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Voice, data, and video information can be delivered to
ourhomes or businesses using today's technology. But
the U.S. market for multimedia information services is in
its infancy, and interactive-voice services are merely the
first step onthe evolutionary path. Applications thatuse
interactive voice fall into four categories: information
delivery, entertainment, voice messaging, and transac­
tions. All share a common trait-a person interacts with
a machine over telephone lines bysending Touch-Tone
signals in response to stored voice messages. AT&T's
interactive-voice service offerings arebased ona com­
mon network platfonn-the Enhanced Services Complex
(ESC). An ESC is a collection ofswitching, speech pro­
cessing, and computer equipment networked together to
provide enhanced voice and data services over the public
switched telecommunications network. Currently, these
services enable callers to interact with and manipulate
stored audio information, Soon, the ESC will include
capabilities for speaker verification, speech recognition,
and facsimile transmission.

Information via Telecommunication
Today's technology candeliver information services to our

homesusingvoice, data, or video as the medium. However, the market
forsuch services in the United Stateshas been slow to develop. Why
has it been so slow? And, whatwill it take to makethis market
develop? These important questions confront allproviders ofinforma­
tion and telecommunications services.

To address these questions, we mustbeginwith the three
components required fora newinformation service to be successful:
- Consumers mustbe willing to payfor the service, including the

costsofleasing or purchasing the terminal equipment required and
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Panel 1. Acronyms In this Paper

ofleasing telecommunications facilities.
- The information provider must be willing to paythe

production costs ofassembling the information for a
newmedium.

- The telecommunications company (including terminal
equipment manufacturers) mustbe willing to invest in
the facilities required to deliver these services.

This set ofcircumstances leadsto a classic
chicken andegg situation: anyprovider who moves ahead
faces significant risk if the other two components do not
follow suit.Hence, wehavethe information-service trian­
gle (Figure 1)where, to move forward, allparties must
be willing to invest.

What if allparties are notwilling? Government
intervention is one solution, as wasthe casefor Minitel in
France. The French Government, which owns the
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ADPCM
ASN
ATM
AUDIX
CEI
ncm
DCP
DDS
ESC
ISDN
LEC
OA&M
PBX
PC
PRI
RBOC
SDN
T1

VRU
WGS

adaptive-differential pulse-code modulation
AT&T switched network
automated-teller machine
audio-information exchange
comparably efficient interconnect
datacommunications interface unit
digital communication protocol
digital dataservice
Enhanced Services Complex
Integrated Services Digital Network
local~xchangecarrier

operations administration andmaintenance
private branchexchange
personal computer
primary-rate interface
Regional BellOperating Company
software-defined network
1.544 Mb/s digital trunkswith 24voice

channels
voice-response unit
WorkGroup System

telephone network, gave a Minitel videotex terminal, free
ofcharge, to eachhousehold. Cross ownership is another
possibility. RCA, whichbuilt the first television sets,
owned NBC andcould, therefore, go from national radio
to national television with reduced risk. But in the
absence ofgovernment intervention or crossownership,
an evolutionary approach is the onemostlikely to suc­
ceed in the U.S. marketplace.

The evolutionary pathforanynewservice is a
series ofincremental steps that develop the extensive
capital infrastructure required to build the expensive pro­
duction andtransmission facilities, andeducate consu­
mers in the use ofunfamiliar technology. Oneexample
ofthis is the evolution from broadcast TVto cable TV, to
premium-pay TV, and now to pay-per-view TV. 1 (Panel 1
defines acronyms used in this paper.)

Obviously, interactive-voice services are the
logical first stepto beginthe evolution to multimedia
information services in the U.S. market. The terminal
equipment required for interactive-voice services (i.e.,
the telephone) is universally available in American
homes, and the national public telephone network makes
the provisioning ofspecial transmission facilities unnec­
essary. Thus, two ofthe three components required for
information services have a greatly reduced riskfactor
forvoice-information services, which increases the
chancesfor success.

Interactive-Voice Service.
Passive-voice-information services, i.e., 976-type

services, have been offered successfully formorethan
20years now. However, these services are limited to the
playback ofa single, recorded, voice message. Because
ofthe wide penetration ofTouch-Tone service andavaila­
bility ofaffordable speech-processing technology based
on mass-produced PC technologies, passive-voice ser­
vices are rapidly beingreplaced bya muchricherarray
ofinteractive-voice services. The promise ofrobustand
inexpensive speech-recognition technology in the near
future will helpto extendthe reachofthese services to

AT&T TECHNICALJOURNAL. SEITEMBER/OCTOBER 1990



rotary-dial users and will make these servicesmore
appealing to the general public. (Byrobust, we mean the
technology is reliable and extensive.)

