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Abstract

BARD (Altman and McDonald 2011) is the first (and at time of writing, only) open
source software package for general redistricting and redistricting analysis. BARD pro-
vides methods to create, display, compare, edit, automatically refine, evaluate, and profile
political districting plans. BARD aims to provide a framework for scientific analysis of
redistricting plans and to facilitate wider public participation in the creation of new plans.

BARD facilitates map creation and refinement through command-line, gui, and au-
tomatic methods. Since redistricting is a computationally complex partitioning problem
not amenable to an exact optimization solution, BARD implements a variety of selectable
metaheuristics that can be used to refine existing or randomly-generated redistricting
plans based on user-determined criteria.

Furthermore, BARD supports automated generation of redistricting plans and profil-
ing of plans by assigning different weights to various criteria, such as district compactness
or equality of population. This functionality permits exploration of trade-offs among crite-
ria. The intent of a redistricting authority may be explored by examining these trade-offs
and inferring which reasonably observable plans were not adopted.

Redistricting is a computationally-intensive problem for even modest-sized states. Per-
formance is thus an important consideration in BARD’s design and implementation. The
program implements performance enhancements such as evaluation caching, explicit mem-
ory management, and distributed computing across snow clusters.
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1. Introduction

Legislative redistricting is among the most politically charged tasks in American politics.
District lines affect which political party wins control of a legislative body, the reelection
success of incumbents, and election of minority preferred candidates.

In the 1960s, after the US Supreme Court’s landmark decisions requiring equal population in
districts, scholars envisioned taking politics out of redistricting by programming computers
to automatically draw districts (Vickrey 1961; Weaver and Hess 1963; Nagel 1965). These
scholars reasoned that an algorithm implementing politics-blind criteria would draw districts
neutral to politics.

Automated redistricting programs were developed, and special purpose software was devel-
oped, and even freely distributed (see, for example Nagel 1965) for this purpose, but the
problem was too computationally difficult to solve practically. Instead, computers were found
to be well-suited to assist human planners in processing the large amounts of population,
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election, and geo-spatial redistricting data. And it was out of this use that some of the
first Geographic Information Systems (GIS) were born (Altman, MacDonald, and McDonald
2005).

Unfortunately, early computerized redistricting systems were prohibitively expensive to all but
state governments or political parties, effectively shutting out the public from the redistricting
process. Computer hardware and specialized redistricting GIS software have since become
more affordable. However, specialized software packages for redistricting still remain unusually
expensive — costing thousands of dollars. We aim to make the redistricting process more open,
by offering the first open-source general redistricting software. We call our computer program
BARD for better automated redistricting.’

Our package permits users to draw and compare redistricting ‘plans’.? Our package also

permits users to evaluate whether these meet legal requirements, and measure their potential
political consequences. The system is open and extendable, so that anyone can a wide variety
of built-in measures, or add any they desire, to evaluate plans. BARD is not only the first
open source package for general redistricting analysis, it is also the first publicly available
redistricting package to support multi-criteria optimization for redistricting plans.

2. Redistricting with BARD

Currently BARD provides functionality in multiple areas, and the implementation of the
BARD system is divided into separate independent modules to facilitate maintenance and
flexibility.

Figure 1 illustrates these areas, and the typical phases of redistricting in BARD.

First, BARD reads and processes redistricting data. It can read and write files representing
redistricting plans in the standard Esri “shapefile” format, permitting inter-operability with
other GIS packages. Inter-operability is desirable since, while BARD has some rudimen-
tary functionality for basic interactive map drawing, existing commercial GIS software has
more sophisticated manual map-drawing tools and Graphical User Interfaces (GUT’s). Fur-
thermore, we hope that a redistricting authority will consider a plan drawn with the aid of
BARD, which necessarily requires map export functionality. Like these other GIS programs,
additional demographic and political data can be imported into BARD that may be essential
for evaluation.?

Second, BARD evaluates redistricting plans. It will generate textual and graphical reports for
a single plan or comparision of multiple plans. Currently BARD shows precinct-level differ-
ences between pairs of plans, counts ‘holes’ in plans, computes common compactness scores,
calculates overall population deviation, and checks for contiguity. It computes many common
political measures, such as number of majority-minority districts, plan competitiveness, etc.
Since BARD is built on R (R Development Core Team 2011), evaluation is extensible to any
scoring method that can be programmed into R.

