
QUALITY TECHNOLOGY IN
PRODUCT REALIZATION SYSTEMS

AT&T TECHNICAL JOURNALBruce F. Gundaker, David E. Martinich, and Michael J. Tortorella ---I•••" ••

Bruce F. Gundaker is
head of the Systems
Quality department of
AT&T Bell Laboratories
in Holmdel, New
Jersey. David E. Mar­
tinich is a member of
the technical staff in
the Quality Theory
and Technology
department of Bell
Laboratories in Holm­
del. Michael J.
Tortorella is a distin­
guished member of
the technical staff in
the same department
in Holmdel. Mr. Gun­
daker joined AT&T in
1974 and is respon­
sible for quality man­
agement methods and
tools for the AT&T
research and develop­
ment community. He
has a B.S.E.E. from
the University of Dela­
ware and an M.S.E.E.
from Cornell Univer­
sity. Mr. Martinich
joined the company
in 1984 and is work­
ing on QC Toolkit,
software, user docu­
mentation, and
training development.
He has a B.A. in
mathematics from
Carleton College and
(continued on page 20)

This paper focuses on the role that quality technology
plays inAT&T's product realization processes and sys­
tems. It describes the quality management system
within the AT&T research and development community
including the eleven principal quality management
tasks. There are also descriptions of two software­
based quality management tools: the System Used for
Prediction and Evaluation of Reliability (SUPER) and
the QC Toolkit for statistical quality control.

Introduction
In recent years, AT&T has made major changes in its strate­

gies and structure as well as its role as a world-wide provider of
information management and movement products and services. A
renewed focus on quality also has accompanied these changes in
AT&T's mission and markets. Guided by a corporate quality policy
that recognizes quality excellence as "the foundation for the manage­
ment of our business and the keystone to our overarching goal of
customer satisfaction,"! people throughout AT&T are working harder
than ever to provide products and services that meet the quality
expectations of customers.

AT&T's company-wide quality initiative emphasizes the contin­
uedimprovement ofproduct realization processes and internal business
operations. Throughout the corporation, ambitious quality improvement
plans and objectives are being established, along with quality manage­
ment systems to carryout the plans and achieve the objectives. At the
same time, AT&T quality professionals have beendeveloping leading­
edge quality technology to support the quality management systems
and tasks.

The term quality technology includes a wide variety of tools,
techniques, methods, metrics, guidelines, and procedures that help us
to plan, control, and improve the quality ofproducts and services and
the efficiency and effectiveness of the product realization process.
AT&T is currently engaged ina major effort to expand its quality tech­
nology and to put this technology into the hands ofmarketing, design,
development, manufacturing, and business operations organizations.
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The QualityManagement Functions
Before discussing specific quality methods and

tools usedbyAT&T product realization organizations, we
will examine the quality management functions that this
technology is intended to support.

Figure 1 shows how a quality management system
is being implemented within the AT&T research and devel­
opment (R&D) community. The system is based ona
problem-solving model developed by W Edwards Deming. 2

The model identifies four elements ofa cyclical problem­
solving process: planning, doing, checking, andacting
(shown as the innerringof Figure 1). In adapting the
Deming model to serve as a quality management architec­
ture for design and development activities, we have
identified eleven, specific quality management tasks (shown
as the outer ring of Figure 1) that spanthe planning-doing­
checking-acting cycle.

Planning. Quality management begins with quality
planning that includes:
• Establishing specific quality objectives for products, ser­

vices, andprocesses
• Preparing comprehensive written plans describing how

these objectives will be achieved
• Assigning organizational responsibilities andaccountabil­

ities for the identified quality tasks.
Doing. The doing phase of the plan-do-check-act

cycle includes identifying and providing needed education
and training inquality technology and quality management
disciplines; applying documented standards, procedures,
methods, and tools to support product realization activi­
ties; and implementing a variety of quality controls to
ensure that these activities are performed as planned.

Checking. The checking phase of quality manage­
mentencompasses three major quality tasks:
measurement; audits, reviews, and in-process inspections;
and quality feedback and reporting. Well-chosen quality
metrics canquantify and track the quality ofproduct real­
ization activities and their outputs. From a corporate
management perspective, theyprovide a way to assess
collective quality capabilities, a basis from which to set

quality improvement goals, and a vehicle for tracking prog­
ress towards thosegoals. At the project level, quality
metrics and reports help to identify problems early, pin­
point the root causes ofchronic quality problems, monitor
the impact ofchanges made to improve the product realiza­
tion process, and assess the readiness ofproducts for
release to internal or external customers.

