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1.0 Introducing Part 2 of the eBook



This is Part 2 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



Part 2 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: 02. Workouts Part 2 (also contains the solutions)


03. Templates


04. Supporting Documents


1) Workouts for Part 1 of this eBook. These are not included in this download.


2) 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.


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.


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 in Part 1 of this eBook for a full discussion of this procedure. The Appendix in Chapter ‎16.0 covers the setup procedure for 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 of Part 1 of this eBook, 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 Models that Sample the Normal Distribution



The Normal Distribution is very common. It is also known as the Gaussian Distribution or the Bell Curve. There are various places where we come across normally distributed variables:


a) The frequency distribution of the results of natural processes.


b) The histogram showing the measurements of the output of operational processes such as manufacturing, assembly, etc.


c) Social scientists can name many cases where the variables are normally distributed such as skills, tendency to like a certain product, etc.


d) More importantly, there is a mathematical theorem we shall not go into that shows the "natural" basis of the Normal Distribution: the Central Limit Theorem. Consider a large population that need not be normally distributed. Take many samples (each consisting of 30 or more observations) from this population. Calculate the average of each sample. When you analyze the frequency distribution of the many samples, it will approach a Normal Distribution. As you increase the number of samples (or the number of observations), the new frequency distribution will approach a Normal Distribution more and more.


The last case is common in simulation as we are mostly analyzing samples and their averages. It is unlikely, but can happen, that a simulation model will be using the whole population.


There are two characteristics of the Normal Distribution that we are concerned with:


a) It is symmetric with as many values above as below the Average.


b) It is totally described by two parameters: the average and the standard deviation.


In this chapter, we shall present several workouts:


a) An introduction to the Normal Distribution


b) An introduction to sampling the Normal Distribution or using the Inverse function


c) A few models that use samples from the Normal Distribution




	Workout 1: An Introduction to the Normal Distribution


Purpose: this workout aims at introducing the Normal Distribution and how it behaves. We will not build any model in this workout. We will just review an already built workbook that shows 3 main distributions: the probability distribution, the cumulative distribution and the inverse distribution for the Normal Distribution.


Note: earlier versions of Excel used a formula = NORMDIST() which is now available for backward compatibility. It has been replaced by NORM.DIST() which is more accurate. (The same applies to other Normal Distribution functions).


Step 1: open the workbook The Normal Distribution in the Workouts Folder. The Normal Distribution shows the following top 5 rows:
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Step 2: in the range A2:A82 we have a data column. It shows the heights of staff in some academy. The heights are sorted. The range of the data is from 130 to 210 cm. Excel’s autofill facility was used to create the sequence 130, 131, 132... 210.


Step 3: in the range B2:B82 we have the frequency count of staff for each height in A2:A82. The total number of staff whose height was measured was 5040.


Step 4: in the range C2:C82 we calculate the relative frequency (or probability).


C2 = B2 / SUM($B$2:$B$82)


This is copied down to C82.


Step 5: to get the cumulative values, we apply the method we used earlier: sum the values from C2 to the current value. The SUM() function starts with an absolute reference for C2 and stretches it to C2:


D2 = SUM($C$2:C2)


As the formula in D2 gets copied down to D82, the first $C$2 stays fixed as an address while the second C2 changes (C3, C4, C5...) to give the cumulative values.


Step 7: To plot the scatter diagram, we need to select two ranges A1:A82 and C1:D88.


Since the vertical values (the Y-axes) of the frequency % have a maximum of 0.039 and those of the cumulative % have a maximum value of 1.00, you can see that on the scatter diagram, the normal distribution can hardly be seen. We need to map the cumulative chart to a different axis as follows: a) Select the cumulative chart by clicking on any point on its curve. You should be able to see the whole set of value selected.


b) Right click on it and select FORMAT DATA SERIES. You will get this panel:
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c) Select the Secondary Axis option. Excel will plot the frequency % using the left axis and the cumulative values using the right axis:


[image: Image]


(The scale of the X-Axis in the above was limited to the range 120 - 220 cm and the legend was shifted to the top. This is a practice we will follow to visually concentrate the chart).


We can now read the above chart as follows:


a) The horizontal axis showing the X-values denotes the events, items or the observations. In this case, X is the height of staff.


b) The left vertical axis denotes the probability of finding that height in the academy. It rises from 0 to 0.039683 or 3.96% (almost shown as 0.04000 on the chart). This is the highest appearing X which is formally called the Mode. We used conditional formatting to find the maximum in the table (located in C42).


c) The average is at the point where the cumulative value = 0.5. There is no exact height at which that happens so the nearest approximate is around 170 cm.


Review the full discussion on the Normal probability density and cumulative distribution in Appendix on the Descriptive Statistics in Part 1 of this eBook.




	Workout 2: Animating the Normal Distribution


Purpose: to clarify the meaning of the average (mean) and the standard deviation in a Normal Distribution.


Step 1: create a new workbook and name it as you wish. In the Workouts Folder there is a fully solved model called Animate the Normal Distribution.


Rename the first sheet as "Animation".


Step 2: enter the labels as follows:


B4 = Red


C4 = Blue


D4 = Green


A5 = Standard Deviation


A6 = Average


A10 = X


B10 = Prob Red


C10 = Prob Blue


D10 = Prob Green


Step 3: create 6 spinners to be able to animate the 3 graphs: 3 for the standard deviation and 3 for the average. To learn how to build a spinner in Excel, you can review the chapter on Various Excel Facilities prepared as an in Part 1 of this eBook.


a) Spinners 1, 2 and 3 will point to cells B3, C3 and D3 varying from 0 to 10 in steps of 1.


b) Spinners 4, 5 and 6 will point to cells B7, C7 and D7 varying from 0 to 10 in steps of 1.


