[image: image1.png]PROGRAM EVALUATION AND
REVIEW TECHNIQUE (PERT)

Four integrated project management techniques
have come into prominence since World War II.
They are: |

® The program evaluation and review techniques
(PERT) |

® The critical path method (CPM)
® The line of balance (LOB) and
® The Gantt chart





[image: image2.png]BAR (GANTT) CHART

The most common type of display is the bar or

Gantt chart, named for Henry Gantt, who first

utilized this procedure in the early 1900s. The bar

chart is a means of displaying simple activities or

events plotted against time or dollars. An activity

represents the amount of work required to proceed

C one point in time to another. Events are

escribed as either the starting or ending point for
ither one or several activities.

o
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FIGURE 13-1. Bar chart for single activities.

deﬁ;far chms are most commonly used for exhibiting program progress or
_ ng spec.lﬁc work required to accomplish an objective. Bar charts often
include such items as listings of activities, activity durations, schedule dates. and
gl(')(;g{f;:-tfg;dateows nifle activities required to start up a prc;duc-
i a new product. Each bar in the figure represents a single activity.

igure 13-1 is a typical bar chart that would be developed by the program office





[image: image4.png]Bar charts are advantageous in that they are simple
to understand and easy to change. They are the
simplest and least complex means of portraying
progress (or the lack of it) and can easily be

expanded to identify specific elements that may be
either behind or ahead of schedule.





[image: image5.png]Bar charts provide only a vague description of how
the entire program or project reacts as a system.
There are three major discrepancies in the use of a
bar chart.

® First, bar charts do not show the
interdependencies of the activities, and therefore
do not represent a “network” of activities. This
relationship between activities is crucial for
controlling program costs.

® The second major discrepancy is that the bar
chart cannot show the results of either an early or
a late start in activities. Bar charts do not reflect
true project status because elements behind

schedule do not mean that the Pprogram or proj ject
is behind schedule.

® The third limitation is that the bar chart does not
show the uncertainty involved in performing the
activity and, therefore, does not readily adm1t
itself to sensitivity analy31s





[image: image6.png]The program evaluation and review
technique (PERT) has several dlstlngulshlng
characteristics:

]t forms the basis for all planning and predicting
and provides management with the ability to plan
for best possible use of resources to achieve a
given goal within time and cost limitations.

m ]t provides visibility and enables management to
control “one-of-a-kind” programs as opposed to
repetitive situations.

® ]t helps management handle the uncertainties
involved in programs by answering such
questions as how time delays in certain elements
influence project completion, where slack exists
between elements, and what elements are crucial
to meet the completion date. This provides
management with a means for evaluating
alternatives.





[image: image7.png](PERT) characteristics continued:

® ]t provides a basis for obtaining the necessaryA
facts for decision making.

(  ®Itutilizes a so-called time network analysis as the
basic method to determine manpower, material,
and capital requirements as well as providing a
means for checking progress.

m [t provides the basic structure for reporting
information.





[image: image8.png]The Special Projects Office of the U.S. Navy, concerned with
performance trends on large military development programs, introduced PERT
on its Polaris Weapon System in 1958, after the technique had been developed
with the aid of the management consulting firm of Booz, Allen, and Hamilton.
Since that time, PERT has spread rapidly throughout almost all industries. At
about the same time the Navy was developing PERT, the DuPont Company
initiated a similar technique known as the critical path method (CPM), which also
has spread widely, and is particularly concentrated in the construction and pro-
cess industries.





[image: image9.png]In the early 1960s, the basic requirements of
PERT/time as established by the Navy were as
follows: |

= All of the individual tasks to complete a given
program must be visualized in a clear-enough
manner to be put down in a network, which
comprises events and activities, follow the work
breakdown structure.

® Events and activities must be sequenced on the
network under a highly logical set of ground rules
that allow the determination of important critical
and subcritical paths. Networks can have up to
one hundred or more events, but not less than ten
or twenty.

® Time estimates must be made for each activity of
the network on a three-way basis. Optimistic,
most likely, and pessimistic elapsed-time figures
are estimated by the person(s) most familiar with
the activity involved.

m Critical path and slack times are computed. The
critical path is that sequence of activities and
events whose accomplishment will require the
greatest expected time.





