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SA ELEMENT 1.4: IDENTIFY OBJECTIVES HIERARCHY

We have treated deterrence as the primary objective of NATO AWACS,
which contributes to deterrence by providing low-level warning. But deterrence is
not achieved solely through low-level warning time. There are other types of
warning which contribute to deterrence; and apart from the warning capability,
there are other capabilities that contribute to achieving the system objective of
deterrence.

An objectives hierarchy needs to be constructed showing the system objective
at the top, and the subsystem or sub-subsystem at the bottom, so that we can
visualize how the chosen subsystem or sub-subsystem (e.g., NATO AWACS)
contributes to the system objective (e.g., NATO deterrence).

We present in Figure 3 the objectives hierarchy. To achieve deterrence, there
must be not only warning capability, but also force application capability.
Undergirding the force application capability are the economic and political
capabilities.

Since our interest is in AWACS, we break down the warning capability into
its logical components, such as airborne target warning, ground forces warning,
etc., at the next tier below. Among the airborne target warning, we list NATO
E-3A as well as alternative sources of airborne target warning, such as ground-
based radars and intelligence sources.

This objectives hierarchy is not the only possible hierarchy. The system objec-
tive of NATO deterrence can be achieved via different routes, and the purpose is
to find the most logical route from the system objective to the particular sub-
system or sub-subsystem under discussion.

SA Element 2: Cost

Using this systems approach, the U.S. government position relative to the an-
nounced non-participation by a member country in NATO AWACS acquisition
would indicate how the system objective of NATO deterrence would be impaired
as a consequence. While any change in the announced position would be a
political decision, it is essential to develop the technical impairment, such as the
loss of 3 minutes of warning time, which could mean the loss of a whole city to
the enemy.

SA ELEMENT 2.1: CALCULATE COST OF CONTEMPLATED ACTIVITY

We have pointed out that careful calculations of cost have taken into account
the fact that much more than the acquisition share would be involved in deter-
mining the cost impact of the announced decision. While we exclude the details of
the calculation here (as for the same reasons of sensitivity, the details may have to
be undisclosed in discussions of similar multinational acquisitions), the aggregate
tigures themselves should be presented, as we have done.
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SA ELEMENT 2.2: IDENTIFY RELEVANT COST ELEMENTS

In his presentation to the American Institute of Industrial Engineers, James E.
Williams, Jr., the Deputy Assistant Secretary of the Air Force, indicated a
number of cost elements peculiar to multinational acquisitions.

Cost shares determination is an element which is clearly multinational. How
much should each participant in the multinational acquisition be required to pay?
In the NATO AWACS case, “participation in industrial collaboration and ability
to pay” were the key factors.”

Divergent national budgeting is another key issue in multinational acquisi-
tion. While several NATO nations make long-term commitment to the multina-
tional acquisition, the United States makes annual commitments, with plans for
the following years. The national payments for the multinational, multiyear ac-
quisition programs are staggered.

Inflation factor is a serious issue in drawn-out payments. Currencies paid later
in the program would have to be deflated to determine their real value against the
baseline cost of the program. Late payers would incur higher payments to com-
pensate for inflation. It has been pointed out that the national representatives
were unable to resolve the issue during the negotiations preceding the signing of
the MMOU, and agreed that they should work out a method. As an interim solu-
tion, one late payer agreed to pay inflation through 1981 in the same manner as
all other nations, while a longer-term solution was being worked out.

Different fiscal years are another distinguishing characteristic of multina-
tional, multiyear acquisitions. In the case of NATO AWACS, the 13 individual
nations observe 8 different fiscal years!

SA ELEMENT 2.3: CALCULATE MARGINAL COST(S)

In Figure 3, we identify ground-based radars as another means of airborne
warning capability. If $98 million is denied to NATO AWACS, could that
amount be invested in an alternate activity that would support the system objec-
tive of NATO deterrence?

