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The 5ESS® switch project faces a challenge increasingly common to many
industries-how tosimultaneously improve quality, shorten the interval
between product development and delivery, reduce costs, and increase
revenues. Over the past several years, we have realized thatwe must design
and manage ourdevelopment process with the same rigor and effort that
we currently design and manage ourproducts. Thispaper summarizes the
approach, current status, and some early results ofourefforts toconceptual­
ize, design, and achieve a quality management system for the international
and U. S. 5ESS switch projects.
Introduction

The 5ESS switch wasdesigned and
developed byAT&T as a universal digital
exchange to meet the needsoftelecommuni­
cation administrations making the transition
from analog to digital exchanges in local, tran­
sit (local-toll), trunk,and international (gate­
way) applications. The first5ESS switch went
intoservice in 1982. Today, over40million
subscriberlinesare supported on 5ESS
switches in service worldwide.

The continued successofthe 5ESS
switch project is dominated bythe need to
produce large software products (more than
300,000 sourcelines), builton an ever­
growing software base (more than 4 million
sourcelines), interspersed with frequent,
smaller software products. These, in tum, all
havestringentfunctional, response time, and
reliability constraints. Project management
traditionally spearheaded this effort by work­
ingwith the development community to for­
mulate and tracklarge, complex plans that
included thousandsofmilestones. Anadapta­
tionofthe standard"waterfall" methodology
(specify, design, code, test, and release­
theoretically insequence) forsoftware devel­
opmentprovided the template formostofthis
project management activity.

Asthe switching businessbecomes
moredynamic and competitive, the traditional
project management approach alone cannot
keep pacewith both the complexities of

large-scale software development andthe
growing numberofcustomers with diverse
and rapidly changing needs. There is a grow­
ingdemand to produce defect-free features in
less timeandat lower cost. Thisdemand can
only be metbyexpanding the management
systemto include managing andimproving
notonly the products beingdeveloped, but
the development process itself.

This paperexplores the challenges
andoutcomes encountered in developing a
processmanagement andimprovement sys­
tem,and in integrating that system with exist­
ingproject management to createan evolving
total quality management system forthe 5ESS
switch project.

Total Quality Management
Totalquality management (TQM) is

nota newconcept. (See Panel 1fordefini­
tionsofabbreviations and acronyms.) Also
known as united total quality control or stra­
tegicmanagement quality control, 1 it has
beenused successfully by many Japanese
companies and is gaining support in the
United States. Conceptually, TQM is an inte­
grated management approach designed to
transform customer needsand requirements
intocustomersatisfaction and business suc­
cess.TQM emphasizes the continual manage­
mentand improvement ofallwork andbusi­
ness processesto meetboth short-term and
long-term customer needs. The fundamental
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elements ofTQM are:
- Strategic quality planning
- Quality in daily work
- Continuous processimprovement.
Figure 1shows the interrelationship ofthese elements.
The 5ESS switch project has adopted specific strategies
andapproaches into a quality management system (QMS)
forimplementing these elements andachieving success
through TQM.

The Quality Management System
Historically, our management systemwas dom­

inated bya project orientation. Project plans weredevel­
oped to meetcommitted releaseschedulesand then
tracked and reported overmany project milestones. This
approach focused almost exclusively on managing the
product.

Wenow recognize that the processesused to
create products are as important as the products them­
selves. Documentation that describes processesused by
project members in their daily work has existed, inone
form or another, formany years. Unfortunately, because
varying degrees ofattention werepaid to this "methodol­
ogy" documentation, it often didnot meet the day-to-day
needsofthe development community andwasnotuni­
formly applied. Processownership and processdocumen­
tation were nota priority ofthe organization. Process
issueswereseldom dealtwith explicitly, and anyowner­
ship that didexistwasincidental to product ownership.

Formulation ofa processmanagement function
and the associated processownership rolesbeganin
1988 with the identification ofprocessowners throughout
the organization. The processesdefined spanned the
development phasesofthe project, from planning
throughhardware and software development, to system
verification, first office application, and customersup­
port. Using the processquality management and
improvement (PQM!) guidelines- fordirection and
methodology, the owners meton a monthly basis to dis­
cuss rolesand responsibilities.