[image: image10.png]Advantages of PERT:

® One advantage of PERT is the kind of planning
required to create a major network. Network
development and critical path analysis reveal
interdependencies and problem areas that are
neither obvious nor well defined by other
planning methods. The technique therefore
determines where the greatest effort should be
made for a project to stay on schedule.

& The second advantage of PERT is that one can
determine the probability of meeting specified
deadlines by development of alternative plans. If
the decision-maker is statistically sophisticated,
he can examine the standard deviations and the
probability of accomplishment data. If there
exists a minimum of uncertainty, one may use the
single-time approach, of course, while retaining
the advantage of network analysis.





[image: image11.png]Advantages of PERT continued:

m A third advantage is the ability to evaluate the
effect of changes in the program. For example,
PERT can evaluate the effect of a contemplated
shift of resources from the less critical activities
to the activities identified as probable
bottlenecks. Other resources and performance
trade-offs may also be evaluated. PERT can also
evaluate the effect of a deviation in the actual
time required for an activity from what had been
predicted.

® Finally, PERT allows a large amount of
sophisticated data to be presented in a well-
organized diagram from which both contractor
and customer can make joint decisions.





[image: image12.png]In recent years, many companies have taken a hard
look at the usefulness of PERT on small projects.
The result has been the PERT/LOB procedures,
which, when applied properly, can do the following
job:

= Cut project costs and reduce time scale

» Coordinate and expedite planning

® Eliminate idle time

® Provide better scheduling and control of
subcontractor activities

= Develop better troubleshooting procedures

= Cut the time required for routine decisions, but
allow more time for decision-making





[image: image13.png]The criticism that most people discover when using
PERT includes:

= Time and labor intensive effort is required.

= Upper-level management decision-making ability
is reduced.

= There exists a lack of functional ownership in
estimates.

® There exists a lack of historical data for time-cost
estimates. -

= The assumption of unlimited resources may be
inappropriate.

= There may exist the need for too much detail.





[image: image14.png]The major discrepancy with Gantt, milestone, or
bubble charts is the inability to show the
interdependencies between events and activities.
Interdependencies are shown through the
construction of networks. Network analysis can
provide valuable information for planning,
integration of plans, time studies, scheduling, and
resource management.

The following management information can be
obtained from such a representation:

® Interdependencies of activities

® Project completion time

® Impact of late starts

® Impact of early starts

® Trade-offs between resources and time

® “What if’exercise

m Cost of a crash program

® Slippages in planning/performance

m Evaluation of performance





[image: image15.png]NETWORKS are composed of events and
activities.

An EVENT is defined as the starting or
ending point for a group of activities.

An ACTIVITY is the work required to
proceed from one event or point in time to
another.
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FIGURE 12-1. Standard PERT nomenclature.
U - ——_ , Figure T2-Tshows
"the Standard iomenclature for PERT networks. The Circles represent events, and

arrows represent activities. The numbers in the circles signify the specific events
or accomplishments. The number over the arrow specifies the time needed (hours,
days, months), to go from event 6 to event 3. The events need not be numbered in
any specific order. However, event 6 must take place before event 3 can be

completed (or begin).
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FIGURE 12-2. PERT sources (burst points) and sinks.
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FIGURE 12-3. Conversion from bar chart to PERT chart.

InFigire 12-2a, event 26 IS TRE PIACE prior to events 7,
18, and 31. In Figure 12-2b, the opposite holds true, and events 7, 18, and 31

must take place prior to event 26. Figure 12-2b is similar to “and gates” used in
logic diagrams. *





[image: image19.png]Large projects can easily be converted into PERT
networks once the following questions are
answered: |

» What job immediately precedes this job?
= What job immediately follows this job?
= What jobs can be run concurrently?





[image: image20.png]TABLE 12-1. SEQUENCE OF EVENTS

Immediate Activity
~Activity Title Predecessors Time, Weeks
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" One of the purposes of constructing the PERT chart is to determine how
much time is needed to complete the project. PERT, therefore, uses time as a
common denominator to analyze those elements that directly influence the suc-
cess of the project, namely, time, cost, and performance. The construction of the
network requires two inputs. First, a selection must be made as to whether the
events represent the start or the completion of an activity. Event completions are
 generally preferred. The next step is to define the sequence of events, as shown in
Table 12-1, which relates each event to its immediate predecessor -
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[image: image22.png]The critical path is vital for successful control
of the project because it tells management
two things:

= Because there is no slack time in any of the
events on this path, any slippage will cause a
corresponding slippage in the end date of the
program unless this slippage can be recovered
C during any of the downstream events (on the
critical path).