A prime purpose of NATO air defense ground environment (NADGE), with
ground-based radar facilities from the tip of Norway to the eastern border of
Turkey, is the deterrence of airborne attack by Warsaw Pact forces. However,
advances in Soviet aerospace technology (e.g.. low-level airborne penetration
capabilities) have raised concerns about the ability of ground-based systems to
respond adequately to such a threat.

7. James E. Williams, Jr., “Lessons Learned from the NATO AEW&C Program,” Address to the
American Institute of Industrial Engineers, Washington, D.C., October 23, 1980, p. 4.
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FIGURE 4
NADGE Low-Level Radar Line-of-Sight Coverage (1,000-ft target)

/— NADGE radar (100-ft height)

4587 nmi

Figure Not to Scale

In Figure 4, we present NADGE radar with a low-level target at 1,000 feet
altitude. Employing the same calculations as we did in the case of the AWACS,
we obtain a mean warning time of approximately 7 minutes. The maximum in-
crease in warning time expected from NADGE improvments is 1 minute.

What are the marginal costs? The acquisition budget for NATO AWACS is
$1,826 million (1977 dollars). The $98 million amount represents 5.37 percent of
that figure. The base budget figure of NADGE is $3,266 million; therefore, the
$98 million represents 3 percent of the NADGE base (ignoring inflation).

What would be the operation and maintenance (O&M) costs incurred as a '
result of the policy activity (i.e., $98 million restored to NATO AWACS), or the
alternate activity (i.e., investing $98 million in NADGE)?

—-——-———m
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Based on NATO MMOU O&M cost estimates, the AWACS element O&M
would be $5 million a year to the base of $98 million.2 The NADGE O&M would
also be $5 million a year to the base of $98 million.°

SA ELEMENT 2.4: CALCULATE COST OF OPPORTUNITY ACQUIRED

We pointed out that often new capabilities emerge from the new system, such
as the capability of the distant early warning system to detect signals from
thousands of miles. In arguing for such heretofore non-existent capabilities,
marginalism would be inappropriate, because the capability acquired is not that
of an additional unit of the same kind.

In multinational acquisition, the very fact of joint action may suggest an op-
portunity acquired. Since the first delivery of E-3A to NATO is scheduled for
February 1982, and since nothing similar to the low-level warning capability of
AWACS has been employed by the NATO countries, we may consider a hereto-
fore non-existent capability to emerge with the employment of NATO AWACS.

SA Element 3: Effectiveness-Absolute

The third element in systems approach is effectiveness-absolute. The measure
of effectiveness of the system is the measure of the performance measure of the
system—which we identified above as the warning time. The measure of warning
time is simply the quantity (amount). We already discussed the number of
minutes involved, viz., 3 minutes of additional warning of low-level aircraft.

SA Element 4: Effectiveness-Relative

By how much is the effectiveness changed corresponding to changes in subsys-
tem or sub-subsystem inputs?

We can combine the effectiveness-relative with cost, insofar as the relative
change in effectiveness is achieved at a cost. The decision to make the investment
in the input depends not only on what the effectiveness change is, but also on
how much it costs.

SA ELEMENT 4.1: COMPUTE COST EFFECTIVENESS—POLICY ACTIVITY

Cost etfectiveness is simply effectiveness divided by cost. Cost comprises
fixed cost and variable cost. In Table I, the cost effectiveness parameters for both
the policy activity and the alternative activity are shown.

8. Assistant Secretary General for Defense Support, “Multilateral Memorandum of Understand-
ing (MMOU) between NATO Ministers of Defense on the NATO E-3A Co-operative Programme,”
HQ NATO, Brussels, Belgium, December 1978, p. 36.

9. Derived from USAF SAGE System O&M Estimates, HQ, USAF/XOX.
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TABLE §
Cost-Effectiveness Parameters—~ NATO E-3A, NADGE

NATO E-JA NADGE
Baseline* warning time* 24.2 min 7 min
EFFECTIVENESS increased warning time 2.7 min 1 min
Total warning time 26.9 min 4 min
Baseline acquisition $1.726,000,000 | $3.266,000,000
Fixed Costs (FO) Incremental acquisition $ 100,000,000 | $ 100,000,000
Total acquisition $1,826,000,000 | $3.366,000,000
COosY
Baseline Operations and $1,500,000,000 | $5.100,000,000
Variable Costs Maintenance (O&M)
(VCK O&M attributable to incre- $ 75000000 | $ 255,000,000
mental acquisition
Total O&M $1,575,000,000 | $5,355.000,000

SNATO E-3A: 16 aircraff; current NADGE system.
‘Warning time refers to warning provided against low-level aitborne targets
Estimated life-cycle costs.

