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Problem # 1 (16 points)
A can opener manufacturer has had monthly sales for a seven-month period as follows:  
		
Month		Sales
Feb.		1256
Mar.		1602
Apr. 		2376
May		1844
Jun.		2231
Jul.		2716
Aug.		1793

a) Plot the monthly data. (2 points)



b) Forecast September’s sales using each of the following:
1. A linear trend equation. (Use of Excel’s regression). (3 points)
F=a+bt
a = intercept.
b = slope of the line.
t  = Specified no. of time period
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September forecast = 2502

2. A three-month simple moving average. (2 points)

Moving average = ∑ demand in previous n periods / n
Sales for September = Sale of June + July + August / 3
			                                      = (2231 + 2716 + 1793) / 3
			  = 2246.67




3. Exponential smoothing with a smoothing constant equal to 0.1, and a starting forecast for May of 2093. (3 points)

Ft  =  Ft – 1   + a (At – 1 - 	Ft – 1 )	OR	Ft  = a At - 1 + (1 - a) Ft - 1

a = 0.1
Forecasted demand for May = 2093
Actual demand for may        = 1844

Forecasted demand for June = 0.1*1844 + (1-0.1) 2093
			          = 2068.1
Similarly,
 Forecasted demand for July = = 0.1*2231 + (1-0.1) 2068.1
			          = 2084.39

Similarly,
 Forecasted demand for August = = 0.1*2716 + (1-0.1) 2084.39
			          = 2147.55

Similarly,
 Forecasted demand for September = = 0.1*1793 + (1-0.1) 2147.55
			          = 2112.1

4. A three-month weighted average using 0.1 for August, 0.1 for July, and 0.80 for June. (2 points)

Ft  = w1 At - 1 + w2 At - 2 + ... + wn At - n

F(sep) = 0.1 (Actual sales of august ) +0.1(Actual sales of July) +.8 (Actual sales of June) 
F(sep) = .1(1793) + 0.1(2716 ) + 0.8 (2231)
F(sep) = 179.3 + 271.6 + 1784.8
            =  2235.7

c) Which forecast method seems most appropriate? Why? (4 points)











Weighted moving average is the most appropriate method as it carries weights from previous sales. It can be seen in the graph above that the weighted moving average is closely following the actual sales.

Problem # 2 (23 points)
The following data shows the sales of toys at the ABC Company in Ottawa. Each period corresponds to 4 weeks.

	Period
	2016
	2017
	2018

		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

	1080

	690

	671






a) Plot the sales data. Which forecasting technique do you recommend? Why? (4 points)


· We would use time series with seasonality method because there are regular pattern of up and down fluctuations,
we have set of evenly spaced numerical data Obtained by observing response variable at regular time periods. Secondly, we are forecasting based on past values.


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). (10 points)

Excel Data.
	Year
	Period
	Period 
	Sales
	 
	 
	 
	 
	 
	 

	
	 
	1
	2
	3
	4
	5
	6
	7
	 

	
	 
	 
	 
	
	T*C
	S*R
	S
	Adj S
	Round

	
	 
	 
	 
	
	CMA = 
	(2)/(3)
	SUM
	SUM
	up

	
	 
	 
	 
	MA(N)= MA(12.5)
	MA(2)
	 
	12.9669
	13
	13

	2016
	1
	1
	155
	
	
	
	1.466068
	1.469811
	1.4699

	2016
	2
	2
	339
	
	
	
	2.590861
	2.597476
	2.5975

	2016
	3
	3
	143
	
	
	
	0.871671
	0.873896
	0.8739

	2016
	4
	4
	95
	
	
	
	0.527757
	0.529104
	0.5292

	2016
	5
	5
	93
	
	
	
	0.524546
	0.525885
	0.5259

	2016
	6
	6
	170
	
	
	
