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Simulation

Patient Safety

Reduce the cost of medical
errors with effective solutions.


Presenter
Presentation Notes
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U
Shared Birthdays

* There are 30 people 1n a room ... what is the
chance that any two of them celebrate their
birthday on the same day? Assume 365 days in
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Presentation Notes
The problem is to compute the approximate probability that in a room of n people, at least two have the same birthday. For simplicity, disregard variations in the distribution, such as leap years, twins, seasonal or weekday variations, and assume that the 365 possible birthdays are equally likely. Real-life birthday distributions are not uniform since not all dates are equally likely.

Bonus: 
What is the probability that at least 3 people share the same birthday among 25, 50, 75, 100, 500, and 1000 people.

step 1: initialize n = 100.000 (number of runs)�teller = 0; r = 1��step 2�for i = 1, ... , 23 use RAND to generate a random number Ui and compute the birthday �ki = 1 + rounddown (365 * Ui)��step 3�Test whether Ki - Kj = 0, for some i is not equal to j��if so, ��teller = teller + 1�r = r + 1. If r < n, repeat steps 2��Step 4�the estimation of the desired probability = teller / n�

This phenomenon actually has a name -- it is called the birthday paradox, and it turns out it is useful in several different areas (for example, cryptography and hashing algorithms). You can try it yourself -- the next time you are at a gathering of 20 or 30 people, ask everyone for their birth date. It is likely that two people in the group will have the same birthday. It always surprises people!
The reason this is so surprising is because we are used to comparing our particular birthdays with others. For example, if you meet someone randomly and ask him what his birthday is, the chance of the two of you having the same birthday is only 1/365 (0.27%). In other words, the probability of any two individuals having the same birthday is extremely low. Even if you ask 20 people, the probability is still low -- less than 5%. So we feel like it is very rare to meet anyone with the same birthday as our own.
When you put 20 people in a room, however, the thing that changes is the fact that each of the 20 people is now asking each of the other 19 people about their birthdays. Each individual person only has a small (less than 5%) chance of success, but each person is trying it 19 times. That increases the probability dramatically.
If you want to calculate the exact probability, one way to look at it is like this. Let's say you have a big wall calendar with all 365 days on it. You walk in and put a big X on your birthday. The next person who walks in has only a 364 possible open days available, so the probability of the two dates not colliding is 364/365. The next person has only 363 open days, so the probability of not colliding is 363/365. If you multiply the probabilities for all 20 people not colliding, then you get:
364/365 × 363/365 × … 365-20+1/365 = Chances of no collisionsThat's the probability of no collisions, so the probability of collisions is 1 minus that number.
The next time you are with a group of 30 people, try it!
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The Minimum Iterations to Run

* A short answer, burdened with many caveats,
1s "no less than 300'. At 300 1terations you start
to get a reasonably well defined cumulative
distribution

300 iteration=

J0on iterations

0 20 40 B0 80 100 0 20 40 B0 a0 100
Output value Output value
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How Many Iterations to Run

In general, you'll have two opposing pressures:

* Too few iterations and you get inaccurate
outputs, graphs (particularly histogram plots)
that look "scrufty';

* Too many iterations and it takes a long time to
simulate, and 1t may take even longer to plot
graphs, export and analyze data, etc.
afterwards. . (6 * 2)2

w9
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Precision Control

Run Preferences

Trials | Samplina | Speed | Ootions | Statistics|

Namae: |D9
Units: | Number of trials to run: |1DDD
Precision | Filter | Auto Extract
Stop on calculation errors

Specify the desired precision for forecast statistics

Mean
Standard deviation
O Confidence level: %

[ ] Percentile:

Stop when precision control limits are reached

Must be within plus or minus

(®) Absaolute units:

() Percent:

Crystal Ball will run the simulation until the specified precision limits for all forecasts have
been reached or until the maximum number of trials is reached (whichever is first).

oK H Cancel || Defaults. . H Help

e |
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The Chi-Squared Goodness-of-Fit Statistic

* The Chi-squared statistic measures how well
the expected frequency of the fitted
distribution compares with the observed
frequency of a histogram of the observed
data.

(06 - BG))
VLT
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The Chi-squared test makes the following assumptions:
 
1.     The observed data consists of a random sample of n independent data points
2.     The measurement scale can be nominal (i.e. non-numeric) or numerical
3.     The n data points can be arranged into histogram form with N non-overlapping classes or bars that cover the entire possible range of the variable.
 
