Appendix   
1.  Charts and Discussion about SMA, WMA and EMA

Example:  from http://www.etrade.com  (Oct 8, 2005)
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What is the Moving Average?
http://www.investopedia.com/university/movingaverage/movingaverage1.asp

Moving average is an indicator that shows the average value of a security's price over a period of time. To find the 50 day moving average you would add up the closing prices (but not always) from the past 50 days and divide them by 50. And because prices are constantly changing it means the moving average will move as well. 

The most commonly used moving averages are the 20, 30, 50, 100, and 200 day averages. Each moving average provides a different interpretation on what the stock price will do. There really isn't just one "right" time frame. Moving averages with different time spans each tell a different story. The shorter the time span, the more sensitive the moving average will be to price changes. The longer the time span, the less sensitive or the more smoothed the moving average will be. Moving averages are used to emphasize the direction of a trend and smooth out price and volume fluctuations or "noise" that can confuse interpretation. 

Here is a visual example using the stock price of AT&T:
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	This chart was supplied by Barchart.com



Notice back in September when the stock price dropped well below its 50 day average (the green line). There has been a steady downward trend since then and no real strong divergence, until the end of December where it rose above its 50 day average and continued to rise for several weeks.

Typically when a stock price moves below its 50-100 day moving average it is a bad thing, the opposite is true for stocks that protrude their moving average.
The Different Flavors:

Of course the simple moving average that we've discussed it the most popular, but there are different modified versions of the moving average.

Exponential Moving Average (EMA) - Are calculated by applying a percentage of today's closing price to yesterday's moving average value. Use an exponential moving average to place more weight on recent prices. 

Moving Average Convergence Divergence (MACD) - quite common, the "MACD" is a trend following momentum indicator that shows the relationship between two moving averages of prices. To Calculate the MACD subtract the 26-day EMA from a 12-day EMA. A 9-day dotted EMA of the MACD called the signal line is then plotted on top of the MACD. There are 3 common methods to interpret the MACD: 

1. Crossovers - When the MACD falls below the signal line it is a signal to sell. Vice versa when the MACD rises above the signal line. 

2. Divergence - When the security diverges from the MACD it signals the end of the current trend. 

3. Overbought/Oversold - When the MACD rises dramatically (shorter moving average pulling away from longer term moving average) it is a signal the security is overbought and will soon return to normal levels. 

Other less common moving averages include triangular, variable, and weighted moving average. All of them being slight deviations from the ones above and are used to detect different characteristics such as volatility, and weighting different time spans.

Exponential Moving Average 
An Exponential Moving Average (EMA) takes a percentage of today's price and adds in the prior day's exponential moving average times 1 minus that percentage. For instance, suppose you wanted a 10% EMA. You would take today's price and multiply it by 10% then add that figure to the prior day's EMA multiplied by the remaining percent: 
(today's close * .10) + (yesterday's exponential moving average * (1-.10)) 
Weighted Moving Average 
The theory behind a weighted moving average (WMA) is that the recent data is more relevant than past data. Therefore, it puts more "weight" on the recent data and less weight on the older data. To calculate it, you take the number of periods you wish to analyze and that becomes the weight for today's price. Yesterday's price would use today's weight -1 and so on and so forth for the number of periods. You then divide the sum of the weighted prices by the sum of the weights. 
For example, suppose we took the last five "grades" we used in our first example and calculated a 5-period WMA. The calculation would be as follows: 


(1*77 + 2*80  + 3*82 + 4*85 + 5*90) / 15 = 84.86

Comparing the EMA,WMA and Simple Moving Averages 
The simple moving average gives equal weight to all data points. By nature, it is the "true" average. The exponential and weighted moving averages give the most recent data points the highest rankings or "weightings". Therefore, the simple moving average tends to lag (by representing all data points equally) the exponential and weighted moving averages during large price changes. However, during "normal" or "flat" markets the differences become negligible. This is illustrated:
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	Figure: March 2000 Bonds with 50-day Simple, Exponential and Weighted Moving Averages. Notice during "normal" or "flat" markets the averages tend to run together (a). However, once the market begins to make sharp moves (b) and (c) the EMA and WMA tends to catch up to price faster while the Simple Moving Average tends to lag. 



