewing Digita
Entities
Write Modify DE Insert Digital Entities into database
Delete Delete DE Remove entity from system

The acces matix desribes data protecion and permissions that eachsubject holds for each
object. As anexample in Tale 2, usersand groups are shown in the rows and Digital Entitiesin
the columns. In this example, Bob is the owner of DE;, DE,, and DE;, He hasreadR), write (W)
and delete (D) acceses for these Digital Entities Group; has write acess for DE;, and read
acces for DEs. Aliceis another user ard hasonly read acess to DE,. The system allows having
only one owner of a Digital Entity and database. However, there might be more than one group
for Digital Entity and database. Bob can modify DE;, DE,, and DE; user access rights or give
them permissions to groups and other users

Table 2. Access control matix for digital ertities

Name DE, DE, DE; User
Bob RW,D RW,D RW,D Owner
Group; W R Group
Group; RW RW R Group
Alice R Other
Herry RW Other

The owner of the Digital Entitiesmay give acces rights to other users We have defined two
methods for this operaion. First, the owner may give permissions for all Digital Entitiesstoredin
the database. A user cangive pemmissions to ary user or groups that canbe acessed by all users
of that group for selected database. However, usersand groups needto have required permissions
for ownerOsselecied database. Second, owners can modify their Digital Entity permissions for
usersard groups.

Group Administration: Having permissions for Digital Entities and databases for users and
groups does not provide a complete authorizaion scheme We needto have levels of control of
the usersand groups to complete the authorization module. We have defined the following levels
of administration control: Super Administrator and Group Administrator. The system allows
having more than one Super Administrator. An existing Super Administrator canadd other Super



Administrators to the system. A Suyper Administrator can assign any user to becane a Group
Administrator, and remove a Group Administrator from group. Eachgroup hasatleas one Group
Administrator. If a user creaes a new group, that user auomaticaly becomes Group
Administrator. Users are allowed to belong to more than one group. User can make a requeg to
member of any group in the system

S. RESEARCHER TAGGING AND MATCHMAKING

As we discussedin the introduction and expandedin Secfion IV, online bookmarking services
provide avery simple way for usersto shareinteresing URLs with eachother. This sharing may
be amongst friends and collaborators in networks, or it may be anonymous and demcacratc: by
selecing a particular site, one OwteOfor it. Bookmarked contert is commonly described with
keyword tags aswell asfreeform comments provided by the user. Bookmarking servicesoften

provide tag recanmerdations based on previous tagging to encourage the user to avoid synonyms
and alterrative spellings.
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Figure Chapter XX-2. The MSI-CIEC Portal isdesigned to help users manage online bookmarks and identify
researcherswith similar tagging profiles.

Although simple, tagging systems provide a very fundamenal camhlity: they erade
community driven metadata de<criptions of URL-identified Web resources One may ervision
the extersion of thisto URIs gereraly. Seenfrom this point of view, we may readly recaynize



thattags and their associated URLs canbe represented asgraphs and area variation on the graph-
based Semartic Web relationships more commonly represerted with RDF and OWL. We may
treat either all tags as nodes and URLs as arcs or vice versa. This allows us (with suffi ciert
amaunts of data) to apply interesing computational graph techmiques such as cluster
idenrtificaion and rarking.

To seedthes resarchissuesaswell asprovide a useful service, we aredeveloping the MSI-
CIEC Partal (Figure 2), a bookmarking and social networking serviceto help facuty at minority
senving institutions find interesing researchopportunitiesand collaborators in their fields.

The MSI-CIEC PartalOshasgc function is to provide a user interfaceto bookmarks. We use
Connotea as a backerd service for storing bookmarks. users have accants creaed
simultareausly in the MSI-CIEC Patal and in Connotea when they regster. While Web
browsing (particularly journal browsing as desribed in Secton 1), users may choose to
bookmark and tag a particular journal article or NSF calls for proposals (availabe via RSSfeed.
The portal providesa browser toolbar button (installable by dragging the installation link from the
portal interfaceto the browserOgoolbar area) to allow sitesto be tagged in a process that is not
disruptive to browsing.

Figure 2 illustrates various Oaig cloudOviews. Other portal views include displays of selecied
RSS news feeds, such as NSF funding opportunities To further simplify the tagging process for
these particular feeds, we are developing a Ocick taggingOprocess: a user canindicat interes,
disinteres, or ambkvalence towards a particular proposal call by clicking anicon. This allows
usersto quickly creat a set of tagsinteresing to them. Other users examining the samelink, can
seeother usersinteregedin the same proposals.

To further populate the system, we are incorporating public data obtained from NSF and
TeraGrid user databases We represent data such as project award number, principal invegigator
name NSF division, and direcbrate to tags. In addition, principal invedigatorsO public
informaion is usedto gererate profile pageswithin the system. This allows the userto treatother
usersastags for navigating through the system (to seefor examge somemeQdist of collaborators
or funded projects in various NSF directorateg. Alternatively, the user may wart to view the
profile ertriesof othersin the system

The MSI-CIEC portal may be used for bookmarking, maragng proposal call links from the
NSF RSSfeed or navigating through databases However, its full purpose (when suffi ciertly
populated with data) is to invedigate social networking strateges Thes strategesare interded
to help resarchersfind other resacherswith similar or complemertary interess. We are basng
this functionality on tag profilesthat users build up through normal use of the portal aswell as
seeckd information from NSF databases As we have observed, tag profilesarnd their associated
resources may be treaed as graphs. This allows us to examine techiques of varying
sophisticaion for determining similarity between users Thes may range from simple link
counting to clustering, machine learring, and Page Rark-style algorithms.

6. CONCLUSIONS AND RESEARCH CHALLENGES

We have reviewed the applicaion of Web 2.0 technologiesto e-Science. Sections Il and |l
reviewed the ewvolution of two Web Senicebased cyberinfragructure projects (chemical
informaics and instrumerts) into Web 2.0-style distributed systems Commaon themesinclude
the use of REST-style servicescommunicating with mesage formats adaped from news feed
standards. We also discussed the use of Web 2.0 for less tradtional cyberinfragructure: the
federaion of multiple bookmarking and scholarly search services (Secion 1V) and the use of
tagoing to build up scientific communities (Secton V). By adopting Web 2.0 approaches we



hope that these systemsmay leverage the considerablle invegmert by major software and service
providers Madhup building tools (which work primarily with RSSand JSON) are an importart
examgde.

Challerngesfacing Web 2.0 for e-Science include the lack of standards to erable portahility of
user idertity and metadata betweenservices Typical Web 2.0 servicessuch asFlickr, Facelmok,
and del.icio.us provide portabdle camlhilities (such as JavaScipt badgesand RSS feeds) but they
do not provide mechanisms for sharing or federating idertity, prefererces and other metadata.
We have mack initial efforts to synchronize digital entity represertations in multiple, unrelated
services but this needs further invegigation.

Web 2.0 paralels Grid and Web Senice systemsin most capahlities (see for example [6]).
Major exceptions include secuity and notificaion. OpenlD is one importart Web 2.0 security
standard for creating distributed identity for eraling single sign-on systems but the problem of
distributed acces controls (for examgde) areopenissues Notificaion and mesagng systemsare
another fundameral problem, since they do not maich well with the requeg/regponse mesagng
style used by REST services One cansimulate evert pushing with cliert polling, at the cost of
either increagd network traffic or increased message latercy. These issues are particularly
importart to instrumert and real timegrids (Secton I11).
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