The Chi-Squared statistic is calculated as follows:
 



Kolmogorov-Smirnoff (K-S) Stat1st10
The K-S statistic Dn is defined as: '

Dn=max [ | Fn(x) - F(x) | ]

Cumulative Probability

where

Dn 1s know as the K-S distance
n = total number of data points
F(x) = distribution function of the fitted distribution
Fn(x) =i/n

i = the cumulative rank of the data point
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Anderson-Darling (A-D) Statistic

The A-D statistic 1s defined as:

A= [|Fx- Fof @7 (x)dn

where &
=) F(1-F(x)
n = total number of data points
F(x) = distribution function of the fitted distribution
f(x) = density function of the fitted distribution
Fn(x) =i/n
i = the cumulative rank of the data point
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The Anderson-Darling statistic is a sophisticated version of the Kolmogorov-Smirnoff statistic. It is more powerful for the following reasons:
 
Y(x) compensates for the increased variance of the vertical distances between distributions' sK-S2
f(x) weights the observed distances by the probability that a value will be generated at that x-values
The vertical distances are integrated over all values of x to make maximum use of the observed data (the K-S statistic only looks at the maximum vertical distance).
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Define Correlations

Edit View Help

|M0ney Market fund v | in matrix 'Matrix 1'

Show correlations for assumption:

Correlated Assumption Coefficient Caorrelation Chart (Example)
Growth and Income fund

Growth and Income fund
Normal Distribution

3.0%
Money Market fund
Uniform Distribution

Add Assumptions... || Remove || Calculate ...
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Crystal Ball Tools
Batch Fit

The Batch Fit tool lets you "automatically" fit (continuous) probability
distributions to multiple data series.

Correlation Matrix

The Correlation Matrix lets you enter a matrix of correlations between
assumptions in one step.

Tornado Chart

The Tornado Chart Tool allows you to determine the impact of each model
variable (one at a time) on one specific forecast.

Bootstrap

Crystal Ball's Bootstrap tool looks at how robust your simulation forecast
statistics are. For example, given that you have done 10,000 iterations, the
Bootstrap Tool determines how precisely the forecast statistics have been
determined, meaning by how much would those statistics change if one were

to run an essentially infinite number of iterations. .
Y Tianyang Wang FIN 670



a; A4
Crystal Ball Tools

Decision Table

The Decision Table tool allows you to run multiple simulations to test different
values of one or two decision variables.

Scenario Analysis

The Scenario Analysis Tool allows you to examine which combination of
assumption values gives you a certain forecast result. The tool runs a simulation
after which it matches all the forecasts with their corresponding assumption
values. In the resulting table, it shows all the forecast values in the range you
specified (e.g. between 95% and 100% percentile) sorted, along with all the
corresponding assumption (input) values. This tool can therefore be used as one
of the methods to get a better understanding of an output of a simulation.

Two dimensional Simulation

The Two-Dimensional Simulation Tool in Crystal Ball lets you separate the
effect of uncertainty (lack of knowledge) and variability and randomness in a

forecast.
Tianyang Wang FIN 670



Predictor

O Predictor =
[mlmm Welcome to Predictor for Crystal Ball
Input Data
Data Attribut . N - . . .
: s Predictor is a time series” forecasting tool that analyzes your historical data for trends and
Methods seasonal patterns. Itthen projects this information into the future to predictthe most likely
outcomes.
Cptions

If you have dependencies within your historical data, you can also use regression analysis to
predictthe outcomes of dependent data series.

First, select one or more ranges of historical data in your spreadsheet that you wish to
forecast

Mext, describe the characteristics of your data and selectwhich forecasting methods to use.

Finally, choose your options and run Predictor.

< Back Mext = Run Close Help
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Measures of Accuracy
The forecast error 1s the difference between the actual value and the
forecast, £, , = Y, - F,, .

Forecasting software packages report several summary measures of
the forecast errors.

N
Mean Absolute Error: MAE=(} |E,|)/N
=1

Root Mean Square Error: pMSE = \/ (ﬁ: Ef) /N

Mean Absolute Percentage Error:
MAPE = 100%x(Z| E/Y|)/N

One other measure of the forecast error is the average of all errors.

Tianyang Wang FIN 670
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Determining Performance

* Theil’s U determins the forecasting
performance of the model.

