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Project managers (PMs) normally regard the creation of
project plans as a means to improve software delivery
performance. After managing many large software devel­
opment projects, however, we have found thata project
plan should be written after the project-management pro­
cess has been defined. To plan andmanage a software
project successfully, we must view project management
as a process, and the project plan as an activity thatpre­
pares data for the process. Inour experience, a project
plan written early in thisprocess was outofdate before
itwas released, and the project was notmanaged accord­
ingto the plan. Recently, our training and experience
has focused on a work-breakdown structure (WBS) for
managing a project. We have developed methods and
responsibility matrices to clarify the tasksassociated
with project management and towrite clear, revisable
project plans to fulfill the specific needs ofthe project­
management staff. Thus, we cancomplete project plan­
ning more quickly, define andagree on management
techniques, andunderstand the roles andresponsibili­
tiesofeach member ofthe project. As a result, we can
satisfy ourcustomers bydelivering high-quality prod­
uctson time.
Introduction

The Network Control Point (NCP) is a real-time databasesys­
tem that provides calling services in intelligent networks. An intelligent
network is an extensionofthe basic telephone-service network. Data­
bases in the network contain complex call-handling instructions, which
provide services to the users. Since the late 1970s, AT&T has been
developing features for the NCPusinga highlyreliable hardware and



operatingsystem platform. Hundreds ofthousands of
lines ofcode havebeen writtento incorporate a broad
range ofservicesinto intelligent networks sold in the
United States and severalEuropeancountries. Earlyin
the life cycle of the NCP, we developed a few applications
for a singlecustomer.We defined projectlinesfor major
customer markets and managed them separately as pro­
jects. Currently, weare developing severalmajor project
lines,each offering numerous services.

More than ever,customers expecthigh-quality
productsdelivered on time.This emphasison quality and
timeliness, as well as the growth ofservices, has led us
to improve the NCP in manyareas, including projectplan­
ningand management. We havelearned a great deal
about project-management methods in the four phases
of NCP'S growth:
- Phase 1-We discovered that projectplanning was

a systematic way oforganizing a project'swork and
describingall aspectsof the project'slife cycle. Atthis
stage, we learned that a singleplanencompassing
workactivities and contributions fromallfunction
groups surpassed the planning efforts ofindividual
groups.

- Phase 2-We focused on customer expectations.
Usingquality methods and principles, weintegrated
quality planning and projectplanning to ensure that
customerswere satisfied withour products.

- Phase 3-As a result of trainingwe received in project­
managementmethods,webegan to focus on project­
managementtechniquesas a primary force in develop­
ing a projectplan. Usingthose techniques, wecollected
the specific data we needed to managethe project.

- Phase 4-0ur current phase is characterized by pro­
jectgrowthand increasedleadershipin projectand
quality management, especially by higher manage­
ment (i.e., departmentheads and above). We have
realigned projectand organizational responsibilities to
emphasize our projects and customers.

Wewill continue to use project- and quality-management
methods on the NCP as we striveto meet and anticipate

our customers' needs.
Our past experiencesreveal lessonsthat others

can use to improve their performance. The remainderof
this paperexamines the phases ofthe NCP'S growthand
the lessons wehavelearned. We attributethe success of
our projectplanning and management to two key factors:
- Projectmanagement must be treated as a process, and

this process must be identified priorto or earlyin pro­
ject planning.

- The data needed in the project-management process
must shape the contentof the projectplan.

Phase 1-Discovering Project Planning
In 1982, projectplanning gainedpopularity as a

means of improving the delivery ofsoftware systems. That
same year, the Software Project Management Workshop
(SPMW) wasformed, and the NCP'S project-planning staff
began attendingthe workshop. This intensive five-day
project-planning course improved earlyefforts to develop
the NCP by giving the staff:
- Aview ofwhatcomprehensive planning entailed
- Atemplate for recordingproject-planning information
- Enthusiasm for the value ofprojectplanning.

Duringthe mid-1980s, weput this knowledge to
workon the NCPproject. Projectplanning becamea team
activity; membersofseveralinterdisciplinary groupscom­
bined to develop a planthat encompassed allactivities
needed for success.Our projectsupervisors werecon­
vinced that planning the workwasimportant, as much
for the value oftalking together about the jobas for the
planthat wasproduced. The singlemost important les­
son welearned wasthat allcontributors to the planning
process must cooperate. However, as weexecuted the
methods recommended, several problems developed
that minimized improvement on our project.

