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Evolution of
Global Key-System Platforms

In this paper, we examine the processes usedto globalize AT&T's small
keysystems, recounting the experiences ofthe AT&T Partner"keysystem
development team from AT&T Global Business Communications Systems.
We tracea product history where a strong North American market has been
the tradition. To meetthe challenges ofa global market, the development
team elected a two-phase approach: product reuse andcustomized develop­
ment. Reuse includes using existing products andcreating new products
from partsofexisting products. Customized development has evolved in
three stages: First, being well versed inthe design ofkeysystems for the
United States, the development team applied itsknowledge and that of
AT&T's other international organizations to redesign existing products to
meetimmediate, global business needs. Many near-term choices were
made to meetcustomer needsandreduce risk. Next, the team examined
strategies for developing global platforms. It addressed issues ofa shorter
development interval andefficient manufacturing. Finally, the team applied
this knowledge to gain efficiencies in design andmanufacture. It sought the
rightbalance ofplatforms andcompatibility to meet the needsofinternal
andexternal global customers.

Introduction
AT&T Global Business Communica­

tionsSystems productlineofPartnerkey sys­
tems wasinitially developed in 1989 for small
businessesin the United Statesand Canada.
Throughoutthe product's history, a strong
NorthAmerican markethas been the tradi­
tion. This market is characterized bylarge
volumes ofproductthat meet one set ofstan­
dards. In contrast, international productsare
soldin smallervolumes and mustmeet differ­
ent standardsin each country. Thus, inJan­
uary 1990, the Partner systemproductteam
from AT&T Global Business Communications
Systems faced newchallenges whenit
becameresponsible for the globalization of
small key systems. (Panel 1 defines terms
and abbreviations used in this paper.)

To meet these challenges, the team
membersfollowed two approaches: product
reuse and customized development. Reuse is

characterized bythe:
- Useofexisting products without modification
- Interchange ofparts ofexisting products to

create newproducts.
Customized development has evolved in three
stages:
- Build an international design bymaking

incremental changesto existing Partner
systemproducts to meet immediate busi­
ness needs. Although well versedin the
designofU.S. key systems, the members
ofthe teamsought designknowledge from
other international organizations inAT&T
to solve specific problems. The teammade
many near-term choices to meetcustomer
needs and reduce risk.

- Examine strategiesfordeveloping global
platforms after the knowledge base had
grown sufficiently. The teambuilta library
ofTypeApproval requirements andfea­
tures that wasused to determine the scope
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Panel 1. Abbreviations, Acronyms, and Terms

CO- centraloffice
codec- coder-decoder
CPU - central-processing unit
development team- engineersin Middletown, New

Jersey, whoare responsible for productdevelop­
mentincluding systemsengineering, software
design, control-unit or telephone-set electrical
design, physical design, and systemsassurance

ESD - electrostatic discharge
ETR - enhancedtip-and-ring
keysystem- a smalltelephone switching system

that allows several telephone linesto be connected
to a numberoftelephone sets that use keys or but­
tons to select the linesdirectly

PBX - private branchexchange
product team- core teamconsistsofthe develop­

ment teamand representatives from productplan­
ning, productmarketing, and productmanage­
ment. Extended productteam adds representa­
tivesfrom services, technical support, and
manufacturing.

R&D - research and development (Le., the develop­
mentteam)

ROM - read-only memory
Type Approval - the processthrough which a

government agency in a countryensures
certification ofa productto the local regulatory
standardsfor productsafety and electrical compati­
bility. These standardsand the approval process
varyfrom countryto country.

ofbroader,global platforms. The platform strategy
addressedthe goalsofa shorter development interval,
fewer unique productcodes, and efficient manufactur­
ing through the use offlexible hardware and software
designs. (Type Approval is the processwhereby a gov­
ernmentagency ensures certification ofa productto a
country's regulatory standardsfor productsafety and
electrical compatibility. The standardsand the process
through which approval is grantedvarysignificantly
among countries. The library is a collection ofinforma­
tionaboutTypeApproval standards.) In this issue, the

paperby Heirman, Crosby, andSmith discusses!
mandatory productstandards.