Overthe next three years,multilevel teamsof
bothengineers and managers wereformed ineach of
these process areas.These processmanagement teams
have shapedthe process management structurethat
existstoday. Laterin this paper, wedescribe this structure
indetail, along with the tools and techniques usedfor

Panel 1. Abbreviations and Acronyms
FDAF-feature definition assessment form
OFI-opportunity for improvement
PQMI-process quality management and improvement
QIP-qualityimprovement project
QM5-quality management system
TQM-total quality management

processmanagement and somespecific lessons learned
as the structureevolved during the pastthree years.

The concept ofprocess management has
matured andgained acceptance in the organization.
Two aspects ofprocess management that have required
focused effort are defining the interface between prod­
uct and processowners andaligning process manage­
mentwith the needsofthe project andthe business.

The interface between process and product
owners continues to evolve. Priorto the identification of
process owners, the product owners controlled both
the processes and their execution. Now our goal is to
differentiate carefully between process and product,
and to have clearly defined responsibilities forbothpro­
cess owner and product owner, as follows:
- Processowners define the process; product owners

use or execute the process.
- Processowners focus on improving (making changes

to) overall process capacity (cost, quality, timeliness);
product owners focus on delivering the rightproduct
to the rightcustomer at the right time.

- Processowners authorize experimental changesto the
process; product owners conduct thoseexperiments.

Quality assurance is necessary to assess
whetherthe implementation conforms to the process
definition. Rigorous quality assurance ofthe products in
the 5ESS switch project has traditionally beenexercised
bythe development organization. Multiple quality and
productivity criteria (called Q-gates) wereestablished for
eachphaseofthe development process that had to be
satisfied before substantial work could beginon subse­
quentphases. In addition, a strongverification function
tests products both in the laboratory andon site. How­
ever, expanding quality assurance to encompass process
validation is a necessary andcrucial step, especially
wherethere are many processimplementors. This
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Figure 1. Key com­
ponents and goals
ofTQM.
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expansion ofquality assurance is currently in progress.
Ensuring that processmanagement is aligned

with the needsofthe project and the businessis vital to
its effectiveness. Without this mechanism, processown­
ers may implement process"improvements" that are
locally optimal, but have either no positive effect or
perhapsa negative effect on the project as a whole. To
maximize the resultsofprocessmanagement, each pro­
cess owner must understand the common goalsofthe
organization and howtheir processgoalsrelateto the
whole. To accomplish this, the 5ESS switch project uses
policy deployment (described in the nextsection).

Polley Deployment
Policy deployment, also known as management

by planning or Hoshin planning,3 is a processused
throughout an organization to translate a vision or direc­
tioninto coordinated action plans. In a quality manage­
mentsystem, it aligns the various improvement activities
in the organization. Ourapproach to policy deployment
is basedon the following steps.'
1. Develop long-range vision andgoals-Based on long­

term directions established by the AT&T Network
Systems Group (NSG), the management ofthe 5ESS
switch project develops a long-range vision forthe
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organization anda set oflong-range goals consistent
with that vision. Theybase this multi-year outlook on
customerneed,marketanalysis, competitive position,
andother factors.

2. Develop a one-year plan-As soonas management for­
mulates long-range vision andgoals, it proposes and
plans intermediate goalsachievable within a single
year. In addition to long-range goals, the annual plan
mustaccount forcurrentbusiness needsandthe
resultsofthe previous year'splan. Examples ofone­
yeargoalsinclude improvement in keycustomer satis­
faction metrics to enable the NSG to exceed customer
expectations, improving quality by reducing product
faults and development intervals, meeting specific
revenue commitments to increase shareholder value,
meeting employee educational goalsto increase
employee involvement, and many others.

3. Deploy the plan throughout the organization-When
the annual plan is developed, the goalsare deployed
throughout the organization to the appropriate pro­
cess management teamsor lineorganizations, who
togetherwith project owners andcoordinators
develop action plans for their processes forthe com­
ingyear.These action plans include notonly howa
processmanagement teamwill meet itsgoals, but also
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how other process management teamscanor must
support eachgoal. These plans, formulated as a series
ofstrategic quality improvement projects (QIPs), are
reviewed byprocessowners, seniormanagement, and,
whereappropriate, oneor moreprocessmanagement
expertsresponsible foridentifying inconsistencies
among projects. These reviews ensure that process
management teamefforts are consistent andsupport
the deployed goals.

4. Execute the plan-Projects are implemented overthe
courseofthe year, anddatais gatheredto determine if
objectives are beingmet.

