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Ahuman's sensory capacity toassimilate, perceive, and
react to information is much smaller than the capacityof
modern transport facilities that convey the information.
Moreover, the volumeofinformation and the complexity
of the terminal used to access the informationcan over­
whelmpeople.The challenge, then, is to match an infor­
mation system's capabilities to those ofour senses.
Recent advances inspeech-processing technologyhave
made natural voice-our preferred means for informa­
tion exchange-feasible for human-machine communica­
tions.We describe an experimental network,called
HuMaNet, that is implemented on commercial ISDN
transport.The HuMaNet system uses speech-processing
technologyto make communicationseasier and more
natural. Spoken commands control the system, which
combines imageandaudiocompression, database
management, hands-free teleconferencing, and text-to­
speech synthesis.Although HuMaNetis onlyin its initial
phase, it has proved a remarkably habitable environment
for human control ofa complex computer and communi­
cations system.

Human-Machine Communication
Consider the telecommunications systems ofthe future. Over

the next decade. switched digital connectivity will spread throughout
the network and permit people to accessawealthof informationser­
vicesfrom terminals inbusiness,home, and school environments.

The transport capacitiesof the telecommunications network
will range from gigabits per second (Gb/s)-for optical fiber-to tens
of kilobit. per second (kb/s)-for cellular radio and basic-rate ISO,
(Integra ted Services Digital Network). 1
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Also, as the volume and sophistication of this
infonnation grows. the complexity ofa user's terminal
increases.This includes howto interface with the infor­
mation source via a terminal, or deal with what is inside
or behind the "black box." The complexitycan posea
burden for the user who mayhave no desire or need to
becomea technical specialist

A So lution. Ease of use, along with lowcost and
utility, willdecide the mass acceptance and deployment
of sophisticated systems. A major challenge. then. is to
match the features ofan information system to the sen­
sorvcapabilities of its human users.I The terminal must
be made intelligent enough to aid a human user by sens­
ing his or her needs of the moment and bydisplaying
infonnation in modalities that are complementary and
optimal for human assimilation. (See Figure I.) An
example ofsuch modalities is to display an image with
simultaneous voice annotation.

Naturalvoice is a preferred means for informa­
tion exchange between people.This normally occurs face
to face and hands-free, without either person holding a
microphone or telephone handsel Sound (the speaker's
voice) is complemented bysight and our other senses
(touch, taste, and smell). We associate spatial realism
with three-dimensional perceptionin sight and sound.
We can see the other person, and can easilysense posi­
tion fromthe direction ofhis or her voice. Comparable
capabilities in machines would greatly simplifyand en­
hance communications between humans and machines.

Recent advances inspeech-processing technol­
ogy, along withnewcapabilities in hands-free telecon­
ferencing, image compression, database management.
switched digital networking, and hypertext systems,
offer new dimensions for ease and naturalness in human
use of information systems.

All these capabilities are underpinned byadvances
in microelectronics. which provide great amounts ofcom­
putational power at low cost.

Arelevant issue, then, is how these separate
"pieceparts" of technology might be harnessed to benefit
people, and what unforeseen synergies might derive from
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panet L Acronyms and Terms

2B.D ISD:\ lint's: two()4-kb/ s circuit-switched
channels (2B) and one 16-kb/ s
packet-switched channel (0 )

analog to digital converter
64-kb/ s circuit-switched channel
InternationalTelegraph andTelephone

Consultative Committee
code-excited linear-predictive coding
coder-decoder
16-kb/ s packet-switched channel for car-

rying data and signaling
digital signal processor
hidden Markov model
human-machine network; an experimen­

tal system forstudying network-based
integration ofvoice.image. and data
transmission and hands-free telecon-
ferencing

Integrated Services Digital Network
personal computer
picture element; one of thousands of dots

that form a video image
• ccrrr protocol that specifies the pro­

cedures for establishing, maintaining,
and clearing connections at the ISDN
user-network interface

remote procedure call
1012 floating-point arithmetic operations

Taday's terminals are either telephones, which
exc1usivelyallowspoken conununications to a distant
party, or personalcomputers (pcs) andworkstations,
which generallycapture words entered on a keyboard or
display words on a screen. But in the future, the termi­
nals that people"i ll use willbe multifeatured, complex
processors for information displayand capture, primarily
for sight and sound.The new terminals willhear our
spoken requests and, in tum, will speak to us, display
images, andcontrol other complex telecommunications
functions simultaneously.

