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Foreword

“How long is it going to take?” “What is it going to cost?” “What did you
base that on?”

Most project managers have heard those questions on a regular basis.
We answer them based on what we know and the tools that we have on
hand. It is our best-guess way of dealing with something really compli-
cated. Then, we spend the rest of the project trying to live up to those
commitments.

I have known Chris for many years now, and he has always had a fasci-
nation with estimating. How can you tell a swag from an educated guess,
from a fact-based expert opinion? How can we use computing power to
make sense of a swirling mess of metrics and variables, turning them into
more reliable estimates? This book puts his life’s work into words in an
attempt to help you simplify complexity. The Dynamic Progress Method
(DPM) is an important step forward because it runs countless calculations
that help you establish and refine estimates in a way that is impossible to
do by hand. However, I think that it is even more important that it forces
you to think about estimating in a much deeper way. It makes you think
about the details of what could happen and model that out. Just the act of
going through that thought process means that these factors are on the
top of your mind. And, a focus on the things that matter most makes you
a better project manager overall. If you know that some on the team are
less productive than they were a month ago, what can you do to change
that? If you know that skill differences are impacting your schedule, how
can you deal with that?

Estimating is hard. It may very well be the single greatest challenge with
which you, as a project manager (PM), deal. When managing a large-scale
effort, there is no possible way that you can be an expert in every task.
Once your estimates are in place, how do you make adjustments along the
way? The way that you deal with these things basically determines your
value as a PM in your sponsor’s mind. Think about all of the ways that you
can fail to make accurate projections:
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You can accept and work toward mandated deadlines. Hopefully, any-
one reading this book is beyond this. It does not feel like the right
thing for anyone to do, but absent a solid basis for making an esti-
mate, accepting the boss’s deadline is your default position. The DPM
approach outlined in this book forces you to take a more detailed
look at what estimates are made of.

You can pretend that you know exactly what will happen. This is perhaps
the most common mistake. You offer exact estimates when a range
would be far more appropriate. Unless you are truly clairvoyant, this
probably is not the way to go—but it is precisely what your bosses
will ask for. The DPM approach in this book makes clear how vari-
able estimates can be and gives you a better sense of those ranges.

Finger-in-the-air estimating. Ask the team to give you quick, off-the-top-
of-their-head estimates. Again, the DPM requires that you dig deeper
into the details.

You can create estimates at too high a level. The DPM forces you to look
at not only tasks in a granular way but also how lower-level compo-
nents interact over time. Again, it forces you to think more seriously
about what you are doing.

You can ignore the interactions between tasks. The DPM approach forces
you to look at the impacts tasks have on one another and how they
will affect your overall effort.

Ultimately, all of these elements in the DPM give you a better initial
estimate.

Then, there is the question of “What happens once the project starts?”
How do you adjust for the inevitable twists and turns that your project will
take? The DPM gives you a real basis for making those decisions. It also
allows you to look back on how things have evolved and keep adjusting—
ultimately helping you optimize the result.

Estimates are the lifeblood of projects. They are how projects get funded
because they help us understand costs—which are basically our invest-
ments. If you cannot understand investments, there is no chance of under-
standing return on investment (ROI). If you do not understand ROI, you
often cannot get the project funded.

Pick up this book; use it as a reference, but really let the underlying
assumptions and models sink in. As you apply the method, I am sure that
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it will bring you greater success as a PM, and it will assist you in helping
each member of your team to be more successful as well.

Dave Garrett
President, ProjectManagement.com
Director of Digital Presence, Project Management Institute
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Overview Summary

If the reader is in a hurry, here is a summary of the entire book in one page.

This book is completely written around the hypothesis that many proj-
ects fail or have difficulties not because of the skills or abilities of the proj-
ect managers running the projects but instead because of the planning
and management tools that they use. These tools use very simplistic mod-
els and methods. Because of the simplicity of these models and methods,
these project planning and management tools are incapable of capturing
the reality of the project and, thus, provide misleading estimates for costs
and schedules. Once a project manager is managing the project according
to these misleading estimates, it is extremely difficult for him or her to
understand the true status of the project, which makes it extremely dif-
ficult to successfully meet the goals and objectives of the project. It is like
aiming a gun through a fuzzy scope; the chances of hitting the target are
very slim. The cause-and-effect chain can be represented as the following:

Simple methods...
lead to unrealistic models...
which create misleading estimates...
which cause project difficulties...
and result in project failures.

The purpose of this book is to introduce readers to a new analytical
approach for project planning and management, the Dynamic Progress
Method (DPM), which corrects many of the major deficiencies of current
approaches, as well as to walk the readers through the first commercially
available software tool that incorporates DPM: pmBLOX.

This book provides an overview of the research and motivation for this
work (Chapters 1 and 2), a snapshot of the recent state of project manage-
ment and issues with current approaches (Chapters 3 and 4), a description
of the new simulation-based DPM approach (Chapters 5 and 6), and details
on using pmBLOX to plan and manage and analyze projects (Chapters 7
and 8).
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If this book is to be used in a course of study at the undergraduate or
graduate level of college, additional content and exercises are provided on
the website http://www.dynamicprogressmethod.com.

In addition, prior to reading Chapters 7 and 8, readers are encouraged
to download a free trial version of pmBLOX at http://www.pmblox.com.
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Introduction

There are some great project managers out there who are using the wrong
tools.

J. Chris White

This book is written for project managers who have

+ Been involved with large and complex projects (e.g., lasting many
months or years, involving many resources, involving large budgets);

« Managed several projects that have been late, over budget, or both,
even with the best intentions and best efforts of the project manager
and the project team;

+ Been given a start date and end date by upper management and told
to make a project plan that fits in that timeline, no matter what;

« Established initial baseline project plans that became obsolete imme-
diately after they were launched;

 Experienced frustration with current project planning and manage-
ment tools that do not easily incorporate real-world variables;

 Had difficulty using the data within their project planning tools to
defend and/or validate their assumptions and estimates; or

+ Are looking for a better way to manage their projects and tell the
story of how their project is progressing.

The motivation and rationale for the research and development work
contained in this book can be summarized with the following:

 Problem: Despite good intentions, many large and complex projects
are over budget, late, or a combination of both.
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« Hypothesis: The planning tools used by project managers are based
on simplistic methods and algorithms that inadvertently provide
unrealistic estimates for costs and schedules, which can set up
unachievable expectations and cause a domino effect of replanning
and re-estimating and, ultimately, result in a project failure.

« Proposed solution: Harness the power of modern computers to more
accurately and operationally simulate the allocation of resources to
accomplish project work to provide more realistic, achievable, and
defendable estimates for cost and schedule.

BACKGROUND OF RESEARCH

The work described in this book was developed through two Small
Business Innovation Research (SBIR) contracts that were awarded to
ViaSim Solutions by the Defense Advanced Research Project Agency
(DARPA). The Phase I contract (W31P4Q-08-C-0044) was awarded in late
2007, and the Phase I contract was awarded in 2009 (W31P4Q-09-C-0169).
The Phase II final report was submitted in early 2011. At the time of the
publication of this book, pmBLOX?®, Inc., the company launched from this
SBIR project, is seeking Phase III commercialization funding through an
equity crowdfunding website.

(If the readers are unfamiliar with the SBIR program, please visit http://
www.sbir.gov. The objective of the SBIR program, which is overseen by the
Small Business Administration [SBA], is to help small businesses develop
commercially viable products and services while also perhaps fulfilling a
specific need at a government agency. ViaSim Solutions has participated
in multiple SBIR projects and is extremely supportive of the program. The
authors highly recommend that every small business check out the SBIR
program to see if there are suitable opportunities.)

The original solicitation from DARPA (topic SB072-006) called for the
“application and development of advanced mathematics for Department
of Defense (DoD) applications (DARPA, FY2007.2 SBIR proposal sub-
mission, p. 10).” This cast a very wide net for the types of proposals that
might be submitted to DARPA. Business partners at ViaSim Solutions
(the authors of this book) had experience using advanced simulation tech-
niques in several different domains. The authors chose to submit a proposal
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that applied some of these simulation techniques to large-scale projects
(e.g., DoD projects). The research hypothesis was that many project per-
formance issues, such as cost overruns and late schedules, are due to the
fact that the currently available project planning tools employ an overly
simplistic approach to estimating the cost and schedule for a project. This
estimating approach provides unrealistic and sometimes unachievable
baseline project plans. Although there are plenty of poor project managers
out there, our belief was that well-intentioned, skilled project managers
would still have project performance issues simply because of their choice
in the software that is used for planning the project. Consequently, the
authors hypothesized that the cost and schedule performance for projects
could be improved through the use of a new and improved approach for
project planning and estimating.

Through the SBIR Phase I and Phase II contracts, research confirmed
this hypothesis about current approaches, and ViaSim Solutions developed
a prototype simulation-based project planning tool, called pmBLOX, that
eliminated many of the issues that are found in current tools. We have
named the resource-based simulation approach used in pmBLOX as the
Dynamic Progress Method (DPM), and it will be explained in later chapters.

GETTING GOOD PROJECTS FOR THE RESEARCH

For the research for this effort, ViaSim Solutions solicited real-world proj-
ects from many different organizations. It was actually quite difficult to
get a good set of example projects against which we could have consistent
comparisons. There were several issues with some of the example proj-
ect plans that were submitted. As a result, many plans were eliminated
from consideration. However, because one of the goals of this book is to
improve the readers’ overall ability to plan and manage projects, two of
the major issues will be discussed in this section for educational purposes.
Project planners and managers should avoid these two problems if they
want to have legitimate, defendable project plans.

The first and most common issue for why an example project was
removed from consideration was the exclusion of resources (e.g., labor,
equipment, materials). In these example project plans, the only informa-
tion provided for tasks was the durations. With no resources in the plans,
itis difficult to gage the adequacy of the estimates. Should a particular task
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take 4 or 10 days? Who knows? There is no information on which to base
the estimate. This is actually a very huge risk: building a plan with no for-
mal consideration of resources at all. In this type of situation, how can the
project manager have any confidence at all with regards to the estimate?
And, if there is any doubt in his or her mind, what information does he or
she have to compare, validate, or refute with?

The second issue for why an example project was removed from con-
sideration was the exclusion of dependencies between and among tasks.
For many of the example project plans received by ViaSim Solutions, the
project plan simply consisted of a list of tasks with start dates and finish
dates (with a stated duration between those dates). For these plans, it was
impossible to know how to order or prioritize the tasks if resource con-
straints occurred. Just because one task ended on March 31, and another
task started on April 1, it was impossible to know if there was a connec-
tion between these two tasks. Was the second task waiting for the first task
to finish? Or, was there some other constraint that required the second
task to start on April 1 (e.g., resources not available, waiting for material
from a supplier)? In extreme cases, not only were there no dependencies
among tasks in these example plans, but also most (if not all) of the tasks
were expected to be worked in parallel. The plan was just a list of tasks.
Of course, this is unrealistic with the application of resources. As soon as
they are incorporated, the project schedule would slip significantly to the
right (i.e., longer). In one particular example from the defense industry
(which was not used in the final data set), one project was moved from 5 to
26 months, representing a 420% increase in schedule when the resources
were incorporated.

RESULTS OF THE DARPA SBIR EFFORT

After reviewing 40 real-world project plans submitted for the research on
this effort, ViaSim Solutions created a data set of 16 projects that included
those from the fields of construction, information technology, defense,
and product distribution. The smallest project was 3 months long, and the
largest project was 3.5 years long. All statistics shown in this research are
weighted values so that larger projects have more influence on results than
smaller projects. This data set was used to determine the current state of
project management for the purposes of this research.
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Note: Only 16 of 40 example plans were viable for the purpose of this
study. This is a strong indication of the poor state of current project plan-
ning. The fact indicates that potentially more than half of the plans that
are currently used in organizations have insufficient information even
to be able to judge their reasonableness. The 16 projects analyzed for
this research project at least had enough information to pass this level of
evaluation.

Based on the issues cited in the “Getting Good Projects for the Research”
section in this chapter, several criteria had to be met for these plans to be
used as the initial research data set:

o The project plans must be in Microsoft Project® (MPP format). To be
consistent, a single tool had to be chosen to be compared against
pmBLOX, and Microsoft Project is one of the most commonly used
current project planning tools.

o The plans must have resources that are allocated to the tasks. If no
resources were in the plans, it would be impossible to understand the
differences with a resource-based approach.

o The plans must have dependencies that are established among the

tasks so that task priority can be ascertained (i.e., task 1 must be fin-
ished before task 2).

Some plans did not have explicit cost information, but they were still
used. For those plans, labor hours were used as a proxy for cost, and
approximate hourly wages and/or salaries were used for the different labor
categories. While this is not completely accurate, it did allow for consis-
tent comparison across the Microsoft Project version of the plan and the
pmBLOX version of the plan. Furthermore, because relative differences
were captured and highlighted in this research, the absolute cost of the
project was not as important.

Table 1.1 shows a summary of the results from the research. In the table,
“Original Plan” refers to the version of the plan in Microsoft Project.
Across all projects, the average duration was 495 days. The average cost
was $1.975 million, and the average labor hours for an entire project were
20,485 labor hours (all labor categories combined). These average numbers
from the original plans are shown in the first column of the table. The
second column in the table contains the averages for the same metrics
from the equivalent pmBLOX versions of the plans. The third, fourth, and
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fifth columns show statistics that are related to the differences between the
Microsoft Project estimate and the pmBLOX estimate. The last column on
the right shows the probability, based on the normal distribution of data
for that metric, of the pmBLOX value being higher and/or longer than
the original Microsoft Project value. For example, looking at the duration
results in Table 1.1, the simulation-based estimate from pmBLOX on aver-
age showed a duration that was 54.1% longer than the Microsoft Project
estimate, indicating that the Microsoft Project plan was underestimating
the duration by a significant amount.

Although not shown in the table, further examination of the project
data showed that the underestimation by Microsoft Project appears to be
proportional to the size of the project. Larger projects seemed to do worse
than smaller projects mainly because of the compounding effect of the
miscalculations across many more tasks. For larger projects (>12 months),
the average duration was +59%, but for smaller projects (<12 months), the
average duration was only +29%. For larger projects, the average cost was
+29%, but for smaller projects, the average cost was only +7%. Essentially,
the larger the project, the bigger the difference (i.e., larger underestima-
tion by Microsoft Project). We can interpret this to mean that for larger
projects, it is much more likely that the estimate provided by Microsoft
Project (which uses a duration-based approach, the critical path method
[CPM]) would be incorrect when compared to the more realistic resource-
based simulation approach that will be described later in this book as
the DPM.

It is interesting to note that for labor hours, there was not much of
a difference: the average difference was 1.1%. The small average differ-
ence of 1.1% indicates that the project managers developing the plans in
Microsoft Project have a very good idea about what has to be done on the
project with regards to workload and resource usage, but the tool itself
provides a very misleading result when it calculates the duration and cost
for the project. The duration-based CPM (discussed in Chapter 4) used
in Microsoft Project makes it look like projects can be done faster and
cheaper than they can actually be done in the real world. This is very dan-
gerous and represents a significant risk when the planning tool, which is
trusted to provide a guiding answer, shows an unrealistic result because
everyone goes by what the tool says. Imagine if a spreadsheet provides
incorrect calculations. As a user, you are trusting that the tool will give
the right answer. In fact, that is why you are using it. Why else would you
utilize it?
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I
EXAMPLE: LARGE DEFENSE CONTRACT

For demonstration purposes, the results for a single specific project will
be described here. This example project was one of the larger projects in
the sample set with a total estimated duration of 39 months by Microsoft
Project. The project plan is from the defense industry, and it is for the
development of a prototype sensor system that will be installed on an air-
craft. Figure 1.1 shows the results of several versions of this plan. The dark
gray bars are from Microsoft Project versions, and the light gray bars are
from pmBLOX versions. The bars will be described starting with the top
dark gray bar and moving downward.

The top dark gray bar is the baseline plan in Microsoft Project. It indi-
cates that the project will run 39 months at a total cost of $13.1 million.
This version of the project plan is unleveled (i.e., the resources are not lev-
eled to limit them to work a typical 8-h workday). Thus, we know that it
is an optimistic estimate because many of the resources are overallocated
(i.e., scheduled to work more than 8 h/day).

To remove resource overallocations, the project plan was level loaded in
Microsoft Project on a week-to-week basis (shown by the second dark gray
bar in Figure 1.1). After resource leveling week to week, Microsoft Project
showed a duration of 599 months. Clearly, this is not realistic at all. That
is approximately 50 years, which is much too pessimistic. However, that is
the result that was provided by Microsoft Project. Also, note that the total
cost of the project remained at $13.1 million.

ﬁ?el\):l)izct: 39 mo, $13.1M W LYRN iR

Too pessimistic
MS project:
gy ¥eeoosnn
MS project: )
leveled (monthly) WENORIREIN  Too unpredictable

mBLOX:
groductivity 100% 71 mo, $13.9M | Realistic and consistent
pmBLOX:
productivity 85% 84 mo, $15.4M | More realistic
FIGURE 1.1

Example defense project for aircraft sensor system.
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When the resources are leveled on a month-to-month basis (shown by
the third dark gray bar), Microsoft Project shows that the duration changes
to 77 months (with the same $13.1-million total cost). At this point, it is
difficult to trust the results. Just because the duration of 77 months lies
in between the optimistic, unleveled version of 39 months and the pessi-
mistic, unrealistic version of 599 months, we cannot be confident that it is
correct. It appears that simply switching from weekly to monthly leveling
can create a huge variance. Consequently, these results are unpredictable.
At this point, notice the significant difference between the three versions
of the project plan in Microsoft Project. Depending on how the user sets
up the plan, there can be very major differences. This situation represents
a high risk because a good estimate is fairly arbitrary. Each of these three
project plans has been calculated by Microsoft Project, so every one of
them should be considered good. Yet, the plans are dramatically differ-
ent. It is impossible to know which project plan represents a realistic and
achievable estimate.

Figure 1.2 presents the project information for the five different plans in
Figure 1.1 in a different form. Time is on the horizontal axis, and cost is on
the vertical axis. For the Microsoft Project version of the plan that uses the
week-to-week leveling of resource, notice the long, flat line that indicates
that no work is being done from 2001 to 2047. No matter what changes
we made to this version of the plan, we could not get Microsoft Project to
show a week-to-week leveling version without this 46-year delay. It would
be easy to assume this delay away in discussions about the project, but it is
in the Microsoft Project file, so any information pulled from the electronic
version of the plan would show this unrealistic delay.

Using the resource leveling function in Microsoft Project resolves the
resource overallocations automatically, but the method is inconsistent at
best, as shown in Figures 1.1 and 1.2. The same three plans were imported
from Microsoft Project into pmBLOX with the assumption of 100% pro-
ductivity for all resources. The results of all three plan simulations were
identical: total duration of 71 months with a total cost of $13.9 million
(the first light gray bar on the graph in Figure 1.1, which is the fourth bar
on the graph). This appears to be a more consistent estimate. Standard
project management tools, or at least Microsoft Project, tend to be either
overly optimistic (when resources are not level loaded) or overly pessimis-
tic (when resources are level loaded).

With pmBLOX, users also have the choice of changing the produc-
tivity of assigned resources. An additional simulation was run using a
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$16M
$14M
$12M
$10M

$8M

$6M — MS project—leveled by week
—— MS project—leveled by month
MS project—baseline
$4M == pmMBLOX—100% productivity
pmBLOX—85% productivity
$2M { ]
38-year gap
2000 2001 2002 2003 2004 2005 2006 2007 2008 2046 2047 2048 2049
FIGURE 1.2

Another view of project information for the example project.

resource productivity level of 85%, which means that roughly 7 h of proj-
ect work get done for every 8 h that a resource is paid. This is a com-
monly assumed productivity level for labor resources because it accounts
for bathroom breaks, hallway conversations, and other nonproductive
time that the employee is consuming on the clock. The simulation results
from pmBLOX for this scenario are a duration of 84 months and a total
cost of $15.4 million. When compared to the original plan in Microsoft
Project (the first dark gray bar in Figure 1.1), these final results show a time
difference of 45 months (115% schedule overrun) and a cost difference of
$2.3 million (18% cost overrun). These are significant differences that are
difficult to quantify and defend with standard project planning tools like
Microsoft Project. The ability to bring productivity into the estimating
process makes initial project budgets and timelines more realistic than
those that are developed in traditional tools.

This brief example demonstrates that even the most experienced project
manager can create a very poor baseline plan using standard CPM-based
(duration-based) project planning tools because some of the underlying
automatic calculations in these tools are inconsistent and, perhaps, even
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unrealistic. It also demonstrates that resource-based simulation can add a
level of granularity that has never been achievable prior to the DPM.

BASIC ISSUES WITH MICROSOFT PROJECT
ALGORITHMS (AND THE CPM)

The authors did not enter into this research project with the objective of
criticizing Microsoft Project. Both authors have used the tool in previ-
ous jobs. But, since Microsoft Project was chosen as the tool for compari-
son based on its ubiquity in the business world, that is what seemed to be
happening as the research effort progressed. This section highlights two
very fundamental and very misleading calculations that were provided by
Microsoft Project. Of course, other project planning tools that incorporate
the CPM have these exact same issues. However, as stated before, since
Microsoft Project was chosen as the tool for comparison, these calcula-
tions will be discussed within the framework of Microsoft Project.

Note: This book does not intend to teach the readers how to use Microsoft
Project, so the following sections assume a basic understanding of the
functionality of Microsoft Project.

Issue 1: Changing the Number of Resources
with No Impact on Productivity

The first issue is a very obvious one. Microsoft Project makes a simplis-
tic calculation for the duration of a task when the number of resources
change. In this case, we will look at an example in which a single resource
is used for a single task that is estimated to take 10 days (i.e., the dura-
tion of the task is 10 days). This is shown in Figures 1.3 and 1.4, which are
screen shots from a basic plan that has three tasks. Figure 1.3 shows the
task information in a table form, and Figure 1.4 shows the resulting Gantt
chart for the project. All three tasks have the same duration (i.e., 10 days)
and use the same resource (i.e., engineer). This is a very common way to
set up a task in Microsoft Project, and these charts appear to be correct.
Each task is set up as effort driven, which means that it treats the task work
as a bucket of work o do that will get completed as the resource hours are
applied. We applaud this approach because it is resource-based.
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0 r‘ «L, v Task Name v Duration « Start ~ | Finish v | Predecessor v  Resource Names [
1 - Task 1 10 days Thu 6/11/15 Wed 6/24/15 Engineer
2 - Task 2 10 days Thu 6/25/15 Wed 7/8/15 1 Engineer
3 - Task 3 10 days Thu7/9/15 Wed 7/22/15 2 Engineer
[ [ ] _ |
FIGURE 1.3

Simple three-task project in Microsoft Project (table view).

L5 Jun7,'15 Jun14,'15  Jun 21,15 Jun28,'15  Jul5, 15 Jull2, 15 Jul19, '15 Jul 26, 15 Aug
S/ T T SMW F|S T T S MW F|S T T SIMW F|[S T, T S MW F|S
fngineer
‘fngineer
Engineer
FIGURE 1.4

Simple three-task project in Microsoft Project (Gantt chart view).

Now, consider doubling the resources that are assigned to the first task.
Figure 1.5 shows the input for changing the number of resources that are
assigned to Task 1 from a single resource (person) to two resources (two
people), represented by changing the units to 200%. Figures 1.6 and 1.7
show that the original duration of 10 days is cut in half to 5 days. The
math behind this is quite simple. As in Figure 1.3, if it takes one resource
10 days to do work, and that resource is working 8 h each day (100%),
then the task represents 80 h of work (i.e., 10 days x 8 h/day = 80 h). Note:
Although the user did not enter a task backlog of 80 h, based on the other
inputs, Microsoft Project back-calculates this 80-h backlog. When a sec-
ond resource is added, as in Figure 1.6, now, 16 h/day are being applied to
the task (i.e., 2 resources x 8 h/day per resource = 16 h/day). If we take the
bucket of work to do of 80 h and divide it by 16 h/day, we get a new dura-
tion of 5 days.

Task Information &'—J
e —
General | Predecessors Resources Advanced| Notes I Custom Fields
Name: | Task1 Duration: | 10 days |~ [_| Estimated
Resources:
Resource Name Assignment Owner | Units Cost =
Engineer 200% +1150.00
FIGURE 1.5

Doubling resources in Microsoft Project (inputs).
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0 \1 “, v Task Name ~ Duration « Start ~ | Finish v | Predecessor v  Resource Names « i
2§ = " Task1 5 days Thu 6/11/15 Wed 6/17/15 Engineer[200%]
2 By = Task 2 10 days Thu 6/18/15 Wed 7/1/15 1 Engineer
ERN - Task 3 10 days Thu7/2/15 Wed 7/15/15 2 Engineer
| I

FIGURE 1.6
Doubling resources in Microsoft Project (table view).

Jun7,'15 Juni14,'15  Jun21,'15 | Jun28,'15  Jul5, ‘15 Jul12,'15  Jul19,'15  Jul 26,15
S T T S MW F S T T SMWF|S T T SMWFSTT
fngineer[ZOO%]
fngineer
Engineer

FIGURE 1.7
Doubling resources in Microsoft Project (Gantt chart view).

In this case, there is nothing wrong with the math. If we take those
numbers and manipulate them the way we did, we get a new duration
of five days for Task 1. The flaw in this approach is that the underlying
assumption by Microsoft Project is that the resources do not suffer a loss
in productivity, effectiveness, or efficiency when additional resources are
added to the task. Essentially, each hour of work is treated as independent
so that the total of the 80 h for Task 1 can be worked in any way.

In The Mythical Man-Month: Essays on Software Engineering (Addison-
Wesley Publishing Company, 1975, ISBN 0-201-00650-2), Frederick P.
Brooks, Jr. argues that throwing people at a late software development
project only makes the project later, as current workers slow down on their
work pace to help bring new workers up to speed, and new workers make
mistakes (e.g., software bugs) that need to be corrected. While this may
not always be the case, the need for coordination and reconciliation tend
to increase as more people are involved in the same work task. That is the
nature of most work that is done in organizations today. At present, hours
of work cannot always be separated in typical projects.

Suppose that we give the benefit of the doubt to this doubling of resources.
In other words, we accept the assumption that there is no change in the
productivity, effectiveness, or efficiency of the two resources working
on Task 1. Now, suppose that we push this to an extreme to make our
point. Figures 1.8 through 1.10 show the results of allocating 10 engineers
to Task 1 (i.e., 1000%). Unbelievably, Task 1 can now be accomplished in
a single day. Suppose that we needed Task 1 in only 1 h. According to
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Task Information - — l—é&-]
General| Predecessors Resources | Advanced] Notes ] Custom Fieldsl
Name: | Task1l Duration: | 5 days ‘ Estimated
Resources:
Resource Name Assignment Owner | Units Cost -
Engineer 1,000% +1150.00
FIGURE 1.8

Decoupling resources in Microsoft Project (inputs).

2 L3
O ode v Task Name ~ Duration ~ Start ~ | Finish ssor v Resource Names «

1 ¢ = " Task1 1day Thu 6/11/15 Thu 6/11/15 Engineer([1,000%)

2 @._'l - Task 2 10 days Fri6/12/15 Thu 6/25/15 1 Engineer

3 % - Task 3 10 days Fri 6/26/15 Thu 7/9/15 2 Engineer
FIGURE 1.9
Decoupling resources in Microsoft Project (table view).

I5 Jun7, 15 jun14,'15  Jun21,°'15  Jun28,'15  Jul5, ‘15 jul12,'15  Jul19,'15 ' Jul 26, 15
WIF/S T T S MW F|[S T T S MWF|/S T T SMWTF STTSMWF
I —fngineer[l,DOO%]

fngineer
L Engineer
FIGURE 1.10

Decoupling resources in Microsoft Project (Gantt chart view).

Microsoft Project, if we assign 80 engineers to Task 1, it will be done in a
single hour. Can you imagine 80 people working on the same task? This
assumption of no loss in productivity, effectiveness, or efficiency eventu-
ally becomes farcical—perhaps not with two resources and perhaps not
with three resources. But, eventually, the coordination and reconciliation
factors will have a major impact. In today’s business world, however, tasks
are so interdependent that even adding just one additional resource to a
task can cause a significant disruption.

In summary, with this first issue, the calculations and results shown
in Microsoft Project are correct in the sense that the math is correct,
but they are poor representations of reality because they assume no pro-
ductivity impacts. Thus, this issue is dangerous from the standpoint of
oversimplification and can easily lead to poor estimates for the cost and
schedule of a project, even with the best intentions of the project manager.
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Microsoft Project has no way to easily incorporate productivity differ-
ences or impacts, so this factor is simply disregarded. The users can work
around this issue by playing with the units percentage to capture produc-
tivity impacts on work completion, but this will have cascading impacts
on other elements of the project, such as the cost of the project and any
earned value calculations. For example, instead of using 200% to repre-
sent doubling the resources on Task 1, a value like 150% could be used to
indicate that two resources working together are only 75% as productive
as they are when they are working alone (e.g., 2 people x 75% productiv-
ity = 150% units). This would provide the correct work completion rate,
but the 150% in Microsoft Project means that 1.5 people are used (not the
2 people who we know are actually working). Since that number repre-
sents 1.5 people to Microsoft Project (instead of 2), the calculated cost of
the task will be lower than the real cost (e.g., 1.5% versus 2x), which will
impact other key metrics like earned value metrics.

Issue 2: Changing Daily Work Time for Resources
with No Impact on Productivity

The second issue is not so obvious, which makes it more dangerous with
regard to its impact on the cost and schedule estimates for projects. Let us
consider the same three-task example that is shown in Figure 1.3. Notice
that Task 1 runs from June 11 to 24, Task 2 runs from June 25 to July 8,
and Task 3 runs from July 9 to 22. This represents a duration of 30 work-
ing days. We will now try to shorten the duration by making the resources
work more hours in a day (i.e., apply overtime). By default, the Standard
calendar in Microsoft Project uses a typical 8-h workday. In Figure 1.11,
the hours per day have been increased to 16. In the background calcula-
tions, increasing a single resource to 16 h/day of work (1 person x 16 h/
day = 16 h/day) is equivalent to doubling the resources working 8 h/
day (2 people x 8 h/day = 16 h/day), as was shown with the first issue
in the “Issue 1: Changing the Number of Resources with No Impact on
Productivity” section in this chapter. Thus, we know that the new dura-
tion for the tasks should be 5 days (80 h of work/16 h/day = 5 days). This is
shown in Figure 1.12 in the column called “Duration.”

Similar to the first issue of no productivity impacts due to changing the
number of resources assigned to a task, there is also a lack of productiv-
ity impact in this situation. According to Microsoft Project (and all the
other tools that use the CPM), a person can work any amount during a
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Project Options ii‘i—]

ez -
|| Change options related to scheduling, calendars, and calculations.

General

Displa

Schedule Cale:

ar options for this project: {15 3 task project eample.mpp[ |
Proofing Week starts on: Sunday ||
Fiscal year starts in: | January H

Language Use starting year for FY numberin

Default start time: | 6:00 AM F] These times are assigned to tasks when you enter a start or finish
£ = date without specifying a time. If you change this setting,
Default end time: | 11:00 PM E consider matching the project calendar using the Change

Z Working Time command on the Project tab in the ribbon,
Hours per day: 16 -

Hours per week: 40

Days per month: |20

FIGURE 1.11
Changing workday hours to 16 h/day in Microsoft Project (inputs).

O ME;\E v Task Name v Duration « Start + | Finish v o
1y = Task 1 5 days Thu 6/11/15 Wed 6/24/15 Engineer
2y = Task 2 5 days Thu 6/25/15 Wed 7/8/15 1 Engineer
By = Task 3 5 days Thu7/9/15 Wed7/22/15 2 Engineer
FIGURE 1.12

Changing workday hours to 16 h/day in Microsoft Project (table view).

day (and for many days in a row) with no impact on his or her productiv-
ity, effectiveness, or efficiency. We can push this to the extreme and have
the resources work 24 h/day (i.e., nonstop), as shown in Figure 1.13. And,
as expected by the math, the durations for the tasks shorten to 3.33 days
each (Figure 1.14).

Like the first issue, the math is correct: 80 h of work/24 h/day = 3.33
days. And, like the first issue, the lack of productivity impacts poses a
major problem. It is totally unrealistic and can cause misleading estimates
for project cost and schedule. Resources are treated as machines that can
work nonstop with no fatigue or burnout. Yet, we all have probably expe-
rienced fatigue, burnout, and loss of productivity at some point in our
working lives when we have been pushed beyond the normal 8-h workday
for extended periods of time.

This issue is bad enough with the unrealistic assumption of no loss in
productivity. However, notice that the start and finish dates in Figures 1.12
and 1.14 have not changed from Figure 1.3. They are exactly the same
dates. This is extremely problematic. The duration for each task is stated
as 5 days in Figure 1.12 and 3.33 days in Figure 1.14, but the calendar of
the project still shows that each task is 10 days in duration. These are
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Project Options [

General

=
|=| Change options related to scheduling, calendars, and calculations.

Displa

Schedule Calendar options for this project: |33 3 task project example.mppB
Procfing Week starts on: Sundyy  [+]
Fiscal year starts in: |January [+
se starting year for FY numbering
Default start time: | 6:00 AM H These times are assigned to tasks when you enter a start or finish
date without specifying a time. If you change this setting, =

Default gnd time: | 11:00 PM m consider matching the project calendar using the Change
— Working Time command on the Project tab in the ribbon.
Hours per day: 24 S

Hours perweek: 40

Days per month: |20

FIGURE 1.13
Changing workday hours to 24 h/day in Microsoft Project (inputs).

Task Lg
0 Mode v Task Name v Duration « Start ~ | Finish v | Predecessor v Resource Names
- Task 1 3.33 days Thu 6/11/15 Wed 6/24/15 Engineer
2 - Task 2 3.33days  Thu6/25/15 Wed 7/8/15 1 Engineer
3 - Task 3 3.33days Thu7/9/15 Wed7/22/15 2 Engineer
[ L&

FIGURE 1.14
Changing workday hours to 16 h/day in Microsoft Project (table view).

conflicting data points. Which duration is the real duration, and which
duration is Microsoft Project using for other internal calculations that are
unseen by the user? Imagine a much larger project in which the calendar
for a specific resource has been changed to allocate that resource for more
hours during a day, perhaps to act as overtime work to try to get a late
project back on track. The results provided by Microsoft Project will be
completely unpredictable and unreliable.

