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Concurrent Engineering: An Enabler
For Fast, High-Quality Product Realization

Concurrent engineering (CE) is a proven approach for product realization
thatresults inreduced time tobring a product tomarket, improved product
and service quality, and reduced life-cycle costs. Time-to-market improve­
ments of30% to 60% are typical ofa disciplined approach toconcurrent engi­
neering. Concurrent engineering integrates and synchronizes activities and
the information required todefine, design, produce, deliver the product or
service, and to maintain the product or service over itslife cycle. This paper
reaches beyond a simple explanation ofCE and provides examples ofhow
powerful CE implementations can be. Thepaper:
- Describes the elements ofaninfrastructure and supporting technologies

for a csbased product realization process (PRP) ,
- Provides guidance for deploying CE byexplaining a broad-based CE

implementation process, and
- Shares tips and ideas onhow an individual or small team can catalyze CE

inanorganization.
Introduction

Competition, product time-to-market,
cost,andquality are today's critical concerns
whenintroducing products and services. This
paperpresentsa systematic approach to prod­
uct realization that addressesthese drivers,
namely concurrentengineering (CE). In the
CEapproach, a cross-functional teamofindi­
viduals continuously createsand uses a body
ofknowledge to optimize quality, cost, and
the timeto get a product to market.

Awidely accepted definition ofCE
waspublished in 1988: "CEis a systematic
approach to the integrated, concurrent design
ofproducts and their related processes,
including manufacture andsupport. This
approach is intended to causethe product
developers, from the outset, to consider all
elements ofthe product life cycle from con­
ception throughdisposal, including quality,
cost, schedule, anduser requirements,"! Our
interpretation ofthis CEdefinition includes
the up-front conceptual productdefinition
processesas partof"design." This definition
applies to services, software, or manufactured
products. Weconsiderallassociated

documentation, such as customer training
materials, as partof"products."

CEfocuses on the product as usedby
the customer.? This approach requires strik­
inga balance among functional disciplines. In
CE,cross-functional teamsare formed to pro­
videa forum in which the individual expertise
ofits membersmeldsto createanddeliver a
morecompetitive product. The CEteamhas
considerable power to affect the successor
failure ofa productwhenit operates as a sin­
gle entity, and the teamhas complete end-to­
end control overthe product life-cycle. The
unified, cross-functional teamuses its knowl­
edge to assure that allconsiderations are
incorporated intoa product early in its devel­
opment. This includes performance andfunc­
tionality, as well as Design forX (DFX)3 con­
siderations. Real-time collaboration on these
considerations savesconsiderable time and
can improve product quality-in contrast to
sequential, decoupled reviews.

The BasIc Elements of CE
The combination ofsixfundamental

elements ofCEcharacterize anddifferentiate
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Panel 1. Acronyms and Tenns Used In This Paper

BCS - BusinessCommunications Systems
BU - BusinessUnitin AT&T
CAE/D/M - Computer-aided

engineering/design/manufacture
CE - Concurrentengineering
CIT - Cross-functional teams
CPM - Critical path method
Critical path - The sequence ofactivities that con-

sume the most time in a process
DFM - Designfor manufacturability
DFS - Designfor simplicity
DFX - DesignFor X, whereXstands for manufactura­

bility, installability, reliability, safety, serviceability,
and other downstream considerations beyondper­
formance and functionality

DIT - Designfor testability
GBCS - Global BusinessCommunications Systems
GBS - General BusinessSystems
ICE - Interactive collaborative environment
IPM - Integratedprojectmanagement
IS - Information systems
MSD - Market servicedescription or definition
POI - Productdesign information
Policy deployment - The techniqueofestablishing

goalsat the highest levelsofa business (policies),
and "cascading" them downthroughout an organi­
zation, so that allhierarchical goalsand objectives
are consistent withthe policies "deployed."

PQMI - Process quality managementand improve­
ment

PRP - Product realization process
Productrealization - All activities, fromconcept

through production, required to create and intro­
duce a newproduct

Product- Any service, software, or manufactured
product

QFD - Quality function deployment
QUEST - Quality, Engineering, Software, andTechno­

logies; a consulting organization in AT&T Bell
Laboratories

R&D - Researchand development

it fromtraditional productdevelopment.4 The six ele­
ments are cross-functional teams, concurrentproduct
realization process (PRP) activities, incremental sharing
and use ofinformation, integratedprojectmanagement,
earlyand continual supplierinvolvement, and earlyand
continual customer focus. See Figure 1.

Cro..-Functlonal T....... CITs have representation
from manyor allfunctional areas across the entire PRP

for manufactured, software, and service products. This
representation includes marketing, systemsengineering,
design, manufacturing, purchasing, field services, and
evencustomersand suppliers.

