
Gerrymandering and computaঞonal
redistricঞng:
conceptual and so[ware challenges

Olivia Guest
h�p://oliviaguest.com

Nov 15, 2017
UCL Research Programming Technical Social



Collaborator

Bradley C. Love

University College London &
The Alan Turing Insঞtute

h�p://bradlove.org

UCL Research Programming Technical Social 2017 | Olivia Guest | @o_guest | h�p://redistrict.science 2

http://bradlove.org


computaঞonal cogniঞve neuroscience

cogniঞve modelling

computer science

psychology, neuroscience, cogniঞve science
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Talk Outline

Part 1: Science

Part 2: Conceptual and so[ware challenges

“how it was done”
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What is gerrymandering?

(re)draw districts
to benefit party

corrupঞon

complex shape
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What is gerrymandering?

compact, fair

compact, not fair

not compact, not fair
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What is gerrymandering?

17 R states:
72% of seats;
52% of vote

6 D states:
71% of the
seats;
56% of vote

by Olivia Walch, @oliviawalch
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What is gerrymandering?

2000: Obama lost in IL

opponent allowed to
draw maps

...carved Obama’s
house out!

Levi�, Jusঞn, The Legal Context for Scienঞfic Redistricঞng
Analysis (March 28, 2011). NEW TECHNOLOGY AND
THE OLD PROBLEMS OF REDISTRICTING, Forthcoming;
Loyola-LA Legal Studies Paper No. 2011-13. Available at
SSRN: h�ps://ssrn.com/abstract=1798005 or
h�p://dx.doi.org/10.2139/ssrn.1798005
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Computaঞonal Redistricঞng

humans debate
districঞng criteria

machines draw
the district
boundaries

open source, don’t
get ঞred
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Psychological Perspecঞve

humans get
confused by the
world

Reno east of LA

Altanta east of
Detroit

Myers, 2002. Intuiঞon: Its Powers and Perils.
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Analysis

Improvement as func of number of districts and
(number of districts)2

R2 = 0.550, F(2, 40) = 24.47, p ≈ 0

20% improvement per state on average

cogniঞve demands may tax humans
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Our Results
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Our Results
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More Results

larger states→ more
improvement

complex for humans

gerrymandering may be
accidental

Arizona is worst state
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Discussion

poliঞcal, legal, academic debate on criteria

computers do the grunt work

open source so[ware for transparency

UCL Research Programming Technical Social 2017 | Olivia Guest | @o_guest | h�p://redistrict.science 16



Discussion

poliঞcal, legal, academic debate on criteria

computers do the grunt work

open source so[ware for transparency

UCL Research Programming Technical Social 2017 | Olivia Guest | @o_guest | h�p://redistrict.science 16



Discussion

poliঞcal, legal, academic debate on criteria

computers do the grunt work

open source so[ware for transparency

UCL Research Programming Technical Social 2017 | Olivia Guest | @o_guest | h�p://redistrict.science 16



Discussion

travel ঞme not
just geo distance

communiঞes can
be respected
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Discussion

people
self-gerrymander

but it’s
empowering to
representaঞves

Civil Rights &
LGBT movements
not iniঞally
mainstream
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End of Part 1
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Conceptual Challenges

understand US:
legal system,
poliঞcs

other research:
disparate,
unconsolidated

algorithm
development***
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Our Algorithm

Weighted k-means:
clusters = districts, points = census blocks

The weight for cluster i is

wi =
|Ci|α∑K
j=1 |Cj|α

UCL Research Programming Technical Social 2017 | Olivia Guest | @o_guest | h�p://redistrict.science 21



Weighted k-means
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Our Metric

Improvement Ratio =
pairwise distances clusters
pairwise distances districts
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Our Metric

Improvement RatioSC =
50 km
60 km

= 0.833
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Our Metric

Improvement RatioTX =
60 km
100 km

= 0.6
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Our Metric
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Pairwise Distances Metric
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Pairwise Distances Metric
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So[ware Challenges

US Census Bureau
GIS data, API

equaঞons into
code

11 million census
blocks (geometry
and populaঞon)
OMG!!!
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So[ware Challenges

interacঞve map

collect data on our
soluঞons vs reality

share 10s of gigs
of data
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Skills I Sharpened

JavaScript, JSON, Topo/GeoJSON, JSON-APIs in
Python, geopandas, pandas, Cython, parallelising
code in Python,

brushing up on my C which I hadn’t used since
2014 (aka why I stopped using C)

Travis Conঞnuous Integraঞon, Codecov

GIS and when to use QGIS over Python/code
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US Census Bureau GIS data, API
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US Census Bureau GIS data, API
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US Census Bureau GIS data, API

data can be plo�ed as map as well as geopandas

get_block_groups.py

Whole USA figure.ipynb
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Equaঞons into Code

Weighted k-means

Python but totally
should have
wri�en in
Cython/C
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Equaঞons into Code

O(nkt)
where n, k, t are
iteraঞons, clusters,
data points

11 million blocks
for param search!

UCL Research Programming Technical Social 2017 | Olivia Guest | @o_guest | h�p://redistrict.science 33



Equaঞons into Code

O(nkt)
where n, k, t are
iteraঞons, clusters,
data points

11 million blocks
for param search!

UCL Research Programming Technical Social 2017 | Olivia Guest | @o_guest | h�p://redistrict.science 33



Equaঞons into Code

Pairwise distances

C with a bit of
Cython and
Python

tweeps pointed me to tutorial here
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Interacঞve Map

Asked on Twi�er

Leaflet & convert
data from
GeoJSON to
TopoJSON

redistrict.science
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General Lessons

Twi�er is amazing

Knowing who to ask

Online communiঞes
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The End! Thank you!

UCL Research Programming Technical Social 2017 | Olivia Guest | @o_guest | h�p://redistrict.science 37



The End! Thank you!

UCL Research Programming Technical Social 2017 | Olivia Guest | @o_guest | h�p://redistrict.science 37