Issue 3: Ease of Use versus Practicality

This issue is not a calculation-related issue like the two issues that were
presented in “Issue 1: Changing the Number of Resources with No Impact
on Productivity” and “Issue 2: Changing Daily Work Time for Resources
with No Impact on Productivity” subsections in this chapter. But, it will
be highlighted because it is an issue that causes problems with cost and
schedule estimates. In Chapter 4, the details of the CPM will be discussed.
For now, what the reader needs to know is that the major input for CPM-
based tools like Microsoft Project is task duration. The example in the
“Issue 2: Changing Daily Work Time for Resources with No Impact on
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Productivity” subsection in this chapter used a generic task that had a
10-day duration. From that duration, if a resource was assigned, Microsoft
Project back-calculated the total work hours for the project so that this
number could be used to calculate other changes in the duration based on
changes in resource-related data (e.g., hours per day, number of resources).

The key point here is that the major input is the task duration. This
means that a task can be solely represented by a duration, with no con-
cern for the resources necessary for that task, even though resources
are the real-world components that get the work done. Thus, Microsoft
Project (and CPM-based tools) often disconnects the resources from the
duration in an attempt to make the tool user-friendly and easy to learn.
Now, users who are new to project management can quickly and easily put
together a project plan. However, when durations are disconnected from
the underlying resources, a huge risk is introduced into the project: there
is no assurance that these durations are correct. There is no way to validate
these duration assumptions. And, as things change along the way, it is
impossible to know the impacts because each task is essentially just a bar
that was drawn on a chart with no other related information. Microsoft
Project even makes this explicit, as seen in Figure 1.15. Notice in the center
of the screen shot that there is a checkbox option for “Scheduling ignores
resource calendar.”

= ~— Rl
Task Information [ ]

General | Predecessors | Resources Advanced | Notes | Custom Fields |

Name: |Task1l Duration: | 5 days A Estimated

Constrain task

Deadline: MNA -
Constraint type: As Soon As Possible ¥ Constraint date: NA -
Task type: Fixed Units « |V|Effort driven

Calendar: Si : - Scheduling ignores resource calendars

WBS code: |

Earned value method: % Complete -

Mark task as milestone

[ Help [ oK | ‘ Cancel

S 4

FIGURE 1.15
Example of how Microsoft Project disconnects durations from resources.
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DIRECT COMPARISONS BETWEEN
MICROSOFT PROJECT AND pmBLOX

As stated in the “Background of Research” section in this chapter, a major
goal of the SBIR research project was to compare and contrast approaches
that are offered by traditional duration-based project planning tools, rep-
resented by Microsoft Project, and a resource-based simulation approach
to project planning, represented by pmBLOX. To do this, the authors com-
pared common issues that are faced by project managers to see whether
pmBLOX offered an advantage over current practices. The following sec-
tions describe two specific test cases that highlight some of these differ-
ences. The errors from these differences get amplified in larger projects
because the errors can happen on each task. These are some of the reasons
for the misleading estimates that are provided by a tool like Microsoft
Project.

Test Case 1: Resource Availability
Microsoft Project

The first test case simply looks at how easy it is to account for a resource’s
restricted availability over the duration of a task. In Microsoft Project, a
single task is set up to take 5 days, and is set up as a fixed-unit, effort-
driven task (Figure 1.16).

A single resource (John Smith) is assigned to this task with the units
available set to 100% (Figure 1.17). This results in the planned task
being completed in 5 days, with John Smith working 40 h to complete
the task.

What happens if, midway through the task, we find that John Smith
can only devote half a day to the task? He is still working a full day, but
suppose that other commitments limit the time that he can spend on this
particular task. To model this in Microsoft Project, we adjust the resource
availability to reflect this case, as shown in Figure 1.18.

This resource availability is not quite accurate because it reflects John
Smith’s total availability across all tasks. In other words, it is not possible
to specify that for several days, John Smith will only work part time on
this particular task. For this single task example, however, this availability
does reflect his time that was devoted to the single task. Figure 1.19 shows
how Microsoft Project represents this change in availability.
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Task Information

General Predacessors Resources Advanced Notes I Custom Fields I

Assignment Owner | Units Cost

FIGURE 1.17
Assigning resources in Microsoft Project.

By default, all Microsoft Project can offer is a way to show that John
Smith is overallocated because the resource was initially set up to work
100% of his time on the task. Resource leveling is one way to modify the
schedule so that it reflects the reality of the resource constraints. However,
when leveling is applied, the result is less than satisfactory. Instead of hav-
ing John Smith work 4 h on the 2 days that his availability is restricted,
the leveling algorithm simply ignores those days, and the total calendar
duration of the task becomes 8 days (Figure 1.20).

Resource Information

General I Costs ] Motes I Custom Figlds ]
Resource name: | John Smith | nitials: [3 |
Ernail: \ | Group: [ |
[windows Account... | | | Code: [ |
Booking type: ICummitted v‘ Tvpe: ‘Work v‘

‘ [ l [] Generic [Budget

Resource Availability

x 100% ~
— Ch Working Time ...
Available From  Available To Uniits [ =longe Workng TTe ]
A 4/15(2003 100%:
4/16/2008 4/18/2008 505,
4212008 100%] 2|
v

Details... ] [ OK l[ Cancel

FIGURE 1.18
Changing resource availability in Microsoft Project.
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Worse, if John Smith is initially available at 100%, but is only available
50% of the time 2 days into the task, Microsoft Project is unable to pro-
vide any sort of leveling estimate (Figure 1.21). This seemingly simple con-
straint is not able to be resolved within Microsoft Project. The result is that
the project manager ends up having to hack the solution to approximate
what he or she expects the plan to show.

If simple constraint issues like this result in unrealistic planning for
a single task, imagine what happens when the project manager is faced
with tens or hundreds of tasks. This simple problem quickly compounds
throughout the full project, which causes the project plan to become less
and less realistic.

pmBLOX

Because pmBLOX uses a dynamic simulation to analyze each task
(described in Chapters 5 through 7), it has the capability to address real-
world constraints, like varying levels of availability on each task. pmBLOX
uses these conditions during the course of the simulation. Figure 1.22
shows an example of how the same task shown in Figure 1.16 can be
entered into pmBLOX. This figure shows the task along with a mechanism
for setting the varying level of availability of the resource that is assigned
to the task.

When this task is simulated, we see that the simulation is able to allocate
the resource to the task for the 50% of time they have available (Figure 1.23).
Notice how the light gray line on the graph dips from 100 to 50 on day 2
and day 3. This is in marked contrast to Microsoft Project’s insistence that
the resource could only be assigned on days when the resource has 100%
availability. The task takes 8 days to complete (i.e., the task finishes on day
8 of the simulation). This is indicated by the black line on the graph that
slowly rises from 0 to 40 h of work that is accomplished. The task simula-
tion reduces the total amount of work that is completed, but progress is
still made on the task, and it finishes two days earlier than what Microsoft
Project estimated using resource leveling.

Test Case 2: Resource Switch with Productivity Loss

The second test case looks at how the two project tools handle a very typi-
cal problem. A resource assigned to a task is no longer available (e.g., he
or she quits, becomes ill). A new resource is asked to take over the task.
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Availability and work complete
[—1
A. Project model 1\standard task\availability

'
B. Project model 1\standard task\work hours completed
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FIGURE 1.23

Simulating the work progress.

However, this new resource is significantly less knowledgeable and, there-
fore, will require time to ramp up on the task.

Microsoft Project

In Microsoft Project, it is very difficult to set up a task where two different
resources will work on the same task, but one will be assigned only after
the first resource has left. You could add two resources, for example, senior
analyst and junior analyst, and define their availability based on the dates
that the senior analyst is expected to leave. However, because availability
is globally specified for the resource, it does not necessarily reflect that the
junior analyst is available 100% of his or her time—just not on this task
(Figure 1.24).

If the junior analyst is assigned to any other tasks prior to April 19, he or
she will not be assigned because the availability is set to 0%. Clearly, this
approach will not work. A second alternative is to manually go into the
task and specify the hours that were worked by each of the resources, as
shown in Figure 1.25. This results in a 10-day duration for the task.

This looks reasonable on the surface, but it is still fraught with error.
For instance, the hours worked do not reflect that there is learning that is
required by the junior analyst. With Microsoft Project, a project planner
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could guess at how many additional hours are needed for the task and
add that in. Or, the project planner can specify that the junior analyst is
working 100% of his or her time on the task and then reduce the number
of hours that the junior analyst works. The problem with this approach
is that, if the task shifts, the work hours no longer reflect the productiv-
ity loss because they were entered for a specific date. The results are even
more erroneous if the resource is not fully allocated to this one task but
instead is split among several tasks. Those other tasks are also penalized
from a productivity perspective. Lastly, to ensure that the costs reflect this
productivity loss, the user is required to increase the hourly rate for the
lower productivity days.

In summary, using Microsoft Project to assess even a simple resource
shift on a project is an exercise in gaming the system. The project man-
ager spends more time tweaking parameter values to get an approximate
picture of the situation, and the reality of the event is quickly lost. Try
explaining all of these changes to the executive management team.

pmBLOX

The pmBLOX task model includes dynamic productivity multipliers that
are available for each task. Figure 1.26 shows how easy it is to model a rather
complex situation for a task in which the resource ownership is transferred
to aless knowledgeable resource. Simply enter in the productivity loss. The

i y

o5l Edit Productivity x
Date & Productivity Add Row
11472008 o 1.00 ————
o 4162008 o aso | [ Delete Fows |
3 4472008 o 0.70
4 448/2008 o 0.80
5 4/21/2008 o 0.9
[ Ok ] [ LCancel

FIGURE 1.26
pmBLOX productivity multiplier.
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Availability and work complete
A. Project model 1\standard task\work hours completed
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FIGURE 1.27
Increased task duration as a result of a resource shift.

user can even enter in an expected ramp up in the resource’s knowledge
of the task.

This example shows a resource shift occurring on April 16. The new
resource quickly ramps up over the next four days but never quite reaches
the level of productivity of the original resource that is assigned to the
task (i.e., only 90%, not the full 100%). The results from the simulation are
shown in Figure 1.27. The task takes 16 days, as would occur in the real
world, and not the optimistic 10 days that is seen in Microsoft Project.

WHAT DOES THIS MEAN FOR PROJECT MANAGERS?

The three issues and the two test cases point out significant misleading
algorithms that are used in Microsoft Project. For project managers, this
means that these types of misleading results are compounded for larger
and more complex projects. If these types of misleading results can be
seen on a few simple tasks, imagine how many times these misleading
results occur when there are more tasks that are more complicated in their
dependencies? Going back to the earlier discussion of Table 1.1, it is now
easy to see how larger projects produce bigger errors. Simply put, there are
more opportunities for Microsoft Project (or any other CPM-based tool)
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to apply these misleading algorithms. The more opportunities there are,
the more the final results differ from realistic and accurate results.

In summary, the resulting problems are the following (each problem in
the list builds on the previous problem, culminating with the worst prob-
lem at the bottom of the list):

o Assumptions are not adequately challenged. Most people assume
that any software tool can provide the most realistic and correct cal-
culations. That is usually the sole purpose for using the software;
it provides a better answer than we humans can calculate on our
own. Thus, the output from many of these software tools is rarely
questioned and is simply accepted. For large and complex projects,
it becomes difficult to challenge the underlying assumptions that are
used to drive the project inputs. Assumptions are not captured in any
meaningful way due to the focus on duration, so it quickly becomes a
shell game of changing durations to fit what we expect to happen. For
example, it is not uncommon for a project manager to be given the
defined starting date for a project and the expected completion date
for the project, and the project manager’s job is to draw a Gantt chart
that fits within those dates, regardless of the plausibility of the plan.

 Project plans are difficult to defend. Because assumptions are not
explicitly captured, and the calculations by Microsoft Project (or any
other CPM-based tool) are often misleading, output results are diffi-
cult to defend because there is typically very little justification. Why is
this task only 10 days long? Because that is what the software tells us it
is. Can all this work be completed even with overallocated resources?
Yes, because that is what the software tells us. When a project man-
ager is asked for details on a particular task, all that can be provided
as a defense are the number of allocated resources, the expected work
level of these resources, and the duration of the task. These inputs
may be completely unrealistic, but the tools provide no mechanism
for capturing any other information about the task, so defending this
small set of inputs in any meaningful way becomes difficult.

o Cost and schedule risks increase. As stated several times in this chap-
ter, the simple methods of current tools provide misleading results.
There are two major consequences of this that increase the cost and
schedule risks for the project. First, expectations are set to unrealis-
tic levels. Can the project be done in 10 months? Sure, that is what
the tool tells us, so let us share that with everyone. Now, everyone
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in the organization expects this to happen. Furthermore, all the
resources are committed, along with shipment schedules to suppli-
ers, deliveries to customers, etc. Everything is synchronized to this
misleading schedule. When the project does not progress according
to this plan (which is very common due to the misleading output),
all these synchronized connections need to be shifted and recoordi-
nated. Second, when things change in a project, as they often do, the
tools are insufficient for replanning and rescheduling the project to
an achievable end. In essence, the issues already mentioned are com-
pounded through the replanning and rescheduling process. The new
plan and schedule are just as misleading as the original baseline plan
and schedule. It is the illusion of control.

o The probability of project success decreases. The ultimate result of these
problems is that the probability of success for the project (i.e., the
probability that the project will meet its cost and schedule estimates)
decreases significantly. The projects require superhuman effort to get
back on track to be successful because they have started in a terrible
state with regards to what is truly possible. They start from behind and
must expend enormous effort to even catch up to what the plan states
should happen. When these projects fail, and the team conducts a
post mortem to capture the lessons that are learned, these observa-
tions point to activities like better coordination, better visibility of
project progress, etc. Until the tools change to incorporate more real-
istic parameters and methods, there will always be coordination and
visibility issues. There are wonderful and capable project managers
out there, but they are at a severe disadvantage using woefully insuf-
ficient planning and management tools. The cycle continues.

In a nutshell, the project planning and management tools currently
available, like Microsoft Project, allow project managers to create com-
pletely unrealistic and unachievable plans. The tools do not offer enough
checkpoints because this information is not needed for the simplistic
models and methods that are used by the tools. In the current fast-paced,
ever-changing business world, simple methods are no longer sufficient. In
fact, they are dangerous. They create the biggest risk that any project can
experience: an unrealistic baseline plan. Right from the start, the project
manager and project team are fighting an uphill battle.

The graphic in Figure 1.28 does a good job of capturing the recent dif-
ficulties that are faced by current project managers. Metaphorically, we
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Need a tool that
Provides a much better Unrealistic
starting point ) starting point
‘ [ Unexpected
material delays
And provides _

guidance on how
to recover from
the unexpected

Unexpected
= labor changes,
etc.

FIGURE 1.28
Just the tip of the iceberg.

have just discussed the text on the left side of the tip of the iceberg, which
indicates that the current project managers need a tool that provides a
much better starting point (i.e., baseline plan). In the text on the right side
of the graphic, without a realistic starting point (i.e., starting with an unre-
alistic baseline plan), the project manager and project team have difficulty
getting back on track when unexpected material delays, labor changes,
etc., occur during the course of the project because the current project
planning and management tools, like Microsoft Project, do a very poor
job of accommodating these types of real-world issues into their simple
models and methods. Following the text on the left side of the graphic, a
tool like pmBLOX using the DPM not only provides a better starting point
with a more realistic baseline plan but also enables project managers and
project teams to better understand what options are available to them for
recovering from unexpected delays. More of the details of the DPM will be
discussed in later chapters and will shed light on how this is accomplished.
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Why “Dynamic Progress Method?”

INTRODUCTION

Along the way through this Defense Advanced Research Project Agency
(DARPA) research, the authors have been asked several times about the
name Dynamic Progress Method (DPM) and its official definition. The
motivation for the name comes from the definitions of the first two words,
according to Merriam-Webster (http://www.merriam-webster.com):

« Dynamic—always active or changing
 Progress—movement forward or toward a place

These two words capture the essence of the project planning and man-
agement problem. As the project manager and project team try to move
the project forward toward its goal(s), things are always changing along
the way. Nothing is static, and nothing is straightforward and simple.
Corrections are constantly needed to keep the project heading in the
right direction. If the basic information used to ascertain the status of the
project is flawed, it becomes extremely difficult to know which correc-
tions to make (and when to make them) to get the project back on course
(i.e., back on schedule or back on budget). Suppose that an airplane had a
navigation system with poor accuracy that was 1 mi. off of the true posi-
tion of the airplane (randomly in any direction). Imagine trying to guide
this airplane to its destination, and, more importantly, visualize attempt-
ing to land it. Or, if flying is not a good analogy for the readers, imagine
driving a car that had a speedometer with poor accuracy that was 10 or 20
mi./h off of the true speed of the car (randomly above or below). It would
be very difficult to drive the correct speed on the highway. In essence, if
the baseline plan is incorrect or flawed, it is difficult to manage accord-
ing to this baseline or any revision of this baseline. The biggest risk for

35
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any project is to start with a poor baseline estimate. The project manager
and project team are doomed from the beginning and are always playing
catch-up.

The basis of the DPM is the consideration of a system and, specifi-
cally, treating a project as a business system. The following sections walk
through the thought process that brought the authors to the research
hypothesis that the planning tools used by project managers are too sim-
plistic to provide reasonable estimates for cost and schedule, which leads
to many project difficulties.

I
UNDERSTANDING SYSTEMS AND SYSTEM COMPLEXITY

There are several definitions for a system, but the most generic and practi-
cal is that a system is a group of parts or components that work together
to achieve a common goal or objective. For example, every person has
many body parts that combine to form the human body and its systems,
which have goals such as growth and survival. In a business organization,
employees and groups work together to achieve the organization’s goals, such
as higher market share and technological leadership.

We can define a system’s main elements as the parts (or entities, compo-
nents, etc.) that perform the work and the relations (or interconnections,
interactions, etc.) that define how the parts combine together and how the
work of the system will be accomplished. Obviously, both parts and rela-
tions are important for a system to perform adequately. For instance, look-
ing at the human body again as an example, each part of the body must
know how to connect and coordinate with the other parts. The brain has
to signal the mouth to chew food, which gets swallowed and digested to
provide energy for the body to move and conduct activities. Some of these
relations are voluntary and actively controlled by us (e.g., picking up food,
chewing, swallowing), and some of these are involuntary (e.g., heartbeat,
digestion, release of enzymes). The same concept can be applied to busi-
ness systems in organizations. A business system, or process, must have
skilled employees working together in an effective manner. The employ-
ees, information technology systems, facilities, etc., represent the parts
of the business system, and the procedures, processes, coordination, and
communication among them represent the relations.
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If the quantity of parts in a system is graphed against the quantity of
relations, as in Figure 2.1, we can begin to define the complexity of the
system. Systems that have few parts and few relations among those parts
can be considered simple systems or systems with low complexity. On the
other end of the spectrum, systems with many parts and many relations
among those parts can be considered complex systems or systems with
high complexity.

Consider a sports analogy. A golf team can be considered a simple sys-
tem. The authors are not saying that golf is simple. It requires great skills,
but from a system perspective, a team of golfers can be considered a simple
system. With a golf team, the score of the team is the sum of the scores
of the individual players. However, the individual players cannot directly
affect the performance of other individuals on the team. Other than some
motivational pep talks and encouragement, any one player does not have
a direct impact on any other player’s performance. If treated like a system,
the team has few parts (i.e., only four individual players), and there are
very few relations among those parts, which makes it a simple system.

On the other hand, consider a soccer or football team. There are many
more players (up to 11) that act as the parts of the system. The relations are
the way the players work together (i.e., their teamwork). Both the players
and teamwork are important to the team’s success. If each of the play-
ers does not understand the fundamentals of the game, such as dribbling
and passing the ball for soccer and blocking and tackling for football, the
team will not do well, regardless of how well the players work together.

) Med High
=
&
g
3
i)
e~
E Low Med
25
Few Many
Parts

FIGURE 2.1
System complexity grid.
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Moreover, the team will still be unsuccessful if all the players have excel-
lent individual skills yet refuse to pass the ball (in soccer) or coordinate
with other players (running plays in football). Just as with golf, the score
of the team is the sum of the scores of the individual players on the team.
However, in this regard, it is possible for one player to directly impact
another player’s performance. If one player never passes the soccer ball to
a teammate, that teammate cannot score regardless of how good he or she
is. In football, if the quarterback never hands off the ball to the running
back, that running back cannot score a touchdown regardless of how good
he or she is. As a result, it is very possible for a team of mediocre players to
defeat a team of superstars because the former have better teamwork. This
phenomenon has been seen often in the sports world when an underdog
team with less skillful players defeats a team of very skillful players. If
treated like a system, the soccer or football team has many parts (i.e., 11
individual players), and there are many relations among those parts (i.e.,
coordinating on plays), which makes it a complex system (Figure 2.2).

When a business process is not achieving the desired results, the tradi-
tional response is to encourage employees to work harder and better. Or,
continuing with the sports analogy, the typical response is to encourage
the players to try harder and put more effort into the game. This represents
a focus on the system’s parts. The belief is that if each individual part per-
forms better, the entire system will perform better.

In the business world, slogans and posters such as “Do your best!” and
“We’re counting on you to make a difference!” point to the individual
employees as the reason why a process is performing poorly or yielding
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FIGURE 2.2
Sports as examples of simple and complex systems.
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poor results (Pryor et al. 1998, 2007). As many readers can testify, this is
a very frustrating situation to be caught in. Usually, the process is bro-
ken because of the ineffective manner in which the employees are forced
to coordinate. Most employees are very limited in their power to make
changes to a process or organization.

A better and more effective response to inefficient processes is to focus
on the system’s relations. Alter the workflow, eliminate activities, collo-
cate personnel, or make similar changes. The recent field of systems think-
ing emphasizes this point strongly. One of the first systems thinkers, Jay
Forrester, states in his groundbreaking 1961 book, Industrial Dynamics
(Forrester, 1961), that we can expect that the interconnections, interactions,
and relationships among the components of the system will typically be
more important than each of the components in isolation by themselves.
In The Fifth Discipline (1990), author Peter Senge builds upon this idea by
stating that the leverage for change or improvement of a system is found
in the structure, or relations, of the system. In systems thinking, relations
themselves tend to take on their own identity. The term synergy applies
here. Synergy occurs at the level of relations in a system. The phrase “the
total is greater than the sum of the parts” points to this concept.

Looking at the system complexity grid from Figure 2.1, we can establish
a model for focusing efforts to improve a system. In a complex system, rela-
tions dominate and have a substantial effect on the system’s success. At the
opposite extreme, in a simple system, the system’s individual parts dominate
and primarily determine the system’s success. This is shown in Figure 2.3.
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FIGURE 2.3
Parts dominate performance in simple systems, and relations dominate performance in
complex systems.
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To improve a football or soccer team or any other type of complex sys-
tem in which the relations dominate, the focus must be primarily on the
relations since the relations primarily determine the level of performance
of the system. As stated in the preceding paragraphs in this same sec-
tion, the parts do impact system performance, and the parts of the system
(e.g., the players) need to have the necessary skill sets. But, to dramatically
improve the performance of the complex system, the relations must be
changed. Conversely, to improve a golf team or any type of simple system
in which the individual parts dominate, the focus must be primarily on
the individual parts since they tend to operate in isolation with a high
degree of independence. This is shown in Figure 2.4.

For business systems, we can extend this model to incorporate busi-
ness process reengineering and continuous process improvement. For
instance, consider the traditional engineering company that is organized
by functions. It can be considered a complex system because it has many
parts that interact with many relations to meet its objective. However, it
is often treated and managed like a simple system in which the individual
parts do not interact significantly. Generally, work flows from design to
planning to manufacturing. An individual within each functional area
does his or her portion of the work and throws the work over the wall to
the next step in the process. Now, suppose that this process is produc-
ing unsatisfactory results. If the company was simply to improve each
functional area separately, this improvement effort would represent focus-
ing on the parts of the system (as if it were a simple system). The positive
results would be minimal. In fact, in this example, the results are often
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FIGURE 2.4
Where to focus to improve the system performance.
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worse. As each functional area attempts to optimize its portion of the pro-
cess, the total process becomes suboptimized and more confusing to those
who are participating. However, as an example, if the company improved
the process by collocating personnel from each of the separate functional
areas and changing the reward program to a team-based incentive, this
improvement effort would represent a focus on the relations of the system
and would produce better results. Enhanced communication and team
appraisals would represent new relationships among team members.

In this example, as in many process improvements, the major problems
in business systems and processes are not with the individual employees.
The employees are simply acting in accordance with the system that they
are in. If they do not communicate often, it is because they are isolated
and working with different standards or not encouraged or incentivized to
communicate. In addition, the reward program may encourage individual
effort as opposed to team success. The real problem lies in the system struc-
ture of separating employees who need to share critical and timely infor-
mation. Change this structure, and the process will generate new results.

The concepts in Figures 2.3 and 2.4 are summarized in the following
bulleted lists for business systems (processes).

Focus on individual parts (i.e., employees and small work groups) of a
system or process when

« Minimal improvements are desired.

« Relations cannot be changed.

« The system is simple and does not have many relations (i.e., high
degree of independence).

Examples of how to focus on parts are the following:

+ Educate employees about the process of which they are a part.
o Train the employees in the necessary sKkills for their activities.
+ Show employees their spans of control.

« Ensure that all employees are receiving necessary resources.

Focus on the relations (i.e., procedures, coordination, and communica-
tion) of a system or process when

« Major improvements are desired.
 Improvement of individual parts has yielded minimal results.
« The system is complex and dominated by relations.
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The examples of how to focus on relations are the following:

+ Reevaluate process objectives.

« Eliminate as much handling of the product as possible.

« Eliminate buffer inventories between activities.

« Establish teams that include all necessary disciplines and cross-train
members.

« Flowchart the process with participation from all team members.

In summary, any process or system (such as a large project) is composed
of individual parts that perform the work of the system and relations that
describe how the work should be accomplished. In complex systems that
contain many parts and relations (such as large projects), the relations
typically determine the system’s performance. Therefore, understand-
ing these relations and including them in any type of project planning or
analysis effort are paramount.

CLASSES OF BUSINESS MODELS

To begin to understand how the current, duration-based critical path
method (CPM) approach is detrimental to project planning and manage-
ment, it is useful to first look at the different classes of business models.
As shown in Figure 2.5, there are three major classes of business models:
(1) ad hoc, (2) analytical, and (3) operational. These classes range in fidelity
from low to high, indicated by the arrow on the left side of the diagram.

Three main classes

of models
ng'h Operational Mode}s 'tll1e execution of processes
ﬁdehty (activity based) and activities to generate projections;
Y focus on structure
Analytical Equations (e.g., trends, cmtrele‘ltlons)
( th ti 1) are used to generate projections;
matheématica focus on data
No consistent structure, so the “quality”
ﬁﬁ:lvivty Ad hoc of the model/results varies greatly

FIGURE 2.5
Modeling business systems.
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A definition of fidelity is “the degree to which something matches or cop-
ies something else” (http://www.merriam-webster.com). Thus, for the
purposes of this discussion, fidelity refers to how realistically the class of
model captures the elements that are found in the real-world system where
this is being modeled.

Ad hoc models have no consistency or standardization. The capabilities
of these models are strongly dependent on the skills of the model devel-
oper. As such, there is a great deal of variation among ad hoc models of the
same system. Each developer may choose different elements of the system
to focus on, or the connections between two parts of the system may be
represented in very different ways among multiple developers. As a result,
ad hoc models are considered to have the lowest level of fidelity or realism.

Analytical models, also called mathematical models, are models for
which there is a solution that can be directly calculated. This means that
a user can input various parameters and calculate at the same time for all
the variables in the system for all periods of time. For example, the deter-
mination of the future value (FV) of a current or present value (PV) of
money is an analytical model

FV =PV x (1 +1i),

where i is the interest rate, and ¢ represents the time period in years.

With the FV equation, the value for time period 1 can be directly cal-
culated (by setting ¢ = 1), and the value for time period 10 can be directly
calculated (by setting ¢ = 10). For example, consider the simple example
in which the PV is $1000 and the interest rate (i) is 10%. The FV equation
becomes

FV = $1000 x (1.10)".

If we want to calculate the FV in one year, we set t = 1, and the answer
is the following:

FV = $1000 x (1.10) = $1100.

If we want to calculate the FV in 10 years, we set t = 10, and the answer
is the following:

FV = $1000 x (1.10)!° = $2593.74.
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Of course, this is a very simple analytical model. Those used in busi-
nesses, such as a sales forecasting models or an inventory-to-sales correla-
tion models, are much more complex and involve many more variables,
which is why analytical models are considered a level higher in fidelity
than ad hoc models (which may contain only a few relevant variables
based on the limited knowledge of the model developer). But, the concept
is the same. Each variable of concern can be directly calculated for all time
periods. Consequently, analytical models draw heavily from historical or
other data. Data are the foundation. Without data, the analytical models
used for business systems are severely curtailed.

Operational models capture the operations or activities that occur in a sys-
tem and attempt to mimic them in the same manner as they occur. As a result,
operational models tend to include the interconnections and relations among
the various parts of the system. Operational models are used when the system
of concern is so complex or complicated that simple direct calculations of the
FVs of variables are not possible. In this case, we simulate when we cannot cal-
culate. The operational model treats each time period separately, and the only
way for the model to know what happens in the tenth time period is to know
what happens in the first time period, then the second time period (based on
the results of the first time period), then the third time period (based on the
results of the second time period), and so on. Because of this type of approach,
operational models have the highest level of fidelity or realism.

Note: Any analytical model can be translated into an operational model,
but typically an operational model cannot be translated into an analytical
model without simplifying or removing many of the interconnections of
the various variables (which is the key purpose of the operational model).

If operational models have the highest level of fidelity, then why are
operational models not used all the time? There are several reasons why
they are not:

 Operational model development is a difficult skill set. Not all people
can build operational models, and those who do have typically taken
advanced courses and spent a great deal of time to develop and hone
the skill.

« Operational model development often takes longer than analytical or
ad hoc model development because of all the model details that must
be included. In many cases, we do not have the luxury of spending
large chunks of time to develop operational models.
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« Depending on the system or the portion of the system being modeled,
operational models may require details that are not relevant to the
problem at hand, such as a very aggregate view of a situation. In these
cases, analytical or ad hoc models may suffice.

Considering the bulleted comments above, in any modeling effort for a
business system, the class or complexity of the model (and, therefore, the level
of fidelity of the model and the time and resources it take to develop the
model) should match the complexity of the system (Figure 2.6). Larger and
more complex business systems require a more realistic (high-fidelity) mod-
eling approach to capture sufficient detail, which reduces risk. This is called
balancing risk and reality. It is not economical to use complex (i.e., high-
fidelity) modeling approaches for simple systems or processes. The risk here
is that the model development takes a nonproportional amount of time and
resources compared to the gain that will be received from the modeling effort.
A common saying for this is, “The juice is not worth the squeeze.” The cost
of the development outweighs the benefits of the development. Conversely, it
is too risky to use simple (i.e., low-fidelity) modeling approaches on complex
systems or processes because there is value in understanding the details of
the complex system. Relations and interconnections dominate the perfor-
mance of the complex system. Thus, if these relations and interconnections
are not included or simplified or assumed away, there is a high risk that the
model results will provide misleading or absolutely incorrect answers.

While the concept of balancing the modeling approach to the level of
system complexity is valid, more details of the modeling approaches need

Many

Relations
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Few Many

Parts

FIGURE 2.6
Matching model classes to system complexity.
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General description

High System dynamics Focuses on structure of system and not data;
fidelity Operational simulation incorporates feedback and relationships among variables
A (activity based) | pigcrete event Captures operations of each activity; links activities to
simulation understand overall performance; requires detailed data
Network Models tasks as network nodes; various methods for how
Analytical model work flows through nodes; critical path method; PERT
(mathematical) Parametric Makes projections by fitting curves to historical data;
model relies heavily on lots of clean data for accurate curve
Adds some structure to estimation; build-up approach;
Spreadsheet .
matches resources against tasks; most common approach
Low Ad hoc
fideli Best Projections based on analogous efforts; unstructured;
elity st guess relies on instinct or gut feeling; pencil and paper
FIGURE 2.7
Modeling technologies.

to be introduced to be able to make this happen. Figure 2.7 breaks out
the three classes of models into more specific modeling approaches that
fall within these classes. This is not a complete list. However, it contains
the major modeling approaches within each class and is sufficient for the
discussion in this book that is related to the CPM, the DPM, and treating
projects as systems. In Figure 2.7, the three classes are broken down into
six modeling technologies ranging from lowest fidelity to highest fidelity:
(1) best guess, (2) spreadsheet, (3) parametric model, (4) network model,
(5) discrete event simulation, and (6) system dynamics simulation. For
each modeling technology, a short description is provided.

Figure 2.8 points out some of the benefits and disadvantages of each
modeling technology. As George E.P. Box stated in 1987 (Box and Draper,
1987, p. 424), “...all models are wrong, but some are useful.” Essentially,
no model is perfect. Each type of modeling approach has its strengths and
weaknesses. No modeling approach is entirely appropriate for all types of
systems to be modeled. For example, one of the main benefits of the best-
guess approach (in the ad hoc class of models) is that it is quick and easy.
The readers have probably heard the phrase that something was drawn or
done on the “back of a napkin,” indicating that it was done in haste, in the
moment, and without much detail. This is the ad hoc best-guess approach.
To counter this, a disadvantage of the best-guess approach is that it is typi-
cally not correct or at least not completely correct. Simplifying assump-
tions had to be made along the way. As a result, the best-guess approach
is difficult to defend because it is often just based on someone’s gut feeling,
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Benefits Disadvantages
. System dynamics| Captures feedback loops; Aggregate approach; not
High . ) . )
. Operational simulation relates cause to effect for detailed problems
fidelity tivity based
A (activity based) Discrete event |Captures details of activities;|  Lacks feedback among
simulation relates cause to effect variables
Network Excellent for understanding | Cumbersome when used
Analytical model relations among activities for high-level problems
(mathematical) Parametric Well accepted; Data dependent; assumes
model many tools available future will be same as past
Spreadsheet Little training required; | Applies to unique prob{em;
easy to understand dependent on model builder
Low Ad hoc
fidelit Best Easiest and quickest Typically inaccurate;
¥ est guess to use often difficult to defend
FIGURE 2.8

Benefits and disadvantages of modeling technologies.

which may or may not have any true bearing on the situation. Within the
ad hoc class of models, the only real tool is the spreadsheet.

