 Charlotte-Mecklenburg Schools (CMS) is currently reviewing
student assignment.
• Phase II focuses on assignment boundaries (the
geographic boundaries which determine students’
home school based on their address)
• CMS prioritized socioeconomically diversifying
 Linear Programming is a mathematical optimization
model to achieve the best results given a set of
constraints and costs. This optimization method could
be applied for determining assignment boundaries.
 Why assignment boundary optimization matter?
• Rezoning geographic attendance boundaries are a notoriously contentious issue, and
systemizing the process given set priorities could reduce public resistance.
• The voices of more advantaged families (usually white and wealthier) families are
often prioritized during rezonings, which leads to boundaries that further segregate
students. An optimization approach eliminates the potential for segregating
gerrymandering of attendance boundaries.
• Diverse schools are linked to many short- and long-term academic and social benefit
for all students, especially low-income students.

Model
The scalars below are referenced in the model below.
𝑅 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑜𝑎𝑑 𝑠𝑒𝑔𝑚𝑒𝑛𝑡𝑠, 𝑖𝑛𝑑𝑒𝑥𝑒𝑑 𝑓𝑟𝑜𝑚 1 𝑡𝑜 𝑖
𝑆 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑚𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑟𝑦 𝑠𝑐ℎ𝑜𝑜𝑙𝑠, 𝑖𝑛𝑑𝑒𝑥𝑒𝑑 𝑓𝑟𝑜𝑚 1 𝑡𝑜 𝑗
𝐺 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝐸𝑆 𝑔𝑟𝑜𝑢𝑝𝑠 (𝑡ℎ𝑟𝑒𝑒 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑝𝑟𝑜𝑏𝑙𝑒𝑚), 𝑖𝑛𝑑𝑒𝑥𝑒𝑑 𝑓𝑟𝑜𝑚 1 𝑡𝑜 𝑘

Results on small set of schools
• Sorting 2,553 road segments to 4 home schools (Matthews, McKee, Providence and
Elizabeth Elementary schools)
• Two optimization models – one that does not weight by SES diversity, and one that does
Commute Only Assignment

Diversity and Commute Assignment

All data for this optimization are summarized in the below matrices.
𝐴𝑖𝑗 = 𝑏𝑖𝑛𝑎𝑟𝑦 𝑣𝑎𝑙𝑢𝑒𝑠 𝑠𝑖𝑔𝑛𝑖𝑓𝑦𝑖𝑛𝑔 𝑡ℎ𝑒 𝑎𝑠𝑠𝑖𝑔𝑛𝑚𝑒𝑛𝑡 𝑜𝑓 𝑟𝑜𝑎𝑑 𝑠𝑒𝑔𝑚𝑒𝑛𝑡 𝑖 𝑡𝑜 𝑠𝑐ℎ𝑜𝑜𝑙 𝑗
𝑇𝑖𝑗 = 𝑡ℎ𝑒 𝑐𝑜𝑚𝑚𝑢𝑡𝑒 𝑡𝑖𝑚𝑒, 𝑖𝑛 𝑚𝑖𝑛𝑢𝑡𝑒𝑒𝑠, 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑟𝑜𝑎𝑑 𝑠𝑒𝑔𝑚𝑒𝑛𝑡 𝑖 𝑎𝑛𝑑 𝑠𝑐ℎ𝑜𝑜𝑙 𝑗
𝑃𝑖 = 𝑡ℎ𝑒 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛 𝑙𝑖𝑣𝑖𝑛𝑔 𝑜𝑛 𝑎 𝑟𝑜𝑎𝑑 𝑠𝑒𝑔𝑚𝑒𝑛𝑡 𝑖
𝐸𝑖𝑘 = 𝑡ℎ𝑒 𝑏𝑖𝑛𝑎𝑟𝑦 𝑚𝑒𝑚𝑏𝑒𝑟𝑠ℎ𝑖𝑝 𝑜𝑓 𝑎 𝑟𝑜𝑎𝑑 𝑠𝑒𝑔𝑚𝑒𝑛𝑡 𝑖 𝑖𝑛 𝑜𝑛𝑒 𝑜𝑓 𝑡ℎ𝑟𝑒𝑒 𝑆𝐸𝑆 𝑙𝑒𝑣𝑒𝑙𝑠, 𝑘
𝐶𝑗 = 𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑠𝑡𝑢𝑑𝑒𝑛𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑠𝑐ℎ𝑜𝑜𝑙 𝑗
𝑊𝑖𝑗 = 𝑡ℎ𝑒 𝑆𝐸𝑆 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑜𝑟 𝑎𝑠𝑠𝑖𝑔𝑛𝑖𝑛𝑔 𝑎 𝑟𝑜𝑎𝑑 𝑠𝑒𝑔𝑚𝑒𝑛𝑡 𝑖 𝑡𝑜 𝑠𝑐ℎ𝑜𝑜𝑙 𝑗
4
1
The below
formulas
specify this binary integer programming model. The model determines
(0)
𝑊𝑘𝑗 =
− 𝑆𝐸𝑆𝑘𝑗 + 1
the optimal 3assignment
matrix, A. This optimal assignment is subject to the following
constraints:

∀𝑖, 𝑗 𝐴𝑖𝑗 = 0 𝑜𝑟 1
All assignments for all road segments i and schools j must be either 0 or 1

(1.1)

𝑅

∀𝑖

𝐴𝑖𝑗 = 1

(1.2)

𝑖=1

For all road segments, i, each may be assigned to exactly one school

Current Elizabeth Zone

𝑅

∀𝑗

Current Matthews Zone

𝐴𝑖𝑗 𝑃𝑖 ≤ 𝐶𝑗

(1.3)

For all schools, j, the sum of the population of all assigned roads, or the total
number of students assigned to a school, must be less than the capacity of that
school.
The below function is the objective function for this model.
𝑆

𝑅

94 home elementary schools in CMS
School capacity, location, and current assignment boundaries from CMS

𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒

47,000+ road segments
• Open Mapping Mecklenburg

This function minimizes the total commute time for all students to schools,
weighted by a diversity weight, Wij . The transit times Tij are multiplied by the
population Pi to account for the cost of multiple students commuting from more
heavily populated road segments1. This is summed for all schools.

𝐴𝑖𝑗 𝑇𝑖𝑗 𝑃𝑖 𝑊𝑖𝑗
𝑗 =1 𝑖=1

Current McKee Zone

Comparison of Potential Optimized Assignments
Measure
Commute Only
Assignment
Total Average
Commute (minutes)
2.73

𝑖=1

(2)

Range of Average
Commutes for all
Schools
(minutes)
Count of High Poverty
Concentration Schools
Average SES
Imbalance Score

Current Providence Zone

Diversity and Commute
Assignment

Assigned to Elizabeth
Assigned to Matthews

2.7439

Assigned to McKee
Assigned to Providence
School Location

2.2267 - 3.4858

2.2295 - 3.4728

0

0

0.7164

0.7209

2015 American Community Survey
• Population between 5 and 9 years old
• Socioeconomic Status (SES) compound measure
• Block group boundaries



Using ESRI ArcMap to format data need for optimization
- Assign an estim ated popu lation and SES to each road segm ent.
- Calcu late com m u te tim es betw een every road segm ent and school.
 Coding a linear program based on the constraint and priorities of this student assignment
plan.
- Informed by CMS priorities for student
assignment and the constraint of logical
student assignment
 Using measures of the success to evaluate
output assignments
 Visualizing output assignments with ESRI
ArcMap
•

•

•

Size Constraints:
• Due to memory constraints, holding the full CMS district data in memory for an
optimization of the full district is too large of a problem.
• I am attempting to simplify the data storage for this optimization to run the full
problem.
• Alternatively I will run the optimization of four partitions of the full district.
1 I have
chosen
a fairly
understanding
of theprogram
cost of commute
time.than
Though
a school district
• Lastly
I will
run
thisstudent-centric
optimization
as a linear
rather
a binary
integer
may view the cost of a trip to one area the same, or even cheaper, if multiple students live there, I account for the
program.
totallinear
cost of student
commutes. I view the length of commute for each student as a cost for that student and sum

 CMS could use a linear programming optimization to significantly
increase the socioeconomic diversity in its schools without
significantly altering commute times.
 Optimization algorithms can lead to illogical results, and it is
therefore necessary to review the output to check for imperfect
results.

commute multiplied by number of students on that road.

Sharing Findings:
• I am currently creating a web tool to help a user run this optimization on a given set
of schools and the nearby roads.
• I have made my optimization code publically accessible, and hope that other may
build upon it.
• I am also in communication with CMS, who is currently taking community feedback
about student assignment boundaries for CMS.
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