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INTRODUCTION

The following is a survey of some of the tools and resources
available to Project Managers to assist in the management of
complicated development projects., These tools, resources, and
methodologies effectively guide managers throughout the length of
their projects to provide efficient administrative, planning, and
documentation support.

A short overview will show the basic desires and needs of a
project management system, Many different requirements and
desires have collectively led to the development of these
management tools, Managers have always sought efficient methods
to monitor the proper mix of time, money, and resources to achieve
optimum production or results, This paper will discuss two

separate systems that are made up of many of these tools.



CHAPTER ONE

REPORT OVERVIEW

A project is defined as "an undertaking with a given start
point and a definite end objective." (ASAP81) A project will
require resources such as materials, manpower, and money., In
order to properly utilize these resources and ensure that the
objective is attained, the project should follow certain steps or
phases, There should be a phase to determine how to complete the
project, and a phase where the actual progress of the project is
compared with the project plan, In order to effectively control
these activities, one central figure, a Project Manager (PM) is
given the responsibility for the project, He has the
responsibility to "guide® the project from the beginning to the
end,

There are two basic aims in the planning phase for the
project., They are:

- To set goals for the various aspects of the project.

- To determine the best methods to achieve these goals,

These aims help attain the overall objectives or project planning
which are to improve work performance and product quality with
effective cost control. A simple technique to do this is to
separate the project into activities, The relationships among
these activities now determine the sequence in which they will be

carried out, A time analysis 1is then conducted to calculate the
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appropriate dates of each activity and each milestone., In order
to make a more complete schedule, a resource and cost analysis is
done, A time-phased budget plan is then selected from several
alternate schedules and used as a baseline against which to Jjudge
contract costs and time schedule performance,

The control phase of a project simply compares actual
performance to the performance measurement baseline described
above. Reports should be generated to show the status of the
project as it relates to time, costs, and resources, Based on
this, existing schedules can be maintained or revised to show new
developments in the project, Figure 1=1 shows how the planning
and control phases may be graphically depicted,

In the past, managers have been forced to rely on manual
methods in order to plan, schedule, and allocate funds. There
were time consuming processes utilized to operate suspense files,
activities calendars, etc. Highly complicated formulas and high
level mathmatical calculations were needed to obtain information
concerning risk, resource management and effecta of changes,
Accountants were required to maintain books and ledgers of all
money transactions., It was difficult to stay currently informed
and the possibility of making a quick accurate decision was not
always good. Each process was usually slow, time consuming,
required a large staff, and was only as accurate as the human who
conducted it,

Over the years a multitude of management systems have been

developed that enable managers to have a wealth of information
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available with the press of a terminal key. These systems come
made-to-order and in varying degrees of complexity to suit a
variety of management levels, An inexperienced user may select a
system that is extremely easy to operate and understand. Very
little training would be necessary for personnel within the
organization to be able to utilize a system of this type. Since
most of the work is made simpler and easier, the whole job of

project management becomes simplier and easier,



CHAPTER TWO

PROJECT MANAGEMENT REQUIREMENTS

In this chapter, I will discuss the typical areas of
management concern that are usually handled by the components of a
project management system. These areas are the three general
topics of planning, scheduling and cost. In each of these areas,
the topies will be divided into the necessary fundamentals and
discussed in detail. Several other areas of concern not related

to planning, scheduling and cost will also be discussed.

2.1 The Planning Phase

Proper planning is one of the most important functions a
project manager must do in order to be successful. It is usually
the project plan (prepared before starting the work) that
determines to a major extent the outcome of a project in terms of
time, costs, and technical performance, Both in the military and
industry, once a project plan has been written and accepted, it is
very difficult to alter or change, Future action may help guide
the course of the project and may rescue it from disaster, but
usually a faulty plan 1is destined to fail. For this reason the
importance of a quality plan must always be stressed. To be
sound, a project plan must be produced through a systenatic,

detailed analysis that includes a breakdown of the project into
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components, tasks, work packages, events (milestones), and
several possible solutions. Proper planning involves the
examination and reexaminatiion of the problems which are
anticipated and alternative ways in which to solve them. If done
correctly, a realistic project plan can be produced that will
result in a good project at the lowest development cost and in the

shortest time,

2.1.1 Planning Fundamentals

There are certain basic objeetives which are expected to
guide the planning process, Probably the most important of these
is to balance dollar commitments with program risks. One may see
this as ensuring that a 1limit is maintained on the amount of
resources committed just in case development efforts demand a
major change or the program fails. There are five interrelated
planning activities that assist the PM in maintaining this
balance, They are:

