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ADM 3301

Sample Mid-term Exam

Duration:  2.5 hours

Student name:_______________________


Student No.__________________
INSTRUCTIONS:

1- 
Write down the exam copy number (that exists at the top right corner of this page) on the identification white card next to your name. 

2-
Verify that your exam has 9 pages (including this title page). 
3-
Answer all questions on your examination copy.  Use the opposite (blank) side, if necessary. Answers or calculations written on the sheet of notes will not be evaluated. 

4-
Justify all answers with proper arguments and/or calculations.  Be precise, clear and concise: ambiguous or vague statements will be considered false. Please write legibly.

5-
This is a closed-book exam: however, one double sided sheet (8.5" x 11") of notes and a calculator are permitted for arithmetic use only. The sheet of notes must be handed over with the exam copy at the end of the exam period, or else your copy will not be marked.
6-
NO COMMUNICATION DEVICES MAY BE WITHIN SIGHT DURING THE EXAM PERIOD.
	Problems
	Description
	Marks
	Result

	1. Smith Machine Parts

2. Independent Questions

3. Product X

4. Seaside Inc.

5. Tri-bike

6. Transportation Table

Total


	Forecasting

Forecasting

Forecasting

Aggregate Planning

Transportation

Transportation
	
	


Question 1: Forecasting  






(9 marks)
Each Friday, Smith Machine Parts (SMP) LTD has to forecast the next week’s demand for brackets #357, #358 and #359.  For many years, this has been done reasonably well by Joe Smith, who recently retired.  When asked how he made his forecasts, Joe said (between puffs on his corn cob pipe), “Well, I looks at the bubbles on me beer, and I rubs me lucky rabbit foot, and the forecast comes to me maid.”  SMP has asked three of its analysts to propose scientific forecasting systems to replace old Joe.  The forecasters and the proposed methods are as follows:

A. Allen:
three-week moving average

B. Black:
exponential smoothing with  ( = 0.2

C. Clark:
simple linear regression using the previous 6 weeks of data

Each of the three forecasters has been assigned one bracket.  The demand for the past six weeks (in thousands of brackets) is given below, as well as the forecasts obtained with the three suggested methods:

	Bracket #357 (three-week moving average):
	
	Bracket #358 (exp. smoothing with ( = 0.2):

	Week #
	Demand
	Forecast
	
	Week #
	Demand
	Forecast

	1

2

3

4

5

6


	3

4

5

12

10
	-

-

-

5

7
	
	1

2

3

4

5

6
	12

10

15

13

18
	12.00

12.00

12.40

11.92

12.63


	Bracket #359 (linear regression):
	

	Week #
	Demand
	Forecast
	Error
	
	
	

	1

2

3

4

5

6


	6

15

15

24

31

26
	  8.286

12.771

21.743

26.229

30.715
	-2.286

 2.229

 2.257

 4.771

-4.715
	
	
	


In each of the three tables above, two values are missing: you are required to find the missing values.

Question 2: Forecasting 






(8 marks)

(a) 
Zapem Electrical has calculated forecast errors to check on the accuracy of a particular set of demand forecasts. The errors were consistently positive. How do you interpret this fact in terms of comparing the actual demand with the forecast demand?

(b) 
Enrollment in a particular class for the last four semesters has been 120, 126, 110 and 130. Suppose a one-semester moving average is used to forecast enrollment (this is sometimes referred to as a naive forecast). Thus, the forecast for the second semester would be 120, the forecast for the third semester would be 126, and the forecast for the fourth semester would be 110. What would the MAD be for this situation?




Enrollment
Forecast




     120

      -




     126

   120




     110

   126




     130

   110

(c)
In order to check the accuracy of a forecast, a student had the idea of running a regression with the demand as the explanatory variable and the forecast as the dependent variable. The coefficient of determination was 0.96. What does this tell you about the accuracy of the forecasts?

(d) 
What is the idea behind the Delphi technique? Choose one of the following



- geographic dispersion;



- involvement of different types of participants;



- feedback process;



- use of staff to facilitate data analysis;



- questionnaire administration.