What Are The.. services? Interactive-voice ser­
vicesare generically those that involve a person interact­
ingwitha machineovera telephoneline by sending
Touch-Tone signalsand receiving recorded voice
responses.Applications of these servicesfall into one of
fourcategories:
- Information distribution. The retrieval ofstored-voice

programming. This includes:
- Traditional audiotex applications such as news,

weather,and sports that playback the latest
recorded message.

- Information servicesthat involve simpledatabases.
Anexample is a train schedule and fare application
that allows callers to select the originating station,
termination station,departure date, and time.The
servicethen playsback the schedule and fares for
trains that meet the input criteria.

- Entertainment. This is the fastest growing area ofthe
interactive-voice servicesdue to the availability of900­
number servicesthat paythe information providerfor
each callgenerated.These applications includesuch
servicesas horoscopesand soap-opera updates,as
well as games and contests withprizes. Through
advertising, information providerscan create huge call
volumes.

- Voice messaging. The delivery and retrieval ofstored­
voice messages. Examples include:
- Network voice-mail services. Anindividual is

assigned a voice mailbox where others can leave
messages that the mailbox ownercan retrieve.

- Call-delivery services. Anyone can leavea message
to be delivered automatically to a secondparty.

- Transactions. This type ofserviceinvolves both the
retrieval and the updatingor modification ofstored
information. The categoryincludesfinancial services
and fundamental business functions such as order
entry,order tracking,dealer locator, and customer

Consumer willingness to pay

Figure 1. Information-service triangle. Consumers must be
willingto pay for the service andthe equipment needed.
Information providers must Invest In assembling the content
for the medium. Telecommunications companies must pro­
videthe facilities needed to deliver the services.

service. For example, the Schwab TeleBroker
Service'" discountstock-brokerage serviceallows call­
ers to obtaincurrent stock pricesand buy and sell
securitiesusing onlya Touch-Tone telephone.
(feleBroker Service is a servicemark ofCharles
Schwab & Co., Inc.) The service facilities interactboth
withthe callerand, overa data link,withthe broker­
age firm'shost databaseto complete a transaction.

The commonelementamongthese applications
is the technology: a terminal (theTouch-Tone tele­
phone), a telecommunications network, a voice-response
unit (VRU), and an information source.The consumer
dialsinto the voice-response unitover the telecommuni­
cationsnetwork. Then, he or she interactswiththe
voice-response unit-using Touch-Tone inputandvoice
response-to obtainthe desired information, leaveor
retrievea voice message,or performa transaction.

The information mayreside in the voice­
response unit itselfor maybe retrievedfroman external
database. Anoption to transfer the callto a human atten­
dant or agent mayalsobe present.

Ways to Stimulate the Market. Currently, industry
leaders are tryingseveralapproaches to break the
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information-service trianglefor interactive-voice services
and stimulate the market for these services. Three areas
where success is beingachieved or is likely are defined
below and then described in more detail in later sections.

One approach is for businesses (i.e., the informa­
tionproviders) to purchasevoice-response equipment
that they tie intotheir existingtelecommunications facili­
ties and networks to automate specific businessfunc­
tions. These business applications, whichare usually
associated withinbound 800or 900 calls, reduce the
number oftelephoneagents needed to screen incoming
calls. Hence, a company can savemoneyby reassigning
its agents to more important tasks.Also, these applica­
tions improve customerservice (i.e., 24-hour availabil­
ity), whichcan givethe company a competitive edge.

Other companies use interactive-voice services
as an innovative advertising medium. To attractnewcus­
tomers, they offer giveaways and contestprizesthrough
telephone calls. (Forexample, anyone whocallsthe 800
or 900 number in the advertisement must listen to prod­
uct information to receive a prize.) Although this
approach is growing, its majordrawback for the busi­
nesses involved is the high cost ofcapital associated with
significant use ofthis technology.

