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ABSTRACT

In our research laboratory, we have been working on developing a
software product line (SPL) specifically tailored for generating web-
based geographic information systems (GIS). In addition, we have
also designed a domain specific language (DSL) to make configuring
our products as easy and flexible as possible. Over time, we have
utilized this product line to create small GIS products, aiming to
simplify the process of publishing and sharing geographic data. The
steps involved in generating and deploying this kind of products are
consistently repeated, so they can be easily automated. Doing so,
we further reduce the time to market for this set of simple products,
and minimize the complexity associated with the entire process.
This article introduces GIS-Publisher, a tool that allows users
to easily generate web applications from a directory containing a
collection of shapefiles (a popular format for storing geographic
data). These web applications can be also automatically deployed
on their preferred machine, whether it is locally, remotely (via SSH),
or even on an AWS instance. Moreover, the tool also supports the
definition of custom styles for each shapefile, granting users full
control over the visual representation of their geographic data.
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1 INTRODUCTION

In recent years, the development of Geographic Information Sys-
tems (GIS) has been booming. Nowadays, everyone uses GIS in
their day-to-day with applications such as Google Maps to calcu-
late routes between two points, or transport company webpages
where we can check the location of the delivery driver who carries
our last purchase. GIS are also very valuable to data scientists or,
in general, to any scientist who handles data with a geographical
dimension.

There are many examples of this type of application, such as
the visualization of the evolution of the COVID-19 pandemic in
the world! or the visualization of the evolution of the climate in
the world?. These applications offer visualization, analysis, and
interpretation of geographic data, allowing users to interact with
this spatial data.

In previous publications, steps were already taken to facilitate
the generation of this type of web applications by applying software
product line engineering [3, 4], configuring the products by select-
ing variability through a feature model, and specifying the data
model for each product. Later, we saw that the flexibility offered by
our SPL was not enough, and we define a domain-specific language
(DSL) to configure the products [1], also achieving a remarkable
simplification of the generation of this type of systems. Since then,
we have identified an unexpected use case for our product line:
the rapid creation of simple web applications to publish and share
geographic data.

Accessing geographic data is now easier than ever, thanks to
Open Data initiatives of many governments and public institutions
such as INSPIRE>. However, most alternatives to share this informa-
tion within a website with a map viewer are subscription services,
such as ArcGIS* or Carto®, with limited features and in which
the users cannot easily add new functionality in case they need it.
When we are working on the requirements of a new project with

Lhttps://www.arcgis.com/apps/opsdashboard/index.html#/bda7594740£d402994234
67b48e9ecf6

https://www.climate.gov/maps-data

Shttps://inspire.ec.europa.eu/
*https://www.esri.com/en-us/arcgis/products/arcgis-online/overview
Shttps://carto.com/
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Figure 1: QGIS with sample shapefiles

a potential client, or working in collaboration with other research
groups, we usually need to show them some example data. We
have been using our product line to generate small “use and trash”
GIS applications to do this, and we realize that we were just using
the DSL to define the model of the geographic data we need to
use. Geographic data is usually handled in shapefiles, which is a
file format that has become a de facto standard. Shapefiles are a
set of files that store the geometry of the geographic data and the
attributes associated with it. So we load the shapefile in a GIS tool,
inspect the data model, and define the model in our DSL. Then,
we generate the product and deploy it on a server. These steps are
purely mechanical, so we implemented a tool that allows us to do
this automatically, just by selecting the folder with the shapefiles.
In this work, we present a tool that automatically generates a
web-based small geographic information system from a set of shape-
files. This application has a map viewer, where all the geographic
data of the imported files are available, as well as a series of generic
lists to see the details of each geographic element, etc. In addition,
in the case of having an available server (for example, a dedicated
Linux server accessed through SSH, or an AWS instance), it is possi-
ble to deploy this product automatically after its generation, which
facilitates publishing and sharing the data in a very simple way.

2 GIS-PUBLISHER

This section presents GIS-Publisher, a tool built on top of an existing
software product line for geographic information systems [3, 4] to
facilitate the generation and deployment of products straight from
a data set, taken from a local file-system folder. The tool generates a
web-based GIS and publishes the generated product on the internet.
This section reviews the tool’s requirements and specifications.
In addition, the tool’s features will be discussed, and its imple-
mentation’s underlying technology will be covered in detail.

2.1 Requirements

The tool must be able to retrieve the data model from a set of shape-
files, which is the most common geospatial vector data format used
in GIS software. It is a file format that contains both geometry (such
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as points, lines, and polygons) and attribute data (such as associ-
ated information about the features). Shapefiles have been the most
widely used for storing, analyzing, and displaying spatial data for
long, even when they have some serious drawbacks®. Shapefiles
can be opened with several tools, being QGIS the most common
one (among the Open Source alternatives). QGIS is a desktop appli-
cation that can load geographic data from many different sources.
In Figure 1, we show a set of shapefiles loaded into QGIS, with a
base layer from OSM®. Each shapefile is represented as a layer with
a specific style.

