Probability
Management

Curing the Flaw of
verages

e
g

[
qQ

O‘

with ChanceCalc
Beta 1.0

A Tutorial
by Sam L. Savage

Built on three complementary breakthroughs in simulation technology

3.0 SIPmath Standard

—
|I|I| Powering the arithmetic of uncertainty
Im

From Sam Savage of ProbabilityManagement.org

=I== HDR Generator
111 Ensuring coherence
BEER From Doug Hubbard

m Metalog System
, i‘.ﬁ Quantifying uncertainty

From Tom Keelin

May 7, 2021


https://www.probabilitymanagement.org/

Acknowledgments

| want to thank Doug Hubbard and Tom Keelin, without whose
complementary technologies the 3.0 PM Standard and
ChanceCalc would not exist. Dave Empey, who has done the
bulk of the computer programming that got
ProbabilityManagement.org off the ground, developed the
code for ChanceCalc. Daniel O’Neil and Aaron Brown
assisted in the architecture and library generation. Bridget
Cash, Melissa Kirmse, and Mary Claire Meijer have all
influenced my approach to expressing probabilistic concepts
in a way that does not trigger post traumatic statistics disorder
(PTSD).

? Insert Draw Page Layout Formulas Data Review View Developer

* - % G g

Chaﬂce ':l'f: Graphs Insert Insert ChanceCale About

~  Average Percentile Settings

Whatever
E3 - Ji =COUNTIF{ Qutput_1, ">" & Budget } / PM_Trials
A B C (8] E
1 Under Average Simulated Chance of
2 Assumptions Average Being
3 Operating Costs $0 $160 Beyond Budget 75%|
4 Revenue $1,000,000 $600,000 Below Projection 50%

5 Project completion 10 weeks 15 Weeks Behind Schedule 88%



Contents

T ageTe [V AT ] o HUUT T TP PPTTOURRI 1
Lesson 1a — Demonstrating the FIaW Of AVEIageS.........veiieiiiiieiiie ettt e e e e s areee e 3
Beyond Budget in Operating CoSTS ......uuiiiiiiiiiiiciie e ccitee ettt e e eetre e e et e e e e e bee e e e ebae e e e s baee e eearaeeaennnenas 3

N oY o] [0 =T T 2SR 3
Lesson 1b — A Simple Simulation Based on Historical RESUILS ........ceivciiiiiiiiiiiiciiiec e 5
SIPIMATN 1ottt ettt et e bt e h et sae e st e bt e bt e be e be e e ne e et e eateenrean 5
ChanCe Of EXCEEUANCE .....eiiuiiiiiiieeieeet ettt sttt sttt et et esbe e saee st e e bt e b e e beesbeesmeeemeeemeeenreen 5
Chance-Informed StOCKING DECISION .....c.vviiiieiiie et et e e e e e e etae e e s aae e e s tbeeeesnreeeean 6
Lesson 2a — Using ChanceCalc and @ SIP Library ...ttt e e s s e e 7
A Capital INVestmMENT ProbIEM ......coi et e e e e e e e e e e naraeas 7
[WoY-To [TaY= @l o F- T o [olYor-| (ol SRR 7
Loading @ SIP from the ClOUd.........eii ittt et e e e e bee e e e e e e e e e e bee e e e e araeeeeennenas 7
FINding the SiMUIAted AVEIAZE ....uvvii ittt e e s e e e sbe e e e e sbee e e esnbteeeenareeas 9
The ChanCe Of WRATEVET ....c..eiiiiieiee ettt ettt ettt s e st e s sat e e sbe e e sabeesbeeesateesabeeesnnas 10
PRICENTIIES. ..ttt et s e bttt e s e et e e e bt e e s te e s bt e e sabeesbeeeanteesbeeenares 10

(O T LT a Y- CT =T o] o PR 11
Lesson 2b —A Chance-Informed Decision with Multiple EXperiments.......cccoveeeiieeeeeciiieececiieeeeeieee e 14
Performing MUltiple EXPerimMENtS. ... iiii ittt e ste e e st e e s eate e e e s sbta e e e sbraeessnreeeesanes 14
Creating @ Chance-INformed Graph ... i e e s e e e ee e e e saneeas 16
LesSON 3 —USING @ 3.0 LIDIary .ocoueiee ettt e et e e s st e e e e abe e e e s b e e e e e nbe e e e e nareeas 18
F Yol o T=To [0] [T g Y= 1Y/ T o 1] AP RR 18
VIFEUE SIPS .ttt h ettt et b e s bt e sh et sa e e e a b e e bt e sbeesaeesabesabe e b e e beeabeeeneeenteenrean 18
Chance-INformed SChEAUIE. .......cooiiiie et st saee e e 20
Lesson 4 — Failure Analysis, Multiple Identical Variables...........cccuuiiiiiiiiiiiie e 21
Predicting the Failure of AIrCraft PArts .......c..oocioiiie ittt e et e e e et e e e e ara e e s earaaeeeanes 21
Linking Simulations to Serial NUMDEIS ......coo ettt e e e e e e esbare e e e e e e e e ennnnes 21
(01N g Yo L I o] = o = SR RSRRRN 24
T LY o1 [T UUPRNE 24
CDC COVID-19 HOSPItaliZations....cccuvieeieiieeeiciieeeeeiieee st e et e e e e ette e e e s ate e e s sbte e e s eataeeesbtaeeesseneeeannes 24

The PRECISE UNCertainty ProjECh ..... ..ottt sttt e e e evreee e e e e e e nn e e e e e e e e e eannnes 25
Lesson 5 — Creating a SIP Library of Profit from Lesson-2a.........cccceeieiiiieeciiiee ettt e 26

Tools for GENEerating SIP LIDrari@s.......c.ueiiiiciiiii ettt e e e e ta e e e s rara e e e sntaeeeeanes 27



Introduction

Have you heard about the statistician who drowned in the river that was on average three feet deep?
This is just one example of what can go wrong when an average is substituted for an uncertainty.

