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Chapter 5 Homework Group Effort
1.
John has a small factory in which he makes three types of furniture - fine, fancy and super.  John seeks to determine the amount of each type he should make so as to maximize net returns.

The scarce resources John must allocate are 100 hours of plant capacity and 400 hours of labor.  From previous experience, John has developed the following information:

	
	Fine
	Fancy
	Super

	Plant capacity Use (hrs.)
	1
	1.25
	1.45

	Labor Use (hours)
	3
	4
	5

	Net Return ($)
	32
	40
	45



a.
Formulate a linear programming model for John's firm.


b.
Write the dual to the problem formulated in part a.


c.
Give an economic interpretation of 



1)  The dual variables



2)  The dual objective function



3)  The dual constraints

2
Delicious Ice Cream Company (DICC) wishes to develop a formula for its Delightful Chocolate flavor.  In doing so, DICC realizes that the prices of ingredients it uses in ice cream are variable, so it wishes to develop a least-cost formula given a price situation.  DICC also knows its ice cream must exhibit certain characteristics, including butterfat content, solids content, sweetness, flavor and test weight.  The raw ingredients that can be used are butter, whey, dry whey, nonfat dry milk, whole milk, cream, sugar, chocolate and skim milk. 


The ice cream formulated must exhibit the following characteristics:

	Item
	Minimum
	Maximum

	butterfat
	20%
	25%

	solids
	20%
	35%

	sweetness
	2 units
	3 units

	test weight
	5 lbs.
	6 lbs.

	volume
	1 gallon
	1 gallon

	flavor
	0.1 units
	0.3 units



The ingredients and their contents are as follows:

	Ingredients
	cost/unit ($)
	butterfat (%)
	solids 

(%)
	sweetness (units)
	flavor (units)
	test weight (lbs.)
	volume (gallons)

	butter
	5.00
	60
	50
	0.01
	0
	6
	1

	Whey
	0.05
	2
	2
	0
	0
	3
	1

	dry whey
	2.00
	0.5
	80
	0
	0
	10
	1

	nonfat dry
	3.00
	0.5
	80
	0
	0
	10
	1

	whole milk
	1.00
	4
	10
	0.005
	0
	3.5
	1

	Cream
	2.00
	40
	12
	0
	0
	4
	1

	Sugar
	1.50
	0
	80
	20
	0
	15
	1

	skim milk
	0.90
	0
	8
	0
	0
	3.3
	1

	chocolate
	1.20
	0
	1
	0.20
	6
	0.1
	1



Set up a model to minimize the cost while staying within the ingredient limit.

6.
Easy shipment Company wishes to ship goods from four supply locations to two demand locations.  The distances between regions and the amount of goods available at each supply point are given below:

	
	
	Distance to Demand Region

	Supply
	Goods in Inventory
	A
	B

	1
	50
	20
	25

	2
	30
	15
	30

	3
	20
	10
	15

	4
	10
	17
	19

	Cost of shipping is $.50 per mile


Easy Shipment has had its analysts make demand projections and has obtained three estimates.  
Analyst One has said that he knows the quantities of goods that will be sold and the quantities are as follows:

	Demand Region
	Quantity to be Sold

	A
	55

	B
	45


Analyst Two has said that the quantities of each good are impossible to estimate but the prices are easy.

	Demand Region
	Price at which Goods Would be Sold

	A
	$19

	B
	$28


Analyst Three has said that price depends on quantity and quantity depends on price.  Therefore, he says Region A will pay $25 for the first ten units and $2 less for the next 20 and region B will pay $30 for the first 15 units and $5 less for the next 30.


a.
Formulate a linear program for the demand projection of each analyst.


b.
How would you expect the answers to be different?


c.
How would you attempt to reconcile the three answers?

4.
Donald the tree miller is developing a plan on how to deal with today’s delivery of logs.  Donald wishes to figure the way that logs can be processed so as to make maximum profits.  Donald has several processes that can be used, the result of which joint products of is 2x4's, plywood, milling residue, and 1X2's.  Each process uses energy, logs, saw time, bundling and holding capacity.  The processes resource usages and yields are

	Yield in thousand board feet of:
	Process 1
	Process 2
	Process 3

	2x4's
	0.5
	-
	0.6

	1x2's
	0.3
	-
	0.25

	plywood
	-
	0.6
	-

	mill reside
	0.1
	0.2
	0.07

	Use inputs of:
	Process 1
	Process 2
	Process 3

	Energy
	4kwh
	3.9kwh
	3.5kwh

	logs
	1
	1
	1 

	Saw time
	4 min
	12 min
	8 min

	Bundling
	3 min
	1 min
	6 min


In addition, each of the products produced used the following amounts of cost above the process cost and holding capacity.

	
	Cost per 100 board feet
	Holding Capacity in cubic feet needed  per 100 board feet

	2x4
	$0.5
	2.5 cu. Ft.

	1x2
	$0.2
	2.1 cu. Ft.

	plywood
	$0.6
	6 cu ft

	mill residue
	$0.01
	0.1 cu ft


The sale price for 2x4's is $8.00 for 4 bd ft, 1x2's $3 for 1 bd ft, Plywood $22 for 32 bd ft, and mill residue $0.095 per bd ft.

The Firm has unlimited Energy at $0.05 kilo watt hour, 500 logs, 40 hours Saw time, 40 hours Bundling capacity and 10,000 cu. ft. of holding capacity (although more can be rented at 0.10/cu ft). 

Formulate a profit maximizing LP.

5. Solve one of the above models in GAMS

