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C H A P T E R  S I X

Developing 
a Project Plan
I had six honest serving men who taught me all I know: their names were what

and how and why, and when and where and who.

Rudyard Kipling

Developing the Project Network

The project network is the tool used for planning, scheduling, and monitoring project
progress. The network is developed from the information collected for the WBS and is
a graphic flow chart of the project job plan. The network depicts the project activities
that must be completed, the logical sequences, the interdependencies of the activities
to be completed, and in most cases the times for the activities to start and finish along
with the longest path(s) through the network—the critical path. The network is the
framework for the project information system that will be used by the project managers
to make decisions concerning project time, cost, and performance.

Developing the project networks takes time for someone or some group to develop;
therefore, they cost money! Are networks really worth the struggle? The answer is def-
initely yes, except in cases where the project is considered trivial or very short in du-
ration. The network is easily understood by others because the network presents a
graphic display of the flow and sequence of work through the project. Once the net-
work is developed, it is very easy to modify or change when unexpected events occur
as the project progresses. For example, if materials for an activity are delayed, the im-
pact can be quickly assessed and the whole project revised in only a few minutes with
the computer. These revisions can be communicated to all project participants quickly
(for example, via e-mail or project website).

The project network provides other invaluable information and insights. It provides
the basis for scheduling labor and equipment. It enhances communication that melds
all managers and groups together in meeting the time, cost, and performance objectives
of the project. It provides an estimate of project duration rather than picking a project
completion date from a hat or someone’s preferred date. The network gives the times
when activities can start and finish and when they can be delayed. It provides the basis
for budgeting the cash flow of the project. It identifies which activities are “critical”
and, therefore, should not be delayed if the project is to be completed as planned. It
highlights which activities to consider if the project needs to be compressed to meet a
deadline.

There are other reasons project networks are worth their weight in gold. Basically,
project networks minimize surprises by getting the plan out early and allowing cor-
rective feedback. A commonly heard statement from practitioners is that the project
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network represents three-quarters of the planning process. Perhaps this is an exagger-
ation, but it signals the perceived importance of the network to project managers in
the field.

From Work Package to Network

Project networks are developed from the WBS. The project network is a visual flow
diagram of the sequence, interrelationships, and dependencies of all the activities
that must be accomplished to complete the project. An activity is an element in the
project that consumes time—for example, work or waiting. Work packages from the
WBS are used to build the activities found in the project network. An activity can in-
clude one or more work packages. The activities are placed in a sequence that pro-
vides for orderly completion of the project. Networks are built using nodes (boxes)
and arrows (lines). The node depicts an activity, and the arrow shows dependency
and project flow.

Integrating the work packages and the network represents a point where the man-
agement process often fails in practice. The primary explanations for this failure
are that (1) different groups (people) are used to define work packages and activi-
ties and (2) the WBS is poorly constructed and not deliverable/output oriented. In-
tegration of the WBS and project network is crucial to effective project management.
The project manager must be careful to guarantee continuity by having some of
the same people who defined the WBS and work packages develop the network
activities.

Networks provide the project schedule by identifying dependencies, sequencing,
and timing of activities, which the WBS is not designed to do. The primary inputs for
developing a project network plan are work packages. Remember, a work package is
defined independently of other work packages, has definite start and finish points, re-
quires specific resources, includes technical specifications, and has cost estimates for
the package. However, dependency, sequencing, and timing of each of these factors
are not included in the work package. A network activity can include one or more
work packages.

Figure 6.1 shows a segment of the WBS example from Chapter 4 and how the infor-
mation is used to develop a project network. The lowest level deliverable in Figure 6.1
is “circuit board.” The cost accounts (design, production, test, software) denote
project work, organization unit responsible, and time-phased budgets for the work
packages. Each cost account represents one or more work packages. For example, the
design cost account has two work packages (D-1-1 and D-1-2)—specifications and
documentation. The software and production accounts also have two work packages.
Developing a network requires sequencing tasks from all work packages that have
measurable work.

Figure 6.1 traces how work packages are used to develop a project network. You can
trace the use of work packages by the coding scheme. For example, activity A uses
work packages D-1-1 and D-1-2 (specifications and documentation), while activity C
uses work package S-22-1. This methodology of selecting work packages to describe
activities is used to develop the project network, which sequences and times project ac-
tivities. Care must be taken to include all work packages. The manager derives activ-
ity time estimates from the task times in the work package. For example, activity B
(proto 1) requires five weeks to complete; activity K (test) requires three weeks to
complete. After computing the activity early and late times, the manager can schedule
resources and time-phase budgets (with dates).
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Constructing a Project Network

Terminology
Every field has its jargon that allows colleagues to communicate comfortably with
each other about the techniques they use. Project managers are no exception. Here are
some terms used in building project networks.

Activity. For project managers, an activity is an element of the project that requires
time. It may or may not require resources. Typically an activity consumes time—
either while people work or while people wait. Examples of the latter are time wait-
ing for contracts to be signed, materials to arrive, drug approval by the government,
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budget clearance, etc. Activities usually represent one or more tasks from a work
package. Descriptions of activities should use a verb/noun format: for example,
develop product specifications.
Merge activity. This is an activity that has more than one activity immediately
preceding it (more than one dependency arrow flowing to it).
Parallel activities. These are activities that can take place at the same time, if the
manager wishes. However, the manager may choose to have parallel activities not
occur simultaneously.
Path. A sequence of connected, dependent activities.
Critical path. When this term is used, it means the longest path(s) through the
network; if an activity on the path is delayed, the project is delayed the same
amount of time.
Event. This term is used to represent a point in time when an activity is started or
completed. It does not consume time.
Burst activity. This activity has more than one activity immediately following it
(more than one dependency arrow flowing from it).

Two Approaches
The two approaches used to develop project networks are known as activity-on-node
(AON) and activity-on-arrow (AOA). Both methods use two building blocks—the arrow
and the node. Their names derive from the fact that the former uses a node to depict an
activity, while the second uses an arrow to depict an activity. From the first use of these
two approaches in the late 1950s, practitioners have offered many enhancements; how-
ever, the basic models have withstood the test of time and still prevail with only minor
variations in form.

In practice, the activity-on-node (AON) method has come to dominate most
projects. Hence, this text will deal primarily with AON. However, for those who find
their organization using the activity-on-arrow (AOA) approach, the chapter includes an
appendix demonstrating AOA methods (Appendix 6.1). There are good reasons for stu-
dents of project management to be proficient in both methods. Different departments
and organizations have their “favorite” approaches and are frequently loyal to software
that is already purchased and being used. New employees or outsiders are seldom in a
position to govern choice of method. If subcontractors are used, it is unreasonable to
ask them to change their whole project management system to conform to the ap-
proach you are using. The point is, a project manager should feel comfortable moving
among projects that use either AON or AOA.

Basic Rules to Follow in Developing Project Networks
The following eight rules apply in general when developing a project network:

1. Networks flow typically from left to right.
2. An activity cannot begin until all preceding connected activities have been completed.
3. Arrows on networks indicate precedence and flow. Arrows can cross over each

other.
4. Each activity should have a unique identification number.
5. An activity identification number must be larger than that of any activities that

precede it.
6. Looping is not allowed (in other words, recycling through a set of activities cannot

take place).
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7. Conditional statements are not allowed (that is, this type of statement should not
appear: If successful, do something; if not, do nothing).

8. Experience suggests that when there are multiple starts, a common start node can be
used to indicate a clear project beginning on the network. Similarly, a single project
end node can be used to indicate a clear ending.

Activity-on-Node (AON) Fundamentals

The wide availability of personal computers and graphics programs has served as an
impetus for use of the activity-on-node (AON) method (sometimes called the prece-
dence diagram method ). Figure 6.2 shows a few typical uses of building blocks for the
AON network construction. An activity is represented by a node (box). The node can
take many forms, but in recent years the node represented as a rectangle (box) has
dominated. The dependencies among activities are depicted by arrows between the rec-
tangles (boxes) on the AON network. The arrows indicate how the activities are related
and the sequence in which things must be accomplished. The length and slope of the
arrow are arbitrary and set for convenience of drawing the network. The letters in the
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boxes serve here to identify the activities while you learn the fundamentals of network
construction and analysis. In practice, activities have identification numbers and
descriptions.

There are three basic relationships that must be established for activities included in
a project network. The relationships can be found by answering the following three
questions for each activity:

1. Which activities must be completed immediately before this activity? These activi-
ties are called predecessor activities.

2. Which activities must immediately follow this activity? These activities are called
successor activities.

3. Which activities can occur while this activity is taking place? This is known as a
concurrent or parallel relationship.

Sometimes a manager can use only questions 1 and 3 to establish relationships. This in-
formation allows the network analyst to construct a graphic flow chart of the sequence
and logical interdependencies of project activities.

Figure 6.2A is analogous to a list of things to do where you complete the task at the
top of the list first and then move to the second task, etc. This figure tells the project
manager that activity A must be completed before activity B can begin, and activity B
must be completed before activity C can begin.

Figure 6.2B tells us that activities Y and Z cannot begin until activity X is com-
pleted. This figure also indicates that activities Y and Z can occur concurrently or
simultaneously if the project manager wishes; however, it is not a necessary condition.
For example, pouring concrete driveway (activity Y) can take place while landscape
planting (activity Z) is being accomplished, but land clearing (activity X) must be com-
pleted before activities Y and Z can start. Activities Y and Z are considered parallel ac-
tivities. Parallel paths allow concurrent effort, which may shorten time to do a series of
activities. Activity X is sometimes referred to as a burst activity because more than one
arrow bursts from the node. The number of arrows indicates how many activities
immediately follow activity X.

