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April 8, 1994 I} APR 11 1994 |
Linda Stevenson TECHN OFFICE OF

office of Technology Transfer oLoGY TRANSFER__

1320 Harbor Bay Parkway, Suite 150
Alameda, California 94502

Re: New Disclosure from Dr. Michael Doyle, David Martin, and Cheong S. Ang
Titled: Embedded Program Objects in Distributed Hypermedia Systems

Dear Linda,

Enclosed is the above referenced disc i .

which provides additional information to help expedite the marketing,
development, and patenting of this important software invention with potential
for profourdly impacting the advancement of Healthcare capabilities. Find
attached responses to ROI item #s 2A & 2B, 3, 7, 8, and extra page for the third
inventor's sign.

Attached as Appendix A is the mamuscript submitted for Visualization '94,
entitled "Integrated Control of Distributed Volume Visualization Through the
World-Wide-Web"; and as Appendix B the Abstract for Dr. Doyle's paper
presentation on 1/27/94, entitled "Medicine Meets Virtual Reality II: Interactive
Technology & Healthcare'.

Dr. Doyle's cover letter requests a formal Secrecy Agreement be established with
Digital Equipment Corporation, where only a verbal agreement for nondisclosure
has been covering his comunications with this Company.
If T can be of any further assistance with the enclosed, please call.

Sincerely,

(One ot

Anne Scott

Plaintiffs’ Trial
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DISCLOSURE AND RECORD OF INVENTION FOkM

Note When completed, the Disclosure and Record of [nvention Form 1s an important legal document. Care should be taken inits preparation Please refer to
accompanying instruchons If you desire assistance, call the Office of Technology Transfer (University Patent Office) at (415) 748-6600 Information
contained in this document s maintained in confidence by the University Patent Office and normally wall not be released toothers except withattorney-
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It 1s not the practice of the University Office of Technology Transfer to send vour Record of Invention to ather Uiniversity employees for peer rev tew
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L Short descriptive title of the invention
Embedded Program Objects in Distributed Hypermedia Systems.

2. A. Briefly summarize the invention here Include the novel features and advantages.
Please see attachment.

Please see attachment.

3. List the funding source(s) for the project under which this invention was made. If applicable, identify by contract or grant number and name the
Principal Investigator/Supervisorof each. pjagce gee artachment.

Contract or Prninapal Investigator/
Funding Source/Sponsor Grant Number Supervisor

4. For any “Inventor” named (item 13) who is not employed full-time by the University of Californua, please identify other employers (e.g., Veterans
Admunistration, Howard Hughes Medical Institute, USDA), the percent of salary time funded by such other employer, and the nature of the other
employment (such as research, teaching or climcal dutres).

Not applicable.

5. When did you first conceive this invention?
This invention was originally conceived during a discussion between Dr. Doyle, Mr. Martin

and Mr. Ang, at UCSF, on September 7, 1993,
6. What 1s the date of the first written record {notebook, letter, proposal, drawing, etc.) of this invention? Identify the document, page numbers involved,
and location of the document.

The first written recoxrd relating to this invention was made in David Martin's research
notebook on September 7, 1993.
7. When did you first successfully test this invention?

Please see attachment.
8. If you have disclosed this invention to non-UC personnel (including research sponsor) then indicate when, under what circmstances, and to whom.

a orally The internal workings of this process were discussed with Dr. Ingrid Carlbom,
Head of the Visualization Group at DEC's Cambridge Research Laboratory, om February 8, 1994,

b inwntng Source code for this invention, with a verbal agreement for non-distribution, was
transferred, via FTP, to William Hsu, of Ingrid Carlbom's group at Digital, on February 22,
1994, in preparation for beginning a collaborative research project.

c. by actual use, demonstration, or posters The first demonstration of this invention to non-UC personmnel
was on November 16, 1993, to Dr. Domald Lindberg, in Room 101 of the UCSF Library_1WEF_
Building. (Continued on attachment.)
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conference ortoa research sponsor’
Yes.