Anotherapproach that will be growing in the
future is cross ownership, whichis being tried mainly by
the localand interexchange telephone companies. It is
their response to some recent reliefin the regulation of
enhancedservicesthat do not require an information
provider, such as voice-messaging services. These com­
paniesare alsotryingelectronic publishing, where the
company ownsor creates the information. In both cases,
the information-services triangleis broken because the
terminal equipmentis alreadyin place.

The third approach is the one that is having the
best success. Here, a company-usually a long-distance
carrier or a large servicebureau-sets up large enhanced­
servicesfacilities to try to create a capital infrastructure
for interactive-voice services. The long-distance carrier
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has the network know-how, and the large service
bureaus havethe agents and telemarketing experience.

This is an example ofthe evolutionary approach,
where the provider withthe enhanced-services facility
sells its capacity to the information provider or another
business on a usage-fee basis.Thus, the originator ofthe
service greatlyreduces the up-front risk and can concen­
trate on information creationand service promotion. This
is attractive for both the caller-paid (i.e., 90o-number)
services offered by information providers forprofit, and
the free-to-eallers (i.e., 80o-number) services offered by
businesses interested in cost savings (i.e., the business
needs fewer telephone agents to handlethe calls).

AT&T's Voice-Response Equipment
AT&T is one ofthe leading vendorsofvoice­

responseequipment in the marketplace. AT&T manufac­
tures and sells the Conversant" voice-information system
and AUDIX Voice Mail system. (AUDIX standsfor audio
information exchange.)

The Conversant voice-information systemis an
AT&T 6386 WorkGroup System (WGs) computer that
runs the UNIX® operating systemand has special voice
hardware and software to allow up to 48channels of
interactive-voice capability. (UNIX is a registeredtrade­
mark ofUNIX SystemLaboratories, Inc.) AUDIX is
AT&Tspremiervoice-mail systemdesigned to work
withAT&TsDefinity" telecommunications systems
and other PBX central-office switches.

The Conversant and AUDIX systemsare fully
describedin another paper in this issue.2

Business-Related Applications
These interactive-voice service applications are

usually aimed at enhancing some aspectofthe operation
ofa business or an institution. Aspointed out earlier,
these services do not need special terminal equipment
and usually do not require the callerto paya fee. Hence,
the investment decision is allwithin one company. Most



mediumto large companies can justify the expenditure
ofcapital for VRU equipmentthat has a payback periodof
less than one year.

In the rest of this section, we identify some of
the majorindustrysegments that have been active in
offering interactive-voice servicesto their customers, as
well as their employees. For these applications, some
businesses also purchase the equipment; others just pur­
chase the servicefromtelecommunications providers.

Retail and Wholesale sales. Automated order
entry is a common application in the sales industryfor
catalog orders on the retail side and for restockinginven­
tory on the wholesale side.Acaller uses his or her Touch­
Tone dialto interactwitha voice-response unit,whichis
connected to the host computer.The computercontains
product-inventory information and can generate paper
orders withoutinvolving a human agent.

Other applications in the industry include
customer-account inquiry, order-statusinquiry, and deliv­
ery scheduling. These are transaction-type services.

Banking and Finance. This industrysegment wasa
leader in the use ofvoice-response technology to improve
customerserviceand reduce costs (Le., fewerhuman
agentsare needed). The transaction services that are POI}"
ularwithbanks are: account-balance inquiry, mortgage­
interest-rate inquiry, moneytransactionsbetween
accounts, credit-eard authorization, locatorservicefor
automated teller machines (AlMS), and check clearance.

In the finance or investment industry, services
such as investor-account information, mutual-fund and
stockquotes, and financial-trends inquiryare popular.

Insurance. The insurance industry is another
large user of interactive-voice services. Claim reporting
and tracking is one ofthe mainapplications here, but
others-such as agent locator, claim-office locator, and
application prequalification (forcoverageor claims)-are
alsooffered.

Transportation and Travel. Airlines, railroads,
and trucking companies are potential heavyusers of

voice-response applications. Soare resorts, hotels,and
travelagencies.

Here, the typesofapplications include auto­
mated reservation desk, scheduleand fare information,
frequent-flyer status, shipmenttracking, and crewor
driverscheduling.

Education. In the last twoor three years, this seg­
ment has becomeveryactive.

The obvious application is student registration.
But other applications such as fee payment, information
services (e.g., course content,campusactivities, housing
availability, financial aid),and ticketpurchasing (e.g.,
ticketsfor sports events,concerts,plays) are also in use.

