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Several geographically and culturally diverse partners within AT&T arework­
ing as a team to develop new capabilities for the 5ESS® switch inthe interna­
tional marketplace. Throughout this project, participants from organizations
inAT&T Bell Laboratories inthe United States and AT&T Network Systems
International inThe Netherlands and the United Kingdom have worked
together using a common development process. This paper describes theglo­
bal teamwork involved inthe development ofinternational Integrated Ser­
vices Digital Network (ISDN) capabilities for the 5ESS switch.
Introduction

Aglobal teamofAT&T organizations
working on the international switching proj­
ect for the 5ESS switch has recently devel­
opedIntegrated Services Digital Network
(ISDN) capabilities forapplication throughout
the world. (See Panel 1for definitions of
abbreviations, acronyms, and terms.) This is
the first set of ISDN capabilities developed by
AT&T to conform to both the standards ofthe
European Telecommunications Standards
Institute (ETSI) and the Blue Book recommen­
dations ofthe International Telegraph and
Telephone Consultative Committee (ccrrn.
Members ofthe AT&T international switch­
ingproject begandeveloping ETSI/ccrrr ISDN
capabilities in 1989. The first application of
these capabilities on the 5ESS switch took
place inThe Netherlands in November 1991,
and work is continuing to deploy these capa­
bilities inother countries around the globe.

To enable AT&T to achieve a market
share for the 5ESS switch incountries out­
sidethe U. S., the company conforms to the
requirements ofthe governments ofthose
countries, which typically stipulate that pro­
duction and/or development facilities be
local. For this reason, as well as forlogistical
advantages, the AT&T Network Systems
International headquarters in Europe is
located in Hilversum, The Netherlands. For
the ETSI/eemISDN project, the international
development teamincluded personnel from
AT&T Network Systems International inThe
Netherlands and the United Kingdom, and

AT&T Bell Laboratories in the United States.
This paperdescribes the develop­

mentprocessused bythe ETSI/eemIsDN
project and the global teamwork thatmadeit
succeed. The teammembers depicted in this
paperare part of:
- Commercial and systems engineering

groupsin Naperville (Illinois), Holmdel
(New Jersey),Hilversum andThe Hague
(The Netherlands), and Malmesbury
(United Kingdom)

- Software development groupsin Naper­
ville, Hilversum, andMalmesbury

- Hardware development groupsin Naper­
ville andHuizen (The Netherlands)

- Verification groupsin Naperville, Hilver­
sum,and Malmesbury.

Although geographically andcultur­
ally diverse, these partnersoperated as a
coordinated teamthroughout the project by
following a common development process.
Fromthe beginning, each partnerhad a well­
defined rolewithin the project and tookpride
in the ownership ofits part. Atthe sametime,
each partnerbroughtunique strengthsto the
team, making the parts interdependent. This
global teamwork became a keyto the suc­
cessful completion ofthe project.

A Global Development Proce..
New functions in the 5ESS switch are

developed in several phases, as shown in Fig­
ure 1. In the international 5ESS switching proj­
ect,a numberofAT&T locations often share
responsibility foreachphaseofdevelopment:
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- Customer Requirements-The customer (network
service provider) defines howthe switching system
will be configured, basedon international standard
agreements and country-specific exceptions.

- Specification-First,commercial and systemsengi­
neeringgroupsand the customeragree on howthe
5ESS switch will function in this particular application.
Next, systemsengineering, working with development
groups, converts the customerrequirements intoa
detailed feature listandgeneratesa set ofspecification
documents that define the detailed requirements for
these features.

- Implementation-In the implementation phase,the
specification documents are used to produce newsoft­
ware andhardware functionality. Software and hard­
ware development groupspreparethe design, code
the software and/or assemble the hardware, and test
each requiredfeature.

- Verification-Following the implementation phase,
verification groups test the software and hardware
togetherto ensure that allcustomerrequirements
have been satisfied and that combinations offeatures
interactproperly with one another.

- Product Delivery-Once verified, the productis
turnedoverto the customerforacceptance testing
and is then readyto go intoservice.

The following sections detail howthe global
teamcarriedout the core phases ofthis process­
specification, implementation, andverification-during
the ETSI/ccrrrISDN project.

