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Problem 1:	Forecasting at Prescriptions Plus (P.P.) Inc. (9 marks)

P. P. Inc. is in the process of forecasting its sales of bottles of headache pills. Sales for the last twelve periods are summarized in the table below. Two models are being considered to forecast the sales of headache pills: exponential smoothing with  = 0.4 (it was decided to use F1 = A1 = 83) and linear regression. The results appear in the following table:


	
t
	
At
	Exponential
Smoothing
Ft
	Error

Et
	Linear
Regression
Ft
	Error

Et

	1
2
3
4
5
6
7
8
9
10
11
12
	  83
  87
  95
  99
105
116
133
135
145
163
177
189
	  83.00
  83.00
  84.60
  88.76
  92.86
  97.71
105.03
116.22
123.73
132.24
144.54
157.53
	---
  4.00
10.40
10.24
12.14
18.29
27.97
18.78
21.27
30.76
32.46
31.47

	  73.62
  83.37
93.12
102.87
112.62
122.37
132.13
141.88
151.63
161.38
171.13
180.88
	 9.38
 3.63
 1.88
-3.87
-7.62
-6.37
 0.87
-6.88
-6.63
 1.62
 5.87
 8.12


						      t2 = 5,288.9158	        t2 = 413.4371

	(a)	Given the above data, make a forecast for period 13 with both models. Show all your calculations and fill in the blanks:

[1]	Exponential smoothing:	F13 =
	
        157.53+.4(189-157.53)= 170.118







	
[2]	Linear regression:		F13 = 

X=78

= 6.5                                                       B=11320- (12)(6.5)(127.25)\650-12(42.25)= 1394.5\143=9.75
Y= 1527                                                          a=127.25-9.75(6.5)=127.25-63.375=63.875
Ybar=127.25                                                  Y= 63.875+9.75(13)=63.875+126.75=190.625
XY= 11320


	
OR  the difference in Ft’s is 9.75 for all Ft’s . therefore Ft13= 180.88+ 9.75= 190.3




[2]	(b)	Calculate the standard deviation of the errors for both models, using the above data.

	Exponential smoothing: 	 = 20.99






	Linear regression:		 = 5.87

(square root of MSE)
Note: for your convenience, the data from the previous page are repeated here.
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[3]	(c)	Using the space provided below, draw a plot of the error terms associated to both models used in part (a). Make sure the points on the graph are easy to see. What are your conclusions and which of these two models would you recommend using to make forecasts?  Use the ‘0’ (Zero) line in the middle.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Error Plot: Exponential Smoothing	Error Plot: Linear Regression

Conclusions:

Linear regression has a lower MSE and is closer to zero therefore it’s a better model

The errors are within the allowable control limit, no corrective action is needed
The errors in linear regression are randomly distributed and the errors in the exponential smoothing are not.

Recommendations:

Use the linear regression model





[1]	(d)	Name one other model (different from the two used above) which would have performed well in forecasting the sales of  bottles of headache pills. Justify your choice as fully as possible.

Moving average method since there’s no trend , used more often for smoothing and provides overall impression
Problem 2:	Forecasting: General Independent Questions (11 marks)

Questions (a) and (b) refer to the following:
The president of Provincial University wants to forecast student enrollment for this academic year based on the following historical data:

Year			Enrollments
5 years ago		15,000
4 years ago		16,000
3 years ago		18,000
2 years ago		20,000
Last year		21,000

[1]	(a) What is the forecast for this year using a moving-average forecast based on the last four years?
21+20+18+16\4= 18.75







[2]	(b) What is the forecast for this year using double exponential smoothing (Exponential Smoothing with Trend Adjustment) if α = 0.5 and β = 0.6? Assume that the exponentially smoothed forecast for last year was 19,400 and the exponentially smoothed forecast for two years ago was 17,500, and that the exponentially smoothed trend estimate for last year was 1,660.
Ft= .5(21,000)+.5(19,400+1,660)= 10500+10530= 2,1030
Tt= .6(21,030-19,400)+.4(1,660)= 978+664=1642
FITt=21,030+1642=22672