Question 3: Forecasting 






(8 marks)


(a)
The quarterly sales for Product X are subject to seasonal fluctuations: the classical multiplicative decomposition model (with linear trend) was chosen to make forecasts.  The following results were obtained:

	Period
	Season
	Demand
	Forecast
	Error

	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16
	1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4
	125

139

210

191

173

176

295

223

207

188

340

283

258

238

406

330
	132.432  

128.240   

221.622  

186.966  

173.372  

165.040   

280.962  

233.886  

214.312  

201.840   

340.302  

280.806  

255.252  

238.640   

399.642  

327.726
	  -7.432

 10.760

-11.622

   4.034

  -0.372

 10.960

 14.038

-10.886

  -7.312

-13.840

  -0.302

   2.194

   2.748

  -0.640

   6.358

   2.274













( (error)2 = 1061.658816.


The linear regression parameters (a, the y-intercept, and b, the slope), obtained from the deseasonalized demand, were a = 137.3 and b = 11.5.  Given the above information, prepare a forecast for period 17.







(4 marks)


Hint: Think about the various steps of the multiplicative decomposition method: how was the "Forecast" column obtained in this table?  What information can be obtained from that column and the regression line parameters a and b?


(b)
Using the space provided below, draw a control chart of the error terms associated to the model used in part (a), at a 95% level (i.e. control limits at ±2().  Make sure the points on the graph are easy to see.  What are your conclusions?





(4 marks) 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Question 4: Aggregate Planning 





(15 marks)

A manager of Seaside Inc. is attempting to put together an aggregate plan for the coming year.  She has obtained a forecast of expected demand for the planning horizon.  Basically the plan must deal with demand which is highly seasonal as can be seen in the following forecasts:

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

	Ft
	190
	230
	260
	280
	210
	170
	160
	160
	220
	250
	260
	180
	2,570


The department currently has 20 full-time workers, each of whom can produce 10 units of output per month at a cost of $60 per unit.  Inventory carrying cost is $5 per unit per month and backlog cost is $10 per unit per month.  The manager is considering a plan that would involve hiring 2 additional workers to start working in month 1: one permanent worker, who would work all 12 months, and one temporary worker who would work the first five (5) months.  This would cost $1,000 (plus the unit production costs).  Assume there is no initial inventory and that no final inventory is needed at the end of the planning horizon.

(a)
Determine the total cost of the plan, including production, inventory and backorder costs. You may customize the table below to suit your needs: you don’t have to use all the columns.  (5 marks)

	
	Month


	Demand
	
	
	
	
	
	

	
	1

2

3

4

5

6

7

8

9

10

11

12


	190

230

260

280

210

170

160

160

220

250

260

180


	
	
	
	
	
	

	
	Total
	2,570


	
	
	
	
	
	


(b)
Consider a plan where only one permanent worker is hired, but where overtime production is allowed.  How many units would need to be produced in overtime over the planning horizon?  During what month(s) should these overtime units be produced to minimize costs?  Justify briefly your answer.







(2 marks)

(c) Assuming that it costs $90 to produce one unit in overtime, and that hiring costs amount to $250 per employee, while the cost of firing an employee is $500, find the following Preference Thresholds:








(8 marks)

(i) Idle time versus firing and hiring: how long can an employee remain idle before it becomes more advantageous to fire him (her), and then hire another employee later, when needed?

(ii) building inventory versus firing and hiring: how long can an employee be kept building inventory before it becomes more advantageous to fire him (her), and then hire another employee later, when needed?

(ii) overtime versus hiring and firing: how many units can the company build on overtime before it becomes more advantageous to hire an employee, and the fire him (her) when no longer needed?

(iii) backlogs versus overtime: is it more advantageous to build an unit in overtime, or to backlog that unit for one month? 

Queation 5: Transportation






(5 marks)

Tri-Bike is a family-based company specialized in the assembly of tricycles for senior citizens.  Joe Deldo, the oldest son and manager of the company, is in receipt of the forecast demand for the next three months (November, December and January): 550 units, 1,000 units and 650 units, respectively. The average time required to assemble a tricycle is 5 hours.

The company employs 30 employees who each work 100 hours per month for a salary of $10/hour. The employees are therefore paid at a rate of $1,000 per month, regardless of the number of tricycles manufactured. Joe may also opt for overtime at a cost of $15/hr and/or subcontracting at a cost of $90/unit. Backlogs are accepted but cost $10 per month per unit. Storage costs are $2 per month per unit.

