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Findings

Allocation of flows throughout networks is a common problem in transport
research, yet there are very few computational tools available, and almost no open
source tools. We describe a new software package, “dodgr” (Distances On
Directed GRaphs) capable of extremely efficient flow aggregation over millions of
routes within a network. This package represents a much needed advance in
transport research, enabling aggregation at the finest scales of individual street
segments, with results able to %)e direcly viewed with modern web-rendering and
interactive viewing tools such as deck.gl.

RESEARCH QUESTION AND HYPOTHESES

Flow allocation is the process of aggregating flows or densities of movement
throughout a network given an input set of origin and destination points, a
matrix of pairwise flow densities, and an underlying network through which
movement must be routed. Routes must be calculated between every pair
of origin and destination points and corresponding flow densities aggregated
along every segment of each route. We refer to this process as “flow
aggregation.”

Flow aggregation is a special class of the betweenness centrality metric. The
latter is commonly used to characterize networks through calculating all-pairs
shortest paths and aggregating unit values for each path that traverses a given
edge. In contrast, flow aggregation utilizes user-defined flow densities between
defined sets of points, making it difficult to calculate using standard software
tools such as the igraph or NetworkX packages (Csardi and Nepusz 2006; Aric,
Schult, and Swart 2008).

Adapting existing software to address flow allocation problems generally
requires calculation of, and aggregation along, individual paths (shortest or
otherwise) between all pairs of points. A typical urban street network might
contain several hundred thousand points, and even aggregating flows between
a few percent of these quickly becomes computationally intractable.
Accordingly, software for flow aggregation generally approaches the problem
through one of two simplifications:

1. Through converting networks to raster cells and aggregating on the
resultant grids (as implemented, for example, in (GRASS
Development Team 2017)) and

2. Through forgetting the network entirely and focusing instead on
effective visualization of interactions between a suite of origin and
destination points (see (Ratti et al. 2010), for example).
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We describe here a new open-source software package for the R language,
which makes no such simplification, permitting extremely powerful and
detailed analyses of network flows. The “dodgr” package (Distances On
Directed GRaphs) is capable of extremely efficient flow aggregation within a
network between thousands to tens of thousands of points, and over millions
of routes.

METHODS AND DATA
The dodgr package has been intentionally developed to be adaptable to any

type of network, with a particular focus on flow aggregation through street
networks. Networks from Open Street Map (OSM) may be readily imported
into R with the osmdata package (Padgham et al. 2017), and dodgr also
includes a helper function (dodgr\_streetnety to enable simple downloading of a
street network for a given city with a single line, net \«- dodgr\_streetnet(\"my\_cityr\").
The dodgr package works with graphs in almost any rectangular format, the
minimum being columns indicating starts and ends of each edge or segment
and corresponding distances. The function weight\ streetnet converts street
networks in standard formats (such as Simple Features) to the equivalent dodgr
format in which each network edge or segment is a single row, with distances
weighted according to a specified routing preference (such as pedestrians).

Most dodgr calculations, including the classic routing problem of distances,
are based upon variously modified Dijkstra shortest path algorithms, yet with
internally bundled and highly optimized heap sort algorithms (also open to
user specification), along with efficient parallel computation. This results in
standard distance calculations generally being 5-10 times faster than the
benchmark “standard” network distance calculations of igraph (Csardi and
Nepusz 2006) or networkx (Aric, Schult, and Swart 2008).

To further boost efficiency, dodgr offers the ability to contract networks by
removing all vertices intermediate to street junctions, referred to as “graph
simplification” in the python package osmnx (Boeing 2017). OSM networks
generally contain 5-10 intermediate nodes for every junction vertex, and graph
contraction reduces sizes of graphs and increases computational efficiency by
similar proportions.

The unique ability of dodgr that is of particular note here is the
dodgr\_flows\_aggregate function, which works jllSt like distance calculation, yet with
an additional argument called “flows,” specifying a matrix of flow or
movement densities between given origin and destination points. Rather than
returning a simple matrix as is done for distance calculations, this function
simply appends an additional “flow” column to the input network, which
quantifies aggregate flows along each network edge. This “flow” column will
equal the betweenness centrality of a network in the degenerate case with
both origins and destinations equal to all nodes in a network, and a “flow”
matrix containing all ones. Most applications will diverge from this case; the
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library (dodgr)
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Code Figure 1

fmat =- matrix (runif (1000 * 1000), nrow = 1000) £ 1.000 origin & dest points
f = dodgr_flows_aggregate (net, from = pts, to = pts, flows = fmat,

Code Figure 2

algorithm is optimized to efficiently aggregate flows through only aggregating
over specified paths and through parallelization, where the results of each
thread are dumped to disk to await final aggregation over threads on job
completion.

The dodgr package also includes an additional function, dodgr\_flows\_disperse,
to aggregate flows where only destinations are known, implementing a user-
defined dispersal function. The resultant flows are directed just as the input
graphs are, meaning that flows from 4 to B may not equal flows from B to
A. While this distinction of direction is important for many analyses, it is
impractical for visualization, and the package accordingly provides a function,
merge\_directed\_flons, to convert the directed flow graph to an undirected version
amenable to visualization. The result may be visualized with the dodgr\_fLommap
function.

FINDINGS

The following code demonstrates the ease of distance calculations with dodgr:

The result is a matrix of 1,000 x 1,000 distances ranging up to 90 km. This
calculation of 1 million pairwise distances takes only 1.5 seconds, while
equivalent calculation with igraph (Csardi and Nepusz 2006) takes
approximately 5 times longer. For comparison, the Google Distance Matrix
API (Google 2018) currently costs US$0.004 per call (although generally for
only up to 500,000 calls), translating to US$4,000 for 2 seconds of calculation.

Flow aggregation is implemented through the following straightforward
extensions of the previously shown code, with the function taking only 4
seconds for aggregation of 1 million pairwise flows. The final line generates a

plot of the aggregated flows (Figure 1).
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contract = TRUE) # contract graph prior to aggregation
dodgr_flowmap (merge_directed_flows (f), linescale = 5)

Code Figure 3
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Figure 1: Flows Aggregated Over 1 Million Random Journeys Through the City of Astana, Kazakhstan
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