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computational cognitive neuroscience
cognitive modelling
computer science

psychology, neuroscience, cognitive science
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Talk Outline

Part 1: Science
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Talk Outline

Part 1: Science

Part 2: Conceptual and software challenges

‘how it was done”
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What is gerrymandering?

(re)draw districts
to benefit party

corruption

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: IF YOU HAVE THE POWER TO DRAW
DISTRICT LINES IN THE UNITED STATES, Y0
72% of seats; CAN PRETTY EASILY GUT YOUR 0PPOSITION,

52% of vote

6 D states:
71% of the
seats;

56% of vote

by Olivia Walch, @oliviawalch
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 https://www.nytimes.com/2017/08/29/magazine/the-new-front-in-the-gerrymandering-wars-democracy-vs-math.html
 https://www.nytimes.com/2017/08/29/magazine/the-new-front-in-the-gerrymandering-wars-democracy-vs-math.html
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 https://www.nytimes.com/2017/08/29/magazine/the-new-front-in-the-gerrymandering-wars-democracy-vs-math.html
https://thenib.com/changing-the-math-on-gerrymandering

What is gerrymandering?

INDIANA

2000: Obama lost in IL

opponent allowed to

draw maps
) ) P : antens 5 ]
...Ca rved O ba mas Levitt, Justin, The Legal Context for Scientific Redistricting
Analysis (March 28, 2011). NEW TECHNOLOGY AND
house out! THE OLD PROBLEMS OF REDISTRICTING, Forthcoming;

Loyola-LA Legal Studies Paper No. 2011-13. Available at
SSRN: https:/ssrn.com/abstract=1798005 or
http://dx.doi.org/10.2139/ssrn.1798005
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Computational Redistricting

humans debate
districting criteria

machines draw

FUNGTIONS:
FORWARD*REVERSE

the district Bl
boundaries

open source, don't
get tired
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Psychological Perspective

humans get
confused by the
world

Myers, 2002. Intuition: Its Powers and Perils.
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Psychological Perspective

humans get
confused by the
world

Reno east of LA

Myers, 2002. Intuition: Its Powers and Perils.
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Psychological Perspective

humans get
confused by the
world

Reno east of LA

Altanta east of
Detroit

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

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

R% = 0.550, F(2,40) = 24.47, p ~ 0
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Analysis

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

R% = 0.550, F(2,40) = 24.47, p ~ 0

20% improvement per state on average
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Analysis

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

R? = 0.550, F(2,40) = 24.47, p = 0
20% improvement per state on average

cognitive demands may tax humans
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Our Results
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Our Results
a

Cedar Rapids

ODes Momes
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Our Results

a

' [ 7]
West Valley City$Salt Lake City  West Valley City Salt Lake City
1 vo rovo

Omahal &
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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

political, legal, academic debate on criteria
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Discussion

political, legal, academic debate on criteria

computers do the grunt work
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Discussion

political, legal, academic debate on criteria

computers do the grunt work

open source software for transparency
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Discussion

travel time not
just geo distance

communities can
be respected
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Discussion

people
self-gerrymander

More and more counties are uncompetitive

Counties where presidential
candidates won the two-party
‘popular vote by more

20 percentage points

SELF- GERRYMANDERING

AMERICANS SEEKING LIKE- MINDED NEIGHBORS m

SMERCONISH
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Discussion

people
self-gerrymander

but it's
empowering to
representatives

SELF- GERRYMANDERING

AMERICANS SEEKING LIKE-MINDED NEIGHBORS

6:43 AM PT
SMERCONISH
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Discussion

people
self-gerrymander

but it's
empowering to
representatives

SA~,

5 g M
SELF-GERRYMANDERING

W : AMERICANS SEEKING LIKE-MINDED NEIGHBORS
Civil Rights & o)

SMERCONISH

LGBT movements
not initially
mainstream
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End of Part 1
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Conceptual Challenges

understand US:
legal system,
politics
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Conceptual Challenges

understand US:
legal system,
politics
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Conceptual Challenges

understand US:
legal system,
politics

other research:
disparate,
unconsolidated
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Conceptual Challenges

understand US:
legal system,
politics

other research:
disparate,
unconsolidated

algorithm
developmen

t***

UCL Research Programming Technical Social 2017 | Olivia Guest | @o_guest | http:/redistrict.science

A
(20"



Our Algorithm

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

The weight for cluster i is
_ G
K

ijl |Cj|a
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Weighted k-means

[ oliviaguest / weighted_k_means @Unwatch~ 1 JStar 0 YFork 0
<> Code Issues o Pull requests o Projects 0 Wiki Insights Settings.

