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Evaluating CPM Schedules for Best Practices:
A First Principles Approach

J. Gerard Boyle'; Andrew Podolny; and Dr. Wail Menesi

Abstract—There are now several guides meant to assist the industry in evaluating critical path
method schedules. For example, various analytical programs have been built to check for
compliance with the DCMA 14-Point Schedule Metrics which are intended to assist in finding
indicators of schedule problems. The GAO Schedule Assessment Guide offers ten best practices
associated with a high quality and reliable schedule. Although there are many similarities
amongst these offerings, there are also significant differences which have not been resolved,
and this lack of consensus has not benefited the practice of scheduling. The first part of this
article makes the point that some of the lack of consensus can be resolved by rigorously
imposing a clear definition of what a CPM schedule is. Once this is established, certain essential
characteristics present themselves as sine qua non for a CPM schedule. Even with clear
definition of the minimum requirements, scheduling software presents unique challenges
which must be overcome. The next step after establishing that a schedule is CPM compliant is
to establish best practice criteria.
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Introduction

In 2003, four leading schedule experts were interviewed in the Engineering News-Record (ENR)
to discuss the state of Critical Path Method (CPM) schedules [1]. A major concern they shared
at the time was the sub-standard quality of CPM schedules. They observed that what was
presented as a CPM schedule frequently “wasn’t one at all”, and criticized the “widespread
abuses of powerful software to produce badly flawed or deliberately deceptive schedules that
look good but lack mathematical coherence or common sense”. Exacerbating the problem, in
their opinion, were “inexperienced and poorly trained practitioners” and software features that
were vulnerable to abuse.

The experts concluded that as a result of the prevailing poor practice, there was “confusion,
delayed projects and lawsuits”, and that instead of being an important planning and control
instrument, schedules were being used as “tools for claims”. They urged a return to
fundamental principles in CPM.

A decade later, at an annual conference of the AACE, a debate was held on the subject of the
quality of CPM scheduling. Reference was made to the ENR article, and the general consensus
of the panel was that CPM schedules had not improved over the intervening years. Given the
lack of progress, and the seeming intractability of the problem, the question of whether CPM
might be replaced by some other method was discussed [2]. A primary conclusion of the debate
was that if “CPM scheduling is to maintain its place as the leading time management technique
in the engineering and construction industry” then the “quality of schedules must improve” and
“meaningless schedules” cannot be the norm.

Indeed, the significance of this problem for the construction industry2 in terms of project time
and cost over-runs and unnecessary or protracted litigation cannot be over-stated®. How
sustainable is a situation where productivity continues to drop and disputes are taking longer to
resolve?

The many reasons for the current malaise include: industry inertia; lack of expertise, scheduling
software issues; lack of commitment to a scheduling program, insufficient resources, etc. But it
is contended here that one part of the solution is return to first principles. Evaluating a
schedule for best practices4 before determining that the schedule actually meets the definition
of a CPM schedule is putting the cart before the horse. This article describes a two part
approach to evaluating CPM schedules for Best Practices.

Schedule Standards and Best Practice

In response to the need to improve schedule quality, a number of best practice schedule
standards have emerged. A prominent example is the Schedule Assessment Guide — Best
Practices for Project Schedules (GAO Guide) recently released by the Government Accountability
Office (GAO) [3]. The GAO Guide provides “ten best practices to help managers and auditors
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ensure that the program schedule is reliable”, with the goal of improving program performance.
Another approach is offered by the Defence Contract Management Agency which has included,
in its Earned Value Management System Program Analysis Pamphlet, a “14-Point Schedule
Metrics for IMS (Project, Open Plan, etc.) Analysis”[4]. Various organizations and agencies have
drawn from these and other practice standards in an effort to arrive at a hybrid solution which
cherry picks from each and best suits their particular requirements [6] [7].