Step 4: to place the standard deviations in the cells B4, C4 and D4, insert in each a formula where you divide each value in the cells above by 10:


B4 = B3 / 10


C4 = C3 / 10


D4 = D4 / 10


This forces the standard deviations to vary from 0 to 10 in steps of 0.1.


Step 5: do the same for the cells B6, C6 and D6 linking them with B7, C7 and D7.
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Step 6: prepare a table with a normal distribution for each of the 3 sets of parameters in the range B5:D6. The table is laid out in A10:D71.


[image: Image]


Step 7: use Excel’s autofill facility to generate the sequence -6.0, -5.8, -5.6... +6.0 in the range A11:A71.


Step 8: in B11 enter a function that gives the probability of an event X taking place. Every entry in the range B11:B71 will be a relative frequency. For example, if we have X = 4.0 then the corresponding entry in col B will be the probability of getting X if we take one sample from the population.


For this, we use the Excel function NORM.DIST() as we presented it in the previous workout:


B11 = NORM.DIST($A11, B$6, B$5, FALSE)


A11 is the measurement X, B6 is the average and B5 is the standard deviation (all for the blue color). We have used partial absolute reference to be able to copy the function to the right and downwards. FALSE is used to let Excel know that we want the probability or relative frequency and not the cumulative probability.


C11 = NORM.DIST($A11, C$6, C$5, FALSE)


D11 = NORM.DIST($A11, D$6, D$5, FALSE)


Copy the range B11:D11 down to B71:D71.


Step 9: insert a scatter diagram that charts the range A10:D71. Change the color of the three curves to correspond to the red, blue and green columns.


Step 10: use spinners to change the average of any curve and you will see that the curve starts moving left or right. The average of the curve denotes the maximum relative frequency and the median of the measurements. If you make them all = 1, you will only see one curve.


Changes the values of the averages back to -2, 0 and 2. Spin the standard deviations up and down and see how the spread of data shows that the higher the standard deviation, the wider the spread.




	Workout 3: Sample the Normal Distribution by Inversion


Purpose: to generate randomized samples from a normal distribution. Say we have a large set of observations that we have converted into a frequency table. If they are distributed normally, the resulting bar chart would come out as a Normal Curve. When simulating models, we need the reverse procedure: if we know the mean and the standard deviation of a set of results, how can we generate a variable that comes from the related Normal Distribution? Another way of asking the question is: how can we generate a large number of samples so that their frequency or probability plot will be a Normal Curve (given that we know the mean and the standard deviation of the observations)?


In an Appendix of Part 1 of this eBook, we cover details of the Normal Distribution and the related functions that we need to work with it. This workout shows how a probability distribution can be "inverted" so we can generate random samples from it.


For the Normal Distribution, it is fortunate that generating samples is simple and only needs the specification of two parameters: the mean and the standard deviation. There are 2 methods for generating normally distributed samples: a) The Excel NORM.INV() function


b) The Random Number Generator in the Analysis Toolpack


We will always use the first method as it is dynamic. The formula is dynamic in the sense that any change in the parameters will result in new values. The second method is static in the sense that once you generate values using the Analysis Toolpack, if you need another set, you need to generate them again.


The first method can be expressed using Excel formulas. The Analysis Toolpack method requires configuring the values in the Toolpack. It would be good for one time runs which are not likely in our case.


Purpose: Given a value for probability p that varies from 0 to 1, the NORM.INV() function will return a value of the observation X. The probability p is the cumulative value for finding observations less than X. Most easily, for p = 0.5, the NORM.INV() will return the average of the distribution.


Inverse functions answer this question: given a probability = p, how can we find the observation X so that the p is the probability of all observations equal to or less than X?


This interpretation corresponds to the diagram we presented in the Appendix in Part 1 of this eBook:
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In mathematics, an inverse function of Y = f(X) is simply a function that reverses X and Y. For example,


[image: Image]


To get an inverse plot, simply invert the axes of the cumulative distribution. We will be handling inverse functions each time we introduce a new distribution. In most cases, Excel will have native functions that can invert our probability distributions. For some distributions, the exercise will have to be manual and based on looking up the cumulative % frequency table.


In the case of the Normal Distribution, we are lucky. Use the NORM.INV() with 3 parameters. It will return an observational value, the X variable:


1) The probability as a number between 0 and 1 which specifies the probability of finding values below our observation X


2) The mean or average of the population we are interested in


3) The standard deviation of the population we are interested in


Other uses of NORM.INV(): using NORM.INV() can answer questions such as the following:


a) If we only want to accept the top 15% tall cadets from a population with a mean of 170 cm and standard deviation of 12 cm, what would be their minimum height? The cumulative probability starting from 0 is 85%. NORM.INV(0.85, 170,12) = 182.43.


b) If we want to know the range around the average that includes 60% of the observations, we have two cumulative probabilities to consider: up to 20% and up to 80%. Computing NORM.INV() for the same population gives the lower value at 159.9 and the upper value at 180.09. Observations between these two heights represent 60% of our population.


c) A company has medical claims with a mean of $287 and a standard deviation of $34. What would the value of the highest claim be if we need to cover the bottom 35% of the claims? The function can be entered = NORM.INV(0.35,287,34) = $273.89.


A) Method 1: Generate Random Normal Samples with NORM.INV()


Step 1: create a new workbook and name it as you wish. In the Workouts Folder there is a fully solved model called Sample the Normal Distribution. Rename the first sheet as "Sampling".


Step 2: enter the following labels


A1 = Probability


B1 = X (in cm)


C1 = Probability


E1 = Average


E2 = Standard Deviation
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Step 3: in F1 and F2 enter the values 170 and 10 respectively. We shall use them to specify the distribution of heights of staff in a large company.


Step 4: use Excel’s autofill facility to generate the sequence 0.00, 0.025... 1 in the range A2:A41.