A Po tential Problem. At least two important
issues-s-oursensorycapabilities and the complexity of
our terminals-attend these advances. Modern transport
facilities can convey informatlon? much faster than our
senses permit us to assimilate, perceive, and react to it.
Thus, we may easily be overwhelmed by the volume of
information unless intelligent management and display
are possible.
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Agure 1. A major issue in human/machine Interfaces is
matching t he featu res of an Infor mati on syste m to human
sensory capabilities. Modern transport ca paciti es typically
deliver info rmation at rates th at exceed any human's ability
to ass imila te , perc eive, and react to Information. An inter-

their application in concert.
HuMaNet (for human-machine network) is an

experimental system developed at AT&T Bell labora­
tories (a division of AT&1) and designed for studying
network-based integration of the technologies for voice,
image, and data transmission, and hands-free telecon­
ferencing.The transport medium currently used is
public-switched, basic-rate ISDN that provides 2B+D,or
two 64-kb/ s circuit-switched channels (the 28) and one
l &-kb/ s packet-switched channel (the D). In this applica­
tion, the Bchannels, which are also called bearer chan­
nels. carry the user's or customer's infonnation (i.e..
voice, data, and videosignals).The D. or data,channel
primarily carries the network's control and signaling
information but can be used to send some user packet
communications as welL

Co mponent Techno log ies of HuMaNet
The Hu:YlaNet system incorporates a variety

of voice. image. and data technologies that are inte­
grated and implemented for real-time operation.These
technologies include: speech recognition. speech syn­
thesis. talker verification. speech coding. speech-

Human sen ses
(Sight. hearing. touch.
taste, smell. intuition );

capacity: 10 2 b/s

face processor, combined with proper display syst ems, can,
in principle, be used to match raw information coming from
remot e comp uters, or other human beings , to the appropri­
ate sensory input of t he user. These Inputs are, primarily ,
sight and sound, but oth ers are possible channels as well.

seeking microphones, image compression. and hyper­
text and database features.

Speech Recognition. Voice commands are used to
control the HuMaNet system and identify information to
be retrieved.

For speaker-trained recognition of fluent sen­
tences, the system utilizeshidden Markov model (HMM)
technology to provide high performance.v? The system's
vocabularyconsists of80words at present From these
words. over 6 million valid (or useful) phrases andsen­
tences can be spoken and recognized.

Speech Synthe s is . The system need not just
display wordson a screen for user information, Instead,
a complete text-to-speech synthesis system also permits
spoken output for unrestricted text generated by the
HuMaNet system in response to user-and system-control
actions.10- 12

Ta lke r Verification. Aphrase-dependent talker­
verification system controls access to privileged data­
bases. Before a user can access anyofthese databases.
his or her voice signal must be authcntlcated.P'!'

Speech Coding. Perceptually based coding (using
auditory criteria) of high-quality speech permits trans-
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missionof i-kHz (kilohertz) bandwidth voice in full
stereo over a single Isnx B channe\.15-11'

Autod irective Mic ro phone Arrays. To communicate
with the system (or converse with each other) . an indivi­
dualor conference group uses normal voice. Speech­
seeking.automatic. beam-steering arrays of microphones
make hands-free voiceinteraction possible. In addition.
fixed . multiple-beam arrays provide spatially realistic
sound pickup.19

Image Compre ssion . TIle coding techniques deter­
mine not just the qualityof a displayed image but also
the storage resources required and the time needed to
transmit the image over a specifictransmission system.

