Chapter 3 Solutions

1.
a.
Plotting each data set reveals that blueberry muffin orders are stable, varying around an average. Therefore, the naïve forecast is the last value, 33. The demand for cinnamon buns has a trend. The last change was from 31 to 33 (33 – 31 = 2). Using the last value and adding the last trend change, the forecast is 33 + 2 = 35. Demand for cupcakes has an apparent seasonal variation with peaks every five days. Day 1 = 45, Day 6 = 48 and Day 11 = 47. Since the peaks occur every five days, the next peak would be at Day 16.


b.
The use of sales data instead of demand implies that sales adequately reflect demand. We are assuming that no stock-outs occurred because demand equals sales if there are no shortages.


2. 
a.

b. 
1)

	
	
	t
	Y
	tY
	From Table 3–1 with n = 7, (t = 28, (t2 = 140
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	1
	
19
	
19
	

	

	
	2
	
18
	
36
	

	
	
	3
	
15
	
45
	

	
	
	4
	
20
	
80
	

	
	
	5
	
18
	
90
	

	
	
	6
	
22
	
132
	

	
	
	7
	
 20
	
140
	

	
	
	
	
132
	
542
	



For Sept., t = 8, and Yt = 16.86 + .50(8) = 20.86 (000)


2)
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Solutions (continued)

	
3)
	
	Month
	Forecast 
=
	F(old)
	+
	.20[Actual 
– F(old)
]

	
	
	April
	18.8
=
	19
	+
	.20[
18 
– 19
]

	
	
	May
	18.04
=
	18.8
	+
	.20[
15 
– 18.8
]

	
	
	June
	18.43
=
	18.04
	+
	.20[
20 
– 18.04
]

	
	
	July
	18.34
=
	18.43
	+
	.20[
18 
– 18.43
]

	
	
	August
	19.07
=
	18.34
	+
	.20[
22 
– 18.34
]

	
	
	September
	19.26
=
	19.07
	+
	.20[
20 
– 19.07
]



4)

20


5)

.6 (20) + .3(22) + .1(18) = 20.4

c. 
Probably trend because the data appear to vary around an average of about 19 [18.86].

d.
Sales are reflective of demand (i.e., no stockouts or backorders occurred).

3.
a.
88 + .1(89.6 – 88) = 88.16


b.
88.16 + .1(92 – 88.16) = 88.54

4.
a.
22


b.
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c.
F3 = 20 + .30(22 – 20) = 20.6



F4 = 20.6 + .30(18 – 20.6) = 19.82



F5 = 19.82 + .30(21 – 19.82) = 20.17



F6 = 20.17 + .30(22 – 20.17) = 20.72

5.
a.
Annual sales are increasing by 15,000 bottles per year.


b.
T = 15, Yt = 80 + 15(16) = 320, which is 320,000 bottles.

6.
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Solutions (continued)

	7.
	a.
	t
	  Y
	  t*Y
	 t2

	
	1
	220
	220
	1

	
	2
	245
	490
	4

	
	3
	280
	840
	9

	
	4
	275
	1,100
	16

	
	5
	300
	1,500
	25

	
	6
	310
	1,860
	36

	
	7
	350
	2,450
	49

	
	8
	360
	2,880
	64

	
	9
	400
	3,600
	81

	
	10
	380
	3,800
	100

	
	11
	420
	4,620
	121

	
	12
	 450
	 5,400
	144

	
	13
	460
	5,980
	169

	
	14
	475
	6,650
	196

	
	15
	500
	7,500
	225

	
	16
	510
	8,160
	256

	
	17
	525
	8,925
	289

	
	18
	541
	9,738
	324

	
	171
	7001
	75,713
	2109
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b.
F = 208.444 + (19)(20) = 588.444



F = 208.444 + (19)(21) = 607.444



The forecasted demand for week 20 and 21 is 588.444 and 607.444 respectively.

Solutions (continued)


c.
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It would take approximately 14 more weeks. Since we have just completed week 18, the loading volume is expected to reach 800 by week 32 (18 + 14).

	8.
	a.
	  t
	Y
	t*Y
	t2

	
	
	1
	200
	200
	1

	
	
	2
	214
	428
	4

	
	
	3
	211
	633
	9

	
	
	4
	228
	912
	16

	
	
	5
	235
	1,175
	25

	
	
	6
	222
	1,392
	36

	
	
	7
	248
	1,736
	49

	
	
	8
	250
	2,000
	64

	
	
	9
	253
	2,277
	81

	
	
	10
	 267
	 2,670
	100

	
	
	11
	281
	3,091
	121

	
	
	12
	275
	3,300
	144

	
	
	13
	280
	3,640
	169

	
	
	14
	288
	4,032
	196

	
	
	15
	310
	4,650
	225
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Solutions (continued)

Forecasted demand for periods 16 through 19 are:

Y16 = 195.47 + (7)(16) = 307.47

Y17 = 195.47 + (7)(17) = 314.47

Y18 = 195.47 + (7)(18) = 321.47

Y19 = 195.47 + (7)(19) = 328.47


b.
Initial Trend = 
[image: image13.wmf]33
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	Period
	Actual
	St + Tt = TAFt
	TAFt + .3(A – TAFt) = St
	Tt–1 + .2 (TAFt – TAFt–1 – Tt–1) = Tt

	5
	235
	228 + 9.33 = 237.33
	237.33 + .3(235 – 237.33) = 236.63
	9.33

	6
	232
	236.63 + 9.33 = 245.96
	245.96 + .3(232 – 245.96) = 241.77
	9.33 
+ .2(245.96 
– 237.33 
– 9.33) 
= 9.19