Assess the risk

Reduce concurrency in risky situations

Reduce risk prior to going into successive phases

Control changes (reguires complete analysis)

Plan for unknowns

2.1.2 Assessing Risk



Risk assessment is nothing more than the evaluation and
re=evaluation of the possibility of the successful occurrence of a
particular event. Even though risk assesment may not formally be
addressed in a system design, it is impossible te ignore it,
There must be an analysis of the probability that a certain
approach will result in a better chance of success than others,
This risk assessment is made even more complicated by the fact
that the smaller risk may not be the best choice,

"Inherently the risk of failure to meet objectives shadows
all design and development programs. Yet because it is a negative
aspect, the incidence of risk is quite often overlooked in the
glare of optimism, Even where it is ignored completely, it may be
appraised but not deeply enough, or perhaps not often enough to
serve as a significant input for decision-making." (POLS66)

System development usually takes place over an extended period
of time and several more years are added between the production
decision and deployment. Care must be taken to ensure that it
will not be obsolete when fielded. Often as not, there must be a
constant push against the bounds of the technology of today to
ensure that it will not be obsolete in the enviromment of
tomorrow,., A1l of this implies taking more and not less risk,

In this sense, risk assessment is a decision making tool. It
is now an estimate of the probabilities of failure or success when
comparing several different plans, It may also be a measure of
the probability of meeting specified performance, schedule, or

cost goals associated with a specific plan (i.e. if a heavy duty
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transmission must be developed prior to the rest of the
helicopter),

The manager must be prepared to deal with a defined set of
technical performance and schedule regquirements and the range of
probabilities associated with them., There will also be cost and
schedule implications of relaxed performance requirements and the
possible deletion of one or more high risk system elements, Risk
assessment may be defined as ",..a set of curves displaying the
probability of certain consequences given one and another set of
technical performance, schedule, and cost objectives."™ (ANDE69)
So risk assessment is a fundamental factor in the decision process
of selecting a particular design alternative instead of another,
It also becomes critical if a decision must be made about the
necessity of a back-up development program to possibly improve low
probabilities of success in some critical subsystem element. Risk
assessment sometimes performs a major role in the determination of
system characteristics or initial program design, especially if
risky designs are the result of overstated requirements (i.e. To
develop an attack helicopter equipped with passenger
accomodations, when there is no requirement for such
accomodations).

Risk assessment may also be used as a planning device. It
provides a plan for a development and test program that will
resolve uncertainty in known areas of great risk., There is also
a control system to track and measure progress toward resolving

uncertainty. BRisk assessment is not a one-time occurrence. The
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initial concepts of the first program decision should be
reexamined throughout the development program. As more facts are
documented as a result of developments, alternate solutions may
begin to appear more attractive. If resources become scarce as a
result of unexpected events, back-up programs may no longer be a
good investment. TUnderestimated risk concerning the whole

program may dictate reconsideration of program characteristies.

2.1.3 Concurrency Reduction

Risk reduction and concurrency are closely related. The
overlapping of program phases is risky. Concurrency may reduce
the time span from concept to deployment, but it involves a
commitment to incur substantial costs that may be wasted should
the program be redirected or cancelled. For this reason, this
type of concurrency (program phase overlap) should be avoided if
possible, especially if the risk is known to be high.

On the other hand, there are times where planning can make
the difference between waste and delay. This may occur when a
long lead time is required to obtain materials in order to avoid
unacceptable delays in the shift from development to production.

Oftentimes it is difficult to differentiate between
concurrency and normal progress, For example, if the fabrication
of the pre-production model by hand tooling is an essential part
of the development testing, it may be necessary to obtain some

production tooling before development is finished. However, the
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beginning of full scale work when a preceeding phase has not been

completed is unnecessary concurrency,

2.1.4 Risk Reduction

As different as development projects may be, there are two

general rules that usually apply to all of them.

-Each development program schedule should be scrutinized to
determine if expensive work that is significantly affected
by other work can be rescheduled to a later start date
without adversely affecting the program completion date.

-The manager must examine the impact on the risk of wasted
work as a result of slipping the total program schedule,
Sometimes schedule slippage in order to meet operational
capabilities may reduce the risk of costly rework caused by
concurrency, This is especially true in the scheduling of
initial production activities, Usually changes in the final
stages of development have a firm impact on production
commitments; so delaying production commitments until
successful development is assured will often give a large
payoff in total program cost.

Specific programs sometimes require additional structuring to

reduce risk, The following approaches should be considered:
- Reasonable trade-offs between operating requirements and
engineering design.
- Steering away from high risk alternatives.