FUB of
ML?J\.’E;‘

Two decades ago, | coined the term Flaw of Averages to describe a whole family of such systematic
errors, which imply that plans based on average assumptions are wrong on average. It explains, for
example, why so many projects are beyond budget, below projection and behind schedule. | refer to
these as the Flaw of Averages Trilogy. We will meet all three below. Today, new standards from
nonprofit ProbabilityManagement.org are curing this problem by conveying uncertainty as auditable
data called SIPs. Instead of containing a single number, SIPs may contain thousands of different numbers
representing possible outcomes of an uncertainty. For example, the SIP of rolling a single die might be
depicted as shown below.

...-6 1,2,3,6,2,5,5,4,5,2, ... 2,4, 1
| G The SIP of a die roll

In general, SIPs require statistical expertise to generate. However, they may be used by non-statisticians
in Excel, R, Python or virtually any other software environment. This tutorial will show you how to use
SIP Libraries in Excel with a revolutionary add-in called ChanceCalc. You will see how “chance-informed”
thinking leads to better decisions in the long run.



How is uncertainty captured?

Nearly all forecasting methods yield information
on their own accuracy, but instead of being
used this is often discarded. Probability
management provides a way to get that
“uncertainty” to the decision maker in an
actionable form. As an important example, the
CDC provides forecasts of COVID-19
hospitalizations that provide ranges of
outcomes'. In the graph on the right, there is a
95% chance that future hospitalizations will lie
within the light red band and a 50% chance it
will lie within the darker red band. The darkest
red line represents the median: that is, there is
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a 50/50 chance of hospitalizations above or below this level for each week of the forecast. These colored
bands are not of much use to a decision maker, so people are likely to go with the single number median
for each time period, which again leads to the Flaw of Averages. But the CDC also provides data that can
be used by analysts to generate SIP Libraries through a process known as Monte Carlo simulation. In
effect, this displays future hospitalizations in 1,000 parallel universes, in any one of which we might find
ourselves, as shown below. This results in 28 SIPs of 1,000 trials, one for each day in the forecast.

800
700 4
600
500 4
400 4
300
200
100

0

19-Apr-2021 23-Apr-2021  27-Apr-2021 1-May-2021

5-May-2021

9-May-2021

13-May-2021  17-May-2021

| will begin by demonstrating the systematic errors that result from using single numbers in place of

uncertainties.



Lesson la - Demonstrating the Flaw of Averages

e Beyond Budget in Operating Costs
e Nonlinearity

Beyond Budget in Operating Costs

.D. Open Inventory.xlsx. Here we model the quantity D8 - fr | =D5+D6
of a perishable drug to stock given uncertain monthly A B c D E F
demand. We only consider the operating costs Demand Amt Stocked

associated with the inventory, and not the cost of the 2 s

drug itself. Demand is uncertain, but the month over Costs Per Unit Total

1
2
3
4
month average is five units (A2) so obviously we will 2 Expiration Costl _$50 |$0
7
8
[}

Air Freight|  $150 |$0
stock five units (C2). However, if monthly demand is less
than the amount stocked, then any remaining units | Operating Cost $0 |
must be discarded with an expiration cost of $50 per
unit as shown in the formula in cell D5.

D5: =IF(Amt_Stocked>Demand,(Amt_Stocked-Demand)*Exp_Cost,0)

If on the other hand, demand exceeds the amount stocked, the extra units must be airfreighted in at
$150 per unit as shown in cell D6.

D6: =IF(Amt_Stocked<Demand,(Demand-Amt_Stocked)*F_Cost,0)

The Operating Cost in cell D8 is simply the sum of the two costs above, at most one of which will be
grater than zero.

.D. Experiment with the model

Change the demand in cell A2 to be both greater than and less than 5, and observe the formulas in cells
D5, D6, and D8.

Suppose the boss comes in and asks what the operating cost will be next month. Many people will plug
the average of five into cell A2 and estimate the cost to be zero.

Nonlinearity

This is our first encounter with the Flaw of Averages. If demand deviates either direction from five, there
will be a positive cost. This nonlinearity in the model triggers a mathematical concept called Jensen’s
Inequality, which results in a particular form of the Flaw of Averages. The cost of the average demand is
zero, but the average cost is greater than zero.




Cost by Demand if you Stock Five
800

700
Nonlinearity of Cost

with Uncertain

Flaw of Averages:
Cost of Average Demand (5) =0
But Average Cost >0

Demand

Operating Cost

N
o
o

100

Average Demand =5

The cost is said to be nonlinear with demand because the line above is not straight but bent. Whichever
way demand goes from average, cost goes up. This demonstrates why averages can yield systematically
bad results, but it does not tell us how much to budget for operating costs on average. We will answer
this in the next lesson.



Lesson 1b — A Simple Simulation Based on Historical Results

e S|Pmath

e Simulated Average Cost

e Chance of Exceedance

e Chance-Informed Stocking Decision

.D. Open Beyond Budget.xlsx. In this file we
have explicitly modeled the uncertainty in
demand with 36 months of historical data in cells
C12:C47. This is a simple example of a SIP, or
Stochastic Information Packet, analogous to the
rolls of the die depicted above. Start by scrolling
through a few of the possible demands using the
control in column B.

SIPmath

A B c D E F G H 1 J
1 Actual Demand  Amt Stocked
2 5 2 - Uncertainty BU%
3 - — o Cost
4 Costs Per Unit Total Other Inputs |
5 Expiration Cost|  $50 |$0 0%
6 Air Freight $150 |$0 20%
7 Average Chance > . | T | —
8 Operating Cost $0 |$O 00 S0 5150 $300 450 S600
9 75%
10 SIP of Historical ~ Average
11 Meonth  Demand Demand Copyright © 2021 Sam L. Savage
12 1 5 5
13 2 €
14 3 3 1
15 4 8
16 5 7
17 ] 10

We call this a SIPmath model because it does math with SIPs. That is, every calculation is done 36 times,

or simulated, by running each of the historical de
resulting operating costs appear in a range called

mands through an INDEX formula in A2. The 36
Output_1 on a sheet called PMTable. As with the

hospitalizations discussed above, imagine observing the problem in 36 parallel universes to get a better

idea of what will happen in the one universe in w

C D E
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hich we live. The Output_1 range was generated
automatically by ChanceCalc when the model was
created and makes use of the Excel Data Table
command.

