Prison-Based Gerrymandering




Prison-Based Gerrymandering

* “the practice of counting inmates at their prison address when apportioning
populations and drawing electoral districts”



Impact of Prison-Based Gerrymandering

* inflates the population in districts that contain prisoners

e diminishes the population in the districts from which prisoners come



Section Two of the Voting
Rights Act, the principle
of “one-person-one vote

Violations:

Equal Protection clause of
the 14 th Amendment.




Sources of Prison-Based Gerrymandering

* Legislation
* Local practices
* Court decisions



M Prison gerrymandering eliminated

Some gerrymandering eliminated Legislation introduced

"l Legislation introduced and defeated

Prison-Based
Gerrymandering
across states

No legislation introduced

* Nevada's legislation has passed the state house and senate, and is awaiting

signature from Governor.

Source: Prison Policy Initiative
Graphic: Jiachuan Wu / NBC News




Shifting Context: Georgia and the Census

County of
Origin

1. Fulton County(2,160 inmates) 12.3% of total inmate population
2. Dekalb County (1,157 inmates) 6.50% of total inmate population
3. Cobb County (1,075 inmates) 6.04% of total inmate population

*% 2,401 unreported counties of origin
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INTRO

Republicans often receive approximately 1/3 of the two way vote share in Massachusetts.

There has not been a single Massachusetts Republican in the U.S. House of Reps. Since 1994.

Is this a Democratic gerrymander?




CLAIM

No, it is not.

It is an artifact of the mathematical structure and distribution
of Republicans in Massachusetts that leads to consistent
Republican underperformance in proportional seat share.




NUMERIC FEASIBILITY

We found the maximum number of Republican seats when building districts out of
towns and precincts.

No spatial constraints.

Suppose ideal district size is I. Numerically feasible to win k seats if there exists a
collection of units (towns or precincts) of at least kl in which that party has a majority
two-way vote share. Feasibility bound is largest such k where this majority exists.
Infeasibility bound is smallest k where majority does not exist.

“Greedy Algorithm”: creates largest R-majority collection of units by ordering them
by maximum “Republican margin per capita” (shown below) and builds from this list.

0/p = (#R votes — #D votes)/(census population of unit)




Election D Cand.- R Cand. R Share | Scat Quota | R Feas/Infeas | D Feas/Infcas
(9 scats) town | prec | town | prec
Pres 2000 Gore Bush 35.2% 3.2 0/1 — 9/- —
Sen 2000 || Kennedy Robinson/Howell | 25.4%* 2.3 0/1 — 9/- —
Sen 2002 Kerry Cloud 18.7% 1.7 0/1 0/1 9/- 9/-
Pres 2004 Kerry Bush 37.3% 3.4 1/2 1/2 9/- 9/-
Sen 2006 Kennedy Chase 30.6 % 2.8 0/1 0/1 9/- 9/-
Pres 2008 Obama McCain 36.8% 3.3 1/2 1/2 9/- 9/-
Sen 2008 Kerry Beatty 32.0% 2.9 0/1 0/1 9/- 9/-
Sen 2010 Coakley-Brown 52.4% 4.7 9/- 9/- 8/9 8/9
Pres 2012 Obama Romncy 38.2% 3.4 3/4 3/4 9/- 9/-
Sen 2012 Warren Brown 46.2% 4.2 7/9 7/8 9/- 9/-
Sen 2013 Markey - Gomez 44.9% 4.0 7/9 7/8 9/- 9/-
Sen 2014 Markey Herr 38.0% 3.4 3/4 3/4 9/- 9/-
Pres 2016 Clinton Trump 35.3% 3.2 2/3 3/4 9/- 9/-

TABLE 2. If districts were to be made out of towns or out of precincts, with no
rcgard to shape or connectedness, how many R or D districts could be formed?
Feasibility and infeasibibilty bounds arc shown in this table. Low-variance clec-
tions (sce previous table) are marked in red. Election winners shown in boldface;
R share with respect to 2-way vote; scat quotas for proportional representation
out of 9 scats. (* Libertarian vote share added to R in 2000 Scnate race)




THE ROLE OF VARIANCE

Election H R Share | R Share Mean | R Share Variance

Low variance

town prec town prec
Pres 2000 || 35.2% | 39.70% — 0074 =
Sen 2000 25.4%* | 29.15% - .0044 -
Sen 2002 || 18.7% | 20.29% | 17.43% | .0020 | .0028 Lower upper bound on feasibility in