At the other end of the spectrum, consider the system dynamics method
of simulation (in the operational class of models). One of the primary
strengths of system dynamics is that it can incorporate connections
among variables, which end up driving feedback loops within the system.
A feedback loop is where an action takes place, and the information that
results from that action is used to determine if or how much of that action
should continue. A simple example is pouring a glass of water. One would
pour quickly when the glass is empty, but the rate of pouring would slow
down (feedback) as the glass fills up with water until eventually the rate
of pouring would stop when the glass is full (assuming that we are trying
not to spill the water). In this example, the feedback is provided by our
eyes as we watch the glass fill with water. An example of a feedback loop
in a company is the budgeting cycle that a company may use. Every month
or quarter (or whatever the desired period of time), the executives of a
company may get together to check the status of current spending against
the proposed annual budget. If the spending is higher than the budget,
there is an attempt to cut costs (i.e., slow down spending much like we
slowed down the rate of pouring into our glass) to bring spending back in
line with the approved budget. A weakness of system dynamics, up to this
point, is that it is typically only appropriate for aggregate models. So, the
system that is being modeled would have to be a high-level, aggregate sys-
tem and not a very detailed system. (This concept will be discussed more
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in Chapter 5 with the comparison of typical system dynamics models of
projects with the DPM.)

Figure 2.9 summarizes the concept of the table in Figure 2.8 by laying
out the two ends of the modeling technology spectrum across the system
complexity grid. Recalling Figure 2.6, which matches model complexity
and fidelity with system complexity, a spreadsheet would be most appro-
priate for simple systems (or processes or projects). A spreadsheet would
not be appropriate for modeling complex systems (or processes or proj-
ects) because it cannot capture the key relationships and feedback loops
that exist in and drive performance in the complex system. Thus, there
would not be a balance of risk and reality. Instead, we would have to accept
the risk that the low-fidelity approach of the spreadsheet would result in
oversimplification of the complex system. The model would not be very
realistic at all.

For complex systems (or processes or projects), system dynamics sim-
ulation is the most appropriate. The system dynamics simulation model
could capture all the key relationships and feedback loops that exist in
and drive performance in the complex system. Risk and reality would be
balanced. It would be worth the time and effort to develop the system
dynamics model because the benefits of simulating the detailed inner
workings of the complex system would provide information on how to
improve the performance of the system. Yet, a system dynamics model is
overkill for a simple system that has very few relations and feedback loops
among the isolated and independent parts of the system. The strength of
the system dynamics approach (feedback loops) would not be put to use.
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FIGURE 2.9
Mapping modeling technologies to system complexity.
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Thus, after expending a lot of time and energy to develop a system dynam-
ics model of a simple system, the results would not provide much perfor-
mance improvement.

SYSTEM COMPLEXITY AND PROJECT COMPLEXITY

This discussion up to this point in this chapter has covered the con-
cept of a system and how it relates to businesses. As stated earlier in the
“Introduction” section in this chapter, the basis of the DPM is that we
can treat a project within an organization as a system. Thus, we needed
to learn more about the makeup and nature of business systems, which
can range from simple to complex. More specifically, if a project can be
considered a business system, then projects can range from simple (i.e.,
few resources used with very little interaction among the resources) to
complex (i.e., many resources used with a great deal of interaction and
dependency among the resources). Keeping with the concept that risk and
reality need to be balanced, the current CPM and the new DPM can now
be charted on the system complexity grid (Figure 2.10). The CPM is suf-
ficient for simple projects, but it quickly becomes woefully insufficient for
capturing the details of large and complex projects. The DPM is appro-
priate for complex projects. Although it could be used for simple proj-
ects, it may prove to be overkill and require more time and effort than is
necessary.

Dynamic
Progress
Method
y
<
p=
172}
=
L
=
g
3 Critical
& path
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FIGURE 2.10
CPM compared to DPM with system complexity.
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Commercially available tools

. System dynamics
High 0 ti 1 simulation pmBLOX
fidelity | Operationa
y (activity based) | Discrete event . imul
simulation ProjectSimulator
Network
Primavera, ProChain, PERT Master
Analytical model
(mathematical) Parametric
model PRICE, SEER, CoCoMo
Spreadsheet Microsoft project
Low Ad hoc
fidelity Best guess
FIGURE 2.11

Project management tools using various modeling technologies.

Figure 2.11 provides the readers with a mapping of currently available
project management tools to the classes of models (and, thus, to the com-
plexity of the project). As they will see, Microsoft Project, which uses the
CPM, is essentially a massive spreadsheet database that provides a static
(nonchanging) view of a project. As such, it is appropriate for simple proj-
ects that are short in duration, do not use many resources, and do not
involve a great deal of interaction and dependencies among the resources
and project tasks. Other tools fill in the analytical class of models. At the
operational class level (with high fidelity), there are only two available
tools: (1) ProjectSimulator (discrete event simulation) and (2) pmBLOX®
(system dynamics simulation). As shown in Figure 2.7, the system dynam-
ics method has the highest level of fidelity (realism), so it becomes appro-
priate for very complex projects. However, remember from Figure 2.8 that
a weakness of the system dynamics method is that it tends to be used only
for aggregate representations. Yet, to realistically model a complex project,
the modeling approach must be able to go down to the level of granularity
of a single task and a single resource completing work for that task. With
the DPM and the resulting tool pmBLOX, this has been accomplished, so
this weakness no longer exists for project models. This will be discussed
further in Chapters 5 and 6.

When simple tools are used for complex projects, many issues are
created:

« Assumptions are not challenged, and there is no strong basis for
challenging them.
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o All resources are considered equal. However, they are not, and
simply changing the resources for a project (without changing the
dependencies among the tasks) can have detrimental impacts.

+ Resource leveling within the tool is often inconsistent, or worse, it is
sometimes not even possible, so the project manager is left to figure
it out for himself or herself.

« The project plan is static and does not account for changes that may
occur along the course of the project.

« The project plan is often difficult to defend due to the lack of straight-
forward logic.

 Cost and schedule risks increase.

o The probability of project success decreases significantly.

INTRODUCING THE DPM

The purpose of this chapter is to discuss the reasons for calling this
approach the Dynamic Progress Method. From the earlier sections, the
readers can see the line of thought and reasoning that brought the authors
to the hypothesis of their research effort for DARPA, which is essentially
that the current project planning tools are based on simplistic methods
that do not capture the realism that is necessary for complex projects.
Hence, the cost and schedule estimates provided by these simple planning
tools are misleading and at times incorrect, which contributes to the low
success rate of current projects. The proposed solution by the authors is to
create an operational simulation of the allocation of resources to accom-
plish project work, which can provide more realistic, achievable, and
defendable estimates for cost and schedule.

The official definition of the DPM is as follows:

The Dynamic Progress Method is an approach for estimating the cost
and schedule of a project by operationally simulating the allocation of
resources on each project task to accomplish a backlog of work for each
task, as well as the various management actions that might be taken to
change the allocation of resources and the productivity impacts of these
changes on the resources.

It is the operational simulation of the allocation of resources and the
accomplishment of work that sets the DPM apart from the program evalu-
ation and review technique/CPM and provides the foundation for realism,
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as highlighted in Figure 2.10. In fact, from this point, there can be four
levels of realism that are possible within the DPM, each building on the
previous level:

1. Level 1: Operational simulation of resource allocation and work
accomplishment

2. Level 2: Resource productivity

3. Level 3: Management actions

4. Level 4: Productivity impacts of management actions

All of these will be discussed in more detail in Chapters 5 and 6 with
the more specific descriptions of the underlying DPM simulation model.
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The Current Status
of Project Management

You may con a person into committing to an unreasonable deadline, but
you cannot bully them into meeting it.

Edwards, Butler, Hill, and Russell
The biggest risk for any project is an unrealistic baseline plan.

J. Chris White

INTRODUCTION

A great deal of research has been done on the current status of project
management, especially the amount of project failures and the possible
underlying reasons for why they occur. Failure is purposely italicized
because the definition of a project failure differs among many of the
reports, as well as the actual findings. The reference list at the end of this
chapter provides the readers with a starting point for research, reports,
and findings to learn more.

From all the research, the authors cannot pinpoint exactly how many
project failures there are and the exact reasons for why they occur.
However, a few broad points can definitely be made that all of the current
and past research and reports can validate.

53
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PROJECT FAILURE RATES ARE GREATER THAN ZERO

First, it is unanimously agreed that the rate of project failures is greater
than 0%. Or, to put that another way, the amount of project successes is
less than 100%. In other words, some or perhaps many projects indeed
fail. All research supports this, with the rate of failure falling somewhere
between 1% and 99%. That may sound like a silly statement, but let us just
look at two major reports to see the differences:

1. The Standish Group is well known for its CHAOS reports that have
analyzed project success and failure rates for information technology
(IT) projects. The project resolution results from the 2012 CHAOS
research indicate the following:

o About 39% of projects succeeded (i.e., delivered on time, on bud-
get, with required features and functions).

o About 43% of projects were challenged (i.e., late and/or over bud-
get and/or with less than the required features).

« About 18% of projects failed (i.e., cancelled prior to completion
or delivered and never used).

Looking at the data slightly differently, the report states that,
on average, only 69% of originally proposed features have been
provided on these projects. Cost overruns have been on the order
of 59%, on average, and schedule overruns have been on the order
of 74%, on average. Compare these numbers to the results of the
Defense Advanced Research Project Agency (DARPA) research by
the authors that were presented in Chapter 1. In the DARPA research
project, cost overruns were on the order of 26%, and schedule over-
runs were on the order of 54%.

2. The Project Management Institute (PMI) is the premier project
management organization in the world and is well respected for its
research and analysis of the project management industry. According
to the Pulse of the Profession report published by the PMI in 2015, the
percentage of projects that meet the objectives has remained steady
at 64% for several years. This means that about one-third of projects
fail to meet their intended objectives. Compare this 64% success rate
to the 39% success rate that is suggested by the 2012 CHAOS report.
They are almost the converse of each other. One report suggests that
two out of three projects are successful, and only one out of three
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projects does not succeed, whereas another report suggests that only
one out of three projects is successful, and two out of three projects
do not succeed.

Both of these reports are valid and based on solid research methods,
yet they show significantly different results. Suffice it to say that a good
amount of projects today are unsuccessful.

Why do we care that the rate of project failures is greater than 0%? It
means that the project management industry still has work to do. Can
we expect perfection all the time? No, but all research agrees and vali-
dates that changes can be incorporated that would decrease the rate of
project failures. Any project failure is a waste of time and resources, and
every organization, whether for profit or not for profit, should care that
time, money, and other resources are being wasted. If the organization
is for profit, this directly translates to bottom-line profit increases. If the
company can do the same work and accomplish the same objectives with
less time, less money, and less effort, the company directly and quickly
benefits. If the organization is not for profit, this directly translates to a
greater capacity to provide the organization’s benefit or service to a larger
group of people or a larger geographical area. It improves the stewardship
of limited and scarce resources.

LARGER PROJECTS SUFFER MORE
THAN SMALLER PROJECTS

Second, it is unanimously agreed that the rate of project failures for large
projects is greater than the rate of project failures for small projects. This
matches the results that the authors saw on the DARPA research proj-
ect that was described in Chapter 1. Furthermore, it matches the results
from the 2012 CHAOS report. Table 3.1 shows the breakout of the overall
success rate of projects into small projects (less than $1 million in labor
content) and large projects (over $10 million in labor content). Notice that
only 10% of large projects succeed, based on the CHAOS research.

One of the main reasons why project failures occur at a proportional
rate compared to the size of the project (i.e., small projects have small rates
of failure, medium projects have medium rates of failure, and large proj-
ects have large rates of failure) is simply that there are more opportunities
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TABLE 3.1
2012 CHAOS Results on Project Success Rates

Small Projects Large Projects Overall
Successful 76% 10% 39%
Challenged 20% 52% 43%
Failed 4% 38% 18%

for failure. Consider Metcalfe’s law (named after Robert Metcalfe), which
characterizes many of the network effects of communication technolo-
gies and things like the Internet and social networking. Metcalfe’s law
has often been used to express the value of a node in a network, such as
a connection in a social network. One person alone has no connections
and, therefore, no value (in this example with regards to the social net-
work). But, the value of each additional person into the social network
increases the value to all the people in the network because the total num-
ber of connections to and from any one person greatly increase. And, the
greater the number of people in the social network, the greater its value.
Mathematically, the number of unique connections in a network of nodes
(e.g., people, computers, parts in a system, tasks in a project) are governed
by the following equation:

Number of connections = N x (N — 1)/2.

Figure 3.1 shows this graphically for a set of three nodes (N = 3) and
four nodes (N = 4). The number of connections or relations with three
nodes is three, while the number of connections or relations with four
nodes is six:

Number of connections(3)=3x(3-1)/2
=6/2
N=3
Number of connections(4)=4 % (4-1)/2

=12/2
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FIGURE 3.1
Example of Metcalfe’s law.

Figure 3.2 takes the math a little bit further to show the shape of the
curve that is generated by this equation, which is exponential. That means
that the marginal value of each additional node (or part) added to the
system is greater than the marginal value of the previous node that was
added to the system. As can be seen in the table, the number of relations
for three parts is 3, and the number of relations for four parts is 6, which
is an increase of three relations; the number of relations for five parts is 10,
which is an increase of four relations; the number of relations for six parts
is 15, which is an increase of five relations; and so on. The additional rela-
tions with each part get larger and larger.

All this math basically means that there are more opportunities for mis-
takes because there are more moving parts in the system. The following
analogy is not perfectly correct, but it is good enough to represent the point
being made. If we assign a probability of failure to each relation or connec-
tion, the probability of failure for the entire system increases as the num-
ber of parts or nodes increase (because the number of relations increase).
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12 66 Number of nodes
FIGURE 3.2

Example graph for the number of relations based on the number of nodes.
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Consider a simple example. Suppose that there are four people working
on a project for one month. Assume that as long as these people are working
on the project, it will be successful according to its objectives (i.e., the proj-
ect will be completed on time, on budget, and with all the required scope).
If all of them are not available, work cannot proceed, and the project fails.
Now, suppose that each month, there is a 5% chance that any person will
get moved from the project, quit the company, suffer an injury, or in some
other way be unable to work. (Again, this is a very simplistic example to
illustrate a point and give the readers a feel for the increased chance for fail-
ure for larger projects.) In this simple example, there is a small probability
that any of the four people will be removed from the project.

In fact, in this simple example, we could mathematically represent the
probability of project failure using a binomial distribution. In a binomial
distribution, there is a sequence of trials (represented by each person for
each month), where each trial is independent, identical, and has the same
probability (in this case, 95% probability of success and 5% probability of
failure). Table 3.2 shows all the possible outcomes (using an S to indicate
a success and an F to indicate a failure). There are 16 possible outcomes.
Only one of these outcomes is complete success: outcome 1 with SSSS.

TABLE 3.2
Probability of Success for Four People Working for One Month

# of Successes  # of Failures Probability

Outcome (95%) (5%) of Outcome
1 SSSS 4 0 81.45%
2 SSSE 3 1 4.29%
3 SSFS 3 1 4.29%
4 SESS 3 1 4.29%
5 FSSS 3 1 4.29%
6 SSFF 2 2 0.23%
7 SFES 2 2 0.23%
8 FFESS 2 2 0.23%
9 FSSE 2 2 0.23%
10 SESF 2 2 0.23%
11 FSES 2 2 0.23%
12 SFFF 1 3 0.01%
13 FFSF 1 3 0.01%
14 FSFF 1 3 0.01%
15 FFFS 1 3 0.01%
16 FFFE 0 4 0.00%
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This outcome has a 81.45% chance of occurring, which means that this
simple project has an 18.55% chance of failing (using our simple definition
of a project failure).

Now, suppose that the project runs for five months. The number of
opportunities for failure rises from 4 (4 people x 1 month = 4) to 20
(4 people x 5 months = 20), and our probability of complete project suc-
cess (i.e., no failures) drops way down to 35.8%. In other words, there is
a 64.2% chance that at least one of the people will be unavailable for at
least one month, and, thus, the project will fail. These are not good odds.
As stated earlier in the example, this example is not completely correct.
Yet, it does serve well to show the power of complexity and opportunities
for failures and disconnects for larger projects (which have exponentially
more opportunities than small projects).

Why do we care that larger projects suffer failures at a higher rate than
smaller projects? It means that the complexity of larger projects introduces
elements and considerations that do not exist for smaller projects. Larger
projects become their own class of projects and can be treated separately.
Thus, all projects are not the same, and special effort and attention need to
be provided for larger projects because of the higher degree of difficulty and
complexity that is involved. We cannot apply the same thinking that makes
small projects successful to the domain of larger and more complex proj-
ects. We are doomed to failure with this type of thinking. They are different
classes of projects and should be treated as such. To that end, wherever pos-
sible, organizations should try to have smaller, more controllable projects.
Unfortunately, this is not always possible or feasible. Hence, if a large project
is required, then it needs to be planned and managed in a special way.

SOME PROJECT FAILURES ARE PREVENTABLE

Third, it is unanimously agreed that some or possibly many of the reasons
projects fail are due to systemic issues. In other words, all projects do not fail
because of unforeseen events or incidences beyond the project manager’s
control or beyond the control of the organization within which the project
is taking place. Project failures are not just bad luck. Some of them can be
prevented with better practices, better tools, better coordination, etc.

Just about every research report that provides data on project success
and failure rates also provides a list of suggestions or recommendations to
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improve the situation. As with the success and failure rates, it is difficult
to find the exact same list across multiple reports. However, there are sev-
eral common factors that have been cited, although in different reports,
they may be described or listed in a different manner. The following is an
example list that offers reasons for project failures:

o The underestimation of complexity, cost, and/or schedule

o Failure to establish appropriate control over requirements and/or scope
« Lack of communications

« Failure to engage stakeholders

o Failure to address culture change issues

o Lack of oversight/poor project management

 Poor-quality workmanship

o Lack of risk management

« Failure to understand or address system performance requirements
o Poorly planned or managed transitions

For the purposes of this book, many of the listed reasons do not directly
apply. However, several of these hit upon the same reasons why the authors
believe that the current project planning and management tools are insuf-
ficient because these tools cannot incorporate some of these dynamics
and their impacts. These reasons have been italicized in the preceding list.
More details about this will be discussed in Chapters 4 through 6.

In fact, in a companion report to the classic mistakes that he listed, Robert
Goatham (2015a,b) proposes that dysfunctional and ineffective decision
making are the foundation for many project problems. This dysfunctional
and ineffective decision making leads to drivers and contributing factors
for failures, such as trigger events and behavioral patterns. Ultimately, these
drivers and factors create symptoms of failed (or failing) projects that proj-
ect managers see and respond to (e.g., schedule slippage, budget overruns).

As discussed in Chapter 2, the DPM model within pmBLOX® is based
on system dynamics, and more details of this model will be provided in
Chapters 5 and 6. As a field, system dynamics puts forth the notion that
systems are governed by their underlying structure, and that this structure
creates the behaviors that are seen in the system, which results in individual
events (Figure 3.3). The authors subscribe to this viewpoint, which is why
system dynamics was used as the underlying simulation methodology in
pmBLOX. In Figure 3.2, the structure of the system (represented by orga-
nizational structure, IT systems, financial processes, and the like) creates



The Current Status of Project Management « 61

In any system, structure guides behavior,
and behavior determines results

Organizational structure, IT systems,
Structure business processes, financial processes, etc.
Ability to C ) th i . lati
: orporate growth, inventory oscillations,
influence BEErOY P abor force oscillation ot
results abor force oscillations, etc.
Resullic Stockout, excess inventory, layoff, etc.
FIGURE 3.3

Structure drives results.

patterns of behavior, such as inventory oscillations or labor force oscilla-
tions. The patterns of behavior then create individual events and results
(e.g., inventory stockout, employee layoft). Typically, we tend to react to the
results that we see with a short-term fix to alleviate the pain of the event.
The problem with this approach is that the underlying structure is still gen-
erating the patterns of behavior that will eventually create the same painful
results or events to which we just reacted. Thus, the true ability to change
and influence the long-term results of a system come from addressing struc-
tural issues. Change the underlying structure, and the results will change.
Figure 3.4 offers a different version of this concept. In Figure 3.3, start
with the single data point on the far right of the graphic. Note that this
is just a snapshot in time, an isolated point. It is human nature to react
quickly to this single data point. However, in this diagram, the pattern of
behavior over time is shown, which in this case is a pattern of oscillation.

Single data point

snapshot
(i.e., event)
Underlying
system
structures
Pattern of behavior: oscillation
(which provide insights into the system)
S
L
Time
FIGURE 3.4

Structures create patterns of behavior that create single data points.
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Values increase for a while and then decrease for a while and then increase
again, and so on. By stepping back like this and looking at the pattern of
data, it is easy to predict that that the highlighted data point will perhaps
change, so there may not be a need to have a quick knee-jerk reaction to the
specific data point (which is just a single snapshot in time). On the far left
is a large arrow indicating that the underlying system structure is the force
that generates this oscillatory behavior, which created the specific data
point. To significantly change the future data points, the system structure
will need to be changed to generate a new pattern of behavior over time. A
good analogy for this is a giant wave pool in a water park. At the back of
the pool (behind a large wall) is a structure that quickly pushes down and
up in the water. This kicks off a wave that travels through the wave pool. At
the beach side of the pool, someone standing in the water will have water
touching his or her knee at one point and then touching his or her ankle
at another point, and the water level oscillates up and down and each wave
passes the person standing in the pool. The level of water hitting the per-
son’s knee or ankle is the single data point or event. It rises and falls over
time due to the oscillatory pattern of behavior of the wave. The structure
at the back of the pool generates this oscillation. Stop the structure, and
the oscillation stops, which produces a new set of results and data points.

Why do we care that some project failures are systemic in nature? It
means that we have an opportunity to change the underlying structure of
a project management system to create new patterns of behavior and, ulti-
mately, new results. With the current project planning and management
tools, complex projects are treated like simple systems. As pointed out in
Chapter 2, this means that the wrong modeling technology is being used,
which creates misleading and even incorrect solutions. The evidence of this
isin the high degree of project failures that were cited in the “Larger Projects
Suffer More Than Smaller Projects” and “Project Failures Are Greater Than
Zero” sections in this chapter. To change our project results, the underlying
project model needs to change, and this is the role of the DPM.

THE NEED FOR A REVOLUTIONARY PROJECT
PLANNING AND MANAGEMENT TOOL

A 2012 survey by the PMI shows that very few companies think that their
project management tools are very effective. In fact, nearly half (49%) view
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them as only moderately effective, and about a quarter (26%) consider
them to be completely ineffective. Combined, this means that 75% (three-
quarters) of the project managements in the business world do not believe
that they are using effective tools. These project managers know that the
tools often provide unrealistic results. For example, consider the Microsoft
Project issues that were covered in Chapter 1. Many of the readers of this
book who use Microsoft Project can probably nod their heads in agree-
ment that those are real issues and that they have to work around them
all the time. Project managers, including the authors of this book, realize
that they have to game current tools to get them to produce more realistic
and defendable estimates. In other words, the current tools do not produce
results and estimates that project managers believe are reasonable, so the
project managers make various changes within the tool to force a change
in the estimates.

A more recent 2015 report by the PMI states that approximately 29%
of project failures came from inadequate cost estimates, 27% of project
failures came from inaccurate time estimates, and 23% of project failures
came from inadequate resource forecasting. All of these are preventable
with better estimates that are provided by a better and more appropriate
underlying modeling technology in project planning tools.

So, that begs the question: can project success improve if the tools being
used by project managers change? The authors believe that project success
can improve with a better modeling technology that is used as the engine
under the hood for project planning tools (i.e., moving from the CPM to
the DPM). That is the crux of the hypothesis for the DARPA research and
development effort.

A more realistic representation of the project will impact project suc-
cess in two major ways. First, the more realistic cost and schedule esti-
mates provided by a DPM-based tool will move the comparison yardstick
for a project, which may be enough to make the project successful. For
example, suppose that a current CPM-based tool like Microsoft Project
indicates that a project can be completed in 10 months for a cost of
$1 million. The success of that project will be measured against these
two metrics, regardless of how reasonable and realistic these estimates
may be. When the project comes in at 12 months and $1.3 million, it
will be considered a failure because it took longer and cost more than
the original estimates. Using a DPM-based tool like pmBLOX, a new
set of cost and schedule estimates would be provided. In this example,
suppose that those new estimates are 12 months and $1.4 million. Now,
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when the project comes in at 12 months and $1.3 million (the exact same
final results), the project will be considered a success because it met the
original estimates.

Using the example above, it is easy to see that project failures catego-
rized as schedule slippage might actually just be a case of having a poor
baseline estimate. The original schedule was unachievable, so no won-
der the schedule slipped. It had to. And, that probably could have been
predicted (and avoided). Project failures categorized as low quality might
instead be a case of trying to reduce the project scope (i.e., cut corners) to
meet artificial and unachievable schedule deadlines. Had more realistic
schedules been established in the baseline plan, it would have been able to
meet all the scope requirements. Project failures categorized as employee
turnover may be a case of employees getting burned out or fatigued from
being pushed so hard (e.g., working lots of overtime) to meet unachievable
schedules. And the list goes on. Part of the success of the new Lean- or
Agile-based approaches to managing projects is that they use work back-
logs (e.g., product backlogs, story backlogs), which are key elements in
the DPM. In some cases, the backlogs used in Agile are actual work-hour
backlogs (e.g., current sprint encompasses 120 h of work), in which case
this becomes exactly like the DPM.

One criticism of the DPM is that it provides estimates that have
higher costs and longer schedules. This is a true statement. There are
some cases in which the DPM provides a shorter or lower cost esti-
mate than the CPM. But, in most cases, the DPM estimates are higher
than the CPM estimates. The criticism is that the DPM costs more and
takes longer. This is a ridiculous assertion and makes no sense because
the DPM approach is simply providing a more accurate and achievable
set of estimates by using a more realistic simulation of the allocation
of resources and their accomplishment of work. In our attempt to get
things done faster and cheaper, we often sign up to projects with shorter
timelines and lower total costs. Just because we want it to take less time
and cost less money does not mean that it will. Readers can judge this
for themselves based on the discussion in Chapters 5 through 8 that
describe the DPM approach and the underlying simulation model in
pmBLOX.

A second way that a more realistic representation of the project will
impact project success is that a more realistic underlying modeling tech-
nology like the DPM can incorporate management decision making that
occurs along the progression of a project. What actions will the project
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manager take if the project is running late or if it is over budget? If the
resources are not as productive as originally thought, what is the impact,
and what can the project manager do to get the project back on track?
The current CPM-based tools provide not only poor estimates for cost
and schedules but also one-time static plans that do not teach or guide
the project manager on the efficacy of various management actions. For
example, if the project is running behind schedule, is it better to assign a
little bit of overtime to slowly get the project back on course, or is it better
to ramp up the overtime quickly to rapidly get the project back on course?
The current tools cannot answer this type of question, but understanding
this type of dynamics is paramount to improving one’s project manage-
ment abilities.

Thus, a better tool can educate a project manager on various project
dynamics and increase his or her capabilities. With the current tools, a
project manager cannot determine if one course of action is better than
another. The tools will let the project manager input anything that he or
she wants to, regardless of how realistic those inputs are or the negative
consequences those inputs may have when implemented in the real world.
The current tools do not provide logic checks.
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Critical Path Method and Earned
Value Management

Disclaimer: This book and this chapter are not intended to fully teach
readers how to use the critical path method (CPM). This book assumes
that the readers have some knowledge of the CPM, and (hopefully) they
have used the CPM on previous projects. Some basic CPM material is pre-
sented to give a landscape against which the DPM will be compared and
contrasted. If readers desire to understand more about the CPM, there are
many useful resources that are listed in this chapter.

INTRODUCTION

When it was introduced, the CPM was a great improvement in the field
of project planning and management. James E. Kelley, Jr. and Morgan
R. Walker officially introduced the CPM to the world in an article
titled “Critical-path planning and scheduling,” published in the March
1959 Proceedings of the Eastern Joint Computer Conference (Kelley and
Walker, 1959). This article detailed how the CPM was used by DuPont
and Remington Rand on the development project for the UNIVersal
Automatic Computer I (UNIVAC I) computer beginning in 1957. Prior to
this publication, several other types of techniques, tools, and algorithms
for project planning and project management had already been intro-
duced (e.g., Gantt chart, flow line scheduling, milestone charts), including
elements that became part of the formal CPM approach (e.g., activity on
arrow). However, the publication of this article formed the foundation of
what we now know as modern project management.

67
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I
CPM REFRESHER

As mentioned at the beginning of this chapter, this book does not intend
to provide full training for the CPM or its evolution. This section will pro-
vide enough information about the CPM as it is currently understood and
implemented (because some elements and techniques of the CPM in the
original 1959 article are no longer employed) so that the readers have a
background for comparisons to the DPM.

The main objective of the CPM, as its name implies, is to find the criti-
cal path of tasks or activities through a project, where the critical path is
defined as the pathway of interconnected tasks for which there is no (or
very little compared to other task pathways) extra time available to per-
form the tasks. Or, alternatively, the critical path is the pathway of inter-
connected tasks with the longest duration. In some cases, there may be
several critical paths through a project that have no extra time available.
In situations like this, the pathway with the longest duration is often con-
sidered the critical path. Or, some project managers even choose to have
multiple critical paths because they want to highlight all the tasks that
must be done to finish the project by its intended end date.

In any case, the main point is that the overall completion of the project
is dependent on this critical path (longest duration path). If the tasks
on the critical path are delayed, the overall project will also be delayed.
Conversely, if the duration of a project needs to be shortened, the first
place to start is by reducing the durations of the tasks on the critical
path.

To understand enough about the CPM for the readers to compare it to
the DPM, a simple example will be used. Figure 4.1 shows a basic net-
work diagram that is used as the starting point for applying the CPM.
This is sometimes referred to as the activity on node approach because the
activity (or task) is represented by a node in the diagram. The arrows are

>

O—C
O—O—O—C
FIGURE 4.1
Network diagram for simple CPM example.



Critical Path Method and Earned Value Management « 69

used to show dependencies between tasks. (By comparison, the activity
on arrow approach uses the arrows to represent the activities themselves,
with durations that are specified on the arrows and start or end events that
are specified at the nodes.)

It should be noted that in the original CPM approach proposed by Kelley
and Morgan, the assumed dependency between tasks was a finish-to-start
(FS) dependency. The predecessor task must be complete before the suc-
cessor task can start. Currently, this has changed so that there are four
major types of dependencies between a predecessor task (represented by
the first letter) and a successor task (represented by the second letter):

1. Finish-to-start (FS) (most frequently used): The predecessor task must
finish before the successor task can start.

2. Start-to-start (8S): Both the predecessor task and the successor task
must start at the same time.

3. Finish-to-finish (FF): Both the predecessor task and the successor
task must finish at the same time.

4. Start-to-finish (SF) (very rarely used): The predecessor task must start
before the successor task can finish.

In addition, there are now leads and lags, which allow task dependen-
cies to shift a bit. For example, a (FS + 2) dependency indicates that the
successor task will start two days after (lag) the finish of the predecessor
task. A (FS — 2) dependency indicates that the successor task will start two
days before (lead) the finish of the predecessor task. Readers can find more
information about the multitude of variations of task dependencies in
other resources. However, this basic information is presented here because
it will be referred to later in the book in the discussion of the DPM.

The basic CPM approach has several major steps. There can easily
be variations on these steps, but this list covers the basic approach.
Figure 4.1 shows the results from the first four activities that are listed
as follows:

. Specify the individual activities.

. Determine the sequence of those activities.

. Draw a network diagram.

. Estimate the completion time for each activity.

. Identify the critical path (longest path through the network).
. Update the CPM diagram as the project progresses.

AN U = W N~
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Step 1: Specify the Individual Activities

The first step is to list all activities to be performed on a project. This list
can come from the work breakdown structure or a similar document. This
listing is then used as the basis for adding sequence and duration informa-
tion in later steps. In the example in Figure 4.1, there are nine activities to
be performed.

Step 2: Determine the Sequence of the Activities

Most tasks on a project are dependent on the completion of other tasks. For
each task, make a list of predecessor tasks (i.e., other tasks that must occur
prior to this task) and successor tasks (i.e., other tasks that occur after the
completion of this task). This information will be used in the next step.

Step 3: Draw a Network Diagram

After defining the dependencies for each task, a network diagram can be
drawn. The network diagram is a composite of all of the tasks and their
dependencies in a single picture. Figure 4.1 shows the resulting network
diagram (also sometimes called a CPM diagram) for our example project.
Arrows indicate dependencies with predecessor tasks at the base of the
arrow and successor tasks at the head of the arrow.

Step 4: Estimate the Completion Time for Each Activity

The CPM approach does not incorporate uncertainty, so only one number is
used to represent the expected duration (or completion time) for each task. In
the activity on node approach, the duration for each task is written in the nodes.
The duration for each task can be estimated using many different methods: past
experience from similar tasks/projects, estimates from knowledgeable people
or experts, or best guess, just to name a few. Figure 4.1 shows the network dia-
gram for our example project with durations that are specified for task nodes.

Step 5: Identify the Critical Path

As stated in the “CPM Refresher” section in this chapter, the critical path is
the path of tasks through the network that has the longest total duration or,
alternatively, no additional time (which is called slack or float). The signifi-
cance of the critical path is that if the tasks on the critical path are delayed,
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the entire project will also be delayed. The critical path is determined
through a series of calculations. First, some terms need to be introduced:

« Earliest start time (ES)—the earliest time that a task can start. Keep
in mind that all predecessor tasks must be completed first.

« Earliest finish time (EF)—the earliest time that a task can finish,
which is equal to the ES for the task plus the duration for the task.

o Latest finish time (LF)—the latest time that a task can finish without
delaying the project.

o Latest start time (LS)—the latest time that a task can start, which is
equal to the LF for the task minus the duration of the task.

Given these definitions, slack time or float can now be defined as the differ-
ence between the ES and LS (i.e., LS — ES) or the difference between the EF
and LF (i.e, LF — EF). Slack (or float) represents the amount of time that a task
can be delayed past the ES without delaying the overall project. The critical
path can now be defined as the path of interconnected tasks through a net-
work diagram for which (ES = LS) and (EF = LF) for all the tasks in the path.
In other words, the critical path is the set of interconnected tasks for which
there is zero slack or zero float. In this case, a delay in any task in the critical
path will delay the overall project. In Figure 4.2, ES, EF, LS, and LF are shown
in quadrants for each task, with the key being in the upper left of the figure.