In the HuMaNet system. perceptuallybased sub­
band coding (using visual criteria) of still images pro­
vides graphics and picture transmission over one B chan­
nel.Typically, the input color images are of television
quality and consist of 512 by 512pixels. quantized using
24 bits to code each pixel.These images are faithfully
coded and transmitted at less than 1bit per pixel, for
projection at the receiver.2O- 22

Data ba se Organizatkm. The HuMaNet system
has twodatabases, one local to the system and the other
accessed over ISDN. (In the system's current structure,
these are the only databases we can access. However,
the system is capable of accessing additional databases.
if available.) Currently, the databases contain informa­
tion on the HuMaNet system itself, as well as some
examples of more general scenarios, such as the real­
estate application described below.

Both databases contain image and text data. The
remote database consists of images coded and transmit­
ted as described above.The local database stores image
information in a format that is appropriate for the display
hardware.The system reads text infonnation "orally"
from either database (i.e., text is not displayed on the
screen), using text-ta-speech synthesis.

Hyperte xt Feature s. A person who wants to
retrieve material from a database may not knowexactly
where the information resides in the database nor the

storage medium used.Therefore, both databases are
organizedusing hypermedia indexes that are stored
separate from the databases.

The indexes consist of the commands that iden­
tifythe storage medium and locationof information in
the databases.This allows the index information to be
completely isolated from the nature of the material in
the database. A user's request for an index entry simply
retrieves the appropriate command (or commands),
which the system then executes. regardless of the type
of storage media or location.

The index entries are really nodes in an arbitrarily
organized and cross-linked tree.The nodes are named. as
are the links that connect the various nodes, and a user
can access all nodes (or links) using these names.

Graphical editors are available to aid in the origi­
nal construction and later modification of the index struc­
ture and contents.P (Such editing is not done as part of
active use of the systern.)

Inte gration. As stated earlier, the HuM31\Jet sys­
tem is an experimentalvehicle. All the technologies are
currently integrated into a voice-interactive, multimedia
terminal or workstation, and implemented in twoacous­
tically adjustable conference rooms (Figure 2) in our
laboratory at AT&T Bell Laboratories in Murray Hill.
NewJersey. One room (the HuMaNet terminal room)
is arranged in a living-room decor, and the other (the
"remote" room) is arranged as a group conference room.
(This issue's cover illustration is a photograph of the
HuMaNet terminal room.)

Although the experimental rooms are next to
each other in the laboratory building, they communicate
only by commercial. public-switched ISDN. They could be
arbitrarily remote from one another (assuming ISDi"
access exists forall sites involved).

The system architecture is designed to be exten­
sible, particularly in terms of higher capacity networking
(for example, primary-rate ISD~) and the high-quality
motion video that such capacity makes possible. (The
primary-rate arrangement for ISDNoffers more Bc hannel
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Figure 2. Components
In tho HuMaNet expert ­
ment" . rooms:
(8. HuMaNet telmlnal
or " local" room, and
(b) remote conferenc e
room. Images can be
display ed simulta ne­
ous ly In both rooms.
As lin image Is re­
bloved and displayed,
the system 's "vetee"
reads tho related text
description . Micro­
phone arrays and
stereo sound systems
pro vide auditory spati al
reali sm for con ference
pa rticipants . The
epeec....eek lng rntc ro­
pho ne Catop the TV
mon Itor in the termina l
room) senses the
speaker"s voice and
'Jacko his or hur poet­
t ion, so a speaker
need not rema in eta­
t lonary . Because of
fixed microphones (fo r
t ransmission) and th e
stereo $Ound system
(for rec eptionI In both
rooms, IIste ner§ cor­
rect ly perc else the
speaker's pcstttcn.
Adjustable acoust ic
panels on t hO walls
permit experiments
on changi ng room
condit ions.J
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Figure 3. Syst em architectu re for HuMaNet. The operator's
voice commands control system operati on, room environ­
ment ( such as dimming the lights) , teleconferencin g, and
database access. Individual PCs cont rol vario us syste m and
environment functions and co mmunicate wi t h the workst a­
ti on (top left) over a local Ethernet net work. Commerc ial
ISDN lines provide th e communi cat ion paths bet ween th e
HuMaNet termInal room and any remote database or confer­
ence room. When access to a secured database item is
requested, th e voic e password is verified before the ISDN
connection to the remote database is esta bli shed. Text and
th e compressed images retrieved from this dat abase are
sent over ISDN lines to t he HuMa Net terminal where t hey
are decoded. As th e Images are displayed, the correspond­
Ing t ext is read (orally ) by the t ext-to-speec h synthesizer.
The synthesizer is also used to provide feedback to users
about system status and operation.

capacity; typically, 23B+D in North America andJapan,
and 30B+D in Europe.)

