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Chapter 1a
Predictive Analytics I
Time Series Analysis- Moving Average
If you can look into the seeds of time and say which grain will grow and which will not, then unto me. William Shakespeare, 1564-1616.
Introduction. Marketing, finance, and operations are manufacturing and service systems' three fundamental building blocks. Planning, organizing, budgeting, executing, and controlling are the primary responsibilities of the three key managers. Operations Managers need forecasting for capacity planning, break-even analysis, inventory management, aggregate planning, etc. Financial Managers need forecasting for investment analysis, revenue and cost analysis, cash flow planning, etc. Marketing Managers need forecasting for pricing, sales force planning, promotions, etc.  
Marketing, finance, and operation functions need long-term and short-term forecasts for strategic, tactical, and operational decisions. They need forecasting to develop integrated resources and processes to support multi-dimensional, flexible, and structurally integrated capabilities. Capabilities to understand the revolving business eco-system, continually create value, and re-shape itself to survive, exist, and grow. While the three key managers may be interested in forecasting different variables, they have a common interest in the sales forecast. 
There are two general forecasting methods, quantitative and qualitative.
Quantitative forecast uses historical data such as previous sales, revenues, production mix, production volumes, and financial reports. The two main types of quantitative forecasting are time series analysis and regression or associative analysis.
Qualitative forecasting.  Qualitative forecast relies on the subjective opinion and intuition of experts in the field.  An example of the qualitative forecasting technique is the Delphi method, which relies on a panel of experts who answer questionnaires in several rounds. After each round, a facilitator panel provides an anonymous summary of the experts’ forecasts in the most recent round and the reasons for each class of judgments. The experts are encouraged to revise their earlier responses in the light of the categorized responses provided by the others in the opposite opinion sides. It is believed that the gaps between different opinions will decrease during this process, and the whole group will converge on the most logical conclusions. The Delphi method is pictorially represented in the following figure.
[image: ]
We devote the rest of this chapter to quantitative forecasting. While our variable of interest throughout the example is the sales volume, the ideas, concepts, and methods can be applied to any other variable. 
Characteristics of Forecasting Techniques. All forecasting techniques have three main characteristics in common. 
1. Forecasts are usually wrong. Since the world is not deterministic – at least to us- all forecasts are almost always incorrect. Forecasts provide the expected value or average () for the variable of interest -sales or demand in our case. Demand is a random variable usually following Poisson or Normal distribution. Thus, besides the average demand, we should always accompany our forecast with a measure of variability- standard deviation, variance, or the coefficient of variations. If our average forecast for next year is F, and the standard deviation of F is s,  the coefficient of variations of our forecast CV= s/F. The lower the coefficient of variations, the better the forecast. Which one of the following distributions shows more variability? A distribution with a standard deviation of 100, or a distribution with a standard deviation of 100,000? We do not know. It depends on the averages. If the average of the first distribution is 100 and the average of the other distribution is 1,000,000, then they have CV1 = 100/100=1 and CV2=100000/1000000=0.1. The second distribution shows less variability. 
2. Forecasts for aggregate items are more accurate than the forecast for individual items. Aggregate forecasts reduce the amount of variability. Forecasts for the entire U.S. economy is more accurate than the forecasts for the manufacturing, agriculture, and service sectors. A forecast for manufacturing is more accurate than a forecast for the car industry. A forecast for the car industry is more accurate than a forecast for Ford Motors. A forecast for Ford Motors is more accurate than a forecast for Mustangs, and a forecast for a Mustang is more accurate than the forecast for a Mustang convertible. Aggregate forecasts reduce the range of variability. We can intuitively understand that the forecast for the summation of the two products is more accurate than the forecast for each product since the low demand for one product can compensate for the high demand for the other. Therefore, the summation of the demand for the two products will show less variability around the average that we forecast. From a mathematical point of view, suppose we have a random variable of x, which shows the demand for Ford Fiesta, and a random variable z showing the demand for Ford EcoSport. For simplicity, suppose the average and standard deviation of z are the same as that of x.
3. Suppose both cars use the same engine, and we define a new random variable, y, as the summation of the two variables (y=x+z) to estimate the required number of engines. For simplicity, suppose the average () and the standard deviation () of these two random variables are equal. When two random variables are added, then (y) = (x) + (z), and since (x) = (z) = , therefore, (y) = + =2 . But (y) is NOT (x) + (z). In other words, (y)  (x) + (z). The variances of the two variables are added, not their standard deviation. VAR(y) =VAR(x) +VAR (z).  Therefore, σy2 = σ2+σ2= 2σ2     σy2 =SQRT (2) σ  σy2= 1.41σ. Therefore, the standard deviation of a variable defined as the summation of two other variables is less than twice the standard deviation of each variable. The same is true if 2 is replaced by 3, 4, n. 
4. Long-term forecasts are less accurate than short-term forecasts. Forecast accuracy diminishes as we look further into the future. As time passes, we get better information and make better predictions.
How enterprises may benefit from forecasting techniques characteristics. The combined ports of Los Angeles and Long Beach, also known as San Pedro Bay Ports, are ranked 5th in the world with respect to container handling, after the Port of Singapore and three ports in China. More than 50 percent of containers coming to the U.S. pass through San Pedro Bay ports, and more than 1/3 of the containerized products consumed in all other states pass through these ports. The total value of the trade is about $300 billion, creating around $30 billion in state and local taxes and 3 million full-time equivalent jobs. San Pedro Bay ports and Southern California need to retain their competitive edge. Otherwise, other potential routes will take business from Southern California and its ports. What are the competing edges of Southern California ports? Deepwater facilities for Post-Panama ships, which may contain more than 8,000 containers; state-of-the-art on-dock facilities to transfer containers between ship and train; intermodal transfer between ship, truck, and train; consolidation and distribution facilities for trans-loading from 20-foot containers and 40-foot containers to 56-foot containers, which are allowed to move on California roads, but as crucial as this capability is and maybe more important than this capability, are the common characteristics of all forecasting techniques.
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If we want to transfer the load from the Far East to the East Coast, it will take four weeks. From the Far East to West Coast takes two weeks, and from the Far East to the mid-U.S. takes something between 2 to 4 weeks. Now, if I am going to shiploads from the Far East to East Coast, I should forecast the demand of the East Coast 4 weeks in advance. If I ship from the Far East to West Coast, I should estimate the demand for the West Coast 2 weeks in advance. Estimates of the West Coast, which require a forecast of 2 weeks, are more accurate than for the East Coast, which requires a 4-week forecast. Shorter time provides more accuracy. Look at the other property. All of the forecasts for the East Coast, West Coast, and mid-U.S. are less accurate than the forecast for the total demand in the U.S. So instead of forecasting for the East Coast alone for 4 weeks, the West Coast alone for 2 weeks, and the mid-U.S. for 3 weeks, I forecast the total demand for the U.S. for 14 days, 2 weeks in advance. Then when I send the container here, in one day, I may transfer it to anywhere in California, in 2-3 days, I may transfer it to somewhere in the mid-U.S., and in 3 to 4 days, I may transfer it to somewhere in the East Coast. Now instead of estimating the demand of the East Coast alone, which is less accurate than the demand for the whole U.S., and instead of forecasting it for four weeks from now, I can forecast it for 14 days plus three days, which is 17 days from now. The forecast for the whole U.S. between 14 days and 17 days in advance is much more accurate than the forecast for the East Coast 4 weeks in advance and the forecast for the mid-U.S. 3 weeks in advance.  
Time Series Analysis. The Histograms for three sets of data are shown below. They look the same.  [image: ]
The descriptive statistics of these three sets are the same with all decimal points. 
[image: ]
But, they are time series. They have happened over a set of equal time intervals. While the descriptive statistics as a snapshot of each set are the same, the sets are very different if we draw them as they have been observed along a time-related axis. Time series analysis is a quantitative forecasting technique applying a series of historical data collected regularly (e.g., hourly, daily, weekly, monthly, and yearly).  
[image: ]