a copy of the latest draft manuscnpt avadable (See mhuchons for the effect of publlcatlon pnor to the ﬁlmg of a patent apphmhon ) -

ant
—P%e&se—see—&&&aehm\,..- 13

10.  Identifyany references, patentapplications, or other publications of which you are aware and which you believe to be pertinent to this invention. Please

Copy of e ese re! , I & e,

Please refer to the References section of the IEEE paper labelled Appendix A.

nm any propnetary matenal (eg. cell lme, annbody, plasrmd computer soﬂ'ware, or chexmcal compound) obtamed from outsxde your laboratory was

or summary of that agreement

Not applicable.

12 List comparnues you believe maght be interested in using, developing or marketing thus invention.

Silicon Graphics Corporation, Digital Equipment Corporation, Convex Computer Corporationm,

Microsoft, AT&T, and any company interested in the World Wide Web and the Internet.

. Signature

Michael D. Doyle David C. Martin
Print Name Print Name
Center for Knowledge Management Center for Knowledge Management
Dept/ORU Dept/ORU
117, Campus Library 112, Campus Library
‘Rm & Bldg . Rm & Bidg
UCSF, Box 0840 UCSF, Box 0840
Campus (Address if non-UC) Campus (Address if non-UC)
- San Erancisco, CA 94143 San Francisco, CA 94143
City /State/Zip City/State/ Zip
415-476-8293 415~476-6111
Telephone Telephone

Note. If there are more inventors please provide signatures, names and addresses on an additional sheet of paper.

14.  Technically Qualified Witnesses (Two

wired)—1nvention disclosed to and understood by

a) 42,6‘(72& b)\,‘/\/\g’\——’/ e lry
ghatite ate Signature Date
Benjaglin F. Shang Marc E. Salomon
Print Name Print Name

Submut this form with ORIGINAL SIGNATURES drrectly to -
Drrector—Office of Technology Transfer

Director, Office of Intellectual
Property, UCSF

100 Medical Center Way, Box 1016
San FraDCisco, CA 94143

If you do not receive an ac&ow;%gemenz wrik 38 gays, please call the University 6?&' l)f '# hno OgY ?ransfer at (415) 748-6600.

NOTE. DISTRIBUTION OF COPIES OF A COMPLETED FORM TO THIRD PARTIES IS EXPRESSLY PROHIBITED, AS PROPRIETARY
UNIVERSITY INFORMATION IS CONTAINED IN ANY COMPLETED FORM.

Effective 1/1/82 Retention. 7 yrs after last patent expires or 10 yrs after the date of the last action
Revised 4/91 whichever 1s later

l ©1987 The Regents of the Unuversitv of Cahfornia

i All Rights Reserved
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Attachment page 1 of 2
April 6, 1994

Invention Disclosure
Doyle, Martin, & Ang: "Embedded Program Objects in Distributed Hypermedia Systems."

2. A) This invention comprises software methods which allow interactive

program objects to be embedded within hypermedia documents in distributed
hypermedia environments, such as the World Wide Web on the Internet. The
first reduction to practice of this invention involved developing an

extension to the HTML distributed hypermedia document type definition (DTD)

dna d

programs to allow the embedding of links to self-contained interactive

programs within HTML documents stored on WWW servers. When a user browsing
the WWW selects such a link, that link is then decoded by a WWW client

program, such as NCSA Mosaic (enhanced with our modifications), and the

external program is run, mapping its display output to the correct location

within the WWW client's display of the HTML document. With this invention,
object linking and embedding (OLE) capabilities, such as are found in
certain Microsoft Windows-based applications, can be implemented in

tworks.

2. B) A detailed description of a reduction to practice of this invention is

provided in Appendix A of this disclosure, which comprises an article,

entitled "Integrated Control of Distributed Volume Visualization Through the
Worldwide Web," authored by Cheong S. Ang, David C. Martin, and Michael D.
Doyle.