The effectiveness measure in the case of policy activity is the 2.7 minutes in-
crease in warning time. To achieve it, there is the fixed cost of $98 million and the
variable cost of $75 million. Rounding the $98 million to $100 million for ease of
computation, we have the cost effectiveness of NATO AWACS as a result of
restoring the $98 million given by:

AWACS Cost Effectiveness = 2.7 minutes/($100 X 10° + $75 X 10%) = 1.5 x 108 min/$

SA ELEMENT 4.2: COMPUTE COST EFFECTIVENESS —ALTERNATE ACTIVITY

The effectiveness measure in the case of NADGE, the alternative activity, is 1
minute. To achieve it, there is the fixed cost of $98 million (rounded to $100
million) and the variable cost of $255 million. The cost effectiveness of the alter-
native activity is given by:

NADGE Cost Effectiveness = 1 minute/($100 X 108 + $255 X 10%) = 2.8 X 10 min/$

SA ELEMENT 4.3: COMPUTE COST EFFECTIVENESS —ABSOLUTE BASE

The measure of effectiveness used has been the increase in warning time. Since
the objective of deterrence is best served by the absolute warning time, let us con-
sider how the cost effectiveness analysis fares in that case:

AWACS Cost Effectiveness = 26.9 min/($1.826 X 10° + $1.575 X 10%) = 7.9 X 10 min’$

NADGE Cost Effectiveness = 8 min/($3.366 X 10° + $5.355 X 10% = 0.9 x 10° min/$
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Systems Approach to Resource Allocation

The cost effectiveness analysis shows that the restoration of the $98 million to
NATO AWACS is more cost-effective than investing the $98 million in NADGE.
AWACS is 8.8 times as cost effective as NADGE.

Resource Allocation— Initial Weighted Scores

The investment in one or the other activity is to further the system objective,
i.e., NATO deterrence. How should the elements of the objectives hierarchy be
related to one another in order to justify the restoration of the $98 million?

The concept of “penalty for non-fulfillment” is found to be useful in incorpo-
rating value judgments into the allocation of resources. Penalty for non-fulfill-
ment is the adverse effect upon the system objective of not carrying out an activ-
ity at the subsystem or lower levels.1¢

We start with a horizontal comparison of activities at the bottom tier of the
objectives hierarchy in Figure 3. We have three elements: (1) NATO E-3A, (2)
ground-based radars, and (3) intelligence sources. Which of the three will cause
the worst penalty to the system objective if not carried out? The least critical
choice gets a lower score than the more critical choice, which gets a lower score
than the most critical choice. Clearly, the scores reflect one’s subjective judgment.
Treating intelligence sources as the least critical among the three, let us give it a
score of 3 on a scale of 0-10. Since we are advocates of AWACS, that system gets
the highest score of 9. Ground-based radars are given a slightly higher score of 4
than the least critical one of intelligence sources.

These three choices are all elements of airborne target warning. Recognizing
that we could have overlooked a fourth or fifth choice at the lowest tier, we allow
for it (them) by multiplying the sum of the three scores, i.e., 9 + 4 + 3 = 16, by
1.5 to give a score of (16 X 1.5 = ) 24 for airborne target warning. This
methodology is applied to the other hierarchical steps.