The Missing Step in Best Practice Schedule Assessment

It is evident from the above that the industry is not in agreement on what schedule best
practice should be. It is suggested that a reason for this is that all of these approaches proceed
to best practice evaluation before verifying that the schedule even meets the test of being a
CPM schedule. The remedy proposed here is a first principles approach whereby a schedule is
required to meet a minimum standard of CPM compliance.

Definition First: 2-Step Evaluation Process

STEP 1:
Evaluation of Best Practice
CPM Schedule

Meets CPM
Definition?

STEP 2:

Best Practice
Evaluation
Fit-for-Purpose;
Planning, Scheduling

Figure 1 — Two-Step Evaluation Process for CPM Schedules

Figure 1 depicts the suggested two-step approach to evaluate CPM Schedules for Best
Practices. First, the schedule is subjected to a test to determine if it meets the definition of a
CPM. Only if it passes this test, by definition, can it then be evaluated for best practices.
Determination of CPM compliance is largely a mathematical exercise, and therefore admits of
much less subjectivity then the subsequent determination of best practices. Only after CPM
compliance is confirmed does the schedule review process proceed (in Step 2) to a best practice
evaluation.
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CPM Definition

As noted above, the essential requirement for a schedule to be a CPM schedule is meet the
definition of a CPM schedule. The Project Management Institute [8] provides the following
definition, which is broken down into its constituent sentences along with commentary
explaining the implication for CPM evaluation criteria.

Def.-S1: “A method used to estimate the minimum project duration and determine the
amount of schedule flexibility on the logical network paths within the schedule model.”
Identifies a two-fold purpose: identify the longest (or driving) path, and; use float values
to evaluate how much non-critical float paths can be delayed without becoming critical
or delaying the project. This requires that all activities are logically connected in the
network.

Def.-S2: “This schedule network analysis technique calculates the early start, early finish,
late start, and late finish dates for all activities without regard for any resource
limitations by performing a forward and backward pass analysis through the schedule
network.” Float of all activities in the logically connected network is mathematically
calculated using the forward and backward passes. Resource limits are not allowed to
interfere with the float calculation because the network must be driven exclusively by
activity logic.

Def.-S3: “The critical path is the sequence of activities that represents the longest path
though the project, which determines the shortest possible duration.” The path (or
paths) of activities in the logic-driven network which determines the end date because it
is the longest path.

Def.-S4: “The resulting early and late start and finish dates are not necessarily the
project schedule, rather they indicate the time periods within which the activity could be
executed, using the parameters entered in the schedule model for activity durations,
logical relationships, leads, lags, and other known constraints. The Critical Path Method
is used to calculate the amount of scheduling flexibility on the logical network paths
within the schedule model.” Makes the point clearly that the critical path, even though it
gets the most attention, is not the exclusive focus in a CPM.

It follows from the above definition of a CPM schedule that the activity network created in CPM
scheduling software must have the following characteristics:

1. Closed-In Network: Activities cannot have logical open ends and must have start and

finish relationships: That is, all activities must have at least one predecessor and
successor. The only exceptions are the first activity, which will not have a predecessor,
and the last activity, which will not have a successor. Moreover, every activity, except
the start and finish activities must have a start and finish relationship. (For example, if
an activity has a Start-to-Start successor relationship with another activity, but no
Finish-to-Finish, there is nothing, other than completion, constraining the finish of the
activity). If these conditions are not met, the network is not completely “closed-in” and,
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as a result, correct float calculations for all activities (and paths) are not available, and it
is therefore not possible to evaluate schedule flexibility of all network paths.
Logic-Driven Activities: CPM scheduling software permits “constraints” to be applied to
individual activities and milestones. Hard constraints prevent activities from starting or
finishing later than planned. Mandatory constraints are even more rigid because
activities are locked into a time place and float is eliminated. Both over-ride the
schedule logic, which is antithetical to the CPM definition because the CPM relies on the
calculation of early and late dates based on unimpeded schedule logic. In theory, Soft
Constraints allow delays past the constraint date, and so do not over-ride logic,
however, as will be discussed later, such constraints may result in distortions to the
critical path. Automatic resource levelling may also over-ride activity logic. Finally, actual
dates (on or after the Data Date) also over-ride schedule logic and therefore transgress
the CPM definition.