Pres 2004 || 37.3% | 40.00% | 34.53% | .0093 .0140
Sen 2006 30.6 % | 33.24% | 27.59% | .0077 .0119

comparison to proportional seat share

Pres 2008 || 36.8% | 39.00% | 33.80% | .0117 .0181

Variance vs Feasible seats, mean = 35.25 %

Sen 2008 32.0% | 34.40% | 28.87% | .0094 .0142
Sen 2010 52.4% | 53.79% | 47.71% | .0202 .0310
Pres 2012 || 38.2% | 41.06% | 34.91% | .0146 0228
Sen 2012 46.2% | 49.20% | 42.70% | .0169 0275
Sen 2013 44.9% | 48.89% | 41.89% | .0217 0312
Sen 2014 38.0% | 41.15% | 34.28% | .0141 .0206
Pres 2016 || 35.3% | 40.18% | 33.12% | .0165 0236
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GEOMETRY: LACK OF REPUBLICAN
ENCLAVES

F1GURE 4. These figures show the voting pattern for Republicans George W. Bush
in the 2000 Presidential race (left, by town) and Kenneth Chase in the 2006 Senate
race (right, by precinct). The darkest red units favored the Republican outright,
and the lighter red shade shows the most Republican-favorable units available in
assembling enough population for a Congressional district. These quasi-districts
still preferred Gore and Kennedy, respectively, by comfortable margins.




GEOMETRY:

CONNECTEDNESS

How does level of segregation affects representation?

Changing Cluster Energy:

Observed Republican clustering scores are very close
to uniformly clustered, as seen in lack of enclaves

This is directly related to variance:

low variance = all units similar = no spatial pattern

TABLE 3.

Election R Share | uniform H | observed H | clustered H
Pres 2000 || 35.2% .5001 5135 9456
Sen 2000 25.4%* .5000 .5063 9374
Sen 2002 18.7% .5001 .5035 8982
Pres 2004 || 37.3% .5000 5182 9351
Sen 2006 30.6% 5001 5171 9537
Pres 2008 || 36.8% .5000 5210 9591
Sen 2008 32.0% .5000 5181 9513
Sen 2010 52.4% .5001 5329 0587
Pres 2012 || 38.2% .5000 5243 9268
Sen 2012 46.2% .5000 5272 9597
Sen 2013 44.9% .5002 .5366 9492
Sen 2014 38.0% 5001 5276 9557
Pres 2016 || 35.3% .5000 5344 9480

Clustering scores for Republican versus Democratic voters at the town

level in each of the elections discussed in this paper. We show the score H = H(R, D)
for a uniform trial, the actual observed votes, and a highly clustered trial, each with
the statewide share that corresponds accurately to the given election. The numbers

are truncated (not rounded) after four decimal places.

Perfectly uniform: H = '/, Perfectly clustered: H = |



SO WHAT!?

“Generally, counterintuitive limitations on “« i ie only lesitimate
representation can emerge from a complicated te only 1€g

interplay of the numerical and spatial distribution to compare an observed
of voter preferences; in the case of Massachusetts, .
partlsan outcome

the numerical distribution is so uniform that it
makes the spatiality insignificant... Uniformity against the backdrop of
itself can block desired representational outcomes tual ibility”’

for a group in the numerical minority (like et proke A2
Republicans in Massachusetts)...”
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@ Transit Time Compactness - Idea

Current compact measures measure cohesiveness land.

e We seek to measure the cohesiveness of the people.

e Water and mountains separate people who are
geographically close.

e Roads and public transportation connect people who are
geographically far.

e Metric: average transit time between citizens




@ Transit Time Compactness - Definition

e Get centers X; and populations P; of all VTDs in a district
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@ Transit Time Compactness - Definition

Get centers X; and populations P; of all VTDs in a district

e Submit centers in pairs to Google Maps API
e T;; = time of fastest transit mode from ¥; to X;

e Weight by populations. Compute average.
_ 1
® Cransit = %Z TijPiP;
l7j

e Rewards skinny districts following transit routes

e Punishes districts cut by water/mountains without
crossings



Validation

Transit Time Compactness
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@ Proof of Concept

uuuuuuuuu
»»»»»»»»

Validation

Chapet Hithen | ) =4

Cary(.Raleigh, <nspidsle

Ko . . {33 Holly Springs. A Clayton
North Carolina 1st North Carolina 4th

Ciransit - 77-15% difference

CPolsby—Popper: 16.5% difference

4000 VTD pairs
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e We received a Google grant that will pay for the necessary
volume of API calls.

