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Block Alpha
Unit Problem: “Nature of Business?”

Problem Statement:

This situation starts out with George Lucas donating land back to the city.  He realizes that he doesn’t need the land that he bought for the Letterman Digital Arts Center in the Presidio.  So he donated 300 acres of land.  


Later the Navy made a decision to close its shipyard.  They closed 100 acres of land from Hunter’s Point.  The government finalized and gave the land to the citizens of San Francisco to decide on what to do with the land.  


The parking lot for AT&T Park has been put up for lease because people began taking the 3rd Street rail and Caltrain, instead of driving.  So the 150 acres of land had been put out for the city to use.


In total that is 550 acres of available land for San Francisco to use.  But there were arguments going on about the land usages and how it should be split.  This situation divided the community into two groups that had different ideas of using the available land.  Group 1 wanted to use as much land as possible for business.  Group 2 wanted to use as much land as possible for nature.  


Group 1 got Mayor Newsom’s consent and was able to use at least 300 acres of land for business.  They wanted the central land areas: the shipyard and the parking lot.  They thought that the Presidio land should go to nature.  Group 2 disagreed and wanted the central land also, so everyone can gain the rights to nature.  


The two groups settled the first part of the problem by creating an agreement:

Rule 1: At most 200 acres of Hunter’s Point, Shipyard and the Parking Lots could go for nature.  

Rule 2: The amount of shipyard land used for nature and Presidio land used for business should be equally 100 acres.

Rule 3: At least 300 acres of land would go for business.

Improving land area requires San Francisco to spend money.  Below is a chart that shows how much it would cost to make improvements on specific land areas:

	TYPE OF LAND
	COST FOR EACH ACRE OF NATURE
	COST FOR EACH ACRE OF BUSINESS

	Lucas’ Presidio (L)
	$50
	$500

	Hunter’s Point Naval Shipyard (S)
	$200
	$2000

	SF Giants Parking Lots (P)
	$100
	$1000


This problem is an assignment for the Mayor’s City Planner.  The Planner, which is you, have to make the decision on how to minimize the costs.  Also the planner has to make sure the rules are followed.  

Plan:

1. My plan is to first list all possible constraints and equations that apply to this problem (there will be 12).  

2. I would use those constraints and equations to figure out which ones, when paired together, will not work out or violate another constraint.  

3. Then I would have to give a reason why each pair will not work out.  Eliminating pairs of constraints and equations helps to get rid of combinations that won’t work together.  

4. When I have most pairs eliminated, I would start listing out all possible combinations that would work together.  They would be combinations of 6 because 4 of them would be the equations and the other 2 would be the constraints.  

5. Once I have my combinations I would start making matrices.  I would make matrices because there are 6 different variables (LN, LB, SN, SB, PN, PB) and we’re trying to solve for them.  Matrices would be an easier way to solve this problem rather than solving with linear equations.  For one of the matrices (matrix A) I would label the rows by the order of constraints & equations in the combination and the columns by LN, LB, SN, SB, PN and PB.  So it’s going to be a {6 x 6). To fill out the matrix I would look at the constraint/equation in the specific combination and see the number of times a variable appears in the constraint/equation (1 or 0 times) and fill out the number (1 or 0) in the corresponding spot of the matrix.  

6. When I finish filling out the first matrix I will fill out the second matrix (matrix B), which would just be the answers to the constraints and equations (the answer on the right side of the = or > or <). This matrix will be a (6 x 1).  

7. To solve for the matrices I would have to plug them into the calculator and use inverse matrix multiplication.  I would multiply the inverse of matrix A by Matrix B to get the answer to the variables.  I would do this to all of my combinations.  

8. After solving for all the matrices, I would have to see if I could eliminate more combinations.  

9. For each combination that I eliminated, I would give a reason why it doesn’t work out.

10. Once I’ve done the elimination, I would use the answers to the variables of each combination and find the costs of land.  I would need to refer back to the land cost chart.  To figure out the costs for each type of land, I would have to multiply the answer to the variable by the corresponding cost in the chart.  For example: the cost for LN is $50/acre, so if LN = 40, then 40 x $50 = $2000 total cost for 40 acres of nature land for Lucas’ Presidio. 

11. After figuring out the costs for each combination that worked, I would choose the most cost effective solution and use it as my answer for the situation.  

