[ Submitted to the SIGGRAPH 1991 Technical Papers Chair in January 1991 and was returned requesting

future resubmission with implementation experiences. -Pez ]

A Second Step T o w ards Virtual Realit y:

The En tit y Mo del and System Design

Daniel J. Pezely Mark T. Evenson Michael D. Almquist William Bricken

2 January 1991

Abstract

At SIGGRAPH ’90 in Dallas, there was a panel dis-

cussing the hip, hyp e, and hop e of virtual reality

. Un-

fortunately a true virtual reality system is still very

far away due to our current technological limitations.

Systems av ailable to day are, for the most part, just

interactive computer graphics, but this is only the

�rst step. The follo wing is a design mo del which is a

plausible second step. Using this design concept, re-

searchers will now have a great amount of exibility

and freedom for creating applications, testing theo-

ries, and analyzing gathered information. One ma jor

comp onent and strength of the system is that v arious

to ols from the arti�cial intelligence branch of com-

puter science are inherent in the design. Below is a

discussion of the implementation design based up on

the conceptual design of VEOS from Dr. William

Bricken’s team at the Human Interface T echnology

Lab oratory at the University of W ashington, Seattle.

CR Categorie s and Sub ject Descriptors:

C.2 [Computer-Communication Networks]: C.2.4

Distributed Systems: distribute d applic ations, network

op er ating systems, distribute d datab ases;

C.3 [Sp ecial-Purp ose and Aplication-Bas ed Sys-

tems]: virtual envir onments;

D.2 [Software Engineering]: D.2.5 T esting and Debug-

ging; D.2.10 Design;

D.4 [Op erating Systems]: D.4.2 Storage: segmenta-

tion; D.4.7 Organization and Design;

E.1 [Data Structures]: Lisp pack ages c ombine d with in-

o des;

H.2 [Database Management]: H.2.1 Logical Design:

data mo dels;

H.4 [Information Systems Applications]: H.4.3 Communications Applications: virtual c onfer encing;

I.2 [Arti�cial Intelligence]: I.2.1 Applications and Ex-

p ert Systems;

I.3 [Computer Graphics]: I.3.2 Graphics Systems: dis-

tribute d/networke d gr aphics.

General T erms: Implementation design.

Additional Key W ords and Phrases: Virtual envi-

ronment platform, arti�cial intelligence to ols, Common

Lisp, complete sorce co de to b e made public at time of

SIGGRAPH ’91 conference.

System Design

Since ages past, there has b een a longing for to ols

which are b oth extremely useful and exceptionally

easy to use. Such a desire has existed in someone’s

mind for as long as someone wanted to understand

information.

Computers have assisted in the pro cessing of informa-

tion, and with the highly interactive computer graph-

ics av ailable in the recent years, many p eople have

forecast how much more useful future systems might

b e for understanding information.

The individuals and research teams on the quest

for virtual reality (VR) have taken the �rst step:

interactive, three-dimensional, computer graphics.

[3] The interactivity comes from p osition-tracking

equipment, head-mounted displays, and hand-held or

hand-worn input devices. And, of course, very fast

and very exp ensive computational and graphic dis-

play hardware is required. In some cases audio, tac-

tile, and force feed-back devices are added to enhance the system.

One of the drawbacks of the �rst step (�rst genera-

tion systems) is that the system is restricted. There

is often little more to the system than graphic ob-

jects, and there is little or no provision for multiple

environments, with multiple users, distributed over

a network. Other than the audio, tactile, and force

queues used in the more adv anced systems, there is

often no meaning to the data. Mapping co ordinates,

colors, textures , and sound attributes is the job of

the world-builder and not under the control of the

participant who is inside the environment. (See [1]

for explanations ab out the notion of the user b ecom-

ing the p articip ant and what it means to b e inside a

virtual environment.)

A plausible second step (second generation system) is

to start with a level of abstraction just ab ove graphic

ob jects: entities. The word means that which exists.