5. Periodic review ofresults-The statusofallstrategic
projects is reviewed periodically byseniormanage­
mentto identify obstacles to progressandto focus on
the process improvements themselves, rather thanon
the objectives.

6. Annual review ofresults-At the end ofthe year, a
review is held to examine the resultsand how they
wereachieved. All projects are analyzed to improve
the nextannual plan.

Figure 2. The quallty-enhanclng golden thread ties elec­
tronic handling of FDAFs back to each AT&T Network Sys­
tems Group goal. Each goal Is clearly and quantlflably listed
and divided Into polley deployment projects and subprojects.
The QIPs help to reduce the feature administration Interval.

Based onan NSG direction to improve quality,
onegoalofthe 5ESS switch project inthe United States
is to reduceby50percentthe interval between a cus­
tomer's requestforsoftware features andtheirdelivery.
Each offourprocess management teams wasinitially
assigned a goalto reducesubintervals in the front-end
process, design andcoding ofsoftware features, testing,
anddeployment. Process management experts who
reviewed this assignment made slightadjustments to
maintain consistency with plans to reduce development
costsanddelivered faults. Ourseniormanagers reviewed
the revised goalsandformally assigned themto the pro­
cess management teams. The process management team
responsible forthe front-end process divided its interval
into five subintervals. Oneofthese subintervals is feature
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administration, which beginswith receipt ofa feature defi­
nition assessment form (FDAF) from a customerand ends
with assignment ofa service manager to the feature. Four
QIPs weredeveloped to help reducethe feature adminis­
tration interval. Oneofthese projects involved the elec­
tronic handling offeature definition assessmentforms.
Figure 2 shows the quality-enhancing golden thread that
ties the electronic handling offeature definition assess­
mentforms backto the NSG goal.

Asthis example illustrates, policy deployment
liststhe project's improvement goalsclearly and quanti­
fiably, which enablesthe entireorganization to focus on
achieving its most important objectives. The process
management structureis an important meansoftranslat­
ingthes.e improvement goalsintoplans ofaction.

Proce.. Management
The goalofprocessmanagement is to under­

standthe processofthe entire 5ESS switch project, from
beginning to end,and to improve that processconsistent
with businessneeds while maintaining the integrity of
product developments currently under way.

Process Decomposition. The functionality ofthe
5ESS switch project has been subdivided intotwo groups
ofhigh-level processes. The firstgroupcovers the main­
streamfeature development life cycle. It includes the
front-end process (feature definition and planning), soft­
ware development, hardware development, office­
dependent datadevelopment, end-to-end testing, first
office application (cooperative testingand training on
customerpremises), and deployment and customersup­
port. The other groupofprocessesrepresentsallthe
functions necessary to supportthe life-cycle processes.
Theycomprise, among others,loadintegration (merging
andcompiling code), project planning and tracking, and
control ofthe software development environment.

Structure. Because processesoften cross organi­
zational boundaries, the processmanagement structure
is similarly unconstrained by the organizational hierar­
chy. Currently, the process-management structurecon­
sistsofa quality council, processmanagement teams,
and QIP teams.

The Quality Council. The quality council contains
the project's seniormanagement, assistedbya dedi­
catedtechnical supportgroup. Its primary roleis to set
policy, direction, andgoalsforthe processmanagement
teams. The council regularly reviews the progressof
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the processmanagement teams, monitors bothquality
management systemand process management team
metrics, andgaugesprogresstoward policy deployment
goals. It alsoconsiders those QIPs that may affect more
than one processand,as appropriate, forms aQIP team
to evaluate, and possibly implement, interprocess
improvements.

Process Management Team. Aprocessmanage­
mentteamconsists ofboth managers andengineers.
Onemanager is designated processowner andmade
ultimately accountable for the successofthe process
management team. The owner is responsible forpro­
cess strategic planning, teammembership, allocating
resources, andassuringthat the process is uniformly
followed by the project organization. Another manager,
usually one level below the owner, is designated the
team"angel" and maderesponsible forcoordinating the
various projects and tasks performed bythe team. The
angel alsois chargedwith raising and resolving any
interprocess issuespertinent to the team'sactivities.
The teamas a whole performs the work associated with
process management and improvement-writing and
maintaining processdescriptions, collecting andana­
lyzing processdata, and proposing and designing
processimprovements.