O Cannot cache Google Data
O Lost grant had to delete all stored data

e Good news! Currently working on creating a GIS database
on transit time using ESRI data sets.

O Will allow us to wrap an API around the data set and
test our model.

e Work on transit time compactness will restart very soon!
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@ History

© Contiguity models

© Computational results

@ What about larger instances?

© A redistricting puzzle
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Section 1

History
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Once upon a time . ..

NONPARTISAN POLITICAL REDISTRICTING BY
COMPUTER*

S. W. Hess and J. B. Weaver
Atlas Chemical Industries, Inc., Wilmington, Dela.

H. J. Siegfeldt, J. N. Whelan, and P. A. Zitlau
E. I. Du Pont de Nemours & Co., Wilmington, Dela.
(Received January 28, 1965)

OR volunteers developed a compactness measure and a ‘warehouse-loca-
tion’ heuristic to draw nonpartisan, Constitutional political districts.
The heuristic maps compact and contiguous distriets of equal popula-
tion. The minimization criterion and compactness measure is popula-
tion moment of inertia—the summed squared distances from each per-
son to his district’s center. The districting method is particularly useful
when legislative impasse or indifference forces courts to intervene. Fed-
eral Courts have received a computer plan for possible use in Delaware
and have asked for computer districts in Connecticut.

A. Buchanan, E. Lykhovyd, H. Validi Contiguity in Political Districting #vrdi2019



Terminology

G=(V,E) Undirected contiguity graph
n:=\V| Number of land parcels
k Number of districts
pu Population of land parcel v
dij Distance between (centroids of) parcels i and j
wij= p,-dl-zj Cost of assigning land parcel i to land parcel j
L Minimum population allowed in a district
U Maximum population allowed in a district
y
ps =1

pa=1

O

1-71:1 p3:1
O

p2 =2
A feasible redistricting plan on graph G withn =5, k=2,and L =U = 3.
Here, dss = 2 and wss = 2.

A. Buchanan, E. Lykhovyd, H. Validi Contiguity in Political Districting #vrdi2019 5 /27



Hess formulation

P if vertex i is assigned to (the district centered at) vertex j
771 0 otherwise.
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Hess formulation

P if vertex i is assigned to (the district centered at) vertex j
771 0 otherwise.

min ) Y wjjx;; (1a)

i€V jeVv
Y xij=1 YieV (1b)
Jjev
ijJ':k (1C)
Jjev
ijjSZpix,-stxjj VjeV (1d)
eV
Xij = Xjj Vi,jEV (16)
xij €10,1} Vi,jev. (1f)

HESS := {x e R}"" | x satisfies constraints (1b), (1c), (1d), (1e)}.

A. Buchanan, E. Lykhovyd, H. Validi Contiguity in Political Districting #vrdi2019 6 /27



Hess formulation

ps =1 pge =1
T52 =1 r41 =1

p1 = p3 =1
r11 =1 r31 =1
p2 =2
T2 =1

A feasible solution for HESS with £ =2, and L = U = 3.

A. Buchanan, E. Lykhovyd, H. Validi Contiguity in Political Districting #vrdi2019 7/ 27



Section 2

Contiguity models
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Shirabe's formulation

il} = the amount of flow, originating at district center v, that is sent across edge (i, j).

x € HESS (2a)
e~ ) - 1) = x4 VieV\{j}, VjeV (2b)
1673 = (n-1xij VieV\{j}l, VjeV (2c)
G (=0 Vjev (2d)
fi20 V(i,j)€ A YveV. (2¢)

SHIR:={(x, f) e R"™" x R2mn | (x, f) satisfies constraints (2a) — (2e)}.