Concurrent PRP Actlvltl••. PRP activities are exe­
cuted in parallel, withsomeor allofthe activities occur­
ring simultaneously, rather than sequentially. Examples
include:
- Performing simultaneous productand assembly pro­

cess design.! rather than waiting fora fully completed
design.

- Developing part ofa technical prospectus whenfea­
ture descriptions are available from the market service
description (MSD).

Incrementallnfonnation Sharing end Use. In each of
the above examples, information is shared incrementally,
as soonas it becomesavailable, whichallows immediate
feedback. This is in sharp contrast to waiting for a transfer
ofa complete set of information in the classic "over-the­
wall" mode. Examples ofincremental sharing include:
- Performing material planning and procurement activi­

ties, usinga subset of the material needed as specified
in the earlydesign information.

- Determining the technical feasibility, usinga subset of
the customerrequirementsextractedfrom market
research information.

Int.greted Project Menegem.nt (lPM). Whena CE
approach is taken, projectmanagement changes in
four majorways:
1. Projectmanagement is integrated to encompass end­

to-end activities involved in the PRP. Milestones, and
the responsibility for meetingthem, are shared byall
membersofthe concurrentengineering team.

2. Trackingmid-activity status becomescritical, since
incremental information sharingcan triggerother
activities.

3. Target dates and knowledge about the PRP's infor­
mation flow are used to prioritize workineach
functional area.

4. Greateremphasisis placed on change management,
sinceconcurrentactivities placeconsiderably more
stress on the management ofinformation.

Eerty end ContInuel Suppli.r Involv.m.nt. Involving
selectedsuppliersearlyon enables the CIT to better
understandand design to the suppliers' capabilities, take
material offthe critical path, and leverage the design
capabilities of the suppliers.
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are some results fromCE implementation:

Systematic Implementation of CE

This sectiondescribes a systematic Business
Unit (BU) level transformation to a CE paradigm. The CE

Time-to-market is reduced through manyCE
mechanisms: activities are coordinated in parallel rather
than serially; reworkloopsare much shorter; and with
constantcommunication, the cross-functional teamand
PRP are able to react to changes more quickly. Cost
benefitsare the result of lower-product costs,which CE
reduces by forcing effective decision-making earlyin the
PRP-where up to 90% ofthe life-cycle costs are deter­
mined." Development costs are reduced due to shorter
intervals, less rework, and lowercosts for product
changes.

A study on the cost ofengineeringchanges11
found that the cost ofchange increasesby a factor of10
through the phases ofdesign, designchecking, review­
ing,pre-production, production, and,finally, use in the
field. (SeeFigure 2.) The quality ofproductsand ser­
vicescan be increaseddramatically through aCE-based
PRP, because the CIT is more creative and effective at
realizing a product that satisfies customers'performance
and function needs, as well as meetingDFX considera­
tions-especially withearlycustomerinvolvement.

Several AT&T BusinessUnits haveemployed CE
successfully over the past severalyears, achieving some
ofthe results discussedabove. Global BusinessCommu­
nications Systems (GBCS) has implemented CE broadly,
and we discuss this successful implementation next.

Figure 1. In a concurrent engineering environment, the
cross-functional teams (a) perform concurrent product reali­
zation process activities (b), which are managed with
Integrated project management techniques (c), using Incre­
mental sharing and use of Information (d). During this entire
process, the customers and suppliers are Involved early and
continually.

Early and Continual Customer Focus. CEfocusesthe
team on customer needs by providing an opportunity to
absorb and act on customer inputs. This ensures that
designand test decisions, beyondhigh-level require­
ments,are made withthe customers'viewpoints in mind.

Communication in a CE Environment
A successful implementation ofCE requires

excellentcommunication betweenallelements through­
out the PRP. Morespecifically, this can be achieved
because:
- The use ofCITs is aimed at articulating and using

knowledge fromfunctions across the PRP.
- ConcurrentPRP activities require real-time communi­

cationduring simultaneous activities, and clear,unam­
biguoussharing ofincremental information.

- rPM hinges on the communication ofthe status of
activities, resource information, and priorities.

- Earlyinvolvement ofcustomers and suppliers
increases the frequency and quality ofcommunica­
tionswiththem to accelerateand enhance the PRP.

Why Use Concurrent Engineering?
Studiesofmanydifferent implementations of CE

haveconsistently indicated the substantial advantages of
CE in bringinglower-eost, higher-quality products to mar­
ket faster. This sectiondescribes CE benefitsand pre­
sents data from AT&T and other companies. 1,6-10 Here
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CE benefit
Timeto market
Productlife cycle costs
Engineering changesand rework

Reduction/Improvement
3~0%

15-50%
55-95%



Engineering change cost

Figure 2. The cost of change Increases by a factor of 10
through the phases of design, design checking, reviewing,
pre-production, production, and, finally, use In the field.