Time series is based on analyzing past data to identify system components and extend them into the future for better forecasting. To gain the capability to extend those into the future and show some random components. This is done concerning any variable of interest, but because we are discussing forecasting for demand, a value of interest always demands unless stated otherwise. Time series may contain three systematic components.
· Level. Where the demand is. 
· Trend. In what direction the demand will move. Upward or downward?  
· Seasonality. Predictable fluctuations. Does the demand peak (or valley) around specific times?  
We can identify and quantify systematic components, but there is no way to predict or control random components. That is why forecasts are never precise. 
There are two well-known time series analysis methods, (i) Moving Average and (ii) Exponential Smoothing. Let's compare two extreme points to set the stage for the moving average. On the extreme left, we may decide to have our forecast for the next period be equal to the actual for this period. On the extreme right, we may set our forecast for the next period as equal to the average of all the data for all earlier periods. Two extreme points, one relies only on one piece of data, and the other relies on all pieces of data.  
Problem 1- All Periods vs. Last Period. In some of the examples I use, the input data are random. That means the input data changes when we hit enter on the keyboard. Therefore, one can extract an almost infinite number of problems from a single problem. However, in order not to allow the data to change when solving a problem, we usually copy the random data and paste it by value into a different part of the Excel sheet. We then work on the paste-by value data, which are now fixed at specific values. In the current example, random data are in column A, and we have pasted them by value in column E. In this example, the random data is in column A, where we have pasted it by value in column E. You may click on the figure below to access the Excel sheet.  
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 Suppose we have the data for the past 12 periods (days, weeks, months, etc.), and we want to forecast for the next period. In this chapter, we may interchangeably refer to actual values in period t as at (where is a subscript) or simply as At. Whenever possible, we avoid subscript in or notations. Similarly, we interchangeably refer to the forecast values in period t as Ft and Ft. 
Given the past data, now we want to forecast for the next period. On the extreme right, we may stay conservative and assume that the forecast for the next period is equal to the average of the last 12 periods. Therefore, 
F13 = (A12+A11+A10+………+A3+A2+A1)/12. 
In that case, in cell F3, we may type = AVERAGE (E3: E14). However, since we need to copy it down to all cells, we may push F4, and the formula will change to = AVERAGE ($E$3:$E$14). Now we can copy it down to all periods. Following this conservative procedure, our forecast for period 13 is 29.17. 
Last Period Forecast. From the extreme left, we may assume that the forecast for the next period is equal to the actual for this period. 
Ft+1 = At
Under the last period forecast, we can forecast starting from period 2. The forecast for period 13 is equal to the actual in period 12, F13=A12 =75. The two extreme approaches are pictorially compared in the following figure. As we can see, one forecast is smooth, with no response to the current changes, and the other purely reflects the most recent changes. 
[image: ]
The last period forecast and the average of all periods are simple, straightforward, and inexpensive. We can always use them as bases to compare the quality of other forecasting techniques. Suppose the quality of other forecasting techniques is lower. In that case, we can always use one of the last period forecasts or the average of all period’s forecasts- the better of the two. 
However, as in many other situations, perhaps neither extreme right nor extreme left provides the best solution. Staying somewhere on the continuum between the two extremes may provide a better solution. That is the core idea behind the moving average approach.  
One step to the right from the last period forecast is to compute the average of the last two periods. We may average every two consecutive periods and assume it as the forecast for the next period. In that case, our first forecast is for period 3 where F3= MA22 = (A2+A1)/2. Then we follow the same logic for period 4 and so on. We may also move one more step towards a smoother and less aggressive forecast and compute 3-period-MA. In that case, we cannot forecast for periods 1-3, and our first forecast is for period 4, where F4= MA33 = (A3+A2+A1)/3. For example, forecasts for period 8, using 2-period and 3-period-MAs are F8= MA27 = (A7+A6)/2, and F8= MA37 = (A7+A6+A7)/3, respectively. Using 2- and 3- period-MAs, our forecasts for period 13 are F13= (A12+A11)/2= (49+75)/2 = 62, and F13= (A12+A11+ A10)/3= (49+75+56)/3=60, respectively. 
Moving Average. This forecasting technique uses the average of the most recent actual data in a certain period to forecast the next period. The moving average calculated from the current period becomes the next period's forecast, a revolving average covering n periods -but not all the periods. As time passes, the forecast is renovated based on the most recent data set. Moving Average (M.A.) calculates the forecast using the newest pieces of data and removes the oldest data. 
Before writing the general moving average formula, let’s compute a 4-period-MA for period 10. We need to start from A10 and include four pieces of the actual data. What is the index of the oldest piece of data? Is it 10-4=6? No. Let’s write the equation, MA410 = (A10+A9+A8+A87)/4. Therefore, the index of the last piece of data is 10-4+1. In a 25-periods-MA, in period 100, if the youngest piece of data belongs to period 100, the oldest piece of data belongs to what period? 100-25+1 = 76
This knowledge can lead us to the general moving average forecasting formula as
Ft+1= MAnt = (At+At-1+……+At-n+1)/n
The Excel formulas in row 6 of the table for columns F to I are as follows:
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Using all 1-, 2-, 3- period-MAs, our forecast for period 13 came out 29.17, 75, 62, and 64, respectively. Which one should we follow? 
Measuring Forecast Accuracy and Variability. It’s now the time to talk about defining the measure of effectiveness to find the suitability of the forecasting technique to our specific set of data. How could I measure a forecasting technique's suitability for my specific data set? How can I compare the quality of several forecasting techniques for my specific data set?
Suppose the green dots in the following figures are our actual data, and the red dots are our forecasts based on a given method. As we can see, two forecasts under-estimate, and the other two over-estimate the demand. For simplicity, suppose the difference between actual and forecast in all periods have the same value except that two of the values are positive, and the other two are negative. 
[image: ]
One measure of effectiveness to evaluate if a forecasting technique fits our data is to measure the gaps between actual and forecast Et=At-Ft.  If we add the errors in the figure, the two negative values cross out the two positive ones, and we get an average of zero. If the average gap is 0, one may conclude that the forecasting method is perfect. 
Going back to our 12-period data set, in the last period forecast, we need to compute Et= At-Ft, for t = 2 to 12 (we do not have a forecast for period 1). For 2-period-MAs, we need to compute errors for all periods t=3 to12, and for 3-period-MAs, we need to compute Et= At-Ft, for periods 4-12. Then we need to compute the summation or averages of the deviations for each method, which could be misleadingly close to 0. Negative and positive components may cross each other out, while there may be significant gaps in both positive and negative sides. Since the variations on the negative side (forecasts being greater than actual) are undesirable, the first task is to remove the negative signs. Two well-known procedures to remove negative signs; are absolute value and square. If I have a value of -2, its absolute value is +2, and its square is +4. We can compute the absolute value of columns F to I or square them. Then we can average absolute deviations or squared deviations for each of the procedures over the number of periods where Et exists for the corresponding procedure. That would be the averages of 12, 11, 10, and 9 absolute or squared errors for average, last period, 2-period, and 3-period-MAs, respectively. We formally define Mean Absolute Deviation (MAD) and Mean Squared Error (MSE).
MAD = AVERAGE(E) over the periods for which both At and Ft exist. 
MSE= AVERAGE(E2) over the periods for which both At and Ft exist.
MAD for 1-period-MA is computed over 11 periods, while 3-period-MA is computed over nine periods. Suppose we compute MAD or MSE to compare two or more forecasting procedures. In that case, they must be computed only over the periods for which actual data and forecasts are available for all procedures. Therefore if we are comparing 1- and 3-period-MA, we need to compare them over periods 4 to 12. MAD and MSE are computed for all the methods over periods 4-12 in the following Excel table. Clicking on the table will take you to the Excel sheet, where you can check the different formulas in the corresponding cells. 
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There are several points to mention. First, The MAD computation was more straightforward when implemented about a century ago. However, working with an absolute component in mathematical expressions is much more difficult. It is not difficult to deal with squatted functions in mathematical expressions. Second, 1.25MAD is an estimate for the standard deviation of the forecast, and MSE is also an estimate for the standard deviation of the forecast. Third, sometimes we may assign a higher weight to a positive gap (where the forecast is less than the actual demand) than a negative gap (where the forecast is estimated at more than the actual demand). In the latter case, we are overstock, while in the first case, we have lost sales. Usually, the cost of the overstock is less than the cost of lost sales. In these cases, we may assign a coefficient greater than 1 to negative values of Et=At-Ft. Alternatively, we may use the newsvendor problem insight – discussed to assign different weights to over-estimate and underestimate. Fourth, Besides MAD and MSE, there is a third method that we refer to as a relative mean absolute deviation or R-MAD. Instead of averaging |Et| values in this third method, we average |Et|/At values. For example, a |Et| of 10 states there were ten units of deviations between At and Ft. If At is 200, then ten relative to 200 is a .05 (or 5% gap). Therefore, the relative absolute gaps (relative to the demand) are considered instead of the absolute gaps. Fifth, there is another measure, the maximum absolute deviation, where the preferred method is the method with a minimal maximum absolute gap between actual and forecast.
Mean absolute deviation serves two essential purposes. I can use it to evaluate a single forecasting method or compare two or more methods to identify the best one. MAD also provides an estimate of the standard deviation of the demand forecast. The standard deviation of the forecast is equal to 1.25 MAD. Therefore, we can have Ft+1  as the average demand for the next period and 1.25 of the most recent MAD as the standard deviation of the forecast.
[image: ][image: ]Now we are prepared to watch the lectures on excel based moving average embedded in the excel file at 
https://www.csun.edu/~aa2035/CourseBase/Forecasting/MA-2020/1.1.MA-Game50.xlsx
          https://www.csun.edu/~aa2035/CourseBase/Forecasting/MA-2020/1.2.MA.YouTube.xlsx
After understanding all the functions in the Excel sheet, please set column E equal to column A, and then go to an empty cell and click delete bottom several times. Each time you hit delete, your data changes, and there are two interesting observations. First, the three methods do not necessarily get the same results, as one may prefer a 2-period-MA and the other a 3-period-MA. Second, if we only consider one of the three measures, it will not always point to a specific method as the best method. For example, as we change data, for one set of data, in the framework of MAD measure of effectiveness, each time we may find a different method (average, 1-, 2, or 3-period-MA) preferable. That means the choice of the method depends on the nature of the data. 
The tracking signal is defined as the summation of the difference between actual and forecast, so we keep the positive and negative signs. 
If actual is greater than forecast, the sign is positive. Otherwise, it is negative divided by MAD. And because MAD by itself is a summation of the absolute value of the difference between actual and forecast divided by the number of periods, then if I replace MAD with this equation, I will get this formula. Note that MAD is always positive because it is a summation of the actual forecast with absolute value signs divided by the number of periods. Therefore, MAD is always positive, but the numerator of the tracking signal can be positive or negative. So tracking signal by itself could be positive or negative.
TS=SUM(Et)/MAD
We also define an LCL and a UCL for T.S. In some textbooks, it is assumed that the tracking signal should change between -4 and +4. But one can mathematically prove that these numbers are not correct.
Age of Data. What is the age of data in a five-period moving average? The most recent piece of data is one period old, the second piece of data is two periods old, the third piece of data is three periods old, the fourth piece of data is four periods old, and the fifth piece of data is five periods old. On average, data is (1+2+3+4+5)/=15/5=3 periods old. We could have reached the same number by stating that the newest piece of data is one period old, the oldest piece of data is five periods old, therefore, on average, the data is (1+5)/2 = 3 periods old. In general, in an n-period moving average, the data is (1+n)/2 periods old. 