Step 5: in B2 enter the sampling formula:


B2 = NORM.INV(A2, $F$1, $F$2)


A2 is the cumulative probability, F1 is the mean and F2 is the standard deviation of the population of staff in a large company.


As in the above image, if A2 = 0.0, we get a numeric error. We are literally asking this question (repeated from above): given a probability = 0, what is the observation X so that the probability of observations equal to or less than X is given by 0? This is an invalid question. You will also find a #NUM error for p = 1 since the question is also invalid. What is the X for which all observations are lower than it? Any X, really, so Excel does not respond. (This reminds me of the puzzle: if you overtake the last runner in a race, what will your rank be?) Copy B2 down to B41. Here are a few rows:
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Step 6: insert a scatter diagram for the range A3:B40 (to exclude the invalid values). This is the INVERSE distribution. It plots the probability or the cumulative values on the X-axis and the observations (or height) that meet such conditions on the Y-axis: 


[image: Image]


The logic of this chart is the heart of sampling for simulation. Let us read some values on it:


a) If an institution wishes persons who belong to the lowest 80% heights, then the maximum height they should employ can be read off the chart as follows: start with 0.8 on the X-axis. Take a vertical path upwards till you meet the curve and then read the corresponding Y value. In this case, it is around 178. (We can read it more accurately from the table as 178.42).


b) When recruiting pilots, an airline wishes to recruit only those candidates whose height is > 40% of the population. Start with 0.4 on the X-axis. Take a vertical path upwards and you will meet the curve. Leading from the curve to the left you get a height = 167 (or more accurately from the table at 167.47 cm).


When generating samples, all we have to do is use RAND() instead of the fixed probability in our example. This is what is meant by randomized samples. This will result in a set of random observations (X’s) each one belonging to the population of the Normal Distribution defined by the mean and the standard deviation of the population. We will show that in the coming workout on equipment costing.


Step 7: to show how the inverse function NORM.INV() is related to the NORM.DIST() function, all we have to do the following:


Let C2 = NORM.DIST(B2, $F$1, $F$2, TRUE)


B2 is the resulting observation (from NORM.INV()), F1 is the mean and F2 is the standard deviation. We denote the last argument as TRUE to force the function to give us a cumulative value (otherwise it will give a probability value which is not our concern here).


Copy C2 down to C41. (For the reason given above, both C2 and C41 = #N / A).


Note: you will get the same values in the range C2:C41 as in A2:A41. These correspond to the figure:
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Now we will plot them.


Step 8: insert a scatter diagram using the range C3:C40 (to exclude the invalid values). This gives the cumulative distribution we showed in Workout 1: An Introduction to the Normal Distribution:


[image: Image]


With a little twist of graphic imagination, you can see that this is the same graph as the one above with its axes switched.


Step 9: save the workbook as we will use it in the next workout.


Conclusion: to get a sample from any distribution, we use its Inverse function. When we come to distributions where Excel does not provide an inverse function, we will develop a method of generating inverse values (samples) but looking them up in a cumulative distribution. For such distributions, we will use INDEX() / MATCH() together to look up inverse values in a cumulative distribution. We will give it a randomly generated number and it will return a value from col B.


B) Method 2: Generate Random Normal Samples with the Analysis Toolpack


Purpose: to show how you can get randomly generated numbers using the Analysis Toolpack (ATP). Although this is easy as a method yet it is inflexible. We show it here for reference only.


Step 1: create a new sheet in the same workbook we generated in the previous workout. (You can also start from scratch if you wish). Name the sheet ATP.


Step 2: select the menu item DATA  ANALYSIS  DATA ANALYSIS. This will give you the Analysis Toolpack dialog box.


Step 3: select the entry in the Toolpack has a facility called RANDOM NUMBER GENERATION. Selecting. You will get a dialog box that generates a wide variety of distributions.


Step 4: select the "Normal" from the drop down list, here are the parameters you can fill:
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Number of variables: this is the number of columns you can generate. Enter 4 to generate 4 ranges of random numbers.


Number of random numbers: the length of the columns. Enter 1000 to generate 1000 values in each column.


Mean: the average of the population you are interested in. Enter 170 to correspond to the example in the previous workout.


Standard deviation: the standard deviation of this population. Enter 10 to correspond to the example in the previous workout.


Output range: enter A1 so have the data go into the range A1:D1000.


Press OK and format the output. It should have the following look:


[image: Image]


The facility is useful but it has one drawback: in case you need another set, you have to re-launch and reconfigure the Analysis Toolpack. The first method above can regenerate numbers by simply pressing F9.




	Workout 4: Equipment Costing - NORMAL Distribution


Purpose: in the first model we presented in Part 1 of this eBook, we sampled a Uniform Distribution to sample the price of the equipment and the spare part costs over 3 years. In this workout, we will do the same but use the Normal Distribution.


Step 1: the steps are based on the above workout. Open the workbook Equipment Costing (UNIFORM) found in the Workouts Folder and save it under a new name: Equipment Costing - NORMAL.


Step 2: replace the parameters of the Uniform Distribution in the Constants sheet by those of the Normal Distribution:
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The means were selected to be in the middle of the range specified earlier for the Uniform Distribution. The rest of the Constants sheet remains the same.


Step 3: replace the sampling formulas in row 2 of the Runs sheet to sample values from the Normal Distribution:


a) The Equipment Cost in cell C1 will now use the NORM.INV() function:


=NORM.INV(RAND(), Constants!$B$6, Constants!$B$7)


b) The Spare Parts Costs for Y1 in cell D2 will also use the same function with different parameters:


=NORM.INV(RAND(), Constants!$B$10, Constants!$B$11)


c) The spare parts for Y2 and Y3 have the same sampling as for Y1, so simply copy D2 into E3 and F4. (Simply entering = D2 into E2 will cause the sample for Y2 to be the same as that for Y1 which is wrong).


d) Copy row 2 downwards to row 1001 and press F9 to ensure that the runs are working well.
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Step 4: copy the column G1:G1001 in the Runs sheet and "Paste As" values in the column A1:A1001 in the Results sheet.