At CAD terminal 0 $1

During design checking D $10

During design review 0 $100

DUring pre-production I $1.000

DUring production 'I---------;;$~1~0--;:;.0~00:.---------,

recognized that the reengineering processwould be a
multi-year effort and, therefore, set the breakthrough
improvement target at a 40% improvement oftheir cur­
rent performance. This target then becamethe rallying
pointfor the entire effort. Although aggressive, this goal,
in the absenceofanyknowledge on howto achieve it,
forced the teamto entertain someradical newthoughts,
instead ofemploying the usualbromide of"justdoing
everything a little faster."

Step 2: Breakthrough Improvement. Oncethe team
established a benchmarkthat indicated the need fora
major technological shiftin howthingsget done, often
called a "breakthrough improvement," mustering the
resources to achieve the breakthrough became the criti­
calneed.Acareful analysis ofthe driving factors
influencing the project structure preceded anydecisions
on the structure.Three factors were:
1. Successrequiredan unprecedented level ofpartner­

shipbetween designand manufacturing,
2. The basicorganization ofthe Labs and manufacturing

could notbe altered, and
3. Breakthrough improvement would require support of

managersat least two levels above the working level,
and preferably higher.

The project structure resulting from these
requirements featured three groups:
- Steering committee: Mid-level managers from manufac­

turingand the designorganizations met periodically to
giveand receive feedback on the progressofthe

J
I

Source: Don P. Ctausng

$100.000

CAD - Computer-aided design

In the field

effort between the DenverWorksand its three major
designlaboratories began in 1988, when"concurrent
engineering" wasthen becoming more prominent in the
engineering literature. Two ofthe designlaboratories
were part ofone BU, BusinessCommunications Systems
(BCS) , and one waspart ofanother BU, General Business
Systems (GBS). One labwasco-located withmanufactur­
ing, and two others were remote locations. All three labs
introduced designsto a common manufacturer, the
Denver Works.

Since this effort wasrelatively complex to co­
ordinate, involving fourorganizations, two co-located and
two remote, weare confident the steps outlined here
could apply to any Bu-Ievel transformation to a CE para­
digm. To add contextto the description ofthe transfor­
mation, the steps that GBCS wentthrough are described
in more detail in this section. Since the particular execu­
tionofeach step dependson the cultureand resources of
the organization making the change, the reader is urged
to considerthe essence ofeach step,while viewing the
specific techniquesonlyas an illustration ofone way to
achieve the transformation. Other techniquesmightbe
moreoptimal. The section, "Barriersto Implementing
CE," provides information on building the initial commit­
ment to CE, and offers additional ideason takingthe
steps below.

Transfonnatlon Steps. Adhering to a rigorous
process-management method ensures that process
improvements are driven byfacts, notguesses. These
are the steps taken in the GBCS project:
- Step 1- Benchmark and establish performance

targets,
- Step2- Establish the structure forbreakthrough

improvements,
- Step3 - Characterize the current process,
- Step4- Createthe target process,
- Step5-Verify allnewprocesses,
- Step6- Implement newprocessesacross the entire

set ofproductlines, and
- Step7 - Measurethe results and continuously

improve.
Step 1: Benchmark and Perfonnance Targets. This

step provides a clear imperative, or vision, for the pro­
ject,based on a competitive reality. Benchmarks for
design and the introduction ofsimilar productsshowed
that BCS and GBS productslaggedbehindbest-in-class
intervals ofother companies by 30% or more. The team
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Figure 3. When design and manufacturing activities are per­
formed sequentially, design transfer triggers both production
activities and manufacturlng-enabllng activities, such as
creating programs for assembly equipment, documenting
assembly Instructions for production operators, establishing
bill of materials, and the creation of test programs. Procure­
ment activities start so late In the product realization process
(PRP) that material lead times are often on the critical path.

reengineering effort.
- Project office: Anengineering manager from the Denver

Works teamed up with an operations analysis supervi­
sor from the internal consulting organization, Quality,
Engineering, Software, andTechnologies (QUEST), to
co-manage the project on a day-to-day basis.

- Core team: Engineers and analysts from the participat­
ingorganizations worked underthe guidance ofthe
project office, and with the support ofthe steering
committee, to complete the remaining steps.

Mostcore-team membersbecame full-time participants,
even thoughthis effort requiredthe inconvenience of
extensive travel forsomeindividuals.

Step 3: Characterize Current Proce... The team
gained intimate knowledge aboutthe current process
and itsvariations to preparefor the nextstep.This step
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alsoafforded the teamthe opportunity to build personal
working relationships, understanding, and support
among the various subject-matter expertsacrossthe PRP.