At the beginning of November, Joe Deldo had an inventory of 100 tricycles and he prefers to have the same number of tricycles at the end of January in order to plan against future fluctuations in demand.

Limits on subcontracting are: November 50 units, December 60 units, and January 70 units. Limits on employee overtime: each employee cannot work more than 15 hours per month.

Formulate the problem as a Transportation Model. Do not solve it!

Question 6: Transportation






(5 marks)

(a)
Using the Transportation Table below, find an optimal Aggregate Plan using the intuitive lowest cost approach. DO NOT RE-WRITE THE PRODUCTION PLAN: A SOLUTION IN THE TABLEAU IS SUFFICIENT.


(1 mark)

(b)
Given the data of this problem and based on your solution to part (a), answer the following questions:








(4 marks)

(i)
What is the total cost of your solution?


(ii)
What is the holding cost per unit per month?


(iii)
What is the inventory level at the end of month 1?


(iv)
What is the inventory level at the end of month 2?
	
	1
	2
	3
	4
	Excess Cap.
	Capacity

	Beginning
	
	0
	
	2
	
	4
	
	6
	
	0
	

	Inventory
	
	
	
	
	
	
	
	
	
	
	100

	Month 1
	
	60
	
	62
	
	64
	
	66
	
	0
	

	(Regular)
	
	
	
	
	
	
	
	
	
	
	500

	Month 1
	
	80
	
	82
	
	84
	
	86
	
	0
	

	(Overtime)
	
	
	
	
	
	
	
	
	
	
	50

	Month 1
	
	90
	
	92
	
	94
	
	96
	
	0
	

	(Sub Cont.)
	
	
	
	
	
	
	
	
	
	
	120

	Month 2
	
	
	
	60
	
	62
	
	64
	
	0
	

	(Regular)
	
	
	
	
	
	
	
	
	
	
	500

	Month 2
	
	
	
	80
	
	82
	
	84
	
	0
	

	(Overtime)
	
	
	
	
	
	
	
	
	
	
	50

	Month 2
	
	
	
	90
	
	92
	
	94
	
	0
	

	(Sub Cont.)
	
	
	
	
	
	
	
	
	
	
	120

	Month 3
	
	
	
	
	
	60
	
	62
	
	0
	

	(Regular)
	
	
	
	
	
	
	
	
	
	
	500

	Month 3
	
	
	
	
	
	80
	
	82
	
	0
	

	(Overtime)
	
	
	
	
	
	
	
	
	
	
	50

	Month 3
	
	
	
	
	
	90
	
	92
	
	0
	

	(Sub Cont.)
	
	
	
	
	
	
	
	
	
	
	100

	Month 4
	
	
	
	
	
	
	
	60
	
	0
	

	(Regular)
	
	
	
	
	
	
	
	
	
	
	500

	Month 4
	
	
	
	
	
	
	
	80
	
	0
	

	(Overtime)
	
	
	
	
	
	
	
	
	
	
	50

	Month 4
	
	
	
	
	
	
	
	90
	
	0
	

	(Sub Cont.)
	
	
	
	
	
	
	
	
	
	
	100

	Demand


	550
	700
	750
	650
	90
	2,740


ADM 3301

Sample Mid-term Exam

Solutions

Question 1: Forecasting
Each Friday, Smith Machine Parts (SMP) LTD has to forecast the next week’s demand for brackets #357, #358 and #359.  For many years, this has been done reasonably well by Joe Smith, who recently retired.  When asked how he made his forecasts, Joe said (between puffs on his corn cob pipe), “Well, I looks at the bubbles on me beer, and I rubs me lucky rabbit foot, and the forecast comes to me maid.”  SMP has asked three of its analysts to propose scientific forecasting systems to replace old Joe.  The forecasters and the proposed methods are as follows:

A. Allen:
three-week moving average

B. Black:
exponential smoothing with  ( = 0.2

C. Clark:
simple linear regression using the previous 6 weeks of data

Each of the three forecasters has been assigned one bracket.  The demand for the past six weeks (in thousands of brackets) is given below, as well as the forecasts obtained with the three suggested methods:

	Bracket #357 (three-week moving average):
	