	0.661957
	0.663647
	0.6637

	2016
	7
	7
	216
	232.9230769
	
	0.927345
	0.890206
	0.892479
	0.8925

	2016
	8
	8
	298
	265.3076923
	
	1.123224
	1.111612
	1.11445
	1.1145

	2016
	9
	9
	339
	321.0769231
	
	1.055822
	1.068499
	1.071227
	1.0713

	2016
	10
	10
	213
	340.0769231
	
	0.626329
	0.683985
	0.685731
	0.6858

	2016
	11
	11
	234
	352.8461538
	
	0.663179
	0.662257
	0.663948
	0.664

	2016
	12
	12
	302
	367
	
	0.822888
	0.89485
	0.897135
	0.8972

	2016
	13
	13
	431
	380.5384615
	
	1.132606
	1.012625
	1.01521
	1.0153

	2017
	1
	14
	576
	399.3076923
	
	1.442497
	1.466068
	1.469811
	1.4699

	2017
	2
	15
	1064
	425.4615385
	
	2.500814
	2.590861
	2.597476
	2.5975

	2017
	3
	16
	390
	454
	
	0.859031
	0.871671
	0.873896
	0.8739

	2017
	4
	17
	261
	476.4615385
	
	0.547788
	0.527757
	0.529104
	0.5292

	2017
	5
	18
	277
	493.6923077
	
	0.561078
	0.524546
	0.525885
	0.5259

	2017
	6
	19
	346
	522.6923077
	
	0.661957
	0.661957
	0.663647
	0.6637

	2017
	7
	20
	460
	539.2307692
	
	0.853067
	0.890206
	0.892479
	0.8925

	2017
	8
	21
	638
	580
	
	1.1
	1.111612
	1.11445
	1.1145

	2017
	9
	22
	710
	656.6923077
	
	1.081176
	1.068499
	1.071227
	1.0713

	2017
	10
	23
	505
	680.9230769
	
	0.74164
	0.683985
	0.685731
	0.6858

	2017
	11
	24
	458
	692.5384615
	
	0.661335
	0.662257
	0.663948
	0.664

	2017
	12
	25
	679
	702.3076923
	
	0.966813
	0.89485
	0.897135
	0.8972

	2017
	13
	26
	646
	723.6923077
	
	0.892645
	1.012625
	1.01521
	1.0153

	2018
	1
	27
	1106
	742.4615385
	
	1.489639
	1.466068
	1.469811
	1.4699

	2018
	2
	28
	2061
	768.7692308
	
	2.680909
	2.590861
	2.597476
	2.5975

	2018
	3
	29
	705
	797.2307692
	
	0.884311
	0.871671
	0.873896
	0.8739

	2018
	4
	30
	412
	811.4615385
	
	0.507726
	0.527757
	0.529104
	0.5292

	2018
	5
	31
	404
	827.8461538
	
	0.488013
	0.524546
	0.525885
	0.5259

	2018
	6
	32
	624
	
	
	
	0.661957
	0.663647
	0.6637

	2018
	7
	33
	704
	
	
	
	0.890206
	0.892479
	0.8925

	2018
	8
	34
	980
	
	
	
	1.111612
	1.11445
	1.1145

	2018
	9
	35
	1080
	
	
	
	1.068499
	1.071227
	1.0713

	2018
	10
	36
	690
	
	
	
	0.683985
	0.685731
	0.6858

	2018
	11
	37
	671
	
	
	
	0.662257
	0.663948
	0.664




	Seasonal Indices
	

	1
	1.4699

	2
	2.5975

	3
	0.8739

	4
	0.5292

	5
	0.5259

	6
	0.6637

	7
	0.8925

	8
	1.1145

	9
	1.0713

	10
	0.6858

	11
	0.664

	12
	0.8972

	13
	1.0153

	
	

	Intercept
	307.004890425883

	Slope
	0.451625670371939

	
	



	SUMMARY OUTPUT
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	
	

	Multiple R
	0.628966
	
	
	
	
	
	
	
	

	R Square
	0.395598
	
	
	
	
	
	
	
	

	Adjusted R Square
	0.37833
	
	
	
	
	
	
	
	

	Standard Error
	214.5122
	
	
	
	
	
	
	
	

	Observations
	37
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	
	

	Regression
	1
	1054146
	1054146
	22.90852
	3.05E-05
	
	
	
	

	Residual
	35
	1610541
	46015.47
	
	
	
	
	
	

	Total
	36
	2664687
	 
	 
	 
	
	
	
	

	
	
	
	
	
	
	
	
	
	

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

	Intercept
	307.0049
	60.91252
	5.040095
	1.42E-05
	183.3459
	430.6639
	183.3459
	430.6639
	

	X Variable 1
	0.451626
	0.094358
	4.786284
	3.05E-05
	0.260068
	0.643183
	0.260068
	0.643183
	

	
	
	
	
	
	
	
	
	
	



c) Using the multiplicative decomposition model above, is the forecast of period 1 to 37 performing adequately? Justify your answer. (5 points)






The graph of seasonal indices and forecast has almost the same shape.


d) Use the multiplicative decomposition model to forecast sales for the rest of year 2018 and 2019 (e.g. forecast for the period 38 to period 52). Show calculation. (4 points)


	 
	2016
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1
	2
	3
	4
	5
	6
	7
	 
	(8)
	(9)
	(10)