The core teamcharacterized the PRP within the
fourorganizations to gaininsightinto allPRP activities,
with a special focus on activities that contributed to the
product-introduction interval. Flowcharting techniques
and root-eause analysis wereused extensively to accom­
plish this.Figure 3 provides a high-level view ofthe PRP
before reengineering it with CEo

Weidentified andquantified the following root
causesfor longproduct-introduction intervals:
- Sequential design and manufacturing: Figure 3 shows

that the design and manufacturing activities were per­
formed sequentially. Design transfer triggered both
production activities andmanufacturing-enabling activ­
ities, suchas creating programs forassembly equip­
ment, documenting assembly instructions forproduc­
tionoperators, establishing bill ofmaterials, andthe
creation oftest programs. Procurement activities
startedso late in the PRP that material leadtimeswere
often on the critical path.

- Focus on intermediate milestones: Intermediate mile­
stones, suchas the design-transfer date, were a driver
fordesign activities. The designers' performance was



Concept
develop­

ment

Material management

Production
shop

Figure 4. With concurrent engineering, a con­
current flow of activities replaces a sequential
flow. Forexample, material-management person­
nel analyze, concurrently with design activities,
the components for lead-time consideration,
based on an effectivitydate, design trade-offs,
and risksassociated with early procurement.

based on delivering a functional designbythe sched­
uledtransferdate.Additional timewasthen neededby
manufacturing to compensate fora lackofconsidera­
tiongiven to efficient production issues in the early
stages ofdesign. This resultedin longintervals that
put the productat a competitive disadvantage.

- Extensive queues without priority control: Using a criti­
calpath method (CPM) , wefound that ofthe time
these activities took, 80% ofthe totalrepresentedtime
in a queue,mainly becauseofnumerous handoffs and
ambiguous prioritization. This finding proved that the
realproblem to quickly introducing a productor ser­
vice wasmanagerial, rather than technological. This
meantwecould accelerate the PRP, without increasing
the resourcesneeded, by reorganizing project tasks
strategically.

- Multiple, unsynchronized data bases: Wealsolearned
that vastamounts ofredundantdatawere maintained
in the designand manufacturing environments. This
meantthat dataneededto be synchronized, typically
manually, before products could be manufactured.

The resultwasa processthat addedsignificant time,
labor, and errors to the PRP.

St.p 4: Create the Targ.t Proc.... The teamtook
its timeand focused its creative energies, and the
insights gained from the previous step, to visualize the
characteristics ofthe best processimaginable before
subjecting it onceagain to reality. This approach pro­
vided teammembers with the freedom to thinkcre­
atively, and helped them design a realistic plan. Three of
the CE elements: CFTs, concurrency ofPRP activities, and
incremental information sharinganduse,wereusedas
fundamental principles in reengineering the PRP.

The objective ofa 40% productintroduction inter­
valdrove the teamto be radically creative with reengi­
neeringideas. The resulting processintegrated design
and manufacturing activities, eliminated the needfor
design transfer, and combined two project management
functions intoone driven bya single effectivity date (the
date the customerneededthe product) that drives allPRP
activities. Figure4 presentsa high-level view ofthe con­
currency that has been implemented. Forexample,

AT&TTECHNICALJOURNAL.JANUARY/FEBRUARY 1994 39



Panel 2. Technologies Supporting CE

The sixconcurrentengineering (CE) elements and
communication canbe supported byone or more
technologies. (See Figure5.) Examples oftechnolo­
gies supporting CEinclude:
- Operations engineering (DE) methodologies, such as

the critical pathmethod (CPM) that identifies
specific parts ofthe processthat would benefitthe
mostfrom concurrency.

- Product definition, design, anddesign for X (DFX)
methodologies, someofwhich overlap with CE (see
Figure6), such as quality function deployment
(QFD), robust design.l'' and designfor simplicity
(DFS),5 provide structureanda common language
for specific PRP activities.

- Telecommunications, such as video teleconferenc­
ing,which enhancescommunications amongst geo­
graphically separated teammembers, and

- Information systems (IS) andcomputer-aided
engineering!design/manufacture (CAE/D/M), such as
electronic mail, on-line DFX audittools, shared
product-information databases, productdata
managers, and work-flow managers. Someofthese
technologies canbe combined effectively to support
CEteams, suchas CAD conferencing overtelecom­
munications networks forautomated CE/DFX
reviews'" andon-line collaborative design.17

material-management personnel analyze, concurrently
with design activities, the components for lead-time con­
sideration, basedon an effectivity date,design trade-offs,
and risksassociated with earlyprocurement.

Anewinformation system (Is) to support the CE
process became critical. The newsystemhad to provide
a common environment for information on both the prod­
uct andmanufacturing process, and makethat informa­
tionavailable to everyone involved in PRP.