Step 5: revise the values in col B to recognize the minimum and maximum values in the results. On that basis, revise the range of the bins to be from 18,000 to 28,000 in increments of 250.


Step 6: Re-execute the Analysis Toolpack Histogram to replace the data of the previous simulation. This will also replace the Chart.


Step 7: Re-execute the Analysis Toolpack Descriptive Statistics to replace the descriptive statistics of the previous simulation.


Our results are:
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Sampling prices using the Normal Distributions, we get a more realistic result. If we wish to cost the proposal so that 80% of the runs are below our cost, we can find the cost by tracing a line at the level of 80%. This meets the cumulative plot at 24,500. We have left ourselves a 20% of getting actual costs above our proposed price. We might be tempted to select a lower price but that only means that we have a higher chance of purchasing the actual products at higher than our proposed value.


If we should be very conservative and only allow a 5% chance of getting actual costs to be higher than our proposed price, we should find where the 95% horizontal line crosses our cumulative plot. This is it is better to be even more conservative. Let us try 95%. This means we have to price our proposal at 25,750.


Conclusion: using normally distributed samples gives more weight to the values near the average and less to those on the outside: outliers. This is not the case with Uniform Distributions where all values are equally likely. We therefore get a less wide spread than with the uniformly distributed samples. Remember the two rules of the thumb, which can be shown to be true using NORM.DIST(). The descriptive statistics box shows the mean to be 23,296. The standard deviation is 1540.


a) Around 68% of our observations fall between the Average and +/- Standard Deviations. This means 68% of our observations will fall between 21,757 and 24,837.


b) Around 95.5% of our observations fall between the Average and +/- 2 * Standard Deviation. This means 95.5% of our observations will fall between 20,217 and 26,377.


If we try to do the same with our uniformly distributed values, our ranges would be wider.




	Workout 5: Weighted Index Scoring Model (NORMAL)


Purpose: very often, we are subjected to an exercise that most people would use "experience" to resolve:


a) Who is the most suitable recruit for this job?


b) What is the best technological solution for this problem?


c) What is the most suitable location for this equipment?


d) Of the 4 identified alternatives in this project, which is the most suitable?


e) Which is the best proposal?


The last question may be answered quantitatively if the only consideration is the price. If we have other evaluation criteria such as the team’s profile, the experience of the bidder, the delivery time, etc., we will need to have a more robust method for evaluating the proposals than experience.


The approach is to use the Weighted Index Scoring Method (WISM). The WISM requires single point estimates. You can partially avoid single estimates by reducing the "subjectivity" of the estimates. This can be achieved through having several experts score each alternative. (Remember the Delphi Method presented early in Part 1?) Their average can then be used. This reduces the subjectivity but it is not sufficient. The answer is to implement the WISM using Monte Carlo Simulation.


Although this model uses distributions that we already know (the Uniform and the Normal Distribution), you can apply other distributions depending on the behavior of each criterion.


Problem statement: your company has recently acquired a new server and wishes to locate it in a suitable room. There are 3 possible rooms to use. Each room has various advantages and disadvantages. This made it difficult for the IT unit to come to a clear decision. You propose to use the Weighted Index Scoring Method to find the best location as per the criteria below. Rather than use the traditional mode of having several scores per criterion, you propose the use of Monte Carlo Simulation.


Normalizing the Scores: the scores are always given in their own units. However, you need to convert such units to a % scale so they can be weighted and added. Some scores are best if their value is highest (area). Others are best if their value is lowest (cable length, availability and cost).


To normalize a score (with lowest = best), we use the following formula:
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To normalize a score (with highest = best), we use the following formula:


[image: Image]


The difference is only in the numerator.


The Procedure:


Step 1: create a new workbook and name it as you wish. In the Workouts Folder there is a fully solved model called Weighted Index Scoring (NORMAL).


Create the sheets: WISM, Runs, Constants and disable automatic calculation as there will be a lot of recalculating in the workbook.


Step 2: during a meeting with the IT Unit, you agree to use 4 criteria for evaluating or scoring each of the rooms. Their relative importance or “weight” is given in the following table. Enter these values in the Constants sheet starting with A1: 
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For example, the IT Unit considers area to be twice as important as the availability of the server and cost to be 0.25 / 0.20 = 1.25 times as important as availability. (The total must = 1).


Step 3: here are the 4 criteria and how they can be sampled:


a) The size of the room. There is no need for an estimate as this can be known in precise terms.


b) The availability of the room (or when can the room be used). This is estimated in days and can be sampled from a normal distribution.


c) The cost of capital works required within the room. This needs to be sampled from a normal distribution.


d) The length of the required cabling to the various points (meters). This cannot be measured accurately. Each location will have a uniform distribution describing the length of the cabling to the various points.


Enter the following sampling parameters in the Constants sheet starting with A7. Each set specifies the parameters for the 3 rooms:
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Step 4: in the WISM sheet, enter the following rows and columns starting with A1:


[image: Image]


a) In the range B3:E3, enter the weights as per the Constants sheet: 0.15, 0.2, 0.4 and 0.25. To avoid entry of constants in cells, use the = operator to copy each cell in B3:E3 from its corresponding cell in the Constants sheet: B2:B5.


b) For the time being, manually enter scores for the 3 locations in B4:E6 so you can test your formulas. Later on, we will enter the sampling formulas.
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Step 5: to make it easy to enter formulas, use the Name Manager to define the following ranges:


Cable = B4:B6


Availability = C4:C6


Area = D4:D6


Cost = E4:E6


Step 6: normalize the raw scores in rows 7-9. Normalization converts the raw scores for each criterion into a percentage scale. Only by using decimals (and in the proper direction for the lowest to equal 0 and the best to equal 1 can we add the various scores for later comparison.