Speclftc8tlon ........ AT&T and PlTTelecom in
The Netherlands have had a longstanding relationship,
builtduringmany previous local and tollswitching proj­
ects. (A PlT [Postal, Telegraph &Telephone] is the
national government agency responsible forcombined
postal, telegraph, and telephone services in many Euro­
peancountries.) Their cooperation on ISDN issuesbegan
longbefore PlTTelecom issuedan ISDN specification.
Jointworking groups, including membersofAT&Ts
commercial department inThe Hague, systemsengi­
neers from Hilversum and Naperville, and PlTTele­
com'stechnical experts, met on a regularbasis to
discuss ISDN issues.

WhenThe Netherlands released its ISDN
specification, AT&Ts response wascoordinated by the
commercial department, with technical contributions
from systemsengineering in Hilversum, Malmesbury,

Panel1. Abbreviations, Acronyms, andTerms

ccrrr- International Telegraph andTelephone Con­
sultative Committee

ETSI - European Telecommunications Standards
Institute

ISDN - Integrated Services Digital Network
NT! - network termination
PIT - Postal, Telegraph &Telephone (thenational

governmental agency responsible forcombined
postal, telegraph, and telephone services in many
European countries)

Holmdel, and Naperville. Muchofthis work was done
usingelectronic mail and telephone, andthe statement
ofcompliance wascompleted at a jointmeeting in Hilver­
sum.Acommercial technical teamwho best understood
the customer (located primarily inThe Netherlands and
the United Kingdom) waswell matched with a technical
teamwho understood AT&Tsprevious ISDN implemen­
tation (located primarily in the United States).

Assoonas AT&T and PlTTelecom agreedon
the ISDN capabilities to be included in the initial release,
systemsengineering groupsbeganworking on the
detailed requirements neededto adaptthe 5ESS switch
to provide ISDN. AT&T maintained contact with PlT
Telecom throughout this phase, holding teammeetings
andexchanging written questions andanswers regarding
details ofthe requirements.

Internal AT&T requirements teams, ledbysys­
tems engineersand supported by developers, were
formed to detail the requirements. Although mostteam
members werefrom different geographic locations, team
leaderswerechosenfrom the location that had the most
experience with the function beingdocumented. Teams
wereorganized as follows:
- Basic callcontrol, operations, administration, and

maintenance (OA&M), and many supplementary ser­
vices weredocumented in Naperville, wherethe ISDN
capabilities forthe U. S.markethad beendeveloped.

- Details ofthe layer3 protocol (i.e., call control mes­
sages exchanged between the 5ESS switch and the ISDN
customer premises equipment) were documented in
Holmdel, wherethe ISDN protocol expertise resided.

- Using their knowledge ofPlTTelecom andtheir abil­
ityto easily contact it, systems engineers in Hilversum
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FIgure 1. Global
development phases. Customer Product

requirements. Software/hardware delivery
--- ---.--&> SpecIfication ~ . --il> Verification -, -. '"Implementation

documented signaling interworking, charging, and
supplementary services requirements specific toThe
Netherlands network.

- Engineers in Malmesbury who had experience with
the ISDN interoffice signaling provided inThe Nether­
landsdocumented the requirements forinterworking
between that signaling andthe ISDN end-user to
switch signaling.

The complexity ofthe ISDN capabilities being
planned madeit necessary for the requirements teamsto
maintain closecontact duringthis interval, including tele­
phone conference calls, electronic mail, andface-to-face
meetings. Onesystemsengineerwasresponsible forco­
ordinating allteams, to ensure that everyteammember
waskept informed ofallcustomerquestions, answers,
andagreements reached. Regular statusmeetings over
teleconference facilities at alllocations madethis inter­
teamcommunication possible. The teamsconducted a
final review ofeachrequirements document at a face-to­
face meeting in Naperville.

Implementation........ Thisphaseincluded both
software and hardware implementation, as described in
the nextsections.

