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Intraduction

The priteary wasatch thruath of the familty nvelved with the chiatering labemsmatery melide:

w Data Mansgereent and Data Minimg

Suppert for comples T ltditemional datasets, masnageraent of highly dymamic dats aeta, Apatio-
temnperal databeas Tnanagernent, Teanagement of nwertainty o databeae graterm, Teachine learning

and pattern rergnition over lange data asta, Wdnahzatien of dymamic datsa asta.

w Cluaering for Wumerical and Tentife Compiting

Fralahility, memiery hierarchy performance, marallel T/0), compilation, applicstion jwme, pertahle 13-

hrarien meluding Teatsge Dadang.
w Tharitnted Syatenm

hetwork cent vie comaport g, availahility aned fault tolerance m diatibinted and parallel ayaterm, rephica-
tiem and cachmg in diatritmted envirenmenta, open awd heterogenesin graterm ennrenmenta, Guahity
of Hervice enabled reamee Tanagernent, compeashle Tiddlewar for distAboted graterm, comerrent
ohjert haasd compting, whigpitona and mehile comapiting emdremmenta, aeimity proteoesla, Ayderm

and performance analyiia.
w Multtimedia Managernent

Analyaia and ntempretation of ranltitedia dats, repreasntation awd atorage of rmtiTnediainformation,
It raedia infermaation retrieval awd datahane manmgerent, aomaTmication amwd tranarisaion of -
tiredia chjecta, Tatiraedfia in achile eniremmenta, cuuality of aernine apesifeation and enforeernent

in maultiraehia applicatiom.

1 Cluster Enabled Applications

We dewrihe tw apecifle applicatioma deaigmned to teat the Titnita of acslabifity and awilahifity in the deagn
and mansgerent of chater haasd emironmenta. The nmmber of comemirrent nasm in hoth applicatiom are
Tileely ter anale ter Targe nuimahera; ome of e geada ia te ted ayatera perforrvance imeer theas extreme comditiona
Multitnedia applicatioma, ach aa Videoem-demamnd apecify Qed repriterenta that defing the extent te which
application repnreraenta anch ad titnelinesm can he Aolated . We miend to teat the mapact of different failure

Taexdked em apnleation Qed for applicatioma execiuting o the chkter framework.



1.I. WEBMAHRS — Multimedia Seavwch Engine far the Warld Wide Web

M A RS & integrated aoltinedia information retrieval and datahase ramagemaent ayaern being develoned at
the Lnivemity of California, Trvine with the foom of presiding aeamleas integration of tonltimedia information
in databass Teanagemnent ayatemrna. Cur objectiven are to develon e cient techmioien to anppert comtemnt - Teaed
AITTT&TItY Tetrieval over Tawltiteedia data [Apecially ineges and viden) and explore Techaniamm to Mitegrate
aich techmiciien a4 arcead Tethexrda miter databans Toanagerent ayateran. Aa part of the MARS progect, we
have tilt & MARS retrieval ayatern that preaddea cemtent-taasd retrieval cver anltitnedia ohjecta comiatmg
of iTage propertiea alomg with textiusl deacriptions. The exfting ayatern coniida of (1) & MARS aerver
that mipperta Aimilarity gpetied cover Tanltitedia ohjecta. Sitallatity ja cempined hased on Toth textual and
vianal propertied, () a client that mipporta inaettion and deletion of wew fold chjects into the datahaas, and
[3) & weh-Teasd client that allowh Rem to comAtrIct qered (AT hoth example inagea and text), diaplay
anmreta, anl to refine gpeted Ty providing relevance ferdhack.

The chjective of WEBMARSG A to tnild & ranltitnedis weh rearch engine that e the MARS aerver to
preavide retrieval of matching HTML pages haasd hoth on their textia] and vianal content. The prepeasd
acateh emgine will prearicke & wehicle to explore effectivenema of comatinmg the text-hased awl iTsage-hased
retrieval paradigron ints & Aingle rearch framework for the Weh envitemment .

