Greenbacks or Greenspace? Unit Problem

Yuri Bondarenko

IMP 3 Gamma

Ms. Farrell

May 13, 2007

Table of Contents

I. Problem Statement (5/8)

II. Work Section (5/11)

III. Answer Section (5/15)

IV. Reflection Section (5/15)

Problem Statement:


Well, Mayor Newsom, it's been three months since I last approached you with this issue we have and I have come to the following conclusions:


First, George Lucas had donated 300 acres of land in the Presidio back to the city. That left us with a total of 300 acres at that point in time. Promptly after, as you know, the Navy closed the shipyard at the edge of Hunter's Point, which left us with another 100 acres, leading to 300 total acres to use. But recently the Giants' lease of their parking lots has ended so that gives us another 150 acres. This leaves us with 550 acres for the people of San Francisco to use as they see fit.


Our issue is this – there are two groups that want the land for different purposes. Luckily, they have agreed to make a compromise.


Group one originally won 300 of the 550 acres for business, and they chose to get the shipyard and parking lot due to centralization of these areas. They agreed to give the Presidio to the nature group. Group two is petitioning for more places with nature. Group two wanted the more centralized areas as well, because they wanted people to have access to nature near them.


The compromise the two groups came up with is this:

1. At most, 200 acres of the Hunter's Point Shipyard ad the Parking Lots could go for nature.

2. The amount of Shipyard for nature and Presidio Land used for business together had to equal exactly 100 acres.

3. At least 300 acres would go to business.

The Cost of Business:

LB (Lucas Business) costs $500 per acre to develop.

SB (Shipyard Business) costs $2000 per acre to develop.

PB (Parking Lot Business) costs $1000 per acre to develop.

The Cost of Nature:

LN (Lucas Nature) costs $50 per acre to develop.

SN (Shipyard Nature) costs $200 per acre to develop.

PN (Parking Lot Nature) costs $100 per acre to develop.


We need to find out what the cheapest compromise would be between these two groups. At the same time, we need to honor each group's compromises. We also need to find out what the best, non-cost limited option would be, which is going to be the option I’m going to present to you.


To solve this I'm going to have to find out which constraints work with each other, and which violate each other by using matrix multiplication. Once I have this information, I'm going to put each set of constraints into a second matrix system and solve it through matrix multiplication once again.


Through doing this I should be left with two final working constraints, and one will be more cost effective than the other.

Ten Step Plan:

1. I will first get all of the constraints on the yellow sheet.

2. I will find out which constraints on the yellow sheet are parallels.

3. I will eliminate the constraints on the yellow sheet that are parallels.

4. I will turn those last 10 constraints into matrices.

5. I will use matrix multiplication to find the land distributions.

6. I will test the land distributions against the constraints.

7. I will note which land distributions don’t work and eliminate accordingly.

8. I will find out the cost of the last constraint.

9. I will calculate the cost of each acre times cost of developing said acre.

10. I will calculate the final cost of my cost-efficient solution.


Work Section:


Step 1: 


I came up with a list of all possible combinations of the constraints that were given to us. The yellow Greenspace or Greenbacks? worksheet stated that “because constraints 1, 2, 3, and 4 are all equations (instead of inequalities), all four equation constraints MUST be a part of every combination.” Equations must be included in every constraint because they are a set of constraints in themselves, and they also weren’t inequalities to begin with. This meant that my combinations looked like 1, 2, 3, 4, 5, 6, instead of 1,2, --> 1,3, etc...


I eliminated the constraints on the yellow sheet through testing each set of constraints against the other constraints in the group. For example, I looked at 1,2,3,4,5,7. I first looked at constraint 5;  LN ≥ 0. When testing for these constraints, a ≥ or ≤ turns into an equals sign. So looking at constraints 1,2,3, and 4 was essential. When I looked at constraint 1, LN COULD equal 0, whereas LB could be the whole 300. BUT, when I looked at constraint 4, I saw LB COULDN’T equal 300, because the total of SN and LB has to equal 100. This is the method I used for eliminating constraints.
The following constraints don’t work together:

Constraint 4 is violated by constraints 8 & 9

Constraint 2 is violated by constraints 9 & 10

Constraint 5 is violated by constraints 9 & 11

Constraint 3 is violated by constraints 11 & 12

Constraint 6 is violated by constraints 8 & 12

Constraint 5 is violated by constraints 10 & 12

Constraint 6 is violated by constraints 8 & 11

Constraint 6 is violated by constraints 8 & 10
 By the time I was done eliminating possibilities on the yellow sheet, I was left with the following combinations, of which there were 10:

 1, 2, 3, 4, 5, 6

 1, 2, 3, 4, 5, 8

 1, 2, 3, 4, 5, 10

 1, 2, 3, 4, 5, 11

 1, 2, 3, 4, 5, 12

 1, 2, 3, 4, 6, 8

 1, 2, 3, 4, 6, 10

 1, 2, 3, 4, 6,11

 1, 2, 3, 4, 6, 12

 1, 2, 3, 4, 10,11

Step 2:


After this, I started putting the remaining 10 combinations into matrices and multiplying the inverse to get the land values. What I mean by this is I made a matrix, multiplied the inverse of the first matrix via calculator. This gave me the amount of land allotted to each area and told me whether it was for business or nature. Getting to this point allowed me to test the final 10 constraints even further, and  allowed me calculate the final cost as well.

The Matrices can be found on the next few pages. These Matrices show the inverse equations, and the final allotment of land, as well as if the constraint works. If the Matrix doesn't say “Works” in the rightmost column then it should be assume that the combination does not meet the final constraints.

1,2,3,4,5,6 – Doesn't work due to negative land values.

	
	LN
	LB
	SN
	SB
	PN
	PB
	
	Inverse
	
	Final
	

	1
	1
	1
	0
	0
	0
	0
	LN
	300
	=
	50
	LN

	2
	0
	0
	1
	1
	0
	0
	LB
	100
	=
	250
	LB

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

	4
	0
	1
	1
	0
	0
	0
	SB
	100
	=
	250
	SB

	5
	0
	0
	1
	0
	1
	0
	PN
	200
	=
	350
	PN

	6
	0
	1
	0
	1
	0
	1
	PB
	300
	=
	-200
	PB


1,2,3,4,5,8 – Doesn't work due to total business acres being less than 300.

	
	LN
	LB
	SN
	SB
	PN
	PB
	
	Inverse
	
	Final
	

	1
	1
	1
	0
	0
	0
	0
	LN
	300
	=
	300
	LN

	2
	0
	0
	1
	1
	0
	0
	LB
	100
	=
	0
	LB

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

	4
	0
	1
	1
	0
	0
	0
	SB
	100
	=
	0
	SB

	5
	0
	0
	1
	0
	1
	0
	PN
	200
	=
	100
	PN

	8
	0
	1
	0
	0
	0
	0
	PB
	0
	=
	50
	PB


1,2,3,4,5,10 – Doesn't work due to total business acres being less than 300.

	
	LN
	LB
	SN
	SB
	PN
	PB
	
	Inverse
	
	Final
	

	1
	1
	1
	0
	0
	0
	0
	LN
	300
	=
	300
	LN

	2
	0
	0
	1
	1
	0
	0
	LB
	100
	=
	0
	LB

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

	4
	0
	1
	1
	0
	0
	0
	SB
	100
	=
	0
	SB

	5
	0
	0
	1
	0
	1
	0
	PN
	200
	=
	100
	PN

	10
	0
	0
	0
	1
	0
	0
	PB
	0
	=
	50
	PB


1,2,3,4,5,12 – Doesn't work due to total business acres being less than 300.

	
	LN
	LB
	SN
	SB
	PN
	PB
	
	Inverse
	
	Final
	

	1
	1
	1
	0
	0
	0
	0
	LN
	300
	=
	250
	LN

	2
	0
	0
	1
	1
	0
	0
	LB
	100
	=
	50
	LB

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

	4
	0
	1
	1
	0
	0
	0
	SB
	100
	=
	50
	SB

	5
	0
	0
	1
	0
	1
	0
	PN
	200
	=
	150
	PN

	12
	0
	0
	0
	0
	0
	1
	PB
	0
	=
	0
	PB


1,2,3,4,6,8 - – Doesn't work due to negative land values.