Simulated Average Cost

1 1 Cell E8 of the Model page contains the average of the

2 Index  Output_1 operating cost simulated over all 36 months of $161.11
3 Values $0.00 . . .

4 q . and is determined with the formula

5 2 150

6 3 100 E8: =AVERAGE( Output_1)

7 4 450

8 5 300

9 6 750 So, to review, if you had estimated operating cost

based on the average demand of five, you would have
budgeted S0, but on average you need a budget of

over $160 per month. This example of the Flaw of Averages highlights the importance of explicitly

modeling uncertainty.

Chance of Exceedance

The model also displays the chance of exceeding any specified cost. Cell F9 displays the chance of
exceeding the costs entered in cell F8, and uses the formula:

F9: =COUNTIF( Output_1, ">" & F8) / 36



It counts all occurrences of the cost (Output_1) which exceed the number in cell F8, and then divides by
36 to turn it in to a probability. Try entering other costs in cell F8 to determine their chance of

exceedance. NOTE: You do not need to remember
this formula because ChanceCalc enters it for you. 80%

The Histogram

The histogram on the right shows the relative

chances of various costs.

Chance-Informed Stocking Decision
In making decisions under uncertainty, we usually 0%
face tradeoffs between average outcomes and

adverse outcomes. Let’s imagine that in this case

you were not so foolish as to budget SO for
operating costs but had budgeted $200. Now of course you want to minimize your average cost, but you
are also worried about the risk of exceeding $200 on any month.

Cost
60% -

40% -

20% -

SO $150 $300 $450 $600

.D. Set cell F8 to $200 and experiment with the quantity to stock in cell C2. Observe both the average

Number Average Chance
Stocked Cost  Cost>S$200
4 $227.78 33%
5 S161.11 22%
6 $144.44 17%
7 $150.00 14%
8 $172.22 33%

cost, and the chance that cost is greater than $200. If
you try all stocking levels between 4 and 7, you should
observe the results in the table on the left. Remember
that before modeling uncertainty we were simply
stocking five units and expecting zero costs. The table
shows that the minimum average cost occurs with six
units, while the minimum risk of exceeding $200 occurs
for seven units. Risk is in the eye of the beholder, and
which of these two you would choose would depend on

your risk attitude. But none of the other levels, including the formerly obvious quantity of five, make
sense regardless of risk attitude. In describing this situation to decision makers, | find it useful to create
graphs like the one below, which will be explained further on in this tutorial.

$240

$220

$200

$180

Average Cost

$160

$140

$120

e Avg. Cost

e Risk

Number Stocked

35%

30%

25%

20%

Chance > $200

10%



Lesson 2a — Using ChanceCalc and a SIP Library

e A Capital Investment Problem A B o D L
e Loading a SIP from the Cloud 1
- The Simlated Averase Sl
e The Chance of Whatever 4 g P
e Percentiles 5 Actual Demand {Uncertain) 100,000
e Creating Graphs 6
7 Decision: Capacity _
. 8
A Capital Investment Problem o Sales 100,000
.D. Open Below Projection Example.xlIsx. This 10 Revenue 4,000,000
model involves a capital investment in 1 Cost of Goods Sold $3,000,000
12 Profit 1,000,000

manufacturing capacity, given an uncertain
demand. For simplicity we will assume that cost of
production is zero once the capacity has been
paid for up front. It is known that average demand
will be 100,000 so the current plan is to purchase capacity of that amount at $30 per unit for a total
investment of $3,000,000. If we sell the average demand for $40 per unit, we will gross $4,000,000 in
revenue for a profit of $1,000,000. Does that sound familiar? This is usually accepted practice, but given
that demand is uncertain, do you think we can really expect $1,000,000 on average? Again, think of
parallel universes as we did in lesson 1, but this time there will be 1,000 of them instead of 36.

=
i)

.D. Explore the model
Start out by experimenting with the demand in cell D5. The nonlinearity in this model comes from the
formula for Sales in cell D9.

D9: =MIN(Actual,Capacity)

If you purchase capacity for 100,000, that’s the most you can sell. There is no upside, so $1,000,000
can’t be the average profit, but is the maximum possible or best-case scenario. To find the simulated
profit we will use ChanceCalc.

Loading Chancecalc

To load Chancecalc, go to the Developer tab (if you do not see the Developer tab, click here). Find and
click the “Excel Add-ins” button, then browse to the location of your downloaded copy of
Chancecalc.xlam. Click Ok to return Excel. Chance Calc should have appeared as another ribbon option
on Excel.

Loading a SIP from the Cloud

Imagine that your marketing department has forecast demand for the product and has captured the
uncertainty in a SIP of 1,000 trials. Select ChanceCalc from the ribbon and place the cursor in cell D5,
where the SIP will go. Press the SIP Input button, and after establishing a connection, the
SIPmath.Network browser will appear.


https://support.microsoft.com/en-us/topic/show-the-developer-tab-e1192344-5e56-4d45-931b-e5fd9bea2d45

—
0 {:O} ME Insert SIP

™ 2 dl -~ % - 2. Make sure the

SIP Chance of Graphs Insert  Insert ChanceCalc About [Eesting . . . —

lpput Whatever v Average Percentile Settings SHnaen Dest|nat|on IS D5 OrkTM |II|

lm
Name Demand SIP Library:
= I 10000(  Library P
Demand SIP Library
1. Press c D 3. Select the Demand
SIP Input ;
Capacity per Unit 530 SIP lerary
3 Selling Price per Unit 540 Filter
4 ‘ Information
5 | Actual Demand (Uncertain) 100,000] Demand forecast for Below Projection.xls lesson file
6 | Sort alphabetically
7 Decision: Capacity _ JEERE
8
9 Sales 100,000 and click OK
10 Revenue $4,000,000
11 Total Cost 53,000,000
12 Profit 51,000,000
13 [ Imsert Name
14 2 Refresh Links
Cancel

15
16




The Result of Loading the SIP

Four things happened when you clicked OK as shown in the table below.