Work:

List of Constraints & Equations:

1) LN+LB=300

2) SN+SB=100

3) PN+PB=150

4) SN+LB=100

5) SN+PN(200

6) LB+SB+PB(300

7) LN(0

8) LB(0

9) SN(0

10) SB(0

11) PN(0

12) PB(0 

Eliminating Pairs:

	Constraint/Equation Pairs that Won’t Work
	Reason Why They Don’t Work Together

	7 & 8 
	Violates equation 1

	8 & 9 
	Violates equation 4

	9 & 10 
	Violates equation 2

	9 & 11
	Violates constraint 5

	11& 12
	Violates equation 3

	7 & 9 
	Violates equation 2

	5 & 9
	Violates equation 3

	5 & 11
	Violates equation 2

	6 & 7
	Violates equation 4

	6 & 8
	Violates constraint 6

	7 & 11
	Violates constraint 6


Possible Combinations:

1.) 1,2,3,4,5,6

6.) 1,2,3,4,6,9                



2.) 1,2,3,4,5,7

7.) 1,2,3,4,6,10



3.) 1,2,3,4,5,8

8.) 1,2,3,4,6,11  

      

4.) 1,2,3,4,5,10
9.) 1,2,3,4,6,12            

5.) 1,2,3,4,5,12        10.)1,2,3,4,7,12

The numbers 1, 2, 3, and 4 must be in every combination because they are equations, not constraints.  They are unlike constraints/inequalities because equation don’t determine what is more than or less than.  On a graph it’s just a line and you can’t shade above or below that line, so that’s why there are constraints to determine the feasible region.  

How to use Matrices:

For this problem I used a [6 x 6] matrix and a [6 x 1] matrix.  Matrices would be an easier way to solve this problem rather than solving with linear equations because there are 6 different variables.  For matrix A I labeled the rows by the order of constraints & equations in the combination and the columns by LN, LB, SN, SB, PN and PB.  So it’s a (6 x 6). To fill out the matrix I looked at the constraint/equation in the specific combination and see the number of times a variable appears in the constraint/equation (1 or 0 times) and fill out the number (1 or 0) in the corresponding spot of the matrix.  The mathematical rule for solving this problem, since we’re using matrix inverse to solve for the variables, is [x]=[A]-1[B]. Matrix B is the answers to the constraints and equations (the answer on the right side of the = or > or <). This matrix is a (6 x 1). When both matrices are filled, I multiplied the inverse of matrix A by matrix B because I’m solving for the variables.     