Many exiting aearch engines [hoth commeroial ayaterna and reasatch prototyped) have exploned dindlarity
retrieval over viaunal ohjecta amd textual data. However, to the heat of onr ineswledge, there efErta have

cemeenttated on exploring theae paradigrn inedependently. Often, naer'a mformation neeed in heat expreaasd
mamg timitiple meedalitiea Ad an exaraple, comider & masr, whe while hrowaing the weh, comer anTead &
itnage of & dean with & particnlar pattern that dhe ke 7noan enline faahion roagezine. The mer Tight
them he intereated in retrieving matching dedss [heasd om vimws]l properties) availahle at & local ot
her aiee at & given orice range (hawed om textiwa]l propertien). Tt ia ciflentt to expreda the mer'a information
need nAmE only vidkal propertied or the textusl propertiea o thia ceae. Ancother advantage of mipporting an
integrated retfiew] framework b that often, mfrmaten m diferent Taedalities can complement each other
itapreving the efEctivensa of etrieval. Aa an example of the potential iTaprevernenta, comaider that the text
arronTeling the iTnage in the faahion Teagazine inthe orevienn examaple ceomtained & deartiption of the atyle
of the drean. Again, tiliging thin textual deacniption alomg with the wvianal prepettis in evahiating the ety
will impreae rearch performance.

WehMAES Wil appert technionen to formonlate and ecemite integrated gquetien over tanltipk medalitiea
(irnagea and text) aing the MARS rerver. Ancther nevelty of the asarch engine develoned are techmige to
ANQTET ery refineTent ming relevance feedtack, We hare, in the peat, develned moany relevanee feed Tack
techmicpiea for toltiTnedis retrieval and explored eficient Taechaniarm to iTplernent refined querien. Theae
techmicpien have heen onlt into the MARS aerver and will he awilahle to the asamch engine.

Teveloping & aearch engine to auppert an integrated retrieval framework reoprites rensarch in diveme in-
terrelated fielda. The fimt Taae Ta the dedgn of an interfare that allesws mem i expred theit quetied uamg
elifferent Tacxdafitien. Ancther challewge W to extract awd represent aereentically Tasaning featire from hioth
the textial decriptiona and the imiage frome the Tnntimedia ohjecta (vie., FTM T pagea). Fimally, a model
to reptedent comtent of HTML pages, metrieval acedels to tastch & molti-reodality query with the content

dearrintion, weightmg techmiges o give aporoptate importance to different medalities mo the guery, Tele-
vane feadhark techmicpiea to auppert effective refinement of Tl ti-redality qperien, and eficient techmicguen

to evahmte aich guenes nesd to he develoned. Many of theas reearch jasea are heing explored aa part of
the MA RS project.

We are corently oAlding an experinental verden of WEAMARS that allows ma to explome the ahove
maentiomed rensarch imea. WEBMARS will alas prewide ma with & toe] to experimientally sxplers and
epuantify the irapreverenta in wifAewm] efertivenesa that reanlt by miegratmg rmltple medalitien in & dangle
retrieval framnework. The aearch engine ke the follbwing compomnenta

w A Weh Crawler: that navigaten the Weh to populate the MARS datahaas.

# An HTML proseaant: that mamea the HTML il to adract (1) inds to he follwed by the crawler;
[2) tesct ten he Inddesced hy the test ndexer inte the database; [3) Tagea Tinked to the HTMT mage to
he incdeaeed by the Trasge indewer.

w Text Indexer: that extracta aesnimgful text fromn HTML pagen which capture A comtent. The
testt indexcer will alan comatriuct & amnmary of the text to aid hrewaing of the collectiem. While teat



mmaTaatizatem ina tich awl comaplex Aeld in inforristion retrieval, we w11 e well edsablidhed Rimaple
techmices in e initisl development [ectracting fitat Tinen from paragrapha, apetting disrimitating

