Agricultural Economics 622

Midterm Exam on LP Topic

Jan 31, 2002

 SEQ CHAPTER \h \r 11.
(25 points) Fred's Feed Mixing Farm feeds animals with several ingredients.  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
	Pre

Mixed

Feed1
	Pre

Mixed Feed 2
	Pre

Mixed Feed 3

	Cost/lb.
	0.05
	0.07
	0.08
	0.45
	0.032
	0.01
	0.20
	0.21
	0.30

	% Protein
	5
	25
	20
	75
	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


	
	Max in a lb of diet
	Min in a lb of Diet

	Protein %
	26
	20

	TDN %
	15
	10

	Energy %
	12
	10

	Fats %
	10
	5

	Bulk %
	41
	0


In addition the product can be no more than 20% filler.

Formulate a linear programming problem to determine the best diet Fred can use

2. (20 points) Given the following problem and the Excel solution below it what is the 

a. amount of each variable in the solution and a one sentence interpretation one would place on one nonzero and one zero variable

b. shadow prices on the resources and a one sentence interpretation one would place on one of those shadow prices which is zero and one which is non zero 

c. reduced costs for variables not produced and a one sentence interpretation one would place on one of those reduced costs which is non zero.

d. objective function value and the one sentence interpretation one would place on that value
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Plus all variables greater than or equal to zero

The solution follows where the Row Sum terminology refers to the terms in column J where the row coefficients times the variable values are added up

EXCEL answer sheet


EXCEL sensitivity sheet
[image: image2.png]Target Cell (Max)
Cell Name Original Value _Final Value
$J52__Profit Objective Row surm i 31500

Adjustable Cells
Cell Name Original Value_Final Value
$B$12 vars Grow Com 0 90
$C$12 vars Grow Cotton i 110
$D$12 vars Raise Cattle i i
$E$12 vars Sell Com i 9000
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$F§12_vars Sell cotion 110
G812 vars Sell cattle i




[image: image3.png]Adjustable Cells.
Final Reduced

Cell Name  Value _Gradient
$B$12 vars Grow Com 90 0
$C$12 vars Grow Cotton 110 i
$D$12 vars Raise Cattle 0 -11.99998741
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Constraints
Final Lagrange

Cell Name _ Value Multipl
553 ow sum 200 79.99995045
854 ow sum 0 i
555 ow sum 100 i
555 ow sum 3 0
[ ow sum 155 1000000095
[ ow sum 0 2299999952
$J89_Cotton Row sum i 380

$J$10_Cattle Row sum 04800000305




3.
(25 points) In the context of problem number 2 above state a small case where each of the assumptions of LP might be violated (using no more than 2-3 sentences for each assumption).

1. (15 points) Given the problem with the slacks already therein

Maximize Z =  
Cb  Xb 
+ Cnb Xnb

s.t.     


  B Xb  
+ Anb Xnb 
= b

           


      Xb
,            Xnb 
>  0

Where B is the basis, Xb is the basic variables and Xnb the non basic variables.

Derive ( do not state) the formulas for how the basic variables (Xb ) and objective value (Z) change when a non basic variable (one of the elements of Xnb) change incrementally.
2. (15 points) Give an example of where you would use a LP in each of 

a. a predictive setting and 

b. a prescriptive setting.  

Limit the answer for each to no more than 4 sentences.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Note this is 15 by 15 and does not imply the problem is that size

Answer #1

	
	Corn
	Soy
beans
	Wheat
	Protein Supple-ment
	Energy Supple-ment
	Filler
	Pre
Mix Feed
1
	Pre
Mix Feed 2

	Pre mix

Feed

3

	
	

	Cost/lb.
	0.05
	0.07
	0.08
	0.45
	0.032
	0.01
	0.2
	0.21
	0.3
	
	