3) This invention was developed within the UCSF Center for Knowledge
Management in connection with the Center's preparation for a demonstration
of the Visible Embryo Project, of which Dr. Doyle is the Principal
Investigator. No external funds were used for this work.

7) This invention was successfully tested and demonstrated to Dr. Donald
Lindberg, Director of the National Coordination Office for High Performance
Computing and Communications, and Director of the National Library of
Medicine, on November 16, 1993.

8. ¢) (Continued from Disclosure and Record of Invention Form.)

The first public demonstration of the invention was on January 14, 1994, in
the Corporate Briefing Center, at the Mountain View, CA, headquarters of
Silicon Graphics Corporation, to a group of SGI personnel. Videotape from
that demonstration has been shown publicly at the following conferences:
Virtual Reality Meets Medicine, San Diego Marriott, 1/28/94, and the 1994
meeting of the American Association for the Advancement of Science, San
Francisco Hilton, 2/21/94.

A binary-code version of the demonstration of this invention was installed
on the Reality Engine demonstration machine at Silicon Graphics' Corporate
Briefing Center in Mountain View on 3/9/94, and is currently configured as
one of the standard demonstration applications on that machine.
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Attachment page 2 of 2
April 6, 1994

Invention Disclosure

Doyle, Martin, & Ang: ""Embedded Program Objects in Distributed Hypermedia Systems."

9) An extended abstract (Appendix B) was published on 1/28/94 in the

Proceedings of the "Virtual Reality Meets Medicine 11" conference. This
paper included a computer-screen image of the demonstration of this invention.

A paper detailing the reduction to practice of this invention (Appendix A)
was submitted on 3/31/94 for inclusion in the Proceedings of "Visualization

'94", an IEEE conference to occur on October 17-18, 1994, in Washington, D.C..

13. ¢) (Continued from Disclosure and Record of Invention Form.)
¥ LA , -
A it w 4 [2 |54

\
\ v

Signature \ Date

Name: Cheong S. Ang

Department: Center for Knowledge Management

Room and Building: 115, Campus Library
Campus: UCSF, Box 0840
City/State/Zip: San Francisco, CA 94143

1elephone: 415-4/76-2954
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Ang. Mariin and Doyle-"Iniegrated Control of Dutributed Volume Visualization Through the World Wide Web®, Paper submussion for Visualizoton 94

Integrated Control of Distributed Volume Visualization
Through the World-Wide-Web

Cheong S. Ang, M S
David C. Martin, M.S.
Michael D. Doyle, Ph.D

University of California, San Francisco
Library and Center for Knowledge Management
530 Parnassus Avenue
San Francisco, California 94143-0840
contact. doyle@ckm.ucsf.edu

Abstract

The World-Wide-Web (W3) signals the entré of the digital library with the goal
of providing immediate and ubiquitous access to digutal information of any type from data
repositories located throughout the world. The web’s development enables not only
effecuve access for the generic user, but alsc more efficient and timely information
exchange among scientists and researchers. We have extended the repertoire of the web
to include access to three-dimensional volume data sets with integrated control of a
distributed client-server volume visualization system. This paper provides a bnef
background on the World-Wide-Web, an overview of the extensions necessary to support
new data types and a description of the distributed visualization system.

1. Introduction

Advanced scanning devices, such as magnetic resonance imaging (MRI) and computer tomography
(CT), have been widely used in the fields of medicine, quality assurance and meteorology [Pommert, Zandt,
Hibbard]. The need to visualize resuiting data has given rise to a wide variety of volume visualization
techniques and computer graphics research groups have implemented a number of systems to provide
volume visualization (e.g. AVS, ApE, Sunvision Voxel and 3D Viewnix){Gerleg, Mercurio, Varde
Wettering]. Previously these systems have depended on specialized graphics hardware for rendering and
significant secondary storage for the data The expense of these requirements has limted the ability of
researchers to exchange findings. To overcome the barrier of cost and provide additional means for
researchers to exchange and examine three-dimensional volume data, we have implemented a distributed
volume visualization tool for general purpose hardware and integrated that visualization service with the
distributed hypermedia [Flanders, Broenng, Kiong, Robison, Story] system provided by the World-Wide-
Web [Nickerson].

