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Problem # 1

A can opener manufacturer has had monthly sales for a seven-month period as follows:  



Sales

Month

(000 units)

Feb.

19 

Mar.

18

Apr. 

15

May

20

Jun.

18

Jul.

22

Aug.

20

a) Plot the monthly data.
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b) Forecast September’s sales volume using each of the following:

1. A linear trend equation. (use of Excel’s regression)

Y= 16.857 + .5x

2. A five-month moving average.

The forecast for September using a five-month moving average is 19.

3. Exponential smoothing with a smoothing constant equal to 0.10, assuming a March forecast of 19(000). 

The forecast for September using exponential smoothing is 19.0404

4. The naïve approach.
The forecast for September using the naïve approach is 20

5. A weighted average using 0.4 for August, 0.4 for July, and 0.20 for June.

The forecast for September using a weighted average is 20.4

c) Which method seems most appropriate? Why?
Exponential Smoothing seems to be the most appropriate method because it involves little record of past data, and we only have 7 months of data to work with. Also the alpha is close to zero, with a value of .10 therefore validating the exponential smoothing method. 
Problem # 2
Two different forecasting techniques (F1 and F2) were used to forecast demand for cases of bottled water in a store.  Actual demand and the two sets of forecasts for the eight periods are as follows:

	Period
	Demand
	Forecasted demand F1
	Forecasted demand F2

	1
	68
	66
	66

	2
	75
	68
	68

	3
	70
	72
	70

	4
	74
	71
	72

	5
	69
	72
	74

	6
	72
	70
	76

	7
	80
	71
	78

	8
	78
	74
	80


a) Calculate the MAD for each set of forecasts.  Which technique appears to be more accurate? Explain.
The MAD for Forecast 1 is 4, while the MAD for forecast 2 is 3. Forecast 2 looks to be more accurate because MAD is smaller.

b) Calculate MSE for each set of forecasts.  Which technique appears to be more accurate? Explain.

The MSE for forecast 1 is 22, while the MSE for forecast 2 is 13.25. We prefer the MSE for Forecast 2 because it is smaller.

c) In practice, either MAD or MSE would be employed to compute a measure of forecast errors. What factors might lead the manager to favour one?

Thee values of both MAD and MSE depend on the magnitude of the data being forecasted; if the data are measured in thousands for example, we will have a very large MAD and MSE. Compared to MAD, “MSE tends to accentuate large deviations due to the squared term.” When using an MSE, managers probably prefer to have several small deviations rather than one large deviation. The MAD may be favoured by managers. 

Problem # 3
The following data shows the sales of toys at the ABC Company in Ottawa.  Each period corresponds to 4 weeks.

	Period
	2008
	2009
	2010

	1

2

3

4

5

6

7

8

9

10

11

12

13


	155

339

143

95

93

170

216

298

339

213

234

302

431


	576

1064

390

261

277

346

460

638

710

505

458

679

646


	1106

2061

705

412

404

624

704

980

1233

684

671




a) Plot the sales data.  Which forecasting technique do you recommend? Why?
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We recommend using the Multiplicative model because, there is seasonality in the data. 
b) Use the multiplicative decomposition model discussed in class to calculate the thirteen seasonal indices (Hint: Use a thirteen-period centered moving average), the intercept and slope of the trend component. Show your work and fill in the table below (Round to four decimal places).
	Seasonal Indices
	

	1
	1.4544

	2
	2.5852

	3
	0.8673

	4
	0.5192

	5
	0.51494

	6
	0.70544

	7
	0.87192

	8
	1.13794

	9
	1.12243

	10
	0.6816

	11
	0.6538

	12
	0.88289

	13
	1.0030

	
	

	Intercept
	106.58

	Slope
	22.302


	Period
	Sales
	MA
	CMA
	S*R
	S
	Adj S
	Des Demand
	Trend a+b
	Forecast

	1
	155
	
	
	 
	1.492962
	1.454355548
	106.5764147
	108.892
	158.3677

	2
	339
	
	
	