1 A query read the SIP 2 A Sheet named 3 A menu and other 4 Cell D5 now has an INDEX
Library into a sheet PMTable was added, details appeared in cells formula that points to the
named PMDatal where the results will be A1:A4. If your own Demand SIP on the Data
simulated model has things in page. The variable called
these cells, you willbe  PM_Index will run from 1
SIP of 1,000 PM Index prompted to place to 1,000 with every
potential Demands Ran_ge these elsewhere. keystroke. Note that the
number is Italicized
indicating that it will
change with each trial.
A B c A [
Probability P
o 1 Fral - INDEX formula that
. 2 ikl bst drives the simulation
2 Index Average .
oo 3 oston I
Z Click [+] to show data o i i:gi i 4 |SLS4-10-21
10 1 141984 ? 0 5 Actu.
11 2 75597 2 :
2 e 10 ’ fi | =@INDEX( Demand.MD, PM_Index )
i T e u £ D E F
o T i % [ 141994
138 k] 66862 16 13
19 10 163567 17 14
20 11 87395 18 15
21 12 78780 19 16
2 13 100533 20 17
3 14 119773 ii 12
24 15 120553 2 o
. 7 o 2 2

Sheell | PMTable

.D. Experiment with the model
1. Look at various trials (parallel universes) by changing cell A2. Most people in the organization
are imagining $1,000,000. In that light, trial 9 is sobering.
2. Select “Average” off the menu in cell Al to observe the Profit given Average Demand.

Finding the Simulated Average

1. Type “Average Profit” in cell B13
avg.

2. Place the cursorin cell D13
3. Click the avg. button Insert
4. Clickin cell D12 while in the | aversge X Average
Average of field then click OK.  EETEEEEn
Stats Destination | $0%13 -

| o ] o |




Cell D12 now has a Sparkline graph histogram showing that there is a downside but no upside. | like
to increase the row height for these cells so you can see the histogram more clearly. And the
Simulated Average Profit is only about $600,000, not the promised million. The Flaw of Averages

strikes again!

Profit 51,000,000 |

Average Profit $601,14?|

The Chance of Whatever

Let’s determine the chance that profit is less than any particular amount. ?
1. Type “<” in cell E12, and $1,000,000 in cell F12 -
2. Put the cursor in cell G12 and click the Chance of Whatever button  Chance of
3. Click in the specified cells in each field and click OK Whatever

141,994
Chance of Whatever X
I Formula | SneetlisDg12 -
100,000 Relation (e.g. < or »=] ‘ Sheetll$E$12 J
54,000,000 Torcetualue | SreetlsFsiz -
~$3,000000
51,000,000 Stats Destination | $5512 -
=< 51,000,000
o | ox J omen

You will see that there is a 50% chance of making less than $1 million. Next see what the chance is of

losing money by typing SO in cell F12.

53,000,000 Chance
$1,000,000
< 51,000,000 50%
$601,147
Percentiles

The percentile is the value, or less, that Profit will take on with a given probability. We will start by
finding the 10™ Percentile of Profit.

1. Enter “10%” in cell B14

10



2. Type “Percentile” in cell C14

3. Putthe cursor in cell D14 and click the Insert Percentile button
4. Click in the specified cells in each field and click OK

Percentile

Ped

Ouput | Sheett§Dg12

Desired 9 | Sheett!§s1d

]
]

Stats Destination ‘ D14

Ce 1=

]

We see that there is a 10% chance of losing about $280,000 or more! Determine the 5™ percentile by

changing cell B14 to 5%.

Profit

$1,000,000

Average Profit
10% Percentile

$601,147

-$279,288

| prefer using chances rather than percentiles as | find it a more natural way for most people to think. If
you enter -$279,288 into cell F12 you will find that the chance of being less than this number is 10%,
confirming what we just learned. Percentiles, however, were easier for mathematicians before
computers, and are still in common use today. So, it is important to be able to work with both ways of

expressing similar things.

Creating Graphs

ChanceCalc supports Histograms, Cumulative, Exceedance and

Scatter plots. Here we will discuss the first two.

1. Place the cursor in the Profit cell, D12, and click the Graph button

2. Choose locations for the Histogram and/or Cumulative Graphs,

then click OK. Note that the locations do not need to be empty cells

as the Graphs will be pasted over and can be moved aside.

Bilad
! Output_L Avg 601147

3 R TerT re————
| Demrd 517 Sl Prioe g Lint s ] A
LLER LS a
5 il v ared [Lncrrtsin| TR -
) —— -
1 - ] | |
fabet P
1 Hrsinm S0 000 DX o X s N
F g gl &
Tortad Comt i i GF o s oF
Lo Eoll A o L

1,000, 00
Baves age i
0% Fercemibe

Cutput_1L Avg 601147

F\F F ¥ ¥

11

" Chart Selected Data
@ Chart SPmath Output

Outputs to Graph
E
Numiber of Bins: 10
o | |

" gparkline. [ Integer Charts?

® Excel chart

" Chart data only

Histogram Starting Location
Sheat!1§F$2 B

Cumulative Chant Starting Location

Sheet115K52 B

® Put multipke charts n rows.
 Put multiple charts in columis



Many formatting options are available for the graphs on the SIPmath Chart Data Page

iz

W e -~ ;o koW N

10
11
1z
13
14
15
16
17
18

A

Expected Value
Series Name
Integer chart?
Loss Exceedance
Number of Bins
Label position
Bin Width
Decimals

Scale

|Format Char

Use Axis Title?
Axis Title

Min

Bin Range
Frequency
Labels
Cumulative

Output_1

B

601147
Qutput_1 Avg

FALSE

FALSE

10

10

329052

0

1

General [~

Number
Currency
Accounting
Date

Time
Percentage
Fraction

=I3USS64
-974312

| made the following changes to get the histogram below.

