6 . 1 4 JAVA“ ON THE WORLD WIDE WEB AND BEYONDJoel Plutchak*, Steven Hall, David Wojtowicz, Robert B. Wilhelmson, and Mohan RamamurthyUniversity of Illinois at Urbana-Champaign, Urbana, IllinoisI. IntroductionIn 1997, the Atmospheric SciencesDepartment at the University of Illinois releasedWeather World 2010 (WW2010), which integratesaccess to meteorological data with educationalmaterial on the World Wide Web (WWW) using acustomizable, intuitive user interface (Hall, 1998).One of the components of WW2010 is aset ofextended-capability data viewers written in theJava programming language (Sun Microsystems,1996). Our previous work with Java(Plutchak, 1997)has been in the form of applets considered to b e experimental prototypes, and applications orcomponents meant to be building blocks for futuredevelopment. The release of WW2010incorporated the first use of Javatechnology in aproduction environment on our web servers.Many considerations went into developmentof the Java applets. These include the capability tointegrate Javaapplets smoothly into our webmaterials, the maturity and stability of the Javalanguage and environment, and the likelihood ofeasily expanding the role of Java in the future.II. Integrating Java into Web DocumentsThe effectiveness of Javaapplets can b e greatly enhanced when combined with thestrengths of conventional WWWdocuments.WW2010 uses Javaapplets asextensions to thepresentation of data and educational material,rather than as the primary or only means of access.This allows those who do not have access to Javato benefit from the web documents, while givingthose with Javacapability the advantages ofgreater interactivity with the data.One obvious advantage to fitting Java appletsinto conventional web site design isthe ability totake advantage of existing educational and

*Corresponding author address: Joel Plutchak, Dept. ofAtmospheric Sciences, Univ. of Illinois at Urbana-Champaign, 105 S. Gregory St., Urbana IL 61801; email<plutchak@uiuc.edu>.informational documents and images. With littleadditional effort, existing text and graphics caneither surround the applet within a web page or b e accessed and displayed by the applet itself.Inkeeping with the dual-use theme, theserver that supplies static images or graphicalpresentation of data (Wojtowicz, 1998) can alsosupply images and data to the Javaapplets. Thismethod isused by WW2010. Each web page iscomposed on the fly based on user-selectedparameters, and contains the HTML required todisplay the requested data. Generally, this isastatic image. When Javahas been enabled by theuser, the HTML contains astub Javaapplet plus afew JavaScript statements that pass parameter filedescriptors to the stub applet. These parameterfiles contain the information needed for the appletto build the appropriate display window and menuitems for accessing the data with the moreinteractive presentation of the Java applet.III. WW2010 Java AppletsThe current applets aredeployed asanextension of the WW2010 philosophy of providingintegrated, scaleable access to data andeducational materials. Inthat capacity, they serveasthe high end method to access data-- astepabove simply viewing a static image or graphic.One applet, the Interactive Weather Report, isamore modular and generic reworking of our firstprototype effort. It displays several different sets ofgraphical data in superimposed layers, reportingdata and location information for any point on thedisplay. This basic functionality wasimplementedto allow the type of data to be parameterized. Thisallows the same applet to be launched from avariety of web pages with different combinations ofdisplay data, geolocation information, datacalibration codicil(s), and other ancillaryinformation.Alegend barcontains icons for eachdisplayed layer. Inkeeping with WW2010philosophy, these icons areused asbuttons that

link to educational material for the correspondingtype of data.Another capability considered important byusers of our data is animation-- viewing atimesequence of satellite images or other graphicaldata. A previous animation prototype was totallyrewritten to provide acleaner user interface andmore maintainable internal organization. The animation applet allows either afixed orcustomizable number of images to be loopedthrough with complete user control of speed, dwelltime, direction, etc. As in the Interactive WeatherReport applet, geographic location for any point onthe display is available, and access to educationalmaterial for the data type being displayed isprovided. Further applets under development will allowthe display of other types of data interactively. Forexample, asimple scrolling text applet can displaycontinually updated local forecast or currentweather condition text for any desired location.Another may allow charting of upper air soundingsin various graphical forms, for example, Stuve orSkew-T diagrams. Regardless of the specificfunction of these applets, they will be designed tointegrate smoothly into the WW2010 WWW site.IV. Application Development with JavaAs an object-oriented programminglanguage, Java allows the developer to design ageneral-purpose object that contains most of thecommon functions used for agiven high-levelcomponent. Ifaparticular program using thecomponent needs to add asmall amount ofcustom functionality to that more general object, itcan be extended by adding to or overriding justthose parts of the component that need to bedifferent.Reusability has been akey goal whiledesigning the software. By identifying commonconcepts, objects, and algorithms early in thedevelopment cycle, shared components can bewritten and used for avariety of end-userapplications.This philosophy of extensibility and reusabilityhas been put into practice by agroup of peopleworking loosely under the Horizon Projectumbrella at the University of Illinois. Eachworkgroup, from separate academic departmentsand groups, had initially made independent use ofJava to view scientific data. After comparing