                                  TIME SERIES SOLUTIONS
20.15
(a)
	Year
	Quarter
	Sales
	Moving average
	Moving average centered (4)

	2013
	1
	18
	
	

	2013
	2
	22
	
	

	2013
	3
	27
	
	26.375

	2013
	4
	31
	
	28

	2014
	1
	33
	24.5
	29.125

	2014
	2
	20
	28.25
	29.875

	2014
	3
	38
	27.75
	28.25

	2014
	4
	26
	30.5
	29.25

	2015
	1
	25
	29.25
	32

	2015
	2
	36
	27.25
	33.125

	2015
	3
	44
	31.25
	35.5

	2015
	4
	29
	32.75
	37.125

	2016
	1
	41
	33.5
	37.75

	2016
	2
	33
	37.5
	40.75

	2016
	3
	52
	36.75
	

	2016
	4
	45
	38.75
	

	
	
	
	42.75
	



(b)

(c)
The graph shows an increasing trend with weekly seasonality.
20.16. Exponential smoothing using dumping factor =0.4

 
20.17. Exponential smoothing using dumping factor=0.8














20.13
(a)
	Week
	Day
	Sales
	Moving Average
	 Moving Average centered (4)

	1
	Monday
	43
	
	

	1
	Tuesday
	45
	
	33.66666667

	1
	Wednesday
	22
	
	28.33333333

	1
	Thursday
	25
	36.66666667
	30.83333333

	1
	Friday
	31
	30.66666667
	38.33333333

	2
	Monday
	51
	26
	42

	2
	Tuesday
	41
	35.66666667
	38.16666667

	2
	Wednesday
	37
	41
	30.66666667

	2
	Thursday
	22
	43
	28.5

	2
	Friday
	25
	33.33333333
	34.83333333

	3
	Monday
	40
	28
	41.5

	3
	Tuesday
	57
	29
	41.16666667

	3
	Wednesday
	30
	40.66666667
	36.66666667

	3
	Thursday
	33
	42.33333333
	39

	3
	Friday
	37
	40
	48.83333333

	4
	Monday
	64
	33.33333333
	52.33333333

	4
	Tuesday
	58
	44.66666667
	47.33333333

	4
	Wednesday
	33
	53
	37.5

	4
	Thursday
	38
	51.66666667
	

	4
	Friday
	25
	43
	

	
	
	
	32
	



(b)

(c)
Yes, there is weekly pattern, In the first week there was decrease in sales for the first 3 days then followed by increasing trend.
Smoothening by moving average has reduces the sharp picks on the graph.

20.14

Adding 5-day moving average removes the seasonality completely.

20.7





20.8


20.9










20.25
(a)

(b)
[image: ]
Regression equation below will be used to predict enrollment.
Y = -629318.1324 + 322.7205882 X (year)




















20.27
(a)


(b)
	Period
	Quarter
	Subscribers
	MA centered 4
	raw seasonality(ratio)
	season for particular values
	seasonal indexes

	1
	1
	184
	
	
	
	

	2
	2
	173
	
	
	
	

	3
	3
	160
	177.375
	0.902043693
	0.927379949
	0.929843249

	4
	4
	189
	179.75
	1.051460362
	1.05655142
	1.059357825

	5
	1
	191
	184.25
	1.036635007
	1.052336552
	1.055131761

	6
	2
	185
	188.625
	0.980781975
	0.953135453
	0.955667165

	7
	3
	184
	191.75
	0.95958279
	
	

	8
	4
	200
	194.375
	1.028938907
	3.989403375
	4

	9
	1
	205
	197.25
	1.039290241
	
	

	10
	2
	192
	202.875
	0.946395564
	
	

	11
	3
	200
	210.375
	0.950683304
	
	

	12
	4
	229
	217.625
	1.052268811
	
	

	13
	1
	236
	222.375
	1.061270377
	
	

	14
	2
	219
	229.125
	0.955810147
	
	

	15
	3
	211
	240
	0.879166667
	
	

	16
	4
	272
	250.75
	1.084745763
	
	

	17
	1
	280
	264
	1.060606061
	
	

	18
	2
	261
	278.25
	0.938005391
	
	

	19
	3
	275
	290.875
	0.945423292
	
	

