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…MODELING DEMOCRACY



THE PUZZLE OF GERRYMANDERING

Leg 2012

WHAT'S WRONG WITH THIS PLAN?

PARTISAN SCORES ARE BAD  
high efficiency gap, mean-median 
gap, partisan symmetry scores, etc

UGLY SHAPES

TARGETED AFRICAN-AMERICANS 
"WITH ALMOST SURGICAL PRECISION"

RELIABLY CONVERTED 50-50 R-D 
VOTES TO A 10-3 R-D DELEGATION



People have aimed to use computers for 
automated redistricting since at least the 
1960s. 

Original Idea: tell a computer the criteria for a 
good map.  Let the computer figure out all the 
possibilities. Optimize. 

Update: optimization stubbornly difficult.  Not 
even clear we know the objective function. 

New Idea: SAMPLE — Evaluate your plan in the 
context of the alternatives.  

THE DREAM





THE SAD STORY OF REPUBLICANS 
IN MASSACHUSETTS

BUT FIRST… 
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Maryland
36.7% R votes

Massachusetts
28% R reps 0% R reps

😭



GERRYMANDERING?  
OR GEOMETRY?

this election has 32% Rthis election has 34% R



REPUBLICAN FUTILITY THEOREM
There are more ways 
to redistrict MA than 

particles in the 
galaxy... and every 

possible plan gives a 
9-0 Democratic 

sweep!

see “Locating the 
Representational Baseline” in 

Election Law Journal, 2019

In the absence of such 
a theorem, the best 

way to discover 
whether certain goals 

are simultaneously 
achievable is to 

construct a good 
sample of plans.



SO THAT’S WHY TO SAMPLE.  
NOW,  

HOW TO SAMPLE?



first idea: Ising-style MCMC  …not great for our setting



SPANNING TREES

Spanning tree — cycle-free subgraph 
connecting all vertices of G 

Minimally connected “skeleton” of G 

Deleting any single edge leaves exactly two 
connected components





a new chain

flip recombination
with Najt, DeFord, Solomon



RECOMBINATION
“Recombination” is a Markov chain in the space 
of balanced partitions 

- choose two adjacent districts 

- fuse them and pick a random spanning tree 

- look for an edge in the tree with balanced 
complementary components 

- cut there to get two new districts 

- iterate



A TREE DISTRIBUTION
All recombination methods approximately target the spanning tree distribution :  

 

Produces districts with many connections within compared to between 

cf. “Small-World Networks” and community detection — plus, short boundaries means 
nice-looking shapes 

Now there are reversible recombination chains that can exactly target   
(Mattingly et al., Cannon—Duchin—Randall—Rule) 

π(P) ∝ ∏
Pi

NST(Pi)  for P = (P1, …, Pk)

π



MANY INTERESTING RESEARCH DIRECTIONS

Exciting new theorem:  
Trees in grid-graphs are splittable! 

(meaning 1/poly fraction of spanning trees 
have a balance-edge) 

resolves conjecture of Charikar et al.



7x7 grid 
cut into  

7-ominoes 
(158,753,814 states)

how big is the 
cut-set?

UniformSpanning 
Tree



distributions (can) matter!



HIGH-LEVEL STRATEGIES

MCMC

direct 
sampling

sequential 
sampling

importance 
sampling

SMC



Let’s take a random sample of plans



do we tend to get party proportionality 
from “blind” districts?





no we do not



and how about race?



24.86% BVAP (2010)

share of majority-Black 
districts pre-2020

share ever seen in 2 
million “blind” plans

C
on

gr
es

s
Se

na
te

Ho
us

e

median



24.86% BVAP (2010)

share of majority-Black 
districts pre-2020

share ever seen in 2 
million “blind” plans

C
on

gr
es

s
Se

na
te

Ho
us

e

medianno we do not



so sampling helps us 
understand districts!

but this is risky.





Somebody read my papers (!)’s clerks

He’s agreeing with my conclusion that blind districting “fences out” minority representation!   

Why is this “risky”?  Because he goes on to conclude that  
having no minority representation must be acceptable.



REFORM PROPOSAL:  
REDISTRICTING FOR PROPORTIONALITY

Newish paper with Gabe Schoenbach 
considers whether it is feasible to design/
select districts with proportionality as a 
goal 

tl;dr — yes! 

In fact, in nearly every state this occurs in 
at least 10% of a blind ensemble pie chart: how many out of four 

elections have near-proportionality?

https://mggg.org/proportionality


REFORM PROPOSAL:  
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Newish paper with Gabe Schoenbach 
considers whether it is feasible to design/
select districts with proportionality as a 
goal 

tl;dr — yes! 

In fact, in nearly every state this occurs in 
at least 10% of a blind ensemble
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pie chart: how many out of four 
elections have near-proportionality?

https://mggg.org/proportionality


Texas, May 2025
VRA case on behalf of Black-Latino-Asian coalition



Houston-area districts:  
extreme packing and cracking 

compared to alternatives

undisputed racial polarization



August 29, 2025: Governor Abbott signs 
aggressive new partisan gerrymander into law



May plan in Houston area August plan in Houston area



Texas, October 2025
Constitutional case against racial gerrymander



New modeling challenge:  
the “Clarence Thomas checklist”!  


Take into account partisanship plus counties, cities, 
transportation networks, urban-rural balance, etc



WE MIGHT GET A TEXAS DECISION 
TODAY

😬



THANK YOU
and I’d be happy to hear from you 

(mduchin@uchicago.edu)

mailto:mduchin@uchicago.edu

