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The user-interface architecture is a framework for
defining the components ofthe user interfaces toAT&T
products and services and for developing standards and
software tools to ensure that those interfaces are con­
sistent, attractive, and flexible. Thispaper describes the
user-interface architecture, its purpose, and some exam­
ples ofuser-interface standards thatcompose it.
Introduction

The variety andbreadthofAT&T's products andservices pose
a challenge to user-interface design. Theyspanthe rangefrom basic
telephony to workstation applications, from stand-alone products to
network services, and theyservecasual users andexperts, general
users and administrators. Every product or service has a user inter­
face; no oneuser interface or user-interface style canmeetthe diverse
needs ofallofthem. Atthe sametime, there is a recognized needfor
somelevel ofconsistency and coordination in the design anddevelop­
mentofAT&T user interfaces. Arbitrary differences in user interfaces
increase development costs, impede product interworking, andfrus­
trate users.The goalofthe AT&T user-interface architecture is to pro­
vide a basisforcoherence andcoordination in user interfaces, while
recognizing the distinct needs ofdifferent products and services. The
AT&T user-interface architecture provides a framework fordefining
the components ofthe user interfaces to AT&T products and services,
andfor developing standards and software tools to ensure that those
interfaces are consistent, attractive, andflexible.

Acommon user-interface architecture provides a numberof
important benefits to users, customers, and developers.
- It makesproducts and services easierto use byensuring that similar

products andservices have similar interfaces. Auser who is familiar
with oneapplication within a set that shares a common user­
interface architecture caneasily learnto use other members ofthat
set. Forexample, a common user interface to different network
management systems makesthe task ofa network manager much
easier. With oneuser interface, the sameuser canmanage several
different network elements without having to learnandremember
different andperhapsconflicting rulesforinteracting with each.
Similarly, a standard way to enter basiccommands from a touch-
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tone keypad enables users to send and retrieve mes­
sageson different systemswithout confusion.

- It simplifies and improves the development process.
User interface designstandardsandcommon software
tools that implement them canbe reused to quickly
and efficiently develop newapplications. In addition to
the obvious benefits ofreusingcommon user-interface
software, user-interface standards promote savings in
development through reuse ofuser interface design
andhumanfactors decisions. The use ofa model that
separatesthe major elements ofthe user interface
from other application components can also helpto
insulate the user interface from other partsofthe
application.

- It helps to improve the generalquality ofAT&T user
interfaces byproviding a focus forthe definition, test­
ing,and implementation ofimportant user-interface
components andby allowing newuser-interface tech­
nologies and concepts to be introduced quickly across
different products. Concentrating design anddevelop­
mentefforts on a relatively small numberofbasicstan­
dard elements makesit possible to makemoreeffec­
tive use ofdesign anddevelopment expertise. It avoids
the need to constantly rediscover user-interface princi­
plesforeach newapplication.

Overview
The AT&T user-interface architecture defines

user-interface standards and tools to implement themfor
classesofAT&T applications. It includes standardsspeci­
ficto AT&T as well as externally defined standards. It is
organized around two basicconcepts: the model ofthe
user interface as a set of"layers" that mediate between
user andapplication, andthe ideaofuser-interface
"domains"-natural classesofapplications that share
common user-interface standards.

User Interface Layer Model. Figure 1 represents the
user interface as a set offunctional layers that mediate
the user/system dialogue. It canbe thoughtofas analo­
gous to the familiar layermodel fordatacommunica-
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tions. Just as that model provides a rational framework
fororganizing the flow ofinformation between applica­
tions throughstandards and protocols, the user-interface
model provides a framework fororganizing the flow of
information between user and system. Within this model,
the AT&T user-interface architecture defines common
functional standards forthe inputanddisplay ofinforma­
tion, andforthe structureofthe dialogue between user
andsystem.

The three main components in this model are
the physical interface, user input/output, and user­
intetface dialogue.

Physical interface. The physical interface refersto
the hardware devices throughwhich users andapplica­
tionscommunicate. Theyinclude terminals, keyboards,
touch-tone keypads, andcathode-ray tube (CRT) screens.

The common telephone terminal is a good exam­
pleofthe importance ofuser interface design at this level
and ofthe value ofcommon models and standards for
the physical interface. Standard telephone terminal fea­
tures include the layout ofthe touch-tone keypad, the use
offeature buttonsfor the "bigfour" enhanced features in
business telephony (conference, transfer, drop, and
hold), andthe use oflight-emitting diodes (LEDs) to
indicate information aboutcallor linestate.The exist­
enceofsuch standard terminal user-interface elements
allows the user to place calls andmanage enhanced fea­
tures without having to learnabouteach newterminal.