Government Agencies. Government agenciesuse
manyagents just to disseminate information to the pub­
lic. Their agents mayanswerquestions, take orders for
documents, or direct the callto the right office ofthe
agency. Interactive-voice servicescan help these agen­
cies savemoneyand provide better service. The Internal
Revenue Service, U.S. PostalService, Social Security
agencies, and state motor-vehicle and lotteryagencies
are allgoodcandidatesfor offering information and
transaction services.

'elecommunications-Company.owned Services
The telecommunications companies [i.e., local­

exchangecarriers (LECs) and long-distance or interex­
change carriers] are in a good position to offer newinfor­
mation servicesthat use the existingpublic network and
are integratedwithit to varying degrees.The consumer
franchise that these companies enjoy-with a reach into
nearlyeveryhousehold-and each company's ability to
raise the capital needed for large-scale transmission and
VRU facilities are difficult to match.

AT&T and allseven Regional BellOperating
Companies (RBocs) have begun to offerthese services
where regulation permits.The servicesinclude content­
less applications, such as voice messaging, and content
applications withinformation providers.
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Messaging Services. These were the first typeof
enhancedservicesto be allowed through the regulatory
relief. Since1987, the RBOCs havebeen permitted to offer
voice-messaging services, whichtemporarily store a
customer's messagefor retrieval by or delivery to the
person forwhomthe messagewas recorded. All seven
RBOCs havealreadyoffered voice-messaging services
or have them under trial. These servicesrepresent an
assortment from call answer (which functions as an
answering machine) to message delivery.

AT&T has recentlyannounced twovoice­
messagingservices:
- AT&T Voice Mail to provide networkvoice mailboxes

withstore-and-forward capabilities. (AT&T Voice Mail
is described in the applications sectionofthis paper.)

- Amessage-delivery servicecalled AT&TVoiceMark®
messagingservice.3

AT&TVoiceMark messagingserviceis a new
servicethat permitsa caller to record messages in his
or her own voice to be delivered at timesand to locations
(i.e., telephone numbers) that he or she chooses.
VoiceMark messagingserviceoffers manybenefits. The
servicedoes not require special equipment (other than a
Touch-Tone telephone), and neither senders nor recip­
ients need to presubscribeto the service. Thus, any
sender can communicate withanyrecipient, and the
recipient does not need to take anyspecial action (such
as message retrieval). Senders can alsocommunicate
withrecipients evenwhenthey maynot be available at
the same time. Hence, this can be an effective time­
management tool, especially when senders and recip­
ients are in different timezones.

Among the major features ofVoiceMark messag­
ing serviceis ubiquitous availability. To send a message,
the callermayaccess the service fromanyTouch-Tone
telephonein the United Statesby dialing a singletoll-free
800number. Fromforeign countries, he or she only
needs to use AT&Ts USA Direct" telecommunications
service. In addition, VoiceMarkmessaging servicemay

AT&T TECHNICAL JOURNAL.SEPTEMBER/OCTOBER 1990

be accessedviaAT&T HighSeas Radio Service.
Messagesare recordedand delivered in the

sender's voice, and the sender specifies the delivery loca­
tion (international, as well as national) and the date and
timeofdelivery.

Infonnation Services. Becausecurrent regulations
prohibitthe RBOCs fromoffering electronic publishing
(i.e., giving customersaccess to RBoC-owned information
databases), few servicesin this information area are
offered in the local arena. Oneserviceallowed is the
TalkingYellow Pages" directory service, where a caller
can listen to recordedinformation abouta business after
dialing a telephone numberand enteringan identification
numberprovided in the business'Yellow Pages adver­
tisement. (Talking Yellow Pages is a registeredtrade­
mark ofReuben H. Donnelly.)

Anotherservice under consideration is reverse
directory, where a callerenters a telephone numberand
hears the nameand address ofthe associated subscriber.
Withthis service, a personwhosubscribesto an RBOC's
calleridentification service could find out whosenumber
is displayed on the callidentification unit. Also, law
enforcement agenciesandfire departments who, during
an emergencycall, weregiven onlya telephone number
coulddetermine the location ofthe emergency.