First, after completing the SPMW and returningto
the workenvironment, wefound it difficult to produce the
planning information quickly enough.Project planning was
done in addition to our daily work, which made the plan­
ninginterval longer than the one wehad experienced in
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BCWS

TAC
WBS

BAC
BCWP

PM
QMS
SPMW

EVA
FRE
MR
NCP
PC
PDCA
PERT

Panel 1. Abbreviations and Terms

ACWP actual costofworkperformed (cost of
achieved activities)

budgetat completion
budgetedcostofworkperformed

(planned costofperformed activi­
ties)

budgetedcostofworkscheduled
(baseline plan)

earned-value analysis
fault-removal efficiency
modification request
Network Control Point
personal computer
plan, do, check, assess
program evaluation and review tech-

nique
project manager
quality management system
Software Project Management

Workshop
time at completion
work-breakdown structure

customer surveys andbaseline measurements, and
planned quality improvements.

Mostofthis effort was directed at the software
development andmaintenance processes, notat project
planning andmanagement. Nonetheless, wereached a
significant milestone whenwedeveloped the project's
quality management system (QMS). Werecognized that
planning andmanaging quality andplanning andmanag­
ing the project wereso closely intertwined that separat­
ingthem could leadto failure ineitherone. Therefore,
werenamed the NCP QMS as the NCP Management Sys­
temfor Quality to reflect the inclusion ofboth project­
management methods andquality management.

Next, wedeveloped a model that integrated our

Phase 2--Quality Enlightenment
The secondphaseofdevelopment wastriggered

bya reemphasis on quality at the national, corporate, and
project levels. Wewerestill improving the way we
applied quality methods; in this phase, we made
significant changesin many ofour processes, including
project planning and management. Westudied quality
principles, including the writings ofIshakawa, 1 Dem­
ing,2 andJuran.3 We developed processdiagrams, took

the workshop environment. Asa result, the plan was ina
continuous state offlux, which hampered progress.

Second, the project-plan document wasbig. We
wereexcited aboutthe prospect ofimproving our per­
formance and reducing future conflicts by recording all
weknew aboutthe project. The SPMW had encouraged
us to recordour findings, but it wasimpossible to get the
project supervisors to agree on the final content ofthe
document.

Last, wecould notagree on a method forbreak­
ingthe project down intoits composite partsand track­
ingproject activities and milestones. The SPMW reviewed
basic project planning tools (i.e., program evaluation and
review technique, or PERT, and Gantt charts,etc.), but did
notgive us enoughpractical training or working knowl­
edge ofthe tools. The workshop emphasized the produc­
tion ofa plan rather than the management skills and pro­
ceduresneededto carryout the plan. Asa result, we
accepted a plan, but had noclearmethod formanaging
it.Because wewereunable to use the management
methods and tools, wereverted to our oldmethods.

Thisphasewascharacterized by:
- Long planning intervals
- Large planning documents that seldom werecom-

pleted, issued, or updated
- Project management usingmodification requests (MRS)
- Much day-to-day coordination.
Butthe learning had begun,and the spiritofcooperation
wasevident, both in the planning process and
throughout the project's life cycle.
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1 - Develop requirements
2 - Design
3 - Code/Integration
4 - Verification
5 - Field test

concernfor the project and forquality. AsFigure1 illus­
trates, this model views project planning and management
as the connection pointsbetween individual project devel­
opments and overall quality management. Weviewed our
QMS as a spiral of"plan, do,check, assess" (PDCA) cycles,
inwhich project planning connectsat the D step and pro­
jectmanagement connectsat the C step. Quality planning
involved organizing our approach to quality (e.g., forming
processteams), settingbroad objectives (e.g., cost,defect
density, etc.),and establishing the baseline development
processes. Welinked the QMS do step with individual pro­
ject planning. Werequiredthat the staff assigned to each
project set specific quality objectives, determine process
improvements, and establish detailed datacollection and
reporting plansthat aligned with the overall quality objec­
tivesofthe QMS. For example, the project staffset a spe­
cific cost target and defect densities forvarious phasesof
the project development. The project staffalsoplanned
someprocessimprovements (e.g., code inspection,

Figure 1. This model
illustrates how quality
management is con­
nected to project
management. Within
a single QMS, the
PDCA cycle interacts
with the project plan­
ning and management
of numerous projects.

developer testing, etc.).
linking project management with the QMS check

step ensured that actual project datawasused to improve
the quality ofsubsequentprojects; it alsorequired each
project to measureits quality management against the
objectives set for it.This model demonstrated the impor­
tanceofthe dataused forproject planning andmanage­
ment. Since datais essential forquality management and
improvement, and quality andproject management are
closely linked, then databecomes important forproject
management as well.