Our distnbuted volume visualization tool, VIS, utilizes a pool of general purpose workstations to
generate three dimensional representations of volume data. The VIS tool provides integrated load-
balancing across any number of heterogenous UNIX™ workstations (e.g. SGI, Sun, DEC, etc...) [Giertsen]
taking advantage of the unused cycles that are generally available in academic and research environments
In addition, VIS supports specialized graphics hardware (e.g. the RealityEngine from Silicon Graphics)
when available for real-time visualization

Distributing information that includes volume data requires the integration of visualization with a
document delivery mechanism. We have integrated VIS and volume data nto the W3, taking advantage of
the client-server architecture of W3 and its abulity to access hypertext documents stored anywhere on the
Internet [Obraszka, Nickersen). We have enhanced the capabihties of the most popular W3 client, Mosaic
[Andressen] from the National Center for Supercomputer Applications (NCSA), to support volume data and
have defined an inter-chient protocol for communication between VIS and Mosaic for volume visualization
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Figure 1: VIS client/server model.

1.1 The World-Wide-Web

The World-Wide-Web is a combination of a transfer protocol for hyper-text documents (HT'TP)
and a hyper-text mark-up language (HTML) [Nickersen]. The basic functionality of HTTP allows a clicnt
application to request a wide variety of data objects from a server. Objects are identified by a universal
resource locator (URL)[Obraczka] that contains information sufficient to both locate and query a remote
server. HTML documents are defined by a document type definition (DTD) of the Standard Generalized
Mark-up Language (SGML). These documents are returned to W3 clients and are presented to the user.
Users are able to interact with the document presentation, following hyper-links that lead to other HTML
documents or data objects. The client application may also directly support other Internet services, such as
FTP, Gopher, and WAIS, [Andreessen] or may utilize gateways that convert HTTP protocol requests and
return HTML documents. In all interactions, however, the user is presented with a common resulting data
format (HTML) and all links are accessible via URL’s.

1.2 Mosaic

The National Center for Supercomputer Applications (NCSA) has developed one of the most
functional and popular World-Wide-Web clients: Mosaic. This client is available via public FTP for the
most popular computer interfaces (n.b. Motif, Windows and the Macintosh). Mosaic interprets a majority
of the HTML DTD elements and presents the encoded information with page formatting, type-face
specification, image display, fill-in forms, and graphical widgets. In addition, Mosaic provides inherent
access to FTP, Gopher, WALIS and other network services [Andreessen].

Page 2

E 003839

R S T e P

EOLASTX-0000000021




Ang, Maran and Doyle. "I d Control of Distributed Volume Visuak Through the World Wide Web", Paper submission for Visuahizaton '94,

1.3 VIS

VIS isa sxmple but complete volume v1suallzer VIS prov;dcs arbxtrary three- dnmensxonal

[Argrio, Drebin, Kaufman] thh run-time selecuon of computatnon servers, and lsosurface generation
(marching cubes)[Lorenson, Levoy] with software Gouraud shading for surface-based model extraction and

rendering. It reads NCSA Hierarchical Data Format (HDF) volume data files, and has a graphical interface
utility to import volume data stored in other formats.

The rest of the paper is divided into five parts. Section 2 will describe VIS and how it fulfills the .
role as a W3 visualization tool. Section 3 is devoted to Mosaic, and will include the implementation of its '

interface. with VIS, Secti ; Section & is al 10 ard

development, and the last section 1s conclusions.
2. VIS: A Distributed Volume Visualization Tool

VIS isa hlghly modular dlstnbuted v15uallzanon tool, followmg the pnncnples of cllent/server ‘

