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Absuact

The World-Widc.Wcb (W3) signals thc entrC of the digilal library with the gosl
of providing imrncdiate and ubiquitous acccss to digital information of any rypc horn data
reposiiorjcs located throughout the world. The web'.c dcvclopmcnt cnables not only
cffcctivc occcss fot thc gcncric uscr. bur uluu ruure cfficicnr aod timely lnfortnadon
exchsngc among scicntists and researchcrs, We have cxtcnded the regrrtoire of thc wcb
to include scccss to lhrec-dimensional volumc data scls with integrated control of a
disrributed clicnt-server volume vlsualiartion syscm. This paper provides a brief
background on the World-Widc.Web, an ovcrvicw of the exlcnsions nosessary kl suppotl
new data typcs and a description of the distributcd visualiration systcm.

l. lnlroductioa
Advanced scanning dcvices. such as magnetic resononec imaging (MRI) and computer tomography

(CT). have bcen *idely used in thc ficlds of medicine, quality sssurance snd mctcorol,:gy [Pommen, Zandt.
Hibbardl. Thc nccd ro virurtirc rcsulrin8 data lrus givcn risc rrr a widc variery of volurne visualization
ter:hniques and computcr graphics resclrch groups have implcmentcd a numbcr of systems to providc
volume visualizirtion (e.g. AVS, ApE, Sunvision Voxel and 3D Vicwnix)[Gcrlcg. lvlercurio, Vudc
wettcringl. Previously thcsc systems have dcpendcd on spcializcd graphics hardwus for rcndering and
significant sccondary storagc for thc dau. The expcnsc of thcsc rcquirenrents has limiled the ability of
rcscarch€rs to exchengc findings. To overconre the brrrier of cost and providc additional mcens for
rcsearchers to cxchange srd examine three-dinrcosional volume data, wc have implernentcd a distributed
volumc visualizrtion tool for gcncral purpose hnrdwarc rnd integrrtcd that visualization scrvicc with thc
drsnibuted hypcrmcdia [Flandcrs. Broeriog. Kiong, Robison, Story] cytrcm providcd by thc \\'orld-Widc-
Wcb [Niclccrson].

Our disuibutcd volumc visualization tool, VIS, utihzes a pool of gcncral purpcsc workstation$ to
gcncratc thrcc dirncnsiond rcprcscrLrti(rns uf vr.rlume dan. fie VIS rool providcs inlegrated lotd-
balancing across any numbcr of hctcrogcnous UNIXw workstations (e.g. SGl, Sun, DEC, ctc...) lciertscnJ
taking advantage of thc unused cyclcs $at are gencrally avrilable in acadcmic and rcscarch environrncnls.
In addition, vIS supports sFcielizcd grrphic.s hardwerc (c.g. thc RealityEnginc from Silicon Graphics)
whcn avarlablc for real-timc visualization.

Distributrng informadon that includes voluure data rcquires the integrntion of visualization with c
du:utrent dclivery mcchaaism. We havc integrated VIS and volume data inro thc W3, takirtg aCvantatc of
the clicnt-server architccturc of W3 and its ability to acccss hypertext documcnts stored an),where on the
Intcrnst f Obraszka, Nickersenl. We have Cnhanccd rhc capabilitirs of rhc mo:t popular WJ clicnt, lr{osaic
lAndressenl from the NationalCenter for Supcrcornputer Applications (NCSA), to supporr volume data and
havc detjned un inter-clicnt protocol for communication betwccn VI.S and Mosaic for vcrlume visualizarion
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l.l Thc World-Wide.Web

Thc World-Widc-Wcb is o combinatjorr of a uarufcf pnrtu,uul frrr hyper-tcxtd(rumcnt.s (tlTTP)
and a hyper-tcxt mark.up language GIIML) [Niclccrscn]. The hasic functionality of HTTP allows a client
application to rcqucst a widc varicty of dils objccts from a Eervcr, Objccts arc identified by a universal
resource locitor (Ul(L)tObraczxal that conttins information sufficicnt to both locrte and query s rcmotc
scrve r. FITML documents are dcfincd by a documcnt typc dcfinition (DTD) of the Standard Gencrelized
Muk.up Language (SGML). Thcse documents arc rcturncd m W3 clients .nd arc prescntcd to the user.
{,rsers are rblc to intqract wi0r thc documcnt prcscntation, following hypcr-linls thrt lead to othBr }ITML
documents or data objects. The clicnt application may also dircctly supgrort orher Internet services. such aq
trTP, Gopher, and WAIS. [AndretscnJ or may utilizc getcweyr that conveit [ITT? protocol rxlucst.r ond
rcturn HTML docurncnts. In all intcractions. howcver, the user is prescnted with e common rcsulring data
format (HTML) iltd dl links uc sccessiblc via URL's.