* The interpretation in daily language 1s as

follows:
* Interpret (1- Thei’l U)
« 1.00-0.80 High (strong) forecasting power
* 0.80-0.60 Moderately high forecasting power
 0.60-0.40 Moderate forecasting power
* 0.40-0.20 Weak forecasting power
* 0.20-0.00 Very weak forecasting power

17
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Presentation Notes
Performance of a model is measured by Theil’s U. 
The Theil's U statistic falls between 0 and 1.
When U = 0, that means that the predictive performance of the model is excellant and when U = 1 then it means that the forecasting performance is not better than just using the last actual observation as a forecast.



Boot Strap
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The Bootstrap was originally developed from a much earlier
technique called the Jackknife, invented by the brilliant and practical

statistician John Wilder Tukey (1915-2000). The Jackknife was used
to review the robustness of a statistic calculated from a set of data.

A Jackknife value was the statistic of interest calculated with the 1th
value removed from the data set and 1s given the notation 0(1). With
a data set of n values, one thus has n Jackknife values, the
distribution of which gives a feel for the uncertainty one has about
the true value of the statistic. We say "gives a feel" because the
reader 1s certainly not recommended to use the Jackknife as a
method for obtaining any precise estimate of uncertainty. The
Jackknife turns out to be an awful estimation of uncertainty.

like a physical jack-knife (a compact folding knife), it 1s a rough-
and-ready tool that can improvise a solution for a variety of
problems even though specific problems may be more efficiently
solved with a purpose-designed tool.

Tianyang Wang FIN 670
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Presentation Notes
In statistics, the jackknife is a resampling technique especially useful for variance and bias estimation. The jackknife pre-dates other common resampling methods such as the bootstrap. The jackknife estimator of a parameter is found by systematically leaving out each observation from a dataset and calculating the estimate and then finding the average of these calculations. Given a sample of size n {\displaystyle n} , the jackknife estimate is found by aggregating the estimates of each ( n − 1 ) {\displaystyle (n-1)} -sized sub-sample. 
The jackknife technique was developed by Maurice Quenouille (1924-1973) from 1949, and refined in 1956. John Tukey expanded on the technique in 1958 and proposed the name "jackknife" since, like a physical jack-knife (a compact folding knife), it is a rough-and-ready tool that can improvise a solution for a variety of problems even though specific problems may be more efficiently solved with a purpose-designed tool.[1] 
The jackknife is a linear approximation of the bootstrap.[1] 


https://en.wiktionary.org/wiki/jack-knife
https://en.wiktionary.org/wiki/rough-and-ready
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ANALYTICS

The “analytics” realm

Descriptive Predictive Prescriptive

What to do
about it

What
happened

What might
happen

_© EpiX Analytics LLC >/
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wancs  Probability distributions in simulation
modeling

differences between individuals/entities

Heterogeneity/inter-individual variability: collection of | -h
e.g. Heights, Income, FICO scores {

Randomness/variability: differences observed due to | .
chance. :

Natural: inherent to the system evaluated e.g. equipment , |
failure rates, loan defaults, natural disasters | %

Artificial: sampling. e.g. quality control, surveys

Uncertainty: What we don’t know. Unlike two above, a
function of the observer.

Thus, can be reduced as more data is collected
e.g. Demand growth, stock drift, true prevalence of a disease

\._© EpiX Analytics LLC
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ORACLE
CRYSTAL BALL

Applications with Crystal Ball
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Walton Bookstore Using Crystal Ball

e Let’s assume a different demand distribution
this time.

* Demand follows a triangular distribution with

Demand distribution - iriangular

MMindimum 100
Most likely 175
Maxdimum 200
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~ Crystal Ball Examples

Haome New Tab Developer Insert Page Layout Formulas Data Review View Add-Ins Acrobat Risk Solver Platform Crystal Ball
.&E_’]Copy '-:ﬂ] Select ~ @Run Preferences o @ L ‘i J! % @ Help
‘ @ . _] Paste | gy Freeze b : \\ ﬂ Trials: 100 d = Lﬂ l Resources ~
oo -ty Pl Bcebets P Q| 15 e S P s | Oy
Define Run Analyze Tools Help
G15 v 2
A B = D E F
Crystal Ball Examples Guide
1
. Product Feature
2 Model Name - | Industry [ - | Application - | Demonstrated | Demonstrated
3 cell Phone Crystal Ball simulation - .
a4 |- Crystal Ball Tools Sensitivity Analysis
! Project M t Developer Kit
©  |cost Estimation Construction roject Managemen eveloperal
7 Cost Estimation
! Project Management Crystal Ball simulation Cell Referencin
9 |critical Path Consumer Goods role g Y : S
10 Six Sigma Developer Kit Crystal Ball Functions
’ Financial Analysi
12 DCF Analysis Pharmaceuticals |nanc.|a naysis Crystal Ball simulation Trend Chart
13 Valuation
. ) . . e Capability Metrics
Drss Fluid Fump
Q DFSS Fluid Pum Manufacturing Design For Six Sigma (DFSS) OptQuest Scatter Charts
" Minin
7" | orill Bit Replacement nind OptQuest
18 Oil & Gas
X Crystal Ball simulati
20 Futura Apartments rystatEal simuiation
21 Crvstal Ball Tools Bootstran
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Vision Research

