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“There are lies, there are
damned lies, and then there
are deterministic schedules”

Attributed to Dr. VivekPuri

PMA'’s resident simulation guru
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Conventional CPM Scheduling
Circa 1957-1959

Basic CPM Planning diagrammed

Every activity is assigned an
estimated duration and
network logic ties convey
activity dependencies
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In creating activities and W

logic, the planner assumes

that adfequate resources orward pass calculates Time/cost trade-off algorithm
are available to perform gctivity early dates and extends and/or shortens project

Basic CPM Scheduling Advanced CPM Scheduling
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Conventional

CPM Scheduling
Limitations

activities within free or total activity bounding

completion date— B pass calculates
durations to yield the a late float to either remove all or dates, from which total
leastof unknown likelihood C ' [
to duration variability W 1. Using the longest path 1. algorithm with one activity
2 duration—out of the many probable—underestimates the true
Resource heuristics shift r oroject duration



O ates are introduced, neither total floats nor the actual (asbuilt)
critical path can be algorithmically calculated left of the data
date

Thus, it is advised to add
5% - 15% total float
reserve (to finish early)
to the CPM completion
date for a more realistic
completion date
Floating activities between
early & late dates requires no-
earlier-than constraints which
reduce total float

Demise of the Logic Diagram

In the 1980s, bar charts which had been replaced by logic
diagrams, reappear as schedule graphic surrogate

Collaborative planning on a time-scaled CPM network is
compromised until PMA introduces the logic diagram
method (LDM) networking technique in 2008

O —T v ¢ ~+ N 9 DD N S



CommonCPM Schedule Picture

Early and Late Datesind Base-CaseProject Completion Date

Activity Name mber 2011 | October 2011 | November2011 |  December2011 | January 2012 | February2012 | WMarch 2012 [ April 2012 | May 2012 | June 2012 [ July 2012 | August 2012 | September2012 | October2012
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Design NTP 03-0ct-2017%,

Start Process Installation ‘ 03-0ct-2011,
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DD Set 24-0ct2011 S 20-Nov-2011
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Bid/Award Stes! ‘ 07Nov-2011 NN 01-Dec-2011 L 1 b 1 1 d

Design Freeze ‘ ¢ 20-Moy-2011 Og IC be Imag Inea:

FDN Permit 21-Nov-2011 ——— 25-Dec-2011

Permit Set ‘ 21-Nov2011 ===ty 04-Dec-2011

Comp. CD Set ‘ 28-Nov-20 e 25-Dec2011

Shops, R & &, Delivery 02-Dec-2011 I 24-Feb-2012

Activity actual finish dates
T IS e ———— 21212 hopefully fall within the range

Elevator Shops ‘ 26-Dec-20M1 — 03-Feb-2012

Elec Equipment Shops ‘ 26Dec-20l1 ey 23Feb-2012

Gather Equip Quotes 28Dec201 e 07-Feb-2012

Ghas Lock ‘ * 01Jan2012

Earthwork 02-Jan-2012 21-Jan-2012
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Elevator Fab/Delivery ‘ Mfeb2ll e 13Map-2012
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Steel, Joists, Decking 25Feb-2012 I 23-Mar-2012
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MEP Contrals 05Jun-2012 =/t 2% Jun-2012

remains constant D 2012 e, 07U 2012

Finishes 23Jun-2012 14Jul-2012

Peim Power Available d I f h h * 07Jul2012
MEP Process Equip re g a r e S S o W e n t e 09Jul-2012 . 24-Jul-2012
Punchlist Core & Shel ‘ 15Jul-2012 — 13-Aug-2012

Install/Connect Process Equipment | a Ct i V i ty i S Sta rt e d s a key 25Jul-2012 I (8-Sep-2012

Ready for Commissioning 4 08-Sep-2012¢

Start Commisioning ‘ S| m pl Ifyl n g assum ptl on * 050ct2012,




CPM Early and Late
Bounding Cost Distribution Curves
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Scheduling Under Uncertainty
with PERT Also Circa

Typical Sources of Activity Program Evaluation

in-place congestion, level, etc.
* Learning curve

* Subcontractor “B” crew

 Construction detail difference * Three-point duration

* Slow testing or inspection estimates with simplified
delay Beta distribution
* Material shortage or damaged * PERT defaults to mean

duration for the activities



and runs forward and mean due to merge bias that

backward pass arises when activity duration
: : variability is reduced to mean
« Project duration assumed to + Activity duration mean and y
follow a normal distribution variance simplifications * Activity criticality is reduced
to a deterministic measure of
* PERT calculates mean and « Undervalues project duration

variance for project duration total float & a critical path/s

durations to calculate mean event dates when paths

PERT merge

Merge Bias

Using the longest path algorithm with mean
activity durations underestimates the true
stochastic longest path/project duration

Runs longest path algorithm aka

8‘% forward pass using mean activity mean




More merging paths increase merge
bias, that is, increase the spread
between the PERT and the true
stochastic mean project duration
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CPM

Schedule Simulation
Introduced in 1963 by Richard M. Van Slyke-56 years agal

100% Improvements over PERT
90%
Uses generic duration distributions
« Avoids merge bias by running many

12%
10%
8% iterations rather than one forward pass
6%
4%
2%

« Each iteration runs forward pass with
50%

sampled duration set and finds one
instance of the project completion
« Tabulates results from simulation to
calculate project mean and variance
I 10% o Introduces “criticality index,” a random