Figure 6.2C shows us activities J, K, and L can occur simultaneously if desired, and
activity M cannot begin until activities J, K, and L are all completed. Activities J, K,
and L are parallel activities. Activity M is called a merge activity because more than
one activity must be completed before M can begin. Activity M could also be called a
milestone.

In Figure 6.2D, activities X and Y are parallel activities that can take place at the
same time; activities Z and AA are also parallel activities. But activities Z and AA
cannot begin until activities X and Y are both completed.

Given these fundamentals of AON, we can practice developing a simple network.
Remember, the arrows can cross over each other (e.g., Figure 6.2D), be bent, or be any
length or slope. Neatness is not a criterion for a valid, useful network—only accurate
inclusion of all project activities, their dependencies, and time estimates. Information
for a simplified project network is given in Table 6.1. This project represents a new
business center that is to be developed and the work and services the county engineer-
ing design department must provide as it coordinates with other groups—such as the
business center owners and contractors.

Figure 6.3 shows the first steps in constructing the AON project network from the
information in Table 6.1. We see that activity A (application approval) has nothing
preceding it; therefore, it is the first node to be drawn. Next, we note that activities B,
C, and D (construction plans, traffic study, and service availability check) are all preceded

158 Chapter 6 Developing a Project Plan
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TABLE 6.1
Network Information

by activity A. We draw three arrows and connect them to activities B, C, and D. This
segment shows the project manager that activity A must be completed before activities
B, C, and D can begin. After A is completed, B, C, and D can go on concurrently, if de-
sired. Figure 6.4 shows the completed network with all of the activities and prece-
dences depicted.

At this point our project network presents us with a graphic map of the project
activities with sequences and dependencies. This information is tremendously valuable
to those managing the project. However, estimating the duration for each activity will
further increase the value of the network. A realistic project plan and schedule require
reliable time estimates for project activities. The addition of time to the network allows
us to estimate how long the project will take. When activities can or must start, when
resources must be available, which activities can be delayed, and when the project is
estimated to be complete are all determined from the times assigned. Deriving an

FIGURE 6.3
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activity time estimate necessitates early assessment of resource needs in terms of
material, equipment, and people. In essence the project network with activity time
estimates links planning, scheduling, and controlling of projects.

Network Computation Process

Drawing the project network places the activities in the right sequence for computing
start and finish times of activities. Activity time estimates are taken from the task
times in the work package and added to the network (review Figure 6.2). Performing
a few simple computations allows the project manager to complete a process known
as the forward and backward pass. Completion of the forward and backward pass will
answer the following questions:

Forward Pass—Earliest Times

1. How soon can the activity start? (early start—ES)
2. How soon can the activity finish? (early finish—EF)
3. How soon can the project be finished? (expected time—TE)

Backward Pass—Latest Times

1. How late can the activity start? (late start—LS)
2. How late can the activity finish? (late finish—LF)
3. Which activities represent the critical path (CP)? This is the longest path in the

network which, when delayed, will delay the project.
4. How long can the activity be delayed? (slack or float—SL)
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The terms in parentheses represent the acronyms used in most texts and computer
programs and by project managers. The forward and backward pass process is
presented next.

Forward Pass—Earliest Times
The forward pass starts with the first project activity(ies) and traces each path (chain
of sequential activities) through the network to the last project activity(ies). As you
trace along the path, you add the activity times. The longest path denotes the project

In practice small project networks (25 to 100 activities) are frequently
developed using yellow Post-it® stickers. The meeting requirements
and process for the project team are described herein.

The following are the requirements for such a project:

1. Project team members and a facilitator.
2. One yellow sticker (3 � 4 inches or larger) for each activity

with the description of the activity printed on the sticker.
3. Erasable whiteboard with marker pen (a long, 4-foot-wide

piece of butcher paper can be used in place of the white-
board).

All of the yellow stickers are placed in easy view of all team mem-
bers. The team begins by identifying those activity stickers that
have no predecessors. Each of these activity stickers is then at-
tached to the whiteboard. A start node is drawn, and a depen-
dency arrow is connected to each activity.

Given the initial network start activities, each activity is exam-
ined for immediate successor activities. These activities are at-
tached to the whiteboard and dependency arrows drawn. This
process is continued until all of the yellow stickers are attached to
the whiteboard with dependency arrows. (Note: The process can
be reversed, beginning with those activities that have no succes-
sor activities and connecting them to a project end node. The pre-
decessor activities are selected for each activity and attached to
the whiteboard with dependency arrows marked.)

When the process is complete, the dependencies are recorded
in the project software, which develops a computer-designed net-
work along with the critical path(s) and early, late, and slack times.
This methodology sensitizes team members early to the interde-
pendencies among activities of the project. But more importantly,
the methodology empowers team members by giving them input to
the important decisions that they must implement later.

Snapshot from Practice 
The Yellow Sticky Approach
(for Constructing a Project
Network)
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completion time for the plan and is called the critical path (CP). Table 6.2 lists the
activity times in workdays for the Koll Business Center example we used for drawing
a network.

Figure 6.5 shows the network with the activity time estimate found in the node (see
“Dur” for duration in the legend). For example, activity A has an activity duration of
5 workdays, and activity G has a duration of 170 workdays. The forward pass begins
with the project start time, which is usually time zero. (Note: Calendar times can be
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Preceding Activity
Activity Description Activity Time

A Application approval None 5
B Construction plans A 15
C Traffic study A 10
D Service availability check A 5
E Staff report B, C 15
F Commission approval B, C, D 10
G Wait for construction F 170
H Occupancy E, G 35

TABLE 6.2
Network Information
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FIGURE 6.6 Activity-on-Node Network Forward Pass

computed for the project later in the planning phase.) In our Koll Center example, the
early start time for the first activity (activity A) is zero. This time is found in the upper
left corner of the activity A node in Figure 6.6. The early finish for activity A is 5
(ES � Dur � EF or 0 � 5 � 5). Next, we see that activity A is the predecessor for
activities B, C, and D. Therefore, the earliest these activities can begin is the instant in
time when activity A is completed; this time is 5 workdays. You can now see in Figure
6.6 that activities B, C, and D can all start the moment activity A is complete and,
therefore, have an early start (ES) of 5. Using the formula ES � Dur � EF, the early
finish (EF) times for activities B, C, and D are 20, 15, and 10. What is the ES for
activity E, then, which is a merge activity? Is it 15 or 20? The answer is 20 because all
activities immediately preceding activity E (B and C) must be completed before activ-
ity E can begin. Because activity B will take the longest to complete, it controls the ES
of activity E. The same process is used for determining the ES for activity F. It is pre-
ceded by activities B, C, and D. The controlling early finish (EF) time is activity B,
which has the longer early finish (20 versus 15 and 10) of the immediate predecessors
(activities B, C, and D) of activity F. Stated differently, the forward pass assumes every
activity will start the instant in time when the last of its predecessors is finished.

The forward pass requires that you remember just three things when computing
early activity times:

1. You add activity times along each path in the network (ES � Dur � EF).
2. You carry the early finish (EF) to the next activity where it becomes its early start

(ES), unless
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3. The next succeeding activity is a merge activity. In this case you select the largest
early finish number (EF) of all its immediate predecessor activities.

In our example in Figure 6.6, the EF for activity F (30) is carried to activity G,
where it becomes its ES (30). We see activity H is a merge activity and therefore find
the largest EF of its immediate predecessors (activities E and G). In this case, the
choice is between the EF times of 35 and 200; the choice for the ES of activity H is
200. The EF for activity H (235) becomes the earliest the project can be expected to
be completed (TE) under normal conditions. The three questions derived from the for-
ward pass have been answered; that is, early start (ES), early finish (EF), and the project
duration (TE) times have been computed. The backward pass is the next process to
learn.

Backward Pass—Latest Times
The backward pass starts with the last project activity(ies) on the network. You trace
backward on each path subtracting activity times to find the late start (LS) and
finish times (LF) for each activity. Before the backward pass can be computed, the
late finish for the last project activity(ies) must be selected. In early planning
stages, this time is usually set equal to the early finish (EF) of the last project ac-
tivity (or in the case of multiple finish activities, the activity with the largest EF). In
some cases an imposed project duration deadline exists, and this date will be used.
Let us assume for planning purposes we can accept the EF project duration (TE)
equal to 235 workdays. The LF for activity H becomes 235 workdays (EF � LF)
(see Figure 6.7).

The backward pass is similar to the forward pass; you need to remember three
things:

1. You subtract activity times along each path starting with the project end activity 
(LF � Dur � LS).

2. You carry the LS to the next preceding activity to establish its LF, unless
3. The next preceding activity is a burst activity; in this case you select the smallest LS

of all its immediate successor activities to establish its LF.

Let’s apply these rules to our Koll Center example. Beginning with activity H
(occupancy) and an LF of 235 workdays, the LS for activity H is 200 workdays (LF �
Dur � LS or 235 � 35 � 200). The LS for activity H becomes the LF for activities E
and G. The LS for activities E and G becomes 185 (200 � 15 � 185) and 30 workdays
(200 � 170 � 30), respectively. Next, the LS for activity G becomes the LF for activ-
ity F, and its LS becomes 20. At this point we see that activities B and C are burst ac-
tivities that tie to activities E and F. The late finish for activity B is controlled by the LS
of activities E and F. The LS for activity E is 185 days and for activity F, 20 days. Fol-
low the arrows backward from activities E and F to activity B. Note that LS times for
activities E and F have been placed to the right of the node so you can select the small-
est time—20 days. The latest activity B can finish is 20 days, or activity F will be de-
layed and hence the project. The LF for activity C is identical to activity B because it
is also controlled by the LS of activities E and F. Activity D simply picks up its LF
from activity F. By computing the LS (LF � Dur � LS) for activities B, C, and D, we
can determine the LF for activity A, which is a burst activity. You see that the finish
of activity A is controlled by activity B, which has the smallest LS of activities B, C,
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and D. Because the LS for activity B is time period 5, the LF for activity A is 5, and
its LS is time period zero. The backward pass is complete, and the latest activity times
are known.