To calculate the ES values for each task, begin with the first task of the proj-
ect. In Figures 4.1 and 4.2, this is the node that is farthest to the left (since work
flows left to right in the diagram). The earliest time that the first task can start
is the beginning of day 1 (ES = 1). Since it has a duration of 2 days, the earliest
time that the first task can finish is the end of day 2 (EF = 2). Now, follow the

17 128 29 | 34 35|38
ES| EF 17128 29 | 34 35|38
o
39 | 40
'@ 8 39 |40
17 | 24 25 |30
112 3110 11]16 25132 33|38

FIGURE 4.2
CPM example with ES, EF, LS, and LF values.
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arrows from the first task. The earliest time that the second task (which has a
duration of 8 days) can start is the beginning of day 3 (ES = 3), and the earliest
time that it can finish is the end of day 10 (EF = 10). Continuing along the line
of arrows at the bottom of the diagram, the third task (which has a duration of
6 days) can start as early as the beginning of day 11 (ES = 11) and can finish as
early as the end of day 16 (EF = 16). Notice that from this third task, there are
two arrows: one going up to a task with a duration of 12 days and one going to
the right to a task with a duration of 8 days. Notice also that the task with the
duration of 12 days follows the first task (duration of 2 days). The earliest time
that the 12-day task can start is not immediately after the first task finishes but
instead is after the third task finishes because of the dependency on the third
task, too. Thus, the 12-day task and 8-day tasks both have an early start time
of the beginning of day 17 (ES = 17). This process of calculating the ES and
EF for each task is continued throughout the rest of the project, as shown in
Figure 4.2. The earliest time that the entire project can finish is the end of day
40 (EF = 40), as seen on the far right of the network diagram.

At this point, the ES and EF values for each task have been calculated.
This is often called the forward pass calculation through the network dia-
gram. To calculate the LS and LF values, we do a backward pass calculation
starting from the final task and working backward (right to left in Figure
4.2). For the final task, the latest finish time is the same as the earliest
finish time (i.e., LF = EF), unless another due date is known. In this case,
it is day 40. After working backward from the end of the project to the
beginning of the project, we can now see the critical path, as highlighted
in Figure 4.3. On the critical path, each task has ES = LS (and EF = LF).

17 | 28 29 | 34 35 | 38
ES| EF 17 | 28 29 | 34 35|38

Float Float
8 days 8 days

FIGURE 4.3
CPM example with critical path highlighted.
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In this simple example, there are only two tasks that do not fall on the
critical path. Obviously, for larger and more complex projects, there will
be many more tasks that do not fall on the critical path.

Step 6: Update the CPM Diagram as the Project Progresses

As the days go by, and the project progresses, the actual task completion
times will be known for many of the tasks. Consequently, the network
diagram can be updated with these days/times. If any of these actual start
or finish times changed from the planned start or finish times, a new criti-
cal path may emerge. If this happens, adjustments may be necessary to
the project to get it back on schedule. These adjustments would start with
focusing on the tasks on the critical path to see where these tasks could be
shortened or even removed (which may result in a new network diagram
with a different structure from the original network diagram).

The six steps represent the major activities that are conducted in a CPM
analysis for a project. As can be seen, this process can be conducted manu-
ally, if needed, with pencil and paper. However, there are plenty of cur-
rently available software programs that do all this work automatically. One
software tool that will be mentioned quite often in this book is Microsoft
Project, but there are many more. Due to the ubiquity of Microsoft Office
products for many organizations, Microsoft Project is one of the most
common off-the-shelf project planning tools, and it provides a good point
of comparison as the DPM is discussed.

SOME COMMENTS ON PROGRAM
EVALUATION AND REVIEW TECHNIQUE

It should be noted that the program evaluation and review technique
(PERT), developed around the same time as the CPM by Booz Allen
Hamilton, the Lockheed Missile System Division, and the US Navy for
the Polaris submarine missile program, is another popular project plan-
ning and management approach that is often used in conjunction with the
CPM. It is not uncommon to see the term PERT/CPM being used to refer
to the combined approach. Similar to the CPM, the PERT also incorpo-
rates the concept of a critical path, and many of the calculations are the
exact same.
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The major difference with the PERT is that task durations are
assigned three values: (1) most likely time (M), (2) optimistic time (O),
and (3) pessimistic time (P). Or, sometimes, these are referred to as
most likely, best-case, and worst-case times. These different times or
durations are used to account for uncertainty: we do not know with
exact precision how long a task will take (since we have not done it yet).
The PERT then calculates the expected time (duration) for a task to be
the following:

Expected time = (O + 4M + P)/6.

For example, suppose that the most likely duration for a task is 8 days
(M = 8), the optimistic duration is 6 days (O = 6), and the pessimistic
duration is 16 days (P = 16). Then, the expected duration would be the
following:

Expected time =(O+4M +P)/6
=(6+4%x8+16)/6
=54/6

=9days.

The readers will notice that this formula essentially gives the most weight
to the most likely duration for the task, but it includes a little weighting for
the best possible duration and the worst possible duration. It is sort of
like hedging a bet. Because of uncertainty, we think that a task will have a
particular duration (most likely), but, just in case it does not happen that
way, let us modify our expectation for planning purposes. Depending on
the planner’s confidence in the three different values, the weighting may
change. For example, if a project planner wanted to allow the pessimistic
(or worst-case) value to have a stronger impact, then the following formula
may be used:

Expected time = (O + 3M + 2P)/6.

In our example above, this would provide a new expected duration that
is longer than the original:
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Expected time = (O +3M +2P)/6
=(6+3%x8+2x16)/6
=62/6

=10.33 days.

This expected time, or expected duration, is then used within a CPM-type
approach. Of course, there could be many different variations, but, in the end,
the PERT simply tries to provide a more realistic value for the duration of a
task. For example, the expected durations for each task would be included in
the nodes in Figures 4.1 through 4.3. The key point is that the PERT/CPM is a
duration-based approach that uses task durations as the foundation for plan-
ning. This key fact will be highlighted throughout the remainder of this book.

I
BENEFITS AND DISADVANTAGES OF PERT/CPM

The PERT/CPM was a great innovation when it was introduced. It pro-
vided many benefits, such as

 Visualizing the interdependency of tasks (through the network
diagram)

« Highlighting task priorities (through the use of the critical path)

« Showing where parallel activities are possible (i.e., not on the critical
path)

« Calculating the shortest duration that is expected for a project

At the time, these were great steps forward in management capabilities.
The benefits far outweighed the weaknesses. However, currently, our level of
sophistication is such that the scale has tipped, and the disadvantages and
weaknesses of the PERT/CPM are significant enough to outweigh the benefits.
Fundamentally, the PERT/CPM approach suffers from three major flaws:

1. Task duration is an input.
2. Resource productivity impacts are not considered.
3. Management corrective actions are not captured.
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Task Duration Is an Input

As seen in the “Some Comments on Program Evaluation and Review
Technique” section in this chapter, in the PERT/CPM, the duration of a
task is used as the primary input. However, many factors (e.g., availability
and productivity of resources, dependencies among tasks, hours worked
by employees) affect the duration of a task. Thus, in the real world, task
duration is actually an output. We do not know the actual duration until
the work is complete.

For instance, based on the fact that durations are used as the foundation
for planning in the PERT/CPM, a full plan can be developed with ques-
tionable and unrealistic task durations. This is a huge risk for projects: to
start with an unrealistic baseline plan. For large projects, the details for how
durations were estimated can be lost or difficult to recover, so many of the
task durations could be suspicious to begin with. Even worse, in some cases,
durations are created to meet other external requirements, and the resulting
durations may or may not be possible or practical. The point here is that,
as much as planners and managers may try to be objective in their esti-
mates, many estimates for task durations are subjective to fit the situation.
For example, on a project that one of the authors was planning at a major
defense company, the author was told by his superior to create a plan that
started on day X and ended on day Y. There was no concern for realistic esti-
mates. Durations were created to make sure that the start date and end date
matched the superior’s demands. All the while, the author knew that this
was a completely unrealistic plan that had many faulty (yet convenient and
plausible) assumptions. In effect, it was doomed from the beginning. This
may sound terrible, but it is a more common occurrence than readers may
realize. Or, if the reader has been in the project management field for quite
some time, he or she probably has similar stories to tell in which the realism
of the duration estimates was set aside for some other higher priority.

Instead, the DPM put forward the notion that the application and use of
resources should serve as the fundamental inputs for project planning. Are
resources even available? If so, how many are available? Are there enough?
If there are not enough, how does this constrain the completion of tasks?
Are key resources shared across multiple tasks that must be completed
simultaneously? From just this short list of questions, it is easy to see how
the availability and sharing of resources (including people, materials, and
equipment) can significantly alter the expected durations for tasks and,
ultimately, the duration for the entire project.
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Resource Productivity Impacts Are Not Considered

If resources are used as the inputs for tasks, one of the first questions
that must be asked is, “How much work can these resources do in a given
amount of time?” This relates to resource productivity. As used here, the
term productivity covers all aspects of getting work done in a specific
period of time. First, productivity can apply to the speed at which work
is done. For example, one person may be able to lay 1000 ft.? of carpet in
an hour, and another person may be able to lay 5000 ft.? of carpet in an
hour. Or, one machine may be able to produce 60 parts in an hour, and
another machine may be able to produce the same part at a rate of 120
parts per hour. Second, productivity can apply to the total work done, or
work throughput, which may include rework. For instance, two people can
work at the same rate (e.g., 10 documents per hour), but one person may
make more mistakes than the other person, and, therefore, this first per-
son must spend more time fixing the mistakes (i.e., rework). In an hour,
the first person may only get six documents completely finished, so this
person’s resulting productivity is six documents per hour. The second per-
son, making fewer mistakes and requiring less rework, may have a result-
ing productivity of nine documents per hour.

Most current PERT/CPM project planning tools available exacerbate
the issues that are related to a nonresource focus. In many PERT/CPM
tools, resources can be added to or removed from a task with no impact
on the productivity of labor that is applied to the task. The current tools
assume that all resources are equal. Yet, we know that they are not. New
employees or junior-level employees do not get as much work done in
the same period of time as experienced, senior-level employees. Also, in
current PERT/CPM tools, people can be scheduled for overtime with no
impact on their productivity. However, anyone who has worked a signifi-
cant amount of overtime can validate that productivity decreases due to
fatigue or burnout. Working a little overtime for a couple of days usu-
ally has a negligible impact, but long periods of working overtime can
have significant impacts on labor productivity. Lastly, it is a commonly
accepted fact (especially on software development projects) that throwing
more people at a task often makes the task fall further behind schedule due
to lower labor productivity, as experienced people train the new people,
and the new people make mistakes that must be corrected. However, in
many PERT/CPM tools, resources are handled rather simply. For example,
the duration for a project can be cut in half by doubling the resources.
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Taken to the extreme, this means that the duration for a project can be
cut to 1% of the original duration if 100 times (100x) the resources are
used. Many people refer to this fallacy with the adage, “Nine women can-
not have a baby in one month.” In some cases, just based on the work to
be done, adding people does not considerably shorten the duration of the
job. If there are physical space requirements (e.g., working in a confined
space), it may limit the amount of resources that can be applied (e.g., only
2 plumbers can fit in the space under a sink, not 10 plumbers).

It should be noted that some current PERT/CPM project planning tools
attempt to account for the impact of resources. For instance, in addition to
allowing duration inputs for tasks, Microsoft Project has an option for effort-
driven tasks, which treats the task work as a backlog of work to be done. More
will be said about this in the description of the DPM in Chapters 5 through 8.

Management Corrective Actions Are Not Captured

The actual management decisions and actions that project managers take
during a project are not included in the PERT/CPM. However, these cor-
rective actions can significantly influence progress, which means that
they can significantly impact any project planning. Current PERT/CPM
planning tools only match resources against task assignments. As a result,
these tools allow for static planning but not dynamic reaction and replan-
ning. In current project planning and management tools, if it looks like a
task will run late (e.g., based on the earned-value schedule performance
index [SPI]), the project manager must manually develop several different
plans through trial and error to see if they will work. The current tools do
not help the project manager actually manage the project or show the con-
sequences of management decisions. The tools only allow the project man-
ager to develop multiple, static plans with no insight. Since almost every
project requires some sort of corrective action, it is imperative that the
planning and management approach employed by the project manager
and team somehow incorporates these corrective actions. Specifically,
when should these corrective actions occur, which corrective actions will
occur, and how aggressively should these corrective actions be applied?
These inherent flaws indicate that the modern PERT/CPM approach
itself and the software tools based on the PERT/CPM are too simplistic and
do not reflect reality. As a result, these tools cause project managers and
teams to make decisions that are detrimental to project success. In fact, it
is not uncommon to doom a project to failure (or at least a very long and
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difficult road) with the very first baseline project plan. In other words, right
out of the gate, the project is already off course. This is not a criticism of
project managers; it is rather a criticism of the simplistic approaches that are
found in current PERT/CPM-based planning and management tools that
give us insufficient and sometimes even incorrect answers. Consequently,
we often rely heavily on individual project managers to single-handedly
make projects successful. We applaud heroic efforts in which project man-
agers work around the system to make everything work out right. Why not
have a system that actually helps the project team succeed?

Essentially, the current planning tools are not capable of handling the
complexity of the issues that are experienced on most projects today
because they are rooted in a simplistic approach that was developed over
60 years ago. When it was developed, the PERT/CPM approach was inno-
vative and useful. Unfortunately, its effectiveness and appropriateness
have significantly eroded over time. If we want a better tool for managing
projects, we need a better approach than the PERT/CPM.

SOME COMMENTS ON CRITICAL CHAIN

The critical chain approach, developed by Eliyahu M. Goldratt and pub-
lished in his book Critical Chain (Goldratt, 1997), is the most recent
improvement to the CPM and attempts to solve some of CPM’s short-
comings. Similar to the disclaimer above for the short coverage of the
CPM, this part of the chapter will not attempt to teach critical chain in its
entirety. Only key points will be highlighted.

The first major difference with critical chain relates to estimates for task
durations. In the critical chain approach, it is assumed that safety time
is built into every duration estimate because of the uncertainty of how
long the task will actually take and because there is a desire to make sure
that the task is completed within the declared duration. Like the changes
made with the PERT, this assumption tries to arrive at better duration
estimates. (Thus, notice that this is still a duration-based approach.)
Typically, this safety time is on the order of 100% of the actual time. (Or,
another way of saying this is that the true duration is typically 50% of
the stated duration.) For instance, if someone states that his or her task
will take eight days, it typically will only take four days, with the other
four days being safety time to reduce the risk of being late. The critical
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chain approach essentially uses Parkinson’s law that every activity will
expand to fill the entire time that is allotted for it (Parkinson, 1955). If
a project manager tells someone that he or she has eight days to finish
the task, that person will take eight days (even if he or she could do it in
only four days). In this example, if the safety time is stripped away, and
the person is told that he or she only has four days to complete the task,
that person will (most likely) be able to do it in four days. And, now the
project manager has gained four extra days.

This extra time will be used as buffers at different places in the project
plan. A key point here is that critical chain uses these buffers to manage
and control the project instead of task progress reports. Since the exact
duration for any task is unknown, then it is useless to manage tasks to an
exact end time. Instead, the remaining time in the buffers is used to mea-
sure the status and health of the project.

For example, one issue with the PERT/CPM that causes problems is
the concept of a late start. On any noncritical path, there is slack time or
float time (float = LS — ES). If a task waits until the late start time to actu-
ally start, there is no more float time, and that task is now on the critical
path because it has no extra time. By using up float time, project man-
agers can inadvertently create additional critical paths. Critical chain
addresses this by putting feeding buffers at the end of each string of tasks
that feed into the critical path. For the critical path, the additional time
is placed at the end of the project and called the project buffer. Figure 4.4
provides a critical chain view of the same CPM example that was used in
Figure 4.3. Notice that the overall duration of the critical path is now 20
days (50% of the original 40 days), and the remaining 20 days is captured
in a project buffer at the end of the project. Similarly, on noncritical path

@ - Project buffer (PB)
QO = Feeding buffer (FB)

OO

FIGURE 4.4
CPM example with critical chain elements added.




Critical Path Method and Earned Value Management « 81

segments, the additional time is captured as feeding buffers prior to the
segment’s connection to the critical path.

The reader will notice that the use of buffers applies to the first flaw of the
PERT/CPM that was stated in the “Benefits and Disadvantages of PERT/
CPM?” section of this chapter: task durations are uncertain (because the
durations are outputs in the real world, not inputs). Critical chain chooses
to address this uncertainty by forcing shorter durations on tasks (i.e., 50%
of the stated duration) and using buffers to capture extra time. The DPM
chooses to address this uncertainty by completely eliminating the input of
durations at all and instead simulating the use of resources to determine
appropriate durations.

The second major difference with critical chain is a focus on resources.
In fact, this is where critical chain gets its name. The critical chain is
the longest pathway of tasks through the project based on both task
dependencies and resource dependencies (i.e., tasks that share the
same resource, even if those tasks are not in sequence with each other).
If resources are unlimited, then the critical chain is equivalent to the
critical path. However, in most realistic cases, the resources are not
unlimited, and, therefore, the limited resources cause the project to be
constrained. This causes the pathway with the most constraints (and,
thus, the longest time) to possibly be different from the critical path that
is derived through the traditional PERT/CPM approach.

The objective of critical chain is to shift tasks so that key resources are
not needed simultaneously on multiple tasks. With limited resources,
this almost always results in one of the tasks being late because the key
resource is working on another task. However, if tasks and feeding buf-
fers are moved around, it is usually possible to resolve these resource
conflicts. Within critical chain, this is also referred to as resource level-
ing: create a work plan for constrained resources that shifts work so that
the resource only works the typical workday (e.g., 8 h/day).

To see how this works in practice, look at Figure 4.5. In this example, we
assume that the same resource is needed in several tasks, and, to make it
even simpler, let us assume that this resource is a single person (denoted
by “X”). Figure 4.5 presents the four tasks that use resource X. Figure 4.6
shows how feeding buffers are moved, and the resulting critical chain
highlighted with thick, dotted arrows (which is different from the critical
path that is highlighted in Figure 4.3).

The reader will notice that the focus on resources in critical chain
applies to the first two major flaws of the PERT/CPM that are stated in
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@ = Project buffer (PB)
QO = Feeding buffer (FB)

FIGURE 4.5
Tasks using resource X.

@ - Project buffer (PB)
Q© = Feeding buffer (FB)

FIGURE 4.6
Critical chain through project.

the “Benefits and Disadvantages of PERT/CPM” section of this chapter.
The utilization of resources has a direct impact on task durations. Critical
chain chooses to address this through manual methods of shifting tasks
on the project network diagram and managing and shifting resources
around. The DPM selects to address this by simulating the actual utiliza-
tion of resources.

Critical chain definitely makes some needed improvements to the
PERT/CPM by showing the importance of resource constraints and
their impact on the critical path for a project. However, critical chain
is still a duration-based approach that uses duration as an input, albeit
with some changes to the durations to decrease the risk of the project
running late. As the reader will see in later chapters, the DPM takes
this resource-based focus further through operational simulation of
resource utilization.
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I
UNCERTAINTY AND MONTE CARLO ANALYSIS

Durations (when used as inputs) are uncertain. They are estimates. But,
what if the estimates are not exactly correct? One way to deal with this is
the PERT method of estimating a duration based on best-case, most likely,
and worst-case durations. Another more sophisticated method is Monte
Carlo analysis. This analysis (also known as Monte Carlo simulation) is
used to understand the realm of possible outcomes when the input data are
uncertain for a project plan. It is a process by which a simulation is run
hundreds or even thousands of times, with slight variations of the inputs
for each simulation run. In the end, statistics are provided that show the
average and minimum (min) or maximum (max) range for various out-
puts, along with other statistical information (e.g., standard deviation).
Let us consider a very simple example to understand the process behind
Monte Carlo analysis.

In a duration-based estimating approach (e.g., PERT/CPM), the inputs
are the durations of tasks. Suppose that there is a project that is composed
of two tasks, in which Task 1 has an estimated duration of 10 days, and
Task 2 has an estimated duration of 5 days. Task 1 must be complete before
Task 2 can start (i.e., finish-to-start dependency). In this simple example
(Figure 4.7, for now disregard the DPM information), it is easy to deter-
mine that the total estimated duration is 15 days (10 days + 5 days = 15
days). However, suppose that the project planner is uncertain of the true

CPM

Duration = 10 days

Work backlog = 80 h

Resources = 1 person

Rate of work = 8 h/day

Productivity = 100%
Duration = 5 days

/ Work backlog = 40 h

Resources = 1 person

/ Rate of work = 8 h/day

Productivity = 100%

DPM

FIGURE 4.7
Simple Monte Carlo example.
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durations of Tasks 1 and 2. The duration of Task 1 could actually be any-
where from 8 to 12 days, with an equal probability of being any duration
between 8 and 12 days (Figure 4.8). The planner just picked the duration
of 10 days for Task 1 because it was in the middle. The duration of Task 2
could either be 4 or 5 days, with a 75% probability of being 4 days and a
25% probability of being 5 days (Figure 4.8). The planner just picked the
duration of 5 days because it was the safest choice.

A Monte Carlo analysis of this project would run this project hundreds
or thousands of times, changing the durations for Tasks 1 and 2 based on
the probabilities that were given. At the end, the analysis would provide
statistics for all the new total durations for the project. This is called a dis-
tribution. Just by looking at the ranges of durations for the two tasks, we
can quickly figure out Table 4.1.

What we do not know are the probabilities of achieving each of these
durations, along with the probabilities of achieving any duration in
between the min and max durations. This is the information that is pro-
vided by the Monte Carlo analysis. Table 4.2 provides the results from

Task 1: Duration has equal probability of being between 8 and 12 days.

A
100% -

50% -

o ° ° ° ®  (20%)
0% Il Il Il Il Il

v

Task 2: Duration has 75% probability of being 4 days and 25% probability of

being 5 days.
A
100% -
®  (75%)
50% -
®  (25%)
0% 1 1 N
I I -
4 5

FIGURE 4.8
Probabilities of various durations for each task.
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TABLE 4.1
Basic Duration Estimates with CPM

Min Duration  Expected Duration = Max Duration

Task 1 8 days 10 days 12 days

Task 2 4 days 5 days 5 days

Total project 12 days 15 days 17 days
TABLE 4.2

Results of Monte Carlo Analysis
with Durations

Total Duration Probability

12 days 17.5%
13 days 18.0%
14 days 19.5%
15 days 16.0%
16 days 4.5%
17 days 24.5%

100%

200 simulation runs using Microsoft Excel. Notice that the probabil-
ity of achieving 15 days (the expected duration) is only 16%. In fact, in
this example, there is a 29% chance that the project will run longer than
15 days (4.5% + 24.5% = 29%). Furthermore, there is a 55% chance that the
project will run shorter than 15 days (17.5% + 18% + 19.5% = 55%).

In a resource-based estimating approach (e.g., DPM), the inputs are based
on resource information (Figure 4.7, now look at the DPM information).
Staying with the simple example from above, suppose that the estimated
duration of 10 days for Task 1 was based on one person working at an assumed
level of productivity of 100% for 8 h each day, and the amount of work to do
for Task 1 was 80 h. The equation for duration would be the following:

Duration = (amount of work to do)/(work completed per day)
= (80 h)/([1 person] *[100% productivity]*[8 h/day])
=(80h)/(8 h/day)
=10days.

Suppose that the estimated duration of 5 days for Task 2 was also based
on one person working at an assumed level of productivity of 100% for 8 h
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each day, and the amount of work to do for Task 2 was 40 h. The equation
for duration would be the following:

Duration = (amount of work to do)/(work completed per day)
= (40 h)/([1 person] %[100% productivity] %[8 h/day])
=(40h)/(8 h/day)
=5 days.

If Monte Carlo analysis is applied to the resource-based approach, the
uncertainty of inputs is now at the resource level. For example, suppose
that the availability of these resources could be anything from 6 to 9 h/day
(i.e., equal probability of each number), and assume that the productivity
level of these resources could be anything from 75% to 100% (i.e., equal
probability of each level) (Figure 4.9).

As with the duration-based example, we can quickly figure out the min
or max durations for each task as follows:

Task 1

Min duration = (amount of work to do)/(work completed per day)
=(80h)/([1 person] %x[100% productivity] x[9 h/day])
=(80h)/(9 h/day)
=8.9 days.

Max duration = (amount of work to do)/(work completed per day)
=(80h)/([1 person] %[75% productivity] % [6 h/day])
=(80h)/(4.5 h/day)
=17.8 days.

Task 2

Min duration = (amount of work to do)/(work completed per day)
= (40 h)/([1 person] %[100% productivity] X[9 h/day])
=(40h)/(9 h/day)

=44 days.
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Availability: Resource has equal probability of being available 6-9 h/day.

N
100% —1-

50% 4

0%

v

Productivity: Resource has equal probability of being 75%—100% productive.

A
100% 4

50% -

° o (167%)
0% i | | | i ' >

| rd

100
FIGURE 4.9

Probabilities of various resource inputs for each task.

Min duration = (amount of work to do)/(work completed per day)

=(40 h)/([1 person] x[75% productivity] X [6 h/day])
=(40h)/(4.5 h/day)
=8.9days.

The min/max/expected durations are given in Table 4.3.

TABLE 4.3
Basic Duration Estimates with DPM
Min Duration Expected Duration = Max Duration
Task 1 8.9 days 10 days 17.8 days
Task 2 4.4 days 5 days 8.9 days
Total project 13.3 days 15 days 26.7 days
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Assuming equal probabilities of all hours per day and all productivity
levels, the Monte Carlo analysis provides the following probabilistic infor-
mation regarding possible durations (Table 4.4).

First, notice that there is a much wider spread of possible durations when
Monte Carlo is applied at the resource level instead of the duration level.
Second, this means that the probability of actually hitting the initially
expected 15 days is much lower (9.5%). In fact, in this example, the probability
that the project will run longer than 15 days is 86%. The probability that the
project will run shorter than 15 days (i.e., either 13 or 14 days) is only 4.5%.

The resource-based Monte Carlo analysis results are quite different from
the duration-based Monte Carlo analysis results above, and these differ-
ences come mainly from the location of the uncertainty. In the duration-
based approach, the uncertainty is suffered at the duration level. In the
resource-based approach, the uncertainty is suffered at the resource level.
Figure 4.10 summarizes the results of both of the Monte Carlo analyses.

This simple example is used to emphasize the differences in results that
are obtained from a duration-based approach (like PERT/CPM) and a
resource-based approach (like the DPM). Because of these differences,
a project manager would have a different set of priorities to act upon

TABLE 4.4

Results of Monte Carlo Analysis
with Resources

Total Duration Probability
13 days 0.0%
14 days 4.5%
15 days 9.5%
16 days 5.5%
17 days 3.0%
18 days 14.5%
19 days 11.0%
20 days 7.5%
21 days 10.0%
22 days 9.0%
23 days 6.5%
24 days 9.0%
25 days 4.0%
26 days 1.5%
27 days 4.5%

100%
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Probability of being CPM DPM

Shorter than planned 55% 4.5%
Exactly as planned 16% 9.5%

Longer than planned 29% 86%

FIGURE 4.10
Comparison of Monte Carlo simulations for duration-based approach (CPM) and
resource-based approach (DPM).

depending on which approach was used. The DPM makes the argument,
similar to critical chain, that the utilization of resources and the con-
straints associated with these resources are key elements to understanding
how to manage projects effectively and successfully.

ADDITIONAL ISSUES WITH PERT/CPM

As stated in the “Benefits and Disadvantages of PERT/CPM” section in
this chapter, a list of three major flaws was provided for the PERT/CPM:

1. Task duration is an input.
2. Resource productivity impacts are not considered.
3. Management corrective actions are not captured.

While these are the major issues with the PERT/CPM, there are several
additional minor issues that also exist.

The first minor issue is based on the simplicity of the approach. With
the ubiquity of the PERT/CPM, many software companies have created
planning tools that are based on the PERT/CPM. One feature that is often
highlighted to help with marketability is the user-friendliness of a plan-
ning tool. The makers will say that the tool is so easy to use that even a
beginner can use it like a professional. This allows inexperienced proj-
ect managers to form plans based on their limited knowledge of activities
and resources. Because it is fairly easy to create a project in these tools
and just define the durations for tasks, anyone and everyone thinks that
they can schedule projects because the tools are so easy to use. This adds
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to the risk of creating an unrealistic (or even impossible) baseline project
plan. Many times, a project manager is told by a higher authority that a
project must start on an x date and end on a y date. No ifs, ands, or buts.
So, the project manager simply creates a plan that does, indeed, start on
an x date and end on a y date. The whole time, he or she is well aware that
these dates are highly unlikely, if not unachievable. But, it is easier to make
everyone happy and give the appearance of potential success. Then, when
the project has already progressed a few weeks, and everyone realizes that
the project is behind schedule (because of the unrealistic initial plan), the
finger-pointing can start, and the lateness can be blamed on many other
things so that no one takes the fall. In an effort to correct the situation,
another minor issue arises.

The second minor issue is that common fixes for projects, such as fast-
tracking (performing more activities in parallel) and crashing the project
(shortening the durations of tasks on the critical path by adding resources),
cannot be validated in most PERT/CPM tools. These additional fixes often
make the project perform even more poorly, that is, they add to the prob-
lem of being behind schedule (or being over budget) instead of actually
fixing it. While fast-tracking and crashing are common approaches, with
PERT/CPM tools, it is impossible to understand the true impact of these
corrective actions. PERT/CPM tools make these approaches look convinc-
ing and completely doable. Let us take crashing as an example. In a PERT/
CPM tool, the duration for a project can be cut in half by doubling the
resources that are assigned to it. This is completely unreasonable and very
misleading. While it may be true for some types of work, for most it is not.
Consequently, along with unrealistic baseline plans, PERT/CPM tools can
also provide unrealistic fixes to performance problems, which exacerbate
the original problems and take the project farther and farther from any
realistic option. This only makes a project manager fast-track and crash
the project even more, leading to more problems. It can quickly become a
vicious, downward cycle.

The third minor issue relates to resource leveling. With PERT/CPM
tools, it is easy to set durations without concern for the use of resources.
When resources are allocated to tasks, to maintain the original durations,
these resources are often overallocated. This means that the resources are
worked more than 8 h/day (or whatever the normal workday is for the proj-
ect). For example, a resource may show 200% allocation, which means that
the resource must work 16 h/day (or twice whatever the normal workday
is for the project). (As a side note, overallocation occurs because duration



Critical Path Method and Earned Value Management « 91

is actually disconnected from resource usage. The allocation of resources
to tasks in PERT/CPM tools does not mean that there is any true assign-
ment. Resources can be allocated at any level, and durations can be set to
any length without any consistent logic.) To correct resource overalloca-
tions in PERT/CPM tools, resources can be leveled, which means that the
work is spread out to limit the resource so that it works only on the nor-
mal workday (e.g., 8 h/day). However, sometimes, the algorithms used by
the PERT/CPM tools for resource leveling can provide inconsistent (and
sometimes incorrect) answers.

For example, Figure 4.11 shows the results from different versions of
the same project plan in Microsoft Project. The plan is for the develop-
ment of an aircraft sensor for a large defense contractor. The top bar is
the original (overallocated) plan, which is known to be overly optimistic
and unrealistic. It shows that the project will take a little over 3 years ata
total cost of $13.1 million. The second bar shows that when the resources
are leveled on a weekly basis, the plan stretches out to 50 years. When
the plan is scrutinized, it shows that work is done for the first few years,
then the resources sit idle for about 40 years, and then the resources are
used again. And, amazingly, the cost is the same: $13.1 million. Clearly,
this is too pessimistic and, again, unrealistic. In fact, it is outright incor-
rect. In the third bar, the resources are then leveled on a monthly basis,
and the duration is shown to be about 6.5 years at the same $13.1-million
cost. At this point, it is difficult to trust the answers that are provided by
the tool because the weekly leveled plan is so wrong. In the end, all three
of these plans are quite useless to a project manager. Yet, one of them has
to be used. The project manager has a real dilemma on his or her hands.

The fourth issue relates to project performance along cost and schedule
dimensions. With the PERT/CPM, there is no information that shows the
current status of the project with regards to the planned cost and planned
schedule (duration) for the project. The PERT/CPM is primarily used for

uMn?eI\);gljgj;ZCt: 39 mo, $13.1M W RN 171

Too pessimistic
MS project:
eyl Yeemsun
MS project: ,
leveled (monthly) WEGRIERIWIS  Too unpredictable

FIGURE 4.11
Resource leveling example.
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baseline project planning before the project starts. While the PERT/CPM
can be utilized for project monitoring and control, it is extremely difficult.
And, similar to the other issues cited in this chapter for the inadequacy of the
PERT/CPM to show true performance consequences, any updated plan still
suffers from a lack of realism. Just like the baseline plans are risky because
we are not sure if the project resources can actually accomplish the work
in the time frame that is specified, updated plans using the PERT/CPM are
equally risky with their illusions of improved performance for the projects.

Currently, earned value (EV, also called earned value management [EVM])
is the only formal, standardized approach for evaluating the schedule and
cost performance for a project. EV definitely has its own shortcomings.
However, since it is the only formalized approach in widespread use, it will
be the basis for this book. With the current PERT/CPM tools, there are often
add-on tools or third-party tools that conduct EV analysis. Thus, project
status information may be present within some PERT/CPM tools, but this
is not a formal part of the PERT/CPM. EV requires information about work
progress on each task (i.e., how much work has been done so far and how
much work still remains). The duration-based approach of the PERT/CPM
does not adequately capture this information in any standard way.

EV REFRESHER

Similar to the CPM refresher at the beginning of this chapter, this book
does not intend to provide full training for EV techniques. This section
will provide enough information about EV so that the reader has a back-
ground for what EV is, how EV is not included in the PERT/CPM, and how
EV is used within a DPM framework.