	20
	4
	322
	302.25
	1.065343259
	
	

	21
	1
	331
	311.125
	1.063881077
	
	

	22
	2
	301
	318.625
	0.94468419
	
	

	23
	3
	306
	
	
	
	

	24
	4
	351
	
	
	
	



20.23
	Year
	Quarter
	Time series
	moving average centered (4)
	raw seasonality
	seasonal for particulars
	seasonal indexes

	1
	1
	55
	
	
	
	

	1
	2
	44
	
	
	
	

	1
	3
	46
	44.25
	1.039548023
	0.998094622
	0.992796212

	1
	4
	39
	41.75
	0.934131737
	0.863368882
	0.858785668

	2
	1
	41
	39.875
	1.028213166
	1.199238927
	1.192872739

	2
	2
	38
	37.625
	1.009966777
	0.960644988
	0.955545381

	2
	3
	37
	36.75
	1.006802721
	
	

	2
	4
	30
	37.125
	0.808080808
	4.021347419
	4

	3
	1
	43
	37.5
	1.146666667
	
	

	3
	2
	39
	38.375
	1.016286645
	
	

	3
	3
	39
	38.125
	1.02295082
	
	

	3
	4
	35
	36.375
	0.962199313
	
	

	4
	1
	36
	34.375
	1.047272727
	
	

	4
	2
	32
	32
	1
	
	

	4
	3
	30
	32.5
	0.923076923
	
	

	4
	4
	25
	33.375
	0.74906367
	
	

	5
	1
	50
	31.75
	1.57480315
	
	

	5
	2
	25
	30.625
	0.816326531
	
	

	5
	3
	24
	
	
	
	

	5
	4
	22
	
	
	
	


20.47
(a)

20.48
We cannot use exponential smoothing because it is best used for forecasts that are short-term and in the absence of seasonal variation. As a result, forecasts aren’t accurate when data with seasonal variations are present, which is the same case with our data set therefore this kind of averaging won’t work well because there is a trend in this time series.
20.49



20.50
	Year
	Period
	Quarter
	Revenues
	moving average centered (4)
	raw seasonality
	seasonal for particulars
	seasonal indexes

	2012
	1
	1
	16
	
	
	
	

	
	2
	2
	25
	
	
	
	

	
	3
	3
	31
	23.75
	1.305263158
	1.383819987
	1.398418749

	
	4
	4
	24
	23.75
	1.010526316
	0.91597378
	0.925636946

	2013
	5
	1
	14
	24.125
	0.580310881
	0.628503148
	0.635133612

	
	6
	2
	27
	24.125
	1.119170984
	1.029945174
	1.040810693

	
	7
	3
	32
	24.375
	1.312820513
	
	

	
	8
	4
	23
	25.25
	0.910891089
	3.958242089
	4

	2014
	9
	1
	17
	26.75
	0.635514019
	
	

	
	10
	2
	31
	28.25
	1.097345133
	
	

	
	11
	3
	40
	28.875
	1.385281385
	
	

	
	12
	4
	27
	28.75
	0.939130435
	
	

	2015
	13
	1
	18
	29.125
	0.618025751
	
	

	
	14
	2
	29
	29.375
	0.987234043
	
	

	
	15
	3
	45
	29.375
	1.531914894
	
	

	
	16
	4
	24
	29.875
	0.80334728
	
	

	2016
	17
	1
	21
	30.875
	0.680161943
	
	

	
	18
	2
	30
	32.75
	0.916030534
	
	

	
	19
	3
	52
	
	
	
	

	
	20
	4
	32
	
	
	
	





20.51
Predicted values for the next four quarters is as follows;
Q1= 32.66015038
Q2= 33.3924812
Q3= 34.12481203
Q4= 34.85714286


Exponential Smoothing
Actual	12	18	16	24	17	16	25	21	23	14	Forecast	#N/A	12	13.200000000000001	13.760000000000002	15.808000000000003	16.046400000000006	16.037120000000005	17.829696000000006	18.463756800000006	19.371005440000005	Data Point
Value
Graph of times ,w=0.1 and w=0.8

