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Problem 1
a) Plot the monthly price data.
	Period, Month
	Price/Chips in $

	Jan
	3.60

	Feb
	3.34

	Mar
	3.40

	Apr
	3.70

	May
	3.80

	June
	3.74

	July
	3.60

	Aug
	3.66

	Sep
	3.40

	Oct
	3.30

	Nov
	3.40

	Dec
	3.50






b) Forecast coming January price using each of the following:

1. The native approach:
	Naïve Approach

	Period
	Price/Chips in $
	 
	 
	 
	 

	Month
	At
	Ft
	Et
	Abs(Et)
	SE

	Jan 1
	3.60
	-
	- 
	 -
	 -

	Feb 2
	3.34
	3.60
	-0.26
	0.26
	0.0676

	Mar 3
	3.40
	3.34
	0.06
	0.06
	0.0036

	Apr 4
	3.70
	3.40
	0.30
	0.3
	0.0900

	May 5
	3.80
	3.70
	0.10
	0.1
	0.0100

	Jun 6
	3.74
	3.80
	-0.06
	0.06
	0.0036

	Jul 7
	3.60
	3.74
	-0.14
	0.14
	0.0196

	Aug 8
	3.66
	3.60
	0.06
	0.06
	0.0036

	Sep 9
	3.40
	3.66
	-0.26
	0.26
	0.0676

	Oct 10
	3.30
	3.40
	-0.10
	0.1
	0.0100

	Nov 11
	3.40
	3.30
	0.10
	0.1
	0.0100

	Dec 12
	3.50
	3.40
	0.10
	0.1
	0.0100

	 Jan 13
	 
	 F13
	 
	 
	 

	 
	 
	Average:
	-0.01
	0.14
	0.0269

	 
	 
	 
	 
	MAD
	MSE

	Next Jan (F13) = A12 = 3.50




2. A 3-month moving average:
	3-month Moving Average

	Period
	Price/Chips in $
	 
	 
	 
	 

	Month
	At
	Ft
	Et
	Abs(Et)
	SE

	Jan 1
	3.60
	-
	-
	-
	-

	Feb 2
	3.34
	-
	-
	-
	-

	Mar 3
	3.40
	-
	-
	-
	-

	Apr 4
	3.70
	3.45
	0.25
	0.25
	0.0642

	May 5
	3.80
	3.48
	0.32
	0.32
	0.1024

	Jun 6
	3.74
	3.63
	0.11
	0.11
	0.0114

	Jul 7
	3.60
	3.75
	-0.15
	0.15
	0.0215

	Aug 8
	3.66
	3.71
	-0.05
	0.05
	0.0028

	Sep 9
	3.40
	3.67
	-0.27
	0.27
	0.0711

	Oct 10
	3.30
	3.55
	-0.25
	0.25
	0.0642

	Nov 11
	3.40
	3.45
	-0.05
	0.05
	0.0028

	Dec 12
	3.50
	3.37
	0.13
	0.13
	0.0178

	Jan 13
	 
	F13
	 
	 
	 

	 
	 
	Average:
	0.0044
	0.1763
	0.0398

	 
	 
	 
	 
	MAD
	MSE

	Next Jan (F13) = (A10+A11+A12)/3 = 3.4 




3. A 3-month weighted average using 0.2, 0.3 and 0.5 as weights, with the heaviest weights applied to the most recent months.
	3-month weighted average with 0.2, 0.3 and 0.5

	Weights:
	w1:
	0.2
	 
	 
	 

	 
	w2:
	0.3
	 
	 
	 

	 
	w3:
	0.5
	 
	 
	 

	Period
	Price/Chips in $
	 
	 
	 
	 

	Month
	At
	Ft
	Et
	Abs(Et)
	SE

	Jan 1
	3.60
	-
	-
	-
	-

	Feb 2
	3.34
	-
	-
	-
	-

	Mar 3
	3.40
	-
	-
	-
	-

	Apr 4
	3.70
	3.42
	0.28
	0.28
	0.0773

	May 5
	3.80
	3.54
	0.26
	0.26
	0.0686

	Jun 6
	3.74
	3.69
	0.05
	0.05
	0.0025

	Jul 7
	3.60
	3.75
	-0.15
	0.15
	0.0225

	Aug 8
	3.66
	3.68
	-0.02
	0.02
	0.0005

	Sep 9
	3.40
	3.66
	-0.26
	0.26
	0.0666

	Oct 10
	3.30
	3.52
	-0.22
	0.22
	0.0475

	Nov 11
	3.40
	3.40
	0.00
	0.00
	0.0000

	Dec 12
	3.50
	3.37
	0.13
	0.13
	0.0169

	Jan 13
	 
	F13
	 
	 
	 

	 
	 
	Average:
	0.0078
	0.1522
	0.0336

	 
	 
	 
	 
	MAD
	MSE

	Next Jan (F13) = (0.2*A10+0.3*A11+0.5*A12)/(0.2+0.3+0.5) = 3.43





c) Calculate the MAD and MSE for each of the method above. Which is better among the three methods?
From part B, we got:
1. The naïve approach:                         F13=3.5  MAD=0.14  MSE=0.0269
2. The 3-month moving average:       F13=3.4  MAD=0.1763  MSE=0.0398
3. The 3-month weighted average:    F13=3.43 MAD=0.1522 MSE=0.0336
Since the naïve approach has the lowest MAD and MSE, which means its predictive result has higher accuracy, it will be the better method among the three.