VIS module handles the tasks of transformatxon texture-mappmg, 1sosurface extracuon. Gouraud shadmg,
and manages load distribution in volume rendering. VIS produces images that are drawn either to its own
top-level window (when running stand-alone) or to a shared window system buffer (when running as a

cooperative process). The Panel module provides a graphical user-interface for all VIS functionality and
communicates state changes to VIS. The VRServer processes execute on a heterogenous pool of general

oo A

PRI g

purpose workstations and pcrform volume rcndenng at the request of the VIS process . The three modules

dlsplayed whcn no cooperatmg process is specxﬁcd
2.1 Distributed Volume Rendering

Volume rendering algorithms require a significant amount of computational resources. However,
these algorithms are excellent candidates for parallelization. VIS distributes the volume rendering among
workstations with a “greedy” algorithm that allocates larger portions of the work to faster machines
[Bloomer]. VIS segments the task of volume rendering based on scan-lines, with segments sized to balance
computational effort versus network transmission time. Each of the user-selected computation servers
fetches a segment for rendering via remote procedure calls (RPC), retumns results and fetch another
segment. The servers effectively compete for segments, with faster servers processing more segments per
unit time, ensuring relatively equal load balancing across the pool. Analysis of this distribution algorithm
[Giertsen, 93] shows that the performance improvement is a function of both the number of segments and
the number of computational servers, with the optimal number of sections increasing directly with the
number of available servers. Test results indictate that performance improvement flattens out between 10 to
20 segments distributed across an available pool of four servers. Although this algorithm may not be
perfect, it achieves acceptable results.

2.2 Cooperative Visualizaton

The VIS client, together with its volume rendering servers, may be lauched by another application
as a visualization server. The two requirements of cooperation are a shared window system buffer for the
rendered image and support for a limited number of inter-process messages. VIS and the initiating
application communicate via the ToolTalk service, passing message specifying the data object to visualize,

options for visualization, and maintaining state regarding image display. The VIS Panel application appears
as a new top-level window and allows the user control of the visualization tool.

3. Visualization with Mosaic

Page 3
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Ang, Maran and Doyle. “Integrased Control of Distributed Volume Visualization Through the World Wide Web ™, Paper submussion for Visuakzason '94,

We have enhanced the Mosaic W3 browser to support both a three-dimensional data object and

to tocate and browse information available from a wide variety of sources including F1P. WAIS, and

Gopher. HTTP servers respond to requests from clients, e.g. Mosaic, and transfer hypertext documents.
Those documents may contain text and 1mages as intrinsic elements and may also contain external links to
any arbitrary data object (e.g. audio, video, etc...). Mosaic may also communicate with other Internet
servers, e.g FIP, either directly ~ translating request results into HTML on demand - or via a gateway that
provides translation services. As a W3 client, Mosaic communicates with the server(s) of interest in
response to user actions (e.g. selecting a hyperlink), imitiating a connection and requesting the document
specified by the URL. The server delivers the file specified in the URL, which may be a HTML document
or a vanety of multimedia data files (for example, images, audio files, and MPEG mowies) and Mosaic uses
the predefined SGML DTD for HTML to parse and present the information. Data types not directly
supported b Mosaic are displayed via user-specifiable external applications and we have extended that
paradigm to both include three-dimensional volume data as well as to integrate the external application
more completely with Mosaic.

Figure 2: Mosaic utilizing VIS to embed an interactive visualization within an HTML document. Here
the data has been rotated 6 degrees in a "cloned'* Mosaic windaw to create a stereq pair.
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Ang, Maran and Doyle "Integrated Control of Di d Volume Visual Through the World Wide Web ", Paper submission for Visualizanion ‘94,

3.1 Mosaic 3D Image support

We have extended the HTML DTD to support three dimensional data via the mtroductlon of a new

the content that 1S referenced n the document The IMG3D element is deﬁned in the HTML DTD as
follows:

- <'ATTLIST IMG3D VOLUME CDATA #REQUIRED

<!ELEMENT IMG3D EMPTY>

WIDTH NUMBER #REQUIRED
HEIGHT NUMBER #REQUIRED
IMAGE CDATA #IMPLIED>

which is translated as “SGML document instance element tag IMG3D containing no content; three
required attributes: volume data set, window width and height; and an optional image”. Ina HITML
document, a 3D image element would be represented as:

<IMG3D VOLUME="http://www library.ucsf.edw/.../data/Embryo.hdf"

WIDTH=400

YW LT TISHRUO

HEIGHT=400
IMAGE="http://www library.ucsf.edw/.../images/Embryo.gif ">

which may be interpreted as “create a 3D visualization window of width 400 pixels, height 400
pixels, and visualize the data embryo.hdf located at the HTTP server site www.library.ucsf.edu”.
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3.2 Interface with Mosaic

The VIS/Mosaic software system consists of three elements: VIS, Mosaic, and Panel (which
provides GUI for data manipulation). Currently, VIS communicates with Mosaic via ToolTalk™, but the
system will work with any inter-client communication protocol. Whe Mosaic interprets the HTML tag
IMG3D, it creates a drawing area widget in the document page presentation and creates a shared window
system buffer to receive visualization results. In addition, Mosaic launches the VIS application, specifying
the location of the data object to render and identifying the shared image buffer. When the VIS process
begin execution, 1t verifies its operating parameters and launches the Panel application that in turn presents
the user with the control elements for manipulating the visualization and manages the communication
between VIS and Mosaic.

In addition to coordinating communications, the Panel application attempts to balance the
rendering load across the selected VRServer(s), sending rendering parameters to the selected server(s), and
integrating the resulting image segments(s). Thus the scenario following a user's action on the Panel will be
(1) Panel sends rendering requests to VRServer(s) with the parameters from its GUI, (2) Panel fetches the
returned image data, then writes it to the pixmap, (3) Panel sends a message to notify Mosaic upon
completion, and (4) Mosaic bit-blots the image in the pixmap into its DrawingArea widget. This will be
addressed in more details under section 3.2. The configuration of this software system is depicted 1n figure
3.
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Ang, Maras and Doyle grated Control of Dustributed Volume V ki Through the World Wide Web", Paper submussion for Visualizanon 94,

VISUALIZATION
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Figure 3: Interprocess communication among Mosaic, VIS and distributed rendering servers.

3.3 Interclient communication

We recognized the minimum set of communication protocols between Mosaic and Panel:

(a) Mosaic notifies Panel when the window id is no longer valid. This happens when the user
navigates from the current page to the previous (with BACK button), or to another document through a link.
(b) Panel notifies Mosaic when the scene needs to be updated. This occurs when the user
manipulates the data through the Panel's GUI, which may be any actions (rotations, scaling, changes in
clipping planes, mode switching, for instance, from texture mapping to volume rendering) that result in

rerendering of the picture.

The first case of (a) does not impose any problem since Mosaic can simply terminate VIS (this
solution also applies when Mosaic 1s quitting). The second case is harder to handle because Mosaic caches
the page, and in principle, we expect VIS to remain running because it should not be loading the HDF data,
which may be quite a few megabytes, again. In the previous case, we simply have Mosaic kill the child
process that launched Panel, which may subsequently send a terminate message to the VIS servers. In the
latter case, Mosaic will send a message to Panel requesting it to unrealize/unmap its window. Then when
the user comes back to the 3D object page, Mosaic may send another message to Panel ordering it to realize
the GUI window, and update the window id of the DrawingArea that Panel has been sending message to
(ironically Mosaic does not cache the widgets/windows on the cached page).

In (b), Panel will send an update message directly to the DrawingArea window id provided by
Mosaic. Upon receiving the redrawing message, the DrawingArea widget calls 1ts registered refreshing
function, which simply bit-blots the pixmap Panel updated into the window. The protocols are summarized

in Table 1.
MESSAGES MOSAIC NOTIFIES VIS RESPONDS TO
VIS MOSAIC
Page 6
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Ang, Maras and Doyle "I, d Control of Distnibuted Volume V Through the World Wide Wed“, Paper submussion for Visualization ‘94,

Refresh Compute Image Done Drawing
PageCaching Hide Panel Panel Hidden
BacktoCachedPage New Window ID ID Changed. Panel
Show:
DestroyPage Terminate Terminating

Table 1: Mosaic/VIS IPC communication.