w Inaage Indexer: thia compeonent w11 extract taesnimginl itiage prenerties (&g, colo™, Ahape, Tayet
of colord and textwred).  Cirrent MARS mage analyzer will he uasd for thin pirpese. However,
the exiating analyzer, which emly desla with global imege propertier, w1 e extended to extract amwd
repteaent Teesl properties of ohjecta inoan itnage. Fxtracting lecal propertien reeprites & difi enltt prohlem
of ohjert asgraentation. We w1l hypasm thin problema by presiding &an interactive tool which allowa &
huren-incdexer to draw an otline of salient ohjecta in an iTeage. Cnee the ohjert haa heen oatlimed,
the ohjecta can he asgmaented aned represewted haasd om their lecal propettisa aich sa oolor, tecture,
ahene, eto. The ayaem Wil allos for agmcheneons extraction of local preopertien of ohjecta, That i
when &n iTaage fimt arriven inteo the ayatemn, T will he represented Ring itn global properties which
can he amtomatically extracted. Aa the collection tmilda, & mean-iwlexer w1 ot line asliewt ohjecta
in ireeges comtained oo the collection. The retriew] ayatern w11 he flexible in the aenae that local
prepertien of ohjecta w11 he naed T and when they ate awilahle. Flee, retrieval will he Teasd only on
glohal propertied

w Hetrlewval Sulayateta: The wtrew] mhgratern inehidfing & tnfti-reedafity retrieval mede], tech-
g for ety refinement, and efcent query precesdng ate already bemg hinlt ™ the emtext of
the MAERS ayatern: the aame techmigmien w1 he imed within WEBMAERS. We are cumently extenwdng
the retrieval aubayatemn to adant to the representation awd awd retrieval of HTMLL decnmenta. For
example, the cument Tnltinneds ohject maede] apperted by the MA RS asrver deea net hamdle loesl
prepertien of ohjenta iman image. Both the mecde] and the ooxde ame Teing extended to enahle retrieval
tared om loesl preopertien.

w Uapr Interfher The user interfare developed will not emly allew mem te pese ot egrated quierien cer
T tiple rackalitien bt will alan prewide & pesse Pl rcde] of erigating the Weh which comahinea hieth
hrewaing &l retrieval into & dimgle frarewerk. A maer, while browaing the Weh, wenld he ahle to
Taate weh paged he or dhe findd intereating. Tater & 1aer can comtret & quiery hiasd on eomaponenta
(e parta) of thews Weh paged that are relevant to hin/her nformation need. The gratern will anppert &
fleadhle interfane that allowm & mer te inport aned ematret oueerien &t onltiple levela — & wset can Apefy
ey wenda, identify & (At of) Intereating imaged, chooe @edifie propery of inagea, or apenifie ohjecta
within &n iraage, choese & HTML page for ta text content, or choeae & apecifie pert of text when
cematmicting the query. The guery expreed w1l e raspped to an internal repreaentation apperted
hy the MARS aerver and the amwer retirned by the azrver will he diaplagred to the mer alomg with
the relewanre At A& uaer, 1 wot aatidled with the anamer, maay previde & feedbaek to the ayatem
taned en which the asrver will adjuat the query [Tedels for adjuating gueties haaed en the feedback
are altedy tuflt mte MARS aerver). A uaer may continne with mltiple iterations of feedhack mtil
hinher Information nesd W gatiafled.

1.2 Multimedia Distance Learning Toalkit

The didritited ranltitnedis diatance learning teolkit will utilize & chwter compiting emnronmaent to previcde
Guality of ervice enahled rmltimedia delivery o tmiltiple clienta &t terote lecationa AiTmiltanendy.
The toelkit will comtain the follewing compomenta

w An Integrated WMltinedia-on-Dernamd Syatern for Tectimea
w A Multimehia Confereneing Comapenent for Tnteractive Tearning

The teolkit utilized & QeiS-enahled matomizahle middleware framewerk, CompOSE|Q, that provide
acklahle and compeasble digriboted wammee massgement ervices We are develoning sapplication-aware
TeATeE Tnanagernent technied it the middleware layer that will emimre the enforeement of ewd-te-end Ced
to applicationa sa the ayatern acalen I magnitcle.

