Chapter 8: Aggregate Planning in a Supply Chain

Exercise Solutions : 

We define a comprehensive set of decision variables that are utilized in problems 8-1 to 8-3 depending on the problem context.  

Decision Variables:

Ht = # of workers hired in month t (t = 1,..,12)

Lt = # of workers laid-off in month t (t = 1,..,12)

Wt = # of workers employed in month t (t = 1,..,12)

Ot = # of hours of overtime in month t (t = 1,..,12)

It = # of units (000s) held in inventory at the end of month t (t = 1,..,12)

Ct = # of units (000s) subcontracted in month t (t = 1,..,12)

Pt = # of units (000s) produced in month t (t = 1,..,12)

Parameters:

Dt = # of units (000s) demanded in time period t (t = 1,…12)

Problem 8-1: 

Minimize 
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Subject to:

Inventory constraints:
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Overtime constraints:
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Production constraints:
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Workforce constraints:
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(a) Worksheet 8.1 provides the solution to this problem and the corresponding aggregate plan.  The total cost of the plan is $360,400,000.  

(b) If the number of overtime hours per employee were increased from 20 to 40 it would result in decreasing the total cost to $356,450,000.  So, it is advantageous to do it.  

 (c) If the number of employees is decreased to 1200 and the overtime hours per employee are held at 20 and 40 then the total costs of the plan are $363,324,000 and $357,422,000, respectively.  If the number of employees is increased to 1300 and the overtime hours per employee are held at 20 and 40 then the total costs of the plan are $358,790,000 and $356,270,000, respectively.  So, the value of additional overtime increases as workforce size decreases.  

(d) We add a new constraint: [image: image7.wmf]12

,...

1

,

667

.

1291

=

£

t

P

t

. The cost will be $363,049,982. 

Problem 8-2:

We now include the subcontract option in the model:

 Minimize 
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Subject to:

Inventory constraints:
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Overtime constraints:
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Production constraints:
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Workforce constraints:
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Worksheet 8-2 provides the solution to this problem.  

(a) Without the subcontract option the total cost is $360,400,000 (from problem 8-1) and the total number of units produced is 14,900,000.  Thus, the cost per unit is $24.19.  

(b) Third party production must be used in periods 5, 6, 7, and 10 for a total of 1,050,000 units.  If the subcontract cost per unit decreases to $25 per unit then a total of 1,650,000 units must be acquired from this option.  

(c) If the subcontract cost increases to $28 per unit then a total of 700,000 units must be acquired from this option.  

(d) The total number of units produced, including subcontract production, is 14,900. So, using subcontract the total cost incurred is $357,450,000, which leads to an average cost of $23.99 per unit. Without the subcontract option, the cost per unit is $24.18 (from a). Therefore, it is still beneficial for Skycell to use subcontracting option even if the per unit cost is higher. Without using subcontracting, Skycell would need to use overtime to produce extra units to fulfill demand. The cost of using overtime is 1.5 times regular labor cost. In addition, in the absence of subcontracting, holding costs will also increase due to extra units being carried into future time periods.  

Problem 8-3:

We define and include a new decision variable for this model called Tt, which represents the number of temporary workers employed in time period t.  Since hiring and layoff of temporary workers is allowed, we include hiring and layoff costs in the model.  Also, note that there is no subcontract option available for this case.  The LP model for this case is shown below:
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Subject to:

Inventory constraints:
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Overtime constraints:
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Production constraints:
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Full-Time Workforce constraints:
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Temporary Workforce constraints:
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(a)  

	Total cost =
	 $             358,210,000 


	
	Ht
	Lt
	Tt
	Wt
	Pt

	Period
	# Hired
	# Laid off
	# Temp
	# Workforce
	Production

	0
	0
	0
	0
	1,250
	0

	1
	            0 
	          -   
	          -   
	1,250
	950

	2
	            0 
	          -   
	          -   
	1,250
	1184

	3
	          -   
	          -   
	            0 
	1,250
	1200

	4
	          50 
	          -   
	          50 
	1,250
	1404

	5
	            0 
	          -   
	          50 
	1,250
	1404

	6
	          -   
	          -   
	          50 
	1,250
	1404

	7
	          -   
	            0 
	          50 
	1,250
	1404

	8
	          -   
	          50 
	          -   
	1,250
	900

	9
	          -   
	          -   
	          -   
	1,250
	1100

	10
	           (0)
	          -   
	          -   
	1,250
	1200

	11
	          50 
	          -   
	          50 
	1,250
	1346

	12
	            0 
	          -   
	          50 
	1,250
	1404


 (b) 