In summary, the target processdiffered from tra­
ditional PRP practices in the following ways:
- Useofoneend date, the effectivity date, to drive all

PRP activities.
- Business needs, including time-to-market andcosts,

influence the design decisions-in contrastto product
functionality as the primary driver.

- Design transferdoes no morethan triggerproduction
activities, Le., acquisition oflonglead-time parts, since
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manufacturing-enabling tasks are performed concur­
rently with design activities.

- Material leadtime is removed from the critical path.
- DFM/DIT issuesare addressed viathe concurrency of

manufacturing value-added activities, which reduces
reliance on non-value-added reviews.

- Design stabilizes rapidly throughquick, incremental
adjustments, not throughthe longandcostly rework
loops that are common in the traditional approach.

Step 5: V.rify N.w Proc....s. The teamselected a
pilot project to validate the systemandprocess require­
mentsforthe CEenvironment. The pilot's goalwas,
therefore, to test specific strategies andassumptions to
ensure that the processconsidered allofthe factors nec­
essaryto achieve the goalofa 40% interval reduction.
The expectations from the pilot were two-fold:
1. Significantly reducethe interval for introducing a new

product to benefit the business, and
2. Validate the strategies, ISrequirements, andprocess

flows before full-scale ISandtraining investments.
The trialproject, which included cost reductions forcir­
cuitpacks andtheir mechanical enclosures, verified that
the CEconcepts werevalid formechanical andelectrical
PRP activities.

The CIT included people from allfunctions that
normally participate in product realization. The keydif­
ferences werethat allplayers werenamed at the start of
the PRP, andthat a facilitator, knowledgeable in CE,
worked with the teamto coach themthroughthe pro­
cess.Amockup ofthe target information-management
system was used to validate that allnecessary dataele­
ments, andtheir relationships, wereclearly defined for
allto understand.

The pilot demonstrated the basic soundness of
the principles, and resulted ina significant acceleration
ofthe product introduction. In the traditional PRP,
circuit-pack realization tooklongerthan mechanical­
enclosure realization. In the pilot, circuit-pack realiza­
tion accelerated morethan mechanical realization. The
pilot also revealed that tooling intervals forplastic parts
are notamenable to acceleration through the CEtech­
niques used. Also, the mechanical enclosure became a
major controlling factor, or gatingitem, in the pilot, and
highlighted a need togive enclosures an early start in
the targetprocess. The pilot led directly to full-scale
implementation, which incorporated lessons learned
from the pilot.



PRPbefore CE

Product definition/Design/DFX methodologies

Operations engineering

Telecommunications

Figure 5. The Imple­
mentation of con­
current engineering
can be supplemented
by a variety of techno­
logies.

Step 8: Implement Aero.. Product Une. Asthe CE
environment wasimplemented acrossthe BUS' product
lines, weencountered many ofthe issuesdescribed below.

Training tookseveral forms duringthe imple­
mentation. Aconcept courseintroduced the CE concepts
through lectures, gameplaying, andvideotaped interviews
with earlypractitioners. Additional training, centered
around the IS and the newprocesses, wasdeveloped and
presented to specific members. Usersfound that tool train­
ingbecame moremeaningful whenplaced ina context that
focused on the workflow, and howtools supportit.

Part-time teamsformed to document newoperat­
ing norms andprocedures for the various phasesofthe new
PRP. The procedures helped take advantage ofthe knowl­
edgeofexperienced people ina usable format. It also pro­
vided inputon whereIS needed to be moreflexible to
accommodate the real-life variations in the process.

The timing andstrategy oftransforming organiza­
tions required extensive planning. The goalwasto mini­
mize, duringthe transition, the lengthoftimeanyorgani­
zation had to spendoperating underboth the oldandnew
processes. Projects werebegunineach ofthe design orga­
nizations as certain individuals ineach ofthe functional
organizations werededicated to operating the newpro­
cesses. Additional people werebroughton boardas the
momentum switched to the newprocesses.

An information systems solution neededto be
deployed to supportfull-scale implementation ofCEo A
teamwasformed with the charterofcharacterizing and
recommending an appropriate solution. Three candidate
solutions existed at the time:
- Expanding local software platforms,
- Adopting an outside IS solution,
- Using a software systemdeveloped at Bell Labs called

"FOCUS-Prime."
Abusiness case assessing the risk,cost, and

timeliness showed that augmenting FOCUS-Prime to fit

the targetprocessbest met the selection criteria.
The core team designed the IS to enforce a com­

monset ofconcepts necessary for interval reduction,
while tryingto accommodate variations among users on
the specific processesto follow. Project teamsformed
from designers and manufacturing engineers were
encouraged to decide their own detailed operating prac­
tices, inalignment with the overarching concepts, to
empower themto use their creativity in refining the basic
processes. This approach required flexibility in the IS, and
addedcomplexity in its development and in training.