	 
	 
	
	T*C
	S*R
	S
	Adj S
	Round
	des Demand
	Trend
	Forecast

	 
	 
	
	CMA = 
	(2)/(3)
	SUM
	SUM
	up
	(2)/(7)
	a+b*(1)
	(7)*(9)

	 
	 
	MA(N)= MA(12.5)
	MA(2)
	 
	12.9669
	13
	13
	 
	Intercept + slope (1)
	 

	1
	155
	
	
	
	1.466068
	1.469811
	1.4699
	105.4557302
	307.4565161
	451.902992

	2
	339
	
	
	
	2.590861
	2.597476
	2.5975
	130.5113206
	307.9081418
	799.7839541

	3
	143
	
	
	
	0.871671
	0.873896
	0.8739
	163.6349518
	308.3597674
	269.4744995

	4
	95
	
	
	
	0.527757
	0.529104
	0.5292
	179.5486735
	308.8113931
	163.3934786

	5
	93
	
	
	
	0.524546
	0.525885
	0.5259
	176.84474
	309.2630188
	162.6367894

	6
	170
	
	
	
	0.661957
	0.663647
	0.6637
	256.1601347
	309.7146444
	205.5413096

	7
	216
	232.9230769
	
	0.927345
	0.890206
	0.892479
	0.8925
	242.0225805
	310.1662701
	276.816792

	8
	298
	265.3076923
	
	1.123224
	1.111612
	1.11445
	1.1145
	267.3964426
	310.6178958
	346.1681541

	9
	339
	321.0769231
	
	1.055822
	1.068499
	1.071227
	1.0713
	316.459566
	311.0695215
	333.2260393

	10
	213
	340.0769231
	
	0.626329
	0.683985
	0.685731
	0.6858
	310.6174813
	311.5211471
	213.6196716

	11
	234
	352.8461538
	
	0.663179
	0.662257
	0.663948
	0.664
	352.4374282
	311.9727728
	207.1335874

	12
	302
	367
	
	0.822888
	0.89485
	0.897135
	0.8972
	336.6270972
	312.4243985
	280.2869083

	13
	431
	380.5384615
	
	1.132606
	1.012625
	1.01521
	1.0153
	424.5425249
	312.8760241
	317.6350036

	14
	576
	399.3076923
	
	1.442497
	1.466068
	1.469811
	1.4699
	391.8871006
	313.3276498
	460.5324494

	15
	1064
	425.4615385
	
	2.500814
	2.590861
	2.597476
	2.5975
	409.6284517
	313.7792755
	815.034082

	16
	390
	454
	
	0.859031
	0.871671
	0.873896
	0.8739
	446.2771414
	314.2309012
	274.6052623

	17
	261
	476.4615385
	
	0.547788
	0.527757
	0.529104
	0.5292
	493.2863556
	314.6825268
	166.4999215

	18
	277
	493.6923077
	
	0.561078
	0.524546
	0.525885
	0.5259
	526.7311074
	315.1341525
	165.7243307

	19
	346
	522.6923077
	
	0.661957
	0.661957
	0.663647
	0.6637
	521.3612153
	315.5857782
	209.4376721

	20
	460
	539.2307692
	
	0.853067
	0.890206
	0.892479
	0.8925
	515.4184586
	316.0374038
	282.0566539

	21
	638
	580
	
	1.1
	1.111612
	1.11445
	1.1145
	572.4796322
	316.4890295
	352.7112398

	22
	710
	656.6923077
	
	1.081176
	1.068499
	1.071227
	1.0713
	662.7914214
	316.9406552
	339.5153557

	23
	505
	680.9230769
	
	0.74164
	0.683985
	0.685731
	0.6858
	736.4405073
	317.3922808
	217.6456893

	24
	458
	692.5384615
	
	0.661335
	0.662257
	0.663948
	0.664
	689.8134278
	317.8439065
	211.0317128

	25
	679
	702.3076923
	
	0.966813
	0.89485
	0.897135
	0.8972
	756.8536391
	318.2955322
	285.5541087

	26
	646
	723.6923077
	
	0.892645
	1.012625
	1.01521
	1.0153
	636.3212786
	318.7471579
	323.5954397

	27
	1106
	742.4615385
	
	1.489639
	1.466068
	1.469811
	1.4699
	752.4776618
	319.1987835
	469.1619067

	28
	2061
	768.7692308
	
	2.680909
	2.590861
	2.597476
	2.5975
	793.4626307
	319.6504092
	830.2842099

	29
	705
	797.2307692
	
	0.884311
	0.871671
	0.873896
	0.8739
	806.7317555
	320.1020349
	279.7360251

	30
	412
	811.4615385
	
	0.507726
	0.527757
	0.529104
	0.5292
	778.6742472
	320.5536605
	169.6063644

	31
	404
	827.8461538
	
	0.488013
	0.524546
	0.525885
	0.5259
	768.2287631
	321.0052862
	168.811872

	32
	624
	
	
	