- Apply the knowledge and use the strategies to design
and manufacture Partner systems efficiently forglobal
markets. This stage involved finding the rightbalance
ofplatforms and compatibility that still allowed the
teamto meet the needs ofglobal customers within and
outside the company.

The customized development ofcontrol-unit hard­
ware, telephone-set hardware, and software has evolved
through these three stages to a set ofglobal platforms.
This paper is a studyofthe globalization processand sum­
marizes the team's experiences with the process.

The North American Product
Figure 1 is a family portraitofthe global product

lineofPartner systems.
The smallest memberofthe Partnersystemfam­

ilyis a 206 module, a digital switch that supports two
loop-start, central-office linesand sixenhanced tip-and­
ring (ETR) ports.This unit, which appears on the far left
in the photograph, is self-contained; i.e., it includes its
own power supply. This Partner systemcan operate
alone, or it can be combined with another206 module
usinga backplane connector to provide a maximum
configuration offourcentral-office linesand twelve sta­
tionports. (Thetwo-module unitappears on the upper
leftin Figure 1.)

The Partner Plussystemconsists ofa cabinet
that can accommodate up to fourofthese 206 modules
and has a separateprocessormodule foradditional func­
tionality. Its maximum configuration is 8 central-office
linesand 24ETR station ports. (The PartnerPlussystem
is at the topcenter ofthe photograph.)

The Partner II systembuilds on the PartnerPlus
systemby addingan expansion processormounted in a
secondcabinetto supporta maximum configuration of
16central-office linesand 48station ports. Or, if a four­
line module is used,a square configuration canbe
achieved witha maximum sizeof24central-office lines
and 24station ports.The Partner II systemis at the right
in the photograph.

The ETR station ports supportthe proprietary,
multiline AT&T Partner systemtelephones, as well as
industry-standard tip-and-ring devices-such as single­
linetelephone sets, facsimile machines, credit-card
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Figure 1. The global product line. Multiline,
Partner system telephone sets appear in the
center and in the front row of this photograph.

On the left is a 206 module, the smallest
Partner key system, which supports two
central-office lines and six enhanced tip-and­

ring (ETR) station ports. This self-contained unit
can operate alone, or be combined with another
206 module (upper left) to provide up to four
central-office lines and twelve station ports.

The Partner Plus system (top) uses several
206 modules plus a separate processor module
for additional functionality to support up to
8 lines and 24 station ports. The Partner II sys­
tem (right) adds an expansion processor and a
second cabinet to support 16 central-offlce lines
and 48 station ports. If four-line modules are

used, its maximum size is 24 central-office lines
and 24 station ports.

readers, and modems. The tip-and-ring devices connect
directly without adapters. In addition, the Partner system
is the first in the industry to supportboth set types
simultaneously on the samephysical control-unit port.
This is accomplished usingpatented portcircuitry and
a simple bridging connector.

Bybuilding on its experience with the develop­
mentofAT&T's Merlin" keysystem, the Partner system
product teamhad a goodunderstanding ofthe needs of
small-business customers in the United States. These
customers need a reliable telephone systemthat is easy
to use and relatively low in cost. Because these custo­
mers are so sensitive to productand service costs, the
teammadedesign decisions and tradeoffs to keep the
costofthe delivered U.S. productto a minimum. To
achieve this objective, the Partner systemwasdesigned
to be veryfunctional with only a few different modules.

The design goalswereto makePartnersystems:
- Easyenoughto install that customers could install

the systemthemselves
- Easyto repairto keep servicing costs low
- Easyto use to keep training costs to a minimum.
The basic Partnerkeysystemhas only a few user­
programmable options. Although the PartnerPlusand
PartnerII systemshave largerfeature sets and are more
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flexible, providing moreprogrammable options, they,
too, are easyto install, repair, anduse.