User I/O. The input/output (I/O) component of
the architecture is concerned with the way inwhich
applications collect inputfrom users andpresentoutput.
User I/O elements include formats, protocols, andcapa­
bilities forcollecting user inputandfordisplaying infor­
mation-including feedback, error messages, and
data-to the user.The user I/O component involves
both user-interface design standards and standard soft­
ware tools.

UserI/O standards dealwith such thingsas how
users enter commands; howforms andlistsare used and
represented; the designanduse ofgraphical user-
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interlace elements such as windows, icons, and menus;
andhowcommon typesofinformation such as mail
headers or directory entriesare displayed. This layerof
the user-interlace architecture plays the major rolein
defining an application's "look andfeel." Specific exam­
plesofuser I/O standardsin the AT&T user-interlace
architecture include the use ofthe touch-tone sequence
*H for requesting help invoice messaging applications,
and the use ofstandardmouseoperations select, adjust,
and menu in the Open Look'"graphical user interlace.

Whereappropriate, user I/O standards are sup-

portedby common software tools, which are designed to
makeit easyto develop applications implementing those
standards. Common user-interlace software tools make it
possible to provide consistent user interlaces to related
applications indifferent products or distributed through­
out a network.

Perhaps the best example of common user­
interlace software toolscomesfrom the area ofgraphical
user interlaces. Within the AT&T user-interlace architec­
ture, the XWindows'" system! andassociated software
standards and tools provide a common software basefor
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developing graphical user interfaces. (X Windows is a
trademark of the Massachusetts Institute ofTechnol­
ogy.) The XWindows systemprovides a standardframe­
workforbasicgraphical user-interface functions, such as
collecting user input, displaying output, andmanaging
windows.

Byitself, the XWindows systemdoesnot not
define the detailed appearance or operation ofthe user
interface-it doesnot specify a particular lookandfeel. It
allows application developers a great dealoffreedom in
the design ofgraphical user-interface objects (suchas
windows andbuttons) and in the definition ofuser I/O
operations. User interface "toolkits" builton top ofthe
XWindows systemprovide easymeansforimplementing
specific user-interface designs. These toolkits both sup­
port and enforce specific user-interface standards.

In addition to the basicXWindows system, the
user-interface architecture includes the Open Look
graphical user-interface standard, which specifies details
ofappearance and operation (thelookandfeel) forAT&T
UNIX® system-based graphical user interfaces and soft­
ware toolsthat implement the Open Look standard. Addi­
tional, specialized toolkits are defined for otherAT&T
application domains, such as network management,
described below.

User-interface dialogue. The dialogue component
ofthe user interface dealswith the overall structureof
the interactionbetween a user and a productor service
andwith the sequencing and interrelations ofthe user­
interface functions and components. The user-interface
dialogue is analogous tothe flow ofconversation between
two people.

For example, in a telemarketing application, if
the task is to specify howincoming callsare to be han­
dled, the overall model could be one ofbuilding a tree,
with the nodesrepresenting various decision factors,
such as timeofdayor areacode, andvarious calltreat­
mentssuch as playing an announcement, putting a callin
a queue, or routing to an attendant. Structuring allcall­
routing tasks around tree building would provide part of
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a common dialogue model forthat classofapplications.
Asanotherexample, a network management

application canbe structured so that the graphical repre­
sentation ofthe network map is the basic starting point
forallinteractions-the "main menu" in a sense.The net­
workmapthen becomes the user-interface component
around which the rest ofthe dialogue is structured.

Otherexamples ofthe user-interface dialogue
componentare the organization of and navigation
throughmenusystems, whenandhowto provide dial
through anddialahead invoice information services, the
way inwhich help features are provided, and rulesfor
whenuser commands should be confirmed.

Domains. Asnotedin the introduction, no single
user interface is appropriate for allusers andforall
AT&T applications. Whethertwo applications should
provide similar user interfaces and adhereto the same
user-interface standards depends on manyfactors,
including the similarities in their user populations and
their functionality, their interactions with eachother,the
likelihood that a user ofonewill also use the other,
and-most importantly-the benefits ofuser-interface
similarity to their users.Whentwo-element management
systems are likely to be used by the sameperson they
should provide consistent user interfaces. It is less obvi­
ous that there is a needforgreat similarity between a
management application and anelectronic mail applica­
tion. Onthe other hand, it seemsdesirable to makethe
user interfaces to electronic mail andvoice mail as simi­
lar as possible.