	7
	248
	241.77 + 9.19 = 250.96
	250.96 + .3(248 – 250.96) = 250.07
	9.19 
+ .2(250.96 
– 245.96 
– 9.19) 
= 8.352

	8
	250
	250.07 + 8.352 = 258.42
	258.42 + .3(250 – 258.42) = 255.89
	8.352 
+ .2(258.42 
– 250.96 
– 8.352) 
= 8.174

	9
	253
	255.89 + 8.174 = 264.06
	264.06 + .3(253 – 264.06) = 260.74
	8.174 
+ .2(264.06 
– 258.42 
– 8.174) 
= 7.667

	10
	267
	260.74 + 7.667 = 268.41
	268.41 + .3(267 – 268.41) = 267.99
	7.667 
+ .2(268.41 
– 264.06
 – 7.667) 
= 7.004

	11
	281
	267.99 + 7.004 = 274.99
	274.99 + .3(281 – 274.99) = 276.79
	7.004 
+ .2(274.99 
– 268.41 
– 7.004) 
= 6.92

	12
	275
	276.79 + 6.92 = 283.71
	283.71 + .3(275 – 283.71) = 281.10
	6.92 
+ .2(283.71 
– 274.99 
– 6.92) 
= 7.28

	13
	280
	281.10 + 7.28 = 288.38
	288.38 + .3(280 – 288.38) = 285.87
	7.28 
+ .2(288.38 
– 283.71 
– 7.28) 
= 6.758

	14
	288
	285.87 + 6.758 = 292.63
	292.63 + .3(288 – 292.63) = 291.24
	6.758 
+ .2(292.63 
– 288.38
– 6.758) 
= 6.256

	15
	310
	291.24 + 6.256 = 297.50
	297.50 + .3(310 – 297.50) = 301.25
	6.256 
+ .2(297.5 
– 292.63
 – 6.256) 
= 5.98

	16
	
	301.25 + 5.98 = 307.23
	
	


9. 
The initial estimate of trend is based on the net change of 30 for the three periods from 1 to 4, for an average of +10 units. Use (  = .5 and ( = .4.


Initial trend = (240 – 210)/3 = 10

	
	t Period
	At Actual
	
	
	
	
	
	
	

	
	1
	210
	
	
	
	
	
	
	

	Model
	2
	224
	
	
	
	
	
	
	

	Development
	3
	229
	
	
	
	
	
	
	

	
	4
	240
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	TAFt
	TAFt
	+ ((At – TAFt)
	= St
	Tt–1
	+
	(( TAFt–1 – TAFt–1 – Tt–1)
	= Tt

	
	5
	255
	250*
	250
	+ .5(255 – 250) 
	= 252.5
	10
	+
	.4(0)
	= 10

	
	6
	265
	262.5
	262.5
	+ .5(265 – 262.5) 
	= 263.75
	10
	+
	.4(262.5 – 250 – 10)
	= 11.00

	Model Test
	7
	272
	274.75
	274.75
	+ .5(272 – 274.75) 
	= 272.37
	11.00
	+
	.4(274.75 – 262.5 – 11.00)
	= 11.50

	
	8
	285
	284.87
	284.87
	+ .5(285 – 284.87) 
	= 284.94
	11.50
	+
	.4(284.87 – 274.75 – 11.50)
	= 10.95

	
	9
	294
	295.89
	295.89
	+ .5(294 – 295.89) 
	= 294.95
	10.95
	+
	.4(295.89 – 284.87 – 10.95)
	= 10.98

	Next 

Forecast
	10
	
	305.92
	
	
	
	
	
	
	

	

	* Estimated by the manager


Solutions (continued)

10.
Yt = 70 + 5t
t 
= 0 (June of last year)

t 
= 1 (July of last year)

t 
= 7 (January of this year)

t 
= 8 (February of this year)

t 
= 9 (March of this year)

t 
= 19 (January of next year)

t 
= 20 (February of next year)

t 
= 21 (March of next year)

YJan 
= 70 + (5)(19) = 165

YFeb.
= 70 + (5)(20) = 170

YMar.
= 70+ (5)(21) = 175

Forecast = (Trend) * (Seasonal Relative)

	Month
	Trend * Seasonal Relative
	Forecast (Trend * Seasonal Rel)

	January
	165 * 1.10
	181.5

	February
	170 * 1.02
	173.4

	March
	175 * .95
	166.25


	11.
	Quarter
	
	t
	
	40 – 6.5t + 2t2
	
	Rel.
	
	Yt x Rel.

	
	1
	
	9
	
	143.5
	
	1.1
	
	157.85

	
	2
	
	10
	
	175
	
	1.0
	
	175

	
	3
	
	11
	
	210.5
	
	.6
	
	126.3

	
	4
	
	12
	
	250
	
	1.3
	
	325

	
	1
	
	13
	
	293.5
	
	1.1
	
	322.85


	12.
	a.
	Week
	Day
	Sales
	Moving Total
	Centered Moving Av.
	Sales/MA5

	
	
	
	Fri
	149
	
	
	

	
	
	1
	Sat
	250
	
	188.3
	1.33
	Sat

	
	
	
	Sun
	166
	565
	190
	0.87
	

	
	
	
	Fri
	154
	570
	191.7
	0.80
	

	
	
	2
	Sat
	255
	575
	190.3
	1.34
	Sat

	
	
	
	Sun
	162
	571
	189.7
	0.85
	

	
	
	
	Fri
	152
	569
	191.3
	0.79
	

	
	
	3
	Sat
	260
	574
	194.3
	1.33
	Sat

	
	