All the Partnersystemsare programmed from
a proprietary Partner systemtelephone set. In addition,
a customer who has difficulties with programming the
systemcan dial a toll-free numberand be talked through
the procedures by technical support personnel at Global
Business Communications Systems' National Service
Assistance Centerin Englewood, Colorado.

The Partnersystems, which are designed spe­
cifically forthe small-business marketin North America,
havebeen well received bycustomers in that market. Cer­
tainfeatures, such as the dial plan, were optimized foruse
in the United Statesandare not necessarily a good match
forglobal markets. In addition, the systems were designed
to meet:
- North American ac(alternating current) power standards,
- The FederalCommunications Commission andCana-

dian Department ofCommunications rulesforconnec­
tion to the public telephone network, and

- Underwriters' Laboratories and Canadian Standards
Association requirements foruser safety.

These standardsdo not strictly align with other interna­
tional standards, such as the signaling and transmission
characteristics ofnon-U.S. telephone networks, the



International Electrotechnical Commission 950 standard
for user safety, or the predominant use of220-Vac
(volts ac) poweroutside North America.

Beyond the North American Market
The Partner systemproductteam has followed

two approaches as it has advanced the evolution of the
Partner systemto a global presence. Oneapproach has
been to reuse existing productswithout modification
whenever possible. The secondapproach has focused on
customized development for specific international mar­
kets, expanding and building on existing products.

Product Reuse. The first approach followed in
pursuitofa global presencehas been to achieve more
marketgain with little or no change to existing products.
The productteamhas identified numerous markets
whereexisting versions ofthe Partner systemsmight
meet the local standardsand customerneeds.

"Asis"has becomethe paradigm for this activ-
ity, and the standard U.S. producthas been introduced
successfully in many countriesincluding Taiwan, Mex­
ico, Ecuador, CostaRica, Panama, and Bermuda. In addi­
tion, a version of the Partner systemproductdeveloped
forItaly wasfound to workwell in eastern and southern
Europe. For example, customers in Hungary, Poland, the
Czech Republic, Bulgaria, and Greece havebeen ableto
use this secondproduct. Athird productexpands on these
two by merging components ofthe NorthAmerican prod­
uctwith the 220-Vac power-supply module developed for
Italy. Withthis product, wehavebeen ableto take advan­
tage ofopportunities in SouthAmerica, the Far East,the
Middle East, andAfrica-e.g., in Chile, Singapore, Thai­
land, Saudi Arabia, Kuwait, Egypt, and Ghana.

The availability ofpotential newmarketsfor the
Partner systemsin other countries has alsocreated new
challenges. While the product'sfeatures and capabilities
may appearhighlydesirable fora given local market, the
introduction ofthe productin the country often demands
efforts and solutions that are not requiredfor the U.S.
market. Onechallenge for the Partner systemproduct
teamhas been howto maintain comprehensive support
for the local customerwith technical supportfrom Gen­
eral Business Communications Systems' U.S.-based R&D
organization. Cultural diversities, language and accent
barriers,and longerdelays for information exchange are
factors that affect the level ofsupportthat can be

provided viafacsimile, telephone, or the rarely available
electronic-mail medium.

Another challenge for the development teamhas
been to verify that the productcan interface correctly
with the country's telephone network. This process has
been difficult becausemembersofthe teamoften cannot
be present to conductthe tests.

The key mechanism for determining the tech­
nical compatibility and user acceptability ofthe product
for a given market is the international field-trial process.
This processconsists ofan extensive set ofactivities that
rangefrom gatheringtechnical and environmental data
to evaluating the results ofa series oftests.

Engineers from the local distributor's organiza­
tionbecome familiar with the systemthrough the prod­
uct documentation and by consulting with the develop­
ment teamin the United States. Then, they perform the
tests outlined in afield-trial evaluation checklist anddocu­
ment the resultsfor analysis by the development team.

This processhas proved successful for testing
the product's technical compatibility with the local public
network beforeAT&T invests in the launchofa product.
It has alsohelpedto identify areas for enhancements in
the next generation ofproducts.