Onthe basisofthese considerations, the user­
interface architecture currently addressesfourdomains:
network management and system administration, store­
and-forward messaging, interactive information services,
andbusiness telephony. In eachofthese domains, multi­
pleproducts andservices provide similar functions for
similar user populations. Users, designers, anddevelop­
ers benefit whentheir user interfaces operate similarly,
share common design features, andmakeuse ofcom­
moncomponents.



Physical
interface ••• ~I UNM

workstations

User I/O
and dialogue

c=::J~ c:::::J c=::J I
II

t:::::I t=::I~ D

I~I
I I

t=:I ~ ~ ~ c=:J

UNM user­
interface
design

standards

Figure 2. Unified net­
work management
user interface.

I

I UNM user-interface too~

I Open Look software tools

I X Windows system

UNIX system

User­
interface
software

13

The AT&T user-interface architecture has been
used as a framework for defining user interfaces in sev­
eraldomains. The following sectionsillustrate the way in
which the architecture supportsunified user interfaces
for two domains: network management and administra­
tionand store-and-forward messaging.

The Unified Network Management User Interface
The systemsrequiredto managea communica­

tionsnetwork represent a cleardomain inwhich a com­
monuser-interface architecture makessense. Regardless
ofthe particular productsand services, there are strong
similarities in their user populations and in the tasks that
network managersperform-performance monitoring,
trouble tracking, accounting management, network plan­
ning, etc. In addition, the workoften requires the same

personto use several different network management sys­
tems.Acommon user interface can makethe jobeasier
and moreeffective.

The unified network management user interface
is the part ofthe user-interface architecture that deals
with network management applications. It provides the
basicframework for user interfaces to AT&T network
management productsand services andis a major com­
ponentofthe overall AT&T unified network manage­
ment (UNM) architecture.' Figure2 illustrates the com­
ponentsofthe unified network management user inter­
face. They include workstations, a set ofdesign stan­
dards andsignatureelements, and a set ofsoftware tools
that implement the standards.

The UNM workstations are the physical inter­
facecomponent. They supporthigh-resolution bit-
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mapped graphics and user interaction viaboth keyboard
andmouse. Restricting the variety ofworkstations makes
it easier to develop consistent user interfaces, decreases
development costs,and makesit possible to planuser
interfaces that allow customers to move from low-end to
high-end workstations, as their needsevolve, with max­
imumcontinuity in the user interface.

The UNM user-interface design standardsand
the corresponding software tools that supportthem pro­
vide the user I/O anddialogue components ofthe inter­
face. The design standardsspecify genericuser-interface
features, such as the appearance and operation ofwin­
dows, menus, andforms, and the way inwhich a mouse
is used, as well as features specific to network manage­
mentapplications, such as the representation ofnetwork
maps and alarms andthe use oficons to representnet­
workelements. The standardsalso specify the dialogue
component by describing the division ofnetwork man­
agement applications intotasks andmethodsfor access­
ingtasks. The resultis a family ofnetwork management
products and services with user interfaces that lookand
act similarly and are tailored to meet the special needsof
a particular application domain.

Userinterface software supports the design stan­
dardsbyproviding common software tools for implement­
ing the elements they define. Forgraphical user interfaces
basedon the UNIX system, there are two levels. The X
Windows systemis the genericbase onwhich special
software toolsor toolkits are provided that implement
the network management user-interface standards.

Like the designstandards, these toolsinclude
bothgenericandnetwork-management-specific ele­
ments. Generic elements include tools forcommon fea­
tures such as windows, menus, buttons, scroll bars, and
command lines. Network-management-specific tools pro­
vide standardiconsfornetwork elements and a standard
network map.

The Unified Messaging User Interface
Electronic messaging, including electronic mail,

voice mail, automated attendant services, andfacsimile,
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has emerged as a major businesstool ofthe information
age.The unified messaging user interface forstore-and­
forward messaging products andservices is a second
example ofhowa common user-interface architecture
canhelpunify and improve the user interface foran
important application domain.

The concept ofunified messaging promises a
seamless integration ofmessaging acrossproducts,
devices, andmodalities.' Acommon user interface is
necessary to bindthe various components together.
Transparency at the user-interface level is as central to
the concept ofunified messaging as is transparency at
the level ofdatatransfer. Anexample ofa unified mes­
sagingfeature which is also an important user-interface
elementis the virtual mailbox, which provides a single
point ofcontact for sending andreceiving electronic mail,
voice mail, coverage, facsimile, andotherforms ofmes­
sages. Figure 3 illustrates the elements ofthe unified
messaging user interface. The goalofthe user-interface
architecture forthe messaging domain is to createuser
interfaces that are compatible acrossterminal devices
(basic telephone, display phone, PC, or workstation),
messaging modalities (e.g., voice mail, facsimile, elec­
tronic mail), and different products andservices.