Determining Slack (or Float)
When the forward and backward passes have been computed, it is possible to deter-
mine which activities can be delayed by computing “slack” or “float.” Total slack or
float for an activity is simply the difference between the LS and ES (LS � ES � SL)
or between LF and EF (LF � EF � SL). For example, the slack for activity C is 5 days,
for activity D is 10 days, and for activity G is zero (see Figure 6.8). Total slack tells us
the amount of time an activity can be delayed and yet not delay the project. If slack of
one activity in a path is used, the ES for all activities that follow in the chain will be de-
layed and their slack reduced. Use of total slack must be coordinated with all partici-
pants in the activities that follow in the chain.

After slack for each activity is computed, the critical path(s) is (are) easily
identified. When the LF � EF for the end project activity, the critical path can be
identified as those activities that also have LF � EF or a slack of zero (LF � EF � 0)
(or LS � ES � 0). The critical path is the network path(s) that has (have) the least
slack in common. This awkward arrangement of words is necessary because a prob-
lem arises when the project finish activity has an LF that differs from the EF found
in the forward pass—for example, an imposed duration date. If this is the case, the
slack on the critical path will not be zero; it will be the difference between the
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project EF and the imposed LF of the last project activity. For example, if the EF for
the project is 235 days, but the imposed LF or target date is set at 220 days, all
activities on the critical path would have a slack of minus 15 days. Of course, this
would result in a late start of–15 days for the first project activity—a good trick if the
project is to start now. Negative slack occurs in practice when the critical path is
delayed.

In Figure 6.8 the critical path is marked with dashed arrows and nodes—activities
A, B, F, G, and H. Delay of any of these activities will delay the total project by the
same number of days. Critical activities typically represent about 10 percent of the ac-
tivities of the project. Therefore, project managers pay close attention to the critical
path activities to be sure they are not delayed. See Snapshot from Practice: The Critical
Path.

Free Slack (Float)
An activity with free slack is unique because the activity can be delayed without de-
laying the ES of activities following it. Free slack is defined as the difference between
the EF of an activity and the ES of the activity that follows it. Free slack can never be
negative. Only activities that occur at the end of a chain of activities (usually where you
have a merge activity) can have free slack. For example, if a single chain (path) of
activities has 14 days slack, the last activity will have free slack, and the others will
have none. Sometimes the chain is not very long; it can be only one activity. For
example, in the Koll Business Center network (Figure 6.8), activity E is a chain of one
and has free slack of 165 workdays (200 � 35 � 165). Activities C and D also have
free slack of 5 and 10 days, respectively.
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The beauty of free slack is that changes in start and finish times for the free slack
activity require less coordination with other participants in the project and give the
project manager more flexibility than total slack. Because the activity is the last in the
chain, delaying the activity up to the slack amount will not influence any following
activities. For example, assume a chain of 10 activities. Delaying any of the other nine
activities in the chain requires notifying the managers of the remaining activities in
the chain that you will be late, so they can adjust their schedules because the slack is
not available to them.

Using the Forward and Backward Pass Information

What does a slack of 10 workdays for activity D mean for the project manager? In
this specific case it means activity D can be delayed 10 days. In a larger sense the
project manager soon learns that slack is important because it allows flexibility in
scheduling scarce project resources—personnel and equipment—that are used on
more than one parallel activity or another project.

Knowing the four activity times of ES, LS, EF, and LF is invaluable for the
planning, scheduling, and controlling phases of the project. The ES and LF tell the
project manager the time interval in which the activity should be completed. For
example, activity E must be completed within the time interval 20 and 200 work-
days; the activity can start as early as day 20 or finish as late as day 200. Con-
versely, activity F (commission approval), must start on day 20, or the project will be
delayed.

When the critical path is known, it is possible to tightly manage the resources of
the activities on the critical path so no mistakes are made that will result in delays. In
addition, if for some reason the project must be expedited to meet an earlier date, it is
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The critical path method (CPM) has long been
considered the “Holy Grail” of project manage-
ment. Here are comments made by veteran proj-
ect managers when asked about the significance

of the critical path in managing projects:

• I try to make it a point whenever possible to put my best peo-
ple on critical activities or on those activities that stand the
greatest chance of becoming critical.

• I pay extra attention when doing risk assessment to identifying
those risks that can impact the critical path, either directly or
indirectly, by making a noncritical activity so late that it be-
comes critical. When I’ve got money to spend to reduce risks,
it usually gets spent on critical tasks.

• I don’t have time to monitor all the activities on a big project,
but I make it a point to keep in touch with the people who are
working on critical activities. When I have the time, they are
the ones I visit to find out firsthand how things are going. It’s

amazing how much more I can find out from talking to the rank
and file who are doing the work and by reading the facial
expressions of people—much more than I can gain from a
number-driven status report.

• When I get calls from other managers asking to “borrow” people
or equipment, I’m much more generous when it involves re-
sources from working on noncritical activities. For example, if an-
other project manager needs an electrical engineer who is
assigned to a task with five days of slack, I’m willing to share that
engineer with another project manager for two to three days.

• The most obvious reason the critical path is important is
because these are the activities that impact completion time. If
I suddenly get a call from above saying they need my project
done two weeks earlier than planned, the critical path is
where I schedule the overtime and add extra resources to get
the project done more quickly. In the same way, if the project
schedule begins to slip, it’s the critical activities I focus on to
get back on schedule.

Snapshot from Practice The Critical Path
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possible to select those activities, or combination of activities, that will cost the least
to shorten the project. Similarly, if the critical path is delayed and the time must be
made up by shortening some activity or activities on the critical path to make up any
negative slack, it is possible to identify the activities on the critical path that cost the
least to shorten. If there are other paths with very little slack, it may be necessary to
shorten activities on those paths also.

Level of Detail for Activities

Time-phasing work and budgets of the project mandate careful definition of the ac-
tivities that make up the project network. Typically an activity represents one or more
tasks from a work package. How many tasks you include in each activity sets the level
of detail. In some cases it is possible to end up with too much information to manage,
and this can result in increased overhead costs. Managers of small projects have been
able to minimize the level of detail by eliminating some of the preliminary steps to
drawing networks. Larger firms also recognize the cost of information overload and
are working to cut down the level of detail in networks and in most other dimensions
of the project.

Practical Considerations

Network Logic Errors
Project network techniques have certain logic rules that must be followed. One rule is
that conditional statements such as “if test successful build proto, if failure redesign”
are not permitted. The network is not a decision tree; it is a project plan that we as-
sume will materialize. If conditional statements were allowed, the forward and back-
ward pass would make little sense. Although in reality a plan seldom materializes as
we expect in every detail, it is a reasonable initial assumption. You shall see that once
a network plan is developed, it is an easy step to make revisions to accommodate
changes.

Another rule that defeats the project network and computation process is looping.
Looping is an attempt by the planner to return to an earlier activity. Recall that the
activity identification numbers should always be higher for the activities following an
activity in question; this rule helps to avoid the illogical precedence relationships
among the activities. An activity should only occur once; if it is to occur again, the ac-
tivity should have a new name and identification number and should be placed in the
right sequence on the network. Figure 6.9 shows an illogical loop. If this loop were al-
lowed to exist, this path would perpetually repeat itself. Many computer programs
catch this type of logic error.
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Activity Numbering
Each activity needs a unique identification code—usually a number. In practice very
elegant schemes exist. Most schemes number activities in ascending order, that is,
each succeeding activity has a larger number so that the flow of the project activities
is toward project completion. It is customary to leave gaps between numbers (1, 5, 10,
15 . . .). Gaps are desirable so you can add missing or new activities later. Because it
is nearly impossible to draw a project network perfectly, numbering networks is fre-
quently not done until after the network is complete.

In practice you will find computer programs that accept numeric, alphabetic, or a
combination of activity designations. Combination designations are often used to iden-
tify cost, work skill, departments, and locations. As a general rule, activity numbering
systems should be ascending and as simple as possible. The intent is to make it as easy
as you can for project participants to follow work through the network and locate
specific activities.

Use of Computers to Develop Networks
All of the tools and techniques discussed in this chapter can be used with computer
software currently available. Two examples are shown in Figures 6.10 and 6.11. Fig-
ure 6.10 presents a generic AON computer output for the Air Control project. The
critical path is identified by the unshaded nodes (activities 1, 4, 6, 7, and 8). The activ-
ity description is shown on the top line of the activity node. The activity identification
and duration are found on the right side of the node. The early start and early finish are
on the left side of the node. The project starts on January 1 and is planned to finish
February 14.

Figure 6.11 presents an early start Gantt bar chart. Bar charts are popular because
they present an easy-to-understand, clear picture on a time-scaled horizon. They are
used during planning, resource scheduling, and status reporting. The format is a two-
dimensional representation of the project schedule, with activities down the rows and
time across the horizontal axis. In this computer output the gray bars represent the
activity durations. The extended lines from the bars represent slack. For example,
“software development” has a duration of 18 time units (shaded area of the bar) and
20 days slack (represented by the extended line). The bar also indicates the activity has
an early start of January 3, would end January 20, but can finish as late as February 9
because it has 20 days of slack. When calendar dates are used on the time axis, Gantt
charts provide a clear overview of the project schedule and can be often found posted
on the walls of project offices. Unfortunately, when projects have many dependency
relationships, the dependency lines soon become overwhelming and defeat the sim-
plicity of the Gantt chart.

Project management software can be a tremendous help in the hands of those who
understand and are familiar with the tools and techniques discussed in this text. How-
ever, there is nothing more dangerous than someone using the software with little or no
knowledge of how the software derives its output. Mistakes in input are very common
and require someone skilled in the concepts, tools, and information system to recog-
nize that errors exist so false actions are avoided.

