

Chapter 3: Forecasting
					

Operations management personnel use forecasts  to make decisions about process selection, capacity planning, facility layout, purchasing, production planning, scheduling, and inventory. A perfect forecast is a practical impossibility, and the way to live with forecast inaccuracy is to have a flexible production planning system. 
Strategic forecasts are typically long term and usually involve forecasting demand for a group of products.  Tactical forecasts would only cover a short period of time, and at most a few weeks in the future, and would typically be for individual items. 
Demand Management
A firm can either accept the demand for its products or services as a given factor without any attempt to change demand or it can take an active role in changing the demand for its products through price changes, managerial pressure on the sales force, incentives, campaigns, and so forth.
Types of Forecasting and Components of Demand
Forecasting can be classified into four basic types:  qualitative, times series analysis, causal relationships, and simulation. The observed demand for a product can be broken into six components: average demand for the period, trend, seasonal influence, cyclic elements, random variation, and autocorrelation. When all the known causes for demand are removed from the total demand (average, trend, seasonal, cyclical, and autocorrelative), what remains is the unexplained portion of demand. If one is unable to attribute the cause of this demand to specific sources, it is attributed to natural chance randomness. 
Times Series Analysis
Times series analysis is based on the idea that the history of past data about the item being forecast can, in some way, be used to predict the future.  We use short term forecasts (under three months) for tactical decisions such as replenish inventory or scheduling employees in the near term.  Short-term models compensate for random variation and adjust for short-tern changes.  They are especially good for measuring the current variability in demand, which is useful for setting safety stock levels or estimating peak loads in a service setting.   
Medium term forecasts (three months to two years) are useful for capturing seasonal effects.  Long range forecasts detect general trends.  Time series models include simple moving average, weighted moving average, exponential smoothing, decomposition of a time series, and regression analysis. 
Simple and Weighted Moving Averages: Using simple moving average, the forecast for a period is the average of the actual demand for the n most recent periods. A weighted moving average allows any weight to be placed on the demand for each of the n most recent periods; the sum of all weights equals one. 
Exponential Smoothing: Only three pieces of data are needed for this method:  the most recent forecast, the actual demand which occurred for that period, and a smoothing constant, alpha (α). Alpha is given a value between 0 and 1. This method gives weight of α to the demand for the most recent period; α (l - α) to the demand one time period older, α (l - α)2 to the demand two time periods older; (1 - α)3 to the demand three time periods older; and so on. Thus, the method applies exponential weighting such that each increment in the past is decreased by (I - α).  It can be shown mathematically that the sum of these weights would always be equal to one for any value α as long as it is between 0 and 1.
Ft  =  Ft-1 +  α(At-1  –  Ft-1 )
Where
Ft  =  The exponentially smoothed forecast for period t
Ft-1  =  The exponentially smoothed forecast made for the prior period 
A  =  The actual demand in the prior period
α  =  Smoothing constant or desired response rate
Ignore “Exponential Smoothing with Trend” on pages 55-56. 
The choice of α:  A higher value of α represents higher weights for more recent periods.  We use small value of α if the real demand is stable and a large value of α if the real demand is rapidly increasing or decreasing.  Thus, if the amount or error between the forecast and actual demand is large, alpha should be large, say 0.7 or 0.8.  If the error is small, alpha should be small.
Linear Regression Analysis
Regression analysis enables us to determine the relationship between a variable of interest (called a dependent variable) and one or more independent variables. Examples: 
1. consumption is a function of income
2. demand is a function of time. 
If Y represents the dependent variable (consumption in the first example and demand in the second) and x represents the independent variable (income in the first example and time period in the second, the linear model will be: 
Y = a + bx 
where 
Y  =  Dependent variable computed by the equation 
y  =  The actual dependent variable data point
a  =  Y intercept 
b  =  Slope of the line 
X  =  Independent variable
The “least squares" method defines this line (meaning determines the values of a and b) from the past data such that the sum of squares of the differences between the actual values (y) and the values obtained from the line (Y) is minimum. If we have a set of points (x, y), a and b can be calculated as follows:


   and  
Where 
a =  Y intercept
b =  Slope of the line

=  Average of all y’s

 =  Average of all x’s
x  =  x value of each data point
y  =  y value of each data point
n  =  Number of data points
Y = Value of the dependent variable computed with the regression equation.  
The regression line gives a point value estimate (expected value) of forecast.  The range of forecast can be calculated from the standard error of estimate, which is analogous to the standard deviation.  Syx, the standard error of estimate is given by the following formula given in the text.