Transaction services. Touch-Tone signals and voice
responsehavetraditionally been used for transaction ser­
vices, such as callroutingand calling-eard validation. As
more network features are provided, it becomesadvanta­
geous to the serviceproviders to use interactive voice to
enhance these featuresby providing security, i.e., by
allowing entry andvalidation ofauthorization codes.

The network remote-access featureofAT&Ts
software-defined network (SDN)4 uses interactive-voice
capabilities to permitbusiness callersto access their pri­
vate networks and makesequential calls. (SDN is based on
the public switched network and offers customer-defined
capabilities that reside in databasesat network control
points.) Other transaction services that are not so closely
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Figure 2. AT&T's Enhanced Services Complex (ESC) for
Interactive-voice services is a common platform for provi­
sioning enhanced network services, I.e., services that
involve the storage and retrieval of Information or the
conversion of Information protocols. AT&T Is permitted to

related to the network function are alsobeingconsidered
byAT&T and other telecommunications companies. For
example, AT&T currently has in triala home-banking
service that will allow subscribersto paytheir monthly
bills byexecuting transactions on their telephones.

Enhanced-Service Facility Providers
The third and perhapsmost important approach

to the growth ofthe information-services marketis the
establishment oflarge,enhanced-services facility provid­
ers. Usually, these are either large service bureaus that
haveexpertise with in-bound telemarketing, or long­
distance service providers that haveexpertise in
network-facilities operations. (In-bound telemarketing is
the use ofhumanor automated agentsto answer

offer enhanced services from the network as long as the ser­
vices use only comparable and efficient Interconnect (CEI)
Interfaces. That Is, these Interfaces to the basic network
must be comparable to and as efficient as the interconnects
sold to other enhanced-servlces providers.

incoming calls related to a businessfunction, primarily
salesand marketing ofproducts or services.)

AT&T is playing a major rolehere in three areas:
- ThroughAmerican Transtech, a fully owned service

bureau
- Through Call Interactive, a jointventure with Ameri­

can Express to form a large, interactive-voice service
bureau

- AT&Tsrecently announced InfoWorxsMfamily of
interactive-voice services.

Although allthree use the Conversant voice-information
systemas a keybuilding blockoftheir enhanced­
services facility, only the InfoWorx interactive-voice ser­
vices are network based.

The InfoWorx interactive-voice services include
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Figure 3. Architecture
for Information and
entertainment ser­
vices. All Information
is stored In the ESC.
(Top) Calls come into
the ESC from either
Megacom 800 or
MultlQuest 900 ser­
vice and terminate on
a voice-response unit
In the ESC.The VRU
and caller Interact
through Touch-Tone
signals and voice
responses.
(Bottom) The ESC
allows frequent
updates to the Infor­
mation provider's
stored Information.
Updates may be digi­
tized speech or entire
applications (i.e., digi­
tized speech, script,
and databases)
transmitted from an
application develop­
ment system.
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information, entertainment, and transaction applications
that are directed primarily at the business-to-business or
business-to-consumer markets.Through the InfoWorx
services, AT&T is able to sell, develop, and operate a
customized interactive-voice application associated
with a business' 800- or gOO-number service on a pay­
by-minute basis. The InfoWorx interactive-voice ser­
vices reduce barriers for businesses to enter the
interactive-voice arena.

Along withAT&T Voice Mail, the InfoWorx

interactive-voice services haverequiredthat AT&T
develop a network-based capability forhandling such
interactive-voice services. As its network platform for
the delivery ofthe InfoWorx andAT&T Voice Mail
interactive-voice services, AT&T has developed and
deployed the Enhanced Services Complex (ESC). The
remainderofthis paperwill describethe ESC and the
technical architecturesthat allowed AT&T to introduce
thousandsofnetwork linesofcustominteractive-voice
servicesin less than a year.
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Figure 4. ESC call architecture for voice­
messaging services. (a) Message recording and
retrieval, and (b) message forwarding stage for
voice mall. ATaT Voice Mail service permits a
caller to store a speech file in the ESC voice
mailbox of the person being called. Later, the
mailbox owner cails In to retrieve messages or
create new ones to be forwarded to other mail­
box owners. Message forwarding may Involve
data transmission of voice messages from one
ESC site to another.
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The ATaT Enhanced Services Complex
The Enhanced Services Complex (Figure 2) is

the network-based platform forAT&Ts InfoWorx and
Voice Mail interactive-voice service offerings.