A. Buchanan, E. Lykhovyd, H. Validi Contiguity in Political Districting #vrdi2019 9 /27



Shirabe's formulation

ps =1 pa=1
xr53 = 1 43 = 1

RO O

4
’ 3
p1 = f34 p3 =
11 =1 . xr33 =1
L d
’f
™o
p2 = 2
ro1 =1

SHIR formulation

A. Buchanan, E. Lykhovyd, H. Validi Contiguity in Political Districting #vrdi2019 10 / 27



MCF formulation

fab _ { 1 if edge (i, j) € A is on the path to vertex a from its district’s center b

ij 0 otherwise.

x € HESS (3a)
S ) - £ (6 (b)) = xap Vae V\{b}, VbeV (3b)
FEtE) - fP067()=0  VieV\iab}, VaeV\{b}, VbeV (3c)
6 (b)) =0 VaeV\ib}, VbeV (3d)
267G < xjp VjeV\ib}, Vae V\{b}, YVbeV (3e)
f;;.bzo Y(i,j)€e A, YaeV\{b}, YVbeV. (3f)

MCEF := {(x, f) e R"*" x RZ™""=D) | (x, f) satisfies constraints (3a) - (3f)}.

A. Buchanan, E. Lykhovyd, H. Validi Contiguity in Political Districting #vrdi2019 11 / 27



MCF formulation

ps =1 pa =1
r53 =1 r43 = 1

‘ 53
P f53
.’ 45
’

p1 = 43 p3 =
r11 =1 34 xr33 =1
’f
21 «"
™o
p2 = 2
z21 =1

MCF formulation

A. Buchanan, E. Lykhovyd, H. Validi Contiguity in Political Districting #vrdi2019 12 / 27



CUT formulation

Definition (a, b-separator)

A subset C< V' \{a, b} of vertices is called an a, b-separator for G = (V, E) if
there is no a, b-path in G—C.
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CUT formulation

Definition (a, b-separator)

A subset C< V' \{a, b} of vertices is called an a, b-separator for G = (V, E) if
there is no a, b-path in G—C.

Here, C' = {2,4} is a 3, 5-separator.

A. Buchanan, E. Lykhovyd, H. Validi Contiguity in Political Districting #vrdi2019



CUT formulation

x € HESS (4a)
Xab< Y Xcb Y(a,b,C). (4b)
ceC

A. Buchanan, E. Lykhovyd, H. Validi Contiguity in Political Districting #vrdi2019 14 / 27



CUT formulation

x € HESS (4a)

Xap < Z Xcp Y(a,b,C). (4b)
ceC

p2=2 ,
\ T21 = 1,’
\ .
S
CUT formulation
A. Buchanan, E. Lykhovyd, H. Validi

Contiguity in Political Districting

#vrdi2019



Find a violated cut!

p1 = p3 =
r11 =1 r31 =
p2 = 2
T2 =1

A feasible solution for HESS with £k =2, and L = U = 3.

A. Buchanan, E. Lykhovyd, H. Validi Contiguity in Political Districting #vrdi2019 15 / 27



LCUT formulation

Definition (length-U a, b-separator)

A subset C' < V' \{a, b} of vertices is called a length-U a, b-separator in
G = (V, E), with respect to vertex weights p, if distg_c' p(a,b) > U.

p2=2
Here, C' = {4} is a length-3 3, 5-separator.
Note that distg_c’ ,(3,5) =5 > 3.

A. Buchanan, E. Lykhovyd, H. Validi Contiguity in Political Districting #vrdi2019



LCUT formulation

x € HESS (5a)
Xab< Y Xcb Y(a,b,C). (5b)
ceC’
-
/’ \\
4 \
ps=1 ,/pgs=11
zs3 =1 1a43=1)
1
O
1 /
&" ‘\ ’,~s
’ o7
p1=1
r11 =1

p2 =2
r21 =1

LCUT formulation
A. Buchanan, E. Lykhovyd, H. Validi

Contiguity in Political Districting
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Section 3

Computational results
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Computational results at county level

SHIR MCF CUT LCUT
state n k| time (sec) | time (sec) | time (sec) | time (sec)
AL 67 7 75.04 867.94 49.88 55.86
AR 7 4 4.60 261.82 3.60 4.21
Co* 64 7 1.96 354.49 3600.00 0.02
A 99 4 7.07 crash 2.08 1.84
ID 44 2 0.44 22.03 0.10 0.12
KS 105 4 17.26 crash 6.65 6.02
LA 64 6 13.20 461.30 15.05 16.77
ME 16 2 0.70 3.59 0.75 0.96
MS 82 4 1.35 152.85 0.48 0.53
NE 93 3 7.19 411.04 1.39 1.47
NH* 10 2 0.13 0.19 0.07 0.06
NM 33 3 0.35 8.41 0.06 0.06
OK 77 5 21.30 326.62 21.92 7.45
OR* 36 5 0.27 102.43 6.66 0.06
SC 46 7 3600.00 3600.00 3600.00 3600.00
WV 5, 3 7.93 202.19 3.22 3.42

* Instances are infeasible.

