Chapter 7: Demand Forecasting in a Supply Chain

Exercise Solutions : 

Problem 7-1:

We utilize a static model with level, trend, and seasonality components to evaluate the forecasts for year 6.  Initially, we deseasonalize the demand and utilize regression in estimating the trend and level components.  We then estimate the seasonal factors for each period and evaluate forecasts.  EXCEL Worksheet 7-1 provides the solution to this problem.  

The model utilized for forecasting is: 
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The deseasonalized regression model is:
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The seasonal indices for each of the twelve months are:

	Month
	S.I

	JAN
	0.427

	FEB
	0.475

	MAR
	0.463

	APR
	0.398

	MAY
	0.621

	JUN
	0.834

	JUL
	0.853

	AUG
	1.151

	SEP
	1.733

	OCT
	1.778

	NOV
	2.124

	DEC
	1.095


For example, the forecast for January of Year 6 is obtained by the following calculation:

F61 = [5997.261 + (61) * 70.245] * 0.4266 = 4386

The quality of the forecasting method is quite good given that the forecast errors are not too high.  

Problem 7-2:

Worksheet 7-2 compares the four-week moving average approach with the exponential smoothing model (alpha = 0.1).  In a four-week moving average model the weight assigned to the most recent data is 0.25 whereas in the case of the exponential smoothing model the weight assigned is 0.1.  The following graphs depict the results from the two models.  
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For this specific problem, it is evident that the moving average model is more responsive than the exponential smoothing approach due the difference in weights allocation (0.25 and 0.1).  Using MAD as a measure for forecast accuracy it can be concluded that the moving average model (MAD = 9) is slightly more accurate than the exponential smoothing model (MAD = 10) in evaluating forecasts.  

Example 7-3:

The simple exponential smoothing model only considers the level component and does not include a trend component in the analysis.  However,  Holt’s model allows for the incorporation of the trend component into the analysis.  Worksheet 7-3 provides the results of the two approaches.  
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By investigating the relationship between sales and period (shown in the above graph) it is evident that the data exhibits both random fluctuation and trend.  Thus, it is not surprising in the analysis that Holt’s model (alpha = 0.1, beta = 0.1, MAD = 8) is a better approach than the simple exponential smoothing model (alpha = 0.1, MAD = 21).  

Example 7-4:

Worksheet 7-4 evaluates demand forecasts for the ABC Corporation using moving average, simple exponential smoothing, Holt’s model, and Winter’s model.  Note that solver is utilized for simple exponential smoothing, Holt’s and Winter’s models in determining the optimal values for the smoothing constants by minimizing the MAD subject to the constraint that the smoothing constant values are < 1.  

It is evident that Winter’s model is preferable in this case with the lowest MAD value, i.e., lowest forecast error.  It is also important to note that Winter’s model allows for the incorporation of level, trend and seasonality, which are evident in the demand data for this case.  
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Solution