	0.661957
	0.663647
	0.6637
	940.2583766
	321.4569119
	213.3340346

	33
	704
	
	
	
	0.890206
	0.892479
	0.8925
	788.8143366
	321.9085375
	287.2965157

	34
	980
	
	
	
	1.111612
	1.11445
	1.1145
	879.3574287
	322.3601632
	359.2543255

	35
	1080
	
	
	
	1.068499
	1.071227
	1.0713
	1008.189768
	322.8117889
	345.8046721

	36
	690
	
	
	
	0.683985
	0.685731
	0.6858
	1006.225644
	323.2634146
	221.671707

	37
	671
	
	
	
	0.662257
	0.663948
	0.664
	1010.621856
	323.7150402
	214.9298382

	38
	
	
	
	
	0.89485
	0.897135
	0.8972
	
	324.1666659
	290.8213091

	39
	
	
	
	
	1.012625
	1.01521
	1.0153
	
	324.6182916
	329.5558759

	40
	
	
	
	
	1.466068
	1.469811
	1.4699
	
	325.0699172
	477.7913641

	41
	
	
	
	
	2.590861
	2.597476
	2.5975
	
	325.5215429
	845.5343377

	42
	
	
	
	
	0.871671
	0.873896
	0.8739
	
	325.9731686
	284.8667878

	43
	
	
	
	
	0.527757
	0.529104
	0.5292
	
	326.4247943
	172.7128073

	44
	
	
	
	
	0.524546
	0.525885
	0.5259
	
	326.8764199
	171.8994133

	45
	
	
	
	
	0.661957
	0.663647
	0.6637
	
	327.3280456
	217.230397

	46
	
	
	
	
	0.890206
	0.892479
	0.8925
	
	327.7796713
	292.5363775

	47
	
	
	
	
	1.111612
	1.11445
	1.1145
	
	328.2312969
	365.7974113

	48
	
	
	
	
	1.068499
	1.071227
	1.0713
	
	328.6829226
	352.0939884

	49
	
	
	
	
	0.683985
	0.685731
	0.6858
	
	329.1345483
	225.6977247

	50
	
	
	
	
	0.662257
	0.663948
	0.664
	
	329.5861739
	218.8279636

	51
	
	
	
	
	0.89485
	0.897135
	0.8972
	
	330.0377996
	296.0885095

	52
	
	
	
	
	1.012625
	1.01521
	1.0153
	
	330.4894253
	335.5163121





Forecasted sales for period 38 till 52


	Period
	Forecast

	38
	290.8213091

	39
	329.5558759

	40
	477.7913641

	41
	845.5343377

	42
	284.8667878

	43
	172.7128073

	44
	171.8994133

	45
	217.230397

	46
	292.5363775

	47
	365.7974113

	48
	352.0939884

	49
	225.6977247

	50
	218.8279636

	51
	296.0885095

	52
	335.5163121

	
	












Problem # 3 (13 points)
John Howard, a Mobile, Alabama, real estate developer, has devised a regression model to help determine residential housing prices in South Alabama.  The model was developed using recent sales in a particular neighbourhood. The price (Y) of the house is based on the size (square footage =X) of the house. The model is:

Y = 13,473 + 37.85X

The coefficient of correlation for the model is 0.63.
1. Use the model to predict the selling price of a house that is 1,860 square feet. (2 points)

X=1860
Y = 13,473 + 37.85(1860)
Y = 83,874


1. An 1,860 square-foot house recently sold for $95,000. Explain why this is not what the model predicted. (3 points)
e = AT – FT
e = 95000 – 83874 
e = 11126 
95,000 is not what model predicted is because of random error (deviation).

1. If you were going to use multiple regression to develop such a model, what other quantitative variables might you include? (4 points)

Other quantitative variables that we can include can be the 
· Increase in income which increases.
· Inflation
· House has is newly built or has more rooms.
· House is located near to the basic amenities like school, grocery, recreational facilities, bus station etc.
· Local employment opportunities are high



1. What is the value of the coefficient of determination in this problem? What does it suggest about the regression model? (4 points)

The coefficient of determination is (.63)^2 = .3969 , i.e r^2 Since or r^2 is between 0.25 <= R2 <= 0.8 which indicates that the independent variable is a moderate predictor of values of the dependent variable.
