EV attempts to compare work performed versus work planned. There are
three key independent variables that are used in EV:

1. Budgeted cost of work scheduled (also called planned value [PV])
2. Budgeted cost of work performed (also called earned value [EV])
3. Actual cost of work performed (also called actual cost [AC])

Tables 4.5 provides a description of these variables, as well as some other
variables. Table 4.6 presents a description of some key EV metrics that are
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TABLE 4.5

Key EV Variables

Variable Description Meaning

BCWS The budgeted cost of work scheduled (BCWS) is Planning baseline
(PV) the dollarized value of all the work that is

scheduled to be accomplished in a given period
of time. The BCWS is the planning function that
is required by earned value and establishes the
baseline against which performance is measured.
BCWP The budgeted cost of work performed (BCWP)is ~ Work accomplishment,
(EV) the dollarized value of all the work that is earned value
actually accomplished in a given period of time.
The variable is also called earned value and
symbolizes the completion of work. The BCWP
is not realized until the work is completed.
ACWP The actual cost of work performed (ACWP) is the  Expenditures
(AC) cost that is incurred and recorded for
performance measurement purposes within a
given period of time. The ACWP is
independently reported by the contractor’s
accounting system.
BaC The budget at completions (BaCs) are established ~ Authorized work
early in the project for every given level of the
work breakdown structure. They capture the
budgets for all authorized work, and they are
the benchmarks for forecasting overruns
and underruns.
EaC The estimate at completions (EaCs) are an Forecast cost
independent forecast of the final costs that are
required to complete any given level of the work
breakdown structure. These are normally
reported by the contractor. The contractor’s EAC
is also called the latest revised estimate.

calculated based on the variables in Table 4.5. Note: There are several more
metrics that are used in the full implementation of EV for a project.

The following tables and charts put forth a simple example that shows
EV calculations. In Table 4.7, two projects are compared. Both share the
same baseline plan, shown in the first two columns. The projects are
both 10 months in duration with a total estimated cost of $1000. Notice,
however, that the accumulation rate for costs is not linear (i.e., $100 per
month over 10 months). Months 3-7 have amounts that are different from
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TABLE 4.6
Key EV Metrics

Metric Description Meaning

SV =BCWP - BCWS  Schedule variance (SV) indicates that some  Accomplishment
(SV=EV -PV) amount of work was not completed as variance
originally planned. A positive SV indicates
that the work was completed ahead of the
original plan. A negative SV indicates that
the work was not completed on time as
originally scheduled. Since BCWS and
BCWP will always be equal at the end of
the project, the SV is always zero at the end
of the project.
CV =BCWP - ACWP Cost variance (CV) indicates that the actual ~ Cost variance
(CV=EV -AQ) cost to complete some amount of work was
different from the originally budgeted. A
positive CV indicates that the work was
done for less than the budgeted amount. A
negative CV indicates that the work cost
more to complete than originally budgeted.
VaC = BaC EaC Variance at completion (VaC) indicates that ~ Forecast overrun
the estimated cost at completion will be or underrun
different from the originally budgeted. A
positive VaC forecasts a project underrun.
A negative VaC forecasts a project overrun.

TABLE 4.7

Performance Information for Two Projects

Project 1 Project 2

Month PV EV1 ACl1 EV2 AC2

$100 $100 $100 $75 $50
$200 $175 $200 $150 $125
$250 $225 $300 $250 $225
$300 $275 $400 $325 $325
$450 $400 $500 $475 $450
$550 $475 $625 $600 $575
$650
$800
$900
$1000
$1000
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a simple linear approach. In Table 4.7, the third and fourth columns show
the EV and actual cost (AC) for project 1 for the first six months, and the
fifth and sixth columns show the EV and AC for project 2. Remember,
the EV is based on the budgeted cost of the work that is actually com-
pleted. For example, after two months, project 1 has an EV of $175. So,
even though project 1 was scheduled to get $200 worth of work completed
by the end of the second month, project 1 only completed $175 worth of
work. However, the true cost of that work was $200. In traditional PERT/
CPM, the actual cost of $200 would be compared to the planned cost of
$200, and the conclusion would be that the project is on budget. In reality,
the project is slightly over budget because it cost $200 to complete only
$175 worth of work. Figures 4.12 and 4.13 show the EV information from
Table 4.7 in a graphical chart for each project.

Figure 4.14 displays the calculation of the schedule variance (SV) and the
schedule performance index (SPI), two common representations of schedule
performance. Notice that the SV and SPI make use of the same variables
in their calculations: EV and PV. However, the SV utilizes the difference
between these two variables, and the SPI uses the ratio of these two variables.

$1000
$900
$800
$700

$600
=PV

$500 -

$400 ==ACl1
$300
$200
$100
$—

FIGURE 4.12
EV information for project 1.
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FIGURE 4.13
EV information for project 2.

« Schedule variance (SV): —
+SV =EV - PV = BCWP - BCWS
+SV >0 > Ahead of schedule (good)
« SV =0 -> Right on schedule (expected)
+ SV < 0 = Behind schedule (bad)

« Schedule performance index (SPI):
«SPI = EV/PV = BCWP/BCWS
« SPI > 1 -> Ahead of schedule (good)
« SPI = 1> Right on schedule (expected) ~— putio
« SPI < 1 - Behind schedule (bad)

~ Difference

—

FIGURE 4.14
SV and SPI metrics.

Figures 4.15 and 4.16 present the SV and SPI values for both projects. Table
4.8 shows the SV and SPI values that are used in these charts.

Figure 4.17 shows the calculation of the cost variance (CV) and the cost
performance index (CPI), two common representations of cost perfor-
mance. Similar to SV and SPI, notice that CV and CPI make use of the
same variables in their calculations: EV and AC. However, CV utilizes the
difference between these two variables, and CPI uses the ratio of these two
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1000 /
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800 /
700 /
600 /
500 //fL_ SV=EV-PV =PV
// =475 - 550 EV1
400 =-75

— =ACl
300 -
SPI = EV/PV
200 =475/550
100 =0.86
0
1 2 3 4 5 6 7 8 9 10
FIGURE 4.15

SV and SPI metrics for project 1.

1000 /
900 /
800 /
700
600 SV=EV-PV
500 - 600 — 550 —pV
=50 EV2
400 / —AC2
300
SPI = EV/PV
200 - 600/550
=109
100 Z
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1 2 3 4 5 6 7 8 9 10
FIGURE 4.16

SV and SPI metrics for project 2.
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TABLE 4.8
Summary of EV Metrics
Project 1 Project 2

Month PV EV1 AC1 EV2 AC2
1 $100 $100 $100 $75 $50
2 $200 $175 $200 $150 $125
3 $250 $225 $300 $250 $225
4 $300 $275 $400 $325 $325
5 $450 $400 $500 $475 $450
6 $550 $475 $625 $600 $575
7 $650
8 $800
9 $900
10 $1000
BaC $1000

Project 1 EV Metrics Project 2 EV Metrics
SV1 SPI1 CVvl1 CPI1 SV2 SPI2 CV2 CPI2
- 1.00 - 1.00 $(25) 0.75 $25 1.50
$(25) 0.88 $(25) 0.88 $(50) 0.75 $25 1.20
$(25) 0.90 $(75) 0.75 - 1.00 $25 1.11
$(25) 0.92 $(125) 0.69 $25 1.08 - 1.00
$(50) 0.89 $(100) 0.80 $25 1.06 $25 1.06
$(75) 0.86 $(150) 0.76 $50 1.09 $25 1.04

« Cost variance (CV): —
+«CV=EV - AC =BCWP - ACWP
+ CV > 0 - Under budget (good)
+ CV = 0> Right on budget (expected)
« CV < 0 > Over budget (bad)

« Cost performance index (CPI):
+ CPI = EV/AC = BCWP/ACWP M
+ CPI > 1> Under budget (good)
« CPI = 1> Right on budget (expected)  “— putio
« CPI < 1> Over budget (bad)

7 Difference

FIGURE 4.17
CV and CPI metrics.

variables. Figures 4.18 and 4.19 show the CV and CPI values for both proj-
ects. Table 4.8 presents the CV and CPI values that are used in these charts.

As stated earlier in this section, EV has some limitations. For example,
there is no indication of a critical path. So, while EV shows performance
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FIGURE 4.18
CV and CPI metrics for project 1.

1000 /
900 /
800 /
700
Lt CV=EV-AC
<00 - 600 - 575 —DV
=2 EV2
400 / —AC2
300
CPI = EV/AC
200 = 600/575
- 1.04
100 - %
1 2 3 4 5 6 7 8 9 10
FIGURE 4.19

CV and CPI metrics for project 2.
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data, it does not give any indication of the interconnection of tasks. There
is also no indication of the quality (or appropriateness) of the work being
accomplished. Third, EV is not well suited to some of the newer project
management approaches like Agile project management or even simpler
structures such as level of effort. Finally, the dollarized value of schedule
performance does not fully capture time. As a result, another calculation
called the earned schedule (ES) has been proposed to use in conjunction
with the cost variables for EV that make a better connection to time. ES
will not be discussed as part of this book because it has yet to be formally
accepted into the EVM arena. It is mentioned here only as an example of
the limitations of the straightforward EV approach.

Throughout this chapter, the authors have provided an overview of
current popular approaches to project planning (PERT/CPM) and evalu-
ation (EVM) as well as their benefits and limitations. Basic knowledge
of these approaches is necessary for understanding the innovations and
improvements that are offered by the DPM approach. Consequently,
these approaches will be referenced heavily in Chapters 5, 6, and 8, which
describe the DPM.
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5

The New Approach of Dynamic
Progress Method

INTRODUCTION

As stated in Chapter 4, there are three major flaws with the traditional
program evaluation and review technique (PERT)/critical path method
(CPM) project planning technique:

1. Task duration is an input.
2. Resource productivity impacts are not considered.
3. Management corrective actions are not captured.

The Dynamic Progress Method (DPM) aims to remove these flaws from
project planning because they are big contributors to the mismanagement
of many projects. One of the biggest risks in project management is to
start with an unrealistic (and perhaps unachievable) baseline project plan.
When the baseline plan is published, many activities and commitments are
set in motion within the prime contractor company and the subcontrac-
tor companies. Once committed to, these decisions and resulting resource
allocations are sometimes difficult to change quickly. This delay between
recognizing the need to change the commitments of resources and actually
implementing the change in allocation of resources can easily be weeks
long in most companies and even months long in some companies. This
causes any project performance issues to worsen during this delay period,
which only takes the project further off its intended track. Thus, one of the
first goals of the DPM is to establish a more realistic baseline plan for a
given project so that the expectations (and subsequent commitments) are
reasonable and achievable. It is much better to know bad news upfront than
to cruise along with our metaphorical heads in the sand like an ostrich and
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hope to somehow get lucky and meet the performance goals for the project.
Hope is not a strategy, and ostrich management kills organizations.

To address the three major flaws of the PERT/CPM, at a minimum, the
DPM has to incorporate the following:

« Atask-level operational simulation model thatincorporates resources
performing work

« Management corrective actions based on task and/or project perfor-
mance status (i.e., behind schedule, over budget)

+ Real-world negative impacts on work throughput (e.g., productivity)
of applying these management corrective actions (e.g., productivity
losses based on the accumulation of fatigue when working overtime
and overmanning when allocating additional resources to a task
beyond the planned amount)

There are additional elements that can be incorporated, such as the
removal of tasks from the project because the overall scope of the project
is reduced to help it get back on track. However, these are very advanced
concepts and require a great deal of additional model structure to accom-
plish. The purpose of this book is to introduce the DPM (resource-based
approach) as an alternative approach to the traditional PERT/CPM (duration-
based approach) for project planning and management. It is fully expected
that the definition of the DPM, as well as its content, will evolve over time
beyond the publication of this book.

A SIMPLE PROJECT FRAMEWORK FOR CONSIDERATION

In an effort to understand how the DPM can be used on projects, it is
important to first understand the overall framework within which we
are working. For any project, there is a combination of things that occur.
It begins with the work breakdown structure (WBS), which is the list of
activities and work tasks that must be completed, along with the necessary
dependencies among these activities and tasks, to accomplish the project.
(Note: The WBS goes by many names, but for the purposes of this book, we
will use the generic term WBS to describe the list of tasks and their depen-
dencies.) Next, resources (e.g., people, equipment, materials) are applied to
do this work. In the end, work is accomplished through the application of
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these resources, and a final schedule of completed tasks and a final cost of
the entire project can be documented. This framework, along with arrows
indicating the direction of cause and effect, is captured in Figure 5.1. In
this figure, we see the WBS and available resources come together to give
us the final schedule and final cost for the project.

The diagram in Figure 5.1 is not yet complete. In the real world, as the
work on a project progresses, slight changes and corrections are made
along the way if the project gets off track. For example, if the project
appears to be progressing slower than expected (to the point that it can
be considered behind schedule or late), the project manager may decide to
increase the resources that are assigned to key tasks in an attempt to speed
up progress. Or, he or she may decide to work the resources overtime to
get more work done to increase progress. These are corrections that are
made by the project manager, and they are the result of management poli-
cies. Management policies, also called management actions, are the feed-
back mechanisms that control the project and determine what actions a
project manager can take to improve project performance. For example,
a management policy may state that no overtime is allowed or may state
that a limit of 4 h/day of overtime is allowed. Or, there may even be a
more complex management policy that allows for a little bit of overtime
when a project is a little bit behind schedule (e.g., 1 h/day) but allows for
a lot of overtime if the project is very far behind schedule (e.g., 8 h/day).
The point here is that no project operates in a vacuum. Project managers
and team members are always making slight adjustments to the original
assignments to keep the project on track. For instance, a critical material
required for the project may be delivered late from the supplier, which
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FIGURE 5.1
Combination of WBS and resources to accomplish a project.
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FIGURE 5.2
Management policies as feedback mechanisms for project control.

causes the project to now be behind schedule. This may not be a fault of
the company doing the work, but it is now a disruption in the progress of
the project that must be accounted for, and adjustments to how and when
resources are used, must occur to correct project performance so that the
project can finish within the acceptable schedule and cost parameters.
Figure 5.2 captures the role of management policies in the overall project.
The objective of management policies is to assess the state of the project
with respect to the desired final schedule and cost goals and then to make
changes to the WBS (e.g., remove a noncritical task from the project or
shift two tasks to work in parallel) and the allocation of resources (e.g., add
more resources, work overtime) to shift project performance back toward
the desired final schedule and cost goals.

The problem with current PERT/CPM planning and management
approaches is that they do not include elements of the full framework that
is shown in Figure 5.2, as mentioned in Chapter 4 with the discussion of
earned value. Although resource considerations may have been used to
make the initial project estimates, once the plan is developed, resources
are typically no longer considered. This creates a disconnect between the
resources and the project schedule and cost. However, we all know that it
takes resources to do work and move the project along, so this disconnec-
tion is a disconnection from reality. Furthermore, the current PERT/CPM
approaches offer a single static view of the project. There are no feedback
mechanisms that are included. Figure 5.3 shows the limited approach that
is embodied in the current planning and management approaches. Using
PERT/CPM tools, it is impossible to understand if particular management
policies or corrective actions will help the project because management
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FIGURE 5.3

PERT/CPM approaches lack consideration for resources and management policies.

corrective actions are not a formal part of the PERT/CPM framework,
and resources are not considered on an ongoing basis. As seen in Figure
5.3, the PERT/CPM provides an overly simplistic view of the project. This
oversimplification introduces a huge amount of risk.

DPM AND PERT/CPM: DIFFERENT SIDES
OF THE SAME COIN

This section will begin to lay the groundwork for the DPM so that similar-
ities and differences with the PERT/CPM can be highlighted throughout
the rest of the book. In addition, this section lays out some basic concepts
for the DPM that will be built upon and expanded in later chapters.

In many situations, the DPM and the PERT/CPM provide different sched-
ule and cost estimates for the same project. However, in theory, the DPM
and the PERT/CPM should provide the exact same estimates. Figure 5.4
shows the basic thought process an experienced project manager may go
through when estimating a task for a project. He or she may know roughly
how much work needs to be done, who is probably going to do it, how good
that person (or group of people) is, and the general availability of that per-
son (or group of people). All this information filters through to generate
an expected duration for the task. In Figure 5.4, some values are provided

Expected Assumed Assumed
amount of \ \X» productivity availability Expected
work at\/\ level X (days, h/day) = duration
oe
(80h) (1) (100%) (8 h/day) (10 days)
FIGURE 5.4

Project manager assumptions.
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to make this connection. The project manager knows that there is a bucket
of work to do (about 80 h of work) and that Joe will most likely be the
person doing the work (1 person). The project manager knows that Joe is
one of the more productive employees (e.g., productivity of 100%), and Joe
works a typical day at the office, which is 8 h/day. Given that information,
the task should take 10 days to finish.

Duration = (work to do)/(completion rate)
=80 h/(1 person x100% productivity x 8 h/person/day)
=80h/(8h/day)
=10 days.

(Note: Although this explanation may not be exactly correct for every
project manager, it is roughly correct. The project manager [or whoever is
providing the estimate] somehow looks at the amount of work to do and
compares it against the rate at which that work can be accomplished. If he
or she [or whoever is providing the estimate] does not do this and simply
states a duration with no thought process supporting it, this will obviously
lead to trouble, so we will not even consider that situation. The random
assignment of a duration to a task is one of the minor issues with user-
friendly PERT/CPM tools that was stated at the “Additional Issues with
PERT/CPM” section in Chapter 4. Clearly, no matter what tool is used,
a thoughtless estimating approach will yield poor results, so let us spend
our time looking at the techniques that are used by well-intentioned proj-
ect managers who are getting poor project performance as a result of the
tool that they are using and not their own thought processes.)

Once the project manager has this information, a PERT/CPM tool uses
the task duration as an input (Figure 5.5, right side). If any resource infor-
mation is also input into the PERT/CPM tool by the project manager,
it is not used to generate the initial duration. This initial duration is a
direct input from the project manager into the tool, that is, he or she actu-
ally types this number into the tool. As stated in Chapter 4 as one of the
major flaws of the PERT/CPM, in the real world, duration is an output,
not an input. On the other hand, the DPM uses the resource informa-
tion as inputs (Figure 5.5, left side). Notice that if all things were perfect,
and the resource assumptions proved to be true in real life, the DPM and
the PERT/CPM would both provide the exact same duration for the task
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Joe
(80h) (1) (100%) (8 h/day) (10 days)
DPM uses these inputs:
Resource CPM uses this input:
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to do work

FIGURE 5.5
PERT/CPM uses task duration as an input.

(10 days). By using resource-based inputs, the DPM can more realistically
capture the differences that occur in the real world and the consequences
on project performance of these differences. For instance, suppose that
Joe is a senior-level programmer with 20 years of experience, and he is
replaced by Pete, a programmer who is fresh out of college, because Joe is
committed to a higher-priority project. Most likely, Pete would not per-
form at the same level of productivity as Joe. As a result, this simple sub-
stitution of a resource could cause the project to become very late, even if
no other changes were made to the project plan. In the PERT/CPM, the
disconnection of duration from the resources misses these types of real-
world differences that can have major impacts on project performance.

DPM AND SYSTEM DYNAMICS

As stated at the beginning of this chapter, the DPM incorporates the
following:

« Atask-level operational simulation model that incorporates resources
performing work
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« Management corrective actions based on task and/or project perfor-
mance status

« Real-world negative impacts on work throughput of applying these
management corrective actions

The actual underlying operational simulation model used in the DPM
can be anything: discrete event simulation, continuous simulation, agent-
based simulation, system dynamics (SD), etc. In no way does this book
intend to dictate that the simulation model used in pmBLOX® is itself the
only manifestation of the DPM. The DPM can be applied in many differ-
ent forms. In this book, with pmBLOX, the authors use an SD model as the
task-level model, but that is not required. Because the authors have exten-
sive experience in the SD domain, SD was chosen as the approach to use
for pmBLOX. In addition, because SD incorporates feedback loops more
easily than other simulation approaches, it appeared to be a good fit for
incorporating management policies and management corrective actions
(which are feedback mechanisms).

For the authors, the origins of the DPM come from earlier applications
of SD to project planning and project management. The System Dynamics
Review, a journal published quarterly by the System Dynamics Society,
recently released a virtual edition in the first quarter of 2013 that focused
on the application of SD to project management. Some of the references
recorded in this virtual edition are listed at the end of this chapter.

(Note: The rest of this section will delve into some of the model details
that will be more adequately explained in Chapter 6.)

In summary, most of the project-related work conducted in the SD field
has focused at the strategic management level (i.e., project level, such that
the major thing to be studied is the entire project as a whole). With these
types of studies, a single simulation model is developed for an entire
project with work units or tasks flowing through the model. Again, the
focus is the whole project. A commonly cited example of this type of
strategic-level model can be seen in Figure 5.6. This book will not go
into the details of this model. Instead, this model serves as an example of
the current state of project management applications in the SD domain
so that the DPM details in this chapter and Chapter 6 can be compared
where necessary. The Readers are encouraged to look at the reference
sources for this strategic-level model and the other SD example models
that are found at the end of this chapter for additional information and
details.
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Strategic-level SD model for project planning. (From Lyneis, J. M. and D. N. Ford, System
Dynamics Review 23: 157-189, used with permission of publisher, 2007.)

The strategic-level SD model used in Figure 5.6 also utilizes the concept
of rework in relation to work that is accomplished. Figure 5.7 portrays
this concept more clearly. Sometimes, work that is accomplished is not
actually complete. There may be mistakes with the work. Through some
quality assurance or review process, these mistakes are found and must

Completed
work

Work
to do

Completion rate

Rework Undiscovered
backlog — rework

FIGURE 5.7
Discovery and completion of rework.
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be reworked to make the final deliverable match the quality level that is
expected. Only then, after completion of the rework, can the work be con-
sidered complete. Depending on the abilities of the resources applied to
the project, this additional rework may be a lot, or it may be a little.

According to the proponents of these SD models, these models have
been successful with identifying potential project issues upfront and
with addressing ongoing project issues. Noted examples include Ingalls
Shipbuilding, Fluor Corporation, and the Peace Shield Air Defense
System. Indeed, these models have been successful in achieving their
intended objectives.

The ideas of a strategic-level project model and a rework cycle have been
highlighted because the SD model used by the authors in pmBLOX dif-
fers along these lines. (Actually, there are several additional ways that the
pmBLOX model differs from these two strategic models, but they are in
the details.) As presented in Chapter 6 of this book, the basic model is
a task-level (not project-level) model, and the variable of productivity is
used to govern the rate of work throughput (instead of a rework cycle).

There has been some work on SD models at the task level, but it is few
and far between. And, the task-level models produced so far are restricted
to a specific project size and/or structure. These models were typically
developed as a consulting engagement on a specific project. Thus, their
usage is limited because the tools are not widely available for others to
use (i.e., the tools are proprietary to the consulting organizations), are not
capable of handling large (or even medium-sized) projects, or are not flex-
ible enough to model different situations (i.e., the tools have a strict model
structure that is designed for a specific type of analysis).

The authors use a task-level model to mimic real-world activities and
create a tool that can be used operationally to guide the planning and
management of a project. For example, a project-level model cannot show
which tasks a set of specific resources should be assigned to. The project-
level model can only show that more (or less) resources are required at an
aggregate level. This is one layer of information. However, to manage the
project week to week, the project manager needs to know which resources
are going to which tasks, as well as how these allocations may change along
the way. A project-level model cannot deliver this information because its
granularity is insufficient. If a task is not specifically simulated, then it is
impossible to know what is happening with it.

With regards to rework, the authors use a productivity variable to cap-
ture work throughput capabilities. Both rework and productivity are
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equivalent methods. The point is that sometimes, it takes longer to do a
certain amount of work. For instance, it may take 8 h to do 6-h worth of
assigned work because the employee takes bathroom breaks, talks in the
hallway, makes mistakes and has to fix them, etc. The rework cycle accom-
plishes this by making a set of work go through the process multiple times
before it is complete. The productivity variable slows work down so that it
goes through the process more slowly (but every piece of work that goes
through is considered complete). As a simple example, consider a task (or
project) with 8 h of work to do. If all of this work had to be reworked, it
would take 16 h to finish the original 8 h of work. Using productivity, the
equivalent is to say that productivity is 50%, that is, for every hour worked,
only a half-hour of true work was completed. Both of these approaches
yield 8 h of true work while paying for 16 h of resource time.

One of the main reasons that the authors use a productivity variable
instead of a rework cycle is that the rework cycle itself has some mechani-
cal issues when running a simulation. If the rework rate is set to 10%, for
example, then each time work is done, 10% of the work has to be done
again. This is a never-ending loop: 10% of 10% of 10% and so on. With
this approach, the work would never be completely finished. To eliminate
this endless loop, the programmer of the rework cycle model sets a limit
to the number of rework loops (say, three rework loops) or some mini-
mal amount of work (say, the remaining 1% of work to do) at which the
work is considered complete. Thus, the rework cycle model is not used in
its entirety; it is short-circuited. At that point, why bother with a rework
loop? The authors feel that a productivity variable represents a cleaner and
more straightforward method for capturing the same dynamic.

Note: The models with rework cycles sometimes also include a productiv-
ity variable, but the issue still remains that an endless loop of rework has
to be stopped at some point.

With this overview of the DPM, we can now look back at the three flaws
of the PERT/CPM that were mentioned at the beginning of this chapter:

1. Task duration is an input.
2. Resource productivity impacts are not considered.
3. Management corrective actions are not captured.

Details of the pmBLOX DPM model will be shown in Chapter 6, but at
this point, it can already be seen that the DPM approach described in this
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book addresses the three flaws because (1) it simulates the use of resources
accomplishing work at the task level, (2) it incorporates productivity con-
siderations for resources, and (3) it employs management corrective actions
along with their productivity consequences.
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Overview of the Dynamic Progress
Method Simulation Model

INTRODUCTION

The simulation model used on the Defense Advanced Research Project
Agency (DARPA) research project and in pmBLOX® will be explained in
this chapter. The simulation model will be built up section by section to
help the readers fully understand all the elements of the model and why
they are important. Examples will be provided throughout the chapter.
In the figures in this chapter, the black elements represent variables and
interconnections that exist in most traditional project management (PM)
tools. The light-gray elements are additional elements that are part of the
DPM approach.

BASIC TASK STRUCTURE

In the task simulation model used in pmBLOX (the DPM-based software
included with this book), resources and work activities are captured in an
operational model (i.e., a model of the operations or activities that actu-
ally occur). This begins with the representation of task work. As seen in
Figure 6.1, there are two buckets of work: work to do and completed work.
Work to do represents all the work that is associated with the task prior to
applying any resources to the task (i.e., the task work backlog). Completed
work represents all the work that is accomplished on the task by applying
resources to do work on the task. Before a task is initiated, the work-to-
do stock is full, and the completed-work stock is empty. When the task is

113
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Work Completion rate Completed
to do work
FIGURE 6.1

Basic task model with work to do and completed work.

complete, the work-to-do stock is empty, and the completed-work stock is
full.

The mechanism that moves work from work to do to completed work
is the completion rate. The completion rate is equal to the effective
labor hours, which are the product of the number of resources and
the actual labor hours that were worked on that day (Figure 6.2). For
example, if there are two people who are assigned to the task, and they
both work 8 h on a given day, the completion rate would be (2 persons x
8 h/person) = 16 h of work. If only one person works for 8 h on that
same task, the completion rate would only be 8 h of work. Given this
basic approach, if the completion rate remained constant for all days,
it would be easy to calculate the expected duration of the task. For
instance, if a task has 80 h of work to do with a constant completion
rate of 8 h/day (due to one person working 8 h each day), the expected
duration of that task is 10 days:

Task duration
= Work to do + completion rate
=80 h + (8 h/day)

= 10 days.
Work Completion rate Completed
to do work
Effective
/ labor hours
Number
of resources

Actual

labor hours

FIGURE 6.2

Basic task model with effective labor hours.
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If a project manager is accustomed to using durations as inputs for
tasks (as with the CPM approach), he or she may look at this approach
and question how someone would even be able to guess the amount of
work hours that are required for a task (i.e., work to do). However, every
PM tool currently on the market does this calculation behind the scenes,
whether the users know it or not. For instance, suppose that we used a
typical duration-based CPM tool and input 10 days as the duration of this
task. As soon as we assign one person to that task, the traditional PM tool
will back-calculate the work hours for the task. The formula is the same
as above:

Task duration
= Work to do + completion rate.

Now, however, the task duration and completion rate are known:

Work to do

= Task duration x completion rate
= 10 days x (8 h/day)

=80 h.

We can test this in a traditional PM tool by changing the number of
resources that are assigned to the task. If the reader were to change the
number of resources to two people or change the level of effort from 100%
to 200% (to represent twice as many people), the task duration would
immediately change to 5 days:

Task duration

= Work to do + completion rate
=80 h + (16 h/day)

=5 days.

This is essentially what typical CPM-based tools will do when they are
in effort-driven mode. This is also how traditional PM tools can cause
problems. If we were to change the number of resources from 1 to 10, the
duration of the task would be reduced to 10% of the original duration. The
traditional PM tools assume a linear relationship between the number of
people who are assigned to a task and their work rate. More often than not,
this is a bad assumption. A typical analogy that is used in this case is to say
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FIGURE 6.3
Basic task model with task dependencies.

that it is like nine women having a baby in one month. For some tasks, this
is impossible. (This issue will be addressed by the DPM approach with the
discussion of Figure 6.16.)

Figure 6.3 adds the constraints on the progress of a task that is based
on dependencies with other tasks on a project (e.g., finish-to-start depen-
dency, as described in Chapter 4 with the CPM). There may be a limit to
the amount of work that can be done on a task due to a dependency on the
amount of completed work for a separate task. Even if resources are avail-
able to work on our current task, the completion rate would be set to zero
until the dependency constraint is satisfied. (More details will be provided
in Chapter 7 on how to set these dependencies in pmBLOX.)

At any point, the schedule and cost status of the task can be obtained
(Figure 6.4). On most government agency projects and some commercial
projects, earned value (EV) is used to determine the schedule and cost status
of a task or project. But, other PM tools may use different metrics to deter-
mine where a task stands in relation to the scheduled end date of the task
and the budgeted total cost of the task. pmBLOX uses EV metrics, specifi-
cally the schedule performance index (SPI), to denote schedule pressure and
the cost performance index (CPI) to represent cost pressure because these
are formally accepted standard metrics that are used by many in the PM
field.

As a quick refresher, the basic formula for SPI is the following:

SPI
= EV =+ planned value.
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FIGURE 6.4
Basic task model with status calculations.

Sometimes, this is also written as the following:

SPI

= Budgeted cost of work performed (BCWP) + budgeted cost of work

scheduled (BCWY).

If the SPI < 1, the task (or project) is considered behind schedule. If
the SPI = 1, the task (or project) is considered exactly on schedule. If the
SPI > 1, the task (or project) is considered ahead of schedule.

Similarly, the basic formulas for CPI are the following:

CPI

=EV =+ actual cost

CPI

= BCWP =+ actual cost of work performed (ACWP)

If the CPI < 1, the task (or project) is considered over budget. If the
CPI = 1, the task (or project) is considered exactly on budget. If the CPI > 1,
the task (or project) is considered under budget.

(More details will be provided in Chapter 7 on how EV metrics are used
in pmBLOX.)
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The limitation with traditional PM tools is that they only provide this
status information. Unfortunately, some of them do not even provide this
type of status information, and an add-on tool is required. But, for now, let
us assume that all traditional CPM-based PM tools can provide task status
information relative to cost and schedule. The point being made here is
that traditional PM tools only provide the status information. This sta-
tus information is not used as part of any management corrective action
within the tool itself.

RESOURCE PRODUCTIVITY

As stated at the beginning of this chapter, the elements of the model that
are shown in black in Figure 6.4 are elements that exist in most traditional
PM tools. We will now discuss the additional elements that are added
to the model for the DPM. Figure 6.5 shows the addition of a variable
called resource productivity in the calculation of the effective labor hours.
Resource productivity is simply a way to capture the different work rates
of resources, and it can be defined in several ways.

With the first method, resource productivity is a measure of the propor-
tion of productive time that a resource spends on a task, where productive

Status/earned value
calculations

Work Completion rate Completed
to do work

Task Task 1
“Effective” completio.n ~JCompleted|
/ resource hours dependencies work
Number / % Complete\\ E
of resources ) N Task N
Actual Material Completed
resource hours Resource dependencies work
productivity
Material 1 Material N

FIGURE 6.5
Basic task model with resource productivity.
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time is the time that is applied against the work to do for the task. For
example, a person may be at the office for 8 h during a day (and, therefore,
getting paid by the project for 8 h), but he or she may only get 6 h of actual
task work done during the day due to other meetings, chatting at the water
cooler, taking a cigarette break, going to the bathroom, staying out for a
long lunch, etc. In this case, his or her productivity is 75% (6 h of work/8 h
at the office = 0.75).

With the second method, resource productivity can also be used to
differentiate the work rates among different resources. For example, a
junior-level engineer or software developer typically has a lower level of
proficiency and effectiveness (i.e., productivity) than a senior-level engi-
neer or software developer. In this case, if a senior-level engineer is 100%
productive, a junior-level engineer may be only 50% productive, which
indicates that it would take the latter twice as long to accomplish the same
task as the former. Or, if we use the junior engineer as the baseline and say
that he or she is 100% productive, in this case, the senior engineer may
have a productivity level of 200% (gets twice the work done in the same
amount of time).

Resource productivity is part of the product of variables that results in
effective labor hours as follows:

Effective labor hours
= Number of resources x actual labor hours x resource productivity.

Using the example of the junior- and senior-level engineers, we might
have the following:

Effective labor hours for senior engineer
=1 person x 8 h/day/person x 100%
= 8 h for the completion rate

Effective labor hours for junior engineer
=1 person x 8 h/day/person x 50%
=4 h for the completion rate.

If a task has 80 h of work to do, it would take the senior engineer 10
days to finish the task working 8 h/day (80 h =+ [8 h/day] = 10 days). The
junior engineer would take 20 days to finish the same task working 8 h/day
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(80 h + [4 h/day] = 20 days). Thus, simply changing resources for a task can
often have significant impacts on the duration of the task, even if all the
tasks stay the exact same.

While the addition of the resource productivity variable seems quite
simple, traditional PM tools make it difficult to capture this. Often, when
a resource on the project changes, the project manager simply changes
the name of the resource in the plan and keeps everything the same.
Consequently, the project plan is shown to be the same. In reality, this is
usually not the case. Having worked previously at large companies, the
authors have seen this phenomenon firsthand. During the proposal phase,
we might develop a project plan with the assumption that we would have
some of the best people available to work on the project because we wanted
to show the customers that we could do a lot of work in a short period
of time (and, thus, provide high value to the potential customers). The
assumption of using the best people results in an aggressive work schedule.
Nine months later, when the contract is actually awarded, the resources
that we assumed would work on the project may no longer be available.
Instead, we often have to use people who are new to the organization. Or,
worse, we have to utilize people who have not been selected by other proj-
ect teams and are metaphorically at the bottom of the barrel. In these cases,
most of the time, we still use the same work schedule because it is now
contractually mandated. By changing resources, we inadvertently change
the productivity rate of the work being done, which ultimately affects the
duration of the project. Unfortunately, it usually takes a couple of weeks or
even months and a significant schedule slip to figure this out.