An entity may b e thought of as information which

is stored symb olically

. Entities are not restricted to

graphic ob jects or sound elements but can b e any-

thing which can b e stored symb olically .

Below is a description of the implementation design

of Dr. William Bricken’s VEOS pro ject at the Human

Interface T echnology Lab oratory at the University of

W ashington, Seattle.

1

In addition, some of the imple-

mentation of the design describ ed b elow [was] b eing

done at the University of Delaware [by the authors

of this pap er only]. See [2] for descr iptions of other

pro jects at HITL.

Entities of Symbolic Informa tion

The Entity Mo del, then, is the idea that entities dom-

inate the virtual environment system. That is, in-

formation determines the ow of execution of the

system. And, since information can come from in-

put devices (such as 3-space p osition tracking de-

vices) and information can b e sent to output devices

(such as rendering systems) which are b oth controlled

by the participant, the previous virtual environment

systems|including hyp ertext/multimedia systems|

-may b e implemented within this mo del.

In addition, this design mo del allows for information,

originating from sources other than the participant,

to b e mapp ed into the environment and to have con-

trol of entities, either lo cal or remote.

1

Send inquires to: HITLab, W ashington T echnology Cen-

ter, University of W ashington, FJ-15, Seattle W

A 98195.

Phone: 206/543-5075. Internet: Pez@hitl.washington.edu.

Again, entities are information. T o interact with an

entity

, the atomic elements of that information are

mapp ed into the comp onents of renderable data or

from the comp onents of acquired data. The term

r ender should b e thought of as its real-world mean-

ing (i.e., to make or to translate) and not just as its

meaning in the context of computer graphics.

The atomic elements of information are symb ols.

Symb ols may b e words or strings of characters or any

v alue which may b e used to identify and distinguish

one piece of information from another. Since multiple

symb ols may refer to the same information, entities

are compared by their meanings or their v alues.

Drawing from the arti�cial intelligence (AI) branch of

computer science , a go o d way to store symb ols and

v alues is with lists: concatenated atomic elements.

One of the b etter ways to work with lists is with a

the Lisp programming language, which stands for list

pr o c essing.

Lisp gives a clean mechanism for storing information

when that information could b e data or functions

for ev aluation: b oth have symb ols to identify them.

In Lisp, there is no distinction b etween the di�erent

typ es of ob jects which the symb ols repres ent, at the

user level. [9]

Internally to the design of a Lisp system, the data

structur es for storing v ariables and functions can b e

the same. In this implementation design for Lisp,

the information describing the data obje cts| in Lisp

terminology| is stored in the same way a user would

store the information: in lists. Therefore, the user

or the user’s program can access the information de-

scribing the data ob ject by accessing the list which

the symb ol’s de�nition is in.

Also, all information used by the system kernel (data

stored in memory) is held in v arious lists, and other

v ariables internal to the kernel reference the exact

lo cation for run-time e�ciency

. This way

, the user

may obtain any information ab out the system kernel

which the system kernel can itself obtain.

The System As A Tool

Since using Lisp is convenient for managing the infor-

mation within the system, a full Common Lisp im-

plementation should b e provided, thus allowing re-

searcher s to b e able to use the system for b oth man-

aging virtual environments and providing for v arious

to ols such as neural networks, inference engines, ex-

p ert systems, hyp ertext engines, and arti�cial life systems.

With such to ols at the disp osal of anyone using this

design, researchers will hop efully b etter understand

VR, its applications, and its p otential.

Not only can to ols b e created and used with the sys-

tem, but the information can b e mo di�ed while the

system is running. The comp onents of the informa-

tion which get mapp ed into the comp onents of the

display data can v ary and b e dep ende nt up on other

information av ailable to the system. With the pro-

grammability of Lisp, the data b eing displayed could

change, without having any further input or com-

mands sent by the participant, by functions remap-

ping di�erent information to the display data.