Time series	12	18	16	24	17	16	25	21	23	14	w=0.1	12	17.399999999999999	16.14	23.214000000000002	17.621400000000001	16.162140000000001	24.116213999999999	21.311621400000003	22.83116214	w=0.8	12	13.760000000000002	13.760000000000002	15.808000000000003	16.046400000000006	16.037120000000005	17.829696000000006	18.463756800000006	19.371005440000005	




Enrollment	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	13898	15022	14715	15226	15436	15546	15203	15314	15873	16497	16638	17272	17487	17672	18248	19103	20428	



Enrollment	
1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	13898	15022	14715	15226	15436	15546	15203	15314	15873	16497	16638	17272	17487	17672	18248	19103	20428	



Graph of period,Quarter and subscribers

Quarter	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	1	2	3	4	1	2	3	4	1	2	3	4	1	2	3	4	1	2	3	4	1	2	3	4	Subscribers	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	184	173	160	189	191	185	184	200	205	192	200	229	236	219	211	272	280	261	275	322	331	301	306	351	




Revenues	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	16	25	31	24	14	27	32	23	17	31	40	27	18	29	45	24	21	30	52	32	



Revenues	
1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	16	25	31	24	14	27	32	23	17	31	40	27	18	29	45	24	21	30	52	32	


graph of times series and moving averages

Sales	18	22	27	31	33	20	38	26	25	36	44	29	41	33	52	45	MA	24.5	28.25	27.75	30.5	29.25	27.25	31.25	32.75	33.5	37.5	36.75	38.75	42.75	



Actual	24.5	28.25	27.75	30.5	29.25	27.25	31.25	32.75	33.5	37.5	36.75	38.75	42.75	Forecast	#N/A	18	18.8	20.440000000000001	22.552	24.6416	23.713280000000001	26.570624000000002	26.456499200000003	26.165199360000003	28.132159488000003	31.305727590400004	30.844582072320005	32.875665657856004	32.900532526284806	36.720426021027848	37.938170408411139	Actual	24.5	28.25	27.75	30.5	29.25	27.25	31.25	32.75	33.5	37.5	36.75	38.75	42.75	Forecast	#N/A	18	18.8	20.440000000000001	22.552	24.6416	23.713280000000001	26.570624000000002	26.456499200000003	26.165199360000003	28.132159488000003	31.305727590400004	30.844582072320005	32.875665657856004	32.900532526284806	36.720426021027848	37.938170408411139	Graph of time series and moving average

Sales	43	45	22	25	31	51	41	37	22	25	40	57	30	33	37	64	58	33	38	25	3 day-Moving Average	36.666666666666664	30.666666666666668	26	35.666666666666664	41	43	33.333333333333336	28	29	40.666666666666664	42.333333333333336	40	33.333333333333336	44.666666666666664	53	51.666666666666664	43	32	



Graph of time series,3-day moving average and 5-day movimg average

Sales	43	45	22	25	31	51	41	37	22	25	40	57	30	33	37	64	58	33	38	25	3 day-Moving Average	36.666666666666664	30.666666666666668	26	35.666666666666664	41	43	33.333333333333336	28	29	40.666666666666664	42.333333333333336	40	33.333333333333336	44.666666666666664	53	51.666666666666664	43	32	5 day-moving average	33.200000000000003	34.799999999999997	34	37	36.4	35.200000000000003	33	36.200000000000003	34.799999999999997	37	39.4	44.2	44.4	45	46	43.6	38.5	



Exponential Smoothing
Actual	12	18	16	24	17	16	25	21	23	14	Forecast	#N/A	12	17.399999999999999	16.14	23.214000000000002	17.621400000000001	16.162140000000001	24.116213999999999	21.311621400000003	22.83116214	Data Point
Value
image1.emf
SUMMARY OUTPUT

Regression Statistics

Multiple R 0.946207538

R Square 0.895308705

Adjusted R Square 0.888329286

Standard Error 575.5459556

Observations 17

ANOVA

df SS MS F Significance F

Regression 1 42492619.942492620 128.2784 9.49E-09

Residual 15 4968797.21 331253.1

Total 16 47461417.1

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

Intercept -629318.1324 57016.206 -11.0375 1.34E-08 -750845 -507790.966

Year 322.7205882 28.4937707 11.326 9.49E-09 261.9876383.4536228


