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REDISTRICTING

Representatives... shall be apportioned among the several States 
which may be included within this Union, according to their 
respective Numbers... within every subsequent Term of ten Years



REDISTRICTING

The Times, Places and Manner of holding Elections for Senators 
and Representatives, shall be prescribed in each State by the 
Legislature thereof...



GERRYMANDERING

gerrymander  • verb  • to divide or arrange 
(a territorial unit) into election districts in a 
way that gives one political party an unfair 
advantage
                                              – Merriam-Webster



GERRYMANDERING

Ideas to prevent it:
● Have an independent 

commission draw fair 
districts

● Use an interactive 
protocol with 
participation from      
both parties

● Statistically prove a map 
is gerrymandered



ABSTRACT MODEL



DISCRETE GRAPH MODEL

Image credit: DeFord, 
Duchin, Solomon, 2020



GEOMETRY-FREE MODEL

Continuous model of 
“placing voters in buckets” 
with no constraints.



PROPORTIONALITY

 

Image credit: Wikipedia 
(OneToughNerd)



GEOMETRIC TARGET

?
Poll

In the geometry-free model, for the minority party,                
which is easier for a given partition to satisfy?

•Proportionality •Equivalent

•Geometric target •Incomparable



GEOMETRIC TARGET
Theorem: In the geometry-free model, a 
partition satisfies proportionality if and only 
if it satisfies the geometric target (up to ties).
Proof:
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LRY PROTOCOL

Interactive protocol by Landau, Reid, and 
Yershov that uses a neutral administrator.

Image credits: 
Landau and Su, 2015



LRY PROTOCOL



LRY PROTOCOL

Proof:
Theorem (Good Choice 
Property): Restricting 
the feasible set of 
partitions to respect a 
given split, a party’s 
preferred choice 
satisfies its geometric 
target.



LRY PROTOCOL

Pros:
● Realistically 

implementable
● Simple party 

participation
● Guaranteed to be 

within 2 of prop. / 
geometric target in 
geometry-free 
model

Cons:
● Relies heavily on 

neutrality of the 
administrator

● Can be arbitrarily 
far from geometric 
target in grid-
based model



CUT AND FREEZE

By Pegden and Procaccia: partition, freeze, 
and re-partition until all districts are frozen.



CUT AND FREEZE

Theorem: In the geometry-free model, under 
optimal play, each party can guarantee a 
number of seats as in the following graphs.



CUT AND FREEZE

Pros:
● Realistically 

implementable
● Approximate 

proportionality in 
geometry-free 
model

● Hard to pack 
specific groups 
into one district

Cons:
● Requires 

complicated 
strategies

● Requires several 
rounds of 
interaction



STATE-CUTTING MODEL 1

Cake-cutting analogue 
introduced by Benade, 
Procaccia, and T-F.



STATE-CUTTING PROTOCOL 1



STATE-CUTTING PROTOCOL 1

How to achieve step 2?  Bubble sort!



STATE-CUTTING PROTOCOL 1

Theorem: If two partitions differ on at most 
two districts, the balance of power can 
differ by at most one.

Proof:



STATE-CUTTING MODEL 2

Now parties are allowed to 
disagree over the 
distribution of voters! 



STATE-CUTTING MODEL 2



STATE-CUTTING PROTOCOL 2

Theorem: Even when parties disagree, there 
always exists a partition satisfying the 
geometric targets of both parties:



STATE-CUTTING PROTOCOL 2



STATE-CUTTING PROTOCOL 2



STATE-CUTTING PROTOCOL 2



STATE-CUTTING PROTOCOL 2



STATE-CUTTING PROTOCOLS

Pros:
● Guarantees 

geometric target in 
the state-cutting 
model

● Works even when 
parties disagree 
substantially over 
how voters are 
distributed

Cons:
● Protocols are both 

(somewhat) 
specific to the 
state-cutting 
model



THRESHOLD ELECTION

Simple asymmetric protocol with a non-
standard election by T-F.



THRESHOLD ELECTION
Example from 2012 Wisconsin election, 
where each row represents a district.
A = Republican party, B = Democratic party.



THRESHOLD ELECTION

Pros:
● Simple rules, 

simple strategies
● Guarantees 

expected prop. in 
geometry-free 
model

● Randomness not 
required at 
equilibrium

Cons:
● Not realistically 

implementable
● Changes election 

system
● Need to modify 

substantially to get 
proportionality in 
other models



DISCUSSION
● What are the biggest weaknesses of the 

fair division approach to gerrymandering?
● What would make these ideas 

more palatable to lawmakers?
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