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1.0 Introducing Part 1 of this eBook



Welcome to Part 1 of this very direct eBook that presents practical ways of conducting Monte Carlo Simulations using Excel. Sure, there are other products with packaged and more direct procedures. Let us not start a features war. (Here is a link to a Wikipedia page that shows a table with most of the Monte Carlo Simulation add ins in the market: Click Here). The eBook will only use native features of Excel, no more. (All workouts and supporting material can be downloaded as shown in chapter ‎5.0).


This is Part 1 of a two part eBook. The reason the eBook is broken down into two parts is that it grew beyond control. Each time I addressed a modeling situation, I found another that warranted simulation. I also felt that much was needed to clarify basic practices that are needed in the modeling.


Part 1 (Basics) starts almost immediately with a detailed example showing how Monte Carlo Simulation is conducted in Excel. It shows you how to prepare Excel for the various workouts. It establishes basic Monte Carlo Simulation practices which will be used in the models in both parts of the eBook. It also includes a variety of appendices that support simulation. These are all supplemented with around 20 fully solved workouts available in the downloadable zipped file. (See the next Chapter).


Part 2 (Applications and Distributions) presents different applications of Monte Carlo Simulation. These are mostly grouped by “sector” such as project management, reliability engineering, acceptance sampling and queuing models. It also takes another look at applications by addressing specific statistical distributions and discussing when to use each distribution and how to implement it in Excel. These chapters are all supplemented with around 55 fully solved workouts available in the downloadable zipped file. (See the next Chapter).





2.0 Downloading the Supporting Files



Part1 1 of this eBook is supported by a set of files included in the zipped file that is available for download from www.marginalbooks.com. To download the zipped file, Click Here. Check the last sentence in this book for the code to open the zipped file. On Unzipping the file, the files will go into the following 3 folders: 01. Workouts Part 1 (also contains the solutions)


03. Templates


04. Supporting Documents


1) Workouts: this folder contains the material needed for the workouts in this eBook.


The Naming of Files: when we refer to the names of files in the downloaded zipped file, we will not include the sequence number nor the file extension, just the name. However, all workbooks in the zipped files are numbered as per the workout sequence in the eBook.


2) Workouts for Part 2 of this eBook. These are not included in this download.


3) Templates: one or two templates are included for your use.


4) Examples: various examples referred to in the text are included in this folder. It also contains original Microsoft Visio and Mindjet MindManager documents used in the eBook.





3.0 Alerts, Guidelines, Exclusions and Apologies



The following paragraphs highlight various alerts, guidelines, exclusions and apologies.


1) Monte Carlo Simulation in the Sciences: a quick search for “Monte Carlo Simulation” books will result in a large number of books that focus on using Monte Carlo Simulation in physics and some in financial applications (derivative pricing, variance, etc.). These will not be addressed in this book. The main reason is the highly mathematical discussions required for their understanding.


2) Monte Carlo Simulation Algorithms or Methods: you will find references in the literature to these two terms. This eBook will not be concerned with such techniques. They are mathematical procedures for very specific and specialized uses (although not too different from ours). We will therefore use the term Monte Carlo Simulation to refer to a process and a set of practices. The process will be defined in Chapter ‎8.0 in this eBook.


3) VBA or Visual Basic for Applications: it is better to ask permission than to seek forgiveness. I tried very hard to develop an eBook purely based on Excel Functions. But I hit a wall when using models that have runs where each run has sub-runs. For example, you are simulating a production line with 5 steps. However, each step might follow a different procedure, which you also want to simulate. These become “sub-runs”. This is one facility that cannot be implemented without VBA. I have written a standard VBA module that you can simply insert in your model and configure to arrive at simulating sub-runs. No programming competence is needed. Refer to Chapter ‎13.0 for a detailed discussion of this procedure. The Appendix in Chapter 18.0 covers the setup of the VBA module and its code.


4) Complete description vs. summarized work: when planning the development of this eBook I considered two approaches. The first approach was to present a the models and their workouts as summaries with a brief background of the main issues. This would have avoided the level of detail. It would have also left most of the logic to be worked out by the reader on his or her own. This could be useful for persons who are familiar with the main ideas behind Monte Carlo Simulation and Excel. The second approach was to assume a blank slate and start each model or workout from scratch. Later workouts or sections that repeat the use of such material would be more summarized. We can then refer to the more elaborate and earlier formulations for more detail.


