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Chapter VII Homework, 2005
1.
Consolidated Meat Packers buys cattle, hogs and chickens.  After slaughter, the resultant cuts of meat are sold directly or combined into hot dog, sausage, or dog food mixes.  The meat packer sells hot dog mix, sausage, dog food, chicken parts, roasts, steak, ground beef, ham, and pork chops.

Cattle can be cut into parts or they can be entirely ground into hamburger (50% ground beef and 50% by-product). If cut into parts, steaks amount to 10% of carcass weight, roasts 12%, and ground beef 28%.  The remaining amount of the carcass weight is by-product.

Hogs yield 25% bulk pork, 20% pork chops, and 15% ham.  The remainder is    by-product.

Chickens yield 10% legs, 15% thighs, 25% breasts, and 15% miscellaneous meat.  The remainder is by-product.

Cattle weigh 800 lbs. each and cost $.55/lb.


Hogs weigh 250 lbs. and cost $.60/lb.


Chickens weigh 3 lbs. and cost $.30/lb.


The products, their selling prices, and minimum and maximum sales are

	Product
	Price ($/lb.)
	Min (lb.)
	Max (lb.)

	Hot dog mix
	0.80
	
	1100

	Sausage
	0.60
	100
	

	Dog food
	0.20
	
	

	Roasts
	1.25
	
	1200

	Steaks
	1.75
	
	1300

	Chicken legs
	0.70
	
	

	Chicken thighs
	0.75
	300
	

	Chicken breasts
	0.90
	
	

	Chicken misc.
	0.25
	
	

	Ground beef
	0.68
	8000
	11000

	Ham
	1.50
	4000
	7000

	Pork chops
	0.90
	
	

	By-product
	0.10
	
	


Note that bulk pork is not sold; it is simply put into other products.  The other products are formulated as follows.

Hot dogs cannot be more than 50% pork nor more than 20% by-product.  They are made from ground beef, bulk pork, and beef and pork by-product.

Sausage is at least 70% bulk pork and no more than 20% ground beef.  Any other meat can be used for the rest, including hog and beef by-product, but no more than 5% by-product can be present.  Dog food can be made from any meat, but cannot contain more than 35% by-product.

Total supply is limited to 2000 cattle, 10,000 hogs, and 30,000 chickens.

Formulate a profit maximizing LP model.

2.
Suppose that Ideal Forest Products Firm wishes to draw up a manufacturing plan. Suppose Ideal makes plywood, 2"x4"s, 4"x4"s, wood chips and bark mulch.  In making these products, Ideal uses several machines:  the bark remover, the peeler, the saw, the assembler-gluer and the chipper.  The fixed cost per day of operating each machine, the variable cost per hour of use, and the hours available are given below.

	Machine

Type
	Fixed

Cost/Day
	Cost/Hour

Used
	Hours Available/Day

	Bark Remover
	$160
	$5
	32

	Peeler
	$210
	$7
	32

	Saw
	$400
	$4
	64

	Assembler/Gluer
	$210
	$5
	24

	Chipper
	$180
	$2
	32


The firm receives two types of logs.  Currently, it counts on receiving 75 of each type of log.  The two types of logs may be converted into different uses.  Grade A logs may be made into plywood, sawn lumber, or chips.  Grade B logs may be made into sawn lumber or chips.  Chips are also a by-product of making plywood or sawn lumber.  Bark mulch is a byproduct of using any log.

The yields of products are as follows:


1)
Use of any log yields 200 lbs. of bark.


2) 
Use of a Grade A log for ...



a)
... plywood yields 40 sheets of plywood and 200 lbs of chips



b)
... sawn lumber yields 40 2"x4"s, 15 4"x4"s and 100 lbs. of chips.




or 20 2"x4"s, 25 4"x4"s and  95 lbs. of chips.




or 70 2"x4"s,  0 4"x4"s and 105 lbs. of chips.

   

c)
... chips yields 600 lbs. of chips.


3)
Use of a Grade B log for ...

   

a)
... sawn lumber yields 35 2"x4"s, 14 4"x4"s and 160 lbs. of chips.




or 63 2"x4"s,  0 4"x4"s and 180 lbs. of chips.



b) 
... chips yields 600 lbs. of chips.


The resource usage by these cutting patterns is as follows:


1)
All logs take 10 minutes on the barking machine and it takes 2 minutes of handling to move the log onto and off of the machine.


2)
A plywood log takes 20 minutes on the peeler with 5 minutes of handling involved to load and remove.


3)
A sawn log takes 5 minutes to set up and 1 minute per 2"/4" plus 1/2 minute per 4"x4" of saw time.


4)
A sheet of plywood takes 4 minutes on the assembler-gluer plus 1 minute of handling time.


5)
A log to be chipped takes 5 minutes on the chipper.


The products produced sell for

	Product
	Unit
	Price

	Bark
	$/ton
	40

	Chips
	$/ton
	30

	2"x4"s
	$/20 8' boards
	20

	4"x4"s
	$/20 8' boards
	45

	plywood
	$/10 sheets
	100



a)
 Set up a linear programming model for optimum product mix


b)
Tell what types of information you would get from its solution.