NouhswhR

Changed Format in row 11 to Currency

Removed decimals from Currency Format in row 25
Set minimum in row 14 to -2,000,000
Set bin width in row 8 to 250,000

Set number of bins in row 6 to 13

Set Scale in row 10 to 1,000

Set Series Name in row 3 to Profit in SO00s

70%

Profit in S000s

60%

50%

10%
30%

20%
10%

0% T T T I_

Q O 8] ) (\)
SR R N
2ottt oy

O P D D H P
9 \el ) ) )

k) O
AR
9 S
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As with Lesson 1b, there are tradeoffs between profit and risk. If you set up your model correctly, you
should have a Simulated Average Profit of $601,147 and a 16% chance of losing money. The spike in the
histogram above indicates that profit is capped at $1 million because we only invested in a capacity of
100,000 units. It makes sense that if we invested more in capacity, we could take advantage of the
possibility of higher demand and increase our average profit. It makes sense but it is dead wrong.
Increase capacity to 110,000. Average profit drops to $469,651 and the chance of loss goes up to 24%,
so that would be a terrible decision. The next lesson will provide the answers. Save this version of the
file under a different name as we will use it again in Lesson 5 on creating SIP Libraries.

13



Lesson 2b —A Chance-Informed Decision with Multiple

Experiments

e Performing multiple experiments

e Creating a Chance-Informed graph

Performing Multiple Experiments

.D. Open Below Projection Multi Experiment.xlsx as shown below. This model will simultaneously
analyze the average profit and chance of loss for each of eight capacity decisions.

A B C
1
2 Cost of Capacity per Unit
3 Selling Price per Unit
4
5 Actual Demand (Uncertain)
6
7 Initial Capacity
8 Capacity Increment
9 Sales
10 Revenue
11 Total Cost
12 Profit
13
14 Decision: Capacity
15 Average
16 = Threshold S0 Chance <0
17

D

$30

540

100,000

50,000

10,000

50,000
$2,000,000
51,500,000

$500,000

60,000

$2,400,000 52,800,000 $3,200,000 $3,600,000
51,800,000 $2,100,000 $2,400,000 $2,700,000

70,000 80,000

$600,000  $700,000  $800,000

90,000

100,000 100,000 100,000

54,000,000 $4,000,000 $4,000,000
$3,000,000 $3,300,000 $3,600,000

$900,000 $1,000,000  $700,000  $400,000

.D. Experiment with the model

1. Inspect the formulas in rows 9 through 12 to see how they depend on the capacity in row 14.
2. Tryvarious Actual Demands in cell D5 to see how the Profit changes in row 12.

Load the Demand SIP

1

Use the same steps as in Lesson 2A load uncertain Demand into 2

cell D5. The model should appear as shown on the right.

14

3
4

A B [ D
Trial
1 Cost of Capacity per Unit $30
Demand SIP Selling Price per Unit 540
SLS 4-10-21

5

-

Actual Demand (Uncertain) 141,994 |




Performing the Experiment avg.

Find Simulated Average Profit for each capacity. Insert
Average
1. Select cells D15:K15
2. Click the Insert Average button and Average X
sweep out the Profit cells in the
Average of field, then click OK Average of | Sheetll§D$12:$K$12) J

If you this did this correctly you should see
our old friend $601,147 from Lesson 2a in cell Stabs Destination | FOFLSI$KELS J

115.

Find the Chance of Loss for each capacity.

1. Select cells D16:K16

2. Click the Chance of Whatever button
and sweep out the Profit cells in the Formula field

3. Type a<sign in the Relation field

4. Select cell B16 in the Target Value field
5. Click OK
Chance of Whatever X

Formula | ShestiisDgizgkstz |

Relation (2.g. < ar ==) I <

Target value I Sheet153416)

Stats Destination | $O$16:$416

O N

Cells C14:K16 should now contain the results below.

$491,598
1%

$576,846
1%

$643,986
3%

$679,882
6%

$669,651
10%

$601,147
16%

$469,651
24%

$279,882
35%

Average
Chance <0
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Creating a Chance-Informed Graph
1. Select cells C14:K16, then select the line graph from the Insert menu.

Insert Draw Page Layout Formulas Data Review
B Beaman * [N
11 -
ided Table | lllustrations Recommended
-1 w a
o y &SI My Add-ins B Charts a.

2. Your graph should look like this.

Chart Title

$800,000
$700,000
$600,000
$500,000
$400,000
$300,000
$200,000
$100,000

$0

50,000 60,000 70,000 80,000 90,000 100,000 110,000 120,000

e AVerage e Chance <0

3. Because the chance of loss is so much smaller than the average profit, we will put them on
separate vertical axes.
a. Select the “Chance” line on the graph then Right Click.
b. Select Format Data Series.
c. Select Secondary Axis from the Format pane.

D O Delete
Chart Title <-r.|'_7| Reset to Match Style ,
$800,000 ‘ Format Data Series
|:|] Change Series Chart Type...
$700,000
$600,000 ﬁ Bl select Data.. Series Options
‘ $500,000 m 2-D Rotation... & Q
)5400,000
Add Data Labels >
$300,000
$200,000 Add Trendline... 4 Series Options
| $100,000 A Format Data Series.. Plot Series On
S0 &8 = 88 88 28 [ (2 (2
50,000 60,000 70,000 80,000 90,000  tof a0 a8 annaannann Y 5 i
: : g g g () Primary Axis
M. 2 - Hmay
— e — o B & ® semtin

O Fill  Outline
A

O
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d. Add a title and axis Labels and your graph should now look like this:

Average Profitand Risk by Capacity

SE00,000 0%,
S700,000 35%
600,000 S0%
2 $500,000 25%
E (]
o S400,000 0% 5
¥ 5
% 4300,000 15%
4200,000 10%
£100,000 5%,
&0 0%