Now, the virtual environment is no longer dep endent

up on the participant for commands. In fact, the en-

vironment can run without any involvement of the

participant b eyond starting the system. This makes

for a go o d platform to run arti�cial life pro jects where

the researchers only need to p eek in and observe the

organisms o ccasionally while the domain is active.

In addition to the research b eing done on arti�cial

life, neural network researche rs will also b ene�t from

this system. Each entity can b e thought of as a neu-

ron with v arious connections. Using Lisp’s primitive

features, these neurons can now b ecome complex en-

tities.

The environment could even b e controlled by a re-

mote system sending commands rather than having

a lo cal participant or lo cal programs running within

the environment. The remote system could b e data

acquisition equipment, or the remote system might

b e another virtual environment with another partic-

ipant visiting the lo cal environment, so there is the

exibility of multiple participants and multiple en-

vironments. This idea of remote access allows for

virtual environment servers .

One concept which is crucial to this design, is that the

system is a platform for building applications up on.

This platform is similar to an op erating system of

a computer in that it manages resource s and gives

applications a higher level of abstraction to use than

the underlying hardware.

However, this design provides for a system-

indep endent platform and not just a hardware-

indep endent platform. So, implementations on di�er-

ent mo dels of computers by the same vendor should

function the same, and implementations on di�erent vendors’ mo dels of computers should function the

same.

The Da t aSp a ce and Messages

A Lisp engine controls the system’s ow of execution,

but the heart of the system is the DataSp ac e. This

is where all information is stored internally in the

form of lists. Parts of the DataSpace may b e in main

memory (RAM) or in secondary memory (mass stor-

age devices; i.e., disk drives) or on remote database

servers . Some lists might have to always b e lo cated

in main memory

, but most lists could b e lo cated any-

where. The lo cation is transparent to anyone or any

application access ing the DataSpace since a request

for access will b e handled by the system without the

need for sp ecifying which piece of hardware to use.

This is similar to accessing separate UNIX

2

�le sys-

tem partitions as all part of the same logical struc-

ture. [7]

The DataSpace may b e segmented to reduce the com-

plexity of searching as well as allo wing separate divi-

sions for containing all input/output (I/O) messages.

Messages are lists. The added distinction of a mes-

sage is simply to denote the fact that the list has trav-

eled or will travel through an I/O channel. Sources

and destinations of communicated messages could b e

any device or channel which can b e read from, writ-

ten to, or otherwise have information obtained from

or sent to.

Common communication channels are serial devices

(mo dems, p ointing/tracking devices, data-acquisition

equipment, etc), disk �le systems (con�guration �les,

script/batch �les, saved-environment �les, etc), so ck-

ets [7] (internet-domain communications, interpro-

cess communications, remote pro cedure calls, etc),

and terminals (console, graphic workstations with

virtual terminals, etc).

One, not so apparent, communication channel is the

calling of functions within the Lisp system. Also,

by creating global v ariables in the Lisp system, data

sharing may b e done.

Distributed Systems Cap abilities

One I/O channel which is extremely imp ortant, is

calling functions among remote applications and not

just within the application. Since the system can

handle I/O from internet-domain so ckets, any two

2

UNIX is a Registered T rademark of A

T&T Bell

Lab oratories.

computer systems on the same network can commu-

nicate with each other. And, since the internet ties

so many v arious networks together, a world-wide vir-

tual environment is theoretically p ossible, although

realistically

, improbable with to day’s network band-

widths.

T o give researcher s the greatest exibility

, the Lisp

ev aluator may b e any Lisp system external to the

system kernel. In fact, any interpreted language sys-

tem may b e used by creating a single, very simple,

Lisp function which passes a list on to another pro-

gram. This program may b e on the lo cal machine or

on a remote machine.

The only restraint is that the external system must

b e able to work within the b oundaries of our Com-

mon Lisp implementation of lists for message pass-

ing. But, not to let this cause problems, the entire

source co de of the system kernel, a rendering system,

and v arious device drivers for the commonly used in-

put/output devices, shall b e donated to the public-

domain for other groups and individuals to mo dify at

will.