A weighted k-means implementation. ~ http://redistrict.science Edit

Add topics

D 36 commits 21 branch © Oreleases 42 1 contributor
iviaguest more tests Latest commit se31788 11 days ago

i tests more tests 11 days ago
[ gitignore Create gitignore 9 months ago
B travis.yml test 19 days ago
[E) Makefile test 19 days ago
[E) README.md Update README.md 20 days ago
B _init__py So much tidying 9 months ago
[E) example.py tests! 20 days ago
[E) requirements txt tidy amonth ago
) wkmeans py more tests 11 days ago
README.md

Weighted k-means

To run your own weighted k-means use example.py Which has step-by-step instructions. For more detailed information
regarding the implementation, please refer to wimeans.py 's source code which is fully commented.
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Our Metric

pairwise distances clusters

Improvement Ratio = ——— . —
pairwise distances districts
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Our Metric

: k
Improvement Ratiogc = Zg—kz = 0.833
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Our Metric

k
WEm _ 6

Improvement Ratiory = To0km —
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Our Metric

0.91

0.58
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Pairwise Distances Metric

O oliviaguest / pdist @Unwatch~ 1 skstar 8 YFork 1
<3 Code Issues o Pull requests o Projects o Wiki Insights Settings
Calculate mean of pairwise weighted distances between points using great circle metric. Eait

python  cython  bigdata  Manage topics

© 70 commits 1 branch © Oreleases 2.2 contributors.
[&2 otiviaguest giignore Latest commit fa7218¢ 12 days ago
B tests renamed module to pdist 20 days ago
[ gitignore gitignore 12 days ago
B travis.ym! Update .travis.yml 14 days ago
[B) LICENSE Create LICENSE amonth ago
[E) Makefile Update Makefile 14 days ago
[E) README.md Update README.md 14 days ago
B _init__py working! 7 months ago
B cdistc tidy 21 days ago
[ cdisth working! 7 months ago
[E) compare.py renamed module to pdist 20 days ago
B pdistc renamed module to pdist 20 days ago
[ pdist.pyx renamed module to pdist 20 days ago
B requirements.txt updated requirements.txt 21 days ago
) setup.py renamed module to pdist 20 days ago
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Pairwise Distances Metric

README.md

pdist
¥ Fotow G gue | 3

Calculate the mean of the pairwise weighted distances between points using the great circle metric {2 for a very big dataset
without running out of RAM @ and/or waiting till the end of the universe. &3

Usage

Mean of Pairwise Weighted Distances Using Great Circle

This code takes a set of 2D data points x and calculates the mean of the pairwise weighted distances between points using
the great circle metric. It offers extensive speedup over Python-only implementations, so it is useful when dealing with very
big data.

To call use:

mean_distances = c_mean_dist(X, weights)
where x are your data points, and weignts are the weights or counts (depending on how you want to conceptualise them).
Weights affect the mean of the pairwise distances in the same as including more of the point which the weight corresponds
to. So if a data point with value (0, 1) has a weight of 2, the average pairwise distances will be affected in the same way as if

you had added another data point with value (0, 1) to x and had set both their weights to 1.

Great Circle Distance

It also implements great circle, also known as orthodromic or geodesic, distance metric faster than GeoPy in cdist .
Example

For an example of both functions see compare.py .
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Software Challenges

US Census Bureau
GIS data, API
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Software Challenges

US Census Bureau
GIS data, API
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Software Challenges

US Census Bureau
GIS data, API

equations into
code

UCL Research Programming Technical Social 2017 | Olivia Guest | @o_guest | http:/redistrict.science



Software Challenges

US Census Bureau
GIS data, API

equations into
code

11 million census
blocks (geometry
and population)
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Software Challenges

US Census Bureau
GIS data, API

equations into
code

11 million census
blocks (geometry
and population)
OMG!!!
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Software Challenges

Interactive ma p Gerrymandering and

Computational Redistricting
Olivia Guest Q) W, Frank J. Kanayet €, and Bradiey C. Love Q W

Bishore Wwet

Welcome

Partisan_ gerrymandering poss on are 2 a districts (left

collect data onour ==
solutions vs reality

The data and code used for these simulations can be found on
the OSF repository osfiofSfepu and the redistrict github

K on the magnifying glass, on the top left of

repository. both maps, to open up a search box.
Existing Solution Clustering Solution
3 - Q

7 Cansda = Camda

share 10s of gigs § T . o
of data
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Skills | Sharpened

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

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

Travis Continuous Integration, Codecov

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

Logan &

Logan @logantpowell
you are new to working with Census data?