50,000 60,000 70,000 50,000 94000 10§0,0001, 00012 000

— AR TR — R e =

We see that a capacity of 80,000 maximizes average profit. Anything above that, including the 100,000
we started with, makes no sense because it reduces average profit while increasing risk. For capacities
below 80,000 there is a rational tradeoff between profit and risk, so again the choice will be guided by
the risk attitude of the decision maker.
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Lesson 3 - Using a 3.0 Library
e A Scheduling Model

o Virtual SIPs A B c D EFGH I JKLMNOPQRS TUVWXY ZAAAAAAAAAAAAAA
Tasks Duration
inWeeks 1 2 3 4 56 7 8 8 1011121314 15161718

e Why so many projects are behind
schedule

Accounts 10.0
Products 10.0

e Chance Informed Schedule

Orders 10.0

Fulfillment 10.0

A Scheduling Model one o NN

.D. Open Behind Schedule Example.xlIsx as
shown on the right. This models the software
development of the four major components of
an online business: Customer Accounts, Product
List, Orders, and Fulfillment. Each of these is being developed in parallel by separate teams, and from
past data, it is known that each such development takes ten weeks on average. Of course, you don’t go
live until the last one is done. So, when the boss comes in and demands to know when the project will
be done, what do you say?

Virtual SIPs

The SIPs in the earlier examples were analogous to collections of previously collected rolls of dice and
are stored in the 2.0 PM SIPmath Standard'. Virtual SIPs are more like the dice themselves. You can roll
them as many times as you like, and they take up very little storage'. An important difference from real
dice is that they are controlled by the HDR random number generator from Doug Hubbard, which can
produce repeatable, identical rolls across multiple platforms such as R, Python, or Excel. They are also
based on the Metalog distribution of Tom Keelin, a new flexible way to quantify uncertainties with a
single family of formulas.

W ~ O ! s W N

= o

Load the Development Time Library from your own computer

ChanceCalc Settings x
Often you may wish to load a library from your computer. These
may be created with the SIPmath Tools from @ i
ProbabilityManagement.org. Chamencale I”Lecm” ¢ UseDrectory
. Settings  filicor
1. From the ChanceCalc settings, select Use — o Ulestllses
Local Library
- Name
2. Click the SIP Input button, locate
the Development Time Library, III. Behind Schedule Examplexisx
i h n
and click OK SIP Behind Schedule Example Solved xlsx
Input Development Time Library.xisx

18



Tasks

Accounts

Products

Orders

Fulfillment

Go Live

D
Duration
in Weeks

EFGH| Insert SIP

Destination

12

10.0

10.0

10.0

$D$3:4046

Library

1. Make sure the Destination
refers to cells D3:D6. NOTE: You
may select these before using

[ Sort alphabetically

Filter

Seveopment Tme L | th€ SIP Input button to save time

Fulfillment

‘ 2. Select all four

variables and click OK
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[} Explore the model

1. Runthrough a few trials to gauge the uncertainty.

2. Putthe cursor in cell Al and select the Average durations. What do you suppose the chance is of
finishing in 10 or fewer weeks? When will we go live on average over 1,000 parallel universes?
We will answer these questions next.

A B [ D EFGHIJKLNVNOP
1 Trial Tasks Duration
2 1 in Weeks 12 3

~

Note the distribution curves in the cells

3 Development Time Library xlsx Accounts /}‘LL enabled by the Metalog distribution.

4 lsis 49321 products /4L Unlike traditional statistical method, the
5 Orders A Metalog can easily represent bimodal

. Eulfillment /\63_7 data, as in the hypothetical development
. | timefor the customer account software.
8 Go Live 14.3

Chance-Informed Schedule

The steps are very similar to the ones in Lessons 2a

and 2b, so we will merely show the results here for ] 10.0
. Go Live

you to check your work against. You may be shocked

that the chance of finishing in 10 weeks is so low, but Avg <=

here is the intuition. If the four distributions of 10.0

development time had been independent and Chance <=10 .|

symmetric, then each task would have had a 50/50

chance of finishing over or under 10 weeks. The only

way to finish in 10 weeks or less would be like flipping

four heads in a row on a coin, for which the chance is 1/16™ or about 6%. So, the surprise, if any, is that

the chance is as high as 12%. Also note that we finish in 10 weeks given the average inputs, but that the

simulated average is about 15 weeks. Given that many contracts involve bonuses and penalties based on

finish date, consistently having projects exceed your estimates by 50% does not lead to a sustainable

business.

20



Lesson 4 — Failure Analysis, Multiple Identical Variables

e Predicting the Failure of Aircraft Parts
e Linking Simulations to Serial Numbers

Predicting the Failure of Aircraft Parts

Consider an aircraft part, which on average fails and needs replacement every six flight hours. That is, it
has a Mean Flight Hours Before Failure (MFHBF) of six. Now suppose there are six such parts on the
plane, and if any one of them fails, the plane must be grounded and repaired. The expected time for this
part to ground the plane is the minimum of six independent failure times. Replacing these with the
mean (another word for average), we find that the minimum of 6,6,6,6,6 and 6 is 6 flight hours. But
hopefully by now you’re not going to fall for the Flaw of Averages, and you should be saying let’s
simulate the minimum of 6 failures.

Suppose we had a SIP of failure time for the part. That wouldn’t work either. If all six parts refer to the
same SIP, then they would all fail at the same instant, and although there would now be some
variability, the average time to first failure would still be 6 flight hours. In the next example, we will use
a Virtual SIP whose HDR seeds are tied to the serial numbers of the parts and tail number of the plane to
estimate the chance that the time to the failure of the first part is at least 6 flight hours, and also what it
is on average.

c11 - fi =MIN{C5:C10)

.D. Open First Part Failure.xlsx as shown. Note A B c D E
that we are only modeling the time it would take for 1 Aircraft Tail Number
2 103
Part 1 to ground the plane. Clearly, such models 3 Timeto  Serial
could be generalized to include much larger numbers 4 Parttype Failure  Number
of both identical and different parts. > Part 1 6 736451
6 Part 1 6 736452
. . . . 7 Part1 6 736453
Linking Simulations to Serial 8 patt | & | 7a6ase
Numbers 9 Part 1 6 736455
. . 10 Part 1 6 736456
Load Fllght Hours lerary 11 [Time to First Failure |I'
[R—— 19 ]
1. Select cells C5:C10, then click [/
the SIP Input button. SIP
Input
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W 0 N o s WM