A continuous, logic-driven critical (or longest) path(s), which determines the shortest
possible duration must be generated: A primary requirement of a CPM schedule is to
correctly calculate and identify the activities on the longest continuous path of activities.
If a delay occurs to either the start of finish date of an activity on the critical path, a
delay will result’ to the overall project duration. In managing a project, the critical and
near-critical® paths must be reliable in terms of indicating flexibility to alter timing of
activities. If the critical path is not continuous, or if an increase to activity start of finish
date does not alter the completion date’, then the schedule is not CPM compliant.
Appropriate logical relationships are used: Activity logic must give effect to the three
characteristics described above. The Precedence Diagraming Method provides for four
types of logical relationships: Finish-to-Start; Start-to-Start; Finish-to-Finish; and Start-
to-Finish. Of these, the Finish-to-Start is the default relationship which is preferred
because it is straightforward, intuitively understandable and is less likely to produce
unintended consequences. However, any of the available relationships can be used in a
CPM so long as the relationship reflects the planned sequence of the work based on
reasonable assumptionss. Although in some unusual cases a Start-to-Finish relationship,
which means that a succeeding activity cannot finish until its predecessor is started, is
appropriate, use of it should be examined to ensure it is correct.” Moreover, any
relationship pairs used at the same time, other than S-S and F-F, should be suspect
because the effect may violate CPM principles. For example, in a case where the
duration of an activity with an F-F predecessor and S-S successor increases, the overall
logic path actually “shortens”™® in time because the F-F relationship is honoured [9].

No Activities with Fractional Durations: The improper use of multiple activity calendars
can result in fractional durations which produce erroneous calculations of the
completion date.

No Alteration of Critical Path or Longest Path Filters: Implicit in the definition is the
understanding that if scheduling software is used to calculate the network float values,
then the resultant critical path report based on the software algorithm(s) is used
without alteration by manual intervention.™

Appropriate Selection “Critical Path” Filter — (where the Critical Path is not identical to
the Longest Path filter): This applies to Oracle P6, but not to MS Project (which has only
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one critical path algorithm). Depending upon the use of schedule features such as
activity calendars, it may be that the P6 “Critical Path” filter is not identical to the P6
“Longest Path” filter. In such cases, so that all parties to the contract understand what is
actually driving completion of the work according to the contractor’s plan, the
contractor must identify the actual critical path which is the path that determines the
completion date.

Schedule Software Dilemma: What Is Critical?

Before proceeding to a discussion of the minimum criteria required to meet the definition of a
CPM schedule, it is necessary to digress into a consideration of how CPM software identifies the
critical path. Leading packages such as Oracle P6 and MS Project use different algorithms to
identify the critical path and each is impacted differently by the use of constraints and
calendars. The features of the scheduling software must be used (or not used) so as to give
effect to the definition of the Critical Path which is, as mentioned earlier, the path that
determines the length of the project.

Most would assume that so long as the sort of poor practices identified in the ENR Interview [1]
(such as open-ends, mandatory/hard constraints, etc.) are avoided, the software simply does
the math, and the result is a reliable critical path filter. But it turns out that for a number of
reasons, this seemingly reasonable expectation is disappointed.