	
	Sun
	171
	583
	193.7
	0.88
	

	
	
	
	Fri
	150
	581
	196.3
	0.76
	

	
	
	4
	Sat
	268
	589
	197
	1.36
	Sat

	
	
	
	Sun
	173
	591
	200
	0.87
	

	
	
	
	Fri
	159
	600
	201.7
	0.79
	

	
	
	5
	Sat
	273
	605
	202.7
	1.35
	Sat

	
	
	
	Sun
	176
	608
	204
	0.86
	

	
	
	
	Fri
	163
	612
	205
	0.80
	

	
	
	6
	Sat
	276
	615
	207.3
	1.33
	Sat

	
	
	
	Sun
	183
	622
	
	
	



[image: image14.wmf]x

: Fri = 0.79; Sat = 1.34; Sun = 0.87



b.
Fri = 163, Sat = 276, Sun = 183

13.
Wednesday
= .15 x 4 = 0.60


Thursday
= .20 x 4 = 0.80


Friday
= .35 x 4 = 1.40


Saturday
= .30 x 4 = 1.20

14.
a. 
There appears to be a long-term upward increasing trend in the data. The forecast will underestimate when data values increase.

Solutions (continued)


b.



Solutions (continued)

	
	
	t
	Y
	t*Y
	t2

	
	
	1
	405
	405
	1

	
	
	2
	410
	820
	4

	
	
	3
	420
	1260
	9

	
	
	4
	415
	1660
	16

	
	
	5
	412
	2060
	25

	
	
	6
	420
	2520
	36

	
	
	7
	424
	2968
	49

	
	
	8
	433
	3464
	64

	
	
	9
	438
	3942
	81

	
	
	10
	440
	4400
	100

	
	
	11
	446
	4906
	121

	
	
	12
	451
	5412
	144

	
	
	13
	455
	5915
	169

	
	
	14
	464
	6496
	196

	
	
	15
	466
	6990
	225

	
	
	16
	474
	7584
	256

	
	
	17
	476
	8092
	289

	
	
	18
	482
	8676
	324
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Forecasted demand for the next three weeks are:

Y19 = 396.974 + (4.593)(19) = 484.25

Y20 = 396.974 + (4.593)(20) = 488.84

Y21 = 396.974 + (4.593)(21) = 493.44

Solutions (continued)

	15.
	
	Day
	(Data)

No. Served
	Moving Total
	Centered Average
	(Relative estimates)

Data Centered Average

	
	
	1 = 1
	80
	
	
	

	
	
	2 = 2
	75
	
	
	

	
	
	3 = 3
	78
	
	
	

	
	
	4 = 4
	95
	
	90.57
	95/90.57 = 1.049

	
	
	5 = 5
	130
	
	90.86
	130/90.86 = 1.431

	
	
	6 = 6
	136
	
	91.14
	136/91.14 = 1.492

	
	
	7 = 7
	40
	634
	91.43
	40/91.43 = .437

	
	
	
	
	
	
	

	
	
	8 = 1
	82
	636
	91.29
	82/91.29 = .898

	
	
	9 = 2
	77
	638
	90.57
	77/90.57 = .850

	
	
	10 = 3
	80
	640
	90.43
	80/90.43 = .885

	
	
	11 = 4
	94
	639
	90.71
	94/90.71 = 1.036

	
	
	12 = 5
	125
	634
	91.00
	125/91.00 = 1.374

	
	
	13 = 6
	135
	633
	91.00
	135/91.00 = 1.484

	
	
	14 = 7
	42
	635
	91.43
	42/91.43 = .459

	
	
	
	
	
	
	

	
	
	15 = 1
	84
	637
	91.71
	84/91.71 = .916

	
	
	16 = 2
	77
	637
	93.14
	77/93.14 = .827

	
	
	17 = 3
	83
	640
	93.86
	83/93.86 = .884

	
	
	18 = 4
	96
	642
	93.14
	96/93.14 = 1.031

	
	
	19 = 5
	135
	652
	93.57
	135/93.57 = 1.443

	
	
	20 = 6
	140
	657
	94.29
	140/94.29 = 1.485

	
	
	21 = 7
	37
	652
	96.43
	37/96.43 = .384

	
	
	
	
	
	
	

	
	
	22 = 1
	87
	655
	97.43
	87/97.43 = .893

	
	
	23 = 2
	82
	660
	98.71
	82/98.71 = .831

	
	
	24 = 3
	98
	675
	99.29
	98/99.29 = .987

	
	
	25 = 4
	103
	682
	100.86
	103/100.86 = 1.021

	
	
	26 = 5
	144
	691
	
	

	
	
	27 = 6
	144
	695
	
	

	
	
	28 = 7
	48
	706
	
	

	
	Group and average the relative estimates:

	
	1’s
	
	2’s
	
	3’s
	
	4’s
	
	5’s
	
	6’s
	
	7’s

	
	
	
	
	
	
	
	1.049
	
	1.431
	
	1.492
	
	.437

	
	.898
	
	.850
	
	.885
	
	1.036
	
	1.374
	
	1.484
	
	.459

	
	.916
	
	.827
	
	.884
	
	1.031
	
	1.443
	
	1.443
	
	.384

	
	.893
	
	.831
	
	.987
	
	1.021
	
	
	
	
	
	

	
	2.707
	
	2.508
	
	2.756
	
	4.137
	
	4.248
	
	4.461
	
	1.280

	
	
[image: image20.wmf]x

: .902
	
	.836
	
	.919
	
	1.034
	
	1.416
	
	1.487
	
	.427


Solutions (continued)

16. 
a. 
The trend may be non-linear (although most students will view it as linear). Trend-adjusted smoothing would have a slight edge over a linear trend line.


b. 
Yes. This would cause concern because you wouldn’t know the actual demand for the pain reliever.