The ntegrated rnltimaedia-on-demand WMOD) ayatemn for distance learning explita the utifizaton of
manltiple Taedia types te farilitate emline clasaremm. Tmtractional teedia include emfine ectire notes, viden
and auchio captuAng the comtent of the ectire and whitehearda [Via pen-haasd tahlets). Th enahle aslentive



learnmg, & navigaton and indexing tool  integrated into the framework to allow the atident to aslentively
view & portion of the lecture. Juch gratetm have 2 baain mexden of operation:

w Live texle: Live captire aned delivery of raultinedia cemtent
w Stered mede: On-cerand retrieval amwd delivery of dored media ohjerta

Traditiomal Tanltimedia- cm-derand graterm comtain limited capabilitiea for interaction; Tontiredhia com-
feremsing appficatema perrait & highet degree of interactivity, Hessever, thia iplie that the rernmee regpite-
Taenta ate aymaTaetric Aince &ll el peinta fimction aa hoth aendew awd weceivetra We ae cumrent1y developing
& teathed framewerk for tltimedis comferewcing that 8 capahle of emunng apecified QoS qearantes -
heth in tranarmiadion amd presentatiom. We are orrently enhanemg o the-ahelf oomferencing toola ach
s Mirremeft hethesting with QoS capabilitien and previding & tranalatiem reechaniam i lew-level G
patametem m the maiddleware,

Whik there exiat comamential YOI and romltimedia comferenemg ayateran thet operate in reatricted en-
viremmenta, defivermg wliahle QoS for the different aedia typea over & wide-aea network can he an e
aa the nmaher of reepieata o the ayatern growm. Totelfigent tiddleware that ame aware of client heterogene-
ity and rearmee comAtteinta T the netwerk and astvera are nesded inoemder to ename high threughpon.
CompOSE) containa within it a mimher of polices and mechanana for QoS- haasd reunmroe Tianagement.
Theae technicpien Tmiat &lan previce deciniema shet the degres of etwerk awarenesa that applicsticma and
maicklleware TIAt waAsAA T ename performance under varring etwerk aned ayatern comeditiona.

Addrescing Sealability:

The application enrronment developed can he med to addrem twn Knda of acalahility [8) Sealahility
ayatern comflgmation [aiee of network) [h) Sealability n ayatem load [omiher of conmerent weemeata). We
are atndying technologien for the developrent of acalable and mntoraeable directery asmiced 10 he med
the developrent of asrviced aich aa dymarie reasres dineweryr and CeS-aware reasimee allecation. Syatem
Tl acalahility can te arhieved hy Qeb-aware lesd roansgerient techniued itaplemented in the applica-
tiem framewerk. We w11 awdy mechaniana for adaptive achednling of reeqieata to aervem, replication and
plarement of date ohjecta in the diatritoted enirenmaent, & well aa eemapeaite achedinling and reutmg of
o ltireedia rereata to renlicested aerrice caer & Wide-ares network.

Addvessing Availability:

Tn creder teranppert varying levela of awilahifity for Airmltaneonly execiting Teeata, we are cumently woark-
img om a appleation interface that Wil albw & et to apecify varyring degresa of arailahilityat & high level,
Grecificaten of fault tolerance ad & Qe paramaeter and tramlation of high level availehility qecifcationa
to cometete patateetem that drive algorithmm A &n ates of active rensarch. We are cirrently explring the
tramlation of availahility-Gled metrich auch aa MTHRF, MTTE to comrete parameter aiech ad replficatn
degres vahien aned repfica distitontion attategien that can e aed to deive the the propeasd fanlt telsrant
dats placeraent algorithma Baasd on the Tevel of application fanlt toleramwce deamed, we are iTplermenting
apecific weplication degree enforement (RTF) techniced that to emire appropriste aatinfaction of repli-
catiem degree while emurmg QoG to the applicatiem. By integrating rephication degree enforcemaent with
intelligent replics plarement for each viden ohject, we can tolerate Tonltinle nexde failures in the ayatem. We
are cutrently comdicting performance ewsluaticms of the varimm RODFE and ohjert placement algorithrn to
determnine regieat adraRdion ratica, requeat comapletion ration and recevery charactetiatich under & variety of
failure ek,