So Which One Should You Use? 
Deciding between the types of moving averages really becomes a matter of personal preference. Normally when you hear talk of moving averages, in the media it normally refers to simple moving averages. Therefore, due to widespread focus on these numbers, it's important to give them consideration. The 50- and 200-day (simple) moving averages are most commonly used here. As a trader, especially during large price moves, you might consider experimenting with exponential or weighted moving averages. 
More Discussion from http://www.stockcharts.com/education/IndicatorAnalysis/indic_movingAvg.html
Note: all moving averages are lagging indicators and will always be "behind" the price. The price of EK is trending down, but the simple moving average, which is based on the previous 10 days of data, remains above the price. If the price were rising, the SMA would most likely be below. Because moving averages are lagging indicators, they fit in the category of trend following indicators. When prices are trending, moving averages work well. However, when prices are not trending, moving averages can give misleading signals.

	Exponential Moving Average (EMA)


(Click here to see a live example of an Exponential Moving Average) 

In order to reduce the lag in simple moving averages, technicians often use exponential moving averages (also called exponentially weighted moving averages). EMA's reduce the lag by applying more weight to recent prices relative to older prices. The weighting applied to the most recent price depends on the specified period of the moving average. The shorter the EMA's period, the more weight that will be applied to the most recent price. For example: a 10-period exponential moving average weighs the most recent price 18.18% while a 20-period EMA weighs the most recent price 9.52%. As we'll see, the calculating and EMA is much harder than calculating an SMA. The important thing to remember is that the exponential moving average puts more weight on recent prices. As such, it will react quicker to recent price changes than a simple moving average. Here's the calculation formula.

Exponential Moving Average Calculation

Exponential Moving Averages can be specified in two ways - as a percent-based EMA or as a period-based EMA. A percent-based EMA has a percentage as it's single parameter while a period-based EMA has a parameter that represents the duration of the EMA.

The formula for an exponential moving average is:

EMA(current) = ( (Price(current) - EMA(prev) ) x Multiplier) + EMA(prev)
For a percentage-based EMA, "Multiplier" is equal to the EMA's specified percentage.
For a period-based EMA, "Multiplier" is equal to 2 / (1 + N) where N is the specified number of periods.

For example, a 10-period EMA's Multiplier is calculated like this:

[image: image4.png]= = .1s18

(0+1) (18.18%)




This means that a 10-period EMA is equivalent to an 18.18% EMA.

Note: StockCharts.com only support period-based EMA's.

Below is a table with the results of an exponential moving average calculation for Eastman Kodak. For the first period's exponential moving average, the simple moving average was used as the previous period's exponential moving average (yellow highlight for the 10th period). From period 11 onwards, the previous period's EMA was used. The calculation in period 11 breaks down as follows:

1. (C - P) = (61.33 - 63.682) = -2.352 

2. (C - P) x K = -2.352 x .181818 = -0.4276 

3. ((C - P) x K) + P = -0.4276 + 63.682 = 63.254 
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*The 10-period simple moving average is used for the first calculation only. After that the previous period's EMA is used.
(Click here to download this table as an Excel spreadsheet.)
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Note that, in theory, every previous closing price in the data set is used in the calculation of each EMA that makes up the EMA line. While the impact of older data points diminishes over time, it never fully disappears. This is true regardless of the EMA's specified period. The effects of older data diminish rapidly for shorter EMA's. than for longer ones but, again, they never completely disappear.

	Simple Versus Exponential


From afar, it would appear that the difference between an exponential moving average and a simple moving average is minimal. For this example, which uses only 20 trading days, the difference is minimal, but a difference nonetheless. The exponential moving average is consistently closer to the actual price. On average, the EMA is 3/8 of a point closer to the actual price than the SMA.
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From day 10 to day 20, the EMA was closer to the price than the SMA 9 out of 10 times. The only time the SMA was closer was in period number 18, and this did not last long. The average absolute difference between the exponential moving average and the current price was 1 and the simple moving average had an average absolute difference of 1.33. This means that on average, the exponential moving average was 1 point above or below the current price and the simple moving average was 1.33 points above or below the current price.