A. Buchanan, E. Lykhovyd, H. Validi

Contiguity in Political Districting
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Computational results at county level
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Section 4

What about larger instances?
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Handling larger instances

We can also solve 20 redistricting instances at the census tract level, including
Indiana (n=1511). To solve these large instances, we use Lagrangian arguments
to safely fix most of the variables to zero (e.g., 96.7% fixed for Indiana).
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Section 5

A redistricting puzzle
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Computational results at county level

SHIR MCF CUT LCUT
state n k| time (sec) | time (sec) | time (sec) | time (sec)
AL 67 7 75.04 867.94 49.88 55.86
AR 7 4 4.60 261.82 3.60 4.21
Co* 64 7 1.96 354.49 3600.00 0.02
A 99 4 7.07 crash 2.08 1.84
ID 44 2 0.44 22.03 0.10 0.12
KS 105 4 17.26 crash 6.65 6.02
LA 64 6 13.20 461.30 15.05 16.77
ME 16 2 0.70 3.59 0.75 0.96
MS 82 4 1.35 152.85 0.48 0.53
NE 93 3 7.19 411.04 1.39 1.47
NH* 10 2 0.13 0.19 0.07 0.06
NM 33 3 0.35 8.41 0.06 0.06
OK 77 5 21.30 326.62 21.92 7.45
OR* 36 5 0.27 102.43 6.66 0.06
sct 46 7 3600.00 3600.00 3600.00 3600.00
\WAY 5, 3 7.93 202.19 3.22 3.42

* Instances are infeasible.

?

* Win $20 by finding a feasible solution or proving infeasibility; see Hamid for printed"handout.

A. Buchanan, E. Lykhovyd, H. Validi
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A winner from #mip2019 at MIT!
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A winner from #mip2019 at MIT!

South Carolina districting

W
Inbox
David Applegate 6:18 Pv .
) o “a o
to hamidreza.validi v
Hamidreza,

| got interested in the districting problem you
presented at the MIP poster session. | focused on a

= Google Al

David Applegate

\ l",:l-| Algorithms and Theory
A. Buchanan, E. Lykhovyd, H. Validi Contiguity in Political Districting #vrdi2019
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IT’s ELECTION DAY!

It's election day for the VRDI! Here's what's on the ballot:

1. Build a permanent MGGG building 80% — Approved
2. Solicit donations through donors 40% - Failed
3. Sell commissioned gerrymanders reports  40% — Failed

We're going to build a new building, but not pay for it!
The questions were not separable. The results for some questions
affected how people may have voted on others.



PREFERENCE & SEPARABILITY




PREFERENCE & SEPARABILITY

A preference is an ordering of the 2”7 outcomes of an election with
n questions.




PREFERENCE & SEPARABILITY

A preference is an ordering of the 2”7 outcomes of an election with

n questions.

most desired

< <K zZzzZzZ2<Z2<+~
Z<L<K<L<zZ2<L<=<KxzZ2ZN
Z2Z2Z2=2<<X<<<w

least desired




PREFERENCE & SEPARABILITY

A preference is an ordering of the 2”7 outcomes of an election with

n questions.

1 2 3 1 2 3
most desired | Y N Y

N N VY

Y Y Y

N Y Y

N N N N N N

N Y N N Y N

Y Y N Y Y N
least desired | Y N N Y N N
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If the preference for a question r depends on the outcome of s,
then r is influenced by s.
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MULTI-QUESTION INFLUENCE

m One-to-One: question g influences question r

m Many-to-Many: questions S influence questions T7

If S influences T, then

m there is a q € S which influences T
m every superset of {q} influences T

m g influences every superset of T

m One-to-Many: One question q influences a set of
questions T.
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THE BoTrTOM LINE

m Not all graphs are admissible!

m One-to-One and One-to-Many can describe admissibility for
different sets.

m One-to-Many is more descriptive, but harder to work with.
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FuTurRE WORK

m Necessary & sufficient conditions for admissibility?

m Conjecture: Almost no sparability profiles are admissible as
|Q| — oc.

m Applying influence to referendum simulations.
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