l2 Mosgic

'lhc Naiions,l Centcr for Supercomputer Applications (NCSA) has developd onc of rhe most
functional and popular Wortd-Wide-Web clicnts: Mosaic. This clicnt is availablc via public FTP for the
most popular computer intcrfaces (n.b. Motif. Windows and the Macintosh). Mosaic intcrprets a rndority
of the HTML DTD elcmcnts and presents the cncodcd information with pagc formrtting, typc.face
specificatron, imagc display, fill-in forms. and graphical widgets. In addition. Mosaic providcs inherent
f,cr'csi to FTP, Gopher. WAIS and other net'r'ork rerviccr IAndreesscn].
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TJ VIS

VIS is a simplc but comptete volumc visurlizrr. VIS provides arbitrety tlvccJimqnsional
r3nsformation (e.9. rotalion and scaling), spccification of six ariat clipping plancs (n.b. a cuboid), onc
a*itrary clipping plane, and control of opaciry and intcnsity. VIS rnrcractively transforms the cuboid. and
lciturc-maps thc volumc dlrn onto thc tranfsrrrrcd gcurrrcrry, It suppons rJiruibutcd vglume rendering
{Argrio, Drcbin. Kaufman] with run-tirne salection of computation scrvers, and isoaurface gcncr&tion
{raarching cubcs)llorenson. hvoy] with softwarc Gouraud shading for surfacc-based model cxrraction and
rend*ang. It rcads NCSA Hicrrchical Data Format (I{DF) volumc data files, and hrs a graphical inrerfacc
urility to import volumc data storcd in other fcrmats.

The rcst of thc papcr is divided inro fivc piuls. Secrion 2 will describc VIS and how it fulfills thc
r...le as a W3 visualization tool. Scction 3 is dcvoted to Mosaic. and will includc the implementation of irs
incrfEce with VIS. Section 4 prescnts the prcrject resulr. Ssction 5 is about ongorni and furure
&r'elopmenr, nnd rhe lert scction is conclurions,

Z VIS: A Distrlbuted Volume Vicuclizafion Tml

VIS is a highly modulu disuibutcd visualization tool, following the principles of clicnUscrver
mhitecturc (figurc l), and consitting of thrce cooperating proccsses: W5. Pancl, urrl VRScrver(s). Thc
\ l5 module handlcs thc laslcs of tansformation, lexrure-mapping. isosurfacc cxtracrion, Gouraud shading,
ard ntanages load distribution in volumc rcndering. VIS prcduces imrgcs thar are &awn either to its own
t,rp-level window (when runninS stsnd.slonc) or to a sharcd window systcm buffer (rr hen nrnning as a
c(|opcrative process). Thc Pancl modulc provides a graphical uscr-interface ;9j sll VIS functionaliry and
crrmmunisats.s slatc chnngcs to VIS. Thc VRScrvcr pr(xcs$cs cxocurc on a heterogcnous pool of general
fi,:nTtn\e workstalions and pcrform volume rendering at the rcqu.st of thc VIS process . Thc thrcc modulcs
a-'c integrated as shown in figure 3 whcn coopcrating with anothcr process. A simplc output window is
C,iplayed when no coopcraring prccess is spccifred,

1l Distributcd Yolume Rendcring

volumc rendcnng algorithms requirc a.,rignificant smount of computational resources. Howcver,
these algorithms are excctlent catdidates for puallelization, VIS disrributes the volunre rendcring among
u orkstations with a "grecdy" algorithm that altocatcs largcr portions of the work to faster rnacbincs
lBloomerl. vIS segments thc task of volume rendcring based on scan-lines. with scgrncnts si:ed to balance
cornPutatlonal effort versus nelwort transmission time. Each of thc uscr-sclcctcd computation s?rveB
fatc'hes a segtnent for randcring vil rcmotc procodurc colls (RFC). rcturlrs raiultr end fctch rnothcr
sdgment, Thc srrvers effectively compeb for segments, with fastcr scrvers proccssing more scgmcnts per
rnit (imc, ensuring rclativcly equal load balancing across rhe pool. Analysis of this disrribution algorirhm
[Gicrtscn, 93] shows that tlrc prfurrnancc irnprovcmenl is a fuDclion of both ric nunbcr of segmcnts anct
the nunthr of computrtionll senen, with thc optimal numbcr of sections increasing direcrty wirh thc
n:rntber of aveilable servers. Tcst rcsults indictetc that pcrforrnance improvcrncnt flattcns out brtwccn l0 to
lo segments dimibutcd scross rn avrilable poot of four scrvcrs, Although this algorithm may not bc
perfect. it achievas rcceptablc trsults.

