Winter 2009
Problem 1
(a) Moving average (N=3)
F37 = (A36 + A35 + A34)/3 = (505 + 1851 + 1044)/3 = 1133.33
Exponential Smoothing (α=0.3)
F37 = F36 + α*(A36 - F36) = 1976.3 + 0.3*(505-1976.5) = 1534.85
Regression
F37 = 1367+20.5*(37) = 
(b) MAD
The 36th error will need to be added to the sum of the 35 errors given for each of the 3 methods.
Moving Average MAD =  =  =  = 676.454
Linear Regression MAD =  =  =  = 537.694
(c) SD
Exponential Smoothing =  =  = 760.873
Linear Regression =  =  = 715.426
(d) Analysis of Chart
The r-squared value for the regression method is 0.082, this is very low, meaning the regression method is not doing a good job of forecasting future demand.  We can see from the chart that there are peaks and valleys in the date.  This suggest a season component, so multiplicative decomposition should be used.

Problem 2
(a) Double Exponential Smoothing (α = 0.5, β = 0.1, F2008-2009 = 21425, T2008-2009 = 1027.5)
2008-2009 Calculations
FIT2008-2009 = F2008-2009  + T2008-2009  = 21425 + 1027.5 = 22452.5
2009-2010 Calculations
F2009-2010 = α*A2008-2009 + (1-α)*FIT2008-2009 = 0.5*23100 + (1-0.5)*22452.5 = 22776.25
T2009-2010 = β*(F2009-2010 - F2008-2009) + (1-β)*T2008-2009 = 0.1*(22776.25 - 21425) + (1-0.1)*1027.5 = 1059.875
FIT2009-2010 = F2009-2010  + T2009-2010  = 22776.25 + 1059.875 = 23836.13
2010-2011 Calculations
F2010-2011 = α*A2009-2010 + (1-α)*FIT2009-2010 = 0.5*25000 + (1-0.5)*23836.13 = 24418.06
T2010-2011 = β*(F2010-2011 - F2009-2010) + (1-β)*T2009-2010 = 0.1*(24418.06 - 22776.25) + (1-0.1)*1059.875 = 1118.069
FIT2010-2011 = F2010-2011  + T2010-2011  = 24418.06 + 1118.069= 25536.13

(b) Exponential Smoothing (a=0.2) 
The current year is 2010.  A mistake was made in 2008 where the actual value of 1500 was used.  The correct values should have been 5100.  We will use the following formula:
Ft = α*At-1 + α*(1- α)*At-2 + α *(1- α)2*At-3 .........
Since the mistake was made in 2008, the number that was input incorrectly was At-2.  So let us re-calculate.
Using 1500				α*(1- α)*At-2 = 0.2*(1-0.2)*1500 = 240
Using the correct value of 5100		α*(1- α)*At-2 = 0.2*(1-0.2)*5100 = 816
Therefore the forecast should be increased by 816-240 = 576 units

