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Abstract

State-of-the-art settlement pattern analysis relies on
satellite imagery, mapping the outlines of residential
areas. The high resolution of these images yields mul-
tiple disjoint settlements for a single urban area, dis-
torting the analysis of settlement patterns. Therefore,
a workflow was developed to aggregate and analyze ur-
ban areas modelled as a settlement graph. Clustered
settlements are merged according to the edge contrac-
tion procedure, and their importance is evaluated with
selected centrality measures. Through workload dis-
tribution and parallel execution of Common Workflow
Language (CWL) tasks with a proprietary scheduler,
the workflow can process even the most densely pop-
ulated regions while respecting workflow stage inter-
dependencies modelled in a DAG. The procedure is
ultimately deployed and executed on the HPC' plat-
form “terrabyte”. The workflow’s configuration, espe-
cially implicit parameters like the settlement density
in the region of interest, significantly impacts the time
required to complete the procedure. Concurrent pro-
cessing is restricted on the level of connected compo-
nents, leading to an unbalanced workload distribution
when processing large urban areas. To combat ineffi-
cient resource utilization on the deployment platform,
endeavours are made towards a more flexible CWL
modelling and elastic resource allocation.

1 Context

In the research field of settlement pattern analysis,
scientists are interested in the extent and distribution
of settlements and their spatial relationships. Cur-
rent research often depends on remote sensing data,
collected using satellites and leveraged through image
processing techniques; however, due to natural barri-
ers or socioeconomic effects, a city is often split into
multiple polygon outlines, each representing a cohe-
sive area of human development. Therefore, a work-
flow was developed that aggregates clusters of settle-
ments into single urban areas, enabling a more rep-
resentative analysis of settlement patterns. The im-
plementation is based on the Fishnet' framework and
uses a settlement graph to determine mergeable set-
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tlement clusters and to compute selected centrality
measures. The workflow aims to exemplify the ap-
plicability of the framework for scientific computing.
Moreover, extensive execution time measurements of
the workflow stages provide insights into the impact
of parameters and configurations on the time to result
and the overall resource utilization.

2  Workflow Stages and Orchestration

The implemented workflow takes a GIS raster im-
age from the World Settlement Footprint (WSF) [2]
dataset as input. After that, the settlement outlines
are polygonized and stored in a Shapefile.
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Figure 1: Illustration of the workflow stages, generat-
ing, contracting and analysing the settlement graph.

The workflow solely operates on Shapefiles and ini-
tially filters the settlement polygons according to a
filter criterion. After discarding irrelevant settlements
from the data, the adjacencies between settlements
are computed with a neighbouring predicate indicat-
ing whether two settlements are adjacent in the graph.
After that, the settlement graph gets contracted. An
edge between two settlement nodes is eligible for con-
traction whenever the binary contraction predicate
is fulfilled for the incident settlement vertices. The
nodes involved get merged into a single vertex using
a reduce function, which may alter the attributes and
geometric representation of the settlements, e.g., by
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