Olivia Guest @oliviaguest
100% new yes

logantpowell
what kind of experience do you have with GIS?

Olivia Guest @oliviaguest
| am also not American so | had to learn all your vocabulary words

(J
]
&
a
(3

zero except | opened QGIS up today and managed to plot the block in Alabama
blocks*

Logan @logantpowell
ok

let's start with what you're trying to accomplish with the data
Whatare you trying to prove/do?

Olivia Guest @oliviaguest

Iwould like to have the long and lat for each block and the population

Logan @logantpowell
you say you already have that though right?

Olivia Guest @oliviaguest

yes

except it's wrong given that | want to associate each block with the correct 2017 cong dist
Logan @logantpowell

the data are associated with specific boundaries, which change over time

Olivia Guest @oliviaguest
1 assume they somehow used the census population estimation to update e.g. nevada into 4 cong dists from 3 though

so they must have some estimated data somewhere for the population of nevada?

Logan @logantpowell
if you want to transform the data into a new boundary, you'll have to grasp how that's going to effect the accuracy of your data (over my head)

distrcts are arbitrary ies defined by politicians
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US Census Bureau GIS data, API

ogantpowell

It seems like it should be correct, but...

youwere right @

https://geocoding geo.census. gov/geocoder/geographies/coordinates?x=-0718 %2B41.3935288&benchmark=4& =
ihad the coordinates backwards

Ishould know this stuff, right?~!

seems like you CAN use these for your purposes

Olivia Guest @oliviaguest

excellent

50 do you know what they are — are they the euclidean centroid?

Logan
idk

ogantpowell

Olivia Guest @oliviaguest
hhahaha

ok will calculate some euclidean norms and then compare
Logan @logantpowell

cool... let me know what you find out and what it's called... it seems to be an esri spec:
https://tigerweb.geo.census.gov/arcgis/rest/services/ Tl ial_Land_Use_Areas/M er/la

Olivia Guest @oliviaguest
I don't know what that means, | will investigate N

Olivia Guest @oliviaguest
hi there

5o | have checked and they are indeed the centroids
I checked this myself with code, | haven't found it written anywhere
I can send you code if need be, but CENTLAT and CENTLON are the coordinates for the centroid for each census block group &

W o osnon

that's good to know &)

THank you
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US Census Bureau GIS data, API

data can be plotted as map as well as geopandas

get block groups.py

Whole USA figure.ipynb
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https://github.com/oliviaguest/get-block-groups/blob/master/get_block_groups.py
https://github.com/oliviaguest/redistrict/blob/master/notebooks/Whole%20USA%20figure.ipynb

Equations into Code

Weighted k-means

32
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Equations into Code

Weighted k-means

Python but totally
should have
written in

Cython/C

32
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Equations into Code

Weighted k-means

Python but totally
should have

written in
Cython/C
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Equations into Code

- System Monitor .
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Equations into Code

O(nkt)

where n, k, t are
iterations, clusters,
data points

11 million blocks
for param search!
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Equations into Code

Pairwise distances G i

©Code  Dlssues o Pl requests o Projects o wii Insights 3 Seftings:

Calculate mean of p between points usi metric. ean

Bymon  cymon  bigasia  Mansgstopics

©70 commis ¥4 ranch © Oreleases 182 contbutors

G master~ | New pullreaquest Create newfile | Upload files | Find file

["R—— Lates comm rar2sse 12 day 300

s renamed modie topast 206ays ago

& gigrore tgnore 12.days a0

B travisymi Upcte sravisymi 1 daysago

(cense Groato LCENSE amonthago

Wakefle Uscle Makefio 14 days g0

B READMEmd Updale README md 14 days ago

working! 7 months ago

ity 21 daysago

working 7 months ago

& comparepy renamed module topst 20days a0

B paiste enamed modie topist 2 daysago

enamed modle topist 20days a0

8 requiements bt updated equiements 21 daysago

& setuppy renamed modle topst 20 days ago
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https://equatorialmaths.wordpress.com/2010/10/16/python-extensions-with-c-libraries-made-easy-by-cython/

Equations into Code

EEREADME md

Pairwise distances

pdist
[ s | cosccor 1004] <o o [T

Calculate the mean of the p: distances between points using the great 5 for a very big dataset
itho unning outof RAM @ andior waling i i on oftho unverso. &

Usage

Mean of Pairwise Weighted Distances Using Great Circle

C with a bit of PO

the great circle metric. It Python-¢ so it is useful when dealing with very
Cyth on and Toslise

Python e i st e e e

Weights affect the mean of the pairwise distances in the same as including more of the point which the weight corresponds
to. Solf a data point with value (0, 1) has a weight of 2, the average pairwise distances will be affected in the same way as if
You had added another data point with value (0, 1) to x and had set both their weights to 1.