Problem 4:

a) Control Chart:


	Period
	Month
	Demand for Repair and Service Calls
	Forecast
	Forecast Error
At - Ft
	Squared 
Error
(At – Ft)2

	1
	January 
	37
	37
	-
	-

	2
	February
	40
	37.000
	3
	9

	3
	March
	41
	37.900
	3.1
	9.61

	4
	April
	37
	38.830
	-1.83
	3.3489

	5
	May
	45
	38.281
	6.719
	   45.145

	6
	June
	50
	40.297
	9.703
	94.148

	7
	July
	43
	43.208
	-0.208
	0.0433

	8
	August
	47
	43.145
	3.855
	14.861

	9
	September
	56
	44.302
	11.698
	136.432

	10
	October
	52
	47.811
	4.189
	17.548

	11
	November
	55
	49.068
	5.932
	35.189

	12
	December
	54
	50.848
	3.152
	9.935


								Total = 375.26	
MSE = (375.26/11) = 34.115
[image: ]
 = 5.841
3 = 17.522


[image: Macintosh HD:Users:nick:Desktop:Screen Shot 2018-10-15 at 19.33.13.png]

























b)

Yes the forecast is preforming adequately. All forecasted errors are randomly distributed around the mean of 0. There are no points that fall outside the limits (±3). The distribution of errors is normal, as 99.7% of the errors fall within the limits of 3.









	Month
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Forecasted Demand
	2820
	2100
	3250
	3460
	3600
	2790
	2760
	2640
	2580
	2900
	3200
	3180

	
	
	
	
	
	
	
	
	
	
	
	
	

	Production Required
	2820
	2100
	3250
	3460
	3600
	2790
	2760
	2640
	2580
	2900
	3200
	3180

	
	
	
	
	
	
	
	
	
	
	
	
	

	Hours of Production Required
	19,740
	14,700
	22,750
	24,220
	25,200
	19,530
	19,320
	18,480
	18,060
	20,300
	22,400
	22,260

	
	
	
	
	
	
	
	
	
	
	
	
	

	Hours/Month/ Employee
	160
	160
	160
	160
	160
	160
	160
	160
	160
	160
	160
	160

	
	
	
	
	
	
	
	
	
	
	
	
	

	Employee Required
	123.38
	91.88
	142.88
	151.38
	157.5
	122.06
	120.75
	115.5
	112.88
	126.88
	140
	139.13

	Employee Required (Int)
	124
	92
	143
	152
	158
	123
	121
	116
	113
	127
	140
	140

	
	
	
	
	
	
	
	
	
	
	
	
	

	Employees Hired
	124
	0
	51
	9
	6
	0
	0
	0
	0
	14
	13
	0

	Employees Fired
	0
	32
	0
	0
	0
	35
	2
	5
	3
	0
	0
	0


Problem 5:

a) 

	Month
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Forecast
	2820
	2100
	3250
	3460
	3600
	2790
	2760
	2640
	2580
	2900
	3200
	3180




0 employees to start. 8 hours/day. 20 days/month. Each unit requires 7 labour hours.

Chase Strategy

	Aggregate Demand
	35280

	Total Hires
	217

	Total Fires
	77























d) Chase Strategy Cost

	Aggregate Demand
	35280

	Total Hires
	217

	Total Fires
	77







	Cost
	 
	Total Cost

	Material cost per engine 
	 $50.00 
	 $1,764,000.00 

	Permanent labour cost per hour 
	 $40.00 
	 $9,913,600.00 

	Overtime labour cost per hour 
	 $60.00 
	0

	Hiring/training cost per full-time employee 
	 $5,000.00 
	 $1,085,000.00 

	Layoff cost per full-time employee 
	 $4,000.00 
	 $308,000.00 

	Holding cost per engine per month 
	 $5.00 
	0

	Backorder cost per engine per month 
	 $20.00 
	0

	
	Grand Total
	 $13,070,600.00 




























b)

Level Strategy

	Month
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Forecasted Demand
	2820
	2100
	3250
	3460
	3600
	2790
	2760
	2640
	2580
	2900
	3200
	3180

	
	
	
	
	
	
	
	
	
	
	
	
	

	Production
	2940
	2940
	2940
	2940
	2940
	2940
	2940
	2940
	2940
	2940
	2940
	2940

	
	
	
	
	
	
	
	
	
	
	
	
	