The second approach was selected to avoid an annoyance I often face in such books. They present elaborate procedures where the author skips through minor steps that he or she considers need no clarification. The hours spent trying to fathom what a technical author meant by a specific formula or procedure caused me to adopt the second approach. I figured it would be easier to skip what you do not need than to wonder what and how these steps were arrived at.


5) Repetitions: I assume readers may select to go directly to a specific subject of interest to them. Such a book will most likely never be read sequentially. This meant that chapters had to be almost "stand alone" or “quasi-complete”. The decision was to repeat summarized procedures rather than to cross reference them. It also supported the decision to detail the models as per the above paragraph.


6) Images and eBooks: most of you will be reading this eBook in ePub or Mobi format (although there is a PDF version at www.xinxii.com). The PDF version is a copy of the original Microsoft Word version and hence retains all formatting. It also allows images to be as wide as the page. Sadly, ePub and Mobi formats restrict images to be no wider than 600 pixels or 12 cm. The result is that some spreadsheet images had to be shrunk down and may not be visible. To counter that result, I recommend that you refer to the solution of the specific Workout in the Workouts Folder.


7) Copying from other Workbooks: many of the models in both parts of the eBook are elaborate to setup and format. Effort was made to define all entries in case you prefer to start each workout afresh. However, you can get to the heart of the matter of each workout by using the solution workouts found in the Workouts Folder: a) Copy labels (in column or row headers)


b) Use the Format Painter to copy the format as the numeric format differs from one cell to the other


c) In the case of complex formulas, to avoid wasting timing entry the exact syntax, copy the formulas from the solutions workouts.


8) Circular References: on opening some of the workbooks, you might get a message from Excel indicating that there is a circular reference in the workbook. Whereas this is often a serious error, Excel allows us to override this situation if we wish.
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In Chapter ‎13.0, we discuss a technique whereby for each simulation run there we need to simulate “sub-runs”. This is very useful but it requires circular referencing, under control, of course. In the discussion, we will explain the way circular referencing is used and enforced in Excel.


9) Recalculation: several workbooks have a large number of calculations to complete and this happens each time something changes in the workbook. Since the option to automatically recalculate is on, by default, some of the workbooks might take a long time to process or to save.





4.0 The Rationale for Monte Carlo Simulation



Monte Carlo Simulation grew up in the field of physics. Physicists needed to find a way of solving problems for which they did not have a closed form or a mathematical solution. Monte Carlo Simulation allowed them to approach solutions, numerically.


The set of simulation techniques were developed by some of the great minds of the physics world. Early usage was reported in the late 19th century. More serious applications came out in the mid 30s and saw fruition in the Manhattan Project that developed the A Bomb. Ironically, the methods developed when Stanslav Ulam tried to work out the probability of getting a solution (or a closed form) for solitaire. He could not, so he resorted to numerical algorithms that gave him better results. All these efforts were re-enforced by the rise of digital computers (although Enrico Fermi used analog computers for some early Monte Carlo Simulations).


A) The Delphic Oracle and the Delphi Method (Technique)


One of the nightmares anyone in middle management supposed to provide the upper echelons with estimates is that he or she has to provide single point estimates. One value for each parameter. Invariably, such a person will have one and only one chance to provide a point estimate for each parameters. The required estimates are forecasts, no more. What are the chances that such forecasts would be correct? We should remember the wonderful line by Sam Goldwyn (MGM): “forecasting is dangerous, especially about the future”.


We need an alternative. To appreciate that, let me tell you about the Delphi Oracle, both ancient and modern. In ancient Greece, from 800 BC to 300 BC, folks traveled long distances to Delphi to seek predictions about their hopes or fears, whether military, financial, agriculture or personal. The temple was a sanctuary for Apollo whose priestess there spoke in his name using sacrificed animals.