	
	LN
	LB
	SN
	SB
	PN
	PB
	
	Inverse
	
	Final
	

	1
	1
	1
	0
	0
	0
	0
	LN
	300
	=
	300
	LN

	2
	0
	0
	1
	1
	0
	0
	LB
	100
	=
	0
	LB

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

	4
	0
	1
	1
	0
	0
	0
	SB
	100
	=
	0
	SB

	6
	0
	1
	0
	1
	0
	1
	PN
	300
	=
	-150
	PN

	8
	0
	1
	0
	0
	0
	0
	PB
	0
	=
	300
	PB


1,2,3,4,6,11 – Works.

	
	LN
	LB
	SN
	SB
	PN
	PB
	
	Inverse
	
	Final
	

	1
	1
	1
	0
	0
	0
	0
	LN
	300
	=
	225
	W

	2
	0
	0
	1
	1
	0
	0
	LB
	100
	=
	75
	O

	3
	0
	0
	0
	0
	1
	1
	SN
	150
	=
	25
	R

	4
	0
	1
	1
	0
	0
	0
	SB
	100
	=
	75
	K

	6
	0
	1
	0
	1
	0
	1
	PN
	300
	=
	0
	S

	11
	0
	0
	0
	0
	1
	0
	PB
	0
	=
	150
	


1,2,3,4,6,12 – Doesn't work due to negative land values.

	
	LN
	LB
	SN
	SB
	PN
	PB
	
	Inverse
	
	Final
	

	1
	1
	1
	0
	0
	0
	0
	LN
	300
	=
	150
	LN

	2
	0
	0
	1
	1
	0
	0
	LB
	100
	=
	150
	LB

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

	4
	0
	1
	1
	0
	0
	0
	SB
	100
	=
	150
	SB

	6
	0
	1
	0
	1
	0
	1
	PN
	300
	=
	150
	PN

	12
	0
	0
	0
	0
	0
	1
	PB
	0
	=
	0
	PB


1,2,3,4,8,10 – Doesn't work due to parallel or otherwise nonintersecting lines.

	
	LN
	LB
	SN
	SB
	PN
	PB
	
	Inverse
	
	Final
	

	1
	1
	1
	0
	0
	0
	0
	LN
	300
	=
	C
	LN

	2
	0
	0
	1
	1
	0
	0
	LB
	100
	=
	a
	LB

	3
	0
	0
	0
	0
	1
	1
	SN
	150
	=
	n
	SN

	4
	0
	1
	1
	0
	0
	0
	SB
	100
	=
	t
	SB

	8
	0
	1
	0
	0
	0
	0
	PN
	0
	=
	D
	PN

	10
	0
	0
	0
	1
	0
	0
	PB
	0
	=
	o
	PB


1,2,3,4,10,11 – Doesn't work due to total business acres being less than 300.

	
	LN
	LB
	SN
	SB
	PN
	PB
	
	Inverse
	
	Final
	

	1
	1
	1
	0
	0
	0
	0
	LN
	300
	=
	300
	LN

	2
	0
	0
	1
	1
	0
	0
	LB
	100
	=
	0
	LB

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

	4
	0
	1
	1
	0
	0
	0
	SB
	100
	=
	0
	SB

	10
	0
	0
	0
	1
	0
	0
	PN
	0
	=
	0
	PN

	11
	0
	0
	0
	0
	1
	0
	PB
	0
	=
	150
	PB



Answer Section:


The most cost effective allotment of land would be 1,2,3,4,6,11. This also seems to be the only combination that works for me. I know my answer is correct because the constraints worked through two stages of matrix multiplication and testing constraints. The matrix in my work section is the proof of my answer being correct.