* Vision Research has completed preliminary development of a
new drug, code-named ClearView, that corrects
nearsightedness. This revolutionary new product could be
completely developed and tested in time for release next year
if the FDA approves the product.

* Uncertainty around costs, # of patients cured, and market
potential for product

04

* Should the company scrap the ClearView project or proceed to
develop and market this revolutionary new drug? N
A Y S N 1]

S
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Vision Research

Pharmaceutical Research - ClearView Project

Suggested
Assumptions:

Costs (in millions)

Development Cost of ClearView to Date $10.0 P1 X P2 P3
Testing Costs Uniform $3  $5
Marketing Costs Triangular $12 $16 $18
Total Costs $30.0

Drug Test (sample of 100 patients)

Patients Cured D08  sinomial 25% 100

FDA Approved it 20 or More Patients Cured TRUE

Market Study (in millions)
Persons in U.5. with Nearsightedness Today 40.0

Growth Rate of Nearsightedness - Custom 0% 5% 75%
Persons with Nearsightedness After One Year 408 -15% 5% 25%
Gross Profit on Dosages Sold

Market Penetration - Normal 8% 2.0%

Profit Per Customer in Dollars $12.00

Gross Profit if Approved (MIM) $392

Net Profit (MM)  $9.2
nianyang Wang FIN 670
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DCF Analysis

* Your pharmaceutical company 1s very interested in acquiring
AllergyGone, a potential new anti-allergy drug with no known
side effects. You have been asked to produce a Discounted
Cash Flow (DCF) analysis of AllergyGone over a five-year
period to determine 1f this product 1s worth acquiring.

* Because of the uncertainty in the product pricing, demands,
and costs, your company has decided to use Crystal Ball to
simulate the Net Present Value (NPV) and Internal Rate of
Return (IRR) prior to negotiations. Crystal Ball can help you
determine a bottom-line negotiation price and the model
variables that drive the variability in the NPV and IRR
forecasts.

Tianyang Wang FIN 670
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Inventory Management

* Ininventory systems, demand 1s usually uncertain, and the
lead time can also vary. To avoid shortages, managers often
maintain a safety stock. In such situations, it is not clear what
order quantities and reorder points will minimize expected
total inventory cost.

* Uncertainty around weekly product demand

* Use Crystal Ball to determine the range of expected costs and
quantify the impact of changes in order policy.




Brain Teaser...

A) The average number of tosses until HTH

1s larger than the average number of tosses
until HTT.

B) The average number of tosses until HTH

1s the same as the average number of tosses
until HTT.

C) The average number of tosses until HTH

1s smaller than the average number of tosses
until HTT.

Tianyang Wang FIN 670
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House Sales

Houses Sold

1,400.00

Not for Commercial Use

1,200.00

1,000.00
800,00

600.00

400.00 ®

200.00

000

Mar-83 Jun-85 Sep-87 Dec-5% Mar-0Z2 Jun-04 Sep-0&8 Dec-08

== Fitted == Historical = Forecast woos Lower: 2.5% o~ Upper. 97.5%
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Soft Drink Sales

900000 Not for Commercial Use

T000.00

6000.00

5000.00

4000.00

J000.00

2000.00

1000.00
TM2001 4172004 1MR2007 1012008 THR2012 412015

..............................................................................................................................................................................................................................................................................

= Fitted == Histarical == Farecast oo« Lower. 258% - Upper: 57 5%
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Magazine Sales

Magazine Checkout Sales

Magazine A Magazine B Magazine C Magazine D
Sales Volume H62 362 b46 508
Retail Price 3495 37.95 $3.95 $5.95
Cost of Goods 5220 $3.80 $1.95 5240
Gross Profit 51,546 $1.502 $1.292 $1.805
Total Gross Profit: -."'lnnt‘:?.1ahl1||
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Cartoon

@ Original Artist A e
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