	
	
	c.
	TAF

	
	
	
	
9
	51.7

	
	
	
	
10
	53.7

	
	
	
	
11
	53.93

	
	
	
	
12
	54.77

	
	
	
	
13
	56.09

	
	
	
	
14
	56.74

	
	
	
	
15
	57.60

	
	
	
	
16
	58.43

	
	
	
	
MSE=
	6.09



c.

	Day
	
	Demand
	
	TAFt
	
	TAFt + .3(At – TAFt) = St
	
	Tt–1 + .3(TAFt – TAFt–1 – Tt–1) 
	
	= Tt
	
	ei
	
	
[image: image21.wmf]2
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	8
	
	49
	
	50
	
	50 + .3(49 – 50) = 49.7
	
	2 + .3(50 – 50 – 0 )
	
	= 2
	
	–1
	
	1

	9
	
	52
	
	51.7
	
	51.7 + .3(52 – 51.7) = 51.79
	
	2 + .3(51.7 – 50 – 2 )
	
	= 1.91
	
	.3
	
	.09

	10
	
	48
	
	53.7
	
	53.7 + .3(48 – 53.7) = 51.99
	
	1.91 + .3(53.7 – 51.7 – 1.91)
	
	= 1.937
	
	–5.7
	
	32.49

	11
	
	52
	
	53.927
	
	53.927 + .3(52 – 53.9) = 53.349
	
	1.937 + .3(53.927 – 53.7 – 1.937)
	
	= 1.424
	
	–1.927
	
	3.713

	12
	
	55
	
	54.773
	
	54.773 + .3(55 – 54.6) = 54.841
	
	1.424 + .3(54.773 – 53.927 – 1.424)
	
	= 1.251
	
	.23
	
	.053

	13
	
	54
	
	56.093
	
	56.093 + .3(54 – 56.093) = 55.465
	
	1.251 + .3(56.093 – 54.773 – 1.251)
	
	= 1.271
	
	–2.093
	
	4.381

	14
	
	56
	
	56.736
	
	56.736 + .3(56 – 56.736) = 56.515
	
	1.271 + .3(56.736 – 56.093 – 1.271)
	
	= 1.0826
	
	–.735
	
	.54

	15
	
	57
	
	57.597
	
	57.597 + .3(57 – 57.597) = 57.418
	
	1.0826 + .3(57.597 – 56.735 
– 1.0826)
	
	= 1.0164
	
	–.597
	
	.3564

	16
	
	
	
	58.43
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Solutions (continued)

	17.
	

	
	Month
	
	Units Sold
	
	Index
	
	Month
	
	Units Sold
	
	Index

	
	Jan

	
	640
	
	0.80
	
	Jul.

	
	765
	
	0.90

	
	Feb.

	
	648
	
	0.80
	
	Aug.

	
	805
	
	1.15

	
	Mar.

	
	630
	
	0.70
	
	Sept.

	
	840
	
	1.20

	
	Apr.

	
	761
	
	0.94
	
	Oct.

	
	828
	
	1.20

	
	May

	
	735
	
	0.89
	
	Nov.

	
	840
	
	1.25

	
	Jun.

	
	850
	
	1.00
	
	Dec.

	
	800
	
	1.25

	
	Solution

	
	Month
	
	Units Sold
	
	Index
	Deseasonalized
	Month
	
	Units Sold
	
	Index
	Deseasonalized

	
	Jan

	
	640
	
	0.80
	800
	Jul.

	
	765
	
	0.90
	850

	
	Feb.

	
	648
	
	0.80
	810
	Aug.

	
	805
	
	1.15
	700

	
	Mar.

	
	630
	
	0.70
	900
	Sept.

	
	840
	
	1.20
	700

	
	Apr.

	
	761
	
	0.94
	809.6
	Oct.

	
	828
	
	1.20
	690

	
	May

	
	735
	
	0.89
	825.8
	Nov.

	
	840
	
	1.25
	672

	
	Jun.

	
	850
	
	1.00
	850
	Dec.

	
	800
	
	1.25
	640



Solutions (continued)

18.
Deseasonalize the values, where:


Deseasonalized sales = (Actual sales) / (Seasonal relative)


Deseasonalized sales for quarter 1 is (88) / (1.1) = 80


Deseasonalized sales for quarter 2 is (99) / (.99) = 100


Deseasonalized sales for quarter 3 is (108) / (.90) = 120


Deseasonalized sales for quarter 4 is (141.4) / (1.01) = 140

There is a trend of +20 from previous quarter, hence the trend forecast would be 160 units. Multiplying the trend forecast by the seasonal relative for quarter 1 yields a forecast for the next quarter: T*S = (140 + 20) x (1.1) = 176.

	19.
	
	Quarter

	
	
	1
	2
	3
	4

	
	
	0.83
	0.98
	0.84
	1.34

	
	
	0.82
	0.99
	0.82
	1.38

	
	
	0.83
	0.99
	0.83
	1.34

	
	
	0.82
	1.00
	0.84
	1.33

	
	
	3.30
	3.96
	3.33
	5.39

	
	
[image: image23.wmf]x


	0.83
	0.99
	0.83
	1.35



20.
a.



b. 
y = 150 – .1(30) = 147. Thus, a 30-year old will need $147,000 of life insurance.

21.
a. 
Let
x1 
= weight in lb.


 

x2
= distance in miles        y = $.10 x1 + $.15 x2 + $10




y 
= delivery charge


b. 
y = $.10(40) + $.15(26) + $10 = $17.90
Solutions (continued)

22.
a.