Calendar Dates
Ultimately you will want to assign calendar dates to your project activities. If a com-
puter program is not used, dates are assigned manually. Lay out a calendar of work-
days (exclude nonworkdays), and number them. Then relate the calendar workdays to
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the workdays on your project network. Most computer programs will assign calendar
dates automatically after you identify start dates, time units, nonworkdays, and other
information.

Multiple Starts and Multiple Projects
Some computer programs require a common start and finish event in the form of a
node—usually a circle or rectangle—for a project network. Even if this is not a re-
quirement, it is a good idea because it avoids “dangler” paths. Dangler paths give the
impression that the project does not have a clear beginning or ending. If a project has
more than one activity that can begin when the project is to start, each path is a dangler
path. The same is true if a project network ends with more than one activity; these un-
connected paths are also called danglers. Danglers can be avoided by tying dangler
activities to a common project start or finish node.

When several projects are tied together in an organization, using a common start
and end node helps to identify the total planning period of all projects. Use of pseudo
or dummy wait activities from the common start node allows different start dates for
each project.

Extended Network Techniques to Come Closer to Reality

The method for showing relationships among activities in the last section is called the
finish-to-start relationship because it assumes all immediate preceding connected
activities must be completed before the next activity can begin. In an effort to come
closer to the realities of projects, some useful extensions have been added. The use of
laddering was the first obvious extension practitioners found very useful.

Laddering
The assumption that all immediate preceding activities must be 100 percent complete
is too restrictive for some situations found in practice. This restriction occurs most
frequently when one activity overlaps the start of another and has a long duration. Un-
der the standard finish-to-start relationship, when an activity has a long duration and
will delay the start of an activity immediately following it, the activity can be broken
into segments and the network drawn using a laddering approach so the following ac-
tivity can begin sooner and not delay the work. This segmenting of the larger activity
gives the appearance of steps on a ladder on the network, thus the name. The classic
example used in many texts and articles is laying pipe, because it is easy to visualize.
The trench must be dug, pipe laid, and the trench refilled. If the pipeline is one mile
long, it is not necessary to dig one mile of trench before the laying of pipe can begin
or to lay one mile of pipe before refill can begin. Figure 6.12 shows how these over-
lapping activities might appear in an AON network using the standard finish-to-start
approach.

Use of Lags
The use of lags has been developed to offer greater flexibility in network construction.
A lag is the minimum amount of time a dependent activity must be delayed to begin or
end. The use of lags in project networks occurs for two primary reasons:

1. When activities of long duration delay the start or finish of successor activities, the
network designer normally breaks the activity into smaller activities to avoid the

172 Chapter 6 Developing a Project Plan
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long delay of the successor activity. Use of lags can avoid such delays and reduce
network detail.

2. Lags can be used to constrain the start and finish of an activity.

The most commonly used relationship extensions are start-to-start, finish-to-finish, and
combinations of these two. These relationship patterns are discussed in this section.

Finish-to-Start Relationship

The finish-to-start relationship represents the typical, generic network style used in the
early part of the chapter. However, there are situations in which the next activity in a
sequence must be delayed even when the preceding activity is complete. For example,
removing concrete forms cannot begin until the poured cement has cured for two time
units. Figure 6.13 shows this lag relationship for AON networks. Finish-to-start lags
are frequently used when ordering materials. For example, it may take 1 day to place
orders but take 19 days to receive the goods. The use of finish-to-start allows the ac-
tivity duration to be only 1 day and the lag 19 days. This approach ensures the activity
cost is tied to placing the order only rather than charging the activity for 20 days of
work. This same finish-to-start lag relationship is useful to depict transportation, legal,
and mail lags.

The use of finish-to-start lags should be carefully checked to ensure their validity.
Conservative project managers or those responsible for completion of activities have
been known to use lags as a means of building in a “slush” factor to reduce the risk of
being late. A simple rule to follow is that the use of finish-to-start lags must be justi-
fied and approved by someone responsible for a large section of the project. The legit-
imacy of lags is not usually difficult to discern. The legitimate use of the additional
relationship shown can greatly enhance the network by more closely representing the
realities of the project.

Start-to-Start Relationship

An alternative to segmenting the activities as we did earlier is to use a start-to-start re-
lationship. Typical start-to-start relationships are shown in Figure 6.14. Figure 6.14A
shows the start-to-start relationship with zero lag, while Figure 6.14B shows the same
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relationship with a lag of five time units. It is important to note that the relationship
may be used with or without a lag. If time is assigned, it is usually shown on the
dependency arrow of an AON network.

In Figure 6.14B, activity Q cannot begin until five time units after activity P begins.
This type of relationship typically depicts a situation in which you can perform a
portion of one activity and begin a following activity before completing the first. This
relationship can be used on the pipe-laying project. Figure 6.15 shows the project us-
ing an AON network. The start-to-start relationship reduces network detail and project
delays by using lag relationships.

It is possible to find compression opportunities by changing finish-to-start rela-
tions to start-to-start relationships. A review of finish-to-start critical activities may
point out opportunities that can be revised to be parallel by using start-to-start rela-
tionships. For example, in place of a finish-to-start activity “design house, then build
foundation,” a start-to-start relationship could be used in which the foundation can
be started, say, five days (lag) after design has started—assuming the design of the
foundation is the first part of the total design activity. This start-to-start relationship
with a small lag allows a sequential activity to be worked on in parallel and to com-
press the duration of the critical path. This same concept is frequently found in pro-
jects in which concurrent engineering is used to speed completion of a project.
Concurrent engineering, which is highlighted in the Snapshot from Practice: Con-
current Engineering, basically breaks activities into smaller segments so that work
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In the old days, when a new product development
project was initiated by a firm, it would start its
sequential journey in the research and develop-
ment department. Concepts and ideas would be

worked out and the results passed to the engineering department,
which sometimes reworked the whole product. This result would
be passed to manufacturing, where it might be reworked once
more in order to ensure the product could be manufactured using
existing machinery and operations. Quality improvements were
initiated after the fact once defects and improvement opportuni-
ties were discovered during production. This sequential approach
to product development required a great deal of time, and it was

not uncommon for the final product to be totally unrecognizable
when compared to original specifications.

Given the emphasis on speed to the market, companies have
abandoned the sequential approach to product development and
have adopted a more holistic approach titled concurrent engi-
neering. In a nutshell, concurrent engineering entails the active in-
volvement of all the relevant specialty areas throughout the design
and development process. The traditional chainlike sequence of
finish-to-start relationships is replaced by a series of start-to-start
lag relationships as soon as meaningful work can be initiated for
the next phase. Figure 6.16 summarizes the dramatic gains in time
to market achieved by this approach.

Snapshot from Practice Concurrent Engineering*

Engineering
design &

development

Engineering
design &

development

Product
planning

Product
planning

Systems
engineering

Systems
engineering

Procurement

Procurement

Manufacturing
& production

Manufacturing
& production

Quality
assurance

Quality
assurance Release

Traditional Sequential Approach

Concurrent Engineering Approach

Release

For example, this approach was used by Chrysler Corporation to
design its new line of SC cars including the popular Neon sedan.
From the very beginning specialists from marketing, engineering, de-
sign, manufacturing, quality assurance, and other relevant depart-
ments were involved in every stage of the project. Not only did the

project meet all of its objectives, it was completed six months ahead
of schedule.

*O. Suris, “Competitors Blinded by Chrysler’s Neon,” The Wall Street
Journal (January 10, 1994).

FIGURE 6.16 New Product Development Process
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can be done in parallel and the project expedited. Start-to-start relationships can de-
pict the concurrent engineering conditions and reduce network detail. Of course, the
same result can be accomplished by breaking an activity into small packages that can
be implemented in parallel, but this latter approach increases the network and track-
ing detail significantly.

Finish-to-Finish Relationship

This relationship is found in Figure 6.17. The finish of one activity depends on the fin-
ish of another activity. For example, testing cannot be completed any earlier than four
days after the prototype is complete. Note that this is not a finish-to-start relationship
because the testing of subcomponents can begin before the prototype is completed, but
four days of “system” testing is required after the prototype is finished.

Start-to-Finish Relationship

This relationship represents situations in which the finish of an activity depends on the
start of another activity. For example, system documentation cannot end until three
days after testing has started (see Figure 6.18). Here all the relevant information to
complete the system documentation is produced after the first three days of testing.

Combinations of Lag Relationships

More than one lag relationship can be attached to an activity. These relationships are
usually start-to-start and finish-to-finish combinations tied to two activities. For
example, debug cannot begin until two time units after coding has started. Coding must
be finished four days before debug can be finished (see Figure 6.19).
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FIGURE 6.20 Network Using Lags

An Example Using Lag Relationships—The Forward and 
Backward Pass
The forward and backward pass procedures are the same as explained earlier in the
chapter for finish-to-start relationships (without lags). The modifying technique lies in
the need to check each new relationship to see if it alters the start or finish time of
another activity.

An example of the outcome of the forward and backward pass is shown in Fig-
ure 6.20. Order hardware depends upon the design of the system (start-to-start). Three
days into the design of the system (activity A), it is possible to order the required hard-
ware (activity B). It takes four days after the order is placed (activity B) for the hard-
ware to arrive so it can begin to be installed (activity C). After two days of installing
the software system (activity D), the testing of the system can begin (activity E). Sys-
tem testing (activity E) can be completed two days after the software is installed
(activity D). Preparing system documentation (activity F) can begin once the design is
completed (activity A), but it cannot be completed until two days after testing the
system (activity E). This final relationship is an example of a finish-to-finish lag.