The mostcritical problem wefaced in Phase2
wasour inability to tum the quality concepts andmodels
intoworking methods. Wefound that learning and appli­
cation weredistinct steps, and the pressureofproject
schedules only allowed us to apply the principles we
learnedin the initial phaseofthe project. Because our
department wasorganized byfunction and many devel­
opersworked concurrently on multiple projects, it
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became difficult to changethe method fora single devel­
opment while retaining oldmethodsforother develop­
ments. Nevertheless, our staffmadeprogressbecause
wewerededicated to achieving our project-planning and
management goals. With quality training in place, we
beganto define and execute processesforproject plan­
ningandmanagement. Webroughtproject management
undercontrol by integrating the quality- and project­
management models andmeeting our planning and
management goals.

Phase 3--Project Management Drive. Planning
In Phase3,weconcentrated on education and

project management versusproject planning. Quality
improvement wasour continuing focus; welearned by
understanding andapplying quality principles, as well as
byother methods. While weviewed planning as essen­
tial, wediscovered that the project-management method
should dictate the planning method. The elements that
led to improvements were:
- Aneedsanalysis, performed bya project-management

consulting firm
- Broad education in project management, presented in

an AT&T-sponsored project simulation course
- Project-wide application ofproject-management tools
- Concentration on the dataproduced in project plan-

ning, not the project-plan document.
Werecognized thatwewerenovices at using

project-management techniques and that others already
had dealtwith the problems wefaced. The needs
analysis conducted forour project identified three major
areasfor improvement:
- Our project-management methods werenot integrated

with project planning anddidnot incorporate the
essential elements ofbasicproject management. No
WBS wascreated; the project's PERT diagrams had no
specific resourceassignments to trackandwerenot
used actively in project-management tracking, evenfor
scheduling.

- Ourproject-plan documents contained somegood
information but, ingeneral, theycontained toomuch
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detail, tooktoolongto prepare, andwerenotusedto
manage the project.

- The project teammembers lacked project focus and
leadership. Wewerestill a functional organization, so
project ownership wasnot clear.

Weovercame the first two problems quickly, but
wedidnot resolve the third problem in Phase3.

To improve our planning andmanagement tech­
niques, our project supervisors tooka project simulation
course. This courseshowed us howto use appropriate
datagenerated at project planning timeto improve per­
formance andaccommodate change moreeffectively.
Project planning became moreconcise, because we
viewed it as a processforgenerating the datathatwe
used to manage the project. The planning stepsthatwe
followed forspecifying the project's content enabled us to:
- Ensurethat the project's technical requirements and

schedule constraints were established.
- Identify the project's composite partsanddetail allits

workactivities. Weestablished the project's WBS,
which is a systematic method ofsetting priorities for
all project workrequired."

- Determine the resources neededforeachactivity.
- Keeping in mind the need to meetthe schedule con-

straints, schedule the project viataskand resource
dependencies. [Task dependency existswhen two
products relyon eachother forthe activity's product.
Resource dependency is basedon a single resource
beingneeded (e.g., a personor a laboratory facility)
formorethan oneactivity.]

The resulting plan was different from the
project-plan documents wehadbeen developing. Its
basic components werea project WBS anda project PERT
storedina project-management tool. The project WBS
waswritten as a special memorandum-style document, in
which eachlowest-level heading corresponded to an
activity. In this document, weinserted textat anylevel
that described a set of, or individual, activities. Asthe
keyproject staff andsupervisors wrote thisWBS docu­
ment, theygained a clearunderstanding ofallthe ele­
mentsneededto complete the project. Before the WBS



Table I. Roles/Responsibility Matrix

Responsibility
Role Person 1 Person 2 Person 3

Job 1 - Primary
Job 2 Primary - Secondary
Job 3 - Primary Secondary

methodbecame available, the staffhad been unable to
identify systematically all the workactivities that were
needed; their planning discussions alsohad less synergy.
Byusingcommon memorandum-formatting tools, every­
one was able to contributeto the WBS without taking
special training. We were able to producetablesofcon­
tents that were itemized lists of the projectwork; we also
couldproducea complete memorandum that detailed
allthe tasks.

To create a WBS, the development process must be
defined. Most of the activities recorded on a WBS are gen­
erated by applying technical requirements to the process
used to turn those requirements into a system (i.e., the
development process).The more well-defined the develop­
ment process is, the easier it is to producea goodWBS.