Software Implementation. During software imple­
mentation, feature specifications are translated intoa set
ofinternal design documents. These designsare then
implemented in software to produce the required behav­
ior. The ETSI/CCfITISDN project accomplished this infive
phases: feature design, module design, coding, module
testing, andfeature testing. Afundamental concept under­
lying these phasesis the customer-supplier model, shown
in Figure 2.The owner ofanygiven phasewasa custo­
merofthe previous phaseand also a supplier for the next
phase. For software implementation, these internal
customer-supplier relationships weredefined in termsof
software features and modules. Eachsoftware feature
defined in the specification phaserepresented a subsetof
the external customer's requirements. Software modules
weredefined at the start ofthe implementation phaseto
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encompass all affected areasofsoftware; eachmodule
represented a logical unitofinternal functionality.

Feature design, a high-level design phase, trans­
lated the feature requirements intoa specification ofthe
internal functionality required foreachsoftware module.
Module design, a low-level design phase, transformed
the functional specifications into specific changes to the
software modules, eachofwhich wasthencoded and
tested. When the set ofmodules needed fora given
feature had passed module testing, theywereintegrated
to undergo feature testing.

Eachsoftware module wasassigned an owner,
as waseachfeature. The software module owner was
responsible for implementing the software changes
required forthe module; the feature owner wasresponsi­
blefor the full operation ofthe feature. Because a soft­
ware module typically provided functionality formore
thanonefeature, andeachfeature typically needed func­
tionality from morethanonesoftware module, multiple
internal customer-supplier relationships wereformed.
Table I illustrates somespecific relationships that existed
on the ETSI/CCfITISDN project. Subdividing the project
into software modules effectively partitioned it among
the global partners. Thisapproach made it easyto detect
redundancy andloopholes, because every software
module wasan indispensable partofthe whole project.
It also promoted teamwork andhelped to build a close­
knitcommunity.

Two types ofsoftware modules wereused prom­
inently during the ETSI/CCfITISDN project: thoseassoci­
atedwith basic calls andthoseassociated with supple­
mentary services. The former type wasmuch less
affected thanthe latterby the introduction ofETSI stan­
dards. The European partnerswereassigned supplemen­
taryservices implementation to takeadvantage oftheir
familiarity with ETSI standards; the U. S.partnerwas
assigned the basic call. Assoonas all taskshadbeen
divided among the partners, the software wasimple­
mented. Figure 2 shows that a vital partofevery phase of



Table I. sampleRelationship Between Features andSoftware Modules

Features

Software Modules

Call setup (Naperville)
Call control (Naperville)
Subscriber programming (Hilversum)
Charging (Malmesbury)

Basic Call
(Naperville)

Call Forwarding
(Hilversum)

this process wasthe feedback loop from customerto
supplier. Forexample, duringfeature design, the feature
owner wasresponsible forproducing a high-level design
document that specified the functionality required from
several software modules. While writing the document,
the feature owner maintained informal contacts with
eachmodule owner throughelectronic mail, telephone
conversations, andface-to-face meetings. Whenthe
design document wascompleted, the feature owner and
all affected module owners helda formal review meeting.
Thisfeedback loop could continue to existeven afterthe
feature design phasewascompleted, as moredetails
wereuncovered duringmodule design andcoding.

While the software implementation progressed
from onephaseto the next, the various customer­
supplier relationships carriedout by the global partners
formed a strongnetwork that held the parts together.
Each participant had clearownership ofhis or her part
ofthe process, andeachsupplier had clearexpectations
from his or her customers. This structure, coupled with
excellent teamwork andcommunication acrossallsites,
ledto the successful completion ofallsoftware features.

Hardware Implementation. The ETSI/CCITT ISDN proj­
ect required the development oftwo new hardware ele­
ments: the U-interface line packandthe network termi­
nation unit. ISDN digital subscriber linesrequirea line
interface packwithin the 5ESS switch anda network ter­
mination (orNTl) at the customer's premises that pro­
vides the interface to the customer's ISDN set.The inter­
face between the line packin the switch andthe NTl is
called the U-interface, which is defined by ETSI standards.

The U-interface linepackwasdeveloped in
Naperville andthe NT! in Huizen. Bothdevelopment
organizations followed the samehardware development
process to create the design information. Theythen
transmitted the design information, which describes

assembly andtest procedures for the product, to the
hardware manufacturing facility. The hardware develop­
mentprocess also produced hardware models that were
usedduring software development andverification. To
ensurequality, hardware development teamsconducted
design reviews, simulations, andhardware tests.