Weighted Moving Average. A weighted moving average allows assigning different weights to the data used in a moving average. Usually, the weights go down as the age of the data in the moving average is increased. For example, usually the weight of the most recent piece of data, i.e., this period’s data, is higher than the weight of all other data contributing to the moving average. The sum of the weights must be equal to 1 (100%). If it is not, we need to transform it to 1 by defining each new weight to be equal to the old weight divided by the sum of the weights. Forecasting based on an n period weighted moving average is stated as follows
Ft   = w1At-1 + w2At-2  + w3At-3 + ……….  + wnAt-n

Example: Determine the forecast for period 13 in the following data using a four-period moving average where the weights are w1=0.4, w2=0.3, w3=0.2, and w4=0.1. We need to multiply the demand of period 12 (the most recent period) by the weights of 0.5, the demand of period 11 (the second most recent period) by the weights of 0.3, the demand of period 10 (the third most recent period) by the weights of 0.2, and the demand of period 9 (the oldest period) by the weights of 0.1, and add them together. 



 
Use solver to find the best weights were we should satisfy the  w4≥ w3≥ w2≥ w1 constraint. 
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		9		2193		3019		3358				10000 - 11000		10000		11000		74		3		0.04		0.99				Skew		0.2136		0.2136		0.2136						FALSE		TRUE														0.9354356434		12		9		196		17.1332778095		3358

		10		4089		2821		3347				11000 - 12000		11000		12000		74		0		0.00		0.99																																0.8464400278		9		10		203		16.4876520967		3347

		11		3347		2927		2795				12000 - 13000		12000		13000		75		1		0.01		1.00						12																										0.9107866644		10		11		210		13.3099058664		2795

		12		6118		2947		2927				13000 - 14000		13000		14000		75		0		0.00		1.00						914		=INT(O7/O13)																								0.4608170123		11		12		217		13.4872259663		2927

		13		5063		3347		3640												75		ERROR:#DIV/0!								1000		=ROUNDUP(O14,-LEN(O14)+1)																								0.7053547109		14		13		224		16.2499531222		3640

		14		9805		3640		3952																						1000		=INT(O4/O15)*O15																								0.0597534568		16		14		231		17.1102230442		3952

		15		4193		3885		4089																						13000		=ROUNDUP(O3/O15,0)*O15																								0.7336121493		18		15		238		17.1823613093		4089

		16		3358		3108		2947																						12		=(O17-O16)/O15																								0.9202966445		13		16		245		12.0300962903		2947

		17		5523		3807		3108																																																0.4814252199		17		17		252		12.334237922		3108

		18		4967		3358		3885																																																0.4267718123		15		18		259		14.9983299111		3885

		19		2816		3939		4768																																																0.9403581771		19		19		266		17.9246560852		4768

		20		2927		3952		4709																																																0.8637000959		20		20		273		17.2496630421		4709

		21		2795		4594		3019																																																0.8657305827		24		21		280		10.7807605152		3019

		22		7993		4193		3939																																																0.156210717		22		22		287		13.7239890025		3939

		23		2947		4222		4193																																																0.8357583138		23		23		294		14.2615427151		4193

		24		7823		4709		5096																																																0.1006212074		25		24		301		16.9300293506		5096

		25		6926		4089		5063																																																0.4048195484		21		25		308		16.43695643		5063

		26		2543		4967		3807																																																0.9274101793		27		26		315		12.0869547228		3807

		27		12596		4768		4222																																																0.0112040066		26		27		322		13.1103003883		4222

		28		7948		5464		5148																																																0.1740351221		33		28		329		15.6486083074		5148

		29		5464		5523		5597																																																0.546647437		34		29		336		16.6585580748		5597

		30		3108		5063		6110																																																0.8263067237		28		30		343		17.8127065115		6110

		31		7596		5148		4594																																																0.2891543826		30		31		350		13.1261786568		4594

		32		3952		5096		5464																																																0.8613072044		29		32		357		15.3053941149		5464

		33		5096		5446		5458																																																0.7207594847		31		33		364		14.9933046381		5458

		34		8095		5458		5924																																																0.0673303085		32		34		371		15.9683038567		5924

		35		5924		5597		6346																																																0.5010015451		35		35		378		16.7889863363		6346

		36		6616		6110		5523																																																0.4403044571		39		36		385		14.3452108313		5523

		37		9088		5924		6090																																																0.1500754841		36		37		392		15.5367379873		6090

		38		6590		6011		6118																																																0.2080546522		37		38		399		15.3322022716		6118

		39		10278		6090		6705																																																0.1379312018		38		39		406		16.5156388755		6705

		40		10334		6267		6616																																																0.0581176879		41		40		413		16.0198901423		6616

		41		4222		6118		4967																																																0.6658603537		40		41		420		11.8262769222		4967

		42		8161		6705		6011																																																0.0543399755		46		42		427		14.0767734379		6011

		43		8019		6590		7099																																																0.4001941644		44		43		434		16.3576780366		7099

		44		4768		6616		6926																																																0.7677170285		45		44		441		15.7062761439		6926

		45		1624		6852		8019																																																0.9923628296		47		45		448		17.9003191535		8019

		46		3807		6926		6267																																																0.6851617263		48		46		455		13.7737507498		6267

		47		8773		6346		6374																																																0.0211976894		42		47		462		13.7961801019		6374

		48		3885		6374		6852																																																0.8032728731		43		48		469		14.6106010896		6852

		49		5148		7099		7676																																																0.6428135653		50		49		476		16.1255490117		7676

		50		2821		6968		7596																																																0.9268339079		49		50		483		15.7268910827		7596

		51		6968		7596		5446																																																0.1856026273		51		51		490		11.1138218704		5446

		52		5597		7823		7638																																																0.6156649187		54		52		497		15.3673935027		7638

		53		8957		7676		8391																																																0.2287717726		53		53		504		16.6478931263		8391

		54		6346		7638		8022																																																0.5003700109		52		54		511		15.6983118483		8022

		55		6090		7883		8957																																																0.4783568608		55		55		518		17.2910612689		8957

		56		7676		7948		6590																																																0.3137902916		56		56		525		12.5530680386		6590

		57		7638		8019		6968																																																0.2488849365		58		57		532		13.0973709633		6968

		58		5446		8391		7948																																																0.2771712995		62		58		539		14.7467289555		7948

		59		9535		7993		9488																																																0.1346600841		57		59		546		17.376518276		9488

		60		6705		8022		9591																																																0.4421359808		59		60		553		17.3431193552		9591

		61		2396		8095		7993																																																0.9619330798		60		61		560		14.2738702693		7993