Years later, the term “Delphic Method” would be used for judgmental forecasting, in a more rigorous and robust manner. I had the chance to observe its use in a conference at the Institute of Electrical Engineers (IEE) in London (Now renamed as the Institute of Engineering and Technology, IET). It was in spring 1977, a time of unusual excitement in the electronic world due to the introduction by Intel of microprocessors. Around 400 engineers were attending the talks. At the beginning of the conference, each one was handed an index card that looked like a spreadsheet. The columns indicated quarters starting from summer 1977 and up to 1987. The rows were dedicated to questions such as “when do you think we will have color monitors, as a standard?” or “when do you think microprocessors will replace mini-computer processors?” and so on. Towards 3 pm, the cards were collected, posted into a database and analyzed. The results were communicated in terms of the average of each response and its standard deviation. Would 400 engineers be wrong? Maybe, but not all of them. Statistical analysis can then provide such information as the average, the standard deviation (the extent of spread of observations around the average) and other significant measures.


The Delphi Method (sometimes called the Delphi Technique) was develop in the early 50s in the Rand Corporation by Olaf Helmer and Norman Dalkey. (Click Here to review the history and mission of the Rand Corporation). These days, it is quite commonly used for judgmental forecasting, i.e., forecasting that is meant to produce exploratory results which are not deterministic or conclusive.


How is Monte Carlo Simulation like the Modern Delphic Method?


Monte Carlo Simulation follows the basic principles of the Delphic Method, numerically. Traditionally, the result of a formulation based on one set of fixed constants (or inputs) will not give a realistic answer. By setting up our formulation (or model) so that it can be run through thousands of times (engineers) using different but realistic values for the input variables will give more significant and realistic results.


We will effectively move from this model:
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To this model:
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C) The Necessities that Led to Monte Carlo Simulation


What was the necessity that forced scientists to invent Monte Carlo Simulation?


Necessity 1: to remove the bias of single point estimates


If we say "the price is around $120", then when it comes to plugging in the price in a formulation, we must remove the word "around" and only use a single value as an input. This builds in error and bias. Secondly, whose estimate shall we use? Imagine a brainstorming session where each person insists on using a specific input for the price of the equipment in a proposal.


Necessity 2: to handle a large number of input variables


If we have 2 input variables with 3 possible values for each, we would have 3  3  3 = 81 combinations. Even such a limited model would be difficult to handle manually. We would need to enter each combination of input variables and then note the resulting output.


When we have a large number of input variables with a wide range of possible values, the number of combinations will grow exponentially. Consider a Net Present Value (NPV) formulation where we have revenues and costs over 12 quarters, a discounting rate and 2 exchange rates. We would then have 2 * 12 + 1 + 2 = 27 variables. Assume that each of these can spread over 20 possible values. How many combinations will we have of the input variables? We will have 20 ^ 27 which is an astronomically large number. Monte Carlo Simulation resolves this issue.


Necessity 3: to handle probabilistic behavior of input variables


Chance disrupts everything. In the above two examples, we are totally in control of specifying our input values. What if these were subjected to random variation?


Suppose you have to estimate the time it takes to test an item such as the strength of a steel rod or the number of defects in a manufactured item. And suppose we know that these measurements are normally distributed (i.e., following the bell shaped curve). Rather than use the average, it is more realistic to create a model that uses thousands of samples for the specific measurement. When plotted, they will result in a bell shaped curve.


There are tens of distributions that can describe various operational phenomena. Each input variable will have a specific behavior that complies with a specific distribution. This is where Monte Carlo Simulation comes in.


Necessity 4: to process models that have no formal solutions


Historically, Monte Carlo Simulation grew out of the need of physicists to solve equations computationally when they could not get a mathematical solution. Luckily for physicists, most of their problems are supported by theoretical or closed formal solutions. We are less lucky in that most of our problems in the operational or financial spheres do not have a mathematical solution. What is the mathematical “closed form” for handling sales forecasts which include returns, end of season discounts and fluctuating cost prices? Again, Monte Carlo Simulation and spreadsheet power come to the rescue.


D) Modeling and Cartography


In Jorge Luis Borges's “Collected Fictions” (Penguin 1999, page 325), there is a brilliant short story called "On Exactitude in Science". It is no more than 150 words long and is presumably based on another tale called "The Man on the Moon" in a short story by Lewis Carroll called “Sylvie and Bruno Concluded” (Nabu Press, page 156).