HuMaNet Architecture
The system (Figure 3) is supported by:

- ASun Workstation" system and file server that pro­
vides overall communication and text-to-speech syn­
thesis for the system. (Sun Workstation is a registered
trademarkof Sun Microsystems, Inc.) However, any
UNIX@system-based workstation could fill this role.
(UNIX is a registered trademarkofUNIX System
Laboratories, Inc.)

- Seven 386-class PCs (i.e., PCs that use the Intel80386
or 80386SXmicroprocessor). Individual PCs control
various elements of the system, such as the local or
remote room's environment, access to the local or
remote database, and ISDNaccess. AT&T DSP32Csig­
nal processors, adjuncts to the individual pCS,24code
or decode the speech and image signals for the PC.

- An AT&TBTlOOsignal processor> that recognizes
oral commands to the system and discriminates
against ordinary conversation.

- Autodirective microphone system.This microphone
array "follows"the speaker's voice to provide audio
input to the speech-recognition system.

- Stereo sound pickup microphone arrays. These arrays
provide audio spatial realism and reduce room rever­
berationand noise for voice transmission.

- Color projection television, whichprovides large
screens for simultaneous displayof information from
the local and remote databases.The two rooms use dif­
ferent projectionunits, appropriate to the environment
(For example, the living-room setting uses large-screen,
rear-projection1V monitors. In the conference-room
setting, ceiling-mounted units projectthe image onto
flatprojectionscreens at the front of the room.)

- Local Ethernet-network communication betweenthe
workstation and the individual PCs in the (local) termi­
nal room.

- ISDNtransport using a commercialAT&T 5ESS@
switch in a NewJersey BellTelephone Companycen­
tra1office. These facilities provide remote voice com­
municationsand the data linkfor the remote database.

Users can initiate and carry on conference callswith
simultaneous display of images from a remote database
(which can be, and is, located completely separate from
the conference locations).

Basi c Tenninal Operation. The easiest way to
explain the operation of the HuMaNet terminalis to
trace what happens whenthe personwho is controlling
the system issues a few specific commands. [Currently,
the system can recognize onlyone controller or operator
(recall the speaker-dependent recognition).]

Onesimple command is "Facilitycontrol, lights
down." When the person utters this (or any command),
the speech-seeking arraymicrophone (the horizontalbar
on top of the left-hand1V cabinet in Figure 2aand in the
photograph on this issue's cover) locks onto him or her
and sends the spoken conunand to the speech-recognition
system. While giving commands, the talker can move
freely around the room and even pace back and forth.

- The speech recognizer then detects a valid
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Hui\h :,\let control phrase. There are three groups of
such phrases:"facilitycontrol ," "database control:' and
"lSD, control.' Each phrase is followed by an appropri­
atecommand that controls the local room's environment
or database. the remote database.orISD:-\ connectivity.
respectively, By using such a strict format, the speech
recognizer is able to operate effectively even when there
isnormal conversation amongconferenceparticipants.

Once thecommand is recognized. the informa­
tion is forwarded to the Sun Workstation system over the
Ethernet network, usinga remoteprocedurecall (RPC} .26
[An RPC is the protocol used when one device (e.g., the
speech recognizer) issues a request toanother device
(e.g., a workstation) toexecutea process.TIle Sun Work­
station system usesan RPC when it instructsone of the
Pes to perform a task.} The workstation is responsible
fordecoding the recognition syntaxinto valid operation
commands. For the local-roomenvironmentrequest,
..... lights down," the workstation then forwards the
resulting lighting-control command to the PC that COIl­
tains the dimmer-control hardware, and theroom lights
lowerappropriately.