	X = Price
	Y = Sales
	X*Y
	Y2
	X2

	6.00
	200
	1200.00
	40,000
	36.0000

	6.50
	190
	1235.00
	36,100
	42.2500

	6.75
	188
	1269.00
	35,344
	45.5625

	7.00
	180
	1260.00
	32,400
	49.0000

	7.25
	170
	1232.50
	28,900
	52.5625

	7.50
	162
	1215.00
	26,244
	56.2500

	8.00
	160
	1280.00
	25,600
	64.0000

	8.25
	155
	1278.00
	24,025
	68.0625

	8.50
	156
	1326.00
	24,336
	72.2500

	8.75
	148
	1295.00
	21,904
	76.5625

	9.00
	140
	1260.00
	19,600
	81.0000

	9.25
	133
	1230.25
	17,689
	85.5625
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Solutions (continued)

Actual data are represented by circles.

Predicted values are represented by pluses.
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 b.
r = –.9848. Implies a high, negative relationship between price and demand.


 
r2 = (–.9848) 2 = .97. It appears that approximately 97% of the variation in sales can be accounted for by the price of our product. This indicates that price is a good predictor of sales.

23.
a.




Solutions (continued)

	
	
b.
	x
	
	y
	
	xy
	
	x2
	
	y2

	
	
	15.00
	
	74.00
	
	1110.0
	
	225.0
	
	5476.0

	
	
	25.00
	
	80.00
	
	2000.0
	
	625.0
	
	6400.0

	
	
	40.00
	
	84.00
	
	3360.0
	
	1600.0
	
	7056.0

	
	
	32.00
	
	81.00
	
	2592.0
	
	1024.0
	
	6561.0

	
	
	51.00
	
	96.00
	
	4896.0
	
	2601.0
	
	9216.0

	
	
	47.00
	
	95.00
	
	4465.0
	
	2209.0
	
	9025.0

	
	
	30.00
	
	83.00
	
	2490.0
	
	900.0
	
	6889.0

	
	
	18.00
	
	78.00
	
	1404.0
	
	324.0
	
	6084.0

	
	
	14.00
	
	70.00
	
	980.0
	
	196.0
	
	4900.0

	
	
	15.00
	
	72.00
	
	1080.0
	
	225.0
	
	5184.0

	
	
	22.00
	
	85.00
	
	1870.0
	
	484.0
	
	7225.0

	
	
	24.00
	
	88.00
	
	2112.0
	
	576.0
	
	7744.0

	
	
	33.00
	
	90.00
	
	2970.0
	
	1089.0
	
	8100.0

	
	
	366.00
	
	1076.00
	
	31329.0
	
	12078.0
	
	89860.0
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c.
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Approximately 75% of the variation in the dependent variable is explained by the independent variable.

Solutions (continued)

24.
a.
Fertilizer
Mower

	(X)
	(Y)
	(X2)
	(Y2)
	(X)*(Y)

	1.6
	10
	2.56
	100
	16.0

	1.3
	8
	1.69
	64
	10.4

	1.8
	11
	3.24
	121
	19.8

	2.0
	12
	4.00
	144
	24.0

	2.2
	12
	4.84
	144
	26.4

	1.6
	9
	2.56
	81
	14.4

	1.5
	8
	2.25
	64
	12.0

	1.3
	7
	1.69
	49
	9.1

	1.7
	10
	2.89
	100
	17.0

	1.2
	6
	1.44
	36
	7.2

	1.9
	11
	3.61
	121
	20.9

	1.4
	8
	1.96
	64
	11.2

	1.7
	10
	2.89
	100
	17.0

	1.6
	9
	2.56
	81
	14.4

	(

22.8
	131
	38.18
	1269
	219.8


Answers to parts a and b
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Since the value of r is close to 1, there is a strong positive relationship between these variables.


Solutions (continued)
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c.
Y = – .672 + (6.158)(2) = 11.64



Therefore, we expect 12 mowers to be sold in the first week of August.

	25.
	t
	Units sold
	Naive
	 e
	 | e |
	 e2
	
	Trend
	 e
	| e |
	e2

	
	11
	147
	(
	
	
	
	
	146
	1
	1
	1

	
	12
	148
	147
	1
	1
	1
	
	148
	0
	0
	0

	
	13
	151
	148
	3
	3
	9
	
	150
	1
	1
	1

	
	14
	145
	151
	–6
	6
	36
	
	152
	–7
	7
	49

	
	15
	155
	145
	10
	10
	100
	
	154
	1
	1
	1

	
	16
	152
	155
	–3
	3
	9
	
	156
	–4
	4
	16

	
	17
	155
	152
	3
	3
	9
	
	158
	–3
	3
	9

	
	18
	157
	155
	2
	2
	4
	
	160
	–3
	3
	9

	
	19
	160
	157
	3
	3
	9
	
	162
	–2
	2
	4

	
	20
	165
	160
	 5
	 5
	 25
	
	164
	 1
	 1
	 1

	
	
	
	
	18
	36
	202
	
	
	–16
	23
	91
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Linear trend provides forecasts with less average error and less average squared error.