4. Results

The results of the abave implementation are very encouraging. The Mosaic/VIS sucessfully allows
users to vnsuallze HDF volume datasets from various HTTP server sites. Fig 2 shows 2 snapshot of the w3

However we dld not do any detall pcrformance a.nalysxs because the results of such an ana!ysxs would not
be reproducable for varying network traffics loads, and fluctuating server workstation loads. The server

pool we tested the system consists of heterogenous workstations: a SGI Indigo2 R4400/150MHz, two SGI
Indy R4000PC/100MHz, a DEC Alpha 3000/500 with a 133MHz Alpha processor, two Sun SparcStations
10, and two Sun SparcStations 2, which were located arbitrarily on a Ethernet network. To our knowledge

this is the first demonstration of the embedding of interactive control of a client/server visualization
application within a multimedia document in a distributed hypermedia environment, such as the World
Wide Web.

5. Ongoing/Future work

We have begun working on several extensions and improvements on the above software system:

5.1 MPEG Data Compression

The data transferred between the visualization servers and the clients constitue the exact byte
streams computed by the servers, packaged in the XDR machine independent format. One way to reduce
network transferring time would be to compress the data before delivery. We propose to use the MPEG
compression technique, which will not only perform redundancy reduction, but also a quality-adjustable
entropy reduction. Furthermore, the MPEG algorithm performs interframe, beside intraframe, compression.
Consequently, only the compressed difference between the current and the last frames is shipped to the
client.

5.2 Generalized External-Application-to-Mosaic-Document-Page Display Interface

The protocols specified in Table 1 are simple, and general enough to allow most image-producing
programs be modified to display in the Mosaic document page. Our undertakings will be to extend the
protein database (PDB) displaying program, and the xv 2D image processing program, to be Mosaic PDB
visualization server, and Mosaic 2D image processing server.

§.3 Multiple Users

With multiple users, the VIS/Mosaic distributed visualization system will need to manage the
server resources, since multiple users utilizing the same computational servers will slow the servers down
significantly. The proposed solution is depicted in Fig 4. The server resource manager will allocate servers
per VIS client request only if those servers are not overloaded. Otherwise, negotiation between the resource
manager and the VIS client will be necessary, and, perhaps the resource manager will allocate less busy
alternatives to the client.
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Fig 4: Server Resource Management

5.4 Load Distributing Algorithm
Since the load distributing algorithm in the current VIS implementation is not the most optimal
load distribution solution, we expect to see some improvement in the future implementation, which will be

using sender-initiated algorithms, described in [Shivaratn].

6. Conclusions
Our accomplishment takes the technology of networked multimedia system (especially the World
Wide Web) a step further by proving the possibility of adding new interactive data types to the w3 servers
and chients, and coordinating the execution of the applications that handle them with the w3 clients. The
addition of the 3D volume data object in the form of HDF to the w3 is welcomed by many medical
researchers, for it is now possible for them to view volume datasets without a high-cost workstation, and
accessing datasets in the W3 fashion, through hypertext and hypergraphics links within an HTML page. As
for the researchers who would like to share their findings with the world, they merely have to run a w3
server that serves the HDF files, which in turn, can be easily created with the various import facilities

available freely from NCSA.
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The Virtual Embryo: VR Applications in Human Developmental Anatomy

If virtual reality applications in biology and medicine are going to fufill their promise of
i i iti i i ironments, they must draw
from a rich assortment of heterogeneous and highly dense databases containing

information about both the structures and functions of the systems to be simulated. This
presents a problem for workers in virtual reality, for there are few readily available

resources for accurate and detailed data on human biological structure and physiology.
Several national-level research initiatives, such as the Visible Human Project and the
Human Brain Project, are taking great strides towards creating information resources that
can fill this gap. These projects are creating, for the first time, canonical datasets on adult