L2 Coopentivc Vlsurllzaton

Thc VIS clicnt iogcthcr *'ith its volumc rcndcring scrvcrs, moy bc huchcd by anorhcr applicatiorr
Lr s visualiration scrver. Thc two rcquirements of coopcration are a sharcd windorr' syritcm buffcr for thc
tendercd image and suppon for a limited nurnbcr of inrcr.process messages. VIS snd rhc initiating
ugplisation communicatc via drc TwlTdh uervicc. passing message spcclfllng rhc dsu objcct to visualiec.
erptions for visualization, and mainuining snte rcgarding image disptay. Thc VIS Prncl application appears
&r a new toplevcl window and allows the user control of the visualization tool.

3, Visualizrlion *{th Mooeic

Prgc 3



Atg, klit ul ll;1lt:.t*g*l Ct*d { Di.iltnt V*x Vbtrlitrdlrt Tlnqa t n t;'ril VU. *.r"r lstt ttltrdlrltt l* VLrdubt l1'

Wc hrve cnhancrd the Mosaic W3 browscr to support both a three-dimen$ional dau objcct and
communicatio! with VIS as a c{)opcrating application (figure 2). Mosaic provides Ore user wit}r the strility
to lrrctrte and trrowse informadon available from a wide varicty of sourccs inctuding FTP, WAIS. gnd
Gopher. IITTP scrvers rcspond to requcsts from clie.nts, e.g. Mosaic, and transfer hypertext documcnts.
Thorc documcnts tnry contain tcxt ond imlgcs as intrinsic clcmcnts and mny alsc contaio cltcrnal linku to
an1' arbitrary datr objcct (e.g. audio. video, erc... ). Mosaic may llso communicnte with other Internct
servcrs. c.g F[?. cithcr dircctly - translating iequcst rcsults into HTML on demand - or via a grteway lhat
providcs ranslrtion scrvices. As a WJ clicnt, M<xaic communicates with the scrver(s) of intcrcsr in
rc$ponsc lo uicr lEtiolt (c,9. sclccting a hypcrlinls), initiating a connection and requesting drc document
sFecified by thc URL. Thc scrvcr dclivers the file spccifrcd in the LIRL, which mry be s HTML document
or r vari€ty of multimcdia data filss {for cxample, images, audio files, urd MPEG movie.s) and }vtosaic uscs
the predefrned SGML DTD for HTML to par-sc and prrsenr the infirrmation. Data types not dircctly
(ufrfx)rte.l h lr'loraie are displaycd via user-specifrnblc cxtcrnal epplicntione and n'c havc extended thar
prradigm rc both include thrce-dimcnsional volume data as well as to integratc thc cxtcrnal application
more completcly with Moaaic,
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3.1 Mocrlc 3D Imrgc lupport

We havc ertencled thc HTMI . DTT) ro srrpnorr lhrc+ dirnnnsionrl dla via the inncxl'rction of g nerr'

SGML elemcnt; IMG3D. This clemenr provides information to the presentation s)'stem ii.e, Mosaic) sbout

rhe l:onrcnt that is referenced in thc documcnt. Thc MG3D elcmcnt is dcfirtcd irt tic HTML DTD as
follows:

<IELEMENT IMG3D EMPTY>
<lATrLrS'l' IMO3D VOLUMECDATA#REQUIRED

WIDTH NUMBER #REQUIRED
I{EIGI{T NUM BER #REQUIRED
IMAGE CDATA #MPLIED>

whieh is transtated es "SGML dccunrent inslrnc€ elemcnt teg IMG3D containing no contcnt; thrce
rcquircd attributes: volume dau sct. window width rnd height; rnd an opdonal image", In a HTML
document, a 3D in:age elcment would bc rcprcsenFd as:

<IMG3D vOLLME="hnp://www.li brary.ucsf.ed ul .' .l d aa/Embryo.hdf '

WIDT[I=400
HEIGHTg400
MAGE-"http:/lwww,librar).ucsf.edu/. . ./imagcs/Ernbryo. gif '>

which may bc intcrprctcC Es "crcatc a 3D visunliz^ation window of width 400 pixel-t. height 400
pixels, and visuslize the data embryo.hdf locatcC at thc HTTP scrver sitc www.library.ucsf.edu".