Problem 2
a) Compute the exponentially smoothed forecast for period 13. 
Assume an initial forecast of $154.40 in the first month, and use α=0.2.
	Simple Exponential Smoothing with α=0.2 and F1=154.40

	Alpha:
	0.2
	 
	 
	 
	 

	Period
	Price/Chips in $
	 
	 
	 
	 

	Month
	At
	Ft
	Et
	Abs(Et)
	SE

	Jan 1
	154.40
	154.40
	0.00
	0.00
	0.0000

	Feb 2
	159.50
	154.40
	5.10
	5.10
	26.0100

	Mar 3
	157.00
	155.42
	1.58
	1.58
	2.4964

	Apr 4
	165.00
	155.74
	9.26
	9.26
	85.8217

	May 5
	170.20
	157.59
	12.61
	12.61
	159.0424

	Jun 6
	179.45
	160.11
	19.34
	19.34
	373.9954

	Jul 7
	175.30
	163.98
	11.32
	11.32
	128.1688

	Aug 8
	184.50
	166.24
	18.26
	18.26
	333.3157

	Sep 9
	189.40
	169.89
	19.51
	19.51
	380.4664

	Oct 10
	195.80
	173.80
	22.00
	22.00
	484.1953

	Nov 11
	198.30
	178.20
	20.10
	20.10
	404.1527

	Dec 12
	205.75
	182.22
	23.53
	23.53
	553.7946

	Jan 13
	 
	F13
	 
	 
	 

	 
	 
	Average:
	13.5516
	13.5516
	244.2883

	 
	 
	 
	 
	MAD
	MSE

	Next Jan (F13) = F12+0.2*(A12-F12) = 186.92



b) Reforecast each period using α=0.55
	Simple Exponential Smoothing with α=0.55 and F1=154.40

	Alpha:
	0.55
	 
	 
	 
	 

	Period
	Price/Chips in $
	 
	 
	 
	 

	Month
	At
	Ft
	Et
	Abs(Et)
	SE

	Jan 1
	154.40
	154.40
	0.00
	0.00
	0.0000

	Feb 2
	159.50
	154.40
	5.10
	5.10
	26.0100

	Mar 3
	157.00
	157.21
	-0.21
	0.21
	0.0420

	Apr 4
	165.00
	157.09
	7.91
	7.91
	62.5325

	May 5
	170.20
	161.44
	8.76
	8.76
	76.7111

	Jun 6
	179.45
	166.26
	13.19
	13.19
	174.0109

	Jul 7
	175.30
	173.51
	1.79
	1.79
	3.1901

	Aug 8
	184.50
	174.50
	10.00
	10.00
	100.0749

	Sep 9
	189.40
	180.00
	9.40
	9.40
	88.3917

	Oct 10
	195.80
	185.17
	10.63
	10.63
	113.0130

	Nov 11
	198.30
	191.02
	7.28
	7.28
	53.0543

	Dec 12
	205.75
	195.02
	10.73
	10.73
	115.0842

	Jan 13
	 
	F13
	 
	 
	 

	 
	 
	Average:
	7.0489
	7.0830
	67.6762

	 
	 
	 
	 
	MAD
	MSE

	Next Jan (F13) = F12+0.55*(A12-F12) = 200.92




c) Actual price during period 13 was $210.45. Refer to part a) and b) above. Which model provides a superior forecast? Explain and justify the measure of error you used.
From part a), we have F13=186.92  MAD=13.5516  MSE=244.2883
From part b), we have F13=200.92  MAD=7.0830  MSE=67.6762
The predictive result from part b) which is 200.92 is closer to the actual price 210.45, therefore model b) provides a superior forecast. We noticed that both MAD and MSE are much lower in part b) model comparing to the model in part a). That means the scale of the predictive errors is most likely smaller in every period in part b) model, and they eventually lead to a more accurate result. 


d) Forecast price for month 2 to month 13 with a trend-adjusted exponential smoothing model. Assume an initial forecast of $154.40 for month 1 and initial trend of zero. Use smoothing constants of α=0.3 and β=0.2.
	Double Exponential Smoothing with α=0.3 β=0.2 and F1=154.40