The routing of messages is handled by resolving sym-

b ols for Lisp functions which, with abstracted names

of the resp e ctive devices and remote computer sys-

tems, in turn, call routines built into the system

which pass the ev aluated messages on to the I/O

channel: thus, on to the remote device or system.

This mechanism is known as using stub r outines. The

routing is done by the Entity Evaluator.

Since messages are lists and lists can b e stored in-

formation or calls to functions which control the ow

of execution within an application and multiple com-

puter systems can communicate, the message-passing

mechanism provides for a distributed system.

Message-passing and distributed systems have b een

seen to b e a key comp onent in the future of computer

systems. [5] [8] [10]

The Entity Ev alua tor

The core of the ev aluation mechanism is a match and

substitute algorithm. Although a seemingly simple

concept, match and substitute is one of the core op-

erations of inference engines in AI.

Substitution might b e as simple as replacing one sym-

b ol for another or more complex for replacing one

symb ol for a list of symb ols. Substitution could also

replace the matched symb ol with the results of a call to a function with the name of the matched symb ol.

Remote Procedure Calls

Remote function calls (often referred to as remote

pro cedure calls or RPC’s) are made through the use

of stub functions: routines which send the parame-

ters of the called function to the remote system to b e

ev aluated. This gives the illusion of everything b eing

lo cal. This is a standard technique used in to day’s

op erating systems. [7] [10]

Stub routines tack on additional information so the

remote system can return the results back to the call-

ing system. The receiving system deals with the trail-

ing information by hiding it from the function which

is to b e called. Since lists may contain sublists, the

parameters are in a sublist, and only that sublist

is passed to the function for ev aluation. However,

should the complete list b e required, since it is a list

and lists are stored in the DataSpace, the information

is accessible to any routine which may need it.

T o decrease the overall amount of messages to b e

passed from one system to another, an application

should make go o d use of the Lisp engine in the re-

mote system. If routines with long parameter lists

need to b e called rep eatedly or if multiple routines

need to b e called in success ion, then the system mak-

ing the remote calls should form simple routines on

the remote system; these routines should have all of

the parameters that will not change, already set so

a more compact message can b e sent. This will de-

crease the overall bandwidth for communication and

p otentially increase the resp onse time.

Message Content

Since Lisp is an imp ortant part of the design, it may

have b een assumed by the reader that all messages

pass characters (i.e., from the ASCI I character set)

which form symb ols which are put in lists. F or most

systems, that may b e the only case that needs to b e

dealt with.

Again, a list is information stored symb olically

, and

the symb ols may b e any v alue which may b e used to

identify and distinguished one piece of information

from another. That means symb ols can b e charac-

ters, integers, or any bit pattern. Many interfaces for

programs only allow characters which may contain

letters and digits but not integers, unless those inte-

gers happ en to b e the ASCI I equiv alent of something

which is allowed.

If that limitation is removed, integers, oating-p oint

numb ers, and signed v alues may b e used as symb ols.

W e may remove this limitation b ecause some sym-

b ols need not b e read by humans, or when a human

might need to read it, a to ol will b e used to make the

necessary translation.

The main reason for allowing the full range of v al-

ues to b e used as symb ols is that now more typ es of

information may b e passed as messages.

F or run-time e�ciency reasons, it is b etter to use

system-dep endent ob ject co de generated by compiled

and optimized source co de than it is to use un-

optimized source co de which needs to b e interpreted.

One solution to that problem is to allow the transmis-

sion of system-dep endent ob ject co de through mes-

sages. By reversing the suggestion for multiple re-

mote function calls, multiple messages of ob ject co de

fragments may b e sent as uniquely named lists, and

then a concatenation routine can b e sent which joins

all of the fragments of the ob ject �le.

