


Commercial Companies Project Statistics

Overall project statistics: 25% fail completely, 50% end up late or over
budget (Pwc, 2005)

IT projects: 31% cancelled before completion; 88% run over schedule,
222% cost overrun (CSC Corp. 2005).

Capital Oil/Gas: 35% exceed time, 38% exceed budget (BAH, 2007)

Underestimating Costs in Public Works Projects:
Error or Lie?

ORI RO TN “Xxxx...found that a pattern of highly misleading
forecasts of costs and patronage could not
be explained by technical issues and

were best explained by lying”
Flyvbjerg, Holm, Buhl, APA Journal, 2002, No. 3

i Lo 1 L) il L o

Cost Escalation %

peits N il




Cost/Time Underestimate in NASA & DoD Projects

Cost/Budget Growth

Study Average | Median |[%overruns
MASA 1N the 905 36% 26% 5%
MNASA 1N the T0s 43% 26% 5%
MNASA 1N the 805

zrunl study 6 1% H0% 95%

(A0 study 53% G% 5%
Dol 45% 2 7% 5%

Source: Schaffer, 2004



Risk and Decisions of Engineers

 Engineers have choices in how to meet challenging
performance requirements
— Multiple ways to program a source line of S/W code
— Multiple ways to design an application specific integrated circuit
— Multiple ways to solve a structural strength issue
— Multiple ways to meet a propulsion requirement
— efc.

« Some choices result in low or high cost
 Some choices result in short or long durations

« Additionally, choices by an engineer on one
subsystem/component influence choices by other
engineers on other subsystems/components

 Bottom line: There is uncertainty in specific decisions &
their effects on overall project cost and schedule



Quantum Mechanics

The study and prediction of elementary particle
behavior

— e.g., photons, electrons, neutrons, neutrinos, quarks, etc.
However, can’t predict individual elementary particle
behavior — only aggregate elementary particle behavior
And....only statistically

— Can’t ever predict exact location of an electron

— Only can say there is a probability that electrons (plural) will be
in a specific location at a specific time with a certain probabilistic
confidence

So, what’s the bridge between monte carlo- and
quantum mechanics-based risk analysis?




Individual Engineer Decisions as Bridge

Quantum mechanics deals with individual elementary
particles as an aggregation, statistically

Monte Carlo simulation deals with results of individual
engineer decisions as an aggregation, statistically

Elementary particles are equivalent to individual engineers
Each have a “mind of their own”

Quantum mechanics statistically predicts confidence level
of the location of elementary particles in space dimension

Monte Carlo statistically predicts confidence level of the
location of result of thousands of engineer decisions in the
cost and time dimensions

Only the math is different



Only the Math is Different




Quantum Model for Cost Estimate with Risk

« WBS structure is simplest possible project, without
task links and specified distances to milestone

* Fluctuations of WBS elements and their impact on
final milestone (total cost) are the same

Modeling cost provides:

- Definition of quantum model parameters (task
fluctuation amplitudes and phases)

- Comparison of quantum and classical model
predictions for evolving plans with different level of
detail




Why Cost Estimate by Project Sub-Division
does not Work?

$(10£5)K t $(10£5)K

Overall uncertainty A = 5N and may become, for large N,
relatively small; where 30%-100% error comes from?




Why is Distribution Function Asymmetric?
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Asymmetric probability density distribution function
is needed to provide adequate Monte Carlo
simulation results, but why?




Building House, 81 Working Days*$500=$40,5K

Taszk Mame Curation Start Finizh
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[ &g 07 [Sep 07 [Cct o7
15 |22 (20| 5 [12 19|26 |2 |9 [16 |23 |30 7 [14 |71 |2
A Sign Cortract 1 day Thu Fi2607 Thu Fi2607 —

Foundation Tdays Thu 772607 Fri 33707
Ground work G days Thu 7r2607 Thu 87207
Concrete 7 days Thu 7r2607 Fri /307

FramesRoof 22 davs Thu 726007 Fri gr2407

Inside Installation 12 days | Thu 72607 Fri 81007
Inztallation 5 days Thu Tr2E07 Wied B 07
Do alliFlooring 10 days Thu 7I2E07 Wiad SE07
Sertifications 5 days Thu 7r2607 Wied 3107
Carpetidppliencies 12 davs Thu 726007 Fri ar0ia7

Landscape 11 davs Thu 7i2807 Thu S/207

AL hove In 2 days Thu Tr2607 Fri 7i2707

Project =ign-off Fri 104207 Fri10M 207
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~ 1-sample milestone,
|-~ intrinsic uncertainty
- ~2days ($1K)




Probability Density for Zero and Max Risk

400-samples milestone

$46.3K $57.9K

For no external risk, probability density is fully symmetric
(WBS risk), and for maximum risk — fully asymmetric