	Ending Inventory
	120
	960
	650
	130
	0
	0
	0
	100
	460
	500
	240
	0

	Beginning Inventory
	0
	120
	960
	650
	130
	-530
	-380
	-200
	100
	460
	500
	240

	Backorder
	0
	0
	0
	0
	530
	380
	200
	0
	0
	0
	0
	0

	Employee Required
	129
	129
	129
	129
	129
	129
	129
	129
	129
	129
	129
	129

	Employees Hired
	129
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


















d)

Level Strategy Cost


	
	Production
	End Inv
	Backorders
	# Employees
	Hire

	Total
	35280
	3160
	1110
	1548
	129

	Cost/Unit
	 $50.00 
	 $5.00 
	 $20.00 
	 $6,400.00 
	 $5,000.00 

	Total Cost
	 $1,764,000.00 
	 $15,800.00 
	 $22,200.00 
	 $9,907,200.00 
	 $645,000.00 




	Grand Total
	 $12,354,200.00 































c)

Mixed Strategy

	Month
	Forecast
	Beg Inv
	Req Production
	Actual Production
	Max OT
	Overtime
	End Inv
	Backorders
	# Employees
	Hire
	Fire

	1
	2820
	0
	2723
	2723
	1371
	0
	0
	97
	120
	120
	0

	2
	2100
	-97
	2723
	2723
	1371
	0
	526
	0
	120
	0
	0

	3
	3250
	526
	2724
	2724
	1371
	0
	0
	0
	120
	0
	0

	4
	3460
	0
	3283
	3085
	1542
	198
	0
	177
	135
	15
	0

	5
	3600
	-177
	3283
	3085
	1542
	198
	0
	494
	135
	0
	0

	6
	2790
	-494
	3284
	3085
	1542
	199
	0
	0
	135
	0
	0

	7
	2760
	0
	2660
	2660
	1337
	0
	0
	100
	117
	0
	18

	8
	2640
	-100
	2660
	2660
	1337
	0
	0
	80
	117
	0
	0

	9
	2580
	-80
	2660
	2660
	1337
	0
	0
	0
	117
	0
	0

	10
	2900
	0
	3093
	3085
	1542
	8
	193
	0
	135
	18
	0

	11
	3200
	193
	3093
	3085
	1542
	8
	86
	0
	135
	0
	0

	12
	3180
	86
	3094
	3085
	1542
	9
	0
	0
	135
	0
	0



d)

Mixed Strategy Cost

	
	Req Production
	Overtime
	End Inv
	Backorders
	# Employees
	Hire
	Fire

	Total
	35280
	620
	805
	948
	1521
	153
	18

	Cost/Unit
	 $50.00 
	 $420.00 
	 $5.00 
	 $20.00 
	 $6,400.00 
	 $5,000.00 
	 $4,000.00 

	Total Cost
	 $1,764,000.00 
	 $260,400.00 
	 $4,025.00 
	 $18,960.00 
	 $9,734,400.00 
	 $765,000.00 
	 $72,000.00 



	Grand Total 
	 $12,618,785.00 







d)

* See a), b, and c) above *

e)

If I were the production manager, I would implement the Level Plan because it is the cheapest at $12,354,200.00.



Problem 6:


	
	Month

	
	1
	2
	3
	4
	5

	Demand
	150
	160
	130
	200
	210

	Regular capacity
	150
	150
	150
	150
	150

	Overtime capacity
	20
	20
	10
	10
	10



Subcontracting: 100 units available over the 5-month period (NOT 100 units each month)
Beginning inventory: 0 units
Ending inventory required at the last month (i.e. month 5): 20 units.











a)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Month
	
	
	
	
	
	

	 
	1
	 
	2
	 
	3
	 
	4
	 
	5
	 
	Ending Inventory
	 
	Excess
	 
	Available
	 

	BI
	 
	0
	 
	3
	 
	6
	 
	9
	 
	12
	 
	15
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0
	 

	Month 1
	 
	100
	 
	103
	 
	106
	 
	109
	 
	112
	 
	115
	 
	 
	 
	 

	Reg
	150
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	150
	 

	Month 1
	 
	125
	 
	128
	 
	131
	 
	134
	 
	137
	 
	140
	 
	 
	 
	 

	OT
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	20
	20
	 

	Month 1
	 
	135
	 
	138
	 
	141
	 
	144
	 
	147
	 
	150
	 
	 
	 
	 

	Sub
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Month 2
	 
	 
	 
	100
	 
	103
	 
	106
	 
	109
	 
	112
	 
	 
	 
	 

	Reg
	 
	 
	150
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	150
	 

	Month 2
	 
	 
	 