Note how an activity can have a critical finish and/or start. Activities E and F have
critical finishes (zero slack), but their activity starts have 4 and 12 days of slack. It is
only the finish of activities E and F that are critical. Conversely, activity A has zero
slack to start but has five days of slack to finish. The critical path follows activity start
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Hammock activities are frequently used to iden-
tify the use of fixed resources or costs over a
segment of the project. Typical examples of ham-
mock activities are inspection services, consul-

tants, or construction management services. A hammock activity
derives its duration from the time span between other activities.
For example, a special color copy machine is needed for a seg-
ment of a tradeshow publication project. A hammock activity can
be used to indicate the need for this resource and to apply costs
over this segment of the project. This hammock is linked from the
start of the first activity in the segment that uses the color copy

machine to the end of the last activity that uses it. The hammock
duration is simply the difference between the EF for the last activ-
ity and the ES of the first activity. The duration is computed after
the forward pass and hence has no influence on other activity
times. Figure 6.21 provides an example of a hammock activity used
in a network. The duration for the hammock activity is derived
from the early start of activity B and the early finish of activity F;
that is, the difference between 13 and 5, or 8 time units. The ham-
mock duration will change if any ES or EF in the chain-sequence
changes. Hammock activities are very useful in assigning and
controlling indirect project costs.

Snapshot from Practice Hammock Activities

Another major use of hammock activities is to aggregate sec-
tions of a project. This is similar to developing a subnetwork, but
the precedence is still preserved. This approach is sometimes

used to present a “macro network” for upper management levels.
Using a hammock activity to group activities can facilitate getting
the right level of detail for specific sections of a project.
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and finish constraints that occur due to the use of the additional relationships available
and the imposed lags. You can identify the critical path in Figure 6.20 by following the
dotted line on the network.

If a lag relationship exists, each activity must be checked to see if the start or finish
is constrained. For example, in the forward pass the EF of activity E (test system) (18)
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is controlled by the finish of activity D (install software) and the lag of two time units
(16 � 2 lag � 18). Finally, in the backward pass, the LS of activity A (design system)
is controlled by activity B (order hardware) and the lag relationship to activity A
(3 � 3 � 0).

Hammock Activities
Another of the extended techniques uses a hammock activity. This type of activity
derives its name because it spans over a segment of a project. The hammock activity
duration is determined after the network plan is drawn. The Snapshot from Practice:
Hammock Activities describes how the hammock activity is used.
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Key Terms Activity
Activity-on-arrow 
(AOA)
Activity-on-node 
(AON)
Burst activity

Concurrent engineering
Critical path
Early and late times
Gantt chart
Hammock activity
Lag relationship

Merge activity
Network sensitivity
Parallel activity
Slack/float—total and 
free

Many project managers feel the project network is their most valuable exercise and
planning document. Project networks sequence and time-phase the project work, re-
sources, and budgets. Work package tasks are used to develop activities for networks.
Every project manager should feel comfortable working in an AON environment.
The AON method uses nodes (boxes) for activities and arrows for dependencies. The
forward and backward passes establish early and late times for activities. Although
most project managers use computers to generate networks and activity times, they
find a keen understanding of network development and the ability to compute activ-
ity times is invaluable in the field. Computers break down; input errors give false in-
formation; some decisions must be made without computer “what if ” analysis.
Project managers who are well acquainted with network development and AON
methods and who are able to compute activity times will encounter fewer problems
than project managers less well acquainted. Project networks help to ensure there are
no surprises.

Several extensions and modifications have been appended to the original AON
method. Lags allow the project planner to more closely replicate the actual conditions
found in practice. The use of lags can result in the start or finish of an activity be-
coming critical. Some computer software simply calls the whole activity critical rather
than identifying the start or finish as being critical. Caution should be taken to ensure
that lags are not used as a buffer for possible errors in estimating time. Finally, ham-
mock activities are useful in tracking costs of resources used for a particular segment
of a project. Hammock activities can also be used to reduce the size of a project net-
work by grouping activities for simplification and clarity. All of the discussed refine-
ments to the original AON methodology contribute toward better planning and control
of projects.

Summary
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Exercises Creating a Project Network
1. Here is a work breakdown structure for a wedding. Use the yellow sticky approach

described in the Snapshot from Practice (see p. 161) to create a network for this
project.

Note: Do not include summary tasks in the network (i.e., 1.4, Ceremony, is a summary
task; 1.2, Marriage license, is not a summary task). Do not consider who would be do-
ing the task in building the network. For example, do not arrange “hiring a band” to oc-
cur after “florist” because the same person is responsible for doing both tasks. Focus
only on technical dependencies between tasks.
Hint: Start with the last activity (wedding reception), and work your way back to the
start of the project. Build the logical sequence of tasks by asking the following
question: In order to have or do this, what must be accomplished immediately before
this? Once completed, check forward in time by asking this question: Is this task(s) the
only thing that is needed immediately before the start of the next task?

Work Breakdown Structure
1. Wedding project

1.1 Decide on date
1.2 Marriage license
1.3 Bridal arrangements

1.3.1 Select attendants
1.3.2 Order dresses
1.3.3 Fit dresses

1.4 Ceremony
1.4.1 Rent church
1.4.2 Florist
1.4.3 Create/print programs
1.4.4 Hire photographer
1.4.5 Wedding ceremony

1.5 Guests
1.5.1 Develop guest list
1.5.2 Order invitations
1.5.3 Address and mail invitations
1.5.4 Track RSVPs

Review
Questions

1. How does the WBS differ from the project network?
2. How are WBS and project networks linked?
3. Why bother creating a WBS? Why not go straight to a project network and forget

the WBS?
4. Why is slack important to the project manager?
5. What is the difference between free slack and total slack?
6. Why are lags used in developing project networks?
7. What is a hammock activity, and when is it used?
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1.6 Reception
1.6.1 Reserve reception hall
1.6.2 Food and beverage

1.6.2.1 Choose caterer
1.6.2.2 Decide on menu
1.6.2.3 Make final order

1.6.3 Hire band
1.6.4 Decorate reception hall
1.6.5 Wedding reception

Drawing AON Networks
2. Draw a project network from the following information.

Activity Predecessor

A None
B A
C A
D A, B, C
E D
F D, E

3. Given the following information, draw a project network.

Activity Predecessor

A None
B A
C A
D A
E B
F C, D
G E
H G, F

4. Use the following information to draw a project network.

Activity Predecessor

A None
B A
C A
D B
E B
F C
G D, E
H F
I F
J G, H
K J, I

Chapter 6 Developing a Project Plan 181



Gray−Larson: Project 
Management: The 
Managerial Process, Third 
Edition

6. Developing a Project 
Plan

Text © The McGraw−Hill 
Companies, 2005

182 Chapter 6 Developing a Project Plan

5. Draw an AON project network from the following information.

Activity Predecessor

A None
B None
C None
D A, B
E C
F D, E
G E
H F, G
I H

6. Use the following information to draw a project network.

Activity Predecessor

A None
B None
C A
D B
E C, D
F E
G E
H E
I F
J G, H
K H, I, J

AON Network Times
7. From the following information, develop an AON project network. Complete the

forward and backward pass, compute the activity slack, and identify the critical
path.

Activity Predecessor Time (weeks)

A None 4
B A 5
C A 4
D B 3
E C, D 6
F D 2
G E, F 5

What is the critical path?
How many weeks to complete?
What is the slack for activity F? For activity C?
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8. The marketing department of a bank is developing a new mortgage plan for housing
contractors. Draw a project network given the information below. Complete the for-
ward and backward pass, compute the activity slack, and identify the critical path.

Activity Predecessor Time (weeks)

A None 3
B None 4
C A 2
D C 5
E B 7
F D, E 1
G D 4
H F, G 5

What is the critical path?
How many weeks to complete?
What is the slack for activity F? For activity G?

9. The project information for the custom order project of the Air Control Company
is presented here. Draw a project network for this project. Compute the early and
late activity times and the slack times. Identify the critical path.

ID Activity Predecessor Time

A Order review None 2
B Order standard parts A 15
C Produce standard parts A 10
D Design custom parts A 13
E Software development A 18
F Manufacture custom hardware C, D 15
G Assemble B, F 10
H Test E, G 5

10. J. Wold, project manager of Print Software, Inc., wants you to prepare a project
network; compute the early, late, and slack activity times; determine the planned
project duration; and identify the critical path. His assistant has collected the
following information for the Color Printer Drivers Software Project:

ID Description Predecessor Time

A External specifications None 8
B Review design features A 2
C Document new features A 3
D Write software A 60
E Program and test B 60
F Edit and publish notes C 2
G Review manual D 2
H Alpha site E, F 20
I Print manual G 10
J Beta site H, I 10
K Manufacture J 12
L Release and ship K 3
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11. A large eastern city is requesting federal funding for a park-and-ride project. One
of the requirements in the request application is a network plan for the design
phase of the project. Catherine Walker, the chief engineer, wants you to develop a
project network plan to meet this requirement. She has gathered the activity time
estimates and their dependencies shown here. Show your project network with the
activity early, late, and slack times. Mark the critical path.

ID Description Predecessor Time

A Survey None 5
B Soils report A 20
C Traffic design A 30
D Lot layout A 5
E Approve design B, C, D 80
F Illumination E 15
G Drainage E 30
H Landscape E 25
I Signing E 20
J Bid proposal F, G, H, I 10

12. Given the project network that follows, complete a bar chart for the project. Use
the timeline to align your bars. Be sure to show slack for noncritical activities.
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Computer Exercise
14. The planning department of an electronics firm has set up the activities for devel-

oping and production of a new CD Player. Given the information below, develop a
project network using Microsoft Project. Assume a five-day workweek and the
project starts on January 3, 2005.