=11=



- System and hardware proofing to show that risk has been
reduced to a justifiable level,

- Ensuring that high risk elements of the system have back-up
programs,

- Ensuring that high risk areas receive a concentration of
effort early in the program,

- Ensuring that uncertainties are resolved prior to committing

valuable resources to easy areas or the entire program.

2.1.5 Milestones

Milestoning 1is specifying the —completion of some
fundamental, quantifiable phase of the development cycle. When
this is related to risk assessment, a milestone represents the
achievement of a particular phase of the program by showing that
an objective has been reached (the phase usually has a possibility
of failing). Since milestones are usually associated with
estimated dates, their accomplishment may also show the degree of
schedule adherence. This is only secondary to the fact that
progress has been proved objectively,

This objectivity i1s a necessary quality of milestones, Since
milestones are programmed in advance, they may not be ™toyed®™ with
to fit situations. They are events whose accomplishments measure
progress toward program goals. These meaningful events are
usually defined in detail in advance in order to be able to

conduct this measure. These milestones are key events that occur

-
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in every program and are used at various levels and in large
numbers by decision makers.

Some milestones are denoted as "key" and have special
significance. They are usually used by higher levels of decision
makers to provide progressive appraisal of risk reduction and to
ensure that commitments are made as a result of actual, instead of
planned, accomplishments, This eliminates the possibility of
wasting resources and adversely affecting available program
options by ensuring "Maccomplishment related decisions®™ and not
decisions based on calendar dates, These risk assessment
milestones (key) have two purposes:

= To structure a program during planning so that progressive
commitments are made only when justified by the remaining
level of program risk,

- To validate the hypothesis on which the commitments were
planned before additional commitments are made (from the

management point of view).

2.1.6 Changes

There are two basic ideas that are important and must be
considered when possible changes are being discussed.
= Do not change just for the sake of changing.
= Innocent=looking changes may not be =0 innocent=looking if

improperly analyzed.

The longer a program develops, the more stable it should

-13=



become because elements of high risk have been overcome and
proved., Any ™unnecessary® change that affects something that has
already been developed upsets the whole structure, Many times it
is difficult to realize what impact a minor change may have on
completed, current and anticipated work.

The second idea stems from the first. Because it is
difficult to estimate the extent and effects of change, changes
that appear innocent may adversely affect cost and schedule
objectives, There may be a requirement for redesign, introduction
of new risks or resurection of previously reduced or eliminated
risks,

Therefore change control suggests these rules:

Do not make the change if in doubt.

Conduct a detailed amalysis of the direct and likely impact

of a change on performance, schedule, and cost,

Still attempt not to make the change even after the

analysis,
There is still the probability that things will turn out much
worse than the analysis has predicted. Even after this, numerous
program managers will resist the urge to make a change and then
make the change only when there is overwhelming and convinecing

Jjustification for it.

2.1.7 Planning For Unknowns

Sometimes events may occur that are not under the control of

-14-



the PM. These events may be categorized as anticipated unknowns
and unanticipated unknowns, An anticipated unknown could be a
possible event that may be forseen such as the failure of a
subsystem, An unanticipiated wunknown is something totally
unexpected that might range from a total 1loss of a critical
resource to a natural disaster, The basic substance of risk
analysis is planning for anticipated unknowns, Probability
analysis as a tool in planning necessarily implies recognition
that there 1s a given probability of failing to achieve some
objective in the system development. Therefore some consideration
must be given to the effect of a failure (either a performance
objective or a scheduled target date). A Myhat if" plan is
usually generated as a result of the possibility of failing to
meet a performance objective. Alternatives may range from
something very simple to program cancellation, Either may,
however, be acceptable, Slippage would be the possible solution
when considering the possibility of failing to meet a schedule
target. Slack time or breathing room may be incorporated into the
total system schedule to adjust for slippage. This slack is
necessary even when external pressures demand acceleration in
order to prevent devastating effects on a project that is

scheduled too tightly and does not allow for slippage.

2.2 The Schedule Phase

Time probably creates the greatest strain for program
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managers, There appears to be a natural law that everything takes
longer to do than planned, especially when everything is under
pressure and things seem to be falling apart. The likelihood is
greater that unknowns will be a problem in a program schedule if
there is a failure to understand program interrelationships.
Experience has shown that inadequate networking (graphie
representation of a project to show relations among activities),
consideration of administrative processing time, and failure to
adequately provide for contingencies are three basic weaknesses in
schedule planning. (POLS66)

The importance of properly organizing and establishing
relations among activities must be stressed, especially during the
planning phase, Oftentimes there is a tendency to assume that the
system used to control a program determines the kind and detail of
planning which should be done, A manager may decide he does not
want to graphically show activity relationships or network the
project with a sophisticated system like PERT (Program Evaluation
and Review Techniques). He may attempt to organize all of the
details of what he is required to do in some other manner
(Appendices A, B, and C discuss three networking methods),
Regardless of the method used, networking is a method of relating
activities and events to each other over time and is usually
associated with PERT, It is good because it shows the dependency
of future activities and events on previous efforts. There is a
general feeling among program managers that more detailed

networking would have resulted in fewer important things being
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overlooked. It also improves ©risk analysis because the
interrelationships and dependencies of events are made more
visible.