In some cases the system kernel will b e set up to

dynamically link in ob ject �les while the system is

running. The F ree Software F oundation’s GNU Dld

dynamic linker handles such tasks. [6]

Divisions of the Da t aSp ace

Since there is a Lisp engine designed into the system,

scoping issues need to b e discussed. In Lisp, each

function has its own scop e for resolving symb ols so

that if a v ariable is used internally to a function which

happ ens to have the same symb ol as another v ariable

or function name, the lo cal symb ol should b e chosen.

T o satisfy this and to divide the DataSpace into man-

ageable segments, subspaces may b e used.

All messages are held in the W orkSpace. When the

system starts up, the W orkSpace is completely empty .

The �rst thing the system kernel do es is to translate

start-up parameters from the command-line, menus,

or whatever, into messages. The �rst message in the

W orkSpace is always the start-up message which gets

substituted with the sequenc e of commands which

should b e used to con�gure the system.

T o compare this with UNIX systems, this is similar

to a login shell automatically lo oking for a .login �le

and ev aluating the contents of that �le.

T o separate the I/O messages in the W orkSpace from

the system library symb ols, there are SysLibSpaces:

system library spaces. There may b e any numb er of

these spaces. Some SysLibSpaces might b e for sys-

tem kernel routines, Common Lisp routines, utility

routines, etc. The routines in these spaces cannot

b e mo di�ed individually; however, the entire space

may b e purged from memory and another SysLib-

Space may b e loaded. This idea of a dynamically

linked space is explained b elow.

T o separate application routines from the system li-

braries, there are other spaces called UsrLibSpaces:

user library spaces. Such spaces are identical to the

SysLibSpaces with the exception of the SysLibSpaces

b eing the system default libraries.

The space called the UsrLibSp ac e will b e a list of

all the spaces used for user applications. If the par-

ticipant has loaded three applications, called VR-

Emacs, CAD, and VideoF eed, the UsrLibSpace, will

have referenc es to three spaces called UsrLibSpace-

VR-Emacs, UsrLibSpace-CAD, and UsrLibSpace-

VideoF eed. T ogether, these three spaces form the

abstraction of the UsrLibSpaces. The SysLibSpace

and SysLibSpace- spaces work in the same fashion.

Additional spaces are for constants and free-list man-

agement of symb ols and list terms. There is the Con-

stantsSpace, Symb olF reeList, and F reeList, resp e c-

tively .

A space de�nition is comp osed of its symb ol

(name of the list) mentioned ab ove, followed by

the list of symb ols which are in that space.

F or example, the UsrLibSpace would b e de�ned

and stored in the DataSpace as (UsrLibSpace

(UsrLibSpace-VR-Emacs UsrLibSpace-CAD

UsrLibSpace-VideoFeed)). F rom the DataSpace

level, spaces can b e thought of as indices which are

an extra level of indirection to data, which only con-

tain the necess ary referenc es so as to make queries

less complex.

Each space is a subspace of the DataSpace, so by

starting at the b eginning of the DataSpace, every

symb ol and every list can b e found, no matter which

space it is in. This provides for a very useful debug-

ging to ol for programmers who wish to mo dify the

kernel source co de or mo dify the system at run-time.

T o further this idea of using the system as its own de-

bugging to ol, all symb ols allo cated by the system can

b e linked together in the StringSpace so as to assist

in p ossibly �nding run-time program errors. This is

the one space which should b e deactiv ated for normal

use. The amount of memory required for this feature could, in most cases, b e used for more useful things.

Dynamicall y Linked Sp aces

By using dynamic linkers (linkers which op erate at

run-time), it is p ossible to read in compiled ob ject

�les into the system kernel (actually into the data

segment of the memory of the kernel program’s pro-

cess), and e�ect ively

, execute data.

This allows for applications to b e precompiled for

run-time e�ciency and/or security of program source

co de. One application may b e read-in as a single

space or even as multiple spaces. Whenever spaces

are read-in, information ab out where the subspaces

are lo cated in the ob ject �le is required or a key sym-

b ol is needed to b e searched for. So, this feature of

the system design is a slight mo di�cation of the av ail-

able dynamic linkers.

