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Executive summary 
D6.4 – Software replicability tools and methodology is the main output of Task 6.4 - External 
processes for migration of the results to standard platforms. This document explains the approach 
taken to ease integration between components and the migration of these components to other 
servers. 
To make integration between components easier without fundamentally changing the workflow of 
each partner, we proposed using automatic testing with Jenkins on the public endpoints of the 
components. This means we can detect breaking changes to interfaces as well as a standardized 
testbed to integrate against.  

In order to facilitate the migration of components to different servers and environments the approach 
is to use container technology. Docker is the technology selected to develop the containers needed 
for the project. Docker provides a way of packaging not only components, but also all the dependencies 
of the component in a standard way. This means that each partner could develop their components in 
the programming language and environment of their choosing and still be able to run seamlessly in 
third party servers running the docker service capabilities and the access to the distributed storage 
systems. 
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1 INTRODUCTION 
The objective of the present deliverable is to describe the training tools and examples created in the 
project to make the replicability of the results easier, as well as to provide a set of recommendations 
and best practices. It also explains the use of Jenkins for automatic testing with the goal of making 
integration easier. 
The focus is the usage of container technology, allowing the encapsulation of different execution 
environments in a way that is transparent to the deployment environment. Specifically, Docker [1] is 
used because it is a stablished technology and is also used in the FUSE platform. 

1.1 RELEVANCE WITH OTHER TASKS 
This deliverable is strongly related to WP3 (Tool for low-voltage grid modelling). The examples 
provided have served as a basis for the integration of some of the components of this WP, such as the 
LV modelling tool and the isolated areas algorithm. Software made to translate the data from the 
pilots, collected in Task 2.5 (Data collection from pilot networks selected for the use cases) into the 
Grid Modelling Tool (GMT) and Power Factory formats used in the WP7 (Testing and validation for 
selected use cases) is also encapsulated in Docker containers. 

1.2 STRUCTURE OF THE DOCUMENT 
In addition to the Executive Summary and the introduction sections, the deliverable has the following 
chapters: 

- Chapter 2 – Discuses usage of the Jenkins automation server  
- Chapter 3 – Containers General background information about container and docker as well 

introduction to examples and tutorials generated for the project  
- Chapter 4 –Services provided by CIRCE as a Docker container. 

2 APPROACH TO CONTINUOUS INTEGRATION 

Continuous Integration and Delivery (CI/CD) is used to ease integration of new code and components 
using automation to test integrate and deploy component through the lifecycle of the software. It is 
commonly used together with agile development methodologies. The underlying idea is that by forcing 
integration at the earliest stage possible errors will be detected earlier. 
Creating a CI/CD structure for a project would have required tackling it at the start of the project as 
well as a tighter integration between contributors. CI/CD requires changing the development 
methodology, which is hard, particularly with different contributors, each with different processes and 
work culture. In this case intellectual property protection concerns make it even harder to use CI/CD 
for the whole lifecycle of the project. 
What has been done is to adapt some of the ideas of CI/CD to the project with practicality in mind. In 
practice, INTERPRETER focuses on automatically testing of the public endpoints and API 
documentation, as these areas would be useful in the project both at the current stage and in further 
steps. This in turn would ease the integration of the different components of the architecture. 
 A Jenkins automation server is deployed in order to perform automated testing of the web API 
endpoints of the project. These endpoints are critical because they are used by the different partners 
as a way of communicating different services and can be used and tested without having knowledge 
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of the code of the different provides. The Jenkins [2] server provides daily information on the state of 
these services and of the test provided on them. 

2.1 JENKINS SERVER 
Jenkins is a self-contained, open-source automation server which can be used to automate all sorts of 
tasks related to building, testing, and delivering or deploying software [2]. In this case we are using 
Jenkins to automate testing of the web API endpoints of the project. This allows us to know the state 
of the API when doing integrations, as well as having early warning when an update to the endpoints 
creates an error. This is useful in helping to detect and solve issues in a fast way. 
In Figure 1 it is shown a screenshot of the Jenkins server deployed in the CIRCE servers. It shows the 
state of the test for the GMT (Grid Modelling Tool), FUSE services and the test for the services deployed 
by CIRCE. 

 
FIGURE 1: JENKINS SERVER 

3 CONTAINERS AND DOCKER 

A container is a standard unit of software that packages up code and all its dependencies, so the 
application runs quickly and reliably from one computing environment to another. A Docker container 
image is a lightweight, standalone, executable package of software that includes everything needed to 
run an application: code, runtime, system tools, system libraries and settings. [3] 
Containers encapsulate software in a way that is mostly transparent to the platform that is using it. It 
is ideal for projects with various suppliers and different technology stacks as it enables deployment in 
a single environment/server without cumbersome adaptations. 
Containers can be migrated and/or replicated in different servers as-is without having to change the 
underlying software easing deployment in different clients/and or environments. 
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Docker is the most widespread container technology. It is integrated with several popular tools, and it 
has a vibrant ecosystem of free software containers which offers a huge variety of services such as 
databases, web servers and other tools. As an example, the Jenkins server can be run as a Docker 
container, and this is how it was done in the project. 
With Docker also comes Docker-Compose which can be used to manage several containers as a single 
entity, orchestrating the communications and configurations between the containers. 