S-curve — Best and Worst Case
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probability density
responsible for external risk

responsible for “no-risk”
Fluctuations of wave phases,

Fluctuations of wave periods,
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Finizh

Wed 55005
Wed 55005

Fri 55308 |12

Start

Thu G265
Thu G265

Fri /8105

Duration

30 davys

30 davys

0 days

Task Mame

Wit code

$4.9K $9.8K $14.6K $19.5K $24.3K $29.2K $34K

Milestone




Increased Costs Due to Long-Long Correlations

2,000 samples

Math procedure is numerical inverse Fourier transform (NIFT)




S-curve for 2-task Project

g | | | | |
$4.9K $9.8K $14.6K $19.5K $24.3K $29.2K  $34K




Cost Management — How Task Periods and Phases
Relate

Fluctuations of wave periods,
responsible for “no-risk”
probability density

|
$34.7K $46.3K

In projects, fluctuations of wave periods and ;
h t | lated b t Al Fluctuations of wave phases,
phases are strongly correlated by external ris responsible for extemal risk




Task Duration (Wave Periods) Fluctuations

Monte Carlo simulation
contracts probability
density




Task Fluctuations and % of Planned Work




External Risk: "Absolute” Calibration

Monte Carlo simulation
expands probability
density

$23.1K $34.7K $46.3K




S-curve Evolution




Detailed Plan and Classical Limit

(]

Task Mame

Duration

Start

7

Jul o7 [Sep 07

10 [17 |24

A Sign Cortract

1 day

Thu Fr2607

B. Clear Site

4 days

Thu Fr2E07

. Excavate Bazement

2 days

Thu Fr2E07

H. Temporary Electrical Servic

1 day

Thu Fr2E07

D. Set Farms

2days

Thu Fr2607

E. Pour foundation

2 days

Thu Fr2E07

F. Strip Forms SWaterproof

2 days

Thu Fr2E07

Lo S v I O 0 ) (R )

. Backfil

1 day

Thu Fr2E07

|. Frame House

11 davys

Thu Fr2607

L. Inztall Windowes f Doars

Jdays

Thu Fr2E07

J. Sheet Tar Roof

4 days

Thu Fr2E07

M. Lay Bricks ! Install Siding

o days

Thu Fr2E07

2. Inztal Rough Plumbing

4 days

Thu Fr2607

P.Inztall Hesting 5 &ir Concition

5odays

Thu Fr2EM07

M. Install Rough Electrical

4 days

Thu Fr2E07

».Form and Pour Drivesvay

2days

Thu Fr2E07

Y. Landscape

G days

Thu Fr2607

L. Place Sod

Jdays

Thu Fr2E07

1 Deywweall

7 days

Thu Fr2E07

. Floaring

Jdays

Thu Fr2E07

T. Final Electrical / Sertificatior

2days

Thu Fr2607

K. Shingle Roof

Jdays

Thu Fr2E07

5. Lay Carpet

Jdays

Thu Fr2E07

. Final Plumking / Serificatior

2days

Thu Fr2E07

Y. Finizh Carpentry

Sdays

Thu Fr2607

Wi, Cakinetry § Appliencies

4 days

Thu Fr2E07

AL Move In

2 days

Thu Fr2E07

Praoject sign-off

0 days

Fri 100 207
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Classical Limit for Probability Density

Coérse
~

$46.3K

In detailed plan, probability density wings are narrower though the “mass” of
tasks (amount of work to be done) is exactly the same




Classical Limit for “No-Risk” S-curve




S-curves Comparison

Detailed WBS

| has, for the same
| risk, smaller
budget variations
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S-curve Classical Limit for Large Fluctuations




Next Step: Direct Comparison

WBS/CES Description

Appr
op

Unique
ID

Baseline

Variation

*SSPS1 Estimate

*Estimate

Space Solar Power Satellite

$ 1761002.019 (26%) *

Project Management

8685.637568

707.4710896

Systems Engineering

9878.419554

208.2857501

Safety and Mission Assurance

766.0434917

336.8854202

Science/Technology

6540.982966

222.9529445

Payloads

5352.127256

479.6274433

Transmit Payload

8026.723375

22.26677652

System Engineering

4448.618085

610.6282068

Project Management

4617.698868

630.9158753

Solar Power Collector

Solar Power Converter

96.032092

797.2519142

608.64836

740.4745969

Budget, $M




- Quantum model provides adequate estimate of WBS
cost variations

- WBS Risk and External Risk are useful concepts for
cost analysis

- Quantum model provides theory of project cost increase

hen external risk exists
- For detailed WBS and large task variations, quantum
and classical models merge