		Excersise 4-2: Hot Pizza

		Week		Demand		Week		Demand		Week		Demand

		1		108		5		96		9		112

		2		116		6		119		10		102

		3		118		7		96		11		92

		4		124		8		102		12		91

		MOVING AVERAGE												ERRORS

		Period		Demand		Level		Forecast										bias		MSE		MAD		Percent Error		MAPE		TS

		1		108

		2		116

		3		118

		4		124		106

		5		96		117		106						10		10		10		107		10		11		11		1.00

		6		119		114		117						-3		3		8		57		6		2		11		1.22

		7		96		114		114						18		18		25		140		10		18		11		2.51

		8		102		109		114						12		12		38		142		11		12		11		3.53

		9		112		103		109						-3		3		34		116		9		3		11		3.75

		10		102		107		103						1		1		36		97		8		1		11		4.53

		11		92		103		107						15		15		51		116		9		17		11		5.71

		12		91		102		103						12		12		63		120		9		13		11		6.76

		13						102												Estimate of standard deviation of forecast error:		11.61

		14						102

		15						102

		16						102

		EXPONENTIAL SMOOTHING

		Alpha =		0.1										ERRORS

		Period		Demand		Level		Forecast										bias		MSE		MAD		Percent Error		MAPE		TS

		0				106

		1		108		106		106						-2		2		-2		4		2		2		2		-1.00

		2		116		107		106						-10		10		-12		50		6		8		5		-2.00

		3		118		108		107						-11		11		-23		72		8		9		6		-3.00

		4		124		110		108						-16		16		-38		116		10		13		8		-4.00

		5		96		108		110						14		14		-25		131		10		14		9		-2.35

		6		119		110		108						-11		11		-35		128		10		9		9		-3.35

		7		96		108		110						14		14		-22		136		11		14		10		-1.98

		8		102		108		108						6		6		-15		123		10		6		9		-1.50

		9		112		108		108						-4		4		-20		112		10		4		9		-2.06

		10		102		107		108						6		6		-14		104		9		6		9		-1.49

		11		92		106		107						15		15		2		116		10		17		9		0.15

		12		91		104		106						15		15		16		125		10		16		10		1.59

		13						104												Estimate of standard deviation of forecast error:		12.82

		14						104

		15						104

		16						104

														The moving average method seems to be better because it results in lower MAD value
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Values

		Excersise 7-3: Flowers

		Exponential Smoothing

		Year		Quarter		Period		Sales		Level				Forecast						Et		At		bias		MSE		MAD		Percent Error		MAPE		TS				Regression - Sales vs. Period

						0				100

		1999		I		1		98		100				100						2		2		2		4		2		2		2		1.00				Regression Statistics

				II		2		106		100				100						-6		6		-4		21		4		6		4		-1.02				Multiple R		0.8925973711

				III		3		109		101				100						-9		9		-13		39		6		8		5		-2.28				R Square		0.7967300669

				IV		4		133		104				101						-32		32		-45		281		12		24		10		-3.67				Adjusted R Square		0.7822107859

		2000		I		5		130		107				104						-26		26		-70		355		15		20		12		-4.73				Standard Error		9.5137947169

				II		6		116		108				107						-9		9		-79		309		14		8		11		-5.71				Observations		16

				III		7		133		110				108						-25		25		-104		355		15		19		12		-6.74

				IV		8		116		111				110						-6		6		-110		315		14		5		11		-7.72				ANOVA

		2001		I		9		138		114				111						-27		27		-137		361		16		20		12		-8.74						df		SS		MS		F		Significance F

				II		10		130		115				114						-16		16		-153		351		16		13		12		-9.75				Regression		1		4966.7654411765		4966.7654411765		54.8739342004		0.0000033135

				III		11		147		118				115						-32		32		-185		411		17		22		13		-10.77				Residual		14		1267.1720588235		90.512289916

				IV		12		141		121				118						-23		23		-207		419		18		16		13		-11.77				Total		15		6233.9375

		2002		I		13		144		123				121						-23		23		-231		428		18		16		14		-12.78

				II		14		142		125				123						-19		19		-250		423		18		13		14		-13.78						Coefficients		Standard Error		t Stat		P-value

				III		15		165		129				125						-40		40		-290		502		20		24		14		-14.80				Intercept		100.075		4.9890760394		20.0588243614		0

				IV		16		173		133				129						-44		44		-334		592		21		25		15		-15.81				X Variable 1		3.8220588235		0.5159579609		7.4076942567		0.0000033135

		2003		I		17								133												Estimate of standard deviation of forecast error:		26.38

				II		18								133

				III		19								133

				IV		20								133

		Holt's model

		Year		Quarter		Period		Sales		Level		Trend		Forecast						Et		At		bias		MSE		MAD		Percent Error		MAPE		TS								Period		Sales