Customized Development. The productteam's
strategyto expand the Partner system'sglobal presence
has included opening newmarketswherecurrentprod­
ucts will not meet the regulatory standardsor customer
needs.The first opportunity forcustomdevelopment of
the Partnerkey systemsoutside NorthAmerica wasthe
result ofa Z0-percent equity purchaseofItaltel Telemat­
icain 1989 byAT&T Network Systems International.

To supportthe rapid development ofthe Part­
ner systemfor Italtel, a development teamwasformed
with one objective: quickly modify an existing key­
systemproductto meet the needs ofItalian customers.
To meet this goal, the membersofthe newly formed
teamadopted a "delta" approach to the project; i.e, they
tried to preserveas muchofthe existing U.S. product
as possible, and quickly learnwhatchangeswere
neededto achieve the schedule and development-cost
goalswhile stillmeetingcustomerexpectations. These
changesincluded ac power, switch transmission, and
feature operation (e.g., Italian-language display mes­
sages, improved tip-and-ring telephone support, and
privacy enhancements).
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To ensure the project's success,Italtel contrib­
uted five of its own engineerswhothen worked in the
United Stateswiththe development team.The assembled
team-its members newto the conceptofglobal design­
focused on the near-term needs ofthe Italian customers
and avoided radical productchanges that couldlead to
longer-term benefits, but witha longer schedule. The
resultingkey-system productmet the customer'sneeds
and becamea newPartner key systemplatform in its own
right. We have already mentioned some ofthe opportuni­
ties for reusing this platform beyond the Italian market.

Evolving Platform Requirements
The need for customdesignshas brought with

it the need to streamline the development process.By
maximizing the reuse and overlap ofplatforms, R&D
resources are optimized, reducingdevelopment costs
and the time to market.

Atotally different versionofthe productcould
be designed to meet the standardsand requirementsof
each country (aswas donefor the Italian product). How­
ever, the team decided to identify a superset ofrequire­
ments and use them to designplatform productsthat
would meet the needs ofseveralmarkets.The intentwas
to align withand stayahead ofthe opportunities that the
productteamwas pursuingfor new-market development.
. To designa global product, requirementsin two

categories must be investigated:
- Local standards (i.e., powerstandards, transmission

requirements, and dialplans)
- Local tastes (i.e., software features, and physical

designofthe telephone).
If the first itemis not addressed, then the local safety
or governmentregulations would not permitus to intro­
duce the product intoa market. If the seconditemis not
addressed,we could introduce the productintoa market
but it might perform poorly compared to competing prod­
ucts.This is especially true for low-end, small-business
productssuch as the Partner system.

One complex task was to understandType
Approval requirementsfor the target markets, focusing
attention on those requirementswiththe widestrange of
values across the markets.The next step was to identify
the strictest safety standards and network-dependent
parameters from this group to ensure that the resultant
design would havewide applicability. The team beganby
networking withother AT&T organizations that were
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involved in the designofglobal productsandcompiling a
library ofapplicable international standards for keysystems.

Aspart ofthe investigation ofthe Type Approval
andfeature requirements for a target market, wesend an
existing platform-deemed to be a best fit-to a local
representative for evaluation. This person mustbe some­
one whoknows the country's regulatory requirements.
The feedback received and the knowledge gained about
TypeApproval regulations helps to determine the scope
ofthe modifications needed to designa systemfor that

. market. For the customized development for Italy, the
team alsohad the benefitofresident technical support
duringthe development phase.

Ready access to TypeApproval contacts and cus­
tomer representatives simplifies decision making and
ensures that the right productis being developed. This is
especially critical whereAT&T does not control the dis­
tribution channelor does not havedirectcontact with the
product'suser, but the productmust stillmeetAT&T's
standardsfor quality as perceived by allmembers ofthe
value chain, including the users.