Policy deployment directives, rootcauseanalysis
offaults introduced duringprocessexecution, and inter­
nally generatedsuggestions forprocess improvements
(called opportunities for improvement [OFIs]) are the pri­
marysourcesofideasfor the processmanagement
teamsto consider for QIP teaminvestigation. Based on
initial analysis, processmanagement teamsmay decide
to chartera QIP teamto conduct a trialand possibly to
implement a QIP as part ofthe standard process. The pro­
cess management teamsalso collect andanalyze metrics
on their processperformance, their contribution to over­
allpolicy deployment goals, and the QIP investigations
and trialswithin their process.

After each product development cycle is com­
pleted, the processmanagement teamconducts a pro­
cess postmortem. The postmortem presentsthe process
quality dataand sets directions andgoalsforfuture pro­
cess quality improvement.

Quality Improvement Project Teams. QIP teams, which
typically contain two to five members, are charteredto
analyze andconduct QIP trials. Ifa trialproves that the
QIP is cost-effective, the process improvement is inte-



grated intothe standard process; otherwise the QIP is
discarded. In either case, the QIP is closed, and the QIP
teamnormally is disbanded.

Methodology. Aswementioned earlier, each
process management teamuses the PQMI approach to
define and manage its area ofprocessresponsibility.

In executing the first step of PQMI, a set ofhigh­
level processes wasproposed and a processmanage­
mentteamwasestablished foreach process. The pro­
cess management teamsthen developed a "baseline"
description oftheir processesbyexecuting the second
and third steps of PQMI, which are to:
- Define the processand identify customer

requirements
- Define andestablish measures.
Each ofthese processdescriptions follows a standard
template, including a high-level processdescription,
definition ofkey inputsand outputs, customerrequire­
mentsand associated metrics, and descriptions ofpro­
cess tasks.Astandard template ensures completeness
andconsistency among allthe processdescriptions. A
centralized on-line database, called the on-line methodol­
ogy, stores processdescriptions and other processdocu­
mentation. Amenu-driven interface enablesusers to
browse throughdocuments on-line and to obtain either
electronic or hard copies ofanydocument.

Duringthe next two steps ofPQMI, which are to:
- Assessconformance to customerrequirements
- Investigate the processto identify improvement

opportunities
each processmanagement teamgathers andanalyzes
metricsdataand uses this information, along with the
processdefinition, to propose processimprovements. In
addition, the OFI mechanism readily allows anyproject
memberto identify a processproblem or suggesta pro­
cess enhancement. Processmanagement teamrepresen­
tatives automatically receive electronic copies oforis
written fortheir processes, and OFI authorsreceive elec­
tronic notification ofthe disposition oftheir oris as soon
as theyare executed.

The nextsteps of PQMI, to:
- Rank improvement opportunities and set objectives
- Improve processquality
set the improvement processin motion usingQIPs. Astan­
dard QIP processhas been designed to assure that pro­
posedprocesschangesare investigated in a thorough,
methodical fashion. In particular, the QIP processrequires

- Performing rootcauseandcostbenefit analyses
- Defining and tracking QIP evaluation metrics
- Obtaining quality council and/or process manage-

mentteamapproval to proceed at specific stagesof
the investigation.

M.....rem.nts
Accurate, significant metrics are crucial to the

successofthe quality management system. The 5ESS
switch project makesan ongoing effort to define andcol­
lectmetrics necessary and useful to each level ofthe
quality management system structure: overall quality
management systemmetrics, processmanagement team
metrics, and QIP evaluation metrics.

Quality Ma.....ment System Metrics. Senior man­
agement uses a set ofhigh-level quality management sys­
tem metrics to monitor the overall healthofthe business
in three keyareas:
- Customer satisfaction, such as customer reportcard

analysis, numbers and durations ofsystem outages,
numbers ofdefects found bycustomers, response
timeto customercomplaints, andorder-to-delivery
intervals;

- Financial, such as measured operating income,
marketshares,growth rates in newmarkets, and
development costand productivity;

- Internal organizational health, such as morale, ade­
quacy oftraining, confidence in management, and
communication.

Asuccessful quality management system mustobtain
positive trends ineach ofthese keyareas. Some ofthe
high-level metrics involved, however, takeplace overa
period ofa yearor moreand are influenced bymany fac­
tors.Therefore, although the final success ofthe quality
management systemmustbe measured using these
metrics, other moredirectmeasures, such as the pro­
cess management teammetrics, are needed togauge
quality management system successin the shorter term,

Process M......ment T.am Metric.. Each process
management teamidentifies andtracksthose metrics
necessary to manage its particular process. Metrics are
generally required in:
- Quality management system metric components-Each

processmanagement teamhas oneor moremetrics
that are aggregated (notnecessarily combined
linearly) intothe various quality management sys­
tem metrics.
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- Customer satisfaction-These are forbothinternal and
external customers, and minimally include quality and
timeliness metrics.