Peer-level reviews and inspections ofwork prod­
ucts provide important checkpoints for finding product
defects early in the product realization process. Within
AT&T, in-process inspections and reviews are usedwidely
inproduct definition, software development, and hardware
development organizations. In addition, independent audits
ofproduct realization and management processes provide
timely recommendations for improving development and
management methods.

The thirdelement of quality checking is feedback
and reporting-providing timely, accurate information
about the quality ofproducts and processes to managers
and staff at all levels. This feedback canverify that product
and process objectives are being met, or alternatively, can
indicate where and when improvement and corrective
action are needed. It is this feedback about the numbers
and types of quality problems that drives the corrective
action and improvement process.

Acting. In the acting phase of the cycle, people
identify and classify the most important quality problems,
diagnose the causes of these problems, and undertake spe­
cific improvement projects to eliminate forever the sources
ofchronic errors and waste.

Supporting QualityTechnology
To guide R&D organizations in planning their

quality management systems, the Quality Assurance Cen­
ter at AT&T Bell Laboratories has prepared a
comprehensive Quality Manual3 formanagers. The manual
defines the eleven quality management functions (shown in
Figure 1), with suggestions for implementing these func­
tions within various R&D organizations, and advice onthe
large array of tools and techniques that support implemen-



Figure 1. A quality
management system
for research and
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tation. The Quality Manual andits supplements also
provide detailed guidance to R&D organizations on the
preparation ofproject quality plans.

Along with this is a set ofguidelines provided by
the AT&T Bell Laboratories Business Operations Planning
Center. These guidelines span the planning, design, manu­
facturing, anddeployment support phases ofthe product
life cycle. Included is a comprehensive description ofthe
roles, responsibilities, interfaces, handoffs, checkpoints,
and activities that make up the process by which high­
quality products are designed, manufactured, and
deployed.

One powerful technique that is now being usedto
improve the quality planning and product realization proc­
ess is quality function deployment.' Quality function
deployment is a structured approach to ensure that cus­
tomers' needsandexpectations are clearly understood and
metat all stagesof the product definition, design, and
manufacturing process. It provides a systematic way of
translating customer needs into required quality character­
istics and it outlines detailed activities and organizational

responsibilities forensuring that these characteristics are
designed into the product andthe associated realization
process from the outset. Quality function deployment uses
seven tools and aids for information gathering and analysis
and forgroup problem solving. With this technique, the
effectiveness and efficiency ofthe product definition proc­
ess have beenimproved. Product definitions that better
meet the needs and expectations ofcustomers are being
produced with less effort and rework.

A wide variety of tools and design aids is available
to support the quality checking functions ofmeasurement,
audits, reviews, inspections, feedback, and reporting.
Since 1983, the AT&T R&D community has useda stan­
dard set ofbroadly applicable end-product metrics: to track
the quality ofsoftware. Quality attributes addressed by
these standard measures include: the density offaults in
completed software products, development organization
responsiveness in resolving serious software faults that
affect customers, and the impact ofsoftware fixes on
users. Semiannually, quality results formore than 130 soft­
ware projects, along with composite summaries and
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trends, are reported to management. Adata analysis and
graphics tool called SQUARES is used by the Quality
Assurance Center to generate semiannual management
reports, andis available forprojects to use formore fre­
quent internal analysis andreporting.

In 1986, an initial set ofdesign quality metrics for
hardware products: was also standardized anddeployed.
Patterned after the standard software metrics, the hard­
ware measures trackthe density of faults innew hardware
designs, designer responsiveness incorrecting these faults,
and the number andcost ofresulting design changes. A
prototype data analysis and graphics tool (HQUARES) has
beendeveloped, anda semiannual report established.

In addition to measuring the quality of theirend
products, design anddevelopment managers also need
tools for transforming detailed data on the numbers and
types ofquality problems found at various stagesofthe
development process into information that canhelp identify
root causes andpoint the road to improvement. In
response to that need, the Quality Assurance Centerhas
defined an initial set of in-process design quality metrics and
an associated analysis and graphics tool called TIP. With
TIp, designers gain insight into the predominant sources of
defects in their processes, understand where in the devel­
opment process faults are being introduced, assess the
effectiveness ofin-process review and inspection proce­
dures, and quantify other aspects ofdevelopment process
quality.