An ESC is a collection ofswitching, speech
processing, and computer equipment located within a
service nodeat the edge ofthe AT&T switched network.
(At the edge ofthe network refers to the standardinter­
faces to our core network. These adjuncts answer calls
that havepassedfrom a callerto the LEC, through the
AT&T switched network to its terminating "edge.") The
ESCs are networked to provide enhanced voice and data
services through standardized interfaces intopublic
switched networks. These services will permitcallers to
interactwith and manipulate various typesofaudio infor­
mation stored in the ESC.

ESCs provide interactive-voice services via
AT&Ts tariffed nodal services including the Megacom"
800, Multiquest", and Megacom telecommunications
services and the SDN. The ESCs are interconnected with

the AT&T switched network throughtariffed interfaces,
such asTl facilities with ISDN primary-rate interfaces.5

[ISDN is the Integrated Services Digital Network. In
NorthAmerica andJapan, primary-rate ISDN provides
23B+D,or twenty-three 64-kb/s (kilobits per second)
circuit-switched channels (23B) andone64-kb/s signal­
ingchannel (D). The Bchannels, also called bearer chan­
nels, carry the users' or customers' information (i.e.,
voice, data, andvideo signals). The D,or data, channel
carriesthe network's control andsignaling information.
In Europe, the primary-rate arrangement is 30B+D.]

ESC Applications. Acustomer application consists
ofvoice scripts, digitized speechfiles (i.e., the voice
responses), application-specific databases, andcustom­
ized software. To identify the application beingcalled,
AT&Ts ESC uses a dialed-number identification service.

The callflows (i.e., the pathsfollowed bycalls)
that involve the ESC depend on the type ofinteractive­
voice service application beingaccessed (i.e., informa­
tion, messaging, or transaction service applications).

AT&T TECHNICAL JOURNAL. Sr:ITEMBER/OCTOBER 1990
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Figure 5. ESC call architecture for transaction services.
Transaction applications access databases on the informa­
tion provider's host computer. Because the ESC converts
the call protocol (I.e., the Touch-Tone Input and VRU voice
responses) Into the data protocol of the host computer, it
can act as a pseudo-agent.

For an information distribution and entertain­
ment service (Figure 3),callscome intothe ESC from
either Megacom 800 or MultiQuest 900 telecommunica­
tionsservice and terminate on the voice-response unit.
The voice-response unit interacts with the callerthrough
speechannouncements, and accepts Touch-Tone signals
from the caller's telephone.

All information is stored in the voice-response
unit. For these services, particularly those that provide
news, sports scores,and so on, it is critical that the ESC
allow the information provider to makefrequent updates
to the stored information, These updates are either digi­
tized speechor entireapplications (digitized speech,
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voice scripts, and the application's databases) transmit­
ted from an application development system.

For example, each day, a horoscope service
would require12newphrasesofspeechfrom the infor­
mation provider. ESC technology allows the information
provider to place a voice callintothe ESC, recordthe new
phrases, listento themto assure their quality, and then
havethem distributed automatically to the Conversant
voice-information systems that are answering the ser-
vice's incoming calls. '

AT&T Voice Mail is the Esc-based, voice­
messaging service (Figure 4).This service involves an
initial call, duringwhich a callerstores a speechfile in
the ESC voice mailbox ofthe personbeingcalled. Later,
the mailbox owner cancallinand retrieve his or her
messages, as well as createnewmessages to be for­
warded to other mailbox owners. The message­
forwarding capability may involve datatransmission of
the messages from the voice-response unit inone ESC
site to the unitat anothersite.



Transaction applications (Figure 5) accessdata­
bases that are external to the ESC. Because the data
changescontinually and usually is proprietary to the
information provider, the databases must remain on the
information provider's host computer. Asa result, the
ESC mustconvert the protocol ofthe application's Touch­
Toneandvoice-response interaction with the callerinto
the dataprotocol requiredby the information provider's
host computer. This dataprotocol is usually the one used
bythe human-agent terminals that are connected to the
information provider's host.The ESC'S ability to act
automatically as a pseudo-agent is extremely valuable to
interactive-voice service customers.

