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ALGORITHMS

CSE416-S03

Lecture Objectives

• Understand the operation of algorithms for the class project

• Begin to think through design approaches for the algorithms
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Reference

• Recombination: A family of Markov Chains for redistricting
https://mggg.org/uploads/ReCom.pdf

• Seat/Vote curve
https://jeffreyshen19.github.io/Seats-Votes-Curves/
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Project – 2022 Redistricting Analysis Tools

• Algorithmic use cases
• SeaWulf-2 - Run MGGG Recom algorithm on the SeaWulf

• SeaWulf-4 – Determine MMD districts in each random district plan

• SeaWulf-6 – Simulate FRA election rules for MMD

• SeaWulf-10 - Calculate the vote/seat curve for each random districting

• SeaWulf-13 – Identify the average random MMD plan

• SeaWulf-19 - Calculate box & whisker data

L10-Algorithms

Other algorithms are 
simpler and are not 
discussed hereGeneral understanding of algorithms

will be covered in midterm exams
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Algorithm - Generate Random Plans

• SeaWulf - 2

• Components
• MGGG code (Python)

• Project post processing

• Uses a Markov Chain Monte Carlo (MCMC) approach

• Markov chain – moving between positions in a state space in a 
random walk
• Starting position – seed districting

• Ending position – random districting
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MGGG Code

• Represent the seed districting as a partitioned graph

• Combine two adjacent sub-graphs

• Form the spanning tree of the combined sub-graph

• Cut an edge in the combined sub-graph

• Test for acceptability (e.g., population) and keep if acceptable

• Repeat steps 2-5 until sub-graph is independent of seed 
partitioned graph (about 10,000 iterations)

L10-Algorithms

You can relax the population 
equality constraint (e.g., .1) if 
running slow
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Your MCMC Processing

• Send required data to SeaWulf (e.g., enacted districtings, precinct 
graph, thresholds, etc.)

• Convert random sub-graph to a geographic districting

• Calculate measures 

• Calculate vote/seat curve

• Calculate box and whisker data set from the original set of random 
districting
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MCMC Issues

• How much SeaWulf time will the combined algorithm take? Which 
SeaWulf queue is best?

• How do you pass districtings to the server?

• How do you represent the data sent to the server?

• What is the best way to develop/test the code?

• What is the best parallel approach for the SeaWulf?
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Determine MMD Districts

• SeaWulf – 4
• Each state should have an MMD pattern
(e.g., NY is 5,5,5,5,3,3)

• “Glue” together districts (partitions) generated by ReCom
• Random
• Contiguous
• Compact

• Design algorithm
• Example, 1) select a random border district; 2) select a random value from 

pattern; 3) select random neighbor districts until you reach the desired # 
districts; 4) if not compact, restart at 2; 5); if compact, reduce the set of 
integers; 6) if set has members, continue at 2)
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5-member districts are 
most favored, 3 second 
favored and 4 least favored

Consider the pattern 
as a set of integers)

MMD Algorithms

• For your MMD ensembles, you will need to simulate MMD 
elections

• Issues
• Predicted voter ballots

• Calculation of winners in each MMD district
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Ballot Generation

• For each simulated MMD election, you will need to generate a 
collection of ballots

• Each ballot needs to contain 
• List of selected candidates (e.g., R-1, R-2, R-3, etc.)
• Ballot weight

• For the basic use case, you can assume 
• that for an n-member district, there are n Republican candidates and n 

Democratic candidates
• There are exactly m ballots in a precinct where m is the number of 

Republican and Democratic votes cast in your reference election (e.g., 2020 
Presidential)

• There are no split tickets (i.e., mixed Republican/Democratic candidates)
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Design Issues

• Possible objects – ballot, candidate, district

• You can assume that the ballots are generated only once for a 
precinct (and used for all simulated elections)

• Assume random order of candidates on a ballot

• Assume ballots allows voters to rank only n candidates when there 
are n representatives

L10-Algorithms

A supplemental use case 
will favor incumbents in 
the order of candidates
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FRA Criteria for Election

• SeaWulf – 6

• Details in FRA text

• Essence of algorithm
• Ballots are tabulated and clear winners established

• Ballots in excess of winning threshold are considered excess and distributed 
to next ranked candidates

• Candidates eliminated and ballots adjusted

• Iterate until number of winners equals the number of representatives

L10-Algorithms

Be careful with your 
algorithm design

© Robert F. Kelly, 2024 13

Seat/Vote Split Curve

• SeaWulf-9 - Calculate the seat/vote split curve for each random 
districting

• Description: Using a modified Gelman/King approach, calculate 
data for the seat/vote curve

• Be sure to read the Jeffrey Shen Web site and use his code
https://jeffreyshen19.github.io/Seats-Votes-Curves/
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Seat/Vote Split Goal

• For each random districting, 
generate a seat/vote split curve

• Use some variation on the 
Gelman/King algorithm

• Approach – vary the vote share 
and calculate the resulting seat 
share
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Image: sciencedirect.com

Vote/Seat Measures 

• Bias – whether a plan favors one party over another

• Bias at 50% - difference between seat share of each party at 50% 
vote share on curve

• Partisan symmetry – average of symmetry measure at all vote 
levels between 45% and 55% vote share
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Algorithm Variations

• Range of vote share (e.g., .3 to .7)

• Vote share increment (e.g., .01)

• Multiple estimates for a given vote share
• Number of estimates

• Variation

• Showing both Democratic and 
Republican curves

• Showing confidence range
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Image: Gerrymandering in America, McCann, et al

Try to remove 
stair-stepping 
in curve

Accumulated Measures

• Compute the average of the vote/seat measures over all the 
random districtings

• Indicates whether there is a geographical advantage to one party 
in a state (e.g., Democratic voters packed into cities)

L10-Algorithms© Robert F. Kelly, 2024 18

17

18



L11 – Algorithms 10/17/2024

CSE416-S03 10

Identify an “Average” Random MMD Plan

• SeaWulf-13

• Basic approach
• Calculate measures for each random plan (e.g., Republican/Democratic 

splits, opportunity districts, vote share/seat share)

• Calculate average values of measures for the ensemble

• Select a random plan whose measure values match the ensemble values for
those measures
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Calculate Box & Whisker Values

• SeaWulf-19

• Approach discussed in a previous session

• Maintain ordered bins for population percentages

• For each plan, store population percentage in correct bin

• After all random plans are calculated, determine max, min, and 
quartiles

• Store results consistent with GUI visualization API
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Be sure to calculate multiple results 
(e.g., political party, racial group, etc.)
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Have you Achieved the Lecture Objectives?

• Understand the operation of both algorithms for the class project

• Begin to think through design approaches for both algorithms
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