It should be noted that traditional PM tools can incorporate the concept
of resource productivity, but the methods are often circuitous and cum-
bersome. For instance, suppose that we want to indicate that a resource
has a productivity level of 75%. Because the traditional PM tool assumes
that paid time is equivalent to task work time, we could change the num-
ber of hours that the person works in a day from 8 h/day to 6 h/day. This
would ensure that the amount of work done each day is correct. But, we
would then need to change the hourly pay rate for this resource from, say,
$20/h (or $160/day) to $26.67/h (to match the same $160/day with just 6 h).
Using these methods, the work rate and cost are now correct. However,
when someone else looks at the plan and sees that the resource is just
working 6 h/day, that someone may question that. And, any EV calcula-
tions may now be affected. As a project manager, it is also easy to forget
that all these changes have been made and where exactly they have been
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made. Thus, when it is time to pass the project plan along to someone else
or publish the plan for others to see, it is easy to accidentally pass along
or show a plan that looks suspicious because the resource values have not
been reverted back to the actual numbers. In essence, while these types
of productivity considerations can be accommodated in traditional PM
tools, the gaming that is required can sometimes cause more problems.

As shown in Figure 6.5 in this chapter, resource productivity acts as
a multiplier on the actual labor hours in the equation for effective labor
hours. By default, pmBLOX assumes a resource productivity of 100% (i.e.,
multiplier of 1.0) until this is changed by the user. By not including pro-
ductivity as a direct input, traditional PM tools also assume a productivity
rate of 100%.

Note: In addition to resource productivity, Figure 6.5 also makes some
other changes relative to Figure 6.4 that will be used moving forward.
Figure 6.5 splits the task dependencies into task completion dependen-
cies and material dependencies because pmBLOX allows both types of
dependencies. For task completion dependencies, pmBLOX uses per-
cent complete (% complete) instead of the CPM-based finish-to-start
(FS), start-to-start (SS), etc. This input will be described in Chapter 7,
section “Example 8—Task Dependencies.” For material dependencies, see
Chapter 7, section “Example 9—Working with Materials.”

MANAGEMENT CORRECTIVE ACTIONS

Figure 6.6 shows the next set of model parameters that are unique to the
DPM: corrective actions. Corrective actions are those changes that are
made to the execution of a project to correct or alter its performance in
some desired direction. These actions are similar to adjusting the steering
wheel when driving a car to remain within the boundaries of the traffic
lane on the street. Notice in Figure 6.6 that corrective actions stem from
the EV/status calculations. What this means is that, in the real world, proj-
ect managers will take actions to change the status of the project (with
respect to cost and schedule) if the current state of the project is undesir-
able. When a project manager uses a traditional PM tool to plan or esti-
mate a project, he or she gets a single, static, snapshot view of the project.
No matter what happens, the plan shown in a traditional PM tool will
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Basic task model with corrective actions.

not change. However, in the real world, project status information (e.g.,
EV metrics) often causes a project manager to react and actually make
changes to the project. For example, if the allocated costs for a task are
accumulated, and it appears to be over budget, in the real world, the proj-
ect manager would make changes to the task to reduce cost to get the
task back to the budgeted amount, such as reducing the labor resource
that is applied to the task or shifting to a less expensive labor resource. As
another example, if a task appears to be behind schedule (i.e., late), in the
real world, the project manager would make changes to the task to accel-
erate the schedule to get the task back on schedule, such as adding more
people to the task or assigning overtime to the current resources.

There are many corrective actions that a project manager can take to
change the course of a project. Table 6.1 lists some of the most common
corrective actions and their purposes. Of course, a project manager can
also take any combination of these actions together or use different actions
at different times on the project.

Other than terminating the project or altering the scope of the project,
the four main outcomes that result from management corrective actions
are the following:

1. Accelerate the schedule to get a late project back on track
2. Slow down the schedule to get an early project back on track
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3. Reduce costs to get an overbudget project back on track
4. Increase costs to get an underbudget project back on track

Within pmBLOX, the only corrective actions that are allowed are the
first four that are listed in Table 6.1, which involve changing the number
of resources and the actual labor hours (Figure 6.7). pmBLOX does not
deal with project termination or changes in project scope. These are not
consistent management actions and, therefore, are difficult to incorporate
into a simulation model. They change based on the unique circumstances
of the project. For low-priority projects, it may not be a big deal to change
the project scope to reduce the amount of work that is done. An example
of this might be an internal research and development project for a new
product in which the project has the flexibility of changing the features
and capabilities of the project to meet the established internal budget. For
high-priority projects, a change in scope (or project termination) may not
be an option at all. For instance, consider a key project for a major cus-
tomer. Many times, a company may take a financial hit on the project and
purposely lose money to make sure that the customer is happy and the
company retains the customers and business in the future. However, alter-
ing manpower quantities and the hours worked are much more consistent
policies that can apply across a wide range of project situations, especially
when tied to EV metrics. Thus, pmBLOX incorporates these options.

TABLE 6.1
Management Corrective Actions
Corrective Action Purpose Desired Outcome
Add resources Increase work accomplished ~ Accelerate schedule to get a late
project back on track.
Remove resources Decrease work accomplished ~ Slow down schedule, reduce
or reduce cost costs.
Work overtime Increase work accomplished ~ Accelerate schedule to get a late
project back on track.
Reduce work hours Decrease work accomplished ~ Slow down schedule, reduce
or reduce cost costs.
Extend the end date Reduce schedule pressure Get a late project back on track.
Change project scope  Reduce schedule and/or cost  Eliminate work activities to get
pressure a late project back on track.
Terminate project Reduce schedule and/or cost ~ The project will be late and/or
pressure over budget, so cut your losses

now.
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FIGURE 6.7
Basic task model with changes to resources and hours.

In the bulleted list above, notice that the first two management corrective
action results are related to the schedule (i.e., duration) of a project or task,
and the last two management corrective action results are associated to the
cost of a project or task. Consider only the schedule-related results for now.
The first result is to accelerate the project or task (i.e., reduce its duration), and
the second result is to slow down the project or task (i.e., increase or lengthen
its duration). Using the number of resources and actual labor hours, these
two schedule-related results rely on an increase or decrease in the number of
resources or an increase or decrease in the actual labor hours. Recall the equa-
tion for task duration from the “Basic Task Structure” section in this chapter:

Task duration = work to do + completion rate.

Mathematically, the higher the completion rate, the lower the task
duration (assuming that the work to do stays the same). As stated in the
discussion about Table 6.1 earlier in this section, pmBLOX does not con-
sider reductions in scope of work, so the work to do will, indeed, stay the
same. Thus, if a task is behind schedule, and the project manager wants to
accelerate the task (i.e., shorten its duration), the project manager needs to
increase the completion rate (i.e., increase the effective labor hours):

Effective labor hours
= Number of resources x actual labor hours x resource productivity.
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From the equation above, it can be seen that an increase in either the
number of resources or the actual labor hours (or both) will cause an
increase in the effective labor hours. (Assume that we are using the same
resources so that the resource productivity remains constant.) Remember,
all the corrective actions are driven by the current EV/status calculations,
which are the SPI and the CPI. The former EV metric represents sched-
ule pressure, and the latter EV metric represents cost pressure. pmBLOX
allows the users to indicate how changes in SPI and CPI (i.e., task status)
can lead to changes in the number of resources and actual labor hours (i.e.,
rate of work completion). pmBLOX uses a method called a table function
to establish these relationships. We also sometimes call this relationship
a management policy, which indicates a project manager’s preferences for
how he or she will manage a project under certain conditions.

Figure 6.8 provides an example of a table function describing the rela-
tionship between a change in SPI and a corresponding change in the actual
labor hours that are assigned for a task. Specifically, Figure 6.8 shows how
a decrease in SPI (i.e., the task is running late and falling behind schedule)
leads to an increase in the number of overtime hours that are allocated to
the assigned resources (which, in turn, increases the actual labor hours).
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As the SPI decreases, and the task becomes later and later, the allocation
of overtime increases in an attempt to get more work done to get the task
back on schedule. For example, Figure 6.8 shows a very aggressive man-
agement policy that assigns 4 h of overtime as soon as the SPI drops below
1.0 (which indicates that the task is behind schedule). In Figure 6.8, the
SPI is on the x-axis, and the number of overtime hours to assign to cur-
rent resources on the task is on the y-axis. For every value of SPI that is
below 1.0 (e.g., 0.90, 0.80), the corresponding number of overtime hours
to assign is 4.

A less aggressive management policy might be to assign overtime hours
in proportion to how late a task is (i.e., how low the SPI is) (Figure 6.9).
When the task is only slightly behind schedule (e.g., SPI = 0.90), the proj-
ect manager may only assign 1 h of overtime. When the task is moder-
ately behind schedule (e.g., SPI = 0.70), the project manager may assign
2 h of overtime. And, when the project is severely behind schedule (e.g.,
SPI < 0.40), the project manager may assign 4 h of overtime. (More will be
explained about the usage of management policies in Chapter 7.)

Similar to the management corrective action policies that add over-
time hours to assigned resources when a task is behind schedule, another
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Proportional overtime policy for SPL
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corrective action is for a project manager to assign additional resources
when a task is behind schedule. Figures 6.10 and 6.11 show examples of
these table functions. In these table functions, the SPI is still on the x-axis,
but now a multiplier on the number of resources is on the y-axis. For
instance, Figure 6.10 shows an aggressive management policy that doubles
the number of resources that are assigned to a task (i.e., multiplier = 2) as
soon as the SPI falls below 1.0 (indicating that the task is late). Figure 6.11
shows a less aggressive management policy that proportionally increases
the multiplier based on how late the task is. When the task is only slightly
behind schedule (e.g., SPI = 0.90), the project manager does not do any-
thing (i.e., multiplier = 1.0). When the task is moderately behind schedule
(e.g., SPI = 0.70), the project manager may add 25% more resources (i.e.,
multiplier = 1.25). And, when the project is severely behind schedule (e.g.,
SPI < 0.40), the project manager doubles the assigned resources (i.e., mul-
tiplier = 2.0).

In both of the corrective actions that were covered (i.e., adding overtime
hours when a task is late and adding resources when a task is late), the
goal is to increase the completion rate by increasing either the actual labor
hours or the number of resources (or both). A higher completion rate will
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Aggressive resource policy for SPI.
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shorten the task duration and get the task (and project) back on schedule.
Note that if a project manager wanted instead to slow down the comple-
tion rate on a task because it was actually ahead of schedule, the table
functions also accommodate this. In this case, the pmBLOX user would
enter multiplier values for SPI values that are greater than 1.0.

Now, let us consider some corrective actions that are associated with
CPI (i.e., being over budget or under budget). Typically, project managers
only implement corrective actions when the project or task is over budget.
In this case, similar to the management policies for SPI, the users can cre-
ate table functions that define how changes in CPI lead to changes in the
amount of overtime hours that are added to a project and the number
of resources that are assigned to the task (via a multiplier on the current
resources). When costs are high, and a task is over budget, the desire of the
project manager is typically to reduce the hours that people are working
or reduce the number of people working on the task. Hence, while SPI-
related policies typically aim to increase the completion rate (by increas-
ing the effective labor hours through increases in the number of resources
or the actual labor hours), CPI-related policies typically aim to reduce the
completion rate (i.e., remove resources from the task).
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Figures 6.12 through 6.15 show the same four management policies
for CPI that are shown in Figures 6.8 through 6.11 for SPI. For instance,
Figure 6.12 shows an aggressive policy of changing overtime hours based
on CPI, just like Figure 6.8 shows an aggressive policy of changing over-
time hours based on SPI. Note, however, that there are some slight differ-
ences. For the management policies for CPI for overtime hours (Figures
6.12 and 6.13), the table function shows how many overtime hours to
remove (not to add). A built-in assumption in the current pmBLOX DPM
model is that a project manager would never ask a person to work less
than the normal day that is set in the calendar (see Chapter 7 for details on
setting calendars). Thus, the management policies for CPI only take away
any overtime hours that have been added above and beyond the normal
workday. For the CPI-based management policies affecting the number of
resources (Figures 6.14 and 6.15), the table functions use multipliers on the
number of resources, which is the same approach as the SPI-based policies
for the number of resources. But, in the CPI-based policies, the multipli-
ers tend to be less than 1 (to indicate a reduction in resources on the task).

One thing readers may notice immediately is that the SPI and CPI tend to
work against each other. When the task progress relative to the schedule is
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Proportional resource policy for CPI.

poor (i.e., SPI < 1), the SPI-based policies attempt to shorten the duration by
increasing the resources that are used on the job (which increases the com-
pletion rate). On the other hand, when the task progress relative to cost is
poor (i.e., CPI < 1), the CPI-based policies attempt to reduce costs by remov-
ing the resources that are used on the job (which decreases the completion
rate). Hence, if a pmBLOX user implements both SPI-based management
policies to control schedule and CPI-based management policies to control
cost, in some cases, the changes caused by each of these sets of policies will
cancel each other out so that the net result is no change at all. For example,
if the user has an SPI management policy that adds 2 h of overtime when
the task is behind schedule and a CPI management policy that removes 2 h
of overtime when the task is over budget, then the addition of 2 h of over-
time is canceled out by the removal of 2 h of overtime, and the net result is
0 h of overtime. In a similar example, if the user has an SPI management
policy that doubles the number of resources (i.e., multiplier = 2) when the
task is behind schedule and a CPI management policy that halves the num-
ber of resources (i.e., multiplier = 0.5) when the task is over budget, then
the doubling of resources is canceled out by the halving of resources, and
the net result is no change in the number of resources. To accommodate
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this contradiction, pmBLOX has a fifth management policy that represents
the project manager’s priority for being guided more by schedule priori-
ties (SPI) or by cost priorities (CPI). At one end of the spectrum, the users
can set the policy that a task is completely driven by schedule only (SPI).
At the other end of the spectrum, the users can set the policy that a task is
completely driven by cost only (CPI). In the middle, the users can set the
policy that both schedule and cost are considered equally (which may result
in competing SPI- and CPI-based policies canceling each other out). (More
about this last management policy is covered in Chapter 7, Figure 7.26.)

CONSEQUENCES OF CORRECTIVE ACTIONS

The final version of the DPM model overview diagram is shown in
Figure 6.16. In this figure, notice that there are feedback arrows from the
number of resources and actual labor hours to resource productivity. This
connection indicates that changes in the number of resources and changes
in the actual labor hours can cause changes in resource productivity.
Typically, the changes that occur are reductions in resource productivity
due to assigning too many resources to the task (often called overmanning
or overtasking) or reductions in resource productivity due to fatigue and
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FIGURE 6.16
Basic task model with negative consequences of management actions.
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burnout that are caused by assigning people too much overtime. These are
common real-world phenomena.

Let us consider a specific example. Suppose that a task is behind schedule.
One of the corrective actions described in the “Management Corrective
Actions” section in this chapter is to add overtime hours if the task is behind
schedule (i.e., SPI < 1). However, in the real world, people are not robots,
and eventually, all the overtime will take its toll. As an extreme example,
consider someone working 24 h a day for several weeks. Of course, in this
example, it is physically impossible to do this. Someone cannot stay awake
that long. Without a doubt, we would see a reduction in productivity for
this person at some point. In fact, the person’s productivity would drop to
zero when he or she falls asleep. Even if we stopped assigning overtime to
this person, when he or she returns the next day to work a normal day, his
or her productivity would still be impacted. The fatigue that he or she expe-
riences would take awhile to dissipate and go away. It may take him or her
several days to catch up on sleep and be back to full productivity at work.
At the other end of examples, consider someone working just 30 min of
overtime for a few days. This is not much different from working a normal
workday (e.g., 8 h), so the person does not experience much more fatigue
than he or she normally experiences. In this case, he or she could prob-
ably work several weeks with absolutely no impact or very little impact to
productivity. And, when the overtime is removed, and the person comes
back to work the following day for a regular workday, he or she has prob-
ably fully recovered so that he or she is back to his or her normal level of
productivity (since he or she was not excessively burned out or fatigued).

The two phenomena to capture here are the following:

1. The amount of fatigue that a person experiences is proportional to
the amount of overtime hours that he or she works (i.e., more over-
time hours cause more fatigue), and

2. The recovery period to get back to normal productivity is propor-
tional to the level of fatigue that a person has (i.e., it takes longer to
recover from high amounts of fatigue).

The underlying simulation model that captures fatigue is not accessible
by the users in pmBLOX. In this model, fatigue accumulates for each over-
time hour that a resource works. The dissipation of the level of fatigue (i.e.,
the recovery from fatigue) is based on the level of fatigue. If the level of
fatigue is low (from few overtime hours), recovery is very fast. For example,
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a person could work several hours of overtime on a single day and come
back the next day with minimal (or even zero) fatigue. If he or she worked
several hours of overtime for several weeks, the recovery would be much
slower when he or she returned to work for the next regular workday, he
or she still would be experiencing some high level of fatigue, and it would
take several days for the fatigue to completely disappear.

Instead, what is accessible by the users is the definition of how fatigue
impacts resource productivity. pmBLOX allows them to capture the pro-
ductivity impacts in a table function. Figure 6.17 shows the default table
function. On the x-axis is the fatigue index, which represents the level
of fatigue that is experienced by a resource. If the fatigue index is 0, the
resource is completely fresh and has no fatigue. If the fatigue index is 100,
the resource is completely fatigued (i.e., cannot do anything). On the
y-axis is a multiplier on the productivity level for the resource. Two points
on this table function will always hold true. When the fatigue index is 0,
the multiplier is 1 to indicate no loss of productivity at all; the resource
maintains its normal resource productivity. When the fatigue index is 100,
the multiplier is 0 to indicate that no work can be done at all. These are the
upper-left and lower-right corners of the table function. In between those
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two endpoints, the user has the flexibility to assign whatever impact on
productivity seems appropriate. By default, pmBLOX suggests the rela-
tionship in Figure 6.17. Notice that there is no decrease in the multiplier
until the fatigue index reaches 30, and at that point, there is only a 1% loss
in productivity (i.e., the multiplier is 0.99). Thus, even when the resource
is 30% fatigued, that resource is still at 99% of whatever its normal pro-
ductivity level is. This is very conservative and suggests that the resource
can work a fair amount of overtime for an extended period of time with
almost no impact on productivity. The user has the option of making this
relationship more severe such that productivity losses occur immediately
when there is very little fatigue. Or, the user can go to the other extreme
and set the multiplier equal to 1 for all the values of the fatigue index to
indicate that the resource does not suffer from fatigue at all.

Similar to the productivity losses due to fatigue, Figure 6.16 shows that
resource productivity is impacted by the number of resources. Simply put,
for some tasks and for some types of work, there can be too many cooks
in the kitchen, and there is a lot of stepping on toes. Coordination is dif-
ficult, and work progress grinds to a halt. Or, for some tasks, it may be
impossible to add more resources due to physical constraints (e.g., only
two plumbers can fit in the space under a sink). By default, pmBLOX sets
this table function so that there is no impact due to overmanning (i.e.,
multiplier = 1 for all values). Figure 6.18 shows a more realistic relation-
ship between overmanning and the impact on productivity. In Figure 6.18,
the overmanning ratio is on the x-axis, and the productivity multiplier is
on the y-axis (similar to Figure 6.17). The overmanning ratio is the current
number of resources that are assigned to the task divided by the desired
number of resources for the task (which is set when assigning resources to
tasks). For example, if the desired number of resources (for this particu-
lar resource type) is 2, and a management policy caused this number of
resources to increase to 4 (e.g., doubling resources because the task was
behind schedule), then the overmanning ratio is 2. Or, if the desired num-
ber of resources is 2, and a management policy caused this number of
resources to increase to 3, then the overmanning ratio is 1.5.

Figure 6.18 shows that if the current number of resources is triple the
desired number of resources (i.e., overmanning ratio = 3), the multiplier
on resource productivity drops to 0.50 (i.e., half as productive). In this
particular example table function, 0.50 is the lowest that the multiplier
drops to. So, no matter how many additional resources are added to this
task, the productivity of these resources will never drop below 50% of each
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resource’s normal productivity level. Note that the user could set the pro-
ductivity multiplier to 0, if desired, to show that there is a limit to the
number of resources that can be added to this task. In the table function
in Figure 6.18, the first productivity impact comes when the overman-
ning ratio is 1.5 (which means 50% additional resources above the desired
number of resources). At this point, the multiplier on resource productivity
drops to 0.90 (i.e., 90% of normal productivity level).

I
INTEGRATED VIEW OF pmBLOX MODEL

The previous sections of this chapter introduced many of the details of
the underlying DPM simulation model found in pmBLOX, and Figure
6.16 provides the full view of the underlying model for a single task in
pmBLOX. Figure 6.19 provides an example integrated view of how mul-
tiple tasks would be simulated together in pmBLOX. In this very simple
example, there are five tasks labeled A through E, each represented by
a small version of the task-level graphic seen in Figure 6.16. The thick
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100%

FIGURE 6.19
The integrated view of pmBLOX.

solid arrows represent the dependencies among tasks, which may be a
percent completion dependency on a predecessor task or a material
dependency from another task that creates a material. Task A requires
only one resource for 40 h of work. Task B requires the same resource as
Task A but for only 30 h, along with another resource for 30 h. However,
Task B cannot start until Task A is 50% complete, and Task C creates
its design document (which is needed as an input material into Task B).
The resource for Task C is also required for Task B and Task E. Task D
requires a human resource (for 60 hours) and a piece of test equipment
for 2 h. And so on.

With a graphic like the one in Figure 6.19, it is easy to see how compli-
cated project planning is in the real world, along with how complicated it
is to realistically estimate cost and schedule (i.e., duration). Imagine if this
project were 50 tasks or 100 tasks, which in today’s business world is not
considered a large project. Consequently, it is easy to see that the methods
developed back in the 1950s (i.e., PERT/CPM) are woefully insufficient for
capturing the complexities necessary for realistic planning and manage-
ment of large, complex projects.

For decades, today’s PM tools have been built around this CPM engine
that is less than ideal and, in many cases, outright incorrect. It is difficult,
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if not impossible, for the manufacturers of the current PM tools to scrap
this engine and start over. As a result, more and more fixes are added on
top of a broken foundation. For example, concepts like lead and lag have
been added to the basic finish-to-start (FS), start-to-start (SS), etc. depen-
dencies among tasks to account for the fact that sometimes a successor
task does not fit exactly into one of these major dependencies. But, these
fixes are just shell games that make the major flaws of PERT/CPM worse.
Or, user-friendliness features have been added, such as easier exporting of
project information into other office tools (such as spreadsheets or word
processors) or accessing files via the Internet. Yet, these usability improve-
ments still do not address the underlying flaws that lead to mistakes in
planning, diagnosis, and management of projects. 60-year-old technology
provided over the Internet is still 60-year-old technology.

Fortunately, the authors had the opportunity to start with a clean slate
on the DARPA work that created the DPM and pmBLOX. As such, the
authors feel that this is the beginning of a new approach to project estima-
tion, planning, and management that harnesses the power of today’s com-
puters and the new knowledge that the project management community
has gained over the last couple of decades.

A FINAL NOTE ON THE DPM MODEL

It should be noted that the simulation model covered in this chapter and
embedded in the pmBLOX PM software is not the definitive DPM model.
As discussed in Chapters 1 through 5, the DPM embodies a set of philoso-
phies about how to make project planning and estimation more realistic
by focusing on resources, management corrective actions, and the impacts
of corrective actions on resources (via productivity levels). The main pur-
pose of the DPM is to offer a better alternative to the outdated and insuf-
ficient duration-based methods that are the foundation of most current
PM tools on the market. Indeed, this is the first official publication of
any formal DPM-oriented model, and pmBLOX is the first commercially
available tool that employs extensive DPM features. But, this model of the
DPM is not the end-all model. On the contrary, it is only the beginning
model. Readers are encouraged to refine and expand on the model that
is presented in this book by joining the forums and discussions at http://
www.dynamicprogressmethod.com.
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Overview of pmBLOX

INTRODUCTION

Chapters 1 through 6 addressed the theory and algorithms defining the
Dynamic Progress Method (DPM). We now turn our attention to putting
the DPM to work using project management software called pmBLOX®.
A trial version of pmBLOX is available as a free download on http://www
.pmblox.com. Additional tutorials and videos are also available at the
website.

By the end of this chapter, the reader will be able to

+ Navigate the main views within pmBLOX

o Create a new project plan in pmBLOX

« Populate a task with resources defining a project plan

« Configure tasks and resources applying DPM principles

o Understand the differences between CPM- and DPM-based plan-
ning methods

INSTALLING AND RUNNING pmBLOX

Once you have downloaded pmBLOX, double-click on the installer to
copy the program to your computer. (Note: pmBLOX requires a Microsoft
Windows operating system to run.) After the installation process com-
pletes, you can run pmBLOX by selecting the program from your Start
menu or desktop shortcut or by double-clicking on the application file
(located in your C:\Program Files\pmBLOX directory). Once the program
loads, you will see an empty project view (see Figure 7.1).

139
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pmBLOX should look familiar to anybody who has used other project
management software. This is by design—while the underlying engine
that performs the calculations to determine task durations, resource uti-
lizations, etc., is fundamentally different, the inputs used to define the
plan are not. (There are some exceptions, as you shall soon see, as the
DPM method includes inputs that other project planning tools fail to
acknowledge.)

pmBLOX groups common functions with the ribbon bars at the top
of the application window. The first two, “Home” and “View,” provide
common controls that are used by different views into your plan’s data.
Depending on which view you are using, there may be other tabs contain-
ing control options that are specific to the view.

The default view for any new project plan is the Gantt view. In this view,
you define the tasks that comprise your project. The other views are the
following:

 Resources—where you define the labor, equipment, and materials
that are needed for your project

o Calendars—where you define the work hours a resource is available

o Management policies—where you define different rule sets for how
tasks respond to cost and schedule pressure

o Reports—where you view the project’s simulation results (e.g.,
resource utilization, costs)

I
EXAMPLE 1—CREATING YOUR FIRST PROJECT PLAN

Before getting into all of the details of pmBLOX’s implementation of the
DPM, we will create the most basic project plan so that you can see how to
run a simulation to evaluate your project. If you have a blank project, like
the one shown in Figure 7.1, you can use that; otherwise, you will want to
create a new project file. Click on the application icon in the top left, and
then choose “New,” or click on the blank document icon to the right of the
application menu (Figure 7.2).

If you choose the “New” menu command, a dialog will appear (Figure 7.3),
letting you select what type of new document to create. pmBLOX uses a
generalized simulation platform called SimBLOX™ so that some users
of pmBLOX will have additional document options. Now that you have
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Recent Documents

%) SimBLOX Options

FIGURE 7.2
Creating a new pmBLOX file.

a new document, click in the first row of the Gantt view, and type in a
name for the project task, for example, “Task 1.” Next, tab over to the
Scope column, and enter the task duration—for our example, we will
enter 40h, indicating that the task will take 40 h of productive work to
complete (Figure 7.4).

7 hl
a5 New SimBLOX Document @

Document Templates e

Cr— 1.

ProjectModel

Simulation based project management.

FIGURE 7.3
Selecting a new pmBLOX model.
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* Example 1: Gantt View
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| A Task 1 ] ij::j::} TreatAsBacklog
*
FIGURE 7.4
Defining a single task.

Unlike other project management tools you may have used, in pmBLOX,
the Gantt chart does not automatically update. You will need to run the
DPM simulation to get an updated Gantt chart. At the bottom of the
pmBLOX application is a docked window titled “Simulation Controller.”
This is where you run the simulation. Notice that the document title shows
the name of your newly created document (e.g., Project Model 1). If you
have multiple project plans open, you can control which you wish to simu-
late by selecting it from the list of open projects and clicking the “Run”
button. If you had not saved your file previously, you will be prompted to
save your new project plan prior to running the simulation. For our exam-
ple, we will name the file “Example 1.” After saving the file, the simulation
runs, displaying the results that are shown in Figure 7.5.

In the Simulation Controller window, informational messages are
displayed.

The project’s default start date is set to the current date. To change the
project start day, click on the “Settings” button on the Project tab in the
Ribbon bar (Figure 7.6). You can ignore the other settings on the dialog for
the time being. We will revisit these options in Chapter 8.

EXAMPLE 2—DEFINING A TASK RESOURCE

In our first example, the task work scope was set with no resources that are
assigned. In order to take full advantage of the DPM methodology, tasks
that are not simple duration events (e.g., time for paint to dry) should always
assign resources. The easiest way to define a resource for a task is to simply
type in the resource name in the resource column, followed by the expected
work effort that is required by the resource. In this example, we will enter
in the resource name “Moe” and indicate that it will take Moe 40 h (40 h) to
complete this task. When you enter in the resource name, the original scope
resets to 0 h, ensuring that you do not inadvertently assign a work scope
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Project Settings -&ﬂ
Project name: | |
Start Date: 3/ 6/2012 B )
Current Date: 3/ 6/2012 B .

[ Run from cument date and use tracking data
Run simulation a maximum of 2012 Days
Reorder task priority every 12 Day

Budget Settings
| Run with resource budget constraints

[ Run with task budget constraints

Planned Value Acceleration Multiplier 1.00000 -2

| 0K ‘ [ Cancel J‘
| |
FIGURE 7.6

Project Settings dialog.

that is not related to the resource. When entering in the work scope, you can
define it in terms of hours (h), days (d), or weeks (w).

Your Gantt view should look like the one in Figure 7.7.

Note that in the Project ribbon, the “In Sync” button appears disabled
when the plan data have changed. Double-check the In Sync status to
determine whether or not a new simulation needs to be run; otherwise,
your simulation results may not reflect the current plan inputs. Before run-
ning the simulation, let us look at the resource view. Click on the “View”
tab in the ribbon bar, and then select “Resources” (Figure 7.8).

The resource view shows the labor, equipment, and material resources
that are defined in your project. Typing “Moe” into the Gantt view auto-
matically creates a named resource and establishes the default properties
for that resource (Figure 7.9).

The resource view has two input areas. The top grid defines both labor
and equipment resources. The bottom grid defines project materials.

[Example 1: Gantt View

| Task Is Miestone  Resources Scope Scope Mode S
» 1 Taski Moe

*

FIGURE 7.7
Adding a named resource to your task.
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218 m e 0
ZEPY \ oo N

Gantt Resources Calendars Mgmt Reports
View Policies

FIGURE 7.8
Changing views to display resources.

(Example 8 in this chapter explains how to use materials.) There are eight
properties defining a labor or equipment resource. The first column, the
Resource Name field, identifies the resource. The second column, the
Resource Type field, identifies a resource as either Labor or Equipment.
You can use the drop-down editor in the cell to pick the resource type, or
you can simply type the first letter (e.g., “L” or “E” when in the cell to set
the type). The third column, the Hourly Rate field, defines the hourly cost
for the resource. The DPM uses the cost information to perform its earned
value calculations and establish any potential cost or schedule pressures
as a function of cost. The fourth column, the Overtime (OT) rate multi-
plier (OT Rate Mult.) field, establishes the cost per OT hour as a function
of the regular hourly work rate. By default, this value is 1.5, indicating a
time-and-a-half model for OT. In this example then, Moe’s OT rate would
be $15.00 per hour. The fifth column, the Calendar field, sets the calen-
dar that is used to establish resource availability. The default “Standard”
calendar establishes a 40-h workweek, with work hours from 9 a.m. to
12 noon and from 1 to 5 p.m., Monday through Friday. The sixth col-
umn, the Units field, identifies how many resources are available. When
using a named resource, like Moe, it may not make sense to specify more
than one resource, but if the resource was “Engineers,” for example, there
might be more than one that is assigned to the project. The seventh col-
umn, the Availability field, includes a button that opens up a custom edi-
tor. Figure 7.10 shows that dialog.

The dialog includes two tabs: Overtime Hours and Work Exceptions.
Use the Overtime Hours option to set what hours of the week a resource
is available to work OT. Select a day of the week. Then, click on an hour to
toggle between it being an available OT work hour (in pink) or a nonwork
hour. The gray hours show the scheduled, non-OT hours the resource is
scheduled for work, based on the resource calendar that is selected.
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Edit Work Week Availability

Overtime Hours [Work Exceptions

Week Day Qvertime Hours
Sunday

am

Monday
Tuesday 201 )12 |[3 |[4 ﬂ
el s |7 EIE el
Satx:lrday ol
1201112 )13 |4 |5
&S J[ro]1]

Denotes a scheduled working hour.
| Denotes an overtime hour. Click to toggle.

oK

J [ Concel |

FIGURE 7.10
Resource Availability dialog.

Figure 7.11 shows the Work Exceptions tab. Here, you can indicate spe-
cial cases that are not handled by the standard work schedule. For exam-
ple, if you knew that Moe had asked to come in early on the twelfth, and
he had to leave by 2 p.m. that day, you could update his particular work

schedule that day by adjusting his schedule.

Edit Work Week Availability

[ Overtime Hours | Work Bxceptions |

»

Su Mo Tu We Th Fr Sa

2627 2829 1V 2 8

4 5 6 7 8[3]10

1 [92]13 14 15 16 17

25 26 27 28 29 30 3

1

2

3

am
12
6]
18 19 20 21 22 23 24| pm
[12]
6

7

8

9

10

Today

Denotes a working hour. Click in hour to toggle working hour.
' Denotes an overtime hour. Cti+Click to toggle overtime hour.

oK

J [ Concel |

FIGURE 7.11
Adjusting a resource’s work schedule.
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The eighth and final input column is the Productivity field. There are
upcoming examples, so we will defer the discussion for the time being.