		62		6011		8161		7883																																																0.4262072906		61		62		567		13.9038082318		7883

		63		9777		8773		9088																																																0.028340199		64		63		574		15.8324733257		9088

		64		5458		8652		10278																																																0.5392646157		63		64		581		17.689786171		10278

		65		3640		9535		9535																																																0.8628654209		68		65		588		16.2168242492		9535

		66		6374		9088		7823																																																0.362931299		66		66		595		13.1473750198		7823

		67		7883		9488		8095																																																0.1548793164		67		67		602		13.4468279544		8095

		68		4594		8957		8652																																																0.5730375692		65		68		609		14.2071015418		8652

		69		4709		9591		9805																																																0.7581120079		69		69		616		15.9180093028		9805

		70		7099		9777		10334																																																0.4057448742		70		70		623		16.5875141639		10334

		71		1973		10259		8161																																																0.9623287376		72		71		630		12.9539124206		8161

		72		9488		12596		9777																																																0.1702296649		75		72		637		15.3491191465		9777

		73		6852		9805		8773																																																0.3314822396		71		73		644		13.6225687889		8773

		74		10259		10278		10259																																																0.019467266		73		74		651		15.7590172739		10259

		75		6110		10334		12596																																																0.5928657321		74		75		658		19.1433005503		12596



























No Trend 	Freq	1000 - 2000	2000 - 3000	3000 - 4000	4000 - 5000	5000 - 6000	6000 - 7000	7000 - 8000	8000 - 9000	9000 - 10000	10000 - 11000	11000 - 12000	12000 - 13000	13000 - 14000	2.6666666666666668E-2	0.12	0.12	9.3333333333333338E-2	0.12	0.17333333333333334	0.10666666666666667	0.10666666666666667	0.08	0.04	0	1.3333333333333334E-2	0	

Trend	Freq	1000 - 2000	2000 - 3000	3000 - 4000	4000 - 5000	5000 - 6000	6000 - 7000	7000 - 8000	8000 - 9000	9000 - 10000	10000 - 11000	11000 - 12000	12000 - 13000	13000 - 14000	2.6666666666666668E-2	0.12	0.12	9.3333333333333338E-2	0.12	0.17333333333333334	0.10666666666666667	0.10666666666666667	0.08	0.04	0	1.3333333333333334E-2	0	

Trend	&	Seas	Freq	1000 - 2000	2000 - 3000	3000 - 4000	4000 - 5000	5000 - 6000	6000 - 7000	7000 - 8000	8000 - 9000	9000 - 10000	10000 - 11000	11000 - 12000	12000 - 13000	13000 - 14000	2.6666666666666668E-2	0.12	0.12	9.3333333333333338E-2	0.12	0.17333333333333334	0.10666666666666667	0.10666666666666667	0.08	0.04	0	1.3333333333333334E-2	0	

No Trend 	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	3019	9591	3939	8391	8652	6267	2508	8022	2193	4089	3347	6118	5063	9805	4193	3358	5523	4967	2816	2927	2795	7993	2947	7823	6926	2543	12596	7948	5464	3108	7596	3952	5096	8095	5924	6616	9088	6590	10278	10334	4222	8161	8019	4768	1624	3807	8773	3885	5148	2821	6968	5597	8957	6346	6090	7676	7638	5446	9535	6705	2396	6011	9777	5458	3640	6374	7883	4594	4709	7099	1973	9488	6852	10259	6110	#REF!	

Trend	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	1624	1973	2193	2396	2508	2543	2816	2795	3019	2821	2927	2947	3347	3640	3885	3108	3807	3358	3939	3952	4594	4193	4222	4709	4089	4967	4768	5464	5523	5063	5148	5096	5446	5458	5597	6110	5924	6011	6090	6267	6118	6705	6590	6616	6852	6926	6346	6374	7099	6968	7596	7823	7676	7638	7883	7948	8019	8391	7993	8022	8095	8161	8773	8652	9535	9088	9488	8957	9591	9777	10259	12596	9805	10278	10334	#REF!	

Trend	&	Seas	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	1624	1973	2396	2508	2816	2193	2543	2821	3358	3347	2795	2927	3640	3952	4089	2947	3108	3885	4768	4709	3019	3939	4193	5096	5063	3807	4222	5148	5597	6110	4594	5464	5458	5924	6346	5523	6090	6118	6705	6616	4967	6011	7099	6926	8019	6267	6374	6852	7676	7596	5446	7638	8391	8022	8957	6590	6968	7948	9488	9591	7993	7883	9088	10278	9535	7823	8095	8652	9805	10334	8161	9777	8773	10259	12596	#REF!	



1.AveMA-MAD-MSE-MAPE

																				|E|										E2										|E|/A														Max|E|

		Changing		Fixed		t		t		Actual		Ave		1-P		2-P		3-P		|E|(Ave)		|E|(1P)		|E|(2P)		|E|(3P)				E2(Ave)		E2(1P)		E2(2P)		E2(3P)				|E|/A(Ave)		|E|/A (1P)		|E|/A(2P)		|E|/A(3P)								Max|E|(Ave)		Max|E|(1P)		Max|E|(2P)		Max|E|(3P)

		10		10		1		Jan		10		29.17								19.17

		27		10		2		Feb		10		29.17		10						19.17		0

		10		13		3		Mar		13		29.17		10		10.0				16.17		3		3.00

		22		10		4		Apr		10		29.17		13		11.5		11.00		19.17		3		1.50		1.00				367.36		9.00		2.25		1.00				1.92		0.30		0.15		-0.10

		19		10		5		May		10		29.17		10		11.5		11.00		19.17		0		1.50		1.00				367.36		0.00		2.25		1.00				1.92		0.00		0.15		-0.10

		40		18		6		Jun		18		29.17		10		10.0		11.00		11.17		8		8.00		7.00				124.69		64.00		64.00		49.00				0.62		0.44		0.44		0.39

		18		19		7		Jul		19		29.17		18		14.0		12.67		10.17		1		5.00		6.33				103.36		1.00		25.00		40.11				0.54		0.05		0.26		0.33

		45		44		8		Aug		44		29.17		19		18.5		15.67		14.83		25		25.50		28.33				220.03		625.00		650.25		802.78				0.34		0.57		0.58		0.64

		31		36		9		Sep		36		29.17		44		31.5		27.00		6.83		8		4.50		9.00				46.69		64.00		20.25		81.00				0.19		0.22		0.13		0.25

		47		56		10		Oct		56		29.17		36		40.0		33.00		26.83		20		16.00		23.00				720.03		400.00		256.00		529.00				0.48		0.36		0.29		0.41

		36		49		11		Nov		49		29.17		56		46.0		45.33		19.83		7		3.00		3.67				393.36		49.00		9.00		13.44				0.40		0.14		0.06		0.07

		55		75		12		Dec		75		29.17		49		52.5		47.00		45.83		26		22.50		28.00				2100.69		676.00		506.25		784.00				0.61		0.35		0.30		0.37

						13						29.17		75		62.0		60.00		MAD (Mean Absolute Deviation)										MSE (Mean Square Error)										MAPE (Mean Absolute Percentage Error)														MXAD (Max Absolute Deviation)

																				19.31		10.89		9.72		11.93				493.73		209.78		170.58		255.70				0.78		0.27		0.26		0.25								45.83		26.00		25.50		28.33

																				 		 		Best		 				 		 		Best		 				 		 		 		Best								 		 		 		 

																				9.72										170.58										0.25

		Click here to watch the Lecture on this excel sheet



																				F6		=AVERAGE($E$3:$E$14)

																				G6		=E5

																				H6		=AVERAGE(E4:E5)

																				I6		=AVERAGE(E3:E5)



Actual	10	10	13	10	10	18	19	44	36	56	49	75	1-P	10	10	13	10	10	18	19	44	36	56	49	Ave	29.166666666666668	29.166666666666668	29.166666666666668	29.166666666666668	29.166666666666668	29.166666666666668	29.166666666666668	29.166666666666668	29.166666666666668	29.166666666666668	29.166666666666668	29.166666666666668	







https://www.youtube.com/watch?v=0OZRbgA82vU&t=63s

2.TraSig

		Changing		Fixed		t		t		At		3-P		E		|E|		Sum(E)		MAD		TS

		10		10		1		Jan		10

		27		10		2		Feb		10																4		-4		0		4

		10		26		3		Mar		26																12		-4		0		4

		22		11		4		Apr		11		18.00		-7.00		7.00		-7.00		7.00		-1.00

		19		42		5		May		42		18.50		23.50		23.50		16.50		15.25		1.08

		40		40		6		Jun		40		26.50		13.50		13.50		30.00		14.67		2.05

		18		47		7		Jul		47		41.00		6.00		6.00		36.00		12.50		2.88

		45		21		8		Aug		21		43.50		-22.50		22.50		13.50		14.50		0.93

		31		34		9		Sep		34		34.00		0.00		0.00		13.50		12.08		1.12

		47		39		10		Oct		39		27.50		11.50		11.50		25.00		12.00		2.08

		36		43		11		Nov		43		36.50		6.50		6.50		31.50		11.31		2.78

		55		49		12		Dec		49		41.00		8.00		8.00		39.50		10.94		3.61





TS	

4	5	6	7	8	9	10	11	12	-1	1.0819672131147542	2.0454545454545454	2.88	0.93103448275862066	1.1172413793103448	2.0833333333333335	2.7845303867403315	3.6091370558375635	LCL	4	12	-4	-4	UCL	4	12	4	4	4	12	0	0	