	2.653847
	2.585221349
	131.1299708
	111.194
	287.4611

	3
	143
	
	
	
	0.890287
	0.867264743
	164.886214
	113.496
	98.43108

	4
	95
	
	
	
	0.532993
	0.519210036
	182.9702693
	115.798
	60.12348

	5
	93
	
	
	
	0.528614
	0.51494424
	180.6020785
	118.1
	60.81491

	6
	170
	
	
	
	0.724168
	0.705441812
	240.9837312
	120.402
	84.93661

	7
	216
	232.9231
	
	
	0.895072
	0.871926443
	247.7273188
	122.704
	106.9889

	8
	298
	265.3077
	249.1154
	1.196233
	1.168151
	1.13794369
	261.8758754
	125.006
	142.2498

	9
	339
	321.0769
	293.1923
	1.156238
	1.152231
	1.12243552
	302.0218035
	127.308
	142.895

	10
	213
	340.0769
	330.5769
	0.644328
	0.699702
	0.681608064
	312.4963027
	129.61
	88.34322

	11
	234
	352.8462
	346.4615
	0.6754
	0.671164
	0.653808284
	357.9030821
	131.912
	86.24516

	12
	302
	367
	359.9231
	0.839068
	0.906326
	0.882889535
	342.0586473
	134.214
	118.4961

	13
	431
	380.5385
	373.7692
	1.153118
	1.029574
	1.002950736
	429.7319742
	136.516
	136.9188

	14
	576
	399.3077
	389.9231
	1.477214
	1.492962
	1.454355548
	396.0517088
	138.818
	201.8907

	15
	1064
	425.4615
	412.3846
	2.580116
	2.653847
	2.585221349
	411.5701739
	141.12
	364.8264

	16
	390
	454
	439.7308
	0.886906
	0.890287
	0.867264743
	449.6896744
	143.422
	124.3848

	17
	261
	476.4615
	465.2308
	0.561012
	0.532993
	0.519210036
	502.6867397
	145.724
	75.66136

	18
	277
	493.6923
	485.0769
	0.571043
	0.528614
	0.51494424
	537.9223199
	148.026
	76.22514

	19
	346
	522.6923
	508.1923
	0.680845
	0.724168
	0.705441812
	490.4727706
	150.328
	106.0477

	20
	460
	539.2308
	530.9615
	0.866353
	0.895072
	0.871926443
	527.5674383
	152.63
	133.0821

	21
	638
	580
	559.6154
	1.140069
	1.168151
	1.13794369
	560.6604312
	154.932
	176.3039

	22
	710
	656.6923
	618.3462
	1.148224
	1.152231
	1.12243552
	632.5530397
	157.234
	176.485

	23
	505
	680.9231
	668.8077
	0.755075
	0.699702
	0.681608064
	740.8949899
	159.536
	108.741

	24
	458
	692.5385
	686.7308
	0.666928
	0.671164
	0.653808284
	700.5111607
	161.838
	105.811

	25
	679
	702.3077
	697.4231
	0.973584
	0.906326
	0.882889535
	769.0656342
	164.14
	144.9175

	26
	646
	723.6923
	713
	0.906031
	1.029574
	1.002950736
	644.0994323
	166.442
	166.9331

	27
	1106
	742.4615
	733.0769
	1.508709
	1.492962
	1.454355548
	760.4742881
	168.744
	245.4138

	28
	2061
	768.7692
	755.6154
	2.727578
	2.653847
	2.585221349
	797.2238049
	171.046
	442.1918

	29
	705
	809
	788.8846
	0.893667
	0.890287
	0.867264743
	812.9005653
	173.348
	150.3386

	30
	412
	822.7692
	815.8846
	0.504973
	0.532993
	0.519210036
	793.5131677
	175.65
	91.19924

	31
	404
	839.1538
	830.9615
	0.486184
	0.528614
	0.51494424
	784.5509648
	177.952
	91.63536

	32
	624
	786.9231
	813.0385
	0.767491
	0.724168
	0.705441812
	884.5520487
	180.254
	127.1587