With Moe’s settings configured, switch back to the Gantt view, and
rerun the simulation. At first glance, the results look identical to our first
example—the task takes five days to complete. However, if we go to the
reports view (View tab, select Reports; Figure 7.12), we can view the details
about the work that Moe accomplished that were not available in Example
1. Before examining the simulation results, let us look at how you use the
Reports view. The Reports view allows you to explore the details behind
the project plan. While the Gantt chart provides the big picture of your
project, you will want to use the Reports view to understand what is hap-
pening inside each task. Once the Reports view is showing, use the Project
ribbon bar to select the report type, style, and time scale. Figure 7.12 shows
the options that are available for each of the controls. Time scales for
results are daily, weekly, monthly, quarterly, or annually. In general, the
more complex the project, the longer the time horizon that you will want

Project JNEVETS

E e = hO

Export chle Ragurce Tavsk Appeavrance

v | Daily Total Hours | ] Percent Complete \ v | Default
Weekly Regular Hours Planned Value Colorful
Monthly Overtime Hours Earned Value Colorful2
Quarterly Cumulative Total Hours Resource Cost Colorful3
Annually Cumulative Reg. Hours Material Cost Colorful4

Cumulative OT Hours Total Cost Colorful5
Total Cost Budget at Completion Professional1
Reg. Hour Cost Schedule Pressure Professional2
OT Hour Cost CostPressure Professional3
Cumulative Total Cost Earned Vzlue Percent Simple1
Cumulative Reg Hr. Cost Billed Hours Simple2
Cumulative OT Hr Cost Productive Hours Simple3

% Budget Spent Cumulative Hours Billed Classicl
Cumulative % Budget Spent Cumulative Productive Hours Classic2
Cumulative % Budget Remaining Budget Spent

% Utilization Cumulative Budget Spent

Budget Remaining
% Budget Spent

Cumulative % Budget Spent

% Budget Remaining

FIGURE 7.12
Report settings.
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"Project Model 1 : Gantt View lyExan‘pIe 2 : Reports

C D E F G H
35/2012 13672012 3772012 37872012 3972012 311072012

0 8 3 8 3 0
Total 0 8 8 8 8 0
FIGURE 7.13

Moe’s hours worked each day.

‘Project Model 1 Gantt View 1‘ Example 2 : Reports

FIGURE 7.14
Cumulative total hours worked.

to select. Daily and weekly results are primarily useful when you are try-
ing to understand how the DPM results lead to specific task durations. You
can modify the report appearance using one of the predefined themes. You
can export data to Excel for additional analysis by clicking on the “Export”
button in the ribbon panel and providing a file name for the data file.

Returning to the Example 2 results, Figure 7.13 shows the regular (non-
OT) hours that were worked by Moe to complete his task.

Figure 7.14 shows the cumulative hours that were worked by Moe, which
is viewable by selecting the Resources > Cumulative Total Hours report.
It shows that Moe worked a total of 40 h on this task. In other words,
Moe worked exactly the number of hours that are defined by the task
work scope. This example shows that under expected work conditions,
the project plan aligns exactly with what the DPM calculates. It is not a
very interesting example, but it does confirm that the DPM replicates the
expected results that are provided by CPM-based methods under standard
conditions.

EXAMPLE 3—PRODUCTIVITY IMPACTS

Example 3 shows how the DPM differs from the CPM when dealing with
less-than-expected productivity. Assume that Moe is a new employee and
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is still learning his way around the organization. We expect that the first
task we assign to Moe will take him longer than our other employees as
he learns company practices and procedures. We can account for this by
adjusting Moe’s productivity. Relative to the experienced employees, Moe
will provide 50 min of productive work for every hour that is spent on the
task. In other words, Moe is 50/60 min or 83% productive.

Open up the Resource view, set Moe’s productivity to 0.83, and rerun
your simulation. In Example 2, it took Moe five workdays to complete
Task 1. Now, however, because Moe is not working as efficiently as we
would ideally like, the task takes an extra 9 h to complete. (Technically, it
took 48.2 h, but the pmBLOX simulation has a resolution of a single hour,
so the extra 20 min is treated as a full work hour.) The task started Monday
morning, and instead of being completed at 5:00 p.m. on Friday, Moe now
completes his task the following Tuesday at 9 a.m. Returning to the reports
view, we will look at four different reports to understand Moe’s progress:

1. Resource report “Total Hours” (Figure 7.15a)
2. Task report “Productive Hours” (Figure 7.15b)
3. Task report “Percent Complete” (Figure 7.15c¢)
4. Task report “Total Cost” (Figure 7.15d)

The resource report shows that Moe has billed 49 h, roughly 22%
greater than the defined work scope of 40 h. The reduced rate of backlog

DPM VERSUS CPM/PERT

PERT techniques are frequently used in conjunction with the CPM
to account for task duration uncertainty. The problem with the PERT
technique is that it masks the underlying behavioral dynamics that
result in different task durations. There is no correlation between
the rate of task completion and the real-world behaviors resulting in
altered project schedules.

The DPM, in contrast, allows you to explicitly evaluate the potential
impact of resource behavior on the overall project plan. Productivity
is just one of the key influencers on overall project outcome when
using the DPM method—dynamically changing productivity rates
in response to real environmental conditions results in a more real-
istic evaluation of project plans.
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completion is shown in Figure 7.15b. Similarly, Figure 7.15¢ presents the
percent completion of the task on a daily basis. Notice that Moe does not
complete any work over the weekend. The last table shows the total cost for
Moe’s time. His hourly rate of $10 translates into the $490 cost.

EXAMPLE 4—VARYING PRODUCTIVITY IMPACTS

Example 3 highlights the impact of productivity on overall work perfor-
mance, but it is admittedly overly simplistic. It is unreasonable to expect
Moe to operate at less-than-full productive capacity during his entire
time on the project, especially in cases where there may be dozens of
tasks requiring Moe’s services. Let us look at a more realistic example. In
this example, we will address varying productivity over the course of the
workweek and in response to task complexity. Open the Resource view,
and select the Project tab. Check the box that reads, “Show Advanced
Fields” (Figure 7.16).

Three new input columns appear in the view: (1) Unit Schedule,
(2) Productivity Schedule, and (3) Fatigue. For this example, we are
only concerned with Productivity Schedule. Click on the button in the
Productivity Schedule column for Moe. A dialog box like the one shown
in Figure 7.17 appears.

This dialog lets you set varying productivity rates over the course of a
project. The productivity rates can be set for three levels of task complex-
ity: low, medium, and high, and they can be set for any day of the week. To
set productivities, click on the desired date, and then enter in the desired
productivity values. You can hover over any day in the calendar to see
the set values without having to click and select the date. When you set a
productivity value, it remains in effect until a new value overrides it. For
example, the defaults for Moe are initialized to productivity rates of 1.0
for every day. In this example, we are going to make two changes. First, we
are going to distinguish between a complex task and a medium- or low-
complexity task. We will assume that Moe is less productive when working
on complex tasks, so we will set the productivity for highly complex tasks
to 0.875. In other words, we can expect to get about 7 h of productive work
for a day’s effort when Moe is dealing with something more complicated.

Next, we want to account for the fact that Moe ends up spending
roughly 2 h each Monday answering e-mails, catching up with colleagues,
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hl
Edit Resource Productivity l—é&-J

Set the resource’s productivity over time and in relation to the different levels of
task complexity.

4. March  » « 2012 5 | CearSelected Date |
Si_Mo Tu We.Th Fr Sa| cmm

1 2 3 Complexity Productivity
4 5 6 7 8 9 10| [ 0875
11 12[3[14]15 16 17| [, g =
18 19 20 21 2 23 24| |Medum L
25 26 27 28 29 30 31| [Low 1,000

Productivity On: 3/10/2012

Today High: 0.875, Med: 1.000, Low: 1.000

[ ok |[ cencel |

FIGURE 7.17
Resource productivity schedule.

and sitting in on meetings. In order to account for these nonproductive
activities, we will set the productivity for March 5 and 12 to the following
values: High: 0.625, Medium: 0.75, and Low: 0.75. The productivity values
are returned to the expected values of 0.875, 1.0, and 1.0 on March 6 and
13. Recapping how the productivity rates are calculated, on Mondays, we
know that 2 of every 8 h Moe works are lost to miscellaneous activities in
the office. Therefore, the medium- and low-complexity task productivity
is 6 productive hours/8 work hours or 0.75. Accounting for the extra lost
hour for complex tasks, Moe completes 5 productive hours for each 8 work
hours or 0.625. Rerun the simulation, and view the results. We see that the
five-day task now adds an additional 3 h to the overall project duration,
finishing up at 11 a.m. on the following Monday. Figure 7.18a and b shows
the billed and productive hours for Moe.

Return to the Gantt view, and scroll over to the Complexity column.
Change the Task 1 complexity from “Medium” to “High,” and rerun the
simulation. Use the Reports view to examine the Resource Total Hours
and Task Productive Hours reports (Figure 7.19a and b). Notice that Moe’s
productive hours are five on the two Mondays when the task is active.
Notice, too, that the task now ends a day later.

Lastly, for this example, let us change the start date of the project from
a Monday to a Tuesday. Shifting the task start by one day reduces the total
billed hours from 51 to 48 because only one of Moe’s least productive days
factored in to the task work.
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DPM VERSUS CPM

Project management tools based on the CPM have no way to account
for the variations of resource productivity. In fact, they typically
ignore concepts like variable worker productivity. In a tool other than
pmBLOX, you could try to approximate the behavior that is shown
in the previous example by indicating that Moe was only available to
work 6 h on Mondays. However, doing that fails to account for the
cost of those unproductive hours—Moe is still being paid for his 40 h
of work; it is just not reflected in his productive output on the project.
In Chapter 8, you will see how productivity losses combined with
budgetary constraints can lead to altered project outcome.

EXAMPLE 5—RESPONDING
TO REDUCED PRODUCTIVITY

A good project manager monitors task progress and adjusts resources
accordingly. The DPM uses the earned value calculations in conjunction
with defined management policies to get a project back on task. Building
on the last example, let us look at how Moe could get back to the target
schedule despite his lost hours during his regular workweek. First, return
the start date of the project back to Monday. Next, open up the Resource
view, and select Moe’s input row. Click on the Availability button to open
up the Editor dialog. We are going to indicate that Moe is available to
work up to 2 h of OT Monday through Friday and up to 4 h of OT on
Saturday. To set the resource’s OT hours, first, select the day of the week,
and then click on the hours that the resource is available to work. Figure
7.20a shows what the OT hours look like for one of the weekdays, while
Figure 7.20b presents the OT hours that are set for Saturday.

Select “OK” to save your changes, and rerun the simulation. Looking at
either the Gantt view or the reports view, you will notice that Task 1 still
required 51 work hours and was completed at the same time even though
we said that Moe could work OT. Why? There were no changes in task
outcome because the rules governing OT never got invoked. This is where
management policies come into play. Management policies define how
tasks respond to cost or schedule pressures. In pmBLOX, you can define
management rule sets and apply those rules to the project as a whole or
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Edit Work Week Availability =)
Overtime Hours | Work Exceptions

Week Day QOvertime Hours

Denotes a scheduled working hour.
Denotes an overtime hour. Click to toggle.

[ ok [ Cancel

a)

Overtime Hours | Work Exceptions

Week Day Overtime Hours

222 [[2 [i2 [ =
BN

2|1 )2 |2
8|7 (|8 ]®

Denotes a scheduled working hour.
. Denotes an overtime hour. Click to toggle.

[ ok J[ Coneel

(b)

FIGURE 7.20
Setting OT availability for a weekday (a) and Saturday (b).

even override the policies on a per-task basis. There are four management
policies comprising each rule set:

1. OT policy for schedule pressure (SPI)

2. OT policy from cost pressure (CPI)

3. Unit multiplier from schedule pressure (SPI)
4. Unit multiplier from cost pressure (CPI)
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The OT policy for schedule pressure defines the maximum number of
hours per day of OT that a resource should work as a function of sched-
ule pressure. Recall from Chapter 4 (earned value) that schedule pressure
is calculated by comparing the actual rate of work progress against the
expected rate of work progress. As the actual work rate slows down, you
can define a policy to have resources work OT in order to catch up. The
OT policy from cost pressure offers a balancing force to the OT policy for
schedule pressure. This policy reduces OT hours as the task budget begins
to exceed the expected cost.

Unit multiplier from schedule pressure is another policy that looks at
the actual versus expected work rates. Use this policy to add additional
resources to a task as it falls behind schedule. There is a practical limit to
how many resources can be added without affecting overall productivity.
You can account for this overmanning productivity loss as part of the task
resource definition.

Lastly, the unit multiplier from cost pressure serves as the counterbal-
ance to the unit multiplier from schedule pressure. This policy seeks to
reduce the number of extra resources that are assigned to the task as it
begins to exceed the task budget.

Open up the management policies view by selecting the Views tab and
then selecting the “Mgmt Policies” view option. Figure 7.21 shows an
example of the policies editor. On the left-hand side of the view is a list of
the predefined policies that are available in your project. The “Is Default”
column identifies the policy rule set that is applied to all tasks in a proj-
ect unless overridden at the task level. You can create a new policy set
by typing in the name of the policy at the bottom of the list and editing
the entries to suit your needs. Similarly, you can delete unused policies
by selecting the policy and pressing the Delete key. It cannot delete the
default management policy or one that is currently assigned to a project
task.

To the right is a graphical editor that lets you establish the behavior of
the management policy rule. Select a rule from the drop-down list at the
top of the view, and then edit the values for the selected rule.

You can define management policies using an input-output func-
tion. The input is the ratio of the current schedule pressure relative to
the expected schedule pressure of the ratio of current cost pressure rela-
tive to the expected cost pressure. As the expected value drops below the
expected value, the ratio goes below 1.0. When the current value is the
same as the expected, the ratio is 1.0. This condition indicates that the task
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is neither behind nor ahead of schedule in the case of the schedule pres-
sure ratio and that the task is neither ahead nor behind budget in the case
of the cost pressure ratio. When the schedule pressure ratio is greater than
1.0, the task is ahead of schedule. Similarly, when the cost pressure ratio is
greater than 1.0, the task is spending less than expected.

During each hour of the simulation, the schedule and cost pressure
ratios are calculated, and the output value for OT hours or additional
resources are assigned to the task based on the defined output value.
Examining each of the four rules for the default management policy,
you will see that the output value for each is set to 0.0 for all schedule
and cost pressure ratios. This default policy is the reason that Moe never
worked OT in our last simulation run. The rules state that no matter
how much the task is behind schedule, no OT hours are requested. Edit
the default OT policy for SPI (schedule pressure) by setting the output
value to “4” for every input value from 0.0 to 0.90 (Figure 7.22). This rule
states that a maximum of 4 h of OT will be worked any time a task falls
behind schedule.

Once you have set the management policy, rerun the simulation. The
Gantt view shows that the task completes at 6:00 p.m. on Friday. Moe is
able to get back on schedule, but at what cost? In the reports view, look at
the resource reports Total Hours, Regular Hours, and Overtime Hours
(Figure 7.23a through c).

The results show that Moe worked 2 h of OT the first three days and then
1.5 h the fourth day and 1 h the final day to get the project back on track.
There are two things to notice from these results. Firstly, even though
the management policy was set to request 4 h of OT whenever a task fell
behind schedule, the request was overridden by the fact that Moe’s OT
availability was limited to 2 h a day. Management policies can never over-
ride resource constraints. Secondly, notice that Moe only worked 1.5 h of
OT on the fourth day even though he was available to work 2 h. The reason
for this is shown in Figure 7.24.

By the end of day 4, the task appears to be back on schedule, and once at
that point, Moe stops working that day. His lower productivity on the final
day is the reason for the last OT hour.

Let us turn our attention to the costs that are associated with complet-
ing this single task. The task scope is set to 40 h, and our billed rate for
Moe is $10.00. This means that the expected cost to complete Task 1 is
$400.00. Moe’s cost escalates to $15.00 per hour whenever he works OT.
The total cost for the accelerated task climbs to $527.00. You can view this
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H I
10/2012 |3/11/2012
00 00
0.0 00
H I
072012 |3/11/201

FIGURE 7.23
Total Hours (a), Regular Hours (b), Overtime Hours (c) resource report.

C D E F G H
1 2 (3572012 362012 3712012 3/8i2012 | 3/9/2012  3/10/2012
2 |Task1 0.000 0.781 0.938 0.9%0 1.001 0.897 0.000
3 |Total
FIGURE 7.24

Task schedule pressure.

by looking at the Task Total Cost report. We can add an additional man-
agement rule to our default management policy that reduces the number
of OT hours as costs begin to escalate. Open up the Mgmt Policies view,
and select the Default management policy. Next, select the rule “Overtime
Policy from CPI.” This rule seeks to reduce the assignment of OT hours
as costs escalate. Figure 7.25 shows the policy that we will put into place.
This policy says to reduce the OT hours that are requested by 3.0 when
cost pressure is between 0.0 and 0.10. As the cost pressure decreases, so
too does the desire to reduce the OT hours that are worked. Once the cost
pressure is 0.9 or greater, management will not try to reduce any of the OT
hours.

Before rerunning the simulation with this new policy, we need to make
a change to the project-level settings. In the Project Settings dialog, there
is an option to set a balance between the schedule and cost pressure poli-
cies (Figure 7.26). Because the cost and schedule pressure policies work to
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f Project Settings u-& 1
Project Settings
Project name:
Start Date: 3/ 572012 [Ehe
Cument Date: ~ 3/15/2012 B~
[] Run from cument date and use tracking data
Run simulation a maximum of 2012 Days
Reorder task priority every 1| Day

Management Settings

Only Use Apply Cost and Only Use
Cost Schedule Schedule
Pressure Pressures Equally Pressure

Budget Settings
| Run with resource budget constraints

Run with task budget constraints

OK || Cancel

A A

FIGURE 7.26
Setting the cost-versus-schedule pressure trade-off rule.

counteract each other, we need to indicate which policies take precedence.
Use the Management settings slider to establish a balance that favors
schedule pressure over cost pressure (roughly three-quarters of the way
on the slider toward the schedule-pressure end of the scale.

Save your changes, and rerun the simulation. First, view the Gantt
chart, and notice that the task is now completed at 10 a.m. on the follow-
ing Monday. Look at the resource overtime hours (Figure 7.27a), task cost
pressure (Figure 7.27b), and task schedule pressure (Figure 7.27c) reports
to understand why.

The OT hours worked are lower than in the previous example because as
Moe starts working OT, he drives up the actual cost of the task generating
cost pressure. Because schedule pressure is set to be the primary policy
driver, the OT hours worked are still sufficient to complete the task earlier
than when no OT was requested, but it took longer than the case where
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Low productivity, no Allow overtime Allow overtime, cost
action (baseline) constrained
Start day, hour 3/5/12 8:00 a.m. 3/5/12 8:00 a.m. 3/5/12 8:00 a.m.
End day, hour 3/13/12 11:00 a.m. 3/9/12 6:00 p.m. 3/12/12 10:00 a.m.
Total regular hours 51.0 40.0 42.0
Total overtime 0.0 8.4 7.5
hours
Total cost $510.00 $527.00 $532.00
FIGURE 7.28

Comparison of management policies.

there was no concern for cost pressure. Figure 7.28 summarizes the results
for three cases:

1. Low productivity without management intervention
2. Management actions allowing OT
3. Management actions allowing OT, tempered by cost pressure

In the table are the start and end times for Task 1, the total regular and
OT hours worked, and the total cost to complete the task. Looking at the
end times for the task, the results are as expected. The task allowed to
work the most OT finished closest to the expected end time of 3/9/12 at
5:00 p.m. The task constrained by cost pressure finished the following
Monday at 10:00 a.m., while the baseline took an additional day’s worth of
work to complete. What is less obvious is that the OT-only policy actually
resulted in a slightly cheaper task. This seems counterintuitive until you
realize that this occurs because in the cost-constrained case, Moe ended
up working on the task a second Monday when he is at his least productive.
These results show how management policies need to be applied wisely in
response to the other project constraints in order to be most effective.

DPM VERSUS CPM

One of the key tenets of the DPM philosophy is to model the proj-
ect as realistically as possible. Traditional CPM tools offer tools like
resource level loading but fail to account for the realities of variable
productivity, OT, and resource constraints as a counter to desired
management policies.
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I
EXAMPLE 6—MULTIPLE TASK RESOURCES

Our next example examines the application of multiple resources that are
assigned to a task. It explores the conditions under which it makes sense
to aggregate resources and when to divide tasks into related subtasks. For
this example, start a new project, adding a single task (e.g., “Task 1) and a
labor resource (e.g., “Moe” with a work scope of 40 h). Next, we will add a
piece of equipment that is required for Moe to complete his work. Instead
of defining the equipment from the Gantt view, however, we will define
the equipment in the Resource view so that all of its attributes can be set
at once. Open up the Resource view. Add a new resource by typing in its
name in the row beneath Moe. Tab over to set the resource type by clicking
the cell, displaying a drop-down list and selecting “Equipment,” or simply
typing the letter “E.” Next, update the hourly cost for the equipment, for
example, $100.00. In the OT rate multiplier, change the default from 1.5
to 1.0 indicating that there is no added cost for operating the equipment.
Lastly, tab to the Calendar cell, and select the “24 Hour” calendar indicat-
ing that the equipment is available 24/7. Once entered, your resource view
should look similar to the one that is shown in Figure 7.29.

Next, we want to indicate that Task 1 uses the equipment “Machine.”
Return to the Gantt view if you have not already done so. This time,
instead of typing in the resource name, either double-click in Task 1’s
Resource grid cell or right-click, accessing the context menu, then select
“Edit Resources.” A dialog like the one shown in Figure 7.30 appears.

Use this dialog to select the resources that a task requires. In the above
example, we will use both of the defined resources: Moe and Machine.
Moe is already associated with the task and needs no additional edits. Add
“Machine” to the task by checking the “Use” option next to the resource’s
name. Enter a work scope of 20 h along with a 1.0 unit. Click “OK,” and
run the simulation. In the Gantt view, you will see that Task 1 starts at
12:00 a.m. the first day of the simulation, while the task finishes at 5:00 p.m.
five days later. In this instance, each resource independently completes its
required work. Because the machine uses the 24-h calendar, it completes
its entire 20 h of work the first day of the project, while Moe works down
his backlog at a rate of 8 h/day. View the Resource Regular Hours report
(Figure 7.31) to confirm that this is indeed what happened.

We can model the requirement that Moe be present in order for the
machine to operate by indicating that he is a required resource. Open up
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€ D E F G H
1 52012 362012 a712012 3082012 3182012 31012012
2 . 200 0.0 0.0 0.0 0.0 0.0
3 |Moe [Labor] 0.0 80 80 80 80 80 0.0
4 |Total 00 220 g0 80 g0 80 0.0
FIGURE 7.31

Regular hours worked by resource.

the Resource editor, and check the “Required” option next to Moe’s name
(Figure 7.32), close the dialog, and rerun the simulation.

The results now show that the machine only operated when Moe was
also working. Because the machine was required for only the first half of
the task (20 h versus 40 h), its usage stops in the middle of the third work-
day (Figure 7.33).

Let us now assume that the machine is also required for the entire task.
Open up the Resource editor, and change the work scope for the machine
from 20 h to 40 h indicating that the machine is “Required” (Figure 7.34).

Before running the simulation, let us also change the machine’s avail-
ability so that it is out of service for two days during the project. Go to the

[ hl
o Edit Resource Requests &J

Use  Resources Required Scope Units Use Adv  Edit Adv Oveman

[ |Moe |z [0 1.00 wil {

|¥] | Machine 20h 1.00 ‘

| Show only assigned resources | OK J [ Cancel

L A
FIGURE 7.32

Identifying a required resource.

B c D E F G H
/42012 31572012 36/2012 | 3/7/2012 3872012 3192012 3/10/2012

15

2 | Machine [Equipment] 0.0 80 80 40 0.0 0.0 0.0

3 |Moe [Labor] 0.0 8.0 8.0 8.0 8.0 8.0 0.0

4 |Total 0.0 16.0 16.0 12.0 8.0 8.0 0.0
FIGURE 7.33

Impact of a required resource.
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oy Edit Resource Requests
Use  Resources Required Scope & Units Use Adv  Edit Adv.  Oveman ‘
Moe 40h 1.00 ]
Machine 40h 1.00 =

Show only assigned resources l 0K I Cancel
FIGURE 7.34

Editing machine requirements.

resource view, and click in the “Availability” cell for Machine to display
the schedule editor. Select the “Work Exceptions” tab, and then on days
3/8 and 3/9, click on all of the hours so that the machine is not available on
those days (Figure 7.35).

Run the simulation. The Gantt view shows that the task now takes two
additional days to complete. Because Moe needed the machine to com-
plete his work, he accomplished no work when the machine was out of
service. This is quite a different behavior from the previous example where
Moe only needed the machine for half of the task. Figure 7.36 shows the

Mo
> 27

5 7
2 14
9

21
26 28

2 4

Today

Denotes a working hour. Click in hour to togale working hour.
. Denotes an overtime hour. Ctrd+Click to toggle overtime hour.

ok J[ Coneel

FIGURE 7.35
Editing machine availability.



174 o The Dynamic Progress Method

B C D E F G H I J K i
2012 3572012 3062012 3772012 82012 31972012 3102012 31172012 31212012 31372012 31472012
2 e [E 0.0 8.0 8.0 8.0 0.0 0.0 0.0 0.0 8.0 20 00
3 |Moe[Labor] 0.0 80 80 80 0.0 0.0 00 00 80 80 0.0
4 |Total 0.0 16.0 160 16.0 0.0 00 00 0.0 160 16.0 0.0

FIGURE 7.36
Machine and Moe work hours when machine has downtime.

Task Predecessors s Milestone Resources Scope

» o1 Takts | C—

2 Tasklo 1 Moe 20h  So—
*

FIGURE 7.37
Using subtasks to model complex resource constraints.

hours that are worked by day. It shows that when the machine is not avail-
able, no work is accomplished.

There is one important behavior to note for required resources. Once a
required resource completes its work scope, it no longer factors into the
work progress evaluation. For example, if the machine was marked as
required but only had a work scope of 20 h, once those 20 h are completed,
Moe completes his remaining hours of work without using the equipment.
If two or more resources are required for a task, it is best to create one
task where each required resource has the same work scope and then add
a second task for the remaining scope. Figure 7.37 shows an example of
this. Task 1 is divided into two subtasks: Task la requires both Moe and
Machine, each at 20 h, and then Task 1b only requires Moe for 20 h. Task 1b
sets its predecessor to row #1 indicating that it will not start until Task la
is completed. Example 8 takes a more detailed look at task dependencies.

I
EXAMPLE 7—THE ROLE OF SCOPE MODE

This example looks at the role of the task scope mode on the proj-
ect plan. You may have noticed that when you create a new task, the
scope mode defaults to “TreatAsBacklog.” The other option for a task is
“TreatAsDuration.” When a task scope mode is treated as backlog, it means
that the effort estimates entered for each resource are used to determine
the total work effort that is required to complete the task under normal
work conditions (e.g., no variations in worker productivity, no resource
constraints). The DPM uses scope as backlog as the default because the
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expectation is that task durations are not known a priori but can only be
determined as resources perform work (Figure 7.38). Use Treat AsDuration
when you wish to specify a task with a known duration, and expect that
there will be little-to-no impact due to resource productivity and avail-
ability. That said, pmBLOX still enforces resource constraints on tasks
that are marked as duration tasks when named resources are assigned to
the task. To see how the TreatAsDuration mode operates, start a new proj-
ect, and define a single task, Task 1, that uses TreatAsDuration as its scope
mode. Also, enter the work scope to be 5d (five days).

Asexpected, the task takes five days to complete. Next, enter in a resource
name, for example, “Larry,” and set the scope to 5d again. Rerunning the
simulation, you will see no change in the total task duration. Open the
Resource editor for Task 1, and change the number of resources that are
required from 1.0 to 0.5. Essentially, this says that Larry works half time
on Task 1 (Figure 7.39). Rerun the simulation, and the task is still com-
pleted in five days.

Note: When scope is used to calculate task duration, the task is expected
to take the longest period of time for any resources that are assigned to the
task. If we added Curly as a resource to Task 1 and set his scope to 8 days,
Task 1 would now take eight days to complete.

To see the difference between scope as backlog and scope as duration,
change Task 1 from “TreatAsDuration” to “TreatAsBacklog,” and rerun

31512012

M i w T E:
b1 Takd 5 | TreathsDuration | ¢ : )
*

Task Predecessors  Is Milestone Resources Scope Scope Mode

FIGURE 7.38
Task operating under TreatAsDuration rules.

r al
o' Edit Resource Requests lpZ}‘]
Use  Resources Required Scope Units Use Adv  Edit Adv. Qveman
7 |y 5 050 | = I l
Show only assigned resources \ OK \ ‘ Cancel
\ 4
FIGURE 7.39

Setting a resource to half time.
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March
Task Predecessors  Is Milestone Resources Scope Scope Mode

»o1 Taskd Lany P rreatisickiog

FIGURE 7.40
Using TreatAsBacklog on a task worked half time.

the simulation (Figure 7.40). The task now takes 10 workdays to com-
plete because Larry is only working 4 h a day but still has 40 h of work to
complete.

Set Task 1 back to “TreatAsDuration,” and double-click on “Larry” to
open the resource editor. Change the number of units required from 0.5
to 2.0. Save your changes, and rerun the simulation. Notice that the task
now takes 10 workdays, not the 5 that is specified. Because there is only
one Larry available, but two were expected to fulfill the task duration, the
DPM treats this as a resource constraint that cannot be ignored.

Note: If you want to define a task that is a true fixed duration, either set the
duration without naming any resources or ensure that there are sufficient
resources that are defined to fulfill the resource request.

EXAMPLE 8—TASK DEPENDENCIES

Projects consist of multiple tasks, with dependencies between tasks.
pmBLOX lets you set dependency relationships by establishing the pre-
decessor tasks in the Gantt view. You define predecessors by entering in
the row ID of the preceding tasks in the “Predecessors” cell. You can enter
more than one dependency by typing in the numbers that are separated
by commas. Figure 7.41 shows an example where three tasks (Task 1,
Task 2, and Task 3) are defined with Task 2 depending on Task 1 and Task
3 depending on Tasks 1 and 2.

March
264 1
1 Task 1 Moe 20h | TreatAsBacklog
2 Task2 1 Lany 20h | TreatAsBacklog EE
» 3 Task3 12 foe | 20h | TreatAsBacklog -—
*

Task Predecessors  Is Milestone Resources Scope Scope Mode

FIGURE 7.41
Defining multiple tasks.
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r N
o Edit Predecessor Dependence I&J
Preceding Task Can Start Percentage
Task 1 =) ! '7}\’-1-‘;
100%
1_ OK \ ‘ Cancel [
LS A

FIGURE 7.42
Task 2 predecessor dependency rule.

Traditional CPM-based tools use concepts like start-to-finish or start-
to-start along with lag and lead times to establish rules governing task
dependencies. The DPM uses an approach that is tied to task completion
rates. Because task completion rates are by nature dynamic, it does not
make sense to talk simply in terms of fixed lag or lead times. Instead, the
DPM defines dependencies relative to the progress of the preceding tasks.
By default in pmBLOX, tasks that have predecessors will start once the
predecessor tasks are 100% complete. This amounts to a start-to-finish
relationship in CPM project plans. You can change this dependency by
either double-clicking in the Predecessor field or right-clicking in a Gantt
view row and then selecting the “Edit Predecessors” option. Figure 7.42
shows an example of the predecessor editor.

Setting the percentage for a predecessor task to 100% is equivalent to
establishing a start-to-finish relationship. A percentage set to 0% is equiv-
alent to a start-to-start relationship. Other than these two cases, the DPM
rules for establishing predecessor-successor relationships do not map
directly to CPM-based methods.

DPM VERSUS CPM

If you are trying to mirror a CPM project in pmBLOX, you can
approximate the percentages by determining a percent for the lag
time relative to the predecessor task duration. For example, if a CPM
plan has a 5-day task with a lag time of —2 days, that would be equiv-
alent to setting the predecessor relationship to 60%. Calculate the
percent of the task that lags, in this case 2 days divided by 5 days, or
40% of the tasks. Subtracting that percent from 100% (task complete)
results in a 60% dependency.
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' al
;! Edit Predecessor Dependence &J
Preceding Task Can Start Percentage
Task 1 o 0 &
50%
Task 2 (;_'\ 5 | (.9
0%
’ OK \ { Cancel
L A
FIGURE 7.43

Task 3 predecessor dependency rules.

For this example, set the relationship between Task 2 and its predeces-
sor, Task 1, to 50%. Similarly, set the percentages for Task 3 to 50% for
Task 1 and 0% for Task 2 (Figure 7.43).

Once set, rerun your simulation. As expected, Task 2 starts when Task 1
is halfway through its work scope. Task 3 does not start until Task 1 is
100% complete even though the dependency rule says that it can start as
soon as Task 1 is 50% complete. The reason Task 3 does not start sooner is
how pmBLOX assigns resources to tasks. Even though Task 3 could poten-
tially start, Moe is already working on Task 1 and does so until he com-
pletes the task (Figure 7.44).

Task start times and resource assignments are determined using a
sophisticated algorithm that evaluates five criteria within the simulation:

1. Task start constraints

2. Task priority

3. Task schedule pressure

4. Resource requirements

5. Project rescheduling frequency

Each task can exist in one of several distinct states: Not Started, Can
Start, Started, and Finished. A taskis initially in the “Not Started” state and

3752012
Task Predecessors  Is Milestone Resources Scope

M T w T F
1 Task 1 Moe 200
2| Task2 1 Lany 2th ﬂ
> 3 Tak3 12 Moe 20 "

*

FIGURE 7.44
Task predecessor—successor results.
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only moves to the “Can Start” state when its start constraints are satisfied.
Once a task reaches the “Can Start” state, it is able to request resources and
perform work. The “Can Start” state also starts the tracking of expected
versus actual work accomplishment, potentially resulting in schedule
pressure within the task. Once a task sees work performed, it moves to the
“Started” state. Started tasks take precedence over “Can Start” tasks when
assigning resources. Lastly, once all the task work completes, it is marked
as “Finished.” Once finished, the task no longer requests resources.

pmBLOX defines four distinct modes of behavior determining when a
task can start:

1. As soon as possible

2. As soon as resource is available
3. Must start on

4. Start no earlier than

The “as soon as possible” constraint is the default behavior. In this mode,
as soon as predecessor constraints are fulfilled, the task is in a “can start”
state. The “as soon as resource is available” is a variation on the “as soon as
possible” constraint in that it also accounts for resource availability. Using
this constraint ensures that a task’s “can start” state is only set once all
predecessor requirements are fulfilled and all resources are available. The
“must start on” constraint is when you require a task to start on a given
date. Setting the “must start on” date does not guarantee that work will be
performed—task predecessor dependencies and resource availability can
still constrain actual work accomplishment. Lastly, the “start no earlier
than” constraint can be used to ensure that a task does not start too early in
the overall project. You use this constraint mode when you have a task that
has no predecessor constraints, but you want to defer the actual start time.