However, I would like you to use the simplified version given below.  Both versions would give the sane answer, but the one below us easier to compute as you can verify from the attached solved problem.


Decomposition of a Time Series
A time series consists of chronologically ordered data that may contain one or more components of demand: trend, seasonal, cyclical, autocorrelation, and random. Decomposition of a time series means identifying and separating the time series data into the components. Only trend, seasonal, and random components are discussed. In additive seasonal variation, the seasonal amount is a constant and does not depend on trend. In such cases, the forecast will equal to trend plus seasonal amount.  In multiplicative seasonal variation, the forecast is equal to the trend multiplied by the seasonal factor.   The time series analysis with multiplicative seasonal variation requires the following steps:
1. Determine the seasonal factor (or index).  Calculate the grand average of all data.  For each season (month, quarter, and so forth), calculate the average demand for the season by taking the average of demands for that season.  Divide this average by the grand average to compute the seasonal index for that season.
2. Determine deseasonalized demand: Divide actual demand for each period by its seasonal index.  
3. Develop least squares regression line for the deseasonalized data with time on the x-axis and demand on the y-axis. 
4.  Calculate the forecast:  Use the regression line to calculate the Y-axis value for the period to be forecast, and multiply it by the period’s seasonal factor. 
Review all solved problem in the chapter and the solved Problem #4 in my attachment, “Solved Problems”.
Forecast Errors 
Error refers to the difference between the forecast value and what actually occurred.  Errors can be classified as biased or random.  Bias errors occur by making "consistent" mistakes such as failure to include the right variables or using the wrong relationships among variables. Random errors cannot be explained by the forecast model employed. 
Various measures of error include running sum of forecast errors (RSFE), the mean absolute deviation (MAD), and tracking signal.  RSFE is the sum of errors for past data points; errors on the high side will cancel those on the low side. MAD is the mean of errors on the past data points, regardless of whether high or low (that is, ignoring plus or minus sign of the error). 

MAD = 
t  =  period number
A = Actual demand for the period
Ft  =  Forecast demand for the period
N = Total number of period

 = A symbol sued to indicate the absolute value disregarding positive and negative signs.
The tracking signal is the ratio of RSFE and MAD. It indicates whether the forecast average is keeping pace with any genuine upward or downward changes in demand.
Causal Relationship Forecasting
One occurrence or a set of occurrences can cause another.  For example, an increase in income can cause an increase in the demand for a particular product or an increase in price of product can lower its demand.  Regression analysis can be used to estimate the exact quantitative relationship between the cause (independent variable) and the effect (dependent variable).  

Qualitative Techniques
Qualitative techniques are subjective or judgmental and are based on estimates and opinions. Four of them are covered in the text.
· Market research:  Collect data in a variety of ways – surveys, interviews, and so forth – to forecast long range and new product sales.
· Panel consensus: Free open exchange at meetings that could include executives, salesperson or customers.
· Historical analogy:  In case of new products, a forecast may be derived by using history of a similar product.
· Delphi method:  Group of experts responds to a questionnaire.  A moderator compiles results and formulates a new questionnaire that is submitted to the group.  Generally three rounds are sufficient for learning process to work and provide satisfactory results.
Web-Based Forecasting: Collaborative Planning, Forecasting, and Replenishment (CPFR)
CPFR is a Web-based tool used to coordinate demand forecasting, production and purchase planning, and inventory replenishment between supply chain trading partners.  This enhances planning visibility in supply chains.  This has helped the Food industry save $30 billion annually.  However, sharing sensitive operating data may enable one trading partner to take advantage of the other.  Front-end partnership agreements, nondisclosure agreements, and limited information access may help overcome some of these difficulties.
Computer Programs
Many forecasting programs are available commercially. The specific choice of a forecasting technique will depend on the specific application and the accuracy requirements. Box Jenkins technique, for example, gives high accuracy but it is time-consuming and expensive. 
Solved Problems
Review solved problems #1, #3, and #4 at the end of the chapter and solved problems in my attachment, “Solved Problems”.
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