Administrative processing of paperwork is an area that must
be adequately considered. Many times managers do not realize how
long it will actually take to "pull together®™ all of the pieces of
a package or program, consolidate everything, and possibly obtain
approvals, Functional managers play a key role in this process,
but too often they underestimate their share of the burder and
again things fall behind, Usually slack time between scheduled
milestone events will help attain target dates, but this slack
must be kept secret from the people working toward the specified
time. Once discovered, the slack will usually be stretched out

and it will have been of no benefit when it was really needed.

2.2.1 Honesty

The basic human trait of being honest also plays an important
role in successful project management, By attempting to "paint a
pretty picture®, people may begin to undersell what they really
know or think about the inevitable impact of a potential problem,
As they sanitize their reports, their judgement is replaced by a
false faith that the situation will automatically correct itself.
By failing to be honest, possible options such as additional

funding or program extensions may disappear. One should never

deliberately obscure facts when so many other alternative courses
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of action or contingency plans may be feasible.

2.2.2 Inadequate Control of Events

Oftentimes schedule problems develop inside the program
office instead of being introduced from outside the office, This
usually occurs as a result of engineers and scientists attempting
to seek technical perfection, Due to pride, developmental
capabilities, craftsmanship, etec., they are oftentimes not quite
satisfied with their product. A continuing attempt is made to
strive for only the very best, This may often lead to delays or
rushes to meet deadlines. Schedule slippages and cost problems
are usually guaranteed to transpire if you do not confront them
with an absolute deadline, This will wusually force them to
squeeze cut more work as the deadline approaches, They do not
like to go with 1less than the best, but it stops fiddling and

tinkering.

2.2.3 Management Information Systems (MIS)

In order to be able to make sound logical decisions based on
methodical reasoning and good judgement,a FPM must be constantly
informed. A good MIS provides the PM with this capability, A
gimple but descriptive definition of a MIS is: "An operational set
of procedures which cause the flow of required information from

the proper source, process the information needed, and presents it
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to appropriate managers in meaningful form and in a timely fashion
for evaluation and subsegquent decision-making."™ An information
system is a very important tool for the project manager. It is
the resource that can ensure that he will make the most efficient
use of all available program resources, There is a requirement to
produce, store, and distribute these materizl resources. It is
important to distinguish between data and information since the
management information system must be able to deliver data to the
PM as information which is to be acted upon, Data is simply
collected and stored facts or inputs to a system. Information
represents data to which the need to satisfy a requirement has
been added (data with direction). Data becomes information when a
manager is conscious of the meaning associated with the data,

Two terms that can be associated with information are
perishable and consumable., Information is wusually not consumed
when it is used, but it is perishable in the sense that it has no
utility beyond the time it is needed. Information is used to
inform, evaluate, persuade, or to organize other information. For
management activity within an organization, information is used to
search, plan, initiate actions, control, create new concepts,
identify problems, and subsequently solve them,

Information is usually made up from vast amounts of data that
may be organized or presented in a random manner. Many times this
data may be meaningless or it may be pertinent and very often only
a small amount may relate to a specific event.

Meaningful, comprehensive information must be provided by the
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MIS to all levels of management in a timely manner., The system
should assist with management plans and actions, facilitate in the
reaching of objectives, and recognize conditions which hinder
mission accomplishment, The MIS should be tailored to the
requirements of the principal manager it will serve and it should
not expose the manager to unnecessary information or information
that is not important at a certain point in time, This
information should always be pertinent for making decisions.

There are five basic elements that make up a functionmal MIS.
They are:

- Input

- Processor

= QOutput

Control

- Feedback

A management information system provides data which allow
managers to focus on items they need to control. A MIS can
provide too much data. This could cause control to be impossible,
Advanced computer technology eliminates the problem of data
storage and retrieval, It now becomes important to be able to
gift thru all this data and obtain information in a manner that
can be understood and used. There are four things that must be
provided so the information can be useful:

- Ranking of problem areas by criticality.

- Indicating petential areas of trouble,

- Anticipating cost changes or schedule slippage.
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