Great Circle Distance

It also implements great circe, also known as orthodromic or geodesic, distance metric faster than GeoPy in catst

Example

For an example of both functions see compare.py
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https://equatorialmaths.wordpress.com/2010/10/16/python-extensions-with-c-libraries-made-easy-by-cython/

Equations into Code

Pairwise distances

C with a bit of
Cython and
Python

tweeps pointed me to tutorial here
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Weights affect the mean of the pairwise distances in the same as including more of the point which the weight corresponds
to. Soif a data point with value (0, 1) has a weight of 2, the average pairwise distances wil be affected in the same way as if
you had added another data point with value (0, 1) to x and had set both their weighs to 1.

Great Circle Distance

Italso implements great circle, also known as orthodromic or geodesic, distance metric faster than GeoPy in cdist ..
Example

For an example of both functions see conpare. py

Information

The C and Python code were written by Olivia Guest — using this tutorial by Dmitrii V Pasechnik to call C functions from

Python using Cython, and using the haversine function from Rosetta Code.

Installation

Make sure you have Cython and its installed (refer to txt ). Run make . un
python compare.py 1o confim compilation, and to see the comparison between using the C version and using a Python-
only way. See requirements. txt in case you need to install GeoPy, etc.

If you want to use this function from outside this directory, e.g., import , | have not yet found a way of doing so without
adding the path to the library to Lo_LTBRARY_PATH , €.0., export LD_LIBRARY_PATH=/1ocal/path/to/this/repo . For adding
it permanently (5o you do not have to do this every time) add it to your ~/.bashre o whatever your set-up dictates.

Notes
There were many attenpts &) to make this work Python-only. 2, Alas — none of them worked out, but feel free to play
around with the various Python versions. The main stumbling block was the GIL. & For very huge data sometimes Python-

onlyis not the best idea.

To Do

« Fillinthe setup.py (template: )
« Submit to pypi 13987)
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Interactive Map

Asked on Twitter
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Interactive Map

Asked on Twitter

Leaflet & convert
data from
GeoJSON to
TopoJSON
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Leaflet

an open-s

Jrce Javascript library

for mobile active maps

endly inte

Tutorials  Docs  Download Plugins  Blog

Aug8,2017 — Leaflet 1.2.0 has been released

Leaflet s the leading open-source JavaScript library for mobile-friendly interactive maps. Weighing just about 38 KB
of ]S, it has all the mapping features most developers ever need.

Leaflet is designed with simplicity, performance and usability in mind. It works efficiently across all major desktop and
mobile platforms, can be extended with lots of plugins, has a beautiful, easy to use and well-documented APl and a
simple, readable source code that is a joy to contribute to.

4 Hyde ™=t
s Apretty CSS3 popun.
E: Easiy customizate
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Interactive Map

Asked on Twitter

Leaflet & convert
data from
GeoJSON to
TopoJSON

redistrict.science
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Leaflet

an open-source JavaScript library
for mobile-friendly interactive maps
Overview Tutorials Docs Download Plugins Blog

Aug8,2017 — Leaflet 1.2.0 has been released

Leaflet s the leading open-source JavaScript library for mobile-friendly interactive maps. Weighing just about 38 KB
of ]S, it has all the mapping features most developers ever need.

Leaflet is designed with simplicity, performance and usability in mind. It works efficiently across all major desktop and
mobile platforms, can be extended with lots of plugins, has a beautiful, easy to use and well-documented APl and a
simple, readable source code that is a joy to contribute to.
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General Lessons

Twitter is amazing

Knowing who to ask

Online communities
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The End! Thank you!
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The End! Thank you!

Great jobs for bright people

Find a Job Find PhDs ” Careers Advice ” Jobs by Email ” “Your Account

th

Research Software Engineer in Cognitive

Neuroscience
University College London - Division of Psychology and Language Sciences
Experimental Psychology

Location: London Placed on: 10th November 2017

Salary: £34,635 to £41,864 per annum, Closes: 10th December 2017
inclusive of London Allowance  Job Ref: 1688374

Hours: Full Time

Contract Type: Fixed-Term/Contract

This Research Software Engineer position is available on a project conceming the neural, psychological
and computational basis of leamning and decision making. Core duties include optimising code for
numerical simulations, profiling code, parallelising code, preparing software packages to publically
distribute (open source) to the wider community through github, conducting simulations of deep learning
neural networks using TensorFlow and related packages, and porting code and overseeing analyses
and simulations on HPC clusters. Duties will also include other general coding tasks as needed,
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