Solutions (continued)

	26.
	Period
	Demand
	F1
	e
	(e(
	
	e2
	
	F2
	e
	(e(
	
	e2

	
	1
	68
	66
	2
	2
	
	4
	
	66
	2
	2
	
	4

	
	2
	75
	68
	7
	7
	
	49
	
	68
	7
	7
	
	49

	
	3
	70
	72
	–2
	2
	
	4
	
	70
	0
	0
	
	0

	
	4
	74
	71
	3
	3
	
	9
	
	72
	2
	2
	
	4

	
	5
	69
	72
	–3
	3
	
	9
	
	74
	–5
	5
	
	25

	
	6
	72
	70
	+2
	2
	
	4
	
	76
	–4
	4
	
	16

	
	7
	80
	71
	9
	9
	
	81
	
	78
	2
	2
	
	4

	
	8
	78
	74
	4
	4
	
	16
	
	80
	–2
	2
	
	4

	
	
	
	
	
	32
	
	176
	
	
	
	24
	
	106


a. MAD F1: 32/8 = 4.0


MAD F2: 24/8 = 3.0
F2 appears to be more accurate.

b. MSE F1: 176/7 = 25.14


MSE F2: 106/7 = 15.14
F2 appears to be more accurate.

c. Either one might already be in use, familiar to users, and have past values for comparison. If control charts are used, MSE would be natural; if tracking signals are used, MAD would be more natural.

d. MAPE F1 = .4269/8 = .0534

 
MAPE F2 = .3284/8 = .0411


Since .0411 < .0534, F2 appears to be more accurate.

Solutions (continued)

	27.
	t

Period
	A

Demand
	F

Predicted
	E

Error
	| e |
	
	Cum. Error
	MADt
	Tracking Signal

	
	1
	129
	124
	5
	5
	
	5
	
	

	
	2
	194
	200
	–6
	6
	
	–1
	
	

	
	3
	156
	150
	6
	6
	
	5
	
	

	
	4
	91
	94
	–3
	3
	
	2
	
	

	
	5
	85
	80
	5
	5
	
	7
	5*
	1.40***

	
	6
	132
	140
	–8
	8
	
	–1
	5.9**
	–.17

	
	7
	126
	128
	–2
	2
	
	–3
	4.73
	–.63

	
	8
	126
	124
	2
	2
	
	–1
	3.911
	–.26

	
	9
	95
	100
	–5
	5
	
	–6
	4.238
	–1.42

	
	10
	149
	150
	–1
	1
	
	–7
	3.267
	–2.14

	
	11
	98
	94
	4
	4
	
	–3
	3.487
	–.86

	
	12
	85
	80
	5
	5
	
	2
	3.941
	.51

	
	13
	137
	140
	–3
	3
	
	–1
	3.659
	–.27

	
	14
	134
	128
	6
	6
	
	5
	4.361
	1.14

	
	
* 
Initial MAD:
	(| e |
	=
	25
	 = 5

	
	
	5
	
	5
	

	
	
**
Updated MAD’s [6 through 14]: MADt = MADt–1 + ( (| e |t – MAD t–1)

	
	
***
Tracking Signal = Cumulative Error/MADt = 7/5 = 1.40




E.g., MAD6 
= MAD5 + .3| e |t – MAD5


= 5.0 + .3(8 – 5.0) = 5.9


Since all tracking signal values are within the limits, the forecast is in control.



Solutions (continued)

	28.
	a.
	
	
	
	
	Forecast #1
	
	
	Forecast #2

	
	Month
	
	A Sales
	
	
	F Forecast
	
	(A–F) Error
	
	Error2
	
	| e |
	
	
	Forecast
	
	Error
	
	Error2
	
	| e |

	
	1
	
	770
	
	
	771
	
	–1
	
	1
	
	1
	
	
	769
	
	1
	
	1
	
	1

	
	2
	
	789
	
	
	785
	
	4
	
	16
	
	4
	
	
	787
	
	2
	
	4
	
	2

	
	3
	
	794
	
	
	790
	
	4
	
	16
	
	4
	
	
	792
	
	2
	
	4
	
	2

	
	4
	
	780
	
	
	784
	
	–4
	
	16
	
	4
	
	
	798
	
	–18
	
	324
	
	18

	
	5
	
	768
	
	
	770
	
	–2
	
	4
	
	2
	
	
	774
	
	–6
	
	36
	
	6

	
	6
	
	772
	
	
	768
	
	4
	
	16
	
	4
	
	
	770
	
	2
	
	4
	
	2

	
	7
	
	760
	
	
	761
	
	–1
	
	1
	
	1
	
	
	759
	
	1
	
	1
	
	1

	
	8
	
	775
	
	
	771
	
	4
	
	16
	
	4
	
	
	775
	
	0
	
	0
	
	0

	
	9
	
	786
	
	
	784
	
	2
	
	4
	
	2
	
	
	788
	
	–2
	
	4
	
	2

	
	10
	
	790
	
	
	788
	
	2
	
	4
	
	2
	
	
	788
	
	2
	
	4
	
	2

	
	
	
	
	
	
	
	
	12
	
	94
	
	28
	
	
	
	
	–16
	
	382
	
	36


	
b.
	Period
	Absolute Percentage Error (F1)
	Absolute Percentage Error (F2)

	
	1
	1 / 770 = .0013
	1 / 770 = .0013

	
	2
	6 / 789 = .0076
	2 / 789 = .00253

	
	3
	4 / 794 = .00503
	2 / 794 = .00251

	
	4
	4 / 780 = .00513
	18 / 780 = .02307

	
	5
	2 / 768 = .0026
	6 / 768 = .00781

	
	6
	4 / 772 = .00518
	2 / 772 = .00259

	
	7
	1 / 760 = .00131
	1 / 760 = .00131

	
	8
	4 / 775 = .00516
	0 / 775 = 0

	
	9
	2 / 786 = .00254
	2 / 786 = .00254

	
	10
	2 / 790 = .00253
	2 / 790 = .00253

	
	Total
	.03325
	.04619


MAPE F1 = .03325 / 10 = .003325

MAPE F2 = .04619 /10 = .004619

Since .003325 < .004619, choose forecasting method 1.

