Lesson 6: Network Analysis: Program Evaluation
and Review Technique (PERT)

Program Evaluation and Review Technique (PERT) is a project management
methodology designed to handle complex and uncertain projects. It emerged in the late
1950s as a response to the challenges of managing large-scale projects, particularly
those involving significant uncertainty and variation in task durations. PERT is a
powerful tool for scheduling, coordinating, and monitoring projects, especially when
there's limited historical data or when tasks are subject to a range of possible
completion times.

At its core, PERT focuses on modeling the uncertainties inherent in project tasks by
employing three time estimates for each activity: optimistic, pessimistic, and most likely.
By considering these estimates, PERT aims to provide a more realistic and probabilistic
view of project timelines. The methodology then calculates expected durations, critical
paths, and the probabilities of completing the project within certain time frames.

One of the distinguishing features of PERT is its use of a network diagram, often
referred to as a PERT network or PERT chart. This diagram visually represents project
activities as nodes interconnected by arrows to show their sequential or parallel
relationships. Through this graphical representation, project managers and teams can
gain insights into the flow of activities, dependencies, and the critical path — the
sequence of activities that determines the shortest possible project duration.

PERT offers numerous benefits. By incorporating uncertainty into its calculations, it
enables project managers to assess risks and make informed decisions. It supports
resource allocation, enhances communication among team members, and aids in
coordinating complex projects involving multiple tasks and stakeholders. Additionally,
PERT's probabilistic approach provides a more nuanced perspective on project
timelines compared to deterministic methods.

In practice, PERT is commonly employed in industries with projects that have high
levels of uncertainty, such as research and development, construction, and event
management. While PERT has proven its worth over the years, it's worth noting that
advances in project management software and methodologies have introduced more
sophisticated techniques, such as Monte Carlo simulations, which can provide even
more accurate probabilistic projections for project timelines.



In summary, PERT is a valuable project management methodology that addresses
uncertainty by utilizing probability-based estimates for task durations. With its network
diagram representation and emphasis on risk assessment, PERT is particularly suitable
for projects characterized by complexity and unpredictability. It continues to be a
significant tool in the project manager's toolkit, providing insights into scheduling,
resource allocation, and risk management.

Incorporating uncertainty in activity times

Incorporating uncertainty in activity times is a fundamental aspect of operations
research and methodologies like the Program Evaluation and Review Technique
(PERT). These techniques recognize that real-world projects are subject to variations in
task durations due to various factors, such as unexpected events, resource fluctuations,
and changing conditions. By accounting for uncertainty, these methodologies provide a
more realistic and probabilistic perspective on project timelines. Here's how uncertainty
is incorporated into activity times using PERT as an example:

Three Time Estimates:
PERT uses three estimates for each activity's duration:

e Optimistic Time (O): The shortest time an activity could take if everything goes
exceptionally well.

e Pessimistic Time (P): The longest time the activity might take if there are
significant delays or issues.

e Most Likely Time (M): The best estimate of the activity's duration given normal
conditions.

Expected Time Calculation:

From these three estimates, the expected time (TE) for each activity is calculated using
a weighted average:
TE=(0O+4M+P)/6

Variance Calculation:

Variance (V) measures the dispersion of the activity's duration estimates. It's calculated
using the formula:
V=[(P-0)/6]*2



Standard Deviation:

The standard deviation (SD) is the square root of the variance. It indicates the degree of
uncertainty associated with the activity's duration.

Probability Distribution:

PERT assumes that the activity durations follow a Beta distribution, which is influenced
by the optimistic, most likely, and pessimistic estimates. This distribution provides a
probabilistic range of possible completion times for each activity.

Network Diagram:

Activities, estimates, and dependencies are represented in a network diagram. Arrows
connecting nodes show the sequence and relationships among activities.

Calculating Critical Path:

Using the expected times, variances, and the network diagram, you can calculate the
expected project duration and identify the critical path — the sequence of activities that
collectively determine the shortest expected project duration. Activities on the critical
path have the least amount of float or slack.

Probability of Completion:

With the probability distribution and standard deviation, you can calculate the likelihood
of completing the project within a certain timeframe. This provides a range of possible
project completion dates along with associated probabilities.

Incorporating uncertainty in this manner allows project managers to not only determine
a single deterministic project schedule but also understand the range of possible project
durations and associated risks. By considering probabilities and distributions, project
teams can make more informed decisions, allocate resources effectively, and develop
contingency plans to manage potential delays.