= Because the events on this path are the most
critical for the success of the project,
management must take a hard look at these
events in order to improve the total program.





[image: image23.png]The principles that have been discussed thus far
apply not only to PERT, but to CPM as well. The
nomenclature is the same for both, and both
techniques are often referred to as arrow
diagraming methods, or activity-on-arrow
networks.

The differences between PERT and CPM are as
follows:

= PERT uses three time estimates (optimistic, most
likely, and pessimistic). From these estimates, an
expected time can be derived. CPM uses one
time estimate that represents the normal time
(i.e., better estimate accuracy with CPM).

= PERT is probablhstlc in nature, based on a beta
distribution for each activity time and a normal
distribution for expected time duration. This
allows us to calculate the “risk” in completlng a
project. CPM is based on a single time estimate
and is deterministic in nature.





[image: image24.png]Differences between PERT and CPM continued:

® Both PERT and CPM permit the use of dummy
activities in order to develop the logic.

® PERT is used for R&D projects where the risks in
calculating time durations have a high variability.

<-CPM is used for construction projects that are
resource dependent and based on accurate time

estimates. 7&-4 |

m PERT is used on those projects, such as R&D,
where peptent complete is almost impossible to
determipe except at completed milestones. CPM
is used ‘those projects, such as construction,
where percent complete can be determined with
reasonable accuracy and customer billing can be
accomplished based on percent complete.





[image: image25.png]SLACK TIME

Since there exists only one path through the
network that is the longest, the other paths must be
either equal in length to or shorter than that path.
Therefore, there must exist events and activities
that can be completed before the time when they
are actually needed. The time differential between
the scheduled completion date and the required
date to meet critical path is referred to as the slack

time.





[image: image26.png]Slack can be defined as the difference
between the latest allowable date and the
earliest expected date based on the
nomenclature below:

T(E) = the earliest time (date) on which an
event can be expected to take place |

T(L) = the latest date on which an event can

take place without extending the completion
date of the project

Slack time = T(L) - T(E)





[image: image27.png]FIGURE 12-5. PERT network with slack time.
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[image: image28.png]The calculation for slack time is performed for each event in the network, as
shown in Figure 12-5, by identifying the earliest expected date and the latest
starting date. For event 1, T, — Tz = 0. Event 1 serves as the reference point for
the network and could just as easily have been defined as a calendar date. As
before, the critical path is represented as a bold line. The events on the critical
path have no slack (i.e., T, = Tg) and provide the boundaries for the noncritical
path events.* Since event 2 is critical, T, = Tz = 3 + 7 = 10 forevent 5. Event 6 ,

terminates the critical path with a completion time of fifteen weeks.

™\  The earliest time for event 3, which is not on the critical path, would be two

»

. weeks (Tg = 0 + 2 = 2), assuming that it started as early as possible. The latest
allowable date is obtained by subtracting the time required to complete the
activity from events 3 to 5 from the latest starting date of event 5. Therefore, T,
(for event 3) = 10 — 5 = 5 weeks. Event 3 can now occur anywhere between
weeks 2 and 5 without interfering with the scheduled completion date of the

project. This same procedure can be applied to event 4, in which case Tz = 6and
I, =9.

4
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FIGURE 12-6. Comparison models for a time-phased PERT chart.





[image: image30.png]In a previous example, the earliest and latest times
were calculated for each event. Some people
prefer to calculate the earliest and latest times for
each activity instead. Also, the earliest and latest
times were identified simply as the time or date
when an event can be expected to take place. To
make full use of the capabilities of PERT/CPM, we

could identify four values:

» The earliest time when an activity can start (ES)
= The earliest time when an activity can finish (EF)
» The latest time when an activity can start (LS)

m The latest time when an activity can finish (LF)
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FIGURE 12-7. Slack identification.
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Figure 12-7 shows the earliest and latest times identified on the activity.

To calculate the earliest starting times, we must make a forward pass througl
the network (i.e., left to right). The earliest starting time of a successor activity it
the latest of the earliest finish dates of the predecessors. The latest starting time i
the total of the earliest starting time and the activity duration.