	Bracket #358 (exp. smoothing with ( = 0.2):

	Week #
	Demand
	Forecast
	
	Week #
	Demand
	Forecast

	1

2

3

4

5

6


	8
3

4

5

12

10
	-

-

-

5

4
7
	
	1

2

3

4

5

6
	12

14
10

15

13

18
	12.00

12.00

12.40

11.92

12.536
12.63


	Bracket #359 (linear regression):
	

	Week #
	Demand
	Forecast
	Error
	
	
	

	1

2

3

4

5

6


	6

15

15

24

31

26
	  8.286

12.771

17.257
21.743

26.229

30.715
	-2.286

 2.229

-2.257
 2.257

 4.771

-4.715
	
	
	


In each of the three tables above, two values are missing: you are required to find the missing values.

Question 2: Forecasting

(a) 
Zapem Electrical has calculated forecast errors to check on the accuracy of a particular set of demand forecasts. The errors were consistently positive. How do you interpret this fact in terms of comparing the actual demand with the forecast demand?


The Forecasts are systematically lower than the actual demand
(b) 
Enrollment in a particular class for the last four semesters has been 120, 126, 110 and 130. Suppose a one-semester moving average is used to forecast enrollment (this is sometimes referred to as a naive forecast). Thus, the forecast for the second semester would be 120, the forecast for the third semester would be 126, and the forecast for the fourth semester would be 110. What would the MAD be for this situation?




Enrollment
Forecast
Error
Absolute Error



     120

      -

     -

 -



     126

   120

      6

  6



     110

   126

   -16

16



     130

   110

    20

20


MAD = (6 + 16 + 20) / 3 = 14
(c)
In order to check the accuracy of a forecast, a student had the idea of running a regression with the demand as the explanatory variable and the forecast as the dependent variable. The coefficient of determination was 0.96. What does this tell you about the accuracy of the forecasts?


Nothing: the forecast could lag behind the trend, or even follow the opposite pattern to the demand, and still the coefficient of determination would be high.
(d) 
What is the idea behind the Delphi technique? Choose one of the following



- geographic dispersion;



- involvement of different types of participants;



- feedback process;



- use of staff to facilitate data analysis;



- questionnaire administration.

Question 3: Forecasting


(a)
The quarterly sales for Product X are subject to seasonal fluctuations: the classical multiplicative decomposition model (with linear trend) was chosen to make forecasts.  The following results were obtained:

	Period
	Season
	Demand
	Forecast
	Error

	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16
	1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4
	125

139

210

191

173

176

295

223

207

188

340

283

258

238

406

330
	132.432  

128.240   

221.622  

186.966  

173.372  

165.040   

280.962  

233.886  

214.312  

201.840   

340.302  

280.806  

255.252  

238.640   

399.642  

327.726
	  -7.432

 10.760

-11.622

   4.034

  -0.372

 10.960

 14.038

-10.886

  -7.312

-13.840

  -0.302

   2.194

   2.748

  -0.640

   6.358

   2.274













( (error)2 = 1061.658816.


The linear regression parameters (a, the y-intercept, and b, the slope), obtained from the deseasonalized demand, were a = 137.3 and b = 11.5.  Given the above information, prepare a forecast for period 17.


Hint: Think about the various steps of the multiplicative decomposition method: how was the "Forecast" column obtained in this table?  What information can be obtained from that column and the regression line parameters a and b?


T17 = 137.3 + 11.5 ( 17 = 332.8;


T1 = 137.3 + 11.5 = 148.8, and S1 = 132.432 / 148.8 = 0.89:


F17 = 332.8 ( 0.89 = 296.192.

(b)
Using the space provided below, draw a control chart of the error terms associated to the model used in part (a), at a 95% level (i.e. control limits at ±2().  Make sure the points on the graph are easy to see.  What are your conclusions? 


MSE = 1061.658816 / 16 = 66.353676, so ( = 8.15, and 2( = 16.3.