	Alpha:
	0.3
	 
	 
	 
	 
	 
	 

	Beta:
	0.2
	 
	 
	 
	 
	 
	 

	Period
	Price/Chips in $
	 
	 
	 
	 
	 
	 

	Month
	At
	Ft
	Tt
	FITt
	Et
	Abs(Et)
	SE

	Jan 1
	154.40
	154.40
	0.00
	154.40
	0.00
	0.00
	0.0000

	Feb 2
	159.50
	154.40
	0.00
	154.40
	5.10
	5.10
	26.0100

	Mar 3
	157.00
	155.93
	0.31
	156.24
	0.76
	0.76
	0.5837

	Apr 4
	165.00
	156.47
	0.35
	156.82
	8.18
	8.18
	66.9608

	May 5
	170.20
	159.27
	0.84
	160.11
	10.09
	10.09
	101.7124

	Jun 6
	179.45
	163.14
	1.45
	164.59
	14.86
	14.86
	220.8715

	Jul 7
	175.30
	169.05
	2.34
	171.39
	3.91
	3.91
	15.3161

	Aug 8
	184.50
	172.56
	2.57
	175.13
	9.37
	9.37
	87.7043

	Sep 9
	189.40
	177.94
	3.14
	181.08
	8.32
	8.32
	69.2088

	Oct 10
	195.80
	183.58
	3.64
	187.21
	8.59
	8.59
	73.7524

	Nov 11
	198.30
	189.79
	4.15
	193.94
	4.36
	4.36
	19.0163

	Dec 12
	205.75
	195.25
	4.41
	199.66
	6.09
	6.09
	37.0894

	Jan 13
	 
	F13
	T13
	FIT13
	 
	 
	 

	 
	 
	 
	 
	Average:
	6.6359
	6.6359
	59.8521

	 
	 
	 
	 
	 
	 
	MAD
	MSE

	Month 13 (FIT13) = F13+T13 = (0.3*A12+(1-0.3)*FIT12) + (0.2*(F13-F12)+(1-0.2)*T12) = 206.26




e) Is this trend-adjusted exponential smoothing model better that part a) and b)? What adjustment might be useful for further improvement?
Yes, the FIT13=206.26 which is one step closer to the A13=210.45.
For further improvement, we should change the T1=0. Instead of using zero as initial trend, we can plot the data and get a more precise initial trend parameter by analyzing the correlation between the period and the price each month. 


Problem 3
	Student
	SAT
	GPA

	A
	421
	2.90

	B
	377
	2.93

	C
	585
	3.00

	D
	690
	3.45

	E
	608
	3.66

	F
	390
	2.88

	G
	415
	2.15

	H
	481
	2.53

	I
	729
	3.22

	J
	501
	1.99

	K
	613
	2.75

	L
	709
	3.90

	M
	366
	1.60




a) Is there a meaningful relationship between SAT math scores and grades?
Let X = SAT math scores, Y = GPA grades
By performing the analysis of the regression statistics in Excel, we got:
	SUMMARY OUTPUT
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.691801
	
	
	
	
	
	
	

	R Square
	0.478589
	
	
	
	
	
	
	

	Adjusted R Square
	0.431188
	
	
	
	
	
	
	

	Standard Error
	0.496075
	
	
	
	
	
	
	

	Observations
	13
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	1
	2.484681
	2.484681
	10.09661
	0.0088
	
	
	

	Residual
	11
	2.706996
	0.246091
	
	
	
	
	

	Total
	12
	5.191677
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	1.027771
	0.587631
	1.749006
	0.1081
	-0.2656
	2.321138
	-0.2656
	2.321138

	X Variable 1
	0.003428
	0.001079
	3.177517
	0.0088
	0.001053
	0.005802
	0.001053
	0.005802



Since 0.25=0.4786 0.8, we can say that the SAT math score and grades have a weak relationship. 
Y = 1.027771 + 0.003428X

b) If a student scores a 350, WHAT DO YOU THINK HIS OR Her GPA will be?
Y = 1.027771 + 0.003428*350
   = 2.23

c) What about a student who scores 800?
Using Causal Model to get Y is only available for Xi within the certain Range. Here X = 800 is higher than the highest X range which is 729. Therefore even though we can plug X in the equation to get the Y, the answer will be highly inaccurate.

d) SE = 0.4961,  
Correlation coefficient= 0.6918  
Correlation of determination = 0.4786

e) Would you consider the model a useful one? What will you base your judgment on?
[bookmark: _GoBack]Within the available rang for X, the model is considered useful, since the P-value is greater than 5%, these variables will have a good yield predictions.
Problem 4
a) Plot the daily data of the number of customers served for the evening meal, which forecasting method would you recommend and why?