To begin with, multiple calendars can render Total Float values misleading in terms of
identifying criticality. Microsoft project uses only a float-based calculation, and therefore does
not address the problem of identifying criticality in the case of multiple calendars. However,
Oracle P6 provides the following alternative algorithms to calculate the critical path:

1. “Critical” Filter: Using Total Float, a value, usually 0-days, is selected and only activities
with Total Float less than or equal to this value will be shown as critical;

2. “Longest Path”: By identifying “driving relationships” the software algorithm creates a
string of directly related activities that comprise the longest path from the Data Date to
the last activity in the schedule;

3. “Multi Float Path”:

Total Float Calculates critical float path and sub-paths based on relationship total float.
In this case, the float path ranked number 1 is comprised of activities that drive the
activity with the least total float.
a. Free Float: Calculates the critical float path and sub- paths based on relationship
free float. In this case, the most critical path is the longest path, or the path that
drives the Scheduled Finish of the project back to the project start date.

The “Longest Path” filter is widely believed to reliably identify the critical path for schedules
with multiple calendars. Indeed this is the assumption of the GAO Guide which states: “..
because the longest path makes no reference to total float, it is the only _quaranteedl2 method
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of identifying the driving sequence of activities when using multiple calendars.” [3]. However,
examples are provided below which demonstrate that the software does not always correctly
identify the critical path in such cases.

Furthermore, there are other problems with both the P6 and MS Project critical path
algorithms13 which can result in errors where constraints and multiple calendars are used.
Unfortunately, owing to certain functional problems with the most popularly used scheduling
software programs (Oracle P6 and MS project are considered here), the resulting critical path
filters must be checked to verify that the critical path is correctly constituted with driving
activities. Examples of the software problems which create an added challenge in evaluating a
CPM schedules are provided below.

1. Multiple Calendars & (“Soft”) Constraints Can Distort the Critical Path

The effect of multiple calendars and constraints on the critical path is first considered using the
P6 software. If the schedule is free of constraints, uses only one calendar, and is restricted to
only finish-to-start logic, then the activity path generated by the “Critical” filter should not
differ from the “Longest path” filter, and in fact this is the case in the (Case 1) example below.
The Longest (“Driving”) path filter shows both “Activity 1” and “Activity 3” as residing on the
critical path, and the “Critical” path filter yields an identical path. “Activity 2” has two days of
Total Float and two days of Relationship Total Float.

Case 1. Schedule with one calendar (7 days work week)

[ Remaining Work HE==El longest Path Float Bar 4 & Milestone

|Activity ID Activity Name RD Start Finsn T Ca onstraint Constraint || ate Sart IGate Fin: Ded2r Tan 03 Jan 10
Date whd T jed Fri_[Sat [Sun [Mon [Tue [Wed
-] 2 |3 4 5 [ 7 8 El 10 |11 [12 |13

2]
g
H
g
5|
B

=3
EX

1 Not Constrained 104 01-Jan-16 09 AM  10-Jan-16 05 PM od| 7 Day 01-an-16 09 AM  10-Jan-16.05 PM
Activity 1 5d 01-Jan-1609AM  05-Jan-16 05 PM od| 7Day 01-/an16 09 AM  05-Jan-16 05 PM
Activity 2 3d 01-Jan-1609AM  03-Jan-16 05 PM 2d| 7Day 03-/an-16 09 AM  05-Jan-16 05 PM 0 d
Activity 3 54 06-Jan-1609 AM  10-Jan-16 05 PM od| 7 Day 06-Jan-1609 AM | 10-Jan-16 05 PM

Activity TF

0
0

51N
& 005
- 006
-

Same calendar
Longest Path are clearly defined as
Activity 1-Activity 3

Activity 3 Predecessors

Activity D | Activity Name |Reiations|  Lag| Driving | Criical | Free Fioat| Total Fioat|| Rel Free Fioat | Rel. Total Fioat |  Rel. Early Finish | Rel. Late Finish
“E“ 0050 Activity 1 FS 7'7 '77 0od 0d od od 05-Jan-18 05 PM 06-Jan-16 09 AM
&, 0060 Adw;&Z FS Il - T 24 24 2d 2d 03-0an1605PM | 06-Jan-16 09 AM