3.t lntcrfrcc wlth Mosaic

Thc VISIVlorr;1is softwlrc sy$tcm Gonsists of du'oc clcmcntsl VIS, Mosaic. and Farrcl (whiuh
provi,lcs GUI for dara manipuletion). Currently, VIS communicatcs with Mosaic via ToolTalktx. but the
s!srem u,ill work with rny intcr.clicnt communication protc,col, Whc Mosaic intcrprets thc HTML tag
LVG3D. it crcates a drawing at€a widgot in the dcrunent page prescntation and creotcs a shared window
systcm buffar to reccive visuslizrtion rcsults, In addition, Mosaic launches the WS application, spccifying
rhe locarion of thc data objcct to rcndcr and idcntifying thc sharcd image buffer. \ltren the VIS process
hcgin execution, it verifies its opcrating psrEmctcrs and launches thc Pancl application that in turn preseils
r}rc user with the conbo! elemcnrs for manipulatrng the visudization and mutsgcs thc communication
tretween VIS snd Mo*ric.

In addition to coordinaring communications, thc Prncl applicotion tttcmpts to belance thc
rendering load across the sclcctcd VRScrver(s), scnding rcndcring paramcbrs to lhc sclectcd scrycr(s), and
inrcgrating ihc rcsulting irnogc scgmcnts(s). Thus the l:cuuio followirrg r u$ct'$ *liun un t}tc Panel will be
( l) Panel sends rendcring rcqucsts to VRServc(s) with tlrc pararrcters from irs GuI. (2) Pancl fctches the
returned image data, thcn writcs it to thc pixrnap, (3) Pencl scnds a nrcssage to notify Mosaic upon
compterion, and (4) Mosaic bil.blots the image in thc pirmap into its DrawingArel widget, This will bc
addressed in more detarls undcr scction 3.2. Thc configuntion of this softwarc system is dcpictcd in figure
3 .
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ligurc 3: Iotcrprmcrr communlcstlon rmong Mosalc, YIfi and dlrtrlbutcd rcnderlng scrvers.

3.3 lnlcrclicnt communicrtion

\Ye recognizcd thc minimum set of communication protocols between Mosaic and Panel:
(a) Mosaic notifics Panel when tlrc rvindow rd is no longcr valid. This happcns whcn thc user

navigatcs from thc currcnt page to thc prcvious (with B.ACK button), or to another document through a link.
(b) Panel notifics Mosaic whcn thc sccnc nceds to bc updatcd, This occurs when thc uscr

rnanipulates the data through the Psnct's GUI, which may bc rny actions (rotations, scaling, changes in
clipping planes. modc switching, for instance. frorn tcxture mapping to volumc rendcring) that rcsult in
rerenderiog of thc pictunr.

Thc first carc of (a) docs not irnpose any problcm sincc Mosaic can simply terminate VIS (this
solution atso epplics when Mosaic is quitting), The sccond casc is hardcr to handle becausc Mocaic caches
tlrc plgc, and in principlc, wc cxpcct VIS to tcrtraiu runuing bcr,luse it shusld nu be lording tltc HDF data.
*'hich may bc quitc a fcw mcgabytcs, again. ln the previous casc, we simply havc Mosaic kill the child
process thu launched Purcl, which may subscqucntly scnd a tcrminatc mcssrge to thc VIS servers, In thc
latlcr case. Mosaic will scnd r mcssage to Pancl requcsting il to unraaliza/unmap is window. Thcn when
lhe user comes back to thc 3D objcct psgc, Mosaic may scnd another messsge to Panel ordaing it to rcalize
the GUI window, and updatc lhc window id of the DrawingAren that Panel has bccn scnding message to
(ironically Mosaic docs not crchc the widgcts/windows on thc cached pagc).

In (b), Panel will scnd an updatc mcssage dircctly to thc DrawingArca window id providcd by
l.tosgic. Upon recciving thc rcdrawing mesar.gc, thc DrlwingArea rvid3ct cclls its regictercd rcfrcrhing
function, which simply bit-bloa thc pixmap Pancl updatcd into the window, Thc protocols arc summarized
in Tablc l.
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Teble 1: MoseicrYlS IPC cornmunlcrtion.