Aswe investigated the requirements fortarget
countriesandfor countrieswithsimilar requirements in
the samegeographic area,we learnedmore aboutthe
parametersand requirementsthat weremost likely to
changefor different marketplaces. Fromthese,we identi­
fied a set ofparametersthat would haveto be modified
for each countryif the product is to interface correctly
withthe country's network and meet that market'sType
Approval requirements. To serve as platform products,
the Partner systemswould have to be designed so that
these parameterscould be alteredeasily whenwedevelop
the productfor a newmarket. This processofidentifying
the platform requirements has added timeto the develop­
ment schedules, but the ability to adaptthe platforms
quickly to newmarketshas outweighed the initial costs.

Because ofthe differences in feature require­
ments amongthe target markets and, more important,
in customerexpectations in different parts ofthe world,
it becameapparentthat there werefour distinct cus­
tomergroups:
- Northernand westernEurope
- Southernand eastern Europe
- NorthAmerica
- SouthAmerica, Central America, the Far East,and

the Middle East.
Each ofthese groups has certainstandardsand expecta-



tionsfor smallkey systemsthat differ fromthose ofthe
other groups.

Although it is technically possible to develop one
version ofthe productthat would be flexible enoughto
be marketed in each group, it would cost more than cus­
tomerswould be willing to payand would becomemore
difficult to install and use. Instead, wechose to develop
several platform products. (Forlarger systems, such as
the Definity" telecommunications system, where the
cost is not as critical a factor, we havebeen able to justify
a singleglobal platform.2)

Hardware Platforms
In the first derivative development ofthe Partner

system, i.e., the one donefor Italy, the schedulewasvery
important to the customer. Therefore, wechose an archi­
tecture that retainedmost attributesofthe U.S. systemin
terms oftelephonesets and controlunits. However, sev­
eral transmission parameterswere adjusted, and the
220-Vac powersupply was designedto meet Italy's Type
Approval requirements. This approach allowed us to go
from defining the system requirementsto shipping the
first units of the productin one year.

Sincethen, the productteamhas pursued a large
number ofmarkets withdifferent hardware require­
ments that have demandedmore-flexible platforms with
broader applicability. The driving forceshavebeen both
R&D and manufacturing efficiencies. Evolving to these
platforms has been a challenge becauseearlyversions of
the hardware (bothcentral control units and telephones)
for the Partner systemwere optimized for a single, high­
volume, NorthAmerican market,and international sales
are characterized by multiple marketswithlowervol­
umes. (Thedevelopers of the Definity systemused a
similar approach for its hardwareplatform')

Control·Unit Hardware. The goalhas been to
designplatforms that are veryflexible, yet appearto the
manufacturing group to be the same product. For exam­
ple,Figure2 showshowthe control-unit architecturehas
evolved. As time has progressed, later platforms have
subsumedthe functions ofearlierones. However, it has
notbeen the productteam's policy to discontinue the
older platforms immediately, primarily because ofthe
obvious additional workneeded to get the newerplat­
forms approved againin manycountries.

The most recent evolution of the Partner system
control unit comprisestwo platform products that

achieve a balance between customization andflexibility.
Oneplatform, which is targeted for NorthAmerican and
non-European markets,satisfies the need for lowercost
and high volume at the expenseofuniversal flexibility.
The other, targeted for European markets,is more adapt­
ableto severalsimilar but distinct customergroups.

To achieve this flexibility, we used sofiuare­
reconfigurable hardware; i.e., a hardwareconfiguration
that can be alteredby changingcertainvariables in its
stored-program control. Onekey component is a codec
(coder-decoder) that is based on a digital-signal proces­
sor.The codec is a transmission-processing device that
permitssoftware control ofgain,hybridbalance, equal­
ization, and termination impedance. Use ofthe codecwas
a naturaldesignextension, given that the Partner
system'sswitch fabric consistsofdigital, time-division
multiplexing across 256 time slots. (Switch fabric refers
to the fundamental hardware elementsthat effect the
cross connection ofports on the control unit.) Although
this designapproach has resulted in slightly higher com­
ponentcosts, it has eliminated the one-time setup
charges for low-volume manufacture, whichoffsets the
product'stotaldelivered cost. (This approach wasalso
used in the Definity system'sglobal design.")

