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• Background/Problem Statement: Why probability questions matter (“odds of winning” 
→ solitaire)

• Origin + intuition: Monte Carlo history + the Galton Board mental model

• Set the estimate context: scenario + risk vs uncertainty

• Key concepts: PDFs → CDF/S-curve → percentiles (how to read them)

• Simulation mechanics: combine inputs + apply correlation

• Interpretation & pitfalls: convergence + impacts of leaving risk out

• Live demo + decision framing: Galton Board Distribution Lab tour

Briefing Overview
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What are my odds 
of winning this 

game?
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You have played through 
many games, and you start 
to wonder….
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• Created when Stan Ulam was extremely ill and stuck in the hospital 
with nothing else to do but wonder about our introductory question.

• What are the odds of winning solitaire?

• He contended that the theoretical math was too complex to be 
completed and taking samples of game outcomes would be a good 
approximation of the expected results.

• Ulam linked up with John Von Neumann  to utilize his state-of-the-art 
computer, the ENIAC, to simulate solitaire results to figure out the 
answer to his query.

• Thus, Monte Carlo was born.

Monte Carlo: A history
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• A Galton Board (also called a quincunx) is an 
analog predecessor of the Monte Carlo method. 
It is a physical device used to demonstrate the 
central limit theorem invented by Sir Francis 
Galton.

• The Galton board does this by utilizing the 
principles of binomial distributions at each peg. 

• As balls bounce, they have a 50-50 shot of bouncing 
left or right off a peg.

• The insight comes from the distribution of many 
outcomes, not one ball.

• After enough simulations, the Galton Histogram 
approximates a normal curve.

Galton Board Explanation
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Understand the scenario: The only way to understand a problem is to layout the required inputs 
and make a mathematical model of the system. 

Assign PDFs to input variables: We apply probability distributions to our input variables based on 
historical information, subject matter expertise, or statistical analysis of cost estimating 
relationships. 

Run Simulations: Using a random number generator, random samples are taken from the 
probability distributions. 

Analyze the results: Review the results of the simulations and make inferences about the cost. Use 
statistic methods and measures of center to understand the behavior of the overall cost outcome. 

Monte Carlo: The Method

The following slides cover these steps in greater detail; each 
slide indicates which step it corresponds to (via a green box).
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• Our cost estimates predict what a program will cost, but real execution is shaped by 
uncertainty across technical scope, schedule, and external factors.

• The point estimate is our best 
“most-likely” baseline: what we 
expect if things generally go to plan.

• To make the estimate decision-ready, 
we identify and quantify the key risks 
and uncertainties that could move 
cost away from that baseline.

• We roll that uncertainty into an S-curve, which shows cost versus confidence and supports 
budget decisions.

The Scenario: Estimate Process
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• JA CSRUH defines Risk as “the probability of loss 
or injury” and Uncertainty as “the indefiniteness 
about the outcome of a situation.”

• Uncertainty can come in many forms: CERs utilized 
as cost methodologies, schedule uncertainty, 
elements identified in the risk register, and other 
known cost drivers

• There are many plausible futures, so how do we 
account for them?

The Scenario: Risk and Uncertainty
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CDFs: Definition & Examples
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• A function that graphs the aggregate view of the 
probabilities along a continuous timeframe.

• These graphs have a y-axis that runs from 0 to 1 
(probability); the x-axis is cost (or the variable).

• When we look at one point on a CDF, that point 
represents the probability that the variable will be at 
or below a given value.

Fig.5 : CDF of a NASA program (From GAO-20-195G) 
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Input Variables: PDFs
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• A function that showcases the probability that a particular continuous 
random variable will fall into a certain range of values.

• Based on Expert Opinion, historical data of previous analogous efforts, 
Cost estimate relationship (CER) equations that model the input 
space, etc…

Fig.6 : Normal Curve Galton 
Board and PDF (Analyst created)
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• These distributions determine the risk bounds applied to your input variable and describe 
the landscape of what is probabilistically expected to happen.

• Lognormal distributions, per JA CSRUH, are often used for right-skewed cost outcomes.

Input Variables: Common Distributions
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Fig.8 : Various Distributions (Analyst Created)
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• Assessing which distribution is right for your 
specific input case is done on a case-by-case 
basis

• For Costs that are estimated using Cost Estimate 
Relationships (CERs), the analyst is advised to 
utilize the summary statistics (center + spread + 
error) that accompany the equation to bound its 
likely outputs.

• In the worst-case scenarios, JA CSRUH 
recommends viewing the ‘table of last resort’, to 
bound an input.

How to pick your PDF
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The Simulation: Overall RISK Distribution
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Fig.10 : Overall Estimate CDF (From JA CSRUH)
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• JA CSRUH mentions that there are two kinds of 
correlation: Functional correlation and Applied 
correlation

• Correlation changes dispersion and tail behavior 
(often widening outputs when key drivers move 
together) depending on sign/structure (+ vs -).

• When we add correlation to variables, the 
correlated variables behave in lockstep rather 
than accidentally counteracting one another. 

The Simulation: Correlation
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• A normal distribution has probability spread 
around the center, so the CDF rises most 
steeply near the mean and flattens in the 
tails.