Evenso, there can stillbe disagreementsabout
the "correct"structure ofa WBS. The basicdisagreement
that we had waswhether to construct the WBS fromthe
pointofview ofa system architectureor a development
process.We decidedto use the development-process
viewpoint, because wewere applying feature enhance­
ments and additions to an existingarchitecture. If, how­
ever,we had been developing a newarchitecture,it
mighthave made more sense to use the system­
architecturepointofview. It would havesimplified archi­
tecture decomposition into activities to be completed
during projectdevelopment.

Asa projectteam begins to create a WBS, it
should identify the top twolevels ofWBS activities from
severalalternatives. This approach ensures that project

plannershaveconsidered allalternatives and agree on
howto proceed.

Whenwebegan determining resources,wecon­
tinued to workfromthe WBS document, simply listing the
individuals needed for each activity. Resource conflicts
caused network dependencies. For example, Keith is
required to complete jobsXand Z; therefore, jobXmust
precede job Z,or viceversa.Relationships involving pre­
cedenceare recorded in the project-management tool.
Thus, the steps ofdetermining resources and scheduling
usinga project-management tooloverlapped.

Our analysis ofproject-management toolsindi­
cated that we shouldselect a tool that would run on our
UNIX® SystemV, to makeboth the tooland the datagen­
erally available to allproject-management staff. (UNIX is a
registered trademark of UNIX SystemLaboratories, Inc.)

To organize our projectnetwork, we assigned
the WBS headingnumber as the activity numberand the
headingnameas the activity name; weconstructed the
network fromdependency and resource statementsthat
could be extractedautomatically fromthe WBS document.
The WBS wasour sole planning tooluntilwewere only
fine-tuning the projectPERT, at whichpointwe made
changes directly in the project-management database.
From then on,we maintained both the WBS and the
project-management database. Along withan action-item
management tool, the WBS and the project-management
databasebecamethe everyday worktoolsofproject
management.

This addressed the first twoproblems identified
in the needs analysis. Improvement wasevident, both in
projectperformance and in our ability to assess change
during the projectdevelopment. Projectmanagement
becamemuch more dataoriented, and roles and respon­
sibilities were clarified by the use ofWBS and responsibil­
itymatrices. (A responsibility matrix, illustrated in
Table I, identifies the detailed steps to be accomplished
in a project, as well as the individuals whohaveprimary
or secondaryresponsibility for each step. It must also
include allproject-management staff, fromdepartment
heads to clerical support.)
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Figure 2. EVA compares a project's cost estimates (which
can include staff costs, materials cost, equipment, com­
puter time, and other indirect charges) with the actual
costs. Cost projections for each activity form the baseline
(BCWS). Actual staff effort for each activity yields the
actual cost of the work performed (ACWP) and the actual
budgeted cost of the work performed (BCWP). The cost vari­
ance is the cost difference between the planned and actual
costs, while the schedule variance (denoted in dollars, not
time) is defined as the difference between the BCWP and
the BCWS.

The final problems to be resolved from the
needsanalysis wereproject organization and leader­
ship. In Phase4,weare making strides in these areas
and also learning how to plan projects andgenerate
management data.

Phase 4-Leadership Makes It Responsive
Each level ofmanagement carriesits own scope

ofcontrol. Upto this point, wehad accomplished mostof
the work and achieved improvement within supervisory
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anddepartment boundaries. Significant changes were
and still are beingmade bylaboratory directors andvice
presidents. Amajor milestone was reached whenthe
directors in our business unitcompleted theirQMS,
which outlined specific project-management responsibili­
ties,as well as quality objectives. The business managers
therebydemonstrated their understanding ofthe impor­
tant linkbetween quality and project management. The
resulthas been morefocused project organizations (i.e.,
"pure" project structuresin which allthe necessary pro­
ject resources reportto the samemanagement), more
systematic quality planning forprojects, and more wide­
spreaduse ofclassic project-planning andmanagement
techniques.

High-level management's preparation ofa QMS
resulted in morethan a written QMS document. Because
oftheir commitment, organizations have been
realigned wherever possible to mirrorour project
developments (which also are aligned to serveour
major customers).

Wehave identified PMs and outlined their spe­
cific rolesand responsibilities. Now, PMs are required
to develop plans and objectives and to report theirpro­
jectand quality progressusingstandardized reporting
mechanisms. Two ofthese mechanisms, earned-value
analysis (EVA),5,6 andfault-removal efficiency (FRE) ,7
have been implemented and have ledto improved
project-planning andmanagement techniques.