	Max % Protein
	5
	25
	20
	75
	0
	2
	10
	13
	15
	(
	26

	Max % TDN
	25
	25
	25
	0
	0
	5
	20
	19
	17
	(
	15

	Max % Energy
	25
	5
	20
	5
	80
	3
	10
	10
	5
	(
	12

	Max % Fats
	10
	20
	10
	0
	0
	10
	10
	15
	15
	(
	10

	Max % Bulk
	35
	25
	25
	20
	20
	80
	50
	43
	48
	(
	41

	Min % Protein
	5
	25
	20
	75
	0
	2
	10
	13
	15
	(
	20

	Min % TDN
	25
	25
	25
	0
	0
	5
	20
	19
	17
	(
	10

	Min % Energy
	25
	5
	20
	5
	80
	3
	10
	10
	5
	(
	10

	Min % Fats
	10
	20
	10
	0
	0
	10
	10
	15
	15
	(
	5

	Min % Bulk
	35
	25
	25
	20
	20
	80
	50
	43
	48
	(
	0

	Total weight
	1
	1
	1
	1
	1
	1
	1
	1
	1
	=
	1

	max filler
	
	
	
	
	
	1
	
	
	
	(
	0.2


Plus all variables greater than or equal to zero.

Points 25

Obj +3, variables +5, constaints, min nutr +3, max nutr +3,  total volume +3, max filler +3, nonneg +3, bonus +2

Answer #2


6 points

c. amount of each variable in the solution and a one sentence interpretation one would place on one nonzero and one zero variable
Final value column under adjustable cell section below 

Those numbers give acres of crops, number of cattle amount sold of items.  Solution says raise zero cattle and 90 acres corn.
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6 points

d. shadow prices on the resources and a one sentence interpretation one would place on one of those shadow prices which is zero and one which is non zero 

Shadow price is Lagrange multiplier column in second part below

Says crop land (in row 3) worth $80 per acre on the margin, fall labor (row 7) worth $100 on margin.  Also crop and cattle sales (rows 7-9) worth  2.30,380 and 480 but these are not resources.  Says pasture land, spring and summer labor (rows 4-6) worth zero on the margin.  Row numbers match up by looking back at tableau as typed in question 2.
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3 points

e. reduced costs for variables not produced and a one sentence interpretation one would place on one of those reduced costs

Reduced cost is Reduced gradient column in top part of table just above below

Says forcing in cattle would cost $12 per animal on the margin.  
3 points

f. objective function value and the one sentence interpretation one would place on that value

Use objective row sum from table below = $31,500 and that is firm profits.
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Answer #3

7 assumptions

4 points for anything

1 point for stating each of the 7 assumptions

2 points for each of the 7 interpretations

Objective Function Appropriateness

In case above have right objective as profit max and numbers therein are right

Decision Variable Appropriateness

In case above have not omitted any major choices like develop pasture land into crops or grow  sorghum

Constraint Appropriateness

In case above have not omitted any major restrictions like contract to sell a number of cattle or limitation on irrigation water or further seasonal breakdown of labor or cropland quality

Proportionality

In case above there might be increasing prices the more of a good you have to sell or altering yields the more land you put into a crop

Additivity

In case above there might be iteractions between corn and cotton due to herbicide drift

Divisibility

What if we always require an integer number of acres or cows

Certainty


Do we really know the yields

Answer #4

15 points

2 for stating each relation

5 for each derivation

1 for showing up

Given

  B Xb  
+ Anb Xnb 
= b

Rearrange to

  B Xb  =  b -
Anb Xnb 

Multiply through by B-1

  B-1B Xb  =  B-1b -
B-1Anb Xnb 

Or

  Xb  =  B-1b -
B-1Anb Xnb

or with one Xnb 

Xb  =  B-1b -
B-1Aj Xj

and change in Xb is -B-1Aj

Given

Z =  
Cb  Xb 
+ Cnb Xnb

and   

 Xb  =  B-1b -
B-1Anb Xnb

Plug in for Xb

Z =  
Cb ( B-1b -
B-1Anb Xnb) 
+ Cnb Xnb

or

Z =  
Cb  B-1b -
Cb B-1Anb Xnb 
+ Cnb Xnb

Or

Z =  
Cb  B-1b -
(Cb B-1Anb  
- Cnb )Xnb

or with one Xnb 

Z =  
Cb  B-1b -
(Cb B-1Aj  
- Cj )Xj

and change in Z is -(Cb B-1Aj  
- Cj )
Answer #5

15 points

7 points for each (3 for knowing what the word means)

1 point for showing up


Prescriptive



Use given prices to decide just what to grow


Predictive



Use to predict benefits from an investment in land or hiring new labor