 




[4]	(c)	 Circle the proper answer to each question (0.5 mark each)

	1. A moving-average forecast tends to be more responsive to changes in the time-series data when more values are included in the average.
	True	False

	2. Trend can always be determined by drawing a straight line trough the data.
	True	False

3. There are 4 trimesters in a year, the average of the corresponding four adjusted seasonal indices, should be equal to 1.
	True	False

4. A weighted moving average forecast will always lag behind a trend.
	True	False

	5. Which of the following smoothing constants would make an exponential smoothing forecast equivalent to a naive forecast?
		a.		0
		b.	1 divided by the number of periods
		c.		0.5
		d.	1.0
		e	.	cannot be determined

		6. In time series, which of the following cannot be predicted?
			a.	large increases in demand
			b.	trend increase or decrease
			c.	seasonal fluctuations
				d.	random fluctuations
			e.	large decreases in demand

		7. If two variables were perfectly correlated, the correlation coefficient r would equal
			a.	0
			b.	less than 1
			c.	exactly 1
			d.	-1 or +1
			e.	greater than 1

		8. Given forecast errors of -1, 4, 8, and -3, what is the mean absolute deviation?
			a. 	2
			b.	3
			c. 	4
			d. 	8
			e.	16


[2]	(d)	In January 2007, Mr. Mahoney, a life insurance broker, wished to forecast the annual number of new life-insurance contracts for his company for 2007, using an exponential smoothing model with α = 0.3 and the data of 2004 to 2006 inclusively. Unfortunately, a clerk committed an error in computing the 2007 forecast: he used 1200 as the number of new contracts in 2005, while in reality there were only 120 new contracts in that year.

Given this error, should the 2007 forecast be increased or decreased and by how much? Give the details of your analysis.
High probability of answer being wrong don’t fuck us up!!!
The answer is off by a factor of 10  the answer for 2007 should be decreased by a factor of 10














[2]	(e)	Pierre Laroche, the operations manager at a production company, is worried that in the near future, the Montreal warehouse may not be large enough to store enough units of a given product for season 2.  By definition, we say season 1 corresponds to period 1, season 2 to period 2, and so on.  There are 13 four-week periods every year, and thus13 seasons annually. Out of 13 annual seasons, season 2 is the peak season.  Products are shipped every week to Montreal and the warehouse needs to be large enough to hold the expected weekly demand.  
		Assume that the seasonal factor for this product for season 2 in Montreal is 1.9, and that the y-intercept and slope of the trend line used in the multiplicative decomposition forecast model for this product in Montreal are 582 and 40 per period respectively.  Also assume that the volume of this product is 7.5 dm3, and that the space allocated to store this product in the Montreal warehouse is limited to 30,000 dm3.  At what period will the projected demand of this product exceed the space available for that product in the Montreal warehouse?  Show your calculation.
 High probability as well don’t copy :
Space available for production = 30000\7.5 = 4000
Y=582+ 40X
SI for season 2 = 1.9

Problem 3: 	Aggregate Planning (14 Marks)

Densepack intends to plan workforce and production levels for the coming six-month period, January to June.  The firm produces a line of disk drives for mainframe computers that are plug-in compatible with several computers produced by major manufacturers.  Forecast demands over the next six months for a particular line of these disk drives are: 

	Month
	Forecasted Demand

	January
	128,000

	February
	81,000

	March
	90,000

	April
	210,000

	May
	90,000

	June
	62,800



There are currently (end of December) 320 workers employed in the plant. Ending inventory in December is expected to be 500 units, and the firm would like to have 2000 units on hand at the end of June. The number of units produced by one worker in one day is 15 units and there is 20 work days per month.
 
Assume that, on average, each worker is paid $36,000 per year. It costs $ 1600 to hire an employee and $2,000 to lay off one, the cost of holding one unit in inventory for one month is $10, and backorder cost is $40/unit.