For example, the range for availability in months has been noted from the proposal as 50, 35 and 42. Since 35 is the lowest and best and 50 is the highest and worst, we need a formula to convert this range so that 35 becomes 1 and 50 becomes 0. The middle score, 42, will be converted accordingly.


You have to worry about the "direction" of comparison. Only 3 criteria follow the condition that the best = lowest values (cable length, availability and cost). The area is different because the best = the largest value.


To normalize the score for cable length, availability and cost (with lowest = best), use the following formula:
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To normalize the score for the area (with highest = best), use the following formula:
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Cable Length: B7 gives the normalized value of the Cable Length for Location 1. It uses the first formula above (lowest is best). Note that we are using “Cable”, “Availability”, “Area” and “Cost” as defined in the Name Manager in Step 5,


Note: the IF statement at the beginning of the formulas wards against the possibility that all scores are the same. This will result in the error of division by zero since the maximum value will equal the minimum value. If the Max = Min, we use the Max otherwise we calculate the formulas as shown above.


B7 = IF(MAX(Cable)=MIN(Cable),MAX(Cable), (MAX(Cable)-B4) / ((MAX(Cable))-(MIN(Cable))))


B7 = (850 - 800)  (850 - 750) = 50  100 = 0.5


Availability: C7 gives the normalized value of the availability in months for Location 1. It uses the first formula above (lowest is best). Refer to the table below to check the numeric results:


C7 =IF(MAX(Availability) = MIN(Availability), MAX(Availability), (MAX(Availability)-C4) / ((MAX(Availability))-(MIN(Availability))))


C7 = (60 - 50) / (60 - 45) = 10 / 15 = 0.67 as shown


Area: D7 gives the normalized value of the Area for Location 1. It uses the second formula above (highest is best):


D7 = IF(MAX(Area)=MIN(Area),MAX(Area),(D6-MIN(Area)) / ((MAX(Area))-(MIN(Area))))


D7 = (42 - 35)  (50 - 35) = 7  15 = 0.47 as shown


Cost: E7 gives the normalized value of the Cost for Location 1. It uses the first formula above (lowest is best):


E7 = IF(MAX(Cost)=MIN(Cost), MAX(Cost), (MAX(Cost)-E4) / ((MAX(Cost))-(MIN(Cost))))


E7 = (1700 - 1500) / (1700 - 1300) = 200 / 400 = 0.5 as shown


Copy B7:E7 down to B9:E9.


After normalizing the scores, each will have a value between 0 and 1 (the best score). The worst will be 0 and the best will be 1.


The solution sheet uses conditional formatting to highlight the highest scorer in rows B7:B9 in blue. The normalized scores are shown in the captured image below (with the weighted scores of step 4).


Step 4: multiply the normalized scores by their associated weight. After normalizing the raw scores, each score will be multiplied by its weight in row 3. Rows 10:12 will contain the weighted scores.
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Step 5: find the total weighted score for each location. Let F10 =SUM(B10:E10) then copy F10 down to F12.


Use conditional formatting to highlight the maximum weighted score in F10:F12 in green. It corresponds to the selected room. For the scores we entered manually, Location 1 has the highest score: 0.733.


Since this is based on single point estimates, Monte Carlo Simulation will now provide us with an estimate based on probabilistic samples.


Step 6: develop the replicated runs. After testing your model in the WISM sheet, copy it to the Runs sheet. In each score cell, introduce the sampling or randomizing formulas (uniform or normal):


a) Either copy the full table: A1:F12 or


b) Delete the blank Runs sheet created earlier and copy the WISM sheet by right clicking on its tab renaming it the Runs sheet.


Step 7: since we had named a few ranges in WISM, we need to rename them in the Runs sheet. Use the Name Manager to name the following ranges with their new names:


CableSample is assigned to B4:B6


AvailabilitySample is assigned to C4:C6


AreaSample is assigned to D4:D6


CostSample is assigned to E4:E6


Step 8: replace the test scores in B4:C6 and E4:E6 by their random samples. These ranges do not include D4:D6 since we have the actual measurement of the room. We do not need randomized values.


a) Cable Length is a uniformly distributed sample. For Location 1:


B4 = RAND() * Constants!D22 + Constants!B22.


Copy B4 to B5 and B6.


b) Availability is normally distributed. Use NORM.INV(). For Location 1:


C4=NORM.INV(RAND(), Constants!B13, Constants!C13)


Copy C4 to C5 and C6.


c) No sampling is required for the Area since these are exact values and not variable scores. Cells D4:D6 are retained as entered earlier.


d) The Cost of Capital Works is also normally distributed. Use NORM.INV(). For Location 1:


E4 = NORM.INV(RAND(), Constants!B17, Constants!C17)


Copy E4 to E5 and E6.


Step 9: Test the Runs sheet to ensure that all your formulas are correct. Press F9 and you will see that the maximum score in F10:F12 keeps changing.


To validate the model, manually calculate the normalized values, the weighted scores and the Final Scores in Rows 7 to 12. You may get minor differences since the values are formatted to a specific precision while internally, Excel stores them in full precision. It does not matter for simulation since we are only going to consider results “in ranges”.


Step 10: to prepare the 1000 runs in the range A15:E10015, enter the following header labels:


A15 = Run ID


B15 = 1


C15 = 2


D15 = 3


E15 = Highest Scorer


We will use B15, C15 and D15 for counting so the labels should be numeric.


Step 11: use Excel’s autofill facility to generate the sequence 1, 2... 1000 in the range A16:A1015.