3.1 API EXAMPLE 
As several partners have developed algorithms as standalone desktop applications without further 
integration, CIRCE prepared a basic example illustrating how to create a REST API which would allow 
to offer such algorithms as a service. 
The example was developed in Python as it is one of the more popular languages for algorithm 
prototyping. Flask framework was used to provide a lightweight REST solution, database and 
authentication services. 
CERTH used this example to create a REST API which offers the GMT LV grid modelling tool as a service. 
The example includes an SQLite database, which is used to store user information, authentication 
management using tokens and an example endpoint which calls the example algorithm. In the Figure 
2 a screenshot of the example project structure is presented. 

 
FIGURE 2: API EXAMPLE 

The example is available to all partners in the project repository for their use. An explanatory video 
tutorial was made providing guidelines on how to use and expand the example. It includes details on 
how to adapt the example to algorithms, how to adapt the configuration such as changing the database 
location or how to further use the database capabilities of the framework. The video also includes 
comments on how to test the REST API using Postman [4]. 
In the Figure 3 we can see the location of the example code inside the project SharePoint available to 
all partners. 
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FIGURE 3: EXAMPLE LOCATION 

3.2 DOCKER EXAMPLE 
The Docker example adds to the API example by showing how to deploy the previous example as a 
Docker service. It explains how to create a configuration file that builds all the components and 
coordinates them. The code is available in the repository as well as an explanatory video that outlines 
how to use the example and how to expand upon it. 
It explains basic usage of Docker-compose, leveraging on both “of the self” public containers and 
containers purpose built for the project to create a REST API. It includes how to build containers and 
how to start and stop them. In the Figure 4 the content of the example Docker-compose file is 
presented. 
 

 
FIGURE 4: EXAMPLE DOCKERFILE 

Figure 5 presents a screenshot of the video tutorial made for the Docker example in which its use is 
explained. How to build the example on a server and how to start and stop it. 
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FIGURE 5: VIDEO TUTORIAL SCREENSHOT 

4 DOCKERIZED SERVICES 

This section introduces some of the services that have been dockerized during de project. Those 
developed for the platform integration and for the internal cloud operation. 

4.1 SERVICES DEVELOPED FOR PLATFORM INTEGRATION 
Software for data management has been developed keeping in mind the integration with cloud 
platforms such as FUSE. It offers functionalities to translate data formats, converting the pilot 
information in their native formats to the agreed project format, that is a JSON based format. It also 
allows to transform the project data in the JSON format, to a CSV format, which is the one used by 
PowerFactory. 
 
Executing the code without any options will yield a help message as seen on Figure 6: 
 

 
FIGURE 6: DATA TRANSLATION HELP MESSAGE 

 
The valid options while executing the command are the following: 

• Actions: this includes the format options possible, that are: ‘ores’, ‘cuerva’ and ‘json’. 
Depending on the options selected, the executable will translate the input from ORES format 
to json, from CUERVA format to json or from json format to csv. 

• Input: this indicates the input target file that will be processed. 
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• Grid_name: this is an optional parameter used when translating CUERVA files. Since input 
files do not include a grid name, we can manually input which is the Grid corresponding to 
the demand data. 

• Output: this is also an optional parameter for the name of the output file name. If no input is 
given, the result of the program will be output to the data.out file. 

 
This code was developed by CIRCE and made available for all partners on the project SharePoint. 

4.1.1 DOCKER INTEGRATION 

The Docker container is based on a solution developed for python on which we add our own code. The 
main.py is the entry point which orchestrates all the different functionalities of the container. In Figure 
7 we can see the Dockerfile for the creation of this container. 
 

 
FIGURE 7: DATA CONVERTER DOCKERFILE 

The Docker container can be built using the following command: 
docker build -t interpreter_converter:interpreter_converter . 

Then we can run the container by using: 
docker run --name converter -v /home/aalcrudo/datos/:/mydata 
interpreter_converter:interpreter_converter ores "/mydata/ores/PQ_Delivery 2021_10_17.csv" 
/mydata/output.json 
 
Notice that a volume must be bounded to be able to share a folder between the container and the 
host machine, which is necessary to deliver input files and access output files. 

4.2 SERVICES DEVELOPED FOR INTERNAL CLOUD OPERATION 
Some of the services developed by CIRCE are offered as REST API services. All those services have been 
dockerized applying the provided tutorials. Other services like Jenkins and Swagger have also been 
dockerized in a bundle to demonstrate how to coordinate different services. 
In total, 5 services have been bundled together in the CIRCE server using Docker. A flask API with 
Python code, a Nginx web server, a Jenkins server, and two Swagger components. The base_url 
environment variable has been used to have different services on different parts of the server. 
Figure 8 presents all the different services that have been deployed on the CIRCE cloud, from REST API 
algorithms to Jenkins and Swagger servers. Use of Swagger was considered as part of the continuous 
integration efforts but was finally not used. 
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FIGURE 8: CIRCE SERVICES DOCKER-COMPOSE 

5 CONCLUSIONS 

Containers are an easy way to solve the typical “works on my machine problem” by turning the 
environment required by the software in one of the components delivered and packaging everything 
together. 
With Docker and Docker-compose we can also package several tools like databases and web servers 
together as a single entity that can be deployed in any server without the need for further 
configuration. 
The example code and videos provided are a good starting point to produce software as reusable 
components that expose services as REST APIs.  
Methodological changes, such as continuous integration, require members of the development teams 
to be fully on board to be successful which is particularly hard in environments with different partners 
each with its own work methodology and culture. Furthermore, to be successful they require being 
adopted at the start of the project. In this case a compromise was made to use some of the underlying 
ideas without disrupting the work process of each partner. 
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