Standards for touch-tone telephone-based user
interfaces are a keycomponent ofthe user-interface
architecture forunified messaging. Touch-tone
telephone-based user interfaces are important formes­
sagingbecause ofthe ubiquity ofthe telephone, which
provides universal accessto messaging, andbecause of
the roleofthe telephone terminal in the interfaces to
voice messaging andfacsimile.

Messaging applications that use a telephone for
the user interface differ from screen-based human­
computer interfaces in important ways because ofthe
limited natureofthe telephone as an input andoutput
device. The touch-tone telephone constrains user input
to the set of12dial-pad buttonsandtheir associated
dual-tone, multifrequency (DTMF) signals. Another con­
straintcomesfrom the auditory presentation ofinforma­
tion, which requiresmenus, lists, anddialogues to be



Unified
virtual

mailbOx

15Personal
administration

*L Lists
*0 Options

.....
<,

......
<,

......
<,

List manipulation
* 1 Firstitem
*B Backup
*OOelete
# Nextitem

Syntax
*Communicatlons
introduction

*Terminate; next

*H
Help

servicecontrol
* R Restart
* TTransfer
* WWait**X Disconnect

Message
light

F1 F2 1 F:homxclshl messaging
CREATE

2 F:arch3lrelDirectory U1
F3 F4

F5 Fe Out

F7 f8
1 T-Staff Lundt Meeting

Mar30T

F9 F10

, i

In

.-a
~,. ,
I ,

I "/ -, Limited
I "display

II "" standards

/ "/ ,
/ "

I '
/ "

Physical
interface

UserI/O
and

dialogue

designed withspecial attention to the limitations of
humaninformation processing for sequentially presented
information.

The AT&T touch-tone user interface helpsinte­
grateAT&T's messaging services byproviding a com­
monuser interface to functions that are common across
different messaging applications. Once learned, this com­
moninterface allows the user to concentrate on retriev­
ingandmanaging messages, rather than on the special
set ofcommands and procedures neededfor each ser­
vice. The touch-tone user-interface architecture includes

Figure 3. Unified messaging user-interface components.

standards foruser input, systemresponses, anduser/
systemdialogue. Specific guidelines ineachofthese
areasare designed to helpovercome the limitations of
the touch-tone telephone as a terminal device.

Aset of"core" commands forAT&T messaging
products and services that employ a touch-tone dial pad
foruser inputprovides a common user interface to basic
messaging functions, suchas retrieving andmanipulat­
ingmessages andgetting assistance. Eachcommand has
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a unique touch-tone buttonsequence. Eachcommand
starts with the character*followed by a characterthat
representsthe nameofthe command, for example, *D
(or *3) for delete and *H (or *4) forhelp. The core com­
mands allow users to requesthelp, navigate throughlists
andmenustructures, saveand deletemessages, etc.
Their mnemonic designmakesthem easyto remember.

The touch-tone user interface also includes stan­
dardsandguidelines for:
- Entering data (dates, yes/no responses, alphabetic

information)
- User assistance (presentation ofhelpmessages)
- Presentation ofprompts and menus
- Useofdial throughand dial ahead.

Standards forworkstation-based messaging
interfaces-includinguse ofwindows anddisplay ofmes­
sageheadersand addresses-are also beingdeveloped.

Conclusion
Asthe preceding examples demonstrate, the

AT&T user-interface architecture provides an effective
way to organize user-interface designand development
by identifying natural domains foruser-interface consis­
tency, andby providing a framework fordefining the
essential elements ofcommon interfaces.

The use ofthis model has already helpedto
createhigh-quality, consistent interfaces for network
managementand messaging products. In the future, the
AT&T user-interface architecture will be extended by
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adding domains and bytaking advantage ofnewuser­
interface technologies. Otherdomains inwhich the same
approach canbe applied include user interfaces to
enhanced features forbusiness telephony and informa­
tionservices. Examples ofnewtechnologies include (1)
higher-level tools to makethe design ofuser interfaces
easierandprovide greater separation between the devel­
opment ofthe user interface andother aspects ofapplica­
tionsand (2) hypertext style technologies.
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