Step 12: the 3 final scores were prepared earlier in F10, F11 and F12. Copy them to B16:C16 using the = operator. This allows us to use them in the coming WHAT IF table:


Let B16 = F10


Let C16 = F11


Let D16 = F12


Check they are the same as F10:F12.


Step 13: to prepare the runs, we use the WHAT IF method:


a) Select the range A16:D1015


b) Select the menu item DATA  WHAT IF ANALYSIS  DATA TABLE


c) In the dialog box, click inside the "Column input cell" then click anywhere in the Runs sheet.


d) Press OK and Excel will use the WHAT IF table procedure to copy cells B16:D16 all the way down to row 1015.


Press F9 to ensure that all the rows from 16 to 1015 are changing as Excel regenerates the random numbers.


Step 14: in cell E16, identify the location which came up with the highest score in each run. We use the Excel Function MATCH():


= MATCH(MAX(B16:D16), B16:D16, 0)


We can read this as follows:


a) the MAX(B16:D16) function locates the highest score in B16:D16


b) The MATCH() function returns the index of the located maximum score


For example, if the 3 locations have the following scores: 0.624, 0.15, 0.638, their max is 0.638. This is matched in the 3 cells so MATCH returns the index = 3.


Copy E16 down to E1015.


Step 15: For the final results, enter the following labels in G1:H3:
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Step 16: in G10 count the number of times location 1 had the highest score. For example. Let G10 = COUNTIF($E$16:$E$1015, B15).


This function counts the number of times the value found in B15 is found in the range E16:1015. Since B15 contains "1", the COUNTIF() function counts the number of times Location 1 came out to be the highest.


G11 = COUNTIF($E$16:$E$1015,C15)


G12 = COUNTIF($E$16:$E$1015,D15)


So G10:G12 contains the count of times each one of the locations had the highest score. (As a check, the sum of G10:G12 should = 1000).


Step 17: to find the ratio, we enter in H10:H12 the ratio of each count to the total count.


H10 = G10 / (SUM($G$10:$G$12))


H11 = G11 / (SUM($G$10:$G$12))


H12 = G12 / (SUM($G$10:$G$12))


Conclusion: the simulation allowed us to provide expert estimates through the 3 sampled distributions.





5.0 Models that Sample the Triangular Distributions



The Triangular Distribution arises frequently in Monte Carlo Simulation examples. Microsoft Excel does not have any functions that relate to the Triangular Distribution. On the other hand, most simulation products do (Crystal Ball, @Risk, etc.). Why this ambivalence?


The triangular distribution is used because it satisfies a common "estimation" syndrome. The psychology of estimating leads us first to come up with the most likely estimate and to underplay pessimistic estimates. This is specifically true when applied to time and cost estimates.


We favor optimistic estimates because of fear, psychology and managerial pressure. We might guess the cost of a cubic meter of concrete as at $130. Under fear, psychology and pressure, we will favor a cost $110. But we will strongly resist an estimate of $160.


Analysts are encouraged or rather pressured to think like that. Projects are more often than not late. Costs are more often higher than we thought. If you ask a project manager about the price of an item, he or she might say: changes are it will be $12,000 + or - $500. It is the built-in symmetry of such a statement that is at fault. If we really felt that the prices (or durations) are really symmetrical, it would be sensible to use the 2 symmetrical distributions that we already know. These are the Normal and the Uniform Distribution. There are others. What we express as symmetrical estimates are often skewed in reality and we end up biasing our samples.


In the cases where our psychology "skews" the variables, the most likely estimate must not be in the center. This table shows a good example of a skewed probability distribution:
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The most likely price is $10 (coming up 18 times). The skewed distribution shows more occurrences of prices that are higher than $10. It also shows them as more spread out than those that are lower than $10. For example, there are 2 prices below $10 occurring 6 + 14 = 20 times. As for those that are higher than $10, there are 8 prices and they occur 16+13+11+8+5+2+1+1= 57 times. To "offset" the symmetry in the mind of the estimator, we need a distribution that can skew the results. The Triangular Distribution can do that, hence its popularity. We will have the chance to work with the BetaPERT distribution which resolves some issues in the Triangular Distribution.


In the next chapter, we shall recommend that the Triangular Distribution not be used. So, why are we spending time on it? There are two reasons:


a) Many analysts still resort to triangular estimates. We should know how to handle the distribution when so required.


b) Understanding how the triangular distribution works will assist us in understanding how the BetaPERT distribution works and improves on the Triangular.


In all cases, we will not spend too much time in this chapter on step by step procedures. The workouts will mostly be descriptive as they use elaborate formulas. (We will detail the practical NPV example at the end of the chapter).


The following is a graph showing a Triangular Probability Distribution:
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The Triangular Distribution allows us to skew or offset the symmetry of the distribution. The Skewness of a distribution is a statistical measure that we might need to review in our analysis (but not often). It is positive when the right tail is longer than the left tail. We call this right skewing. Another way of looking at it is to consider the position of the Mode or the Most Likely event and compare it with the value at the center of the distribution. In this case, the Mode = $10. The center is at ($30 - $10) / 2 = $20. A way to remember skewness is to think of the central value. If it is to the right of the mode, we will have a right skewed distribution.


The Triangular Distribution is defined by 3 parameters. We shall use the terms below keeping in mind that other terms (mentioned in each case) are interchangeable with them and are often used in the industry:


1) Min = the minimal value (10 in our case) = optimistic = a


2) Mode = the value with the highest probability (15) = most likely = c


3) Max = the maximal value (30 in our case) = pessimistic = b


Another non-intuitive common practice is to place "c" between "a" and "b".