The imaginativ e reader would notice that when dy-

namic spaces are joined with message passing where

the message content is ob ject �les, this provides for a

clean way to r emotely upgrade the system for a new

command library since the system kernel need not b e

shutdown and restarte d lo cally .

Da t a Structures

The comp osition of the He ad of the list and the list

formed by multiple T erm structures may b e thought

of as a �le system if the Head structure is com-

pared to the ino de of BSD UNIX. The structur es may

evolve completely into a �le system structur e since

the DataSpace is to b e shared among multiple ker-

nels or multiple readers and/or multiple parsers in a

single kernel running on a multipro cessor computer.

[7] T o see our kernel data structur e for Lisp lists, refer

to Figure 1.

Graphic Applications

The discussion of the system up to this p oint has

dealt with the design of the kernel of the system,

and such a design may b e compared to that of an

op erating system: on top of this op erating platform

or environment is where the applications will reside

and op erate.

Applications, from the most basic to the more com-

plex, will include computer graphics so p eople can

see and understand the information which they are

examining. There are many reasons for this.

F or a long time, as can b e seen in the ro ots of vir-

tual reality and computer graphics, p eople have liked to see things pictorially . F rom the early days of

graphics, researche rs have exp erimented with head

mounted displays to obtain yet a b etter understand-

ing of the images presented on the graphic displays.

So, it is no wonder that steps are b eing taken towards

VR’s total immersion concepts.

Graphic Objects

Getting back to the notion that everything is an en-

tity and that all lists of information are entities, the

information which the rendering system deals with, is

only the graphic comp onents of entities: lists of data

to b e displayed, which comes from other lists, which

may also b e considered entities. A list of data to b e

displayed is a sublist of an entity within the virtual

environment, since entities will typically have much

more information that just graphic comp onents. This

sublist is often called a gr aphic obje ct in the scheme

of the Entity Mo del to distinguish it from a more ex-

panded entity which might b e more than just graphic

information. But, to restate, graphic ob jects may b e

viewed as entities in themselves.

Again, an entity may have graphic information within

it, but graphic information is not necessarily the only

information in an entity

. This distinction is extremely

imp ortant for the Entity Mo del.

Since the graphic ob jects will most likely b e chang-

ing constantly| changing scale, p osition, shap e, lo-

cation, or any attributes like color| a represe ntation

for p olygons and geometric ob jects needs to b e used

in place of arrays of p oints with arrays of indices refer-

encing p oints of p olygons. Although the array mo del

might b e go o d for transmission and storage due to

its compactness, mo di�cations which alter only one

comp onent of the data, may b e slightly overly com-

plex.

Many of the changes which will b e taking place in-

side a virtual environment may not b e observed by

a participant b ecause the environments may b e far

to o complex to b e observed all at once (e.g., the par-

ticipants may b e in another part of the virtual envi-

ronment and cannot see the ob ject which changed).

Instead, the changes will b e made, routed, and/or

stored in the DataSpace. There may b e many changes

made b efore a participant or the participant’s work-

station has a chance to make any observ ations.

One current design for handling planar p olygons and

geometric ob jects has a he ad vector which lo cates the

origin of an ob ject from some other origin and n ver-

tices from the origin of the ob ject to each vertex of typedef struct _Head Head, List;

typedef struct _Term Term;

struct _Head {

unsigned short links; /* Num refs to list */

unsigned short flags; /* Locked?,Modified?,etc */

Term * head; /* List: chain of Terms */

Term * tail; /* End of list */

Head * next;

};

struct _Term {

union _Form {

unsigned * symbol; /* Name or value */

Head * list; /* Nested list */

int (*fn)(); /* function pointer */

} form; /* Form of this term */

int type; /* Which Form to use */

unsigned int size; /* Array of any form.xx */

Term * next;

};

extern List * DataSpace, * WorkSpace, * UsrLibSpace, * SysLibSpace;

Figure 1: This list structure is a slight v ariation of standard internal representations of a Lisp lists.

that ob ject.