While PERT is a popular technique, other methods, such as Monte Carlo simulations,
offer even more sophisticated ways to model uncertainty by considering multiple
variables and their interdependencies. These advanced techniques provide a
comprehensive view of uncertainty's impact on project outcomes.



Calculation of expected project duration

The calculation of the expected project duration in the context of Project Evaluation and
Review Technique (PERT) involves using the estimated durations of individual activities
along with their probabilities to determine the most likely duration for the entire project.
Here's how you can calculate the expected project duration:

Calculate Expected Time for Each Activity:
For each activity, calculate the expected time (TE) using the PERT formula:

TE=(O+4M+P)/6

Where:
e O: Optimistic time estimate
e M: Most likely time estimate
e P: Pessimistic time estimate

Identify Critical Path:

Determine the critical path through the project network. The critical path consists of the
sequence of activities with the longest cumulative duration.

Sum of Expected Times on Critical Path:

Sum up the expected times of all activities along the critical path. This gives you the
expected duration for the critical path.

Calculate Total Project Variance:

Calculate the total project variance by summing up the variances of activities along the
critical path.

Calculate Project Standard Deviation:

Take the square root of the total project variance to calculate the project standard
deviation. This standard deviation represents the uncertainty associated with the project
duration.



Use Normal Distribution:

Assuming that the activities follow a Beta distribution and the Central Limit Theorem,
you can model the project duration as a normal distribution.

Calculate Z-Score:

Calculate the Z-score for a specific desired confidence level. The Z-score corresponds
to the number of standard deviations away from the mean.

Calculate Expected Project Duration:

Calculate the expected project duration by adding the Z-score multiplied by the project
standard deviation to the sum of expected times on the critical path:

Expected Project Duration = Sum of Expected Times on Critical Path + (Z-Score *
Project Standard Deviation)

This expected project duration gives you an estimate of when the project is likely to be
completed. The use of probabilities, distributions, and standard deviations provides a
probabilistic view that considers the range of possible outcomes due to uncertainty in
activity durations.

Keep in mind that this calculation assumes that the activities are independent and that
the project follows a normal distribution. In practice, real-world projects may have more
complex relationships and distributions. Additionally, modern project management
software often includes tools for performing such calculations automatically and
generating probabilistic project timelines.

Probabilistic analysis using PERT

Probabilistic analysis using the Program Evaluation and Review Technique (PERT) is a
method to assess the uncertainty and variability associated with project timelines and
outcomes. PERT incorporates probabilities and estimates to provide a range of potential
project durations, allowing project managers to make more informed decisions, allocate
resources effectively, and manage risks. Here's how PERT conducts probabilistic
analysis:



Three Time Estimates:

PERT uses three estimates for each activity's duration: optimistic, most likely, and
pessimistic. These estimates capture the potential variability in activity durations due to
unforeseen factors.

Expected Time Calculation:

PERT calculates the expected time (TE) for each activity by applying a weighted
average formula:

TE=(O+4M+P)/6

Where:
e O: Optimistic time estimate
e M: Most likely time estimate
e P: Pessimistic time estimate

Variance and Standard Deviation:
PERT calculates the variance of each activity using the formula:

Variance = [(P - O) / 6]*2

The standard deviation (SD) is the square root of the variance. SD provides a measure
of the uncertainty associated with an activity's duration.

Expected Project Duration:

To calculate the expected project duration, PERT sums the expected times of activities
along the critical path. The critical path represents the longest sequence of activities
that determines the shortest expected project duration.

Project Standard Deviation:

PERT calculates the project's standard deviation by summing the variances of activities
along the critical path and then taking the square root.



Probability Distribution:

PERT assumes that activity durations follow a Beta distribution. The Central Limit
Theorem is often invoked to approximate the distribution of the entire project's duration
as a normal distribution.

Z-Score for Confidence Level:

A Z-score is calculated based on the desired level of confidence. The Z-score indicates
the number of standard deviations away from the mean for a specific confidence level.

Probabilistic Project Completion Dates:

Using the Z-score and the project standard deviation, PERT calculates the range of
probabilistic project completion dates. This range provides the project manager with a
probabilistic view of when the project is likely to be completed.

Risk Assessment and Contingency Planning:

Probabilistic analysis through PERT helps in identifying potential risks and uncertainties
that might affect project outcomes. By understanding the range of possible completion
dates, project managers can develop contingency plans to mitigate the impact of delays
or variations.

Incorporating probabilistic analysis through PERT improves the accuracy of project
planning by accounting for uncertainty and variability. This approach allows project
managers to communicate more effectively with stakeholders, manage expectations,
allocate resources prudently, and make better-informed decisions to steer projects
toward successful completion.