1.) Combination: 1, 2, 3, 4, 5, 6

       LN LB SN SB PN PB                     

1      1  1   0   0   0   0 

300

50
= LN

2      0  0   1   1   0   0

100

250
= LB

3      0  0   0   0   1   1
x
150
=
-150
= SN

4      0  1   1   0   0   0

100

250
= SB

5      0  0   1   0   1   0

200

350
= PN

6      0  1   0   1   0   1

300

-200
= PB

2.) Combination: 1, 2, 3, 4, 5, 7

       LN LB SN SB PN PB                     

1      1  1   0   0   0   0 

300

0 


2      0  0   1   1   0   0

100

300


3      0  0   0   0   1   1
x
150
=
-200


4      0  1   1   0   0   0

100

300


5      0  0   1   0   1   0

200

400


7      1  0   0   0   0   0

0

-250
3.) Combination: 1, 2, 3, 4, 5, 8

       LN LB SN SB PN PB                     

1      1  1   0   0   0   0 

300

300


2      0  0   1   1   0   0

100

0


3      0  0   0   0   1   1
x
150
=
100


4      0  1   1   0   0   0

100

0


5      0  0   1   0   1   0

200

100


8      0  1   0   0   0   0

0

50

4.) Combination: 1, 2, 3, 4, 5, 10

       LN LB SN SB PN PB                     

1      1  1   0   0   0   0 

300

300


2      0  0   1   1   0   0

100

0


3      0  0   0   0   1   1
x
150
=
100


4      0  1   1   0   0   0

100

0


5      0  0   1   0   1   0

200

100


10    0  0   0   1   0   0

0

50

5.) Combination: 1, 2, 3, 4, 5, 12

       LN LB SN SB PN PB                     

1      1  1   0   0   0   0 

300

250
= LN

2      0  0   1   1   0   0

100

50
= LB

3      0  0   0   0   1   1
x
150
=
50
= SN

4      0  1   1   0   0   0

100

50
= SB

5      0  0   1   0   1   0

200

150
= PN

12    0  0   0   0   0   1

0

0
= PB

6.) Combination: 1, 2, 3, 4, 6, 9

       LN LB SN SB PN PB                     

1      1  1   0   0   0   0 

300

200
= LN

2      0  0   1   1   0   0

100

100
= LB

3      0  0   0   0   1   1
x
150
=
0
= SN

4      0  1   1   0   0   0

100

100
= SB

6      0  1   0   1   0   1

300

50
= PN

9      0  0   1   0   0   0

0

100
= PB

7.) Combination: 1, 2, 3, 4, 6,10

       LN LB SN SB PN PB                     

1      1  1   0   0   0   0 

300

300
= LN


2      0  0   1   1   0   0

100

0
= LB

3      0  0   0   0   1   1
x
150
=
100
= SN

4      0  1   1   0   0   0

100

0
= SB

6      0  1   0   1   0   1

300

-150
= PN

10    0  0   0   1   0   0

0

300
= PB

8.) Combination: 1, 2, 3, 4, 6, 11

       LN LB SN SB PN PB                     

1      1  1   0   0   0   0 

300

225


2      0  0   1   1   0   0

100

75


3      0  0   0   0   1   1
x
150
=
25


4      0  1   1   0   0   0

100

75


6      0  1   0   1   0   1

300

0


11    0  0   0   0   1   0

0

150

8.) Combination: 1, 2, 3, 4, 6, 12

       LN LB SN SB PN PB                     

1      1  1   0   0   0   0 

300

150
= LN


2      0  0   1   1   0   0

100

150
= LB

3      0  0   0   0   1   1
x
150
=
-50
= SN

4      0  1   1   0   0   0

100

150
= SB

6      0  1   0   1   0   1

300

150
= PN

12    0  0   0   0   0   1

0

0
= PB

10.) Combination: 1, 2, 3, 4, 7, 12

       LN LB SN SB PN PB                     

1      1  1   0   0   0   0 

300

0
= LN

2      0  0   1   1   0   0

100

300
= LB

3      0  0   0   0   1   1
x
150
=
-200
= SN

4      0  1   1   0   0   0

100

300
= SB

7      1  0   0   0   0   0

0

150
= PN

12    0  0   0   0   0   1

0

0
= PB

So the only possible combinations are (1, 2, 3, 4, 6, 9) & (1, 2, 3, 4, 6, 11).  To find the most cost effective I used the answer to the variables from solving the matrix and then multiplied it by the corresponding cost (the cost for each acre of land for the specific type of land).  

Cost for Combination: 1, 2, 3, 4, 6, 9

  LN     200

$50


$10000

  LB     100

$500


$50000

  SN     0
   x 
$200

=
$0


  SB    100

$2000


$200000

  PN     50

$100


$5000

  PB     100

$1000


$100000





Total Cost: 
$365,000

Cost for Combination: 1, 2, 3, 4, 6, 11

  LN     225

$50


$11250

  LB      75

$500


$37500

  SN     25
   x 
$200

=
$5000

  SB      75

$2000


$150000

  PN     0

$100


$0

  PB     150

$1000


$150000





Total Cost: 
$353,750

The most cost effective solution is combination 1, 2, 3, 4, 6, 11.  The total cost would be $353,750.  The distribution of land would be LN=225, LB=75, SN=25, SB=75, PN=0 and PB=150.  
Answer:


The most cost effective final allotment of land is 225 acres of land of Lucas’ Presidio for nature, which costs $11,250; 75 acres of land of Lucas’ Presidio for business, which costs $37,500; 25 acres of land of the Shipyard for nature, which costs $5000; 75 acres of land of the Shipyard for business, which costs $150,000; 0 acres of land of parking lots for nature; And 150 acres of land of parking lots for business, which costs $150,000.  This totals to be $353,750 for combination (1, 2, 3, 4, 6, 11).  

$353,750 is the most cost effective solution because if you compare it to the other cost for combination (1, 2, 3, 4, 6, 9), it is $11,250 less.  The cost for combination (1, 2, 3, 4, 6, 9) is $365,000.  $353,750 is more cost effective because the land allotment is pretty reasonable and the price is low.  The land is split nearly equally between business and nature, which is a good way to settle the problem. 