A specialized tool developed to aid software devel­
opers inquantifying the complexity ofsoftware modules is
called CMET. CMET computes seven complexity metrics
forstandard C programming language functions, including
the numbers of noncommentary sourcelines, executable
statements, structurepointers and tokens in the function,
and the number of fundamental circuits andunique execu­
tion paths in the flow graph. CMET also compares these
complexity measures with predetermined threshold values.
These comparisons canhelp designers in identifying error­
prone software modules and allocating inspection and test­
ing resources.

Another aid for improving quality management
systems is the independent design quality reoieui.' When
project managers request such a review, experienced
development and quality professionals examine the
adequacy and application of systems engineering, de­
velopment, and quality management processes and rec­
ommend ways to improve quality and productivity.

SUPER
It canbe difficult to get accurate information on

system availability during the warranty period. In the time
period immediately following system installation, system
components canexperience early life failures at rates often
greater than their steady state failure rate. There may be
redundant subsystems operating as a safety net that, while
increasing overall reliability, canalso complicate the job of
reliability evaluation.

Standard reliability engineering methods can help
solve this problem; however, forcomplicated systems,
these often donotprovide enough detail. Even a computer
program custom designed with a reliability model for a spe­
cific system may notbe costeffective ifit cannot be reused
onother systems.

AT&T Bell Laboratories developed the System
Used for Prediction and Evaluation ofReliability (SUPER),
a comprehensive software package to create and execute
reliability models forgeneral systems using the structural
or reliability block diagram modeling technique andthe
theoryofstochastic point processes to describe the evolu­
tion in time ofthese structural models. SUPER handles
many complex systems, including those using hot and cold
standby redundancy, andmany different characterizations
ofcomponent reliability.

SUPER provides comprehensive reliability models
for maintained systems that enable study ofboth mission
reliability as seen by the system user and basic reliability
as seen by the system maintainer. SUPER makes it easy to
complete the tasksofdesign for reliability, including the
reliability engineering cycle, reliability budgeting, and contin­
uous reliability management during the product design
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phase of the product realization process.
Designfor Reliability. Design for reliability is a criti­

cal needin the product realization process. The mostcost­
effective reliability improvement steps are those that can
be taken early in the design phase ofthe product realiza­
tion process. The furthera design progresses, the more
expensive it is to make design changes that will improve
reliability.

The system reliability engineer mustbegin with
system-level reliability objectives that the product is to
meet. The engineer needsa way to create high-level sys­
tem reliability models (even during the exploratory or
conceptual phase of system design) to ensure that the
completed system will meet these objectives. Design for
reliability muststart at the earliest phase ofsystem design
with models (1) that canbe used to qualify the system reli­
ability, (2) that canbe augmented to trackprogress ofthe
design reliability as the design proceeds from concept to
hardware and software, and (3) that help create and main­
tain a system reliability budget.

In addition, circuit pack designers needa way to
predict the reliability of the circuit pack, andto check the
prediction against the pack's reliability allocation inthe
system reliability budget. SUPER helps engineers solve
these problems byproviding reliability modeling capability
at all levels ofdetail.

SUPER and Design for Reliability. Reliability models in
the early phases ofproduct design can be created with
SUPER's System Analyst mode. Reliability models forspe­
cific hardware, with detail all the way down to particular
components (such as resistors andintegrated circuits), can
be created with SUPER's Design Analyst mode. Interme­
diate models that the system reliability engineer can use to
trackreliability progress canbe created with SUPER's
Mixed mode.

To make SUPER mostuseful fordesign for relia­
bility, many special features not found inany other
reliability prediction software were developed. Some of
these are described in this section.

AT&T's component reliability characterization
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model, based onmeasured failure rates ofelectronic com­
ponents, allows fora larger (but decreasing) component
failure rate during the first 10,000 hours ofoperation than
the constant "steady state" failure rate thereafter
(referred to as the "device failure-rate model"). (See
Figure 2.)

Because of this, the early life reliability character­
istics ofsystems that use these components canbe quite
different from what is seen in "reliability steady state."
Reliability steadystate here means that the system reliabil­
ityprocess (the stochastic process ofsuccessive operation
intervals, failure times, andrepairintervals) is approxi­
mately stationary. More loosely, the effects ofearly life
part reliability andreplacement offailed components are
smeared out as timepasses, andwhat persists is a much
simpler process whose fundamental characteristics are not
changed bythe further passage of time.