How much worse is it not to have airborne target warning (ATW) at all, as
compared with not having NATO E-3A? Since E-3A is only one of the three
elements of ATW, the whole should be given more importance than the indivi-
dual parts. One way of doing this is to give the lowest tier a weight of 10 and the
next higher tier a weight of 10%, indicating that ATW is 100 times as important as
AWACS. Non-linear weights are assigned to the different levels to reflect the fact
that it is much more serious to leave unfulfilled a higher-level objective. Since the
system objective fulfillment is the ultimate criterion, the penalty score of the

10. George K. Chacko, Systems Approach to Public and Private Sector Problems, North-Holland,
Amsterdam, The Netherlands, 1976, Chapter 4.
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policy activity (AWACS) is expressed in terms of the penalty for non-fulfillment
of the system objective of NATO deterrence. How much money is there to
allocate to AWACS? The total allocation for NATO deterrence is more than $160
billion—the NATO defense budget. In Figure 5, we show the trial allocation of
resources.

The purpose of the initial allocation is to make a system check, so to speak.
Are all the elements and their interrelationships taken into account? The
numerical results are much less important than the conceptual.

Resource Allocation—Revised Weighted Scores

Clearly, the $1,229 trial allocation would not buy NATO AWACS. How
should the different elements in the objectives hierarchy be related to each other
in order to justify the restoration of the $98 million to NATO AWACS?

In our initial allocation of weights and scores, we considered economic
capability (reflected in GNP) as contributing a certain value to deterrence (e.g.,
through scientific technology, electronics, aerospace elements) at, say, one-tenth.
This value was then compared to the expenditures for warning capability to ar-
rive at a penalty score for non-fulfillment approximately double the sum of the
penalty scores for these two choices. Two principal changes are introduced in the
revised allocation of scores and weights of penalties for non-fulfillment. The first
is the revision of the penalty score for “economic capability,” which is revised
downward from 500 to 97. The second is the revision of the vertical weights.
Since NATO E-3A is a Priority ] NATO requirement, the penalty for non-fulfill-
ment of E-3A could be considered close to that of NATO deterrence itself. The
results of the revision and the consequent resource allocation appear in Figure 6.

What the revised allocation has shown is that the resource allocation authori-
ty has to be persuaded that the weights of political and economic capability
should not be 50:500, but rather 25:97. In other words, political capability is
given 2.5 times as much weight as in the initial allocation. The results, viz., the
agreement, first in principle, then in full by the member country to participate in
the NATO AWACS acquisition leads us to conclude that the rationale of
resource allocation has been acceptable to the resource allocation authorities.

Proven Usefulness in Multinational Acquisition

The methodology of systems approach as illustrated by a NATO AWACS
problem analysis suggests that it can indeed be valuable for other multinational
acquisition problems of a similar nature.

The ultimate test of the value of multinational acquisitions is, of course, the
furtherance of the system objective. We hope that our discussion indicates that
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systems approach reasoning can prove helpful in clarifying the issues, choices,
and consequences of alternative options from the potential impairment of the
system objective. At that high level of common interest, accommodations for the
common good are, perhaps, perceived as acts of prudence.u




Scheduling for
107 Program Management:
How and Why

Forrest L. Godden, ]Jr.

So you want to be a program manager? Good. You are one. You have
put aside your pencil, triangles, and T square and have assumed one of the most
demanding jobs in your organization. You lean back in your chair with a satisfied
smile because you have just completed laying out your project schedule. You feel
assured your program will be 100 percent successful because you have covered all
the angles. And even though experience has shown that everything takes longer
than expected, you are optimistic that this time things will be different. Sound
familiar? In fact, the odds are that you are in schedule trouble before you even
have a chance to identify your problems. It is a safe assumption that much of the
program lead time will be absorbed in the technical and administrative processes
of defining the requirements and the program.

Program schedules are usually backed in to fit an inflexible initial operating
capability (10C) date, with the probability of success practically nil. When
developing schedules, the following assumption has to be made: Nothing works
right the first time; everything goes wrong, and everybody makes mistakes.

Why Do We Need Schedules?