2b.TS-Large

				7				Period MA																		7-Period MA: F (31) = Mean: 6630, CV 0.46

				Changing		Actual		MA		F(MA)		E		|E|		MAD		TS								=B1&"-Period MA: F ("&A33&") = Mean: "&ROUND(E33,0)&", CV "&ROUND(1.25*H32/E32,2)

		1		3019		3019		 		 		 		 		 		 

		2		9591		9591		 		 		 		 		 		 

		3		3939		3939		 		 		 		 		 		 

		4		8391		8391		 		 		 		 		 		 

		5		8652		8652		 		 		 		 		 		 

		6		6267		6267		 		 		 		 		 		 

		7		2508		2508		6052		 		 		 		 		 

		8		8022		8022		6767		6052		1970		1970		1969.57		1.00

		9		2193		2193		5710		6767		-4574		4574		3271.86		-0.80

		10		4089		4089		5732		5710		-1621		1621		2721.67		-1.55

		11		3347		3347		5011		5732		-2385		2385		2637.43		-2.51

		12		6118		6118		4649		5011		1107		1107		2331.31		-2.36

		13		5063		5063		4477		4649		414		414		2011.74		-2.53

		14		9805		9805		5520		4477		5328		5328		2485.47		0.10

		15		4193		4193		4973		5520		-1327		1327		2340.61		-0.47

		16		3358		3358		5139		4973		-1615		1615		2259.94		-1.20

		17		5523		5523		5344		5139		384		384		2072.34		-1.12																																		0		0		-4		4

		18		4967		4967		5575		5344		-377		377		1918.21		-1.41																																		30		0		-4		4

		19		2816		2816		5104		5575		-2759		2759		1988.30		-2.74

		20		2927		2927		4798		5104		-2177		2177		2002.78		-3.81

		21		2795		2795		3797		4798		-2003		2003		2002.83		-4.81

		22		7993		7993		4340		3797		4196		4196		2149.04		-2.53

		23		2947		2947		4281		4340		-1393		1393		2101.78		-3.25

		24		7823		7823		4610		4281		3542		3542		2186.49		-1.50

		25		6926		6926		4890		4610		2316		2316		2193.70		-0.44

		26		2543		2543		4851		4890		-2347		2347		2201.74		-1.51

		27		12596		12596		6232		4851		7745		7745		2478.93		1.78

		28		7948		7948		6968		6232		1716		1716		2442.61		2.51

		29		5464		5464		6607		6968		-1504		1504		2399.94		1.93

		30		3108		3108		6630		6607		-3499		3499		2447.71		0.47

		31								6630









































































































































































7-Period MA: F (31) = Mean: 6630, CV 0.46	

Actual	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	3019	9591	3939	8391	8652	6267	2508	8022	2193	4089	3347	6118	5063	9805	4193	3358	5523	4967	2816	2927	2795	7993	2947	7823	6926	2543	12596	7948	5464	3108	F(MA)	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	6052.4285714285716	6767.1428571428569	5710.2857142857147	5731.7142857142853	5011.1428571428569	4649.1428571428569	4477.1428571428569	5519.5714285714284	4972.5714285714284	5139	5343.8571428571431	5575.2857142857147	5103.5714285714284	4798.4285714285716	3797	4339.8571428571431	4281.1428571428569	4609.7142857142853	4889.5714285714284	4850.5714285714284	6231.8571428571431	6968	6606.7142857142853	6629.7142857142853	

8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	1	-0.79605291883159413	-1.5526725570816204	-2.5064456721915285	-2.3607774890926025	-2.5300794148627692	9.5756560580681521E-2	-0.46508079405526598	-1.1961145136820808	-1.1190922627254172	-1.4054785988002865	-2.7436967494326918	-3.8106313750665279	-4.8108438584245725	-2.5310327100939949	-3.2506510223068066	-1.5048272045258884	-0.44399904488325098	-1.5081548464648666	1.7849877539259476	2.514118692262918	1.9321303819627644	0.46504027080658394	Zero	0	30	0	0	LCL	0	30	-4	-4	UCL	0	30	4	4	







3.Dyn-MA

				4						Two Formulasformulations for Dynamic Moving Average

		days		input

		1		2						ERROR:#VALUE!				=IF(A3<$B$1,"",IF(A3=$B$1,AVERAGE($B$3:B3),D2+B3/$B$1))

		2		2						ERROR:#VALUE!				=INDEX($B$3:$B$52,A3-$B$1)

		3		1						ERROR:#VALUE!				=IF(A3<$B$1,"",IF(A3=$B$1,AVERAGE($B$3:B3),D2+B3/$B$1-E3/$B$1))

		4		0				1.25		0		1.25

		5		2				1.75		2		1.25

		6		1		1.3333333333		2		2		1.5

		7		0		1		2		1		1.75

		8		0		0.6666666667		2		0		2		=IF(A10<$B$1,"",IF(A10=$B$1,AVERAGE($B$3:B10),D9+B10/$B$1))

		9		3		1		2.75		2		2.25		=INDEX($B$3:$B$52,A10-$B$1)

		10		4		1.6666666667		3.75		1		3.5		=IF(A10<$B$1,"",IF(A10=$B$1,AVERAGE($B$3:B10),D9+B10/$B$1-E10/$B$1))

		11		0		1.3333333333		3.75		0		3.75

		12		1		1.3333333333		4		0		4

		13		3		1.8333333333		4.75		3		4

		14		3		2.3333333333		5.5		4		4.5

		15		2		2.1666666667		6		0		6

		16		1		1.6666666667		6.25		1		6

		17		6		2.6666666667		7.75		3		7

		18		1		2.6666666667		8		3		7.25

		19		2		2.5		8.5		2		8				`

		20		1		2.1666666667		8.75		1		8.5

		21		2		2.1666666667		9.25		6		7.75

		22		3		2.5		10		1		9.75

		23		3		2		10.75		2		10.25

		24		3		2.3333333333		11.5		1		11.25

		25		3		2.5		12.25		2		11.75

		26		5		3.1666666667		13.5		3		12.75

		27		4		3.5		14.5		3		13.75

		28		2		3.3333333333		15		3		14.25

		29		1		3		15.25		3		14.5

		30		2		2.8333333333		15.75		5		14.5

		31		2		2.6666666667		16.25		4		15.25

		32		7		3		18		2		17.5

		33		0		2.3333333333		18		1		17.75

		34		3		2.5		18.75		2		18.25

		35		1		2.5		19		2		18.5

		36		5		3		20.25		7		18.5

		37		2		3		20.75		0		20.75

		38		0		1.8333333333		20.75		3		20

		39		5		2.6666666667		22		1		21.75

		40		5		3		23.25		5		22

		41		0		2.8333333333		23.25		2		22.75

		42		6		3		24.75		0		24.75

		43		6		3.6666666667		26.25		5		25

		44		4		4.3333333333		27.25		5		26

		45		2		3.8333333333		27.75		0		27.75

		46		2		3.3333333333		28.25		6		26.75

		47		5		4.1666666667		29.5		6		28

		48		1		3.3333333333		29.75		4		28.75

		49		3		2.8333333333		30.5		2		30

		50		3		2.6666666667		31.25		2		30.75





WeightedMA



		w		t		At		Ft

		0.1		1		10

		0.2		2		10

		0.3		3		13

		0.4		4		10

				5		10		10.9		=SUMPRODUCT($A$3:$A$6,C3:C6)

				6		18		10.6		=SUMPRODUCT($A$3:$A$6,C4:C7)

				7		19		13.5		=SUMPRODUCT($A$3:$A$6,C5:C8)

				8		44		16		=SUMPRODUCT($A$3:$A$6,C6:C9)

				9		36		27.9		=SUMPRODUCT($A$3:$A$6,C7:C10)

				10		56		33.2		=SUMPRODUCT($A$3:$A$6,C8:C11)

				11		49		43.9		=SUMPRODUCT($A$3:$A$6,C9:C12)

				12		75		48		=SUMPRODUCT($A$3:$A$6,C10:C13)