EVA is a method ofreporting a project's cost
andthe progressofits schedule against a baseline
plan.' This reporting method forces us to define our
project in terms ofdata (seeFigure 2foran example of
EVA), including project activities, dependencies,
resource allocations, resource costs, and project dates.
Identifying the individual resources required foreach
project activity was the mostdifficult task, butwehave
accomplished that taskandalso have tracked individual
resourcecostper activity. Now wecanproduce accu­
rate estimates easily. In addition, periodic reporting and
updating have given us a moreobjective view ofproject
status. Managers can review these project reports



have instituted allthe improvements. Their leadership
has madeour management methods consistent and
responsive.

Figure 3. This graph demonstrates how to plan and manage
slack time in a schedule. Slack-time management enables
PMs to minimize the slack in a schedule and avoid having to
delay delivery of the product to the customer.
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Conclusion
Overthe years, software development andthe

delivery ofmany systems have provided numerous
opportunities for improvement. Ourlessons have been
significant andstimulated byourexperiences. Specifi­
cally, wehave a moreorganized approach to project
development, with morepredictable resultsandfewer
mistakes; wecanpredict problem areas; andwehave
increased customer confidence. Aswework on more and
largerprojects, the following principles ofproject man­
agement will be important to achieving successin the
customer's eyes:
- Wemustunderstand anddefine the software­

development processat the outsetofa project. With
thoseelements in place, it will be easierto createa

quickly andcompare project performance with the
planned schedule and costs. Although EVAcanview a
project's status objectively, it cannotdetermine which
activities are critical. Another management technique,
critical-path analysis, fulfills this requirement.

Weuse critical-path, or slack-time, analysis (the
definition ofthe critical-path analysis technique) to pin­
point activities that are critical to the project schedule.
Detailed project planning has uncovered these critical
activities, and project tracking usinga project database
ensures that dataremains accurate as the project pro­
ceeds. EVAtracks the resourceassignments and the cost
ofactivity distribution overtime; slack-time analysis
requiresthat wedevelop a closed network (i.e., a net­
workthat produces one end activity), which would
improve our dependency planning andanalysis. This
technique allows PMs to plan andmanage the slacktime
in their schedules. Figure 3 illustrates a method by
which the remaining slacktimeis shown as a function of
timeto customer delivery. The project manager must
ensure that slacktimeis notused up early in the devel­
opment cycle.

FRE, a quality metric (seeFigure 4),has helped
project management to model the development process
as a series offault-insertion andfault-removal steps. The
objective ofthe processis to remove allfaults before the
product is delivered to the customer. The FRE model esti­
matesthe percentage offaults to be removed in each
stepofthe process. Thus, each step has an FRE equalto
the ratio offaults removed to faults existing in the prod­
uct. Project activities are related to a particular fault­
removal cycle, which simplifies fault-removal cost
accounting.

This metric requiresthat the development pro­
cess be controlled and repeatable. It has helped project
planning andmanagement by improving the definition of
the development process. It also has been instrumental
infurtherclarifying the rolesand responsibilities ofthe
development staff, an important elementofgoodproject
andquality management.

In Phase4,our businessand project managers
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Figure 4. FRE helps project management model
the development process as a series of fault­
insertion and fault-removal steps. Using data
from prior developments and planned improve­
ment, we establish a baseline of expected faults
and FRE for each quality checkpoint. We collect
fault-removal data in each phase and plot it over
time as the phase progresses. At the end of the
phase, we eliminate the time histogram and
show only the final value. Here, the design is
complete, coding is in progress, and integration
has begun. Actual fault-removal rates are
slightly lower than projected (see solid line).
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WBSand clarify each team member's responsibilities.
- Before or while a projectis being planned, the

management ofall people working on the projectmust
agree to incorporate quality managementintothe
project-management process.We must minimize
conflicts betweengroups, and view progress metrics
as fair to all.

- Earlyin the process,we must identify a single indivi­
dualwho is empowered to act as the projectmanager.
Conflicts will always arise, and change will be neces­
sary,but without a singleindividual whohas the
powerto act, projectschedules will slipunnecessarily.

- Aprojectplanmust include the data needed to initial­
ize the project-management process.The more impor­
tant data is to projectmanagement, the more objective
the process will be. Planning alsobecomeseasier
when the required outputsare specified.

- We must institutethe discipline to track cost and
schedule against the planand act on the datagen­
erated in the process.We should avoid the tendency
to view projectand quality managementas overhead
that can be abandoned at the first sign oftrouble in
the project. Good managementprocesses and data
should stand up to this test.

Eachsoftware development is uniqueand will
havedifferent requirements, but we havefound the

principles we described to be critical. Ascustomer
expectations change,we must adaptthe project and its
quality-management processes to meet these newneeds.
The principles outlined in this paper supportand
encouragethis adaptation forcontinuous improvement.
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