Because program management provides centralized authority over technical
and business aspects of a program, your job as program manager covers many
disciplines. You must coordinate, manage, and direct the development and pro-
duction of a system to meet performance and schedule. You must meet cost objec-
tives defined by his service and approved by the Secretary of Defense (SECDEF).
You are the agent of your service in the management of the system acquisition
process. You must focus the authority and responsibility of your service for run-
ning the program. You have the vantage of a broad perspective of the program
and the interrelationships among its elements. You are the motivating force for
propelling the system through its evolution. Every weapon system competes with
all others for limited resources, and competition is especially fierce in periods of
tight budgets. The program manager who has done his homework and kept key
people informed about his system’s progress and problems will maintain program
balance and improve the odds that funds for his program will not be reduced.

Program balance is the recognition that there is an inescapable interplay
among the three basic program elements—technical performance, time, and cost.
You cannot talk about what is wanted without also talking about when and how

Forrest L. Godden. Jr.. is Head of the Policy and Organization Management Department. School
of Systems Acquisition Education. Defense Systems Management College. Before coming to DSMC
he was Chief of the Cost Information and Analysis Branch. Office of the Project Manager, Fighting
Vehicle Systems. Mr. Godden holds a B.S. degree in industrial engineering from lowa State Universi-
ty. and an M.S. degree in professional management from the Florida Institute of Technologu.
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much can be spent. You must be aware that the balance struck at the beginning of
the program can seldom be maintained throughout the development. New facts,
new technology, new threats, and unexpected cost all act to upset the old balance
and require the formulation of a new one.

Maintaining a balance may also be described as limiting the amount of
resources committed to the program in the event the results of development ef-
forts require that the program be substantially redirected or even cancelled. The
technique for obtaining this balance embraces these interrelated activities:
—Assess the risk implicit in alternative subsystem and system development con-
cepts. Avoid alternatives involving low probabilities of success. Reassess risks
periodically during the development process.

—Reduce, to the maximum extent possible, concurrency in risky situations.
—Demonstrate mastery of high-risk elements before proceeding into successive
program phases.

—Control changes and be sure all schedule and cost implications of a proposed
change have been evaluated.

—Plan for unknowns.!

Schedule problems are not always externally thrust upon the program office;
some develop from within. It is a natural tendency of scientists and engineers,
whether in industry or in government, to seek technical perfection, the conse-
quence being to regard schedules as of secondary importance. You must empha-
size that schedules are primary—perhaps even more important than the last
measure of small improvement in technical performance. Design engineers love
to fiddle and tinker and, if left to their own devices, it can be guaranteed there
will be schedule slippages and cost problems. An absolute deadline must be set.
Much can be accomplished once it is understood that no additional time will be
made available.

The term “management information systems” is familiar. The schedule func-
tion is an integral part of any good management information system. Unfortu-
nately, management systems are frequently mistaken for management. This
mistake is most evident when people speak of management control systems,
which really do not control anything. “Management information systems” is
more appropriate because these systems provide data which may be used to focus
on those items that are out of control, as well as to assist the manager in planning
project activities, scheduling activity occurrence times, and controlling project
progress in terms of cost, schedule, and technical performance. Project planning
involves the determination of activities to be accomplished and their sequence of

1. “Introduction to Military Program Management,” Logistics Management Institute, March 1071,




109

Scheduling for Program Management

accomplishment. Scheduling involves the specification of dates and times for per-
forming these activities. Contrelling is a measurement and comparing process.

Developing and Constructing a Schedule

Scheduling is the accomplishment of the “when” element in maintaining pro-
gram balance. It is coming to grips with the hard detail of program execution.
Schedules establish the basic program objectives that are expected to guide the
planning process, and are also used by the program manager to maintain a
balance between dollar commitments and program risks. Peter C. Sandretto, in
his book, The Economic Management of Research and Engineering, emphasized
the importance of planning and scheduling when he wrote:

Atfter all has been said and done about systems to control engineer-
ing costs and performance after the decision is made to embark on a
project, it is the project plan prepared before starting the work that
determines to a major extent the outcome of a project in terms of
time, cost, and technical performance. Almost universally, there
has been a lack of realization that, once a project plan is accepted,
the die is cast. Further action can help to steer the course of the
project and possibly conduct a rescue from disaster, but the road
sign to the disaster point was erected when the project plan was
written. But why was the plan faulty? The answer to this question
is complex and not at all evident. There are many reasons for faulty
project plans. Perhaps the outstanding cause iv a lack of recognition
of the importance of these plans. . . . To be sound, a project plan
must be produced through a systematic, detailed analysis that in-
cludes breakdown of the project by components, tasks, work
packages, events (milestones), and approaches, rather than by the
procedure known as SWAG (Systematic Wildly Assumed Guess).2

There are many project management techniques available to aid you in planning
and scheduling a specific project. These differ in type as well as in the quantity of
output information being generated for controlling project cost, schedule, and
technical performance. The emphasis is on which types of information items are
desired or required for satisfactory project control.

Work Breakdown Structure

One of the most useful management tools for project managers is the work
breakdown structure (WBS). Managers need total program visibility and timely

2. Peter C. Sandretto, Economic Management of Research and Engineering, John Wiley & Sons,
Inc., 1968, pp. 91, 105.
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data on program progress and problem areas. A work breakdown structure pro-
vides the framework for the required management visibility and data reporting in
a manner directly related to systems engineering and the manner in which the
work is to be accomplished.

As the term implies, a WBS breaks a total job or program into component
elements; these elements can then be displayed to show their relationship to each
other and to the program as a whole. A programmed WBS results from the
systems engineering effort during development and production of a particular
system. It provides a schematic portrayal of the products (hardware, software,
services, and other work tasks) that completely define the program. It provides a
means for effective management planning and implementation by providing the
functional managers of a program or project with a common reference
framework for communicating as well as making decisions. A WBS should be
broken down into elements that completely define the task to be accomplished. In
effect, the elements of the WBS define the basic objectives of the task by identify-
ing: (1) subtask of the level required for visibility; and (2) associated interrela-
tionships necessary to accomplish the task. Each WBS element should be selected
to permit assignment of responsibility to an organizational entity so that account-
ability can be established. Moreover, each individual WBS element, at the lowest
level, should be further broken down into work packages that describe specific
tasks of relati sely short duration to again enable proper visibility and control. It
is essential that work packages be established in a manner that will provide suffi-
cient and proper management information for program/project control. Addi-
tional criteria for establishing an effective work package would include the
following: (1) represents specific definable unit of work; (2) defines unit of work
at level where work is performed; (3) relates unit of work directly to, and as an
extension of, a specific element of the WBS; (4) assigns unit of work to a specific
single organizational element; (S) limits each unit of work to a relatively short
span of time; and (6) identifies specific accomplishments (outputs) to result from
unit of work (reports, hardware deliveries, tests, etc.).

Establishing Milestones

Once the WBS is developed, the next step is establishing milestones for the
project. A milestone is a key activity or event that takes place over a period of
time in a project and must be clearly defined. Milestones are not elastic events
that can be stretched by emotional rhetoric or tailored by fancy to fit the situa-
tion.? They are events whose successful accomplishment will be demonstrated

3. “Introduction to Military Program Management,” Logistics Management Institute, March 1971.
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evidence of progress toward the program goals. The use of milestones in planning
and controlling systems acquisitions is not new; they occur in every program and
are used by decision-makers at all levels. As a program manager you will use a
large number of schedule milestones to manage your prcgram, but will focus
your attention basically on the key milestones. These are the events of special
significance used to provide progressive assessment of the reduction of risk, and
to see that commitments are based on actual, not planned, accomplishments. In
this manner, decisions which commit funds or reduce available program options
will be based on events and not calendar dates. Key milestones have two basic
purposes:

—In planning a program—to structure the program so progressive commitments
are made only when justified by the remaining level of program risk.