=
o

11
12
13
14
15

2. Select the Flight_Hours_to_Failure_Library

f 6 Insert SIP
A B C D R
Aircraft Tail Number | "oy
103 Ly
Timeto Serial [ Fiht_Hours_to_Faikre.Library
Part type Failure  Number

Part 1 6 736451

Part 1 6 736452 firer

Part 1 6 736453 | |

Part1 6 736454 | [ Sortaphdbetically

Part1 6 736455

Part1 6 736456

Time to First Failure 6

[ Insert Name

1 Make sure the Destination
refers to cells C5:C10.

| I

2 Note that the Information Box
indicates that the Virtual SIPs in this
library require a Serial and Tail Number

o~ lcous data, Simulation of part
failing ollerrPEtric frequency of failre. 3.0 Litrary
Requires Serial Mumber and Tail MNumber

\ 3 IMPORTANT. Only select

Part 1, then click OK.

Cancel

T |

3. Fill out HDR seed fields

ed 1. You must specify a range of six blank

A B C D
1 Trial Aircraft Tail Number cells, e.g. E5:E10, in which HDR random
2 1 103 number formulas will be placed.
3 |Flight_Hours_to_Failure_LiTimeto Serial
4 SLS 4-10-21 Part type Failure  Number
5 Partl |/~ 5__ | 736451
6 Part1 |/~ S | 736452
7 Partl |/ 5. | 736453 Random Cel | et 554510 -
8 Partl |/ S | 736454 Start Varicble 10 | Y2710
9 Partl |/ S | 736455 Entity 1o | NV
10| o Partl /TS| 736456 . Sekltnb } e j
11 |Time to First Failure 5
12
13 2. You must specify a range of unique
14 Serial Numbers [ o [ cancet |
15

22

3. You must specify a cell containing the Tail
Number. Technically, this example would have
worked with Serial Number alone, but multiple
seeds are available. Then click OK.




Chance-Informed Model

11 |Time to First Failure
12 Average

6

3.143

0.8%

Using the steps demonstrated earlier, it is easy to demonstrate that there is virtually no chance of
achieving 6 hours of flight time before failure of at least one of Part 1, and that on average the first

failure will occur in just over three flight hours.
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Creating SIP Libraries

ChancecCalc is the first application of its kind. Why? Because before the discipline of probability
management, which established a standard for communicating uncertainty as actionable data,
ChanceCalc would have been as useless as a lightbulb before electricity. And the 2.0 and recent 3.0
PM SIPmath Standards play roles analogous to the DC and AC current standards that ushered in the
electric age.

We refer to the process of replacing calculations using numbers with calculations using probabilities as
chancification, and it has some parallels with electrification.

g SIPMath Standards for O —
|||||IIII The Probability Power Grid S hancedinformed

investment decisions
‘\/ A B
1 Chance of Revenue

2 |>=310m 80%

Probability Power Plant

Generates SIPs of [\/E/

O SIPs illuminate
“<=" chance-informed
production decisions

uncertain forecasts

A

B

1 Next Year's

B

2 Demand /L A
\ 1 [Chance of Exceeding

2 Capacity = 15%

Beyond the PM SIPmath Standards, there are two other critical components:

sm8 Doug Hubbard’s cross-platform HDR random number generator, which is analogous to the
alternating electric current generators.
and
M Tom Keelin’s Metalog distributions that play the role of transformers, that convert current
from the generators into numerous useful forms.

Just as electrification enables a small number of power engineers to supply electricity to millions of
people for illuminating their homes, chancification allows a small number of data scientists and
statisticians to supply SIP Libraries to a wide audience of managers for illuminating chance-informed
decisions.

Examples

CDC COVID-19 Hospitalizations

Eng-wee Yeo, Principal, Technology Risk Modeling & Methodology at Kaiser Permanente, was concerned
about the uncertainty in COVID-19 hospitalization rates. He created an application in Analytica, a
powerful modeling system from Lumina Decision Systems, to read data directly from the CDC’s web site
and create SIP libraries of 28 day hospitalization forecasts, an example of which appears in the
SIPmath.Network browser in ChanceCalc. Such libraries can assist healthcare facilities make chance-
informed decisions surrounding ICU bed allocation, the scheduling of elective surgeries and numerous
other impacted areas of hospital management.
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https://www.probabilitymanagement.org/hdr
https://www.probabilitymanagement.org/metalog

@ b [ @ Centers for Disease Control and Prevention ?
CDC 24/7: Saving Lives, Protecting Peopie™ ®
Interpretation of Forecasts of New Hospitalizations A B

" P e e ot o e | ) . ~ Chance of
- 1 ICU Bed Allocation What
B = ! atever
National Forecasts 3 Chance of Exceeding Capacity 10%
National Forecast
, 4|
|
1
2
i
——
e 5 SIF’math.Nelwork"‘ﬁ
i Mame: COVID-19 R Dally Case.
&y
|uwmnmm»ym.m z| Date Modified 10Apr, 2021
COVIDhub Ensemble Forecast ‘Correlated Forecast Distribution  Probabiity bands - Provenance S5 d-10-23
° - Trials Metsogt DR
g - 3 Ia\ng
st analylica . s
S m visionary f modeling Satothabesed
Pl S ]
5 s T R CHE_Dayi3
E -l — ‘~—/\,,/\\_'/~.\_7_//\ CE Davod
P o — G o
5 = — ————— S Do i
z:julznn Mar2021  SMap2021  OMay2071  13Mar-2021 1iMay2021  21-May2021  25-May- I Incarthame. '””“—Ll
Target End Date RakraahLinks
Y s e m

The PRECISE Uncertainty Project

The Government Finance Officers Association (GFOA), a professional organization of over 20,000
municipal CFOs and other financial managers, has assessed the accuracy of tax revenue forecasts by
some of its members. ProbabilityManagement.org has created SIP Libraries of historical accuracy using R
to assist CFOs in making chance-informed decisions around prioritized budgeting.