When EK stopped falling and started to trade flat, the SMA kept on declining. During this period, the SMA was closer to the actual price than the EMA. The EMA began to level out with the actual price and remain further away. This was because the actual price started to level out. Because of its lag, the SMA continued to decline and even touched the actual price on 13-Dec.
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A comparison of a 50-day EMA and a 50-day SMA for IBM also shows that the EMA picks up on the trend quicker than the SMA. The blue arrows mark points when the stock started a strong trend. By giving more weight to recent prices, the EMA reacted quicker than the SMA and remained closer to the actual price. The gray circle shows when the trend began to slow and a trading range developed. When the change from trend to trading began, the SMA was closer to the price. As the trading range continued into 2001, both moving averages converged. In early 2001, CPQ started to trend up and the EMA was quicker to pick up on the recent price change and remain closer to the price.

	Which is better? 


Which moving average you use will depend on your trading and investing style and preferences. The simple moving average obviously has a lag, but the exponential moving average may be prone to quicker breaks. Some traders prefer to use exponential moving averages for shorter time periods to capture changes quicker. Some investors prefer simple moving averages over long time periods to identify long-term trend changes. In addition, much will depend on the individual security in question. A 50-day SMA might work great for identifying support levels in the Nasdaq, but a 100-day EMA may work better for the Dow Transports. Moving average type and length of time will depend greatly on the individual security and how it has reacted in the past.

The initial thought for some is that greater sensitivity and quicker signals are bound to be beneficial. This is not always true and brings up a great dilemma for the technical analyst: the trade off between sensitivity and reliability. The more sensitive an indicator is, the more signals that will be given. These signals may prove timely, but with increased sensitivity comes an increase in false signals. The less sensitive an indicator is, the fewer signals that will be given. However, less sensitivity leads to fewer and more reliable signals. Sometimes these signals can be late as well.

For moving averages, the same dilemma applies. Shorter moving averages will be more sensitive and generate more signals. The EMA, which is generally more sensitive than the SMA, will also be likely to generate more signals. However, there will also be an increase in the number of false signals and whipsaws. Longer moving averages will move slower and generate fewer signals. These signals will likely prove more reliable, but they also may come late. Each investor or trader should experiment with different moving average lengths and types to examine the trade-off between sensitivity and signal reliability.
2.  SAS Forecasting system
SAS Import Data
· Import Data – Standard data sources (Next) – Browse ?  (Consumer_sentiment_SES.XLS) – which tables? (c3t2b) – SAS destination Member ? (Consumer) – Next - Finish

Forecasting system

· Solutions – Analyze – Time Series Forecasting System

· Develop Models – Select SAS data sets from Libraries

· Select Time Series Variables

3.  Equations for the Smoothing Models 

Simple Exponential Smoothing
The model equation for simple exponential smoothing is 
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The smoothing equation is 
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The error-correction form of the smoothing equation is 
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(Note: For missing values, et=0.) 
The k-step prediction equation is 
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· The ARIMA model equivalency to simple exponential smoothing is the ARIMA(0,1,1) model 
· [image: image14.png]



· [image: image15.png]



· The moving-average form of the equation is 
· [image: image16.png]



· For simple exponential smoothing, the additive-invertible region is 
· [image: image17.png]



· The variance of the prediction errors is estimated as 
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Double (Brown) Exponential Smoothing
The model equation for double exponential smoothing is 
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The smoothing equations are 
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This method may be equivalently described in terms of two successive applications of simple exponential smoothing: 
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where St[1] are the smoothed values of Yt, and St[2] are the smoothed values of St[1]. The prediction equation then takes the form: 
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The error-correction form of the smoothing equations is 
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(Note: For missing values, et=0.) 
The k-step prediction equation is 
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· The ARIMA model equivalency to double exponential smoothing is the ARIMA(0,2,2) model 
· [image: image28.png](1— B)*Y; =(1—8B)%¢
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· The moving-average form of the equation is 
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· For double exponential smoothing, the additive-invertible region is 
· [image: image31.png]