Figure 2 — Casel: P6’s Critical Path and Longest Path Are the Same

However, when a “Start On or After” constraint is added to “Activity 3”, as in Case 2 below,
notice the resulting Longest Path. “Activity 1” disappears from the longest path and only
Activity 3 is identified as critical: a continuous critical path is not generated. This result may be
surprising to some as a “Start On or After” is considered a “Soft” constraint because it does not
constrain the activity from starting later (i.e. it does not over-ride predecessor logic).
“Mandatory” and “Hard” constraints are often excluded from best practice recommendations,
but “Soft” constraints are generally considered acceptable®. The key point here is that even the
use of a “Soft” constraint, widely considered to be acceptable practice, prevents the generation
of a continuous critical path which, by definition, the critical path must have.
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Case 2. Schedule with one calendar (7 days work week) and
Constrained Start on or After Activity 3

[ Remaining Work B~ Longest Path —— FloatBar # # Milestone

D TACOVIty Name: £ Finsh TF[ Caergar [omevart n::m' e St = HFT = = ﬁw‘r Tan 10 lﬁg
¥y 2 Start On or After Constra  10d 0l-Jan-1603 AM  10-Ja-15.05 PM od 7 Day 02-Jan-1603 AM  10-4an-16 05 PM Activities TF
= 0100 Activity 1 54| 0L-lan-1609 AM | 05-Jan-15.05 PM 14 7 Day 02-1an-1609 AM | 08-Lan-16 05 PM [::###{‘-_" :—“ ] i
= 010 Activity 2 30 |0L-4an-1609 AM |0 5 PM 3d 7 Day 605 PM =t d
= 01X Activity 3 Ad | 07-Jan-16 09 AM* | 10-Lare 1605 PM od 7 Day [Start Onor After | 07-1an-16 09 A{ 0 10-Ja0-16 05 PM i

Same calendar Constraint /
Longest Path is clearly defined as Activity 3

Activity 3 Predecessors

Activity 1D | Activity Name |Reiatons|  Lag| Oriving | Crtical | Free Fioat| Total Fioat|| Rel. Free Fioat | Rel Total Float |  Rel Early Finish | Rel. Late Finish
W, 0100 Activity 1 FS r r 1d 1d 1d 1d 05-an-16 0S5 PM 07-Jan-16 09 &AM
& o110 Activity 2 FS r r 3d 3d 3d 3 03-Jan-16 05 PM 07-Jan-16 09 AM

MNothing is driving
Nothing is Critical

Figure 3 — Case2: The Effect of Constraints on the Longest Path

Finally, Case 3 illustrates the error that can result when only one calendar is added to our
simple example. Adding a non-working calendar to “Activity 3” has the effect of identifying both
“Activity A” and “B” as on the Longest Path. In fact, both activities are shown to be both
“Critical” and “Driving” even though there is both Relationship Float and Total Float available.
“Activity 2” is of course not on the critical path, and yet there it resides. How many schedules
have been accepted into a construction program with this type of error? Here again, the
scheduler has committed no mal practice, but the software has yielded erroneous results.

Case 3. Schedule with two calendars (7 days work week) and 7 days work week
except working on 01-Jan till 06-Jan