All errors fall between the control limits, and the errors look random.
Question 4: Aggregate Planning

A manager of Seaside Inc. is attempting to put together an aggregate plan for the coming year.  She has obtained a forecast of expected demand for the planning horizon.  Basically the plan must deal with demand which is highly seasonal as can be seen in the following forecasts:

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

	Ft
	190
	230
	260
	280
	210
	170
	160
	160
	220
	250
	260
	180
	2,570


The department currently has 20 full-time workers, each of whom can produce 10 units of output per month at a cost of $60 per unit.  Inventory carrying cost is $5 per unit per month and backlog cost is $10 per unit per month.  The manager is considering a plan that would involve hiring 2 additional workers to start working in month 1: one permanent worker, who would work all 12 months, and one temporary worker who would work the first five (5) months.  This would cost $1,000 (plus the unit production costs).  Assume there is no initial inventory and that no final inventory is needed at the end of the planning horizon.

(a)
Determine the total cost of the plan, including production, inventory and backorder costs. You may customize the table below to suit your needs: you don’t have to use all the columns.

	
	Month


	Demand
	Capacity
	Inventory
	Backlog
	Inv. Cost
	B. Cost
	Prod. Cost

	
	1

2

3

4

5

6

7

8

9

10

11

12


	190

230

260

280

210

170

160

160

220

250

260

180


	220

220

220

220

220

210

210

210

210

210

210

210
	30

20

-

-

-

-

20

70

60

20

-

-
	-

-

20

80

70

30

-

-

-

-

30

-
	$150

$100

-

-

-

-

$100

$350

$300

$100

-

-
	-

-

$200

$800

$700

$300

-

-

-

-

$300

-
	$13,200

$13,200

$13,200

$13,200

$13,200

$12,600

$12,600

$12,600

$12,600

$12,600

$12,600

$12,600

	
	Total
	2,570


	2,570
	220
	230
	$1,100
	$2,300
	$154,200



Total cost: $1,100 + $2,300 + $154,200 + $1,000 = $158,600.

(b) Consider a plan where only one permanent worker is hired, but where overtime production is allowed.  How many units would need to be produced in overtime over the planning horizon?  During what month(s) should these overtime units be produced to minimize costs?  Justify briefly your answer.


Regular time capacity: 210 ( 12 = 2,520 units: 50 units should be manufactured in OT.

	
	Month


	Demand
	Capacity
	Inventory
	Backlog

	
	1

2

3


	190

230

260
	210

210

210
	20

-

-
	-

-

50



50 units should be produced in OT, during month 3.

(c)
Assuming that it costs $90 to produce one unit in overtime, and that hiring costs amount to $250 per employee, while the cost of firing an employee is $500, find the following Preference Thresholds:






(8 marks)

(i) Idle time versus firing and hiring: how long can an employee remain idle before it becomes more advantageous to fire him (her), and then hire another employee later, when needed?

Cost of firing and hiring = $500 + $250 = $750;

cost of idle time = $60 ( 10 = $600 per month.

It is more advantageous to fire and hire if an employee has to remain idle more than 750 / 600 = 1.25 months.

(iii) building inventory versus firing and hiring: how long can an employee be kept building inventory before it becomes more advantageous to fire him (her), and then hire another employee later, when needed?



Cost of firing and hiring = $500 + $250 = $750;



Cost of building inventory = $5 per unit = $50 per month’s production.




    # months

       Inv. Cost

      Cost of H/F




1


  $50


$750





2


$150


$750





3


$300


$750





4


$500


$750





5


$750


$750


It is better to fire and hire if an employee has to be kept building inventory for more than 5 months



(iv) overtime versus hiring and firing: how many units can the company build on overtime before it becomes more advantageous to hire an employee, and the fire him (her) when no longer needed?

Cost of hiring and firing = $250 + $500 = $750;

cost of overtime = $30 per unit on top of regular production cost.

It is more advantageous to hire and fire more than 750 / 30 = 25 units have to be built on overtime.

(v) backlogs versus overtime: is it more advantageous to build an unit in overtime, or to backlog that unit for one month? 

Cost of backlogs = $10 per unit on top of regular production cost;

cost of overtime = $30 per unit on top of regular production cost.

Backlogs are cheaper.


Question 5: Transportation

Tri-Bike is a family-based company specialized in the assembly of tricycles for senior citizens.  Joe Deldo, the oldest son and manager of the company, is in receipt of the forecast demand for the next three months (November, December and January): 550 units, 1,000 units and 650 units, respectively. The average time required to assemble a tricycle is 5 hours.