(c) A stable time series has no peaks or valleys and no slope, the date would look like a straight horizontal line.  Of the average is 1300, it would suggest that the regression intercept = 1300.   The slope would be 0.  If there are no peaks and valleys then all the seasonal index must be equal.  Remember also that all the season indexes must add up to the number of seasons.  We are told there are 4 seasons so S1=S2=S3=S4, and S1 + S2 + S3 + S4 = 4, therefore S1=S2=S3=S4= 1.
(d)
First calculate each of the seasonal indexes, there are 4 seasons.  Recall that to get the forecast we use the following formula:
Forecast = Trend * Adjusted S
Re-arranging, we get 
Adjusted S = Forecast/Trend
Use the first 4 periods to calculate the seasonal indexes:
[bookmark: _GoBack]Adjusted S1 = F1/T1 = 2023.14394/2314.81 = 0.8740
Adjusted S2 = F2/T2 = 2332.57/2332.57 = 1
Adjusted S3 = F3/T3 = 2803.94369 /2350.33= 1.193
Adjusted S4 = F4/T4 = 2209.42797/2368.09 = 0.993
Since period 21 is season 1, we know Adjusted S21 = 0.8740
Since period 22 is season 2, we know Adjusted S22 = 1
Since period 23 is season 3, we know Adjusted S23 = 1.193
Since period 24 is season 4, we know Adjusted S24 = 0.993
We now need to calculate the Trend component for periods 21-24, we will need the regression equation.
Slope = T2 - T1 = 2332.57 - 2314.81 = 17.76
Intercept = T0 = T1 - Slope = 2314.81 - 17.76 = 2297.05
So our regression equation would be as follows
Trend = 2297.05 + 17.76*period
We now need to calculate the trend for periods 21-24 using the above equation
T21 = 2297 + 17.76 * (21) = 2669.96
T22 = 2297 + 17.76 * (22) = 2687.72 
T23 = 2297 + 17.76 * (23) = 2705.48
T24 = 2297 + 17.76 * (24) = 2723.24
Finally, we can calculate the forecast for periods 21-24 with the following formula:
Forecast = Trend * Adjusted S
F21 = 2669.96 * 0.8740 = 2333.545
F22 = 2687.72 * 1 = 2687.72
F23 = 2705.48 * 1.193 = 3227.638
F24 = 2669.96 * 0.993 = 2704.177
Problem 3
Here is what we are given:
	Month
	Forecast Demand

	January
	150000

	February
	130000

	March
	240000

	April
	180000

	May
	190000

	June
	120000



- Currently there are 180 workers employed
- Ending inventory in December is 1000, firm wants 2000 on hand at the end of June
-One worker can produce 50 units in one day.  Employees work 20 days per month, 8 hour a day, and are paid $16 per hour.  Overtime costs $24/hour.  
- Costs $4000 to hire and $3500 to fire
-Inventory holding costs is $2/unit/month, Backlogs cost $5/unit/month
(a) Determine quantity to produce and minimum number of employees needed each month.  No ending inventory Jan to May, no backorders allowed, so stockouts allowed, no overtime allowed.
One employee can make 50units/day * 20 days = 1000 units/month
We will use a Chase Strategy
	Month
	Forecast Demand
	Beginning Inv
	Production
	Ending Inv
	# Workers

	January
	150000
	1000
	149000
	0
	149

	February
	130000
	0
	130000
	0
	130

	March
	240000
	0
	240000
	0
	240

	April
	180000
	0
	180000
	0
	180

	May
	190000
	0
	190000
	0
	190

	June
	120000
	0
	122000
	2000
	122



Production = Demand - Beginning Inventory + desired ending inventory
# Workers = Production/1000

(b) Keep a safety stock equal to 10% of demand at the end of each month, including the month of June.  
	Month
	Forecast Demand
	Beginning Inv
	Production
	Ending Inv
	# Workers

	January
	150000
	1000
	164000
	15000
	164

	February
	130000
	15000
	128000
	13000
	128

	March
	240000
	13000
	251000
	24000
	251

	April
	180000
	24000
	174000
	18000
	174

	May
	190000
	18000
	191000
	19000
	191

	June
	120000
	19000
	113000
	12000
	113



Ending inventory = Forecasted demand*0.1
Production = Demand - Beginning Inventory + desired ending inventory
# Workers = Production/1000

(c) Level Strategy, beginning inventory is 1000.  What is the minimum inventory level that will guarantee no stockouts or backlogs?  No overtime allowed.  We can Hire and Fire as needed.
In order to solve this question, we will have to lose trial and error.
Let's start by taking the average demand = 168333.333
This would require 169 employees, so let's complete a level strategy using 169 employees.
	Month
	Forecast Demand
	Beginning Inv
	Production
	Ending Inv
	Backorders
	# Workers