=1 Remaining Work =l LongestPath Float Bar 4 # Milestone
[Acvity IO Y EUESD Firish [ Carencar it [Constrat||ate St T5te Fineh P2 A— ?‘? .
Date [The TP sat
BT 5
5, 3 Calendar Constrained 54 01Jan 1609 AM  10.-Jan-16.05 PM od| 02101609 AM  10.1ar 15 05 Ph Acti rtiss TF}
- 0150 Activity 1 5d 01-Jan-16 09 AM | 05-Jan-16 05 PM 1d| 7Day 02-Jan-16 09 AM | 06-lanr-16 05 PM L TT/ i ; ;
& 0160 Activity 2 3d 01-Jan-16 09 AM  03-Jan-16 05 PM 3d| 7 Day 04-Jan-16 09 AM 06-Jan-16 05 PM
- 010 Activity 3 43/07-0an-16 09 AM | 10-Jan-16 05 PM od|  7D-Nonw 07-Jan-1609AM |10-n1605PM | ! W —
Multi calendars Calendar
non working period All activities are making Longest Path
|Ac||V|1y 3 Predecessors
Activity D © | Activity Name | Relations| Lag| Driving | critical | Free Fioat| Total Float|| Rel Free Float | Rel Total Float |  Rel Early Finish | Rel Late Finish
& 0150 Activity 1 Fs [ [ 7 d 1d 1d 1d O\ 05-Jan-16 05 PM 07-Jan-16 08 AM
E 0160 Activity 2 FS ~ ~ \ 3d 3d 3d d ) 03-Jan-16 05 PM 07-Jan-16 09 AM
Everything is driving
Everything is Critical Nothing is driving

according to FF

Figure 4 — Case3: The Effect of Multiple Calendars on the Longest Path

MS Project performs no better under the same conditions. As noted earlier, MS Project does
not offer an equivalent of P6’s Longest Path calculation to discern what is driving in cases of
multiple calendars. It relies exclusively on a float (Total Slack) algorithm. As would be expected
then, the multi calendar case creates a non-continuous critical path, as does the addition of a
soft constraint.
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Name Start Finish Total

Remaining
Duration
10d

Calendar
2 Start On or After 7 Day
Constrained

Activity 1

01 Jan 9:00 AM 10 Jan 5:00 PM od

5d 01 Jan 9:00 AM 05 Jan 5:00 PM 1d 7 Day

Activity 2 3d 01 Jan 9:00 AM 03Jan5:00PM  3d 7 Day

Activity 3 4d 07 Jan 9:00 AM 10 Jan 5:00 PM od 7 Day

Type

Start No Earlier
Than

Constraint Date

07 Jan 9:00 AM

Late Start Late Finish

02 Jan 9:00 AM 10 Jan 5:00 PM
02 Jan 9:00 AM 06 Jan 5:00 PM

04 Jan 9:00 AM 06 Jan 5:00 PM

|07 Jan 9:00 AM 10 Jan 5:00 PM

Same calendar

Constraint

Case 2. Schedule with one calendar (7 days work week) and Constrained Start on
or After Activity 3 Critical TF<0d - only option available in MS Project

28Dec'15
301 02 [ 03 04 05 06

04 Jan 16
07 08 |09 01

«+— Activity TF
——— | 1 ]
;

——

Critical Path is defined as Activity 3
because of Constrained Start

Figure 5 — Non-Continuous Critical Path in Microsoft Project Due to

Calendars/Constraints

2. “Level of Effort” Distorts Longest Path

The schedule screenshots below reveals that, in P6, the addition of a Level of Effort activity can
have the effect of erroneously adding a non-critical activity to the Longest Path.
In the schedule below, “Activity D” is not on the Longest Path, and this is correct since it is not
driving the completion date. A Level-of-Effort activity has been added but not yet logically
connected to the activities that are currently on the critical path.

Activiby
Mame

Total
Float

& 3d 04-Jan-16  OB-Jan-16 0d
B 4d 07-Jan-16  12-Jan-16 0d
C 3d 13Jan16  15-Jan-16 0d
D 3d 04-Jan-16  0B-Jan-16 4d
0d|0d-Jan-16 | 04-Jan-16 104

Jan 04

Jan 11

M[TIW[T[FIS]E

M[TIW][T[FIS]E[M][T

06-lan-16
" 04-Jan-16

06-lan-16
1ﬁl~arﬂ B
. 15-lan-16

15-Jan-16

Figure 6 — Example Schedule with a Level of Effort Activity

However, as shown below, creating an S-S relationship between the LOE activity and “Activity
D”, and an F-F relationship between the LOE activity and “Activity C” results in the addition of

“Activity D” to the Longest Path.
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