In Carroll's story, a fictional map was drawn with a scale of 1 mile to the mile. One of the characters remarks: "we use the country itself, as its own map and I assure you it does nearly as well." Borges takes up the tale and tells the story of cartographer who were not satisfied with traditional maps and developed one that was the same size as the empire, exactly matching it point by point.


Simulation is like cartography. You have to remember what scale you are using. The more realistic the model, the nearer to the truth and the more complex it will be (and harder to fold). Monte Carlo Simulation adds to the significance of our models by trying out different values and providing us with a statistical wrap up of the results. With Carroll and Borges as guides, how can we get lost?





5.0 Guidelines and Good Practices for Modeling with Excel



The following guidelines and good practices apply to the development of spreadsheet models. They also apply to various ways of using the examples in this eBook. We start with common usages and follow those up with some good practices.


We will also introduce the Analysis Toolpack that comes with Excel.


The Appendix in chapter ‎17.0 has additional Excel facilities such as the use of spinners and the accompanying VBA module for use in sub-runs (see chapter ‎13.0).


A) Functions and Features you Need to Master in Excel


Although we will usually explain most formulas when we use them, it helps if you are competent in their use before reading this eBook.


Use the Help File in Excel as it has examples that can easily be copied to a temporary workbook for practice. Here is a recommended list to know:


Addressing Functions: INDIRECT(), INDEX(), OFFSET() and ADDRESS()


COLUMN() and ROW()


COUNTIFS()  COUNTIF()  SUMIF() / AVERAGEIF()


Error Checking Functions: IFNA(), IFERROR(), etc.


FIND()


Forecasting Functions: SLOPE(), INTERCEPT(), FORECAST(), CORREL()


FORMULATEXT()


FREQUENCY() (Specifically using it as an Array function)


LARGE()


Logical Functions: AND(), OR(), XOR(), IFNA(), IERROR(), etc.


MATCH()


PASTE as values, transpose, multiply, add, etc.


ROUNDUP() / ROUNDDOWN()


ROW / COLUMN()


String functions (including concatenation using &)


TEXT()


TRUNCATE() / INT()  CEILING()  FLOOR()


VLOOKUP()


We will detail statistical functions during the workouts as they are critical.


There are other features of Excel that you would need to know very well:


Absolute vs relative referencing (for flexible copying of cells)


Autofill (which will be used to generate the Run ID’s)


Conditional Formatting


Copying sheets within workbooks and to others


Data Validation


Entry and use of Array Functions (FREQUENCY(), etc.)


Name Manager (defines names for ranges to use in formulas)


Nesting of functions, specifically IF's


Quick Access Toolbar and its customization


Sensitivity Analysis: WHAT IF, Scenario Manager, Goal Seeking


B) The Office Button vs the FILE Menu


We will be using Excel 2013. However, for most of what we will present, Excel 2007 and 2010 are very similar to 2013. The same applies to Excel 2016.


One exception: Excel 2007 does not have a FILE menu (top left) like 2010 and 2013. It has an Office button (sometimes referred to as the Home button). Generally, it behaves in the same way as the FILE menu. We will frequently need to set various options in Excel. In 2007, these are accessible through the Excel Options button found at the bottom of the dialog box you get after pressing the Office button.


For versions after 2007, the Excel Options are found under the FILE menu. This is what we will use.


Versions earlier than 2007 have the same computational facilities (except some changes in functions to be noted next). However, the facilities are found under a different menu structure.


C) Functions in 2007 and Later


A few of the statistical formulas have been upgraded to be more accurate. The old functions still work but Excel produces more accurate output with the upgraded functions. For example:


NORMINV() becomes NORMS.INV() and


NORMDIST() becomes NORM.DIST()


A quick search on the web will define the differences between the functions of 2003 (and earlier) and those found in 2007 and later. Click Here for a good list from Softwarelosungen.


D) Manual vs Automatic Calculation


We may need to enable or disable the “Calculation options” in the FILE  OPTIONS  FORMULAS tab:
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By default, the "automatic" calculation option is enabled. Every time you enter or select anything in the sheet, Excel will recalculate all formulas.