Once a task achieves the “can start” state, it is able to request resources
and perform work if the resources are available. Every task is assigned a
relative priority on a scale of 1 (low) to 999 (high), with the default value
being 500. This priority, combined with the task’s schedule pressure,
results in an adjusted priority. pmBLOX orders tasks by looking at their
start state and adjusted priority. Resources are assigned to tasks based on
this prioritized order. If a task has additional resource constraints that
prevent it from working (e.g., a required resource is not available), it frees
up any resources that are claimed, allowing other tasks that require the
resource to perform their work.
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In the real world, managers do not react on an hourly basis to perceived
changes in task priority. pmBLOX reflects this reality by specifying the fre-
quency with which tasks are reprioritized. The default is daily, but it often
makes sense to adjust this value to 5 or 10 days for very long projects. You can
modify the task reprioritization frequency from the Project Settings dialog.

In our previous example, all of the tasks had the same relative priority.
Let us now examine what happens when the task priority changes. Return
to your last example, set the priority of Task 3 to 600, and rerun your
simulation. Figure 7.45 shows a markedly different project schedule when
Task 3 has a higher priority.

Notice that Task 3 now starts as soon as Task 1 is 50% complete, exactly
matching the task percent dependencies. Task 3’s higher priority ensures
that Moe is assigned once the predecessor constraints were satisfied. The
Gantt chart itself does not fully explain where Moe is spending his time,
however. To see that, go to the Reports view, and display the Task Report
for Productive Hours. Figure 7.46 shows the hours worked on each of our
three tasks. Looking at Tasks 1 and 3, the two tasks where Moe is assigned,
we see the details of his workweek.

On the second day of the project, Moe switches gears from Task 1 to
start work on Task 3 after completing just over 50% of the Task 1 work.
This is because Task 3’s higher priority gives it the first opportunity to
claim the resource. Once assigned to Task 3, Moe works full time on
Task 3 day 3. However, by day 4, Moe returns to Task 1. This happens

Task Priority

Task 1 500 ( s

|
Task 2 500 dEa

Task 3 600 @ )

W N =

FIGURE 7.45
Influence of priority on task progress.

D E F G H
1 31572012 3/6/2012 72012 82012 392012 311072012
2 0.0 8.0 30 0.0 8.0 1.0 0.0
3 |Task2 0.0 0.0 6.0 0 6.0 0.0 0.0
4 |Task3 0.0 0.0 5.0 8.0 0.0 7.0 0.0
5 |Total
FIGURE 7.46

Productive work hours for tasks.
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DPM VERSUS CPM

In traditional CPM tools, the dependency rules will typically over-
ride any resource constraints. In those tools, it may indicate that a
resource is overallocated, but the baseline project schedule ignores
that fact. Only if you try to level load resources will the impact of
overallocating resources surface. In contrast, the DPM always treats
resource constraints as the primary driver for task durations. This
ensures that project plans realistically represent task durations given
the project’s resources.

3/5/2012

M T y T F S
> 1 s 500 C 7

2| Task2 500 éE

3 Tesk3 600 —)

FIGURE 7.47
Adjusting task reprioritization alters project outcome.

because the mounting schedule pressure on Task 1 results in a shifting
priority for Moe. Moe finishes Task 1 on the morning of the fifth day and
then goes on to complete Task 3.

Lastly, let us look at the impact that changing task reprioritization has
on project outcome. Open up the “Project Settings” dialog, change the
“Reorder task priority” to two days, save the change, and rerun the simu-
lation. Figure 7.47 shows a markedly different schedule resulting from the
changed task reprioritization frequency. In this case, Moe ends up com-
pleting his 20 h of work on Task 3 before returning to Task 1.

EXAMPLE 9—WORKING WITH MATERIALS

Our last example looks at how you can use material resources in
pmBLOX. Materials differ from labor and equipment resources in two
ways. Firstly, materials are a consumable resource—once used, they can-
not be reused. Secondly, materials have no direct impact on work that is
accomplished but serve as an additional constraint on whether or not
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work can proceed. If materials are required but are not available, work
on a task stops.

The user defines materials in one of two ways. Firstly, using the resource
view, you can define a materials inventory for your project. Secondly, you
can have a project task produce materials resulting from task accomplish-
ment. We will look at each of these two cases independently.

Start a new project, and define a single task, Task 1, with Moe performing
40 h of work on this task. Next, switch to the Resource view (Figure 7.48).

You define a material by providing a unique name, an initial inventory,
and a unit cost. The initial inventory represents the quantity of the mate-
rial at the start of the project. You can also use the Delivery Schedule dia-
log (Figure 7.49) to change the materials inventory over the course of the
simulation. Select a date, and then enter in the number of materials that
will arrive on that day. The simulation assumes that the materials arrive at
the start of the day that is specified.

For this example, enter in the material name “Widget” with an initial
quantity of 1. Once entered, return to the Gantt view. For Task 1, scroll

Material Init. Inventory Cost Delivery Schedule
S Vidget | 1 $5.00
* ‘ ]
FIGURE 7.48

Defining a material resource.

Edit Resource Units ‘-&I

Set the number of units available over the course of the project.

‘ March » « 2012 » Deliveries on 3/20/2012
Su Mo Tu We Th Fr Sa

D & 1 Z 3 3 :
4 5 6 7 8 9 10
11 12 13 14 15 16 17
18 1920121 22 23 24
25 26 27 [28]29 30 3t
Today i QK H Cancel

FIGURE 7.49
Defining a material delivery schedule.
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over to the column titled “Materials Req’d.” Either double-click in this
cell or right-click on the task row, and select “Edit Materials” from the
context menu. Either action displays a dialog like the one that is shown in
Figure 7.50.

On this dialog, you select the material that is required to complete the
task, the number of materials that are required and when the material is
required. For this example, select “Widget,” set the quantity required to
“1,” and set the percent complete to “0.” This percentage means that the
material is required to start the task (Figure 7.51). Run the simulation. The
Gantt view shows a task completing in five days, as expected. Now, return
to the resource view and change the initial quantity on hand to 0, and set
a delivery schedule so that 1 unit of material arrives on 3/8. (Our example
project’s start date was set to 3/5.)

Save the changes, and rerun the simulation. You will see that the task
does not start until 3/8 because of the delayed material availability.

You can configure materials to be required at different times during a
task as well. In the Gantt view, edit the materials so that we require one
widget at the start of the task and another widget when the task is 50%
complete (Figure 7.52).

r N
Materials Required e
Task Task 1' requires the following materials
Material Qty ggg;i;i at%
b |Widget | 1 0
*
oK l éarncelr A]
= A
FIGURE 7.50

Assigning materials to a task.
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Matenal Intt. Inventory C
— 0 Edit Resource Units Lﬁ

v

Set the number of units available over the course of the project.

4 March » 4 2012 » Deliveries on 3/8/2012

Su Mo Tu We Th Fr Sa
12 3| [

6 7|78 9 10

3 14 15 16 17

0 21 2 23 24

7[28]29 30 31

FIGURE 7.51
Changing material availability and delivery schedule.

Task Task 1' requires the following materials

Material Qty ?ﬁﬂ;\ﬁi at %
> Widget = ] 1 0
Widget 1 50

FIGURE 7.52
Setting a required materials schedule.

If you try to run the simulation now, Task 1 is never completed because
material inventory is limited to one unit. Return to the resource view,
and change the initial inventory back to one unit and rerun the simula-
tion. Figure 7.53 shows the outcome of this scenario. Task 1 starts on time
because one widget is available, but work is halted for half a day as we wait
for the second widget delivery.

The Task Billed Hours report shows that work stopped on the third day
of the project as it waited for the second widget. Once the widget arrived
on 3/8, Moe resumed his work (Figure 7.54).

In addition to defining materials as resources, tasks themselves can pro-
duce materials. Using the current example, remove the required materials
from Task 1 by editing the Materials Req'd field in the Gantt view and
deleting the entries. Next, move to the Material Produced field, and type

March
Task Start Finish % Complete p 5

B 3/5/2012 8:00 AM 3/12/2012 12:00 PM 10000 | G

FIGURE 7.53
Task delayed waiting for material.
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B & D E F | G H | J K
/472012 35/2012 31672012 | 377/2012  3/&2012 3192012  3110/2012 311172012 31272012 | 3/13/2012

8.0 8.0 40 8.0 80 0.0 0.0 40 0.0

2
3

FIGURE 7.54
Work rate waiting for material.

Task Scope Materials g:ﬂ s Req'd g:a:l's Reqd Material Ev‘latl Produced at
y A %

Read Produced Gty fodicad

Task 1 40h Gizmo 1 100
» 2| Task2 40n | Gizmo 1 g
FIGURE 7.55

Defining a task that produces a material.

in “Gizmo.” Once added, the quantity produced shows “1,” and it shows
that the gizmo is available when the task finishes. Next, insert a second
task, named “Task 2,” assigning 40 h of work to “Larry.” Set up Task 2 to
require one gizmo at the start of the task, as shown in Figure 7.55.

Run the simulation. Notice that Task 2 does not start until Task 1
completes even though there was no predecessor relationship that is set
between the two tasks. In this example, the material requirement acts sim-
ilarly to a traditional predecessor relationship.

FINAL COMMENTS

In this chapter, you learned how to create project files in pmBLOX and
define tasks, resources, and the relationship between tasks and resources.
Basic examples highlighted how the DPM performs planning calculations
and differentiated the approach from traditional CPM-based planning
tools. With the basics learned in this chapter, you can begin to apply the
DPM to your project management tasks. Yet, we have just scratched the
surface of both the DPM methodology and pmBLOX’s advanced project
planning features. Other example files and additional content can be found
at http://www.pmblox.com and http://www.dynamicprogressmethod.com.
In Chapter 8, we will explore a more advanced analysis capability that is
available with the DPM: project acceleration.
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Advanced Capabilities
of Dynamic Progress Method

INTRODUCTION

Chapter 7 introduced the user interface and functionality for pmBLOX®
(Dynamic Progress Method [DPM]-based project planning tool) and
showed how to build a very simple project. This chapter works with a more
complicated example project to show some of the advanced analysis capa-
bilities of the DPM approach.

EXAMPLE MICROSOFT PROJECT FILE

The basis for this example is one of the project plans that was used in
the Defense Advanced Research Project Agency (DARPA) Small Business
Innovation Research (SBIR) project that was described in Chapter 1
(which is available on http://www.dynamicprogressmethod.com as well as
http://www.pmblox.com). It is the implementation project for a finance
and accounting system for a large commercial organization. The exact
details of the project are not necessary, but the magnitude of the project is
worth discussing. Figure 8.1 shows the top portion of the project, as shown
in Microsoft Project 2013. Figure 8.2 shows the bottom portion of the proj-
ect, as shown in Microsoft Project 2013, to indicate that the project has a
combination of 138 tasks and milestones and occurs over a time frame

187
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of about 10 months. While there are certainly more complicated projects
than this, this project is of sufficient size to demonstrate the value of DPM
for project planning and management. Figure 8.3 shows the collapsed view
of the major project phases:

« Implementation requirements
 Package integration design

« Package integration

Package deployment

Table 8.1 provides details on the resources that were used in the project.
It shows the number of personnel in the Units column (e.g., 100% equals
one person; 200% equals two people), the standard hourly rate for that
resource, and the overtime (OT) rate for that resource (if needed). The
final column on the right is a factor that will be used in pmBLOX, the OT
multiplier, which is a multiplier on the standard hourly rate for any hour
that the resource is used for OT work. An OT multiplier of 1.00 indicates
that the standard hourly rate and the OT hourly rate are the exact same.

Table 8.2 shows a summary of the start and end dates, durations, and costs
for each of the four major phases, along with the entire project. The project
starts on 2/9/2009 and ends on 12/2/2009 with a duration of 296 calendar
days at a cost of $288,867, according to Microsoft Project. The first major
phase of the project, implementation requirements, starts on 2/9/2009 and
ends on 5/20/2009 with a duration of 100 calendar days and a cost of $73,860.

TABLE 8.1

Resource Information for Example Project

Resource Name Units Standard Rate OT Rate OT Mult
Accounting 100% $115.00 $125.00 1.09
Business analysts 100% $95.00 $115.00 1.21
Executive management 100% $450.00 $450.00 1.00
IT (general) 200% $75.00 $90.00 1.20
IT admins 200% $80.00 $90.00 1.13
IT architect 100% $150.00 $150.00 1.00
IT development 300% $90.00 $105.00 1.17
IT testing 300% $60.00 $75.00 1.25
IT training 100% $70.00 $80.00 1.14
Legal 100% $225.00 $225.00 1.00

Purchasing 100% $50.00 $65.00 1.30
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TABLE 8.2

Summary Outputs for Example Project (in Microsoft Project)

Version: Microsoft Project

Phase Start End Duration Cost

Implementation requirements 2/9/2009 5/20/2009 100 $73,860
Package integration design 5/20/2009 8/11/2009 83 $69,127
Package integration 7/7/2009 10/14/2009 99 $98,040
Package deployment 10/14/2009  12/2/2009 49 $47,840
Total 2/9/2009 12/2/2009 296 $288,867

IMPORTING A MICROSOFT PROJECT
XML FILE INTO pmBLOX

Files from Microsoft Project are imported into pmBLOX as XML files.
Thus, before closing Microsoft Project, the user must choose Save As and
select the XML format as the desired file format. Once in XML format,
this file can be imported into pmBLOX. Figure 8.4 shows how to import
an XML file. After opening a new pmBLOX project file, select Import in
the top menu, as shown in the diagram. Then, select the appropriate XML
file from your computer, as shown in Figure 8.5.

After selecting the XML file to import, the user will see a dialog box
to confirm the import (Figure 8.6). After clicking OK to import the file,
the user will see the option for mapping custom fields (Figure 8.7). Many
of the variables used in pmBLOX are typically not available in Microsoft
Project. This dialog box allows the user to map variables in the Microsoft
Project file with pmBLOX variables. For example, one of the default selec-
tions is to map the field Task Budget in Microsoft Project to Budget (Task)
in pmBLOX. At this point, simply click OK to accept all the default vari-
able assignments.

After mapping the fields, the user will be given the option to run a
simulation (Figure 8.8). Because pmBLOX is a simulation-based tool,
any updates to the file are not made effective until a simulation is run.
Microsoft Project, on the other hand, immediately updates values because
it uses a spreadsheet approach instead of an operational simulation like
pmBLOX (see Chapter 5 for more details on the two modeling technolo-
gies). Thus, no results will be seen with the import until a simulation is
run. Another way to run the simulation is to click on the blue arrow in the
Simulation Controller, as shown in Figure 8.9.
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r B
Confirm Import @

| Importing a project file will replace the current data in the document.
@' Click OK to overwrite your data with the imported file.

OK ] l Cancel

b

FIGURE 8.6
Confirm import of XML file.
62" Map Custom Fields
F t the custom field name from the project file and check the import box. Some items may be
{;";I’u"; pmBLOX Field MS Project Field Use CalculatedValue
» f:] High Complexity Productivity (Resource) &
= Medium Complexity Productivity (Resour... -
[ Low Complexity Productivity (Resource) 2
= Budget (Resource) - [l
= Complexdity (Task) v
& Budget (Task) Task Budget > ]
= Management Policy (Task) v
/\A Click Continue
lL Continue M Cancel Import ] I Reset ﬁ
FIGURE 8.7
Mapping custom fields.

Once the simulation for this project is run in pmBLOX, the results can
be seen (Figure 8.10). Table 8.3 shows the results in the same table form as
the Microsoft Project results in Table 8.2.

By comparing results from Tables 8.1 and 8.2, notice that pmBLOX sug-
gests that the project can be completed slightly faster (284 days) than what
Microsoft Project suggests (296 days). In some cases, pmBLOX (using
the resource-based DPM approach) shows that the project will take lon-
ger than the duration that is suggested by Microsoft Project. This is typi-
cally due to the fact that Microsoft Project allows for the overallocation
of resources, and, in many cases, Microsoft Project cannot solve for this
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r iy
Optional: Run Simulation l — J

|' -~  In order to view the results of your project, you need to run the
&Y' simulation.

Would you like to run the simulation now?

=) [

|

FIGURE 8.8
Run simulation.

overallocation with its resource leveling algorithms. However, in some
cases, pmBLOX shows that the project will take shorter than the duration
that is suggested by Microsoft Project. This is typically due to the fact that
Microsoft Project will only use a resource when that resource’s availabil-
ity matches the desired availability that is set for the task. For example,
if a resource is supposed to be used 100% (8 h in a day) for a task, if that
resource is not available for the full 8 h on a given day, Microsoft Project
will skip over that resource and allow the resource to sit idle. So, in this
example, if the resource was only available for 4 h (50% available units) on
one day (because, perhaps, that resource was used on another task), then
Microsoft Project will let that resource sit idle for 4 h instead of putting it
to work (which is what the DPM will do).

ACCELERATING THE PROJECT

One of the key benefits of DPM is the more realistic cost and schedule
estimates that the method provides (compared to the CPM) because of
the operational simulation of the allocation of resources and work com-
pletion for each task. This is seen in the difference between the baseline
Microsoft Project model (in Table 8.1) and the baseline pmBLOX model
(in Table 8.2).

Yet, the power of the DPM approach is that we can now conduct a much
more advanced analysis on the project. One of the most common questions
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TABLE 8.3
Summary Outputs for Example Project (in pmBLOX)

Version: pmBLOX Baseline
(No Management Actions)

Phase Start End Duration Cost

Implementation requirements 2/9/2009 5/22/2009 102 $73,860
Package integration design 5/22/2009 8/27/2009 97 $69,127
Package integration 6/24/2009 9/30/2009 98 $98,040
Package deployment 9/30/2009 11/20/2009 51 $47,840
Total 2/9/2009 11/20/2009 284 $288,867

that is asked for any project is, “Can it be done faster?” As pointed out in
Chapter 4 on the flaws of CPM, Microsoft Project cannot show the con-
sequences of accelerating the project schedule. Microsoft Project (and any
CPM-based tool) allows the user to set durations for any length, regard-
less of the logic or consistency of resource usage. Can a house be built in
a day? Sure. Just set the duration equal to a day. There is no check on this
assumption. Or, if we have a schedule that says that it takes 100 days to
build a house, Microsoft Project allows the user to reduce this duration
down to 1 day by using 100 times the resources (or a combination of lots
of additional resources with everyone working 24 h a day). Without incor-
porating the negative effects of overtime (OT) fatigue and overmanning
on resource productivity, CPM-based tools provide completely unrealistic
project acceleration results, which lead to many project difficulties (e.g.,
rescheduling, shifting resources).

To incorporate some of the more realistic aspects of DPM, such as the
negative impacts on resource productivity as seen in Figure 6.16, go to
the Resources view in pmBLOX (see Chapter 7 for details on navigating
pmBLOX), shown in Figure 8.11. For now, it is assumed that all resources
have a normal productivity of 100% (1.00) on all tasks. This analysis could
be made more interesting by making productivity changes among the
resources. However, to limit the analysis in this chapter, all resources
begin with 100% productivity. In Figure 8.11, notice that the number of
resources of each type, the standard hourly rates, and the OT hourly rate
multipliers (column heading of OT Rate Mult.) match those from the orig-
inal Microsoft Project file in Table 8.1.

The first step that we need to do is to allow the resources to work some
OT hours. By default, the Standard calendar in pmBLOX does not allow
the resources to be available for OT work. For each of the resources, click
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FIGURE 8.12
Six (6) h of OT allowed for resources.

on the Availability button, and set the availability of the resource to work
6 h of OT (Figure 8.12). Note: This does not mean that the resource auto-
matically works these OT hours. This simply says that the resource is
available to work these OT hours if the management policies or manage-
ment actions require them to do so. For example, as shown in Figure 6.16,
one management response to falling behind schedule is to increase the
hours that are worked by the resources (i.e., add OT hours). To keep the
analysis simple, this is the single management action that we will use for
this project acceleration analysis.

We will need to use the Advanced Fields in the resource view of
pmBLOX, so click on the checkbox for “Show Advanced Fields,” as shown
in Figure 8.13. This will open up additional input options for the resources
(see right side of Figure 8.13). As stated, we will not be concerned with
normal productivity in this analysis to keep it simple and keep the focus
on the productivity impacts of working OT. Thus, we will not click on the
Productivity button for any resource. Instead, click on the Fatigue button
for a resource (far-right column in Figure 8.13).

Once you click on the Fatigue button for a resource, you will see the
Fatigue Multiplier for the resource (Figure 8.14). The Fatigue Multiplier is
a multiplier on the normal productivity level based on the Fatigue Index
that is experienced by the resource. The Fatigue Index is a measure of the
level of fatigue that is felt by the resource and is driven by the amount of
OT that is worked by the resource. No fatigue accumulates if the resource
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FIGURE 8.14
Default productivity impact of fatigue on resources.

is not working OT. Fatigue only accumulates when OT hours are worked.
A Fatigue Index of 0 indicates that the resource has absolutely no fatigue
and is fresh. At the other end, a Fatigue Index of 100 indicates that the
resource is completely fatigued and cannot do work at all. Fatigue dis-
sipates based on how fatigued the resource is. When the Fatigue Index is
low (closer to 0), the resource recovers very quickly. In the real world, this
is like working 2 h of OT on one day. The resource can come back to work
the next day with very little or no impact of working the 2 h of OT the day
before. Conversely, when a resource is very fatigued, the recovery rate is
slower. Hence, when the Fatigue Index is high (closer to 100), the resource
recovers very slowly. In the real world, this is like working 6 h of OT every
day for four weeks in a row. When the resource comes back to work in the
fifth week, even if it does not work OT, it is still feeling the effects of the
previous four weeks of OT. Thus, in the fifth week, it is still not completely
back to its normal productivity level. The resource must work a week or
two without OT to get back to its normal productivity level.

By default, the values for the Fatigue Multiplier for all resources are those
that are shown in Figure 8.14. Notice that by default, the resource does not
begin to experience any productivity losses due to fatigue until the Fatigue
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Index reaches 30 (i.e., 30% fatigued), in which case, the productivity level of
the resource only drops to 99% of its normal productivity level. When the
resource is 40% fatigued, the resource only drops to 96% of its normal pro-
ductivity level. There is a rapid drop until the resource is completely fatigued
(Fatigue Index = 100), at which point the Fatigue Multiplier is 0, and the
resource cannot do any work. This is a fairly conservative fatigue impact. The
resource can experience quite a bit of fatigue before experiencing any signifi-
cant productivity losses. This will be the curve that is used for this analysis.

Figures 8.15 and 8.16 show other examples of curves that can be input by
the user. By clicking on the right column in the table, the user can change
the values that are associated with the various levels of the Fatigue Index.
Figure 8.15 shows a linear relationship: the level of the Fatigue Index is the
exact productivity loss that is experienced by the resource. Figure 8.16 is
a common set of values that are used for a nonhuman resource, such as a
machine. Notice that there is no impact on productivity regardless of the
level of Fatigue Index. Thus, while a machine may begin to accumulate
fatigue based on the underlying simulation model, this fatigue is not man-
ifested in the model. The end result is what we would expect in the real
world. A machine can typically be run for a long time without a change in
capability (until it breaks down, of course, or requires maintenance).

So far, we have set up the pmBLOX file so that the resources can work
up to 6 h of OT on each workday (if needed), and we have established

= 1M
Edit Fatigue Multiplier [ |

1 N\ . Input Output
o 3000 |

<

Click to
change
value

Multiplier

Fatigue Index

B[

(=]}
=

Cancel

.

FIGURE 8.15
Example of linear impact of fatigue on resources.
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FIGURE 8.16
Example of no impact of fatigue on resources (e.g., Machine).

the productivity impacts of working OT and creating fatigue. Now, we
need to add a management policy or management action that will be used
to actually manage the project. With management actions, the DPM can
show project managers whether or not their typical responses to project
delays will help or hinder the project. As shown in Figure 8.17, go to the
Management Action view in pmBLOX. The “Default” management policy
will already be selected and applied to all tasks. Note: It will not be cov-
ered in detail in this book, but users can assign different policies to each
task to represent the unique way in which certain tasks will be managed.
Some details of management policies were provided in the “Example 5—
Responding to Reduced Productivity” section in Chapter 7, particularly
how to select the edit rule for “Overtime Policy for SP1.”

“Overtime Policy for SPI” designates the number of OT hours that will
be assigned (up to the maximum that a resource is available for working
OT) for all the resources working on the task based on the schedule per-
formance index (SPI; see Chapter 4 details of earned value). If the SPI < 1,
the project is behind schedule and is running late. Figure 8.18 shows that
the default values for OT hours are zero for all the values of the SPI. This
means that no OT work will be assigned, regardless of how late or behind
schedule the task is. For this acceleration analysis, set the values as seen in
Figure 8.19. When the SPI drops from 1 (on schedule) to 0.9 (slightly behind
schedule), the project manager will add 2 h of OT. (Remember, we set the
availability of all resources to 6 h of OT each working day.) When the SPI
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FIGURE 8.19
Change OT policy for SPL

has a value of 0.5-0.8 (moderately behind schedule), the project manager
will add 4 h of OT. Finally, when the SPI has a value that is less than 0.50
(severely behind schedule), the project manager will add 6 h of OT.

The resource adjustments have been made (i.e., available OT hours),
the productivity impacts of fatigue have been included (i.e., Fatigue
Multipliers), and a management policy has been implemented that only
uses OT hours to try to make up schedule time if running late. We are
now ready to accelerate the project and determine the trade-offs between
schedule and cost. From the overview of the DPM model in Chapters 5
and 6, we know that there will be some cost impacts if we try to run the
project faster, but now we will be able to quantify those trade-offs exactly
for this example project.

To accelerate the project, in the Gantt view for the project, click on the
Settings (Figure 8.20). At the bottom of the Settings dialog box are two
multipliers: Planned Value Acceleration Multiplier (PV Mult) and Fatigue
Adjustment. By default, these multipliers are set to 1.00 to indicate no
changes (Figure 8.21). For this analysis, change the Fatigue Adjustment
to 10. This is an appropriate level for the fatigue calculations in pmBLOX.
Setting the Fatigue Adjustment to 10 is roughly equivalent to saying that
a resource experiences 10% fatigue for an hour of OT. Keep in mind that
the fatigue dissipates quickly when the resource is fresh. Thus, setting the
Fatigue Adjustment to 10 is equivalent to saying that a resource could only
work 24 h (a full day with 8 h of normal work and 16 h of OT work) before
being completely fatigued. As long as the resource does not work 24 h
solid, the resource recuperates and does not experience full fatigue.
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FIGURE 8.21

PV Mult and Fatigue Adjustment.

The PV Mult is the driver of the acceleration analysis. All the other
inputs so far have set up the pmBLOX project file so that the appropriate
management policy will kick in when it needs to, the resources are used
according to the management policy, and the resources suffer productivity
losses that are reasonable if worked OT for a significant amount of time.

Referring back to the earned value overview in Chapter 4, the planned
value is the expected budget at the end of the project (typically measured in
cost but could also be measured as resource hours). Setting the PV Mult to
2.0 indicates trying to get the project done in half the time (50% schedule).
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For any period of time, we are trying to accomplish twice as much work as
the baseline schedule indicates. If the PV Mult is set to 3.0, it indicates that
we are trying to finish the project in one-third of the original time. And
so on. By increasing the PV Mult above 1.0, we are trying to accelerate the
project to get done faster and faster (with a higher and higher multiplier).

Note: Setting the Planned Value Multiplier higher than 1.0 indicates
the desire to accelerate the project. The DPM model (with management
actions and productivity impacts) will determine if this desired schedule
is actually possible.

I
SCHEDULE AND COST TRADE-OFFS

Table 8.4 captures the results of multiple scenarios for accelerating the
project (or, seeing if it is possible to accelerate the project and at what
additional cost). The first column indicates if the management action is
used. In the baseline pmBLOX case (same results as shown in Figure 8.3),
no management action was used. The first scenario that we want to run
is the inclusion of the management policy with the baseline but with no
increase in the PV Mult. Even in the baseline case, the project can some-
times experience a little bit of schedule pressure (changes in the SPI) sim-
ply because some tasks are taking longer than expected as they are held
up while resources finish other tasks. Thus, as can be seen by the second
row in Table 8.4, simply implementing the management action reduces the
overall schedule from 284 to 273 days (or 96.1% of the baseline schedule in
pmBLOX). But, notice that the cost for this scenario is slightly higher due
to the higher cost of OT hours for some of the resources (as shown in Table
8.1) as well as very slight productivity losses due to fatigue from working
a little bit of OT. The total cost is now $302,564, with $22,644 of that cost
coming from OT work.

The remaining rows in Table 8.4 try to push the project faster and faster
to get a shorter and shorter schedule. Thus, the PV Mult gets higher values.
The third column of Table 8.4 shows the desired schedule performance
based on the PV Mult. The fourth column in Figure 8.4 shows the actual
schedule performance (when productivity impacts are included). On the
third row of Table 8.4, the PV Mult is 1.25, which indicates that we are try-
ing to finish the project in 80% of its baseline schedule (i.e., 1/1.25 = 0.80).
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We almost get there with an actual schedule of 81.3% of the baseline
schedule but with a cost impact of 107.3% (i.e., 7.3% higher than the base-
line). This continues through the rest of the scenarios in the table until the
final scenario in which the PV Mult = 10, and we are trying to finish the
project in only 10% of its baseline schedule. Notice that in this case, with
PV Mult = 10, the project can only get to 70.1% of the baseline schedule,
not the desired 10%.

A picture is worth a thousand words, so consider Figure 8.22. Everything
in this book comes down to this graphic to demonstrate the power of using
the DPM instead of the CPM. The first thing to observe is that the more
the project is accelerated, the less likely the project will reach the desired
schedule (as shown in the third and fourth columns of Table 8.4). And, the
more the project is accelerated, the greater the OT use and the higher the
total cost. Also, looking at the points in Figure 8.22 (and the correspond-
ing estimated relationship curve), it is clear to see that there is a theoretical
shortest possible duration for this project based on the resources available,
the task relationships, and the single management action. Of course, other
management actions could be implemented, such as adding resources
when behind schedule, and additional resources could be made available.
This would result in a different curve and a different theoretical shortest

Duration versus cost
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’ 25% schedule + management actions
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FIGURE 8.22

Cost and schedule trade-offs from scenarios.
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possible duration. However, the concept is the same, and so this simple
example of a single management action based on OT hours is enough to
have the discussion.

Figure 8.22 shows several important dynamics that project planners and
managers need to know:

o There are cost consequences that are associated with accelerated schedules.
As stated numerous times throughout this book, the simple CPM
approach cannot show this. The schedule (duration) can be arbi-
trarily set by the project manager in the tool, and the cost will never
increase, as evidenced in the defense sector example in Figure 1.1. No
matter what the schedule is, a CPM-based tool will simply add up the
normal cost of the resources.

o The relationship between schedule and cost is not linear. In CPM-based
tools, when work backlog is accounted for (e.g., effort-driven tasks in
Microsoft Project), the assumption is that the schedule can linearly
decrease. By doubling the resources, the duration can be cut in half.
By doubling the work hours, the duration can be cut in half. In the
real world, this is absolutely not true in most cases. Furthermore,
the relationship between the reduction in schedule and the result-
ing additional costs is typically never linear. It is almost always
nonlinear.

o It is entirely possible to push a project too hard such that the productivity
losses are high enough that the project not only costs more but also takes
longer. This is seen in the Mythical Man-Month example that is cited
in Chapter 1. On software projects, if additional developers are used
to try to get a late project back on schedule, the project takes longer
(as the experienced resources have to assist the new resources and fix
new bugs that are introduced) and costs more (because we are now
paying for additional resources).

While most project managers (especially experienced ones) know these
dynamics to be true, until now, there has been no method for incorpo-
rating these dynamics into common project planning and management
tools. Thus, we have limped along using an old and outdated method:
CPM. Even if the tool is available over the Internet with various bells
and whistles, 60-year-old technology is still 60-year-old technology. The
DPM finally provides a method for understanding and quantifying these
dynamics, and it gives project planners and managers a level of realism
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that will improve their cost and schedule estimates as well as their abili-
ties to manage projects (by testing various management policies). The end
result is higher project success rates. Essentially, project planning is not
as easy as some of the current CPM-based tools would have us believe.
The simplicity of the CPM will hurt the project and decrease the probably
of project success. The movement to agile and lean methods in project
management have attempted to address some of these deficiencies by add-
ing the concept of product work/feature backlogs. This is exactly what the
DPM builds upon. Work needs to be done, and resources are the means
for getting work done. If this is not captured in the methodology and algo-
rithms employed in our project planning and management tools, we are
severely limited in our ability to establish a realistic and achievable plan.

Please visit http://www.dynamicprogressmethod.com and http://www
.pmblox.com for more information and examples.
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“The Dynamic Progress Method is an important step forward because it
runs countless calculations that help you establish and refine estimates
in a way that is impossible to do by hand. Pick up this book; use it as a

reference, but really let the underlying assumptions and models sink in. As
you apply the method, | am sure that it will bring you greater success as a
project manager, and it will assist you in helping each member of your team

to be more successful as well.”
—Dave Garrett, President, ProjectManagement.com; Director of Digital
Presence, Project Management Institute, from the Foreword

Recent computer-based tools for project planning and management fo-
cus on user-friendliness and interconnectivity. However, these programs
function on the Critical Path Method, or CPM, which was created in the
1950s. These programs, which involve simplistic models and methods,
ignore the fact that the underlying computations on which they function
have become woefully inadequate for the complex projects of today.

The product of nearly a decade of work, The Dynamic Progress
Method: Using Advanced Simulation to Improve Project Planning
and Management provides an overview of the research conducted
while illustrating some of the issues with current approaches. It presents
the Dynamic Progress Method (DPM), an innovative simulation-based
approach to project management. It also includes instructions on how
to use the accompanying DPM-based simulation tool pmBLOX to plan,
manage, and analyze projects.

This groundbreaking book is a must-have resource for project planning and
management. It introduces a new and better way of planning, estimating,
and managing projects that corrects some of the fundamental flaws of
the CPM. It brings the computational integrity of planning simulations up
to speed with modern needs, making it useful not only to current project
managers but also to students who will become project managers.
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