	125
	 
	128
	 
	131
	 
	134
	 
	137
	 
	 
	 
	 

	OT
	 
	 
	10
	 
	 
	 
	10
	 
	 
	 
	 
	 
	 
	 
	20
	 

	Month 2
	 
	 
	 
	135
	 
	138
	 
	141
	 
	144
	 
	147
	 
	 
	 
	 

	Sub
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Month 3
	 
	 
	 
	 
	 
	100
	 
	103
	 
	106
	 
	109
	 
	 
	 
	 

	Reg
	 
	 
	 
	 
	130
	 
	20
	 
	 
	 
	 
	 
	 
	 
	150
	 

	Month 3
	 
	 
	 
	 
	 
	125
	 
	128
	 
	131
	 
	134
	 
	 
	 
	 

	OT
	 
	 
	 
	 
	 
	 
	10
	 
	 
	 
	 
	 
	 
	 
	10
	 

	Month 3
	 
	 
	 
	 
	 
	135
	 
	138
	 
	141
	 
	144
	 
	 
	 
	 

	Sub
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Month 4
	 
	 
	 
	 
	 
	 
	 
	100
	 
	103
	 
	106
	 
	 
	 
	 

	Reg
	 
	 
	 
	 
	 
	 
	150
	 
	 
	 
	 
	 
	 
	 
	150
	 

	Month 4
	 
	 
	 
	 
	 
	 
	 
	125
	 
	128
	 
	131
	 
	 
	 
	 

	OT
	 
	 
	 
	 
	 
	 
	10
	 
	 
	 
	 
	 
	 
	 
	10
	 

	Month 4
	 
	 
	 
	 
	 
	 
	 
	135
	 
	138
	 
	141
	 
	 
	 
	 

	Sub
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Month 5
	 
	 
	 
	 
	 
	 
	 
	 
	 
	100
	 
	103
	 
	 
	 
	 

	Reg
	 
	 
	 
	 
	 
	 
	 
	 
	150
	 
	 
	 
	 
	 
	150
	 

	Month 5
	 
	 
	 
	 
	 
	 
	 
	 
	 
	125
	 
	128
	 
	 
	 
	 

	OT
	 
	 
	 
	 
	 
	 
	 
	 
	10
	 
	 
	 
	 
	 
	10
	 

	Month 5
	 
	 
	 
	 
	 
	 
	 
	 
	 
	135
	 
	138
	 
	 
	 
	 

	Sub
	 
	 
	 
	 
	 
	 
	 
	 
	50
	 
	20
	 
	 
	30
	 
	 

	Shortage
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Demand
	150
	 
	160
	 
	130
	 
	200
	 
	210
	 
	20
	 
	 
	 
	
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	920
	920
	 




b)

	Costs
	

	Regular-time cost per unit
	$100

	Overtime cost per unit
	$125

	Subcontracting cost per unit
	$135

	Inventory holding cost per unit per month
	$3

















	Month
	Demand
	Beginning Inventory
	Reg
	OT
	Sub
	Ending Iventory

	1
	150
	0
	150
	0
	0
	0

	2
	160
	0
	150
	20
	0
	10

	3
	130
	10
	150
	10
	0
	40

	4
	200
	40
	150
	10
	0
	0

	5
	210
	0
	150
	10
	70
	20



	Total
	750
	50
	70
	70

	Cost/Unit
	 $100.00 
	 $125.00 
	 $135.00 
	 $3.00 

	Total Cost
	 $75,000.00 
	 $6,250.00 
	 $9,450.00 
	 $210.00 







	Grand Total
	 $90,910.00 




c)

	Month
	Ending Iventory

	1
	0

	2
	10

	3
	40

	4
	0

	5
	20



Ending Inventory for month 2 is 10, month 3 is 40, and month 4 is 0 as shown in the table above.




Linear trend
Period	1.0	2.0	3.0	4.0	5.0	6.0	7.0	8.0	Sales	1256.0	1602.0	2376.0	1844.0	2231.0	2716.0	1793.0	Linear Trend	1578.0	1710.0	1842.0	1974.0	2106.0	2238.0	2370.0	2502.0	



Simple Moving Average
Period	1.0	2.0	3.0	4.0	5.0	6.0	7.0	8.0	sales	1256.0	1602.0	2376.0	1844.0	2231.0	2716.0	1793.0	Simple Moving Average	1744.666666666667	1940.666666666667	2150.333333333336	2263.666666666664	2246.666666666664	