I know this is right because through my process I made a lot of eliminations with the pairs of combinations that don’t work and later on I made eliminations through the matrices process.  I ended up with two combinations that worked and they fulfilled the rules of the compromise.  I arrived at this land distribution because in the matrix process, I was able to use a calculator and plug in matrix A for the combination (1, 2, 3, 4, 6, 11).  Then I was able to plug in matrix B and multiply it by the inverse, which gave me the answer to the allotment of land. 


I think the best way to allocate land is similar to the solution of allotment of land for this problem.  The best way is to split the land equally with nature and business.  I hypothesize that this will be beneficial in the long term because people will be able to accept the fair share of land usage of nature and business.  It will be beneficial cost wise because the spending will not only go towards business, but also to nature.  If all the land was used for business then the cost may be a lot more than the cost of land for nature and business together.  The good thing is that nature can help restore plant life and oxygen into San Francisco’s atmosphere.  It’ll probably decrease or slow down the process of global warming.  Natural land will help San Francisco’s environment because in the long-term process it can sustain the balance of a healthy peaceful environment with a busy work environment.  The businesses can add to and continue providing jobs for unemployed workers.  It’ll help San Francisco stay successful in the long run.  In conclusion, I think that a good split between nature and business will even out land usage in the community.  

Reflection:


The process and strategy I took to solve this problem was a long process, but it helped me solve the problem.  I went through a lot of elimination in order to get to the final answer.  I started out with making a list of given information from reading the scenario.  From the information I was able to create the equations and constraints that were necessary for solving this problem.  Having the constraints and equations were helpful because it helped with the elimination process.  I was able to eliminate constraints that didn’t work together.  After making these eliminations I was able to list all possible combinations of constraints.  Numbers 1, 2, 3 and 4, had to be in every combination because they are equations, not constraints.  I used all the combinations to make matrices.  I was familiar with the process of creating combinations because I had practice on it from the warm up and class work.  

To fill out one of matrix I labeled the rows as the corresponding constraints/equation from the combinations (for example: 1, 2, 3, 4, 5, 6) and I labeled the column as the variables (LN, LB, SN, SB, PN, and PB).  For the other matrix, it was filled with the answer to the equations/constraints.  In order to solve the variables I had to multiply the matrices using the inverse.  I thought using the matrix process for solving this problem educated me on a scenario in which matrices can be used.  Since the matrix process was new to me, this problem helped me become familiar with matrices.  

After solving for the variables I had to figure out the costs by multiplying the cost per acre by the acre of land distribution.  I realized that after the matrix process that I could still eliminate more combinations because most of the answers had negatives or violated constraint 6.  I ended up with 2 combinations that worked. As I compared the costs I figured out that one of the solutions was the most cost effective and it was $353,750.

My initial plan didn’t fail nor did I have any inaccuracy.  I felt that my strategy/process went smoothly and in the end I was able to solve this problem.  My planning and thinking stayed the same throughout the process.  Other ways that the math from this unit can be used to solve real world problems are that it can help solve all kinds of land distributions that people encounter, similar to this problem’s situation.  It can be used to solve distributions of living area.  It can be used for these purposes because there could be land buyers that would use the land for housing purposes and others may use it for business or farming.   Also the math from this unit can be used to solve the amount of car usage between people (they can share cars) and the type of car they prefer.  The cost will play a part of it also.  


There can be a change of land distribution or if the Mayor wanted the higher cost.   Another possibility could be 200 acres of land for LN, 100 acres of land for LB, 0 acre of land for SN, 100 acres of land for SB, 50 acres of land for PN and 100 acres of land for PB.  This will end up costing $365,000. If this change occurred, my answer for the cost would be $11250 more.  Changes that would affect the final allotment of land would be using land for housing in addition to business and nature.  This change would affect another group of people because a third group may want to use land for housing instead of business or nature.  This would affect my answer because I would have to do more calculations and start the matrix and combination process over, since there would be an additional land usage.  

This combination won’t work because the answers cannot have negatives.  It’s not possible to have a negative amount of land. 





This combination won’t work because the answers cannot have negatives.  It’s not possible to have a negative amount of land.
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This combination doesn’t work because it violates constraint 6.





It works because it doesn’t violate and there are no negatives.  
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