Since the visualization order of the layers within a map viewer
is highly relevant, the name of the shapefiles used in GIS-Publisher
can be prefixed with a numeric string that determines this order.

An important aspect of the geographic data is the visualization
style, usually specified with the styled layer descriptor (SLD) lan-
guage, an OGC standard’. An SLD XML defines the visual appear-
ance of geospatial data layers, such as points, lines, and polygons,
including their colors, symbols, transparency, and labeling. Aiming
to keep the tool simple, if we want to apply some specific SLD to a
shapefile, we can directly put the SLD file in the same folder with
the same file name, and with the extension sld.

The tool must be able to generate a web-based GIS product using
the definition of the data model retrieved from the shapefiles. A
default selection of features is automatically selected for the product.
For example, the product must contain a map viewer with standard
tools, such as panning, zoom, layer manager, measures over the
map, etc. This default configuration will be enough for most cases,
but the tool shall also export the final configuration for the product,
compliant with the SPL used behind the scenes. In this way, a more
advanced user could adapt the product if required.

The tool must be able to automatically deploy the generated
product, using containers (Docker), in different environments, de-
pending on the configuration provided. In particular, in this first
version, we consider deployment to a local machine, deployment
via SSH to a remote machine, and deployment to Amazon Web
Services (AWS):

(1) Local deployment lets the user deploy the code in the
machine locally, so it can access via localhost.

(2) SSH deploys the final application in a remote machine that
has enabled the SSH protocol. The tool copies the generated
code into the machine, configures Docker and Docker Com-
pose automatically, and executes the Docker containers with
the final product code.

(3) AWS deployment creates an AWS instance with a public IP
so the user can share the deployed product, the tool takes
care of both creating the AWS instance and configuring
and installing the necessary programs to finally deploy the
product using docker.

Finally, since the main goal is to publish the geographic data, GIS-
Publisher is also responsible for importing the shapefiles and their
SLD into the application database after completing the deployment
operations. As a result, users have a finished application that shows

®http://switchfromshapefile.org/
"https://www.qgis.org/
8https://www.openstreetmap.org/
https://www.ogc.org/standard/sld/
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Figure 2: Architecture component diagram overview

all the geographic information files in a map with layers and styles
that have previously been defined.

Using the tool should be as simple as possible. The simplest case
should be just running the tool indicating the path to the folder
where a set of shapefiles, containing the geographic information
to share, are located. One of the problems of the shapefile format
is that each shapefile is composed of several files itself: a main
file (.shp) that contains the geometry of the elements, an index file
(.shx) that speeds up spatial searches, and an attribute file (.dbf) that
stores the information associated with the elements. It is common
for shapefiles to be compressed in a zip file. The tool must support
both scenarios: compressed or uncompressed shapefiles.

2.2 Workflow

This tool is designed to be easily used from the terminal command
line. With the command gispublisher route/to/the/files, in-
dicating as the first argument the directory where the shapefiles are
located, the tool automatically generates and deploys the generated
product. The tool has been designed to be as flexible as possible,
encapsulating in single-responsible components every small fea-
ture required. These components can be seen in Figure 2, and are
described next:

(1) shapefile-reader. This component processes the shapefiles
inside a folder, extracting the data schema and geometry
types of each of the files. As mentioned above, the current
configuration for the products of the web-based GIS SPL
is done using a DSL [1]. Therefore, with the information
from the shapefiles data model, gis-publisher builds the DSL
definition of the required product.

(2) gis-dsl. This library parses the DSL definition of a product
and converts it into a JSON file, which is later used as input
for the derivation engine of the product line. This JSON
file includes the data model definition extracted from the
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shapefiles, the definition of a map viewer which includes the
layers with the data from the shapefiles, and, as mentioned
above, a set of default features for the generated product.
spl-js-engine. This is a JavaScript derivation engine [2], used
in the web-based GIS SPL. The JSON produced by the gis-dsl
is used as input to this engine, which generates the final
product.

(4) annotated-code. The derivation engine needs to access the
annotated code of the components of the product line in
order to generate the final product.

code-uploader. This last component deploys the product re-
sulting from the spl-js-engine derivation on a local or remote
machine, or on an AWS instance, performing pre-machine
setup tasks if necessary, and running the product via Docker.
After the deployment, gis-publisher is also in charge of sub-
mitting the shapefile data to the final generated product.
This can be easily done since the generated products include
a feature for the importation of shapefiles.

—
w
=

—
(5))
=

GIS-Publisher uses a configuration file that defines the deploy-
ment parameters, including the type of deployment and the specific
parameters required for each of these types. The tool supports auto-
matic deployment for three different alternatives: local deployment,
that is, the generated product is deployed in the same machine
the tool runs; Linux-based ssh deployment, that is, the generated
product is deployed in a Linux server, using an ssh connection to
interact with it, and the web server is exposed through the specific
port defined in the configuration; and AWS deployment, that is,
the specific steps to configure an AWS instance to run the prod-
uct and expose the web through an AWS URL. An example of a
configuration file for an SSH instance can be seen in Figure 3. The
user can override the configuration file when running the tool, but
setting a default configuration for the tool should be enough on
most occasions.