- Process execution metrics-Ongoing statusindicators
tracking keyinternal aspects ofthe processare used
forday-to-day management.

- Retrospective data-Data items, typically computable
only on a quarterly or annual basis, are usedforlong­
rangeplanning.

Theseprocessmanagement team"key" metrics show
whetherthe processis "healthy" and moving in the
desired direction.

QIP EV8lulltlon Metrics. Metrics are defined and
implemented as partofevery QIP evaluation plan. These
metrics measure the expected successandbenefits ofthe
QIP. Theymay be existing or new, temporary or penna­
nent, but theymustalways relate backto keyprocess
management teamor quality management systemmetrics.

R....lt.-Present, Past, ..... Future
Initially, the resultsofthe project's quality and

process management are measured bythe framework in
place. All identified processes have designated process
owners andassociated process management teams. Pol­
icydeployment goalshave beendefined andpropagated
throughout the process management structure. In the
pasteighteen months, processmanagement has docu­
mented morethan 2000 ideasforQIPs, and QIP teams

have conducted trialson aboutonequarterofthem.
More than halfofall5ESS switch project members
are partofa processmanagement teamor involved in
a QIPtrial.

Results canalsobe measured bythe impact
that several successfully completed QIPs have hadon key
quality management system andprocess management
teammetrics. For example,
- The initial modification requestprocess manage­

mentteamin the 5ESS switch international project
has improved customersatisfaction byimproving the
project's responsiveness to customer complaints
(Figure 3).

- The processmanagement teamproviding the test
environment for the 5ESS switch project inthe United
States has reduced the costofproviding labresources
to the project while it has maintained its customer
satisfaction rating (Figure 4).

- The software development process management team
(U. S.) has reduced the average development interval
in the database update andverification subsystem by
over30percent.

Results canalso be measured bythe short time
required forachieving registration underthe Interna­
tional Standard Organization's standard forquality man­
agement systemS-ISO 9001. Tosellcertain regulated
products in the European economic community, SUIr
pliers, including thosewho selltelecommunications
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5ESS switch project has been andcontinues to be a chal­
lenging task. However, wehave made substantial pro­
gress, and the potential forsignificant benefits in the
future appears real. Given this, the motivation to con­
tinueto implement and tailor our quality management
systemremains strongas the 5ESS switch project moves
intothe future.

terminal equipment, mustcomply with the appropriate
ISO 9001 quality standardby 1993. Accordingly, the 5ESS
switch international project quality systemwasassessed
in October 1991. ISO 9001 registration wasgrantedbased
on that assessment. The processofpreparing forand
receiving ISO 9001 registration, which usually takesan
organization aboutthree years,wascompleted in only
10months.

Leuons~. While the totalquality manage­
menteffort for the 5ESS switch project is farfrom
finished, wehavelearned that:
- Active supportand participation from seniormanage­

ment is essential.
- Asystem-wide view ofprocessis crucial to establish

goalsand directions that actually contribute to stra­
tegicbusinessplanning and satisfied external cus­
tomers.

- Formal processownership must resideat the level of
management that can implement change. However, it
is essential that alllevels-from engineersup through
seniormanagement-exercise ownership forprocess
improvement.

- Processworkis a project-it mustbe planned,
designed, implemented, andmanaged.

- Processworkmust havea dedicated staff, bothwithin
each processand in a centralized supportandconsult­
ingorganization.

- Communication with the entiredevelopment commun­
ityis crucial to ensure commonality ofgoalsand sup­
port ofprocesschange.

Future Challenges. Asour processmanagement
infrastructure nearscompletion, our futurechallenges
are to:
- Complete the infrastructure and move intothe realm

ofcontinuous processimprovement
- Show additional measurable results in quality manage­

mentsystemand processmanagement teammetrics
- Strengthen the use ofpolicy deployment as the

mechanism to align our improvement efforts with
businessgoals ..

- Define and achieve effective quality assurance in
each process

- Continue to tailorour quality management system
to meet the changing needsofour business
environment.

Implementing totalquality management forthe
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