This distribution has several characteristics:


a) There is an increase in probability starting from the minimum ($10) and up to the mode ($15).


b) This is followed by a decrease from the mode ($10) to the maximum ($30).


c) There are no events below $10 and above $30. The probability = 0 and the estimate is bounded.
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d) Since the area of a triangle = height  base / 2, the area of the left "uphill" or dark blue triangle is (15-10)  0.10 / 2 = 0.25


f) The area of the right "downhill" or blue triangle is (30-15) * 0.10 / 2 = 0.75


g) The area under the plot = 1 as is expected of a probability distribution.


This will help us find the "inverse" of the distribution.


We will now go through 2 workouts. One presents the Triangular Distribution and the other will use it to simulate variations in the input variables of a Net Present Value (NPV) formulation.




	Workout 6: The TRIANGULAR Distribution in Excel


Excel does not provide DIST or INV functions for the Triangular Distribution as it does for the Normal or other distributions. In the Distributions Folder, there is a workbook called The Triangular Distribution in Excel. In it there are various examples of the distribution including formulas prepared using Excel functions. There are 2 sheets: Sheet 1: Triangular Dist + CUM: the Triangular Distribution and its Cumulative Probability. The web is full of pages that calculate the Triangular Probability Distribution and its related Cumulative Distribution. They are not based on a closed form as are other distributions. They are based on high school algebraic manipulations of triangles.


The Probability Distribution is a plot of the frequencies or probabilities of the (frequency table in D7: D47). This is shown in the chart below and is essentially a bar chart. The independent variable X shows the price of a price of the equipment.
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Our chart shows X varying from $10 to $30. For each price X, there is a probability indicated by Y. For example, the probability of finding equipment at $20 is 0.07. The value of the two lines are given by the equations below. The equations are functions of X. As X varies, we get the two lines: the uphill segment (Min <= X <= Mode) and then the downhill segment (Mode < X <= Max).
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Since inserting one formula with all the IF statements is too complex, the workbook breaks down the above into 3 columns:


col B contains the probability for X between Min and Mode (Uphill)


B7 = (2*(A7-Min)) / ((Max-Min) * (Mode-Min))


col C contains the probability for X between Mode and Max (Downhill)


C7 = 2*(Max-A7) / ((Max-Min) * (Max-Mode))


col D contains an IF statement that decides which of the above 4 rows to insert as the probability value.


D7 = IF(A7<Min,0, IF(A7<=Mode,B7, IF(A7<=Max,C7,0)))


The Cumulative Distribution is a plot of the cumulative % frequencies of the above bar chart (cum table in G7: G47). This can also be derived from high school algebraic manipulation of triangles using the following formulas:
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Since inserting one formula with all the IF statements is too complex, the workbook breaks down the above into 3 columns:


col E contains the cumulative for X between Min and Mode (Uphill)


E7 = ((A7-Min)^2) / ((Max-Min) * (Mode-Min))


col F contains the cumulative for X between Mode and Max (Downhill)


F7 = 1 - ((Max-A7)^2) / ((Max-Min) * (Max-Mode))


col G contains an IF statement that decides which of the above 4 rows to insert as the cumulative value.


G7 = IF(A7<Min,0, IF(A7<=Mode,E7, IF(A7<=Max,F7,0)))


The first sheet was presented to clarify the meaning of the Triangular Distribution. However, it is the inverse that we need. This is discussed next.


Sheet 2: Inverse Triangular as Functions: in simulation, we usually ask the question: given a probability value (generated by RAND()), what is the corresponding what is the value of X to us so that X is distributed according to the Triangular Distribution?


In this sheet, we show how to use the Excel Functions to calculate the inverse values of the Triangular Distribution. The sheet shows a single calculation in Cell B12 for which the probability is taken from A12 as generated by RAND(). It also shows a range of X's generated in the range B14:B64 from probabilities ranging from 0 to 1.0 (in the range A14:A64).


In the next workbook, we will give an example of how that is used.


Alert: since the formula for the Inverse Triangular is long and complex, it would not be easy to include it in our sampling. Secondly, the random number is placed with the constants and in a separate cell. The reason is that the formula requires the probability in 3 different places within it and hence, we cannot use RAND(). This step makes it difficult to use the Inverse Triangular in two different input variables as they would generate the same values. Solution: repeat the inversing block in the sheet for another set of parameters.


VBA and Triangular: some analysts prefer to use VBA for inverting the Triangular Distribution. We have avoided that. However, in the Supporting Documents Folder, there is a workbook that has a fully developed VBA procedure for inverting the Triangular Distribution. The next workout shows how the Triangular Distribution can be used in a Net Present Value simulation.




	Workout 7: Net Present Value (TRIANGULAR)


Purpose: this workout has a dual aim. First it presents a simple Net Present Value (NPV or Discounted Cash Flow) model. We will use it in later workouts. Second, it samples the Triangular Distribution to randomize the initial investment. Since Excel does not have a native Triangular Distribution or its inverse, we have prepared the Excel formulas on the Constants sheet. The formula calculate the samples as per industry standard equations. The technique uses lookup on cumulative distribution of the Triangular Distribution. (Review the previous workout for more details).


A) The Principles of Net Present Value Analysis


If you are happy with the principles and methods of discounted cash flow (NPV), you can skip ahead to the description of the model.


Projects or investments can have two types of cash flow. Revenues and benefits (or savings such as reduction of staff) are considered as inflows. Expenses are considered as outflows. Over a project’s duration, an accountant will simply add the "voucher" based inflows to the outflows to calculate the "bookkeeping" profit or loss.


This is not useful for evaluating the contribution of the project to the company. If a project receives major revenues in its early stages, it is financially more viable than one that receives them late. The reverse also applies to costs: the later we pay them out, the better.


For example, buy a car at $10,000. Give it to a driver to run as a taxi for 1 year. You should compare the two alternatives:


a) How much will the driver bring you back after that year?


b) What would you have received had you deposited the $10,000 in a bank?


