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Monohan Machinery specializes in developing weed-
harvesting equipment that is used to clear small lakes
of weeds. George Monohan, president of Monohan
Machinery, is convinced that harvesting weeds is far
better than using chemicals to kill weeds. Chemicals
cause pollution, and the weeds seem to grow faster
after chemicals have been used. George is contemplat-
ing the construction of a machine that would harvest
weeds on narrow rivers and waterways. The activities
that are necessary to build one of these experimental
weed-harvesting machines are listed in the following
table. Construct a network for these activities.

ACTIVEHTIES IMMEDIATE PREDECESSORS

A e
B —
[of A
D A
E B
F B
G GE
H D, F

After consulting with Butch Radner, George
Monohan was able to determine the activity times for
constructing the weed-harvesting machine to be used
on narrow rivers. George would like to determine ES,
EF, LS, LE, and slack for cach activity. The total project
completion time and the critical path should also be
determined. (See Problem 13-16 for details.) The
activity times are shown in the following table:

AcTivity Tt (WeEks)
A 6
B ’ 5
c 3
2
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Time Estimates (Wecks) for General Foundry, Inc.

The fifth step is to compute
the longest path through the
network—the critical path.

‘Table 13.2 shows General Foundry’s optimistic, most likely, and pessimistic time esti-
mates for each activity. It also reveals the expected time (£) and variance for each of the
activities, as computed with Equations 13-1 and 13-2.

H TOF e Critical

Once the expected completion time for each activity has been determined, we accept it as
the actual time of that task. Variability in times will be considered later.

Although Table 13.2 indicates that the total expected time for all eight of General
Foundry’s activities is 25 weeks, it is obvious in Figure 13.3 that several of the tasks can be
taking place simultaneously. To find out just how long the project will take, we perform the
critical path analysis for the network.

The critical path is the longest time path route through the network. If Lester Harky
wants to reduce the total project time for General Foundry, he will have to reduce the
length of some activity on the critical path. Conversely, any delay of an activity on the crit-
ical path will delay completion of the entire project.





image2.jpeg
526  CHAPTER 13 Project Management

FIGURE 13.3 General Foundry’s Network with Expected Activity Times

To find the critical path, we need to determine the following quantities for each activ-
ity in the network:

. Earliest start time (ES): the earliest time an activity can begin without violation of
immediate predecessor requirements

. Earliest finish time (EF): the earliest time at which an activity can end

. Latest start time (LS): the latest time an activity can begin without delaying the entire
project

. Latest finish time (LF): the latest time an activity can end without delaying the entire
project

In the network, we represent these times as well as the activity times (1) in the nodes, as seen
here:

We first show how to determine the earliest times. When we find these, the latest times can
be computed.

Earliest Times There are two basic rules to follow when computing ES and EF times. The
first rule is for the earliest finish time, which is computed as follows:

earliest finish time = earliest start time + expected activity lime

EF
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Also, before any activity can be started, all of its predecessor activities must be completed.
In other words, we search for the largest EF for all of the immediate predecessors in deter-
TheES is the largest EF of the mining ES. The second rule is for the earliest start time, which is computed as follows:
immediate predecessors.
carliest start = largest of the earliest finish times of immediate predecessors
ES = largest EF of immediate predecessors

The start of the whole project will be set at time zero. Therefore, any activity that has no
predecessors will have an earliest start time of zero. So ES = 0 for both A and B in the
General Foundry problem, as seen here:

The earliest times are found The rest of the earliest times for General Foundry are shown in Figure 13.4. These are

by beginning at the start of found using a forward pass through the network, At each step, EF = ES + ¢, and ES is the

the project and making a largest EF of the predecessors. Notice that activity G has an earliest start time of 8, since

Jorward pass through the both D (with EF = 7) and E (with EF = 8) are immediate predecessors. Activity G cannot

network. start until both predecessors are finished, and s we choose the larger of the earliest finish
times for these. Thus, G has ES = 8. The finish time for the project will be 15 weeks, which
is the EF for activity H.

FIGURE 13.4 General Foundry’s Earliest Start (ES) and Earliest Finish (EF) Times

U
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The latest times are found by
beginning at the finish of the
project and makinga
backward pass through the
network.

The LF is the smallest LS of
the activities that
immediately follow.

Slack time is free time for an
activity.

FIGURE 13.5
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Latest Times The next step in finding the critical path is to compute the latest start time
(LS) and the latest finish time (LF) for each activity. We do this by making a backward pass
through the network, that is, starting at the finish and working backward.