3.
The U.S. economy contains two major winter vegetable producing regions - California and Florida.  Four vegetable crops grown in these areas are tomatoes, beans, corn, and peas.  Production budgets for these two areas are: 

	
	Florida
	California

	
	Cost

/acre
	Labor

/acre
	Machinery/acre
	Cost

/acre
	Labor

/acre
	Machinery/acre

	Tomatoes
	100
	12
	1
	90
	14
	0.7

	Beans
	95
	6
	1.2
	80
	8
	1.3

	Corn
	75
	4
	3
	80
	3.5
	2.3

	Peas
	55
	3
	1.8
	60
	7
	2



Florida has

35,000 acres





200,000 laborers





90,000 machines


California has
42,000 acres





300,000 laborers





100,000 machines

Demand for crops in acres by region is:

	
	East
	Mideast
	Midwest
	West

	Tomatoes
	10,000
	6,000
	3,000
	11,000

	Beans
	9,000
	0
	2,000
	11,000

	Corn
	5,000
	3,000
	0
	4,000

	Peas
	3,000
	2,500
	1,100
	2,000


Transport costs are:

	Commodity
	Cost/acre to

transport 1000 miles

	Tomatoes
	10

	Beans
	5

	Corn
	9

	Peas
	4



Distances in thousand miles are:

	
	From

	
	California
	Florida

	East
	2.5
	0.5

	Mideast
	1.7
	1.2

	Midwest
	1
	2.1

	West
	0.5
	2.6



Set up an LP to:


a)
Supply vegetables to the country at minimum cost.


b)
Determine the price of goods delivered (how will you get this?).

4.
Suppose you are in charge of the Contgill grain  and you have the problem of managing company storage.  Further, you know today:

a)
Grain can be sold for $2.00/bu. and you think the price will go up by 5EQ \O(c,/) per bushel per month the next 8 months, then down by 10EQ \O(c,/) for the subsequent four months.


b)
It costs you 2EQ \O(c,/)/month/bu. to keep the grain.


c)
Eight months from now your chairman has said 10% of the grain you have on hand must be committed to PL 480, for which you are not reimbursed.  You must commit at least 50,000 bushels.


d)
You have 10,000,000 bushels of grain on hand.


e)
0.1% of the grain spoils each month.


Set up a profit maximizing LP.

5.
Sam, our friendly local farmer, wished to decide on a planting pattern for the coming year.  Sam plants corn and soybeans and he is willing to plant either type of crop or any mixture of the two.  Through historical data and educated guesses, Sam has the following data:

	Preparation - Resources used when one acre of land is prepared for:
	
	Planting - Working rate and resource usage when one hour of planting time is used for:

	 
	Corn
	Soybeans
	
	
	Corn
	Soybeans

	Cost
	2.46
	2.10
	
	Acres Planted
	5
	5

	Labor used (hours)
	 .80
	 .58
	
	Cost
	3.00
	2.85

	
	
	
	
	Labor hours required
	1.10
	1.20

	
	
	
	
	
	
	

	Cultivation - Resources used when 1 acre of land is cultivated for
	
	Harvesting - Working rate and resource usage when spending 1 hour harvesting:

	
	Corn
	Soybeans
	
	
	Corn
	Soybeans

	Cost
	 .16
	 .50
	
	Acres Harvested
	3.00
	4.75

	Labor used (hours)
	 .05
	 .10
	
	Cost
	3.86
	2.68

	
	
	
	
	Labor hours required
	2.40
	1.70


Land preparation occurs between Jan. 1 and May 15.  Sam cultivates all of his corn 3 weeks after planting and all of his soybeans 2 weeks after planting.  Sam has a dual purpose combine which may be used to harvest either crop with negligible set-up time.

Production Costs:  Cost per acre of inputs by category for

	
	Corn
	Soybeans

	Fertilizer

Seed

Herbicide

Insecticide

Credit
	25.00

 9.00

 6.50

 0.00

 1.00
	50.00

 9.25

 9.00

 2.00

 1.50


Yields: Sam chooses to plant each crop during four 1-week periods and harvest during two 2-week periods.  His yield data are as follows:

	Plant During Week
	Harvest Corn During
	Harvest Soybeans During

	
	9/1 - 9/15
	9/16 - 9/30
	9/16 - 9/30
	10/1 - 10/15

	May 1-7
	145
	142
	
	

	May 8-14
	145
	142
	45
	47

	May 15-21
	138
	138
	45
	44

	May 22-28
	126
	124
	44
	42

	May 29-Jun 6
	
	
	43
	37


In his area, Sam finds he has the following hours available to him. (note: For simplicity, we assume Sam has adequate machinery to operate up to the maximum of the good hours per period; i.e., labor, not machines, are limiting and the limit is specified by the good hours/period.

	Jan. - April
	
	99
	
	Sept. 1 -15
	
	 70

	May 1 - 7
	
	25
	
	Sept. 16 - 30
	
	109

	May 8 - 14
	
	25
	
	Oct. 1 - 15
	
	102

	May 15 - 21
	
	25
	
	
	
	

	May 22 - 28
	
	32
	
	
	
	 

	May 29 - June 6
	
	32
	
	
	
	

	All weeks June 7 - Aug 31
	
	40
	
	
	
	


Currently, Sam has 600 acres.  The current price of corn is $2.00.  The current price of soybeans is $5.00.  For labor, Sam has himself, and a full-time hired man.  During fall harvesting, Sam's son works on the farm 1/2 time.

Set up Sam's problem.  

If you solved the problem how would the solution identify the number acres of each crop he should plant and when.  How would it tell how much are his resources worth?

5.
Assume you are hired by a meat packing firm which has W warehouses and P plants. Assume each of the plants makes N products by M processes.   The  plants have R resources.  The warehouses each face fixed demand for all goods.  Assume the firm has asked you to build a model  for them to determine


            
(a) 
Which plants produce which products

        


(b) 
Where goods produced at plants should be shipped.

        

Formulate this problem in a general summation notation fashion specifying the data you would need