Activity Activity Activity
ID Description Predecessor Time (weeks)

1 Staff None 2
2 Develop market program 1 3
3 Select channels of distribution 1 8
4 Patent 1 12
5 Pilot production 1 4
6 Test market 5 4
7 Ad promotion 2 4
8 Set up for production 4, 6 16

The project team has requested that you create a network for the project, and
determine if the project can be completed in 45 weeks.
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13. Given the project network that follows, complete a bar chart for the project. Use
the timeline to align your bars. Be sure to show slack for noncritical activities.
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15. Using Microsoft Project, set up the network and determine the critical path for
Phase 1 of the project. The project workweek will be 6 days.

Whistler Ski Resort Project
Given the coming 2010 Winter Olympics in Vancouver and Whistler, BC, Canada, and
the fact that the number of skiing visitors to Whistler has been increasing at an excit-
ing rate, the Whistler Ski Association has been considering construction of another ski
lodge and ski complex. The results of an economic feasibility study just completed by
members of the staff show that a winter resort complex near the base of Whistler
Mountain could be a very profitable venture. The area is accessible by car, bus, train,
and air. The board of directors has voted to build the ten-million dollar complex rec-
ommended in the study. Unfortunately, due to the short summer season, the complex
will have to be built in stages. The first stage (year 1) will contain a day lodge, chair
lift, rope tow, generator house (for electricity), and a parking lot designed to accom-
modate 400 cars and 30 buses. The second and third stages will include a hotel, ice
rink, pool, shops, two additional chair lifts, and other attractions. The board has de-
cided that stage one should begin no later than April 1 and be completed by October 1,
in time for the next skiing season. You have been assigned the task of project manager,
and it is your job to coordinate the ordering of materials and construction activities to
ensure the project’s completion by the required date.

After looking into the possible sources of materials, you are confronted with the fol-
lowing time estimates. Materials for the chair lift and rope tow will take 30 days and
12 days, respectively, to arrive once the order is submitted. Lumber for the day lodge,
generator hut, and foundations will take 9 days to arrive. The electrical and plumbing
materials for the day lodge will take 12 days to arrive. The generator will take 12 days
to arrive. Before actual construction can begin on the various facilities, a road to the
site must be built; this will take 6 days. As soon as the road is in, clearing can begin
concurrently on the sites of the day lodge, generator house, chair lift, and rope tow. It
is estimated that the clearing task at each site will take 6 days, 3 days, 36 days, and
6 days, respectively. The clearing of the main ski slopes can begin after the area for the
chair lift has been cleared; this will take 84 days.

The foundation for the day lodge will take 12 days to complete. Construction of the
main framework will take an additional 18 days. After the framework is completed,
electrical wiring and plumbing can be installed concurrently. These should take 24 and
30 days, respectively. Finally, the finishing construction on the day lodge can begin;
this will take 36 days.

Installation of the chair lift towers can begin once the site is cleared, lumber deliv-
ered, and the foundation completed; all this takes 6 days, and the towers take 67 days.
Also, when the chair lift site has been cleared, construction of a permanent road to the
upper towers can be started; this will take 24 days. While the towers are being installed,
the electric motor to drive the chair lift can be installed; the motor can be installed in
24 days. Once the towers are completed and the motor installed, it will take 3 days to
install the cable and an additional 12 days to install the chairs.

Installation of the towers for the rope tow can begin once the site is cleared and the
foundation is built and poured; it takes 4 days to build the foundation, pour the con-
crete and let it cure, and 20 days to install the towers for the rope tow. While the tow-
ers are being erected, installation of the electric motor to drive the rope tow can begin;
this activity will take 24 days. After the towers and motor are installed, the rope tow can
be strung in 1 day. The parking lot can be cleared once the rope tow is finished; this
task will take 18 days.
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The foundation for the generator house can begin at the same time as the foundation
for the lodge; this will take 6 days. The main framework for the generator house can
begin once the foundation is completed; framing will take 12 days. After the house is
framed, the diesel generator can be installed in 18 days. Finishing construction on the
generator house can now begin and will take 12 more days.

Assignment:

1. Identify the critical path on your network.
2. Can the project be completed by October 1?

Lag Exercises
16. From the following information, draw the project network. Compute the early, late,

and slack times for each activity. Identify the critical path. (Hint: Draw the finish-
to-start relationships first.)

Finish-to-Start Finish-to-Start Additional Lag
ID Duration Predecessor Lag Relationships Lag

A 5 None 0 None 0
B 10 A 0 None 0
C 15 A 0 Start-finish C to D 20
D 5 B 5 Start-start D to E 5

Finish-finish D to E 25
E 20 B 0 Finish-finish E to F 0
F 15 D 0 None 0
G 10 C 10 Finish-finish G to F 10
H 20 F 0 None

17. Given the following information, draw the project network. Compute the early,
late, and slack times for the project network. Which activities on the critical path
have only the start or finish of the activity on the critical path?

Finish-to-Start Finish-to-Start Additional Lag
ID Duration Predecessor Lag Relationships Lag

A 2 None 0 None 0
B 4 A 0 None 0
C 6 A 0 Finish-finish C to F 7
D 8 A 0 None 0
E 18 B 0 Finish-finish E to G 9

C 10
F 2 D 0 None
G 5 F 0 Start-start G to H 10
H 5 None 0 None 0
I 14 E 0 Finish-finish I to J 5
J 15 G, H 0 None

18. Given the information in the following lag exercises, compute the early, late, and
slack times for the project network. Which activities on the critical path have only
the start or finish of the activity on the critical path?
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19. Given the network below, compute the early, late, and slack time for each activity.
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Optical Disk Preinstallation Project
20. The optical disk project team has started gathering the information necessary to

develop the project network—predecessor activities and activity times in weeks.
The results of their meeting are found in the following table.

Activity Description Duration Predecessor

1 Define scope 6 None
2 Define customer problems 3 1
3 Define data records and relationships 5 1
4 Mass storage requirements 5 2, 3
5 Consultant needs analysis 10 2, 3
6 Prepare installation network 3 4, 5
7 Estimate costs and budget 2 4, 5
8 Design section “point” system 1 4, 5
9 Write request proposal 5 4, 5

10 Compile vendor list 3 4, 5
11 Prepare mgmt. control system 5 6, 7
12 Prepare comparison report 5 9, 10
13 Compare system “philosophies” 3 8, 12
14 Compare total installation 2 8, 12
15 Compare cost of support 3 8, 12
16 Compare customer satisfaction level 10 8, 12
17 Assign philosophies points 1 13
18 Assign installation cost 1 14
19 Assign support cost 1 15
20 Assign customer satisfaction points 1 16
21 Select best system 1 11, 17, 18, 19, 20
22 Order system 1 21

The project team has requested that you create a network for the project, and
determine if the project can be completed in 45 weeks.
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Case

Nightingale Project—A
You are the assistant project manager to Rassy Brown, who is in charge of the
Nightingale project. Nightingale was the code name given to the development of a
handheld electronic medical reference guide. Nightingale would be designed for
emergency medical technicians and paramedics who need a quick reference guide to
use in emergency situations.

Rassy and her project team were developing a project plan aimed at producing 30
working models in time for MedCON, the biggest medical equipment trade show each
year. Meeting the MedCON October 25 deadline was critical to success. All the major
medical equipment manufacturers demonstrated and took orders for new products at
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MedCON. Rassy had also heard rumors that competitors were considering developing
a similar product, and she knew that being first to market would have a significant
sales advantage. Besides, top management made funding contingent upon developing
a workable plan for meeting the MedCON deadline.

The project team spent the morning working on the schedule for Nightingale. They
started with the WBS and developed the information for a network, adding activities
when needed. Then the team added the time estimates they had collected for each
activity. Following is the preliminary information for activities with duration time and
predecessors:

Activity Description Duration Predecessor

1 Architectural decisions 10 None
2 Internal specifications 20 1
3 External specifications 18 1
4 Feature specifications 15 1
5 Voice recognition 15 2,3
6 Case 4 2,3
7 Screen 2 2,3
8 Speaker output jacks 2 2,3
9 Tape mechanism 2 2,3

10 Database 40 4
11 Microphone/soundcard 5 4
12 Pager 4 4
13 Barcode reader 3 4
14 Alarm clock 4 4
15 Computer I/O 5 4
16 Review design 10 5,6,7,8,9,10,11,12,13,14,15
17 Price components 5 5,6,7,8,9,10,11,12,13,14,15
18 Integration 15 16,17
19 Document design 35 16
20 Procure prototype components 20 18
21 Assemble prototypes 10 20
22 Lab test prototypes 20 21
23 Field test prototypes 20 19,22
24 Adjust design 20 23
25 Order stock parts 2 24
26 Order custom parts 2 24
27 Assemble first production unit 10 25, FS—8 time units

26, FS—13 time units
28 Test unit 10 27
29 Produce 30 units 15 28
30 Train sales representatives 10 29

Use any project network computer program available to you to develop the schedule
for activities (see Case Appendix for further instructions)—noting late and early times,
the critical path, and estimated completion for the project.

Prepare a short memo that addresses the following questions:

1. Will the project as planned meet the October 25th deadline?
2. What activities lie on the critical path?
3. How sensitive is this network?
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Case

Nightingale Project—B
Rassy and the team were concerned with the results of your analysis. They spent the af-
ternoon brainstorming alternative ways for shortening the project duration. They re-
jected outsourcing activities because most of the work was developmental in nature
and could only be done in-house. They considered altering the scope of the project by
eliminating some of the proposed product features. After much debate, they felt they
could not compromise any of the core features and be successful in the marketplace.
They then turned their attention to accelerating the completion of activities through
overtime and adding additional technical manpower. Rassy had built into her proposal
a discretionary fund of $200,000. She was willing to invest up to half of this fund to ac-
celerate the project, but wanted to hold onto at least $100,000 to deal with unexpected
problems. After a lengthy discussion, her team concluded that the following activities
could be reduced at the specified cost:

• Development of voice recognition system could be reduced from 15 days to 10 days
at a cost of $15,000.