The project structure alsochanged to support
full-scale deployment, maintenance, and support. An
implementation teamwas addedto partnerwith the core
team. The implementation teamcontained people from
various functional organizations. Theyweregiven in­
depthtraining on the CE concepts andactedas facilita­
tors as projects adopted CEo The implementors joined the
CITs duringthe product design and introduction, and
actedas advocates forthose teamswhen theyreturned
to the core teamto reportprogressandproblems. The
core teamthen responded bychanging the CE processes
to meetthe operational realities.

Step 7: M.....re Results and Improve. Results are
given below forbotha single-product CE implementation
anda su-wide CE implementation in GBCS. While a nor­
mal GBCS development tookfrom 18-30 months, the
development teamofthe 408 MLX unitcompleted the
project in 11 months. This resultwasdue to their clear
teamobjectives, andtheir adherence to the six CE
principles-especially the use ofa CIT with end-to-end
ownership. Theywentfrom three printed-board design
cycles to just one, matching the benchmark forbest-in­
classcompanies for this critical pathactivity. Their
greater than 35% reduction in interval wasattributable to
their beingaccountable forthe entireproject, andcon­
cernedwith the overall success, rather thanjustdoing
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Panel 3: SCope of Concurrent Engineering (CE)
CE mightbeginas agreements between two people from different
functions in the product realization process (PRP) , such as a product
designeranda manufacturing engineer, or a marketresearcherand
a systemsengineer. Within the relationship, the two cantakeadvan-

_______-j tage ofCE by:
1. Identifying which activities theycanperform in parallel,
2. Specifying howtheywill makeuse ofthe information that

becomes available incrementally, and,mostimportantly,
3. Collaborating to create the design.
Onceinitiated, CE canexpand in three directions: byactivities, size,
and type ofeffort (seeFigure7). First, its application cangrowverti­
cally inan organization, spanning moreactivities. Asit feedson
internal successin designandmanufacturing, concurrent engineer­
ingcanspreaddownstream to include installation, service, and
repair, andupstream to include marketing, customer interfaces, and
product management.

CE'S secondgrowth mode is horizontally acrossthe company.
This may progressfrom a stateofCE amongst individuals, to indivi­
dualprojects, to many projects, andfinally, throughout an entire
organization. Wesuggest that large-scale implementation ofCE
beginwith individual projects, wait for somesuccess, andthen
deploy CE systematically acrossyourbusiness.

Finally, CE canbe applied in places other than hardware­
product development. Any activity that requiresserialhand-off of
significant amounts ofinformation is a potential application. Wher­
everdownstream use ofinformation could be enhanced or optim­
izedbycollaboration between users andoriginators, CE can apply.
This meansthat businessplanning, marketresearch, systems
engineering, product management, software development, testing,
product provisioning, service provisioning, service calls, andothers
canallbenefitfrom CEo

their particular piece ofthe job.
The wide-scale systematic implementation ofCE

in GBCS showed similar results. It provided interval
reduction resultsand productivity gains. Quantifiable
benefits included:
- A40% interval reduction from design throughmanu­

facturing ramp-up.
- Elimination ofpilot shopoperations, resulting ina 10%

savings in the cost to introduce the hardware product.
- A50% reduction in the rate bywhich newcomponents

are introduced.
Full deployment ofthe IS and the cE-based PRP

tookaboutone year. This period required work in train­
ing, enhancing the IS, andworking throughorganizational
friction createdby the newoperating model. Atthe end of
this interval, mostofthe people who would be affected
had experienced beingon at leastone CFT, and most
functional areas wereusingthe newmode ofoperation.

Projects tookinitiative to form cross-functional
teamsearly in the design cycle. Some designers and
manufacturing engineers adopted the combined roleof
physical designer andmanufacturing engineeron their
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cross-functional teams, as stability in process norms and
the IS emerged. Acritical element was clearownership
forongoing project management and staffing to support
the maintenance andevolution ofinformation systems
andprocesses. Ateamconsisting ofprocess users and
core teammembers analyzed the business resultsand
documented the resultssummarized above. Even before
the process and IS werestable, the business results
became evident andweremeeting original expectations.
Partofthe continuous improvement strategy included
assigning the core teama rolein strategic planning. The
teamrealized thatproduct technologies and information­
systems technologies would createthe needto revisit
the newprocess, periodically, to lookforeven better per­
formance from the PRP.