!Tolkein fans may recognize the reference to the slayer of the dragon Smaug, perhaps the most terrible of
salamanders.

2A plan consists of a geographic map of some administrative unit, such as census tracts or counties, along
with political and demographic measurements for each unit, and an assignment of those units to a set of
districts.

3 At this stage BARD also generates a contiguity analysis of maps in preparation for later manipulation.
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Figure 1: Phases of redistricting in BARD

Third, BARD generates and re nes districting plans. Plans can be automatically generated
to use as starting points in further refinement, or evaluated in their own right. A user may
also choose to start refinement from pre-existing plans (e.g., chosen by the legislature, or
offered by a public interest group), if available. We provide a number of different procedures
for automatically generating plans including plans for pure random generation of districts
(e.g., as described in Grofman 1982), random-walk based methods for generating contiguous
equi-populous districts, including methods described in Cirincione, Darling, and O’Rourke
(2000), and both simple and weighted k-means based plan generation. Once generated (or
provided), plans may be automatically refined using metaheuristics discussed below to meet
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chosen goals. The application of a metaheuristic to refine plans should yield a plan that is an
improvement, given a chosen scoring formula.

The third phase may vary in some important ways, depending on a user’s intended use of
the program. For pure applied redistricting, the generation step is omitted and refinement
is used to improve existing redistricting plans. For ‘random’ redistricting analysis, such as
to probe the characteristics of arbitrary redistricting plans (see (see Engstrom and Wildgen
1977; Rossiter and Johnston 1981; O’Loughlin 1982; Grofman 1982; Cirincione et al. 2000),
generation may be used without refinement, or with refinement only to absolute legal require-
ments. Analysis of legal constraints on redistricting, as in Altman (1997) and Rogerson and
Yang (1999), may involve repeated generation and refinement. BARD further supports auto-
mated re-weighting of a score function to generate a profile of how one redistricting criterion
changes as another is optimized and in this manner it will automatically generate profiles of
plans that explore tradeoffs among redistricting criteria. (This is computationally expensive,
thus BARD supports distributing these calculations across a computing cluster.)

Fourth, BARD compares multiple plans. It outputs the range of overall scores, the range
of scores for each component, the differences among plans, and the correlations among score
components. Candidate plans may also be contrasted with the starting plans if meaningful
pre-existing starting points are selected. This analysis phase can be used to probe redistricting
trade-offs — to what extent attempting to improve plans based on one criterion necessarily
reduces performance on other criteria.

3. Using BARD for plan evaluation and modification

This section demonstrates some of the basic redistricting functions in BARD. These functions
permit users to load existing plans into BARD or instruct the program to automatically gen-
erate a quasi-random map, permit users to manually edit plans, and report plan comparisons.
In the next section we introduce the mathematical basis for these functions and the more
complex metaheuristics used to optimize redistricting plans.

This command loads the BARD package:
R> library(''BARD")

This command imports a standard “shapefile” into BARD which will be used as the base
map. The file contains the coordinates of the outlines of all geographical units (the smallest
of which in the United States context are known as ‘census blocks’) along with any political
and demographic variables in each unit. Our example dataset describes Suffolk County, New
York. Optionally, a user can supply a variable in this file that indicates the district to which
each unit is currently assigned, thereby enabling evaluation of existing plans.

R> suffolk.map <- importBardShape(file.path(system.file(*'shapefiles”,
+ package = "BARD"™), "suffolk tracts™))

These commands illustrate are several BARD functions that create “random” redistricting
plans:

» createRandomPlan: Uses pure random assignment.
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e createRandomPopPlan: Uses pure random assignment until a district reaches a target
population threshold.

e createKmeansPlan: Uses kmeans on geographical district centroids.
e createWeightedKmeansPlan: Weights kmeans by a variable, such as population.

e createContiguousPlan: Attempts to create contiguous plans through the random-walk
method of Cirincione et al. (2000).

More information on these functions is included in the documentation accompanying the
package.

Two of these functions are illustrated below:

R> kplan <- createKmeansPlan(suffolk.map, 5)
R> rplan <- createRandomPlan(suffolk.map, 5)

The results of these are preliminary assignments of geographic units to districts — the assign-
ments will need to be refined extensively in most cases to yield a legal plan.

BARD supports simple plotting of plans as well:

R> plot(kplan, col = colorRampPalette(c('red”, "grey'))(5),
+ axes = FALSE)

The output is shown in Figure2.
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