						0				100		3.82																														P1		98

		1999		I		1		98		103		3.8		104						6		6		6		34		6		6		6		1.00								P2		106

				II		2		106		107		3.8		107						1		1		7		17		3		1		3		2.00								P3		109

				III		3		109		110		3.7		111						2		2		8		13		3		2		3		3.00								P4		133

				IV		4		133		116		3.9		114						-19		19		-10		98		7		14		6		-1.51								P5		130

		2000		I		5		130		121		4.0		120						-10		10		-20		98		7		8		6		-2.72								P6		116

				II		6		116		124		3.9		125						9		9		-11		95		8		8		6		-1.46								P7		133

				III		7		133		129		4.0		128						-5		5		-16		85		7		4		6		-2.21								P8		116

				IV		8		116		131		3.8		133						17		17		0		109		8		14		7		0.04								P9		138

		2001		I		9		138		135		3.8		135						-3		3		-3		98		8		2		6		-0.37								P10		130

				II		10		130		138		3.8		139						9		9		6		96		8		7		7		0.75								P11		147

				III		11		147		142		3.8		142						-5		5		1		90		8		4		6		0.09								P12		141

				IV		12		141		146		3.8		146						5		5		6		84		8		4		6		0.77								P13		144

		2002		I		13		144		149		3.7		149						5		5		11		80		7		4		6		1.52								P14		142

				II		14		142		151		3.6		153						11		11		22		82		8		7		6		2.86								P15		165

				III		15		165		156		3.7		155						-10		10		12		83		8		6		6		1.52								P16		173

				IV		16		173		161		3.8		160						-13		13		-1		89		8		8		6		-0.18

		2003		I		17								165												Estimate of standard deviation of forecast error:		10.10

				II		18								169

				III		19								173

				IV		20								176

										Holt's model has lower forecast error and is better than the simple exponential smoothing model
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		Excersise 7-3: Flowers

		Exponential Smoothing

		Year		Quarter		Period		Sales		Level				Forecast				Et		At		bias		MSE		MAD		Percent Error		MAPE		TS				Regression - Sales vs. Period

						0				100

		1999		I		1		98		100				100				2		2		2		4		2		2		2		1.00				Regression Statistics

				II		2		106		100				100				-6		6		-4		21		4		6		4		-1.02				Multiple R		0.8925973711

				III		3		109		101				100				-9		9		-13		39		6		8		5		-2.28				R Square		0.7967300669

				IV		4		133		104				101				-32		32		-45		281		12		24		10		-3.67				Adjusted R Square		0.7822107859

		2000		I		5		130		107				104				-26		26		-70		355		15		20		12		-4.73				Standard Error		9.5137947169

				II		6		116		108				107				-9		9		-79		309		14		8		11		-5.71				Observations		16

				III		7		133		110				108				-25		25		-104		355		15		19		12		-6.74

				IV		8		116		111				110				-6		6		-110		315		14		5		11		-7.72				ANOVA

		2001		I		9		138		114				111				-27		27		-137		361		16		20		12		-8.74						df		SS		MS		F		Significance F

				II		10		130		115				114				-16		16		-153		351		16		13		12		-9.75				Regression		1		4966.7654411765		4966.7654411765		54.8739342004		0.0000033135

				III		11		147		118				115				-32		32		-185		411		17		22		13		-10.77				Residual		14		1267.1720588235		90.512289916

				IV		12		141		121				118				-23		23		-207		419		18		16		13		-11.77				Total		15		6233.9375

		2002		I		13		144		123				121				-23		23		-231		428		18		16		14		-12.78

				II		14		142		125				123				-19		19		-250		423		18		13		14		-13.78						Coefficients		Standard Error		t Stat		P-value

				III		15		165		129				125				-40		40		-290		502		20		24		14		-14.80				Intercept		100.075		4.9890760394		20.0588243614		0

				IV		16		173		133				129				-44		44		-334		592		21		25		15		-15.81				X Variable 1		3.8220588235		0.5159579609		7.4076942567		0.0000033135

		2003		I		17								133														Estimate of standard deviation of forecast error:		18.72

				II		18								133

				III		19								133

				IV		20								133

		Holt's model

		Year		Quarter		Period		Sales		Level		Trend		Forecast				Et		At		bias		MSE		MAD		Percent Error		MAPE		TS