How Does a Busln... Unit Get Started?
The first thinga Business Unit (BU) needsto do

toget startedis to makethe commitment to implement
CE throughout the organization. Thiscommitment must
be made bytopleadersofthe BU, or it will notbe viewed
as belonging to the entire BU. This initial commitment



CE can be used in hardware and
software development activities

in which only performance and
functionality are addressed

CE includes elements
beyond DFX,such as

integrated project
management

CE can be applied to PRPactivities
before design; e.g., front-end business

processes and product requirements

CAE/D - Computer-aided engineering/design
CE - Concurrent engineering
DFX- Design for X
PRP- Project realization process

• CE-based PRPcan be used to
achieve DFX

• Doing integrated product and
process design (DFX) achieves
elements of CE

There are ways to achieve DFX
other than CEo e.g.
• Well-defined DFXrequirements

used by designers
• DFXconsidertions

automatically incorporated
into designs by CAE/D tools

Figure 6. Concurrent engineering (CE) Is
related to, but not synonymous with, Design
for X (DFX). DFX differs from CE In that there
are other ways to accomplish DFX:
- Well-defined DFX requirements from the X

(manufacturing, Installation, etc.) used by
the designers.

- Automatically build the functions Into a
computer-alded engineering/design
(CAE/D) tool.

Concurrent engineering Is more comprehensive.
It Includes many pre-deslgn activities, Is more
tightly coupled with both process management
and project management, and requires greater
coordination.

will require four up-front steps before the messagecan
begin to be deployed through the BU:
1. Train the top leadershipteam in the conceptsof CE

and process management,
2. Develop a vision and goals to provide a foundation for

using CE,
3. Namemanagement champions fromdifferent func­

tions,and
4. Allocate funds needed to support the start-up activities.

In developing a CEplanand seeking support
within your ownproject, there is no need to "go it alone"
during this critical start-up period. Muchhelp is available
within your BU frompeople withCEexperienceor knowl­
edge, frominternaland externalconsultants specializing
in CE,and fromother BUs withCEexperience. Ifyou
believe that youcan make the start usingyour own
resources,considerusing some ofthe referenceslisted
at the end ofthis paper,for example, for doinga CE
assessmentonyour productdevelopment environ-
ment.12 The authors ofthis paperalsocan provide
assistance.

Oncethe top leadershipteam is committed and

prepared,deployment can begin. Three key earlyactivi­
ties are discussednext.These steps shouldbe integrated
withthe existingBU management systemand infrastruc­
ture, such as policy deployment.

Publicize your VIsion and Goals. Onceyouhavethe
foundation in place, you need to draweveryone-the
entire BU community-into the CEeffort. Begin by shar­
ingyourvision and goalswitheveryone, and use what­
ever publicity youcan, such as newsletters, flyers,
announcements, e-mail, or videos.

Train the Rest of Management. While the message
ofvision and goals is beingcascadedstep-by-step
through the organization, use everyopportunity for man­
agementat each step to train the rest ofmanagement in
the conceptsof CE,and process management and
improvement.

Name the Responsible People. Establish a core
team ofskilled "experts." These maybe the people you
found whenyouwere looking for help, or they maybe a
core group ofpeopletrained by others. Onceyouhave
gainedcommitment, follow the sevensteps described in
the section"ASystematic Implementation ofCE" to
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.1 Maintenanee and disposal

DiS~on and installation

Systems engineering

Marketing and product conception

Figure 7. Concurrent engineering can be
expanded Into three directions: The number of
activities In the development process, the size
of the effort, and the types of product­
hardware, software, or services-being
developed.

- Size of application (from teams. projects. business units) _

implement a CEenvironment. Eachstep playsa critical
role. You can tailortheir execution to matchyour BO'S
needs and situation, and implement CEto varying
degrees. See "Panel 3:The Scope ofConcurrentEngi­
neering (CE)" to determinehowit can best be developed
inyour organization.

What Can I Do To Get Started?
What ifyou, the reader, see the valu- of imple­

mentingCE inyour organization? Is it necessaryto go to
the head ofyour BusinessUnitto make somethinghap­
pen? The answeris clearly "No!" Atsome pointthe sup­
port of top management becomescritical, but it is possi­
ble to start locally, and stillshowsuccess.

Network. Share this articlewithyour coaches
and colleagues, to buildlocal interest.Ally yourselfwith
others in your organization whohavesimilarinterests
and goals:
- Adesire to bring R&D and manufacturing closer

together,
- Aneed to develop better processes for quality, inter­

val, and cost issues,
- Local champions for"DesignforX," since the people

working on them are likely candidatesto becomeyour
allies.

Train. Next, acquirea basic set of relevant skills
and knowledge by takingcourses or attendingconfer­
ences. Look at internalcourses, at universities, and at
professional societies. Learning about some ofthe meth­
ods and toolsmentioned throughout this paper,such as
policy deployment, quality function deployment (QFD),

benchmarking, and productdata managers, can alsohelp
youin your CE implementation efforts.