The linepackand NTl development teamshada
keyadvantage as theybeganthis project. The two teams
had already worked togetherto develop ISDN hardware
for U. S.applications. This trackrecord allowed the
organizations to work closely from the start inan atmo­
sphereofmutual trust andrespect. Each organization
participated in requirements reviews anddesign reviews
forboth the linepackandthe NTl, working togetherto
resolve issuesanddifferences. Circuit simulations ofthe
linepackandthe NT! werealso testedtogetherto ensure
interoperability ofthe two designs. Finally, jointtesting
sessions verified that the final hardware designs worked
properly together. This allowed the teamstoverify the
end-to-end integrity ofthe complete digital subscriber
loop. The teamswerealso ableto reduce development
costsbyreusing onecircuit design to perform similar
functions on both the linepackandthe NT!.

VertftClltlon........ In this phase, the verification
groupsuse the test laboratories forthe 5ESS switch to
ensurethat the product works as defined inthe specifica­
tionandallnewfeatures interact correctly. Theverifica­
tionteamalso conducts testingto ensurethat existing
features still work properly. Naperville and Hilversum
eachhad two laboratories available fortesting; Malmes­
buryused these remotely overan intersite network.

Verification teams, formed at all three sites,
focused primarily on the features developed at their
respective locations. Half ofthe Hilversum-generated
software wastested in Malmesbury to achieve a better
balance ofstaff andresource usage. Because ofthe
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Figure 2. Customer-suppller relationship model.

resources. Computers and test laboratories, which could
be accessed remotely, wereusedvirtually around the
clock. The turnaround time forexchanging technical
information wasalsoreduced. Aquestion posed at the
end ofthe daycould be answered overnight on the other
sideofthe ocean.

Maintaining face-to-face contact required a mod­
est amount oftravel between sites. Sometimes individu­
als traveled fora specific technical activity or meeting.
Also, representatives throughout the project periodically
gatheredat one site to holdgeneralplanning meetings.

Customer output
(to next phase)

;.

Process

..
Customer feedback

'--V~J

Supplier input
(from previous phase)

remote testingcapabilities and the timedifference
between the U. S.and Europe, verification teamswere
ableto use the laboratories aroundthe clock. For exam­
ple, Malmesbury is sixhours aheadofNaperville, so tes­
ters in Malrnesbury could use Naperville's laboratories
while their U. S.partnersslept.

All faults discovered duringthe verification
phasewererecorded in problem reports, which were
reviewed daily duringa jointconference callmeeting of
allthree sites. Eachproblem wasassigned to the respon­
sible development group, with the assignment based on
the expertise required, the probable sourceofthe error,
andthe availability ofstaff. Independent ofwherea fault
wasfound, or which site corrected the problem, the solu­
tionwasintegrated into a common software/hardware
product that wasmadeavailable to allsites.

Conclusion
Throughout allphasesofthe development of

international ISDN capabilities for the 5ESS switch, AT&T
organizations in three countries worked effectively as
one teampursuing common goalsandfollowing a com­
monprocess. The respective rolesofthe teammembers
complemented oneanother, taking advantage ofdifferent
areas ofexpertise and entrusting one anotherwith joint
project ownership. The mutual respectand rapport that
wascultivated duringthe ETSI/ccrrr ISDN project builton
similar successesfrom the pastand will engendereven
greater cooperation in future projects. Forallthose
involved in this project, global partnering has beena
rewarding andpositive experience, indeed, the best way
to compete and succeed in the global marketplace.

Overall Project Coordination
To coordinate many people from multiple sites,

the ETSI/eem ISDN project wascontrolled by a project
management team. This team, which had representatives
from all sites,planned and trackedthe entireproject
Although this centralized mechanism enabled the team
to control interdependencies and set priorities, the proj­
ect wascoordinated at alllevels. Engineers and man­
agers alike communicated regularly with their counter­
partsat other sites. Byavoiding hierarchical linesofcom­
munication, the teammemberscould quickly establish
agreements and resolve problems.

The main methods ofcommunication wereelec­
tronic mail and telephone calls. Because ofthe difference
in timezones (Hilversum is seven hours aheadofNaper­
ville, forexample), telephone communication waslimited
to the early morning businesshours in the U. S.How­
ever, the timedifference alsoincreased the use ofcertain
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