								59.5		=SUMPRODUCT($A$3:$A$6,C11:C14)





4.DynMA-TS

				9				Period MA																		9-Period MA: F (31) = Mean: 6372, CV 0.45																				0		4		-4

				Changing		Actual		MA		F(MA)		E		|E|		MAD		TS								=B1&"-Period MA: F ("&A33&") = Mean: "&ROUND(E33,0)&", CV "&ROUND(1.25*H32/E32,2)																				0		4		-4

		1		3019		3019		 		 		 		 		 		 																												0		4		-4

		2		9591		9591		 		 		 		 		 		 		 																										0		4		-4

		3		3939		3939		 		 		 		 		 		 		 																										0		4		-4

		4		8391		8391		 		 		 		 		 		 		 																										0		4		-4

		5		8652		8652		 		 		 		 		 		 																												0		4		-4

		6		6267		6267		 		 		 		 		 		 																												0		4		-4

		7		2508		2508		 		 		 		 		 		 																												0		4		-4

		8		8022		8022		 		 		 		 		 		 																												0		4		-4

		9		2193		2193		5842.44		 		 		 		 		 																												0		4		-4

		10		4089		4089		5961.33		5842.44		-1753.44		1753.44		1753.44		-1.00																												0		4		-4

		11		3347		3347		5267.56		5961.33		-2614.33		2614.33		2183.89		-2.00																												0		4		-4

		12		6118		6118		5509.67		5267.56		850.44		850.44		1739.41		-2.02																												0		4		-4

		13		5063		5063		5139.8888888889		5509.67		-446.67		446.67		1416.22		-2.80																												0		4		-4

		14		9805		9805		5268		5139.89		4665.11		4665.11		2066.00		0.34																												0		4		-4

		15		4193		4193		5037.56		5268.00		-1075.00		1075.00		1900.83		-0.20																												0		4		-4

		16		3358		3358		5132.00		5037.56		-1679.56		1679.56		1869.22		-1.10																												0		4		-4

		17		5523		5523		4854.33		5132.00		391.00		391.00		1684.44		-0.99																												0		4		-4

		18		4967		4967		5162.56		4854.33		112.67		112.67		1509.80		-1.03																												0		4		-4

		19		2816		2816		5021.11		5162.56		-2346.56		2346.56		1593.48		-2.45																												0		4		-4

		20		2927		2927		4974.44		5021.11		-2094.11		2094.11		1638.99		-3.65																												0		4		-4

		21		2795		2795		4605.22		4974.44		-2179.44		2179.44		1684.03		-4.85																												0		4		-4

		22		7993		7993		4930.78		4605.22		3387.78		3387.78		1815.09		-2.63																												0		4		-4

		23		2947		2947		4168.78		4930.78		-1983.78		1983.78		1827.13		-3.70																												0		4		-4						0		0		0		-4		4

		24		7823		7823		4572.11		4168.78		3654.22		3654.22		1948.94		-1.60																												0		4		-4								30		0		-4		4

		25		6926		6926		4968.56		4572.11		2353.89		2353.89		1974.25		-0.38																												0		4		-4

		26		2543		2543		4637.4444444444		4968.56		-2425.56		2425.56		2000.80		-1.59																												0		4		-4

		27		12596		12596		5485.1111111111		4637.44		7958.56		7958.56		2331.78		2.05																												0		4		-4

		28		7948		7948		6055.33		5485.11		2462.89		2462.89		2338.68		3.09																												0		4		-4

		29		5464		5464		6337.22		6055.33		-591.33		591.33		2251.32		2.95

		30		3108		3108		6372.00		6337.22		-3229.22		3229.22		2297.88		1.49

		31								6372.00









































































































































































9-Period MA: F (31) = Mean: 6372, CV 0.45	

Actual	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	3019	9591	3939	8391	8652	6267	2508	8022	2193	4089	3347	6118	5063	9805	4193	3358	5523	4967	2816	2927	2795	7993	2947	7823	6926	2543	12596	7948	5464	3108	F(MA)	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	0	0	0	0	0	0	0	0	0	5842.4444444444443	5961.333333333333	5267.5555555555547	5509.6666666666661	5139.8888888888887	5268	5037.5555555555557	5132	4854.333333333333	5162.5555555555557	5021.1111111111113	4974.4444444444443	4605.2222222222217	4930.7777777777774	4168.7777777777774	4572.1111111111104	4968.5555555555547	4637.4444444444434	5485.1111111111104	6055.3333333333321	6337.2222222222208	6371.9999999999982	

Tracking Signal



0	0	0	0	0	0	0	0	0	-1	-2	-2.0221446214121443	-2.7989957633767446	0.33935678175755718	-0.19669735496127325	-1.0985555489508401	-0.98693931398416779	-1.0264771779482216	-2.4451758208809511	-3.6549611734253653	-4.851397938144328	-2.6346478939561586	-3.7030045304688128	-1.5965937812372895	-0.38383070927074769	-1.5910323335140863	2.0478836476072759	3.094950176912596	2.9523957585314302	1.4872622611098356	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	-4	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	





1b.MAvs6MA

		The Purpose of this example is to show that for one set of data 3P-MA may be better thatn 6P-MA, 

		while for another set, the reverse is true

		Given the data  in columns A and B, Examine 3-P-MA and 6-P-MA based on MAD (MAE)

		t		A		3P-MA		Ft		E		|E|		6P-MA 		Ft		E		|E|

		1		1368

		2		1758

		3		1020		1382

		4		1470		1416		1382		88		88

		5		1008		1166		1416		-408		408

		6		1530		1336		1166		364		364		1359

		7		1572		1370		1336		236		236		1393		1359		213		213

		8		1488		1530		1370		118		118		1348		1393		95		95

		9		1704		1588		1530		174		174		1462		1348		356		356

		10		1566		1586		1588		-22		22		1478		1462		104		104

		11		1548		1606		1586		-38		38		1568		1478		70		70

		12		1236		1450		1606		-370		370		1519		1568		-332		332

								MAD				159.7								195.0

		13						Forecast				1450								1519





		Given the data  in columns A and B, Examine 3-P-MA and 6-P-MA based on MAD (MAE)

		t		A		3W-MA		Ft		E		|E|		6-W-MA 		Ft		E		|E|

		1		1128

		2		1866

		3		1182		1392

		4		1434		1494		1392		42		42

		5		1890		1502		1494		396		396

		6		1338		1554		1502		-164		164		1473

		7		1104		1444		1554		-450		450		1469		1473		-369		369

		8		1716		1386		1444		272		272		1444		1469		247		247

		9		1650		1490		1386		264		264		1522		1444		206		206

		10		1692		1686		1490		202		202		1565		1522		170		170

		11		1320		1554		1686		-366		366		1470		1565		-245		245

		12		1758		1590		1554		204		204		1540		1470		288		288

								MAD				293.0								254.2

		13						Forecast				1590								1540



Actual	7	8	9	10	11	12	1572	1488	1704	1566	1548	1236	3-P-MA	7	8	9	10	11	12	1336	1370	1530	1588	1586	1606	6-P-MA	7	8	9	10	11	12	1359	1393	1348	1462	1478	1568	7	8	9	10	11	12	1104	1716	1650	1692	1320	1758	7	8	9	10	11	12	1554	1444	1386	1490	1686	1554	7	8	9	10	11	12	1473	1469	1444	1522	1565	1470	