Get involved. If a relatedactivity is already under­
way in your organization, ask to workon a projectthat is
using,or trying to use, the conceptsofCEo If CEis not
happening in your organization yet, commit to use CEon
your project. Build a projectteam that includes as many
ofthe R&D functions as possible (such as systemsengi­
neering,circuitdesign, mechanical design, software
design, system assurance,etc.),as well as manufacturing
personnel (such as factory process engineers, materials
planners, etc.). Startworking together to considerearly
on the manylife-eycle designissues-all the "Design
fors." Ifyou can do this,you will have taken the first
important steps toward adopting concurrentengineering
as a way ofworking.

What are the Barriers to cn
Along the way, youmayencounterseveralbarri­

ers to implementing CEin your organization.
Commitment/Culture. You mayfind that resis­

tance centers aroundculturaldifferences and individual
and organizational commitments:

Lack ofcommitment from engineers: The philoso­
phyofoptimizing the end-to-end effort, while de­
optimizing local efforts, can make it difficult for
functionally-focused high performers. There will be skep­
tics whodeferjoining in because they believe that this is
onlyone more "initiative du jour,"whichwill soon pass
and be replaced by another quality/processfad.

Middle management resistance: Middle managers

44 AT&T TECHNICAL JOURNAL • JANUARY/FEBRUARY 1994



are often caughtbetween the lofty goalsofupperman­
agement andoperational realities. Dealing with these
competing perspectives is difficult, and appears to others
as resistance.

Up-front investment: The CEimplementation
effort will requireresourcesfrom different functional
areas,training investment, and perhapsoutside help.
These resourcesmay be difficult to obtain because it is
difficult to "guarantee" specific results.

Training: Academia preparesstudentsto be high
individual performers, whereasCErequireshigh team
performance.

Risk: There is a greater needfor risk manage­
ment. With many activities goingon simulateously ina
CEenvironment, many checksand balances presentina
sequential environment disappear.

Fear ofempowerment: Some managers resist the
lossofcontrol whentheir subordinates become empow­
ered.Atthe sametime, someemployees mayfeartaking
responsibilities for their actions, and may refuse to
become empowered.

Short-term thinking: Short-term pressures,
reward systems, and performance measuresare all
designed to elicit high performance from the scope ofa
processcovered by measures.

Organlution. Organizational issuesmight
adversely affect implementing CE:

Structure: The structuresofnormal functional
organizations causethe resulting reward structureto
centeraround performance inside eachfunctional organi­
zation. This causesemployees to workforthe goodof
the functional organization, rather thanfor the goodofa
product.

Physical/geographic separation: Whereperma­
nentco-location is not feasible, CE implementation is an
even biggerchallenge, becausesignificant informal com­
munication cannot occur. 13

Technology. Basic communications may also pre­
sent problems:

Infrastructure: Apoorcommunication infrastruc­
ture will hamperthe implementation ofCEo While phones
are ubiquitous, e-mail, video conferencing, andcomputer
networking may notbe well entrenched. ISand process
infrastructure may also requirefurtherdevelopment to
best support CEo While these are not required, this infras­
tructurehelpsmakeCE mucheasier to do. See CALS14
forfurtherdiscussion on this issue.

Conclusion
Concurrent engineering is an enabling technol­

ogythat offers a pathway to increased profitability
throughreducedtimeto market, lower costs, andhigher
quality. CEvaries from traditional product or service
development byvirtue of:
- Cross-functional teams,
- Concurrent product realization process activities,
- Incremental sharinganduse ofinformation,
- Integrated project management forconcurrent activi-

ties,
- Early and continual supplier involvement, and
- Early and continual customer focus and involvement

Work on improving the processes implemented
by GBCS continues. Three exciting developments that
have occurred sincethis work began:
- First, the GBS and BCS business unitsmerged into

GBCS in 1992 to better servetheir combined markets.
- Second, this newbusiness unitbegana transformation

basedon concurrency, from ideageneration through
product offering to the customer.

- Third, advancements in information technology are
beingharnessedto begin to support this much
broadervenue for CEo

Whatlooked likea radical scope in 1988, redefining the
relationship between design andmanufacturing, is now
beingdwarfed by the scope ofa BU transforming all ofits
processes to one ofconcurrency andempowered teams.
Whatremains unchanged is the needforfollowing a rig­
orousset ofsteps, such as the onesoutlined in this
paper, so that both technology and people's creativity can
be tapped forsuccess.

Competitive pressuresmake constant improve­
menta matterofsurvival andexcellence. AT&T, NCR,
Paradyne, andother new members ofthe AT&T family,
have already enjoyed somesuccessaftermaking the nec­
essaryinvestment to use concurrent engineering. This
paperhas presentedan overview ofCEconcepts, how a
CEeffort can be startedfora project, and how it
enhances competitiveness. Wehave found that CEworks,
but making CEa reality requirescareful planning, disci­
pline, andhard work.
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