	
	
	MSE =
	((A – F) 2
	
	
	MAD =
	(| e |
	

	
	
	
	n – 1 
	
	
	
	N
	

	
	Forecast #1:
	94/9 = 10.44
	
	
	28/10 = 2.8
	

	
	Forecast #2
	382/9 = 42.44
	
	
	36/10 = 3.6
	


Solutions (continued)

	c.
	Tracking signal =
	(Errors
	 #1:
	  12/2.8 =
	  4.29
	
	[both slightly beyond limits of ( 4]

	
	
	MAD
	
	
	
	
	

	
	
	
	 #2:
	–16/3.6 =
	–4.44
	
	


Since 4.29 > 4, the forecasting method 1 is biased. Using F1 we are underestimating demand.

Since –4.44 < –4, the forecasting method 2 is also biased. Using F2 we are underestimating demand.


d.
Control limits are 0 ( 2
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Since all errors are within these limits, the forecast is in control. 



#2 
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Since the error for month 4 exceeds these limits, the forecast is not in control.


e.

	
	Month
	
	Sales
	
	Naïve

Forecast
	
	(A – F) Error
	
	| e |
	
	Error2

	
	1
	
	770
	
	
	
	
	
	
	
	

	
	2
	
	789
	
	770
	
	19
	
	19
	
	361

	
	3
	
	794
	
	789
	
	5
	
	5
	
	25

	
	4
	
	780
	
	794
	
	–14
	
	14
	
	196

	
	5
	
	768
	
	780
	
	–12
	
	12
	
	144

	
	6
	
	772
	
	768
	
	4
	
	4
	
	16

	
	7
	
	760
	
	772
	
	–12
	
	12
	
	144

	
	8
	
	775
	
	760
	
	15
	
	15
	
	225

	
	9
	
	786
	
	775
	
	11
	
	11
	
	121

	
	10
	
	790
	
	786
	
	4
	
	4
	
	16

	
	11
	
	
	
	790
	
	
	
	
	
	

	
	
	
	
	
	
	
	20
	
	96
	
	1,248

	
	
	
	
	
	
	
	
	
	
	

	
	MSE =
	1,248
	= 156
	MAD =
	96
	= 10.67
	Tracking Signal
	=
	20
	=1.87

	
	
	8
	
	
	9
	
	
	
	10.67
	

	




Control limits: 0 ( 2 
[image: image45.wmf]156
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It appears that naïve forecast is in control because all of the tracking signal values are well within ( 4 and all of the error terms are well within 2 sigma control limits. However, MAD and MSE values are much higher than MAD and MSE values for the other two forecasting methods. Therefore, naïve forecasting method does not appear to be performing as well as the other two forecasting methods.

Solutions (continued)

29.
a.

	
	
	
	
	
	
	
	
	
	
	MAD t = MAD t–1
+ .1[ | e | t – MAD t–1]
	
	T.S. = 
	Cum. Error

MAD t

	
	t Month
	
	e Error
	
	Cum. Error
	
	| e |t
	
	Cum.

| e |
	
	
	
	

	
	1
	
	–8
	
	–8
	
	8
	
	8
	
	
	
	

	
	2
	
	–2
	
	–10
	
	2
	
	10
	
	
	
	

	
	3
	
	4
	
	–6
	
	4
	
	14
	
	
	
	

	
	4
	
	7
	
	1
	
	7
	
	21
	
	
	
	

	
	5
	
	9
	
	10
	
	9
	
	30
	
	
	
	

	
	6
	
	5
	
	15
	
	5
	
	35
	
	
	
	

	
	7
	
	0
	
	15
	
	0
	
	35
	
	
	
	

	
	8
	
	–3
	
	12
	
	3
	
	38
	
	
	
	

	
	9
	
	–9
	
	3
	
	9
	
	47
	
	
	
	

	
	10
	
	–4
	
	–1
	
	4
	
	51
	
	
	
	

	
	11
	
	1
	
	0
	
	1
	
	52
	4.727*
	
	0/4.727 =
	0

	
	12
	
	6
	
	6
	
	6
	
	
	4.857
	
	6/4.857 =
	1.235

	
	13
	
	8
	
	14
	
	8
	
	
	5.171
	
	14/5.171 =
	2.707

	
	14
	
	4
	
	18
	
	4
	
	
	5.054
	
	18/5.054 =
	3.562

	
	15
	
	1
	
	19
	
	1
	
	
	4.649
	
	19/4.649 =
	4.087**

	
	16
	
	–2
	
	17
	
	2
	
	
	4.384
	
	17/4.384 =
	3.878

	
	17
	
	–4
	
	13
	
	4
	
	
	4.346
	
	13/4.346 =
	.334

	
	18
	
	–8
	
	5
	
	8
	
	
	4.711
	
	5/4.711 =
	1.061

	
	19
	
	–5
	
	0
	
	5
	
	
	4.740
	
	0/4.740 =
	0

	
	20
	
	–1
	
	–1
	
	1
	
	
	4.366
	
	–14.366 =
	–.229

	
	
*
The initial MAD is Cum. | e | ( 11: 52/11 = 4.727.

	
	
**
The tracking signal for month 15 is slightly beyond +4, so at that point, the forecast is suspect.


Solutions (continued)

	b. 
	Month
	
	Error
	
	Error2
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	1
	
	–8
	
	64
	
	

	
	2
	
	–2
	
	4
	
	

	
	3
	
	4
	
	16
	
	

	
	4
	
	7
	
	49
	
	

	
	5
	
	9
	
	81
	
	All errors are within these limits.