1bH.SeveralDynMA

				7				Here are several formulations for Dynamic Moving Average

		days		input

		1		2										

		2		2										

		3		1										

		4		0										

		5		2										

		6		1										

		7		0		1.1428571429		1.1428571429		1.1428571429		1.1428571429		1.1428571429

		8		0		0.8571428571		0.8571428571		0.8571428571		0.8571428571		0.8571428571

		9		3		1		1		1		1		1

		10		4		1.4285714286		1.4285714286		1.4285714286		1.4285714286		1.4285714286

		11		0		1.4285714286		1.4285714286		1.4285714286		1.4285714286		1.4285714286

		12		1		1.2857142857		1.2857142857		1.2857142857		1.2857142857		1.2857142857

		13		3		1.5714285714		1.5714285714		1.5714285714		1.5714285714		1.5714285714

		14		3		2		2		2		2		2

		15		2		2.2857142857		2.2857142857		2.2857142857		2.2857142857		2.2857142857

		16		1		2		2		2		2		2

		17		6		2.2857142857		2.2857142857		2.2857142857		2.2857142857		2.2857142857

		18		1		2.4285714286		2.4285714286		2.4285714286		2.4285714286		2.4285714286

		19		2		2.5714285714		2.5714285714		2.5714285714		2.5714285714		2.5714285714

		20		1		2.2857142857		2.2857142857		2.2857142857		2.2857142857		2.2857142857

		21		2		2.1428571429		2.1428571429		2.1428571429		2.1428571429		2.1428571429

		22		3		2.2857142857		2.2857142857		2.2857142857		2.2857142857		2.2857142857

		23		3		2.5714285714		2.5714285714		2.5714285714		2.5714285714		2.5714285714

		24		3		2.1428571429		2.1428571429		2.1428571429		2.1428571429		2.1428571429

		25		3		2.4285714286		2.4285714286		2.4285714286		2.4285714286		2.4285714286

		26		5		2.8571428571		2.8571428571		2.8571428571		2.8571428571		2.8571428571

		27		4		3.2857142857		3.2857142857		3.2857142857		3.2857142857		3.2857142857

		28		2		3.2857142857		3.2857142857		3.2857142857		3.2857142857		3.2857142857

		29		1		3		3		3		3		3

		30		2		2.8571428571		2.8571428571		2.8571428571		2.8571428571		2.8571428571

		31		2		2.7142857143		2.7142857143		2.7142857143		2.7142857143		2.7142857143

		32		7		3.2857142857		3.2857142857		3.2857142857		3.2857142857		3.2857142857

		33		0		2.5714285714		2.5714285714		2.5714285714		2.5714285714		2.5714285714

		34		3		2.4285714286		2.4285714286		2.4285714286		2.4285714286		2.4285714286

		35		1		2.2857142857		2.2857142857		2.2857142857		2.2857142857		2.2857142857

		36		5		2.8571428571		2.8571428571		2.8571428571		2.8571428571		2.8571428571

		37		2		2.8571428571		2.8571428571		2.8571428571		2.8571428571		2.8571428571

		38		0		2.5714285714		2.5714285714		2.5714285714		2.5714285714		2.5714285714

		39		5		2.2857142857		2.2857142857		2.2857142857		2.2857142857		2.2857142857

		40		5		3		3		3		3		3

		41		0		2.5714285714		2.5714285714		2.5714285714		2.5714285714		2.5714285714

		42		6		3.2857142857		3.2857142857		3.2857142857		3.2857142857		3.2857142857

		43		6		3.4285714286		3.4285714286		3.4285714286		3.4285714286		3.4285714286

		44		4		3.7142857143		3.7142857143		3.7142857143		3.7142857143		3.7142857143

		45		2		4		4		4		4		4

		46		2		3.5714285714		3.5714285714		3.5714285714		3.5714285714		3.5714285714

		47		5		3.5714285714		3.5714285714		3.5714285714		3.5714285714		3.5714285714

		48		1		3.7142857143		3.7142857143		3.7142857143		3.7142857143		3.7142857143

		49		3		3.2857142857		3.2857142857		3.2857142857		3.2857142857		3.2857142857

		50		3		2.8571428571		2.8571428571		2.8571428571		2.8571428571		2.8571428571





BookData

		Per.		Office 1		Office 2		Office 3				Range		LB		UB		CumCount		Count		Freq		CumFreq

												100 - 200		100		200		1		1		0.01		0.01				Mean		549.7		549.7		549.7

		1		495		176		346				200 - 300		200		300		11		10		0.13		0.15				Max		1330.0		1330.0		1330.0

		2		204		204		775				300 - 400		300		400		24		13		0.17		0.32				Min		176.0		176.0		176.0

		3		318		218		572				400 - 500		400		500		33		9		0.12		0.44				Range		1154.0		1154.0		1154.0

		4		802		439		455				500 - 600		500		600		49		16		0.21		0.65				StdDev		244.9		244.9		244.9

		5		446		229		176				600 - 700		600		700		54		5		0.07		0.72				CV		0.4		0.4		0.4

		6		568		249		412				700 - 800		700		800		61		7		0.09		0.81				Rg/Mean		2.1		2.1		2.1

		7		372		227		926				800 - 900		800		900		69		8		0.11		0.92				Skew		0.8		0.8		0.8

		8		281		256		710				900 - 1000		900		1000		71		2		0.03		0.95

		9		676		304		514				1000 - 1100		1000		1100		73		2		0.03		0.97

		10		755		354		281				1100 - 1200		1100		1200		74		1		0.01		0.99

		11		503		289		412				1200 - 1300		1200		1300		74		0		0.00		0.99

		12		511		273		939				1300 - 1400		1300		1400		75		1		0.01		1.00

		13		229		315		718												75		1

		14		439		346		520

		15		412		318		289

		16		775		330		434

		17		330		359		1045

		18		289		370		719

		19		1045		348		529

		20		348		281		304

		21		249		356		439

		22		218		372		1045

		23		603		377		730

		24		412		412		532

		25		608		503		315

		26		540		381		446

		27		744		434		1133

		28		465		229		744

		29		577		446		540

		30		576		450		318

		31		681		455		450

		32		842		465		1330

		33		256		495		755

		34		851		500		568

		35		273		412		330

		36		856		508		348

		37		532		511		802

		38		508		612		576

		39		434		511		465

		40		597		514		204

		41		315		520		354

		42		1045		710		836

		43		370		532		577

		44		354		540		495

		45		500		568		218

		46		520		572		356

		47		356		576		842

		48		572		577		597

		49		514		836		500

		50		842		603		227

		51		176		608		359

		52		730		511		842

		53		377		676		603

		54		866		681		503

		55		939		529		229

		56		926		718		370

		57		229		719		843

		58		304		730		608

		59		450		866		508

		60		843		755		229

		61		1330		775		372

		62		455		802		851

		63		359		597		612

		64		1133		842		511

		65		710		851		249

		66		719		843		377

		67		346		842		856

		68		511		856		676

		69		718		744		511

		70		381		926		256

		71		529		939		381

		72		227		1045		866

		73		612		1330		681

		74		836		1133		511

		75		511		1045		273





Office 1	Freq	1.3333333333333334E-2	0.13333333333333333	0.17333333333333334	0.12	0.21333333333333335	6.6666666666666666E-2	9.3333333333333338E-2	0.10666666666666667	2.6666666666666668E-2	2.6666666666666668E-2	1.3333333333333334E-2	0	1.3333333333333334E-2	Office 2	Freq	1.3333333333333334E-2	0.13333333333333333	0.17333333333333334	0.12	0.21333333333333335	6.6666666666666666E-2	9.3333333333333338E-2	0.10666666666666667	2.6666666666666668E-2	2.6666666666666668E-2	1.3333333333333334E-2	0	1.3333333333333334E-2	Office 3	Freq	1.3333333333333334E-2	0.13333333333333333	0.17333333333333334	0.12	0.21333333333333335	6.6666666666666666E-2	9.3333333333333338E-2	0.10666666666666667	2.6666666666666668E-2	2.6666666666666668E-2	1.3333333333333334E-2	0	1.3333333333333334E-2	Office 1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	495	204	318	802	446	568	372	281	676	755	503	511	229	439	412	775	330	289	1045	348	249	218	603	412	608	540	744	465	577	576	681	842	256	851	273	856	532	508	434	597	315	1045	370	354	500	520	356	572	514	842	176	730	377	866	939	926	229	304	450	843	1330	455	359	1133	710	719	346	511	718	381	529	227	612	836	511	Office 2	Office 1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	176	204	218	439	229	249	227	256	304	354	289	273	315	346	318	330	359	370	348	281	356	372	377	412	503	381	434	229	446	450	455	465	495	500	412	508	511	612	511	514	520	710	532	540	568	572	576	577	836	603	608	511	676	681	529	718	719	730	866	755	775	802	597	842	851	843	842	856	744	926	939	1045	1330	1133	1045	Office 3	Office 1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	346	775	572	455	176	412	926	710	514	281	412	939	718	520	289	434	1045	719	529	304	439	1045	730	532	315	446	1133	744	540	318	450	1330	755	568	330	348	802	576	465	204	354	836	577	495	218	356	842	597	500	227	359	842	603	503	229	370	843	608	508	229	372	851	612	511	249	377	856	676	511	256	381	866	681	511	273	
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Microsoft_Excel_Worksheet1.xlsx
MA-1P-MA-AP