notes,abasic set of commonly needed functionality wasidentified, leading to the design andimplementation of an extensible framework forassembling science data browsers (Plante, 1997).The resulting freely available Horizon Image DataBrowser (HIDB) package (NCSA, 1997) is currentlybeing used in applications written by each group.The HIDB defines generic components,based loosely on the Model-View-Controllerparadigm, which represent scientific data sets aswell asdisplayable views into that data. Ageneralized coordinate transform package,adapted from the FITS astronomical imageprocessing package, is available in order totranslate between image coordinates and avarietyof real-world coordinates. In addition to the abstractframework definition, the HIDB contains severalconcrete instances of the components, which canbe used asis for avariety of data types, forexample, FITS images, HDF data sets, GIFandJPEG images, etc.While the object-oriented nature of Java,along with the ease of distributing and maintainingweb-distributed Java applets, are definiteadvantages to using Java, there are somedisadvantages. Foremost among them is the slowmaturation of the language and environment.While the past year has seen progress in theunderpinnings of the Java applicationsprogramming interface (API), there are still manyuseful higher-level packages that have been slowto appear. Some elements still missing in final forminclude 2D and 3D graphical libraries, a richer set ofimage manipulation packages, and native supportfor the Virtual Reality Modeling Language (VRML).These are quite important for developing full-featured and robust scientific applications withoutnecessitating alarge amount of duplicateddevelopment effort.V. Collaborative Applications The ability to collaboratively view and annotatescientific data with remote colleagues remains animportant goal. A brief survey of existingprogramming frameworks for developingcollaborative applications reveals several effortsunderway, all of them using the Java programminglanguage and environment. These include Tangofrom Syracuse University, Java CollaborativeEnvironment from Old Dominion University,Shaking Hands from IBM, and Habanero from theNational Center for Supercomputing Applicationsat the University of Illinois. NCSA’s Habanero (NCSA, 1998) collaborativeframework was chosen for our work due to the maturity of the software and accessibility of thesource code. The Interactive Weather reportapplet has been cast as acollaborative application,and work is progressing on the use of Habanerowith additional applets. However, here too the current state of Javadeployment is slowing down development. Fullycollaborative applications demand ahigh level ofnetwork connectivity and access to local diskresources. Currently, this is only possible usingstandalone Java applications, or by limitingdeployment of an applet and the necessarycollaborative message server to asingle web site.Existing security restrictions imposed by webbrowser suppliers puts up major roadblocks to fullycollaborative applets running in the much moreeasily accessed and ubiquitous WWWenvironment.VI. ConclusionIn spite of the rather slow maturation of Javaduring the past year, applets can still be used topresent data effectively, and the future of Javadevelopment for data visualization and simulationtools seems secure. The coming year should seethe release and adoption of useful APIs andpackages, aswell asaloosening of some of thesecurity restrictions currently imposed on Java-enabled web browsers. These advances will makeit easier and faster to develop useful scientificapplets and applications, and make it much morefeasible to incorporate collaborative functionalityinto them.In addition to waiting for Sun and othercorporations to bring Java technology up tospeed, it is our hope that the earth sciencecommunities continue to jointly and separatelydevelop useful and reusable Java componentsand packages. This would allow faster and betteruse of Java to access and analyze scientific data, tothe benefit of us all.AcknowledgmentsThe authors wish to thank the Project HorizonJava subgroup, especially Ray Plante, BobMcGrath, and Nancy Yeager, for helpfuldiscussions.Portions of the work were developed underCollaborative Visualization project, NSF Grant#RED-9454729, and Project Horizon, NASA Grant#CAN-OA-94-1.Java and all Java-based marks are trademarksor registered trademarks of Sun Microsystems, Inc.in the United States and other countries.ReferencesHall, S. E., Sridhar, M., Wojtowicz, D., RamamurthyM., Wilhelmson, R. B., and Plutchak, J., 1998:The status and future of Hybrid Multimedia ineducation: The WW2010 Experience,Preprints, Seventh Symposium onEducation, Phoenix AZ, Amer. Meteor. Soc.NCSA, 1997: Horizon Image Data BrowserPackage v1.0. [Available on-line from<http://imagelib.ncsa.uiuc.edu:90/imagelib/Horizon/>.]NCSA, cited 1998: NCSA Habanero version 1.0.[Available on-line from<http://www.ncsa.uiuc.edu/SDG/Homepage/habanero.html>.]Plante, R.L., Goscha, D. Crutcher, R.M., Plutchak,J., McGrath, R.E., Lu, X., and Folk, M., 1997:Java, Image Browsing, and the NCSAAstronomy Digital Image Library, Preprints,Astronomical Data Analysis Software andSystems VI, San Francisco CA, AstronomicalSociety of the Pacific.Plutchak, J., Wilhelmson, R. B, Ramamurthy, M. K.,Hall, S. E., and Tokarskiy, V., 1997: TheWeather Visualizer, Java, Habanero, and theFuture, Preprints, 13th InternationalConference on Interactive InformationProcessing Systems for Meteorology,Oceanography, and Hydrology, Long BeachCA, Amer. Meteor. Soc.Sun Microsystems, 1997: Java Version 1.0.2.[Available on-line from<http://java.sun.com/>.]Wojtowicz, D., Hall, S. E., Plutchak, J., Bramer, D.,Ramamurthy, M. K., and Wilhelmson, R. B,1998: The Technology Behind the WeatherWorld 2010 Project WWWContentManagement System, Preprints, 14thInternational Conference on InteractiveInformation Processing Systems forMeteorology, Oceanography, and Hydrology,Phoenix AZ, Amer. Meteor. Soc.