Determining apriori when "reliability steady
state" begins for systems with any redundancy (electronic
switching systems are a good example) is usually difficult.
For highly reliable systems (such as satellite or undersea
cable systems), "reliability steadystate" may notbe
reached until long after the system's service life is over.
So, to see system reliability behavior inearly life, it is
important to know the reliability characteristics of the sys­
tem as a function of time. Asymptotic results andlimit
theorems are not always enough to give the whole picture,
especially for studying warranties andother early life
issues. Perhaps mostimportant, virtually every AT&T
product andsystem is designed to be maintainable-when
a part fails, that part is replaced and the system is
returned to service. Computations in reliability models that
give reasonable descriptions ofa maintained system are
generally veryhardto find.

SUPER was designed to address each of these
problem areas. SUPER automates the AT&T methods for
system reliability prediction, and makes it easyto use
internal-database component-reliability information for
obtaining part reliability parameters by providing automatic
lookup bypart number and on-line implementation ofthe

procedure for looking upa part by its characteristics.
However, by judicious use ofcomputing power,

SUPER takes the reliability engineer beyond merely the
automation ofmanual methods. More complete reliability
analyses can now be done, including detailed examination
ofearly life reliability. The time-saving features ofthe soft­
ware now make it possible to complete many sensitivity
and comparison studies that may nothave beenundertaken
previously because theywere too tedious. Further, more
realistic models formaintained systems cannow be used
fruitfully. The point ofreliability prediction is to summarize
the behavior of the system's reliability process ina concise
way that enables timely reliability improvement actions to
be taken. SUPER simplifies this task.

SUPER also aids in the job ofreliability prediction
by making the techniques accessible to persons who don't
necessarily have extensive reliability engineering back­
ground or experience. It does this by:
- Providing outputs that are simple, intuitive, and easily

related to the engineering situation at hand.
- Hiding all its complicated mathematical computations

behind a simple-to-use interface that asksfor its input
information in terms that are easily understandable in
the context of the engineering situation.

- Speeding upthe reliability prediction process with auto­
matic part listgeneration from the computer-aided
design tools andautomatic part reliability parameter
lookup in component reliability information databases.

The ReliabilityEngineering Cycle. The reliability engi­
neering cycle, shown in Figure 3, is so called because its
activities repeat until a design qualified for reliability
results. By the time oneenters the reliability engineering
cycle, system-level reliability objectives have beenestab­
lished and accepted bythe design organization. The
reliability engineering cycle begins with some information
onthe preliminary design. The preliminary design may be
high-level or conceptual at this point; however, the infor­
mation one normally needsto model the reliability ofa
beginning design is some system architecture, some
description ofthe reliability of the subsystems, some
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notion ofhow the system is to be maintained, and some
idea ofthe environmental conditions underwhich the sys­
temwill be used. Ideally, this process should be begun
even when this information is sketchy. For example, in the
design ofa disk drive, the design may begin with only the
information that the system will consist ofa drive unit, a
controller, and a power supply. While this is enough infor­
mation to begin the reliability engineering cycle, as this
information becomes amplified andrefined, the reliability
models can be maintained andupdated as new information
becomes available, creating better information for reliabil­
ity improvement decisions.

After the preliminary design information is cap­
tured, it is put intoSUPER. The reliability, availability, and
maintainability models in the program are tailored to the
design, andSUPER produces from them a description of
the system's future failure andrepair behavior. This
description is then compared to the system reliability
objectives to determine ifthe currentversion ofthe design

is qualified (i. e., capable ofmeeting the overall system
reliability objectives). If not, reliability improvement activi­
ties mustbe undertaken to increase the reliability of the
design. For ourpurposes here, these fall into four major
categories: strengthening the existing design, redesigning
part or all of the system, eliminating known causes offail­
ure, andstarting reliability growth programs. Any ofthese
reliability improvement activities canmodify the original
design.

These modifications are then captured in the relia­
bility model previously constructed with SUPER, and the
new model then produces its description ofthe system reli­
ability based on the design modifications. Again, one
compares these results with the overall system reliability
objectives, continuing the process ofreliability improve­
ment, modeling, and comparison until the design is
qualified.