There are two basic rules to follow when computing the latest times. The first rule
involves the latest start time, which is computed as

latest start time = latest finish time — activity time
LS=1F-t (13-4)

Also, since all immediate predecessors must be finished before an activity can begin, the lat-
est start time for an activity determines the latest finish time for its immediate predeces-
sors. If an activity is the immediate predecessor for two or more activities, it must be fin-
ished so that all following activities can begin by their latest start times. Thus, the second
rule involves the latest finish time, which is computed as

latest finish time = smallest of latest start times for following activities, or
LF = smallest LS of following activities

To compute the latest times, we start at the finish and work backwards. Since the finish
time for the General Foundry project is 15, activity H has LF = 15. The latest start for
activity His

LS=LF-r=15-2

13 weeks

Continuing to work backward, this latest start time of 13 becomes the latest finish time for
immediate predecessors F and G. All of the latest times are shown in Figure 13.5. Notice
that for activity C, which is the immediate predecessor for two activities (E and F), the lat-
est finish time is the smaller of the latest start times (4 and 10) for activities Eand F.

Concept of Slack in Critical Path Computations When ES, LS, EF, and LF have been
determined, it is a simple matter to find the amount of slack time, or free time, that each

General Foundry’s Latest Start (LS) and Lastest Finish (LF) Times
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Flight 199’s three engines screech its arrival as the wide-bodied
jet [umbers down Orlando’s taxiway with 200 passengers arriv-
ing from San Juan. Tn an hour, the plane s to be airborne again.

But before this jet can depart, there is business to attend
to: hundreds of passengers and tons of luggage and cargo to
unload and load; hundreds of meals, thousands of gallons of jet
fuel, countless soft drinks and bottles of liquor to restock; cabin
and restrooms to clean; toilet holding tanks to drain; and
engines, wings, and landing gear to inspect.

The 12-person ground crew knows that a miscue any-
where—a broken cargo loader, lost baggage, misdirected pas-
sengers—can mean a late departure and trigger a chain reac-
tion of headaches from Orlando to Dallas to every destination
of a connecting flight.

Dennis Dettro, the operations manager for Delta’s
Orlando International Airport, likes to call the turnaround
operation “a well-orchestrated symphony” Like a pit crew
awaiting a race car, trained crews are in place for Flight 199
with baggage carts and tractors, hydraulic cargo loaders, a
truck to load food and drinks, another to lift the cleanup crew,
another to put fuel on, and a fourth to take water off. The
“orchestra” usually performs so smoothly that most passengers
never suspect the proportions of the effort. PERT and Gantt
charts aid Delta and other airlines with the staffing and sched-
uling that are necessary for this symphony to perform.

Sources: New York Times (January 21, 1997): C1, C20: and Wall Street Journal

(August 1994): BI

activity has. Slack is the length of time an activity can be delayed without delaying the
whole project. Mathematically,

slack = LS—ES or slack = LF - EF (13-5)
Table 13.3 summarizes the ES, EF, LS, LE, and slack times for all of General Foundry’s activ-
ities. Activity B, for example, has 1 week of slack time since LS = ES=1 — 0 = 1 (or, simi-
larly, LF — EF = 4 — 3 = 1). This means that it can be delayed up to 1 week without causing
the project to run any longer than expected.

On the other hand, activities A, C, E, G, and Hhave n0 slack time; this means that none
of them can be delayed without delaying the entire project. Because of this, they are called
critical activities and are said to be on the critical path. Lester Harky's critical path is shown
in network form in Figure 13.6. The total project completion time, 15 weeks, is seen as the
largest number in the EF or LF columns of Table 13.3. Industrial managers call this a

Critical activities have no
slack time.

boundary timetable.

General Foundry’s
Schedule and Slack Times

ma T m YO W
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DISCUSSION QUESTIONS AND PROBLEMS

critical path. The activity times appear in the follow-
ing table (see Problem 13-12):

A 2
B 5
(e 1
D 10
E 3
F 6
G KR
35

Problems*

¢ 13-12 Sid Davidson is the personnel director of Babson and
Willcount, a company that specializes in consulting
and research. One of the training programs that Sid is
considering for the middle-level managers of Babson
and Willcount is leadership training. Sid has listed a
number of activities that must be completed before a
training program of this nature could be conducted.
The aclivities and immediate predecessors appear in
the following table:

A .
B el
c -
D B
E AD
F (o
G BEF

Develop a network for this problem.
@+ 13-13 Sid Davidson was able to determine the activity times
E for the leadership training program. He would like to
determine the total project completion time and the

#Note: @ means the problem may be solved with QM for Windows: X means the problem may
be solved with Excel: and g means the problem may be solved with QM for Windows and/or

Excel.