Our first opportunity to try this newplatform
architecture wasfor a western European platform that was
targetedfor release almostsimultaneously intoSpain and
the United Kingdom. Exceptfor the software and some
changes to component valuesfor detecting central-office
ringing, the control-unit hardware for these two marketsis
identical, despitethe large differences in the transmission
and termination requirementsofthese markets.

Byusing the conceptofselective-component popu­
lation duringmanufacture, we haveprovided flexibility
for such parametersas the:
- Typeofdigital encoding (e.g., u-law or A-law) used in

the switch fabric
- Duration ofmemory holdover for customerprogram­

ming
- Needfor different fusing andgroundingarrangements

in the powersupply.
The country-specific components that are selecteddur­
ing manufacture can be discretedevices or optional sub­
assemblies, such as circuitboards for dial-tone detection
and periodic pulsemetering. Because alltone-frequency
information is kept in an inexpensive, read-only memory
(ROM) device, tone generationis anotherfunction that is
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North America, 1--+------­
Release 3

• Wide range of power supply
input voltages

• Improved clearances
• Flexible CO-ringingtermination
• Dial-tone detect option

United Kingdom,I'- __
Spain

• Dial-tone detect option
1-- -' • Local labels

• Reprogrammable hardware
• Improved clearances

Eastern Europe 1----------------1

• Local labels
• 12- or 16-kHz pulse

metering

Hong Kong

Latin America,
• 220-Vac Far East

power

• 220-Vac power
• Improved clearances
• Adjusted CO-ringing

termination

Italy

North America,
Releases 1 and 2

..
Denotes platform discontinued

and replaced

• 220-Vac power
• Additional Touch-Tone

receivers
• 12-kHz pulse metering
• Local labels
• Ungrounded operation
• Higher ringing voltage

..Time----

Figure 2. The goal has been to design flexible platforms that
appear to the manufacturing group to be the same product.
Here, we show how the Partner system control-unit plat­
forms evolved. Later platforms subsume the functions of ear·
Iier ones. The two most recent control-unit platforms
achieve a balance between customization and flexibility.

One platform satisfies the need for lower cost and high
volume at the expense of universal flexibility. The other is
more adaptable to several common but distinct markets.

easily changed. Simple hardware reads the digital-tone
samples intopermanently dedicated, switch time slots.
The tonecadencesand allcritical signaling andtiming
parameters are controlled by software in replaceable
ROM devices.

Other areas ofhardware have met the needfor
flexibility becausewecombined the broadestrequire­
mentsfrom among the target markets. Anexample is
power-supply design, where the team has focused on a
wide range ofinputvoltages and worst-case standards for
component spacing, dielectric breakdown, and thermal
environments.

12 AT&TTECHNICALJOURNAL. MARCH/APRIL 1993



Telephone-Set Hardware. For the Partner system
telephone sets, the foundation ofa global platform has
been a common, bare, circuitboard and common plastic
housing. Adapting the sets to a newcountryhas entailed
changing some components on the circuitboard,and has
also involved modifying the dialpad and the printingon
the plastic housing. Aglobal telephone-set design must
provide flexibility in the areas of transmission gains, ter­
mination impedance, and local wiring plans. To achieve
the needed flexibility in the design, the parts that fre­
quently varyhavebeen handledas discretecomponents,
instead ofbeing integratedinto larger devices that are
difficult to modify. Other requirementsthat varyamong
countries are transmission distortion and audio noise. By
meeting the most stringent requirement, the designhas
also met the less strict ones.

