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Chapter 5 Homework Group Effort
1.
Chi has a small factory in which she makes three types of prepared foods - basic, nutritious and super.  Chi seeks to determine the amount of each food she should make so as to maximize net returns.

The scarce resources Chi must allocate are 120 hours of preparation time and 320 hours of labor.  From previous experience, Chi has developed the following information

:

	
	Basic
	Nutritious
	Super

	Preparation time
	1
	1.05
	0.8

	Labor Use (hours)
	3
	4
	2

	Net Return ($)
	132
	140
	125



a.
Formulate a linear programming model for Chi'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
Fred's Feed Mixing Farm feeds animals with several ingredients.  Fred owns 1,000 animals which he wishes to feed.  He has ingredients of corn, soybeans, and wheat along with protein supplement, energy supplement and filler.  Fred may also purchase several premixed feeds.  The ingredient breakdown is

	
	Corn
	Soy

beans
	Wheat
	Protein Supple-ment
	Energy Supple-ment
	Filler
	Mix 1
	Mix 2
	Mix 3

	Cost/lb.
	0.05
	0.07
	0.08
	0.45
	.032
	0.01
	0.20
	0.21
	0.30

	% Protein
	5
	25
	20
	80
	0
	2
	10
	13
	15

	 % TDN
	25
	25
	25
	0
	0
	5
	20
	19
	17

	% Energy
	25
	5
	20
	5
	80
	3
	10
	10
	5

	% Fats
	10
	20
	10
	0
	0
	10
	10
	15
	15

	% Bulk
	35
	25
	25
	20
	20
	80
	50
	43
	48



The animals currently sell for $125 per cwt. live weight.  Fred has historically fed animals 3 diets.

	
	Diets

	
	High Protein
	Balanced
	High Fat-Energy

	Max Protein %
	20
	18
	17

	Min Protein %
	15
	14
	13

	Max TDN %
	25
	25
	30

	Min TDN %
	10
	15
	17

	Max Energy %
	17
	19
	30

	Min Energy %
	12
	15
	19

	Max Fat %
	17
	15
	20

	Min Fat %
	5
	7
	12

	Max Bulk %
	45
	50
	48

	Avg. daily rate of

   gain by animal
	2.2 lbs./day
	2.1 lbs./day
	2.2 lbs./day

	Avg. weight of ration

  to get daily gain
	10 lbs./day
	11 lbs./day
	11 lbs./day



Formulate a profit maximization LP problem which tells how to feed the animals.

3.
Ralph's Transport Conglomerate is trying to devise a pattern of sales, storage, and deliveries over a two-month period.  Ralph faces the following data from his suppliers:

	Quantity Available
	
	
	

	Supply

Point
	Cost/Unit

Purchased
	Month 1
	Month 2

	Phoenix
	30
	1000
	3000

	Portland
	25
	2000
	3500

	Chicago
	28
	4000
	1000



and his demanders

	Minimum Demand
	
	

	Demand Point
	Month 1
	Month 2

	Los Angeles
	1000
	1000

	Cleveland
	4000
	4000

	Dallas
	500
	3000


Items bought in the first month are transported or stored for use in the second month.  Thus items transported in month 2 come from either month 2 purchases or from storage.  Ralph wishes to minimize cost.  The relevant transport costs are:

	
	Transport cost in both months to

	From
	Los Angeles
	Cleveland
	Dallas

	Phoenix
	20
	80
	30

	Portland
	50
	100
	75

	Chicago
	70
	20
	60


 
Storage costs are $1 per unit stored from month 1 to month 2 at each location. 


Formulate a LP problem so that your formulation would tell how much to ship in both months and the amount to store from month to month.
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  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 $60 MW/hour, 500 logs, 40 hours Saw time, 40 hours Bundling capacity and 10,000 bd. ft. of holding capacity (although more can be rented at 0.10/unit). 

Formulate a profit maximizing LP.

5. Solve one of the above models in GAMS