[3]	(a) Given the beginning inventory of 5000 units, determine the quantity to produce each month and the MINIMUM number of employees required if the company wishes to meet the forecasted demand and ending inventory requirements of 2000 units on hand at the end of June by varying the workforce level only (i.e. No stockouts or back orders. No inventory from January to May). Show your calculations.

	
	
	daily
	# of workers
	hiring
	firing

	January
	123,000
	6,150
	410
	
	90
	

	febuary
	81,000
	4,050
	270
	
	
	140

	march 
	90,000
	4,500
	300
	
	30
	

	april
	210,000
	10,500
	700
	
	400
	

	may
	90,000
	4,500
	300
	
	
	400

	june
	64,800
	3,240
	216
	
	
	84

	
	
	
	
	
	
	




216 workers

	Month
	Forecasted Demand

	January
	128,000

	February
	81,000

	March
	90,000

	April
	210,000

	May
	90,000

	June
	62,800




[3]	(b) Given the current workforce level of 400, the beginning inventory of 5000 units and the ending inventory requirements of 2000 units on hand at the end June, compute the ending inventory at each month.(Note: Back orders are allowed).  What is the largest inventory they will have to carry? This question is independent from part (a).


	
	Demand
	Beginning
	Production
	Change
	End
	Back order

	January
	128,000
	5000
	120,000
	-3,000
	0
	3,000

	February
	81,000
	0
	120,000
	39,000
	36,000
	

	March
	90,000
	36,000
	120,000
	30,000
	66,000
	

	April
	210,000
	66,000
	120,000
	90,000
	
	24,000

	may
	90,000
	0
	120,000
	30,000
	6,000
	

	June
	62,800
	6,000
	58,800
	4,000
	2,000
	

	TOTAL
	
	
	658,800
	
	110,000
	27,000


Production= 400*15*20= 120,000
The largest inventory they will have to carry 66,000
Note: there must be 400 workers every month except June

















[2]	(c)  Assume that Densepack decided to adopt the level aggregate production planning strategy of part (b), (i.e. keep the current workforce level of  400). What is the total cost of this production plan?


Salary of employee is $36,000 year.
There are 240 production days in a year  (20 * 12)
Each employee produces 15 units a day

Each units costs $10 unit.         36000 / 240 / 15

Therefore total units produced  is (120,000*5) – 58,800)*10= 6588,000
Inventory holding cost: 110,000*10=1,100,000
Back order cost:27,000*40= 1,080,000
The Sum= 8,768,000

[2] 	(d) What is the MINIMUM workforce level to meet the demand over the next six month and ending inventory requirements that will guarantee that shortages do not occur in any period? Show your calculations.

April has the highest demand of 210,000
210,000\300=700  (300=15 units per person per day *20production days a month)
Therefore, we need a minimum of 700 workers to satisfy the demand every month since April is the highest.

















 	(e) Find the preference thresholds for the following options: This question is independent from parts (a) to (d).


[2]	Backorders versus hiring and firing: What is the smallest time backorders production is more economical than hiring a new employee and then firing him/her later? 

(For explanation refer to Slides ch13 P1 slides 42-52)

H&R for 1 month :
2000+1600=$ 3600

Back orders for 1 month:
$40*15 units a day*X days= 3600

Solve for X  6 days
Anything before 6 days its cheaper to backorder than to H&R










[2]	Firing and Hiring versus building extra inventory: What is the maximum time an employee can be kept building inventory to satisfy future demand before it becomes more advantageous to fire that employee? 