The architecture is designed so that each PC
fu nctionsas an individual technology platform, Each con­
tains the technologyappropriate to its function, allowing
easy addition of new hardware, stand-alone testing, and
technologytransfer,The RPCs "weld" the individual plat­
forms into anintegrated multiprocessor system.

Mutt ipnxeSSOfStructure. Amorecomplex com­
mand illustratesthis pointfurther. For example, the com­
mand "database control, image 5 please"provides access
to specificremote-database information. (The basic com­
mands haveseveral alternative forms, whichare equiv­
alent. "Control" and "controller" are equallyacceptable
and interchangeable, and the commandsmay be arbi­
trarily terminated with a polite "please," if desired.) The
grammaris formallyspecified in a way that makes iteasy
toconstruct new recognition scenarios.F AppendixAis
a formal specification of the grammar.

The Sun Workstation systeminterprets this

command as a request for data contained inthe remote
database. (The following sequence of events canbe
traced in Figure 3.) Then, the workstation accesses the
appropriate hypermedia index item (here. the node
named '·5') . which returns a command of the form:

ITEXTFI LE h f r o g . txt
flMA GEFILE hfrog . y

to identify text and acompressed image to be retrieved.
These two strings are forwarded to the tsnx-control PC,
which sends them-as an ISDN, standard, Dchannel
packet message-to the remote-database PC. The data,
base PC sends the requested text file, immediately fol­
lowed by the perceptually compressed image file, back to
the isnx-control PC viaa single, 64-kb/s, ISDNBchannel.
Atypicalcompressed image takes several seconds to
transmit,as compared to the gO-seconds transmission
time foranuncompressed, 6-Mb (megabit) image.

Afterthe terminal system receives the infonna­
60n, it sends the text information (usuallydescriptive
material related to the image) to the workstation for
voice output to the userbytext-to-speech synthesis. The
imageis decoded on a DSP32C board in the tsnn-control
PC and presented on the right-hand rv screen shownin
Figure 2a (and in this issue's cover photograph), Decod­
ingtimeforthe image is comparable to the transmission
timeand, withthe overlap of the text-to-speech material,
images appear in a perceptually prompt manner.

ISDN Control. The command"ISDN control, call
room two" initiates a procedurethatallows a B-channel
connection to be established to the called conference
room (shownin Figure 2b and on the lower right in Fig­
ure 3). To preventerrors indialing, the system requests
confirmationby asking: CONFIRMCAll.TO ROOM lWO?
Confirmation is desirablebecause thesystemcan make
calls by name (several areincluded in the recognition
syntax), as well as by number.An international dialing
error is an undesired expense.

After the HuMaNet system's operator confirms
the call (with "okay"or "yes"), the system dials the con-



nection. It announces call progress (using the ISDNQ.931·
messaging capabilityof the Dc hannel interlace), and corn­
pletes real-time connection between the rooms through
DSP32C boards and high-quality codecs on each end.

The resultingcompletelydigital connection to
the secondconference room uses the vertical fixed-array
microphones, to the left and right of the projected
images in Figures 2a and 2b. Because these highly direc­
tional arrays decouple the paths between the micro­
phone and adjacent loudspeakers,a conferencemaybe
eanied on without requiring voice switchingforstabiliza­
tion. In this way, wecanachieve a two-way. full-duplex,
stereo conference with 7·kHz bandwidth over a single
Bchannel, using low-bit-rate coding.

Voice Se curity. A final feature o f the syste m is
voice security.The security systemis implemented as a
separate security serveron the Ethernet network,
although the HuMaNet system's basic architecture is fol­
lowed. Figure 3 showsthe connection forverifying voice
access to a database item. (Thesame architecture can he
usedto provide voice-password access to standard com­
puter systems as well.)