The company employs 30 employees who each work 100 hours per month for a salary of $10/hour. The employees are therefore paid at a rate of $1,000 per month, regardless of the number of tricycles manufactured. Joe may also opt for overtime at a cost of $15/hr and/or subcontracting at a cost of $90/unit. Backlogs are accepted but cost $10 per month per unit. Storage costs are $2 per month per unit.

At the beginning of November, Joe Deldo had an inventory of 100 tricycles and he prefers to have the same number of tricycles at the end of January in order to plan against future fluctuations in demand.

Limits on subcontracting are: November 50 units, December 60 units, and January 70 units. Limits on employee overtime: each employee cannot work more than 15 hours per month.

Formulate the problem as a Transportation Model. Do not solve it!

	
	Month 1
	Month 2
	Month 3
	End Inv.
	Excess
	Capacity

	Beg.
	
	0
	
	2
	
	4
	
	6
	
	100

	Inv.
	
	
	
	
	
	
	
	
	
	

	RT
	
	0
	
	2
	
	4
	
	6
	
	600

	Month 1
	
	
	
	
	
	
	
	
	
	

	OT
	
	75
	
	77
	
	79
	
	81
	
	90

	Month 1
	
	
	
	
	
	
	
	
	
	

	Sub C.
	
	90
	
	92
	
	94
	
	96
	
	50

	Month 1
	
	
	
	
	
	
	
	
	
	

	RT
	
	10
	
	0
	
	2
	
	4
	
	600

	Month 2
	
	
	
	
	
	
	
	
	
	

	OT
	
	85
	
	75
	
	77
	
	79
	
	90

	Month 2
	
	
	
	
	
	
	
	
	
	

	Sub C.
	
	100
	
	90
	
	92
	
	94
	
	60

	Month 2
	
	
	
	
	
	
	
	
	
	

	RT
	
	20
	
	10
	
	0
	
	2
	
	600

	Month 3
	
	
	
	
	
	
	
	
	
	

	OT
	
	95
	
	85
	
	75
	
	77
	
	90

	Month 3
	
	
	
	
	
	
	
	
	
	

	Sub C.
	
	110
	
	100
	
	90
	
	92
	
	70

	Month 3
	
	
	
	
	
	
	
	
	
	

	Demand
	550
	1,000
	650
	100
	50
	2,350


Question 6: Transportation

(a)
Using the Transportation Table below, find an optimal Aggregate Plan using the intuitive lowest cost approach. DO NOT RE-WRITE THE PRODUCTION PLAN: A SOLUTION IN THE TABLEAU IS SUFFICIENT.

(b)
Given the data of this problem and based on your solution to part (a), answer the following questions:

(i) What is the total cost of your solution?

$167,960
(ii) What is the holding cost per unit per month?

$2


(iii)
What is the inventory level at the end of month 1?




130 units



(iv)
What is the inventory level at the end of month 2?





100 units
	
	1
	2
	3
	4
	Excess Cap.
	Capacity

	Beginning
	
	0
	
	2
	
	4
	
	6
	
	0
	

	Inventory
	100
	
	
	
	
	
	
	
	
	
	100

	Month 1
	
	60
	
	62
	
	64
	
	66
	
	0
	

	(Regular)
	450
	
	50
	
	
	
	
	
	
	
	500

	Month 1
	
	80
	
	82
	
	84
	
	86
	
	0
	

	(Overtime)
	
	
	50
	
	
	
	
	
	
	
	50

	Month 1
	
	90
	
	92
	
	94
	
	96
	
	0
	

	(Sub Cont.)
	
	
	
	
	30
	
	
	
	90
	
	120

	Month 2
	
	
	
	60
	
	62
	
	64
	
	0
	

	(Regular)
	
	
	500
	
	
	
	
	
	
	
	500

	Month 2
	
	
	
	80
	
	82
	
	84
	
	0
	

	(Overtime)
	
	
	50
	
	
	
	
	
	
	
	50

	Month 2
	
	
	
	90
	
	92
	
	94
	
	0
	

	(Sub Cont.)
	
	
	50
	
	70
	
	
	
	
	
	120

	Month 3
	
	
	
	
	
	60
	
	62
	
	0
	

	(Regular)
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