1,2,3,4,6,11

	
	LN
	LB
	SN
	SB
	PN
	PB
	
	Inverse
	
	Final
	

	1
	1
	1
	0
	0
	0
	0
	LN
	300
	=
	225
	W

	2
	0
	0
	1
	1
	0
	0
	LB
	100
	=
	75
	O

	3
	0
	0
	0
	0
	1
	1
	SN
	150
	=
	25
	R

	4
	0
	1
	1
	0
	0
	0
	SB
	100
	=
	75
	K

	6
	0
	1
	0
	1
	0
	1
	PN
	300
	=
	0
	S

	11
	0
	0
	0
	0
	1
	0
	PB
	0
	=
	150
	



As seen above, the matrix multiplies without any error, unlike 1,2,3,4,8,10, and the final answer does not violate any of the following constraints:

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


The final cost of development would be as follows:


Lucas Nature: 225 Acres times $50 per acre to develop = $11,250 total.


Lucas Business: 75 Acres times $500 per acre to develop = $37,500 total.


Shipyard Nature: 25 Acres times $200 per acre to develop = $5,000 total.


Shipyard Business: 75 Acres times $2000 per acre to develop = $150,000 total.


Parking Lot Nature: 0 Acres times $100 per acre to develop = $0 total.


Parking Lot Business: 150 Acres times $1000 per acre to develop = $150,000 total.


Total Cost: $353,750


If I didn't have to conform to any of the constraints and could choose how to distribute this land freely, I would convert everything but the Presidio to business, and I would convert the Presidio to nature completely. This way the people of San Francisco have centralized access to Nature, and they have additional access to business in areas where it wasn't as prominent before. The Presidio would be in better condition because of this, and there would be more open space for the people of San Francisco to enjoy.


In Business terms, there is a lot of area in the parking lot and the shipyard. A total amount of 250 acres would be available for business, and 300 would be available for nature. I think the people of San Francisco would appreciate having more nature available to them. The Shipyard at Hunter's point would finally be used for something, as well. Previously, it wasn't used for nature or business, so using this land in general is going to benefit the city a lot. It is very expensive to develop nature in this area, and it's also out of the way, so people wouldn't be able to take advantage of it as much as they would a business. More business also equals more revenue, which raises the value of housing in the area, which is another benefit for the residents living around the shipyard.


The parking lot would also be more useful as a business area due to saving money in not having to completely remodel the area. The area right now can accommodate business without any major modifications, whereas having the area be nature based would call for a complete renovation.


I think that my plan would be more beneficial in the long term for the city of San Francisco than the most cost effective solution, because no compromises are made.


 Reflection Section:


Initially, I didn't even know how to begin the problem. I knew it would be matrix-centric, so I had to find out how to put the question into matrix form. Luckily, a classmate helped me understand the format that the matrix needs to be in. Then I got to the elimination. I pretty much just worked through that slowly but steadily, just as everyone else did. I came up with a list of all possible combinations of the constraints that were given to us. The first problem I encountered was when I was checking the combinations I had left from the yellow sheet against my classmates' eliminations. I think that everyone had that issue though, since it seemed that everyone had their own reasons for eliminating certain combinations. Fortunately, all the people I was checking my answers against ended up getting the same combinations in the end. By the time I was done eliminating possibilities on the yellow sheet, I was left with the same 10 combinations as everyone else.


Now, I proceeded to eliminating the final combinations. I recalled how to organize the matrices, and then I started setting them up. 


Once I set all of the matrices up, I multiplied the inverse to get the land values. What I mean by this is I made a matrix, multiplied the inverse of the first matrix via calculator. This gave me the amount of land allotted to each area and told me whether it was for business or nature. Getting to this point allowed me to test the final 10 constraints even further, and  allowed me calculate the final cost as well.


Mr. Newsom, as you know, this type of math can be used in many different ways in the real world. For example, if someone is trying to allocate stocks on a strict budget, they'd use something like this to make sure they're going to make the most profit off of their investment.


Another example would be devoting sections of a company to certain tasks to maximize profit. In essence, this is the same thing that the problem is asking, but instead of a business and its sectors, it's the city and its assets that are being managed. If, for example, constraint number 6 (total amount for business must be over 300) were changed to total amount for business must be over 100, most of the final 10 constraints would work, which would make the search for the most cost effective solution take longer due to there being more than one final working constraint.