		t		At		Ft (1P)		Ft (AllP)		Ft (2P)		Ft (8P)				Alternative MAs

		1		2				2.00

		2		2		2		2.00

		3		1		2		1.67		2.00

		4		0		1		1.25		1.50

		5		2		0		1.40		0.50

		6		1		2		1.33		1.00

		7		0		1		1.14		1.50

		8		2		0		1.25		0.50

		9		2		2		1.33		1.00		1.33

		10		3		2		1.50		2.00		1.44

		11		1		3		1.45		2.50		1.33

		12		3		1		1.58		2.00		1.56

		13		3		3		1.69		2.00		1.89

		14		2		3		1.71		3.00		1.89

		15		1		2		1.67		2.50		1.89

		16		6		1		1.94		1.50		2.56

		17		2		6		1.94		3.50		2.56

		18		1		2		1.89		4.00		2.44

		19		2		1		1.89		1.50		2.33

		20		2		2		1.90		1.50		2.44

		21		3		2		1.95		2.00		2.44

		22		4		3		2.05		2.50		2.56

		23		4		4		2.13		3.50		2.78

		24		5		4		2.25		4.00		3.22

		25		4		5		2.32		4.50		3.00

		26		2		4		2.31		4.50		3.00

		27		1		2		2.26		3.00		3.00

		28		4		1		2.32		1.50		3.22

		29		3		4		2.34		2.50		3.33

		30		4		3		2.40		3.50		3.44

		31		3		4		2.42		3.50		3.33

		32		1		3		2.38		3.50		3.00

		33		5		1		2.45		2.00		3.00

		34		2		5		2.44		3.00		2.78

		35		0		2		2.37		3.50		2.56

		36		7		0		2.50		1.00		3.22

		37		3		7		2.51		3.50		3.11

		38		5		3		2.58		5.00		3.33

		39		5		5		2.64		4.00		3.44

		40		6		5		2.73		5.00		3.78

		41		2		6		2.71		5.50		3.89

		42		3		2		2.71		4.00		3.67

		43		4		3		2.74		2.50		3.89

		44		2		4		2.73		3.50		4.11				Average		3.06

		45		3		2		2.73		3.00		3.67				StdDev		2.04

		46		3		3		2.74		2.50		3.67				CV		0.67

		47		6		3		2.81		3.00		3.78				Median		3

		48		11		6		2.98		4.50		4.44				Max		11

		49		5		11		3.02		8.50		4.33				Min		0

		50		5		5		3.06		8.00		4.67				Ramge		11

		51				5		3.06		5		4.88				Rnge/Median		3.67



















Alternative MAs	

At	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	2	2	1	0	2	1	0	2	2	3	1	3	3	2	1	6	2	1	2	2	3	4	4	5	4	2	1	4	3	4	3	1	5	2	0	7	3	5	5	6	2	3	4	2	3	3	6	11	5	5	Ft (1P)	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	2	2	1	0	2	1	0	2	2	3	1	3	3	2	1	6	2	1	2	2	3	4	4	5	4	2	1	4	3	4	3	1	5	2	0	7	3	5	5	6	2	3	4	2	3	3	6	11	5	5	Ft (AllP)	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	2	2	1.6666666666666667	1.25	1.4	1.3333333333333333	1.1428571428571428	1.25	1.3333333333333333	1.5	1.4545454545454546	1.5833333333333333	1.6923076923076923	1.7142857142857142	1.6666666666666667	1.9375	1.9411764705882353	1.8888888888888888	1.8947368421052631	1.9	1.9523809523809523	2.0454545454545454	2.1304347826086958	2.25	2.3199999999999998	2.3076923076923075	2.2592592592592591	2.3214285714285716	2.3448275862068964	2.4	2.4193548387096775	2.375	2.4545454545454546	2.4411764705882355	2.3714285714285714	2.5	2.5135135135135136	2.5789473684210527	2.641025641025641	2.7250000000000001	2.7073170731707319	2.7142857142857144	2.7441860465116279	2.7272727272727271	2.7333333333333334	2.7391304347826089	2.8085106382978724	2.9791666666666665	3.0204081632653059	3.06	3.06	Ft (2P)	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	2	1.5	0.5	1	1.5	0.5	1	2	2.5	2	2	3	2.5	1.5	3.5	4	1.5	1.5	2	2.5	3.5	4	4.5	4.5	3	1.5	2.5	3.5	3.5	3.5	2	3	3.5	1	3.5	5	4	5	5.5	4	2.5	3.5	3	2.5	3	4.5	8.5	8	5	Ft (8P)	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	1.3333333333333333	1.4444444444444444	1.3333333333333333	1.5555555555555556	1.8888888888888888	1.8888888888888888	1.8888888888888888	2.5555555555555554	2.5555555555555554	2.4444444444444446	2.3333333333333335	2.4444444444444446	2.4444444444444446	2.5555555555555554	2.7777777777777777	3.2222222222222223	3	3	3	3.2222222222222223	3.3333333333333335	3.4444444444444446	3.3333333333333335	3	3	2.7777777777777777	2.5555555555555554	3.2222222222222223	3.1111111111111112	3.3333333333333335	3.4444444444444446	3.7777777777777777	3.8888888888888888	3.6666666666666665	3.8888888888888888	4.1111111111111107	3.6666666666666665	3.6666666666666665	3.7777777777777777	4.4444444444444446	4.333333333333333	4.666666666666667	4.875	









Moving Average

		t		At		Ft (6-P)		E=A-F		|E|		MAD		TS		E2		MSE

		1		2

		2		2

		3		1

		4		0

		5		2

		6		1

		7		0		1.33		-1.33		1.33		1.33		-1.00		1.78		1.78

		8		2		1.00		1.00		1.00		1.17		-0.29		1.00		1.39

		9		2		1.00		1.00		1.00		1.11		0.60		1.00		1.26

		10		3		1.17		1.83		1.83		1.29		1.94		3.36		1.78

		11		1		1.67		-0.67		0.67		1.17		1.57		0.44		1.52

		12		3		1.50		1.50		1.50		1.22		2.73		2.25		1.64

		13		3		1.83		1.17		1.17		1.21		3.71		1.36		1.60

		14		2		2.33		-0.33		0.33		1.10		3.77		0.11		1.41

		15		1		2.33		-1.33		1.33		1.13		2.51		1.78		1.45

		16		6		2.17		3.83		3.83		1.40		4.76		14.69		2.78

		17		2		2.67		-0.67		0.67		1.33		4.50		0.44		2.57

		18		1		2.83		-1.83		1.83		1.38		3.03		3.36		2.63

		19		2		2.50		-0.50		0.50		1.31		2.80		0.25		2.45

		20		2		2.33		-0.33		0.33		1.24		2.69		0.11		2.28

		21		3		2.33		0.67		0.67		1.20		3.33		0.44		2.16

		22		4		2.67		1.33		1.33		1.21		4.41		1.78		2.14

		23		4		2.33		1.67		1.67		1.24		5.67		2.78		2.17

		24		5		2.67		2.33		2.33		1.30		7.20		5.44		2.35

		25		4		3.33		0.67		0.67		1.26		7.92		0.44		2.25

		26		2		3.67		-1.67		1.67		1.28		6.49		2.78		2.28

		27		1		3.67		-2.67		2.67		1.35		4.20		7.11		2.51

		28		4		3.33		0.67		0.67		1.32		4.80		0.44		2.42

		29		3		3.33		-0.33		0.33		1.28		4.70		0.11		2.32

		30		4		3.17		0.83		0.83		1.26		5.44		0.69		2.25

		31		3		3.00		0.00		0.00		1.21		5.66		0.00		2.16

		32		1		2.83		-1.83		1.83		1.23		4.06		3.36		2.21

		33		5		2.67		2.33		2.33		1.27		5.77		5.44		2.33

		34		2		3.33		-1.33		1.33		1.27		4.71		1.78		2.31

		35		0		3.00		-3.00		3.00		1.33		2.25		9.00		2.54

		36		7		2.50		4.50		4.50		1.44		5.21		20.25		3.13

		37		3		3.00		0.00		0.00		1.39		5.39		0.00		3.03

		38		5		3.00		2.00		2.00		1.41		6.73		4.00		3.06

		39		5		3.67		1.33		1.33		1.41		7.69		1.78		3.02

		40		6		3.67		2.33		2.33		1.44		9.17		5.44		3.09

		41		2		4.33		-2.33		2.33		1.46		7.41		5.44		3.16

		42		3		4.67		-1.67		1.67		1.47		6.25		2.78		3.15

		43		4		4.00		0.00		0.00		1.43		6.42		0.00		3.06

		44		2		4.17		-2.17		2.17		1.45		4.84		4.69		3.10				Forecast for 51		5.50

		45		3		3.67		-0.67		0.67		1.43		4.44		0.44		3.04				MADat 50		1.52

		46		3		3.33		-0.33		0.33		1.40		4.29		0.11		2.96				TS at  50		11.08

		47		6		2.83		3.17		3.17		1.44		6.35		10.03		3.13				StdDev based on MAD		1.90

		48		11		3.50		7.50		7.50		1.59		10.50		56.25		4.40				CV based on MAD		0.35

		49		5		4.83		0.17		0.17		1.55		10.83		0.03		4.30				StdDed based on MSE		2.05

		50		5		5.00		0.00		0.00		1.52		11.08		0.00		4.20				CV based on MSE		0.37

						5.50