V arious data structur es and animations techniques

are b eing studied and implemented and will b e b ench-

marked for overall p erformance, exibility

, and trans-

mission qualities. After all, the graphic ob jects will

b e sent over a high tra�c computer network connect-

ing the virtual environment server with the rendering

system.

The Render Entity

The Render Entity is the rendering system as seen

by the virtual environment server. The functional

comp onents of the Render Entity are called also en-

tities: children of the Render Entity

. They are actu-

ally programs which handle the v arious stages of the

rendering pip eline. [4] This allo ws for parallel and

distributed pro cessing of the graphic ob jects which

reside in the virtual environment.

Note that the rendering system will include facili-

ties for non-display output such as tactile feed-back,

audio output, etc, but only the graphic ob jects are

discussed here.

The Render Entity do es not have any knowledge of the input devices or even any knowledge of the par-

ticipant. The Render Entity is known to virtual

environment server and is told what graphic ob jects

it has, how those ob jects are mo di�ed, and when to

render the ob jects. If the participant has multiple

p oints-of-views for stereosc opic views, multiple Ren-

der Entities must b e present.

T o allo w inexp ensive hardware to b e used for the ren-

dering workstation, the Render Entity will only b e

told ab out the ob jects which are in the �eld-of-view

of the participant. This also allows laws of physics

to op erate on the entities within the virtual environ-

ment and keeps the rendered image from displaying

p otentially false information. Keeping the worksta-

tion simple is a generally used concept in distributed

op erating system designs. Such workstations are usu-

ally referred to at terminals, thus replacing the glass-

TTY de�nition of a terminal. [8] [10]

The only entities which the Render Entity will op er-

ate on, will b e graphic ob jects. Again, there are also

renders and ob jects for non-graphic display systems

as well.

Although the rendering system will still have to p er-

form clipping and 3D to 2D transformations, the objects which should not b e seen by the participant will

b e �ltered out by the virtual environment server. Al-

though this increases the complexity of the server’s

job, the decrease in bandwidth will eventually make

this a necess ity .

By keeping the complexity down, very low-end equip-

ment may b e used in the pip eline. Benchmark results

should b e av ailable in the summer of 1991 to ev aluate

p erformances of v arious con�gurations.

Summary

Everything is an entity. Entities are lists of infor-

mation which are stored symb olically

. Some entities

have explicit executable and functional capabilities

while others may b e used strictly for data v alues. The

Entity Mo del for a second step towards a true virtual

reality system provides for parallel and distributed

pro cess ing, allows for multiple virtual environments

with multiple and remote participants, and gives re-

searcher s a full implementation of a Common Lisp

interpreter and p ossibly the use of any source co de

which can b e recompiled for dynamic linking. Just

as the Lisp engine may b e completely external to the

system kernel, so to o can the applications, rendering

system, and input device controllers. The only re-

quirement for communication b etween entities (and

hence device drivers, remote systems, etc) is com-

pliance with the proto col which is the syntax of the

Common Lisp programming language with a few ad-

ditional keywords.

Perhaps, with this system, researchers may take an-

other step towards virtual reality and the creation of

to ols which p eople have b een longing for: to ols which

are b oth extremely useful and exceptionally easy to

use.

ABOUT THE AUTHORS:

Daniel Pezely is a memb er of the Human Interface

T echnology Lab oratory at the University of W ash-

ington, Seattle, where he was the team leader of the

VEOS design pro ject under Dr. William Bricken. He

is working remotely for HITL on a v ariation of the

VEOS design pro ject with a small group of under-

graduates at University of Delaware, where he is also

completing a B.S. degree in Computer Science and

concentrating on distributed op erating environments.

internet: [Pez@hitl.washington.edu]