S B

human anatomic topography and topology which will serve as reference datasets for many
areas of research into the applications of computer technology to biomedicine. The
Visible Embryo project is an attempt to create such information resources for the fields of
developmental and molecular biology. It also represents an integrated approach to
aeveiloping dpp dl1OIS O [11S 1€CNNOoI0e [] [1C_4Arcas O MNA2EC AaldapPases. SO ANAIC QO1LS
educational applications, and both basic and clinical sciences. A critical component of
this research involves the development of virtual reality applications for research and

simulation tools for practitioners of pediatric medicine.

National Center for Supercomputing Applications, to propose network-based computing
and information "centers that actually represent transparently coordinated access to
widely distributed computational and database resources. Although the user accesses this
resource through a single client program running on his/her own personal computer or
workstation, the system provides access to a wide variety of supercomputers and data

stores that can reside anywhere in the world with a high-speed Internet connection.

The Visible Embryo Project is a multi-institutional, interdisciplinary research project to
develop such a large-scale distributed computational resource "center" to support
research, education, and health care relating to developmental biology. A primary goal
of this project is to provide a testbed for the development of new technologies, and the
refinement of existing ones, for the application of high-speed, high-performance
computing and communications to current problems in biomedical science.

Sets of serial microscopic cross-sections through human embryos, within the collection
of the National Museum of Health and Medicine, will be digitized and processed to
create volumetric reconstructions of normal human embryonic anatomy. During the five
years of this initial project, the entire contents of the Museum's Carnegie Collection of
Human Embryology, over 600 embryos, will be digitized, reconstructed and archived,
together with case histories, scientific articles, research notes, didactic descriptions, and
other data contained within the collection. This massive database will be housed at the
Museum at Washington D.C., while teams of researchers at more than 20 universities
and companies around the United States will access widely distributed super computing
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resources to develop visualization, analysis and telecollaboration software tools,
educational materials, virtual reality simulations, basic science investigations, and

clinical research projects based upon the data contained within the collection.

This project will serve the dual purpose of providing a testbed for new technology
development in high performance computing and communications, as well as creating
powerful new tools for the developmental biology research community. New advances in
visualization technology are beginning to allow investigators to break through previous
technical limitations and discover universally-applicable rules for pattern formation and
shape development in organisms. By applying these new technologies to the existing
archives of cross-sectional image information that exist in the literature and in collections
around the world, we can tap into an enormous amount of new information that can be
extracted from these databases.

This image illustrates UCSF's integration of Mosaic documents with remote access o real-time interactive
volume visualization fools. The two embryo images are slightly rotated to form a stereo-pair image which
can be viewed in 3D by allowing your eyes to diverge slightly so that three images apear, and then
focusing in on the middle image (it takes practice). The interactive visualization controls are to the right.
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The task of integrating access to such massive information and computational resources is

nontrivial. Just one embryo from the 650 serially-sectioned specimens in the collection
can yield as much as a terabyte of anatornical volume data (a 20mm specimen, sectioned

at 5 microns and digitized at a resolution of 8000x8000 pixels/section at 36bits RGB
produces 1.073 TB of voxel data). It is clear that no single workstation, or even

supercomputer, can manipulate, process and analyze such a large quantity of data as a
single unit, much less perform computational operations on a database of hundreds of

such datasets. For this reason, the Visible Embryo team at UCSF has developed tools to
allow integrated Internet access (through NCSA Mosaic) to remote volume visualization
engines which can distribute computation across a large number of graphics

uperc uter igh- worki i i
through NCSA Mosaic and the World Wide Web, of text-based, image, audio, and video
data with real-time interactive control of high-performance visualizations embedded
within Mosaic documents. We are also exploring the potential of using this technology
for delivering interactive access to virtual reality applications through the Internet. The

O W IITOW Wil C U1l Y d Uld altGCOII1pP

virtual reality simulations of human developmental anatomy, using inexpensive
workstations and personal computers.
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