In the early days of slow computers, each time a recalculation was initiated, it took a long while to complete. Spreadsheet developers provided an option to disable calculating unless the analyst wanted to. When this option is disabled, you can press F9 to force a recalculation. Today this is not needed, unless, of course, you have a very large formulation (as some of our models will have). We will assume that the option is enabled for automatic calculation unless we call for the manual option.


E) Add and activate the Analysis Toolpack (ATP)


The Analysis Toolpack (ATP) is an Add In that comes with Excel, free of charge. It contains many statistical functions. It also has a variety of data analysis tools such as random number generation, statistical tests (t, F, ANOVA) and generation of histograms. Although it is powerful, it has two major shortcomings: a) It is visually challenged, reminding those who used PCs in the 80s, of dBase II reports.


b) Most of its output is static. This means, once generated, the output will not change if the input data gets changed.


In all our analyses, we have opted for dynamic analysis. This will allow you, as an analyst, to manipulate your input variables and model parameters and immediately get the output as opposed to have to go through the ATP procedure again.


However, there are a few useful features that we will use in this eBook, regardless of the shortcomings above.


The ATP is included during the standard installation of Excel. However, by default, it is disabled as an Add In. You have to enable it when you need it.


To enable or disable the Analysis Toolpack:


a) Select the menu item FILE  OPTIONS  ADD-INS and select the Excel Add-ins and click on the GO button:
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b) Enable the Analysis Toolpack Add in by checking its box:
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If it is not in the list, then your installation may have excluded it. Try to update the installation and request that the ATP be included.


There is no need to add the Analysis Toolpack VBA unless you need to call Toolpack functions from VBA. If you keep it active, it might delay the startup of Excel.


To check that the Toolpack has been installed and enabled, review the DATA menu. It should appear on the extreme right hand side as "DATA ANALYSIS":
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If it is not present, then either the ATP is disabled or it is was not installed at all.


F) Excel Conventions used in this eBook


a) The Naming of Functions in the eBook: most functions in Excel have one or more arguments. When discussing the functions in detail, the arguments will be explained and specified. However, to improve the legibility of the text, a set of parentheses will be shown without specifying arguments. For example, The full function is: NORM.DIST(probability, mean, standard deviation, cum)


We will refer to it as: NORM.DIST()


In all cases, selecting the menu item FORMULAS / INSERT FUNCTION will lead you to the function wizard. The dialog box for each function has a help link. Each help page has direct examples you can copy into Excel or download the file.


b) Referring to Menus and Groups in the Ribbon


Menu and groups will be stated in upper case. For example, to convert text to columns, we will state the instruction as “Select the menu item DATA  DATA TOOLS  TEXT TO COLUMNS”. This is found on the ribbon as follows: 
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c) Probabilities in % or in Decimal: it is common to use percentages when discussing probability. However, the range 0 to 100% corresponds to the range 0 to 1 in decimal format.


This eBook will start by using the % format and will slowly move into using the decimal format. The main reason is that using % is a bit confusing in Excel. If you enter a % symbol after the number, Excel assumes your number is a percentage and keeps the value as entered. If you enter a decimal value and then format it as a %, Excel will convert the value by multiplying by 100 and adding the "%" symbol.


It is best to stick to decimals but will keep the "%" in the names of the columns. For example, we will have a cumulative % column with numbers such as 0.15, 0.30, 0.60 and 1.0.


d) Color Codes


We will follow the practice to color some cells to give them meaning. We will avoid numerous colors, font sizes and highlights.


Green is used for the input or the changing variables (signifies starting)


Yellow is used for constants (symbolized by the consistency of the Sun)


Blue is the formulation objective (symbolized by the color of the sky)


In various columns, we will also use conditional formatting to highlight certain values. For example, all negative values or all cells with "Yes" or with "Balked". These are colored in red with a white font.


G) Good Practices in Excel


Here are some conventions and practices that we will use throughout the eBook. But before that, let me recommend this valuable book. It presents a wide range of guidelines and tips on how to formulate your spreadsheet models: Patrick O'Beirne: “Spreadsheet Check and Control” published by Systems Publishing, Wexford, Ireland, 2005.
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