Although the call flows differ greatly among the

Figure 6. The ESC architecture will permit AT&T to offera
varietyof voiceand data services using equipment located
in AT&T central offices. The digital switch routes Incoming
calls to andfrom the ESC's speech and data processing
equipment. VRUs encode or decode speech outputs In
response to a caller's Touch-Tone signals, and convert
Incoming messages to digitized speech for storage.

three typesofapplications (i.e., information distribution,
voice messaging, andtransactions), there are many
advantages to a common platform forprovisioning
enhanced network services. These advantages include:
- Reduced accessandegress costs, compared to solu-

tionsthat use premises-based equipment.
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- The platform supportsmultiple services whose busy
hours do not coincide, which results in traffic
efficiency.

- Common administration ofmultiple applications pro­
ducesefficiencies inoperations administration and
maintenance (OA&M).

- The networked ESCs provide redundancy andfault
tolerance, which are not normally included in
customer-premises solutions.

- Standardization andfaster turnaround ofaudiotex
applications. Because the platform is already in place,
only the software need be added.

- The ESCs supply technology andfacilities that many
information providers are not interestedin purchasing
for themselves becausetheymaylackexperience,
havecapital constraints, and so on.

- The platform provides a mechanism for quickly intro­
ducing newtechnologies intothe marketwithout
affecting the core network.

The remainder ofthis paperdescribes AT&T's
ESC architecture andfeatures, and emphasizes the tech­
niquesused to provide fast application development for
ESC customers.

ESC Architecture. The ESC provides an enhanced­
services architecture that will permitAT&T to offer a
variety ofvoice and dataenhanced services, usingequip­
mentlocated inAT&T centraloffices.

Whencollocated with the 4ESS™ tollswitch, the
ESC will consistofa variety ofcustomer-premises-like
equipment (Figure 6). For example, the ESC maycontain:
- Digital switching equipment, suchas a PBX, that will

route incoming calls to andfrom the appropriate
speech- or data-processing equipment within the ESC.

- Voice-response units to provide encoded or digitized
speechoutputs in response toTouch-Tone signals.
The voice-response unitswill also recordincoming
messages, convert them to digitized speech, and store
the speech.

- Application processors that will provide call­
processing control ofthe digital switch, control the
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dataenhanced services and, ingeneral, control the
other ESC equipment necessary forenhanced-services
functions.

All the Esc-based equipment will be interconnected
througha local-area network that will alsobe located
within the ESC. Operations supportsystems provide pro­
cessorand switch surveillance andtrouble tracking and
reporting. These systemscan identify major, minor, and
critical alarms and implement the appropriate mainte­
nance procedures.

The interactive-voice services applications that
existtoday makeprimary use ofthe voice-response
units, PBX, operations support systems, and local-area
network. To be specific, the basicbuilding blocks used
forthe ESC are the:
- AT&T Definity telecommunications systems
- AUDIX Voice Mail systems
- AT&T Compul.ert" computer administration and

maintenance system (i.e., the operations support
systems)

- Conversant voice-information-system VRUs
- Ethernet local-area networks.

EachConversant voice-information systemis
anAT&T 6386 WGS computer with circuit packsfor
eitherTl trunks or standard telephone lineinterfaces.
The AT&T 6386 WGS runs the UNIX System V/386
operating system. The Conversant voice-information
systems are connected togetheron an Ethernetlocal­
area network at 10Mb/s (megabits per second) for
collecting call-detail information, updating the applica­
tions, andgenerating reports.

Sixvoice-response unitsare installed in each
voice-response frame (i.e., cabinet). In our current
configuration, certain voice-response unitsprovide the
application-processor function ofinformation collection,
and the scriptand speechadministration forthe ESC.

The exactconfiguration ofthe ESC components
depends on the answers to the following questions:
- Doesthe application requiretransferofthe call to a

humanagentor attendant?
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- Doesthe application requireaccessto an external host
computer?

- Doesthe application requirededicated voice mail-
boxes?

For 800- andgOO-number applications whereallthree
answers are no (Figure 7), the voice-response frames are
connected directly to the 4ESS toll switch with 12T1
facilities (2 T1 trunks per voice-response unit). Because
ofthe large numberofvoice-response frames, Ethernet
repeatersare used,one repeatersegmentper frame.
This reducesthe effect ofa local-area-network failure on
anysegment. These systemsare currently in the ESC
sites in Houston, Texas, and St.Louis, Missouri.