• Creation of database could be reduced from 40 days to 35 days at a cost of $35,000.
• Document design could be reduced from 35 days to 30 days at a cost of $25,000.
• External specifications could be reduced from 18 days to 12 days at a cost of $20,000.
• Procure prototype components could be reduced from 20 days to 15 days at a cost

of $30,000.
• Order stock parts could be reduced from 15 days to 10 days at a cost of $20,000.

Ken Clark, a development engineer, pointed out that the network contained only
finish-to-start relationships and that it might be possible to reduce project duration by
creating start-to-start lags. For example, he said that his people would not have to wait
for all of the field tests to be completed to begin making final adjustments in the de-
sign. They could start making adjustments after the first 15 days of testing. The project
team spent the remainder of the day analyzing how they could introduce lags into the
network to hopefully shorten the project. They concluded that the following finish-to-
start relationships could be converted into lags:

• Document design could begin 5 days after the start of the review design.
• Adjust design could begin 15 days after the start of field tests.
• Ordering stock parts could begin 5 days after the start of adjust design.
• Ordering custom parts could begin 5 days after the start of adjust design.
• Training sales personnel could begin 5 days after the start of unit test and completed

5 days after the production of 30 units.

As the meeting adjourns, Rassy turns to you and tells you to assess the options
presented and try to develop a schedule that will meet the October 25th deadline. You
are to prepare a report to be presented to the project team that answers the following
questions:

1. Is it possible to meet the deadline?
2. If so, how would you recommend changing the original schedule (Part A) and why?

Assess the relative impact of crashing activities versus introducing lags to shorten
project duration.
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3. What would the new schedule look like?
4. What other factors should be considered before finalizing the schedule?

CASE APPENDIX: TECHNICAL DETAILS
Create your project schedule and assess your options based on the following information:

1. The project will begin the first working day in January.
2. The following holidays are observed: January 1, Memorial Day (last Monday in

May), July 4th, Labor Day (first Monday in September), Thanksgiving Day (fourth
Thursday in November), December 25 and 26.

3. If a holiday falls on a Saturday, then Friday will be given as an extra day off; if it
falls on a Sunday, then Monday will be given as a day off.

4. The project team works Monday through Friday.
5. If you choose to reduce the duration of any one of the activities mentioned, then it

must be for the specified time and cost (i.e., you cannot choose to reduce database
to 37 days at a reduced cost; you can only reduce it to 35 days at a cost of $35,000).

6. You can only spend up to $100,000 to reduce project activities; lags do not contain
any additional costs.

Case

Pilot’s Stadium Case
The G&E Company is preparing a bid to build the new 47,000 seat Pilot’s baseball sta-
dium. The construction must start on June 1, 2006, and be completed in time for the
start of the 2009 season. A penalty clause of $50,000 per day of delay beyond April 1,
2009, is written into the contract.

Ben Keith, the president of the company expressed optimism at obtaining the con-
tract and revealed that the company could net as much as $2 million on the project. He
also said the prospects for future projects are quite good since there is projected re-
naissance in building ball parks with modern luxury boxes.

EXERCISE
Given the information provided in Table 6.3, construct a network schedule for the sta-
dium project and answer the following questions:

1. Will the project be able to be completed by the April 1st deadline? How long will it
take?

2. What is the critical path for the project?
3. Based on the schedule would you recommend that G&E pursue this contact? Why?

Include a one-page Gantt chart for the stadium schedule.

CASE APPENDIX: TECHNICAL DETAILS OF THE 
BASEBALL STADIUM
The baseball stadium is an outdoor structure with a retractable roof. The project begins
with clearing the site, an activity that lasts 60 days. Once the site is clear, work can start
simultaneously on the structure itself and demolishing an adjacent building site. This
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demolition is necessary to create a construction stage for storing materials and equip-
ment. It will take 30 days to demolish the buildings and another 30 days to set up the
construction site.

The work on the stadium begins by driving 160 support pilings, which will take
120 days. Next comes the pouring of the lower concrete bowl (120 days). Once this is
done and the construction site has been set up, then the pouring of the main concourse
(120 days), the installation of the playing field (90 days), and the construction of the
upper steel bowl can occur (120 days).

Once the concourse and upper bowl are completed, work can start simultaneously
on building the luxury boxes (90 days), installing the seats (120 days), installing the
scoreboard (30 days), and installing stadium infrastructure (120 days) which includes:
bathrooms, lockers, restaurants, etc. Once the seats are installed then the steel canopy
can be constructed (60 days) followed by the installation of the lights (30 days).

The retractable roof represents the most significant technical challenge to the pro-
ject. Building the roof track supports (90 days) can begin after the lower concrete bowl
is constructed. At this time the dimensions of the roof can be finalized and the con-
struction of the roof at a separate site can begin (180 days). After the roof supports are
completed then the roof tracks can be installed (90 days). Once the tracks and the roof
are completed then the roof can be installed and made operational (90 days). Once all
activities are completed it will take 15 days to inspect the stadium.

For purposes of this case assume the following:

1. The following holidays are observed: January 1, Memorial Day (last Monday in May),
July 4th, Labor Day (first Monday in September), Thanksgiving Day (4th Thursday in
November), December 25 and 26.

2. If a holiday falls on a Saturday then Friday will be given as an extra day off, and if
it falls on a Sunday then Monday will be given as a day off.

3. The construction crew work Monday through Friday.
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TABLE 6.3
Pilot’s Stadium Case

ID Activity Duration Predecessors

1 Baseball Stadium
2 Clear stadium site 60 days —
3 Demolish building 30 days 2
4 Set up construction site 70 days 3
5 Drive support piles 120 days 2
6 Power lower concrete bowl 120 days 5
7 Pour main concourse 120 days 3,6
8 Install playing field 90 days 3,6
9 Construct upper steel bowl 120 days 3,6

10 Install seats 120 days 7,9
11 Build luxury boxes 90 days 7,9
12 Install Jumbotron 30 days 7,9
13 Stadium infrastructure 120 days 7,9
14 Construct steel canopy 60 days 10
15 Light installation 30 days 14
16 Build roof supports 90 days 6
17 Construct roof 180 days 16
18 Install roof tracks 90 days 16
19 Install roof 90 days 17,18
20 Inspection 15 days 8,11,13,15,19
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Appendix 6.1

Activity-on-Arrow Method

DESCRIPTION
The activity-on-arrow (AOA) approach also uses the arrow and node as network
building blocks. However, in this approach the arrow represents an individual project
activity that requires time. The length and slope of the arrow have no significance.
The node represents an event; it is usually presented as a small circle. Events repre-
sent points in time but do not consume time. Each activity on the network has a start
and end event node. For example, if the activity were “install software,” the start event
could be “start installing software” and the end event could be “finish software in-
stallation.” Event nodes are numbered with the start node having a smaller number
than the end event node (see Figure A6.1). These two numbers are used to identify the
activity start node to finish node (79–80). As we shall see shortly, an event node can
serve as a start or end node for one or more activities, and an end event node can serve
as a start node for one or more activities that immediately follow.

Figure A6.2 illustrates several methods for showing AOA activity relationships in a
project network. Figure A6.2A simply tells the project manager that activity X must be
completed before activity Y can begin. Activity X can also be identified as activity
10–11. Note that event 11 is the finish event for activity X and the start event for
activity Y. All AOA networks use this method to link activities and establish dependen-
cies among activities.

Figure A6.2B tells us that activities R, S, and T are parallel, that is, independent, and
can occur concurrently if the project manager wishes; however, activities R, S, and T
must all be completed before activity U can begin. Observe how event 20 is a common
ending event for activities R, S, and T and the start event for activity U. Figure 6.2C
shows that activity M must be completed before activities N and O can begin. When
activity M is complete, activities N and O are considered independent and can occur
simultaneously if you wish. Event 54 is called a burst event because more than one
activity arrow leaves (bursts from) it. Figure A6.2D tells us activity E and F can go on
together, but both must be completed before activities G and H can begin. Event 23 is
both a merge event and a burst event. Theoretically, an event is unlimited in the num-
ber of activities (arrows) that can lead into (merge) or out of (burst from) it. Figure
A6.2E illustrates parallel paths A–C and B–D. Activity A must precede activity C and
B precede D. Paths A–C and B–D are independent of each other. Let us apply these
fundamentals to the simple Koll Business Center project.
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FIGURE A6.2
Activity-on-Arrow
Network
Fundamentals

DESIGN OF AN AOA PROJECT NETWORK
You are now ready to use the information in Table A6.1 to draw an AOA network of the
Koll Business Center. From the information given, the first four activities can be drawn
as shown in Figure A6.3. Activity A (1–2) (Application approval) must be completed
before activities B (2–4), C (2–3), and D (2–5) can begin.

At this point we run into a problem common in AOA networks. Activity E is pre-
ceded by activities B and C. The natural inclination is to draw your activity arrows for
B and C from event 2 straight to event 4, which is the beginning event for activity E.
However, the result would be that activities B and C would both have the same identi-
fication numbers (2–4). In cases like this where two or more activities are parallel and
have the same start and finish nodes, a dummy activity is inserted to ensure each
activity has its unique identification number. A dummy activity is depicted by a dashed
arrow and its duration is zero. The dummy activity could be inserted before or after
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either activity B or C as shown in Figure A6.4 (see parts A through D). In Figure A6.4E
we placed it after activity C with its own identification of X or 3–4.