	January
	150000
	1000
	169000
	20000
	0
	169

	February
	130000
	20000
	169000
	59000
	0
	169

	March
	240000
	59000
	169000
	0
	12000
	169

	April
	180000
	-12000
	169000
	0
	23000
	169

	May
	190000
	-23000
	169000
	0
	44000
	169

	June
	120000
	-44000
	169000
	5000
	0
	169



Production = # employees*1000
Ending inventory = Production + Beg Inv - Demand		(if negative, enter "0")
Backorders = Demand - Production - Beg Inv			(if negative, enter "0")
Beginning Inventory = Ending Inventory - Backorders
Since we still have backorders using 169 employees, we will need to hire more.  Let's try 175.
	Month
	Forecast Demand
	Beginning Inv
	Production
	Ending Inv
	Backorders
	# Workers

	January
	150000
	1000
	175000
	26000
	0
	175

	February
	130000
	26000
	175000
	71000
	0
	175

	March
	240000
	71000
	175000
	6000
	0
	175

	April
	180000
	6000
	175000
	1000
	0
	175

	May
	190000
	1000
	175000
	0
	14000
	175

	June
	120000
	-14000
	175000
	41000
	0
	175



Since we still have backorders using 175 employees, we will need to hire more.  Let's try 177.
	Month
	Forecast Demand
	Beginning Inv
	Production
	Ending Inv
	Backorders
	# Workers

	January
	150000
	1000
	177000
	28000
	0
	177

	February
	130000
	28000
	177000
	75000
	0
	177

	March
	240000
	75000
	177000
	12000
	0
	177

	April
	180000
	12000
	177000
	9000
	0
	177

	May
	190000
	9000
	177000
	0
	4000
	177

	June
	120000
	-4000
	177000
	53000
	0
	177



Since we still have backorders using 175 employees, we will need to hire more.  Let's try 178.
	Month
	Forecast Demand
	Beginning Inv
	Production
	Ending Inv
	Backorders
	# Workers

	January
	150000
	1000
	178000
	29000
	0
	178

	February
	130000
	29000
	178000
	77000
	0
	178

	March
	240000
	77000
	178000
	15000
	0
	178

	April
	180000
	15000
	178000
	13000
	0
	178

	May
	190000
	13000
	178000
	1000
	0
	178

	June
	120000
	1000
	178000
	59000
	0
	178



We would need 178 employees to ensure no stockouts or backorders.




(d)  Level Strategy, employees will work at full capacity, calculate the cost of this plan:
	Month
	Forecast Demand
	Ending Inventory
	Backorders

	July 
	180000
	0
	9000

	August
	150000
	11000
	0

	September
	170000
	11000
	0

	October
	220000
	0
	39000

	November
	160000
	0
	29000

	December
	140000
	1000
	0



Production per month = (total production - beginning inventory - ending inventory last month) / 6
		=(1020000+1000-1000)/6 = 170,000
Number of employees needed = 170000/1000 = 170
Cost of paying employees (1 month) = 170 employees * 8 hours/day * 20 days/month * $16/ hour = $435200
Cost of paying employees for 6 months = $435200*6 = $2611200
Cost of holding inventory = (11000 + 11000 + 1000)*$2 = $46000
Cost of Backorders = (9000 + 39000 + 29000)*$5 = $385000
Cost of Firing = (180 - 170)*$3500 = $35000
Total cost of Level Strategy = $3077200

(e) Overtime vs Hire and Fire (in units)
1 units requires (8 hours per day/ 50 units per day) = 0.16 hours
The cost to make 1 unit in overtime = 0.16 hours * $24/hour = $3.84/unit
The cost of Hire and Fire = $4000 + $3500 = $7500
$7500/$3.84/unit = 1953.125 units
So if more than 1953 units are required, it would be better to hire and fire, if not, then overtime is preferred.

(f) Idle Time vs Building Extra Inventory
Cost to pay an employee to sit idle = 8 hours/day * 20 days * $16/hour = $2560
Inventory carrying cost per employee = 50 units/day * 20 days * $2 = $2000
	Month
	Idle
	Inventory Cost

	1
	 $               2,560.00
	 $               2,000.00 

	2
	 $               5,120.00 
	 $               6,000.00  

	3
	 $               7,680.00 
	 $            12,000.00 



An employees can build inventory for less than 2 months before it becomes preferable to have the employees sit idle.