Figure3 showsthe evolution to this global
telephone-set platform. Branchesfrom the horizontal lines
showhowone set served as a platform for other markets.
For example, the Italian set wasdeveloped fromthe U.S.
version by component substitution on the existing circuit
board to meet Italian transmission requirements. In addi­
tion,the Italian systemhad to operate in ungroundedenvi­
ronments. Therefore,we developed a differential interface
to the handset's microphone to reduce the acoustic noise
that would be pickedup in this environment. Labels on the
telephone dialand housingwere also modified to use Ital­
ian, insteadofEnglish. To develop the eastern European
set, we simply used an Italian circuitboard in a housing
that had English-language labels. (English is commonly
accepted in manyeastern European countries.)

Asecond-generation board used the circuitry
ofthe Italian version but, through selective-component
population, had the ability to supportvarious cabling
schemes, set impedances, and transmission characteris­
tics.Also, cost-saving manufacturing techniqueswere
introduced withthis board.This board wasfirst intro­
duced in the HongKong telephoneset and now serves
as the platform for allother countries.

In general, the hardware-design philosophy has
been to follow the platform requirementsand develop as
versatile a platform as possible, giventhe development
budget and scheduledictated by the productteam's plans.
Newer platform designs continue to follow the product
team's market road mapbut alsofold in the advances in
technology and anylessons learned duringthe introduc­
tionofearlierdesigns.

Software Platforms
In the first country-specific development, the

systemsoftware wasmodified to meetTypeApproval
requirementsand reshape the productto conform to
the Italian conceptofa key system. With this experi­
ence and exposureto other European requirements as
a base, the membersofthe software and systemengi­
neeringteamundertooka three-part strategyto make
enteringother marketseasier and quicker, while requir­
ingfewer development resources. First,weenhanced
the featureset- a process that beganwiththe Italian
key system-to develop a productthat is attractive in
Europe. Then, we increasedflexibility by addingadmin­
istration options to allow the productto move more eas­
ily frommarket to marketwithout software changes.
Finally, the software team devised a methodto makeit
possible to compile by countrythe basiccharacteristics
that were likely to change.

Enhancing the Feature Set. The first international
development accentuated the fact that telephone systems
are used differently outsidethe United States. In the U.S.
market, proprietary-set use dominates, but the Italian
systemwas to be marketedprimarily withstandard,
single-line telephones. Muchofthe software effort was
directedat providing better feedback and access to fea­
tures for single-line telephones. Amore-efficient, Touch­
Tone receiverusage algorithm wasadded,as was sup­
port for additional receivers. Featuressuch as callwait­
ing and callbackfor an idlefacility were addedto accom­
modate the user ofa single-line set, eventhough these
features are normally found in private branch exchanges,
not key systems.

We alsoadded and changedfeatures to conform
to a different view ofhowtelephone systemsare used.
For instance, privacy is valued more highly by Italian
users than American users.Therefore, weaddedan intru­
siontone to the Italian key systemto signalthat more
than two people are on a call, and we reducedthe proba­
bility ofaccidental bridging.

Adding Flexibility. Asits membersexplored pros­
pects forgrowthin other countries, the software and sys­
tems engineering team recognized the need to makethe
software more genericfor use as a platform. Features
likely to varyamongcountriesthat use the sameversion
ofthe productweremade programmable.

An example is callrestriction, wherethe toll,
international, and emergencynumbershad been
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Canada I

• Improved ESD protection

United States, I

Mexico I

• U.s. circuit board
• Differential handset-interface board
• Component changes for

transmission requirements
• Local language on housing and dial pad

Italy I

I

• English-language on housing
and dial pad

• Component changes for local
• Italian circuit board with all

Italian parameters
transmission requirements

Eastern Europe

\ United Kingdom

• New circuit board
• Cabling options
• Integrated differential \ ......... ::.~ Spain

interface :'" >i
• Integrated termination

;;
>;~\::

impedance options I:',J. ..':.-.... : :

..
• Polymer-via technology
• Component changes for

transmission requirements

Denotes platform discontinued
and replaced ..Time ------i~

Figure 3. A global telephone-set design must provide flexibil­

ity in terms of transmission gains, termination impedance,
and local wiring plans. A design that meets the most
stringent requirement also meets the less strict ones. In
this diagram of the evolution to AT&T's global telephone-set

platform, the branches from the horizontal lines show how
one set served as a platform for other markets.

permanently embedded in earliersystems. Weadded
programmable liststhat allow or blockthe dialing of
prefixes for these typesofnumbers.