0% measure of activity criticality



Early-Dates-Only

Bias
in CPM Schedule Simulation
* Backward pass only used  Each iteration
to determine total floats; generates one instance
impact of random float of the early schedule
Van Slyke CPM use on project rather than the as-built
Simulation completion is schedule
Algorithm * Impact on completion

of duration risk
assumes that no

Early-Only Iteration activity is delayed from
Comp|etion Dates its early start date

* In every iteration, every
activity starts strictly on the
early start date




* By generating multiple generates the early

iterations of the early project completion
. schedule only, CPM distribution function
Early-Only Project schedule simulation,

Completign Risk then and now, merely

not modeled in any way




- Project
Case Study Reaci'yfor

Design-Build Contract to Rebuild ‘ Commissioning
a Food Processing Facility
. Required by

i 10/03/2012

« Executed in 2012 N\
. Early planned

o Simulated using CPM Schedule Risk Analysis Algorithm completion by
09/08/2012

Assumptions for Simplicity Duration: 341

. 3-point duration estimates follow triangular distribution calendar days

« All uncertainty modeled using duration variability and no other risks

 Early completion total
float: 27 days (7.9%)




All-Early-Date
CPM Simulation Proj
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CPM Schedule Simulation
Is there NO bounding late completion risk
curve?
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GPM Early and
Late P80 Dates

O

p.




Graphical Path Method
Planning/Scheduling Circa 2007-

2009

An activity with total float
may be floated to planned
dates without constraints,
while retaining the option to
drift back, as float + drift =

total float. Gap is calculated for

logic ties aka links

Self-healing and gap-driven
algorithms that kinetically

refresh the schedule only
where impacted as the user
adds/deletes/revises/shifts
activities, links, milestones,

weather days, etc.

y.



Critical Path of the data date and refresh, data date

l Algorithmic As-Built calculated (and identified) left schedule changes right of the

when impacted, the instant the

Total floats (and critical

paths) are algorithmically




GPM Schedule Graph—-Base-Case
Completion
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Float Use Impact
on Project Completion Under Uncertainty

Common to delay
non-critical work
using total float

* Level resources

* Pace progress

* Shift in priorities

* Design holds

* Competing projects

 Other strategic
reasons

Float use impact with
schedule uncertainty
* Floating activities alters risk on the °

(early-dates merge bias) affect mer

Early-dates merge bias

igh-total-float paths do not path

bias until the

 Floating an activity—before it is slippage is significant started—may

cause an overrun of ¢ Low-total-floog paths have the late date if the

actual duration high probability to i

pact sufficiently exceeds the

planned project completion subject tp duration plus remaining total

float duration variability

B



GPM Float Use Modeling

In Schedule Simulation

Floating Pacing

in GPM Simulation in GPM Simulation
Delayed start of activity to usethen- Delayed start of activity to usethen-
availablefloat before sampled availablefloat (in the iteration) that
duration is considered (i.e., before is larger than the deterministic,
simulated activity performance) base-case float due to float use and
Modeled as a random decision if durations sampled on other paths
simulating a version of the as-built Decision based on threshold of
other than the pessimistic 100%- then-available float to base-case

use-of-total-float case float (in the deterministic scenario)



. Proj
NetRisk™ Case Study R:;:ujyeffrt

Commissioning

Design-Build Contract to Rebuild

a Food Processing Facility
« Required by

10/03/2012

« Executed in 2012
. Early planned

. Modeled and simulated using NetPoint® and NetRisk™ | completion by
09/08/2012

Assumptions for Simplicity . Duration: 341 calendar

« 3-point duration estimates follow triangular distribution days

« All uncertainty modeled using duration variability and no other risks
« Early completion total

float: 27 days (7.9%)




Early and Late P8

Modeling Bounding Com .
NetRisk |

* Use of float is not simulated; 56 years
hence, there is no CPM schedule

i simulation algorithm other than the
CPM algonthm generates CPM forward/backward pass

optimistic bound (Slide 23)

* In each iteration of the simulation, project
completion is generated based strictly on
the early schedule

GPM algorithm generates
pessimistic bound (Slide 24)




 Each iteration in a GPM simulation is a * Pessimistic completion is generated by
simulated instance of the as-built always using 100% of available float
schedule: every activity is dealt with
based on logic, floated if allowed, and
simulated using its sampled duration




All-Early-
CPM Simulati
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GPM Simulation YieldsEarly and Late”P” Dates

NetRisk Bounding Completion Distribution/Risk Envelope
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Take-Aways
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Take-Aways

Van Slyke’sCPM schedule simulation
corrects for the PERT merge bias but

does not model the risk of float use

By generating only multiple versions

of the early schedule, CPM schedule
simulation merely yields the early

project completion distribution

curve

GPM simulation, by modeling random use
of total float, generates multiple instances
of the as-built schedule as well as the
pessimistic as-built schedule

In GPM simulation, 100%-then-available
float use in every iteration is a practical

late bound for the project completion risk

GPM simulation corrects for the CPM early
bias; NetRisk bounding envelope yields CPM
optimistic P dates (no-float-use risk) and GPM

pessimistic P dates (100%-float-use risk)

GPM algorithms also calculate safe-float: the

extent an activity with total float can be floated
without any significant impact on the likelihood

of meeting the project completion date
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“A budget reserve is to
contractors as red meat is to
lions, and they will devour it.”

Attributed to Bent Flyvbjerg by
Kahneman in Thinking, Fast and Slow
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