Exponential Smoothing
Period	1.0	2.0	3.0	4.0	5.0	6.0	7.0	8.0	Sales	1256.0	1602.0	2376.0	1844.0	2231.0	2716.0	1793.0	Exponential Smoothing	2093.0	2068.1	2084.39	2147.551	2112.095900000001	



Weighted moving average
Period	1.0	2.0	3.0	4.0	5.0	6.0	7.0	8.0	Sales	1256.0	1602.0	2376.0	1844.0	2231.0	2716.0	1793.0	Weighted Moving Average	1402.6	1703.6	2308.3	1969.9	2235.7	



Sales data
Period	1.0	2.0	3.0	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	27.0	28.0	29.0	30.0	31.0	32.0	33.0	34.0	35.0	36.0	37.0	Sales	155.0	339.0	143.0	95.0	93.0	170.0	216.0	298.0	339.0	213.0	234.0	302.0	431.0	576.0	1064.0	390.0	261.0	277.0	346.0	460.0	638.0	710.0	505.0	458.0	679.0	646.0	1106.0	2061.0	705.0	412.0	404.0	624.0	704.0	980.0	1080.0	690.0	671.0	



Des demand
105.4557301850663	130.5113206200868	163.634951833627	179.5486735006737	176.8447400285798	256.160134660449	242.0225805479464	267.3964426102507	316.4595659832976	310.6174813060013	352.4374281850636	336.6270972201226	424.5425248956154	391.8871005586979	409.6284517397417	446.2771413644375	493.2863556176403	526.7311073969527	521.3612152500904	515.4184585743305	572.4796321655704	662.7914213809479	736.4405073217397	689.8134278152093	756.8536391141164	636.3212786138455	752.477661836667	793.4626306725634	806.7317555434063	778.6742471818693	768.2287631349054	940.2583766360016	788.8143366007142	879.3574287182735	1008.1897677344	1006.225643667328	1010.621856034947	



Seasonal Indices
1.469811073594459	2.5974758234714	0.873896428590591	0.529104438076751	0.525885021997094	0.663647371302885	0.892478708023729	1.114450129145346	1.071226900494112	0.685730883865372	0.66394764371373	0.897135145963963	1.01521043176057	1.469811073594459	2.5974758234714	0.873896428590591	0.529104438076751	0.525885021997094	0.663647371302885	0.892478708023729	1.114450129145346	1.071226900494112	0.685730883865372	0.66394764371373	0.897135145963963	1.01521043176057	1.469811073594459	2.5974758234714	0.873896428590591	0.529104438076751	0.525885021997094	0.663647371302885	0.892478708023729	1.114450129145346	1.071226900494112	0.685730883865372	0.66394764371373	


Forecast
451.9029920070486	799.783954088818	269.4744994842183	163.393478621774	162.6367894328208	205.541309641999	276.8167920278856	346.168154076749	333.2260393109582	213.6196715639369	207.1335874033819	280.2869083243976	317.635003555429	460.5324493556672	815.0340819694704	274.6052622693906	166.4999215268354	165.7243307155948	209.437672098417	282.0566538603364	352.7112398034766	339.5153556826873	217.6456892755025	211.0317127992749	285.5541087266303	323.5954397489903	469.1619067042856	830.2842098501225	279.7360250545626	169.6063644318967	168.8118719983688	213.3340345548351	287.2965156927868	359.2543255302043	345.8046720544171	221.6717069870684	214.929838195168	


Control Chart
Errors	1.0	2.0	3.0	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	0.0	3.0	3.1	-1.83	6.719	9.703	-0.208	3.854999999999999	11.698	4.189	5.932	3.152	Lower Limit: -3σ	-17.5223022	-17.5223022	-17.5223022	-17.5223022	-17.5223022	-17.5223022	-17.5223022	-17.5223022	-17.5223022	-17.5223022	-17.5223022	-17.5223022	Mean	Month:	1	2	3	4	5	6	7	8	9	10	11	12	0.0	0.0	0.0	0.0	0.0	0.0	0.0	0.0	0.0	0.0	0.0	0.0	Upper Limit: +3σ	17.5223022	17.5223022	17.5223022	17.5223022	17.5223022	17.5223022	17.5223022	17.5223022	17.5223022	17.5223022	17.5223022	17.5223022	Month
Errors
Monthly Sales Data
Period/month	Feb.	Mar.	Apr. 	May	Jun.	Jul.	Aug.	1	2	3	4	5	6	7	Sales	Feb.	Mar.	Apr. 	May	Jun.	Jul.	Aug.	1	2	3	4	5	6	7	1256.0	1602.0	2376.0	1844.0	2231.0	2716.0	1793.0	
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