During this application ofthe reliability engineer­
ing cycle, SUPER would most oftenbe used in the System
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Analyst (SA) mode. A systems analysis reliability study
typically is characterized byhigh-level designs, little spe­
cific hardware or software information, rapidly changing
design possibilities (i.e., a general, exploratory stage).

These studies should be done early in the design
phase ofthe product realization process. The system ana­
lysthas to study the effects ofdifferent reliability
architectures (redundancy, distributed architecture, main­
tenance policy, etc.), andpossible subsystem, or block,
reliabilities. SUPER is used in the SA mode bycreating a
reliability block diagram (RBD) at the appropriate level of
detail (at this stage, thismay be driven bythe amount of
subsystem reliability information at hand) and bychoosing
from among the listof life distributions built into SUPER to

describe the reliability of the blocks. If life distribution
information fora block is available in the form ofa table,
this canalso be used directly. Appropriate reliability
models can be executed, andsensitivity studies can be run
to see the effect ofpossible changes inarchitecture, sub­
system reliability, maintenance policy, or environmental
conditions.

Amajor benefit of the SUPER interface is that it
enables system changes to be made andsensitivity studies
to be run interactively ina single SUPER session. This is a
real timesaver, and contributes materially to the design of
more reliable products.

Reliability Budgeting. After the design hasbeenqual­
ified in the reliability engineering cycle, wecanissue the
project system reliability budget. (See Figure 3.) The sys­
tem reliability budget is a breakdown of the overall system



reliability objective intoreliability allocations for subsys­
tems andcomponents, arranged so that ifthe budget
allocation foreachof the subsystems is met, then the
overall system reliability objective will be met.

Thisbreakdown is necessary because the overall
system reliability objective may notbe useful to individual
subsystem design areas. Forexample, a requirement on
system availability would not be meaningful to the designer
ofa subsystem or circuit pack in the system. This designer
typically does not have access to the sametotal system
information that the system reliability engineer does, and
so is unable to judge the reliability of the individual subsys­
teminrelation to that of the entire system.

Budget allocations should be made in terms the
subsystem and component designers canunderstand. For
example, component reliability allocations canbe made in
terms ofa maximum failure rate for the subsystem, viewed
as a nonmaintained system, overthe system service life.
This is a meaningful concept that designers understand and
it is compatible with the reliability modeling methods used
during the reliability engineering cycle.

Reliability budgeting is largely a process of "work­
ing the reliability prediction model backwards." In
operational terms, this means that tentative reliability allo­
cations forsubsystems andcomponents are already
present in the reliability prediction models usedupto this
point. These come from the subsystem reliability informa­
tion needed forSUPER. Preparing the reliability budget is
then mostly a matter ofrefining previous prediction models
toaccount forany new information about the qualified final
design. The reliability budget should notbe a revolutionary
change at this late stage.

Continuous ReliabilityMonitoring. Once the system
reliability budget is established, designers canuse SUPER
to verify that their subsystems meet the reliability budget
allocations established for them. In addition, the system
reliability engineer canincorporate the latestdesign infor­
mation intothe overall system model as a way ofkeeping
the system reliability predictions currentwith the design.

For this task, the subsystem designer uses
SUPER inwhat is called the Design Analyst (DA) mode.
Here SUPER is used to make reliability predictions about a
specific piece ofhardware, suchas a circuit pack. These
studies are characterized byvery specific part information,
and may include individual part temperatures andelectrical
stresses. SUPER uses the device failure-rate model to
characterize part reliability. It also includes a convenient
spreadsheet interface for these studies that shows the
effects ofvarying part reliability parameters, temperature,
electrical stress, quality levels, andother factors in real
time.

Inthe DA mode, the circuit pack, forexample, is
modeled as a single block, with its reliability derived from
the listofpartsonthe pack andtheirreliability parameters.
Nonmaintained system models aremostoften usedhere,
because the circuit pack isusually a partofa larger system
thatmay bemaintainable. From these, one obtains life
(time-to-failure) distribution information about thepack, as
well as pack failure-rate information, asa function oftime.
This information canbecompared to the system reliability
allocation forthe subsystem as shown inFigure 4.