The rate you use with the bank is the Discounting Rate. If the bank gives you 6%, you will get a profit of $600. If the driver brings you back $1200, you would have made a profit of 12% which is better than depositing the funds in the bank.


We need to use the same rates as our bank gives us to evaluate the investments (both in and outflows). When we have many inflows and outflows, it becomes difficult to compare them in a “common sense” manner as above. We need to "normalize" the funds or "discount" them as we will below. In financial terms, you should evaluate all cash flows at their value today: their present value.


Before we present the procedure for NPV, we need to clarify the concept of Present Value. Consider the concept of the Compounding Factor. If you place $100 in a bank at an deposit rate of 5%, then after one year, you will get $100 * 1.05 = $105. The $105 is then deposited at the same rate and at the end of the second year, you will get $105 * 1.05 = $110.25. And so on. The formula for the future value of your $100 is: Future Value = Present Value * [(1 + Discount Rate)^Number of Periods]


Example: place $1000 for 4 years at the rate of 6%:


Future Value = $1000 * (1+0.06)^4 = $1262.47


The factor "(1+Discount Rate)^Number of Periods" is called the Compounding Factor. It is independent of the amount invested and only describes its growth. Let us put it to a better use.


Ask the question in reverse: what is the amount we have to deposit today to be able to retrieve $1262.47 after 4 years at the rate of 6%? We simply manipulate the above equation:


Future Value = Present Value * [(1 + Discount Rate)^Number of Periods]


Present Value = Future Value / [(1+Discount Rate)^Number of Periods]


Present Value = $1262.47 / [(1+0.06)^4] = $1000


If we calculate the present value of every cash flow in a project (revenues and costs) and add them all up, we get the Net Present Value. (Keep in mind that outflows are negative and inflows are positive).


If the NPV = 0, there is no gain or loss.


If the NPV > 0, the project will add value to our company.


If the NPV < 0, the project will be a loss


Of course, we should not consider any project with an NPV that is negative or zero. NPV analysis is useful for comparing two projects with positive NPV’s. The project with the higher NPV is more profitable. It is also valuable as it defines what the Internal Rate of Return is (see the workbook for a clearer definition).


Problem statement: we are planning a project and have analyzed its finances. We are not certain what discounting rate to use. We are also not sure how much of an initial investment we need to ask our creditors to provide. But we know the rest of our cash flows since they are contractual or based on specific banking transactions.


We will consider the discounting rate as normally distributed. We will also consider the initial investment made in year 1 as triangularly distributed. This will allow us to handle a range of optimistic (min) to pessimistic (max) estimates passing through a recognizable most likely estimate (mode).


B) The Static Model for NPV


The Procedure:


Step 1: create a new workbook and name it as you wish. In the Workouts Folder there is a fully solved model called Net Present Value (TRIANGULAR).


Create 5 sheets: NPV Static, NPV, Runs, Constants and Results.


Step 2: prepare the constants in the Constants sheet. They contain the normal distribution parameters as well as all constants and formulas needed to sample the triangular distribution.


Enter the following labels:
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In the yellow cells, enter the parameters shown above. In the cells B8:B13 enter the formulas shown above. To save you time:


B8 = B7 - B5


B9 = B6 - B5


B10 = B7 - B6


B11 = B9 / B8


B12 = RAND()


B13 = IF(B12<(B9 / B8),B5+SQRT(B12  B8  B9),B7-SQRT((1 -B12)  B8  B10))


Range, LSR, RSR and Ratio are labels and not names. LSR stands for Left Side Range and RSR stands for Right Side Range. These are to be computed from the Min, Mode and Max as we shall show.


We need the values in B8:B11 as interim calculations for the inverse value of the Triangular Distribution. They reduce the complexity of the formula in B13.


The formula in B13 calculates an inverse value for our triangular distribution only described by its min, mode and max. (Refer to the previous workout for the actual formula).


Step 3: we have all the constants so we can setup the static NPV model. This model uses single point estimates. The sheet is used to test the calculations. It would then be copied to the NPV sheet where random variables are used for the input or the changing variables of our model (the discounting rate and the initial investment).


Enter the following labels in the NPV Static sheet:


A1 = Years >>>> (let this entry be right justified)


A2 = Revenues


A3 = Costs


A4 = Net Cash Flow


A5 = Present Value of Net Cash Flows


A8 = Discounting Rate


A9 = Internal Rate of Return


F5 = Net Present Value >>> (right justified)


G1 = Total
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Step 4: enter the periods from 1 to 6 in the range B1:F1 as full years. It is assumed that the costs are incurred and revenues collected at the end of each year. The entries for the years in B1:F1 should be numeric since they will be used in the compounding factor in rows 2 and 3.


Step 5: enter the revenues and costs as per the above diagram in the ranges B2:F2 and B3:F3. Note that the costs are entered with negative signs.


Step 6: B4 = SUM(B2:B3) calculates the net cash flow in.


Copy B4 to C4:F4.


Step 7: B8 = 0.12 is the discounting rate. We will use it in the next step.


Step 8: in B5, calculate the present value for year 1. It is possible to use the PV() function that Excel provides. But here is the brute calculation of the present value as presented in the earlier section:


B5 = B4  (1 + $B$8) ^ B1 = Future Value  (1 + rate) ^ periods


Copy B5 to the range C5:F5.


Each of these cells will contain the present value for the net cash flow for the year under which it is listed. For example, 953 is the value calculated in E5. It is the present value of 1500 which is the net cash flow at the end of the 4th year. To use our earlier analogy: if we deposit 953 today at the rate of 0.12, then after 4 years, we will get 1500 from our bank.


Step 9: our final result is in G6 which is the sum of the range B5:F5 and is hence the Net Present Value (NPV).
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