Activity F in Figure A6.4E denotes another network problem in which activity
dependencies exist but it is not convenient to connect the activities. In this case, the
dummy activity can be used to maintain the logic of the network dependencies. Activ-
ity F is preceded by activities B, C, and D. Dummy activity Y (4–5) is necessary be-
cause activity B precedes both E and F. The dummy activity maintains the intended
logic and sequence. Dummy activity 3–5 can be removed because it is redundant; that
is, its removal does not change the intended relationships—the end event 4 precedes
activity F. Typically, the first pass in drawing your network will include many dummy
activities. After several passes forward and backward through the network, you will
find ways to remove some of the dummy activities that are there solely to maintain
logic. However, when two or more parallel activities have the same beginning and end-
ing event nodes, dummy activities cannot be avoided. Figure A6.5 has a completed
network for the Koll design project.

In this simple project network no activity networks cross over each other, a situation
which is very rare. Remember the length and slope of the arrows is arbitrary. The ac-
tivity durations are included and found below the arrows, near the middle. You should
work through the AOA network exercises before moving to the next section. Your fa-
miliarity with the activity/event approach will help your initial understanding of the
forward and backward pass on an AOA network.

196 Chapter 6 Developing a Project Plan

FIGURE A6.3
Partial Koll Business
Center AOA Network
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KOLL BUSINESS CENTER
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Preceding Activity
Activity Description Activity Time

A Application approval None 5
B Construction plans A 15
C Traffic study A 10
D Service availability check A 5
E Staff report B, C 15
F Commission approval B, C, D 10
G Wait for construction F 170
H Occupancy E, G 35

TABLE A6.1
Network Information
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Forward Pass—Earliest Times
The forward pass in AOA uses the same concepts found in the AON procedure. The
major difference lies in recognition and use of events to set early and late start and fin-
ish times for activities. Figure A6.6 shows the Koll design project with all the activity
durations and early start and finish times. Also near each event is a box that will allow
us to record event times and slack. In the field this box is sometimes called a “T-box”
because the shape within the box forms the letter T. There are many variations of the
T-box found in the field, but they all use the basic T format.

The forward pass starts with the first activity(ies) and traces each path through the
network. As in AON, you add (cumulate) the activity times along the path. When you
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come to a merge event, you select the largest early finish (EF) of all the activities merg-
ing to that event. Let’s work through Figure A6.6. Event 1 is the project start event;
therefore, the earliest that event can occur is time zero. This early event time for event
1 is placed in the lower left side of the event box. The early event time is also the ES
for any activity bursting from an event. Therefore, the zero in the box for event 1 is also
the early start for activity A. The early finish for activity A is 5 workdays (ES � Dur �
EF or 0 � 5 � 5). The EF for the activity is placed at the head of the arrow. The earli-
est event 2 can occur is the instant activity A is complete, which is 5 workdays; there-
fore, this time is placed in the lower left T-box of event 2. Again, note that the early
event time is also the ES for any activity using the event as a start event. Hence, the ES
for activities B, C, and D is 5 workdays. The EF for activity B is 20 (ES � Dur � EF),
for activity C is 15, and for activity D is 10. (See the head of the arrow for each
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FIGURE A6.5 Activity-on-Arrow Network
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activity.) The ES for the dummy activity (3–4) is 15, and its EF is 15 (15 � 0 � 15).
Although the dummy activity has zero duration, it must be included in the forward and
backward pass computations.

At this point you must determine the early event times for events 4 and 5. Both are
merge events that require selection among activities merging into these events. Event
4 has B and X, the dummy activity (3–4). The largest EF for these two activities (20
and 15) is 20, which controls the early event time for event 4. Similarly, event 5 is con-
trolled by activities D and Y. Because activity Y has the largest early finish (20 versus
10 workdays for activity D), it establishes the early event time for event 5 and activity
F. Times are cumulated until merge event 7. The EFs for activities E and G are 35 and
200 workdays, respectively. Thus, event 7 and activity H have early times of 200 work-
days. The early finish for the project is 235 workdays. Assuming we accept this
planned duration of 235 days for the project, the LF for event 8 becomes 235 days, and
you are ready to compute the backward pass.

Backward Pass—Latest Times
The backward pass procedure is similar to that used in the AON procedure. You start with
the last project event node(s) and subtract activity times along each path (LF � Dur �
LS) until you reach a burst event. When this happens, you pick the smallest LS of all
the activities bursting from the event; this number denotes the latest that event can
occur and not delay the project. Let’s trace the backward pass for part of the Koll
design project.

Figure A6.7 displays the late times for the events and activities. The late start for
activity H is 200 days (LF � Dur � LS or 235 � 35 � 200). This time is found at the
tail of the arrow. Because event 7 is not a burst event, the late start for activity H be-
comes the late time for event 7. This procedure continues until you reach event 4,
which is a burst event. The LS for activity E is 185 and for activity Y is 20. The smallest
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time is 20 days and is the late time for event 4. The next burst event is event 2. Here the
LS for activities B, C, and D are 5, 10, and 15 days, respectively. Activity B controls
the late event time for event 2, which is 5 workdays. The late event time is also the LF
for any activity using the event as an end event. For example, the late time for event 7
is 200 workdays; thus, activities E and G can finish no later than day 200, or the project
will be delayed.

With the backward pass complete, the slack and critical path can be identified. Figure
A6.8 presents the completed network. The event slack is entered above the T in the event
box. Activity slack is the difference between LS and ES or LF and EF. For example, the
slack for activity E is 165 days—LS � ES (185 � 20 � 165) or LF � EF (200 � 35 �
165). What are the slack values for activities B, C, and D? The answers are zero workdays
(5 � 5 � 0 or 20 � 20 � 0), 5 workdays (10 � 5 � 5 or 20 � 15 � 5), and 10 workdays
(15 � 5 � 10 or 20 � 10 � 10), respectively. The critical path is A, B, Y, F, G, H.

Compare the networks found in Figure A6.8 and in chapter text Figure 6.8 to see the
similarities between the AOA and AON methods. As in the AON method, if the early
and late time for the end project event are the same (L � E or LF � EF), the slack on
the critical path will be zero. If the times are not the same, the slack on the critical path
will equal the difference (L � E or LF � EF).

Computer-Generated Networks
Figure A6.9 presents a generic AOA computer output for the custom order project.
AOA networks identify activities by the beginning and ending nodes—for example, the
software development activity is identified as activity 2–6. Its duration is 18 time units;
ES � 2; EF � 20; LS � 22; and LF � 40 time units. The critical path is 1, 2, 3, 4, 5,
6, 7. Compare the AOA computer output in Figure A6.9 with the AON computer output

200 Chapter 6 Developing a Project Plan

31 5
A

Legend

5

C

10

D

5

F

10

E
Y

X
B

15 0
0

15

G

170

H

35
76 8

4

0

E
(=ES)

L
(=LF)

Slack

20

20

5

0 5 10 2020

20

15

20 30 200 23530 200
355

20

185

15 10

20 30 2000

0

15

20

5

20 30 200 235

0

235

2

EFLS

0

0

0 0 05

KOLL BUSINESS CENTER
County Engineers Design Department

FIGURE A6.8 Activity-on-Arrow Network Backward Pass, Forward Pass, and Slack



Gray−Larson: Project 
Management: The 
Managerial Process, Third 
Edition

6. Developing a Project 
Plan

Text © The McGraw−Hill 
Companies, 2005

in chapter Figure 6.10. Bar charts are identical to those developed for AON networks;
see Chapter Figure 6.11.

CHOICE OF METHOD—AON OR AOA
Your choice of method depends on the importance of various advantages and disad-
vantages of each method. Table A6.2 will assist you in making your choice.
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AON Method

Advantages
1. No dummy activities are used.
2. Events are not used.
3. AON is easy to draw if dependencies are not intense.
4. Activity emphasis is easily understood by first-level managers.
5. The CPM approach uses deterministic times to construct networks.

Disadvantages
1. Path tracing by activity number is difficult. If the network is not available, computer outputs

must list the predecessor and successor activities for each activity.
2. Network drawing and understanding are more difficult when dependencies are numerous.

AOA Method

Advantages
1. Path tracing is simplified by activity/event numbering scheme.
2. AOA is easier to draw if dependencies are intense.
3. Key events or milestones can easily be flagged.

Disadvantages
1. Use of dummy activities increases data requirements.
2. Emphasis on events can detract from activities. Activity delays cause events and projects to

be late.

TABLE A6.2
Comparison of AON
and AOA Methods
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SUMMARY
In AOA networks, dummy activities meet two needs. First, when two parallel activities
have the same start and end nodes, a dummy must be inserted to give each activity a
unique identification number (see activity X in Figure A6.8). Next, dummy activities
can be used to clarify dependency relationships (see activity Y in Figure A6.8).
Dummy activities are very useful when activity dependencies are far apart on the net-
work. In AOA networks the early event time is the ES for any activity emanating from
the event. Conversely, the late event time is the LF for any activity merging to the
event. The major advantage of the AOA method is the avoidance of having to list all
the predecessor and successor activities for each activity in the network so activity
sequence and dependency can be traced when a network is not available or shows
incomplete information. Computer output is reduced manyfold.

REVIEW QUESTIONS
1. How do the building blocks of AON and AOA differ?
2. What are the purposes of dummy or pseudo activities?
3. How do activities differ from events?

APPENDIX EXERCISES
1. Use the information found in the text exercises 3 and 4 to draw AOA networks. In-

clude the activity and event times on the network as shown in Figure A6.8.
2. Use the information found in the text exercise 11 to draw an AOA network. Include

the activity and event times on the network as shown in Figure A6.8.
3. Given the project network that follows, compute the early, late, and slack times for

the project. Be sure to show the early finish and late start times on your network.
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4. Given the project network that follows, compute the early, late, and slack times for
the project. Be sure to show the early finish and late start times on your network.
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5. Given the project network that follows, complete the bar chart for this project. Use
the timeline to align your bars. Be sure to use the legend to show slack for noncriti-
cal activities.
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6. Given the project network that follows, draw a bar chart for this project. Use the
timeline to align your bars. Be sure to show slack for noncritical activities.
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