The Figure shows that if the result of this compar­
ison is unsatisfactory, two courses ofaction are available.
First, the designer cancarryoutappropriate reliability
improvement activities for the subsystem or circuit pack.
(This resembles a reliability engineering cycle inminiature
for this subsystem alone.) If it is notpossible or economi­
cal to achieve the reliability called for in the system
reliability budget for this subsystem, the system reliability
engineer mustbe notified and a revision ofthe system reli­
ability budget attempted. Thisrevision amounts to a
redistribution ofreliability allocations among subsystems
to try to enlarge the allocations for those subsystems that
are having difficulty meeting the original ones, and tighten
the allocations for thosesubsystems meeting theiroriginal
targets easily.

The information generated bythe various subsys­
tem designers canbe combined in the system reliability

13
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model to produce updated reliability predictions for the
entire system as the design progresses (using nonmain­
tained or maintained system models, as appropriate). In
this way, the system reliability prediction is continuously
monitored so that there are early warnings ofpossible
problems. Designers should be made responsible forcom­
municating updated reliability predictions for their
subsystems to the system reliability engineer. Designers
canbe trained to use SUPER to make predictions more
quickly andeasily.

During the evolution ofthe design from concept to
complete hardware andsoftware specification, the system
reliability engineer uses SUPER inMixed mode. Here, the
SUPER model has some blocks in the reliability block dia­
gram specified bypart lists, andsome bythe life
distributions characteristic ofSA mode. There is no
restriction on the level ofdetail that can be incorporated
into a single SUPER model. Blocks described byparts lists
and blocks described bybuilt-in distributions can coexist in
the same model. Mixed-mode operation is a good way to
keep reliability models currentwith system development
as it progresses from the less defined system analysis
phase to the complete detailed system design.

With continuous monitoring and sufficient concern
for prevention andsolid reliability engineering the first
time through, it should be possible to completely avoid
last-minute "reliability improvements."

To summarize, SUPER is used in the SA mode to
prepare the reliability budget, andin the Mixed mode to
keep the budget up to date and support subsystem reliabil­
ity tradeoff activities. SUPER is usedin the DA mode by
subsystem designers to check that theyare meeting their
budget allocations, andcanalso be used thisway on the
complete system to verify that overall reliability objectives
are met. The DA mode on the whole system canalso be
usedto obtain more detailed information about the early
life reliability of the entire system.

SUPER and Computer-Aided DesignSystems. To pro­
mote more effective use ofdesign for reliability in the
product realization process, SUPER is currently being inte-

grated into the AT&T computer-aided design system. A
major objective of this integration is to make circuit-pack
reliability prediction ingeneral (and use ofSUPER inpar­
ticular) a routine part ofengineers' activities during the
design ofa circuit pack or subsystem. Essentially, integra­
tion consists ofsettingupautomatic pathways for the flow
ofinformation to and from the computer-aided design sys­
tem, SUPER, andcomponent reliability databases. (See
Figure 5.)

To run a Design Analyst reliability prediction for a
circuit pack, or some other subsystem described by a list
ofparts or components, SUPER needs the parts listas
basic input. It is much easierif thisparts list, which is
available in the computer-aided design system, can be
automatically transferred to SUPER. Once integration is
complete, the SUPER DA mode will be especially easy to
use because circuit pack parts lists will be available to
SUPER automatically, with nomanual intervention.

Another advantage ofintegration is automatic
lookup ofcomponent reliability parameters ina reliability
database. (This is also illustrated in Figure 5.) SUPER
passesthe parts list for the circuit pack or subsystem over
to the reliability database, which then matches the part
numbers with its own internal information. The database
then returns to SUPER reliability parameters (such as the
parameters of the device failure-rate model) foreach ofthe
components it has found.

Both automatic pathways save time and energy in
avoiding manual entry ofparts list data andcomponent
reliability parameters. This further advances the goal of
making reliability prediction, and design for reliability in
general, an important contributor to a successful product
realization process.

QC Toolkit
Statistical Quality Control (SQC) istheapplication

ofstatistical principles andtechniques formonitoring, con­
trolling, and improving thequality ofdesign, manufacturing,
business, and maintenance processes. SQC techniques are,
forthemostpart, simple buttedious todobyhand. Such a



Design
realization

file on
CAD system

Circuit pack
parts list

SUPER

Circuit pack
parts list Component

reliability
database

Part reliability
parameters

Figure 5. Automatic
links in SUPER inte­
grated with a CAD
system. CAD = com­
puter-aided design.

situation is ideal forsoftware applications. One advantage of
using quality control software is that, with minimal training,
SQC techniques canbequickly placed into the hands ofa
large number ofpeople. One benefit ofthisis thatSQC will
beused by more people andapplied tonew areas; and thus,
more people realize that theycan dosomething about qual­
ity, more people start thinking about what they can doto
improve quality, andmore people start trying toimprove
quality.