	Total cost =
	 $             356,658,667 


	
	Ht
	Lt
	Tt
	Wt
	Pt

	Period
	# Hired
	# Laid off
	# Temp
	# Workforce
	Production

	0
	0
	0
	0
	1,250
	0

	1
	            0 
	          -   
	          -   
	1,250
	950

	2
	           (0)
	          -   
	          -   
	1,250
	1100

	3
	            0 
	          -   
	          -   
	1,250
	1200

	4
	        100 
	          -   
	        100 
	1,250
	1326

	5
	          -   
	          -   
	        100 
	1,250
	1458

	6
	            0 
	          -   
	        100 
	1,250
	1458

	7
	          -   
	            0 
	        100 
	1,250
	1458

	8
	          -   
	        100 
	          -   
	1,250
	900

	9
	           (0)
	          -   
	          -   
	1,250
	1100

	10
	           (0)
	          -   
	          -   
	1,250
	1200

	11
	          96 
	          -   
	          96 
	1,250
	1292

	12
	            4 
	          -   
	        100 
	1,250
	1458


 (c) If Skycell only carries 1100 permanent employees but has 200 seasonal employees, the total cost will be reduced to $356,984,667, a 0.34% cost saving compared to (a)

(d) Since there is no difference between regular employees and temporary employees in terms of productivity and cost of hiring and layoffs, this problem is equivalent to using at most 1300 employees and allowing hiring and layoffs. So, the formulation can be revised as follows.
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Subject to:

Inventory constraints:
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Overtime constraints:
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Production constraints:
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Full-Time Workforce constraints:
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Temporary Workforce constraints: (not needed)

	Total cost =
	 $             356,926,500 


	
	Ht
	Lt
	
	
	Wt
	Pt

	Period
	# Hired
	# Laid off
	# Temp
	# Permanent
	# workforce
	Production

	0
	0
	0
	50
	1,250
	1,300
	0

	1
	          -   
	        310 
	0
	990
	990
	950

	2
	        156 
	          -   
	0
	1,146
	1,146
	1100

	3
	        154 
	          -   
	50
	1,250
	1,300
	1284

	4
	          -   
	          -   
	50
	1,250
	1,300
	1404

	5
	          -   
	          -   
	50
	1,250
	1,300
	1404

	6
	          -   
	          -   
	50
	1,250
	1,300
	1404

	7
	          -   
	          -   
	50
	1,250
	1,300
	1404

	8
	          -   
	        363 
	0
	938
	938
	900

	9
	        208 
	          -   
	0
	1,146
	1,146
	1100

	10
	          44 
	          -   
	0
	1,190
	1,190
	1142

	11
	        110 
	          -   
	50
	1,250
	1,300
	1404

	12
	            0 
	          -   
	50
	1,250
	1,300
	1404


So, if the no layoff no hiring policy for the permanent employees can be relaxed, Skycell will be able to further reduce the total cost. However, the reduction from case (c) is marginal. 

Problem 8-4:

We define a comprehensive set of decision variables that are utilized in problems 8-4 to 8-7 depending on the problem context.  

Decision Variables:

Ht = # of workers hired in month t (t = 1,..,12)

Lt = # of workers laid-off in month t (t = 1,..,12)

Wt = # of workers employed in month t (t = 1,..,12)

Ot = # of hours of overtime in month t (t = 1,..,12)

IRt = # of routers (000s) held in inventory at the end of month t (t = 1,..,12)

ISt = # of switches (000s) held in inventory at the end of month t (t = 1,..,12)

CSt = # of switches (000s) subcontracted in month t (t = 1,..,12)

PRt = # of routers (000s) produced in month t (t = 1,..,12)

PSt = # of switches (000s) produced in month t (t = 1,..,12)

Parameters:

DRt = # of routers (000s) demanded in time period t (t = 1,…12)

DSt = # of switches (000s) demanded in time period t (t = 1,…12)

Minimize 
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Subject to:

Inventory constraints:


[image: image31.wmf]12

,..,

1

,

1

=

=

-

+

-

t

DR

IR

PR

IR

t

t

t

t



[image: image32.wmf]12

,..,

1

,

1

=

=

-

+

-

t

DS

IS

PS

IS

t

t

t

t



[image: image33.wmf]100

12

0

=

=

IR

IR



[image: image34.wmf]50

12

0

=

=

IS

IS


Overtime constraints:
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Production constraints:
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Workforce constraints:
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(a) 

	Total cost =
	 $             135,429,000 


	
	Router
	Switch

	Period
	Production
	Production

	0
	　
	　

	1
	1700
	2648

	2
	1600
	2848

	3
	2600
	1150

	4
	2500
	1804

	5
	800
	800

	6
	1800
	1800

	7
	1200
	2400

	8
	1400
	3248

	9
	2500
	1048


	10
	2800
	1204

	11
	1000
	1000

	12
	1100
	1050


(b) If the overtime allowed per employee per month is increased to 40, the total cost becomes $134,552,000. So, cost reduction is incurred as a result of such an action. Comparing the output of (a) and (b) it can be observed that the production schedule of switches (PSt) is impacted, as is ISt. On the other hand, the production plan for routers remains the same. 