Al B ¢ o 3 F G H
1 Trial 1-1000] 1
2
3 PRECISE Dashboard with cloud-linked SIP Library
4
5
6 Historical ~ Simulated
7 EconomicEra Tax Categary Forecast  Accuracy®  Revenue
s1g9
. ‘ |zoo9-znm Businesslicense 52,00 ] 9% Ill

|i $2.94

|
N Property $3.00
) e i | Total Budget 10.00

$
R ::: Hi priority-> 1. Debt Payments $ 1.00
ekt e 2.|Operations (salaries etc.) | $ 5.00
$
$

1

15 - ~
2 ""’"“'“‘"2:% 3. Capital projects 3.75
it upormos | QW priority-> 4. Asset Maintenance 0.25

22 ® Copyright Sam Savage and Shavne kavanagh, 2020, 2021
About | Instnactions | Dashboard | SIP Library Links
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Lesson 5 — Creating a SIP Library of Profit from Lesson-2a

Although we will describe several packages that can create SIP Libraries below, here we will describe the
process with either the free or Enterprise version of the PM SIPmath Modeler Tools, which are available
for download from ProbabilityManagement.org. Whereas ChanceCalc can only read SIPs from
libraries, the Modeler Tools can generate random inputs on their own, and read from and save 2.0 SIP
Libraries. The tools are more complex to learn than ChanceCalc, but for this lesson you will only need

to use the Save Results button.

S A O3 S 2elE 28 ©
W M L= e T @EBIE it

Initialize | Library Generate Define Clear Graphs Get Chance of Trial Imporly Save Export SIPmath HDR About
Input Input~ Outputs v Stats Whatever Info Results VIResultsV Settings Settings =~ SIPmath

Define

Analyze Data

1. Open the saved version of the
Below Projection model saved in
Lesson 2a and click the Save
Results button.

2. Click the Select Outputs tab

Library data  Select Outputs I

Filter (case-sensitive) |

Select Outputs to Save

Select Output 1
then click OK

Optional output name prefix | J

OK Cancel

Library data I Select Outputs |

B

Save
Results v

Create New Library File

Library Mame Profit Library

Fill in Library Name
and Provenance fields

Library Provenance | SLS 5’1’2021|

Add Average Metadata
Add to Existing Library

oK | Cancel |

Then save the library in a folder that you can remember.

&

ChanceCalc
Settings
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3. To use the Library in another model. Select Use ChanceCale Settings X
Local Library from ChanceCalc settings.

Index Location

Web or Local Directory C Use Directory

®  Use Local Library

4. You may now use Output 1 in a new model just as we have used the other SIPs.

Destination

SIPmath.Network™

[ sreetuipcs2 = s
ame Profit Library xisx

Library

[ pront Liorary.siex | DateModiied
Pravenance SLS 5-1-2021
Trials 1000

Filter

| Irfcrmation

[ Sort alphabetically

[ Insert Name Above -

Tools for Generating SIP Libraries
Below is a discussion of various packages that can generate SIP Libraries for ChanceCalc, starting with
those from ProbabilityManagement.org.

Package Organization

= SIPmath Modeler ProbabilityManagement.org
ils.. Tools for Excel

The SIPmath Modeler Tools create Monte Carlo simulations using Excel’s Data Table. This means that:

1. Unlike other simulation packages, you can run the models in native Excel without having the
tools installed.
2. The models are interactive, running thousands of trials per keystroke.

There is both a free and Enterprise version, and both can generate their own random numbers or read
and write 2.0 SIPmath Libraries, which can be read by ChanceCalc. They are a logical upgrade from
ChancecCalc for those who want to graduate beyond using SIP Libraries generated by others.
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Package Organization
R RSIPlibrary ProbabilityManagement.org

This is an open-source R package written by Aaron Brown, which takes Monte Carlo trials from any
program, stored as columns in CSV format, and creates a 3.0 Virtual SIP Library, which may be read by
ChancecCalc.

Package Organization
@m PySIPlibrary ProbabilityManagement.org
\
-
(54

This is a Python version of the R package above.

Package Organization

| Solvers Frontline Systems
Numerous analytical Excel Add-  Solver.com
ins

Frontline Systems is the company that created the Solver in Excel, and it offers a wide range of analytical
tools that include simulation and optimization. Its packages were the first to recognize the SIP and
SLURP data type. They have powerful solvers for optimizing models with uncertain inputs.

Package Organization
On0| ICa’ Lumina.com
visionary # modeling

Analytica is a powerful multi-dimensional modeling language, which can deliver a complete probability
management solution, including simulation and optimization. It has recently been used to generate 2.0
SIP Libraries from hospitalization forecasts from the CDC.

Package Organization
! / Autobox Automatic Forecasting Systems
P“"q‘" Autobox.com

.......

Autobox performs sophisticated time series analysis. Virtually all forecasting systems track estimates of
their own accuracy. Autobox can output these automatically as a 2.0 SIP Library.

Package Organization
ORACLE' Oracle Corp.
CRVSTAL BALL oracle.com/applications/crystalball/

Crystal Ball has been a widely used Monte Carlo simulation package since the 1980s. It has a large
userbase and was acquired by Oracle in 2009. The Enterprise PM SIPmath Modeler Tools from
ProbabilityManagement.org have a function to generate 2.0 SIP Libraries from Crystal Ball Models.
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Package Organization

Palisade Corp.
& palisade.com
@RISK
@RISK is another widely used Monte Carlo simulation package dating back to the 1980s. It has a large
userbase and was developed Palisade Corp., which has other analytical packages beyond simulation. The

PM Enterprise SIPmath Modeler Tools from ProbabilityManagement.org have a function to generate 2.0
SIP Libraries from @RISK Models.

"https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/hospitalizations-forecasts.html
i LINK to 2.0 PM SIPmath Standard
i INK to 3.0 PM SIPmath Standard

29