As a part ofits efforts to support quality control
and improvement throughout AT&T, the Bell Laboratories
Quality Assurance Center has developed a powerful and
flexible software tool forSQC. Called QC 1bolkit, this tool
runs onthe AT&T PC 6300 and PC 6300 PLUS, and can be
integrated with existing andplanned factory information
systems.

QC Toolkit is designed to monitor, control, and
improve manufacturing and business processes using the
tools and techniques found in theAT&T Statistical Quality
Control Handbook. 8 The Handbook was writtenabout thirty
years ago byAT&T personnel to provide a guide for apply­
ing SQC principles to AT&T manufacturing operations.
The Handbook is usedextensively within AT&T and other
companies all over the world, andit is widely viewed as
one ofthe best books onSQC.

Users ofQC Toolkit (and theHandbook) include:
Quality Control (QC) teams (aquality engineer, aproduct or
process engineer, and a shop supervisor). Theactivities ofQC

teams can bedescribed by the QC cycle. (See Figure 6.)
QC Toolkit supports the activities of QC teams by

having the QC cycle built into the software. QC Toolkit is
comprised offour subsystems called/olios. (See Figure 7.)
The four folios support the first four steps in the QC cycle
byproviding statistical tables andhigh-resolution graphs.
(See Figure 8.)

The Data Management folio provides a spread­
sheet fordata entry and tools forfile management. The
Process Control folio provides control chartswith auto­
matic diagnostic tests to determine ifa process is out-of­
control. The Problem Identification folio provides Pareto
diagrams, histograms, and normal probability plots to see
what kind ofproblem exists. The Problem Diagnosis folio
provides scatterplots, boxplots, and analysis ofmeans to
determine the causes ofproblems.

QC Toolkit uses a windowed interface that pro­
vides guidance and flexibility, so that software can be
easily usedbyboth expertsandnovices inSQC.

QCToolkit in a Factory Environment. Asa PC-based
tool, QC Toolkit can be usedas eithera stand-alone SQC
software system (for those locations without factory infor­
mation systems) or as a part ofan integrated quality
system.

QCToolkit as a stand-alone system. As a stand-alone,
QC Toolkit can support data entry anddata management,
as well as all otherSQC functions. Each shop (or line or
cell) has its own Pc. QC teams use QC Toolkit to manage

15
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Figure 6. The Quality Control cycle. Data are collected and
analyzed to determine whether the process is out of control.
If so, the Quality Control team first Identifies the problem,
then diagnoses It. Once the cause has been determined, cor­
rective action Is taken.

Figure 7. QCToolkit. The four QCToolkit folios are designed
to guide the Quality Control team through the first four steps
of the Quality Control cycle. Each QCToolkit folio contains
statistical and graphical tools to support the corresponding
step in the cycle.

a database in the form ofa collection ofASCII files.
(ASCII stands for American Standard Code for Information
Interchange.) The data from each process can be entered
into a file either through QC Toolkit (manually, through the
spreadsheet data editor) or directly into the file (automati­
cally, by bar code reader, forexample). (See Figure 9.)
These dataare analyzed and storedonthe PC; data com­
munications can be handled eitherby a local areanetwork
or by floppy disk.

Figure 8. QCToolkit provides output in easy-to-read well­
formatted tables and graphs that can be displayed on the
screen or printed. Shown are: (a) control chart, (b) histo­
gram, (c) Pareto diagram, (d)analysls of means, (e)
scatterplot, and (f) boxplots.
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Figure 9. QCToolkit used as a stand-alone system.
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• Process capability studies. QC teamscanuse QC Toolkit
to obtain control overa process by detecting, identify­
ing, diagnosing, and removing sources of variability and
defects.

• Process improvement. QC teams canuse QC Toolkit to
analyze process variables and determine optimum oper­
ating conditions in order to reduce scrap, rework, and
defects.

• Quality reporting. With QC Toolkit linked to a central­
ized factory database, QC teams canaccess data from
any shop in the factory and use QC Toolkit to produce
reports for management, customers, or vendors.

In general, QC Toolkit canbe used to perform
quickly and easily those tasks that the process checking
system was not designed to do.