Forapplications that requirecalltransfers to
humanagents, a Definity telecommunications systemis
usually used (Figure 8). Here,the voice-response units

Figure 7. ESC architecture for information distribution and
entertainment services. Voice-response frames are con­
nected directly to the 4ESS toll switch using T1 facilities
(two T1 trunks per VRU). The use of one Ethernet repeater
segment per frame reduces the effect of a failure on a local­
area network segment.

connect with telephone linesto the PBX that, in tum,
connects to the 4ESS switch overT1facilities. For appli­
cations that requirehost access, the voice-response units
are connected on DDS (digital-data service) private lines
to the information provider's host computer. Usually,
these applications also requirecalltransfers to human
agents. Mostofthese systemsare in the ESC sitesin New
York, New York, andSanFrancisco, California.

ForAT&T Voice Mail, the Definity telecommuni-
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Figure 8. ESC archi­
tecture for attendant
transfer and host
access. For call
transfers to an atten­
dant, the ESC Is con­
nected on T1 trunks
to the 4ESS switch.
For host access, the
VRUs are connected
on DDS private lines
to the Information
provider's host corn­
puter.
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cationssystems and AUDIX systems are configured as
illustrated in Figure 9.The use ofthe AUDIX system as
the voice-response unit provides voice store-and-forward
compatibility withanyAUDIX system on the information
provider's premises.The ESC equipmentfor AT&T Voice
Mail is also in NewYorkand San Francisco.

ESC Features. AT&T's ESC platform provides the
following features for interactive-voice services:
- Voice encodingand decoding at 32kb/s using

adaptive-differential pulse-code modulation (ADPCM)
technology." The current ESC can support up to 65
hours of application speech. For voice-mail applica­
tions, lf-kb/s subband codingis used.

- Touch-Tone detectionwiththe capability to interrupt
voice announcements.

- Capabilities for interaction withan IBM host computer
using the SNATM 3270 networkprotocol. (SNA is a
trademark of International BusinessMachines, Inc.
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IBM's3270 synchronousterminalor cluster controller
system is an industrystandard.)

- Hardware redundancy.
- Automated operations, administration, and mainte-

nance.
- The option for customers to develop their ownapplica­

tions or have turnkey solutions provided. (Seethe dis­
cussionofthe application development environment in
the next section.)

- Largecapacity to handle simultaneous calls.
- Call transfer to human agents.
- Standardand customtraffic reports.
- Voice-mail storage and forwarding.

ESC Application Development Environment. Amajor
advantage ofthe ESC architecturejust described is that
the Conversant voice-information systemis the service­
providing equipment. Each Conversant voice-information
system can provide up to 48channels (2Tl trunks) of
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Figure 9. ESC voice­
mall architecture for
AT&T Voice Mall. The
AUDIX systems used
as VRUs provide
store-and-forward
compatibility with any
customer-premises
AUDIX system.

voice-response serviceand, by duplicating the hardware
and software (i.e., more Conversant systems are added),
the ESC can growas big as needed. Becauseofthis, a
development system is littlemore than a PCwithan 80386
microprocessor that is running UNIX SystemV/386 witha
single, telephoneline interfacecard and the voice-system
software for the Conversant speech processor.

In addition, a high-level application generator
calledScriptBuilder permits simpleinteractive-voice
applications to be developed by someonewitha minimal
amountof programming experienceor training. This
makes it possiblefor information providers to develop
and controltheir ownapplications on low-cost work­
stations, whileallowing them to provide serviceon
thousands oflineswith redundancyfrom the ESC.

Summary
The interactive-voice servicesmarket is now

growingrapidly witha widevariety of information, enter­
tainment, messaging, and transactionapplications for
both businesses and consumers.AT&T is playing a
majorrole in the development ofthis market through:
- Equipment sales
- Participation in large servicebureaus (currently,

American Transtech and Call Interactive)
- Establishmentofthe EnhancedServices Complex as

a platform for provisioning interactive-voice services in
the AT&T switched network.

Although it currentlyis limited to applications
that employ Touch-Tone signalsandvoice response,the
ESC will be evolving overthe next year to include capa­
bilities for speakerverification, speech recognition, and
facsimile transmission. Through a common architecture
and application structure, the ESC provides the technol­
ogyto permitAT&T to provide a wide range ofvoice;
voice and data; and eventually data, image, andvideo
services-with the time to develop and deliver these
servicesmeasured in months rather thanyears. It is an
important step alongthe evolution path to the Informa­
tionAge.
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