For the HuMaNet terminal, individual database
items are designated as secured fordesignated users, as
partof the index entry. If someone attemptsto access
one of these items (regardless of the command given),
the system responds, for example, with: ACCESS TO TIltS
DATA tSRESfRlCTED TO BERKLEY. DOYOUm SH TO PROCEED
WITH VOICEPASSWORD VERIFICATIO:-;'? Onceaccess is
confirmed (the user answered "yes" or "okay") , the
HuMaNet system handles the entire procedure. It makes
the appropriate identityclaimto the password system
and answers a return ISDK (or standard) call from the
voice-password system.

At this point, the voice-passwordsystem takes
over. It leads the user quickly through the procedure for
entering his orhervoice-password phrase (using the
samearray microphone as used for teleconferencing)
and determinesthe password's validity. If the password
is accepted. the resulting messageallows the Hu~'la;\et

terminal to complete the requested database access.
The procedure takes less than 30seconds and

can be set upto allowaccess to anydesignated subsets
of text and image data.

Notice that the entire procedure follows the
overalldesign philosophy. It hides the technical com­
plexity of the operations from the user as much as possi­
ble. Thus, teleconferencing, access to remote databases,
and securityare madeas natural as speaking.

Participants areprimarily aware ofthe smooth
progressionof images, teleconferencing, and other con­
trol operations, without the burden of the complex tech­
nological systems that lie behind the HuMaNet terminal.

A Custom er Scenario
\Ve designed HuMaNet's architecture to provide

a basis fordesigning application scenarios, as wen as for
research experiments on the integration at information
modalities. The previous discussion didnot presenta
specificscenario. Clearly, the capability for remote-data
access, voicesecurity,andteleconferencing fits several
possible applications, including real estate, travel ser­
vices, news and information, and entertainment.

A Real-Estate Application_ Real-estate sales is one
obvious place where the availability of high-quality
images from a remote database could be commercially
valuable.The database could have proprietaryor
privileged aspects, as well as the more usual customer
information, Even in its current, preliminary form, this
experimental application fora real-estatebusiness is pro­
viding new insights about the HuMaNet system's inte­
grated, teleconferencing modalities.

For experimental use, we have stored high­
Qualityimages of homes in the HuMaNet system's
compressed-image database. (One example appears on
the right-hand screen in the photograph on this issue's
cover.) Inanactual application, such images mightbe
stored ina database anywhere in the country. and the
connection to the remote database could be established
automatically.The request for the image to be processed

95



96

and localdecodingof the transmitted image can be
accomplished within a few seconds. Our experimental
databasealso stores other images related to the fullview
of the house. indudinga full floor planand high-quality
interior shots ofvarious rooms.

TIluS, if ISD~ connectivityexisted, a potential
client who currently lives in California could explore
real-estate offerings in the NewYork area, before making
the transcontinental trip in person.The simultaneous
high-quality teleconferencing capabilitywould allowthe
client to have detailed discussionwithdistantagents who
were knowledgeable about the area beingexplored. Mul­
tiple areas might be discussed simultaneously, if desired.

Fut ure Directions
Several synergies are apparent from initialexper­

iments with the HuMaNet system.The speech-tracking
microphone system, which was designed originallyfor
large-group audioconferencing, permits completely
hands-free voice controland verification procedures,
thus providing a natural-voice interactiveenvironment
for the system.

It has further proved possible to make the inter­
action"seamless." The substantialtechnologies of real­
time speech recognition and text-to-voice synthesis (as
well as image and data compression) are invisible to the
system's users. Ease of use is paramount, and human­
machine interaction by voice is comfortable and natural.

The receiving room's stereo sound provides spa­
tial realism; it localizes the position and perceptually
separates multiple conferees in the transmitting room.28

The audio bandwidth is broader than that ofconventional
analogtelephone, a differentiating high-qualityadvantage
provided by the ISDN connectivity.

Spatial realism (even three-dimensional projec­
tion) inan image is desirable, but the technology does
notyet support it Ashigher speed switched networking
and more sophisticated coding methods becomeavail­
able, the incentive to worktoward full-motion color
video-and even color holography-will increase as well.