	
	6
	
	5
	
	25
	
	

	
	7
	
	0
	
	0
	
	

	
	8
	
	–3
	
	9
	
	

	
	9
	
	–9
	
	81
	
	

	
	10
	
	–4
	
	16
	
	

	
	
	
	–1
	
	345
	
	

	
	
	
	
	
	
	
	


The errors may be cyclical, suggesting that there may be a cyclical component in demand that is being overlooked in the forecast.

	30. 
a. 
yt = 35.8 + 4.02t
	Year
	10
	11
	12
	13
	14

	
	Forecast
	75.98
	80.00
	84.02
	88.04
	92.05

	
	
b. 
MSE = 2.16, so s = 
[image: image47.wmf]16

.

2

= 1.47. Control limits are 0 ( 2(1.47) = 0 ( 2.94

	
	     c. 
	Year
	Sales
	Forecast
	Error

	
	
	10
	77.2
	75.98
	1.22

	
	
	11
	82.1
	80.00
	2.10

	
	
	12
	87.8
	84.02
	3.78

	
	
	13
	90.6
	88.04
	2.56

	
	
	14
	98.9
	92.05
	6.55


The forecast is not in control; two of the last 5 points are outside of the limits. In an actual situation, the error in year 12 would have triggered an examination of forecast performance.

Solutions (continued)

31.
a.

	
	Period
	Actual
	Forecast 1
	Forecast 2
	error 1
	error 2
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	1
	37
	36
	36
	+1
	+1
	1
	1
	1
	1

	
	2
	39
	38
	37
	+1
	+2
	1
	4
	1
	2

	
	3
	37
	40
	38
	–3
	–1
	9
	1
	3
	1

	
	4
	39
	42
	38
	–3
	+1
	9
	1
	3
	1

	
	5
	45
	46
	41
	–1
	+4
	1
	16
	1
	4

	
	6
	49
	46
	52
	+3
	–3
	9
	9
	3
	3

	
	7
	47
	46
	47
	1
	0
	1
	0
	1
	0

	
	8
	49
	48
	48
	1
	+1
	1
	1
	1
	1

	
	9
	51
	52
	52
	–1
	–1
	1
	1
	1
	1

	
	10
	54
	55
	53
	–1
	+1
	1
	1
	1
	1

	
	(
	
	
	
	–2
	+4
	34
	35
	16
	15
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Both forecasting methods have MADs that are approximately equal (MAD1 = 1.6, MAD2 = 1.5), and MSEs that are also approximately equal (MSE1 = 3.78, MSE2 = 3.89).


b.
The errors for alternative 1 cycle (+1, +1, –3, –3, –1, +3, +1, –1, –1), although all are within 2s control limits. The errors for alternative 2 (+1, +2, –1, +1, +4, –3, 0, +1, –1, +1) don’t appear to cycle, but the error of +4 is just beyond the 2s control limits. While the alternative 1 has a small negative bias (slight overestimation), alternative 2 has a small positive bias (slight underestimation).



(MFE1 = –0.2, MFE2 = +.4, where MFE is the Mean Forecast Error)

Solutions (continued)

	32.
	A 

(sales)
	F (Forecast)
	A–F 

(Error)
	Cumulative Error
	(Error(
	((Error(
	e2
	MAD
	TS

	
	15
	15
	0
	0
	0
	0
	0
	0
	0

	
	21
	20
	1
	1
	1
	1
	1
	.5
	2

	
	23
	25
	–2
	–1
	2
	3
	4
	1
	–1

	
	30
	30
	0
	–1
	0
	3
	0
	.75
	–1.333

	
	32
	35
	–3
	–4
	3
	6
	9
	1.2
	–3.333

	
	38
	40
	–2
	–6
	2
	8
	4
	1.333
	–4.50

	
	42
	45
	–3
	–9
	3
	11
	9
	1.571
	–5.729

	
	47
	50
	–3
	–12
	3
	14
	9
	1.75
	–6.85
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	No, the forecast is not performing adequately. As you can see from the tracking signal values, we overestimate the demand consistently. (Tracking signal values continue to get larger.)
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	33.
	A

(sales)
	T = 10 + 5t Trend
	F = T * S Forecast
	Error
	Cumulative Error
	(Error)2
	(Error(
	((Error(
	MAD
	TS

	
	14
	15
	13.5
	.5
	.5
	.25
	.5
	.5
	
	1

	
	20
	20
	19
	1
	1.5
	1
	1
	1.5
	.75
	2

	
	24
	25
	26.25
	–2.25
	–.75
	5.063
	2.25
	3.75
	1.25
	–.6

	
	31
	30
	33
	–2
	–2.75
	4
	2
	5.75
	1.438
	–1.912

	
	31
	35
	31.5
	–.5
	–3.25
	.25
	.5
	6.25
	1.25
	–2.6

	
	37
	40
	38
	–1
	–4.25
	1
	1
	7.25
	1.208
	–3.518

	
	43
	45
	47.25
	4.25
	0
	18.063
	4.25
	11.50
	1.643
	0

	
	48
	50
	55
	–7
	–7
	49
	7
	18.50
	2.313
	–3.026

	
	52
	55
	49.5
	2.5
	–4.5
	6.25
	2.5
	21.0
	2.333
	–1.929
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	Since all of the TS (Tracking signal) values fall between (4 and all of the error terms are well within ( 3s, the forecasting method appears to be performing adequately.
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Trend Analysis for Shipment


Linear Trend Model


Yt = 396.974 + 4.59340*t
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