H&R for  month :
2000+1600=$ 3600

        Inventory holding cost:
15 units per day * 20 production days* $10 per unit= 3000
	
	
	M 1 
	M 2 
	

	H&R
	
	3600
	3600
	

	Inventory holding
	3000
	9000
	



Therefore, the max amount to hold inventory of time is 1 month







Problem 4: The Transportation Model (6 Marks)
In the table below you will find the initial Tableau of a Transportation Problem. Please note that backlogs are allowed in this problem. 
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Month 1
	
Month 2
	
Month 3
	
Month 4
	
Excess 
Capacity
	
Capacity

	
Beginning
Inventory
	

	
0
	

	
20
	

	
40
	

	
60
	

	
0
	


	
	
100
	

	

	

	

	

	
100

	
Month 1
(Regular)
	

	
100 
	

	
120
	

	
140
	

	
160 
	

	
0
	


	
	
250
	
150
	

	

	

	

	
400

	
Month 1
(Overtime)
	

	
150
	

	
170
	

	
190
	

	
210
	

	
0
	


	
	

	

	
20
	

	

	

	
40

	
Month 2
(Regular)
	

	

	

	
100
	

	
120
	

	
140
	

	
0
	


	
	

	
500
	

	

	

	

	
500

	
Month 2
(Overtime)
	

	

	

	
150
	

	
170
	

	
190
	

	
0
	


	
	

	
50
	
10
	

	

	

	
60

	
Month 3
(Regular)
	

	

	

	

	

	
100
	

	
120
	

	
0
	


	
	

	

	
500
	

	

	

	
500

	
Month 3
(Overtime)
	

	

	

	

	

	
150
	

	
170
	

	
0  
	


	
	

	

	
70
	

	

	

	
70

	
Month 4
(Regular)
	

	

	

	

	

	

	

	
100
	

	
0
	


	
	

	

	
	400
	

	

	
400

	
Month 4
(Overtime)
	

	

	

	

	

	

	

	
150
	

	
0
	


	
	

	

	

	
 50 
	

	

	
50

	
Demand
	
350
	
700
	
600
	
450
	

	
2120



	(a) Allocate production capacity to meet demand at minimum cost using the transportation method (e.g. find an initial feasible solution using the intuitive lowest-cost assignment approach). 

[3]	 




















b) In the table below you will find a feasible solution to the Transportation Problem (not necessarily optimal). Please note that backlogs are not allowed in this problem. Based on this solution, answer the following questions: 


	

	
Month 1
	
Month 2
	
Month 3
	
Month 4
	
Excess 
Capacity
	
Capacity

	
Beginning
Inventory
	

	
0
	

	
25
	

	
50
	

	
75
	

	
0
	


	
	
80
	

	

	

	

	

	
80

	
Month 1
(Regular)
	

	
100
	

	
125
	

	
150
	

	
175
	

	
0
	


	
	
320
	
50
	
130
	

	

	

	
500

	
Month 1
(Overtime)
	

	
180
	

	
205
	

	
230
	

	
255
	

	
0
	


	
	

	

	
20
	
20
	
60
	
100

	
Month 2
(Regular)
	

	

	

	
100
	

	
125
	

	
150
	

	
0
	


	
	

	
500
	

	

	

	

	
500

	
Month 2
(Overtime)
	

	

	

	
180
	

	
205
	

	
230
	

	
0
	


	
	

	

	
100
	

	

	

	
100

	
Month 3
(Regular)
	

	

	

	

	

	
100
	

	
125
	

	
0
	


	
	

	

	
500
	

	

	

	
500

	
Month 3
(Overtime)
	

	

	

	

	

	
180
	

	
205
	

	
0
	


	
	

	

	
100
	

	

	

	
100

	
Month 4
(Regular)
	

	

	

	

	

	

	

	
100
	

	
0
	


	
	

	

	
	
500
	

	
500

	
Month 4
(Overtime)
	

	

	

	

	

	

	

	
180
	

	
0
	


	
	

	

	

	

100
	

	
100

	
Demand
	
400
	
550
	
850
	
620
	
60
	
2480



i. What is the total cost of this allocation?

[1]               320*100 +125*50 +150*130 +230*20 +255*20 +100*500 +205*100 +100*500 +180*100 +100*500+180*100= 273950		
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