4. Results

The results of the atnvc implementnti.rn arc v€ry cneouraging. Thc Mosdc/VIS sucesefully sllorvs
users to visualizc HDF volumc datascts from various HTTP servcr sitcs. Fig 2 shows a snapshor of the W3
v'isullizcr. Disnibuting thc volumc rcndering loads results in a remarkable spcedup in imagc cornputarions.
Howcvcr, *'c did not do any dctail pcrfornrancc arralysirr, bcuause ths rcsults of such an analysis would not
he reproducablc for varying network traffics loads, and fluctuating scrver workstation loads. The scrver
pool we tested tic systctn consists of hetcrogcnous worksrarions: a SGI Indigo2 R44m/l50MHz, two SGI
Indy R4OOOPC/IOOMHZ. a DEC Aipha lUJ0/500 with a I33MHz. Alpha processor. two Sun Splrssrarions
10. and two Sun SparcStations 2, which werc loceted rrbitranly on I Ethcmet network. To our knowtedgc
thisi.srhgfirstdemonslrrtionoftheernbcddintofintcractiveconro|ofac|ien/scrvervisualization
application within a multimedia document in a disributcd hypernrcdia environrnent, such rs thc World
\l'ide Web.

5. Ongoing/Future rvork

wc hevc bcgun *'orking on sevcral cxtcnsiuns and irrrpruvcrrrcnls on tlrc abovc softwrre system;

S.l MPEG Data Comprcssion

The data transfcrred bctwcen the visualization servcrs and the clienis constitue the cxsct byt?
stteams computed by tbc scrvers, packagcd in thc XDR machine independcnt formar. Onc way to rcducc
network uansfening time would be oo comprcss thc data bcfore dclivery. Wc propose to use the MPEG
cornpression tcchnique, which will not onty perform rcdundancy rcduction, but also a quality-adjustable
cntropv reduction. Furthermorc, thc MPEG algorithm perforns intcrfremc, besidc intrafrarnc, comprcssion.
Consequently, only thc comprcsscd differencc bctwccn lhc currcnt and ths last fiamcs is shippcd to the
clicnt.

5'2 Generdlzed Ertcrnrl.Apptlcetlon-to -Mocric-Docunrcn t' Pr gr Displry lotcrfrce

The Protocols ryccificd in Tablc I are Eimplc. and gcncral cnough to allow most imagc.producing
Programs h modificd to display in thc Mosaic documcnt pagc, Our undcnakings will bc ro crtend thc
prorqin databasc (PDB) displaying program. and thc xv 2D image proccssing progrun. to bc Mosaic pDB
vjsualizatjon scrycrr ard Mosaic 2D imagc processing scrver.

53 Multiplc llsolrs

With multiplc uscrs, thc VlSnvlosaic distributed visualization sysrcm will necd to mansgc the
scrvcr rcsourccr, girr€s multiplc urrs utilizirig tlrc uuurc computational scrvc$ wilt slow thc scrvcrs down
signifir;antly. Thc proposcd solution is depicted in Fig 4, The servcr rcsourcq manager will ellocate scrvers
pcr VIS client rcguest only if those s€ryers are not ovcrlourJcd. Otherwise. ncgotiatian bcrwccn the resource
manager and the YIS clicnt wilt be neccssary. and, pcrhaps the resource maneger will sllocare less busy
atternadves to thc clhnt-
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Fig 4: Sen'cr Reeource Meolgeraent

5.4 Locd Distributing Algorithm

Sincc thc load distributing algorithm in thc cunent VIS implementation is not thc most optimal
load disuibution solution. we expect to see some improverncnt in the future implementation. u'hich will bc
using scndcr-initiatcd algorithms, describcd in [Shi varstrii.

6. Conclurlonr

Our accomplishment trkct thc technology of networkcd multimedia systcm (cspccially thc World
wide web) r srcp further by proving thc porsibiiiiy of adding ncw interacriu. b"t" types ro rheW3 ,uru"r*
and clients, and coordinating thc exccution of the applications thst handle rhern with rhc Wr clicnts. Thc
additicn of the 3D volume dsta objcct in thc form of HDF to thc Wr is wetcomed by rnury mcdical
rEseas!:lrsrr, ftrr it ir rrow porsitrle for ttrerrt to vicw volurrp datasct$ withuut I high-cost wurkshtiun. anrJ
accessing datasets in the Wt frshion, through hyprtcxt and hypcrgraphics links within an Hlt{L pagc. As
for the rcscffchcrs who would likc to sharc thcir findings with thc world, they mBrcly havc to run a WJ
scrver that scrvcs thc HDF filcs, which in turn. can bc easrly created with the various import facilities
available frcely from NCSA.
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