· The variance of the prediction errors is estimated as 
· [image: image32.png]k=1
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Linear (Holt) Exponential Smoothing
The model equation for linear exponential smoothing is 
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The smoothing equations are 
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The error-correction form of the smoothing equations is 
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(Note: For missing values, et=0.) 
The k-step prediction equation is 

[image: image38.png]Yi(k)

Li + ET;




· The ARIMA model equivalency to linear exponential smoothing is the ARIMA(0,2,2) model 
· [image: image39.png]
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· The moving-average form of the equation is 
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· For linear exponential smoothing, the additive-invertible region is 
· [image: image43.png]
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· The variance of the prediction errors is estimated as 
· [image: image45.png]var(e (k) = var(e) {1 +




Damped-Trend Linear Exponential Smoothing
The model equation for damped-trend linear exponential smoothing is 
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The smoothing equations are 
[image: image47.png]



[image: image48.png]Ty =~(Li — Ly 1) + (1 — )T




The error-correction form of the smoothing equations is 
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(Note: For missing values, et=0.) 
The k-step prediction equation is 
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· The ARIMA model equivalency to damped-trend linear exponential smoothing is the ARIMA(1,1,2) model 
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· The moving-average form of the equation (assuming [image: image55.png]


) is 
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· For damped-trend linear exponential smoothing, the additive-invertible region is 
· [image: image57.png]
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· The variance of the prediction errors is estimated as 
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Seasonal Exponential Smoothing
The model equation for seasonal exponential smoothing is 
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The smoothing equations are 
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The error-correction form of the smoothing equations is 
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(Note: For missing values, et=0.) 
The k-step prediction equation is 
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· The ARIMA model equivalency to seasonal exponential smoothing is the ARIMA(0,1,p+1)(0,1,0)p model 
· [image: image66.png](1—B)(1 — BP)Y; = (1 — 6,B — 6,BF — 8,BF ") ¢




· [image: image67.png]



· [image: image68.png]



· [image: image69.png]gz = (1 — a)(d — 1)




· The moving-average form of the equation is 
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· For seasonal exponential smoothing, the additive-invertible region is 
· [image: image72.png]



· The variance of the prediction errors is estimated as 
· [image: image73.png]var(e(k)) = var(e) {H '




Winters Method -- Additive Version
The model equation for the additive version of Winters method is 
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The smoothing equations are 
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The error-correction form of the smoothing equations is 
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(Note: For missing values, et=0.) 
The k-step prediction equation is 
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· The ARIMA model equivalency to the additive version of Winters method is the ARIMA(0,1,p+1)(0,1,0)p model 
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· The moving-average form of the equation is 
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· For the additive version of Winters method (see Archibald 1990), the additive-invertible region is 
· [image: image86.png]
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· where [image: image88.png]


is the smallest nonnegative solution to the equations listed in Archibald (1990). 
· The variance of the prediction errors is estimated as 

· [image: image89.png]var(e(k)) = var(e) {H '




Winters Method -- Multiplicative Version
In order to use the multiplicative version of Winters method, the time series and all predictions must be strictly positive. 

The model equation for the multiplicative version of Winters method is 
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The smoothing equations are 
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The error-correction form of the smoothing equations is 
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(Note: For missing values, et=0.) 
The k-step prediction equation is 
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· The multiplicative version of Winters method does not have an ARIMA equivalent; however, when the seasonal variation is small, the ARIMA additive-invertible region of the additive version of Winters method described in the preceding section can approximate the stability region of the multiplicative version. 
· The variance of the prediction errors is estimated as 
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· where [image: image99.png]


are as described for the additive version of Winters method, and [image: image100.png]
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