QCToolkit without process checking systems. Infactories
without process checking systems, the dataareenteredinto
PCs. (SeeFigure 11.)Inthiscase, eachshop (orline orcell)

Factories that have information systems for han­
dling and storing process data use QC Toolkit ina much
different way. The information system runs ona host com­
puter (an AT&T 3B computer, for example). This is where
the process dataare stored as well. In this setting, QC
Toolkit is not used for data storage.

As a part ofan integrated factory information sys­
tem, QC Toolkit's role depends on whether the factory
already hasa process checking system (a software system
forenteringprocess data into the overall information sys­
tem). AT&T manufacturing locations employ a variety of
locally developed process checking systems. These sys­
tems are used fordataentry and process checking
(determining whethera process is out-of-contro!), per­
forming validity checks on data, managing databases, and
producing reports.

QCToolkit and process checking systems. In factories
with process checking systems, the process checking sys­
tem and QC Toolkit are complementary. (See Figure 10.)
The dataare entered through the process checking system
and stored on the host computer. Here, the process check­
ing system is usedfor dataentry and validation, for
determining whethera process is in control, and for pro­
ducing reports.

In addition, each QC teamhas its own PC running
QC Toolkit. This PC is used as anSQC workstation. The
PCis connected to the host computer (via a Datakit" net­
work, forexample) and canbe ineither terminal mode
logged onto the host, or in PC mode. While in the terminal
mode, the QC Toolkit user accesses the quality informa­
tion database, obtains the desired data for analysis, and
downloads this dataonto the PC harddisk in the form of
anASCII file. The user then switches to PC mode, and
analyzes the data using QC Toolkit.

QC Toolkit complements the existing process
checking system by supporting suchactivities as:
• Process troubleshooting. If the process checking system

detects an out-of-control condition, QC teamscanuse
QC Toolkit to trackdown and eliminate the cause of the
problem quickly.

18



Shop supervisor

Information Product engineer
Quality control

engineer

Manual Automatic

~~~D;;enuy~==r Information Productengineer
Data

Quality control
, 4 engineer

19

Shop supervisor

Product engineer

Quality control
engineer

Quality Control Team

Da~"-" Information

11l:J Mainframe or
: • minicomputer

Quality Control Team

Quality Control Team

Shop supervisor

Product engineer

Quality control
engineer

Information

C 4

Figure 10. QC Toolkit integratedwith a factoryinformation
system and a process checkingsystem. The data fromthe
factory line are enteredand checkedthrough the process
checking system.

Figure 11. QC Toolkit integrated with a factory information
system withouta process checkingsystem. The data from
the factory line are checkedbyQC Toolkit and then uploaded
and stored on a hostcomputer.

has itsown Pc. Theshop PCscontain bothQC Toolkit and a
"local" database consisting ofacollection ofASCII files. As
before, thefactory information system isrunning onahost
computer, where the"main" database iskept.

As in the case ofusing QC Toolkit as a stand­
alone, data from eachprocess goes into separate files
either through QC Toolkit (manually) or directly into the

file (automatically). As soon as the dataare entered, they
are analyzed by QC Toolkit to detect and flag any out-of­
control conditions in the manufacturing process.

As before, shop PCs are connected (via a Datakit
network, forexample) to the host computer. The shop data
stored in the "local" databases on the shop PCsare period­
ically (daily, perhaps) uploaded into the "main" database on
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the host computer. After that, QC Toolkit is usedby the
QC te~s inexactly the same way as before: to perform
process Improvement, troubleshooting, capability studies
and quality reporting. '

In general, the way that QC Toolkit is usedina
factory without a process checking system is really a com­
~i~ation ofthe way it is usedas a stand-alone and the way
It IS usedas a complement to a process checking system.

Extending the Quality Technology Resource
SUPER and QC Toolkit are just two examples of

how AT&T's quality and reliability technology is integrated
and used,,:ithin product realization systems. Developing
?nd de~loYIng these and other software-based quality tools
IS a major element ofAT&T's move to put sophisticated,
eas~-to:use quality tools and aids into the hands ofproduct
realization management and staff. In addition to the many
tools and aids discussed in thispaper, work continues on
a~ditional quality management technology. Major initia­
tives currently underway include the development of
software tools to support robust product and process
design methodologies and the activities ofquality improve­
ment teams.
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