	33
	704
	737.2308
	762.0769
	0.923791
	0.895072
	0.871926443
	807.4075577
	182.556
	159.1754

	34
	980
	652.1538
	
	
	1.168151
	1.13794369
	
	184.858
	210.358

	35
	1233
	493.6154
	
	
	1.152231
	1.12243552
	
	187.16
	210.075

	36
	684
	439.3846
	
	
	0.699702
	0.681608064
	
	189.462
	129.1388

	37
	671
	407.6923
	
	
	0.671164
	0.653808284
	
	191.764
	125.3769

	38
	
	376.6154
	
	
	0.906326
	0.882889535
	
	194.066
	171.3388

	39
	
	328.6154
	
	
	1.029574
	1.002950736
	
	196.368
	196.9474

	40
	
	
	
	
	
	1.454355548
	
	198.67
	288.9368

	41
	
	
	
	
	
	2.585221349
	
	200.972
	519.5571

	42
	
	
	
	
	
	0.867264743
	
	203.274
	176.2924

	43
	
	
	
	
	
	0.519210036
	
	205.576
	106.7371

	44
	
	
	
	
	
	0.51494424
	
	207.878
	107.0456

	45
	
	
	
	
	
	0.705441812
	
	210.18
	148.2698

	46
	
	
	
	
	
	0.871926443
	
	212.482
	185.2687

	47
	
	
	
	
	
	1.13794369
	
	214.784
	244.4121

	48
	
	
	
	
	
	1.12243552
	
	217.086
	243.665

	49
	
	
	
	
	
	0.681608064
	
	219.388
	149.5366

	50
	
	
	
	
	
	0.653808284
	
	221.69
	144.9428

	51
	
	
	
	
	
	0.882889535
	
	223.992
	197.7602

	52
	
	
	
	
	
	1.002950736
	
	226.294
	226.9617


c) Using the multiplicative decomposition model above, is the forecast of period 1 to 37 performing adequately? Justify your answer.

We believe that the forecast is adequate, however not ideal. Initially the forecast is a good predictor of actual sales, but over the years the data forecast loses accuracy as the actual data varies further from the trend.

d) Use the multiplicative decomposition model to forecast sales for the rest of year 2010 and 2011 (e.g. forecast for the period 38 to period 52).  Show calculation.
	To find these values we multiplied the adjusted seasonality by the trend for the relevant periods. 

171.3388

	196.9474

	288.9368

	519.5571

	176.2924

	106.7371

	107.0456

	148.2698

	185.2687

	244.4121

	243.665

	149.5366

	144.9428

	197.7602

	226.9617


Problem # 4
A textbook publishing company has compiled data on total annual sales of its business texts for the proceeding nine years:

	Year
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Sales (000)
	40.2
	44.5
	48.0
	52.3
	55.8
	57.1
	62.4
	69.0
	73
.7


a)  Plot the data and fit an appropriate model to it.  Forecast the preceding nine years, and determine the forecast errors. Finally, construct a 2σ control chart. (i.e. σ = standard deviation).
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Using a regression analysis we see the best fit  line as y = 35.797 + 4.018x

The Forecast  of the 9 years are : 
	39.815

	43.833

	47.851

	51.869

	55.887

	59.905

	63.923

	67.941

	71.959


The forecast errors are : 

	0.385

	0.667

	0.149

	0.431

	0.087

	2.805

	1.523

	1.059

	1.741
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b) Using the model of part a), forecast textbook sales for each of the next five years.

	75.977

	79.995

	84.013

	88.031

	92.049


c) Suppose actual sales for the next five years turn out as follows:

	Year
	10
	11
	12
	13
	14

	Sales (000)
	77.2
	82.1
	87.8
	90.6
	98.9


Calculate the forecast errors for years 10 to 14. Is the forecast process in control? Explain.

	1.223

	2.105

	3.787

	2.569

	6.851


Source: 

Problem1,2, and 4: Stevenson, W.J. and Hojati, C. 2011. Operations Management (4th Canadian edition). McGraw-Hill/Ryerson. Mass. 741p. 
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