AT"'-T TEClt:\1CAL JOl'RNAl.. Sf.PTEMIl£RlOClURER 19"0

In summary, the experimental Hu~la~et system
demonstrates howthe technologies of voice, image. data.
computing.and teleconferencingcan be combined in a
sophisticated information system to achieve operation
that is natural and easyfor people to use.
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Appendix A. HuMaNet Language Spec ificati on
This compact specification ofa finite-state gram­

mar allows rapid definition of application interfaces and
easy changes to existing systems. TI,e meaning of the
syntax is fairly self-explanatory. Grouping is provided by
parentheses, while the 'I' sign is an exclusive OR. Items
in all-capital letters (e.g., :\O:\ZERO) are defined in terms
ofother items, as shown.

def ine( N, NUL L-ARC )
def i n e (NONZERO, ( 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 ) J
def i ne ( ZED, ( z e ro I o h ) )
define ( DIGIT, ' ( NONZERO I ZED )')
define ( O_ SI L ENCE , '( N I si lence ) ')
define ( O_COMMA, '( N I s ilence ) ')
define ( CONFIRMATION, ' ( yes I n o I OK ) ')
de fine (CONTROL, ' ( cont rol I c o n t r ol l e r ) ' )
define (a_N OISE, '( N I noise )')
define (POLITE, '( N I p lease )')
define (NET_PREFACE , '( ( te leconference I network I ISDN ) CONTROL 0 COMMA)' )
defin e (LOCAL_PREFACE, '( ( facility I r oom) CONTROL O_COMMA ) ')
define ( REMOTE_PREFACE, '( ( database I computer) CONTROL O_COMMA )')
define (VOICE_COMMAND, '( ( speech I voice ) recognizer ( o n I off ) ) ')
define (LOCAT I ON, '(

office I ( ( N I c onference ) r oom ( 1 I 2 ) )

J ' J
define ( EXTE NSION , '(

( N I extension ) NONZERO DIGIT DIGIT DIGIT
J' )
define ( NAME, ' (

( ( David I Da ve IN ) Berkley ) 1
( ( Art I Ar t h u r I N ) Ko eni g ) I
( ( Jim IN ) F l a n a g a n )

J ' )
d e f i n e ( ANYBODY, '( NAME 1 LOCATION I EXTENSION )')
define ( NET_COMMAND, ' (

status
I ( drop I disconnect I add ) ( ANYBODY I incoming c a l l ) )
1 answer incoming call )
I put ( incoming call I ANYBODY ) o n h o l d
I (call I dial ) ANYBODY )

) ' J
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cef ane ( DATA3AS=:, ' (
( ( i:nage I text I vie ...·g r a p h I s l i de ) ( fi l e 1 N ) ( n umbe r I N

NONZERO ( DIG I T I N ) ( ( ( p oi.nt; I d ot I NOKZERO ) I N I I
1 ( ( nex t I previ o u s ) ( im a ge I s l i d e I v iewg ::aph) ( N I fi l e
1 ( ( mo re I add i t i o na l ) a. n f o rraa t Lon )

)' )

d ef i ne ( ROOM_CO~~ND, ' (
s tatus

( ( N I t urn (room 1 N ) l ight s ( u p I d own I o ff I o n ) )
(

(N turn)
(

)
) ' )

sl ide I viewgraph I video) ( N
( array I gradient ) mi croph one

)
( o n I o f f )

projecto r ( 1 I 2 I N) ) )

define ( DATA_COMMAND, ' (
s t a t u s
I ( ( display I sho w IN) (DATABASE I list of ( image I tex t ) file s ) )

) ' )

define (STATEMENT I ' (

NET_ PREFACE NET_COMMAND POLITE
I REMOTE_PREFACE DATA_COMMAND POLITE
I LOCAL_PREFACE ( ROOM_COMMAND I DATA_COMMAND ) POLITE
I VOIC E_COMMAND POLITE
I CONFIRMATION
1 sto p previo us c omma nd

) ' )

O_S I LENCE STATEMENT * 0 SILENCE

(Ma1,uscript receivedJune 11, 1990)

AT&T TECHNICALJOURNAL. SEI'T'EMBER;OCi'OBER