{
"deploy": {
"type": "ssh",
"host": "ip or domain",
"port": 22,
"username": "ci",
"certRoute": "/Users/acortinas/.ssh/id_ed25519",
"remoteRepoPath": "/home/ci/code"
¥s
"host": "https://public-domain.lbd.org.es"
3

Figure 3: config.json

Running the tool is as simple as running the script in Figure 4,
supposing we have a set of shapefiles in the folder examples/Wa-
terSuply. After the process, which can take a long time if it is the
first run in a new environment, the product should be automatically
deployed and accessible. In Figure 5, we show the product built and
deployed from the shapefiles in Figure 1, using also the same styles
extracted as SLD.

The execution of the tool and the demonstration of its operation
can be seen in the following video: https://zenodo.org/record/8116
611.


https://zenodo.org/record/8116611
https://zenodo.org/record/8116611
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gispublisher examples/WaterSupply

Figure 4: Running the cli tool
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Figure 5: Deployed product

2.3 Technology

As we have seen throughout this paper, the tool is modularized and
each of the modules is responsible for a specific function. The tool
itself and all the components are implemented in JavaScript, using
NodeJS'? and dependencies from npm®!.

In order to generate the products, the tool makes use of a deriva-
tion engine called spl-js-engine [2]. This is a JavaScript library that,
following the annotative approach, can generate the source code of
the final product from the annotated code, the feature model of the
product line, and a product specification.

The grammar for the DSL and the parser that reads it (the com-
ponent named gis-dsl) are implemented with ANTLR'? [1].

Finally, the code-uploader is a Javascript library that enables
users to publish their generated code folder to the internet. It cur-
rently supports deployments in Amazon Web Services (AWS) in-
stances, and the library is in charge of setting up the instance,
obtaining the IP, uploading the code, and, if necessary, configuring
the instance and launching the application. In addition, it currently
has methods for doing so on Debian machines that use SSH.

3 CONCLUSIONS

In this paper, we have presented a tool that allows a user with no
web development knowledge to generate a web-based GIS from a
set of files containing geographic information, more specifically,
shapefiles. In addition to generating an application that contains
a map viewer with the selected geographic data, it also allows

Ohttps://nodejs.org/
Uhttps://www.npmjs.com
Rhttps://www.antlr.org
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deploying this application automatically on the machine that the
user selects, whether it is a Debian machine, its local machine, or
on an AWS machine.

In future work, we want to be able to extend the customiza-
tion of these products. Thanks to the use of the DSL as a product
specification definition model, a user with little knowledge and
understanding of the DSL syntax could make changes in this gen-
erated DSL to make the generated product better adapted to his
needs: eliminating attributes of certain entities, creating layers and
maps through the DSL, etc. In addition, it would be of interest to
extend the formats of the files containing the geographic data and
to support others such as GeoJSONs, as well as to extend the ser-
vices in which it is possible to deploy the product, such as Microsoft
Azure.
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A DEMO

The presentation of the tool during the conference will encompass
the following key points:

(1) The presentation will start with a very brief explanation of
what a GIS application is and the difficulty of developing one.

(2) Then GIS-Publisher will be introduced, the functionalities it
incorporates, and the problems it solves.

(3) Once the tool has been introduced, the slides will be left to
focus on the demo, downloading the tool, and showing the files
that will be used as examples.

(4) Once the objective we want to achieve has been defined, the
tool will be executed in front of the audience and each of the steps
it performs will be briefly explained, although the execution of the
tool will be stopped after a short time, since the last steps take more
time than the time available for the presentation.

(5) With the result of a previous execution of the tool before the
presentation, the code generated by the tool from the files given
by the user and how the result could be executed locally will be
shown.

(6) After the presentation of the source code, the final result,
a geographic information system automatically generated from a
series of shapefiles only, will be shown on the screen.
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(7) Once the result has been presented, we will return to the
slides to discuss some conclusions and future work.

The demonstration of the tool, similar to the one to be performed
at the congress, is available in the video shared in https://zenodo.o
rg/record/8116611.

In the demonstration booths, it will be possible to show the exe-
cution of the tool in a more detailed way according to the interests
of the attending audience. Some points are listed below:

e Installation of the tool on the local machine, using npm.

e Execution of the examples from a terminal. Through the com-
mand line, users will be shown how to run the tool through a
previously prepared example, as well as the different options
offered by the tool, such as generating a product without
deploying it to a machine, etc.

¢ Demonstration of the intermediate results of the execution of
the tool, such as the intermediate Domain Specific Language
that is generated to subsequently derive the product.

e In-depth demonstration of the functionalities of the gener-
ated product, such as layer sorting, style modification or map
export.


https://zenodo.org/record/8116611
https://zenodo.org/record/8116611
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