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· A variable used to predict or explain the value of another variable is referred to as an independent variable
· A variable we seek to predict or explain is called a dependent variable
· Usually one dependent variable and one or more independent variables
· If we want to use more than one independent variable it must use a multiple regression
Mathematical form of the simple linear regression model is as follows:
		Y= a + BX + e
Where x corresponds to the independent variable. Y to the dependent variable, and a and B are the paramters of the model. According to this model, the value of the dependent variable Y is equal to the regression model constant a plus the model parameter B times the value of the independent variable X. Also notice that a residual, or error term , e, is included in the model to account for the fact that it is typically not possible to determine the exact value based on two variables.
When based on sample data: Y = a +bX
Where a and b are estimated based on sample data of the unknown population paramaters a and b respectively
A is y intercept, b is slope of regression

Calculating the Regression Model Parameters
Least squares regression model
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Where ΣXY = X times Y for each data point and then summed over all points
	ΣX2= X squared for each observation and then summed over all data points
[image: ]	x̄               = The average of the X and Y values respectively
	n= number of data points


LINEST Function – Uses the least squares method to calculate the parameters of a and b of a trend line
LINEST( Range of Y Values, range of X values)

TREND Function- fits a straight line to a column of x and y values. And then returns the values that would appear on the trend line for each value of x.
=TREND(range of y values, range of x values)
=TREND(C3:C12,B3:B12)
MUST USE CTRL SHIFT KEYS FOR BOTH

The coefficient of determination and the correlation coefficient
· Represented by R2 , will be between 0 and 1
Total sum of squares or SST
· [image: sum_{i=1}^{n}\left(y_{i}-\bar{y}\right)^2]
· 

yi represents the value of the dependent variable associated with data point i
y bar = represents the average value of the dependent value across n values

	     
	Sum of Squares Regression or SSR
Letting yir be the regression line estimate for point I, SSR can be calculated as
[image: ]
 The variation around the mean not accounted for by the regression line is called the sum of squares of error or SSE and is calculated as
[image: ]
SST= SSR + SSE

R2= SST/SST = SST- SSE/ SST
The correlation coefficient, r is another measure for assessing the extent to which two variables are related to one another 
The correlation coefficient can range from -1 to 1
Corellation function can be used
=CORREL(C3:C12,B3:B12)
PITFALLS
-Extrapolation
-Generalization
-Assumption

The Multiple Regression Model
[image: ]

Where X1 represents corresponds to the ith variable for i= 1,2,…,n and a , B,B2,…Bn
In a simple regression model error is collected as
 e= Y0 – (a+bX)
Where e is the error or residual for a given observation , Y0 is the actual observed y value and (a+bX) is the predicted Y value for the observation based on the regression model.	
E= Y0-(a+b1x1+b2,…bn)
We use LINEST to identify it
3.4 Developing Regression Models
Step 1: Identifify candidate independent values to include in the model
- Identify candidate variables that can be used
- Construct an influence diagram
-Must be a linear relationship
Step 2:Transform the Data

- when its quadratic you convert it by taking the sqrt
step 3:  Select the variables to inude in the model

Backword elimination: all independent variables are included in the model and variables with the least predictive value are dropped one at a time with the model valued at each iteration
Forward Selection: Exact opposite of above. Check the correlation that will result in the greatest increase in R2.
Regression Hypothesis Tests
· We can employ an ANOVA Test, using a test statistic that compares the variance explained by the regression to the unexplained variance.
· This statistic follows an f distribution and depending on the p value that its independent variable(s) are related to the dependent variable
· The t Test takes the same form: the null hypothesis is that the independent variable has no relationship to the dependent variable and thus its coefficient is zero.
Time Series Analysis
A time series is a set of values of some variable measured either at regular points in time or over sequential intervals of time. We measure stock prices at specific points in time and quarterly sales over specific intervals of time.

Components of a time series
1. Trend , T
2. Seasonal Variation, S
3. Cyclical Variation , C
4. Random Variation, R

Seasonal Fluctuations are fairly regular fluctuations that repeat within one year’s time, or whatever period encompasses the full set of seasonal. Seasonal fluctuations result primarily from nature, but they are also brought about by human behavior.

The cycle or cyclical component is obvious only in time series that span several sets of seasonals. A cycle can be a long-term oscillation, or a swing of the data points about the trend line over a period of at least three complete sets of seasonals
Random Variation: without a specific assignable cause and without a pattern. Random variations are the fluctuations left in the time series after the trend, seasonality, and cyclical behavrious have been accounted for.

Time Series Models
1. Moving averages (trend component of the time series)
2. Exponential smoothing ( trend component of the time series)
3. Linear, trend multiplicative model ( trend and seasonal components)

Moving averages is one of the simplest ways to predict a trend, it generates the next period’s forecast by averaging the actual demand for only the last n times periods(n is often in the range of 4 to 7)
	Forecast = average of actual demand in past n periods
Any data older than n are thus ignored. Note, also that the moving average values old data just the same as more recent data. 

[image: ]
where
t= period number for the current period
Ft+1 = Forecast for the next period
Ai= actual observed value in period i
N= number of periods of demand to be included in the moving average( known as the “order” of the moving average)

Two difficulties
1. Producing as good a forecast as possible with the available data
2. To smooth the random behavior of data

Exponential Smoothing
New Demand Forecast = (a) current actual demand + (1-a) previous demand forecast or 
[image: ]
a= is a smoothing constant that must be between 0 and 1
Ft is the exponential forecast for period t, and At is the actual demand in period t.
· For smoothing constant a can be interpreted as the weight assigned to the last (i.e the current ) data point. The remainer of the weight (1-a) is applied to the last forewcast, however the last forecast was a function of the previous weighted data point and the forecast before that. Note
[image: ]
weight of nth most recent data point in an exponential average = a(1-a)n-1

New Formula
[image: ]
· objective is to choose the value of a that results in the best forecasts
· 
[image: ]


Forecast= trend component (orT) x seasonal component (s)

Seasonal component for any quarter:
[image: ]
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