(c) From the table below it is evident that as the number of employees increases, the value of increasing total number of overtime hours allowed per employee per month decreases. When the number of employees is 6700, there is no cost difference between using 20 and 40 hours of overtime per employee.  

	　
	Total cost
	　
	　
	　

	# employees
	Overtime 20
	Overtime 40
	Cost difference
	% change

	5900
	135,429,000
	132,135,000
	3,294,000
	2.4323%

	6300
	135,429,000
	134,552,000
	877,000
	0.6476%

	6700
	138,302,000
	138,302,000
	0
	0


Problem 8-5:

In this case we add hiring and layoff options.  

Minimize 
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Subject to:

Inventory constraints:
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Overtime constraints:
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Production constraints:
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Workforce constraints:
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The solution to this problem is shown in Worksheet 8-5.  Part (b) can be solved by replacing the production constraints in the above formulation by:
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(a) 

	Total cost =
	 $             137,118,107 

	　
	Ht
	Lt
	Wt
	Ot
	Router
	Switch

	Period
	# Hired
	# Laid off
	# Workforce
	Overtime
	Production
	Production

	0
	0
	0
	15
	0
	　
	　

	1
	0
	0
	6,300
	0.0
	1700
	2645

	2
	0
	0
	6,300
	0.0
	1600
	2845

	3
	0
	0
	6,300
	86500.0
	2600
	1362

	4
	0
	0
	6,300
	126000.0
	2600
	1599

	5
	0
	671
	5,629
	0.0
	800
	800

	6
	0
	0
	5,629
	0.0
	1800
	1800

	7
	241
	0
	5,869
	0.0
	1200
	3117

	8
	0
	0
	5,869
	0.0
	1400
	2716

	9
	0
	0
	5,869
	117385.9
	2500
	1334

	10
	0
	0
	5,869
	117385.9
	2800
	733

	11
	0
	0
	5,869
	0.0
	1000
	1000

	12
	431
	0
	6,300
	0.0
	1000
	1050


(b) The total cost will be $131,256,258, a reduction of 4.275% from (a). Comparing the hiring and layoff results of (a) and (b), we find more hiring and layoff happens in (b). As can be seen, when a new employee is 100% productive when they are hired, FlexMan’s cost will reduce. So, it is reasonable that FlexMan will use the option of more new hires and lay them off when appropriate.  

	
	(a)
	
	(b)
	

	　
	Ht
	Lt
	Ht
	Lt

	Period
	# Hired
	# Laid off
	# Hired
	# Laid off

	0
	0
	0
	0
	0

	1
	0
	0
	0
	616

	2
	0
	0
	0
	0

	3
	0
	0
	1451
	0

	4
	0
	0
	0
	0

	5
	0
	671
	0
	3069

	6
	0
	0
	0
	0

	7
	241
	0
	0
	0

	8
	0
	0
	0
	0

	9
	0
	0
	3718
	0

	10
	0
	0
	0
	0

	11
	0
	0
	0
	1483

	12
	431
	0
	0
	0


Problem 8-6:

In this case we add the subcontract option

Minimize 
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Subject to:

Inventory constraints:
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Overtime constraints:
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Production constraints:
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Workforce constraints:
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(a) FlexMan should use the subcontractor to produce 446,000 units of routers in period 4 and 1,446,000 units of routers in period 10. FlexMan should not use the subcontractor for switch

(b) FlexMan should not use the subcontractor at all. 

(c) When the productivity of new employees is low, FlexMan suffers from loss of capacity. When the new employees have the full productivity, FlexMan can use the same amount of cost (of salary) in acquiring a higher output rate, thus reducing the average unit cost. Therefore, the choice of whether or not to use a subcontractor will vary with the productivity of new employees.

Problem 8-7:

We utilize the same formulation as in Problem 8-4, but impose constraints on the ending inventory to allow for safety stock as shown below:
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(a) 

	Total cost =
	 $             142,960,650 

	　
	Router
	Switch

	Period
	Production
	Production

	0
	　
	　

	1
	1770
	2504

	2
	1750
	2545

	3
	2585
	1037

	4
	2245
	2310

	5
	950
	770

	6
	1710
	1815

	7
	1230
	2308

	8
	1565
	2915

	9
	2545
	953

	10
	2530
	1739

	11
	1000
	865

	12
	950
	1050


(b) Comparing cost in (a) to cost in 8-4 (a), we observe an increase of $7,531,650 in total cost, an 5.56% of cost increase by providing this service contract. 

(c) From the table below we can see that keeping a safety stock of 5% of  the following month’s demand for routers will be the best policy for FlexMan. 

		Total Cost

	Savings


	Router 15%, Switch 15%

	142,960,650

	　


	Router 5%, Switch 15%

	138,902,350

	2.84%


	Router 15%, Switch 5%

	142,125,650

	0.58%
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