Michael Almquist is completing a B.S. degree in Com-

puter Science with a concentration on Arti�cial Intel-

ligence at the University of Delaware. He has worked

as a consultant for CAD, exp ert system design, and

system administration for regional civil engineering

�rms and departments and also has research inter-

ests in the p ossibilities of applications of virtual re-

ality systems for engineering and design. internet:

[Squish@hitl.washington.edu]

Mark Evenson is completing a B.A. degree in

Physics with a concentration on Mathematics at

Cornell University

. He has research interests in

philosophy

, critical theory

, and the p ossibilities of

applications of virtual reality systems. internet:

[Evenson@hitl.washington.edu]

Dr. William Bricken is the Principal Scientist at

the Human Interface T echnology Lab oratory and a

Research Professor of Industrial Engineering at the

University of W ashington. His work includes develop-

ment of a mathematical foundation for virtual reality ,

design of VR software architecture s, implementation

of exp eriential programs, and simulation of unreal-

ity . He is the chief architect of the Virtual Envi-

ronment Op erating System which interconnect s VR

interface devices, construction and simulation soft-

ware, virtual world to ols, and display hardware. Dr.

Bricken was formerly Director of the Auto desk Re-

search Lab where he develop ed the Cyb erspace sys-

tem. His degrees include a multidisciplinary PhD

from Stanford in Education, Computer Science, and

Research Metho dology

, an MS in Statistics, and a

Diploma of Education. While at Adv anced Decision

Systems, Dr. Bricken pioneered innov ations in par-

allel inference techniques for AI, visual programming

languages, and cognitive mo deling of errors. His sp e-

cialty is V oid-based mathematics.

References

[1] Bricken, M., \Virtual W orlds: No Interface T o

Design," T o b e published in Cyb ersp ac e, MIT

Press, Cambridge, MA, 1990.

[2] Bricken, W., \Virtual Reality: Directions of

Growth, Notes from ‘Hip, Hyp e, and Hop e|

The Three F aces of Virtual W orlds’ Panel," SIG-

GRAPH ’90 (Dallas, TX, July 30{Aug 3, 1990),

Human Interface T echnology Lab oratory inter-

nal do cument, 1990.

[3] F oley

, J.D. \Interfaces for Adv anced Comput-

ing," Scienti�c Americ an, Octob er 1987, pp.

126-135.

[4] F oley

, J.D., Dam, A. v an, F einer, S.K.,

Hughes, J.F., Computer Gr aphics Second Edi-

tion, Addison-W esley Publishing Company

, New

Y ork, NY, 1990, pp. 201-282.

[5] F orin, A., Barrera, J., Y oung, M., Rashid, R.

Design, Implementation, and Performanc e Eval-

uation of a Distribute d Shar e d Memory Server

for Mach, W as to app ear in the 1988 Winter

USENIX conferenc e, 1988.

[6] Ho, W.W., Olsson, R.A. An Appr o ach to Gen-

uine Dynamic Linking, Included with the GNU

Dld system, Division of Computer Science, Uni-

versity of California at Davis, 1990.

[7] Le�er, S.J., McKusick, M.K., Karels, M.J.,

Quaterman, J.S. The Design and Implemen-

tation of the 4.3 BSD UNIX Op er ating Sys-

tem, Addison-W esley Publishing Company

, New

Y ork, NY, 1989, pp. 13, 203-208, 281-310.

[8] Pike, R., Presotto, D., Thompson, K., T rickey ,

H. Plan 9 fr om Bel l L abs, W as to app ear in the

1990 UKUUG Conference, 1990.

[9] Steele, G.L.,Jr. Common Lisp, Se c ond Edition,

Digital Press, Cambridge, MA, 1990, pp. 12-13,

238-246, 247-287.

[10] \Exp eriences with the Amo eba Distributed Op-

erating System," T anenbaum, A.S.; Renese, R.

v an; Stavern, H. v an; Sharp, G.J.; Mullender,

S.J.; Jansen, J.; Rossum, G. v an. Communic a-

tions of the ACM, vol. 33, no. 12, Decemb er

1990, 46-63.