—In managing a program—to assure that the premises on which program com-
mitments were originally planned have been validated, or proven, before addi-
tional commitments are made.*

Two points regarding milestones need to be emphasized. First, set enough
milestones to ensure that if problems do arise not too much time will have passed
without their being noticed, and that enough time or slack will be available to
recover from them. The shorter the period between milestones, the easier it will
be to keep track of progress and recover from shortfalls. Second, avoid designing
a system that either ends up being a reporting nightmare, or is so tight that
creative people lack the leeway to do a job. Milestones must be frequent ¢nough
to keep on track, but spaced far enough apart to get the work done.

Other 5cheduling Factors

Still other factors need to be evaluated when developing a schedule. Planning
for unknowns is essential. Unknowns come in two varieties: anticipated
unknowns (or known-unknowns) and unanticipated unknowns (or unknown-
unknowns). The latter are usually called “unk-unks.” Planning for unknowns is
the substance of risk analysis and is basic for orderly risk reduction in a program.
The possibility of failing to meet a schedule task can be treated by recognizing
that some slippage is the inevitability of some degree of schedule slippage. For
this reason, as noted earlier, the schedule must allow some breathing room (slack
time) to accommodate it. Also, in order to schedule well, you must know the
nature of the work. Scheduling consists essentially of organizing the work,
therefore, it is necessary to know in detail what follows what, who will do what,
and who will make sure it is done. It is also important to know the kinds of skills
needed and what people are available for various periods of the schedule. Predic-

4. Ibid.
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tions may be rough, and it may be necessary to act ad hoc, but by realistically
organizing the work ahead of time, there is a better chance of minimizing a short-
age of people or resources at a crucial point.

Some scheduling techniques most suitable to project managers are Gantt
charts (bar chart), line-of-balance (LOB), and networks. Gantt charts provide a
single, deterministic estimate for when project activities are to begin and end.
Gantt charts are good in repetitive work because time estimates are historically
established and production is easy to count. They are easy to understand, to ac-
cept, and to implement, and are easy to update if the program is static. But, Gantt
charts are not effective for large, complex projects. They cannot simulate alterna-
tives and do not readily show ability to meet schedules if many interrelated tasks
are involved. Line-of-balance is used principally for scheduling production effort.
One advantage of this technique is that, because the work is repetitive, compie-
tion time estimates are more accurate. Line-of-balance compares favorably with
the Gantt chart technique, with the disadvantages that it is not always
understood, it does not emphasize resource allocation directly, and there is no
capability to simulate alternatives.

Networking Systems

Networking systems like the program evaluation review technique (PERT)
provide information on earliest/latest start and finish times for activities, float or
slack time, critical path activities, and the probability of successfully meeting a
schedule completion date. Techniques such as graphical evaluation and review
technique (GERT), and the venture evaluation review technique (VERT) allow
even more sophisticated schedule control by treating both the occurrence and
time of project activities as random variables.

A maijor strength of the network technique is that it forces a manager to think
about possible problems because of the necessity to trace exactly how things will
work. As one program manager put it:

Getting involved in the networking gives you a feel for the whole
program. You get an understanding beyond the “buzz”’ phrases.
You can see the relationships among things, and most important,
you can talk intelligently about your whole program—why you are
doing things and when they must be done. You get a feeling of con-
fidence about your group of the program that is communicated to
others. They, in turn, get a sense of confidence in your ability to
manage your program. When people up the chain don’t have that
sense of confidence, you find that they take over the program. . . .*

S. Ibid.
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As a program manager you must consider the relationships among a number
of activities. You must identify tasks and decide which activity takes precedence,
which activity has to be finished before anothe- can start, and which activities
can be done simultaneously. This requirement for detailed thought will force you
to anticipate requirements that might be overlooked on a bar chart. One of the
key advantages of a network is that the network itself provides insight
understood by most people. Networks are used principally in R&D effort and are
used extensively by the U.S. Army Corps of Engineers in construction projects.
Networking also allows the manager a chance to simulate the effects of alterna-
tive decisions at a number of points; moreover, he gets a better appreciation of
the critical series of activities (the critical path) in which a weak link could
seriously damage the project. He is also able to assess those paths of the network
where there is slack (float) which will offer flexibility as the schedule changes.
This critical path is not always obvious, and often scientific and technical people
are shocked when their idea of the critical path is not confirmed. The network
technique gains its strength because it allows the manager to display many ideas
about how the project will proceed, and allows him the flexibility to rethink as he
encounters problems and unknowns, and as he gains experience. Networks allow
simulations, where a manager can input changes in the schedule and activities,
and evaluate the effect these changes might have on the total project or system.
Networking allows evaluation before, rather than after, the fact.