	The graph shows movements in series through time that tie to reoccurring events; therefore, the most appropriate forecasting model is the multiplicative decomposition model.

b) Use the multiplicative decomposition model discussed in class to calculate the seven seasonal indices, the intercept the slope of the trend component. 
	Seasonal Indices 
(Day)
	 

	1
	0.936

	2
	0.864

	3
	0.908

	4
	1.036

	5
	1.398

	6
	1.446

	7
	0.418

	Intercept
	 88.0479

	Slope
	 2.41601




c) Using the multiplicative decomposition model above, is the forecast of period 1 to 28 performing adequately? Justify your answer.
According to the excel Regression statistics and the value of ME, MAD, MSE:
	SUMMARY OUTPUT
	
	
	
	

	
	
	
	
	

	Regression Statistics
	
	
	

	Multiple R
	0.989964
	
	ME:
	-0.127

	R Square
	0.980028
	
	MAD:
	2.2846

	Adjusted R Square
	0.97926
	
	MSE:
	8.8809

	Standard Error
	2.891169
	
	
	

	Observations
	28
	
	
	

	
	
	
	
	


=0.98 >0.8, it indicates that the independent variable is a good predictor of the dependent variable. 
	The forecast of period 1 to 28 is performing somewhat adequately; the data shows all forecasts are 95% with in ±2.31 from the actual.


d) Using the multiplicative decomposition model above, forecast the “Number Served” for the next two weeks. Show calculation.
	Avg. SI:           0.998

	Intercept (a):    88.0479

	Slope (b):         2.416

	Period
	SI
	Adj SI
	Unseasonalized Trend Forecast
	Seasonized Forecast

	29
	0.936
	0.938
	158.112
	148.247

	30
	0.846
	0.847
	160.528
	136.040

	31
	0.908
	0.910
	162.944
	148.207

	32
	1.036
	1.038
	165.360
	171.607

	33
	1.398
	1.400
	167.776
	234.954

	34
	1.446
	1.448
	170.192
	246.521

	35
	0.418
	0.419
	172.608
	72.274

	36
	0.936
	0.938
	175.024
	164.104

	37
	0.846
	0.847
	177.440
	150.372

	38
	0.908
	0.910
	179.856
	163.590

	39
	1.036
	1.038
	182.272
	189.158

	40
	1.398
	1.400
	184.688
	258.638

	41
	1.446
	1.448
	187.104
	271.017

	42
	0.418
	0.419
	189.520
	79.356



Sample calculation for FIT29:
FIT29 = T29*AdjS29
           = (Intercept (a) + Slop (b)*P) * (SI/Avg.SI)
           = (88.0479 + 2.416*29) * (0.936/0.998)
           = 148.247

Problem 5
a) Fit an appropriate model to the above data and construct a 3σ control chart.

An appropriate model will be Linear regression model.
	SUMMARY OUTPUT
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.992272
	
	
	
	
	
	
	

	R Square
	0.984604
	
	
	
	
	
	
	

	Adjusted R Square
	0.982405
	
	
	
	
	
	
	

	Standard Error
	1.471089
	
	
	
	
	
	
	

	Observations
	9
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	1
	968.8202
	968.8202
	447.6774
	1.33E-07
	
	
	

	Residual
	7
	15.14872
	2.164103
	
	
	
	
	

	Total
	8
	983.9689
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	35.79722
	1.068721
	33.49537
	5.48E-09
	33.2701
	38.32435
	33.2701
	38.32435

	X Variable 1
	4.018333
	0.189917
	21.15839
	1.33E-07
	3.569251
	4.467415
	3.569251
	4.467415



Y=35.7972+4.0183X


b) Using the model, forecast textbook sales for each of the next five years.
	Year
	Sales (000)

	Period
	Ft

	10
	75.9806

	11
	79.9989

	12
	84.0172

	13
	88.0356

	14
	92.0539


Sample calculation:
F10 = 35.7972 + 4.0183*10
       = 75.9806

c) Suppose actual sales for the next five years turn out as follows. Is the forecast performing adequately? Explain.
	Year
	Sales (000)
	 
	 
	 
	 

	Period
	At
	Ft
	Et
	Abs(Et)
	SE

	10
	77.2
	75.9806
	1.2194
	1.2194
	1.4870

	11
	82.1
	79.9989
	2.1011
	2.1011
	4.4147

	12
	87.8
	84.0172
	3.7828
	3.7828
	14.3094

	13
	90.6
	88.0356
	2.5644
	2.5644
	6.5764

	14
	98.9
	92.0539
	6.8461
	6.8461
	46.8692

	 
	 
	Average:
	3.3028
	3.3028
	14.7313

	 
	 
	 
	ME 
	MAD
	MSE



New 3σ control chart:


The control chart indicates that one of the predictive errors is located outside of the acceptable range. This forecast performing less adequately.
New 3σ control chart 
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