						0				100		3.82

		1999		I		1		98		103		3.8		104				6		6		6		34		6		6		6		1.00

				II		2		106		107		3.8		107				1		1		7		17		3		1		3		2.00

				III		3		109		110		3.7		111				2		2		8		13		3		2		3		3.00

				IV		4		133		116		3.9		114				-19		19		-10		98		7		14		6		-1.51

		2000		I		5		130		121		4.0		120				-10		10		-20		98		7		8		6		-2.72

				II		6		116		124		3.9		125				9		9		-11		95		8		8		6		-1.46

				III		7		133		129		4.0		128				-5		5		-16		85		7		4		6		-2.21

				IV		8		116		131		3.8		133				17		17		0		109		8		14		7		0.04

		2001		I		9		138		135		3.8		135				-3		3		-3		98		8		2		6		-0.37

				II		10		130		138		3.8		139				9		9		6		96		8		7		7		0.75

				III		11		147		142		3.8		142				-5		5		1		90		8		4		6		0.09

				IV		12		141		146		3.8		146				5		5		6		84		8		4		6		0.77

		2002		I		13		144		149		3.7		149				5		5		11		80		7		4		6		1.52

				II		14		142		151		3.6		153				11		11		22		82		8		7		6		2.86

				III		15		165		156		3.7		155				-10		10		12		83		8		6		6		1.52

				IV		16		173		161		3.8		160				-13		13		-1		89		8		8		6		-0.18

		2003		I		17								165														Estimate of standard deviation of forecast error:		7.59

				II		18								169

				III		19								173

				IV		20								176
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Solution

		Excersise 4-2: Hot Pizza

		Week		Demand		Week		Demand		Week		Demand

		1		108		5		96		9		112

		2		116		6		119		10		102

		3		118		7		96		11		92

		4		124		8		102		12		91

		MOVING AVERAGE												ERRORS

		Period		Demand		Level		Forecast										bias		MSE		MAD		Percent Error		MAPE		TS

		1		108

		2		116

		3		118

		4		124		106

		5		96		117		106						10		10		10		107		10		11		11		1.00

		6		119		114		117						-3		3		8		57		6		2		11		1.22

		7		96		114		114						18		18		25		140		10		18		11		2.51

		8		102		109		114						12		12		38		142		11		12		11		3.53

		9		112		103		109						-3		3		34		116		9		3		11		3.75

		10		102		107		103						1		1		36		97		8		1		11		4.53

		11		92		103		107						15		15		51		116		9		17		11		5.71

		12		91		102		103						12		12		63		120		9		13		11		6.76

		13						102												Estimate of standard deviation of forecast error:		11.61

		14						102

		15						102

		16						102

		EXPONENTIAL SMOOTHING

		Alpha =		0.1										ERRORS

		Period		Demand		Level		Forecast										bias		MSE		MAD		Percent Error		MAPE		TS

		0				106

		1		108		106		106						-2		2		-2		4		2		2		2		-1.00

		2		116		107		106						-10		10		-12		50		6		8		5		-2.00

		3		118		108		107						-11		11		-23		72		8		9		6		-3.00

		4		124		110		108						-16		16		-38		116		10		13		8		-4.00

		5		96		108		110						14		14		-25		131		10		14		9		-2.35

		6		119		110		108						-11		11		-35		128		10		9		9		-3.35

		7		96		108		110						14		14		-22		136		11		14		10		-1.98

		8		102		108		108						6		6		-15		123		10		6		9		-1.50

		9		112		108		108						-4		4		-20		112		10		4		9		-2.06

		10		102		107		108						6		6		-14		104		9		6		9		-1.49

		11		92		106		107						15		15		2		116		10		17		9		0.15

		12		91		104		106						15		15		16		125		10		16		10		1.59

		13						104												Estimate of standard deviation of forecast error:		12.82

		14						104

		15						104

		16						104

														The moving average method seems to be better because it results in lower MAD value
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Talluri: average based on 12 periods
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Actual Demand

Forecasted Demand

Periods

Unit Demand

EXPONENTIAL SMOOTHING



		



Actual Demand

Forecasted Demand

Periods

Unit Demand

Moving Average



Calculate
Errors

1. Reformat data

Graph
Using Moving Average

Calculate
Errors

Graph
Using Exponential Smoothing

Moving Average -

Exponential Smoothing -

2. Start with reformatted data again.

TALLURI: average demand based on 12 periods

Used to jump start the model

TALLURI:
note that the MAD value for the forecasting process is 9 and standard deviation is 1.25*MAD
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