Other examples are the make-to-break ratio for
rotarydialing, the insertion of transmission loss to han­
dlea variety ofcentral-office loop lengths, and the timing
for dial-tone detection. These features weremadepro­
grammable, so that the samesystemcan be used in dif­
ferentnetwork environments. (Make-to-break ratio is the
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ratio ofthe length oftime that a signaling loop is closed
to the time that the loop is open.This quantity and the
numberofpulsesper seconduniquely define the signal­
ing requirementsfor rotary dialing.)

Introducing Compilable Options. Onceit had a com­
prehensive feature set, the platform could be customized
fordifferent countriesby changingbasicparametersto
meetTypeApproval requirements. We identified those
parametersand isolated them intocountry-specific files
within the code base. Now, the same code base can be
compiled withthe characteristics ofan individual country
just by specifying the country.

With this structure, newcountries can be added
without disturbingthe codefor the others. Whenwe
updateor add newfeatures, wecan makethe changes
once, and then recompile the code base for each country.

One Versus Several Platforms
Becausethe volume ofU.S. Partner systems

beingshippedtodayis disproportionately larger than the
volume ofinternational systems shipped, a global key­
systemplatform that is flexible enoughfor allmarkets
has not been an effective solution to achieve manufactur­
ingefficiency. The lowestcost for a high-volume product
stillcan be achieved onlyby less-flexible customization
in the design.

However, if severalconcurrentplatforms are
being manufactured at one time, we can simultaneously
lowerthe cost to users for the U.S. marketwhere this
cost is critical, yet maintain flexibility for rapiddeploy­
ment internationally. Having multiple platforms can also
be madeeconomical by careful designofsubassembly
interfaces. For example, powersupplies, processors, and
telephones can be interchanged withminimal modifica­
tion, allowing for rapid development ofderivative prod­
ucts or modelsfor pretestingin newmarkets.

Type Approval-5till One Country at a Time
Withall the emphasison understanding global

requirementsand designing economical and flexible
platforms for rapid deployment, the final stage in the
successful introduction ofa productremainsthe Type
Approval process.Aswiththe technical requirements,
this approval processvariesamongcountries, ranging
from merelyfilling out forms to doingsixmonths of
extensive, local testing.

Currently, the approval process is still a country-

by-country procedurethat requires people whohave
knowledge ofthe specific market. In addition, because
government agencies are involved, the processsome­
timesrequires more diplomacy than engineering skills.
Also, while AT&T is a global corporation, the company
stilldoes not havethe presence it needs in many coun­
tries to introduce or distribute small communications
systemssuccessfully. For these reasons, a local expert
(eitheran individual or a company) is essential for timely
introduction ofa product.

On-site AT&T involvement in the TypeApproval
testingprocess has alsobeen useful. This has been espe­
cially true whenapproved test facilities werenot avail­
able to the designerduringthe prototype phase,and
designadjustments must be madein real time. The need
for on-site involvement can be reduced if the approval
agencyor its authorized representative will acceptearly
models for an unofficial pretest.

Conclusion
The Partner key systemhas evolved from a sin­

gle, NorthAmerican standardproductto a collection of
control-unit-hardware, telephone-set, and software plat­
forms. The typeand number ofplatforms are a balance
betweenselective platform reuse and customdevelop­
ment. These designsare continually evolving as Global
BusinessCommunications Systems' Partner system
development team acquiresmoreknowledge aboutType
Approval and the needs ofglobal customersand applies
newtechnology to minimize development timeand the
overall manufacturing cost,while maximizing reuse. But
given the nature ofthe TypeApproval process, platforms
that are developed froma large library oftechnical
requirements still must be flexible enoughfor rapid
modification to accommodate unforeseen needs.
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