The Simulation: CDFs and the Galton Board
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Fig.12 : Normal Curve PDF & CDF (Analyst created)

Fig.13 : Lognormal Curve PDF & CDF (Analyst created)
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Convergence and minimizing error

16 Fig.14 : Galton Boards PDF & CDFs [for n = 100, 1000, 10,000 balls] (Analyst created)
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• Percentiles show the value below which a given percentage 
of outcomes fall (an at-a-glance view of confidence).

• Example: budgeting at the 70th percentile (P70) means you 
have a 70% chance actual cost will be at or below that 
amount.

• In many right-skewed cost distributions (common in 
programs), the mean is often greater than P50 (the 
median).

• Leaders typically compare options like P50 vs P80/P90 to 
balance overrun risk against extra funding.

Percentiles
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• If risk/uncertainty is not included, the estimate becomes a 
single-point answer that can mask the range of plausible 
outcomes.

• Risk registers are often incomplete early, so skipping risk 
analysis can understate tail risk and create false 
confidence.

• Without correlation (and other dependency assumptions), 
models can misrepresent variance, either overstating or 
understating the true spread.

• Bottom line: ignoring risk increases the chance leadership 
funds to the wrong confidence level, driving either cost 
overruns or unnecessary cost padding.

Impacts Of Leaving Risk Out
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Galton Board Distribution Lab: a hands-on Monte Carlo demo

• Interactive lab that links a Galton board to a Monte 
Carlo cost-risk simulation

• You “drop balls” to build a Galton histogram (binomial 
→ ≈normal as rows increase)

• Each ball (or simulation run) produces a uniform 
sample 𝑢𝑢∼𝑈𝑈(0,1)

• The lab maps 𝑢𝑢→𝑄𝑄(𝑢𝑢) (inverse CDF / quantile) to 
generate random draws from a chosen risk 
distribution

• Outputs update live: Cost PDF, S-curve (CDF), and key 
metrics (mean, exceedance vs budget, skew, tail ratio) Fig.17 : Galton Board Dashboard (Analyst created)
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How the lab works (and what to watch during the demo)

• Step 1: Build randomness
• Choose Galton rows (bins = rows + 1) and Galton skew, then drop 1 ball or a batch

• Step 2: Choose sampling method
• Generate 𝑢𝑢 from: Monte Carlo, Latin Hypercube Sampling (LHS), or from Galton

• Step 3: Choose risk distribution
• Normal, Lognormal, Triangular, Uniform, Weibull, Exponential

• Step 4: Map uncertainty into cost
• Apply as Direct cost, Delta on base, or Multiplier, then set Base cost + Budget threshold

• Step 5: Read the story on the charts
• Cost PDF + budget exceedance and S-curve (CDF) percentiles (P10/P50/P80/P90) + summary stats
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Tour Walkthrough (Live Demo)

• We will now open the Galton Board 
Distribution Lab and take the site Tour

• Site can be accessed via mobile (QR Code), or 
desktop utilizing the link in this slide deck 
(below).

• Where available we will also post the link in 
chat (Teams, Google Meet, Whova, etc.).

• https://pcasey5216.github.io/Galton_Board
_Distribution_Lab.html

Fig.18 : Galton Board Distribution Lab description (Analyst 
created)
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• When briefing a cost estimate, the worst mistake 
is ignoring risk altogether.

• Risk matters because it changes real decisions: 
staffing (FTEs), materials, schedule, and funding.

• Risk can feel abstract because of the myriad 
statistical concepts behind it.

• Remember: Models don’t create risk — they 
simulate the uncertainty ranges we define.

Communicating what matters
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• Ultimately, this analysis serves one purpose: To provide 
leadership with the ability to make an informed decision about 
the level of funding appropriate for an effort.

• Avoid Math Jargon and center the verbiage around program 
specific effects of the estimate.

• Instead of saying, “the CDF has the mean value at this probability 
level…” say “if we budget $X, we are Y% confident.”

• Emphasize the difference in cost when moving from one 
confidence level to another: “The difference between P50 to P80 
is $100M.”

Discussions with Leadership
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• Monte Carlo turns input uncertainty (PDFs) into an outcome story: Cost PDF + S-
curve (CDF).

• The Galton Board provides an intuitive mental model for sampling and why 
distributions emerge.

• Correlation, convergence, and percentiles (P50/P80/P90) are what make results 
credible and usable.

• The deliverable is decision-ready: funding at $X buys Y% confidence (clear trade: 
risk vs extra funding).

Summary
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THE END
Questions?

The End
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Appendix A: Sources
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• Monte Carlo has variants that are more commonly used in the 
real world to simulate scenarios: Latin Hypercube (LHS).

• Latin square:  a sampling method where samples are taken 
from a square grid, only from a row and column that has not 
had a sample taken from it already. A LHS is a multidimensional 
version of this sampling method

• This essentially runs Monte Carlo simulations, but partitions the 
sample space into equally probable sections that then get 
sampled from

• Variants of LHS
• Median LHS – uses the median value of each equiprobable interval
• Random LHS – selects a random point  within each interval

• Why would we use this over a simple Monte Carlo?

Appendix B: Latin Hypercube
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• The Latin Hypercube (LHS) method of sampling still randomly selects 
inputs, but it tries to ensure that the entire sample space has been 
sampled relatively evenly. This also leads LHS to converge faster than 
the traditional Monte Carlo method when we compare each 
method’s standard error across many trials.

• LHS has also been found to be a more efficient method of sampling 
when looking at the computational time notation as compared to 
simple Monte Carlo sampling.

Appendix C: Monte Carlo versus Latin Hypercube
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