To calculate the finishing times, we must make a backward pass througt
the network by calculating the latest finish time. Since the activity time is
known, the latest starting time can be calculated by subtracting the activity
time from the latest finishing time. The latest finishing time for an activity
entering a node is the earliest finishing time of the activities exiting the node.
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[image: image33.png]NETWORK ANALYSIS

PRIMARY OBJECTIVE: Coordinate activities into a master plan
in order to complete project in

Best Time
Least Cost
Lea‘st Risk

SECONDARY OBJECTIVES: Studying alternatives
Develop optimum schedule
Use resources effectively
Communications
Refinement of estimating criteria
Good project control
Ease of revision

NETWORK RESTRAINTS: Calendar completion
Cash or cash flow restrictions
Limited resources

Approvals
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@ Iteration process for PERT schedule development.

Once constructed, the PERT/CPM charts provide the framework from which
detailed planning can be initiated and costs can be controlled and tracked. Many
iterations, however, are normally.made during the planning phase before the
PERT/CPM chart is finished hows this iteration process. The slack
times form the basis from which additional iterations, or network replanning, can
be performed. Network replanning is performed either at the conception of the
program in order to reduce the, length of the critical path, or during the program...
should the unexpected occur.
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FIGURE 12-5. PERT network with slack time.
- R y
Suppose that activities 1-2 and 1-3 ir{_ﬁguu_l]:j}cqulre manpower from

the same functional unit. Upon inquiry by the project manager, the functional
manager asserts that he can reduce activity 1--2 by one week if he shifts resources

from activity 1-3 to activity 1-2. ?hould this happen, however, activity -3 will,
increase_in_length hy one week.
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12-10. Network replanning of Figure 12-5.





[image: image37.png]Transferring resources from slack paths to more
critical paths is only one method for reducing
expected project time. Several other methods are
available:

® Elimination of some parts of the project
= Addition of more resources |

m Substitution of less time-consuming components
or activities

m Parallelization activities

m Shortening critical path activities
® Shortening early activities

= Shortening longest activities

m Shortening easiest activities

® Shortening activities that are least costly to speed
up

® Shortening activities for which you have more
resources

® Increasing the number of work hours per day
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FIGURE 12-11. Parallelization of PERT activities.

~—Parallelization of activities can be regarded as accepting a risk by assuming

that a certain event can begin in parallel with a second event that would normally
be in sequence with it. This is shown in Figure 12-11. One of the biggest
headaches at the beginning of any project is the purchasing of tooling and raw
materials. As shown ir(Engure 1'_5‘—1 1) four weeks can be saved by sending out
purchase orders after contract negotiations are completed, but before the one-
month waiting period necessary to sign the contract. Here the contractor incurs a
risk. Should the effort be canceled or the statement of work change prior to the
signing of the contraq),'

TN





[image: image39.png]ESTIMATING ACTIVITY TIME

Determining the elapsed time between events
requires that responsible functional managers
evaluate the situation and submit their best
estimates. The calculations for critical paths and
slack times are based on these best estimates. In
the ideal situation, the functional manager would
have at his disposal a large volume of historical
data from which to make his estimates. Obviously,
the more historical data available, the more reliable
the estimate.





[image: image40.png]Many programs include events and activities that
are nonrepetitive. In this case, the functional
managers must submit their estimates using three
possible completion assumptions:

» Most optimistic completion time. This time
assumes that everything will go according to plan
and with a minimal amount of difficulties. This
should occur approximately 1 percent of the time.

® Most pessimistic completion time. This time
assumes that everything will not go according to
plan and that the maximum potential difficulties
will develop. This should also occur
approximately 1 percent of the time.

» Most likely completion time. This is the time
that, in the mind of the functional manager,
would most often occur should this effort be
reported over and over again.





[image: image41.png]Before these three times can be combined into a single expression
for expected time, two assumptions must be made.

m The first assumption is that the standard
deviation, 0, is one-sixth of the time requirement
range. This assumption stems from probability
theory, where the end points of a curve are three
standard deviation@he mean.

— T rom
® The second assumption requires that the

probability distribution of time required for an
activity be expressible as a beta distribution.





[image: image42.png]The expected time between events can be found
from the expression:

t.=(@a+4m+Db)/é

where
t. = expected time,
a = most optimistic time,
b = most pessimistic time, and
m = most likely time.

C
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FIGURE 12-8. A typical PERT chart with slack times.
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