Selecting a Technique

What is the best planning or scheduling technique for you? Unfortunately,
there is no cookbook answer. The selection of a project scheduling technique or
complete management information system is a difficult and a potentially costly
decision. For this reason, you cannot arbitrarily select a technique or simply use
the same one over and over. To find the best technique, a logical, structured ap-
proach has to be used. This is not an easy decision because of the number and the
diversity of techniques, which vary in cost, complexity, input data requirements,
output information items, timeliness, equipment requirements, etc. The lack of
clearly defined selection criteria also makes this decision difficult. Most project
management literature is descriptive in nature. The characteristics of one or two
techniques are described, but nothing is offered to assist the project manager in
selecting a particular technique. As a result, the selection is normally based on
what has been used before, techniques known by the project manager's staff, or
on what the boss or customer requires.

There are criteria you may use in selecting management techniques. These are
as follows: (1) accuracy—the system should provide accurate information, i.e.,
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progress reports should reflect genuine progress; (2) reliability—progress data
should be consistent regardless of who collects it or when it is collected; (3)
simplicity—easy to explain and understand, and simple to operate; (4) universali-
ty of project coverage—one scheduling system should be sufficient for the entire
project; (5) decision analysis—provide information on alternative courses of ac-
tion; (6} forecasting—forecast ability to accomplish future tasks; (7) up-
dating—capable of rapidly and easily incorporating information on project pro-
gress; (8) flexibility— capable of being adapted to change in the project; and (9)
cost—provide required information at the lowest cost. Although these criteria are
important considerations, their apparent subjectivity makes it difficult, if not im-
possible, to quantitatively assess the merits of one project management technique
over another. Consideration must be given to the nature of the project and the
desired characteristics of the management technique. What is the value of criteria
such as accuracy, reliability, simplicity, etc., if the selected technique does not
provide the specific management information you require?

Reporting Systems

Equally important to the scheduling technique is the reporting system. Besides
a written plan, a system of reports concerning the progress of a project is
necessary. The advantage of having a formal reporting system is not that it pro-
vides an accurate measure of progress {for it may capture only superficial aspects
of the project), but that it gives a common point of departure in discussions about
what really is going on regarding the project. Caution: The reporting system must
be timely; a report that is received late does not allow proper reaction time to cor-
rect deficiencies and only adds to the existing problems.

Schedule control consists of comparing actual activity completion times
against scheduled completion times. The purpose of schedule control is to keep
the project manager informed of potential as well as actual schedule slippages.
Planning and controlling are closely related. In part, they are so closely related
that there exists a tendency to assume the system used to control the program
determines the kind of detail of planning which should be done. This is wrong. It
may be decided, based on the scope of the program, that a sophisticated control
system like PERT is not required; however, it is still necessary to lay out in ex-
treme detail what is to be done.

Besides the formal reporting system for tracking projects, it is necessary to
simply communicate. This is important because almost every project manager is
responsible for many areas in which he is not an expert; by frequently discussing
those areas with knowledgeable people, he gets a better base from which to
evaluate problems. And, last but not least, a project manager usually gets some
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insight about how well a project is going if he talks with the user or customer
about what they need or expect.

Conclusion

In summary, there is no cookbook answer. Even managers who value plan-
ning may feel there is not enough time, or that the main processes and problems
seem so obvious that planning is not needed. Unfortunately, a manager will tend
to overlook problems if he does not put on paper those things that must work
right. It has been said that one way to evaluate how a manager is going to carry
out his work in a project is to learn how he thinks about it, i.e., how he plans it. If
the manager does not appreciate the problems he may have later on in a program,
it is quite possible he will not recognize them even when they surround him."
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